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It is our great pleasure to present this Supplement Issue on “Macedonian Pharmaceutical Bulletin” to the scientific and 

professional community. This supplement includes the short communications accepted for the Seventh Congress of 

Pharmacy in North Macedonia with International participation 2022, which was held in Ohrid, October 5-9, 

2022. 

The main theme of the Congress was “Modern trends in Pharmacy: opportunities and challenges” A broad spectrum of 

topics within the pharmaceutical sciences and practice carefully selected for this special occasion in order to build up a highly 

interesting and comprehensive program were covered. The contributions submitted to the Congress included 6 plenary lectures, 69 

section lectures, and more that 200 posters. This Congress, followed the excellent international tradition, was attended by more than 

1000 domestic and foreign participants. We received more than 287 short paper submissions from more than 15 countries. 

These numbers show that our Congress was aiming for the highest scientific standards, and that it can be considered a well-

established venue for researchers in the broad fields of Pharmaceutical sciences and practice. 

Sincere thanks to the hosts of the Seventh Congress of Pharmacy in North Macedonia with International participation, 

Macedonian Pharmaceutical Association and Faculty of Pharmacy, Ss Cyril and Methodius University in Skopje for their 

vision and commitments. 

We would like to thank the companies that showed interest in supporting our efforts during the organization. We acknowledge 

the sponsoring companies: the platinum sponsor AD ALKALOID, Skopje, the golden sponsors: PLIVA-TEVA, 

EUROFARM, REPLEK and KRKA, the silver sponsor HEMOFARM and the bronze sponsors: GALENIKA, SEPTIMA and 

SALVEO, 

We would also like to thank our members of the Scientific Committee for their volunteer time and dedication to the 

critical peer review process. We also wish to thank all the members of the Organizing Committee, whose work and 

commitment was invaluable. 

On behalf of the Advisory and Scientific Committees, we would like to especially thank all internationally prominent 

researchers, whose work was supposed to be an essential part of the Congress. The interest in publishing their short 

communications in this issue of the Macedonian Pharmaceutical Bulletin is of a crucial importance for reinforcing the 

overall quality and standards of the bulletin. They give the state of the art of the recent advances in the field of pharmacy 

research. 

The pharmaceutical sciences continue to grow as dynamic scientific interdisciplinary fields. We believe that published 

short communications will be an excellent source of scientific material in the fast evolving fields in Pharmaceutical sciences 

and practice. 
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This issue of Macedonian Pharmaceutical Bulletin contains short papers accepted by the Scientific 

Committee for the presentation at the 7th Congress of Pharmacy in Macedonia with international participation 

2022. 

 

The authors are fully responsible for the contents of their short papers. 
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Drug discovery and bio-exploration of nature: 

toxins, friend or foe? 

 

Tytgat Jan 
  

Toxicology and Pharmacology, University of Leuven (KU Leuven) Campus Gasthuisberg, O&N2, PO Box 922, 

Herestraat 49, 3000 Leuven, Belgium  

 

Introduction 

 

Nature has devoted plants, animals and 

microorganisms with a rich source of biologically active 

compounds, often for reasons of protection, but also for 

offensive purposes. Without any doubt, natural compounds 

always have played a crucial role in the development of 

interesting pharmaceuticals, and it is expected they still 

will do so. However, in the era of automated high-

throughput screening techniques, the use of large libraries 

with purely synthetic molecules seems to become a first 

choice approach, rather than continuing to bio-explore 

nature’s treasures. One of the explanations is the 

complexity of natural samples, necessitating lots of effort 

to identify and isolate the hit compound in question, and 

hence requiring a considerable investment in time and 

financial cost (Maitra et al., 2022). Indeed, since decades 

the complexity of natural products has resulted in a wealth 

of studies that focus only on assessing the activity of the 

entire extract (e.g. from a plant or a venomous animal), 

without further identifying the individual compound(s) 

responsible for the observed biological effects. The 

pharmaceutical industry has delivered more than 1200 

drugs in the past 60 years that have played a key role in 

increasing life expectancy by an average of two months per 

year. However, the industry has at the same time reached a 

state of standstill with the output of new molecular entities 

(NMEs), remaining approximately constant while the cost 

of producing NMEs is increasing exponentially (King, 

2011). 

 

Toxins and toxinology 

 

In general, toxins produced by plants, animal and 

microorganisms, have deleterious effects on a living 

organism and severe health concerns after being exposed 

to toxins, cannot be ignored. In this way, toxins are surely 

a foe. Also taking into account emerging toxins that are 

becoming increasingly prevalent in contexts of climate 

change and globalization of food supply chains. On the 

other hand, the diversity of toxins also has led to a frequent 

use as experimental tools for studying pharmacological 

mechanisms, the physiological role of the targets these 

toxins bind to, as well as the determination of the structure 

of those targets. Toxinology involves the identification, 

characterization, production and engineering of toxins, 

including their application and use as research tools and 

clinical products with therapeutic potential (Clark et al., 

2019). Interest in toxins as tools for scientists goes back a 

long time, with famous examples like Claude Bernard’s 

experiments in the 1800s with curare to demonstrate the 

existence of chemical communication between nerves and 

muscles, and Henry Dale’s use of muscarine and nicotine 

to elucidate different subtypes of receptors for 

acetylcholine. 

Despite the ‘competition’ with the screening of 

libraries of synthetic molecules, an increasing number of 

studies dealing with toxins illustrates today that we have 

arrived in an era where toxins have made the transition 

from the laboratory to the clinic. Hence the discipline of 

toxinology seems to shift from the classical development 

of anti-venoms towards real drug discovery, opening the 

door to consider toxins as a friend, not a foe. One 

justification for this phenomenon can be found in the often 

unique selectivity and remarkable high potency of toxins in 

general, which probably is a consequence of evolution 

during countless numbers of years. Toxic plant alkaloids 

are examples of the first source of toxin-derived 

therapeutics with a proof of concept: e.g. digoxin in atrial 

fibrillation and heart failure, and tubocurarine as a selective 
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muscle relaxant for the use as an adjunct to classical 

anaesthetics in surgery. Snake venoms represent another 

example of a unique source that provided leads with 

successful therapeutic application: e.g. captopril, being the 

first orally active inhibitor of the angiotensin-converting 

enzyme (ACE), was derived from studies on small peptides 

known as bradykinin-potentiating peptides, isolated from 

the venom of the dangerous Brazilian snake Bothrops 

jararaca. It cannot be denied that captopril has led to major 

advances in the treatment of patients with high blood 

pressure and heart failure (Fischer and Riedl, 2022). 

Perhaps the most surprising toxin, both scientifically and 

economically, that has found therapeutic and cosmetic uses 

is botulinum toxin, produced by the bacterium Clostridium 

botulinum and related species. It is assumed to be the most 

potent molecule on planet earth, with applications in 

various movement disorders and migraine, as well as its 

familiar cosmetic use. 

 

Technological developments 

 

Technological developments in several fields of 

‘omics’, have helped to increase our knowledge of toxins. 

Today we believe to understand how organisms like cone 

snails, sea anemones, spiders, scorpions and snakes, 

produce toxins, and how these bio-active substances have 

evolved. Transcriptomics and proteomics have thus far 

indeed enabled the identification of many (peptide) toxins, 

followed by the discovery of their often unique biological 

properties (Wangchuk, 2018). 

Notwithstanding this progress, the limited availability 

of in silico systems that either identify the potential of the 

toxin for off-target effects, or that predict the presence of a 

toxin with a completely new mechanism of action, still 

restrict somehow the efficient valorization of these 

molecules. With the advent of high resolution analytical 

techniques, which can couple high-throughput functional 

screenings to compound-target identification, complex 

mixtures can be dealt with. The latest NMR and MS 

instruments provide the potential for a sensitive and 

accurate detection and identification of toxins, for instance 

in the foodstuff. The last decade in particular, cryo-EM has 

significantly advanced our knowledge in the field of 

structural biology, allowing us now to understand better 

how toxins interact at the molecular level. Techniques such 

as voltage-clamp electrophysiology with patch electrodes 

and high-speed atomic force spectroscopy (HS-AFM) 

allow the interaction of toxins with respectively targets 

such as ion channels-receptors, and phospholipids. These 

approaches allow observations in real time, enabling us to 

get a better insight into the dynamic nature of interactions 

of molecules. Thanks to several of these approaches, a 

significant gain in the reduction of the necessary amount of 

starting material required for diverse types of analyses, was 

achieved. The widespread use of toxins as experimental 

tools has been further facilitated by developments in 

synthetic chemistry and recombinant expression systems 

(e.g., bacteria, yeast and insect cells), enabling the 

production of lab scale quantities of toxins easier. Solid 

phase synthesis of peptide toxins using orthogonal 

protection strategies now provides a robust and efficient 

method to produce toxins with the specific disulfide 

folding networks that are essential for bioactivity. 

Nevertheless, solid phase synthesis remains relative 

expensive, is subject to trial and error and does not always 

accommodate for post-translational modifications (PTMs). 

On the other hand, toxin peptides can be easily modified 

(e.g. radioactive, fluorescent) to provide analogues to 

facilitate the characterization of cell surface ion channels 

and receptors. In this way, they can be considered as 

diagnostics. 

 

From basic research to commercial applications 

 

Examples of ongoing interest in the transition from 

basic research to commercial applications, can be found in 

several areas: e.g. in the treatment of pain, in 

immunotherapies, and for fighting microbial resistance. 

Several peptide toxin-derived drugs from the viper family 

of snakes (i.e. captopril, eptifibatide, tirofiban), one cone 

snail (i.e. ziconotide), and a lizard (i.e. exenatide) are 

currently approved by the FDA for clinical use for a diverse 

range of medical conditions, including blood pressure, 

pain, and diabetes. Other molecules are at the stage of 

preclinical development, such as a molecule from a sea 

anemone intended to use in autoimmune diseases, and 

snake venom-derived proteins that target clotting and 

coagulation malfunctions in humans. 

 Not surprisingly, libraries of diverse toxins for 

pharmaceutical screening purposes are now also available 

commercially, illustrating once more the fact that toxins 

remain interesting targets for therapeutic and diagnostic 

purposes. 

  

Conclusion 

 

As highlighted by Clark et al. (2019), technological 

developments in ‘omics-based’ approaches are driving the 

discovery of new toxins from an increasing array of 

organisms (e.g. from bacteria to animals). Challenges 

remain in the availability of suitable (in vitro, ex vivo,or in 

vivo) models for characterizing the biological properties of 

these novel toxins and enabling their subsequent 
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development within the biosciences or healthcare sectors. 

There is also a lack of in silico tools that aid the prediction 

and identification of completely new classes of toxins with 

unique or distinct mechanisms of action. Similarly, new 

ways to assess the potential for ‘off-target’ effects on the 

body would be of significant value when developing toxins 

for use in veterinary or clinical applications. Although 

there are a number of exceptions, the mass production of 

natural bio-actives (with potential therapeutic benefits) 

remains largely challenging given the difficulties of 

producing industrial scale yields of toxins through culture 

and/or chemical synthesis. Furthermore, work has to be 

done in terms of necessary regulations in the domains of 

food safety and environmental toxicology. Such 

regulations are indeed often lacking nowadays, despite 

emerging (aquatic) toxins as a consequence of global 

warming and climatic change conditions on this planet. 

The future therefore calls for an urgent need to link our 

understanding of environmental impact on toxin 

production with the tools and knowledge to combine 

improved detection and forecasting systems. Finally, it is 

believed that still more than 80-90 % of the world’s 

biodiversity (including plants, animals and micro-

organisms) remain under-explored for medicinal 

applications and therefore merits our attention in the near 

future. 
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The Belgian Family Pharmacist: a review after 5 years and a 
preview on the future role of the community pharmacist 

 

Hendrik De Rocker*, Jan Saevels, Koen Straetmans 
  

Association of Pharmacists Belgium (APB), Rue Archimède 11, 1000 Brussels, Belgium 

 

Introduction 

 

As in numerous other countries, Belgian community 

pharmacists are trying to promote health of their patients. 

A fundamental change came back in 2010, when the 

remuneration model for community pharmacies was 

transformed from a pure margin system to a mixed 

system. Today the majority of pharmacists’ income is 

composed of dispensing fees. Between 2010 and 2016, 

some prudent steps have been taken to develop new 

health promotion services in an economically sustainable 

way. For instance, a new medicines service for asthma 

patients was introduced in 2015. By early 2017, Belgian 

community pharmacists signed a multiannual framework 

with the Minister of Health. A first important milestone in 

the implementation of this agreement was the introduction 

of the concept “Family Pharmacist”. Five years after the 

start of this service, it is time to look back, but also to 

look forward on expanding to other services and thus 

shape the future role of community pharmacists. 

 

Family Pharmacist 

Details of the service 

The Family Pharmacist monitors chronic patients and 

accompanies them in the correct use of medicines. His 

main task is to keep the medication plan of his patients 

up-to-date and to make it available to the health care team 

(the family physician in the first place) and of course to 

the patients themselves. In order to do this, family 

pharmacists are required to systematically record all 

dispensed drugs in the patient's electronic local and shared 

pharmaceutical file. At each visit to the pharmacy, 

information is checked, consolidated, missing information 

(dosage, intake moment, OTC) completed, and registered 

in a complete, correct and up-to-date medication plan, 

validated and handed over to the patient.  

The agreement between the patient and his family 

pharmacist is cemented when literally signing a contract 

between pharmacist and patient, hence the title of a large 

communication campaign “My pharmacist knows me, I 

sign up (chose today your family pharmacist)”.  

The service is covered by the compulsory universal 

health insurance, pharmacists receive a yearly fee per 

patient, without any out-of-pocket payment for the 

patient. 

Advantages of the service 

The complete, updated and patient-oriented 

medication plan is available to the patient himself and to 

other healthcare professionals who have a therapeutic 

relationship with him. This medication plan contains all 

medicines or health products dispensed to the patient, 

whether prescribed by the treating doctor or another 

prescriber (specialists, dentist), recommended by the 

pharmacist or taken on the patient's own initiative. 

The medication plan, shared via secure platforms 

with the other healthcare providers, is of great importance 

to public health. It provides a full view of the patient's 

active medication. This is important when the patient 

consults a physician other than his usual physician, a 

specialist physician in a planned hospital admission or 

even when brought to an emergency department. On 

discharge from hospital, it is also helpful for the patient to 

take home the original medication plan that was changed 

within the hospital setting 

The Family Pharmacist is the contact person for the 

patient's medication, both for the treating doctor and for 

other healthcare professionals who have a therapeutic 

relationship with the patient. This will strengthen the 

collaboration between pharmacist and the general 

practitioner who, thanks to the medication plan, has a 

working tool where the prescribing doctor can make any 
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necessary changes to it, verify the need for self-care 

medication and validate the plan. 

For the patient, the medication schedule is a reminder 

to take all his medicines properly. It thus supports 

compliance, since it contains all the useful information on 

the posology, duration of treatment, timing of intake of 

each medicine and important advice on the proper use of 

medicines. 

Results  

The Family Pharmacist service officially started 

October 1
st
 2017, and turned out to be an immediate 

success. By the end of 2017, more than 400 000 chronic 

patients had signed up for the service, and over the course 

of just 12 months, 650 000 patients benefited from their 

Family Pharmacist. At present day, more than 1 million 

patients (on a Belgian population of 11 million citizens) 

have signed up for the service, meaning that 

implementation was extremely effective. 

About 1 year after the start of the service, community 

pharmacists offering the service were asked about the 

main problems encountered when drawing up a 

medication plan. Wrong intake timing, wrong dosage and 

drug omissions were more often cited, followed by not 

previously detected interactions and unintended double 

medication, clearly demonstrating the positive impact of 

the service on patient’s health. 

Future role 

Clearly this particular service is only the starting 

point for other cognitive services that community 

pharmacists can offer to patients as a strategy to improve 

the quality of drug therapy and health care delivery 

system (Melton et al., 2017). Typically, these services 

relate to prevention, referral and pharmaceutical care: 

Prevention 

Being a trusted party for the patient, preventive 

actions are now more easily done than before. Examples 

are the awareness raising for vaccination (flu, 

pneumococcal disease, COVID-19) and the 

administration of certain vaccines (COVID-19). But on 

top of the health-promoting activities themselves , being 

the family pharmacist makes it also possible to do 

targeted follow-up of any specific measures to promote 

therapy adherence. 

 

Referral 

 

One of the biggest advantages of having a close 

relationship between the pharmacist and the patient is that 

it makes it possible for the pharmacist to detect minor 

changes in the physical and mental health of the patient. 

Based on an established trust between the two parties, 

conversations on known and unknown conditions are 

straightforward, and if needed, a referral to a competent 

caregiver is easy. Screening programs for communicable 

and non-communicable diseases have been organised as 

pilot programs and could be expanded in the future. 

Pharmaceutical Care 

Building on patient trust in the family pharmacist, it 

certainly becomes easier to implement new services that 

are tailored to the specific needs of every individual (CoE 

Resolution CM/Res (2020)3). Pharmacists being highly 

educated professionals and experts in medicines 

dispensing and providing patient care, there are specific 

services that are being rolled late 2022:  Examples are 

medication review for polymedicated patients (Wuyts et 

al.,2020), tapering programs for chronic long term 

benzodiazepine users, etc.  

 

Conclusion 

 

The visionary act five years ago to create the concept 

of ‘family pharmacist’ in Belgium not only consolidated 

the daily caregiving of Belgian pharmacists, but this also 

induced more patient centered pharmaceutical care. Next 

to that, the added value of the Belgian pharmacist within 

the care chain became more visible and recognized. This 

also made it more common to cooperate between 

pharmacists and other caregivers such as general 

practitioners. But it does not stop there. This collaboration 

means a big benefit for each patient who has no other 

choice than to rely on the quality of the provided 

pharmaceutical care. In Belgium, thanks to the concept of 

family pharmacist, this objective is already assured. 
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The impact of COVID19 and vaccine 

implementation 

 

     As of May 2022, almost 6.5 million people died of 

COVID-19 globally (WHO). With the pandemic now 

ongoing for 2.5 years, it has typically gone through several 

stages, with its specific considerations. Notably and given 

the urgent situation in the first one-and-a-half years, health-

economic aspects have not been prominent in Health 

Technology Assessment (HTA). Lockdowns have been 

installed against enormous – mostly unknown – societal 

costs, both concerning GDP as well as both physical and 

mental health. Notably, estimates have been made that 

countries’ annual GDPs could have been affected by 

reductions up to 30% (Keogh-Brown et al., 2020). 

Subsequently, vaccines have been introduced without the 

general health-economic considerations that mostly apply; 

for example, reflected in reports of country-specific 

NITAGs (National Immunization Technological Advisory 

Groups). Notably, HTAs were focussed on efficacy, safety 

and delivery. With potentially unexpectedly high efficacy 

against severe disease, in particular, in western countries 

focus soon shifted to safety issues around 

thrombocytopenia and myocarditis as well as real-world 

data analyses for effectiveness. 

Post-pandemic phase 

     Earlier this year, the emerging omikron-variant – 

potentially associated with less severe disease - might have 

precluded on new endemic/epidemic phases of the 

pandemic. While COVID19 vaccines were logically not 

immediately subject to health economics scrutiny, they will 

possibly be increasingly in later stages when boosters and 

revaccinations are considered in less-urgent situations, 

allowing more considerate recommendations, with 

potentially various brands from which to select, inclusive 

heterologous and homologous boosting. Notably, since the 

start of the COVID19 pandemic, similarities with the 

influenza virus, inclusive its - both seasonal and potential 

pandemic nature - have been sketched and influenza-like 

endemic/epidemic scenarios seem reasonable. In such 

scenarios, an increasing role for health economics in HTA 

of COVID19-vaccines can be expected. Considerations 

now eminent in COVID19-vaccines have been present for 

other potentially vaccine-preventable infections for 

decades upon which experiences can be drawn, inclusive 

economic impacts, specific cost-effectiveness 

methodologies, basic reproduction rate estimates, real-

world data calibrations, discounting of long-term effects 

and transmission modelling (Boersma et al., 2020). Also, 

scarce health-economic COVID19 economic analyses 

already available can inform such more extensive sets of 

analyses. 
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Cost-effectiveness of COVID19-vaccines 

Already since the beginning of the pandemic, and even 

in the initial sheer absence of vaccines, interest has existed 

in the cost-effectiveness of COVID19-vaccines. An initial 

paper analyzing a hypothetical COVID19-vaccine for the 

US found cost-effectiveness at US$8200 in the base case, 

using a Markov cohort static model with a one-year time 

horizon and the health-care perspective (Kohli et al., 2021). 

Notably, a 60% vaccine effectiveness against disease was 

used, as we now know reflecting a conservative 

assumption in the first months. More in line with modelling 

traditions in infectious diseases, next work applied 

dynamic transmission-dynamic models, explicitly 

considering the transmission of the virus in the population. 

Ergo, next to vaccine effectiveness on disease, also vaccine 

effectiveness against transmission plays an important role. 

For example, early 2021 Hagens et al reported cost-

effectiveness of COVID19 vaccination in Turkey taking 

both the societal perspective with disease-related 

production losses and transmission dynamics into account 

(Hagens et al., 2021). Also, in that study favourable cost-

effectiveness for vaccination was found at either low cost-

effectiveness ratios or even rendering cost savings. Given 

the inclusion of the transmission dynamics, next to 

effectiveness on diseases also effectiveness on 

transmission was taken into the model; ergo, next to 

reducing the likelihood for serious disease, also the 

vaccination was assumed to reduce the likelihood of 

transmitting the virus if vaccinated. In line with later 

published real-world findings (Hall, 2021), it was assumed 

that effectiveness on transmission would be approximately 

half of that on disease (notably, 45 and 90%, respectively). 

Implications for further discussion 

Further work seems now concentrating on explicitly 

considering the potential novel context where COVID19 

becomes endemic and will follow an influenza-like 

seasonal – partly predictable – pattern. This typically 

comes with some aspects well-known from influenza 

modelling (Postma and Chhatwal, 2022), such as reducing 

the time horizon to the 6-month winter season and relaxed 

non-pharmaceutical interventions (social distancing and 

face masks). In an analysis for Denmark (Debrabant et al,. 

2021), a dynamic modelling approach was followed and 

continued limited social distancing and use of face masks 

still assumed. Both healthcare and societal perspectives 

were used and favourable cost-effectiveness was being 

identified. From the healthcare perspective, it was found 

that any strategy including older adults ≥60 appeared more 

cost-effective than strategies targeting populations <60. 

Inclusion of production losses in the societal perspective 

actually rendered strategies targeting those <60 cost-

effective as well, in particular if current relatively modest 

vaccine prices would also be in force in endemic situations.  

With cost-effectiveness issues likely getting more 

prominent in discussions on COVID19 vaccinations in an 

endemic context, the general discussion on broader impacts 

of vaccines will also apply (Postma et al., 2022). In 

particular, in the context of that discussion it is argued that 

for vaccines a broader view on values is needed to 

adequately justifying the specifics that vaccines pose. 

Notably, in this respect health and productivity effects for 

caregivers, distributive effects have been specifically 

mentioned, as well as providing piece of mind by reducing 

fears of infection, consequences of long-term complaints 

after COVID19 infection, macro-economic impacts and 

limiting capacity strains in hospitals. Some of these 

broader impacts have certainly been further attenuated by 

the COVID19 pandemic, illustrating the urgent need to 

take these on board in health economics of vaccines; and 

this not only for COVID19, but also for other vaccines. For 

example, hospital capacity problems with COVID19 can 

be exemplar for influenza and fear of COVID-infection 

exemplar for e.g. meningococcal B infection. 
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Introduction 

 

Medicines policy play a major role in protecting, 

maintaining and restoring people’s health. The regular 

provision of appropriate medicines of assured quality, in 

adequate quantities and at reasonable prices, is therefore a 

concern for all national governments (Kanji et al., 1992; 

Wirtz et al., 2017). 

Drug policy is an integral part of state health policy. 

assuring access to safe and effective medicines while 

reducing patient participation in treatment costs. 

Pharmaceutical policy is a subdivision of health policy 

that deals with the development, provision and use of 

medications within a health care system. It embraces 

drugs (both brand name and generic), biologics (products 

derived from living sources, as opposed to chemical 

compositions), vaccines and natural health products.  

Medicine Policy includes: 

 Funding of Research in the Life Sciences 

 Patent Law 

 Licensing 

 Pricing 

 Reimbursement 

 Formulary management 

 Eligibility 

 Prescribing 

 Pharmacy services 

 

 

 

Materials and methods (or other sections) 

 

“The State Medicines Policy 2018-22” is a document 

of a strategic nature that defines the priorities of the 

Government of the Republic of Poland in the field of drug 

management in the indicated period (www.gov.pl). The 

document was created on the basis of the guidelines of the 

World Health Organization (WHO, 2016), it sets 

medium- and long-term goals for participants and 

decision-makers of the pharmaceutical market and 

identifies the main tools to achieve them.  

The project was implemented through a systematic 

process of consultation with all interested parties, and its 

adoption was made through a consensus balancing the 

often contradictory goals and aspirations of communities 

widely associated with pharmacotherapy. 

 

Results and discussion 

 

How to assess the degree of its implementation?  

In the short-term perspective, the Policy, by 

indicating specific solutions, highlights the ways of 

correcting the system's operations under the applicable 

legal status. 

In the medium and long-term perspective, the 

document defines the necessary changes in the legislative 

environment.  

The establishment of the Medical Research Agency 

and the reduction of bureaucratic burdens in planning and 

implementing clinical trials in Poland can undoubtedly be 

considered as effective implementation of the provisions 

of the document. The changes in the law have led to better 

control and wider cooperation of the services established 
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for this purpose in the scope of limiting parallel exports of 

drugs.  

It should be emphasized that the level of patient 

copayment for drugs in outpatient treatment has 

decreased. The main challenges that have not yet been 

realized include the amendment to the Reimbursement 

Act. On the other hand, we are pleased with the adoption 

of the act on the profession of pharmacist, an act that has 

been awaited by the environment for many years, 

allowing for the redefinition of the pharmacist's tasks. It 

also contributed to fight against COVID-19 pandemic as 

pharmacist role in assisting patients and vaccinating them 

was crucial in this period. 

The solutions under the Act on the Medical Fund are 

interesting and promising.  

As regards purely operational tasks, it seems 

appropriate to continuously update the content of drug 

programs and the reimbursement list, transfer selected 

drugs from drug programs to the chemotherapy catalog / 

pharmacy list, and define the criteria, perhaps based on 

MCDA for orphan medicinal products 

(https://www.termedia) leading to a selection of medicinal 

products available under the National Program for Rare 

Diseases (https://www.gov.pl/).  

Drug policy as an integral part of health policy 

should be flexible, keep pace with systemic changes in 

health care and changing health needs of the society. 

 

Conclusions: 

 

An access to innovative and generic therapies plays 

an important role in the treatment of severe, chronic, both 

common and rare diseases.  

Drug reimbursement should be created in the context 

of epidemiology and demographic changes, and include 

both direct and indirect costs.  

A medicines policy is based on a complex process of 

development, implementation and monitoring with 

adjustments, if necessary.  

Throughout the entire process, careful planning, 

taking into account political and economic dynamics and 

the involvement of all stakeholders is needed. 
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Introduction 

 

Clinical outcomes of active substances depend on 

their pharmacokinetics and pharmacodynamics. 

Pharmacokinetics illustrates the passage of active 

substances through the body in spatial and temporal terms 

and is defined by the processes of release from dosage 

forms, absorption form the site of administration to the 

central circulation, distribution throughout the body, 

metabolism and elimination from the body. Basic 

mechanisms of these processes are convection and 

diffusion with the exception of metabolism, where 

chemical transformation occurs. Pharmacokinetics thus 

ensures regardless of the mode of application the transfer 

of the active substance from the site of administration to 

the site of action, i.e. to the biophase where the targets are 

located. On the other hand, pharmacodynamics studies the 

processes that begin to take place between the active 

substance and the target when the active substance 

reaches the target. Targets are either receptors or 

enzymes, they may be carriers or ion channels. The result 

of the interaction between the active substance and the 

target is a measurable clinical effect such as drop in blood 

pressure, drop in cholesterol levels, drop in body 

temperature, relief of pain, recovery from infection, 

reduction of symptoms and signs of depression or 

psychosis and more (Derendorf and Schmidt, 2020).  

Pharmacokinetics and pharmacodynamics are very 

often influenced by polymorphisms of genes encoding 

enzymes, carriers, receptors and ion channels which 

pharmacogenetics deals with. 

Selected examples of psychopharmaca in the light of 

the influence of pharmacokinetics and pharmacogenetics 

on clinical outcomes will be presented below. 

 

Pharmacokinetic and pharmacodynamic 

parameters 
 

Basic pharmacokinetic information represents the 

relationship between concentration and time in the form 

of an appropriate curve showing plasma levels of active 

substance. From this curve one can calculate the primary 

and secondary parameters. Primary parameters are ka 

(absorption rate constant), F (extent of absorption), Clp 

(total clearance) and Vd (volume of distribution). 

Secondary parameters are ke (elimination rate constant), 

t1/2 (biological half-life) and AUC (area under the curve).  

Basic pharmacodynamic information is presented by 

Emax plot that shows relationship between effect and 

concentration of active substance. Two parameters can be 

identified from this plot, Emax (the maximal effect that an 

active substance can elicit, indicates efficacy) and EC50 

(the concentration of an active substance required to 

produce 50% of maximum effect, indicates potency). 

Moreover, from Emax plot we can obtain therapeutic range 

which tells us in which range of plasma concentrations we 

can expect desired effect. 

By merging the two curves we obtain the time course 

of the dependence of the effect on time, which allows us 

to predict the time of onset of the effect, the strength of 

the effect and the duration of the effect (Derendorf and 

Schmidt, 2020). 

 

Examples of psychopharmaca 

 
          Midazolam is a benzodiazepine-type active 

substance used for anesthesia, procedural sedation, 

trouble sleeping and severe agitation. Its EC50 amounts to 

0,1 mg/L and is lower than in the case of oxazepam and 

clobazam which are used in a similar indication. This 

means that midazolam shows greater potency than the 
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other two benzodiazepines. Consequently, the largest dose 

of midazolam is 15 mg to reach therapeutic range 0,08 – 

0,12 mg/L and is smaller than in the case of oxazepam 

and clobazam, both with maximal dose of 30 mg. 

Midazolam elimination half-life of 1.5–2.5 h allows 

duration of action up to 6 h in the case of instant release 

oral formulation. 

          Fluphenazine is a phenothiazine-type of a high-

potency classical antipsychotic used for treating acute and 

chronic psychotic conditions, including schizophrenia and 

manic and hypomanic disorder. Its potency is 50 times 

higher than in the case of chlorpromazine, which means 

that a 50-fold lower daily dose of up to 10 mg in the case 

of peroral administration is required for approximately the 

same effect. Therapeutic range is 1 - 4 µg/L and can be 

achieved either orally in a 1-, 2- or 5-mg film coated 

immediate release tablet or by deep intramuscular 

injection into the gluteal muscle in a dose of 25 mg in the 

form of decanoate. As t1/2 of elimination amounts up to 17 

h oral daily dose is usually divided into two doses to 

maintain plasma concentrations within therapeutic range 

for a long period assuming absorption from the 

gastrointestinal tract is very rapid (ka>ke). In the case of 

intramuscular injection, the situation is reversed. As the 

rate-limiting step is hydrolysis of ester in gluteal muscle, 

which takes place very slowly, the absorption is 

significantly prolonged (t1/2 of absorption is 231 h, ka<ke) 

thus allowing dosing every three weeks. Even in this case, 

plasma concentrations are maintained within the 

therapeutic range whereby concordance is ensured. In 

both cases, the dosage regimen should be adjusted so that 

plasma concentrations do not significantly exceed 2.7 

µg/L due to the increased likelihood of adverse reactions. 

          Paliperidone (9-hydroxyrisperidone) is an atypical 

antipsychotic that is used in the treatment of 

schizophrenia and schizoaffective disorder. It is available 

as prolonged release tablets and intramuscular injections 

in the form of palmitate. The mechanism of the latter 

mode of application and consequent pharmacokinetics 

and clinical efficacy are comparable to those in the case 

of fluphenazine, i.e. long term hydrolysis of ester in 

deltoid or gluteal muscle which provides a biological half-

life of tens of days, even up to 130, thus allowing 

application once a month or even once every three or six 

months with very small peak-to-trough ratio of 

paliperidone at steady state ranging from 1.56 to 1.70. 

However, paliperidone alone has a biological half-life of 

23 h, which allows once a day oral application in the form 

of prolonged release tablets to reduce fluctuations in 

plasma concentrations, similar as in the case of 

intramuscular injections, in order to optimize clinical 

efficacy.  

          Risperidone is an atypical antipsychotic used to 

treat schizophrenia and bipolar disorder. Extrapyramidal 

disorders (parkinsonism, dystonia, tardive dyskinesia, 

restlessness) are the main side effects of risperidone 

therapy, occurring more frequently at doses higher than 4 

mg daily. Moreover, the elimination rate of risperidone is 

highly variable, biological half-life ranges from 3 to 24 h, 

indicating an important role of CYP2D6 genotype in 

conversion of risperidone to 9-hydroxyrisperidone which 

is the major (90%) metabolic pathway. 

A prospective study was conducted at the University 

Medical Centre Maribor and at the Faculty of Pharmacy 

Ljubljana to characterize the metabolism of risperidone to 

(+)- and (-)-9-hydroxyrisperidone in vivo and to evaluate 

the influence of CYP2D6 genotype. A population 

pharmacokinetic modeling approach was used to estimate 

the interindividual variability of the pharmacokinetic 

parameters in 50 hospitalized patients with acute episode 

of schizophrenia. CYP2D6 genotype remarkably 

influenced the formation clearances of the risperidone 

metabolites, while creatinine clearance was related to the 

plasma clearance of 9-hydroxyrisperidone. CYP2D6 

genotype was also associated with the average plasma 

concentration of risperidone active moiety (a sum of all 

three active compounds). In comparison to the patients 

with CYP2D6*1/*1 genotype, average steady-state 

plasma concentration of risperidone active moiety was 

3.3- and 1.6-fold higher in poor metabolizers (both alleles 

nonfunctional; CYP2D6*3 or *4) and intermediate 

metabolizers (one nonfunctional allele and one allele for 

diminished enzyme activity; CYP2D6*10 or *41), 

respectively. Additionally, average plasma concentration 

of risperidone active moiety was higher in the patients 

with dystonia (p=0.0066) and parkinsonism (p=0.046). 

The results of this study imply the potential role of 

CYP2D6 genotyping in personalizing risperidone therapy 

in patients with schizophrenia to reduce the incidence of 

adverse extrapyramidal disorders (Locatelli et al., 2010) 
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Introduction 

 

Acylcarnitines are fatty acid metabolism 

intermediates that emerge from the cellular energy 

metabolism pathways in mitochondria and peroxisomes. 

An acylcarnitine molecule contains mostly diet-derived 

biofactor L-carnitine coupled to a fatty acid moiety which 

can be classified as long-chain, medium-chain, short-

chain, branched, hydroxylated, saturated or unsaturated. 

There are more than 1000 various acylcarnitines now 

analyzed and included in the Human Metabolome 

Database (Dambrova et al., 2022). The proportionally 

largest part of the body acylcarnitine pool consists of 

short-chain acylcarnitines, containing acetyl-, propionyl-

moiety of fatty acids. Metabolomic profiling assays by 

tandem mass spectrometry frequently include 

acylcarnitine profile measurements in blood plasma and 

urine samples and identify metabolic phenotypes, which 

are associated with certain disease risks.  

 

Acylcarnitines as biomarkers 

 

Historically acylcarnitines are recognized and used as 

biomarkers for inborn or acquired fatty acid oxidation 

defects (McCann et al., 2021; Wanders et al., 2020), also 

as a part of newborn screening programs (Martín-Rivada 

et al., 2022). Accumulation of a specific acylcarnitine, 

especially long-chain and very-long-chain acylcarnitine, 

can signal about defective mitochondrial β-oxidation 

enzymes and mitochondrial trifunctional protein in the 

fatty acid metabolism pathways. The changes in 

acylcarnitine concentrations have been linked also to the 

risks of non-communicable diseases, such as diabetes 

mellitus, cardiovascular and neurological diseases and 

also some cancers (Dambrova et al., 2022). The plasma 

concentrations of acylcarnitines change along with the 

fed-and-fasted state cycles and availability of energy 

substrates, fatty acids and glucose. In healthy subjects, 

fatty acid metabolism and acylcarnitine production 

dominate during the fasted state, and this has to be taken 

into account when collecting samples for analysis. In turn, 

altered changes in plasma concentrations of long-chain 

acylcarnitines in fasted and fed states can serve as a 

valuable marker of tissue-specific insulin sensitivity 

(Makarova et al., 2019). More research is needed to 

establish reference levels for various acylcarnitines under 

different physiological states of energy metabolism in 

health and disease.  

 

Acylcarnitines as food supplements 

 

Short-chain acylcarnitines, acetylcarnitine and 

propionylcarnitine, are proposed as useful food 

supplements. Some studies have shown positive effects of 

acetylcarnitine intake in dementia, cognitive dysfunction, 

neurodegenerative disease, pain, Alzheimer's disease, 

depressive disorder, neuralgia, type 2 diabetes and 

diabetic neuropathy, hyperammonemia, fatigue and 

dystrophy (Dambrova et al., 2022). Propionylcarnitine 

supplementation has been found useful in the case of 

some vascular diseases, including intermittent 

claudication, colitis, ischemia and also male sexual 

dysfunction (Dambrova et al., 2022). However, it has to 

be noted that more data are needed to study metabolic and 

biochemical cascade of events leading to altered levels of 
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acylcarnitines, bioavailability of supplements and 

concentration changes after the supplementation.   

 

Acylcarnitine accumulation-induced disease 

states 

 

At altered concentrations long-chain acylcarnitines 

are known to affect the activity of enzymes and ion 

channels, mitochondrial functionality, increase free 

radical production, as well as impact signaling pathways 

leading to various cardiovascular diseases (Dambrova et 

al., 2021, Dambrova et al., 2022). Since long-chain 

acylcarnitines induce harmful effects on mitochondria and 

energy metabolism pathways, their accumulation is 

suggested as an actor in the induction of an energetic 

crisis in inflammation (McCoin et al., 2015). It has been 

shown recently that a long-chain acylcarnitine, palmitoyl-

carnitine, stimulates insulin release and induces 

dephosphorylation of the insulin receptor (Vilks et al., 

2021). This finding provides additional molecular details 

to previous preclinical studies pointing at altered changes 

in long-chain acylcarnitine levels in case of insulin 

resistance (Aguer et al., 2015; Liepinsh et al., 2016). The 

increased levels of long-chain acylcarnitines can be 

proposed as a target for the treatment of inherited diseases 

of fatty acid oxidation, diabetes/insulin resistance, and 

cardiovascular diseases. 

 

Future perspectives 

 
In order for acylcarnitines to gain wider recognition 

as biomarkers and new drug target resource, bioanalytical 

technologies and big data analysis should be used to 

advance understanding of the physiological roles of 

acylcarnitines and their involvement in the pathogenesis 

of various disease states. 

 

Conclusion 

 

The metabolomic profiling data point to 

acylcarnitines as important fatty acid intermediates that 

signal about disturbances in the cellular energy 

metabolism pathways and present early signs of certain 

disease pathogenesis. Dietary and pharmacological means 

of acylcarnitine level regulation can be used to counteract 

pathological changes in acylcarnitine concentrations. 
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Introduction 

 

The success of design criteria for long-circulating drug 

delivery systems to support membrane receptor-ligand 

interaction and internalization has been limited and there is 

a need to develop smarter approaches for efficient drug 

tumor targeting.  In order to overcome some of the current 

limitations, stimulus-responsive targeting has been 

combined with passive and active targeting strategies. 

More innovative nanocarriers that hold promise to 

optimize targeted drug delivery are systems with the ability 

for transformation from the stealth long-circulating form to 

cell interactive form in the complex tumor environment, 

exposing ligands at their surface for improved ligand-

receptor interaction and cell internalization.  

This short review will be an overview of several 

nanomedicines designed and characterized by our research 

group, and the interplay between their physicochemical 

characteristics and biological fate. 

 

Discussion    

    

Most commonly used systems to achieve enhanced 

permeability and retention effect are hydrophilic shell-

hydrophobic core nanocarriers, so called polymer micelles, 

produced with self-assembly of block, grafted оr branched 

copolymers consisting of a hydrophilic backbone and 

multiple hydrophobic polymer side chains. Smart synthetic 

linear aliphatic polyesters based on poly(lactic acid), 

poly(glycolic acid) and poly(ethylene glycol) play a crucial 

role in the development of a variety of safe, biocompatible, 

biodegradable therapeutic drug systems, however, their use 

is limited due to a low degree of functionality (hydroxyl 

groups). Dimchevska et al. (2017) prepared SN-38 loaded 

Poly(D,L-lactide-co-glycolide)-b-poly(ethyleneoxide)-b-

poly(D,L-lactide-co-glycolide) (PLGA-PEG-PLGA) NPs 

by nanoprecipitation technique using copolymers with 

different Mw (LMw NPs 6,000:10,000:6,000Da and HMw 

NPs 70000:8000: 70000Da), chain length, PLGA/PEG or 

DLLA/GA ratio, and evaluated their physicochemical 

properties, nanobiointeractions, toxicity, efficacy as well 

as biodistribution of radiolabeled NPs in a healthy Wistar 

rat model. Various polymer properties led to diverse 

nucleation and growth during nanoprecipitation resulting 

in difference in the particle size and drug loading between 

LMw and HMw NPs. Another distinct feature that might 

also influence the biological fate, protein binding and 

internalization is the packing density and conformation of 

the PEG shell which is in control of steric hindrance, 

hydrophobicity and the zeta potential. Zeta potential was 

less negative for LMw NPs due to higher density and 

longer PEG chains. Cytotoxicity of empty NPs in human 

colon adenocarcinoma SW480 cell culture model was 

negligible. During internalization studies in SW480 cells, 

serum proteins showed profound influence in diminishing 

the differences in the internalization rates among LMw and 

HMw NPs, highlighting the fact that the protein corona is 

the nanobiointerface important for cell-NP interaction. In 

vivo biodistribution studies of radiolabeled NPs verified 

the efficient protection role of PEG loops directly attached 

to the NPs surface against immediate sequestration. Blood 

circulation time was significantly prolonged to several 

hours for LMw and HMw NPs, though for the 

nanoparticles with a denser hydrophilic corona (LMw NPs) 

the condensed packing of the loops could be clearly 

correlated with more efficient inhibition of phagocytic 

https://www.researchgate.net/institution/Brandenburg_University_of_Technology_Cottbus-Senftenberg
https://www.researchgate.net/institution/Brandenburg_University_of_Technology_Cottbus-Senftenberg
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uptake, 30% increased blood circulation time and 

improved stealth effect. The long circulation time of LMw 

PLGA-PEG-PLGA NPs loaded with tyrosine kinase 

inhibitor Ponatinib was confirmed in a zebra fish model. 

Due to increased tumor distribution in zebrafish xenograft 

model developed by transplantation of K652 CML cell line 

into 72 hpf zebrafish embryo, the drug loaded NPs showed 

significantly lower cardiotoxicity compared to free drug 

molecules (Al-Thani et al., 2022). Similar effect of 

contribution of the dense “brush” conformation of PEG 

hydrophilic corona chains to the stealth effect was noticed 

for SN-38 loaded PEO-PPO-PEO/Poly(DL-lactide-co-

caprolactone) NPs (Geskovski 2015; Koliqi et al. 2016). 

Two samples of PEO-PPO-PEO/Poly(DL-lactide-co-

caprolactone) NPs, prepared by nanoprecipitation 

procedure with a slightly modified purification step were 

tested for their biodistribution in Wistar rat model.  One of 

the samples was regularly washed in three cycles and the 

other was repeatedly purified by centrifugation using 

ultrafiltration, until no free PEO-PPO-PEO was detected in 

the supernatants. FTIR evaluation showed two distinctive 

conformations, brush and loop, of the PEO-PPO-PEO 

hydrophilic layer for the purified and completely purified 

sample. Striking similarity of the circulation time of the 

“brush” corona conformation of PEO-PPO-PEO/ Poly(DL-

lactide-co-caprolactone) NPs to PLGA-PEG-PLGA NPs 

with dense hydrophilic corona was found during the 

biodistribution studies of radiolabeled samples. Having in 

mind the close values of hydrodynamic diameters and the 

zeta potential of the compared NPs we may assume that the 

Mw, density and surface conformation of PEG corona 

determines protein corona patterns and the abundance of 

different proteins in primary and secondary corona, 

affecting the process of phagocytosis (Djurdjic, 2015; 

Geskovski, 2015). Compared to the “brush” conformation 

the “trans” or train/loop conformation of PEG chains of the 

NPs resulted in almost immediate sequestration and 

clearance. Therefore, PEG Mw, density or ethylene glycol 

units per surface area to achieve efficient surface coverage 

and “brush” conformation should be carefully optimized 

during the design process if long circulation time has to be 

achieved. Novel studies indicate to abundance of serum 

albumin and apolipoprotein E in the protein corona of low-

density PEG hydrophilic shell PLGA NPs and higher level 

of clusterin for shells with increasing density and chain 

length, confirming that PEG conformation mediates a 

specific protein adsorption and shapes the protein corona 

profile.  Low degree of functionality of polymers like 

P(DLLA-CL), PLGA and PCL may be overcome by 

copolymerization with polyacrylic acid or polyethylene 

imine. Poly--caprolactone-branched-polyethylene imine 

(PCL-b-PEI, Mw ~ 40.000-800 Da) was used for design of 

hyaluronic acid coated paclitaxel loaded PCL-b-PEI 

multifunctional smart nanocarrier capable of addressing 

multiple barriers (Moustafa et al. CESPT 2022). 

Hyaluronic acid structured into charge reversal PCL-b-PEI 

NP shell improves the EPR effect and tumor localization, 

decreases the toxicity masking the positive PEI charge and 

improves specific targeting for CD44 overexpressing 

tumors. Hyaluronidase enzyme overexpression in tumors 

amplifies the degradation of HA, exposing the smaller 

sized positively charged particles in the tumor environment 

which improves the diffusion through the tumor matrix, 

membrane interaction, internalization as well as endosomal 

escape. Stable charge reversal of PCL-PEI with HA and 

improved biocompatibility was confirmed in A549 cell 

lines using LDH and MTT tests. Also, higher 

internalization of HA decorated NPs was verified in A549 

cancer cell line overexpressing the CD44 receptor. The 

anticancer efficacy was also significantly improved in cell 

lines overexpressing the cluster of differentiation receptor.  

 

Conclusion 

 

Multimodal characteristics of the nanoparticles such 

as size-tunable properties and charge reversibility induced 

by pH or enzyme responsive hydrolysis coupled with 

structural destabilization for rapid drug release, and fused 

with an efficacious technique for avoiding protein 

adsorption to minimize or mitigate the negative influence 

of protein corona on the internalization and sequestration 

should be future priorities in nanomedicine development.  
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Introduction 

 

Substandard and falsified medical products are a threat 

to the health of patients. They are products that fail to meet 

quality standards or that deliberately misrepresent their 

identity, composition or source. They affect every region 

of the world and are widely available over the internet. The 

fight against these harmful products must be efficiently 

organized through prevention, communication and 

coordination, but also action, investigation and repression. 

Official laboratories for the control of medicines play an 

active role in the fight against falsified drugs. Analyses of 

suspect samples provide better knowledge of these 

products, identify the danger to patients and help the 

authorities in their decisions (Rebiere et al., 2017). 

Unfortunately, substandard and falsified products are 

becoming more and more sophisticated and sometimes 

field testing or conventional analyses may not be sufficient 

to prevent the danger. Advanced analytical methods can be 

used for the exhaustive assessment of a suspect sample. 

Mass spectrometry and Nuclear Magnetic Resonance 

spectroscopy are powerful methods for this task.  

Raman spectroscopy is a method that has become 

popular due to the highly qualitative information contained 

in a spectrum. Modern technologies offer access to simple 

portable instruments that can be used in the field, as well 

as research instruments coupled with microscopes with 

high spatial/spectral resolution. 

This overview will explain the basic principle of 

Raman spectroscopy, and will present several applications 

where the method appears to be successful in the 

characterization of substandard and falsified medical 

products.  

 

Materials and methods 

 

Samples and instrument 

 

The suspected samples were all obtained from seizures 

carried out by the French police or customs services, and 

the analyses were performed as per a judicial request. 

Measurements were carried out on a benchtop system 

from Renishaw (model InVia) which is composed of a 785 

nm laser diode with a nominal power of 300 mW, a Leica 

microscope equipped with several magnification lenses, a 

moving tray, a rejection filter to block the Rayleigh 

scattering, a diffraction grating and a CCD detector. The 

software (Wire) is designed to control the system, perform 

measurements and analyze spectra (including chemometric 

algorithms). 

 

Raman Chemical Imaging 

 

Raman spectroscopy is a method that takes advantage 

of the vibration of molecules previously irradiated by an 

intense monochromatic source. As a result, two 

phenomena may occur: Rayleigh scattering (elastic), which 

is a strong signal but without any analytical interest, and 

Raman scattering (inelastic, i.e., with a different 

wavelength from that of the source), which is a signal with 

a very low intensity.  

Conventional spectrometers use an excitation source 

irradiating the sample on a surface area over several mm². 

When coupling with a microscope, the laser may be 

focused on a surface area over some µm². This is more or 

less the size of a material particle in solid dosage form. 

Thus the Raman signal obtained may be that of one the 

chemical substances from the mixture. 
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Raman chemical imaging combines spatial and 

spectral information successively recording spectra at the 

surface of a sample at adjacent positions. The resulting data 

is called a hyperspectral image containing thousands of 

spectra gathered in a data-cube, i.e., a three-dimensional 

matrix with two spatial dimensions (x, y) and one spectral 

dimension (). These data are generally examined in a 

multivariate way using chemometric algorithms such as 

Principal Component Analysis (PCA) or Multivariate 

Curve Resolution Alternating Least Square (MCR-ALS). 

This latter method is particularly well suited to the 

resolution of a spectral mixture without a-priori knowledge 

of the chemical system. The spectrum of a sample may be 

considered as the weighted sum of the spectra of pure 

chemical species. Thus, each pixel of the image contains 

the same pure signals but their contributions differ from 

one pixel to the next. MCR-ALS decomposes the spectral 

dataset into the product of the matrix of pure spectra of 

species and the matrix of their relative contribution in the 

data-cube. The use of spectral libraries helps in the 

identification of the resulting pure spectra. 

 

Surface Enhanced Raman Spectroscopy (SERS) 

 

As previously mentioned, Raman scattering is a very 

weak signal. This signal may be drastically enhanced with 

a specific sample preparation using metal nanoparticles. 

The use of nanoparticles suitably prepared and applied over 

the sample surface may enhance the Raman signal by 

between 100 and 10000-fold. The SERS effect is explained 

with two mechanisms: an electromagnetic enhancement 

obtained with the surface plasmon generated in the gap 

between two close nanoparticles, and a chemical 

enhancement resulting from the electron transfer between 

analytes and nanoparticles. 

Nanoparticles are commercially available in liquid 

form or embedded in a substrate. In our study we decided 

to manufacture and characterize our own nanoparticles. A 

specific deposition mode was optimized for further Raman 

chemical imaging (Cailletaud, 2018). 

 

Results and discussion 

 

Spectroscopic screening 

 

Raman chemical imaging was applied on several 

tablets. The MCR-ALS method was used for the study of 

each resulting data-cube. The sample surface must 

preferably be flat in order to maintain the focalization of 

the laser. The resulting images use false colors in order to 

locate the different areas of the chemical pure species.  

The method was applied on several kinds of samples: 

chloroquine tablets and anabolic tablets (Rebiere et al., 

2016). Hyperspectral images exhibit the distribution map 

of the compounds and identify active substances and 

excipients (some of them are not expected in the sample). 

Falsification was also established on suspect Viagra© and 

Plavix© samples by comparing their hyperspectral images 

with those of authentic ones (Rebiere et al., 2018).  

 

Detection of low dose active substances 

 

SERS was applied on a sample called “Anabol tablet”, 

previously found without any active substances using 

conventional Raman chemical imaging. Silver 

nanoparticles were prepared and applied by spray coating 

before performing Raman measurement over the surface of 

the sample. Two new pure components were detected and 

identified as sildenafil and ciprofloxacine. Their 

identification was confirmed using LC-MS and their 

content was found at 4 µg sildenafil and 300 µg 

ciprofloxacine per tablet. It is assumed that the presence of 

these two unexpected substances is due to the use of poorly 

cleaned manufacturing tools in which sildenafil tablets and 

ciprofloxacine tablets had been previously prepared by the 

illegal manufacturer. 

 

Conclusion 

 

Raman chemical imaging was found to be useful for 

the screening of substandard and falsified samples whose 

composition is unknown. The identification of active 

substances and excipients was achieved. The method is 

complementary to separation methods giving the 

distribution map of the compounds in the samples. SERS 

is a sensitive method capable of detecting chemicals at a 

low dose content. 
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Introduction 

 

Orally disintegrating tablets (ODTs) are solid dosage 

forms that disintegrate without the addition of extra water, 

usually less than a minute in the mouth into a paste that 

can be easily swallowed. ODTs have improved over the 

past years, in an attempt to produce a safe and efficient 

substitute to the conventional oral dosage forms. They are 

new types of dosage forms which mediate the advantages 

of both solid and liquid types of drug formulations such as 

ease of use and being stable. Thanks to these properties, 

the orally disintegrating tablets are considered a good 

alternative in both pediatric and geriatric therapy. Orally 

disintegrating mini-tablets (ODMTs), which combine the 

advantageous properties of ODTs and mini-tablets for 

pediatric therapy, are defined as new drug delivery 

systems. Therefore, ODMTs can also be defined as 

advanced and compact forms of ODTs for pediatric 

patients. In this paper, advantages, ideal properties and 

desired characteristics of ODTs formulations processes 

and future research trends in ODT technology will be 

told. 

 

Advantages of ODTs 

 

ODTs are especially convenient for patients, who 

have difficulties in swallowing conventional solid dosage 

form.  ODTs include the following: 

- Pediatric and geriatric populations who have 

complication in swallowing of tablets and capsules.  

- ODTs are suitable dosage forms for during the journey, 

patients with permanent nausea.  

- Antipsychotic drug molecules can be more easily 

applied to schizophrenic patients by ODTs than 

traditional pharmaceutical forms (Comoglu and 

Ozyilmaz, 2019). 

- The risk of chocking or suffocation during oral 

administration of conventional formulations due to 

physical obstruction is avoided, thus providing improved 

safety (Indurwade and Biyani, 2000). 

- Good mouth feel property of ODT helps to change the 

perception of medication (Parkash et al., 2011). 

- Increased bioavailability and faster onset of action: 

Oromucosal absorption leads to pre-gastric absorption, 

especially for formulations where the active ingredient 

dissolves rapidly.  

 

Ideal properties of ODTs 

 

An ideal ODT should maintain the following 

properties. 

- Should be ionizable in oral cavity. 

- Be dispersible and diffusible in mouth. 

- The active material should be less than 50 mg in each 

tablet. 

- Half-life of the active material should be short and 

suitable for frequently dosing. 

- Should not have bad taste and smell. 

- Should be dispersible in oral cavity without any need 

of water.  

- Be robust to external conditions such as humidity and 

temperature. 

- Conventional packaging processes can be applicable.  

- Be able to manufacturing with using low cost 

equipment (Comoglu and Ozyilmaz, 2019). 
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Desired characteristics of ODTs 

 

Because administration of ODTs is different from 

administration of conventional tablets, ODTs should 

maintain several unique properties (Sresta et al., 2017), 

Fast Disintegration - ODTs should disintegrate in the 

mouth without additional water. The disintegrated tablet 

should become a soft paste or liquid suspension, which 

can provide good mouth feel and smooth swallowing. 

Drug Properties - For the ideal ODT technology, the 

drug properties should not significantly affect the tablet 

property. 

Taste of Active Ingredients - Taste masking is an 

essential requirement for ODTs for commercial success.  

Tablet Strength and Porosity - Because ODTs are 

designed to have a quick dissolution time, excipients 

should have high wettability, and the tablet structure 

should also have a highly porous structure. 

Moisture Sensitivity - ODTs should have low 

sensitivity to humidity. This problem can be especially 

challenging because many highly water-soluble excipients 

are used in formulation to enhance fast dissolving 

properties. A good package design should be created to 

protect ODTs. 

 

Formulation processes of ODT 

 

Manufacturing techniques of ODTs can be examined 

as non-patented and patented technologies such as Zydis®, 

Flashtab®, Durasolv®. 

 

Future research trends in ODTs 

 

Although the ODT area has passed its infancy, as 

shown by a large number of commercial products on the 

market, there are still many aspects to improve in the 

ODT formulations. Despite advances in the ODT 

technologies, formulation of hydrophobic drugs is still a 

challenge, especially when the amount of drug is high. 

The future of ODTs also lies in the development of 

effective taste-masking properties. In general, the ODT 

formulations require large amounts of excipients, and 

having large doses of drug will only make the   final 

formulation too big to handle. An ODT formulation that 

would require fewer excipients than the drug itself would 

be a breakthrough. While the problems to be solved are 

not easy, the history suggests that it is just a matter of 

time before they are solved (Fu et al., 2004).  

 

 

 

 

 

Conclusion 

 

ODTs have improved patient compliance, 

convenience, bioavailability and rapid onset of action. In 

future, ODTs may be the most acceptable and prescribed 

dosage form due to its rapid action. Their characteristic 

advantages such as administration without water, 

anywhere, anytime lead to their increased patient 

compliance in today’s scenario of life. Considering many 

benefits of ODTs, a number of formulations are prepared 

in ODT form by most of the pharmaceutical companies.  
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Introduction 

 

Falsification of active pharmaceutical ingredients 

(APIs) has been recognized as an important health issue 

since a series of health scares involving large numbers of 

casualties happened when altered APIs escaped detection 

in routine analytical testing. Any form of tampering the 

content or information about the content might affect the 

quality of the API, the finished product and therefore 

constitutes a direct threat to the health of patients 

(Position paper for OMCLs on API surveillance, EDQM). 

The conventional analytical approach often fails to detect 

falsification since the quality and quantity of the API 

might be within the current standards. Instead, methods 

that allow distinction of API samples, according to their 

source are needed. 

Within the General European Official Medicines 

Control Laboratory (OMCL) Network (GEON) different 

initiatives were taken to augment the analysis and market 

surveillance of APIs used by the different manufacturers. 

Despite the efforts, API testing within the network is 

limited, compared to the surveillance of finished products. 

To tackle the issue of falsified API detection the API-

working group (API-WG) of the GEON organizes 

atypical market surveillance studies (MSS), where an 

MSS (analysis according to the Ph. Eur.) is combined 

with a fingerprint study (MSSFP). An MSS, according to 

Ph. Eur. only gives an indication of the quality of the 

product on some distinct parameters, often chosen based 

on the manufacturing process. A MSSFP study allows to 

obtain a global image of the sample, to compare to 

batches of the (presumed) manufacturer and/or to data of 

fingerprint studies performed in the past. (Deconinck et 

al., 2022, Rebiere et al., 2022). 

The aim of the paper is to highlight the challenges 

and pitfalls in detecting falsified APIs and to give an 

insight in the work of the GEONs API-WG with a special 

focus on the MSSFP studies. A summary is given of the 

MSSFP study on sildenafil citrate and this for the set-up 

and the obtained results.   

 

Materials and methods 

 

Set-up of the study 
 

Every MSSFP study focusses on one API, selected 

based on the risk of falsification or incidents that occurred 

in one of the member states. Sildenafil Citrate is the API 

of one of the worlds most falsified medicines.  

The idea of an MSSFP study is to select analytical 

techniques that allow to differentiate API samples 

according to their manufacturer. The selection of the 

techniques starts with the Ph. Eur. From the monograph 

infrared spectroscopy, the method for related substances 

and the presence of residual solvents were selected as 

starting point. Further these techniques were 

complemented with fingerprinting techniques, proven 

valuable in the previous studies, i.e. Raman spectroscopy, 

X-ray powder diffraction (XRDP) and proton-Nuclear 

Magnetic Resonance (
1
H-NMR). 

All samples were analyzed in the same way for each 

method and the data was preprocessed, where necessary, 

followed by unsupervised chemometric analysis using 

principal component analysis (PCA) and hierarchical 

clustering (HCA). Also the combination of data through 
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mid-level data fusion was explored (Deconinck et al., 

2022).  

 

Sample collection 

 

Every participating OMCL collected samples of the 

targeted API, available on their national markets 

following their own procedures. This resulted in the 

collection of 79 sildenafil citrate samples from 14 

different manufacturers. Samples were then centralized 

and dispatch to the different testing OMCLs, where each 

OMCL performed one technique on all samples 

(Deconinck et al., 2022).  

 

Results and discussion 

 

Of the six analytical techniques, selected to obtain 

fingerprint data infrared and Raman spectroscopy, as well 

as the test on related substance were unable to distinguish 

between the manufacturers. This can be explained by the 

fact that all samples complied with the Ph. Eur. and these 

techniques are not sensitive enough to detect the small 

differences between the manufacturers. This could be 

different in the case of real falsified samples. 

In contrast, the results of the test on residual solvents, 

XRPD and 
1
H-NMR gave valuable fingerprint 

information and allowed to link the differences between 

the samples to the different manufacturers. Together the 

three techniques allowed the distinction of all 

manufacturers, except one. Therefore, these techniques 

are complementary and can be used together as 

fingerprint techniques for sildenafil citrate and so allow 

the detection/identification of falsified samples.  

The combination of the data of different analytical 

techniques did not result in significant improvement of 

the results, except for the combination of the residual 

solvent data with XRPD. In fact the fused data allowed 

the distinction of the manufacturer, which was not 

possible to differentiate using only the individual 

techniques (Deconinck et al., 2022).  

 

Conclusion 

 

From a quality point of view all samples collected in 

this study complied with the Ph. Eur. 

Three analytical techniques (residual solvents, XRPD 

and 
1
H-NMR) resulted in valuable fingerprint 

information, though none of the techniques allowed the 

distinction of all manufacturers. Therefore all three 

analyses are necessary, as well as three different 

chemometric models, i.e. the one based on residual 

solvents, the one on 
1
H-NMR and the one based on the 

fused data of residual solvents and XRPD.   

In general it can be concluded that in the case of a 

suspicious sildenafil citrate API sample, the GEON will 

proceed with analysis with each of the three techniques 

mentioned above in order to link the sample to a 

manufacturer or not. If this is not possible further analysis 

and research on origin and identity will be performed. In 

case the suspicious sample claims a manufacturer the 

analysis will be limited to the technique(s) able to 

characterize this manufacturer (Deconinck et al., 2022).   

More general it should be emphasized that 

falsification of APIs is a real and underestimated threat, 

that manifests itself in the quality of finished products and 

health risks for the patients. Therefore it is the 

engagement of the GEON and the API-working group to 

promote API-surveillance throughout the network, to 

launch new MSSFP collaborative studies and to work 

with the European Medicine Agency to rationalize GMP 

inspections of API manufacturers at an international level. 

Further the GEON remains open for collaborative 

campaigns on combatting falsification, but also for 

cooperation with different regulatory authorities and 

active involvement in global campaigns in order to share 

the expertise and information gained during different 

project 

 

References 

 
API Surveillance: Position Paper for OMCLs,       

PA/PH/OMCL (12) 51 3R, EDQM,Strasbourg, France 

https://www.edqm.eu/en/testing-of-active-pharmaceutical-

ingredients-apis- 

Benefits of Chemometrics for OMCLs, PA/PH/OMCL (19) 60 

DEF, EDQM,Strasbourg, France 

https://www.edqm.eu/documents/52006/169295/omcl-

benefits-of-chemometrics-for-omcls.pdf/c3d4365a-6317-

2dba-8f44-4a83a7fedd8a?t=1635169821415   

Deconinck, E., Courselle, P., Raimondo, M., Grange, Y., 

Rebière, H., Mihailova, A., Bøyume, O., Maurin, J.K., 

Pioruńska-Sędłak, K., Olsen, L.S., Acevska, J., Brezovska, 

K., Rundlöf, T., Portela, M.J., Bertrand, M., 2022. GEONs 

API fingerprint project: Selection of analytical techniques 

for clustering of sildenafil citrate API samples. Talanta 239, 

123123. https://doi.org/10.1016/j.talanta.2021.123123   
Rebiere, H., Grange, Y., Deconinck, E., Courselle, P., Acevska, 

J., Brezovska, K., Maurin, J., Rundlöf, T., Portela, M.J., 

Olsen, L.S., Offerlé, C., Bertrand, M., 2022. European 

fingerprint study on omeprazole drug substances using a 

multi analytical approach and chemometrics as a tool for 

the discrimination of manufacturing sources. J. Pharmac. 

Biomed. Anal. 208, 114444. 

https://doi.org/10.1016/j.jpba.2021.114444   

 

https://www.edqm.eu/en/testing-of-active-pharmaceutical-ingredients-apis-
https://www.edqm.eu/en/testing-of-active-pharmaceutical-ingredients-apis-
https://www.edqm.eu/documents/52006/169295/omcl-benefits-of-chemometrics-for-omcls.pdf/c3d4365a-6317-2dba-8f44-4a83a7fedd8a?t=1635169821415
https://www.edqm.eu/documents/52006/169295/omcl-benefits-of-chemometrics-for-omcls.pdf/c3d4365a-6317-2dba-8f44-4a83a7fedd8a?t=1635169821415
https://www.edqm.eu/documents/52006/169295/omcl-benefits-of-chemometrics-for-omcls.pdf/c3d4365a-6317-2dba-8f44-4a83a7fedd8a?t=1635169821415
https://doi.org/10.1016/j.talanta.2021.123123
https://doi.org/10.1016/j.jpba.2021.114444


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 29 -30 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.011 

Short communication 

 
 

*nenad.hedren@gmail.com                                                                                                                            IL 11 

 

 

Hospital Pharmacists’ Preparedness in Times of Crisis 

 

Nenad Miljković1,2
 

  

1Institute of Orthopaedics Banjica, Mihaila Avramovića 28, Belgrade, Serbia 
2
European Association of Hospital Pharmacists, Boulevard Brand Whitlock 87, Brussels, Belgium 

 

Introduction 

 

The pharmacist’s role in crisis response is just as 

essential as it is the provision of pharmaceutical care in 

traditional settings. (1) Pharmacists should be proactive 

and define their role in crisis management before others 

define it for them. Pharmacists’ ambulatory, 

pharmacotherapy and critical care readiness should be 

delivered in line with existing and emerging supply chain 

and distribution tasks. Shortages of personal protective 

equipment (PPE), disinfectants and medicines as well as 

the uncertainty about available treatment options shaped 

the work of hospital pharmacists throughout the SARS-

CoV2 pandemic. (2) One of the major risks in crisis is the 

occurrence of medicine shortages. Shortages of medicines 

have been on the rise globally this century. Factors that 

contribute to shortages, such as insufficient 

manufacturing capacity, a shortage of active 

pharmaceutical ingredients, and restricted 

distribution/allocation, are among those that are out of the 

scope of the pharmacist’s activities. (3) Nevertheless, 

pharmacists effectively manage medicines shortages by 

implementing defined strategies ahead of the occurrence 

of a shortage. (2) The European Association of Hospital 

Pharmacists (EAHP) has worked on the issue of medicine 

shortages in 2014, 2018 and 2019 demonstrated that the 

impact that shortages have on patient care and the 

intensity of the work of hospital pharmacists͛ has 
tremendously increased͘, especially in times of crisis. (3) 

Material and methods 

In order to further investigate problems encountered 

during the current SARS-CoV2 pandemic the survey on 

crisis preparedness among hospital pharmacies in Europe, 

EAHP created and conducted the survey on the future 

crisis preparedness of hospital pharmacies via Survey 

Monkey. The online questionnaire, along with its 

objectives and timeline, was distributed to EAHP 

members through a campaign carried out on social media 

and via the EU Monitor as to increase the engagement of 

individual hospital pharmacists. Throughout 17 questions 

aimed at collecting the general characteristics of the 

survey participants; medicine, disinfectant and PPE 

shortages; mitigating approaches adopted for medicine 

shortages; type, source and utility of the support received; 

lessons learnt; and areas of improvement for future 

pandemics. The survey was conducted between 

September and December 2020. Data on the classes of 

medicines affected by shortages were compared with 

those of the 2019 survey on medicines shortages to assess 

the impact of the pandemic on the type of medicine 

shortages. The answers to the questions regarding the 

medicine shortages, disinfectants, and PPE were 

considered as a binary response variable. Three backward 

stepwise logistic regression (BSLR) models were used to 

identify independent variables. All analyses were 

performed using R 3.6.3 (R Foundation for Statistical 

Computing, Vienna, Austria). Statistical significance was 

set at p<0.05. 

Results and discussion 

Among 59% (n=861) of respondents, medicine 

shortages during the SARS-CoV2 pandemic posed 

significant problems in delivering the best care to patients 

and/or operating the hospital pharmacy. Anaesthetics 

were most affected by shortages (46%, n=670), followed 

by antimicrobials (37%, n=539), muscle relaxants (29%, 

n=425), benzodiazepine (26%, n=380) and opioids (22%, 

n=316). Antimalarial and antiviral drugs were reported to 

be in shortage by 13% (n=193) and 12.5% (n=183), 

respectively, of the survey respondents and were widely 

used and/or misused, especially during the early stages of 

the SARS-CoV2 pandemic. The frequencies that resulted 

in a statistically significantly increase in 2020 compared 
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with 2019 were those relating to anaesthetics (χ2 (1, 6117) 

=242.37, p<0.001) and antimicrobials (χ2 (1, 6117)=16.03, 

p<0.001). The top three mitigating strategies adopted to 

address the shortages were: therapeutic substitution (42%, 

n=620), creating additional strategic stock at local, 

regional or national level (38%, n=557) and borrowing 

medicines from other hospitals (35%, n=512). Importing 

medicines from another country (33%, n=478) and 

generic substitution (31%, n=448) were also reported 

among a variety of mitigation strategies, while the least 

selected methods were compounding/production of 

medicines in the pharmacy (28%, n=405) and using 

medicines from central contingency reserves kept at 

national level (27%, n=403). The country’s National 

Competent Authority (NCA), was among the entities that 

provided the most support to overcome medicine 

shortages (57%, n=838) followed by manufacturers and 

the Scientific Societies and Healthcare Professional 

Organisations (SSHPO), which were reported in 39% 

(n=571) and 20% (n=300) of the answers, respectively. 

The main type of support received by the respondents was 

the allocation of contingency stocks to their hospital 

(51%, n=741), followed by feedback received from 

manufacturers on the availability of medicines (46%, 

n=675) and the expected duration of shortages (40%, 

n=584).  

Another aspect considered in the survey was the 

usefulness of the help received from each of the 

aforementioned supporting entities. The respondents were 

asked to assign a 5-point Likert scale score ranging from 

1 (‘not useful’) to 5 (‘extremely useful’). The highest 

mean usefulness score was assigned to the NCA 

(mean=3.2, SD=1.15), followed by the SSHPO 

(mean=3.10, SD=1.21) and manufacturers (mean=3.06, 

SD=1.07). Handling a higher workload and stress (n=951) 

as well as quickly adapting the processes and practices at 

the hospital pharmacy (n=942) were lessons that almost 

65% of participants learnt during the first peak of the 

pandemic, followed by working with scarce resources 

which was reported by 55% (n=813) of respondents. The 

proper handling of PPE (43%, n=627) and the assessment 

of therapeutic options despite the limited availability of 

scientific data (37%, n=543) ranked in fourth and fifth 

place as learning points from the pandemic. Concerning 

the areas of improvement to better prepare pharmacy 

services for future pandemics, almost half of the 

respondents indicated that improvements are needed in 

hospital stock management (49%, n=721), 

communication with authorities (47%, n=688), crises and 

surge management (47%, n=688), the use of preparedness 

protocols (47%, n=682) and communication with other 

healthcare professionals (46%, n=674). Only 28% 

(n=404) of respondents indicated communication with the 

management of the healthcare facility as an area for 

improvement. Moreover, the significant association 

between the percentages of the infected population with 

increased odds of all three types of shortages assessed 

suggests that the countries hit hardest by the pandemic 

were those in which the procurement of health goods was 

the greatest problem. Moreover, the fact that anaesthetics, 

antimicrobials, muscle relaxants, benzodiazepine and 

opioids were the most reported classes of medicines in 

short supply and that, for many of them, there was a 

significant relative increase in the frequency of shortage 

reporting compared with the 2019 survey. (2) The high 

rate of responses reporting stress management and the 

need to quickly adapt processes and practices at the 

hospital pharmacy as lessons learnt from the pandemic, as 

well as the need for improvements in stock management 

and communication with authorities and other health 

professionals as further areas for improvement, 

demonstrate the difficulties encountered during the 

SARS-CoV2 pandemic, characterised by a constant 

change in the available scientific literature and in the 

epidemiological situation which has produced the need 

for a frequent update of therapeutic protocols/guidelines 

and medicine inventories. (2) 

Conclusion 

This survey represents the perspective of the hospital 

pharmacists as a response to global SARS-CoV2 

pandemic crisis. It shows how a global pandemic can 

affect the magnitude and type of medicine, disinfectants 

and PPE shortages. Hospital pharmacists highlighted 

many weaknesses in management of the pandemic, which 

can be considered as a starting point to plan a more 

resilient and overarching mitigating framework to manage 

future crisis. 
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Introduction 

 

The advances in gas phase vibrational spectroscopy 

of mass-selected ions, Cold Ion IR spectroscopy, 

especially infrared multiple photon dissociation (IRMPD) 

provide fundamental information for characterization and 

understanding of the chemical state, the structure and 

dynamics of gas-phase biomolecules. Additional tool for 

suitable and exact interpretation and band assignment of 

an experimental spectrum is the theoretical approaches 

through available quantum mechanical computational 

codes, based on algorithms involving the double-

harmonic normal mode approximation. These are being 

often used in conjunction with a density functional theory 

(DFT) based method. 

The implementation of these methods and approaches 

will be presented through review of articles referring to 

glycine as the smallest and the simplest amino acid that 

been continuously drawing the attention of the scientific 

community. The obtained experimental spectra of glycine 

and the attempts for their suitable interpretation and band 

assignment are of great interest for many scientific areas. 

Therefore, in this work we will highlight the current 

knowledge, advantages and drawbacks in the currently 

used experimental and theoretical methods. We will also 

pinpoint the aspects in which significant new 

contributions to this field of work can be added by 

implementation of our own approaches. 

 

Review of current state 

 

The infrared multiple photondissociation (IRMPD) 

spectroscopic technique has enabled numerous size-

selected species to be explored in details. Such method is 

usually applied employing a weakly bound so called 

“molecular messenger” to “tag” the investigated ion, 

using H2, He, Ne, Ar as typical examples of tags that 

attach to ions at very low temperatures and that can be 

detached upon absorption of one or more IR photons. 

Exact assignment of vibrational modes is an important 

step in the interpretation of spectrum obtained with these 

experimental techniques. Most of the band assignments, 

are usually based on empirical arguments and on the 

“chemical intuition”. Any serious attempt to provide exact 

and in-depth understanding of molecular force fields 

should be based on sound theoretical analysis and 

argumentation (Polfer, 2011).  

IRMPD as an experimental approach provides an 

insight in the nature and localization of posttranslational 

modifications (PTMs) affecting single amino acids and 

peptides. The advantages of this method are presented 

through several PTM containing amino acids and peptides 

which have been characterized by IRMPD in gas phase. 

IRMPD spectroscopy takes advantage of the high 

sensitivity and resolution of MS/MS, but it is not a 

proteomics tool. Provides detailed structural information 

for the isolated species of interest in the gas phase, such 

as individual ions or in a carefully controlled 
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microsolvation state. Integration with X-ray 

crystallography and NMR spectroscopy in the structural 

analysis of biomolecules and reactive intermediates, to 

elucidate the relationship between structure and biological 

function (Maitre et al., 2020). 

The native-like structures of protonated glycine and 

peptide Gly3H
+
 were elucidated using cold ion IR 

spectroscopy of these biomolecules hydrated by a 

controlled number of water molecules. In doing so, the 

focus is kept on the differences in the structures of the 

hydrated complexes generated directly from an aqueous 

solution or produced by cryogenic condensation of water 

onto the gas-phase glycine (Saparbaev et al., 2021).  

Using IRMPD is reported IR spectra of cold, 

protonated glycine tagged with He or between 1 and 14 

H2 molecules. Theoretical approach is conducted 

simultaneously with density functional theory (DFT) – 

based method, using second order MølIer-Plesset 

perturbation theory in the double-harmonic normal mode 

approximation. Only harmonic theory caluclations which 

are scaled to bring the calculated free OH stretch of 

protonated glycine with a helium atom attached into 

agreement with the free OH stretch observed in the 

experimental spectrum of this same ion (Masson et al., 

2015).  

 

Discussion and perspective 

 

Experimental results obtained with most of the 

modern sophisticated techniques, interpreted within the 

quantum mechanical representation of the structure of 

matter, provide information about the distance between 

energy levels of a certain type. In the case of the IRMPD 

technique, these are vibrational energy levels. However, 

the data obtained directly from the experiment do not 

indicate the nature and type of these energy levels. 

Therefore, for the correct interpretation of the data, 

serious theoretical support is necessary, which in recent 

years is practically a necessity in the scientific literature. 

In the present works in the field of IRMPD spectroscopy, 

the theoretical support mainly consists in performing 

routine calculations based on the theory of function of the 

electron density in the so-called double harmonic 

approximation. Such calculations contain several 

assumptions inherent in all static theoretical methods 

(based only on the potential energy surface of the studied 

molecular systems). 

The shortcomings of these computational methods 

can be approached for a further development. In the static 

approach, the total anharmonic vibration potentials of the 

relevant intra- and intermolecular modes can be 

calculated, and the vibration Schrödinger equation would 

be solved sequentially, thus obtaining the anharmonic 

vibration frequencies, there will be no work in 

harmonious approximation. Dynamic calculations, on the 

other hand, can be performed on a series of statistical-

physical simulations (with the Monte-Carlo methods or 

molecular dynamics) at final temperatures, which 

correspond to the conditions in which the experiments are 

performed in reality. Sequentially, with proper 

mathematical processing of the generated trajectories, the 

total final temperature spectrograms can be calculated, 

which inherently contain the effects due to the 

anharmonicity of the movements. 

  

Conclusion 

 

Most of the theoretical approaches coupled with 

IRMPD spectroscopy are simple and straightforward, 

automated in the available quantum mechanical 

computational codes, based on algorithms involving the 

double-harmonic normal mode approximation, and are 

being used often in conjunction with a density functional 

theory (DFT) – based method. Such calculations contain 

several assumptions inherent in all static theoretical 

methods (based only on the potential energy surface of 

the studied molecular systems). There is a firm evidence 

that systematic errors inherent to widely used DFT 

methods may cancel out with those due to the harmonic 

approximation. Therefor an attempt will be made to make 

a substantial contribution to the development and 

implementation of new computational methods that would 

not have these shortcomings.  
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Introduction 

 

The Croatian OMCL acts as a part of the national 

authority of the Republic of Croatia, Agency for 

Medicinal Products and Medical Devices (HALMED). 

Our key activity, regulated by the Medicinal Products Act 

(Official Gazette, 76/13, 90/14, 100/18), is post-marketing 

surveillance of the quality of medicinal products. The 

microbiological attributes of a medicinal product are an 

indispensable part of every medicinal product quality 

specification. For non-sterile medicinal products, the first 

requirement is to minimize the level of microbial 

contamination, i.e. to lower the total number of 

microorganisms present below an acceptable limit. 

Additionally, the emphasis of non-sterile product 

microbiological quality is avoiding at all costs the 

presence of specified (objectionable) microorganisms. 

The European Pharmacopeia (Ph.Eur) 10.8. (07/2022), 

chapter 5.1.4., defines both requirements with acceptance 

criteria, depending on the nature and route of 

administration of the product. Product compliance with 

the requirements for microbiological quality is of critical 

importance for ensuring patient safety. In this short 

review, we present results from routine microbiological 

quality control of non-sterile medicinal products, and 

some of the contamination findings, for the period from 

2017 to 2022. Additionally, we present results from a 

mini marketing surveillance of microbiological quality 

control of selected probiotics from the market, namely of 

the only two probiotics registered as a medicinal product, 

as listed in Medicinal Products Database, HALMED 

[Internet], 2022.  The remaining probiotics examined in 

this surveillance are under the Croatian national law 

regulated as a food supplement, and are not included in 

this review.  

Materials and methods  

 

Materials 

Samples: The samples of medicinal products were 

sampled from the market, from various wholesalers. The 

examined samples were considered as representative, and 

the tested quantity was in line with the provisions of 

European Pharmacopeia (Ph.Eur.) 10.7. (04/2022). Total 

number of medicinal products tested in the period from 

January 2017 to January 2022, is 1074. Samples are 

grouped according to Ph.Eur. acceptance criteria: 987 for 

oral use (non-aqueous and aqueous), 69 for oromucosal, 

gingival, cutaneous, nasal or auricular use, 4 for vaginal 

use, 12 for rectal use, 1 transdermal patch and 1 medicinal 

product with special requirements that apply to liquid 

preparations for nebulization. Probiotics were sampled 

from a local pharmacy. Total number of samples was 2, 

both for oral use. 

Media: all of the media used for testing is Ph.Eur. 

compliant media, commercially available from 

bioMerieux. Growth promotion is done on every 

batch/new shipment of media.  

Reference strains: all of the strains used for testing 

are Ph.Eur. compliant strains, commercialy available from 

Microbiologics: ATCC 6538, ATCC 9027, ATCC 8739, 

ATCC 14028, ATCC 10231, ATCC 6633, ATCC 16404 

(all EZ-CFU One Step). 

 

Methods 

The methods used for examination of medicinal 

products are pharmacopeial methods described in chapters 

2.6.12. (Microbial examination of non-sterile products: 

Microbial Enumeration Test) and 2.6.13. (Microbial 

examination of non-sterile products: Test for Specified 

Microorganisms)
 
of the European Pharmacopeia (Ph.Eur.) 
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10.8. (07/2022). Suitability of the method for each 

product is either performed by the manufacturer (data in 

Marketing Authorization) or performed by the OMCL. 

The method used for examination of probiotic 

contaminants is a pharmacopeial method described in 

chapter 2.6.36. (Microbial enumeration of live 

biotherapeutic products: Test for Enumeration of 

Microbial Contaminants) of the European Pharmacopeia 

(Ph.Eur.), 10.8. (07/2022).  Identification of growth is 

done following Gram staining, by using Vitek 2 Compact 

and bioMerieux identification cards. 

 

Results and discussion 

 

All of the samples examined during the given period 

complied with the specification requirement for 

microbiological quality, i.e. we observed no out-of-

specification results. However, we present examples of 

bioburden that was under the acceptable limits, with 

identified microorganisms. 

 

Non-aqueous and aqueous medicinal products for oral 

use 

Example 1. A medicinal product with the active 

substance fosfomycin trometamol, dosage form granules 

for the preparation of oral solution, was examined by 

membrane filtration method, dilution 1:10. Growth was 

observed on TSA (Trypcase Soy agar) plates and the 

result (mean for 2 plates) for TAMC (Total Aerobic 

Microbial Count) was 27 CFU/g (limit ≤ 103
 CFU/g). 

Identified microorganisms were: Aerococcus viridans 

(94%, GP), Alloiococcus otitis (93%, GP), 

Staphylococcus lentus (95%, GP), Kocuria rosea (98%, 

GP). 

Example 2. A medicinal product with the active 

substance pioglitazone hydrochloride, dosage form 

tablets, was examined by direct inoculation method 

(surface spread), 1:100 dilution. Growth was observed on 

TSA plates and the result for TAMC was 693 CFU/g 

(limit ≤ 103
 CFU/g). The identified microorganism was 

Acinetobacter lwoffii (99%, GN). 

 

Transdermal patches 

 Example 3. A medicinal product with the active 

substance fentanyl, was examined by direct inoculation 

method (surface spread), dilution 1:10. Growth was 

observed on TSA plates and the result for TAMC was 18 

CFU/patch (limit ≤ 102
 CFU/patch). The identified 

microorganism was Staphylococcus hominis ssp hominis 

(96%, GP). All of the microorganisms identified as 

contamination in medicinal products in routine control are 

bacteria, mainly GP cocci, a part of normal human 

microbiota or environmental flora and infrequently 

pathogens in humans. There were no yeasts and moulds 

detected. 

 

Probiotics 

 

 Medicinal products with the active substance 

Lactobacillus acidophilus (LA-5) and Bifidobacterium 

animalis subsp. lactis (BB-12), dosage form hard capsule, 

and with the active substance Bifidobacterium animalis 

subsp. lactis (BB-12), dosage form powder for 

preparation of oral suspension, were examined by direct 

inoculation (pour plate) method. 

In both cases, observed growth of contaminating 

microorganisms was below the limits set by Ph.Eur.  

Identified microorganisms were Aerococcus viridans 

(87%, GP) and Kocuria  kristinae (85%, GP), both 

frequent environmental and human microbiota 

microorganisms. 

 

Conclusion 

 

The Ph.Eur. provides clear requirements for 

microbiological quality of non-sterile medicinal products. 

Nevertheless, as discussed in Sandle (2016), following 

good practice it is up to the regulatory body, as well as the 

manufacturer, to perform identification and risk 

assessment of all microorganisms present in the medicinal 

product, even if the number of colonies is acceptable and 

species are not listed as objectionable in Ph.Eur. 

As shown in Sandle (2016), the bioburden of a final 

product is a direct consequence of control measures 

implemented by the manufacturer under GMP 

requirements. From the pool of various samples of 

medicinal products examined in HALMED’s OMCL for 

microbiological quality in the period of 2017.-2022., and 

lack of out-of-specification results, we can conclude that 

the measures implemented by manufacturers are efficient 

in assuring the microbiological quality and thus safety of 

medicinal products on the market. 
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Introduction 

 

In the last twenty years, the focus of the scientific 

community has been put on the "green" analytical 

chemistry (GAC). The concept of GAC includes 

development of new effective analytical methodologies 

that will enable minimization and / or elimination of the 

hazardous chemicals and chemical waste, but at the same 

time will enable faster and more energy efficient analysis 

(Guardia & Garrigues, 2020). Given that liquid 

chromatography (LC) is the most widely used analytical 

technique in the pharmaceutical analysis, as well as the 

large amount of chemical waste generated during these 

analyzes, the development of more environmentally 

friendly ("green") chromatographic methods is a crucial 

part of the GAC concept. Several approaches could be 

applied during the "green" chromatographic method 

development in order to remove / reduce the toxic organic 

solvents from the classical LC mobile phases 

(Napolitano-Tabares et al., 2021).  

Considering that there is no entirely eco-friendly 

organic solvent, the use of pure water as a mobile phase 

appears to be an ideal solution. As the name of this 

technique implies, the “subcritical water chromatography” 

(SWH) uses pressurized hot water below its critical point 

conditions (374°C and 218 atm). This conditions require 

adaptation of the conventional LC instruments, such as 

heating system and detectors other than UV/Vis (e.g. 

amperometric detector, flame ionization detector) 

(Dembek & Bocian, 2020). However, this strategy for 

greening the chromatographic methods still has no wider 

application because it bears a certain financial burden for 

the analytical laboratories.  

Another “green” solution is the use of columns 

packed with fully porous sub-2µm particles. This 

approach leads to faster chromatographic separation and 

reduction of the solvent consumption (Shaaban, 2016). 

However, this approach is not quite “green” because the 

consumption of the toxic solvents is not eliminated. In 

addition, the conventional LC instruments should be 

converted into UPLC systems, thus this expense is 

sometimes not acceptable for the laboratories with low-

incomes. 

In this review, the focus is given on the “green” 

chromatographic solutions that could be easily applied on 

the conventional LC instruments, without a need for 

further investements. 

 

Eco-friendly solvents 

The replacement of acetonitrile (ACN) and methanol 

(MeOH) used in the LC mobile phases with eco-friendlier 

ones, has a big role in the GAC strategies.  

Ethanol (EtOH) is the first choice for “greening” the 

LC mobile phase. This solvent is an effective alternative 

for MeOH because they belong in the same group 

(according the Snyder’s classification of organic 

solvents); EtOH has higher elution power and low UV 

cutoff. The drawback of EtOH mobile phase is the higher 

column backpressure which could be overwhelmed with 

higher column temperatures or with the use of columns 

packed with superficially porous particles (Yabre, 2018). 

2-propanol (IPA), acetone and ethyl acetate are 

greener alternatives for ACN, but the analysts should be 

aware of the higher viscosity of IPA and the high UV 

cutoff wavelength of acetone and ethyl acetate (330 nm 

and                260 nm, respectively) (Olives et al., 2017).  

Propylene carbonate (PC) is another green polar 

aprotic solvent that has emerged as an alternative for 

ACN. The lower miscibility with water is overwhelmed 

with addition of EtOH, usually in ration 7/3 (v/v) 

(PC/EtOH or water/EtOH). These mixtures, compared to 
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the previously mentioned solvents, have low UV cutoff 

(around 210 nm). The mass-transfer resistance and the 

higher backpressure of the PC/EtOH mobile phases could 

be overcome with lower flow rates (Tache, 2013). 

 

Micellar liquid chromatography (MLC) 

 

In the recent years, the increased awareness of the 

GAC principles contributed MLC to be back in the focus 

of the analysts (Kamal & El-Malla, 2019; Ibrahim et al., 

2020). The greenness of this technique is seen through the 

aqueous composition of the mobile phase, low toxicity 

and cost, and low environmental impact of the surfactants. 

Namely, the mobile phase contains surfactant (usually 

sodium dodecyl sulfate) above its critical micellar 

concentration, while the separation is performed on the 

commonly used reverse-phase stationary phases (C18, C8).  

The unique characteristics of the micellar mobile 

phase are responsible for the diverse interactions 

(hydrophobic, ionic and steric) between the analyte, the 

surfactant-modified stationary phase and the micelles. 

These interactions have impact on the retention and the 

selectivity, thus allowing separation of ionic and neutral 

compounds (Rambla-Alegre, 2012). The separation of 

hydrophobic compounds in MCL is a challenge because 

of the excessive retention. This drawback could be 

surpassed with the addition of small concentrations of 

Brij-35, which as a more polar non-ionic surfactant 

eliminates the need of the addition of low concentration 

of organic solvent (Ibrahim et al., 2020). In addition, 

shorter chain length stationary phases could be used. 

Considering the wide range of interactions and retention 

mechanisms in MCL, it is advisable to use the design of 

experiments approach for the optimization of the critical 

method parameters. 

 

Per aqueous liquid chromatography (PALC) 
 

Recent literature data (Bocian & Krzeminska, 2019; 

Dembek & Bocian, 2020) show that pure water on 

ambient temperature could be used as “green” 

chromatographic solutions for separation of polar 

compounds. The separation is performed on polar-

embedded stationary phases using pure water or highly 

aqueous mobile phase. In PALC, the selectivity is 

controlled through the type of the stationary phase and the 

ionic strength and pH value of the aqueous buffer. 

Considering the differences in the solvation properties of 

the stationary phases, the right choice of the column type 

is crucial for the method performance.  

Concluding remarks 

Finding the ideal “green” solution for particular LC 

application is а challenge, but still there is enough 

scientific knowledge that could support this process. The 

analysts across the laboratories should more bravely 

implement the “green” chromatographic solutions. These 

“green” solutions bear benefits to the analyst (healthier 

and safer working environment); to the pharma industry 

(significant reduce of the waste disposal costs) and to the 

community (reduced negative environmental impact). 
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Introduction 

 
       Mass balance (MB) is a concept used in the 

pharmaceutical industry to determine the possible loss of 

the active pharmaceutical ingredient (API) and increase in 

degradation products, due consideration of the margin of 

analytical error (ICH, 2003). Although it is a simple 

concept, its determination is a real challenge because 

there are many critical factors that have significant 

influence on the results.  

        Forced degradation studies (FDS) are performed in 

order to understand the degradation pathways of API. 

During these studies, MB determination is performed to 

evaluate the correlation between the degradation of the 

API and the measured increase in the amount of 

degradation products (Hokanson et al., 2006). 

        Based on the literature review and the findings so far 

(Baertschi et al. 2013; Hokanson et al., 2006), it could be 

said that there is a limited number of studies presenting a 

systematic approach for assessing the critical factors that 

influence the results of the MB study (especially in FDS). 

Far from our knowledge, no report exists on application 

of measurement uncertainty (MU) in them (Baertschi et 

al. 2013; Hokanson et al., 2006). Therefore need of 

scientific approach for determination of MB in FDS that 

will include measurement uncertainty is recognized.   

        The purpose of this study is to propose a scientific 

approach for estimation of the MU for the MB 

determination in FDS, and to highlight the advantage of 

its application in order to obtain a valid analytical result. 

Statin molecule was taken as a model substance, because 

this API is important not only from the pharmaceutical, 

but also from the analytical point of view due to its 

proven inherent instability.  

 

Materials and methods  

 

Statin samples were received from Teva 

Pharmaceutical Industries Ltd., Israel and Ranbaxy 

Research Laboratory (Gurgaon, India). Reference 

standards were provided by the EDQM (Strasbourg, 

France). All reagents used were of analytical grade.  

Samples were subjected to stress under acidic, 

alkaline, oxidative, thermal and photolytic conditions. All 

stress studies were performed at an initial concentration of 

1 mg/mL in amber color glassware in order to protect the 

solutions from light degradation. 

         Determination of the MB was performed by: 

determination of API content by HPLC method (Hadzieva 

Gigovska et al., 2018a); determination of the water 

content (by Karl Fisher titration); determination of the 

impurities (by various techniques) before and after the 

forced degradation studies. The enantiomers were 

quantified by high performance liquid chromatography 

(HPLC) method proposed in the pharmacopeia 

monograph for the API. For residual solvent analysis, 

headspace gas chromatography – flame ionization 

detector (GC-FID) analysis was carried out as stated in 

Ph. Eur. 2.4.24 (European Pharmacopoeia 10.0). In this 

research, inductive coupled plasma (ICP) was performed 

to analyze inorganic impurities. Organic impurities were 

quantified using HPLC method (Hadzieva Gigovska et 

al., 2018b). 

 

Results and discussion  

 

     The importance of the estimation of MU of the 

results of MB determination is seen from the definition 
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itself, where it is stated that the determination of the MB 

is performed taking into account the possibility of 

analytical error. MU is related to the result of the 

performed measurement and characterizes the dispersion 

of the values of the measured quantity.  

In order to build a scientific multifactorial strategy 

following the principles of risk-based approach, during 

the evaluation of MB, all variables that could have an 

impact on the result were taken into account, ranked by 

the intensity and severity and the most risky variables 

were selected for further study. Based on the risk 

assessment analysis, several parameters were identified as 

having the largest impact to mass balance like the sample 

preparation, problems with quantification and relative 

responses. Special attention was dedicated to the 

development, optimization and validation of the HPLC 

methods used for quantification. All of them include 

computer-assisted approach which has involved the 

adaptation of diverse chemometric techniques. In 

addition, it can be assumed that all impurities have been 

detected and quantified and that results of the individual 

techniques have been appropriately combined. Also, 

chromatographic peak purity, as one of the tools 

mentioned by ICH to demonstrate specificity, was used 

(ICH, 2006). Obtained results indicated absence of co-

eluting peaks with the main peaks. As additional proof for 

the separation power of the methods flow injection 

technique was used comparing the total integrated area of 

bolus peak with and without the column in place. 

Differences in relative response factor (RRfs) are perhaps 

the most common contributor to analytical mass 

imbalance, so the RRfs were determinate using the ratio 

of the slope of the calibration curve of each impurity to 

that of the API. The GC analysis of residual solvents 

showed that they are present in small quantities (ppm) 

with a low impact of the final results and are not 

evaluated further. The obtained results showed that 

contribution of the results for nonvolatile inorganic, as 

well as the result for the volatile organic impurities, was 

minimal and therefore, can be ignored in the final 

calculation of the MB and MU. To increase the reliability 

of the information obtained from the measurement results, 

the MU was determined according to the Eurachem/Citac 

Guide. In calculation of MU for assay of API “bottom up” 
approach and for related and degradation products “top 

down” approach were used. When reporting the results 

obtained from determining the MB with MU included, an 

interval (result) is obtained in which the values with a 

higher degree of confidence (95%) are assumed to be 

found. All obtained results for MB meet the generally 

accepted criterion and accordingly the obtained values for 

combined MU are within ± 2%. According to these 

results, the uncertainties associated with accuracy and 

precision were the most significant, contributing to 57% 

of the overall uncertainty. On the other hand, repeatability 

of standard peak areas was almost insignificant (less than 

5% of overall uncertainty).  

          The analysis of MU proved to be useful in 

development of a well-characterized methodology, 

suitable for determining the MB that integrates scientific 

and practical knowledge. The ultimate result is an 

understanding of the risks, and step that need to be 

followed when evaluating MB, reducing the variability of 

the critical factors and ensuring the validity of the 

obtained results. 

 

Conclusion 

 
        Implementing MU is one of the approaches that 

devoutly make scientist to understand the process closely. 

The study showed that MU can be successfully 

implemented in MB calculation. Analyst also gains 

confidence in the obtained results as this approach 

provides understanding between the variables and 

performance. The overall advantage of the approach is 

improved proficiency, reduced variability and gained 

knowledge. 
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Introduction 

 

Medical devices continue to gain in importance, 

offering fast-growing technological advances in 

management of a high variety of conditions. However, 

every medical intervention is associated with expected 

risks as well as unforeseen risks, which may lead to 

serious deterioration in state of health or even death of a 

patient, user or other person (Kramer et al., 2014; Zippel 

and Bohnet-Joschko, 2017). Medical device vigilance 

refers to activities related to collection, assessment, 

understanding of information as well as responding to 

new knowledge about the risks arising from the use or 

application of medical devices, especially adverse 

incidents, interactions with other substances or products, 

contraindications, counterfeiting, performance failures 

and poor construction or design of medical devices. 

Incident related to medical devices is defined as any 

malfunction or deterioration in the characteristics or 

performance of a device made available on the market, 

including use error due to ergonomic features, as well as 

any inadequacy in the information supplied by the 

manufacturer and any undesirable side-effect (MEDDEV, 

2013; Medical Devices Act, 2013). Manufacturers, 

healthcare professionals and lay users participate in the 

vigilance system. There is no regulatory requirement for 

healthcare professionals to actively participate in the 

vigilance system, but their role is key to ensuring the 

health and safety of patients, users and others. The 

purpose of the research is to determine the quality of 

reports of incident reports received at the Croatian 

Agency for Medicines and Medical Devices by 

pharmacists from 2012 to 2021.  

The quality of the report itself directly affects the 

course of the manufacturer's investigation of the incident 

and its outcome, which further has an impact on the safety 

of patients and users of the medical devices. 

 

Materials and methods 

 

Materials 
 

Study included all incident reports received from 

pharmacists from year 2012 to 2021. Total number of 

reports included in this study is 30. All reports that were 

submitted in any form other than designated incident form 

were translated into the corresponding form fields before 

the assessment. 

 

Method  

 

HALMED assessors with relevant experience in 

vigilance report processing reviewed all incident form 

fields and assigned them with 1 or 2 points, according to 

importance of information. Fields were then assessed and 

scored based on the content of provided information 

which should be sufficient to allow for further processing 

of the incident. Final scores were translated to 

percentages then ranked. Report quality was categorized 

according to the evaluation system’s five levels of 

classification (total score = 100%): Excellent: total 

incident report quality evaluation score ≥90: Good: score 
80–89; Medium: score 70–79; Qualified: score 60–69; 

Unqualified: score <60 points. 

 

Results and discussion 

 

Of the 30 reports received, the designated form for 

incident reporting was used in only 10% of reports, most 
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reports received were on the form for adverse events 

related to medicines (86.67%) whose fields do not fully 

correspond to the required data for reporting incidents 

related to medical devices. The quality of the report 

reached 100% in only one received report, two reports are 

at a barely satisfying level of 65% in average, and all 

other reports were assessed as unsatisfactory with an 

average score of 35.81%. Thirteen fields of the designated 

form were recognized as critical in reporting the incident 

due to the importance of the information, but only four of 

those fields were satisfactorily populated by an average of 

94.58% (commercial name of the medical device, date of 

occurrence of the incident, description of the incident and 

patient outcome). The other nine fields falls into the 

unqualified level of data quality by an average of 13.81%. 

The outcome of the report in 90% of cases did not result 

in the initiation of an incident investigation for the 

following reasons: the report was assessed as the lowest 

level of risk in the risk assessment process and was 

recorded in the database after notification of the 

manufacturer (51.85%); the event does not meet the 

criteria for reporting according to the medical device 

legislation (33.33%); insufficient information in the report 

to initiate further investigation of the incident alongside 

the unresponsiveness of the reporter for further 

information collection (11.11%) and inadequate user 

knowledge  (3.7%). The three reports that resulted in the 

initiation of the incident investigation had the following 

conclusions: the incident was not related to the medical 

device, but to the concomitant drug; the incident was due 

to using the medical device in a manner not in accordance 

with the manufacturer's specifications and unexpected, 

but isolated event that the manufacturer will continue to 

monitor. Most reports were received for medical device 

class risk IIb (33.33%). For the incident investigation, it is 

of great importance to keep the medical device involved 

in the event, but only in 6.67% of reports the medical 

device was kept in the pharmacy, while in 90% of reports 

the location of the medical device is unknown. Most 

reports were received from Zagreb 26.67%, followed by 

Osijek 10%, and in 30% of cases the city is unknown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

 

The poor quality of received incident reports can be 

attributed to the use of the incorrect reporting forms and a 

lack of education on vigilance and medical devices. 

Healthcare professionals should be further educated on 

the vigilance of medical devices and their role in the 

system, and encouraged to report suspected serious 

incident at national level in a harmonized manner. 
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Introduction 

 

Fourier Transform Infrared Spectroscopy (FTIR) is a 

well-established analytical technique, easy-to-use for 

rapid and non-destructive analysis. Owing to the lack of 

need for hazardous solvents or reagents in sample 

preparation, FTIR belongs to the group of 

environmentally friendly techniques, known as “green 

analytical techniques” (Fahelelbom et al., 2020). 

Additionally, the quality of results that this technique 

produces are comparable to the most powerful techniques, 

while maintaining extremely low costs for routine 

analysis and instrument maintenance. The Attenuated 

total reflectance (ATR) module allows the recording of 

FTIR spectra of solid and liquid samples directly without 

any further preparations (Bunaciu et al., 2010). 

Coupling FTIR-ATR with smart chemometric tools 

(Khoshmanesh et al., 2012) such as partial least square 

regression modeling provides optimum performance for 

quantitative analysis, besides the rich information 

provided about the structure of the functional groups of 

the sample tested. In the case of FTIR-based quantitative 

analysis, chemometric models are usually built upon 

predictor variables that are either wavelength-dependent 

intensities or the linear combination of wavelength-

dependent spectral intensities and as such are of immense 

importance as process analytical tools (PAT) for 

monitoring content uniformity in solid dosage form 

production. 

The aim of this research was to screen the capability 

of FTIR-ATR as a PAT for quantification of Vitamins B1, 

B6 and B12 in a powder blend, using a partial least square 

(PLS) regression model.  

 

Materials and methods  

 

Materials  
 

The materials used in this study include pure active 

substances of Vitamin B1 (Thiamine hydrochloride), 

Vitamin B6 (Pyridoxine Hydrochloride) and Vitamin B12 

(Cyanocobalamin). Target concentrations (w/w) for active 

substances were: 33.311 % for Vitamin B1, 66.622 % for 

Vitamin B6 and 0.067 % for Vitamin B12. 

 

Equipment and method 

 

For spectrophotometric analysis, a spectrophotometer 

Bruker FTIR Alpha with an ATR Platinum diamond 

module was used. The background spectrum within the 

instrument was recorded prior to the start of each 

measurement. The powder samples of APIs and matrix 

formulation samples were measured by placing an 

approximate quantity of each sample on the surface of the 

instrument's crystal using a spatula. The ATR pressure 

arm was lowered to provide good contact between the 

crystal and sample molecules. In-between each sample 

application, the ATR crystal was cleaned with a 70% 

(w/v) aqueous solution of ethanol. Each background and 

sample measurement was a result of 16 scans in the mid-

infrared region (4000–400 cm
−1

) with a resolution of 4 

cm
−1

. All samples were compressed directly on the ATR 

crystal with the aid of a standard anvil accessory and all 

collected data were recorded in absorbance mode, based 

on the additive nature of Beer’s Law. Atmospheric 

compensation command was applied to eliminate 
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disturbing H2O and/or CO2 bands in ratio spectra due to 

different H2O and CO2 vapour concentrations in the beam 

path.  

Spectral data were processed using control software 

Opus 7.5 build, while interpretation of all collected data 

was carried out by chemometric analysis software 

SIMCA. The concentration of the Vitamins was employed 

as a dependent variable (Y), while the corresponding 

FTIR spectra, as independent (X) variables. All generated 

spectra were pre-processed with the Standard normal 

variate (SNV) technique to improve the predictive ability 

of the chemometric model since optical layer thickness 

sustainably varies between these types of measurements. 

 

Results and discussion 

 

A series of 22 powder mixtures with varying 

concentrations from 80 to 120 % of target content for 

Vitamins B1, B6 and B12 were prepared and analyzed in 

triplicate (a total of 66 sample scans).  

Five main components were employed for building 

the initial PLS quantification model (R2X=0.78, 

R2Y=0.86, Q2=0.57). The root mean square error of 

estimation (RMSEE) were 1.037 % for Vitamin B1, B6 

and 0.014% for Vitamin B12. Considering the low target 

content of Vit. B12, the obtained RMSEE of the 

quantification model is inappropriate and probably occurs 

due to the low contact area of the ATR crystal with the 

analyzed sample which drastically reduces the possibility 

of scanning a representative sample especially when the 

analyte is present in such low concentrations. Therefore, it 

was decided to exclude the content of Vitamin B12 to 

eliminate its confounding effects in the quantification 

model. The improved model demonstrated significantly 

higher R2Y and Q2 (0.96 and 0.82) with RMSEE of 0.56 

and 0.55% for Vit B1 and B6, respectively. The VIP plot 

depicts the main spectral features related to the 

quantification algorithms for Vit B1 and B6, which aligns 

with their most prominent spectral bands identified from 

the spectra of pure substances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

 

The initial screening experiments revealed the 

possibilities and drawbacks of the ATR-FTIR in 

conjunction with PLS modeling as a quantification tool 

for Vit B1, B6 and B12 in complex powder blends. The 

low contact area of the ATR crystal clearly poses a 

limitation for quantitative analysis of low-content 

compounds (as Vit B12), thus restricting the further 

development of the model towards the Vit B1 and B6 

which produced favorable statistical indicators (high R2Y 

and low RMSEE). To establish the ATR-FTIR as PAT for 

powder blend homogeneity monitoring, further 

experiments using excipients in the powder blends (real 

production scenario) and a referent analytical technique 

for quantitative analysis, should be performed. 
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Introduction 

 

Product information (PI) of the medicines is regulated, 

scientifically validated information that assists healthcare 

professionals (HCPs) in prescribing and dispensing the 

medicine and informs patients about its safe use. PI 

comprises the summary of product characteristics (SmPC, 

intended for HCPs), labelling (packaging information) and 

package leaflet (PL, intended for patients) (EMA, 2020 a). 

The development of ePI is intended to improve access to 

up-to-date PI on medicines when and where it is needed. 

The European Medicines Agency (EMA), in collaboration 

with Heads of Medicines Agencies (HMA) and the 

European Commission (EC), has developed key principles 

through stakeholder consultations to guide the 

development and use of ePI in the EU (EMA, 2020 b). The 

key principles outline: how ePI benefits public health, 

creates efficiency gains for regulatory systems, aligns with 

the existing legislative framework and complements the 

paper package leaflet, fits into the EU’s multilingual 

environment, and interacts with other ongoing digital 

initiatives at EU and global level. (ЕМА, 2020 a). 

 

Chronology 

 

In March 2017, EC published a report, which 

concluded that despite ongoing efforts to make the PI easy-

to-read and useful, there is a scope for improvement on 

how information on medicines is conveyed to patients and 

HCPs. Consequently, in November 2017, EMA published 

an action plan to improve the PI for every medicine 

authorized in the EU (EMA, 2017). One of the crucial areas 

of this plan is to explore how electronic or digital means 

can be used to improve accessibility to medicines 

information by patients and HCPs. It also includes other 

initiatives: making the PL easier to understand for EU 

citizens, updating the EU guidance available for companies 

to prepare the PL, and strengthening patients' input during 

the preparation of the PL. 

Throughout 2018, EMA and the EC organized a multi-

stakeholder workshop (bringing together patients, HCPs, 

the pharma industry, academia, etc.) to develop key 

principles for the use of electronic formats. The workshop's 

outcome was a draft proposal for ‘key principles’ 

overviewing needs, concerns and a common approach 

moving forward for everyone involved in ePI. These key 

principles were the subject of a 6-month public 

consultation (from January 2019, until July 2019) and now 

include concluded updates representing EMA-HMA-EC 

guidance on ePI and form the basis of follow-up 

implementation plans for ePI (EMA, 2020 b).  

In January 2020, key principles for ePI for EU 

medicines were announced (EMA, 2020 a), followed by 

the publication of the draft Common EU Standard for ePI 

on GitHub at the end of May 2021. At the end of September 

2021, the proof-of-concept prototype and the common EU 

standard for ePI were completed (EMA, 2021). 

 

Key principles  

 

ePI is an authorized, statutory PI for medicines in a 

semi-structured format created using the common EU 

electronic standard and adapted for electronic handling, 

which allows spreading via the world wide web, e-

platforms, and print. The common EU electronic standard 

refers to the technical features (including markup language, 

controlled vocabulary, and interoperability specifications) 

agreed by EMA, HMA, National Competent Authorities 

(NCAs), EC, pharmaceutical industry representatives, and 

patients and HCPs. ePI will enable the dissemination of the 
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newest, unbiased, regulator-approved PI for all medicines 

in the EU. ePI will support the provision of the latest 

information on a medicine’s safety, benefits, conditions of 

use etc., so that the correct information is available to the 

right HCP/patient at the point of need. ePI will facilitate the 

creation of PI accessible to everyone, including users with 

diverse abilities. Accessible formats like large fonts or high 

screen contrast will provide complete and balanced product 

information to users in formats suitable for their needs. ePI 

on the web will be accessible to screen readers, web and 

mobile applications, convertible to large font and amenable 

to other accessible formats. ePI will enable increased 

efficiency in the management of PI during regulatory 

procedures. By enabling PI changes across all relevant PI 

annexes and products, ePI could eliminate many manually 

performed tasks and redundancies that are potential 

sources of error. ePI will provide information on medicines 

that is amenable to analysis and could be used to increase 

knowledge by facilitating the study of characteristics of 

current EU medicines. ePI does not supersede or negate the 

pharmaceutical legislation (Article 58 of the Directive 

2001/83/EC) to include a PL in the packaging of all 

medicines or directly convey all information required (by 

Articles 59 and 62 of the Directive 2001/83/EC) on the 

outer or immediate packaging. Since the current legislation 

does not require an electronic version of PI, the use of ePI 

will not constitute a new legal obligation. ePI is intended 

to deliver of the complete regulator-approved medicine PI 

only. It ensures maximum data protection in accordance 

with Regulation 2016/679 (General Data Protection 

Regulation) and Regulation 2018/1725 applicable to EU 

institutions. ePI format will be used for the PI of all 

medicines authorized in the EU through EMA and NCAs 

from submission and throughout the evaluation process 

providing high-level governance. All stakeholders, 

including pharmaceutical companies and regulators, are 

expected to commit to implementing the common 

electronic standard for creating ePI for all EU medicines. 

However, timelines and processes for implementation will 

be flexible and amenable to the available resources and 

priorities at a national level. ePI shall support all official 

EU languages and Icelandic and Norwegian so that EU 

citizens can read ePI in their preferred language when 

authorized ePI in that language is available. ePI will 

interface and interact with many EU and global initiatives. 

Related services should work together, within and across 

organizations or domains. 

 

Application Programming Interface (API) 

 

An API is a set of defined routines, protocols, and tools 

for building software applications. It expresses a software 

component in terms of its operations, inputs, outputs, and 

underlying types. The ePI API is built on the Fast 

Healthcare Interoperability Resources (FHIR) 

specification (EMA, 2021). FHIR is an open international 

modus operandi for exchanging data between different 

computer systems, published by developing organization 

Health Level Seven (HL7). FHIR enables a searchable, 

web-based representation of healthcare information, which 

can be transferred across devices (Saripalle et al., 2019).  

 

Conclusion 
 

The ePI initiative was launched to support the digital 

transformation of healthcare across the EU and the 

commitment laid out by the EC to prioritize innovations 

that will empower citizens and build a healthier society. It 

is also in line with EMA’s current digitalization efforts to 

make the best use of available resources and prepare for 

future challenges. Digital platforms open additional 

possibilities to disseminate the PI electronically and better 

meet patients’ and healthcare professionals’ needs for 

accessible, trustworthy and up-to-date information on 

medicines available at the right time. 

 

References 

 
Directive 2001/83/EC of the European Parliament and of the 

Council of 6 November 2001 on the Community code 

relating to medicinal products for human use. 

EMA, 2017. EMA action plan related to the European 

Commission’s recommendations on product information.  

EMA, 2020 a. Electronic product information for human 

medicines in the EU: key principles. 

EMA, 2020 b. Report on public consultation. ‘Electronic product 

information for human medicines in the EU: key principles’. 

EMA, 2021. Electronic Product Information (ePI) Standard and 

API Specification v1. (link: t.ly/llOQ) 

Regulation (EU) 2016/679 of the European Parliament and of the 

Council of 27 April 2016 on the protection of natural persons 

with regard to the processing of personal data and on the free 

movement of such data, and repealing Directive 95/46/EC 

(General Data Protection Regulation). 

Regulation (EU) 2018/1725 of the European Parliament and of 

the Council of 23 October 2018 on the protection of natural 

persons with regard to the processing of personal data by the 

Union institutions, bodies, offices and agencies and on the 

free movement of such data, and repealing Regulation (EC) 

No 45/2001 and Decision No 1247/2002/EC. 

Saripalle, R., Runyan, C., Russell, M., 2019. Using HL7 FHIR to 

achieve interoperability in patient health record. Journal of 

Biomedical Informatics 94, 103188. 

https://doi.org/10.1016/j.jbi.2019.103188   

https://doi.org/10.1016/j.jbi.2019.103188


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 47-48 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.019 

Short communication 

 

 
 

*cjanakieva@alkaloid.com.mk                                                                           S1 PP 04                                      

 

Optimization for method for elemental impurities in ultra-pure 
waters 

 

Cvetanka Janakieva Bashevska
*
, Darko Bachvarovski, Bisera J. Trajkovska,                 

Andrea Alagjozovska, Tatjana Bogovska, Hristina Babunovska
 

  

1 
ALKALOID AD-Skopje, Pharmaceutical, Chemical and Cosmetics Company 

Aleksandar Makedonski 12, 1000 Skopje, North Macedonia 

 

Introduction 
 

Heavy metals are widespread pollutants of great 

environmental concern as they are no degradable, toxic 

and persistent. Heavy metals and some trace elements are 

biologically toxic and can affect and threaten the health of 

human being.  

The elements included in ICH guideline Q3D (R2) on 

elemental impurities are placed into three classes based on 

their toxicity (PDE) and likelihood of occurrence in the 

drug product. The classification scheme is intended to 

focus the risk assessment on those elements that are the 

most toxic. The elemental impurity classes are:  

Class 1: As, Cd, Hg, and Pb;  

Class 2: (Class 2A): Co, Ni and V;  

(Class 2B): Ag, Au, Ir, Os, Pd, Pt, Rh, Ru, Se and Tl;      

Class 3: Ba, Cr, Cu, Li, Mo, Sb, and Sn.  

       Other elements: Al, B, Ca, Fe, K, Mg, Mn, Na, W 

and 

Zn. 

Inductively coupled plasma optical emission 

spectrometry (ICP-OES) is a technique typically used for 

the determination of trace metals. The inductively coupled 

plasma generates excited atoms which emit 

electromagnetic radiation at characteristic wavelengths 

for a particular element. These atomic emission lines are 

sharp and can usually be resolved from other elements. It 

is a type of emission spectroscopy that uses the 

inductively coupled plasma to produce excited atoms and 

ions that emit electromagnetic radiation at wavelengths 

characteristic of a particular element. The intensity of this 

emission is in direct correlation with the concentration of 

the element within the sample. 

Water is one of the major commodities used by the 

pharmaceutical industry. Different grades of water quality 

are required depending on the different pharmaceutical 

uses. Control of the quality of water, is a major concern 

and the pharmaceutical industry devotes considerable 

resource to the development and maintenance of water 

purification systems 

(EMA/CHMP/CVMP/QWP/496873/2018).  

This study is aimed at development and optimization 

of an analytical method for the determination of heavy 

metals from pharmaceutical water by ICP-OES. ICP-OES 

is an analytical technique that enables rapid, sensitive 

multi-elemental determinations. Most trace elements in 

water are present in low concentrations which approach 

the detection limit of the instrument. 

 

Materials and methods 

 

 In this study several elemental impurities were 

determined: Class 1(As (188.980 nm), Cd (226.502 nm), 

Pb (220.353 nm) Hg (184.887 nm)), Class 2A (Co 

(228.615 nm), V (292.401 nm), Ni (231.604 nm)) and 

other elements (Al (396.152 nm), Cu (327.395 nm) and 

Fe (238.204 nm)) at their characteristic wavelengths. 

Instrument used was Agilent 5100/5110 VDV ICP-OES. 

Sequence for analyze included blank, calibration 

blank, samples (samples of waters from 6 different 

control points from different systems), 0.01ppm  Mercury 

Standard, 0.01ppm Vanadium standard, 0.01ppm 

Calibration standard and 0.01ppm Iron standard. All 

chemicals and reagents used were of analytical reagent 

grade. 

Blank solution: 5% HNO3. 
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Calibration Blank solution: Calibration Blank 
Solution for ICP-OES (5% HNO3) is intended for use as a 

calibration blank solution or zero concentration standard.  

Standard preparation: The standard solutions at three 

concentration levels were prepared from high purity ICP 

Standards Stock solution. 

0.01 ppm calibration solution: In 50 mL volumetric 

flask add 1 mL of ICP-OES Wavelength Calibration 

Solution (50 mg/L Al, As, Ba, Cd, Co, Cr, Cu, Mn, Mo, 

Ni, Pb, SE, Sr, Zn and 500 mg/L K in 5% HNO3) and 

dilled to the mark with 5% HNO3. Dilute 1 mL of this 

solution to 100 mL with 5% HNO3.   

0.01 ppm Vanadium solution: In 10 mL volumetric 

flask add 1 mL of Vanadium ICP Standard (1000 mg/L V 

in 2-3% HNO3) and diluted to the mark with 5% HNO3. 

Dilute 1 mL of this solution to 100 mL with 5% HNO3.  

Dilute 1 mL of this solution to 100 mL with 5% HNO3.   

0.01 ppm Mercury solution: In 10 mL volumetric 

flask add 1 mL of Mercury ICP Standard (1000 mg/L Hg 

in 10% HNO3) and diluted to the mark with 5% HNO3.  

Dilute 1 mL of this solution to 100 mL with 5% HNO3.  

Dilute 1 mL of this solution to 100 mL with 5% HNO3.   

0.01 ppm Iron solution: In 10 mL volumetric flask 

add 1 mL of Iron ICP Standard (1000 mg/L Fe in 2-3% 

HNO3) and diluted to the mark with 5% HNO3.  Dilute 

1 mL of this solution to 100 mL with 5% HNO3.  Dilute 

1 mL of this solution to 100 mL with 5% HNO3.   

Sample preparation: The samples did not require any 

pre-treatment. Test solution was directly injected. Direct 

measurement of the ultra-pure water samples. 

Alkaloid AD have five systems for production ultra-

pure water from different manufacturers. All our ultrapure 

water systems are suitable for the production of ultrapure 

water. Systems for production ultra-pure water are USF, 

Gettinge, Werner, Ion pure and WFI. 

Water for analysis was taken from 6 control points 

from different objects. In all objects water may be present 

as an excipient or used for reconstitution of products, 

during synthesis, during production of the finished 

product or as a cleaning agent for rinsing vessels, 

equipment, primary packaging materials etc.   
        

Method parameters 

 

The performance characteristics of an ICP is a 

function of a variety of instrumental parameters. Current 

instrumentation has many parameters that are fixed by the 

manufacturer. The purpose of this section is to point out 

the key parameters that were require adjustment. 

Instrument method was made with following 

modifications and adjustments in parameters: 

Stabilization time(s): 20, RF power (kW): 1.20, 

Nebulizer flow (L/min): 0.70, Plasma flow (L/min): 12.0, 

Aux flow (L/min): 1.00-for viewing mode Axial. 

Compare with modification and adjustments in 

parameters for Radial viewing mode: Stabilization 

time(s): 20, RF power (kW): 1.20, Nebulizer flow 

(L/min): 0.70, Plasma flow (L/min): 15.0, Aux flow 

(L/min): 1.20. 

ICP Spectrometers are available in radial and axial 

viewing mode configurations, we choose axial view 

because that was best choose for determination low 

concentration recommended from manufacture. Also 

samples were measured with radial view for comparison. 

Wavelengths for elemental impurities were same for axial 

and radial viewing mode measurements.  

 

Results and discussion 

 

Control of elemental impurities is one part of the 

overall control strategy for a drug product that assures 

that elemental impurities do not exceed the permitted 

daily exposure (PDE), i.e the maximum acceptable intake 

of elemental impurity in pharmaceutical products per day.  

ICP-OES can help to examine the purity of ultra-pure 

water (UPW) down to 10 part per billion (µg/L) and 

lower. This method detect and quantify elemental 

impurities Class 1: As, Cd, Pb, Hg; Class 2A: Co, V, Ni 

and other elements Al, Cu, Fe in water at low 

concentrations. The concentrations found in all the 

samples were similar like in blank and Standard solution 

down to 10 part per billion (µg/L) and lower. 

 

Conclusion 

 

ICP-OES is an excellent analytical technique for 

detecting a large number of elements in water. All 

measurements were performed on Agilent 5100/5110 

VDV ICP-OES. All results from samples were below 

0.01ppm compared with standard solution. 
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Introduction 

 

Ongoing process verification (OPV) is documented 

evidence that the process remains in control during the 

production of commercial batches. OPV is a program for 

continuous collection and analysis of in process and 

finished product quality attributes (QA) and critical quality 

attributes (CQA) from validated processes for a given 

product. The data collected have to be analyzed with 

appropriate statistical tools in order to evaluate the 

performance of the process. The purpose of OPV is firstly 

to identify the occurrence of process variability and to 

monitor degree of variability. Secondly based on the 

monitoring of deviation management to determine its 

impact on processes, as well as to control it, which reduces 

the risks in the processes, improves their stability and 

capability.  

 

Ongoing process verification in Alkaloid  
 

In order to perform Ongoing Process Verification, the 

process must be validated, and Quality Attributes and 

Critical Quality Attributes identified. 

       An ongoing program to collect and analyze product 

and process data that relate to product quality must be 

established. 

      The data should be statistically evaluated and reviewed 

by trained personnel. Statistical tools such as Descriptive 

statistics, Control Charts, and Capability Analysis should 

be used, where appropriate.  

The control chart highlights poor quality by showing 

when a measurement lies outside the expected variation. 

More importantly, it shows when a process is trending 

toward failure. 

The established control limits should be within the 

regulatory specification limits and are used to identify 

whether the process is in statistical control i.e. no special 

cause variation. 

Multidisciplinary team is responsible for this process. 

Members of the team are from Quality Assurance 

Department, Production department, Research and 

Development Department and Quality Control 

Department. 

The team is responsible for preparing the OPV plan 

and the OPV Report. 

OPV Plan contains description of the process with the 

respective manufacturing flow charts. In OPV plan are 

presented parameters of the product which are going to be 

monitored and also quality attributes and critical quality 

attributes. Sampling plan as well as sampling frequency 

and sampling procedures, test methods and equipment used 

are specified in the OPV Plan. 

OPV Report is prepared according previously made 

OPV Plan. The objective is to monitor the results, and to 

collect more knowledge for process performance, process 

variability and its trends. Statistical process analysis of 

QAs and CQAs is performed. The purpose is to assure that 

the manufacturing process remains in a state of control 

during the production of commercial batches and that the 

manufacturing process is capable of consistently yielding a 

product of reproducible quality. If there is need for 

improvement of the process, it should be noted in the 

conclusion of the Report. 
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Regulatory Requirements 

 

Regulatory requirements are specified in respective 

EU and FDA guidelines.  

In Annex 15 Qualification and validation of EU GMP 

guideline is stated that Ongoing Process Verification 

should be used throughout the product lifecycle to support 

the validated status of the product as documented in the 

Product Quality Review. 

There is very tight relation between Product Quality 

Reviews (PQRs) and OPV Reports. Although PQRs are 

made for all authorized medicinal products annually, the 

need for continuous monitoring of the process has huge 

meaning in detecting trends in a timely manner. In fact 

PQR should summarize conclusions obtained during OPV. 

FDA Guidance for Industry Process Validation 

defines Stage 3 of Process validation ― Continued Process 

Verification. The goal of the third validation stage is 

continual assurance that the process remains in a state of 

control (the validated state) during commercial 

manufacture. 

The collection and evaluation of information and data 

about the performance of the process, will allow detection 

of undesired process variability. 

Evaluating the performance of the process identifies 

problems and determines whether action must be taken to 

correct, anticipate, and prevent problems so that the 

process remains in control. 

The production data should be collected to evaluate 

process stability and capability. The quality unit should 

review this information. If properly carried out, these 

efforts can identify variability in the process and/or signal 

potential process improvements. A process is likely to 

encounter sources of variation that were not previously 

detected or to which the process was not previously 

exposed. Data gathered during this stage might suggest 

ways to improve and/or optimize the process by altering 

some aspect of the process or product, such as the operating 

conditions (ranges and set points), process controls, 

component, or in-process material characteristics.  

All guidelines follow a few principles: 

 This process should be conducted under an approved 

protocol or equivalent documents and a report should 

be prepared to document the results obtained; 

 Results of parameters identified as quality attribute or 

as critical quality attributes should be trended and 

checked to make sure they are consistent with each 

other; 

 Out of trend results or significant atypical trends 

should be investigated; 

 Statistical tools should be used, where appropriate; 

 OPV can be established for new products and 

existing/legacy products. 

 

Conclusion 

 

Increased knowledge of the products and/or processes 

obtained by the collection and evaluation of OPV data 

provides regulatory and business value to pharma 

manufacturers. Implementing the OPV process gathers a 

large amount of data for the product, an organizational 

asset that leads to continuous improvement, a reliable 

supply chain, reduced regulatory and compliance risk, 

reduced cost of quality, and a better manufacturing plan. 

  It is very important to emphasize detecting any 

atypical trends through continuous monitoring in order to 

prevent failure in the future. The main purpose of OPV 

process is in detecting atypical trends in early stage. 

The OPV process in fact gives our organization the 

opportunity to understand its production process in greater 

depth and to improve the quality of its products over time. 

Thus fulfilling the basic principle of the pharmaceutical 

profession, to serve patient safety. 
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Introduction 

 

Quality Management is a wide-ranging concept, 

which covers all matters, which individually or 

collectively influence the quality of a product. It is the 

sum total of the 

organized arrangements made with the objective of 

ensuring that medicinal products are of the quality 

required for their intended use. 

Quality management system (QMS) in Alkaloid as 

part of Integrated management system (IMS) is 

comprehensively designed and correctly implemented on 

corporate level incorporating Good Manufacturing 

Practice and Quality Risk Management. It is fully 

documented and its effectiveness continuously monitored. 

 

Organizational structure 

 

ALKALOID AD Skopje is a shareholding company, 

consisting of two profit centers – Pharmaceuticals and 

Chemistry Cosmetics Botanicals and the Corporate 

Services. The company has 2 subsidiaries in Republic of 

North Macedonia and 17 subsidiaries and 3 representative 

offices abroad.  

The complex organizational structure presents 

challenge for maintaining and continuous improvement of 

a shared corporate Quality Management System. 

 

 

Standards  
 

Pharmaceutical Quality System of ALKALOID AD 

Skopje – PC Pharmaceuticals is based on cGMP for 

medicinal products for human use and quality risk 

management, as well as international standards ISO 9001, 

ISO 14001 and  ISO 45001 for all products of PC 

Pharmaceuticals, ISO 13485 (for in-license medical 

devices) and HACCP (for food supplements). 

Quality Management System for of all subsidiaries is 

based on: 

 Identification and interpretation of relevant 

national and international laws, regulations, 

directives and guidelines;  

 Stipulate and implement internal requirements to 

ensure compliance;  

 Risk management;  

 Information management;  

 Quality improvement strategies for regulated 

activities and processes, products, systems and 

services;  

 Authorization of regulated documents where 

required;  

 Change and deviation system together with 

corrective actions and improvement actions;  

 Trending;  

 Stipulating the understanding of the processes;  

 Surveillance of quality improvement activities 

for compliance;  

 Ensure that quality aspects are addressed when 

cooperating with external parties;  
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 Defined responsibilities and quality goals 

throughout the whole lifecycle of the activity;  

 Effectiveness of Quality Management System 

implemented in Alkaloid. 

 

Corporate quality assurance  

 

Team for corporate QA function with Quality 

Assurance members from the head office Alkaloid AD 

Skopje and the major subsidiaries: Alkaloid d.o.o. 

Belgrade, Alkaloid-INT d.o.o. Ljubljana, Alkaloid KONS 

DOOEL Skopje has the responsibility for implementation 

of Quality Management System of Alkaloid on corporate 

level in the subsidiaries through creating corporate QA 

Policies and support in their implementation. The team 

operates according to annual plan and set objectives, 

presented in annual Plan of activities for Quality 

Assurance. Achieved results (objectives and measured 

KPIs) are presented in annual report. The corporate QA is 

responsible for the performance and effectiveness of the 

QMS in accordance with the corporate policies. 

 

Documentation system 

 

Appropriate hierarchy of QMS documentation is 

established on four levels. Corporate (global) documents 

are first and second level documents. 

 

Manual for integrated management system 

 

Manual for IMS of Alkaloid is a first level corporate 

document which defines and documents the structure of 

the Integrated Management System and all operations 

which refer to the quality of Alkaloid’s products. 
 

Corporate policies for quality assurance 
 

Corporate policies for quality assurance (Corporate 

QA Policy) are first level document, which in standard 

manner define the global framework and structural 

elements of a certain QA processes to be subsequently 

implemented on local level. 

 

Corporate procedures 
 

Corporate procedures are second level documents in 

IMS which define certain process and the process flow as 

well as responsibilities for all activities from the process. 

 

Local standard operating procedures 

 

In line with the corporate QA policies and 

procedures, local standard operating procedures (SOPs) 

are created or modified to integrate the corporate 

requirements but also include local specifics from the 

national legislation in the country the subsidiary is 

located. 

 

Technical Agreements 

 

Technical agreements are signed between the head 

office and each subsidiary of Alkaloid covering the 

responsibilities for adherence to the corporate policies and 

procedures, the outsourced activities, the products or 

operations to which they are related, and any technical 

arrangements  

 

Self inspections 
 

Self inspections are conducted by the corporate QA 

team in order to monitor the implementation and 

compliance with the corporate QA Policies and to propose 

necessary corrective and improvement measures. 

 

Conclusion 

 

Introduction of quality assurance processes on 

corporate level in the company is of great benefit in 

aligning and maintenance of a common Quality 

Management System in Alkaloid and compliance with all 

relevant regulatory requirements, applicable international 

standards and internal requirements.  
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Introduction 

 

The elements listed in the ICH guideline Q3D are 

classified into three main categories (1, 2A, 2B and 3) 

according to their toxicity (PDE - established permitted 

daily exposure), likelihood of occurrence in the final drug 

product and their toxicity considering the particular route 

of administration (EMA ICH Q3D Elemental Impurities, 

2019). Development of risk-based control strategy for 

potential elemental impurities (EIs) assessment in drug 

development and manufacturing is challenging for the 

pharmaceutical industry since there are multiple potential 

sources of EIs contamination (Jenke et al., 2015; Li et al., 

2015; Rowe et al., 2009). In general, the EIs risk 

assessment approach, as an integral part of the overall 

drug product control strategy, involves four steps: 1) 

identification of known and potential sources of EIs, 2) 

evaluation of observed or predicted levels of EIs in drug 

product, 3) comparison of evaluated levels of EIs with 

PDE values and 4) definition of the control strategy. The 

drug product risk assessment study is also focused on 

impurity levels determination and assessing the levels of 

EIs in relation to the established PDEs (Ph. Eur. 10th 

Edition, 2019; Teasdale et al., 2015). 

The global impact of the COVID-19 pandemic has 

urged the pharmaceutical industry to provide a worldwide 

supply of drugs that comply with legislation and 

international safety standards. One of the drugs that 

gained attention in COVID-19 treatment management is 

montelukast (Khan et al., 2022). 

As acknowledged, montelukast is a selective 

cysteinyl leukotriene 1 (CysLT1) receptor antagonists 

(LTRA) with bronchodilator effect. Montelukast 10 mg 

film-coated tablets are indicated in the treatment of mild 

to moderate persistent asthma and can be added to another 

patient's existing treatment regimen for asthma (Wermuth 

et al., 2021). 

The aim of this research is to conduct detailed EIs 

risk assessment study of Montelukast 10 mg film coated 

tablets in accordance with the ICH guideline Q3D on EIs. 

 

Materials and methods 

 

The method used for determination of elements (Cd, 

Pb, As, Hg, Co, V and Ni) from class 1 and class 2A, was 

inductively coupled plasma-mass spectrometry (ICP-MS) 

system (Agilent 7500 Series). The analyses were carried 

out on montelukast sodium (active pharmaceutical 

ingredient-API), finished dosage form (Montelukast 10 

mg film coated tablets) and placebo dosage form. Each 

film-coated tablet contains montelukast sodium 10.4 mg 

equivalent to 10 mg montelukast. Moreover, data and 

specific evidences were reviewed from three commercial 

batches of the montelukast 10 mg film coated tablets 

manufactured in three successive years.  

The manufacturing equipment integrated in drug 

production process consists exclusively of stainless steel 

(mainly 316L grade steel). [Internal data of 

Manufacturer). 

 

Results and discussion 

 

For this risk assessment study, the potential 

contribution from the API, excipients, manufacturing 

equipment, container closure system and used utilities are 
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considered in order to determine the overall contribution 

of EIs to the finished drug product. Thus, taking into 

consideration the manufacturing of Montelukast 10 mg 

film coated tablets and life cycle management, there are 

several broad categories of potential sources of elemental 

impurities. The quality procedures that ensure control of 

EIs include: equipment design and installation 

qualification, compatibility studies for the production 

process, equipment cleaning verification and validation, 

and visual inspection/line clearance procedures.  

The control of the manufacturing equipment is done 

according to the standard operating procedures and 

manuals, and the risk assessment is represented with a 

risk factor number to identify the critical steps in which 

EIs could be present in the finished drug product.  

The PDE values of potential elemental impurities 

have been calculated for the oral routes of administration. 

These PDE values were established following element-

specific health-based risk assessments, which are 

available in the ICH Q3D guideline. Since the PDE 

reflects only the total exposure of the drug product, for 

the objectives of this study, PDE values were converted 

into concentrations as a tool in evaluating elemental 

impurities in the drug product of interest. The calculations 

are based on the following assumptions: a) the maximum 

concentration level (MCL) of particular elemental 

impurity in 1g of the product is calculated using the 

maximum daily dose of product, b) the control threshold 

(CT) is established as 30% of the MCL value.  

The obtained results show that concentration levels of 

all examined elements are well below the CT value which 

is defined as 30% of the maximum concentration level of 

particular EI in the drug products. Based on ICH Q3D 

guideline, the results for EIs Class 1 and Class 2A showed 

that EI levels are well below the ICH Option 1 oral and 

parenteral limits.  

If any changes are introduced to the manufacturing 

process or components of the drug product across the life-

cycle, the risk assessment should be reviewed and 

existing controls may need to be re-evaluated. 

 

Conclusion 

 

The outcome of this risk assessment study of 

potential EIs in Montelukast 10 mg film coated tablets is 

that no additional controls are required, since the current 

control strategy developed for the raw materials, finished 

dosage form and manufacturing process are sufficient to 

guarantee that the levels of EIs are consistently below 

their PDE values. It also confirmed that the current 

quality system has been designed to prevent, minimize 

and control any potential EIs contribution from the 

manufacturing equipment and utilities. 

Additional considerations of the container closure 

system ascertain that it meets specific requirements 

regarding the EIs. Furthermore, it is recognized that the 

probability of elemental leaching into this solid dosage 

forms does not require additional step in the risk 

assessment. 

Overall conclusions based on the conducted risk 

assessment study, as well as testing results are the 

following: the concentration of EIs is controlled within 

the acceptable limits and there is no risk associated to EIs 

for patients taking Montelukast 10 mg film coated tablets 

according to patient information leaflet. 
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Introduction 

 

Nitrosamines are a class of chemical compounds, 

classified by the International Agency for Research on 

Cancer as group 2A carcinogens, i.e potential genotoxic 

carcinogens, that were first described in the chemical 

literature over 100 years ago. Since in 2018 high levels of 

nitrosamines were detected in valsartan, they are once 

again subject of research (EMA/425645/2020, 

EMA/526934/2019, EMA/409815/2020 Rev.9). 

Currently identified risk factors for N-nitrosamine 

impurities in medicinal products are grouped in the 

following categories: Risk factors related to the 

manufacture of the active substance; Risk factors also 

related to the finished product; and Risk factors related to 

Good Manufacturing Practice (GMP) aspects. 

According Art. 5(3) referral, Marketing Authorisation 

Holders (MAH) are requested to evaluate the risk of the 

presence of nitrosamine impurities in human medicinal 

products containing chemically synthesized Active 

pharmaceutical ingredients (APIs) or biological APIs 

(CMDh/412/2019, Rev.16). This evaluation should be 

performed in 3 sequential steps: (i) Risk evaluation, (ii) 

Risk confirmation test, (iii) Changes in Marketing 

authorisation (MA) 

MAH must introduce the following specifications: 

limits for NDMA (96 ng/day) and NDEA (26.5 ng/day). 

Omission from the specification is only justified if it can 

be shown that the levels of the respective N-nitrosamines 

are consistently < 10% of the limit defined above and the 

root cause is identified and well-understood. 

 

Materials and methods  

 

PHA (Preliminary hazard analysis) tool was used for 

the risk evaluation to describe the risks identified through 

all Losartan film-coated tablets phases regarding the 

potential N-nitrosamine impurities formation.  

The following risks were evaluated: 

- Risks related to API Losartan Potassium synthetic 

route 

- Risks related to the finished drug composition 

(excipients and primary packaging material) 

- Risks related to the manufacturing process 

- Risk of N-Nitrosamines formation during shelf life   

 

Results and discussion 

 

Risks related to API Losartan Potassium synthetic route  

 

In the production of Alkaloid Losartan film coated 

tablets the API Losartan Potassium is used from two 

different manufacturers. 

Both manufactures have proven that their current 

synthetic route has low probability to form NDMA, 

NDEA or other related nitrosamines. This was confirmed 

with test result using validated GC-MS/MS method in 

which nitrosamines were not detected. 

According to current guidelines, the following 

nitrosamines are controlled in the specification of the API 

manufacturers: NDMA, NDEA and NDBA with a limit of 

Not More Than (NMT) 0.03 ppm.  
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Based on the reviewed data the risk for formation of 

N-Nitrosamines from the API was identified as low 

 

Risks related to the finished drug composition (excipients 

and primary packaging material). 
 

Regarding the possible contamination coming from 

excipients and the process aids, none of the used 

excipients or process aids does not include nitro 

molecular species in their structure which are prerequisite 

for N-nitrosamine formation and all of the used excipients 

are of a well-established and long history of usage in 

pharmaceutical products. The evaluation was 

corroborated by the statements and evaluation provided 

by the excipients manufacturers. 

The possible contamination coming from the primary 

packaging material was also evaluated. The primary 

packaging used for Losartan film-coated tablets is 

composed of Blister: PVC and aluminum foil. Although 

during sealing process temperatures of 180 °C or more are 

applied to the outside, time period of sealing is very short, 

normally less than one second. In addition, aluminum foil 

represents an absolute migration barrier and as soon as the 

lidding foil is sealed onto the blister material a migration 

of substances through the foil is not possible anymore and 

formation of nitrosamines is not expected during the 

packaging process.  

Based on the reviewed data the risk for formation of 

N-Nitrosamines from the excipients or the primary 

packaging material was identified as low 

 

Risks related to the manufacturing process 
 

Since there was low risk of N-Nitrosamine formation 

and presence in regards of the excipients used and 

production process, where no nitrosating compound is 

introduced into the process, we considered that the risk 

for N-Nitrosamine formation in regards to the critical 

manufacturing process phases and conditions is also low. 

Cross-contamination is prevented by implemented 

organizational and technical measures and is regularly 

monitored. There are written procedures for cleaning of 

all product surfaces and cleaning validation is performed 

in order to confirm the effectiveness of the cleaning 

procedures. Cleaning agents used for the manufacturing 

equipment do not contain any substances which form 

nitrosamines. Therefore, the risk from cross-

contamination was considered low. 

 

Risk of N-Nitrosamines formation during shelf life 
 

In regards to shelf life, since no risk of N-

Nitrosamines was identified for: API, raw materials 

(excipients and primary packaging), process equipment, 

critical process conditions and cross contamination, to the 

best of our knowledge we considered that there is low risk 

of N-nitrosamines formation during shelf life of the 

product. 

Due to the conducted risk analysis where only low 

risk was identified per each evaluated element (API, 

excipients, manufacturing process, packaging and shelf-

life) and overall low risk of N-nitrosamine presence or 

formation is assigned for Losartan film-coated tablets. 

 

Risk assessment (confirmation test) on the finished 

product 

 

Testing of Losartan film-coated tablets was 

performed using very selective and sensitive Liquid 

Chromatography-High Resolution Mass Spectrometry 

(LC-HRMS) method. Batches produced using API from 

both manufacturers were used for testing. The following 

criteria for the limit of NDMA and NDEA were 

established, based on ICH M7(R1) principles: NDMA ≤ 
0.640 ppm; NDEA ≤ 0.177 ppm.  

The results of the analyzed batches complied with the 

established specification. Results for NDMA and NDEA 

were “not detected”. (Limit of quantification of the 

method was established as < 0.009ppm) 

 

Conclusion 

 

Based on the conducted risk analysis where only low 

risk was identified per each evaluated element (API, 

excipients, manufacturing process, packaging and shelf-

life) overall low risk of N-nitrosamine presence or 

formation is assigned for Losartan film-coated tablets. 
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Introduction  

 

Risk management is one of the foundations of a 

pharmaceutical quality system and is an integral part of the 

processes in a company. The purpose of quality risk 

management is to provide evidence-based information and 

analysis to make informed decisions and improve 

processes in the pharmaceutical quality system. 

The risk management process is an essential element 

for establishing a proactive approach that will ensure 

continuity of operation and readiness of the company to 

anticipate, detect and respond to negative impacts that have 

the potential to prevent the execution of critical processes 

of the company, achieving its goals and meeting the 

requirements of stakeholders for quality. 

 

Risk Management at Alkaloid AD Skopje 
 

Risk management in Alkaloid AD Skopje is based on 

Good Manufacturing Practice, guidelines and examples of 

risk management tools defined in the ICH Q9 Risk 

Management Guide, requirements of the ISO 31000 

standard Risk Management System, application guides and 

other standards that the company applies. The risks 

managed by Alkaloid AD Skopje are integrated in all 

business and production processes. 

Risk and continuity management is under the authority 

of the Risk Management, Crisis Management and 

Continuity Management Board, the Risk and Continuity 

Management Team and the Heads of Organizational Units 

/ Process Owners. 

Continuity management is established by the standard 

ISO 22301 Continuity system requirements. The main 

elements according to which the process of continuity of 

work is based are the following: 

 operational planning and control, 

 business impact analysis and risk assessment, 

 strategy for business continuity, 

 business continuity plan, 

 programs for testing and practicing the effectiveness 

of the strategy for continuity of work and 

 evaluation of the established documentation and the 

ability of the established continuity in operation. 

 

Company activities related to risk management 

 

Risk management is a systematic process for 

identifying, analyzing and assessing whether the risk 

should be modified, eliminated or reduced to an acceptable 

level. This process requires a defined communication, 

ongoing monitoring and verification of the risks identified 

to establish control of the modified risks and avoid/reduce 

negative effects.  

All activities in the company /organization include 

risks. Risk management can be applied throughout the 

organization in all areas and at all levels, at any time and 

for specific functions, projects and activities. 

Risk determination in Alkaloid AD is performed at the 

level of organization, PC / program (in terms of context), 

process level, and activity/product. Types of risks 

processed in Alkaloid AD are strategic risks, process 

(operational) risks, and quality risks specific to the purpose 

of the product, process, equipment and more. 

All applicable methodologies described appropriately 

in the quality system can be used for risk evaluation. 

According to the established Risk Management Procedure, 
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the methodologies used and recommended in the risk 

evaluation are FMEA and HACCP methodologies. 

The FMEA methodology is based on three parameters: 

severity, probability and detection. Risk priority 

categorizes into four categories: low, medium, high, and 

critical risk. Each category has defined how to take 

measures to prevent and reduce risks. 

The HACCP methodology is based on two parameters: 

severity and probability, and defining critical control points 

according to the decision tree. The categorization and the 

manner of taking measures are identical to the FMEA 

methodology. The Strategic Risk Register and the Quality 

Risk Register (process operational and product-specific 

risks) are used as a tool to support the process. The registers 

provide a comprehensive overview of risks, timely 

identification and management of factors that may affect 

the realization of the goals and strategy of the company. 

By continuously reviewing the risks, the probability of 

occurrence of risks is reduced, the severity of the 

consequences of risks is reduced, and measures are taken 

to raise awareness, readiness, management and 

maintenance of risks at an acceptable level. 

In 2021, at the Alkaloid AD Skopje level, 1778 risks 

were re-examined, of which 169 risks were reduced (30%), 

and 249 new risks were identified. 

For PC Pharmacy in 2021, a total of 851 risks from 46 

production processes were re-examined, 135 additional 

measures were defined, 51 risks were reduced (30%), and 

41 new risks were identified. 

Specific risks to the pharmaceutical industry that have 

been challenging in operation are the potential presence of 

N-Nitrosamines in the finished product, the Covid-19 

pandemic, and the disrupted political, security, and 

economic situation in Ukraine and Russia. 

For all affected products of Alkaloid AD Skopje, a risk 

analysis was prepared through a decision tree and a risk 

report by the regulatory requirements. 

At the beginning of the Covid-19 pandemic, Alkaloid 

AD Skopje developed a Business Continuity Plan, a 

pandemic with a clearly defined plan of activities and 

measures that are taken to ensure continuity of operations. 

According to the Business Continuity Plan, each service 

illustrates its List of actions according to the processes, 

employees and location. 

A new strategic risk has been opened for the disturbing 

political, security and economic situation in Ukraine and 

Russia. A Risk Plan has been prepared with a defined plan 

of activities and measures taken to ensure safety and 

continuity of operations. 

 

Conclusion 

 

Risk management is a part of the quality management 

processes, products and pharmaceutical quality systems. 

The output/results of the risk management process should 

be reviewed at least annually and take into account the 

information from other processes as context (weakness, 

threats), internal/external audits/inspection, the change 

control, product quality review (PQR), post-marketing 

surveillance of medical devices, clinical studies results, 

pharmacovigilance, medical device vigilance, complaints 

and recalls of the product from the market. 

The identification and analysis of risks are performed 

until their complete reduction/elimination to an acceptable 

level and have a special significance in the processes 

related to the stakeholders. 
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Introduction 

 

Nitrosamines, such as NDMA (N-

nitrosodimethylamine), NDEA (N-nitrosodiethylamine) 

and NMBA (N-nitroso-N-methyl-4-aminobutyric acid), 

are organic compounds containing the nitroso functional 

group. According to ICH M7 (R1), nitrosamines are 

identified as a “cohort of concern” or Class 1 impurities 

(known mutagenic carcinogens). The International 

Agency for Cancer Research (IARC) categorized 

nitrosamines as “probably carcinogenic to humans” (2A-

group) (ICH M7 (R1), 2018).  

Detection of nitrosamines impurities in valsartan, in 

July 2018, actualized the possible presence of these 

impurities in other active substances and finished 

pharmaceutical products (EMA, 2018). The presence of 

nitrosamines impurities has also been found in other 

Angiotensin II receptor blocker (ARB) active 

pharmaceutical ingredients, containing a tetrazole ring in 

their structure such as losartan and irbesartan. More 

recently, N-nitrosodimethylamine have been identified in 

certain histamine-2-blockers (ranitidine, nizatidine) and in 

an antihyperglycemic medication metformin. Since then, 

more active substances and medicinal product batches 

contaminated with nitrosamines have been recalled 

(EMA, 2019). 

 

Root causes for presence of nitrosamine 

impurities 

 

After the recall of numerous batches of sartans and 

ranitidine, the question is: what are the main routes of N-

nitrosamine contamination of active substances and 

finished products? The first route is the use of 

contaminated starting material in the manufacturing 

process, such as solvents, reagents, catalysts as well as 

recycled materials. The second source of contamination is 

formation of nitrosamine impurities during manufacturing 

process from an intermediate or from the active ingredient 

itself (EMA, 2020). Theoretically, the formation of 

nitrosamine impurities in pharmaceuticals is possible to 

occur when a precursor amine coexists with a nitrosating 

agent under suitable conditions for the reaction of 

nitrosation, such as acidic conditions for nitrite. 

The tetrazole ring appear to be of key importance for 

desired angiotensin receptor antagonist effects of sartans 

at the molecular level and is present in five of eight 

sartans that have been widely marketed. The process of 

tetrazole ring formation at the very end of the synthesis 

has been proposed to be the root of nitrosamines 

contamination of sartans. The synthesis of the tetrazole 

ring involves the reaction of nitrile with organic azides, 

most commonly tributyltin azide (Bu3SnN3), sodium azide 

(NaN3) and trimethyltin azide (Me3SnN3) (Baumann еt 
al., 2011). 

In case of valsartan, data show that its tetrazole ring 

was formed using Bu3SnN3 as the azide source and N,N-

dimethylformamide (DMF) as a solvent, the other 

necessary factor that contributed to valsartan 

contamination with nitrosamines. Due to their human 

toxicity potential, more amount of azides remaining after 

the formation of the tetrazole ring was quenched with 

nitrite under acidic conditions. Dimethylamine as a 

secondary amine present either as an impurity or as a 

possible degradation product of DMF, reacts with nitrite 

and serves as a amine source for N-nitrosidimethylamine 
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(NDMA), the first nitrosamine that led to valsartan recalls 

(Snodin and Elder, 2019). Similarly, the presence of 

NDEA and NMBA in valsartan is the result of a reaction 

of nitrites with TEA (triethylamine), or NMP (N-methyl-

2-pyrrolidone), respectively. The synthetic pathways of 

losartan, irbesartan and candesartan also rely on azide-

nitrile reaction to form tetrazole ring and thus are exposed 

to the same risk factors for nitrosamine contamination 

(EMA, 2020). 

While in sartans nitrosamines are formed by chemical 

reaction during the synthesis of the active substance, as a 

result of the application of azide in combination with an 

unsuitable solvent choice, the situation with ranitidine is 

more complex. Ranitidine molecule is very unstable and 

contains both a nitrile and a dimethylamine, which 

combination leads to formation of N-

nitrosodimethylamine. A potentially concerning 

possibility is the increasing level of NDMA in ranitidine 

over time, when the tablets are stored at temperatures 

higher than room temperature (White, 2020). 

 

Conclusion 

 

Knowing their mutagenic and carcinogenic effects, 

the presence of nitrosamines in active pharmaceutical 

ingredients must be limited. All this implies the need 

primarily for identifying the main reasons for 

contamination with these impurities and then developing 

the appropriate methods for their detection and 

quantification. Medicine regulatory authorities are taking 

steps to solve this problem, but also we need to highly 

improve our knowledge in this area and prevent future 

human exposure with these impurities through medicines. 
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Introduction 

 

Compliance of the medical devices has become 

progressively more complex with the introduction of the 

EU Medical Device Regulation 2017/745. One of the 

newly introduced requirements of the European Union’s 

Medical Device Regulation (MDR) is appointment of a 

person responsible for regulatory compliance (PRRC). 

The focus of this regulatory requirement is mainly to 

improve control over manufacturing processes, post-

marketing surveillance, clinical evaluation and medical 

device vigilance. The ultimate goal of the manufacturer is 

to ensure conformity and safety of the medical device. 

 

Availability, liability and qualification 

requirements of the PRRC 

 

The MDR requires every manufacturer of medical 

devices to appoint a PRRC within their organization. The 

authorized representative of a manufacturer located 

outside the EU should also appoint a PRRC. The PRRC 

for the manufacturer and its authorized representative 

cannot be the same. According to the MDR, the 

authorized representative is supposed to add additional 

level of scrutiny. If the same person acts as PRRC for 

both, the additional level of scrutiny would be 

compromised. The appointed PRRC for the manufacturer 

and for the authorized representative should be part of the 

organization. Exception to this is possible only for micro 

and small organizations. Micro and small manufacturers 

can subcontract the responsibilities of a person 

responsible for regulatory compliance to a third party. 

Medical devices manufacturers and their authorized 

representatives must observe a multitude of legal 

requirements which must be fulfilled. According to the 

MDR, the person responsible for regulatory compliance is 

not personally liable. The liability requirements of the 

MDR refer to the manufacturer and its authorized 

representative as an entity. Different national legislation 

may enforce liability on PRRC who infringe Article 15 of 

the MDR, so these laws should certainly be taken into 

consideration. 

There are two ways to fulfill the qualification 

requirements for PRRC. According to the MDR and the 

MDCG 2019-7 guidance document, the PRRC must have: 

expertise in the field of medical devices, university 

degree, diploma, or some other formal qualifications and 

at least one year of experience in European regulatory 

affairs or quality management system related to medical 

devices. If no university degree, diploma, or other 

qualification, the PRRC must have four years of 

professional experience in European regulatory affairs or 

quality management system related to medical devices. It 

is important to emphasize here that any qualification 

acquired outside the EU should be recognized by an EU 

Member State as equivalent to the EU corresponding 

qualification.  

More than one PRRC can be appointed by the 

companies and the responsibilities can be divided, as long 

as the qualification requirements are met and the division 

of responsibilities is documented. 
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Roles and responsibilities of a person responsible 

for regulatory compliance  

 

The roles and responsibilities of a person responsible 

for regulatory compliance is mandated in Article 15, 

clause 3 of the EU MDR 2017/745. The regulation 

requires all manufactures and authorized representatives 

to have a designated employee in their company who is 

responsible for regulatory compliance with the applicable 

EU MDR. What are the responsibilities of a PRRC?  

EU MDR outlines five major responsibilities for a 

PRRC, each described with detailed activities for ensuring 

conformity and safety of the medical devices. The PRRC 

is responsible for ensuring that (Jury & Pinsi, 2021): 

1. the conformity of the devices is appropriately 

checked, in accordance with the quality 

management system under which the devices are 

manufactured, before a device is released; 

2. the technical documentation and the EU 

declaration of conformity are drawn up and 

continuously updated; 

3. the post market surveillance obligations are 

compiled.  The PRRC is responsible for ensuring 

that post-market surveillance system is planned, 

established, documented, maintained and kept 

up-to-date; 

4. the reporting obligations referred to vigilance are 

fulfilled. The PRRC is responsible for ensuring 

that vigilance system (reporting of serious 

incidents and field safety corrective actions) and 

implementing acts is established; 

5. in the case of investigational devices, that the 

signed statement by the natural or legal person 

responsible for the manufacture of the 

investigational device that the device in question 

conforms to the general safety and performance 

requirements apart from the aspects covered by 

the clinical investigation and that, with regard to 

those aspects, every precaution has been taken to 

protect the health and safety of the subject. 

         

Alkaloid AD Skopje, as a manufacturer of medical 

devices has allocated the PRRC responsibilities to five 

different persons. Each person is individually responsible 

for: 

 ensuring compliance with QMS (batch release 

not included) and ensuring that EU declaration is 

drawn up and updated continuously; 

 ensuring compliance of the medical device with 

batch release included; 

 ensuring that the technical documentation is 

drawn up and ensuring that in the case of 

investigational devices, the statement referred to 

in Section 4.1 of Chapter II of Annex XV of the 

MDR 2017/745 is issued for clinical 

investigations performed with devices which do 

not bear the CE marking of conformity; 

 ensuring that the technical documentation is kept 

up to date, ensuring that the post-market 

surveillance obligations are complied with in 

accordance with Article 10 of the MDR 

2017/745 and ensuring that in the case of 

investigational devices, the statement referred to 

in Section 4.1 of Chapter II of Annex XV of the 

MDR 2017/745 is issued for clinical 

investigations performed with devices which 

bear the CE marking of conformity;  

 ensuring that the reporting obligations referred to 

in Articles 87 to 91 of the MDR 2017/745 

regarding vigilance are fulfilled. 

       The responsibilities of the PRRC for the EU 

authorized representative ALKALOID – INT d.o.o. are 

allocated to two persons. 

Conclusion 

 

The requirements of the MDR regarding PRRC are 

not completely new. Under the MDR, the tasks now 

outlined as responsibilities of this new role of PRRC, 

would already have existed as part of the Quality 

Management System. What is new under MDR is the 

requirement to designate a specific person or persons as 

PRRCs. It is critical that the role of PRRC is not 

recognized only formally, but also as a crucial role to 

foster a culture of compliance awareness within the 

organization and to ensure safety of the medical device. 
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Introduction 

 

Statistical Process Control (SPC) is an essential part 

of quality assurance in many industries, including the 

pharmaceutical industry (Eissa & Abid, 2018; Shah et al., 

2010; Velinovska et al., 2019). This methodology 

promotes better understanding of the source of variation 

of a particular process, thus contributing for its 

continuous improvement. Control charts (CC), as one of 

the main SPC tools, allow monitoring of the process 

variability over a period of time and detection of the 

systematic (common) causes of process variation (ISO 

7870-1, 2019). The application of CC is expanding from 

the manufacturing departments of the pharmaceutical 

industry to the quality control analytical laboratories. CC 

are used for monitoring the method/instrument 

performance, thus may indicate the need for re-

qualification of the instrument; instability of the reference 

material; errors in the calculation of the analytical result; 

insufficient training of the personal, etc. (Sengoz, 2018). 

The basic elements of the CC are the center line (CL) and 

upper and lower control limit (UCL and LCL, 

respectively) (ISO 7870-2, 2013). The choice of the 

suitable type of CC, along with the proper establishment 

of the UCL and LCL have great impact on the sensitivity 

of the CC. In case of evaluation of improperly designed 

CC, there is a possibility to overview a process that is 

really out of a statistical control, or in opposite scenario a 

process that is under control might be detected as an out 

of statistical control.  Hence the need for proper design of 

the CC is demanded for accurate evaluation of the process 

variability. 

The aim of this research is to establish a systematic 

approach for proper design of CC for monitoring the 

performance of instruments used in quality control 

analytical laboratory. The systematic approach for 

selection a suitable CC, establishment of CL and use of 

adequate rules for evaluation of CC will be shown using 

instrument for semi-micro determination of water i.e. 

Karl-Fischer (KF) titrator as an example.  

 

Materials and methods 

 

Materials 
 

The semi-micro titration of water was performed on 

Karl Fischer Titrator DL38, Mettler Tolledo. Aquastar 

CombiTirtant 5mg/mL (Supelco) was used as a titrant and 

Aquastar CombiMethanol (Supelco) as a solvent. The 

Water Standard 1% (10 mg H2O/1 g) CRM (Merck) was 

used for performance verification of the KF titrator.  

The data for the percentage recovery (r, %) of water, 

obtained after addition of Water Standard 1%, were used 

for design of different types of CC and calculation of the 

control limits. Each data point in CC represents the mean 

r (%) of three independent additions of Water Standard 

1%. The 100% recovery was chosen as a CL for the X-

chart, whereas the mean value of the r (%) obtained from 

26 determinations was used as a CL for J-chart. The CL 

of the CC were created using 26 data points of and 

additional 12 data points were used for further instrument 

performance monitoring.  

 

Results and discussion 

 

The first step in the systematic approach for proper 

CC design is selection of suitable type of CC. Suitable CC 

for monitoring quantitative data for grouped results (n=3) 
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are X-chart, R-chart or J-chart (zone control chart). The 

evaluation has shown that X-chart is sensitive for changes 

of the mean and standard deviation (σ) of the 

determination. However, this type of chart doesn’t 
provide information about the distribution of the 

individual data in the subgroups. This kind of information 

could be obtained with the R-chart. However, the R-chart 

only takes into account the within-run precision of the 

determination. Considering that the performance of the 

KF titrator is evaluated through the accuracy of the 

determination (recovery), the X-chart was found to be 

more suitable for performance monitoring of the KF 

titrator than the R-chart. The evaluation of the J-chart 

confirmed that this kind of CC incorporates the 

characteristics of the X-chart and the CUSUM chart. This 

kind of chart is efficient in detection of rapid changes of 

the determination, thus could be applied for the 

performance evaluation of the KF titrator. 

The second step is defining the UCL and LCL of the 

CC. Therefore, several X-charts were designed using 

different approaches for defining the CL. The first activity 

is evaluation whether the data points show normal 

(Gaussian) distribution or not. The obtained values of the 

statistical parameters Skewness and Kurtosis (-0.23 and        

-0.76, respectively) confirmed that the data points show 

normal distribution, thus the use ±3σ (±3*0.91) as UCL 

and LCL (103.16 and 97.19, respectively) for the X-chart 

was justified. In addition, another X-chart using ±3σtotal 

value (±3*0.85) as a UCL (102.54) and LCL (97.46) was 

designed. The σtotal includes the within-run (variance 

within the subgroup of results) and between-run variance 

(variance between all subgroup of results). The results 

showed that in case where X-chart is created with data 

points of group data, defining CL by means of σtotal is 

more appropriate. Considering the recovery tolerance 

limits given in the OMCL Qualification of equipment 

guideline (GEON, 2022), another X-chart was designed 

using the values of 97.5% and 102.5% as UCL and LCL, 

respectively. The evaluation of the sensitivity has shown 

that the use of the tolerance limits from the guideline as 

CL, reduces the sensitivity of the X-chart to raise the 

alarm in case the instrument gets out of a statistical 

control. 

The σ value needed for defining the CL of the J-chart 

was calculated by multiplying the moving range with 

0.8865 (AMCTB, 2003). The obtained values for UCL 

and LCL of the J-chart were 103.23 and 97.27, 

respectively. Although these CL are wider than the CL 

defined for the X-charts, the sensitivity of the J-chart was 

not brought in question. The reason for the better 

sensitivity of the J-chart compared to the X-chart with 

97.5% and 102.5% as CL, might be the existence of 

different set of rules for evaluation of the J-chart.  

The designed CC were applied for instrument 

performance monitoring. The results showed that WECO 

rules, as well as Westgard combined rules could be 

applied to the evaluation of the X-chart using ±3σ or 
±3σtotal value as CL. Whereas, only three WECO rules 

(13s, 22s and 9x) are applicable for the evaluation of the     

X-chart using tolerance limits as CL. The J-chart couldn’t 
be evaluated using WECO rules or Westgard combined 

rules. 

  

Conclusion 

 

This research showed that the proper selection of the 

type of CC; proper defining of the UCL and LCL; as well 

as evaluation of the CC using adequate rules, has a direct 

impact on the sensitivity of the CC and the accuracy of 

the evaluation of the instrument performance. The 

proposed systematic approach for the proper CC design 

for monitoring the performance of the KF titrator could be 

applied for designing CC for different instruments, 

depending of the needs of the analytical laboratories. This 

research could contribute towards expansion of the 

application of the CC as a part of the quality assurance 

system in analytical laboratories for quality control. 
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Introduction 

 

Fc-fusion proteins are bioengineered polypeptides 

that combine a biologically active protein with the 

crystallizable fragment (Fc) domain of an IgG to produce 

a molecule with unique properties and therapeutic 

potential (Linderholm & Chamow, 2014).  Owing to its 

interaction with the salvage neonatal Fc-receptor, Fc 

domain substantially increases plasma half-life in vivo 

and reduces the clearance of Fc-fusion proteins, which 

prolongs their therapeutic activity (Czajkowsky et al., 

2012). In addition, Fc fragment improves the solubility 

and stability of the fusion protein (Carter, 2011). Fc 

fusion proteins are very successful class of medicines 

with already 13 Fc-fusion proteins approved in the EU 

and in the USA (EMA, 2022; U.S. FDA, 2022). Currently 

four therapeutic Fc-fusion proteins including aflibercept, 

dulaglutide, etanercept and abatacept are among the 50 

globally best-selling medicines (Buntz, 2022). 

 

Classification of Fc-fusion proteins 

 

Based on the ligand binding domain Fc-fusion 

proteins are classified in four main categories.  

 

Receptor-ECD–based Fc-fusion proteins  

 

This category includes TNFR-FC fusion protein, 

etanercept, and CTLA4-Fc fusion proteins (abatacept and 

belatacept). Etanercept is homodimeric fusion protein 

consisting of ECD of the human p75 TNF receptor linked 

to a human Fc-IgG1 domain. Etanercept is used for the 

treatment of inflammatory rheumatic disorders and 

psoriasis.  Abatacept consists of ECD of human CTLA4 

linked to the modified Fc. Abatacept is used for the 

treatment of inflammatory rheumatic disorders. 

Belatacept is indicated for the prophylaxis of graft 

rejection (EMA, 2022). 

 

Cytokine traps 

 

This class of Fc-fusion proteins consist of multiple 

ligand-binding domains from different receptors linked to 

a human Fc domain. This group includes aflibercept 

consisting of portions of human VEGF receptor 1 and 2 

ECDs fused to the Fc portion of human IgG1.  Aflibercept 

is used for the treatment of macular degeneration (MD) 

and metastatic colorectal cancer. Conbercept is VEGF 

inhibitor fusion protein, used for the treatment of MD. 

The third representative, rilonacept is designed by fusing 

the C-terminus of the IL1 receptor accessory protein 

ligand-binding region to IL1R1 ECD, then this hybrid 

construct is fused to human IgG1 Fc. Rilonacept is used 

for the treatment of cryopin-associated periodic 

syndromes (EMA, 2022). 

 

Peptide-Fc (peptibodies) 

 

Romiplostim is a dimeric peptibody consisting of the 

IgG1 Fc-domain fused with two polypeptide mimetic 

sequences of thrombopoietin attached to each Fc chain. 

Romiplostim is used for the treatment of ITP. Dulaglutide 

is a glucagon-like peptide (GLP)-1 receptor agonist in 

which a modified GLP-1 peptide is fused to the IgG4 Fc 

fragment.. Dulaglutide is used for the treatment of type 2 

diabetes (EMA, 2022; U.S. FDA, 2022). 

 

Recombinant enzymes  

Eftrenonacog alfa is a fusion protein consisting of 

human coagulation factor IX linked to the Fc fragment of 
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human IgG1. It replaces the missing factor IX, which 

plays a central role in blood clotting and is indicated for 

the treatment of hemophilia B. Efmoroctocog alfa is a 

fusion protein composed of human, B-domain–deleted, 

coagulation factor VIII linked to the Fc domain of human 

IgG1. This drug is indicated for the treatment of 

hemophilia B. The third representative of this class is 

asfotase alfa, used for the tretament hypophosphatasia.  

Asfotase alfa is a human recombinant tissue-nonspecific 

alkaline phosphatase-Fc-deca-aspartate (EMA, 2022). 

 

Biosimilar Fc-fusion proteins 
 

Biosimilar is a highly similar version of an already 

authorized innovator biological medicine known as 

reference product. Originator of etanercept, 

Amgen/Pfizer’s Enbrel was among the best-selling 

medicines and in 2021 its sales reached about 4.5 billion 

USD. The patent expiry in Europe and the USA led to 

development of biosimilar versions. Currently three 

biosimilars of etanercept are authorized in EU and USA. 

Till 2026, it is expected that the global market value of 

the biosimilars will rise by 25% compared to the value in 

2020 (Ratih et al., 2021).  

 

Quality assesment of Fc-fusion proteins 

 

Fc-fusion proteins are characterized with inherent 

heterogeneity and complex structure. The complexity of 

their manufacturing process is one of the key factors 

affecting consistency of the product quality. Small 

structural alterations could possibly initiate substantial 

changes in drug stability, immunogenicity and efficacy. 

Therefore, the analytical strategies for the characterization 

of Fc-fusion proteins should be product specific and 

involve state of the art analytical techniques. A wide 

range of highly selective analytical techniques are applied 

for assessment of the critical quality attributes (CQAs) of 

the Fc-fusion proteins. Analytical comparability of the 

CQAs between different production batches is performed 

for the assessment of the consistency of the product 

quality. In addition, comparability studies of the CQAs 

between originator and biosimilar are inevitable for the 

biosimilarity assessment. High standards of the quality, 

safety and efficacy are required for the biosimilars. 

Considering the diversity of the CQAs of this class of 

drugs (such as physicochemical characterization, primary 

structure, post-translatory modifications, purity, charge 

and size variants, etc.), a set of analytical techniques are 

required for the quality assessment. The method of choice 

for confirmation of the primary structure of the Fc-fusion 

proteins (identification and quantification of protein 

variations) is LC-MS/MS. Size-exclusion 

chromatography is gold standard method for size variants 

analysis (Duivelshof et al., 2021). Two-dimensional gel 

electrophoresis is a suitable method for the assessment of 

identity, purity, structural integrity, charge heterogeneity 

and post-translational glycosylation of the Fc-fusion 

protein (Nebija et al., 2015). In addition, ion exchange 

chromatography and capillary zone electrophoresis are 

used for homogeneity assessment (Beck et al., 2013). 

 

Concluding remarks 

 

The unique functional properties of the Fc-fusion 

proteins, such as half-life extension and great therapeutic 

potential, place these medicines in the front line of drug 

research and development. The diversity of the Fc-fusion 

proteins, along with the rapid grow of their biosimilars, 

impose the need for implementation of specific and highly 

sensitive chromatographic and electrophoretic techniques 

for the quality assessment of the CQAs of the Fc-fusion 

proteins. 
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Introduction 

 

Bromazepam or 7-bromo-1,3-dihydro-5-(2′-pyridyl)-

2H-1,4-benzodiazepin-2-one belongs to the 1,4-

benzodiazepines group of drugs that are used in the 

treatment of anxiety, insomnia, seizures, muscle spasms 

and similar disorders. As found in literature, bromazepam 

in acidic conditions undergoes reversible reaction of 4,5-

azomethine bond cleavage to the opened-ring compound 

formation. Having this in consideration, in the process of 

performing comparative dissolution profiles in media               

pH 1.2 and pH 4.5, bromazepam would undergo this 

reversible ring opening reaction (Damjanović et al., 

2004).  

During the analysis of comparative dissolution 

profiles in media pH 1.2 and pH 4.5 with an in house 

HPLC method for dissolution, two main peaks were 

detected, one originating from bromazepam and other 

with relative retention time (RRt) 0.72. In order to 

evaluate the nature of the compound with RRt 0.72, 

observed in dissolution media pH 1.2 and pH 4.5, 

comprehensive Liquid Chromatography / Mass 

spectrometry (LC/MS) analysis and detailed literature 

survey were conducted. 

The aim of this study was to reveal the possible 

nature and fragmentation pathway of the compound with 

RRt 0.72 (Retention time about 1.51 min) from two 

manufacturers of bromazepam based finished products 

(bromazepam tablets) and a reference standard, using 

advanced analytical techniques such as MS. The study as 

well, is aimed to justify and demonstrate that the in house 

High Performance Liquid Chromatography (HPLC) 

method is also suitable for determination of open ring 

compound. 

Materials and methods 

 

Materials 
 

Samples from three tablets strengths (1.5 mg; 3 mg;  

6 mg) obtained from two manufacturers of bromazepam 

tablets were analyzed. Bromazepam certified reference 

standard (CRS) (batch number 4.0), obtained from 

European Pharmacopeia was also used. All samples were 

dissolved in pH 1.2 and pH 4.5 acidic dissolution media 

prepared according European Pharmacopeia. For the 

preparation of the mobile phase, CH3COONH4, glacial 

acetic acid and acetonitrile were used. 

 

Dissolution method 

 

Dissolution test procedures was performed with 

standard apparatus II on Agilent 708-DS Dissolution 

apparatus. The procedure was conducted at 37°C, with          

75 rpm in 900 mL volume of regulatory dissolution media 

pH 1.2 and pH 4.5, using sampling time point at                    

45 minutes. 

 

LC method 

 

The analysis was performed on Thermo Scientific 

Dionex Ultimate 3000 UHPLC-UV-DAD system coupled 

with Thermo Scientific LTQ XL linear ion trap mass 

spectrometer. LC parameters were used according to in-

house analytical procedure for dissolution of 

Bromazepam tables where 0.01M ammonium acetate 

buffer with pH 5.5 and acetonitrile in ratio 60:40 (v/v%) 

was used as a mobile phase. An analytical HPLC column, 

XBridge C18, 150 mm x 4.6 mm with 5 µm particles, at 



68   Pharmaceutical Analysis/Quality Assurance/Regulatory Affairs 

Maced. pharm. bull., 68 (Suppl 1) 67 - 68 (2022) 

temperature of 25°C with flow rate of 1.2 mL/min and 

injection volume of 20μL from the sample and standard 
solutions were used. Bromazepam peak is obtained at 

about 2 minutes in a run time of                   6 minutes. 

 

MS method 

 

MS ion source parameters were employed as follows: 

electro-spray ionization (ESI) was used, spray voltage 

was set at 5.0 kV, capillary temperature was set at 275 °C, 

sheet and auxiliary gas flows were 30 and 8 psi 

respectively. MS spectra were acquired by full range 

acquisition covering m/z 50-800, in positive ionization 

mode (Kozak et al., 2008). The instrument was controlled 

by Chromeleon 5.0 and Xcalibur 2.0 data analysis 

software. Mass Frontier spectral interpretation software 

7.0 was used for the fragmentation pathway prediction 

and elucidation of the proposed structure of the unknown 

compound.  

 

Results and discussion  

 

After dissolution of Bromazepam tablets in pH 1.2 

and pH 4.5, the HPLC analysis showed peak of 

bromazepam on retention time 2.09 min (due to 

bromazepam) and unknown peak with retention time 1.51 

min (RRt=0.72). The mass spectra of the peak occurring 

at Rt 2.09 min in all analyzed samples (in dissolution 

media pH 1.2 and          in pH 4.5) showed protonated 

molecular ion at 316 m/z as parent ion of bromazepam 

(molecular weight,                            Mr 315 g/mol).  

Following fragmentation ions were observed: 288 

m/z, 184 m/z, 155 m/z, 127 m/z, 237 m/z, 261 m/z and              

209/210 m/z. In accordance with the literature findings 

(Rivera et al., 2006; NIST database, 2014; Tas et al., 

1986), these ions are characteristic fragmentation ions of 

bromazepam. The fragmentation mechanisms and 

characteristic fragments were confirmed using Mass 

Frontier spectral interpretation software 7.0.  

As found in literature, bromazepam in acidic 

conditions (as in dissolution media pH 1.2 and pH 4.5) 

undergoes reversible reaction of 4,5-azomethine bond 

cleavage to the opened-ring compound formation, 

suggesting the possible origin of the unknown peak at Rt 

about 1.51 min (Damjanović et al., 2004). The mass 

spectra of the peak at Rt 1.51 min (RRt=0.72) revealed 

fragment ion at 334 m/z which corresponded to the 

protonated molecular weight of the structure of the 4,5-

azomethine opened-ring compound (Mr=333 g/mol). 

Other fragment ions at 316 m/z, 288 m/z, 261 m/z, 237 

m/z, 209 m/z,                184 m/z, characteristic for 

bromazepam fragmentation indicated a structure similar 

to bromazepam. 

Comparable MS spectra and fragmentation patterns 

of the unknown peak were observed in bromazepam 

tablets from both manufacturers in all three tablet 

strengths and in both dissolution media. Furthermore, the 

findings were additionally confirmed using bromazepam 

CRS prepared to correspond with all three strengths as the 

finished product and in both dissolution media.  

 

Conclusion 

 

Comparable MS spectra and fragmentation pathways 

of bromazepam and compound at Rt about 1.5 min were 

obtained when analyzing bromazepam CRS and 

bromazepam tablets manufactured by two manufacturers, 

in all dosage strengths and in both acidic dissolution 

media. The MS elucidation of the structure of the 

compound at RRt=0.72 confirmed that it is an opened-

ring related compound of bromazepam. It can be 

concluded that this related compound could be detected in 

bromazepam tablets after acidic dissolution and it is 

originating from bromazepam due to molecular 

rearrangement (ring opening) in acidic conditions. 
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Introduction 

 

The lifecycle monitoring of the analytical procedures 

includes risk assessment and systematic experimental 

evaluation to gain enhanced understanding of the 

procedure parameters critical to the consistent delivery of 

reportable results. As stated in ICH Q12, the analytical 

method Lifecycle Management (LCM) is encompassing all 

activities, from method development to validation, routine 

use, change control and retirement of the method. This 

enhanced approach improves the method understanding 

and performance, facilitates method transfer and leads to 

fewer out-of-specifications results (OOS). 

The in-house method for content determination of 

Rosuvastatin film coated tablets is adopted from an in-

license partner. The European Pharmacopoeia (Ph.Eur.) 

Commission has adopted a new monograph on 

Rosuvastatin tablets (3008) at its 163rd session (March 

2019). The monograph was published in the first 

supplement to the 10th Edition (available in October 2019) 

and gained effectiveness on 1st April 2020. 

Rosuvastatin tablets is the first monograph on a multi-

source medicinal product to have been adopted and the 

product itself is one of the most widely used and prescribed 

medicines. This monograph is the result of a close 

cooperation between manufacturers, experts and the 

EDQM. This short paper reflects how the analytical 

method for content determination of Rosuvastatin film 

coated tablets was improved during the lifecycle. 

 

 

 

 

 

 

Materials and methods  

 

Method Origin / Comparison with current Pharmacopoeia 

Monographs 

 

Method 1 – Chromatographic conditions – In-house 

method 
 

The chromatographic separation was performed on 

Symmetry C18 250 x 4.6mm, 5µm at temperature of 35 °C. 

The Phenomenex Luna C18 column was found suitable 

too. Autosampler temperature was set at 4°C and the 

injection volume was 10 µL. The mobile phase A consisted 

of Buffer 0.01M pH 3.5 (65% v/v), acetonitrile (30% v/v) 

and tetrahydrofuran (THF) (5% v/v). Acetonitrile was used 

as mobile phase B. The flow rate was set to 1.0 mL/min. 

Gradient program was incorporated with chromatography 

run time of 42 minutes with ultraviolet (UV) detection at 

280 nm. 

 

Method 2 – Chromatographic conditions – Ph Eur 10.1 

04/2020:3008 Monograph 

 
XTerra MS C18 column, 150 mm length, 3.0 mm 

internl diameter and 3,5 µm particle size was used and 

termostated at 40 °C. Autosampler temperature was set as 

room temperature and injection volume of 10 µL. Mobile 

phase A consisted of 1 per cent (v/v) solution of 

trifluoroacetic acid R, acetonitrile for chromatography R, 

water for chromatography R (1:31:68 v/v/v), whereas the 

mobile phase B consisted of 1 per cent (v/v) solution of 

trifluoroacetic acid R, acetonitrile for chromatography R in 

ration 1:100 (v/v). The flow rate was set to 0.7 mL/min. 

Gradient program was incorporated with chromatography 

run time of 20 minutes with UV detection at 242 nm. 
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Results and discussion 

 

Analytical method transfer with the in - license partner 

was successfully performed and the method is applied in 

the routine analysis. Continuously key method 

performance characteristics are reviewed to verify that the 

measurement system and the analytical operations 

associated with the analytical procedure are adequate 

during the intended time period of analysis and enable the 

detection of potential failures. As main characteristics that 

are followed during the LCM of the current method are the 

System suitability test (SST) parameters: similarity 

between standard solution1 and standard solution 2                  

(98,0-102,0 %), recovery (98,0-102,0 %), relative standard 

deviation of the areas of Rosuvastatin peak in the standard 

solution (≤ 2.0 %), peak asymmetry (not more than 2.0) 

and theoretical plates (≥ 2000). During the lifecycle of the 

method in the laboratories for finished products and long-

term stability, issues with non-fulfillment of the criteria for 

SST (lack of similarity between two preparations of 

standard solution) with increased frequency of occurrence 

regardless of the sensitivity of the HPLC instrument used 

(UV/Vis or DAD), were detected.  

Theoretically, the method described in the Ph.Eur. 

monograph is easier for performing, there is no use of THF 

in the mobile phase, the chromatography run time is much 

shorter (20 minutes instead of 42 minutes). Considering the 

above mentioned, it was decided to adapt the existing 

pharmacopoeial method to our product Rosuvastatin film 

coated tablets 5 mg, 10 mg, 20 mg and 40 mg. 

After defining the analytical target profile in the 

development phase, several analyzes were performed in 

order to check the appropriateness of the pharmacopoeial 

method. From the obtained results it was observed that with 

the newly optimized method the problems with achieving 

SST criteria have been overcome, a better chromatography 

has been obtained and the duration time of one analysis has 

been significantly shortened. For comparison, the time 

needed for analysis of one batch with the in-house method 

was 630 minutes (about 10.5 h), while with the Ph.Eur. 

method the total analysis time of one batch was found to be 

300 minutes (about 5 h). 

 

 

 

 

 

 

 

 

 

 

After the successful optimization of the 

pharmacopoeial method, validation of the analytical 

method for content determination of Rosuvastatin film 

coated tablets 5mg, 10mg, 20mg, 40mg has been 

performed. The validation parameters include specificity, 

linearity and range, accuracy, precision, robustness, 

stability and filtration of solutions, as per internal 

validation guideline. 

Consequently, change request was initiated for all 

markets where the product has a marketing authorization 

license. 

 

Conclusion 

 

Recent developments in the progression and initiation 

of ICH quality guidelines (ICH Q12, Q2 revision, and ICH 

Q14) show that the regulatory aspects of the development 

and lifecycle management of analytical procedures is likely 

to be of continuing interest in the coming years. 
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Introduction 

 

Ibuprofen represents one of the most popular non-

steroidal anti-inflammatory drugs which is widely used in 

treatment of acute pain and fever, as well as some 

chronical conditions. Thanks to its excellent analgesic and 

anti-inflammatory properties, ibuprofen is used as an 

active pharmaceutical ingredient (API) in many different 

pharmaceutical dosage forms, for oral and topical 

administration, such as tablets, oral suspensions and gels 

(Maswadeh, 2016). Due to the close contact of the API 

with one or more excipients in the formulation, any kind 

of interaction may result with a negative impact on the 

stability, physical or performance attributes of the product 

(Gupta et al., 2019). Therefore, for a rational selection of 

excipients, screening of API-excipient compatibility is a 

crucial aspect of the formulation development process for 

ensuring a safe and robust product development (Chadha 

& Bhandari, 2014).  

Taking into consideration that ibuprofen is a highly 

reactive compound (contains carboxylic functional group) 

and the essential oils are known to have a complex 

chemical composition (Turek & Stintzing, 2013), the aim 

of this study was to investigate the solid-state 

compatibility of ibuprofen with Orange oil and Lavender 

oil which are commonly used essential oils for 

formulation of Ibuprofen gel for topical use. 

 

 

 

 

Materials and methods 

 

Materials 

 

The non-steroidal anti-inflammatory drug ibuprofen 

was supplied by Solara Active Pharma Sciences (India), 

whereas the Orange oil and Lavender oil were supplied by 

IREKS Aroma d.o.o. (Croatia). Potassium dihydrogen 

phosphate (Merck), Orto-phosphoric acid 75% (Merck) 

and Acetonitrile (Merck) were also used. 

 

Methods 
 

Fourier-Transform Infrared (FTIR) spectroscopy:  

Varian 660 FTIR spectrometer (Varian Inc.) was 

employed for collection of the FTIR spectra of the binary 

mixtures. Attenuated total reflectance (ATR) spectra 

(resolution         4 cm
-1

, 16 scans per spectrum) were 

obtained by MIRAcle ZnSe ATR module (PIKE 

technologies) with low-pressure micrometer clamp, in the 

4000-550 cm
-1-

 region. The temperature-controlled FTIR 

ATR spectra were collected using GladiATR module with 

diamond crystal (PIKE technologies), coupled with 

variable temperature module and high-pressure 

micrometer clamp, in the 4000-400 cm
-1

 region. 

Differential scanning calorimetry (DSC):  
The DSC measurements were performed on a NETZSCH 

DSC 204 F1 Phoenix instrument, in aluminium pans with 

a perforated lid (sample mass 3 mg), from 25 – 100 °C, at 

heating rate of 10 K/min under dynamic nitrogen 

atmosphere (30 mL/min).  

High performance liquid chromatography (HPLC): 

The related and degradation products were analyzed 
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according to HPLC in-house method, using Thermo 

Ultimate 3000 HPLC system with diode array detector 

(214 nm, 220 nm, 240 nm and 260 nm) and Zorbax 

Eclipse XDB C18 (150 mm x 4.6 mm i.d; 5 µm) column 

(Agilent). 

 

Results and discussion  

 

The solid-state analysis of the binary mixtures of 

ibuprofen with the analyzed essential oils, has shown a 

possible solid-state interaction in the binary mixture of 

ibuprofen with Orange oil, in 1:1 ratio, exposed at                      

40 °C/75% RH. Namely, the FTIR spectrum of this binary 

mixture exhibits some vibrational bands in the region 

1250 – 950 cm
-1

 which cannot be related neither to API, 

nor to the essential oil. Additionally, an appearance of 

new vibrational bands around 840 cm
-1

, characteristic for 

the structure of limonene oxide (Pisarenko et al., 2008), 

were observed. Knowing that the main component of the 

Orange oil is limonene, which according to the literature 

data is unstable when exposed at elevated temperature and 

relative humidity, this might be an indication that the 

observed changes might be a result of some degradation 

process of the essential oil. On the other hand, changes 

were not observed in the binary mixture of ibuprofen and 

Lavender oil, neither in the initial, nor in the stressed 

binary mixture. However, in the DSC curves of both 

binary mixtures, the melting endotherm of ibuprofen was 

completely disappeared. This can be explained with its 

dissolving in the liquid essential oil at higher temperature. 

HPLC analysis was also performed and the results 

showed a continuous increase of the related impurities, 

with 8.25% increase of total impurities in the binary 

mixture of ibuprofen and Orange oil, exposed at 40 

°C/75% RH, compared to 1.79% increase of total 

impurities in the binary mixture of ibuprofen with 

Lavender oil, exposed at the same stress conditions. 

 Based on the hypothesis that the increased impurities 

might originate as a result of some degradation process of 

the oil, the Orange oil itself was exposed to the same 

stress conditions for 30 days. However, no changes in the 

FTIR spectrum of the stressed essential oil were observed 

after this time. This shows that the observed changes were 

not due to the degradation of the oil, but as a result of an 

interaction that is taking place between ibuprofen and 

Orange oil, under certain conditions. To inspect the 

temperature influence on the possible interaction, 

temperature-controlled FTIR ATR spectra were collected 

from 25 – 40 °C (1 °C/minute), at constant relative 

humidity, for the binary mixture of ibuprofen and Orange 

oil in 1:1 ratio. However, the obtained spectra did not 

exhibit any changes. This result points out that the 

interaction is taking place only under certain combination 

of temperature and relative humidity.  

To simulate storage temperature of the finished 

product, the same binary mixture was exposed for 30 days 

at 30 °C/75% RH and no changes in the FTIR spectra 

were observed under these conditions.  

Since the ratio 1:1 is considered as worst-case 

scenario, the binary mixtures with both essential oils were 

prepared in formulation ratio 10:1, stressed under same 

conditions and analyzed with the same techniques. The 

FTIR spectra of the stressed binary mixtures, after 30 

days exhibited no changes. Additionally, the HPLC 

analysis showed significant decrease of the total related 

impurities to 0.37% and 0.13% in the binary mixtures of 

ibuprofen with Orange oil and Lavender oil, exposed at 

40°C/75% RH, respectively. 

 

Conclusion 

 

Summarizing the obtained results, it is evident that 

due to the complex nature of essential oils, some of them 

could easily interact with ibuprofen when used as 

excipients in formulations for topical administration. 

However, when Orange oil is used in formulation ratio 

and the product is properly stored, it is stable and do not 

interact with the API, confirming its safe application in 

the formulation. Therefore, detailed evaluation and 

careful choice of excipients is of crucial importance 

during formulation stage of the development in order to 

ensure a stable and safe finished product. 
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Introduction 

 

Quality, defined as the degree to which a set of 

inherent characteristics fulfills requirements (ICH Q9; ICH 

Q10) remains a crucial part of regulatory framework, with 

many requirements and guidelines aiming the safe use of 

medicinal products by assuring highly qualitative products. 

Many steps should be taken as measures and 

procedures to follow towards the realization of a product 

during product`s lifecycle, including: Pharmaceutical 

Development, Technology Transfer and Commercial 

Manufacturing up to Products Discontinuation. 

World is giving much interest to the unifying of 

documents preparation and applying processes, while more 

than 40 guidelines have been harmonized to date amongst 

the 3 regions: Europe, United Stated of America (USA) and 

Japan. Including the aiming of International 

Pharmaceutical Federation (FIP) and the International 

Federation of Pharmaceutical Manufacturers Associations 

(IFPMA), pharmaceutical industry is considered the most 

regulated one for more than 50 years (Phillips et al., 2015). 

Considering this complicated though important 

process, the main theme of this short paper is analysis of 

the existing guidelines for Quality, thus providing 

information from all aspects of pharmaceutical quality. 

 

Materials and methods  

 

       This scoping review provides an overview of the 

current state of the art within the quality requirements, 

guidelines, practices and standards in general, and steps 

taken toward continual improvement of all processes. 

During the process, databases and guidelines of ICH, EU, 

WHO and ISO were analyzed. Additional published data 

were included from PubMed search engine. 

       Further analysis included discussion of the documents 

complements for the quality practices, requirements, 

standards, guidelines, auditing/inspection, staff 

responsibilities and training/education within the 

pharmaceutical industry and regulatory environment. 

 

Results and discussion 

 

There are many components that enable the system to 

function in service of the main purpose of the system itself, 

with quality undeniably reaching the top of the list. 

Development and commercial manufacturing, up to 

the discontinuation of pharmaceutical products are 

processes subjected to government regulation, review and 

approval of new products and site inspection for quality 

management of production, packaging, storage, and 

distribution (Xu et al., 2016). Furthermore, all these stages 

of the product lifecycle need an established connection in 

between and sophisticated control accompanied by 

relevant procedures, documentation, technology, and 

qualified staff. 

The quality of a medicinal products throughout the 

whole lifecycle is achieved by risk-based and science-

based approaches as a result of the creation of a Quality 

Management System (QMS) based on the International 

Council of Harmonization (ICH) Guidelines, Good 

Manufacturing Practice (GMP) certification and ISO 

standards.  

Since 2003 when ICH developed the Quality Vision 

“Develop a harmonized pharmaceutical quality system 

applicable across the life cycle of the product emphasizing 

an integrated approach to quality risk management and 
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science” (Brussels, July 2003), several Guidelines (Q8-

Q12) have been generated. ICH Quality Guidelines present 

the risk, approaches and principles towards qualitative 

product and a consistent product`s life from the initial 

development through marketing until the product`s 

discontinuation (Lifecycle Management, LCM). 

Requirements of Good Distribution Practice (GDP) and 

Good Pharmacy Practice (GMP) are also very important 

toward consistent integrity of product`s life. 

Considering all the ICH guidelines for the quality 

assurance of the product during lifecycle such as ICH Q8, 

Q9, Q10, Q11 and the harmonization in between them, 

there were still some gaps existing in the terms of full 

realization of the benefits, which were intended to be met 

by the new guideline named ICH Q12. This guideline aims 

continual assurance of high-quality products, promote 

innovation and continual improvement, a transparent and 

efficient management of post-approval Chemistry (ICH 

Q12). 

Pharmaceutical quality management and product 

lifecycle management remains crucial in terms of 

harmonizing the industry, assessors and inspectors, as well 

as providing a great benefit to the public health by 

enhancing the quality and availability of medicines 

worldwide. In a good quality system and approved 

compliance with local and international regulatory 

requirements (since pharmaceutical products and raw 

materials are manufactured and distributed worldwide) 

medicinal products will not be sold or supplied before 

certification that each production batch has been produced 

and controlled in accordance with the requirement of 

marketing authorization (MA) and other relevant 

requirement for the production, control, and product 

release. 

A very complex system of quality, consisting of the 

concepts of Quality Assurance (QA), Quality Control (QC) 

and Quality Risk Management (QRM) must be in place. 

It should be finally noted that the top 5 quality 

attributes that are related to management responsibility and 

continual improvement are (Patel et al., 2015): (i) 

management communication that quality is everyone's 

responsibility, (ii) site has formal quality improvement 

objectives and targets, (iii) clear performance criteria for 

feedback and coaching, (iv) quality topics included in at 

least half of all-hands meetings, and (v) collecting error 

prevention metric. 

Proper documentation and records is a basic system in 

a good pharmaceutical quality system, enhancing visibility 

of the quality assurance. This comes especially because it 

is considered that all products and processes have an 

inherent element of risk, enforcing manufacturers to focus 

on non-conformities, possible deficiencies and planning of 

preventive actions in order to anticipate and prevent future 

possible problems (Haleem et al., 2015). 

Conclusion 

 

It is strongly believed that the concept on ICH Q12 

Guideline will make possible the quality assurance of 

products during their full lifecycle, including stages after 

regulatory approval. The building of an integrated quality 

system from the industry will help the industry itself for the 

improvement toward achieving the objective of high 

qualitative products during the lifecycle of the product, 

good system documentation, measurement of performance, 

continual improvement, while helping the regulators for 

the oversight of industries and (above everything) enabling 

patients the usage of high qualitative products.  It is of great 

importance that the post-approval phase should be given as 

much importance as pre-approval process, not just in 

regard to the safety but also quality of medicinal products.  

The global emphasis that is given today to post- 

approval product lifecycle management and the changes 

supported by risk and science-based approaches, will help 

industry achieving their goals and objectives.  

 

References 

 
Haleem, R.M., Salem, M.Y., Fatahallah, F.A., Abdelfattah, L.E., 

2015. Quality in the pharmaceutical industry – A literature 

review. Saudi Pharm J. 23(5), 463–469. 

https://doi.org/10.1016/j.jsps.2013.11.004 

International Conference of Harmonization ICH Q10 

Pharmaceutical Quality System. 2008.                                                   

http://www.gmp-

compliance.org/guidemgr/files/ICH%20Q10%20STEP%20

4.PDF  (last accessed date June 2022). 

International Conference of Harmonization ICH Q12 Life cycle 

Management   

https://database.ich.org/sites/default/files/Q12_Guideline_S

tep4_2019_1119.pdf (last accessed date June 2022) 

International Conference of Harmonization ICH Q9 Quality Risk 

Management.2005.  

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Produ

cts/Guidelines/Quality/Q9/Step4/Q9_Guideline.pdf (last 

accessed date June 2022). 

Patel, P., Baker, D., Burdick, R., Chen, C., Hill, J., Holland, M., 

Sawant, A., 2015. Quality Culture Survey Report.  PDA J 

Pharm. Sci. Technol. 69, 631-642. 

https://doi.org/10.5731/pdajpst.2015.01078.  

Phillips, M., Kashyap, V., Cheung, MS., 2015. Increasing Product 

Confidence-Shifting Paradigms PDA J Pharm Sci Technol. 

69(6), 736-742. https://doi.org/10.5731/pdajpst.2015.01075 

Xu, W., Boehm, G., Zheng, Q., 2016. Factors to consider in 

developing individual pharmaceutical product quality risk 

profiles useful to government procurement agencies Acta 

Pharm. Sin. B. 6(1), 79–92. 

https://doi.org/10.1016/j.apsb.2015.09.009 

https://doi.org/10.1016/j.jsps.2013.11.004
http://www.gmp-compliance.org/guidemgr/files/ICH%20Q10%20STEP%204.PDF
http://www.gmp-compliance.org/guidemgr/files/ICH%20Q10%20STEP%204.PDF
http://www.gmp-compliance.org/guidemgr/files/ICH%20Q10%20STEP%204.PDF
https://database.ich.org/sites/default/files/Q12_Guideline_Step4_2019_1119.pdf
https://database.ich.org/sites/default/files/Q12_Guideline_Step4_2019_1119.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q9/Step4/Q9_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q9/Step4/Q9_Guideline.pdf
https://doi.org/10.5731/pdajpst.2015.01078
https://doi.org/10.5731/pdajpst.2015.01075
https://doi.org/10.1016/j.apsb.2015.09.009


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 1) 75 - 76 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.033 

Short communication 

 

 
 

*rupe@ff.ukim.edu.mk            S1 PP 18 

Application of experimental design for determination of insulin 

analogs  

 

Blerta Pajaziti1; Melinda Andrási2; Liljana Anastasova1; Dashnor Nebija3; Blin 

Pajaziti3; Rumenka Petkovska1* 
  

1 Faculty of Pharmacy, Ss. Cyril and Methodius University, Mother Theresa 47, 1000 Skopje, North Macedonia,    

 2 Department of Inorganic and Analytical Chemistry, University of Debrecen, Egyetem tér. 1, 4032 Debrecen, Hungary 
3 Department of Pharmacy, University of Prishtina “Hasan Prishtina, Bulevardi i Dëshmorëve, p.n., 10000 Prishtina, 

Kosovo 

 

Introduction 

 
Determination of human insulin and its analogs and 

their related compounds is a challenge as a consequence of 

very similar chemical structure of these compounds. The 

most common methods for determination of insulin and its 

related compounds in pharmaceutical formulations are: 

radioimmunoassay, enzyme immunoassay, luminescent 

immunoassay, high performance liquid chromatography 

and capillary electrophoresis (Arcelloni et al., 1998; Dezier 

et al,. 1987). Capillary electrophoresis (CE) is a popular 

method permitting separation of analytes from small 

molecules to large biomolecules. Its advantages include 

simplicity, high separation efficiency, short analysis time 

and low sample and solvent consumption, making this a 

powerful alternative method to High performance liquid 

chromatography (HPLC). Consequently, there were 

several methods of CE developed for pharmaceutical 

analysis of insulin formulations (Arcelloni et al., 1998; 

Lamalle et al., 2015 Ortner et al., 2009). 

The International Chemometrics Society (ICS) defines 

chemometrics as the science of relating measurements 

made on a chemical system or process to the state of the 

system via application of mathematical or statistical 

methods (Gemperline, 2006). Design of experiments 

(DoE) is a statistical method to develop optimization that 

is used across a variety of industries. It possesses a 

numerous advantages over the traditionally employed “one 

variable at a time” (OVAT) approach, such as increased 

experimental efficiency, as well as an ability to resolve 

factor interactions and provide detailed maps of a process’s 

behavior (Bowden et al., 2019). To improve the separation 

process, CE coupled with chemometric optimization could 

provide a complete profile of separation, offering the 

useful information of factors influencing the separation as 

well as their interactions. The principle of DoE is 

arrangement of the experiments at changed combination of 

factors with the purpose of gaining the maximum 

information with minimal runs. This process is arranged by 

changing all the applicable factors simultaneously, 

according to a planned set of experiments which determine 

the effect of each factor and their significance (Aboul- 

Harnisch et al., 2018; Enein and Abdel-Megied, 2019; 

Orlandini et al., 2014). 

Therefore, in this study, we demonstrate research of 

the main factors influencing migration behavior of insulin 

and its analogues. For this purpose, application of 

Response Surface Methodology (RSM) enabled the 

optimization of a CE method with the objective to improve 

the separation of insulin analogs. 

 

Materials and methods  

 
Chemical and reagents 

 

Insulin and analogues were used from pharmaceutical 

formulations including Apidra® SoloStar® (Sanofi), 

Humalog® (Lilly), Humulin®R (Lilly), Lantus® 

SoloStar® (Sanofi), Levemir® FlexPen® (Novo Nordisk), 

NovoRapid® Penfill® (Novo Nordisk). The analytical 

reagents: sodium hydroxide, ammonium acetate, ammonia, 

Acetic acid and hydrochloric acid were purchased from 

Sigma-Aldrich. 

 

Instrumentation 
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The instrumentation used was the CE 7100 system 

(Agilent, Waldbronn, Germany). For separation the fussed 

silica capillaries (Polymicro Technology, Phoenix, AZ, 

USA) with an internal diameter of 50 μm and a total length 

of 65 cm in positive mode using constant voltage were 

used. Samples were introduced with a pressure of -50 mbar 

for 4s at the cathodic end of capillary. Aiming to prevent 

the adsorption of proteins in the capillary wall, a strong 

preconditioning was used. This procedure included 

conditioning of the capillary between each injection for 18 

min with 0.1M NaOH, 6 min with acetonitrile and 24 min 

with the running buffer. The statistical software MODDE® 

was used for the DoE. 

  

Experimental design 

 

In this study the factors with higher influence in the 

migration behavior of each insulin analogue were selected 

and analyzed using Experimental design. After a 

preliminary study these factors were chosen to be the pH 

and buffer concentration of the background electrolyte and 

the voltage applied. The impact of the above-mentioned 

factors separately and their interaction (combination of the 

factors) were analyzed by RSM design called CCF. The 

levels of factors selected for optimization were the pH 

value (8, 9, 10) and the concentration (40, 50, 60) of the 

background electrolyte (BGE) and voltage (10, 20, 30). 

The number of total experiments calculated for these 3 

factors was 15.  

 

Results and discussion 

 

Six insulin analogues were determined using this 

Experimental design. After finishing the required CE runs 

in different conditions, for each insulin analog was 

calculated the migration time and the influence of these 

factors on the migration behavior was studied. The most 

influencing factor for migration time of each insulin analog 

resulted to be the voltage. Its influence was more 

significant than any other factor, or the combination of the 

factors (pH and BGE concentration, pH and voltage or 

BGE concentration and voltage). Other influencing factor 

is pH value of the BGE, which also has an important effect 

on the separation time. These discoveries suggest that the 

pH variation appears to be the most effective method of 

controlling a CE separation and accordingly analysis time. 

 

Conclusion 

 

Applying the RSM design, was able to find the optimal 

range of the most crucial factors including buffer pH and 

concentration, in relation of analysis time reduction. In 

consideration of the fact that when determining proteins 

and peptides with CE, a long preconditioning time is 

necessary to remove the adsorbed molecules in capillary 

wall, the appropriate analysis time for this determination 

would be 8-10 min. After several analysis for each insulin 

analogue, the optimal scope of specified factors to obtain 

acceptable analysis time were: applied voltage 20-25 kV, 

the buffer pH: 8.5-9.5 and the buffer concentration 40 mM 

ammonium acetate. 

 

References 

 
Aboul-Enein,  H.Y., Abdel-Megied, A.M., 2019. A Chiral eneric 

Strategy for Enantioseparation of Acidic and Basic Drugs 

Using Short End Injection Capillary Electrophoresis: 

Application to Design of Experiment. Methods Mol. Biol. 

1972, 127-136. https://doi.org/10.1007/978-1-4939-9213-

3_9   

Arcelloni, C., Falqui, L., Martinenghi, S., Pontiroli, A.E.,Paroni, 

R., 1998. Capillary Electrophoresis for Simultaneous 

Quantification of Human Proinsulin, Insulin and 

Intermediate Forms. Electrophoresis 19(8–9), 1475–1477. 
https://doi.org/10.1002/elps.1150190843  

Bowden, G.D., Pichler, B.J., Maurer, A., 2019. A Design of 

Experiments (DoE) Approach Accelerates the 

Optimization of Copper-Mediated 18F-Fluorination 

Reactions of Arylstannanes. Sci. Rep. 9(1), 11370. 

https://doi.org/10.1038/s41598-019-47846-6 

Dezier, J.F., Jouanolle, A.M., Reun, M., Poirier, J.Y,.  

Comparison of 2 Methods of Measuring 

Microalbuminuria. Immunonephelometry and 

Radioimmunology. Ann. Biol. Clin. 45(1), 78–84. 

Gemperline, P., 2006. Practical Guide To Chemometrics, Second 

ed. Anal. Bioanal. Chem. 388, 511–512. 
https://doi.org/10.1201/9781420018301 

Harnisch, H., Chien, Y-H., Scriba, G. K. E., 2018. Capillary 

Electrophoresis Method for the Chiral Purity 

Determination of Pregabalin Derivatized with Dansyl 

Chloride. Chromatographia 81(4), 719–725. 
https://doi.org/10.1007/s10337-018-3495-3 

Lamalle, C., Servais, A-C., Radermecker, R., Crommen, J.,  

Fillet, M., 2015. Simultaneous Determination of Insulin 

and Its Analogues in Pharmaceutical Formulations by 

Micellar Electrokinetic Chromatography. J. Pharm. 

Biomed. Anal. 111, 344–350. 

https://doi.org/10.1016/j.jpba.2014.12.038 

Orlandini, S., Gotti, R., Furlanetto, S., 2014. Multivariate 

Optimization of Capillary Electrophoresis Methods: A 

Critical Review. J. Pharm. Biomed. Anal. 87, 290-307. 

https://doi.org/10.1016/j.jpba.2013.04.014 

Ortner, K., Buchberger, W., Himmelsbach, M., 2009. Capillary 

Electrokinetic Chromatography of Insulin and Related 

Synthetic Analogues. J. Chromatogr. A 1216(14), 2953–

57. https://doi.org/10.1007/978-1-4939-9213-3_9 



 

 

    Macedonian Pharmaceutical Bulletin, 68 (Suppl 1) 77 - 78 (2022) 
Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.034 
Short communication 

 

 
 

*mvelickovska@Alkaloid.com.mk                                                                                                       S1 PP 19 

Investigation of the effect of different flow-through cell design on 

the release of prolonged release tablets 
 

Magdalena Velichkovska*, Filip Smilchevski, Ema Ilievska Vidanovska,                 

Maja Hadzieva Gigovska, Blagica Manchevska, Sonja Dimchevska, Packa Antovska, 

Sonja Ugarkovic  
  

Alkaloid AD, Aleksandar Makedonski 12, 1000, Skopje, Republic of North Macedonia 

 
Introduction  

 

         The dissolution test is an essential tool for 

characterization of the performance characteristics of 

solid oral dosage forms and evaluation of its 

bioavailability.  

        Although basket and paddle methods are currently 

the most popular methods for many drug products, they 

do not provide a detailed picture about the in vivo 

behavior of the drug product. 

         The flow-through cell (FTC) method permits 

continuous extraction of the drug, simulating absorption 

into the systemic circulation, generating an intermittent 

flow of the dissolution medium into the cell where the 

dosage form is placed (Emara et al., 2014). It can be used 

as an open system, allowing release under sink conditions, 

which facilitates the dissolution of poorly water-soluble 

drugs, as well as a change of the dissolution medium 

within a pH range of physiological relevance (Fotaki & 

Reppas, 2005). 

          The advantage of dissolution using FTC apparatus 

with open loop configuration is that it provides an 

environment potentially closer to that of the digestive 

tract (Gao, 2009).  

The aim of this study was evaluation of the effect of 

different dissolution and hydrodynamic conditions of the 

FTC, on the release rate of the active pharmaceutical 

ingredient (API) from prolonged release tablets.   

 

Materials and methods  

 
Materials 

 

Prolonged release tablets containing BCS III class 

component from two different manufacturers were used. 

All products used in this study contained 80 mg of active 

ingredient. All reagents used were of analytical grade. 

 

Dissolution method 
  

       Dissolution testing using FTC apparatus has been 

performed according to current Ph. Eur.  requirements 

(2.9.3. Dissolution test for solid dosage forms). The FTC, 

USP Apparatus 4 was a Sotax CE 7smart equipped with a 

CP 7-35 digital piston pump (Sotax, Switzerland). A built 

in filtration system with 0.7 Whatman glass microfiber 

(GF/F) and manual filtration with Phenex 0.45 µm 

regenerated cellulose (RC) was used throughout the study. 

The temperature of the dissolution medium was kept at    

37 ± 0.5 °C.  

        Media used were: simulated gastric fluid without 

enzymes (SGF-Medium 1), pH 4.5 acetic (Medium 2) and 

pH 6.8 phosphoric (Medium 3) prepared according to 

current Ph. Eur. requirements (5.17.1. Recommendations 

on dissolution testing). 

         Different cell sizes, flow rates of dissolution 

medium and time intervals within the FTC were 

considered.    

         The dissolution studies were performed with the 

tablet secured on a tablet holder, without glass beads 

(turbulent flow) or in the presence of glass beads, each           

1 mm in diameter (laminar flow). Two flow-through cells 

having internal diameters of 12 (small cell) and 22.6 mm 

(large cell) were used. The dissolution media were 

pumped at flow rates of 2, 4, 8, 16 mL/min.  

Medium intervals were the following: 1)  1 hour in 

medium 1, 1 hour in medium 2, up to 12 hours in medium 

3; 2) 30 minutes in medium 1, 30 minutes in medium 2, 

up to 12 hours in medium 3; 3) 30 minutes in medium 1, 1 

hour in medium 2, up to 12 hours in medium 3. 
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Chromatographic method 

 

Quantification was performed using HPLC method. 

The mobile phase was comprised of sodium 

heptansulfonate solution adjusted to pH 2.0, acetonitrile 

and methanol in ratio 70: 10: 20 (v/v/v), at a flow rate of 

0.8 mL/min. Kromasil C18 150 mm x 4.6 mm i.d; 5m 

column was used, maintained at 55 C. Detection was at 

230 nm wavelength. Run time of 12 min is utilized with 

injection volume of 50 μL from the sample and the 

standard solution. 

The amount dissolved was calculated with the following 

formula: 

 
The cumulative release profile of API has been 

evaluated with f2 statistics between the test and reference 

product. 

 

Results and discussion 

 

In order to assess the influence of FTC on drug 

release profile, dissolution data from the test and 

reference product were compared. The concentration 

(mg/mL) of API has been determined using standard 

calibration curve with 4 concentration levels (0.00444-

0.17776 mg/mL).  

According to the obtained results, the dissolution 

profiles of the test and reference product was similar, but 

the reference product releases the API faster than the test 

product in the first time points. The f2 factor demonstrates 

no significant difference between the products (it ranges 

from 64.04 to 80.26 between different experiments) 

showing that all evaluated effect does not significantly 

influence the release rate of API. 

In this study, the cell size had almost no effect on 

API dissolution rate, as the use of glass beads in the cells.   

When 2 mL/min flow was applied there was a slight 

decrease in API release rate. Highest f2 factor was 

observed when 4 ml/min was employed.  

Lowest f2 factor was observed when media intervals 

were set as 30 minutes in medium 1, 30 minutes in 

medium 2, up to 12 hours in medium 3. The other two 

sets had high f2 values with no difference between them. 

Lower release rate of API, after the last pH change, was 

demonstrated with the following conditions: 30 minutes 

in medium 1, 1 hour in medium 2, up to 12 hours in 

medium 3. 

Investigation of the effect of FTC parameters on the 

release of API from prolonged release tablets show that 

the most significant affect has the flow rate. 

 

 

 

Conclusion 

 

       Evaluation of the effect of different factors in this 

study showed that cell size and presence of glass beads do 

not have significant effect on API dissolution rate. From 

all investigated factors, only the flow rate has 

demonstrated considerable effect on the release rate. 

        In general, the similarity between the test and 

reference product is maintained throughout all evaluated 

experiments with apparatus FTC.  

       When observing the cumulative release profile 

graphs, up to 2 hours, both products have same 

dissolution profiles and after 2 hours, the test product 

exhibits slightly faster release profile than the reference 

product. Concentration / time profiles, demonstrate that 

the reference product releases the API faster than the test 

product in the first time points.  
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Introduction 

 

The new European Medical Device Regulation 

2017/745 (MDR) introduces a Unique Device 

Identification (UDI) system for medical devices. The UDI 

system should allow the identification of medical devices, 

facilitate appropriate traceability of medical devices, 

enhance the effectiveness of the post-market safety-

related activities for devices, improve incident reporting, 

enhance targeting field safety corrective actions, lead to 

better surveillance, reduce medical errors, and help fight 

against falsified devices. As such, the UDI system is 

intended to be incorporated into the life-cycle of the 

device (MDCG 2018-1 Rev.4; MDCG 2021-19). 

Unique Device Identifier (‘UDI’) means a series of 

numeric or alphanumeric characters that is created 

through internationally accepted device identification and 

coding standards and that allows unambiguous 

identification of specific devices on the market (MDR 

(EU) 2017/745). 

EUDAMED is the IT system established by the MDR 

and developed by the European Commission. One of the 

six interconnected modules in the EUDAMED is the 

UDI/Devices registration. This requires that 

manufacturers submit in EUDAMED the UDI/Device 

information of all devices they place on the EU market, 

and that they should keep the information updated (EC: 

MD - EUDAMED Overview).  

 

The structure of UDI 

 

Basic UDI-DI 

 

       The Basic UDI-DI is the main key in the database 

and relevant documentation (e.g. certificates, declaration 

of conformity, technical documentation and summary of 

safety and clinical performance) to connect devices with 

same intended purpose, risk class and essential design and 

manufacturing characteristics. It is independent/separate 

from the packaging/labelling of the device and it does not 

appear on any trade item (MDCG 2018-1 Rev.4).  

 

UDI (UDI-DI and UDI-PI) 

 

      The UDI may include information on the lot or serial 

number and be able to be applied anywhere in the world. 

The production of a UDI comprises the following (EC: 

FAQs: UDI System): 

 A UDI device identifier (‘UDI-DI’) is specific to 

each device. It is a unique numeric or alphanumeric 

code, specific to a model/variation/version. It is the 

device identifier used as the “access key” to all 

information stored in the UDI database, which is part 

of the EUDAMED database.  

 A UDI production identifier (‘UDI-PI’) identifies the 

unit of device production and if applicable the 

packaged devices. It is a numeric or alphanumeric 

code. The different types of UDI-PIs include the 

serial number, lot number, software identification, 

manufacturing and/or expiry date. (EC: (EU) UDI 

Helpdesk).  

 

UDI Carriers 

 

        The UDI Carrier [Automated Identification for Data 

Capture (AIDC) and human readable interpretation (HRI) 

representation of the UDI] shall be on the label or on the 

device itself and on all higher levels of device packaging. 

Higher levels do not include shipping containers (MDR 

(EU) 2017/745). 

       The UDI must appear in a plain-text version/human 

readable information (HRI) and in a form that uses AIDC 
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technology. AIDC means any technology that conveys the 

unique device identifier or the device identifier of a 

device in a form that can be entered into an electronic 

patient record or another computer system via an 

automated process. The HRI consists of legible characters 

that can easily be read by people. If there are significant 

constraints limiting the use of both AIDC and HRI on the 

label, only the AIDC format shall be required to appear 

on the label. The AIDC format can be presented as 1D 

barcodes, 2D barcodes, dot-matrix codes, biometrics, 

RFID (Radio Frequency Identification). 

        If linear bar codes are used, the UDI-DI and UDI-PI 

may be concatenated or non-concatenated in two or more 

bar codes. All parts and elements of the linear bar code 

shall be distinguishable and identifiable. If the 

manufacturer is using RFID technology, a linear or 2D 

bar code in line with the standard provided by the issuing 

entities shall also be provided on the label. 

        In the event of significant space constraints on the 

unit of use packaging, the UDI carrier may be placed on 

the next higher packaging level. Higher levels of 

packaging shall have their own unique UDI.  

        If there are significant constraints limiting the use of 

both AIDC and HRI on the label, only the AIDC format 

shall be required to appear on the label (EC: (EU) UDI 

Helpdesk). 

       The UDI carrier shall be readable during normal use 

and throughout the intended lifetime of the device. If the 

UDI carrier is readily readable or, in the case of AIDC, 

scannable, through the device's packaging, the placing of 

the UDI carrier on the packaging shall not be required.  

        In the case of single finished devices made up of 

multiple parts that must be assembled before their first 

use, it shall be sufficient to place the UDI carrier on only 

one part of each device. 

         Devices that are reusable shall bear a UDI carrier on 

the device itself. 

         Device contents of system or procedure packs shall 

bear a UDI carrier on their packaging or on the device 

itself. UDI carrier shall as a general rule be affixed to the 

outside of the packaging. 

 

Designated Issuing Entities for UDI Provision 
 

Only the manufacturer may place the UDI on the 

device or its packaging. However, the UDI must be 

unique, and obtained by Designated Issuing Entities for 

UDI Provision. The European Commission has 

designated 4 issuing entities: GS1 AISBL, HIBCC 

(Health Industry Business Communications Council), 

ICCBBA (International Council for Commonality in 

Blood Banking Automation) and IFA GmbH 

(Informationsstelle für Arzneispezialitäten) (EC:UDI). 

 

Implementation period of UDI  

 

The obligation for placing the UDI carrier on the 

labels of MDR certified medical devices applies 

according to the following timelines: 

 Implantable and Class III devices: from 26
th

 May 

2021. 

 Class IIa and IIb devices: from 26
th

 May 2023. 

 Class I devices: from 26
th

 May 2025. 

 

Conclusion 

 

Taking into consideration the entire medical device 

related information that the UDI is caring, the UDI is not 

just an ordinary barcode. The implementation process of 

the UDI Requirements is still ongoing, for the majority of 

the medical device manufacturers. It is rather challenging 

process that requires constant follow up to legislation and 

related guidelines in order to fulfil the MDR 

requirements, and ultimately to offer improved protection 

and safety for patients and users, guaranteeing 

transparency and information. 
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Introduction 

 

Method transfer represents a completely documented 

process which covers transferring of analytical methods 

from the originating laboratory which developed and 

validated the method, to the receiving laboratory for 

quality control of medicines. The method transfer, is an 

experimental demonstration that the receiving laboratory, 

can perform the method accordingly to its use. Successful 

transfer of a method should prevent the placing on the 

market of a medicine which does not conform to the quality 

specification, as well as to avoid the rejection of a medicine 

whose quality conforms to its specification.  

The common practice of method transfer, requires 

verification of the method established by the manufacturer, 

from the competent authority/official medicines control 

laboratory, or in case of change of the method outside the 

acceptable limits, it is necessary to carry out re-validation. 

Depending on the scope of the changes, re-validation can 

be complete or partial, using appropriate validation 

parameters. 

In this paper, two examples of method transfer 

including partial re-validation are presented for: 

dissolution using a spectrophotometric method for 

quantification and determination of related substances 

using HPLC method with gradient elution.  

Examples of partial re-validation during method 

transfer  

 

Example 1: Method transfer with partial re-validation for 

dissolution of valsartan/hydrochlorothiazide film-coated 

tablets (80 mg/12.5 mg and 160 mg/12.5 mg) using UV-

spectrophotometric method 
 

The method from the originating laboratory defines an 

on-line dissolution test using a UV-spectrophotometer with 

a 1 mm cell. Many of the Official medicines control 

laboratories are equipped with off-line disolution testing 

unit, and in case of spectrophotometric determination, a 

standard cuvette of 1 cm. With the proposed concentration 

of the standard and sample solutions, the obtained 

absorbances with the 1 cm cuvette, exceed the linearity 

range of the used equipment (Agilent 8453 UV-Vis 

spectrophotometer). In order to acquire adequate values for 

the measured absorbance, the concentration of the 

soluitions was adjusted.  

According to the ICH Q2(R1) quideline for validation 

of analytical procedures, the nature of the change demands 

partial re-validation on the parameter linearity. The 

linearity was evaluated for both active substances in the 

range of 30 - 120% of the working concentration                    

(0.053 mg/mL for valsartan and 0.0083 mg/mL for 

hydrochlorothiazide), on both wavelenghts, as required in 

the proposed method (250 nm and 272 nm).  

The results from the re-validation confirm the linearity 

of the method in the chosen concentration range, according 

to the requirements of the ICH Q2(R1) quideline (for 

valsartan, correlation coefficents (R2) of the regression 

lines were 1.0000 and 1.0000, respectively for wavelength 

250 nm and 272 nm; for hydrochlorothiazide, R2 of the 
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regression lines were 0.9994 and 0.9996, respectively for 

wavelength 250 nm and 272 nm).  

The results from the dissolution test of both dosage 

forms were within the specification limit. 

 

Example 2: Method transfer with partial re-validation for 

determination of related substances of fingolimod in hard 

capsules using HPLC method with gradient elution 
 

The method from the originating laboratory, for 

related substances of fingolimod, proposes usage of the 

chromatographic column XTerra MS C8 50 x 4.6 mm,      

2.5 µm. The OMCL, Center for Drug Quality Control_MK, 

used an available column with similar properties of the 

stationary phase and similar dimensions, Poroshell 120 

EC-C8 50 x 4.6 mm 2.7 µm, taking into account that due 

to the vast offer of chromatographic columns on the 

market, very often the OMCLs do not have the columns 

proposed in manufacturer methods at their disposal.  

In order to achieve the system suitability requirements, 

an adjustment of the flow rate was required. The final 

chromatographic conditions under which system suitability 

was obtained, included flow rate of 1.9 mL/min instead of 

1.5 mL/min, under gradient elution. According to the 

permited adjustments of the chromatographic conditions 

for gradient elution (Ph.Eur. 2.2.46), the change of the flow 

rate, the change from Totally Porous Particle (TPP) column 

to Superficially Porous Particle (SPP) column and the 

change of the particle size of the column, and are outside 

of the specified limits.  

Partial re-validation due to the nature of the change 

was performed on the parameters: specificity, limit of 

quantification, system precision and accuracy on the 

concentration level equal to the specification limit of 

unknown impurity (1.0%). Specificity in regard to placebo 

solution was confirmed, as well as the proposed limit of 

quantification of 0.1%. Results for system precision were 

RSD = 0.5%, and for accuracy on the concentration level 

equal to the specification limit of unknown impurity 

(1.0%), recovery was 100.38%  1.6 % (95% level of 

confidence). The results from the re-validation are in line 

with the requirements of the ICH Q2(R1) quideline. 

The results from the testing of the related substances 

of fingolimod in the dosage form were within the 

specification limits. 

 

 

 

 

 

 

 

 

Conclusion 

 

The examples for partial re-validation of the methods 

during method transfer are a common practice for the 

receiving laboratory. The laboratory work regarding re- 

validation is a demanding and time-consuming process. 

With the current practice for pharmacopoeial 

harmonization, regarding the analytical techniques, and the 

announced harmonized text for chromatographic 

techniques, Ph.Eur. 2.2.46, which will be officially 

published on January 1st of 2023, in the 11th edition of the 

European Pharmacopoeia, re-validation waiver of the 

methods is proposed, which will greatly facilitate the 

laboratory work.  

For some analytical techniques, the need for re-

validation remains necessary, as is the example with the 

partial re-validation of the spectrophotometric method, 

using a different length of the used cuvette. 
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Introduction  

 

Ensuring adequate stability of the active substance in 

its formulation in the final pharmaceutical dosage form is 

one of the key challenges in the pharmaceutical industry. 

Drug instability causes a decrease in the potency and the 

amount of drug substance delivered to the patient, but can 

also cause formation of undesirable degradation products 

(Sengupta et al., 2018). The possibility of predicting 

degradation products that may form from small-molecule 

organic pharmaceuticals is of a great importance. 

Particularly when the active component is prone to both 

chemically and physically induced degradation (Bhangare 

et al., 2022). If significant degradation takes place between 

manufacture and administration of the drug product then 

there is a risk of inadequate dosing. For treatment of 

hypertension and cardiovascular disease dosing accuracy is 

very important since ineffective treatment is likely to result 

in life-threatening complications. ACE inhibitors are 

among several antihypertensive drugs preferred for initial 

management of hypertension and/or cerebrovascular 

disease. 

One of the most frequently prescribed angiotensin-

converting inhibitors that has the broadest spectrum in 

terms of therapeutic indications relative to other drugs 

within the ACE inhibitor class, was subject of this study. 

Literature survey showed that this compound is very 

sensitive to light, moisture, heat, physical or chemical 

stress. 

There are several methods described in the literature for 

preventing the decomposition of active substances prone to 

induced physical and chemical degradation (Grangeia et 

al., 2020; Hotha et al., 2016). In this study three approaches 

were tested and different degradation pathways of the 

active substance were observed.  

 

Materials and methods  

 

Tablet formulations and manufacturing 

 

Laboratory trial N°1 for testing the first approach 

contains: pregelatinized maize starch (low moisture) 

microcrystalline cellulose (low moisture), silicon dioxide, 

and glycerol dibehenate. The active component was dry 

mixed with excipients with low water content. Laboratory 

trial N°2 for testing the second approach contains: 

hypromellose (HPMC), microcrystalline cellulose, 

pregelatinized maize starch, croscarmellose sodium and 

sodium stearyl fumarate. The polymer film can protect the 

active substance against external influences such as 

moisture and counteracts the mechanical deactivation. 

Laboratory trial N°3 for testing the third approach contains: 

hypromellose (HPMC), microcrystalline cellulose, sodium 

hydrogen carbonate, pregelatinized maize starch, 

croscarmellose sodium and sodium stearyl fumarate. In this 

approach, the active substance was mixed with a 

physiologically tolerated buffer which ensures that a pH in 

weakly alkaline range is set up, and is also coated with a 

polymeric protective coating. Laboratory trial tablets N°1 
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were manufactured by direct compression, and laboratory 

trial tablets N°2 and N°3 were manufactured by using a wet 

granulation process. 

 

Tablet stability studies 

 

Tablets were stored in cold forming 

aluminum/aluminum blister with proper number of tablets 

per blister as primary packaging and printed cardboard box 

as secondary packaging at 25 °C/60% relative humidity for 

9 months and 40 °C/75% relative humidity for 6 months. 

The samples were tested for assay, related and degradation 

products, pH and water content. 

  

High-performance liquid chromatography  

 

HPLC analysis for determination of related and 

degradation products was performed by using a 5 µm, 250 

x 4.6 mm i.d. Zorbax SB-CN column (Agilent 

Technologies, California, USA) at 65 °C with a mobile 

phase flow rate of 1.0 mL/min. The gradient elution used 

acetonitrile and phosphate buffer adjusted to pH 2.0 with 

orto-phosphoric acid. The initial mobile phase composition 

of 5% acetonitrile after initial hold of 5 minutes was 

increased to 40% linearly over 25 minutes, followed by an 

increase to the final composition of 60% linearly over 7 

minutes and held at this composition for 7 minutes. 

Degradants were routinely monitored at a wavelength of 

210 nm. The sample and standard solutions were dissolved 

in 80:20 V/V mixture of phosphate buffer pH 2.0 and 

methanol and were passed through 0.45 µm regenerated 

cellulose filter. The HPLC system was Thermo Ultimate 

3000 HPLC System consisted of LPG-3400SD Pump, 

WPS-3000TSL Autosampler, TCC3000SD Column 

Thermostat and DAD3000SD Detector, controlled by 

Thermo ScientificTM DionexTM ChromeleonTM 7 

Chromatography Data System, Version 7.2 SR5 MUI.  

 

Results and discussion 

 

Initial analysis for presence of related and degradation 

products in the laboratory trials didn’t reveal any 

significant difference in the impurity profile among the 

different formulation approaches. Results from the analysis 

of laboratory trial N°1 and N°2 after 9 months at 25 

°C/60% show that the assay of the active substance 

decreases, with formation of specified impurity D as main 

degradation product (3.04% and 1.88%, respectively). 

Contrasting this, results obtained for laboratory trial N°3 

show formation of specified impurity E as main 

degradation product (3.37%). Total impurities for 

laboratory trials N°2 and N°3 were similar (app. 4%), 

which can be related with the manufacturing process of wet 

granulation. While total impurities in laboratory trial N°1 

are much lower (2.2%). Results for the samples stored at 

40 °C/75% for 6 months confirm different degradation 

pathways among formulations, with additional increase of 

the amount of specified and total impurities.  

The obtained results reveal that the degradation of the 

active substance follows parallel pathways of hydrolysis 

(impurity E) and intramolecular cyclization (impurity D), 

depending on the micro environment. Presence of sodium 

hydrogen carbonate in laboratory trial N°3 causes weakly 

alkaline environment compared to neutral environment in 

laboratory trial N°1 and N°2, thus catalyzing hydrolysis of 

the ester bond.   Presence of HPMC in laboratory trial N°2 

didn’t show improved protection of the active substance 

compared to the low moisture excipients and dry mixing 

technology concept applied in laboratory trial tablets N°1.  

 

Conclusion 

 

The stability of sensitive pharmaceutical entities 

follows many rules defined by classic organic reaction 

mechanisms. It is of great importance to predict drug 

degradation in early steps of drug product development, 

increasing the knowledge about the product, minimizing 

the risk for patients and lowering the costs for excessive 

and long experiments. The first choice for a formulator to 

prevent hydrolysis is to avoid unnecessary or excessive 

contact of the active substance with water during the 

process of manufacture. As a result of the use of dry 

formulation techniques and the prevention of hydrolysis, 

stabile formulation can be obtained. 
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Introduction 

 
Premises and equipment must be located, designed, 

constructed and maintained to suit the operations to be 

carried out. Their layout and design must aim to minimize 

the risk of errors and permit effective cleaning and 

maintenance in order to avoid cross-contamination. During 

the construction of new premises and procurement of new 

equipment URS are prepared. New systems and equipment 

should pass through all stages of qualification including 

design qualification (DQ), installation qualification (IQ), 

operational qualification (OQ) and performance 

qualification (PQ) as appropriate. Changes such as 

introducing a new premises or equipment in production 

must go through the change management system.  

 

Background 

 
The continued suitable performance of equipment is 

important to ensure batch-to-batch consistency Therefore, 

critical equipment should be qualified. The manufacturer 

should have a qualification policy for systems and 

equipment. The relevant documentation associated with 

qualification including standard SOPs, specifications and 

acceptance criteria and certificates should be maintained 

and the results of the qualification should be recorded and 

reflected in qualification reports.    

 

 

 

 

Pharmaceutical quality system 

 

The Pharmaceutical Quality System is based on 

International Standards Organisation (ISO) quality 

concepts and includes applicable Good Manufacturing 

Practice (GMP) regulations and complements ICH Q8 

“Pharmaceutical Development” and ICH Q9 “Quality Risk 

Management”. The objective is to assure that 

manufacturing site continuously provides products with the 

highest standards for quality, safety and efficacy fit for 

their intended use.  

 

Change management system 

 
In order to evaluate, approve and implement changes 

regarding equipment and premises properly, a company 

should have an effective change management system to 

provide a high degree of assurance there are no unintended 

consequences of the changes. This change was evaluated 

by an expert team contributing the appropriate expertise 

from relevant areas to ensure that it is technically justified. 

After implementation, an evaluation of the change will be 

made to confirm the change objectives were achieved and 

that there was no deleterious impact on product quality (EU 

GMP Guideline Annex 15). 

 

Critical utilities 

 
Introducing new premises and equipment could affect 

the qualification status of the critical utilities such as PW, 

compressed air, dedusting etc. In this particular case the 

HVAC is subjected to PQ, new AHU unit was installed and 
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the system for distribution of purified water was extended 

to the new premises in production which are part of oral 

solid dosage forms where the new equipment for grinding 

of raw materials was installed.  

 

Quality risk management  

 
Quality risk management is a systematic process for the 

assessment, control and review of risks to the quality of the 

medicinal product across the product lifecycle (ICH 

quideline Q9). The scope and extent of equipment 

qualification and process validation was determined by 

using a documented risk assessment approach. QRM is 

applied to determine appropriate actions preceding the 

implementation of a change, e.g., additional testing, 

(re)qualification, (re)validation or communication with 

regulators. In this case it was determined that equipment 

qualification and process validation are necessary.  

 

User requirements   

 
During the construction of new premises and 

procurement of new equipment user requirement 

specifications are prepared in which users specify the 

requirments regarding the performance of the 

equipment/system, critical parameters of the equipment 

and operating rank, cleaning requiements, necessary 

documents from manufacturer/supplier and qualification 

requirements (EU GMP Guideline Annex 15). URS was 

prepared before precurment of the new equipment. 

 

Premises and equipment qualification  

 
The equipment was qualified prior to be brought into 

routine use to provide documented evidence that it is fit for 

its intended purpose (EU GMP Guideline Annex 15). The 

extent of the qualification was  based on the criticality of 

the equipment. The premises is situated in an environment 

which presents minimal risk of causing contamination of 

materials or products.   

 
Process validation  

 
Process validation is the verification that a process 

meets the requirements imposed on its process results (EU 

GMP Guideline Annex 15). The cGMP regulations require 

that manufacturing processes be designed and controlled to 

assure that in-process materials and the finished product 

meet predetermined quality requirements and do so 

consistently and reliably (EU GMP Guideline Chapter 5). 

Process validation is required, in both general and specific 

terms, by the cGMP regulations. In this case, due to the 

introduction of new equipment and process of raw 

materials process validation will be performed.  

 

Cleaning validation  

 
Cleaning validation is a procedure of establishing 

evidence that cleaning processes for manufacturing 

equipment prevents contamination and cross-

contamination. A pharmaceutical manufacturing plant 

compliant with cGMP must have cleaning validation 

protocol and program in place to establish documented 

evidence that the cleaning processes will consistently 

ensure that the products manufactured will meet 

expectations for purity, safety and quality (ICH guideline 

Q10). Regarding this shared product equipment, cleaning 

validation will be performed according company’s 

validation strategy with a worst case product approach. 
 

Conclusion 

 

In conclusion, in order for a new premises, equipment 

and process to be introduced in a production plant they 

must undergo a series of activities including qualification, 

process validation and cleaning validation to ensure the 

processes carried out are compliant with cGMP and 

regulatory requirements and to assure the quality of the 

products, as well as patient’s safety. All these activities 

should be documented and evaluated within the Change 

control process as part of the Pharmaceutical Quality 

System. 
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Introduction 

 

There are number of pharmacopoeial (Ph. Eur., BP, 

USP) and non-pharmacopoeial methods available for 

determination of metronidazole, miconazole and 

lidocaine, individually, but only few non-pharmacopoeial 

methods for their simultaneous determination in some 

combined pharmaceutical dosage forms (Akay et al., 2002; 

Belal and Haggag, 2012). The pharmaceutical formulation 

of interest that was subject of this research, was combined 

semi solid preparation for intravaginal use, containing 

metronidazole, miconazole and lidocaine as active 

substances. 

Lidocaine is local anesthetic of amide type. It 

interacts with voltage-gated Na
+
 channels in the nerve cell 

membrane and blocks the transient increase in 

permeability of excitable membranes to Na
+
. It is used to 

provide local anesthesia by nerve blockade at various site 

in the body and works by causing temporary numbness or 

loss of feeling in the skin and mucous membranes.  

Metronidazole belongs to a class of medications 

called nitroimidazole antimicrobials. It is antibiotic and 

antiprotozoal medication and is used to treat infections by 

stopping the growth of certain bacteria and parasites. 

With wide range of antibacterial activities and 

antiparasitic properties this antimicrobic medication is set 

apart from other antibiotics to treat a wide variety of 

infections.  

Miconazole nitrate is a synthetic imidazole derivative 

antifungal agent which has a wide spectrum of activity 

and is particularly effective against pathogenic fungi, 

including Candida albicans. Also it is effective against 

gram-positive bacteria. It shows effect during ergosterol 

synthesis in the cytoplasmic membrane and changes 

permeability of the mycotic cell of Candida species and 

inhibits glucose utilization in vitro.  

The aim of our work was to develop and validate a 

method for simultaneous quantification of these three 

active substances in a combined pharmaceutical 

formulation. For that purpose, simple and selective high 

performance liquid chromatography (HPLC) method was 

developed and validated, for simultaneous determination 

of lidocaine, metronidazole and miconazole in combined 

vaginal suppositories.   

 

Materials and methods 

 

Materials 

 

The reagents that were used are 85% o-phosphoric 

acid, 70-72% perchloric acid and acetonitrile. The                

o-phosphoric acid and perchloric acid were purchased 

from Merck, Germany, while acetonitrile was purchased 

from Sigma Aldrich, USA. Deionized water that was used 

was prepared in Replek Farm by use of Simplicity UV 

System, with conductivity of 0.05 µS/cm. The reference 

standards such as Metronidazole CRM, Lidocaine CRM 

and Miconazole CRM were obtained from Sigma Aldrich, 

USA and the tested product, vaginal suppositories 

containing these three active substances were obtained 

from Replek Farm Ltd., Skopje, N. Macedonia. 

The following instruments were used during the 

research: analytical balance AG285 from the producer 

Mettler Toledo, US bath TP690/H, optical shaker KS 260 

basic and HPLC system Shimadzu Nexera XR UPLC 
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system with LPG quaternary pump with degasser, auto 

sampler, column oven, PDA detector and controller. Data 

acquisition, analysis and reporting were performed by Lab 

solution version 5.97. The type of column used was 

Zorbax RX C8 purchased from Agilent Technologies, 

Santa Clara, United States.  

Syringe filters Nylon 0.45 µm that have been used to 

filter the solutions before transferring into vial, were 

purchased from Agilent Technologist, United States. 

 

Chromatographic method 

 

The separation was carried out on Zorbax RX-C8               

250 mm x 4.6 mm, 5 µm column with mobile phase A 

(MFA) consisting of 0.1% (V/V) o-phosphoric acid with 

0.1% (V/V) of perchloric acid and mobile phase B (MFB) 

consisting of acetonitrile. Flow rate of 1.2 mL/min, 

injection volume of 5 µL, the column temperature of 35ºC 

and detector at wavelength of 215 nm were set as other 

parameters of the method. The gradient is initiated with 

80% (V/V) MFA and 20% (V/V) MFB, continued with 

linear variation to 6th minute when MFA drops to 30% 

(V/V) and MFB increases up to 70% (V/V). From 6 to 10 

minutes the ratio between mobile phases remains the 

same as previous. The MFA returns to 80% (V/V) and 

MFB to 20% (V/V) accordingly in 1 minute and the 

column is re-equilibrated for 4 minutes. 

 

Results and discussion 

 

These three active substances are quite different in 

their hydrophobicity and solubility in water and in organic 

solvents. Therefore, it is impossible to achieve their 

separation by use of isocratic mode of elution, on reversed 

phase bonded matrix filled column.  

Due to the significant difference in the physico-

chemical properties of these three active substances, the 

positive outcome in their separation was achieved by 

using gradient elution method with a total run of 15 

minutes where the ratio of MFA and MFB is constantly 

changing.   

The gradient elution of the analytes was achieved in 

15 minutes, with retention time of metronidazole, 

lidocaine hydrochloride and miconazole nitrate of about 

3.2 minutes, 5.5 minutes and 9.3 minutes, respectively. 

The three peaks were well separated from each other, with 

resolution for more than 20 between each of the 

neighboring peaks. The obtained values of theoretical 

plates for metronidazole, lidocaine and miconazole were 

15641, 54165 and 106051, respectively. 

The method was validated in accordance to ICH 

guideline Q2(R1). During selectivity testing, no 

interference from the formulation excipients was 

observed. The linearity of the method was proved in five 

concentration levels, for each substance, and the 

following results were obtained by regression analysis: 

correlation coefficient > 0.9990 and relative standard 

deviation of the response factors for each concentration 

level < 2 %, in all cases. The precision of the system and 

of the method were also evaluated and the obtained 

relative standard deviation of the responses was less or 

equal to 2 %, in both cases, for each substance. Accuracy 

of the method was studied by recovery investigation. The 

obtained recovery values were within the range of 100 ± 2 

%, for each substance.   

 

Conclusion 

 

The developed reverse phase HPLC method provides 

simple, specific, accurate, precise and reproducible 

simultaneous quantitative analysis of metronidazole, 

lidocaine and miconazole in combined semi solid 

pharmaceutical formulations. The established method was 

validated and proved as suitable for its intended use, in 

accordance to ICH guideline Q2(R1). The proposed 

method, by use of simple sample preparation, low-cost 

reagents, and relatively short run time, provides 

reproducible simultaneous quantification of all active 

substances of interest and could be successfully used for 

routine analysis of intravaginal semi solid dosage 

formulations containing this combination of active 

substances, especially in pharmaceutical industry.  
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Introduction 

 

THC (tetrahydrocannabinol) usually refers to the 

naturally existing isomer of Δ9-THC, but may also include 

Δ8-THC (Grotenhermen & Russo, 2002). Out of 

approximately 500 components of Cannabis, Δ9-THC is 

the primary and perhaps the only compound (Δ8-THC is 

also active but its concentration is very low) responsible 

for its psychoactive effects. Most of the pharmacological 

effects of this natural product are due to activation of two 

types of G-protein-coupled receptors, the cannabinoid 

CB1 receptors (distributed in the brain) and CB2 receptors 

(present almost uniquely in the immune system). This fact 

explains the actions of Δ9-THC on cognitive and motor 

functions, as well as its immune-modulatory effect (Di 

Marzo, 2004).  

The review of scientific literature and application 

notes of chromatographic equipment and columns, 

Shimadzu, Waters (Aubin et al., 2018), Agilent (Storm et 

al., 2019), Knauer (Loxterkamp et al., 2020) etc., reveals 

different methods for separation of cannabinoids. These 

methods achieve separation of eight, up to seventeen 

different cannabinoids, most commonly and dominantly 

present in the cannabis flowers and extracts. They focus 

on achieving maximal resolution between peaks of 

cannabinoids, using gradient and/or isocratic elution, 

obtaining maximal resolution of about 1.2 between the 

critical separation pairs, CBGA/CBDA, CBG/CBD, and 

most important Δ9-THC/Δ8-THC. Our experience in the 

analysis of different cannabis flowers and extracts showed 

a necessity for much higher resolution between the 

psychoactive cannabinoid Δ9-THC and its positional 

isomer Δ8-THC, as well as between other peaks of 

cannabinoids that might eventually co-elute with them, 

since they are psychoactive and their content in extracts 

and products is strictly limited.  

The aim of this work was to develop powerful RP-

HPLC methods for optimal separation of 

tetrahydrocannabinol isomers during chromatographic 

analysis of cannabis flowers and extracts, in order to 

achieve accurate determination of strictly regulated 

psychoactive cannabinoid Δ9-THC. 

 

Materials and methods 

 

The following reagents were used: methanol, 

acetonitrile, isopropanol, 85% o-phosphoric acid, 70-72% 

perchloric acid, 99 % formic acid and 99 % trifluoroacetic 

acid purchased from Merck Darmstdat, Germany and 

Sigma-Aldrich, USA. The deionized water was “in 

house” product prepared with conductivity of 0.05 µS/cm.  

The following instruments were used: analytical 

balance Mettler Toledo AG285, pH–metter Metrohm 827 

pH Lab, US bath Branson 3510 and IKA orbital shaker 

KS 260 basic. The regenerated cellulose (RC) 0.45 µm 

syringe filters for sample filtration were purchased from 

Agilent Technologies (USA). 

The following HPLC systems were used: Shimadzu 

Prominence LC2030-i Cannabis Potency Analyzer, 

Shimadzu Prominence LC2040-i 3D, Dionex Ultimate 

3000 UHPLC system and Agilent HPLC 1260 system. 

The following chromatographic columns were used: 

Zorbax ODS (250 mm × 4.6 mm, 3.5 µm), Shimadzu 
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Nex-Leaf SH-SPP ODS (150 mm × 4.6 mm, 2.7 µm) and 

Poroshell ODS HPLC (150 mm × 4.6 mm, 2.7 µm).  

Certified reference materials containing cannabinoids 

of interest were purchased from Cerilliant, Sigma-

Aldrich, USA and Cayman Chemical, USA.  

The test samples were prepared from cannabis 

flowers and extracts obtained from Replek Farm Ltd.  

 

Results and discussion  

 

In our routine analytical experience, we clashed with 

cannabis extracts yielding unknown peaks overlapping 

with the peaks of THC isomers, which we found very 

hard to resolve using existing, published methods. This 

was the main reason for development of simple and fast 

RP-HPLC-UV/DAD method, for better separation of 

THC positional isomers in order to additionally separate 

them from the other co-eluting peaks.  

We developed simple methods with increased 

resolution of critical elution pair, Δ9-THC and Δ8-THC, 

up to 3.2, by use of C18 column with core shell particles 

with 25000 NTP (number of theoretical plates), and up to 

4.3 by use of C18 column with standard fully porous bead 

particles with 35700 NTP, and mobile phase composed 

only of methanol, acetonitrile and acidified water.  

The results from our experiments showed that the 

polar C18 (ODS) matrixes, as expected, have better 

separation power because of the higher number of 

heterogenic interactions between the analyte and the 

stationary phase. The columns used, Poroshell and Nex-

Leaf columns contained superficially porous particles 

(SPP) type, thus expected to yield highest resolution per 

unit length, but their separation power is compromised by 

the highly hydrophobic biological nature of the samples 

making them prone to clogging and having shorter 

column life.  

The acid used for preparation of the acidified water 

did not significantly influence the separation of the peaks 

of the nonionic compounds of interest. By use of all four 

tested acids: o-phosphoric acid, perchloric acid, formic 

acid and trifluoroacetic acid, suitably diluted in water, 

satisfying resolution between Δ9-THC and Δ8-THC was 

obtained.  

Mobile phase composition and flow rate, column 

temperature and characteristics, injection volume, and 

finally the equipment characteristics and quality, 

contribute to separation quality and method selectivity. 

 

 

 

 

 

 

Conclusion 

 

Various combinations of chromatographic conditions 

were tested and optimized to be used for this purpose. 

Obtaining the best possible separation between the 

psychoactive Δ9-THC and its positional isomer Δ8-THC is 

crucial in order to avoid co-elution of other possibly 

interfering peaks that might contribute to false higher 

content of strictly regulated Δ9-THC in the tested samples.  

This was achieved by use of proper combination of 

simple chromatographic conditions: L1 (ODS) HPLC 

column and simple ternary mobile phase composed only 

of acidified water, methanol and acetonitrile.  
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Introduction 

 

The regulatory intelligence (RI) function continues to 

develop and increase in importance as companies operate 

globally. While the scope of RI varies by geography, 

resources and company size, it has become an essential 

component of maintaining awareness of and remaining 

compliant with the ever-evolving regulatory landscape. 

However, RI often operates in the background of a 

company, with limited awareness of its value and 

contribution to the company’s success. The ability to 

determine the return on investment (ROI) of RI remains 

elusive for many companies, leaving senior leadership 

still to determine its value (Clarivate, 2021). 

Global harmonization has brought steady method in 

regulatory submission. Asia is predicted to overtake 

Europe in pharmaceutical marketplace within the next 

decade and sales are driven by using increase in key rising 

markets. The term "rising marketplace economy" was first 

utilized in 1981 by “Antoine W. Van Agtmael” of the 

International Finance Corporation of the World Bank. 

Emerging markets are economies of countries that are 

within the process of becoming a developed country. 

More than 85 % population lives in the emerging market 

and so the real financial boom has come from these 

markets. This promotes many multinational corporations 

switched to those rising international locations 

particularly in China, India, Euro Asian Economic Union 

(EAEU), Korea and Mexico (Singam et al., 2020).   

The EAEU consists of Kazakhstan, Russia, Belarus, 

Armenia, and Kyrgyzstan and has a combined population 

of more than 185 million people. The EAEU was formed 

in 2014 and is headed by the Eurasian Economic 

Commission (EEC). In recent years, the EAEU has taken 

steps to unify the pharmaceutical market, and in the future 

might include a single pharmaceutical regulator similar to 

the European Medicines Agency (EMA). The EEC has 

introduced the ‘Agreement on common principles and 

rules of circulation of medicines within the Eurasian 

Economic Union’ at the end of 2014, and the ‘Rules of 

registration and expertise of medicinal products for 

human use’ (EEC Decision No. 78) on November 3
rd

, 

2016. The decision describes two pathways of registering 

medicines in the EAEU, which have become the official 

procedures at the start of 2021. Medicines registered 

before December 31
st
, 2020; need to comply with the 

EAEU requirements by the end of 2025 (Grata 

International, 2022). 

 

Materials and methods 

 

The materials of the study were available 

publications in peer-reviewed journals on thematic 

queries based on keywords of the selected topic, official 

websites, regulatory legal acts, regulating the procedure 

for registering medicinal products in the EU and different 

countries, in order to investigate the requirements and 

procedures for registration of medicinal products in 

EAEU as a potential opportunity for accelerated 

registration and marketing authorization procedures of 

medicines.  

 

Results and discussion 

 

Replek Farm Ltd. Skopje, as an EU GMP certified 

pharmaceutical manufacturer and Marketing 

Authorization Holder of numerous Marketing 

Authorization certificates of medicines in different EAEU 

countries, has considered new approaches to registration 

within the framework of the Eurasian Economic Union 

from the perspective of new opportunities and emerging 
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problems for foreign manufacturers of generic medicines. 

A comparative analysis of the mutual recognition 

procedure and the national procedure for registration of 

medicinal products revealed a number of advantages for 

domestic and foreign manufacturers, favoring the 

introduction of medicinal products into circulation on the 

whole territory of the EAEU. 

The rules for registration and expert appraisal of 

medicines for medical use within the EAEU were 

approved by the Decision of the EEC Council No. 78 

dated 3 November 2016 (the ‘Rules’) and entered into 

force on 6 May 2017. Medicines registered under the 

Rules can be circulated and offered for sale throughout 

the EAEU, without undergoing registration procedures in 

each of these member states (Grata International, 2022). 

Pathways for Medicine Registration in the Eurasian 

Economic Union (EAEU) are: 

1. The mutual recognition procedure is carried out by 

the reference Member State – The MAH first selects a 

reference state in the mutual recognition procedure and 

submits the registration dossier to the competent authority 

(CA) there. The overall process has a maximum duration 

of 210 calendar days, with an extension possible if a CA 

requests additional information. After market 

authorization in the reference state, the MAH provides 

access to the eCTD and the expert report in the EAEU 

unified register for the other member states. The 

recognition process has a maximum duration of 90 

calendar days, making the maximum duration of the 

whole mutual recognition procedure 300 calendar days 

(Biomapas, 2021; Foteeva et al., 2022).  

2. The decentralized marketing authorization 

procedure is carried out simultaneously by several 

Member States where the application for the marketing 

authorization has been submitted and the reference 

Member State is need to be chosen. (Grata International, 

n.d.) The decentralized procedure has a maximum 

duration of 210 calendar days and is thus faster than the 

mutual recognition pathway (Biomapas, 2021).  

3. Procedure for Previously Approved Medicines in 

the EAEU: Medicinal products that have received market 

authorization before December 31
st
, 2020, are required to 

comply with the new EAEU standards by December 31
st
, 

2025. MAHs largely follow the mutual recognition 

procedure: they select a reference state to submit the 

eCTD and other documents to, harmonized with the new 

regulations. It is important to note that this harmonization 

process should not include new information on safety, 

efficacy, or technical details of the medicinal product; i.e., 

any variations should first be submitted and processed for 

the old eCTD. The reference state performs the evaluation 

and potential inspections and then provides an expert 

opinion (Biomapas, 2021). 

The procedure for bringing a medicinal product in 

compliance with the new requirements is accelerated and 

has a maximum duration of 100 calendar days. If the 

medicine was already registered in at least three member 

states for five years or more, a registration certificate 

without an expiration date would be issued. In other 

cases, the authorities grant the standard validity period of 

five years (Biomapas, 2021). 

Furthermore, a maximum of 210 days before the 

expiry of a registration certificate, a re-registration request 

can be submitted, after which a certificate without an 

expiration date can be obtained (Biomapas, 2021). 

 

Conclusion 

 

A comparison of registration requirements for 

different pathways for medicine registration in the 

Eurasian Economic Union has been done to understand 

the difference in current regulatory requirements, define a 

clear regulatory strategy for Replek Farm Ltd. Skopje by 

looking at the target EAEU regions. It was evaluated that 

the procedure for EAEU registration of previously 

approved medicines will lead to harmonized and efficient 

regulatory approval for current registrations, avoiding 

unnecessary duplication of work and eventually disabling 

medicines lag. The review of the process of 

harmonization of the registration practice of medicinal 

products in the EAEU speaks of regulatory intelligence 

(RI) possibilities. The future of developing new potential 

within EAEU for foreign generic medicines 

manufacturers, as Replek Farm Ltd. Skopje, shows 

facilitated access and potential benefit regarding the 

registration export of effective and safe medicines. 
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Introduction 

 

Imatinib mesylate (IM), is a tyrosine kinase inhibitor 

(TKI), which is used to treat chronic myeloid leukaemia 

(CML) and other malignant diseases related to over 

expression of tyrosine kinases protein (Savage and 

Antman, 2002).  Imatinib is one of the first molecular 

therapies for clinical use that has shown impressive 

efficacy for CML, advanced gastrointestinal stromal 

tumours (GISTs), and myeloproliferative disorders 

associated with PDGFR. It is approved as a first-line 

therapy for Ph+ ALL (Iqbal and Iqbal, 2014). 

Several RP-HPLC methods can be found in the 

literature (Rele and Patil, 2019; Rosasco et al., 2005) for its 

determination in various pharmaceutical forms. The 

purpose of this work was to evaluate imatinib mesylate in 

two different solid dosage forms with a new RP-HPLC 

method developed in our laboratory. 

 

Materials and methods 

 

Chemicals and equipment 

 

Working standard: Imatinib mesylate (gift from 

AKBPM). Reagents: metanol (MeOH) (Carlo Erba 

Reagents), acetonitril (ACN) HPLC grade (Sigma-

Aldrich), orthophosphoric acid 85%, distilled water, 

samples from two different imatinib solid dosage forms.  

Chromatographic data were obtained using an Agilent 

1200 reversed phase chromatographic system consisting of 

a High Pressure Mixing Binary Pump, DAD detector and 

equipped with a ChemStation PC-controlled. The pH 

measurements were made with a pH meter (Denver 

Instruments). Centrifuges, mixers and ultrasonic baths 

were also used. Nylon membrane filters were used for 

mobile phase filtration (type: Hydrophilic Nylon 

membrane filter) (EMD Millipore) (47 mm; 0.45 µm pore). 

Preparation of standard solutions 

 

100 mg of standard Imatinib was dissolved in 

methanol in a 100 mL volume flask and was made up to 

the volume mark with methanol. The obtained solution, at 

a concentration of 1 mg/mL, was filtered through 0.45-mm 

porous filters, and stored in suitable containers, 

refrigerated at 4-8 °С. Solutions with concentrations of 5, 

10, 20, 30 and 40 µg/mL, were prepared daily for the 

calibration curves by diluting the stock solution with 

distilled water. All the solutions obtained were filtered 

through 0.45 µm pore filters, prior to injection. 

 

Development and optimization of analytic conditions 

 

Many tests were performed to attain optimum 

conditions. Different column types: LiChrospher® 100 

RP-18 (5μm) LiChroCART® 125-4, ODS HYPERSIL 

C18 (250 × 4.6) (5μm), LiChrospher® 60 RP-select B C8 

(5μm) LiChroCART® 250 were tested. Different 

compositions of the mobile phase components, different 

pH, as well as changes in column temperature. 

 

 

Chromatographic conditions  

 

The flow rate was adjusted at 1.0 mL/min and the 

detection was carried out at 276 nm. The volume of 

injection was 20 µL. 

 

 

Method validation parameters 

 

The method was validated according to the ICH 

validation parameters and was assured to meet the 

conditions of linearity, accuracy and precision. 

Preparation of the samples for the uniformity content 
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Each tablet is poured into a pre-filled Erlenmeyer flask 

with 100 mL of distilled water and placed in an ultrasound 

bath to disintegrate for 45 minutes. A 3 mL sample from 

each container is transferred in a test tube, which is 

centrifuged for 5 minutes. An aliquot of 2 mL from the 

supernatant liquid is further diluted in a 1 to 5 ratio with 

distilled water until the theoretical concentration reaches 

20 µg/mL. The same procedure was applied for 10 tablets 

of each of the pharmaceutical products, which contain 100 

mg of Imatinib. Samples were injected into the apparatus 

and the data obtained were plotted in graphs to compare the 

different products.  

 

Results and Discussions 

  

Literature review on the characteristics of Imatinib, 

revealed various evaluations with HPLC (Rele and Patil, 

2019; Rosasco et al., 2005). Unfortunately, none of the 

published methods could be carried out in our laboratory, 

hence to evaluate imatinib in solid dosage forms a new 

method was developed. The tests revealed that the 

LiChroCART® 250-4 LiChrospher® 60 RP-select B C8 

(5μm) column resulted the most suitable one. The chosen 

mobile phase consisted of Acetonitrile / H2O adjusted to 

pH 2.2 with orthophosphoric acid in the ratio (32.5: 65.5 

v/v). Tests were carried out at room temperature. The 

analysis time was 6.5 minutes with imatinib eluting at 4.8 

minutes. The method proved sensitive to the pH changes of 

the mobile phase. 

The data obtained showed a consistent and practical 

method. DAD was used to confirm peak purity, and the 

result showed a peak with no interference with excipients, 

degradation products, or impurities.  

 

Method validation 

 

The linearity of the method was estimated through the 

correlation coefficient of the linear regression line, and 

regression equation was y = 68.83x + 17.18 with r2 = 0.999. 

Repeated injections (n = 5) of each standard solution of 10 

µg/mL, 20 µg/mL and 30 µg/mL were performed daily to 

determine accuracy and precision within day and n = 18 

between days. All values of RSD for within day and 

between day tests were below 2.5%.  

 

Uniformity content of Imatinib tablets 

 

10 tablets from each pharmaceutical product were 

analysed as defined in European Pharmacopeia 10. The 

method demonstrates that all the tablets tested are within 

the specified range respectively between 85% and 115% of 

the average content.  

 

Conclusions 

 

The new method used to evaluate imatinib mesylate 

was accurate and precise. The results of the uniformity 

content for the two pharmaceutical products were within 

the specified range according to ICH and Ph. Eur. 

Determination of Imatinib in pharmaceutical dosage forms 

with this method enables the opportunity for further studies 

regarding the dissolution test.  
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Introduction 

 

One of the essential before one pharmaceutical 

product is approved from regulatory agencies and to be 

released on the market, is to determine its purity, through 

determination of its impurity profile. Nowadays, 

migration and sorption of mobile chemical species from 

components used in the manufacture and storage of 

pharmaceutical products must be assessed. 

The aim of the presented study is to evaluate the 

suitability and to justify the choice of the plastic material 

screw cap PP 28 child-resistant (CR) with tamper evident 

ring, embossed at the top and with PE-liner (pressure seal 

disc).  

The compatibility of the screw cap PP 28 CR is 

tested by performing extraction and interaction studies for 

detection and identification of organic and inorganic 

compounds, possibly deriving from the screw cap, which 

potentially may interact with the final drug product during 

storage and use.  

Materials and methods 

 

Extraction and migration study 

 

The samples for Polypropylene (PP) outer cap, high-

density polyethylene (HDPE) inner cap and polyethylene 

(PE) foam liner extractable testing were prepared from 

new, unused PP outer and HDPE inner caps and rings and 

PE foam liner, which were cut into small pieces (~ 0.5-1 

cm
2 

in size) before extraction. Molded screw caps were 

used instead of HDPE and PP granulate so that 

manufacturing influence can be taken into account 

(thermo-processing, molding, lubrication etc.). The 

extraction was performed by using ultra-sonic (US) bath 

and two specially selected solvent systems (placebo for 

oral solution adjusted to pH 3 and pH 5). The choice of 

solvents was made in accordance to the minimum and 

maximum specified pH values in the specification of the 

finished drug product, thus covering the extreme pH 

values at which the plastic components can be exposed 

during shelf life. The US (ultrasonic) extraction was 

performed by extracting ~ 27 g Polypropylene (PP) outer 

cap and ~ 35 g high-density polyethylene (HDPE) inner 

cap with tamper evident ring with 100 mL of placebo. 

Accordingly, same type of extraction was performed on ~ 

2 g polyethylene (PE) foam liner
 
with 50 mL of placebo. 

The extraction was conducted for about 2 hours, taking 

care that the ultrasonic (US) bath temperature did not 

exceed 35 °С as a result of the constant application of 

energy to the system.  

After the extraction, the extracting solvents were 

filtered from the plastic pieces through 0.2 µm 

Regenerated Cellulose (RC) membrane filter before 

injecting. The samples for HPLC-DAD evaluation were 

analyzed directly without further processing. The HPLC-

DAD screening was performed on Agilent 1260 HPLC 

system equipped with binary pump and diode-array 

detector. The following method parameters were used for 

the screening of samples and blanks: Column: Waters 

XTerra RP18 150 x 3.0 mm; 3.5 µm; Temp. 25 °С; 
Mobile phase А: 10 mM ammonium acetate B: 

acetonitrile; Flow 0.3 mL/min; Injection volume 20 µL; 
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Wavelength: 210, 220, 230, 250 nm + UV spectra. The 

method is gradient (Petruševski et al., 2016). 

Sorption study 

 

Sorption studies were performed in order to 

investigate possible interactions between the selected 

screw cap and the formulation due to possible sorption of 

the active substance and preservative. For that purpose, 

initial analysis were preformed, afterwards bottles of 

finished product oral solution were stored for about three 

months at 25 °С/60% RH and 40°С/75% RH in inverted 

and non-inverted position. 

Validated HPLC method was used for determining 

the content of API and Preservative in the drug product 

formulated as oral solution.  

5 mL from oral solution were diluted to 50 mL with 

mobile phase, then filtered through 0.2 μm GHP filter into 

HPLC vial and analyzed. The nominal concentration of 

test and standard solution is 0.3 mg/mL of preservative 

and 0.1 mg/mL of API. The content is calculated from 

peaks area ratio in the chromatograms of the test and the 

standard solution respectively, at detection wavelength of 

210 nm, on Thermo Ultimate Dionex system equipped 

with quaternary pump and diode-array detector. The 

following method parameters were used: Column Zorbax 

SB C8, 250 mm x 4.6 mm, 5 µm; Temp. 25 °С; Mobile 
phase А: Solution A (1.244 g pentane-1-sulfonic acid 

sodium salt in 1000.0 mL volumetric flask, dissolve with 

600 mL water. Add 28 mL 85% ortho-phosphoric acid 

and dilute with water R) B: acetonitrile; Flow 1.8 

mL/min; Injection volume 10 µL; Wavelength: 210 nm. 

The method is isocratic. 

 

Results and discussion 

 

Representative UV chromatograms of analyzed 

placebo solutions, standards and tests solutions were 

obtained end evaluated after extraction and migration 

method. Values for Assay of API and preservative were 

collected after sorption method and compared to data 

values of untreated samples. 

From the obtained data of sorption studies it can be 

concluded that the assay of API and preservative in 

finished product oral solution, as well as related and 

degradation products, are not significantly changed after 

storage of the original bottles for three months at 25
 

°С/60% RH and 40 °С/75% RH in inverted position. 

The HPLC-DAD screening of the generated results 

for presence of extractable and leachable compounds 

revealed that all screw cap components do not contain any 

extractable compounds above the method detection limit, 

for any of the generated extracts, thus the selected 

packaging material does not affect the efficacy of the drug 

product.  

The outcome from the analysis of inverted bottles 

with placebo and API oral solution is that there are no 

detected compounds deriving from the plastic screw cap 

PP 28 CR. 

 

Conclusion 

 

The collected data demonstrate that the selected 

material is suitable in regards to the integrity and 

compatibility with the oral drug product (EMA, Guideline 

on Plastic Immediate Packaging Materials 

CPMP/QWP/4359/03). It can be concluded that there aren’t 
any changes in the quality of the drug product. 
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Introduction 

 

Methylprednisolone aceponate (MPA) is an active 

pharmaceutical ingredient (API), used as a potent topical 

glucocorticoid in the treatment of various types of eczema 

and psoriasis. Compared to other glucocorticoids, MPA 

has high efficiency and reduced application (once a day) 

(Ruzicka, 2006). 

The need to develop and validate a method for 

routine content determination of MPA in MPA cream, 

arose due to the lack of individual monograph, both for 

the active ingredient and for the pharmaceutical dosage 

form, in any of the official editions of different 

pharmacopoeias. 

Therefore, the aim of our study was to develop and 

validate a simple and rapid reversed-phase HPLC method 

for the routine determination of MPA in MPA cream.  

 

Materials and methods  

 

The method was performed using Waters - Alliance 

HPLC system equipped with quadruple pump, separation 

module e-2695, and automatic sampler (Waters 

corporation, USA). The detection wavelength was 

optimized with Waters 2489 UV/Vis Detector. All data 

were processed with the Empower 3
®
 software. 

The separation was achieved using the LiChrospher® 

RP-18 100 mm x 4 mm, 5 µm column, at 40 °C, and with 

isocratic elution. Mobile phase consisted of 55 volumes of 

acetonitrile (ACN, Fischer Chemical) and 45 volumes of 

ultra-pure water produced in a laboratory on our 

department. The flow rate was 1 mL/min and the injection 

volume was 10 µL. The temperature of the injector was 

set at 2 5ºC. The run time was 15 minutes and the 

detection was performed at 240 nm. 

We used two standards, one for the API – MPA 

Reference standard (99.4%), and one for the antimicrobial 

preservative present in the dosage form – Benzyl alcohol, 

puriss. p.a., ACS reagent, ≥ 99.0%. The standards were 

purchased from Sigma Aldrich. The commercial cream 

samples were purchased from a local pharmacy. 

 

Standard and sample preparation 
 

The standard solution was prepared by dissolving the 

API in a mixture of equal volumes of ACN and methanol. 

The working concentration of the standard and the sample 

solution was 0.1 mg/mL. To extract MPA from the cream, 

a quantity of the cream containing equivalent of 5 mg 

MPA, together with the solvent, was added to a 

volumetric flask and treated on vortex mixer and 

ultrasonic bath. The solutions were cooled down to room 

temperature and the rest of the solvent was added. Before 

the injection in the HPLC system, the standard and 

sample solutions, were filtered through a 0.45 µm 

polytetrafluoroethylene (PTFE) filter.  

 

Results and discussion 

 

A variety of mobile phases and columns were 

investigated during the development of the HPLC method 

for analysis of MPA in MPA cream. The proposed 

method was defined on a basis of the system suitability 

test. 
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The method performance was fully validated 

according to the ICH Q2(R1) Guideline by a 

determination of accuracy, precision, specificity, linearity, 

and range.  

The impact of the system or method changes on the 

obtained results, was evaluated through the robustness of 

the method (ICH Q2(R1), 2019). 

 

System suitability 
 

System suitability test is designed to evaluate the 

components of the analytical system to show that the 

performance of the system meets the standards required 

by the method. In our case, the system suitability was 

evaluated through these parameters: capacity factor, 

resolution, symmetry factor and selectivity. Each of these 

test parameters was determined by injecting six 

consecutive replicas of the standard solution, prepared in 

the working concentration, and after calculating the 

arithmetic mean of the results obtained for each test 

parameter, we concluded that this HPLC system was 

suitable for content determination of MPA in MPA cream 

(USP <1225>, 2018).   

 

Specificity (selectivity) 
 

The specificity of the method was demonstrated with 

acceptable resolution between the peaks from the API and 

the antimicrobial preservative (Rs = 13.81), and without 

any interference from placebo peaks. 

 

Linearity and range 
 

Linearity was determined using six standard solutions 

with concentrations ranging from 80 – 120% of the 

working concentration. By processing the data using the 

least squares method, we obtained the following equation: 

y = 19162x – 41164, and concluded that the method is 

linear in the given range, with a correlation coefficient of 

0.9999 (R
2
 = 0.9999). 

 

Precision 
 

The precision was determined in terms of system 

precision, method precision, and intermediate precision. 

On each level of precision, we calculated the standard 

deviation (SD) and the relative standard deviation (RSD) 

of the retention time, area under the curve (AUC), and 

percentage of content. Based on the obtained results for 

SD and RSD (RSD ≤ 2%), we concluded that the system 

precision and method precision meet the acceptance 

criteria. The intermediate precision was determined using 

six sample solutions, prepared in the same manner, with 

the same concentrations, and analyzed under the same 

conditions, on two different days. Based on the results 

from the F-test, we concluded that there is less than 5% 

probability that the difference in the results will be 

significant. Thus, we confirmed the acceptable 

intermediate precision of this method.    

 

Accuracy 
 

The accuracy of the method was determined by 

spiking the sample solution with known amounts of the 

standard solution, in order to produce three solutions with 

concentrations of 120%, 150% and 180% of the working 

concentration. The average recovery was 99.41% 

(98.84% – 99.84%), which confirmed the method 

accuracy. 

 

Robustness 
 

The robustness of the method was determined by 

monitoring the response of the method to the changes we 

delibrately introduced on the column temperature, flow 

rate, and composition of the mobile phase. We calculated 

the plate number and RSD for the tailing of the main 

peak. Considering that the above mentioned, parameters 

meet the acceptance criteria (RSD ≤2%), we concluded 

that the method is robust. 

 

Conclusion 

 

The validation results show that the method is 

accurate, precise, robust, selective, and linear in the given 

range. It is easily applicable because it does not require 

complex sample preparation, or special preparation of the 

working environment. Also, due to the easy availability of 

the organic solvents used as a mobile phase, the method is 

economically affordable. This method offers important 

contribution to scientific knowledge and it can be 

routinely used for content determination of MPA in MPA 

cream.  
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Introduction 

 

Linezolid is an oral and parenteral antibiotic that 

belongs to a new group of synthetic antibiotics known as 

fluorinated oxazolidinones. It is indicated for Gram–

positive infections and has been approved for vancomycin-

resistant enterococcal infections, including bacterial 

pneumonia, skin and skin tissue infections, and infections 

related to susceptible organisms complicated by 

bacteremia (Hashemian et al., 2018).  

Linezolid has been assayed in dosage forms by 

spectrophotometry, liquid chromatography, high–

performance thin–layer chromatography and micellar 

electrokinetic chromatography (Mohapatra et al., 2011). 

However, there is yet no monograph on linezolid in the 

current European Pharmacopoeia. Therefore, we aimed to 

develop simple, fast and reliable RP-HPLC method for 

determination of linezolid in dosage forms in the presence 

of its degradation products. The method performance was 

further fully validated according to requirements in the 

ICH Q2(R1) Guideline (ICH, 2019). 

 

Materials and methods  

 

The method was developed using Shimadzu Nexera–I 

LC-2040C 3D Plus Ultra-High-Performance Liquid 

Chromatography system equipped with quadruple pump, 

automatic sampler and PDA  detector. All data was 

processed with the LabSolutions 5.106 Version software. 

Chromatographic separation was performed on a 

reversed-phase column Agilent ZORBAX SB C18 (250 x 

4.6 mm I.D., particle size 5 µm), in an isocratic mode. The 

mobile phase consisted of a mixture of methanol and water 

acidified with o-phosphoric acid, pH 2.6, 50:50 (V/V). The 

flow rate was kept at 1.0 mL/min. Wavelength was selected 

by scanning a standard solution of linezolid over                        

200–400 nm using Model Lambda 12 (Perkin Elmer)            

UV-visible spectrophotometer and the wavelength of               

254 nm was chosen for detection of linezolid. The injection 

volume was 20 μL. All separations were performed at a 

temperature of 30°C ± 2°C. 

Linezolid USP reference standard and Linezolid 

related compound C were used in the study. Methanol and 

o-phosphoric acid were purchased from Merck (Darmstadt, 

Germany). Double-distilled water was used to prepare the 

solutions. Samples of Linezolid 2 mg/mL solution for 

infusion were obtained commercially. 

 

Standard and sample preparation 

 

The working concentration of the standard and the 

sample solution was 0.12 mg/mL. The standard solution 

was prepared by dissolving the linezolid reference standard 

with mobile phase. To prepare the sample solution, 3 mL 

volume of Linezolid 2 mg/mL solution for infusion was 

transferred into a volumetric flask and diluted with the 

mobile phase up to 50 mL. Before the injection in the 

HPLC system, both the standard and sample solutions were 

filtered through a 0.45-µm nylon syringe filter. 
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Results and discussion 

 

The selection of chromatographic conditions and 

mobile phase composition were based on system suitability 

parameters (resolution, tailing factor), run time and ease of 

preparation. 

The method specificity was demonstrated with the 

resolution (Rs = 4.01) between the peaks obtained from the 

linezolid active substance and its closest eluted impurity, 

linezolid related compound C ((S)-5-(Aminomethyl)-3-(3-

fluoro-4-morpholinophenyl) oxazolidin-2-one 

The linearity of the method was evaluated by linear 

regression analysis and calculated by the least-square 

regression method. The calibration curve was constructed 

with 8 concentration levels ranging from                                          

27.11 – 325.32 µg/mL. We obtained the following 

equation: y = 58922x – 28075, and concluded that the 

method is linear in the given range, with a correlation 

coefficient of 0.9999 (R2 = 0.9999).  

The precision of the methods was determined by 

repeatability (intraday precision) and intermediate 

precision (interday precision) and was expressed as relative 

standard deviation (RSD, %) of a series of measurements. 

The repeatability was evaluated by assaying 6 replicates of 

sample solution at the working concentration                             

(0.12 mg/mL) on the same day. The intermediate precision 

was studied by comparing the results obtained on three 

different days. Based on the results for RSD (0.06% and 

0.11%, for repeatability and intermediate precision, 

respectively), we concluded that the proposed method has 

acceptable repeatability and intermediate precision                

(RSD ˂ 2%). 

Accuracy is the degree of agreement between a 

measured value and the accepted reference value. 

Accuracy of the method was determined by calculating 

recovery of linezolid by standard addition method. Known 

amount of linezolid  (54.2 – 277.8 µg/mL) was added to 

pre quantified sample solution and the amount of linezolid 

was determined. The average recovery was 100.77% 

(99.31 % – 101.43%) which confirmed the method 

accuracy. 

Robustness is the ability to provide accurate and 

precise results under a variety of conditions.  In order to 

measure the extent of method robustness, the most critical 

parameters (column temperature and flow rate) were 

deliberately changed while keeping the other conditions 

constant. We calculated the RSD of the tailing factor and 

retention time of the linezolid in the chromatograms after 

deliberately changing the working temperature                         

(30°C - 2°C) and flow rate (1.0 mL/min ± 0.1 mL/min). 

The results of robustness study (RSD ranging from                  

0.12 % - 0.69%) indicated that the proposed method is 

robust (RSD ≤ 2%). 

System suitability testing is an integral part of liquid 

chromatographic method validation performed to check 

and ensure on-going performance of a chromatographic 

system. It was estimated by 6 repeated injections of 

working standard solution at 100% of test concentration 

(0.12 mg/mL linezolid) and evaluated through the folowing 

parameters: capacity factor, tailing factor and theoretical 

plate. The results obtained for capacity factor (5.5), tailing 

factor (0.967) and theoretical plate (7040) confirmed that 

the proposed HPLC system is suitable for determination of 

linezolid in the phramaceutical dosage forms.   

 

Conclusion 

 
The proposed RP–HPLC method allows simple, 

accurate and precise determination of linezolid in 

pharmaceutical dosage forms, in the presence of its 

degradation products and related compounds. The 

advantages of the method include short run time, simple 

sample and mobile phase preparation, isocratic mode of 

elution, and excellent peak symmetry. Therefore, the 

developed method can be applied for the routine analysis 

for determination of linezolid in pharmaceutical dosage 

forms in quality control laboratories.  

 

References 

 
Hashemian, S.M.R., Farhadi, T., Ganjparvar, M., 2018. 

Linezolid: a review of its properties, function, and use in 

critical care. Drug Des. Devel. Ther. 12, 1759.  

https://doi.org/10.2147/DDDT.S164515 

International Conference on Harmonisation of Technical 

Requirements for Registration of Pharmaceuticals for 

Human Use, 2019. ICH Harmonised Tripartite guidelines, 

Validation of Analytical Procedures: Text and Methodology 

Q2(R1). 

Mohapatra, S., Annapurna, M.M., Ravi Kumar, B.V.V., Anwar, 

M., Warsi, M.H., Akhter, S., 2011. Validated stability 

indicating RP-HPLC method for the estimation of linezolid 

in a pharmaceutical dosage form. J. Liq. Chromatogr. Relat. 

Technol. 34(18), 2185-2195. 

https://doi.org/10.1080/10826076.2011.585548 

 

 

https://doi.org/10.2147/DDDT.S164515
https://doi.org/10.1080/10826076.2011.585548


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 101 – 102 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.046 

Short communication 

 
 

*ssavovska@yahoo.com     S1 PP 31 

 

 

Evaluation of chromatographic conditions for simultaneously 

determination of Emtricitabine and Tenofovir 

 

Dragica Doneva
1
, Maja Shishovska

1
, Zana Mustafa

1*
, Shaban Memeti

1,2,3
, Katerina 

Starkoska
1
, Sanija Zulfikjari

1
, Aleksandra Dimitrovska

1
; Zorica Arsova-Sarafinovska

1,4
 

 

1
Institute of Public Health of Republic of North Macedonia, 50-ta Divizija 6, 1000 Skopje, Republic of North Macedonia 

2
Medical Faculty, University Ss. Cyril and Methodius, 50-ta Divizija 6, 1000 Skopje, Republic of North Macedonia 

3
University Clinic for Pediatric Surgery, 50-ta Divizija 6, 1000 Skopje, Republic of North Macedonia 

4
Faculty of Medical Sciences, Goce Delchev University, Krste Misirkov No 10-A, 2000 Stip, Republic of North 

Macedonia 

 

Introduction 

 

The nucleoside analogue reverse transcriptase 

inhibitor emtricitabine and the nucleotide analogue RTI 

tenofovir disoproxil fumarate are antiviral drugs. They 

have each shown antiviral activity against a number of 

HIV clinical isolates and cell lines. A fixed-dose 

combination of two antiretroviral drugs (tenofovir and 

emtricitabine) used for the treatment of HIV is already 

present on the European market (Dando and Wagstaff, 

2004) 

However, monographs of emtricitabine and tenofovir 

are not included in the actual European Pharmacopoeia 

(Ph. Eur. 10th Edition). There is no official method for 

quality control of pharmaceutical dosage forms containing 

both emtricitabineand tenofovir. Therefore, reliable 

HPLC methods for simultaneous analysis of emtricitabine 

and tenofovir are needed for quality control of the 

approved fixed-dose combination of two the antiretroviral 

drugs. 

The mostly used RP-HPLC columns in the quality 

control of the pharmaceuticals are those packed with 

silica particles with irregular or spherical shape, or could 

be monolith rods. On their surface there is octa-decyl-silyl 

(ODS, C18) reverse-phase coating. However, the 

chromatography performance obtained from defferent 

brand of the RP-HPLC columns differs significantly 

between each other, due to the quality of the column 

silica. The content of the metal ions residues in the silica 

could significantly influence the column performance 

(Bhavsar et al., 2012). 

Few UV, RP-HPLC, high performance thin layer 

chromatography (HPTLC), and liquid chromatography 

with tandem mass spectrometry (LC/MS/MS) methods 

have been published for simultaneous estimation of 

emtricitabine and tenofovirdisoproxil fumarate in 

pharmaceutical formulation. However, most of them 

require sofisticated equipment and time consuming 

sample preparation (Bhavsar et al., 2012). 

Therefore, the aim of this study was to optimize and 

to propose chromatography conditions for simultaneous 

identification and determination of emtricitabine and 

tenofovir active compounds in pharmaceutical dosage 

forms suitable for routine analysis in the quality control 

laboratories. 

 

Materials and methods  

 

Materials and reagents 

 

HPLC analyses were performed using an Agilent 

Technologies chromatographic system (Hewlett Packard, 

Avondale, USA) consisting of a binary pump with DAD 

detector and auto sampler controlled by Agilent 

Technologies HPLC 1100 software. 

Chromatographic separation was achieved on 

following analytical HPLC columns: Hypersil BDS C18 

(125 mm x 4 mm); Zorbax SB C18 (250 mm x 4.6 mm); 

Lichrospher 100 C18 (250 mm x 4 mm); Purospher C18 

endcapped (150 mm x 4.6 mm); Purospher C18 

endcapped (250 mm x 4.6 mm), X-Select HBB C18 (250 
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mm x 4.6 mm), all with particle size 5 μm and Chromolith 
18e performance (100 x 4.6), rod. 

The mobile phase was composed of mixture of 

acetonitrile and water acidified with o-phosphoric acid 

(pH 2.6) in ratio 30/70 (V/V), with flow rates ranging 

from 1 to 3 mL/min, filtered through 0.45 μm nylon filter. 

The column temperature was set at 30 °C, injection 

volume 10 μL, with operating wavelengths at 260 nm and 
280 nm. 

 

Preparation of standard solutions 

 

The stock solutions of standards were prepared with 

quantities of 16.35 mg emtricitabine and 24.53 mg 

tenofovirdisopronil succinate accurately weighted, 

transferredin separate volumetric flasks with volume of 

25 mL and dissolved in a mixture of acetonitrile and 

water acidified with o-phosphoric acid (pH 2.6) in ratio 

40/60 (V/V). We mixed the obtained solutions at an 

ultrasonic bath for 5 min. Then, for preparing the test 

solution the volumes of 3 mL from each of two stock 

solutions were mixed in 10 mL volumetric flask and filled 

up to the volume with the same solvent. 

 

Results and discussion 

 

In this study we used seven different ODS columns 

and we evaluate their efficiency in emtricitabine and 

tenofovir analysis. 

Testing for identification, specificity, selectivity, 

resolution and suitability was according to requirements 

in the ICH Q2(R1) Guideline (ICH, 2019). 

UV spectra scanned in mobile phase during the 

chromatographic analysis showed absorption maximum at 

220 nm, 237 nm and 284 nm for emtricitabine and at 210 

nm and 260 nm for tenofovir. 

From the evaluated HPLC columns only two did not 

separatethe two analysed chromatographic peaks, at the 

applied chromatographic conditions: (Hypersil BDS C18 

(125 mm x 4 mm) and Zorbax SB C18 (250 mm x 4.6 

mm)). All other columns showed satisfactory resolution, 

over 4.3.  

The best separation factor (ά) values are obtained for 
Purospher C18 endcapped (150 mm x 4.6 mm) and 

Purospher C18 endcapped (250 mm x 4.6 mm) (4.3 and 

6.1, respectively). 

The highest number of theoretical plates (N) were 

also estimated for the Purospher C18 endcapped (150 mm 

x 4.6 mm) columns and Purospher C18 endcapped (250 

mm x 4.6 mm) columns (11677 and 16812 for the shorter 

and 20736 and 13114 for the longer column, 

respectively). We also obtained the best values for the 

height of theorethical plates withPurospher C18 

endcapped columns. 

The best peak symmetry was achieved on columns: 

Lichrospher 100 C18 (250 mm x 4 mm) and Purospher 

C18 endcapped (150 mm x 4.6 mm) at flow-rate of 1 

mL/min and on Chromolith 18e performance (100 x 4.6), 

rod, at flow-rate 3 mL/min. These three columns showed 

retention times for emtricitabine (2.03; 1.81; 0.52 min) 

and for tenofovir (2.62; 5.77; 1.17 min) consequently.  

The analysis run-timewith the studied columns 

ranged from6 min to 13 min maximum, which is optimal 

run-time for the routine control in the pharmaceutical 

laboratories. 

 

Conclusion 

 

The emtricitabine and tenofovir can be successively 

separated withRP–HPLC octadecylsylil columns.  

Our experimental results showed that the optimal 

chromatographic conditions for simultaneous HPLC 

analysis of emtricitabine and tenofovir are achieved with 

mobile phase composed of 30% acetonitrile and 70%, 

water acidified with o-phosphoric acid at pH 2.6, at flow-

rate 1 mL/min, column oven set at 30ºC, with specific UV 

detection at 260 nm for tenofovir and at 284 nm for 

emtricitabine. 

Optimal results were obtained withLichrospher 100 

C18 (250 mm x 4 mm) and Purospher C18 endcapped 

(150 mm x 4.6 mm) columns. 
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Introduction  

Epilepsy is one of the most common neurologic 

disorders with an annual incidence of 50 per 100,000 

persons per year in developed countries (Kim et al., 2020). 

The first-generation antiepileptic drugs (AEDs) which 

were introduced between 1912 and 1978 include 

carbamazepine, phenobarbital, phenytoin, primidone, and 

valproate. Gabapentin, lamotrigine, levetiracetam, 

oxcarbazepine, pregabalin, tiagabine, topiramate or 

vigabatrin are members of the second generation and the 

newest AEDs (or the third generation) are brivaracetam, 

eslicarbazepine acetate, lacosamide and perampanel. 

In more than 25% of the patients, adverse drug 

reactions (ADRs) are the main reason for discontinuation 

of the treatment with antiepileptic drugs after the initial 

antiepileptic drugs are administrated. Up to 33% patients 

are refractory to multiple AEDs and such cases may 

potentially lead to recurrent adverse drug reactions and 

drug interactions (Mohanraj and Brodie, 2005). 

Hypersensitivity to AEDs is less common, but the risk of 

severe allergy is higher in this group (Fowler et al., 2019).  

Adverse skin reactions occur in 3% of individuals who 

receive antiepileptic drugs and are the most common 

reason for discontinuation of the treatment. Although most 

of them are usually mild, occasionally they may be severe 

when occurring as part of the syndromes of erythema 

multiforme, such as Stevens-Johnson syndrome (SJS), 

toxic epidermal necrolysis (TEN), and drug reaction with 

eosinophilia and systemic symptoms (DRESS) (Kim et al., 

2020). 

 

 

 

 

Materials and methods  

 
For the purpose of this review, electronic literature 

search was conducted in   through comprehensive 

screening using built logical sequences. Case reports or 

case series which reported detailed clinical description of 

the patients diagnosed with SJS, TEN and DRESS which 

were suspected or caused by the antiepileptic drugs 

levetiracetam, lamotrigine and lacosamide were included 

in the review. The review of the published case reports or 

case series covered period of 10 years starting from 

01.05.2012 until 01.05.2022. 

 

Results and discussion 

44 publications describing a total of 52 patients which 

fulfilled the inclusion criteria for severe cutaneous 

reactions were included in the review. The age of the 

patients ranged from 2 years to 73 years (median: 32.7 

years) and for 1 patient age was not reported. 32 of the 

patients were female (61.53%) and 20 male (38.47%) 

patients. DRESS, SJS and TEN were diagnosed in 15 

(28.85%), 15 (28.85%) and 22 (42.30%) patients, 

respectively.  

 

Levetiracetam 

 

9 case reports (17.31%) related with levetiracetam use 

induced severe cutaneous reactions were identified during 

the review. 4 patients were diagnosed with DRESS and all 

of them completely recovered. 1 patient diagnosed with 

SJS completely recovered. 4 case reports related with 

levetiracetam induced TEN were identified. From them, 3 

patients fully recovered and 1 was still recovering at the 

time when the article was published. 
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Lamotrigine 

 

42 case reports (80.77%) related with lamotrigine use 

were detected during the search of the PubMed/MEDLINE 

database. 10 patients (23.81%) were diagnosed with 

DRESS, and only one of the patients was with unknown 

outcome, while the other patients completely recovered. 14 

patients (33.33%) were diagnosed with SJS. 9 of them have 

fully recovered, 1 patient recovered with sequelae, 1 

patient had fatal outcome and 3 patients had unknown 

outcome. 18 patients with TEN (42.86%) were associated 

with lamotrigine use. 7 patients completely recovered, 4 

patients were with status recovering at the period when the 

articles were published, 2 patients recovered with sequelae, 

2 patients had fatal outcome and for 3 patients there was 

not specified the outcome from the ADRs. 

 

Lacosamide 

 

1 case report (1.92%) with DRESS related with 

lacosamide use was identified during the review. The 

patient fully recovered after the adverse drug reaction. In 

the retrieved case reports and case series, the onset of the 

severe cutaneous drug reactions was in range from 1 day to 

6 months after initiating the anticonvulsant therapy. In 

most of them, the onset was approximately 2 weeks after 

the initiation of the AEDs. The therapy used for the patients 

with severe cutaneous drug reactions consisted mainly of 

corticosteroids, cyclosporine, immunoglobulins and 

antibiotics. The choice of antiepileptic drug depends on a 

variety of factors, including the type of seizure, drug 

response, side effects, and patient comorbidities (Man Kei 

Fong and Sheng, 2017). Aromatic AEDs such as 

phenytoin, carbamazepine and phenobarbital as well as 

some newer drugs, including lamotrigine have been related 

with eliciting a whole spectrum of hypersensitivity 

reactions, ranging from simple maculopapular skin 

eruptions to a severe life-threatening condition 

(Scaparrotta et al., 2011). During our literature review for 

published case reports and case series of the 

PubMed/MEDLINE database, 80.77% of the case reports 

with severe cutaneous reactions were associated with 

lamotrigine use. Severe cutaneous reactions due to 

lamotrigine have been shown to be associated with human 

leukocyte antigen (HLA) alleles in the population and the 

chances of these adverse effects are higher when 

lamotrigine is combined with valproate (Srivastava et al., 

2017). These data are in line with the data obtained during 

our review as from the 42 identified case reports associated 

with lamotrigine, valproate was identified as concomitant 

drug in 16 cases. For levetiracetam, which is AED that does 

not contain an aromatic ring in their molecule, nine case 

reports of severe skin reactions were identified.  

According to Li et al (2020), lacosamide is safe and 

effective in antiepileptic treatment, and its common side 

effects are dizziness, headache, drowsiness, diplopia, and 

cardiovascular abnormalities. Only one case report with 

lacosamide was identified during our review in which 

cross‐reactivity with the drug was suspected in view of the 

rapid onset of DRESS syndrome after the initial rash 

resolution and soon after the introduction of the lacosamide 

(Man Kei Fong and Sheng, 2017). 

 

Conclusion 

 

The risk for an adverse event represents the probability 

for the event to occur among a defined exposed population 

and cannot be determined solely by literature screening. 

The conducted literature review for period of ten years 

suggested that when hypersensitivity skin reactions 

occurred, the aromatic AED lamotrigine was associated 

with higher risk of SJS/TEN/DRESS compared with 

levetiracetam and lacosamide. The frequency of 

lamotrigine induced DRESS and TEN is very rare 

(<1/10000) and for the lamotrigine induced SJS the 

frequency is defined as rare (≥1/10000 to <1/1000) (SmPC, 

Lamal, 2021). Levetiracetam as non-aromatic AED and 

lacosamide as one of the newest third-generation AED 

were associated with lower number of severe cutaneous 

reactions. These literature data also correlated with the data 

obtained from the EudraVigilance database regarding 

AEDs induced severe cutaneous reactions. 
The benefits provided by the use of the antiepileptic drugs 

lamotrigine, levetiracetam and lacosamide far outweigh the 

risks that are related with them and therefore are safely 

used in everyday clinical practice for treatment of epilepsy. 
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Introduction 

 

Topical delivery of active substances is most widely 

used in the treatment of skin diseases. It offers advantages 

such as non-invasiveness, direct drug delivery at the site 

of action, patient compliance and lower cost of treatment. 

The marketing authorization approval of a topical 

generic product until recently required evidence on 

therapeutic equivalence in relation to a reference product 

documented through clinical/pharmacodynamic endpoint 

studies. However, regulatory bodies have updated the 

regulation relevant to topical generic products and 

became open to accept new surrogate methods for topical 

bioequivalence assessment. 

The Draft Guideline on quality and equivalence of 

topical products by European Medicines Agency (EMA) 

offers guidance on the quality of topical products, not 

covered by other general quality guidelines, when 

developing a generic topical product. The guideline 

clearly states that regulatory applications based in 

literature to demonstrate safety and efficacy should be 

supported by equivalence data of the formulation. At the 

same time, provides details of in vivo and in vitro models 

that may substitute clinical data and when biowaivers are 

applicable. 

 

Regulatory aspects in obtaining and maintaining 

marketing authorization for generic topical drug 

product 

 

Proving equivalence of generic topical drug products vs. 

reference medicinal product 
 

Proving topical bioequivalence between a generic 

and reference medicinal product is a very complex 

process, which is basically dependent on the formulation 

of the product. The basis of the topical generic products 

development is, understandably, an in-depth 

characterization of the reference product. The Regulatory 

agencies, such as EMA and U.S. Food and Drug 

Administration (FDA), have improved the topical generic 

products development process by promoting the extended 

pharmaceutical equivalence concept. According to the 

draft EMA guideline, for simple formulations, 

bioequivalence may be demonstrated by documenting the 

qualitative (Q1), quantitative (Q2), microstructure (Q3) 

and performance (Q4) equivalence. Nevertheless, when 

addressing complex semisolids, equivalence regarding 

local availability should also be demonstrated which may 

be an extremely difficult and challenging goal. To 

optimize the regulatory requirements for the therapeutic 

equivalence of topical generic drug products, as the “one 

size fits all” approach will not work for BE determination 

of all types of topical dosage forms, the Strawman 

decision tree and the Topical Drug Classification system 

(TDS) are common features that facilitate product 

development, reduce the regulatory burden and assure 

product quality (Miranda et al., 2018). 

 

Challenges in proving Q1, Q2, Q3 and Q4 equivalence 
 

Since the qualitative composition of the comparator 

product is always included in the available product 

information documents, proving Q1 equivalence, seems to 

be relatively simple. However, matching the grades of the 

excipients used is an important rule for achieving the 

product performance and Q3 similarity. If the information 

of the grade is not available, analysis of different grades 

and relations with the product performance is considered 

beneficial however, it is a quite demanding process. 

The approach for obtaining the Q2 equivalence is 

performance of reverse engineering of the comparator 

product, or to have information of the full qualitative and 

quantitative composition of the product via publicly 
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available databases which is almost impossible to obtain, 

and it is recommended to be accompanied by the reverse 

engineering approach anyways. Another issue, beside the 

difficulties in acknowledgment of the quantitative 

composition of the comparator product is the patent 

pendings, variability of the excipients in their grades, 

batch-to-batch variabilities of the excipients or the 

unsatisfactory outcome of the reverse engineering leading 

to non-similarity in the surrogate tests. Therefore, 

accomplishing the Q1/Q2 equivalence could be a quite 

challenging task (Shah, et al., 2016). 

The IVR (in-vitro release) (Q3) reflects the 

microstructural arrangement of the dosage form and the 

state of aggregation of dispersed particles. Q3 mainly 

follows and it depends on the success of the Q1 and Q2 

sameness and reflects the similarity in the in-vitro release 

between the generic and the reference product. The in 

vitro release characteristics of the drug from its dosage 

form is an excellent indicator that enables identifying the 

microstructural arrangement of the dosage form. 

However, there are cases where even with successful Q1, 

Q2 and even Q4 sameness, Q3 equivalence was not 

achieved. Therefore, it remains unclearly defined in the 

guidelines whether some rheology endpoints can be 

waived or if there are some acceptable and completely 

safe criteria for the patients or if there are additional 

bridging data that could mitigate this (Miranda et al., 

2022). 

Q4 (performance) equivalence challenges arise 

mainly from the established criteria in the EMA 

guideline, which are very demanding. Even when no 

clinically significant difference is obtained, the strict 

criteria in the guideline may lead to a conclusion that 

there is no Q4 equivalence between the test and the 

reference product not considering the intrinsic variability 

of topical semisolid dosage forms. With regards to Q5 

similarity (equivalence with respect to efficacy), 

additional challenge is the condition in each IVPT (In 

vitro permeation testing) 12 donors with at least 2 

sections per donor to be used, due to the inter- and intra-

individual variability of human skin. This significant 

increase in the requirements compared to the pre-existent 

guidelines could be extremely difficult since human skin 

is usually retrieved from plastic surgery, with ethical 

consent being required. (Shin, et al., 2020). 

 

Post-authorization changes 
 

For any change during the life-cycle of the product, a 

risk assessment should be performed to determine its 

impact on quality, safety, or efficacy of the product. The 

guideline states that if the proposed change does not meet 

the extended pharmaceutical equivalence acceptance 

criteria, or qualitative and quantitative composition, then 

equivalence should be demonstrated using an appropriate 

clinical study. Description of different situations and 

exceptions where waivers in respect to post-authorization 

changes are applicable, as well as inclusion of the 

possibility of measuring equivalence by other physical 

and chemical means than IVRT (in cases where IVRT is 

not discriminative) are not very clearly stated. Due to the 

lack of experience and close recommendations in the 

guideline post-authorization changes remain a big 

challenge for the topical generic products. 

 

Conclusion 
 

The EMA guideline on quality and equivalence of 

topical products following the FDA approach for topical 

products is a refreshment for the pharmaceutical industry, 

since it promotes a valuable input on the standardization 

and definition of strict criteria regarding the definition, as 

well as validation of the extended pharmaceutical 

equivalence. However, the presented approach by EMA 

also bears some relevant limitations which should be 

carefully debated in a near future in order to allow a 

successful translation into the practice. Sufficient and 

clear guidance available to the industry, will lead to a 

facilitated development and registration of a generic 

topical product, still maintaining the ultimate 

requirements for high quality, safety and efficacy, and 

finally their availability to patients and consumers at a 

more reasonable cost. 
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Introduction 

 

All medicinal products need to be appropriately 

protected and packaged in containers that conform to 

prescribed standards. It is of utmost importance that the 

products are protected from moisture and light and that 

the leaching of extractable substances into the 

packaging/containers is prevented. There should be no 

chemical interaction between the container and the 

product.  

Primary packaging is the material that is used for the 

containment, protection, handling, delivery and 

presentation of a product that is provided to a patient at 

the point of sale. It is in direct contact with the product 

and is often referred to as retail packaging or POS (Point-

of-Sale) Packaging. The main purpose of primary 

packaging is to preserve the product as well as provide 

key information to the patient.  

Packaging is used in order to provide appropriate 

protection and containment of a medicinal product during 

it’s shelf-life. The product should be protected during 

storage, distribution and until it is consumed by the 

patient. The packaging should also provide identification 

information regarding the product.  

Packaging must provide protection against climatic 

conditions biological, physical and chemical hazards and 

must be economical. The package must ensure adequate 

stability of the product throughout the shelf life. During a 

product’s life cycle, a change in the primary packaging 

may be required due to various reasons. In this particular 

case a change was required due to disposal of equipment 

used for packaging in a glass bottle. The change was 

documented and evaluated within the company’s change 

management system and appropriately justified.  

 

Change control process 

 

Change control is a systematic approach to all 

changes of the product, process or both that can have 

direct or indirect impact on the quality of the finished 

medicinal product/medical device and quality system. In 

order for this change to be successfully implemented a 

series of activities must be done such as: stability testing 

under ICH and long-term conditions and monitoring of 

the results, packaging validation, regulatory activities etc.  

 

Stability testing  

  

Stability of a pharmaceutical product could be 

defined as the capability of the product to remain within 

it’s physical, chemical and microbiological specifications 

while contained in a specific container/closure system. 

(Kommanaboyina and Rhodes, 1999). Stability studies are 

required to be conducted in a planned way following the 

guidelines issued by ICH, WHO and or other agencies. 

(Bajaj et al., 2012). In order to change immediate 

packaging of the product, relevant stability studies should 

be started under ICH/VICH conditions and relevant 

stability parameters should be assessed in at least two 

pilot scale or industrial scale batches and the 

manufacturer should have at least 3 months satisfactory 

stability data at the disposal before submission of 

variation. In this particular case two industrial batches 

were placed under accelerated and long-term conditions 

for stability testing.  
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Packaging validation  

 

Packaging validation is establishing documented 

evidence, which provides a high degree of assurance that 

a specific packaging process, will consistently provide a 

product which meets regulatory approved specification 

criteria. For the Packaging validation process, a Blister 

packaging validation matrix exists, with product grouping 

and risk assessment, for evaluating the critical product 

and process parameters, and identifying representative 

worst-case product. Upon introduction of new product in 

the blister packaging process, re-evaluation of the risk 

assessment is performed, and decision is made for re-

validation. 

 

Regulatory activities and requirements  

 

In order to change immediate packaging of a product 

a variation should be submitted to all concerned 

regulatory agencies. This type of change entails change in 

the Summary of Product Characteristics (SmPC), Patient 

Information Leaflet (PIL) and mock-up as well as change 

in relevant parts of the dossier. Additional data that is 

required prior submission is appropriate data on the new 

packaging (comparative data on permeability e.g. for O2, 

CO2 moisture) and proof that no interaction between the 

content and the packaging material occurs (e.g. no 

migration of components from the container into the 

product, as well as no loss of components from the 

product into the proposed container/primary packaging). 

(Guidelines 2013/c 223/01). Confirmation should be 

provided that the proposed new material complies with 

relevant pharmacopoeial requirements, as well as other 

regulatory requirements such as the legislation of the 

Union on plastic material and objects in contact with 

foodstuffs. This variation was classified as Type IB 

variation, meaning that the change can be implemented 

after approval of variation.  

 

 

Conclusion 

 
In order for this change to be successfully 

implemented and to maintain/improve the quality of the 

product as well as ensure the safety of the patients, all 

described activities must be carried out in accordance to 

cGMP and regulatory requirements. 
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Introduction 

 

Cleaning is considered a critical process in the 

manufacturing of pharmaceutical products. The cleaning 

process must reduce residues of previous product to levels 

that ensure patient safety and result in visibly clean 

equipment.   

Cleaning validation is documented evidence that an 

approved cleaning procedure will reproducibly remove 

the previous product or other residues on product contact 

equipment surfaces below the scientifically set acceptance 

levels.  

An analytical method is one of the deciding factors in 

establishing the cleanliness of pharmaceutical 

manufacturing equipment. It is, therefore, important that 

there be a high level of confidence in the results obtained 

using the method. A properly developed cleaning 

validation strategy includes analytical method validation, 

which defines the method parameters necessary in 

providing a high level of confidence in the cleaning 

results (Kaiser and Ritts, 2004). 

Measuring cleanliness is a difficult task. Essentially, 

trace residues in surfaces are the target analytes. The 

residue must first be extracted from a surface, recovered 

from the extraction medium, and then suitably quantitated 

(Kaiser and Ritts, 2004). 

API residue is typically tested, as it may be the high 

hazard component in the formulation. The primary 

consideration for the test method is that it is sensitive to 

levels lower than the cleaning limit for the analyst of 

interest. If the test method is not sensitive enough to test 

residue levels lower than the cleaning limit, the method 

sensitivity must be enhanced, a different test method must 

be employed, or the manufacturing equipment must be 

dedicated. 

Product grouping is a way to reduce validation 

activities in sites with multiple products and processes. If 

a product in a group requires a more aggressive cleaning 

process, that product becomes a worst-case product in that 

group. The worst-case product should be determined by 

performing a risk assessment considering solubility, 

toxicological effect and cleanability. All the products in 

the group should be cleaned using the worst-case product 

parameters (Govind et al., 2018). 

Cefixime granules for oral suspension 100mg/5mL 

was chosen on the basis of a worst-case rating approach. 

       The aim of this study was to validate simple analytical 

method for verification of cefixime residues on 

equipment after production of Cefixime granules for oral 

suspension 100mg/5mL. 

 

Materials and methods 

 

The HPLC-UV method for determination of cefixime 

residues on stainless steel surface was developed and 

validated in order to control a cleaning procedure after 

manufacturing of Cefixime granules for oral suspension 

100mg/5mL. The HPLC method has been validated to 

show specificity, linearity and range, accuracy, precision, 

limit of quantification (LOQ) and limit of detection 

(LOD), as per ICH guideline Validation of analytical 

procedures: Text and Methodology Q2(R1). 
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Chemicals and reference standards 

 

Potassium dihydrogen phosphate, 

Tetrabutylammonium hydroxide, Sodium hydroxide, o-

Phosphoric acid 85%, Acetonitrile, Methanol and Purified 

water were supplied from Merck KGaA, Darmstadt, 

Germany. Reference standard for Cefixime trihydrate was 

supplied from Alkaloid, AD Skopje. 

 

Instrumentation and analytical conditions 

 

The analysis was performed on Thermo Ultimate 

DAD 3000 and was controlled by Chromeleon CDS 

software version 7.2 SR5. The method was optimized by 

using column Symmetry C18, 150mm x 3.9mm, 5µm; 

with column temperature of 40 ºC; autosampler 

temperature of 23 ºC; at a 1.5 mL/min flow rate and 254 

nm detection. Mobile phase: mixture od acetonitrile and 

buffer solution pH=6.5 in ratio 23 : 77% (V/V). The 

injection volume was 10 µL.  

 

Results and discussion 

 

The method was specific and distinguished the 

specific analyte of interest (cefixime) from the other 

ingredients of the formulation, potential degradants and 

the cleaning agent. 

It exhibited good linearity between the responses of 

cefixime related to the concentrations of standards in the 

range of 0.4 µg/mL to 20 µg/mL (r=1.00). 

The precision of the method was verified by 

repeatability and method precision. The repeatability was 

shown by six replicate injections of standard solution 

containing cefixime in the working concentration of 

10 µg/mL (RSD=0.3%). The method precision was 

evaluated using six samples which are first extracted from 

a stainless steel coupons, recovered from the extracted 

medium and then suitably quantitated (RSD=0.9 %).  

The LOD and LOQ were determined at a signal-to-

noise ratio of 3:1 and 10:1, respectively. The limit of 

detection was 0.12 µg/mL and the limit of quantification 

was 0.4 µg/mL. 

For cleaning validation, accuracy is measured 

through recovery of samples from equipment surface e.g. 

stainless steel and extraction of the recovered samples 

into testing solutions.  

The test solution with known concentration was 

applied to the surface of the equipment (stainless steel 

coupons, size 25 cm
2
). The residue was removed by two 

Texwipe TX715 swabs (one methanol wetted swab and 

the other one dry). The swabs were thereafter extracted 

with mobile phase for 15 minutes with sonication (Yang 

et al., 2005). 

Accuracy was reported as % recovery of the amount 

of analyte in the recovered samples measured against the 

amount of analyte spiked onto the sample recovery 

surface. 

The accuracy was performed at three concentration 

levels and the obtained mean recovery was 90.63% and 

RSD=3.61%. Acceptance criteria for recovery was 70.0-

110.0% and RSD < 15. 

This parameter should be performed on all materials 

from which the production equipment is made. 

It is necessary to use recovery factor to all individual 

results in cleaning validation of pharmaceutical 

manufacturing equipment. Recovery factor is the recovery 

of swabbed material from the equipment to the solution. 

 

Conclusion 

 

Proper development and validation of the analytical 

method helps assure that the cleaning procedure is 

effective and reproducible in preventing contamination 

and cross-contamination in production area. 

Simple analytical method for quantitative 

determination of cefixime residues on equipment after 

production of Cefixime granules for oral suspension 

100mg/5mL was validated. The linearity of the method 

covers the required sensitivity for residue detection and 

the accuracy of the method was proved by recovery of 

swabbed samples from equipment. The method can be 

applied to routine control of pharmaceutical equipment 

cleanliness by sampling from stainless steel surface areas 

of 25 cm
2
. 
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Introduction 

 

All medicinal products placed on the market in the 

European Union are required by EU law to be 

accompanied by labeling and package leaflet which 

provide a set of comprehensible information for 

appropriate and safe use of the product. 

European Commission’s “Guideline on the 

readability of the labeling and package leaflet of 

medicinal products for human use”, Revision 1, 12 

January 2009, and “Guidance concerning consultations 

with target patient groups for the package leaflet Article 

59(3), Article 61(1) and 63(2)  of Directive 2001/83/EC 

as amended by Directive 2004/27/EC” require that the 

package information leaflet (PIL) reflects the results of 

consultations with target patient groups to ensure that it is 

legible, clear and easy to use,  that these results are 

provided to the competent authority, and that the package 

leaflet must be written and designed to be clear and 

understandable, enabling the users to act appropriately, 

when necessary with the help of health professionals. 

In addition, CMDh guidance “Consultation with 

target patient groups -meeting the requirements of article 

59(3) without the need for a full test -recommendations 

for bridging” (CMDh/100/2007, Revision 3, December 

2017), indicates that  not every leaflet needs to be subject 

to a full test. Applicants and marketing authorisation 

holders (MAH) may be able to rely on testing applied to 

PILs for similar products. Bridging is used when leaflets 

are sufficiently similar in both content and layout and 

successful user consultation on one leaflet can be used to 

demonstrate that another leaflet meets the requirements of 

article 59(3) of Council Directive 2001/83/EC. Evidence 

of successful user test on the PILs used for bridging 

 

purpose (e.g. a copy of the relevant Public 

Assessment Report (PAR) or European Public 

Assessment Report. 

The aim of this paper is to present the regulatory 

outcome for the User testing/ Bridging procedures 

submitted to ALMBiH in module 1 (section 1.3.4) of the 

application for obtaining or renewal of marketing 

authorization (MA) for medicinal products manufactured 

by Replek Farm Ltd. Skopje in the period 2019-2022. 

 

Material and methods 

 

User (Readability) testing was performed as one to 

one, face to face interviews with selected participants 

using structured Questionnaire 30 up to 45 minutes. 

Interviews were divided in the following stages: 

preliminary test (pilot test) for identification of major 

changes to the leaflet; 1
st
 and 2

nd
 round of testing that 

involved 25 participants; revision of PIL after 1
st
 and 2

nd
 

round of testing if necessary, in order to achieve better 

understanding and 3th round of testing that was to be 

performed, if necessary. Interviews were conducted with 

healthy volunteers that could be potential users of the 

medicinal products subject of user testing, recruited by 

placing an announcement in pharmacy shops by 

marketing team of Replek Farm Ltd. Skopje) who have 

signed Informed Consent Form. Total number of 25 

participants was tested for each User testing. Five 

participants were tested in the preliminary stage, 10 

participants were tested in the 1
st
 round, and 10 

participants in the 2
nd

 round. Interviews were conducted 

in accordance with protocols for conducting studies 

during COVID-19. Interviewers  were previously 

informed for performing of Readability testing with 

Instructions for the Interviewer and obtained structured 



112   Pharmaceutical Analysis/Quality Assurance/Regulatory Affairs 

 

Maced. pharm. bull., 68 (Suppl 1) 111 - 112 (2022) 

Questionnaire based on prioritized data from final revised 

version of PIL. The Questionnaire was developed to 

include 15 questions specific to the medicine, 3 specific to 

the layout and 3 for overall feedback regarding the PIL. 

The questions addressed key safety issues and concerns of 

the medicine. 

 

Results and discussion 

 

Six User (Readability) testing were performed by 

REPLEK FARM Ltd Skopje, for these medicinal 

products: NEURO-VIT, film coated tablets 

100mg/200mg/50mcg submitted for first registration; 

Paracetamol Syrup 100mg/5ml; Paracetamol Tablets 

500mg; REKONAZOL Shampoo 2%; NORFLOKSACIN 

Film-coated tablets 400mg and VENTOR tablets 100mg 

submitted for renewal of marketing authorization to 

ALMBiH. Revision of PIL between two rounds of testing 

was assessed as necessary for NEURO-VIT, film coated 

tablets to achieve better understanding. 

According to “Guideline on the readability of the 

labeling and package leaflet of medicinal products for 

human use”, Revision 1, 12 January 2009, a satisfactory 

test outcome is when, for each question, 90% of all 

participants are able to find the information requested 

within the PIL and 90% can show that they understand 

and can act upon it. All six User (Readability) testing met 

these criteria and were accepted as satisfactory by 

ALMBiH with subsequent granting of MA or renewals of 

exsisting MA for all submissions untill 2021. Submissions 

in 2022 are under review.  

 

Nine Bridging User (Readability) testing were 

performed by REPLEK FARM Ltd Skopje, for these 

medicinal products: Karvedilol Replek Farm Tablets 

6.25mg; 12.5mg; MHRA Public Assessment Report: 

Procedure No: UK/H/1170/001-4/DC; UK Licence No: 

PL 32256/0004-7). Ibuprofen Replek Farm Cream 

100mg/g; MHRA/UKPAR /PL 10972/0089. 

IBUPROFEN REPLEK FARM Suryp 100mg/5ml; 

MHRA Public Assessment Report/UK Licence No. : PL 

00037/0677. Ibuprofen Replek Farm Film-coated tablets 

400mg; MHRA Public Assessment Report/UK Licence 

No. : PL 00037/0674.  Klaritromicin Replek Farm Film-

coated tablets 500 mg; Public Assessment Report 

(Scientific discussion) Procedure No NL/H/3682/001-

002/DC). REFALGIN Tablets 500 mg; Public 

Assessment Report: (Decentralised Procedure No. 

DE/H/5204/001/DC, 03.09.2018). Atorvastatin Replek 

Farm Film-coated tablets 10mg; 20mg; Public 

Assessment Report (BASG - Public Assessment Report 

and Scientific discussion. Procedure No. AT/H/0667/001-

004/DC). Folic acid Replek Farm Tablets 5mg; Public 

Assessment Report (Public Assessment Report Scientific 

discussion. Procedure No. SE/H/1793/01-02/DC).  

Olanzapin Replek Farm Film coated tablets 5 mg, 10mg; 

Public Assessment Report and Scientific discussion. 

Procedure No. IS/H/0140/001/DC; IS/H/0143/001/DC. 

All nine Bridging user testing were submitted for 

renewal of Marketing Authorisation and were accepted as 

satisfactory by ALMBiH with subsequent renewal of MA. 

 

Conclusion 

 

User consultation and user testing is the most applied 

form mostly valued type of consultation with target 

patient groups. At the same time this procedure is time 

and resources consuming, usually takes 1,5 month, that 

may be challenging when several studies need to be 

performed in short period of time. Recruitment of 

participants may also be challenging taking into 

consideration voluntarily participation as well as inclusion 

of children. Regarding the questions, profound analysis of 

key safety issues and careful choice should be done, as 

well as suitable questionnaire. If preliminary results are 

not satisfactory, revision of PIL might be necessary with 

accompanying variation of existing PIL. 

The most challenging part of this procedure is 

obtaining available PAR/EPAR (user consultation 

included) on official website of HMA or EU Medicinal 

Agency and even more, obtaining Parent PIL that is 

updated and in English. Translating Parent PIL from one 

of the languages used in EU to English may sometimes 

substantially change the context of the key safety 

information; hence the whole procedure may be invalid. 

Additionally Parent PIL may not be updated and 

accompanying variation of existing Daughter PIL might 

be necessary. 
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Introduction 

 

Pharmacovigilance is the science and set of activities 

related to the detection, assessment, understanding, 

prevention and treatment of adverse drug reactions, as well 

as new information related to potential harm of the 

medicines use (MALMED). In the recent years, there has 

been a growing awareness of the importance of the safe use 

of medicines (WHO, 2004), thus emphasizing the role and 

importance of pharmacovigilance as a system that 

improves patient care and safety associated with medicines 

use (WHO, 2002).  

Replek Farm as a manufacturer and holder of 

Marketing Authorizations for placing the medicines on the 

market has established Pharmacovigilance System (PV 

System) and is involved in all activities related to this issue, 

both in Republic of North Macedonia and in the partner 

countries with which it has concluded agreements for 

pharmacovigilance. According to the Drug Safety 

Agreement concluded with medac Gesellschaft fuer 

klinische Spezialpraeparate mbH, Theaterstraße 6; 22880 

Wedel Germany (EU partner), by DREHM Pharma GmbH, 

an outsourcing company hired by medac, a regular annual 

Pharmacovigilance audit of Replek Farm’s PV System was 

conducted. The aim was to ensure that the system complied 

with European regulatory requirements and standards (4), 

as well as the specific requirements of medac and the Drug 

Safety Agreement, which was confirmed during 

Pharmacovigilance audit (“remote”) by EU partner. 

 

Scope of activities 

 
By request of DREHM Pharma GmbH, Replek Farm 

completed and sent a filled Questionnaire, with the 

following chapters: Company organization and 

responsibilities; Service Provider and Outsourced 

Activities; Training; Management of Safety Relevant 

information; Reconciliation; Periodic Safety Update 

Report (PSUR)/Risk Management Plan (RMP); Organized 

data collection; Recall; Pharmacovigilance system 

inspection; Archiving; Further questions and comments. 

This was “remote” Pharmacovigilance audit that was 

conducted on 17.09.2021 and took place through a video 

conference on the Microsoft Teams platform, based on a 

previously set agenda.  

The regular annual Pharmacovigilance audit 

(“remote”) was preceded by a Pharmacovigilance audit 

conducted in the same manner on 17.08.2020 in which the 

manager of the RA Department/Qualified Person for 

Pharmacovigilance took part and was with positive 

acceptance. The compliance of the PV System of Replek 

Farm with European requirements and standards, as well 

as medac requirements, was confirmed and resulted with a 

positive assessment (for the second time in continuation). 

The same procedure was repeated the next year during the 

presented Pharmacovigilance audit (“remote”), when in 

order of internal testing of the acquired knowledge the 

deputies of the Qualified Person for Pharmacovigilance 

participated. 

A review of Replek Farm's complete PV System was 

performed by reviewing the following documentation: 

Detailed description of the Pharmacovigilance System 

(DDPS), Pharmacovigilance procedure and records and 

standard operating procedures (SOPs) arising from it. The 

organizational structure of the company, communication 

with local regulatory authorities (MALMED) and all other 

activities related to the system were also discussed. 

Emphasis was placed on the management of safety 

information, the responsibilities of employees especially 

their qualification, training and continuing education in the 

field of pharmacovigilance. The ICSR management 

process, the Periodic Safety Update Report (PSUR) 

legislation and how that document is prepared were 
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reviewed. The subject of discussion was also the literature 

data research; detection and monitoring of signals for 

adverse drug reactions and how to proceed during reporting 

or recall of batch from the market. At the end of the 

Pharmacovigilance audit (“remote”) was discussed the 

communication with regulatory authorities, how to respond 

to their requests and the implementation of the risk 

minimization measures of the adverse drug reactions. The 

"share screen" tool was used for review of the 

documentation. 

 

Compliance of the PV system 

 

After the detailed Pharmacovigilance audit (“remote”) 

was performed by DREHM Pharma GmbH an evaluation 

report was received from them. One big remark, seven 

small remarks and two recommendations were noted. For 

their correction, a Corrective and Preventive Action Plan 

(CAPA plan) was prepared with precise terms for 

correction of the remarks.  

The CAPA plan was accepted by DREHM Pharma 

GmbH. According to the CAPA plan, the following 

documentation was revised: DDPS, Pharmacovigilance 

procedure and the records and standard operating 

procedures (SOPs) arising from it. With this full 

compliance of the PV System of Replek Farm with 

European regulatory requirements and standards was 

achieved (EU-GVP, 2004), as well as with the specific 

requirements of medac and the Drug Safety Agreement. As 

a result, Replek Farm’s PV System was assessed as 

compliant and the Pharmacovigilance audit (“remote”) was 

successfully conducted. 

 

Conclusion 

 

This is an example of a Pharmacovigilance audit 

(“remote”) of the Replek Farm’s PV System conducted by 

medac (EU partner), through DREHM Pharma GmbH, an 

outsourcing company hired by medac. The 

Pharmacovigilance audit (“remote”) was successfully 

conducted for the second time and the compliance of the 

PV System of Replek Farm with European regulatory 

requirements and standards, as well as the specific 

requirements of medac and the Drug Safety Agreement 

was confirmed. 

Even in the new pandemic situation, this is a 

demonstration that the activities can precede without 

difficulties, using modern technology such as video 

conferencing on the Microsoft Teams platform and review 

of documentation through the tool "share screen”. 
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Introduction 

 

Medicinal cannabis (Cannabis sativa) has become a 

topic of great debate within the recent oncology literature. 

The history of cannabis within the medical community 

dates back to the 19th century when Dr. William Brooke 

O'Shaughnessy first published his data on the 

pharmacology and toxicology properties of cannabis, 

where he states that it is a powerful analgesic, anti-

convulsant, and muscle relaxant through his experimental 

treatment of patients suffering from rheumatism, cholera, 

tetanus, and seizures (MacGillivray, 2015).  

As of January 22, 2021, the US FDA has approved 

Cannabidiol (CBD) and Tetrahydrocannabinol (THC) 

containing medications for therapeutic use. Exogenous 

cannabinoids, such as CBD and THC, and their effect on 

the endocannabinoid system are frequently discussed 

regarding their role in oncology related diseases (Bodine 

and Kemp, 2022).  

Considering the facts of the popularity and the 

necessity of this type of natural treatment approach, many 

authorized pharmaceutical companies are developing 

cannabinoid-containing products. These types of products 

are generally made by extracting CBD and THC from the 

cannabis plant, and then diluting the extracts with carrier 

oil. European Pharmacopeia (Ph. Eur.) specifies reference 

criteria for microbiological quality control of such 

products as “Special Ph. Eur. provisions for oral dosage 

forms containing raw materials of natural origin”. 

According to this reference, the specified microbiological 

quality control parameters are: Total Aerobic Microbial 

Count (TAMC), Total Combined Yeasts and Molds Count 

(TYMC), Total Bile-tolerant gram-negative bacteria 

(TBTGN), as well as Absence of Escherichia coli; 

Absence of Salmonella and Absence of Staphylococcus 

aureus (Ph.Eur. 10.0, 2019).   

 

Materials and methods  

 
Materials 

 
During the method validation, standard 

microbiological laboratory instrumentation and equipment 

was used: Biosafety Cabinets Grade A, microbiological 

incubators within incubation intervals: 20-25ºC, 30-35ºC 

and 42-44ºC, laboratory balances, Bunsen burners, Vortex 

and orbital shakers, as well as standard sterile glassware 

for microbiological use. Ready to use sterile solutions and 

culturing media from certified media suppliers: 

BioMérieux (France), Oxoid (Germany) and Merck 

(Germany) were used during this validation. Quantitative 

certified reference materials from authorized culture 

collections were used as challenge microorganisms for the 

specified testing parameters as required by European 

Pharmacopeia for the method suitability test: 

Staphylococcus aureus ATCC 6538; Pseudomonas 

aeruginosa ATCC 9027; Bacillus subtilis ATCC 6633; 

Candida albicans ATCC 10231; Aspergillus brasiliensis 

ATCC 16404; Escherichia coli ATCC 8739 and 

Salmonella enterica subsp. enterica serovar Typhimurium 

ATCC 14028 (Ph.Eur. 10.0, 2019). 
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Methods  

 
For determination of microbial properties and 

method suitability selection, individual challenge tests for 

all specified parameters were performed. All testing 

sample dilutions were made in Tryptic Soy Broth (TSB) 

as chosen solution for dilution and enrichment.  

Surface-spread method using primary suspension of 

the product to be examined (1:10 dilution in TSB) is 

determined to be validated as suitable for the conduction 

of the quantitative tests for determination of TAMC - 

CFU/mL and TYMC - CFU/mL, as defined in Ph. Eur. 

2.6.12. Test for TBTGN - CFU/mL using primary 

suspension of the product to be examined (1:10 dilution in 

TSB) is determined to be validated as suitable for the 

conduction of the quantitative test for determination of 

Bile-tolerant gram-negative bacteria, as defined in Ph. 

Eur. 2.6.13. Test for Absence of specified 

microorganisms using primary suspension of the product 

to be examined (1:10 dilution in TSB) is determined to be 

validated as suitable for the conduction of the qualitative 

tests for determination of Staphylococcus aureus/mL, 

Escherichia coli/mL and Salmonella/10mL, as defined in 

Ph. Eur. 2.6.13. Stabilization of the primary suspension of 

the fatty product in the water-based diluent is achieved by 

preheating the TSB diluent to 40 °C and maintaining the 

temperature for 15min while mixing the product until 

complete dispersion is achieved.  

The challenge tests are conducted by individual 

inoculation of the sample with reference microorganisms 

in range of 10-100 cfu/0.1mL. Each test is conducted in 

duplicate and the validation process is performed on three 

batches of the testing product. The temperature and the 

incubation are depended of the type of the medium. 

Tryptic Soy Agar (TSA) were incubated for 3 days at 30-

35 ˚C, Sabouraud Dextrose Agar (SDA) were incubated 

for 5 days at 20-25 ˚C, TSB was incubated for 24h at 30-

35 ˚C, MacConkey Broth (MCB) was incubated for 24h at 

42-44 ˚C, Mossel Broth (MSB) was incubated for 3.5h at 

20-25 ˚C, Rappaport Vassiliadis Broth (RVS) was 

incubated for 24h at 30-35 ˚C, and Mannitol Salt Agar 

(MSA), MacConkey Agar (MCA), Violet Red Bile 

Glucose Agar (VRBGA) and Xylose Lysine 

Deoxycholate Agar (XLDA) agar were incubated for 24h 

at 30-35 ˚C. 

The Recovery percent for quantitative and 

qualitative parameters is calculated by comparing the Test 

inocula to the Viability Control inocula of the same 

microorganisms in absence of product. The Recovery 

percent is limited by the values of 50-200% on all tested 

microorganisms, followed with Recovery Factor for 

method suitability compliance by value not greater than 2 

(Ph.Eur. 10.0, 2019).  

 

Results and discussion 

 

The Recovery Percent and Recovery Factor results 

obtained from all qualitative and quantitative challenge 

tests show that the tested Cannabis oil solution product, 

doesn’t demonstrate significant product matrix 

interference or antimicrobial properties against any 

reference microorganisms while using primary suspension 

of the product to be examined (1:10 dilution in TSB). 

During the plate reading some formations of oil drops 

on the plate surface can be observed. These observations 

can be easily distinguished from colony forming units, 

and do not interfere with the quantitative determination 

for TAMC/mL, TYMC/mL and TBTGN/mL, thus 

resulting readable plate count and Recovery factor values 

≤2 for all testing microoranisms.  

The challenge for qualitative tests for Absence of 

Staphylococcus aureus/mL, Escherichia coli/mL and 

Salmonella/10mL, demonstrated positive recovery on all 

three testing iterations, with relative Recovery rate of 

100% for all specified microoranisms while using primary 

suspension of the product to be examined (1:10 dilution in 

TSB). 

 

Conclusion 

 

The Cannabis oil solution: THC 40 mg + CBD 40 

mg/1 mL doesn’t demonstrate product matrix or 

antimicrobial interference by 1:10 dilution in Tryptic Soy 

Broth, without the necessity for addition of any surface 

active agent, such as isopropyl myristate or polysorbate 

80. The stabilization of the primary suspension of the 

product is achieved by temperature controlled dispersion. 
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Introduction 

 

           Deviations are unexpected events that occur 

during the production process, activity, documentation, 

analysis and storage of a medicine. These events should 

be documented at the time of occurrence and properly 

evaluated for possible future risk. Deviations occur 

almost every day in the pharmaceutical industry and their 

proper handling and minimizing recurrence is very 

important for the quality management system (Kumar et 

al., 2020). 

Proper handling of the deviations plays an important 

role to assure product quality. Active involvement in the 

process is required by the quality assurance team and 

other affected departments, all together assembling a 

multidisciplinary team. This article will describe 

management of the deviations during the life cycle of 

medicines together with the activities that should be taken 

in order to eliminate the risks affecting finished product 

characteristics, focusing on the determination of the root 

cause and all the corrective/preventive actions needed to 

be taken in order to improve the overall process. The 

parameter hardness of film coated tablets, which deviates 

from the acceptance limit during production of three 

consecutive batches of product X, will be shown as an 

example.  

Materials and methods 

  

The production starts after finishing three validation 

batches from the product. After completion of the film 

coating process, the quality of the film coated tablets 

regarding the parameter hardness was evaluated in the 

laboratory for in-process control. Film coated tablets for 

which the parameter hardness deviated more than 1 kP 

than from the defined limits in the Master Production 

Protocol, were obtained. An investigation was conducted 

in order to determine the cause of the deviation and to 

define an appropriate corrective/preventive action, using 

an Ishikawa or “fishbone“ diagram.  

The possible root cause was determined using the 

Ishikawa Diagram. Taking into account that the cause of 

the deviation can include the equipment, the process, the 

materials, the environment, or the personnel. In this case 

all of this steps were checked. 

 

Results and discussion 

 

The root cause analysis included detailed 

investigation on the interventions on the machine for film 

coating, Master Production Protocol and values for the 

parameter hardness in the previous stage (production of 

tablet cores) and all batches of raw materials that were 

used for these three batches.  
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Investigation has shown that no deviations were 

observed outside the prescribed standard procedures 

during the entire production process.  

The investigation on raw materials during the input 

analysis has shown that all the batches used had status 

“Conforms”.  

There were no deviations observed for the parameter 

hardness of film coated tablets, during the validation of 

the process.  

The values of the results for the parameter 

dissolution test were within the specification limits for all 

the batches, without any variation observed.  

After finishing the investigation, the focus was 

directed to the possibility that the deviation of the 

parameter Hardness of film coated tablets is due to the 

variation of one of the process parameters for the step 

film coating, set on the machine.  

Temperature values were monitored during the 

process of film coating for each of the three batches, and 

compared with three previously produced validation 

batches of product X. Different values for inlet air 

temperature in the machine for film coating were 

detected. The values are within the set interval limits. 

This finding, known in literature as “a noise factor”, 

emerges when a factor that varies naturally and 

uncontrollably in the process can be controlled for 

purposes of an experiment. This are factors that are 

variating in the prescribed limits.    

Since the root cause of the deviation was identified, a 

risk assessment for the impact of the deviation of the 

parameter hardness on the properties of the finished 

product, was conducted, considering results from stability 

studies, statistical review of the results from tested 

parameters during the production process in correlation 

with the physico-chemical properties.   

 

Conclusion 

 

The risk analysis has shown that the deviation of the 

parameter hardness of film coated tablets, identified 

during the manufacturing process, has no impact on the 

properties and therefore on the quality of the finished 

product.  

According to the obtained results for the dissolution 

test, which is directly correlated with the parameter 

hardness, it can be concluded that the risk of the non-

compliant product is eliminated.  
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Introduction  

 

In-house developed method for in vitro release test 

(IVRT) takes essential part of the process of development 

of topical products for local use. Using appropriate 

receptor media and inert membrane, this test provides 

information about medicine release rate and cumulative 

amount of active substance released from infinite dose of 

sample applied on the membrane in last sampling point of 

the test. 
1
Drug release rate is the slope obtained from the 

cumulative amount of active substance released versus the 

square root of time for the linear portion of the drug 

release profile. (European Medicine Agency, Draft 

guideline on quality and equivalence of topical products, 

2018).  Test product and reference product are similar 

when they have similar release rate and cumulative 

amount of active substance.  

According to EMA’s Draft guideline on quality and 

equivalence of topical products, validation of method 

should include analysis of discriminatory power of the 

method. Discriminatory power of method should be 

demonstrated by analyzing formulations with changes in 

quality attributes, critical manufacturing variables or 

quantitative excipient composition. (European Medicine 

Agency, Draft guideline on quality and equivalence of 

topical products, 2018).  

The aim of this study was to confirm the 

discriminatory power of the in-house developed IVRT 

method. The IVRT method has to be able to discriminate 

active substance release rates from non-similar 

formulations. IVRT sensitivity is the ability to detect 

changes in the release rate, as a function from 

concentration of active substance in the formulation. 

IVRT method is sensitive if it consistently identifies 

higher or lower rates of release for test formulations with 

increased or decreased concentrations of active substance 

and test formulations with different viscosity, relative to 

the proposed formulation.  

If the method is discriminative, it can be valuable 

tool for development of topical formulation, quality 

control and comparison of test product and reference 

product.  

 

Materials and methods 

 

Materials 

 

IVRT is performed on four laboratory trials. First 

trial is named test product and it is used for comparison 

with test formulations that have changes in viscosity and 

concentration of active substance. Test product has 

concentration of active substance same as referent product 

and similar viscosity. Second trial has 50% less active 

substance then test product. Third laboratory trial has 

100% more active substance then test product. Last 

laboratory trial has different viscosity then test product.  

 

IVRT 

 

IVRT was performed on vertical diffusion cell (Franz 

cell). Test was performed on temperature that complies 

with the temperature of human body skin which is 

32±0.5℃. Media with proved sink conditions that was 

used for analysis is 10% phosphate buffered saline (PBS). 

Speed of magnetic stirrer was 400 rpm. Membrane that 

acts inert with active substance was Nuclepore Track-

Etch Membrane. During test, samples are taken in 10 

different sampling time points: 10 min, 20 min, 30 min, 
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60 min, 90 min, 120 min, 150 min, 180 min, 240 min, 300 

min and 360 min. Minimum 12 samples should be 

analyzed, but often just 6 samples are enough especially 

in routine work.   
 

 

Chromatographic method 

 

Quantification was performed with an in-house 

developed HPLC method. For analysis on HPLC, column 

that is used is Zorbax SB CN 250 mm x 4.6mm i.d; 5µm 

maintained at 40℃. Mobile phase is consisted of mixture 

of ammonium phosphate buffer with octane sulfonate 

adjusted to pH 6.5 and acetonitrile in ratio of 25:75 (v/v). 

Time of analysis is 10 minutes with a flow rate from 2.0 

ml/min and injection volume of 20 µL. UV detection is 

performed on 258 nm. 

 

 

Results and discussion 

 

The results are expressed as slopes and cumulative 

amount of the active substance at the end of the analysis.  

With correlation coefficient 0.99, analysis on 

laboratory trial with 50% less active substance then test 

product showed that the cumulative amount of this trial is 

84.40 µg/cm
2
 and drug release rate is 40.79. When 

compared to the cumulative amount and drug release rate 

on test product, lower limit of 90% confidence interval is 

51.85 for drug release rate and 52.23 for cumulative 

amount and upper limit of 90% confidence interval is 

52.24 for drug release rate and 52.68 for cumulative 

amount.   

Analysis on laboratory trial with 100% more active 

substance then test product showed that the cumulative 

amount of this trial is 365.01 µg/cm
2
 and drug release rate 

is 175.16. When compared to the cumulative amount and 

drug release rate on test product, lower limit of 90% 

confidence interval is 222.57 for drug release rate and 

226.99 for cumulative amount and upper limit of 90% 

confidence interval is 224.87 for drug release rate and 

229.52 for cumulative amount. The correlation coefficient 

is 0.99.  

Analysis on laboratory trial with different viscosity 

has correlation coefficient 0.98 and it showed that the 

cumulative amount of this trial is 130.73 µg/cm
2
 and drug 

release rate is 63.66. When compared to the cumulative 

amount and drug release rate on test product, lower limit 

of 90% confidence interval is 82.81 for drug release rate 

and 83.11 for cumulative amount and upper limit of 90% 

confidence interval is 84.12 for drug release rate and 

84.45 for cumulative amount.   

The results are considered valid if they fulfill 

linearity criteria (r
2
=0.90). According to EMA’s Draft 

guideline on quality and equivalence of topical products, 

results from analysis should fall within the acceptance 

criteria from 90 - 110%. Results from all laboratory trial 

are out of the acceptance criteria. Laboratory trial with 

50% less active substance has around 50% less 

cumulative amount of active substance in last sampling 

point and lower drug release for around 50% from the test 

product. Laboratory trial with 100% more active 

substance then the test product has around 100% higher 

cumulative amount of active substance in last sampling 

point and 100% faster drug release rate, as expected. 

Laboratory trial with different viscosity has also showed 

difference in cumulative amount of active substance in 

last sampling point and drug release rate in comparison 

with the test product. 

 

 

Conclusion 

 

Results are out of the acceptance criteria from 

EMA’s Draft guideline on quality and equivalence of 

topical products, which means that this in-house 

developed method is sensitive to changes in formulations. 

Due to its discriminatory power, method for IVRT can be 

used for comparison of batches and quality control.  
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Introduction 

 

Ibuprofen (IPB), α-methyl-4-(2-methylpropyl)-

benzene acetic acid, is one of the most common non-

steroidal anti-inflammatory drugs (NSAIDs). It is widely 

used as an analgesic in mild to moderate pain, and in the 

treatment of rheumatoid arthritis and osteoarthritis (Zhao 

et al., 2005). The conventional daily dose of this NSAID 

is 600–1200 mg per day (De Brabander et al., 2004). It 

was the 28th most dispensed drug in the USA in 2017 

(Wong et al., 2021). The antimicrobial potency of 

Ibuprofen has been demonstrated in its ability to reverse 

resistance related to efflux pump activity (Ogundeji, 

2016).  

All pharmaceutical forms are subject to chemical and 

microbiological quality control. A microbiological quality 

control method that will be used in routine for 

determination of product microbiological purity must be 

subject of validation. Microbiological quality control 

parameters for Ibuprofen film coated tablets 400mg as 

non-aqueous pharmaceutical preparation for oral use are: 

Total Aerobic Microbial Count (TAMC), Total Yeasts 

and Molds Count (TYMC) and Absence of Escherichia 

coli (Ph.Eur. 10.0, 2019).   

 

Materials and methods  

 

Materials 

 

During the method validation, standard laboratory 

equipment was used: Biosafety Cabinet Class II A, 

microbiological incubators Binder within tree temperature 

intervals 20-25ºC, 30-35ºC and 42-44ºC, Bunsen burner, 

Orbital shaker, and standard, sterile laboratory glass for 

microbiological use. In addition to the validation of the 

method, 10g of Ibuprofen film coated tablets were 

weighted using Kern analytical balance. Buffered sodium 

chloride-peptone solution- Pharmacopeia diluent pH 7.0, 

was chosen as medium for dissolving and dilution of the 

sample for culture suspensions. Ready to use nutrient 

media from BioMérieux, Oxoid and Merck were used 

during this validation.  

The test microorganisms that were part of this 

validation are standard microorganisms specified by the 

current European Pharmacopoeia for method suitability 

test: Escherichia coli ATCC 8739, Pseudomonas 

aeruginosa ATCC 9027, Bacillus subtilis ATCC 6633, 
Staphylococcus aureus ATCC 6538, Candida albicans 

ATCC 10231 and Aspergillus brasiliensis ATCC 16404 

(Ph.Eur. 10.0, 2019). 

 

Method  

 

For determination of the antimicrobial activity and 

validation of the test method, challenge test was 

conducted with above mentioned microorganisms. 

Surface-spread method using secondary suspension of the 

product to be examined (1:100 dilution) is determined to 

be validated as suitable for the conduction of the 

quantitative tests for determination of TAMC and TYMC, 

as defined in Ph. Eur. 2.6.12., 5-2-2-2. Test for specified 

microorganisms using primary suspension of the product 

to be examined (1:10 dilution) is determined to be 

validated as suitable for the conduction of the qualitative 

tests for determination of Absence of Escherichia coli, as 

defined in Ph. Eur. 2.6.13., 4-2.  

The number of all microorganisms applied in the 

challenge tests from 10 – 100 cfu/mL. Each test was 

conducted in duplicate and the temperature and the time 
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of incubation depended of the type of the medium. TSA 

were incubated for 3 days at 30-35˚C, SDA were 

incubated for 5 days at 20-25˚C, TSB was incubated for 

24h at 30-35˚C, MCK broth was incubated for 24h at 42-

44˚C and MCK agar was incubated for 24h at 30-35˚C. 

After the incubation time the relation between the number 

of the each microorganism dissolved in Pharmacopeia 

diluent pH 7.0 and the number of the same microorganism 

in the presence of the product was calculated. The 

Recovery percent is limited by the values of 50-200% on 

all tested microorganisms. Calculating the results and 

evaluating the Recovery Percent and Recovery Factor for 

compliance to the reference requirements. When verifying 

the suitability of the plate-count method, a mean of any of 

the test organisms not differing by a factor greater than 2 

must be obtained (Ph.Eur. 10.0, 2019).  

 

Results and discussion 

 

The chosen test for determination of microbiological 

purity as suitable, must mimic the proposed microbial 

limit test - the sample preparation, types of media and 

buffers as well as incubation conditions must be 

reproduced during validation. In order to demonstrate that 

the proposed method is capable of recovering viable 

microbes that might be present in the product sample, the 

method suitability protocol requires the use of 

representative microorganisms to challenge the microbial 

recovery methods.  

Our results show that the product, Ibuprofen film 

coated tablets, demonstrates significant antimicrobial 

properties against almost all microorganisms 

recommended by the European Pharmacopeia while using 

primary suspension (1:10 dilution) resulting in Recovery 

factor >2. Compared to the Control, demonstration of 

successfully overpassed antimicrobial properties of the 

product on subjected microorganisms was achieved using 

secondary suspension (1:100 dilution). A product 

negative control was performed to evaluate any inherent 

product bio burden that might interfere with the recovery 

challenge studies (Ph.Eur. 10.0, 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

 

The product, Ibuprofen film coated tablets 400mg, 

demonstrates significant antimicrobial properties against 

test microorganism: S. aurues, B. subtilis, C. albicans and 

A. brasiliensis while using Pharmacopeia diluent pH 7.0 

for the preparation of Primary suspension (1:10 dilution).  

The antimicrobial properties of the product on subjected 

microorganisms were eliminated in the further dilution 

prepared with same Pharmacopeia diluent pH 7.0. 

Compared to the Control, positive microbial growth was 

detected using secondary suspension (1:100 dilution).  

Secondary suspension (1:100 dilution) demonstrates 

absence of product microbial interference and compliant 

Recovery Factor values ≤2 on all tested microorganisms.  
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Introduction 

 

Computer Systems Validation (CSV) is a process used 

to ensure that computer-based systems will produce 

information or data that meet a set of defined requirements. 

If a system meets these requirements, it can be assumed 

that it is consistently performing in the way it was intended. 

Computer system validation checks the effectiveness and 

the efficiency with which the system is meeting the 

purpose for which it was designed. 

The concept of validation was first proposed by Ted 

Byers and Bud Loftus in the mid-1970s to improve the 

quality of pharmaceutical products. Currently, in the 

pharmaceutical manufacturing industry, validation plays a 

vital role in producing high-quality pharmaceutical 

products that meet good manufacturing practice (GMP) 

guidelines. (Singh et al., 2018). 

Paperless validation is an electronic process of 

ensuring that a computer-based systems are compliant to 

the requirements.  All steps of the validation process are 

registered in digital documents, or items, rather than on 

paper. By not using a single sheet of paper, the paperless 

validation presents many benefits to companies, 

professionals, and the environment. One of them is to 

convert a most common, system validation such as ERP 

(Enterprise Resource Planning), which usually uses almost 

2,500 sheets of paper, converting it into ‘zero paper’. 

(https://fivevalidation.com/paperless-systems-validation-

2/, 2022) 

 

Materials and methods  

 

This short paper presents literature data, which is 

analyzed and compared with a real case of paperless 

computer system validation in the pharmaceutical industry. 

Discussion 

 

Paperless validation brings benefits in different areas 

of defined requirements while performing CSV. 

On the topic of computer system validation in the 

pharmaceutical industry, it's important to go over the basics 

of Good Documentation Practice (GDocP). Data integrity 

is the cornerstone of GDocP in any kind of records - paper 

or electronic. Data Integrity in a validation project refers to 

ensure that the data inserted in those documents, are 

attributable, legible, contemporaneous, original and 

accurate. If one conducts their project using a paperless 

validation software, the chances of a break of GxP 

compliance are smaller. 

Traceability matrix is a document that links GMP 

requirements with their tests over the validation lifecycle. 

This deliverable ensures that all requirements defined for a 

system, software, and process validation are linked with 

their respective risk scenarios and tests. In a traditional 

way, based on paper, a responsible person needs to link all 

requirements with their test protocol items manually. With 

a paperless validation, the traceability matrix is built in 

automatically, reducing time and avoiding mistakes. 

(Schönberger and Vasiljeva, 2018). 

The digital possibility to carry out a validation project, 

in just one software, also translates to financial benefits for 

industry and laboratories in the Life Science market. In 

addition, using a paperless validation software reduces 

team efforts to finish the project, saving 65% of company’s 

validation costs. 

It reduces repetitive and mechanical activities, leaving 

the thinking activities like Risk Assessment and testing 

strategies for the validation specialist to decide. However, 

the validation specialist has possibility to decide if these 

items adhere with the process and the project, taking 
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advantage of an enhanced, pre-existing expertise database, 

not starting from scratch with every new project, saving a 

lot of time, producing validations at least three times faster. 

By eliminating critical data manual management, 

paperless validation drastically reduces the danger of non-

compliance, as well as being designed to allow not only 

management, but the preparation of documents with 

greater agility and safety, from the beginning of the project 

until the Final Validation Report. 

(https://fivevalidation.com/sap-hana-validation/, 2022). 

In 2020, during the pandemic with COVID-19, a 

process of upgrading the ERP system was started in 

Alkaloid AD Skopje. A paperless validation method was 

used during the process of validation of the system. 

GO!FIVE™ platform (Validation Lifecycle Management 

Software – VLMS, that is cloud-based, fully paperless, 

with features that increase compliance) from FIVE 

Validation was used for conducting and documenting of 

the validation process. Due to the extraordinary conditions 

in which the work was done during the pandemic, this way 

of validation enabled an uninterrupted course of the 

validation process of the computer system. With the use of 

the paperless validation system from different locations 

and the ability to use electronic signatures, all processes 

and documents were completed on time. After the 

completion of the system verification phase, the 

documentation is available at any time to any authorized 

person who has an access to the system. 

The validation project was structured to meet national 

and international standards and guidelines, such as:  

- GAMP5® Good Automated Manufacturing Practice; 

- FDA 21 CFR Part 11 American Standard for the Use 

of Electronic Signatures and Electronic Records; 

- Annex 11 Good Manufacturing Practice – Medicinal 

Products for Human and Veterinary Use: Computerized 

Systems, EMA (European Medicine Agency). 

(https://fivevalidation.com/sap-hana-erp-validation/, 

2022). 

 

Conclusion 

 

There is no doubt that as validation documentation 

becomes more complicated, methods to achieve more 

efficient and leaner execution than a compliance database 

system that takes a document-centric approach will be 

required. Choosing a paperless validation with an 

established track record can aid in the technology's 

effective adoption, replacing the paper-based approach's 

outgoing weight. 

When implementing paperless computer system 

validation, the benefits to the project and the system are: 

 

 

- Higher level of compliance, because of decreased risks 

of data integrity flaws; 

- Enhanced speed of validation projects, to do the 

validation from start to finish in just one software; 

- Decreased validation costs: faster work, avoided paper 

work, no printers, no physical space to store documents, no 

documentation scanning; 

- Possibility of running the project remotely, online 

management and connecting of teams between several 

locations; 

- Easier maintenance of the validation status, with 

decreased time of keeping the validation status with 

constant changes and periodical reports; 

- Easier for auditors or inspectors, the data is available 

immediately; 

- Sustainable documentation with no paper use, no 

printers and cartridges, which benefits the environment. 
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Introduction 

 

Contamination is one of the biggest risks to patients’ 
health and the quality of pharmaceutical products. One of 

the main principles of the good manufacturing practice 

(GMP) is to pay special attention to the factors that pose a 

risk of contamination (Eudalex GMP guidelines). 

According to the new guidelines of Annex 1: 

Manufacture for sterile medicine products, manufacturers 

of pharmaceutical products need to develop a 

Contamination Control Strategy, by implementing the 

principles of risk analysis, the critical control points are 

defined and the effectiveness of undertaken controls and 

measures for management of risks associated with 

contamination are analyzed. 

The aim of this paper is to present the advantages and 

need for implementation of risk assessment as a necessary 

tool for identifying potential hazards and risks of 

contamination and manufacturing a product that will meet 

the quality specification. 
 

Risk tools 

 

The conduction of the risk analysis is done in 

accordance to ICH Q9: Quality Risk Management and 

two tools are used: Ishikawa diagram and FMEA. 

Ishikawa diagram – The cause-and-effect diagram is 

a tool we used to identify, examine and display the 

possible causes of contamination. With this method we 

illustrated the connection between the risk 

(contamination) and all the factors that contribute to its 

occurrence. 

The identified hazards for the possible occurrence of 

contamination are then analyzed using the tool FMEA 

(Failure Modes and Effect Analysis). The method takes 

into account the parameters probability of occurrence, 

severity of the risk and the possibility of its detection. The 

risk class is determined by the value of RPN (Risk 

Priority Number) which is a numerical value. RPN is 

determined by the formula: RPN = probability (P) x 

severity (S) x detection (D) 

 

Summary from the performed contamination 

risk analysis 

 

With Ishikawa diagram eight possible causes of 

contamination are shown: production process, materials, 

facility/premises, cleaning, training, personnel, equipment 

and environment. 

Eleven risks have been identified during analyzing 

the manufacturing process that could potentially lead to 

contamination. The identified risks are analyzed through 

FMEA, where potential root causes of the risks are 

identified. According to the obtained RPN values, 20 of 

the causes are classified as low risk, 28 as medium risks 

and 3 as high risks. Twelve risks arising from the 

materials were identified, which were then analyzed using 

the FMEA tool. They are classified in accordance to their 

RPN values as 16 low risk factors, 22 medium risk factors 

and 8 high risk factors. In accordance to Ishikawa 

diagram, we have identified eight risks from 

facility/premises that could lead to contamination. They 

are shown and analyzed later with FMEA tool and 24 

potential root causes are identified. Nine of the identified 

root causes are classified as low risks, 13 as medium risks 

and 2 with high risk for potential contamination.  

Additionally, through the cleaning process, eight 

risks were identified, and with the FMEA tool 31 roots 

causes were analyzed, ie 7 are classifies as  low risk, 22 as 

medium risk and 2 as high risk for potential 

contamination. The possible cause of contamination - 

training is analyzed with  Ishikawa diagram and 9 risks 

mailto:martina.gjorgjevska@bionikapharm.com
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are identified that were later additionally analyzed with 

the FMEA and 30 possible root causes were identified of 

which 6 are classified as low risk in accordance to their 

RPN number, 16 as medium risk and 8 as high risk. 

The risks that originate from the personnel are 

identified as well with the Ishikawa tool, and the causes 

that could lead to them are analyzed. According to their 

RPN number, 4 are classified as low risk, 19 as medium 

risk and 5 as high risk. Eight risks for possible 

contamination that originate from the equipment are 

identified. They are classified in accordance to their RPN 

number as following: 6 of the identified root causes are 

classified as low risk, 25 as medium risk and 5 as high 

risks. With analyzing the process environment, we have 

identified 9 risks with the Ishikawa tool that were later 

analyzed with FMEA and 51 potential root causes were 

identified. From them 23 are classified as low risk, 21 as 

medium risk and 7 as high risk. 

Using the FMEA tool, the existing controls for 

decreasing the risk level are analyzed, through which the 

risks are reduced to an acceptable level that ensures that 

the company proactively prevent the possibility of 

contamination, i.e., that safe and efficient products are 

manufactured in accordance with the GMP principles. 

 

Discussion 
 

In accordance to the performed risk analysis for 

potential sources of contamination and their evaluation, 

the company’s strategy for proper development of 

Contamination Control Strategy and the measures for 

proactive prevention of contamination has been 

determined. 

The most important factors that can affect the 

occurrence of contamination have been identified as 

appropriate facility design and materials of construction, 

flow of materials, equipment choice, cleaning validation, 

and HVAC design, sampling/weighing of materials, 

material’s labelling, personnel training and hygiene 

/gowning of the personnel. 

The facility design and appropriately planning of the 

production processes, as well as the construction of the 

facility is very important for prevention of mix-up and 

contamination. The premises should be of suitable size 

and the materials of construction should be easy to clean 

and not to generate particulates and dust. 

The flow of materials should be properly defined, the 

design of the premises should be performed in a way that 

will prevent the potential for mix-ups and contamination, 

the suitable transport equipment should be available and 

the personnel trained and tested for their knowledge. 

The qualification of the personnel and determination 

who can train the personnel, the planning of trainings and 

the assurance that the personnel are trained for their 

activities is done in accordance to the training matrix. 

The manufacturing equipment should be of adequate 

material that will be easy to clean and cleaning validation 

for each equipment has to be done. The personnel have to 

be trained for working on the equipment and accordingly 

monitored and tested for their knowledge.  

Also, the design and maintenance of the HVAC 

system is important in order to avoid contamination. For 

good design we need to select a suitable grade of 

cleanroom together with a design intended to minimize 

contamination. The control of pressure regimes is shown 

in the site HVAC specification, where the pressure 

differentials and alarm parameters are justified and 

documented. 

 

Conclusion 
 

Risk analysis was performed in order to determine 

the potential sources of contamination in the production 

facility and premises using two tools – Ishikawa diagram 

and FMEA. Eight main potential causes of contamination 

have been identified: production process, materials, 

facility/premises, cleaning, training, personnel, equipment 

and environment.  

Accordingly, they were analyzed with FMEA, where 

the risks were analyzed and 308 potential root causes 

were identified. Measures for proactive prevention of 

contamination have been established, i.e. it is necessary 

that the facility and premises are well designed and 

constructed for their indented activities, the company has 

well-trained stuff, good design and maintenance of the 

HVAC system, cleaning validation is performed, the 

process of flow of materials is well established, as well 

that there is adequate documentation for all activities that 

guarantee safe and efficient product. 
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Introduction 

 

The stability of a drug substance or a drug product 

refers to their ability to remain within established shelf-life 

specifications or identity, strength, quality and purity till 

the specified period of time. Stability testing is the 

mechanism to obtain stability information and to 

demonstrate that the drug substance/drug product will meet 

the predefined acceptance criteria all through the defined 

storage period (EudraLex, 2014; ICH, 2003). Careful 

management of stability study is a core principle behind 

excellent outcomes in stability testing. Stability testing 

must consider proper planning, as well as sample and data 

management. The careful documentation of sample 

storage, sample management and the stability data is 

critical (Bajaj et al., 2018; EudraLex, 2014). AlkaSAP 

system helps automate this monitoring and documentation 

ensuring reliability and efficacy. Effective stability study 

management is vital to ensure ongoing product integrity 

and safety. 

The aim of this work is to demonstrate how the            

on-going stability studies are created and managed in 

AlkaSAP system. 

 

Materials and methods 

 

SAP is software that enables management of different 

business processes and developing solutions that facilitate 

effective data processing and information flow across the 

organization. The stability study can be created and 

managed in AlkaSAP system by defining all the main 

features, the creating mode for a stability study plan, 

assigning a strategy (defined frequency for creating a 

sampling plan and inspection lot) defining the SAP 

transactions that are used, as well as the subsequent steps 

to conduct this process. 

The AlkaSAP system ensures the data integrity in the 

database by protecting data against unauthorized changes. 

Also, all users have their own system login/password to 

represent their electronic signature. 

The purpose of creating stability studies in AlkaSAP 

system is to provide a defined, standardized and automated 

mode for the procedures for stability study monitoring, 

through automatic release and printing of inspection lot 

with a predefined frequency, as well as recording and 

monitoring stability studies results in the AlkaSAP system. 

 

Results and discussion 

 
Creating a specification 

 

The first step at the beginning of the stability study in 

the AlkaSAP system is creating a specification for product 

monitoring during stability testing. The specifications are 

created in separate SAP transaction and each specification 

is defined by unique combination of number and letters. 

The specification in AlkaSAP system contains different 

sections for physico-chemical, microbiological and 

biological testing. Besides entering specification 

parameters and specification limits, the transaction for 

specification of AlkaSAP system enables entering the 

number of samples required for one analysis of physico-

chemical, microbiological and biological testing. For each 

stability study two specifications are created: specification 

for the starting point of stability testing and shelf-life 

specification (ICH, 2003). 

Assigning a testing frequency 

 



128   Pharmaceutical Analysis/Quality Assurance/Regulatory Affairs 

 

Maced. pharm. bull., 68 (Suppl 1) 127 - 128 (2022) 

After defining the specification, it is necessary to 

assign the testing frequency, i.e. a strategy of the stability 

study of the designated products. Testing frequencies are 

connected to the shelf-life specification. The testing 

frequencies can be entered in months, weeks or days.  

 

Creating a stability study 

 
After defining the testing frequency, the stability study 

is created by designating unique name following the 

naming convention. In the stability study, the necessary 

data for the product are entered – batch No, primary and 

secondary packaging, storage conditions, number of 

samples and the location in the stability chamber. The 

AlkaSAP system enables printing labels for proper labeling 

of the products placed on stability testing. The labels 

contain information about the name of the product, batch 

number, manufacturing date, storage conditions, name of 

the stability study and electronic signature of the person 

who created the study. 

The shelf-life specification is entered in a separate 

field in the stability study, which enables connecting of the 

stability study with the assigned frequencies of the 

specification. 

The creation of inspection lot for each testing 

frequency of the defined product is provided on appropriate 

date, according to the manufacturing date of the product 

which is considered as starting point of stability testing. 

Inspection lots are automatically printed. 

In accordance with the monthly planning of the 

performance testing frequencies there is possibility for 

manually releasing the inspection lot for the current 

frequency on a different date. 

When the testing frequency of the product is finished, 

the obtained data of the inspection lot are entered in 

appropriate transaction. 

 

Sample management 

 
The change in number of samples for stability testing 

for each frequency in AlkaSAP system is performed 

automatically, by creating the inspection lot for the suitable 

test frequency. The number of samples which is subtracted 

for every testing frequency is based on the number of 

samples in the appropriate specification separately for 

physico-chemical, microbiological and biological tests. 

The specifications are created in the separate SAP 

transaction, with a defined field for entering the number of 

samples necessary for performance of one analysis. The 

number of samples necessary for one analysis is defined for 

each product. 

If additional number of samples is required, the change 

can be performed manually, in separate transaction, where 

the number of subtracted samples and the number if 

remained samples are entered with suitable comment. 

The AlkaSAP system enables audit trail for sample 

management, where all the necessary data are displayed. 

The audit trail shows the number of samples before and 

after the subtraction, location of the samples, name of the 

person who managed the samples, and date and time for 

sample management. 

The AlkaSAP system allows creating monthly and 

annual plan for stability testing which automates and 

facilitates the planning process of stability testing. It 

ensures correct planning procedures upfront. The data 

entered for all testing frequencies can be summarized in a 

stability report for each batch of the products subjected to 

stability testing. 

 

Conclusion 

  

       Centralization and automation of the management of 

stability studies with AlkaSAP system allows more 

effective sample and study management. This makes the 

management process more effective, by reducing the 

possibility of human error and allowing for more detail via 

automation. Integration and implementation of AlkaSAP 

system for management of stability studies, helps 

improving efficacy and reliability of stability studies. 
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Introduction 

 

Pharmaceutical manufacturers must carry out ongoing 

real-time stability studies in order to substantiate the expiry 

date and the storage conditions previously projected. 

Therefore, high-quality stability data is crucial to justify 

the set specification limits (Huynh-Ba, 2008). The stability 

data, together with the specification limits, is pivotal for the 

setting and/or extending of the product shelf-life, as well as 

its storage conditions. Ongoing stability studies are 

intended to prove that during the labelled shelf-life period 

and under “real life conditions”, the product retains the 

quality defined in the authorization/registration process. 

Stability studies are initiated annually and may be used to 

support product or process modifications, being vital to 

certify the continuous quality of production batches (ICH, 

2003). In order to identify potential issues and ensure data 

quality, it is preferable to use objective and statistical 

methods for analysis of possible stability data trends.  

According to the ICH Q1E guideline, evaluation of the 

stability data, after shelf life assessment, should progress 

through the trends and variability of the long-term stability 

data (ICH, 2003). The trending in stability studies i.e., the 

evaluation of stability data (not necessarily statistical) is 

performed in order to identify stability data trends, as well 

as their impact on product stability (Yoshioka and Stella, 

2000). This article presents an overview of a statistical 

approach for trending analysis of stability data for 

Zolpidem film coated tablets (5 mg and 10 mg). An 

assessment was made to determine whether obtained data 

shows increasing/decreasing trends over time and whether 

it indicates discernible change or not.   

Materials and methods 

 

In order to evaluate the stability data and to identify 

the pattern of data that indicates change over time, data 

from stability studies for Zolpidem 5mg and 10mg film 

coated tablets was subjected to trend analysis. In order to 

evaluate the trends and variability of the long-term stability 

data, three stability indicating parameters were analyzed: 

assay, dissolution rate and related and degradation 

products. In order to assess the trend of the parameters: 

assay of Zolpidem, dissolution rate of Zolpidem and 

related and degradation products, all the stability data 

obtained for these parameters was collected throughout the 

years. Data was assorted using tables and graphically, 

according to the stability study frequency at which they 

were obtained. The results were graphically presented 

versus the interval of ±3SD (3 times the standard 

deviation), and with a prediction fitting of 99% as well. A 

regression analysis was made in order to make predictions 

about future stability data values. The Six Sigma statistical 

approach was used for detecting the trend outliers. 

 

Results and discussion  

 

Zolpidem film coated tablets 5mg and 10mg are 

pharmaceutical products with long manufacturing history, 

following the same manufacturing route, on the same 

manufacturing site, according to the prescribed 

manufacturing procedure in Alkaloid AD, Skopje. This 

product has a well-established stability. Ongoing stability 

studies in Alkaloid AD, Skopje are performed on one batch 

annually for long-term stability testing, including batches 

from 2009, 2010, 2011, 2012, 2013, 2014, 2015 and 2016.  
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The analysis of all collected data for assay of 

Zolpidem, indicates no discernible change. All results 

within a batch remained almost constant around the initial 

value (excluding the possible analytical error during the 

analysis). The 99% prediction fitting equation indicated 

that the trend is mildly decreasing (approximately 1.0% 

from the initial time-point to the 36 months frequency). 

One outlier was statistically detected, but it did not exceed 

the shelf-life specification limits. Results for this 

investigated parameter remained within the shelf-life 

requirements. 

The evaluation of data obtained from the analysis of 

dissolution rate of Zolpidem, indicated no discernible 

change. All results within a batch remained almost constant 

around the initial result value (excluding the possible 

analytical error during the analysis). The 99% prediction 

fitting equation indicated that the trend is mildly decreasing 

(approximately 2.0-2.5% from the initial time-point to the 

36 months frequency). No outliers were detected. Results 

for this investigated parameter remained within the shelf-

life requirements. 

For all collected data for the parameter single impurity 

content, no discernible change was detected. All the results 

within a batch remained almost constant around the initial 

result value (excluding the possible analytical error during 

the analysis). The 99% prediction fitting equation indicated 

that the trend is mildly increasing (approximately 0.0004% 

from the initial time-point to the 36 months frequency, 

which is discernible). One outlier was detected, but it did 

not exceed the shelf-life specification limits. The total 

impurities content data, within all batches, showed no 

discernible change.  All the results within a batch remained 

almost constant around the initial value (excluding the 

possible analytical error during the analysis). The 99% 

prediction fitting equation indicated that the trend is mildly 

decreasing (approximately 0.003% from the initial time-

point to the 36 months frequency, which is discernible). 

There was one outlier detected, but it did not exceed the 

shelf-life specification limits. Results for the single 

impurity content, as well as for the total impurity content 

parameter remained within the requirements of the shelf-

life specification. 

 

Conclusion 

 

The presented results indicate that the parameters 

assay and dissolution rate, as well as the parameter related 

and degradation products, considered as critical quality 

attributes, reveal very similar profiles for all tested batches 

at the same conditions and settings. The results for all 

batches follow defined trends, suggesting that there is no 

statistically significant difference in these parameter 

trends. The absence, or the presence of only one 

statistically detected outlier that is within the set 

specification limits, ensures that the tested product retains 

its quality over the course of its predetermined shelf-life.  
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Introduction 

 

Аfter 20 years, two Regulations on medical devices 

have been published, replacing the Directives on medical 

devices. Covid-19 virus pandemic occurs in a very 

sensitive period of transition from the Directives to the new 

Regulations of the European Union. 

Legislation of medical devices during the Covid-19 

virus pandemic is strongly influenced by the need for 

timely placement of medical devices on the market in the 

European Union, especially medical devices associated 

with Covid-19. Hence, the need for regulatory flexibility 

and finding alternative pathway in placing a medical device 

on the market in the European Union has arisen, given the 

fact that the medical device industry is at the forefront in 

the fight against Covid-19.  

The implications of the pandemic on the legislation of 

medical devices were seen in the postponement of the new 

Regulation on Medical Devices for one year, numerous 

laws, regulations, guidelines, recommendations, surveys, 

covering all stakeholders in medical legislation, a list of 

medical device essential for Covid-19 epidemic and the 

way they are marketed in the event of a pandemic, as well 

as information that provides tools to expedite conformity 

assessment procedures.  

 

Implications of Covid 19 on the Regulations 

 

The  transition   period   referring to  the  Regulation  

on Medical Devices (2017/745 /EC) was extended by one 

year 

from the originally determined date of implementation   

of the Regulation (26.05.2020) and the final date of 

implementation was 26.05.2021. That left an opportunity 

for an additional year in a pandemic to be placed on the 

market under the existing Directives, so that the EU was 

timely supplied with the necessary medical devices (MD). 

The transition period of the new Regulation on In 

Vitro Diagnostic Medical Devices (2017/746/EC) 

remained unchanged (date of implementation-22 May 

2022) (Binmöller, 2020) 

Regulation (EU) 2020/561 of the European Parlament 

and of the Council of 23 April 2020 amending Regulation 

(EU) 2017/745 on Medical Devices, as regards the dates of 

application of certain of its provisions, postponed the date 

of application of most medical device regulation provisions 

by one year- until 26 May 2021 (Trevino, 2020).  

It also amended Article 59 of the Regulation:           
Until Medical Device Regulation (MDR) is applied, the 

current Medical Devices Directives are also included in 

Article 59. While the MDR was valid from 26 May 2021, 

Article 59 was applied from 24 April 2020. Article 59 lays 

down how the authorization to deviate from the 

requirements for CE marking of medical devices may be 

exercised. (Boumans, 2020; Regulation (EU)2020/561). 

The extraordinary circumstances created by the 

Covid-19 pandemic have had a significant impact on the 

work of notified bodies, the Member States and the 

Commission, in connection with the renewal of the 

appointment process, as well as the oversight and 

monitoring activities related to the notified bodies. 

Аs a result, the European Commission adopted the 

new one Implementing Regulation (EU) 2020/666 

amending Implementing Regulation (EU) No 920/2013 as 

regards the renewal of designations and the surveillance 

and monitoring of notified bodies. Тhe most important 

provisions of the regulation are the following: 

Notified bodies retained their ability to issue 

certificates for obtaining the CE mark of the manufacturers 
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of medical devices under Medical Device Directive 

(MDD) and Active Implantable Medical Devices 

Directive (AIMDD) for an additional year; 

The condition for appointment of the notified body is 

removed by including on-site visits when processing the 

requests for appointment of a notified body with immediate 

effect. However, the Implementing Regulation makes it 

clear that designating authorities must still assess an 

adequate number of reviews by the notified body for the 

manufacturer's clinical assessments and on-site inspections 

and audits (Regulation (EU) 2020/666). 

In the interest of public health MDCG (Medical 

Device Coordination Group) published a guide (Guidance 

on temporary extraordinary measures related to medical 

device Notified Body audits during Covid-19 quarantine 

orders and travel restrictions (04.2020)-MDCG) and 

MDCG 2020-17: Questions and Answers related to MDCG 

2020-4, in order to determine the emergency measures that 

should temporarily follow the notified bodies in this 

period, in order to enable continuous availability of safe 

medical devices on the market and to minimize the risk of 

lack of medical supplies. The Guide provides that notified 

bodies may introduce temporary alternative emergency 

measures in place of on-site conformity assessment audits 

as a result of limitations of Covid-19 (Trevino, 2020). 

On January 11, 2021, the European Commission 

issued a notification which sets out the conditions under 

which remote audits may be performed under Regulation 

2017/745/EC of 5 April 2017 on Мedical Devices (MDR) 

and Regulation 2017/746 of 5 April 2017 on In Vitro 

Diagnostic Medical Devices (IVDR):                           

Commission Notice on the application of Sections 2.3 and 

3.3 of Annex IX to Regulation (EU) 2017/745 and 

Regulation (EU) 2017/746 with regard to notified bodies 

audits performed in the context of quality management 

system assessment 2021/C 8/01. This notification was a 

long-awaited decision that has direct implications for 

manufacturers who are willing to switch to Medical device 

Regulation or In vitro medical device Regulation, but have 

not been able to pass a conformity assessment due to the 

inability of their notified bodies to audit the quality 

management system.  However, the decision to conduct 

remote audits will be made on a case-by-case basis and it 

will be important for                                                                                 

manufacturers to duly justify their request to the notified     

body. In order to more easily deal with the pandemic, the 

European Commission has published a "List of essential 

medicines for Covid-19 (MS and IVD medicines)", which 

serve as a guide for notified bodies when considering 

which products should be given priority in conformity 

assessments. 

Also available is the Covid-19 In Vitro Database for 

Diagnostic MD and Testing Methods: Covid-19 In Vitro 

Diagnostic Devices and Test Methods Database, which is 

described as a repository for browsing all publicly 

available information for CE-marked IVD performance. 

The European Commission published a guide to 

medical devices in the context of the Covid-19 pandemic: 

Guidance on medical devices, active implantable medical 

devices and in vitro diagnostic medical devices in the 

Covid-19 context, which explains the legal requirements 

for placing medical devices on the EU market, how 

standards can be used under current legislation and whether 

it is possible to deviate from the usual conformity 

assessment procedures in light of the urgency caused by the 

Covid-19 epidemic. 

 

Conclusion 

 

In order to successfully deal with the biggest health 

crisis in recent history, all stakeholders in medical 

legislation have a proactive role and and have adapted to 

the mentioned changes in the legislation. 

All measures that have been taken, are being taken and 

will be taken in the future must be aimed at increasing the 

availability of medical device, but at the same time all 

medical devices on the market should be safe, properly 

used, while taking care of the public health and safety of 

the EU population. 
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Introduction 

 

The acid value (AV) is a common parameter in the 

specification of fats and oils (Ph.Eur. 2.5.1, current ed.). It 

is defined as the weight of potassium hydroxide (KOH) in 

mg needed to neutralize the organic acids present in 1 g of 

fat and it is a measure of the free fatty acids (FFA) in a 

sample of oil or fat indicates hydrolysis of triglycerides. 

Such reaction occurs by the action of lipase enzyme and it 

is and indicator of inadequate processing and storage 

conditions (i.e. high temperature and relative humidity). 

Different fat samples may contain varying amount of fatty 

acids. In addition, the fats often become rancid during 

storage and this rancidity is caused by chemical and 

enzymatic hydrolysis of fats into free acids and glycerol. 

The amount of free acids present, or acid value of fat is a 

useful parameter which gives an indication about the age 

and extent of its deterioration. The amount of free fatty 

acids can be determined by volumetric titration (manual), 

by which a sample in mixture of equal volumes of ethanol 

(96 per cent) and light petroleum is neutralized with 

potassium hydroxide (KOH) or sodium hydroxide 

(NaOH) using phenolphthalein indicator. (Ph.Eur. 2.5.1, 

current ed.).  This is the recommended pharmacopeial 

procedure in many countries. But this manual method is 

attended with problems such as indicator error, the 

unclear color change in the transition range of the 

indicator may be a source of error. Тhe volumetric 

titration has a lower rank of precision and accuracy due to 

this visual problem. To avoid the problem described, this 

method was optimized by automated titration using 

potentiometer. In the following we will discuss the 

automatic determination of the acid value of two raw 

materials and the comparison of results with the same 

method volumetric vs potentiometric. 

 

Potentiometric titration 

 

In a potentiometric titration (volumetric titration with 

potentiometric end-point determination) the end-point is 

determined by recording the variation of the potential 

difference between 2 electrodes (either 1 indicator 

electrode and 1 reference electrode, or a combined 

electrode) immersed in the solution to be examined as a 

function of the volume of titrant added. The end-point of 

the titration is reached when the maximum change in 

potential occurs in a plot of potential versus volume of 

titrant, and is expressed as the corresponding volume of 

titrant. Recording the first or second derivative curve can 

facilitate the determination of the end-point. (Pass and 

Sutcliffe, 1974).  

 

 

Standardization 

 

To apply this method, the first step is to standardize 

the titrant that will be used. The so-called titer 

determination or standardization of a volumetric solution 

used for titration is one of the most important 

preconditions for reliable and transparent titration results 

(Straub-Jubb, 2018). Accurate and reliable titration results 

are only achievable when the exact concentration of the 

volumetric solution is know. The nominal concentration 

of a volumetric solution used as a titrant in the titration 

process is known. The concentration could differ from the 

real concentration because of a variety of influences. The 

necessity to determine the real concentration with a 

titrimetric standard is import in order to obtain correct 

titration results (Straub-Jubb, 2018). The titer is defined as 

the quotient of the nominal concentration of a volumetric 

solution and the actual concentration. The calculated 
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factor is then used as the correction factor to the titrant. 

The measured value of the titer is multiplied with the 

nominal concentration (Straub-Jubb, 2018). 

 

Materials and methods 

 

Materials 
 

Fatty alcohols and fatty acids are excipients that are 

abundantly used in various pharmaceutical formulations. 

Two raw materials will be used: Oleyl alcohol and 

Miglyol 812. Oleyl alcohol or cis-9-octadecen-1-ol, is an 

unsaturated fatty alcohol with the molecular formula 

C18H36O. Primarily used in cosmetic and pharmaceutical 

preparations where advantage is taken of their light color, 

low odor and fluidity. They are used as the free alcohol in 

creams and lotions in which they function as emollients 

and emulsion stabilizers. The oleyl alcohol imparts a 

smooth, silky feel to the skin (Egan, Earl and Ackerman, 

1984). Miglyol 812 is medium-chain triglycerides 

extracted from endosperms of palm oil and or coconut 

plants. It consists of a mixture of triglycerides of saturated 

fatty acids, mainly caprylic acid and capric acid. Miglyol 

812 is approved for use in a variety of pharmaceutical 

formulations including oral, parenteral, rectal and topical 

products. It is available as a colourless oily liquid that is 

practically odourless and tasteless (Miglyol 812, Azelis).  

Method  

 

The method is from a European pharmacopoeia for 

which the titration of a potentiometer has been adapted. 

Previously it was worked as a volumetric titration using 

burette, conical flask, titrant and sample. In order to 

replace this method, the burette is replaced with a 

potentiometer. Analytical procedure: Dissolve 10.00 g of 

the substance or the quantity prescribed, (g), in 50 mL of 

a mixture of equal volumes of ethanol (96 per cent) and 

light petroleum. Titrate with 0.1 M potassium hydroxide 

(KOH) or 0.1 M sodium hydroxide (NaOH), determining 

the end-point potentiometrically.  

Equation = 5.611(factor) x (end point volume x titer) / 

weight of sample (Ph.Eur. 2.5.1, current ed.). 

 

Results and discussion 

 

The acid number was determined on both raw 

materials (Oleyl alcohol and Miglyol 812) with automatic 

potentiometric titration and volumetric manual titration on 

6 consecutive samples. The titration is performed 

automatically with potentiometer and volumetric- 

manually in order to confirm the uniformity of the results 

of the six samples. The difference is that the 

potentiometer allows the accuracy of the results up to four 

decimals, as opposed to the volumetric titration up to two 

decimals, which amazes us with twice the precision and 

accuracy. Conducted analyzes to determine the acid value 

of Oleyl alcohol and Miglyol 812 potentiometrically and 

volumetrically have an overall RSD of 0.15% for Oleyl 

alcohol and overall RSD of 0.13% for Miglyol 812. The 

potentiometric determination results for the six samples 

are identical to the third decimal place. 

 

Conclusion 

 

With the conducted analyzes we prove that this 

method has the possibility to be adapted, and in the future 

to be determined using a potentiometer. Automatic 

determination of acid value gives us a great advantage. 

That is, with this method we do not use an indicator, 

which saves resources. It gives us twice as much accuracy 

and precision. And final this method avoids confusion 

about the end point volume of the visual difference of 

pink color by which is the final volume required for the 

calculation of the acid value is determined. 
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Introduction 

 

There are numerous methods for determination of 

metal ions and other inorganic species in API. In the last 

years, there have been cases of hypercalcemia as 

conditions from a long-term medical therapy. From here 

goes the interest for better controlling of their intake with 

API that contain the metal ions in their composition. 

Because of its importance and uses in all areas of a human 

body (nervous system, muscles, heart and bone), a 

complexometric potentiometric method is suggested and 

tested for determination of Ca ions.  

Calcium content in analyzed in Atorvastatin Calcium 

x 3H2O, an API. Atorvastatin Ca x 3H2O is 

the calcium salt of atorvastatin, used as a synthetic lipid-

lowering agent. The calcium content of the active 

component has limits from 3.2% to 3.8% (on anhydrous 

and solvent free basis).  

The titration proposed for this determination is 

performed using combined Cu ISE and reference 

Ag/AgCl electrode. The method is based, on a 

complexometric titration with 0.1M EDTA as a 

volumetric solution, which forms a complex with calcium 

ions.  

The purpose of this determination was implementing 

potentiometric method in our laboratories. 

 

Materials and methods 

 

Reagents 

 

-1N Hydrochloric acid 

-Methanol (Merck) 

-Volumetric solution: EDTA-ethylenediaminetetraacetic 

acid solution 0.1M - Titriplex (Merck) 

-CaCO3: Chelometric standard dried at 110°C using 

laboratory oven for 2 hours 

-Cu-Complex: 0.05M CuEDTA prepared accurate: 1:1 

mixture of 0.1M CuSO4 and 0.1M EDTA volumetric 

solutions 

-Ammonia Buffer: mix (pH about 10): 54g NH4Cl and 

350mL NH4OH 25% in 1000mL 

 

Potentiometer Metrohm 888 Titrando instrument with 

Tiamo software and 0.1M EDTA burette was used for the 

potentiometric titration and analytical balance Mettler 

Tolledo was used for weighting the samples. The samples 

were dried in laboratory Oven Binder. The titration was 

performed using Metrohm 6.0502.140 Cu ISE with 

6.0733.100 reference electrode (Ag/AgCl). 

 

Procedures for Ca determination 

 

Factorization of 0.1M solution EDTA  

 

From the chelometric-dried standard, three samples 

(around 100mg) were prepared in 100 mL glass beaker. 

Magnetic stirrers were used for dissolving the standard 

with 10 mL distilled water and 3 mL 1N HCl. After that, 

40 mL water was added and mixed well. Then, 5 mL of 

the prepared Buffer and 1 mL of CuEDTA complex were 

added.  

This formula was used for calculations: 

 𝐹𝑎𝑐𝑡𝑜𝑟 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝐶𝑎𝑙𝑐𝑖𝑢𝑚 𝑐𝑎𝑟𝑏𝑜𝑟𝑎𝑛𝑡𝑒 (𝑚𝑔)(𝑉𝑡𝑖𝑡𝑟𝑎𝑛𝑡 − 𝑉𝑏𝑙𝑎𝑛𝑘) 𝑥 0.1 𝑥 100.09  

 

mailto:dtrajkovic@alkaloid.com.mk
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Vtitrant – Volume consumed for End Point (EP) criteria in 

sample  

Vblank – Volume consumed for blank determination 

100.09 – molar mass of CaCO3 

0.1 – normality of volumetric solution 

weight of CaCO3 – exact weight in mg 

Blank titration was performed. 

 

Calcium determination in API 

 

Two samples and a blank determination are prepared. 

Samples weight is approximately 500 mg of Atorvastatin 

Ca x 3H2O in 100 mL glass baker. The samples were 

dissolved with magnetic stirrer and 50 mL of Methanol. 

After that, 10 mL Ammonia buffer and 2 mL CuEDTA 

complex were added. 

The following formula was used for calculations: 

  % 𝐶𝑎𝑙𝑐𝑖𝑢𝑚 = (𝑉𝑡𝑖𝑡𝑟𝑎𝑛𝑡 − 𝑉𝑏𝑙𝑎𝑛𝑘) x 0.1 x 𝐹𝑡𝑖𝑡𝑟𝑎𝑛𝑡 x 40.078weight sample (mg)  𝑥 100 

 

Vtitrant – Volume consumed for EP criteria in sample  

Vblank – Volume consumed for blank determination 

40.078 – Ca molar mass 

0.1 – normality of volumetric solution 

Weight sample – exact weight in mg  

 

The parameters of the method were as follows:  

-Mode – MET U; 

-EP Criterion – 20mV (for titer and for sample), for blank 

titer 10mV ; 

-EP recognition – Greatest; 

-Stirring rate – 4; 

-Volume increment for sample and for the blank - 0.1mL 

sample and 0.002mL, respectively; 

-minimum waiting time – 10 s; 

-maximum waiting time – 20 s; 

-signal drift – 20 mV (for sample and for blank), 40mV 

(titer); 

The parameters of method are adjustable, depending of 

the type of instrument used for titration. 

 

Results and discussion 

 

Titer determination and potentiometric determination 

of Ca was performed several times. Part of the results are 

presented:  

- For titer determination an average value is used 

from three measured samples (m1 = 97.48 mg, m2 = 97.54 

mg and m3 = 97.51 mg).  

The volume consumed for titration was: 

Blank (Vtiter) = 0 mL 

Sample 1 (Vtiter) = 9.7420 mL 

Sample 2 (Vtiter) = 9.7209 mL 

Sample 3 (Vtiter) = 9.7144 mL 

From the previous mentioned formula the calculated 

result for the titer value is:  

Titer (Sample 1) = 1.0026 

Titer (Sample 2) = 1.0025 

Titer (Sample 2) = 1.0000 

Average: 1.0017, RSD = 0.15%. 

- The weights for the samples prepared are m1 = 

500.05 mg and m2 = 500.34 mg.  

The volume consumed for determination is: 

Blank (Vtiter) = 0 mL 

Sample 1 (Vtiter) = 4.1204 mL 

Sample 2 (Vtiter) = 4.1269 mL 

With the formula for Ca content, the potentiometric 

method gave us results for the two samples prepared, 

3.31% from the titration and 3.46% calculated on solvent 

free and anhydrous basis.  

All calculations were performed using Tiamo 

software on the potentiometer. 

 

Conclusion 

 

From the results mentioned above and after 

performing the method multiple times, all the results were 

unified and according to the specification limits, which 

proves that the proposed method is accurate and suitable 

for determination of Ca content in pharmaceutical 

materials. 
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Introduction 

 

Titanium dioxide (TiO2) is naturally occurring 

mineral widely used in many industries as an inert 

substance giving consistent homogenous colour. It is also 

an opacifying agent, which protects the photosensitive 

ingredients from light degradation and extending the shelf 

life of the product.                              

Recently, European Food Safety Authority (EFSA) 

declared that TiO2 could not be considered safe for use as 

a food additive, despite scientific findings and data on 

nanoparticles. This is due to genotoxicity, possibly 

carcinogenic properties to humans and accumulation in 

the body due to their long half-life.                                                                   

Although the ban impacts products designated as 

food, there is currently no requirement to remove TiO2 

from pharmaceuticals. European Medicines Agency 

(EMA) should apply a pragmatic approach in their 

evaluation on the use of TiO2 in the European Union/ 

European Economic Area (EU/EEA) to ensure product 

availability and patient supplies (AESGP, 2021).   
There is no guarantee that a replacement of TiO2 can 

be appropriate for every product and it would result in 

“significant medicine shortages” or withdrawals from the 

market (Taylor, 2021).                                                          
TiO2 is monographed in the European Pharmacopoeia 

and it is considered as suitable for use in the medicinal 

products as an excipient. While other excipients could 

also be used for the same purposes in tablet coatings, 

TiO2 has unique properties enabling thinner, less brittle 

film coating and allowing rapid bioavailability of the 

active substance (EMA, 2021). Possible identified 

alternatives (e.g. carbonates, starches, phosphates, talc) or 

removal of TiO2 from the composition without 

replacement, are not identified with comparable 

properties in regards to whiteness, refractive index and 

inability to obtain sufficiently thin films, and impurities 

risk.                                                                                     

It is expected that medicinal products will require 

case by case approach in designing TiO2 free coating 

formulations, since no other excipient could directly 

replace it in all its properties. Each product will have to be 

evaluated on its characteristics, exposure level and 

extensive studies will need to be conducted to understand 

the feasibility of removing or replacing TiO2. 

The aim of this research was to use film coating 

without titanium dioxide for Dapoxetine film coated 

tablets in order to evaluate the possibility of replacement 

of titanium dioxide with another excipient.  

 

Materials and methods  

 

Materials 

 

       Tablet core contains: Dapoxetine hydrochloride, “RL 

Chemicals”, India; Lactose monohydrate: Tablettose
®
80, 

”Meggle”, Germany; Croscarmelosse sodium: Vivasol
®
, 

”JRS Pharma”, Germany; Microcrystalline cellulose: 

Vivapur
®
12, ”JRS Pharma”, Germany; Magnesium 

stearate, ”Mosselman”, Belgium and Sillica, colloidal 

anhydrous: Cab-o-sil, ”Cabot” USA. 

       Film coating contains: Opadry
®
Grey 03F275002, 

”Colorcon”, Germany    (Hypromellose, Titanium dioxide 

(E171), Macrogol  6000, Iron oxide black, Iron oxide 

yellow, Talc) and Opadry
®

Grey Titanium Free (TF) 

265F275003, ”Colorcon” Germany (Hypromellose, 

Calcium carbonate, Macrogol 6000, Iron oxide black, Iron 

oxide yellow). 
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Methods 

  

The active substance and the excipients are sieved 

and mixed together. Tablets are produced on tablet press, 

“Erweka”, type EK O, Germany by direct compression. 

Tablet cores are divided in two equal parts for film 

coating on the machine, “O’Hara Technologies”, type 

Labcoat M, Canada with 5% weight gain on perforated 

coating pan. Titanium dioxide and Titanium dioxide free 

aqueous suspensions are prepared with 15% solid 

materials. The film coating process is performed with the 

same parameter values of inlet airflow and temperature, 

spray rate, pan speed and atomizing and pattern air 

pressure. Dissolution study is performed with UV-Visible 

spectrophotometer “Shimadzu”, type UV-1800, Japan 

(Ph. Eur. Apparatus 2 paddle). 

 

Results and discussion 

 

The dissolution results for both trials are comparable 

and within the requirements and limits of tolerance 

(minimum 75% Dapoxetine as hydrochloride expressed as 

a percentage of the declared content dissolved for 30 

minutes). The appearance of film coated tablets is similar, 

with no significant difference of the grey colour of the 

film coating. Since, there are no direct alternatives to TiO2 

with the same opacifying and pigment properties, in many 

cases colours of TiO2 free formulations are brighter.                                                  

Stability study will be conducted in different 

packaging and different conditions to support the changes 

of the product composition and establishing the 

appropriate shelf life for the formulation. This is initial 

data and the study will show if there will be colour 

change and development of impurities in the future. 

Alternate coating formulations may not exhibit the same 

film coating tablet strength, so bulk stability studies for 

possible tablet hardness changes also can be performed. 

To achieve the same or similar level of opaqueness, 

manufacturers would likely have to use larger amounts of 

other colorants (AESGP, 2021). Alternatives, especially if 

used in larger amounts, could have greater incompatibility 

with active substance or other excipients.                                            

Development steps are necessary to be taken for good 

manufacturability, stability and clinical performance. 

Compatibility of the new excipient(s) with the active 

substance(s) and with any other excipient is important to 

be demonstrated in tablets and binary mixtures. Also, a 

photostability study should be performed. 

 

 

 

 

Conclusion 

 

The feasibility of replacing TiO2 cannot be confirmed 

at this stage. Each affected medicinal product will need an 

individual review and assessment, which will require 

investigation of other alternatives, product reformulation, 

and generation of new data related to manufacture, 

stability testing and potentially new clinical and 

bioequivalence studies which subsequently will all have 

to be assessed by the national competent authorities and 

EMA. The EC will review the continued use of TiO2 in 

medicinal products within three years after the date that 

the amendment to Regulation (EC) No 1333/2008 

concerning the food additive E171 comes into force. The 

EC review will be based on an updated assessment by 

EMA, performed before 1 April 2024 (EC, 2021). 

An acceptable transition period in all specific uses in 

medicines covered by the scope of the colouring materials 

is currently difficult to predict or estimate. Time needed 

to reformulate each individual product could take several 

years depending on the formulation and studies required, 

followed by the necessary regulatory procedures for 

assessment and approval. Pharmaceutical industry should 

make any possible effort to accelerate research and 

development alternatives, to replace TiO2 in both new and 

already authorized products and to submit the necessary 

changes to the terms of marketing authorizations 

concerned. 
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Introduction 

 

As semi-solid topical formulations become more 

prevalent, the in-vitro release testing (IVRT) is playing an 

important role in determination of the release 

performance and diffusion of these drug products 

(PermeGears-Guide-to-Choosing-a-Membrane). Per It is 

an effective research and development technique, and it 

can be used to develop and optimize the semi-solid drug 

formulations (Olejnik et al., 2012).  

The IVRT measures the rate of release of the active 

pharmaceutical ingredient (API) from the drug product 

across an inert membrane into an appropriate receiving 

medium. Therefore, it allows an appropriate selection of a 

clinical candidate with Quality-by-Design principles, and 

it can serve as a cost-effective means to monitor the drug 

product consistency. An appropriate IVRT testing method 

needs to mimic skin permeation kinetics, including donor, 

membrane and receptor medium that is analyzed for the 

drug concentration. 

Selection of appropriate membrane filter is one of the 

critical steps in IVRT method development. 

Commercially available membrane filters differ in 

diameter, pore size, thickness, chemical composition and 

type of porosity. Ideally, membrane filters used for IVRT 

should provide minimal resistance to the API diffusing 

out of the formulation, while completely retaining all 

other components of the formulation. The membrane pore 

size should be large enough, thus the API could easily 

diffuse through, but the other formulation components 

should be retained. (Kafner et al., 2017). Also, membrane 

inertness is an important factor since the chemical 

composition of membranes may affect the degree to 

which other molecules may be bound or absorbed by 

them (EMA – draft guideline on quality and equivalence 

of topical products). 

The aim of this study is selection of an appropriate 

membrane filter for IVRT method for polyethylene glycol 

(PEG) - based ointment. 

 

Materials and methods 

 

The experiments were performed on vertical 

diffusion cell (Franz cell system) manufactured by 

Hanson Research Corporation. Five different types of 

membrane filters were used: three types of hydrophilic 

membranes such as regenerated cellulose (RC), cellulose 

acetate (CA) and polyethersulfone (PES), and two types 

of hydrophobic membranes – polytetrafluoroethylene 

(PTFE) and StratM membrane (according to the data from 

the manufacturer -  mimics human skin). All membranes 

used were with 0.2 µm pore size. 

The medium used for performing the tests consists of 

a mixture of 10% phosphate buffer solution and ethanol in 

a ratio of 60 / 40 (V/V). Ethanol is included in the 

medium in order to achieve sink conditions, since the API 

has low solubility in water. The tests were performed at 

temperature of 32°C + 0.5°C, which imitates the 

temperature of the human body skin.  

In each of the 6 cells, about 730 mg of the ointment 

was applied, which is equal to 14.3 mg of API. The test 

was performed for 5 hours, and samples were taken at 7 

different time points: after 10 minutes, 30 minutes, 60 

minutes, 120 minutes, 180 minutes, 240 minutes and 300 

minutes. 

Quantification was performed on HPLC Agilent 1290 

Infinity Automated system, with an in house developed 

HPLC method. Thermo Hypersil Gold 150 x 4.6 mm 
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HPLC Column was used for the HPLC analysis. The 

mobile phase consists of a mixture of acetic buffer – 

consisting of 1.925 g/L ammonium acetate adjusted to pH 

5.0 with glacial acetic acid, and Acetonitrile in a ratio of 

65 / 35 (V/V). The flow rate is 1.5 ml/min, and the run 

time is 9 minutes, with an injection volume of 2 µL. The 

detection wavelength is 228 nm. 

 

Results and discussion 

 

Drug release from semi-solid dosage forms follows 

the Higuchi kinetics. According to this, the amount of 

drug released is proportional to the square root of the 

time. Therefore, a plot of the cumulative amount of 

released API versus the square root of the time is created 

for each of the applied samples. The slope of the plot 

shows the drug release rate for each of the samples. 

For the hydrophilic membranes, the average 

cumulative amount of API per cm
2
 at the end of the test is 

3270 µg/cm
2
 for the RC membrane, 3852 µg/cm

2
 for the 

CA membrane, and 4353 µg/cm
2
 for the PES membrane, 

which equals to 39.6%, 46.6% and 52.7% of the applied 

API, respectively. The variability between the samples in 

the final sampling point, presented as relative standard 

deviation, is 17% for RC membrane, 8% for CA 

membrane and 16% for PES membrane. The average drug 

release rate is 1720.5 for the RC membrane, 1996.3 for 

the CA membrane and 2341.7 for the PES membrane. 

For the hydrophobic membranes, the cumulative 

amount of API per cm
2
 at the end of the test is 2499 

µg/cm
2
 for the PTFE membrane, and 466 µg/cm

2
 for the 

StratM membrane, which equals to 30.2%, and 5.6% of 

the applied API respectively. The average drug release 

rate is 1361.3 for the PTFE membrane and 221.4 for the 

StratM membrane. The RSD between the samples in the 

final sampling point is 47% for PTFE membrane and 82% 

for PES membrane. This indicates that the variability 

between the samples is much higher when the 

hydrophobic membranes are used, compared to the 

hydrophilic membranes.  Also, the cumulative amount of 

released API and the drug release rate are lower. This is 

especially evident for the StratM membrane, which 

inhibits the diffusion of the API from the matrix to the 

receptor medium. The correlation coefficient is above 0.9 

for all of the applied samples for all of the tested 

membranes, except for the StratM membrane, which has 

correlation coefficient lower than 0.9. This indicates that 

the release kinetics for the API is linear for the entire 

duration of the test.  

Additionally, membrane inertness was tested for the 

hydrophilic membranes, in order to check if the API 

adheres to any of the membranes. This was performed by 

preparing three standard solutions in the same 

concentration as the working standard used in the method. 

The standards were analyzed after preparation, and after 

that each of the tested membranes was placed in one of 

the standards. The flasks were heated at 32 °C for 5 hours, 

and the standards were analyzed again after the period of 

5 hours. Recovery was calculated for each of the 

standards. The recovery was in the range 98% - 102%, 

which indicates that the membranes are inert, and there is 

no interaction between the membrane and the API.  

 

Conclusion 

 

From this study, it can be concluded that hydrophobic 

membranes are not suitable for IVRT testing of the PEG-

based ointment formulation. The high variability between 

the samples, and the low cumulative amount of API 

released for the duration of the test, limit the use of those 

membranes for further use.  

Hydrophilic membrane filters, as regenerated 

cellulose, cellulose acetate and polyethersulfone show 

lower variability, and linear release kinetic for the 

duration of the test. Furthermore, membrane inertness has 

been demonstrated for the three types of membrane 

filters. Therefore, it can be concluded that hydrophilic 

membranes are suitable to be used for evaluation of the 

release of the API from the PEG based ointment 

formulation. 
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Introduction 

 

Sildenafil citrate (SLC) is a vasoactive agent which is 

widely used for treatment of erectile dysfunction and 

pulmonary arterial hypertension (PAH). It is a potent, 

selective, reversible enzyme inhibitor of 

phosphodiesterase type 5 that acts by elevating cGMP 

levels and causing smooth muscle relaxation (Ouranidis et 

al., 2021).  

SLC is a substance that is slightly soluble in water, 

with amphoteric properties due to its structural moieties 

such as the moderately strong basic piperazine nitrogen, 

and weak acidic pyrimidinone amide (Gobry et al., 2000). 

As a result, most of the proposed potentiometric methods 

for quantification of SLC employ a non-aqueous 

environment (Silva et al., 2017). The non-aqueous 

titrations have several drawbacks including the use of 

expensive organic solvents that are volatile and harmful 

for both the analyst and the environment, as well as the 

need to control the moisture, temperature and carbon 

dioxide levels (Aggarwal et al., 2022). On the other hand, 

the method for determination of SLC described in the Ph. 

Eur. monograph 07/2017:2270 for Sildenafil citrate is 

high performance liquid chromatography (HPLC). 

Given that potentiometry as a technique offers many 

advantages, such as high precision, speed and simplicity, 

the potentiometric titration plays an important role in 

quantitative determination of drug substances. In fact, 

whenever the identification and purity tests are 

satisfactorily specific, it is more suitable to apply a non-

specific, but precise method for quantitative 

determination of active substances. 

In order to overcome some of the disadvantages of 

non-aqueous titrations, this study shows an alternative 

aqueous acid-base titration method for quantification of 

SLC, using low concentrations of the nonionic surfactant 

Tween 80 as a solubilization agent. 

 

Materials and methods 

 

Materials 

 

SLC was kindly donated by Replek Farm Ltd, 

Skopje. Sodium hydroxide 0.1 M volumetric solution 

(VS) was obtained from Fisher Chemical. Standardization 

of the volumetric solution was performed against a 

primary volumetric standard, potassium hydrogen 

phthalate, RV (KHP) purchased from Merck KGaA 

(100.00% ± 0.05%, k = 2, for approximately 95% level of 

confidence). Tween 80 (p.a.) was obtained from Sigma-

Aldrich (Germany). Water of HPLC grade was used 

(TKA-AB Reinstwasser system). 

 

Methods 

 

The potentiometric titration was carried out on 

Mettler Toledo DL 50 potentiometric titrator, equipped 

with automatic burette with capacity of 10 mL, qualified 

according to the OMCL guideline for qualification of 

automatic titrators (OMCL Network/EDQM of the 

Council of Europe, 2020d). The end-point was detected 

using a DG111-SC combined glass pH electrode. The 

samples were weighed using a calibrated and verified 

analytical balance (Mettler Toledo).  

For the determination of content of SLC, 160.0 mg 

drug substance was dissolved in 50 mL 1% (v/v) Tween 

80 solution. The sample solutions were titrated with 0.1 

M NaOH VS, determining the end-point 

potentiometrically. The content of SLC was calculated 

according to the stoichiometric ration: 1 mL of 0.1 M 
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NaOH VS is equivalent to 22.22 mg SLC (Badwan et al., 

2001). 

 

Results and discussion 

 

In this study, Tween 80 (nonionic surfactant) was 

chosen as a solubilization agent for potentiometric 

aqueous determination of SLC. Based on the literature 

data, nonionic surfactants in low concentrations showed 

no interference with the ionization of certain poorly 

soluble drugs (Ravichandiran et al., 2011). 

In order to optimize the concertation of the 

surfactant, the potentiometric determination of SLC was 

performed using four different concentrations of Tween 

80 as solvent (0.5%, 1%, 1.5% and 2% (v/v)). The 

titrations were performed in triplicate. In addition, a blank 

titration (with zero analyte) was performed for each 

concentration of Tween 80. The proposed method showed 

repeatability over the whole concentration range of 

Tween 80 used as a solubilizator. However, 0.5% (v/v) 

Tween 80 was insufficient to enable drug solubilization, 

whereas 2% (v/v) Tween 80 showed significant blank 

interference.  

1% (v/v) Tween 80 was chosen as the ideal surfactant 

concentration, since it enabled optimal drug 

solubilization, while the blank titration encompassed 

insignificant titrant consumption.  

The optimized method regarding the concentration of 

Tween 80 as a solubilization agent was validated 

according to the Technical guide for the elaboration of 

monographs of European pharmacopeia (EDQM of the 

Council of Europe, 2022).  

The average content results comply with the 

established assay limits (98.0% - 102.0%) for active 

ingredient, described in the individual Ph.Eur. monograph 

07/2017:2270 of Sildenafil citrate. The RSD values were 

satisfactory (<1,0%), thus confirming that the proposed 

method is precise. 

 

Conclusion 

 

The proposed potentiometric method presents an 

inexpensive, fast and simple method for quantitative 

determination of SLC. 

This eco-friendly method could be a suitable 

alternative to sophisticated and time-consuming 

instrumental methods such as HPLC and could be easily 

employed in the quality control of this active substance.  

The use of Tween 80 as a solubilization agent in the 

potentiometric determination of SLC brings to attention 

the possible use of nonionic surfactants in low 

concentrations as solvents for determination of other 

poorly soluble drug substances and could potentially be a 

replacement for the non-aqueous titrations.  
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Introduction 

One of the biggest challenges in the pharmaceutical 

industry is determination of elemental impurities in drugs. 

The most important goal is to obtain their qualitative and 

quantitative presence, considering the reasons that may 

explain their occurrence. The target molecules in this work 

are represented by some important opium alkaloids 

(European Medicines Agency, Q3D, 2019). Alkaloids are 

naturally occurring organic nitrogen-containing bases with 

heterocyclic structure which are isolated from the opium 

poppy, also known as Papaver somniferum. Their final 

pharmaceutical formulations (tablets, syrups and 

injections) are intended for treatment of illnesses in 

children’s and adults and their detailed analysis in terms of 

elemental impurities is especially important (Bribi et al., 

2018).    

Therefore, the aim of this work was to develop simple 

and effective method for determination of elemental 

impurities in three types of related opium alkaloids: 

pholcodine monohydrate, codeine phosphate sesquihydrate 

and morphine (as hydrochloride and sulphate form) by 

using a common atomic spectroscopy technique by means 

of inductively coupled plasma – optical emission 

spectroscopy (ICP-OES). The technique is often used in all 

modern industrial laboratories because of its specificity, 

precision, economy and most importantly – its accuracy 
(Barin, 2016).  

The developed ICP-OES method was validated in 

accordance to the requirements for validation of methods 

prescribed by the European pharmacopoeia and the ICH – 

Q3D guideline. Furthermore, the same validated method 

can be used even in conditions of an altered synthesis of 

the alkaloids discussed. 

Materials and methods 

 
Materials 
 

Ultrapure water with a resistivity of 15 MΩ used in the 

validation was prepared by passing water through a Milli-

Q Type Ultra-pure water system (EMD Millipore, 

Billerica, MA, USA); concentrated nitric acid (70%, v/v, 

trace metal grade) and hydrochloride acid (37%, v/v, trace 

metal grade), both purchased from Sigma Aldrich (St. 

Louis, MO, USA). Standard solutions for calibration and 

spike solutions for recovery assessment were prepared by 

diluting commercially available Multi Analyte Custom 

Grade Solution (containing 24 elements according to ICH 

Q3D concentrations) purchased by Inorganic Ventures 

(Christiansburg, Virginia, USA) and test samples (three 

batches from each analyzed alkaloid) were provided from 

Alkaloid AD, Skopje, Republic of North Macedonia.  

 

Microwave digestion method and sample preparation 

 
EthosUP microwave digestion system employing SK-

15 digestion vessels was used for sample digestion. 0.55 g 

of each alkaloid mentioned above were carefully weighed 

into a microwave vessel followed by addition of 5 mL of 

ultrapure water; 3 mL nitric acid and 2 mL of 

hydrochloride acid. A microwave digestion program 

utilizes a two-step microwave program consisting of a 20 

min ramp time to 210ºC with a hold time of 15 min on 

210ºC at 1800 W power. Digested samples were 

transferred into 25 mL volumetric flasks and diluted to the 

final volume of 25 mL with ultrapure water. 
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ICP-OES method 

 
The analysis was performed on Agilent 5100 ICP-OES 

VDV system coupled with Agilent SPS-4 autosampler. The 

instrument parameters were the follows: RF power: 1.40 

kW; Plasma Ar flow rate: 14 L min-1; Auxiliary Ar flow 

rate: 1.0 L min-1; Pneumatic Nebulizer Ar flow rate: 0.70 L 

min-1; Pump speed: 12 rpm; Viewing mode: Axial; Number 

of replicates: 5; Background correction: Fitted. 

 

Results and discussion  

 

Validation was made in accordance with the ICH 

Q2(R1) topic – “Validation of Analytical procedures: Text 

and Methodology” (European Medicines Agency Q2, 

1995). Opiate alkaloids were tested for the presence of 

elemental impurities from Class 1; Class 2a; Class 2b and 

Class 3. Having in mind that these active pharmaceutical 

ingredients exhibit different type of formulation and whose 

daily intake is unspecified, the maximum permitted 

concentration (µg/g) was calculated as per option 1 from 

the ICH Q3D guideline. The quantitative method was 

validated for system suitability, specificity, linearity, 

precision, accuracy, limit of detection (LOD) and limit of 

quantification (LOQ). System suitability was demonstrated 

with the microwave digestion by obtaining clear and 

colorless samples and difference between two 

measurement of the standard less than 20%. Specificity 

was confirmed by presence of the signal from each element 

in the standard sample and its absence in the blank. By 

achieving correlation coefficient of more than 0.99 for each 

element of interest, the parameter linearity was obtained. 

Precision was proven by: system precision - six 

consistently repeated measurements from one sample and 

method precision - six individually spiked samples at 100% 

concentration level. The obtained results indicate good 

precision or less than 20% relative standard deviation. 

Method accuracy was demonstrated by the recovery of a 

known amounts of the elements spiked into the substances, 

prior to digestion procedure. Each was spiked on 50%; 

100% and 150% specification level and the spike 

recoveries were satisfactory between 70% and 150% for 

each element. Limit of detection (not more than 0.5 times 

from the concentration of the specification level) and limit 

of quantification (bellow the specification limit) were 

satisfied and performed using signal-to-background ratio 

and the relative standard deviation of the signal 

background (three times the standard deviation of the 

background for the blank for LOD and ten times for the 

LOQ).   

 

 

 

Conclusion 

 

Regular control of elemental impurities in the 

pharmaceuticals and their preparations is the main step 

towards obtaining a quality and safe drug product. The 

presented ICP-OES method covering the determination of 

24 elements (Class 1; Class 2a; Class 2b and Class 3) was 

successively validated following the ICH Q2(R1) 

directions. The method for the determination of elemental 

impurities in these active opiate alkaloids has been shown 

to be selective and specific in order to qualify and quantify 

trace elements. This validated analytical method was tested 

on real samples of each opiate alkaloid. The developed 

method has proven that the 24 analyzed elements do not 

exceed 30% of the specific level, which means that each of 

the analyzed active ingredient is safe for admission in the 

final drug product. 
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Introduction 

 

Quality by design (QbD) approach by including a set 

of experiments accelerates the process of achieving good 

chromatography using modern development and 

optimization software as DryLab® (Molnar-Institute 

Berlin, Germany) and MODDE®  (MODDE® 12 User 

Guide, Sweden ) 

 The DryLab® software package is used for 

experimental modeling and involves forecasting which is 

simulation of chromatographic behavior of a stationary 

phase based on a small number of pre-defined experimental 

parameters, for e.g., elution mode - isocratic or gradient, 

cell phase composition, flow, column temperature, cell 

phase pH, then column filling characteristics, column 

length and diameter, as well as type of stationary phase, 

particle dimensions. Using the DryLab® software package 

enables time saving, reduction of resources, expensive 

laboratory equipment, instruments, columns, solvents etc. 

        The MODDE® software package is software based on 

the "Design of Experiment" (DoE) concept (Das and Maity, 

2017). The basic idea is with the assistance of the most 

famous experiments, their systematic and planned 

performance and processing of the obtained results, to take 

the maximum amount of information with the smallest 

possible number of experiments, preferably. The final goal 

of using the DoE approach is obtaining stability indicating, 

accurate and robust analytical methods with relevant and 

effective experiments performed for a short time. 

         Optimisation of the method for determination of 

assay on three components in multicomponent drug 

product was required because the present method doesn’t 

provide selectivity between placebo peak and the main 

peak of Component 1 and also, between unknown impurity 

and the main peak of Component 2. Overlapping between 

placebo peaks with the Component 3 also was noticed. 

This manuscript briefly describes optimization of a 

High Pressure Liquid Chromatography (HPLC) gradient 

method for assay of three components in multicomponent 

drug product. The final method was achieved through best 

responses generated by QbD software and the analytical 

knowledge gained from the optimization phase.  

 

Materials and methods  

 
All reagents used during the study were with HPLC 

grade purity. Reference standards of three components 

separately, were used for preparation of standard solution 

with analytical concentration of 0.014 mg/mL,                 

0.006 mg/mL and 0.02 mg/mL, respectively. The sample 

solution was prepared from the present formulation of the 

drug product.   

In order to obtain a proper separation between the 

peaks of interest (active substance and two preservatives) 

and between the main peaks and peaks that originate from 

the matrix, the Gradient Mode 2 runs model from the 

software package DryLab® was preferred. 

Experiments were made on Dionex UltiMate™ 3000 

(Thermo Scientific) HPLC system, using water as mobile 

phase A and methanol as mobile phase B in gradient mode, 

starting with 10% mobile phase B and ending with 80% 

mobile phase B. Two gradient times were proposed in 

DryLab®, 60 and 180 minutes. Flow rate was 2.0 mL/min. 

Injection volume was 20μL. UV detection was performed 

at 254nm.  

One of the advantages of the DryLab® software 

package is the ability to predict the optimal gradient, which 

is given in a visually quite acceptable solution. DryLab® 
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provides peak resolution information and generates 

millions of unique, virtual chromatograms. Gradient 

changes associated with a virtual chromatogram, which are 

allowed by Gradient Editor tool, correspond to a predicted 

gradient. Proposed optimal gradient from DryLab®,  was 

transmitted in real time and generated data was very similar 

to the software prediction. 

 

Results and discussion 

 

The optimal proposed gradient of the software 

DryLab® was evaluated in real time on several different 

octadecyl HPLC columns.  

On HPLC column LiChrospher 100 RP18 250 x 

4.0mm (5µm) using chromatography with gradient time of                    

60 minutes, all peaks were separated and all parameters for 

system suitability were acceptable. During performing the 

robustness with MODDE® Placket-Burman design matrix 

with 11 experiments, different batches of HPLC columns 

as one of the variables, was proven as a critical factor 

(Maskovic et al., 2010).  

Of the other tested HPLC columns, using 

chromatography with gradient time of 60 minutes all 

parameters for system suitability were acceptable, but an 

overlapping of placebo peaks with the Component 3 was 

obtained.  

Then, The Gradient Mode 2 runs model from the 

software package DryLab® on Zorbax 5 SB C18 250 x 

4.0mm (5µm), was chosen as most adequate HPLC 

column. Peaks were integrated and chromatogram was put 

back in the software DryLab® in order to predict the 

movement of the peaks when gradient mode is changed and 

to separate peaks from placebo and the main peak of 

Component 3.  

With the new optimal proposed gradient, 

chromatography of 30 minutes is achieved, where there is 

a complete separation of all nine peaks with suitable 

system suitability criteria. Five peaks were originating 

from placebo, three peaks from the main components and 

additionally one peak from an unknown impurity. 

Using the QbD approach, method for assay of three 

components in multicomponent drug product was 

developed and optimized as following: HPLC column: 

Zorbax 5 SB C18 250 mm x 4.0 mm; 5µm, gradient grade 

elution with water R as mobile phase A and methanol as 

mobile phase B, flow rate of 2 mL/min, run time                            

30 minutes, column temperature 25°С and injection 

volume 20 µL. Gradient elution steps: Elute isocratically 

for 10 minutes with 30% of mobile phase B and 70% of 

mobile phase A. Use linear gradient elution increasing the 

concentration of mobile phase B to 60% after 2 minutes. 

Carry out a linear gradient elution for 3 minute to 75% of 

mobile phase B, elute isocratically for a further 10 minutes 

with a mixture of 75% of mobile phase B and 25% of 

mobile phase A. Degrease the concentration of mobile 

phase B of 30% for 0.1 minute, and elute isocratically for 

10 minutes more.  

Robustness of the final method was performed with 

MODDE® Placket-Burman design matrix, with 11 

experiments. Adequate results were accomplished. 

After method optimization for determination of assay 

of Component 1, Component 2 and Component 3 in 

combination with both MODDE® and DryLab® Software 

specificity, linearity, accuracy and precision were proved 

with analytical method validation. 

 

Conclusion 

 

This study highlights significant efficacy of the DoE 

in optimization of analytical method for determination of 

assay of three components in multicomponent drug 

product. Using the one factor at time (OAFT) approach, 

method optimization could be long lasting process with 

deficiency in method performance regarding to robustness 

and reproducibility.   

By the implementation of software MODDE® and 

DryLab®, method was developed and chromatographic 

conditions were optimized to achieve adequate 

chromatography with suitable peak selectivity. When 

theoretical obtained response for best separation was 

included in testing analysis the obtained result matched 

with the software prediction. It can be concluded that 

software assisted method optimization for assay of 

multicomponent drug product could effectively replace the 

trial and error based OAFT approach.  

Method was validated for specificity, linearity, 

accuracy, precision, robustness, stability of the solutions 

and filter study and met the predetermined acceptance 

criteria. Hence, this method could be introduced into the 

routine use for the determination of assay. 
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Introduction 

 

The initial version of the Annex 21 Importation of 

medicinal products was published in 2015; and in 2020 

gets the first draft version. This draft version has 

undergone several changes in the previous two years, to 

reach its final version at the beginning of this year.  

Annex 21 summarizes all Good Manufacturing 

Practice (GMP) requirements relating to the holder of 

marketing authorization (MA) and import authorization 

when the import is carried out in the territory of the 

European Union (EU) by a third country. This Annex 

summarizes all GMP requirements applicable to 

Manufacturing Import Authorization (MIA) holders when 

importing drugs outside the EU into the EU.  

The guidelines in the main chapters and other 

annexes to the GMP guide should continue to apply, and 

the information in this annex should be used to 

supplement questions not covered by the other guides. 

        For the purpose of this Annex, the term importation 

refers to the action of physically bringing a medicinal 

product, from outside the territory of EEA/EU, whereas 

the fiscal transactions are not part of this annex. 

      If until now the question was raised whether the 

certification of the batch can start before the batch is 

physically imported into the territory of EU, Annex 21 

emphasizes that the certification can only start at the 

moment when the batch is physically located in the 

territory of the EU.  

The site where the physical importation takes place 

and the site where the Qualified person (QP) carries out 

the batch certification or confirmation for bulk and 

intermediate products, which may undergo further 

manufacturing operations, considered to have specific 

importation responsibilities.  

The above-mentioned importation responsibilities 

must be carried out by entities appropriately authorized 

under a MIA (Annex 21, 2022). 

Annex 21 complements and confirms the 

requirements of Annex 16 about testing carried out in the 

territory of the EU and which should contain all analyzes 

proving that the medicinal product complies with the 

requirements of MA and specification limits, in addition 

to chapter 7 itself requires, agreements between all 

stakeholders need to be signed and updated accordingly 

(Annex 16, 2016; Chapter 6: Quality control, 2014). 

The aim of this paper was to highlight the importance 

of Annex 21 Importation of medicinal products, its 

benefits and increase awareness of the growing number of 

requirements, which aim to ensure the quality, safety and 

efficiency of medicines. 

 

New requrements 

 

Regarding the Pharmaceutical Quality System, the 

site that imports the drugs should have a complete and 

detailed quality system in accordance with activities 

performed on the site and with the requirements listed in 

Chapter 1 of this GMP guideline (Directive 2003/94 EC, 

2003). 

Great attention is paid to preparing the product 

quality reviews (PQRs), which should be made by the site 

that performs the certification of the batches. The PQRs 

themselves should include the deviations that occurred 

during the transport of the drugs (Chapter 6: Quality 

control, 2014). 
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Also, new is the need to compare the results of the 

certificate of analysis generated by the third country with 

those obtained from the laboratory on EU territory.  

For any deviations and out-of-trend (OOT) results, it 

is necessary to make an appropriate investigation and to 

find the root causes. 

The site that performs the batch certification should 

ensure that the stability program performed in the third 

country's territory is in accordance with Chapter 6, and all 

protocols, results and reports from it should be available 

to the QP (Chapter 6: Quality control, 2014). 

Most of the innovations are in the documentation and 

what imposes the need for the electronic batch record is 

the requirement of this annex, all documentation, 

including batch certificates, to be available to QP at the 

time of batch certification.  

In contrast, the frequency by which the qualified 

person will review all documentation should be 

determined based on a risk assessment (Annex 21, 2022). 

 

Electronic batch records  

 

Electronic batch records are tools that digitally record 

all elements associated with the production process and 

analysis of finished products.  

Replacing paper records with electronic records 

improves data integrity and ensures GMP compliance. 

The introduction of a paperless system provides the 

improvement of data integrity and accuracy and the 

advancement of process efficiency. 

An additional challenge regarding what needs to be 

done and completed is to provide all the documentation 

available in a language understandable to QP.  

This requirement arises from Annex 16, QP to certify 

batches of a medicinal product only upon complete 

verification of the documentation and compliance of the 

medicinal product with the marketing authorization 

(Annex 16, 2016). 

 

Conclusion 

 

This annex will strengthen the requirements 

regarding the certification of the batch, reducing the 

opportunities for errors, unintentionally/deliberately 

neglected deviations that occurred during transport, will 

provide a double check of the obtained results and will 

impose the need of appropriate investigations if detect 

discrepancies.  

Annex 1 is only a confirmation of the requirements 

that are becoming more strict, in order to ensure the best 

quality of the finished products, by defining all the 

responsibilities that all stakeholders bear. 
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Introduction 

 

Continuous process verification (CPV) is the 

collection and analysis of end-to-end production 

components and processes data to ensure product outputs 

are within predetermined quality limits.  

CPV approach support validation status of the 

Product Quality Review during the product lifecycle. 

In the pharmaceutical industry CPV can be used as a 

tool for better understanding of the process and to analyze 

existing results. 

 

Continuous process verification - definition and 

significance in the pharmaceutical production 
 

According to EMA, the CPV is an alternative 

approach to traditional process validation in which 

manufacturing process performance is continuously 

monitored and evaluated. According to FDA, the CPV 

represents the third phase of process validation, following 

“design and development” (the first phase) and “process 

qualification” (the second phase) and is described as “an 

ongoing program” to collect and analyze product and 

process data related to product quality. The activities 

encompass monitoring of process parameters, trending of 

data, change control, retraining, as well as corrective and 

preventive actions. This approach demonstrates that a 

process that operates within the predefined specified 

parameters always results in a product that meets all its 

Critical Quality Attributes (CQA) and control strategy 

requirements (EMA, 2016; FDA, 2011). 

The scope of continuous process verification will be 

impact by a number of factors, including:  

 Previous development and manufacturing 

knowledge from similar products and/or processes; 

 The extent of process understanding gained from 

development studies and commercial manufacturing 

experience; 

 The complexity of the product and 

manufacturing process of the product 

 The level of process automation and analytical 

technologies is used for 

  For legacy products, with reference to the 

product lifecycle, process robustness and manufacturing 

history since point of commercialization as appropriate 

(Gamal, 2009). 

 

Methods  

 

Statistical process control (SPC) is process 

improvement technique for continuous collection and 

analysis of data from quality attributes (QA) and critical 

quality attributes (CQA) of the product where variability 

in production process has to be minimal and key 

performance indicators (KPI) need to be very close to a 

specific target. Collected data will be analysed with 

appropriate statistical tools in order to evaluate the 

performance of process of blister packaging, as well as to 

ensure that during production QA and CQA are been 

properly monitored. Collected data can be plotted on an 

SPC chart in order to provide evaluation of stability of 

blister packaging process i.e. if the process is “in” or 

“out” of statistical control. The risk analysis evaluates the 

critical parameters and functions of the primary 

packaging process (using the FMEA method with the 

priority number of risks obtained as a numerical product 

of three coefficients: severity, frequency and detection, 

according to the risk analysis procedure). 
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Control limits are elements of control charts, limits within 
the values are moving. They have distance of three sigma 
above and below the process average. Upper Control 
Limit (UCL) is the maximum value (+ 3 sigma) that 
indicates statistical control. Lower Control Limit (LCL) is 
the minimum value (-3 sigma) that indicates statistical 
control. In stable, well established processes, control 
limits are expected to be narrower than regulatory 
specification limits (Ostrove, 2016). 
After identifying and establishing the QA and CQA, their 

increased monitoring is required in order to provide 

stability of blister packaging process through control 

charts and detection of trend according predefined 

acceptable criteria. If trends are being detected and/or 

results are out of control, the reason for their occurrence 

is being investigated. If trends and/or results out of 

control are not been detected and it is proven that the 

process is stable, and then process capability is measured 

by indexes Process Capability-Cp / Process Capability 

Index-Cpk. 

 

Discussion 

 

In order to confirm the process of primary packaging, 

statistical analysis of the process capability for the 

parameter yield of the finished product will be perform as 

the key parameter that shows that the process is under 

control that confirms: 

 Specified number of tablets is in the 

blister; 

 Presence and correctness of the serial 

number and expiration date on the blister; 

 The blister is properly sealed / 

hermetically sealed; 

 The appearance (physically and 

aesthetically) of the obtained blisters is 

satisfactory.  

Critical Process Parameters (CPP) will be monitor 

during blister packaging process in order to provide 

continuous assurance: 

 Minimum and maximum operating 

range of blister pocket formation temperature; 

 Minimum and maximum operating 

range of sealing temperature of blister; 

 Minimum and maximum operating 

speed range of blistering machine. 

 

Cp index values greater than 1 show that the primary 

packaging process is always capable to give high yield 

within specified limits. In addition, if index Cpk is greater 

than 1, then the process is considered to be centered. The 

process will be consider stable if the CPPs move within 

the set limits, and capable if the Cp for the CPP is greater 

than one. 

As part of the review process, Cp and Cpk, needs to 
be calculated in order to demonstrate that the 
manufacturing of the product is consistently produced 
according to the preapproved specifications.  

It may be considered that moving ranges-control 
charts and process capability indexes are valuable tools 
for process understanding and for following the quality of 
the product continuously.  
 

Conclusion 

 

The purpose of CPV on blister packaging is to 
identify the occurrence and cause of process variability, to 
monitor degree of variability, to determine its impact on 
processes, as well as control it, which in turn reduces the 
process risks and improves its stability and capability. 
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Introduction 

 

Dissolution testing is broadly used as analytical 

technique for evaluating the drug release characteristics of 

a pharmaceutical product. As a powerful tool, it is used 

for quality control in the development phase as well as 

throughout the whole life cycle of the finished product 

assuring that the patients continuously receive safe and 

effective treatments. (Mwila et al., 2016) 

The traditional approach for dissolution method 

development is usage of USP apparatus I - baskets and 

USP apparatus II - paddles with agitation speed from 50 

to 100 rotations per minute. Dissolution testing can be 

affected by various factors that can originate from the 

dissolution apparatus, the testing environment, the 

analyst’s performance and the tested sample. Therefore, 

the solubility of the product will not be identical through 

the GIT (gastro-intestinal tract) and the conventional 

methods with baskets or paddles may not provide the 

correct estimation of the performance of the finished 

product. Novel trends in dissolution testing include 

implementation of bio-relevant media that will provide 

broader information for the influence of different 

physiological media compositions that the dosage form 

will encounter upon GIT transition. (Klein and Dressman, 

2006) 

To overcome these challenges, the USP apparatus III 

could be implemented to obtain more accurate data 

regarding the dissolution process of the drug product. The 

design of USP apparatus III provides good agitation of the 

product by moving the inner glass cylinders in the outer 

cylinders filled with media. During the dip of the 

cylinder, the dosage form moves freely in the interior of 

the inner cylinder hence simulating the movement of the 

dosage form in the GIT. (Mwila et al., 2016). The aim of 

our study was development of dissolution method using 

USP apparatus III for determination of the rate and extent 

of active substance release from prolonged-release tablet 

under fasted physiological environment.  

 

Materials and methods  

 

Materials 

 

The test and reference products formulated as 

prolonged-release formulations were tested to evaluate 

similarity between their dissolution profiles in bio-

relevant media. For preparation of biorelevant media 

simulating the GIT fluids, FaSSIF/FESSIF/FaSSGF 

reagent was purchased from Biorelevant.com Ltd. and 

Scof (simulated colon fluid) media was prepared in 

laboratory. The dissolution tests were performed on 

Agilent BioDIS III DSS with automated sampling station. 

Samples obtained after dissolution testing were analyzed 

on Thermo Dionex 3000 HPLC system.  

 

Dissolution test conditions 

 

The USP III apparatus system consists from an 

automated sampling station, heater and dissolution bath. 

In the dissolution bath, there are seven rows with vessels, 

each row is filled with media with different composition 

to simulate the GIT transit, and the dips per minute are 

adjusted to simulate the peristaltic movements in fasted 

state. The temperature of the media is set to 37.0°C and 

the media volume is 250 mL. The media, dips per minute 

and time points in each row are as follows:  

1) Fasted State Simulated Gastric Fluid (FaSSGF) -

pH 1.6) - 30’, 60’ - 20 DPM;  
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2) Fasted State Simulated Intestinal Fluid (FaSSIF-

pH 6.5) - 15’-15DPM;  

3) FaSSIF* (pH 6.8) - 15’-15DPM;  

4) FaSSIF** (pH 7.2) - 30’-15DPM;  

5) FaSSIF Blank (pH 7.5) 120’-15DPM;  

6) Simulated Colon Fluid (pH 5.8) 480’ - 10DPM. 

Overall, the length of the test is twelve hours with ten 

time points (30’, 60’, 75’, 90’, 120’, 240’, 360’, 480’, 
600’, 720’). 
Media FaSSIF - pH 6.5 was prepared according to 

manufacturer’s prescription. For FaSSIF - pH 6.8 the pH 

was adjusted while the bile salts concentration remained 

the same while for FaSSIF - pH 7.2 both pH and bile salts 

concentration were adjusted. In FaSSIF blank, bile salts 

are not present. 

* Adjusted pH; ** Adjusted pH and bile salts. 

 

Chromatographic conditions and sample preparation 

 

       After specified time, 5 mL sample was automatically 

collected from each vessel and no media was replaced 

since every row has different media. Sample solutions as 

well as standard solutions were analyzed on HPLC system 

under the following conditions: 

Mobile Phase: Mixture of phosphate buffer solution pH 

3.0 and acetonitrile (95%: 5%, V/V); Column: Sun Fire 

(C8), 150 mm x 4.6 mm i.d; 5-µm or equivalent. The  run 

time was 5 minutes.The detection wavelength 230 nm and 

the  injection was 10 µL. The flow rate was 1.0 mL/min 

and the column temperature was kept at 25 
o
C.  

 

Results and discussion 

 

The advantage of using USP apparatus III in this case 

is that it can automatically perform complete media 

change that occurs in the body and with the reciprocating 

movements it can imitate the peristaltic movements. The 

bio-relevant media can be prepared using different pH 

values but also using different bile salts concentration of 

since this factor may differ in different parts of the 

intestines. 

The percentage of dissolved active substance after 

one hour was between 20% and 40%, after four hours 

between 55% and 75%, and after twelve hours above 

90%. From the generated data, it is evident that the active 

substance is not immediately released from the dosage 

form but with controlled rate.  

To be precise, the lowest concentration of active 

substance was released and dissolved in the stomach after 

one hour. Then, over half of the active substance was 

dissolved throughout the different parts of the intestines 

and again the lowest concentration was dissolved in the 

colon. Hence, there was continuous controlled-release and 

dissolution of the active substance from the dosage form.   

The comparison between dissolution profiles of the 

test and the reference product was performed with model 

independent approach using similarity factor (f2). When 

f2 value is above 50, products can be considered similar. 

The curves for both products were almost identical and 

the similarity factor was 82.96.  

During the development of this dissolution method, 

the pH and composition of the media, time points, dips 

per minute should be carefully chosen and/or evaluated in 

order to accurately mimic the environment the dosage 

form will encounter in GIT after oral administration.  

 

Conclusion 

 

Even though dissolution tests using USP apparatus III 

cannot be used for quality control of finished drug 

products, they are very powerful tool for prediction of 

product behavior in the GIT. The possibility of 

application of different media fin different time points, 

different dips of the cylinders greatly mimic the peristaltic 

movements of the GIT in different states - fasted or fed. 

The in vitro conditions obtained with this apparatus 

simulate the in vivo conditions, providing almost identical 

environment. , The overall benefit of assessing the 

dissolution properties using USP apparatus III with bio-

relevant media would be gaining superior knowledge 

about the product and its possible behavior in vivo. 

Therefore, the decision for candidate bio-batch for 

bioequivalence would be more scientifically based and 

the outcome would be easier to predict thus saving 

significant amount of resources. 
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Introduction 

 

IDMP (acronym for Identification of Medicinal 

Products), as a suite of five different standards, is the 

International Organization for Standardization’s (ISO) 

facilitation of the unique identification of medicinal 

products when viewed in the context of medicinal 

products’ safety. These standards specify the use of 

definitions for identification and description of medicinal 

products for human use. The European Medicines Agency 

(further in the text: EMA) with the implementation of the 

Article 57(2) from the Regulation (EC) No 726/2004 

kicked-off a digitalization initiative that supported by the 

IDMP implementation strives to further the 

communication between the shareholders in the process 

of registering medicinal products for human use and 

tracking their safety, ultimately improving the public 

health, (Groenning, 2017). By default, this type of 

standardization requires introduction of digital solutions 

and investing from the industry side into domains and 

processes that broaden the scope of their work. However, 

the benefits in their enhanced effectiveness in the 

regulatory and pharmacovigilance processes are 

invaluable (Koshechkin et al., 2017). 

 

Master data 

 

For proper facilitation of the IDMP standards, 

companies and regulators must adopt the postulates of 

“master data”. Master data is a concept of creating and 

maintaining a pool of information that represents data 

about the business entities that provide further context for 

business transactions, (Data Management Association, 

2017). In other words, it is data, which empowers the 

creation of context for other data. Master data is an 

invaluable tool for the pharmaceutical industry. Managed 

properly, it provides companies the might of efficient 

communication of information about their products with 

regulators, which in turn enables faster registration 

procedures, and therefore a more complete market 

presence. Meticulously collecting the master data for the 

products in a pharmaceutical company means thorough 

business awareness for its benefits, collective strategic 

thinking on behalf of the company, which leads to all-

encompassing effort. Everybody needs to be on the same 

page since the benefits, even though not immediately 

detectable, are inarguably present, both for the companies 

and for the patients. 

 

EMA implementation of the ISO IDMP 

standards 

 

EMA is implementing the ISO IDMP standards in 

phases. The entire project is divided into four parts, each 

defining a separate data management service, which in 

turn describes one of the four pillars of master data for 

pharmaceutical products (Substances – SMS, Products – 

PMS, Organizations – OMS, Referential – RMS). 

Consequently, the complete project encompasses 

defining, collecting, maintaining and managing data about 

active and inactive substances, medicinal products, 

organizations and referential. Two of the intended 

projects (OMS and RMS),  concerning the organizations 

and the controlled vocabularies that describe certain 

attributes of products (e.g., dosage forms, units of 

measurement, routes of administrations), already provide 

master data to the electronic application forms for every 

regulatory activity. Therefore, two of the four projects are 

in function and require ongoing communication with the 

industry. The postulates concerning the management of 
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the active and non-active substances and the medicinal 

products (SMS and PMS, respectively) will be established 

in a recursive fashion, i.e., iteratively. The first iteration 

of the SMS gave users a chance to submit term addition 

through the EMA service desk. This way, the Agency 

manages the data, with future iterations connecting and 

synchronizing SMS with the European substance 

reference system database, which is a prequel for the SMS 

user interface. The largest and most comprehensive pillar 

of the four, the PMS is yet to see the light of day. Namely, 

the Agency predicts that covering the authorized 

medicinal product part of the ISO IDMP standards will 

replace the current data submission format. EMA already 

requires companies to submit data after approval of 

certain regulatory activities through the xEVMPD 

requirements, which stemmed from Article 57(2) from the 

Regulation (EC) No 726/2004 (European Parliament and 

Council, 2004). This data was, and until full ISO IDMP 

implementation is, being sent and evaluated separately 

from the actual documentation required by the regulatory 

activity, alongside supporting documentation, most 

commonly the Summary of Product Characteristics 

(SmPC). Using this process EMA built and maintained 

certain databases that provided a starting point for the 

process of ISO IDMP implementation. Currently, industry 

stakeholders should submit data about their products 

using the data standard referred to as xEVPRM (standing 

for eXtended EudraVigilance Product Report Message). 

This format shall be appended by a submission format 

compatible with the ISO IDMP standards, the HL7 

“FHIR” format. FHIR stands for Fast Healthcare 

Interoperability Resources and is an appealing format for 

exchange of medical information because of its truly 

modern web services approach (Setyawan et al., 2021). 

This standard incorporates bundles of information into 

“resources”, each linked with a unique identifier. Its 

standard provides for easy search from any device or 

application. Just by assigning the standard identification 

codes, similar to the URLs, this standard eliminates and 

cuts down the process of exchanging data between 

different systems. 

 

Conclusion 

 

ISO IDMP and its global implementation signify a lot 

of efforts and resources on part of the industry, in order to 

increase the quality of the processes of development, 

production and control of the medicinal product. 

However, the proper management of the information 

regarding these processes ensures greater efficiency 

during the implementation of the novelties. With greater 

efficiency a more robust process will emerge, which will 

lead to better overall quality of the processes. ISO IDMP 

is a standard intended to align every pharmaceutical 

company’s business aspect in the production and control 

of the quality, efficacy and safety of its products, by 

implementation of meticulous data management. With 

these standards executed in the everyday procedures the 

company runs smoothly, which in every way provides for 

better healthcare in the global sense. 
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Introduction 

 

        It is known that medicinal herbs have a positive effect 

on the human body in treating of various types of diseases. 

Considering that the action of medicinal herbs is based on 

the creation of biologically active substances (essential 

oils, alkaloids, tannins, vitamins, etc.), it is of great 

importance to maintain the concentration of these 

substances within acceptable limits that will not harm the 

human body (Silva Júnior et al., 2011). 

       Medicinal herbs in fresh and natural form contain a 

large amount of water which, after picking, would lead to 

fermentation, which would directly cause an increase in the 

concentration of biologically active substances and a 

decrease in the effect of herbs.  For keeping medical effect 

of herbs, an important role has the process of drying, by 

which water is removed from the plant. During this process 

herbs will retain the properties they had in fresh form 

(pleasant smell, natural color and medicinal effects). 

Depending on the part of the herb that is being dried, 

appropriate methods and conditions are applied (Nikolic, 

2012).  

         The flowers of the herbs can be dried naturally and 

by unnatural heating. Natural drying is the most common 

form of drying of medicinal herbs, where air flow should 

be provided in order for the plants to dry. The plants are 

dried on a certain substrate in thin layers. During drying the 

flowers should be rotated occasionally (Kišgeci et al., 

1987). Drying by unnatural heating is the application of 

warm air and can take place in thermal dryers and ovens. 

The advantage of this type of drying is the shorter duration 

of the process, as well as the possibility of adjusting the 

temperature. Depending on the temperature that is used 

drying can take several hours or minutes (Kišgeci et al., 

1987). 
        The aim of this work is to show which drying methods 

and conditions are the best for applying on the flowers of 

medicinal herbs and how quality control can affect the 

drying processes in order to obtain a high quality product 

safe for use. 

 

Materials and methods 

 

        For the purpose of examining the influence of quality 

control on the drying process, research was performed on 

two herbs known for their medicinal properties - Marigold 

(Calendula officinalis) and Dandelion (Taraxacum 

officinalis). Analyzes were performed on the flowers of 

plants that were used for obtaining: marigold macerate, 

dandelion macerate, marigold balm and dandelion balm. 

Two methods were used for drying processes: drying 

flowers naturally indoors and drying flowers with 

unnatural heating. In order to show how quality control can 

affect the quality of medicinal herbs, different parameter 

values were used in the methods. 

 

I-a Drying of marigold flowers - naturally indoors 

 

Material: marigold flowers, base for drying - stretched 

panel. 

Drying time: 7 days. 

Procedure: Collect a certain amount of the plant, inspect it 

and remove damaged leaves, unwanted primes and 

impurities. 

Separate the marigold flowers from the stem and arrange 

them on a drying base in thin layers. Dry the marigold 

flowers in this way naturally in a room protected from 
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direct sunlight. It is necessary to ensure sufficient air flow. 

During drying, marigold flowers need to be rotated in order 

to dry evenly. Drying should be done immediately after 

picking to prevent fermentation. Dried flowers should be 

stored in a closed glass container protected from sunlight. 

 

II-a Drying of marigold flowers - by heat (unnatural 

heating) 

 

Material: marigold flowers, drying oven, base for drying 

Drying time: 1h. Temperature: 45°C.  

Procedure: Collect a certain amount of the plant, inspect it 

and remove damaged leaves, unwanted primes and 

impurities. Separate the marigold flowers from the stem 

and arrange them on a drying base in thin layers. Put the 

drying medium with the arranged marigold flowers in the 

oven, adjust the temperature and leave it to dry. Drying 

should be done immediately after picking to prevent 

fermentation. Dried flowers should be stored in a closed 

glass container protected from sunlight. 

 

I-b Drying of dandelion flowers-naturally indoors 

 

Material: dandelion flowers, base for drying-stretched 

panel. Drying time: 3 days. 

Procedure: Collect a certain amount of the plant, inspect it 

and remove damaged leaves, unwanted primes and 

impurities. Separate the dandelion flowers from the stem 

and arrange them on a drying base in thin layers. Dry the 

dandelion flowers in this way naturally in a room protected 

from direct sunlight. It is necessary to ensure sufficient air 

flow. During drying, dandelion flowers need to be rotated 

in order to dry evenly. Drying should be done immediately 

after picking to prevent fermentation. Dried flowers should 

be stored in a closed glass container protected from 

sunlight. 

 

II-b Drying of dandelion flowers - by heat (unnatural 

heating) 

 

Material: dandelion flowers, drying oven, base for drying 

Drying time: 1h. Temperature: 60°C. 

Procedure: Collect a certain amount of the plant, inspect it 

and remove damaged leaves, unwanted primes and 

impurities. Separate the dandelion flowers from the stem 

and arrange them on a drying base in thin layers. Put the 

drying medium with the arranged dandelion flowers in the 

oven, adjust the temperature and leave it to dry. Drying 

should be done immediately after picking to prevent 

fermentation. Dried flowers should be stored in a closed 

glass container protected from sunlight. 

 

 

 

Results and discussion 

 

Comparison of methods I-a and I-b 

 

Drying time has a significant impact on obtaining a 

quality dried product. Marigold flowers were dried for 7 

days, while dandelion flowers were dried for only 3 days. 

As a consequence of insufficient drying time (dandelion 

flowers), it was obtained dried product which is not safe 

for use. Characteristics such as color and smell were 

significantly changed, and since the flowers were 

insufficiently dried, fermentation had started. Dried herbs 

with these kind of characteristics are not safe for further 

use because the concentration of active substances has been 

changed. 

 

Comparison of methods II-a and II-b 

 

Drying process is done by using heat (unnatural 

heating). In both methods, the drying time is the same 

(1hour) and the main difference is the drying temperature. 

Marigold flowers were dried at the temperature of 45C, 

while dandelion flowers were dried at the temperature of 

60C. As a consequence of drying on high (dandelion 

flowers), it was obtained dried product which is not safe 

for use. Dandelion flowers have dried up and darkened, the 

smell has changed, which indicates that there has been a 

change in the concentration of active substances. 

Dandelion flowers have dried up and darkened, the smell 

has changed, which indicates that there has been a change 

in the concentration of active substances. Dried herbs with 

these kind of characteristics are not safe for further use. 

 

Conclusion 

 

        In order to obtain a high quality product that is safe 

for use, care must be taken in the choice of quality methods 

and parameters. Safe product implies product wgich 

characteristics are not chaged during the process of drying. 
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Introduction 

 

Prospective risk analysis methods have significant 

potential for risk reduction and should be an integral part 

of any patient safety improvement strategy (Stojkovic et 

al., 2021). Risk management principles are effectively 

utilized in many areas. In the pharmaceutical industry risk 

is defined as the combination of the probability of 

occurrence and the severity of the damage it can cost. To 

meet regulatory and quality control standards, cannabis 

products should be tested for all pesticides, especially 

high-risk pesticides to health (Atapattu and Johnson, 

2020; Jepson et al., 2020). Determination of pesticides in 

cannabis facilities is increasingly important as medicinal 

uses of cannabis products expand rapidly (Craven et al., 

2021).  Therefore, risk analysis as a systematic process 

for detection of probability occurrence of harm can 

improve the decision making if a quality problem arises 

(ICH, Q9, 2015). 

 

Materials and methods  

 

To achieve our goal, we used the ICH Q9 guideline 

on quality risk management as a basis for analysis the 

possible sources of pesticide residues in the Cannabis dry 

flowers that may occur in dry cannabis floss cultivated 

under indoor conditions. Our goal was to recognize, 

analyze and classify the process steps during cultivation 

in which pesticides can occur. Thus, Failure Modes and 

Effects Analysis (FMEA) was conducted in all steps 

during cultivation process of cannabis floss form the 

beginning to the final packaging. 

Results and discussion 

 

Quality risk assessments begin with a well-defined 

problem description or risk question. The criteria for risk 

assessment can be grouped in four categories: 

 severity of consequences (great impact, medium, 

low impact) 

 possibility of occurrence (often, occasionally, 

almost never) 

 detection possibility (high, medium, low) 

 risk classification on human health (high, 

medium, low) 

 

Cultivation process  

 

Cultivation part is consisting of severe phases: seeds 

to be plated, vegetation phase, flowering phase, 

harvesting, and drying. In these phases a possible source 

of pesticides can arise from water and feeding material. 

Checking the starting material that  is  used  for 

cultivation is one step to  prevent contamination of 

cannabis plants with pesticides. There is no risk of 

contamination with pesticides during harvesting and 

drying if the process is going under indoor controlled 

conditions.   

 

Environmental impact  

 

Pesticides can come from outside in the growing 

rooms if non-adequate air filtering system is installed, or 

if inappropriate filters are used, or if changing of the 

filters is untimely.  Not treated air can contaminate the 

plants with pesticides, so implementation of proper 
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HVAC system is another step to prevent contamination of 

indoor cultivated cannabis plants with pesticides. 

 

Personal related and quality control related risks 

 

Personnel can have impact for contamination with 

pesticides if they do not follow the process as it is 

described in Standard Operating procedures (SOPs) for 

using only approved materials or if they are not proper 

trained or if they are unaware of proper behavior during 

the process. Thus, well trained employers in accordance 

with GMP requirements are another step to prevent 

contamination of indoor cultivated cannabis plants with 

pesticides. All processes and materials used in the 

production/ growing part should be accurately described 

and specified in the SOPs as well as in the Batch 

protocols for each phase of the process. 

In quality control laboratory the risk of not detecting 

pesticides is only if not adequate, not validated methods 

are used for quality testing. Training of the people who do 

analysis is also very important. Detection of the pesticides 

in reference standard material that is used is is a 

confirmation that the method is adequate for pesticide 

testing. 

 

Conclusion 

 

Risk identification is a systematic use of information 

to identify hazards. Risk analysis is the estimation of the 

risk associated with the identified hazards, while risk 

evaluation compares the identified and analyzed risk -

against given risk criteria. FMEA analysis is 

recommended to be made for possible deviations that may 

arise because of the risk have been identified, the severity 

of the consequences, the frequency of occurrence, and the 

possibility of detecting the risk before the damage occurs.  

According to the conducted FMEA analysis it can be 

concluded that the risk of contamination the dry cannabis 

floss as a starting material used for extraction with 

pesticide residues is not possible in indoor cultivation if 

pesticides are not used in any  phase of the  process of 

cultivation, if starting material used for growing is 

purchased from approved suppliers and in the same time 

is regularly controlled, if employers are adequate trained 

and follow the process as it is described in SOPs.  

FMEA relies on product and process understanding. 

Once failure modes are established, risk reduction can be 

used to eliminate, contain, reduce or control the potential 

failures.  
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Introduction 

 

Cleaning validation is a critical analytical 

responsibility of the quality assurance system and an 

important activity which establishes that cross-

contamination of the next batch of different 

pharmaceutical products is under control, in order to 

ensure the quality of the finished product and patient 

safety (Bagade S.B. et all, 2014). Cleaning validation is 

required by the FDA (Food and Drug Administration) and 

the GMP (Good Manufacturing Practice) authorities in 

the pharmaceutical industry (Eudralex, 2015; FDA, 2014; 

ICH Q7, 2000). The cleaning procedures used must be 

supported by documented evidence with high degree of 

assurance that the cleaning procedure effectively removes 

chemical or microbial residues from the manufacturing 

equipment and facilities, below the scientifically 

predetermined maximum allowable carry-over levels 

(MACO) (Bagade and Krishna, 2014; LeBlanc, 2000; 

Geremia, 2019). 

Loratadine is a tricyclic antihistamine with selective, 

peripheral H1-receptor activity. Preclinical and clinical 

safety data for Loratadine reveal no special hazard for 

humans based on conventional studies of safety, 

pharmacology, repeated dose toxicity, genotoxicity and 

carcinogenic potential. In reproductive toxicity studies in 

animals no teratogenic effects were observed, but 

prolonged parturition and reduced viability of offspring 

were observed in rats at plasma levels 10 times higher 

than those achieved with clinical doses (FDA, 

Pharmacological Review, 2011; FDA, Pharmacological Review, 

2000). 

The lowest value for permitted daily exposure (EMA, 

2014; Geremia, 2019) calculated from repeated dose 

toxicity study in rats (NOAEL 8 mg/kg) was estimated to 

be 0.16 mg/day or 16 0µg/day. This value, when 

compared with 1/1000
th

 part of Loratadine minimal daily 

dose (5 µg), is more than thirty times bigger (FDA, 

Pharmacological Review, 2011; FDA, Pharmacological Review, 

2000). Therefore, the MACO calculation was estimated by 

dosage criteria, i.e. the carryover of product residues 

should not be more than 0.1% (1/1000
th
) of minimal 

therapeutic dose of the API of previous product in the 

maximal daily dose of the subsequent product (LeBlanc, 

2000). The obtained results were: MACO 0.15 ppm, the 

limit per surface area of manufacturing equipment 1.04 

μg/cm2 
and limit in analyzed sample 1.3 ppm. 

The aim of our work was to develop and validate 

sensitive analytical method using reversed-phase high 

performance liquid chromatography (RP-HPLC) for 

determination of Loratadine residues in swab samples in 

cleaning validation procedure.  

 

Materials and Methods 

 

Instrumentation and equipment 
 

Chromatography was carried out using UPLC 

Shimadzu Nexera XR system with LPG quaternary pump 

with degasser, autosempler, controller and PDA detector 

and column oven, controlled by Lab Solutions software. 

Analytical balance Mettler Toledo AG285, Ultrasonic 

bath TP690/H, IKA orbital shaker KS 260 basic and 

pH/Conductivity meter Mettler Toledo S213 were used. 

The demineralized water was prepared by Simplicity UV 

System. The syringe filters RC (regenerated cellulose) 

0,45 µm, were purchased from Agilent Technologies 

(USA). 
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Chemical and Reagents 

 

The reagents that have been used are potassium 

dihydrogen phosphate, methanol and acetonitrile 

purchased from Carlo Erba, and 85%     o-phosphoric acid 

from Sigma Aldrich. Reference standards Loratadine 

CRM, was supplied by the European Directorate for the 

Quality of Medicines (EDQM). Textwipe 714 A Swabs 

(Large Alpha Swab) were used for direct sampling. 

 

Chromatographic conditions 

 

Separation was performed on LiChrospher RP Select 

B 125 mm × 4.0 mm, 5 µm column. The column 

temperature was maintained at 30°C. An isocratic elution 

was used, with flow rate 1.1 ml/min. The injection 

volume was 20 μL and detection wavelength was 242 nm. 

A mixture of 20 volumes of methanol, 47 volumes of 

acetonitrile and 33 volumes of 15 mM potassium 

dihydrogen phosphate, (pH adjusted to 2.5 with 

phosphoric acid) was used as mobile phase.  Methanol 

was used as diluent.  

 

Results and discussion 

 

HPLC method was validated according to the 

propositions recommended in International Conference on 

Harmonization (ICH) Q2 (R1) guideline for validation of 

analytical procedures (ICH Q2 (R1), 2005). During 

selectivity testing, no interference from the blank swab 

sample at the retention time of Loratadine was observed. 

In order to demonstrate that the direct sampling procedure 

is suitable for determination of Loratadine residues on 

equipment surface, recovery or spiking studies were 

performed. The determination of the swab recovery for 

direct sampling method from manufacturing surface was 

performed on the stainless steel plate by spiking standard 

solutions of Loratadine at three concentration levels: 2 

μg/mL, 1 μg/mL and 0.2 μg/mL, in duplicate for each 

level. Swabbing procedure was optimized in order to 

obtain a suitable recovery of loratadine and the obtained 

swab recovery factor was 0.79 (79%). The achieved swab 

recovery factor confirmed the suitability of the cleaning 

method, and was taken into account in the results for 

cleaning validation, as a correction factor. 

The linearity of the method was proved through five 

concentrations, in the range from 0.05 μg/mL to 2 μg/mL.  

The correlation coefficient value (R
2
) was 0.9999. The 

limit of detection (LOD) and limit of quantification 

(LOQ) were established by using series of linearity 

solutions and were found to be 0.0199 μg/mL and 0.066 

μg/mL, respectively. The precision of the system was also 

evaluated at the LOQ level and the obtained RSD value 

was less than 5%. 

Conclusion 

 

The limits established on all the above-mentioned 

criteria demonstrate logical, practical, achievable and 

verifiable values that ensure product quality and patient 

safety. According to the validation results, the HPLC 

method is suitable for determination of loratadine residues 

in swabbing samples obtained from the manufacturing 

equipment surface. The validation parameters of HPLC 

method met the acceptance criteria and the proposed 

acceptance limits can be applied for the intended routine 

cleaning validation procedures. 

 

References 

 

Bagade, S.B. and Krishna, V.S.R., 2014. Cleaning Validation: 

An Important Aspect in Accessing Pharmaceutical 

Residues. Research Journal of Pharmaceutical, Biological 

and Chemical Science 5(2), 1572-1579. 

https://www.researchgate.net/publication/285185933_Clea

ning_validation_An_important_aspect_in_accessing_phar

maceutical_residues   

European Medicines Agency, 2014. Guideline on setting health 

based exposure limits for use in risk identification in the 

manufacture of different medicinal products in shared 

facilities. EMA, London, United Kingdom. 

Eudralex, 2015. EU Guidelines for Good Manufacturing 

Practice for Medicinal Products for Human and Veterinary 

Use, Annex 15: Qualification and Validation. Vol.4. 

European Commission.  

Food and Drug administration, 2014. Validation of cleaning 

Processes (7/93). FDA, USA. 

Food and Drug administration, 2000.Pharmacological Review – 

Loratadine FDA, USA. (Application number: 20-641/SE5-

007) 

Food and Drug administration, 2011.Pharmacological Review – 

Clarinex. FDA, USA. (Application number: 21-297) 

Geremia, F., 2019. Modern cGMP Requirements for Cleaning 

Validation and Drugs Toxicological Evaluation. Acta 

Scientific Pharmaceutical Sciences 3.(3), 33-38. 

https://www.actascientific.com/ASPS/pdf/ASPS-03-

0256.pdf   

International Conference on Harmonization, 2000. Good 

Manufacturing Practice Guide for Active Pharmaceutical 

Ingredients Q7. ICH, Geneva, Switzerland. 

International Conference on Harmonization, 2005. Validation of 

analytical procedures: Text and methodology Q2(R1). ICH, 

Geneva, Switzerland. 

LeBlanc D.A., 2000. Validated Cleaning Technologies for 

Pharmaceutical manufacturing. Interpharm Press, Denver, 

Colorado, US. 

https://www.researchgate.net/publication/285185933_Cleaning_validation_An_important_aspect_in_accessing_pharmaceutical_residues
https://www.researchgate.net/publication/285185933_Cleaning_validation_An_important_aspect_in_accessing_pharmaceutical_residues
https://www.researchgate.net/publication/285185933_Cleaning_validation_An_important_aspect_in_accessing_pharmaceutical_residues
https://www.actascientific.com/ASPS/pdf/ASPS-03-0256.pdf
https://www.actascientific.com/ASPS/pdf/ASPS-03-0256.pdf


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 1) 161 - 162 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.076 

Short communication 

 
 

*eadamova@Alkaloid.com.mk                                                                                                                      S1 PP 61 

Cleaning validation concept for introduction of product with new 

active pharmaceutical ingredient in pharmaceutical production  

 

Elisaveta Adamova Abrasheva*, Darko Atanasoski, Natasha Kronevska,                  

Ana Ivcheska, Elizabeta Karadzinska, Olivera Paneva 
  

ALKALOID AD Skopje, Pharmaceutical, Chemical and Cosmetics Company, 

Aleksandar Makedonski 12, 1000 Skopje, Republic of North Macedonia 

 

 

Introduction 

 

Equipment cleaning is a critical step in the 

manufacturing process of different pharmaceutical 

products, especially in shared facilities (EMA, 2014). The 

cleaning process must prevent cross contamination and 

reduce residues from previous product to levels that ensure 

patient safety and regulatory compliance. 

Cleaning validation is documented evidence that an 

approved cleaning procedure will reproducibly remove the 

residues from the previous product and other residues from 

equipment surfaces below scientifically established 

acceptance criteria (ISPE Guide, 2020). Cleaning validation 

should be properly documented to demonstrate current 

Good Manufacturing Practice (cGMP) for finished 

medicinal products. 

 

Introduction of medicinal product with new active 

pharmaceutical ingredient  

 

Change Control Process 

 

Upon introduction of product containing new active 

pharmaceutical ingredient (API) in a shared facility in 

ALKALOID AD Skopje, the activities are documented by 

an effective change control process within the Quality 

management system to provide a high degree of knowledge 

of all necessary activities. 

 In order to evaluate, approve and implement the new 

API properly, the proposed change is evaluated by expert 

team contributing the appropriate expertise and 

knowledge. The evaluation assesses the level of risk the 

new API presents regarding cross contamination and 

whether it can be controlled with appropriate 

organizational and technical measures. After implementing 

the change, additional assessment is performed to ensure 

that there are no adverse effects regarding the products 

and/or the quality system.  

 

Methodology for risk assessment 

 

Risk identification in the manufacturing process of 

different medicinal products in shared facilities is a 

challenging task. Product grouping and worst-case 

identification is performed to reduce cleaning validation 

activities in sites with multiple products and processes. The 

worst-case product is identified by risk assessment 

considering relevant and scientifically justified criteria. 

Equipment must be cleaned using validated cleaning 

procedure based on worst-case product cleaning 

parameters. 

Before introduction of a new API in the production 

facility, a reevaluation of the risk assessment is performed, 

in order to characterize the degree of criticality and the 

specific requirements for API with highly sensitizing or 

genotoxic potential. 

When a new API is introduced, the risk assessment 

matrix for worst-case determination is updated and: 

 If the API is a new worst-case according to the risk 

assessment matrix, a cleaning revalidation is 

performed, with the new worst-case product. 

 If the new API is not a worst-case according to the risk 

assessment matrix, the cleaning procedure is confirmed 

with the applicable methods for cleaning verification. 

 

Assessment criteria 

 

New API evaluation is based on a risk assessment  
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matrix in which three main criteria of the active substance 

and the finished product are evaluated: 

 Toxicological profile (PDE value); 

 Solubility; 

 Difficulty of cleaning; 

For each of the three criteria initially the raw data 

records are collected. Then each raw data is assigned with 

index number according to defined evaluation scale. In the 

evaluation scale, a higher index number indicates a worse 

scenario for each criteria. Multiplication of the obtained 

index numbers, gives the risk priority number (RPN) for 

each product and the highest RPN is derived. The highest 

RPN indicates the “worst-case product” for cleaning 

validation. 

 

Toxicological profile criteria (Permitted Daily Exposure, 

PDE) 

 

This toxicological profile criteria is taking into 

account the requirements of EMA’s "Guideline on setting 

health based exposure limits for use in risk identification in 

the manufacture of different medicinal products in shared 

facilities" (EMA, 2014). Worst-case identification 

depending on the Permitted Daily Exposure (PDE) is 

health based data. The PDE value represents a substance-

specific dose that is unlikely to cause an adverse effect if 

an individual is exposed at or below this dose every day for 

a lifetime. 

The criteria for determination of PDE is described in 

the toxicological report and includes: physico-chemical 

characteristics; mechanism of action; dosage and efficacy; 

pharmacokinetic data; toxicological and critical effects 

(genotoxic, carcinogenic, reproductive or developmental 

effects); Upper limit of No Observed Adverse Effect Level 

(NOAEL) and safety factors for variability among the 

available data (F1-F5).  

PDE reports are prepared by certified toxicology 

professionals. 

PDE values take into consideration all routes of 

administration of the specific active substance. If several 

critical effects are identified and they result in calculation 

of more than one PDE value, the lowest value for PDE is 

considered for the risk assessment. If the product contains 

more than one API, the active substance with the lowest 

PDE value is considered for the risk assessment. When a 

PDE report for a particular API is updated, reevaluation of 

the risk assessment for worst-case is performed. 

 

Solubility criteria  

 

Solubility evaluation is based on the rationale that any 

product less soluble in water, is more difficult to clean.  

Solubility of the API and the finished product is tested in 

water, in alkaline and acidic pH environment, according to 

pH of the detergents in standard cleaning procedures. 

 

 

Based on a solubility report, each product is assigned 

with a specific index number, where a higher index number 

indicates less soluble product. If the product contains more 

than one API, the active substance that is least soluble in 

water is considered for the risk assessment. 

 

Cleanability criteria 

 

Cleanability criteria depending on the formulation is 

based on the rationale that the finished product contains 

excipients which are responsible for the equipment and the 

API from the equipment being more difficult to clean. Each 

product is evaluated individually in context of its own 

formulation, for having some of the following components:  

 Prolonged/Extended release technology;  

 Excipients prone to microbiological growth;  

 Colored API or other pigments;  

 Aromas (flavors);  

 Viscosity increasing agents;  

 Insoluble parabens as preservatives;  

 Granulate for suspension vs. granulate for tablets;  

 Solution vs. suspension;  

 Tablets vs. film-coated tablets;  

 Frequency of production; 

Each product is assigned with an index number, where 

a higher index number indicates a combination of one or 

more critical cleaning components. 

 

Conclusion 

 

In conclusion, when introducing a product with new 

API in pharmaceutical production, the worst-case approach 

for cleaning validation is used. Both active substance and 

the finished product are assessed. This is performed by risk 

assessment in which the relevant and scientifically justified 

criteria are evaluated.  
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Introduction 

 

Resveratrol and vitamin E are both compounds with 

potent antioxidant and cytoprotective properties (Craciun 

et al., 2019). Trans-resveratrol (in the further text 

Resveratrol) is naturally occurring polyphenol component 

known to be present in various plant species, such as 

grapes, blueberries, blackberries, raspberries etc. and 

despite the above-mentioned capabilities has anti-

inflammatory, as well as anti-aging actions (Craciun et al., 

2019; Wang et al., 2021).Vitamin E is liposoluble vitamin, 

naturally mostly occurring in vegetable oils, nuts, seeds, 

green leafy vegetables etc., also positively affecting the 

immune system and neurological functions (Wang et al., 

2021; Şeker et al., 2012). Up to date, due to lack of 

evidence, these compounds formulated in suitable dosage 

forms are not intended to be used as drugs, but as dietary 

supplements, with cautious use. Since there are clinical 

studies for confirming their synergistic or additive actions 

resulting in better anti-inflammation, anti-oxidant and 

anti-cancer properties, the formulation of a suitable 

dosage form containing both compounds as well as 

designing an analytical method for fast, simple, eco-

friendly and precise method is a real challenge (Wang et 

al., 2021). The current edition of European Pharmacopoeia 

(EP) contains Monograph for assay of Polydatin 

(Polygonum cuspidatum rhizome and root Monograph), 

which is natural precursor and glycoside of resveratrol; 

and British Pharmacopoeia (BP) nor United States 

Pharmacopoeia (USP) provide Monograph for 

Resveratrol. For vitamin E (all forms) EP provides 

suitable monograph, BP does not provide one and the 

USP has Monograph on vitamin E, as well as for dosage 

forms single or combined with other chemical compounds 

(EP; BP; USP). So far, many studies have been made for 

quantitative determination of vitamin E and Resveratrol 

from different matrixes. These methods include HPLC 

with different detection wavelengths, LC-MS, HPLC with 

electrochemical detection, GC, voltammeter (Cranium et 

al., 2019; Wang et al., 2021).  

The aim of our study was to develop a robust method 

for simultaneous determination of both compounds, 

Resveratrol and vitamin E in solid pharmaceutical dosage 

form, in order to make the quality control of such 

combination of compounds be easier to perform, less time 

consuming, environment friendly and cost effective. 

 

Materials and methods 

 

The following standards have been used: Trans-

resveratrol CRM and vitamin E (alpha tocopherol acetate) 

CRM, purchased from Sigma Aldrich. The tested 

samples, were purchased from Replek Farm Ltd, Skopje, 

R.N.Macedonia. 

The reagents that have been used are: Methanol (for 

analysis) purchased from Carlo Erba Reagents; 

Acetonitrile (HPLC gradient grade) purchased from 

Fisher Scientific and demineralized water, “in house” 

produced with conductivity of 0.055 µS/cm (Millipore). 

The RC (regenerated cellulose) 0.45 µm syringe 

filters were purchased from Agilent Technologies (USA). 

Regarding the instruments involved in sample and 

standard preparation: analytical balance Mettler Toledo 

AG285, ultrasonic bath and mechanical shaker. The 

analyzes were conducted on Shimadzu Nexera XR UPLC 

system with LPG quaternary pump with degasser, 
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autosempler, PDA detector, column oven and controller, 

controlled by Lab Solutions software, version 5.97.  

The chromatographic separation was best achieved 

on a RP Select B 75 mm x 4 mm column, with 5 µm 

particle size, purchased from Merck. This column has 

highest carbon loading and active surface of particles, 

enabling proper retention of fast eluting resveratrol in 

highly hydrophobic mobile phase compositions. 

The test solution was prepared by dissolving capsule 

contents in methanol to obtain concentration of 0.3 

mg/mL and 0.06 mg/mL for Resveratrol and vitamin E, 

respectively.  

 

Results and discussion 

 

Resveratrol molecule has three pKa values, 8.99, 9.63 

and 10.64, corresponding to the phenolic groups. Vitamin 

E molecule has only one pKa value of 10.8. These facts 

allow use of mobile phase without buffers, acids or other 

pH stabilizers. Both molecules have large differences in 

their hydrophobicity and in their UV absorbing molar 

extinctions. The solubility differences induce very 

different hydrophobic interactions with alkyl reversed 

phase column, resulting enormous differences in retention 

times on isocratic chromatograms, with early eluting huge 

peak of Resveratrol and very late and wide spread small 

peak of vitamin E. Linear gradient for separation is 

solution, but still yielding long run times. These problems 

imposed the use of octyl silane (C-8) over octadecylsilane 

(C-18) chromatographic columns. The use of acetonitrile 

was better choice since vitamin E has long elution time 

even with 100% methanol, which has even larger 

viscosity, generating wider peaks of analytes. Small sized 

column lengths were an imperative for decent run times.  

     The developed method, carried out on RP Select B               

75 mm x 4 mm column with 5 µm particle size, under 

gradient conditions, with mobile phase consisted of 

acetonitrile and purified water, flow rate of 1.0 mL/min, 

detection wavelength at 225 nm, column temperature of 

32
o
C and injection volume of 2 µL generated good 

separation of the two active substances in total run time of 

7 min, with retention time of Resveratrol and vitamin E 

on 1.0 and 3.85 minutes, resulting with perfect peak 

shapes respectively.  The resolution between two peaks 

was 19.3. Relatively small retention and number of 

theoretical plates of first eluting resveratrol is not a 

problem, since its concentration and huge molar 

absorptive coefficient. 

The concept and development of chromatographic 

HPLC method for these analytes, will appear two main 

obstacles, very distinctive hydrophobicity as results of 

molecule structures, and very significant UV absorbing 

characteristics, based with molar absorptivity. This 

discrepancies problem with UV absorptions is 

additionally complicated with big differences of quantities 

of resveratrol and vitamin E in formulations, generate 

chromatogram with two very different peak sizes, and 

appearing in worse combination of significantly smaller 

quantity of vitamin E, compared with giant peak of much 

strongly absorbing molecule which is significantly more 

present in samples. 

The possibility of application of other separating 

mechanisms with other type of columns, like more polar 

Phenyl, Hexafluorophenyl, cyanopropyl, HILIC, Diol and 

most polar bear Silica, for simplification in isocratic mode 

of elution is in our laboratories in progress. 

  

Conclusion 

 

The reversed phase step gradient HPLC method was 

found to be simple, fast and cost-effective, thus suitable 

for high-throughput routine determination of both 

Resveratrol and vitamin E in solid dosage forms in 

pharmaceutical quality control laboratories. The method 

could be further improved and upgraded if needed for 

higher sensitivity and higher throughput of analysis per 

day. 
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Introduction 

 

Stability is defined as the capacity of a drug product to 

remain stable within established specification to maintain 

its identity, strength, quality and purity throughout 

expiration dating periods. Although the storage conditions 

are relatively constant, the distribution environment can 

vary greatly, especially when a drug product is shipped 

between various climatic zones. Seasonal changes, mode 

of transportation, and the number of drop-off points are 

also variables that should be considered within the 

pharmaceutical supply chain. Drug product requiring 

controlled-temperature storage conditions must be 

distributed in a manner that ensures that the product quality 

will not be adversely affected.Some of the information 

necessary for understanding the quality impact of 

temperature excursions, especially those that involve 

multiple shipment legs and excursion events, may be 

gathered from thermal-cycling stress studies. Studies on a 

drug product that is pre-exposed to temperature cycling 

under high and low temperature conditions may be useful 

in determining the impact on product quality from an 

excursion where the product is exposed to multiple 

temperature stress conditions. Since international 

distribution of drug product may include multiple 

distribution legs, thermal-cycling studies should be 

designed with a minimum of three cycles to support 

cumulative exposure periods from the entire distribution 

process. The stability program is depending of the product 

sensitivity to environmental conditions. The final 

sensitivity of the product to environmental conditions is 

determined by its content and the container.  

The aim of the presented study is to support the 

excursions that may occur during storage, transportation 

and distribution of the finished drug product. 

 

Materials and methods 

 

Materials 

 

        Methadone hydrochloride 10 mg/mL concentrate for 

oral solution is a product of Alkaloid AD Skopje and the 

batch analyzed during the thermal-cycling study were 

manufactured and packed in Alkaloid AD Skopje. Primary 

packaging is consisted of brown glass bottle sealed with 

screw cap PP 28 child resistant tamper evident ring with 

embossing and liner. For our thermal-cycle stress study 

two glass bottles of 1000 mL were used. 

 

Methods 

 

For performing the study, product is placed in the 

chosen transport container during a period of time 

corresponding to the longest anticipated transport duration. 

Data from critical quality parameters were collected after 

stored at each temperature to evaluate any changes that 

may occur within the finished drug product. Based on the 

previous knowledge for stability of the physical and 

chemical entity, two types of studies were conducted: 

Thermal and Freeze-Thaw studies were done by exposing 

the drug products to a few temperature cycles. 

      The ICH/WHO stability data guidelines define 

appropriate temperature ranges for the different study 

ranges −20°C ± 5°C, +5°C ± 3°C, 25°C ± 2°C, 30°C ± 2°C, 

40°C ± 2°C, 50°C ± 2°C etc. 
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      Performed thermal-cycling stress study was consisted 

of 4 cycles, each cycle containing 3 different conditions for 

storage of our product and it was kept at the prescribed 

condition for 2 days. First condition was chosen to be 

−20°C ± 5°C; second condition was +5°C±3°C and the 

third condition was set at 50°C±2°C.  
      After prescribed days at each temperature, the samples 

and placebo were evaluated for selected critical quality 

parameters (CQPs). The parameters considered as critical 

for the respective drug product are: Appearance, Color, pH 

value, Assay of the active pharmaceutical ingredient (API) 

and Sodium benzoate (preservative), Related and 

degradation products. Viscosity and microbiological 

quality were evaluated at the end of each cycle. In order to 

investigate the possible presence of Benzene in Methadone 

hydrochloride (according to scientific literature) 

withdrawn from different thermal cycling monitoring 

conditions were analyzed at the end point of the stability 

excursion period. Validated stability-indicating methods 

were used for determination of the assay of Methadone 

hydrochloride and Sodium benzoate and related and 

degradation products. 

 

Results and discussion 

 

The results of the stability study to support distribution 

conditions on one batch of Methadone hydrochloride 10 

mg/mL concentrate for oral solution, stored on multiple 

brief exposure to low, medium and high temperature stress 

conditions, show that all tested parameters, whether 

physical or chemical, remain stable throughout the duration 

of the cycling study.   

The pH value, viscosity, color and appearance of the 

samples remain stable over the thermal-cycling study 

period. No crystallization is occurred in drug product. 

The assay values for the active compound, as well as 

for the preservative, remain within the shelf-life 

specification during the studies. Results obtained from the 

parameter Related and degradation products meet the 

acceptance criteria. Mass balance values were achieved; 

usually 98-102% should be reached by adding assay value 

and levels of degradation products.  

Microbiological quality testing showed that the 

product remains within the specification limits during all 

cycles. 

 

 

 

 

 

 

 

 

 

The obtained GC-FID data show that there were no 

evidence about formation of Benzene from Sodium 

benzoate, neither in the Methadone hydrochloride                   

10 mg/mL concentrate for oral solution. 

Additionally, in order to see the distribution of the 

data, SixGraph and MR charts were created with normal 

probability plot and the capability histogram for the 

parameters Assay of Methadone hydrochloride and Assay 

of Sodium benzoate for all temperatures in every cycle 

mentioned above, using the software STATISTICA. After 

the statistical evaluation it was concluded that no OOT 

results were observed. 

 

Conclusion 

 

       After statistical evaluation of the content of the API 

and the preservative and related and degradation products 

it can be concluded that all of the evaluated results are 

within the limits of six sigma measurements between ± 3 

standard deviations of the mean value.   
       All CQPs for this drug product remain within the shelf-

life specification during the thermal-cycling study and no 

physical and chemical changes were detected. 

Nevertheless, in order to avoid any kind of damage of the 

primary packaging at extremely low temperatures (-20 °C), 

we recommend that the finished drug product should be 

stored and transported at ambient conditions with tolerated 

temperature excursions between +5°C and +50°C and 

additional storage advice should be added: Do not freeze.  
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Introduction 

 

 Benzydamine hydrochloride is a non-steroidal anti-

inflammatory drug with local anesthetic and analgesic 

properties providing both rapid and extended pain relief, 

as well as a significant anti-inflammatory treatment for 

the painful inflammatory conditions of the mouth and 

throat (Sugiarto et al., 2020). 

 Cetylpyridinium chloride is a quaternary pyridinium 

antiseptic with bactericidal activity against Gram-positive 

and, at higher concentration, some Gram-negative 

bacteria. It is use as lozenges, gels or solutions for the 

treatment of minor infections of the mouth and throat 

(Steyer et al., 2021).  

There are a number of methods available for 

determination of Benzydamine hydrochloride and 

Cetylpyridinium chloride, individually (Ph.Eur., BP, 

USP), but only a few methods for simultaneous 

determination of a combination of them in final dosage 

forms. 

  The aim of this study was to develop simple, fast and 

efficient reverse phase high performance liquid 

chromatography (RP-HPLC) method for simultaneous 

determination of Benzydamine hydrochloride and 

Cetylpyridinium chloride in final dosage form 

preparations and validate this method in accordance with 

current International Conference on Harmonization (ICH) 

Analytical Method Validation requirements. 

 

 

 

 

Materials and methods  

 

Materials 

 

The reagents used for RP-HPLC determination of 

Benzydamine hydrochloride and Cetylpyridinium 

chloride are: potassium dihydrogen phosphate (KH2PO4), 

85 % o-phosphoric acid (H3PO4) and triethylamine 

((C2H5)3N), purchased from Fisher Scientific by Thermo 

Fischer Scientific (UK) and Carlo Erba (Italy), as well as 

methanol and acetonitrile procured from Carlo Erba. The 

demineralized water was obtained “in houseˮ by use of 

Simplicity UV System, with conductivity of 0.05 µS/cm. 
The Benzydamine hydrochloride reference substance was 

purchased from MHRA, London, United Kingdom and 

Cetylpyridinium chloride reference standard, was 

purchased as the United States Pharmacopeia standard. 

The RC (regenerated cellulose) 0,45 µm syringe filters, 

were purchased from Agilent Technologies (USA).  

The oral spray solution containing these two active 

substances was obtained from Replek Farm Ltd., Skopje, 

N. Macedonia. 

Instruments that have been used are: UPLC 

Shimadzu Nexera XR system with LPG quaternary pump 

with degasser, autosampler, controller and PDA detector 

and column oven, controlled by Lab Solutions software, 

version 5.97.; analytical balance Mettler Toledo AG285; 

pH–meter Metrohm 827 pH Lab; and IKA orbital shaker 

KS 260 basic.  

As to HPLC column, it is used InertSustain C8 4.6 

mm x 100 mm, 5 µm, purchased from GL Sciences Inc. 

(Japan). 
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Method 

 

The optimal chromatographic separation of both 

active substances was performed by using an analytical 

column of InertSustain C8 4.6 mm x 100 mm, 5 µm. The 

active substances were eluted by a mobile phase consisted 

of 35% [25 mM KH2PO4 containing 0.1% (v/v%) o-

phosphoric acid (85% o-H3PO4)] which pH value was 

adjust to pH 3.0 with triethylamine, 5% methanol and            

60% acetonitrile, under isocratic conditions, at a flow rate 

of 1.1 mL/min, detection wavelength at 257 nm, column 

temperature of 35 ⁰C and injection volume of 5 µL. 

 

Results and discussion 

  

These two active substances are very different in 

their hydrophobicity and interaction affinity towards alkyl 

chain based bonded phase columns, C8 and C18. Use of 

shorter, 100 mm column, in combination with properly 

selected mobile phase in isocratic mode of elution, 

enables analysis with decent run time.  

The isocratic elution of the analytes was achieved in 

seven minutes, with retention time of Cetylpyridinium 

chloride and Benzydamine hydrochloride on 1.2 minutes 

and 5.1 minutes, respectively. Both chromatographic 

peaks are well separated between each other, to the 

baseline. The obtained values for number of theoretical 

chromatographic plates per meter for Benzydamine 

hydrochloride and Cetylpyridinium chloride, were 18605 

and 35579, respectively. 

 The established HPLC method was validated in 

accordance to the International Conference on 

Harmonization (ICH) Q2(R1) guideline for validation of 

analytical procedures. The method was tested for 

selectivity, linearity, precision and accuracy. During 

selectivity testing, no interference from the formulation 

excipients was observed. Linearity for Benzydamine 

hydrochloride and Cetylpyridinium chloride was studied 

in five concentration levels, for each substance, in the 

concentration range of 0.015 - 0.045 mg/mL for 

Benzydamine hydrochloride and 0.05 - 0.15 mg/mL for 

Cetylpyridinium chloride. The obtained results for 

linearity, show that the method is linear for determined 

compounds. The correlation coefficient is more than 

0.9990 for both compounds and the relative standard 

deviation of the response factors for each concentration 

level is < 2%, in all cases. The precision of the system and 

method precision were also evaluated and the obtained 

relative standard deviation of the responses was less or 

equal to 2%, in both cases, for each substance.  

Accurancy of the method was studied by recovery 

investigation. The obtained recovery values were within 

the range of 100 ± 2%, for each substance. 

Our further focus of research that is in progress, is 

check of applicability of less hydrophobic or more polar 

interaction-based chromatography mechanism and 

columns, like phenyl, cyanopropyl, HILIC, DIOL, 

hexafluoro phenyl etc. These research activities for new 

more polar interaction-based separation of these two 

active substances are still in progress.  

 

Conclusion 

 

The developed analytical method for simultaneous 

determination of Benzydamine hydrochloride and 

Cetylpyrdinium chloride in a final dosage form by HPLC 

was found to be rapid, simple, reliable and requires low 

cost reagents. The method was validated and proved as 

suitable for its intended use. The proposed method, could 

be successfully used for routine analysis in quality control 

laboratories for simultaneous determination of 

Benzydamine hydrochloride and Cetylpyridinium 

chloride in combined pharmaceutical dosage forms. 
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Introduction 

 

Venlafaxine is used to treat depression. It may improve 

your mood and energy level, and may help restore your 

interest in daily living. Venlafaxine is known as a serotonin-

norepinerphine reuptake inhibitor (SNRI). It works by 

helping to restore the balance of certain natural substances 

(serotonin and norepinerphine) in the brain (WebMD). 

  UV spectrophotometric and new high 

performance liquid chromatography (HPLC) methods 

were developed for determination of dissolution rate of 

Venlafaxine in the tablet dosage form. A typical HPLC 

method was optimized in order to achieve better 

sensitivity, and robust, rapid, simple and accurate analysis 

(Nidadavolu, 2014).  

 

Materials and Methods 

 

Conditions for performing the dissolution test 

 

For both methods are used the same medium and 

conditions for performing the dissolution test.  

For analysis were used medium: 900 mL + 1% water, 

previously degassed, time: 30 minutes + 2%, speed: 100 

rpm + 4% ,  temperature of medium :37 ± 0.5C 

Apparatus 2 with paddle for dissolution test (BP/cPh 

Eur.2.9.3./USP<711>). 

 

 

Results and discussion  

 

The UV spectrum recorded between 200 nm and             

400 nm using water as solvent and the wavelength 274 

nm was selected for the determination of venlafaxine. 

HPLC system equipped with an UV detector with 

variable wavelength was used and the wavelength 226nm 

was selected for the determination of venlafaxine. HPLC 

analysis was carried out using Inertsil ODS 3-C18, 250 

mm x 4.6 mm, 5µm column and mobile phase composed 

of water, acetonitrile and triethylamine pH adjusted to 3.5 

with orthophosphoric acid at a flow rate of 1.2 mL/min. 

Parameters such as linearity, precision, accuracy, 

recovery, specificity and robustness are studied as 

reported in the International Conference on 

Harmonization (ICH) guidelines (ICH Guideline Q2(R1), 

2005). 

 

UV spectrophotometry method 

 

The specificity is demonstrated by comparison of the 

spectra of diluent, placebo solution, standard solution and 

sample solutions. There is no interference from diluent 

and placebo. 

 Linearity is determinate by series of three 

measurements of standards at five different concentrations 

that span 50 - 150% of the expected working range 

assayed. Linear correlations were obtained between the 

absorbance of Venlafaxine related to the concentrations of 

standards over the range of 0.0208 - 0.0625 mg/mL. 

The accuracy of the method was determined by 

interaction studies for constant placebo of the tablets 
concentration level, but varying Venlafaxine 
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hydrochloride concentrations. The samples were prepared 

in three concentration levels. Venlafaxine content was 

determined in each sample by spectrophotometric method 

and with the obtained results a statistic determination was 

performed. The recovery results indicate that the test 

method has an acceptable level of accuracy. 

The precision of the method was verified by 

repeatability and intermediate precision. The system 

repeatability was shown by six measurements of the 

absorbance of the standard solution in concentration of 

0.0417 mg/mL. The relative standard deviation of the 

absorbance’s obtained by 6 replicate measurements was 

0.24%.  

 

New HPLC method 

 

From the diluent and placebo chromatogram, it was 

concluded that no peaks were observed at retention time 

of the active ingredient Venlafaxine. Hence, it can be 

concluded that there is no interference due to diluent and 

placebo for the determination of dissolution rate of 

Venlafaxine. 

Linearity is determinate by series of injections of 

standards at six different concentrations that span                 

50 - 150% of the working concentration. Linear 

correlations were obtained between the responses of 

Venlafaxine peak related to the concentrations of 

standards over the range of 0.02 – 0.13 mg/mL. Response 

is linear over the concentration range from 50 to 150% of 

the working concentration. 

For Accuracy known amount of placebo at 100% 

concentration was taken separately into different 

dissolution vessel and spiked with known quantities of 

Venlafaxine at three different levels, in triplicate. The 

samples were analyzed by the proposed method and the 

amount of Venlafaxine recovered was calculated. The 

recovery results indicate that the test method has an 

acceptable level of accuracy. 

Analytical procedure was used within the same 

laboratory over a short time, performed by two different 

analysts on the same equipment. The analysis was 

performed by two different analysts on different equipment 

and on different days. It is determinated that the method is 

precise. 

The precision of the method was verified by 

repeatability, method precision and intermediate 

precision. The repeatability of the chromatographic 

systems was shown by six replicate injections of the 

standard solution of Venlafaxine in concentration of 41.65 

µg/mL.  

The method precision was demonstrated by 

preparation of six sample solutions using single batch of 

tablets as per test method. 

For verification of intermediate precision were 

prepared six sample solutions individually using single 

batch of tablets as per test method. The analysis was 

performed by two different analysts on different 

equipment and on different days. It was determinated that 

the method is precise. 

Robustness of the method was measured by making 

small, deliberate changes to the chromatographic 

conditions and observing the effect of these changes on 

the system suitability parameters (flow rate, mobile phase 

composition, column temperature, column batch, non-

degassed and degassed medium). It can be concluded that 

the test method is robust for all the varied conditions. 

 

Conclusion 

 

All these results have shown that there is no 

significant difference in Spectrophotometric and HPLC 

determination of dissolution rate of Venlafaxine in 

Zanfexa 37.5mg tablets. Both methods are sensitive, 

accurate, precise and useful for the determination of 

Venlafaxine in tablets and they can be used for Quality 

Control analysis. 
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Introduction 

 

In the last decade, dealing with counterfeit/falsified 

medicines has been a major challenge for both, health 

regulators and the pharmaceutical industry. Information 

from the World Health Organization shows that in recent 

decades the global drug market is full of counterfeit 

drugs: 10% of global drugs are falsified, and in some 

countries, the figure reaches 30% to 60%. In developed 

countries with effective regulatory systems in place, the 

percentage of counterfeit drugs detected in the legitimate 

supply chain is around 1%. About 50% of the drugs 

purchased online from illegal websites are counterfeit. 

This imposes the need for a serious approach to 

combating the influx of counterfeit drugs by all 

stakeholders, governments, health regulators, the 

pharmaceutical industry, police, customs and the 

judiciary. 

Counterfeit/falsified drugs pose a significant threat to 

public health globally, causing ill health, disability and 

death. On the other hand, counterfeit drugs have 

economic consequences for the pharmaceutical industry 

of innovative (branded) drugs and generic drugs (Williams 

and McKnight, 2014). 

 

Materials and methods 

 

The European Union (EU) strategy to prevent 

counterfeiting of medicines covers several levels: 

      • establishment of a regulatory framework; 
      • law enforcement (police, customs, judiciary); 
      • multisectoral training for representatives of member 
states; 

      • at the pharmaceutical level, the inspection of the 
production sites is increased, the quality of the drugs on 

the market is monitored as well as the suspicious samples 

through the participation of the OMCL laboratories and 

the GEON network, the reports for pharmacovigilance 

from the users are monitored; 

    • public awareness campaigns are organized. 
With the entry into force of EU Directive 2011/62, 

harmonized security and control measures have been 

introduced throughout Europe in order to prevent the 

entry of counterfeit/falsified drugs into the legal supply 

chain of medicinal products in the Member States of the 

European Union. These measures provide easier 

identification of counterfeit drugs and improve the 

verification and control of EU borders and within the EU. 

The Directive lays down, inter alia, the rules for the 

production, import, placing on the market, as well as the 

wholesale trade of medicines in the European Union, as 

well as the rules concerning the active substances. 

The obligations of the pharmaceutical industry under 

the Directive are the renewal of production lines; redesign 

of the outer packaging for the application of safety 

features (serialization); establishing adequate quality 

safety features in accordance with technical specifications 

(GS1); verification of security features before distribution 

on the market with appropriate 2D scanners; establishing, 

managing and maintaining a database of unique 

identification codes as well as verification systems; 

upgrading the software system in order to connect to the 

database for the unique identifier; and information to the 

EMA on the safety features introduced by the 

pharmaceutical company (EU Directive 2011/62). 

 

Results and discussion 

 

Implementation of the EU Counterfeiting Directive 

and Regulation for falsified drugs is a major challenge 

(capital investment) for the pharmaceutical industry, as it 

has an impact on various steps in the drug production 

process, but is still a great benefit for pharmaceutical 
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companies in the fight against counterfeiting.(EMA,2019) 

The pharmaceutical industry undertakes certain activities 

in the prevention of counterfeiting of drugs while forming 

working groups / teams to fight / coordination bodies 

whose role is to establish a strategy and take action in the 

fight against counterfeiting of drugs in order to secure its 

product lines and reduce the impact. of forgery on the 

company. These teams / coordination bodies are 

composed of experts from various fields such as: 

pharmacovigilance, regulation, production, quality 

assurance, industrial, medical and legal affairs and 

communication. The pharmaceutical industry strategy for 

preventing counterfeiting consists of the following steps: 

1. Product safety and distribution chain 

2. Investigations and implementation of activities 

3. Advocacy, engagement and awareness raising 

1. The safety of the products and the distribution 

chain of a pharmaceutical company is achieved by 

introducing specific characteristics that contain 

identification marks / objects and can be visible (overt) to 

distributors and patients and invisible (covert), which are 

known only to the pharmaceutical company. As well as 

the introduction of sophisticated technology for 

transparency of the distribution chain in real time (EU 

Regulation2016/161). 

2. In terms of strategy for investigations and 

activities, companies set up specially designed 

laboratories to combat counterfeiting. The purpose of 

these laboratories is to detect counterfeit drugs through an 

established, dedicated team of experts using advanced 

technologies. The specialized laboratory within the 

pharmaceutical company aims at examining suspicious 

samples including visual inspection of the packaging and 

instructions for use, as well as conducting chemical 

analysis with the most sophisticated analytical techniques 

for qualitative and quantitative identification. 

     Detection of counterfeiting in chemical 

laboratories is relatively simple, but much more 

information can be obtained from the analysis made by a 

pharmaceutical forensic research strategy conducted by 

specialized departments in the pharmaceutical industry 

called Pharmaceutical intelligence. 

This strategy is based on the formation of a file 

(profile) of the drug based on available information about 

the drug and data from conducted analytical tests and 

their organization in a systematic model, database, which 

will allow comparison of data on suspected drugs for 

falsifying data from authentic drugs. At the end of the 

analysis, a summary report is prepared with all the data on 

the counterfeit product and it is sent to the coordinating 

body / anti-counterfeiting team, which further implements 

activities with regulatory bodies and government bodies 

(police, judiciary, customs). 

3. Pharmaceutical companies undertake various 

activities, campaigns, brochures, advertisements, 

educational programs to raise public awareness about the 

dangers of counterfeit drugs, in constant cooperation with 

national institutions and organizations (customs services, 

pharmaceutical manufacturers, wholesalers and consumer 

groups) and international organizations, (United Nations, 

UN, WHO, Interpol, etc.). Mutual cooperation and 

sharing of information enables increase of public 

awareness among patients, but also among all 

stakeholders from the phenomenon of drug counterfeiting 

(WHO, 2018). 

 

Conclusion 

 

The European Union regulatory measure against the 

increasing number of counterfeit/falsified medicines 

present in the legal supply chain within the Member 

States is the counterfeit/falsified medicines Directive 

2011/62 / EU, according to which the manufacturers of 

medicines are obliged to implement safety features of 

medicines. 

The question is "What should pharmaceutical 

professionals strive for and do to protect their company 

and patients from the effects of counterfeit drugs"? 

The answer is to identify the products with the 

highest risk of counterfeiting and to ensure their 

legitimate distribution chain in the best possible way. This 

will certainly be made possible through combination of 

knowledge (information, training, instructions), design 

(visible and traceable), process (step by step) and system 

(constant correlation with stakeholders) 

The key to success in the fight against counterfeiting 

of drugs lies in the constant cooperation at national and 

international level between the regulatory bodies in 

health, police, customs, judiciary and manufacturers, 

distribution system (wholesalers, retailers), health 

workers, and patients. which cooperation will be enabled: 

1.  Protection of patients' health 

2. Protection of the brand of the pharmaceutical 

company 

3. Trust in the health system 
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Introduction 

 

 Environmental monitoring (EM) is a required, 

essential component of current good manufacturing 

practices (cGMP). The purpose of environmental 

monitoring is to assess the cleanliness of pharmaceutical 

(sterile and nonsterile) manufacturing environments, as 

well as to determine if the manufacturing facility is in a 

state of microbial control. Environmental monitoring 

includes the collection of data relating to the numbers of 

microorganisms present in surface samples (contact plates 

or swabs), non – viable particles, microorganisms in air 

samples (active sampling with air samplers and passive 

sampling with settle plates), personnel monitoring and 

microorganism identification.  EM data should be studied 

for trends.  EM trends examine data over time to look for 

changes or movements in a general direction. 

Data from the environmental monitoring trending is 

important and can be performed for many reasons 

including: regulatory compliance, ensuring a state of 

control of the facility, to ensure that an efficient 

environmental monitoring program is established, to 

determine the effectiveness of cleaning and providing an 

assurance that the sanitization procedures is working as 

expected, also the ability to be proactive before a problem 

gets out of hand, identifying sources of microbiological 

contamination, establishing alert and action levels, to 

determine any problem and ensuring a state of control of 

the facility (Booth, 2021; Sutton, 2015). 

The aim of this paper is to show trending of EM data 

collected from microbial monitoring of air, surfaces and 

particle monitoring in grade D cleanroom areas, analyzing 

data, setting action and alert limits, interpreting the overall 

monitoring process behavior (EudraLex GMP guideline). 

Materials and methods 

  

Microbial monitoring of air in cleanrooms 

 

Volumetric air sampling for regular testing and 

monitoring of air in grade D cleanrooms is performed with 

RCS
®
 High Flow Touch Microbial Air Sampler and 

Tryptic soy agar (TSA) strips are used, which after the air 

sampling are inserted in the appropriate casing and thus 

incubated. Incubation of agar strips is performed for 3 days 

at 24
o
C (to encourage the growth of yeasts and molds) and 

an additional two days at 35
o
C (conditions for the growth 

of mesophilic bacteria).  

 

Surfaces sampling 

 

Sampling for regular check of microbiological purity 

of the surfaces in grade D cleanrooms is carried out using 

contact convex Tryptic soy agar (TSA) plates with 

neutralizers. Sampling is performed by applying the plate 

on the inspection point and holding it for 10 seconds with 

gentle pressure. The incubation period of the agar plates is 

for 3 days at 24
o
C (to encourage the growth of yeasts and 

molds) and an additional two days at 35
o
C (conditions for 

the growth of mesophilic bacteria).  

 

Particle count monitoring 

 

Particle sampling in grade D areas is carried out with 

portable laser particle counter type HANDHELD 3013 (for 

particles ≥ 0.5 and 5 µm), with a suitable sample flow rate 
(at least 28 liters per minute).  

 

 

Data analysis and data management 

https://www.outsourcedpharma.com/author/crystal-m-booth
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Three-sigma limits (3-sigma limits) is a statistical 

calculation that refers to data within three standard 

deviations from a mean. Sigma is a statistical 

measurement of variability, showing how much variation 

exists from a statistical average.Three-sigma limits are 

used to set up the upper and lower control limits in 

statistical quality control charts. With this statistical 

approach of data trending we get the following statistically 

significant parameters:  

Control charts, also known as Shewhart control 

charts, determine if there is a controlled or uncontrolled 

variation in a process. Alert Level is an established 

microbial or airborne particle level giving early warning of 

potential drift from normal operating conditions and 

triggers appropriate scrutiny and follows-up the potential 

problem. Alert levels are always lower than Action Levels. 

Action Level is an established microbial or airborne particle 

level that, when exceeded, should trigger immediate 

intervention, including root cause investigation, an 

assessment of the potential impact to product and 

requirements for corrective and preventive actions. 

Using this method for statistical data trending, the 

tracking of Alert Level and Action Level is performed in a 

given time period. 

 

Results and discussion 

 

By using 3 sigma approach data collected from 

regular testing of cleanrooms in a time period from seven 

years (from 2014 to 2021) was statistically analyzed, 

charted, action and alert levels were set and trend was 

detected. The frequency of monitoring and the number of 

testing locations is based on a documented risk assessment. 
The number of sampling locations and their positioning for 

particle count concentration is done according to principles 

described in ISO 14644-1, current version. 

During the regular checks, alert levels and action 

levels from the data collections were compared and annual 

comparisons are made between each year. Trend analysis 

data are presented in tabular form and graphically with 

control charts, taking in consideration results from regular 

testing of microbial air quality and surfaces as well as 

particle concentration in grade D cleanroom areas. In order 

to obtain control charts, that determine the results that 

would go beyond the trend limits, by implementing a 3 - 

sigma statistical approach the mean value was obtained 

from all results for each individual parameter. 

To set the trend range, the calculation of the standard 

deviation (s) was done. The trend range was determined by 

setting an upper control limit (UCL) and a lower control 

limit (LCL). The upper control limit (UCL) is set three-

sigma levels above the mean, and the lower control limit 

(LCL) is set at three sigma levels below the mean. 

According to the trend analysis of data from regular 

testing of air quality (in terms of microbial cleanliness 

purity and particle counts) and microbiological cleanliness 

of surfaces, in grade D cleanroom areas, obtained results 

are well within trend and within the acceptance criteria. 

 

Conclusion            

                                           

From the above presented results and discussion it can 

be concluded that all results from regular environmental 

monitoring of grade D cleanroom areas in terms of 

microbial contamination (in air samples and surfaces), as 

well as total particle count concentration, are within trend 

limits and no adverse trend is observed in the mentioned 

seven year time period.  Sufficient data should be available 

to determine alert and action limits by 3-sigma formula. 

These limits for EM should be calculated with minimum 

one year data because results vary in different seasons of 

the year. According the trend analysis, the results stay 

within the acceptance criteria, i.e. they do not pass the UCL 

and LCL, that demonstrates the appropriateness of the 

performance of the Heating-ventilating air conditioning 

system (HVAC system), design of premises, the efficiency 

and proper implementation of the cleaning and disinfection 

procedures and assurance that Contamination Control 

Strategy (CCS) is implemented across the facility, as well 

as it confirms the good personnel behavior using the 

protective gowning in controlled manufacturing areas. 
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Introduction 

 

The main objective when implementing Continued 

Process Verification (CPV) is to provide information for 

the production process during manufacturing of 

commercial batches. This information is collected to be 

used as an evidence to prove that the manufacturing 

process of the product is the same as the validated 

process. CPV is very similar and connected with Product 

Performance Qualification (PPQ), in terms where it 

represents a documented plan to check and conform that 

the production process remains in its validated state 

during routine production, and the constant quality of the 

product is maintained (Gorsky, 2020). CPV represents an 

ongoing program where the main scope of the program is 

to collect and analyze product and process data that 

indicates the product quality status. The data collected 

during CPV needs to be in accordance with the cGMP 

requirements and it should be relevant , i.e. it can be 

easily concluded on the status of the quality of the 

product.  

To detect the undesired process variability, precise 

process of data collection needs to be established, so the 

manufacturers can evaluate the performance of the 

process  and to define if there is need for further action, in 

order to correct, remove, and prevent problems so that the 

process remains in control (FDA, 2011). Proper control 

strategy should be established, in accordance with change 

management system, in order to provide high quality 

drugs. 

 

Continued Process Verification (CPV) 

 
CPV, which is the third stage of process verification, 

occurs perpetually  in terms of that, CPV is performed for 

every commercial batch. The implementation of this 

phase assures that the production process is constantly in 

a state of control (the validated state) during commercial 

production of batch. Creating an adequate procedure for 

this phase is an obligation for every pharmaceutical 

company, as well as standard operative procedure, 

monitoring program and a diligently created system, 

which can enable collection and evaluation of information 

about the performance of the process. Documentation is 

the backbone of CPV, it must be in accordance with the 

cGMP, and it has to be approved by the responsible 

person from the quality assurance unit and in lieu with the 

regulations. In order to perform continued process 

verification, manufacturers should collect data through 

expansive analysis with in-line, on-line or at-line test 

methods. CPV should be applied to every commercial 

batch, so the manufacturer can monitor process 

performance and product quality on each batch (EMA, 

2021). Good understanding of the products properties and 

the technological procedure for production  is a necessity 

for implementation of CPV. Few factors influence the 

scope and extent of continued process verification:  

 gained knowledge form the early stage of 

product development  

 the extent of process understanding gained from 

commercial manufacturing experience 

 the dosage forms  and characteristics of the 

product  

 the equipment and technologies that are used 

during manufacturing 

Documented monitoring and sampling plan needs to 

be created, and it should contain concise and clear 

instructions and responsibilities of how the monitoring 

process will be performed for CQA and CPP of every 

production phase. This document should contain sampling 

plan and data source, sampling frequency, quantities, test 

methods and the type of the equipment that should be 

used, quantities of the samples and methods of analysis. 

The monitoring level during the CPV program can be 

adjusted, depending of the data outputs. According to the 
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results, there can be triggers for increased or reduced 

monitoring. Triggers increased monitoring are: trends and 

signals shows sources of limited or unknown variability 

and process robustness not fully achieved during PPQ, 

new equipment, materials, suppliers, frequent deviations 

or out of specification results. Triggers for reduced 

monitoring are high process robustness, variability and 

impact of product quality well understood and controlled. 

The collected data for every product need to be sufficient 

to a statistically appropriate and representative level. The 

multidisciplinary team for CPV should analyze the 

collected data and evaluate undesirable process variation. 

Production line operators can participate and discuss 

process performance, possible trends or process variation. 

To evaluate the collected data software for statistical 

analysis to trend and to assist in the evaluation can be 

used. This software is used to calculate the process 

capability Cp, process capability index Cpk and to create 

control charts. Process capability CP in statistical tool to 

measure the ability of a process to produce results within 

the specification limits of the product and process 

capability index Cpk is used to give us information of 

how close the results are to the target values and how 

consistent the manufacturing process is. After finished 

evaluation of the data gathered during this stage, if there 

is necessary in the  conclusion  there might be suggested 

recommendations to improve and/or optimize the process 

by modifying some steps of the production process, such 

as sieving of the substances or more process controls 

during production. 

In cases where the process needs to be optimized a 

request for change should be initiated. Well-justified 

reason for the change, an implementation plan, risk 

assessment and quality unit approval before 

implementation must be documented. Depending on how 

the proposed change might affect product quality, 

additional process design and process qualification 

activities could be warranted (FDA, 2011). Maintenance 

of the equipment, premises , has influence if one 

manufacturing process remains in a state of  control. Once 

the qualification status is established, it must be 

maintained and proven by performing routine scheduled 

checks, preventive maintenance, and calibrations on the 

equipment. The frequency for preventive maintenance 

and calibration should be based on the Maintenance and 

calibration frequency should be based on the results from 

the routine scheduled checks (FDA, 2011). 

Conclusion 

 

The final purpose is always the same: to demonstrate 

with a high level of certainty that the manufacturing 

process is able to consistently produce a quality product, 

within the acceptable and very well understood 

variability. It is a science based and a real-time approach 

to verify, confirm and demonstrate that the manufacturing 

process is performed in within the predefined specified 

parameters limits and consistently produces final product, 

which meets its all predefined critical quality attributes 

(CQAs).  
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Introduction  

 

Health Insurance Fund of the Republic of North 

Macedonia (HIFRNM) is a buyer of health services that 

include drugs from the List of drugs on the burden of the 

HIFRNM. 

At the primary level of health care, the insured 

persons have the right to a drug on the burden of 

HIFRNM through PHI pharmacies, based on a 

prescription for drug, prescribed by a family doctor, in 

accordance with Law and contractual provisions of the 

contract between PHI pharmacies and HIFRNM. 

There are several factors that affect the supply of 

prescription drugs: 

-Demographic structure of the population / insured 

persons of the HIFRNM; 

-The medical needs of the insured persons of the 

HIFRNM; 

-The number and territorial distribution of the health 

institutions – GP’s and pharmacies from the Network of 

health institutions that have an contract with the 

HIFRNM; 

-The budget of the HIFRNM for providing 

prescription drugs; 

-The number, type and volume of drugs available on 

the pharmaceutical market in the country; 

-Prices of drugs approved by the Ministry of Health; 

-Reference prices of medicines determined by 

HIFRNM; 

-The amount of the fee for the service for PHI 

pharmacies for issuing drugs on the burden of HFRNM to 

insured persons; 

-The rationality in the work and the habits of the 

GP’s for prescribing drugs on prescription; 

-The rationality in the work and following the 

principles of good pharmaceutical practice; 

-The pharmaceutical staff in pharmacies for issuing 

prescription drugs; 

-Other. 

 

Materials and methods (or other sections) 

 

Materials 
 

Materials for this presentation are obtained from the 

information system of the HIFRNM 

Methods: 

Comparison of drug consumption by years according to 

the following parameters 

-ATC classification of drugs; 

-HIF branch offices; 

-Number of prescriptions; 

-Total amounts on the burden of HIF; 

-DDD/1000 insured/day; 

-Diagnosis (ICD-10 codes); 

-Age structure of insured persons; 

-Gender; 

-Other. 

 

Results and discussion 

 

In 2021 there is a slight increase in the total number 

of issued prescriptions on the burden of HIFRNM for 

drugs from the group of antibiotics by about 0.6% 

compared to 2020. According to the number of issued 

prescriptions on the burden of HIFRNM, the consumption 

of the generic drugs Amoxicillin + clavulanic acid and 

Cefixime has increased the most, while there is a decrease 
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in the consumption of generic name Azithromycin. In the 

first place according to the number of issued prescriptions 

on the burden of HIFRNM, is the medicine with generic 

name Amoxicillin + clavulanic acid, also according to the 

number of DDD / 1000 insured / day. According to the 

data on the consumed daily defined doses of drugs per 

1000 insured persons per day, similar to the number of 

issued prescriptions on the burden of HIFRNM, there is a 

slight increase in the consumption of a large number of 

antibiotics, a significant decrease in consumption is 

observed for the antibiotic with INN Azithromycin. 

 

 

Conclusion 

 

In the 2021 year was recognized increase in AB use 

(0.6% more issued prescriptions on the burden of 

HIFRNM compared to 2020). 

In 2021, were issued 1.56 million prescriptions for 

antibiotics on the burden of HIFRNM, with a total amount 

of 304.9 million denars.  

The most widely used antibacterials in 2021 are J01C 

- beta-lactam antibacterials, penicillins (~39.5% 

prescriptions). 

Amoxicillin + clavulanic acid is the most widely used 

antibacterial drug in 2021. 

 

References 

 
https://fzo.org.mk/lekovi 

https://www.whocc.no/atc_ddd_index_and_guidelines/guideline

s/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

    Macedonian Pharmaceutical Bulletin, 68 (Suppl 1) 179 - 180 (2022) 
Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.085 

Short communication 

 

 
 

*oblazeska@alkaloid.com.mk  S1 PP 70                    

 

Development, optimization and validation of GC-FID 

method for determination of levomenthol in topical (gel) 

formulation 
 

Olivera Blažeska*, Elena Kazandzievska, Packa Antovska, Natasa Anevska-Sojanovska, 

Jelena Lazova 
  

Research & Development, ALKALOID AD, Blv. Aleksandar Makedonski 12, 1000 Skopje, R. S. Macedonia
 

 

Introduction 

 

Menthol, more specifically a monoterpenoid, can 

exist in two enantiomeric forms (+/–), occurring as 

levomenthol (-) or racemic menthol (±).  Levomenthol is 

the naturally - occurring and main form of menthol and is 

assigned the (1R,2S,5R) configuration. It is the most 

abundant optical isomer and is the form used in menthol 

gel products.  

As active organic substance, levomenthol is widely 

used in the clinical and pharmaceutical practice for its 

various effects. It is used in various commercially 

available oral and topical formulations as test masking 

agent for the treatment of soft - tissue injuries or to relief 

local pain, rheumatic pain, muscle aches and swellings, 

sports injuries or treatment for headaches. It also 

stimulates skin cold receptors, which gives the property of 

cooling effect and acts as a potent penetration enhancer 

for drug molecules through the epidermis of the skin due 

to the ability to disrupt the lipid bilayer of the stratum 

corneum.  

According to several literary data, many methods 

have been established for the analysis of menthol, 

including high performance liquid chromatography 

(HPLC) methods with fluorescence labeling reagents (Lin 

et al., 2005), refractive index (Shaikh et al., 2010) and 

polarized photometric detector. Normal-phase HPLC with 

refractive index detector has also been employed in the 

analysis of menthol. However, these methods have low 

sensitivity. Gas chromatography (GC) is considered to be 

a less expensive and sensitive method for the analysis of 

menthol and it has been widely employed in the analysis  

of menthol in food and cosmetics (Savchenko et al., 

2018). To the best of our knowledge, there are not many 

specific analytical methods applicable in actual 

pharmaceutical samples like topical (gel) formulations.  

In order to obtain a valid analytical result, the 

purpose of this study was to give a completely 

understandable concept for the implementation of precise, 

sensitive and fast GC method. The method was validated 

to fulfill ICH guidelines requirement for various 

parameters such as specificity, linearity, accuracy, 

precision and robustness. The objective of validation of 

an analytical procedure is to demonstrate that the 

analytical procedure is suitable for the intended purpose 

(ICH, 2022). 

 

Materials and methods  

 

The analytical standard levomenthol natural (GC 

purity ≥ 99.0 %) as well as methanol and 1,2-propanediol 

reagents were purchased from Sigma-Aldrich.  All other 

reagents were of pharmaceutical grade and used as 

received. Method was developed, optimized and validated 

in accordance with the recommendations of the relevant 

guidelines. 

GC-FID screening was performed on Agilent GC 

system equipped with flame ionization detector (FID) and 

single quadrupole mass spectrometer (MS) with liquid 

and Headspace autosamplers. Actual chromatographic 

conditions as well as diluents were established after 

number of preliminary experiments for selecting the 

proper method of injection, column and oven temperature. 

An appropriate capillary column DB-5UI MS (30 m x 
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0.25 mm x 0.25 µm) was selected for chromatographic 

separation using FID detector. The oven temperature 

programming was applied with initial temperature of 

70°C up to 240°C at a rate of 10°C/min. Inlet temperature 

and detector temperature are fixed at 240°C and 250°C 

respectively. Standard and sample solutions were 

prepared in diluent mix of methanol and 1,2-propanediol 

(85:15) in concentration of 0.15 mg/mL and 3.0 mg/mL 

and injection volume of 1.0 µL was applied. 

 

Results and discussion  

 

Implementation of the proposed precise and fast GC 

method enables determination of levomenthol in gel 

topical formulation. According to the retention times data 

obtained and well separated peaks in the chromatograms 

of placebo, standard and sample it was concluded that no 

peaks were observed at retention time of the levomenthol 

peak.  

Applicability of this method was evaluated by 

analyzing the samples of gel formulation. The calibration 

curves of all six marker compounds showed good linear 

correlation coefficient r
2
=0.9986 within the test ranges. 

Linear regression were obtained between the responses of 

levomenthol peak related to the six concentrations of 

standard solutions over the range of 0.06 mg/mL –              

0.23 mg/mL. The recovery was evaluated in three levels, 

calculated by standard addition method and it was found 

to be between 99.43 % and 101.48 %. Precision was 

checked at three levels: system repeatability, method 

precision, using six replicate injections and intermediate 

precision, using ten replicate injections of sample 

solutions (RSD was 0.18 % and 0.22 %, first and second 

day receptivity). The obtained results for precision 

indicate a good precision of the method. Robustness of 

the method was measured by making small, deliberate 

changes to the three chromatographic conditions (column 

flow ± 1mL/min, injector and detector temperatures 

±5°C). The tailing factor and theoretical plates number 

were evaluated according to the calculated data (tailing 

factor was below to 1.5 and theoretical plates number 

were greater than 100 000 for all variable conditions). 

Observing the effect of these changes on the system 

suitability parameters show that method was robust.  

The essence of system suitability parameters is the 

concept that the equipment, the samples and the analytical 

operations constitute a single analytical system, which is 

amendable to an overall test of the system functions. The 

benefit of this study is the development of a sensitive, 

well - characterized GC methodology, suitable for 

determination and quantification of levomenthol  content 

in gel topical formulation.  

 

Conclusion 

 

During the validation procedure, carried out 

according to ICH guidelines Q2(R2) specificity, linearity, 

precision, accuracy and robustness were evaluated and the 

tested validation parameters were found to be within 

acceptable limits. The validation procedure shows that the 

method is suitable for its intended purpose, it is 

economical labor, rapid, and specific for the assay of the 

active ingredient levomenthol. Proposed method is used 

in the routine and formal stability life cycle analysis for 

topical (gel) formulation. 
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Introduction 

 

By far the most important physical property of 

particulate samples is particle size. Measurement of 

particle size distributions is routinely carried out across a 

wide range of industries and is often a critical parameter 

in the manufacture of many products. Measuring particle 

size distributions and understanding how they affect your 

products and processes can be critical for the success of 

many manufacturing businesses. 

 Particle size analysis is an integral component of the 

effort to formulate and manufacture many pharmaceutical 

dosage forms. The link between particle size and product 

performance is well documented with regards to 

dissolution, absorption rates, and content uniformity. 

Particle size specification is very important feature for a 

poorly soluble drug substance due to the concerns of 

bioavailability or low dosage drugs due to the concerns of 

content uniformity. It is important to describe the 

effectiveness of physical and chemical processes, the 

quality of raw materials, semi-finished products and final 

products. Modern techniques cover a size range from 

nanometers up to millimeters 

 

Materials and methods 

 

The Mastersizer 3000 is the latest generation of the 

world’s most popular particle sizing instrument, which 

uses the technique of laser diffraction to measure particle 

size distributions from 10 nm up to 3.5 mm.  It has a 

smaller footprint with lower weight and smaller size 

dispersers, thereby freeing up space for other key 

equipment. The Mastersizer 3000 features a smaller 

detector that allows to measure an upper size limit of 3.5 

mm, although its optical bench size is much smaller than 

that of the Mastersizer 2000. The Hydro MV is an 

alternative to the Hydro 2000S for smaller sample 

quantities, facilitating less consumption of high-cost 

organic dispersants and samples. The Mastersizer 3000 is 

programmed for direct control of sample 

pumping/stirring, variable power in-line sonication, 

dispersant filling and system cleaning. The selection of 

dispersions is based on the applications for which they are 

used and it can analyze samples in small quantities. The 

new Mastersizer 3000 software has all the features of the 

Mastersizer 2000 software, such as records view, report 

view, SOPs and data export capabilities, but with easy 

accessibility and configurability. 

Because most of the methods for determination of PSD 

(Particle Size Distribution) are developed on Mastersizer 

2000 instrument, there is a need of transferring and also 

optimization of those methods on the new version of the 

instrument (Mastersizer 3000). 

 

Method for determination of PSD of Biperiden 

hydrochloride 

 

For this method there were applied several 

modifications and adaptations during the verification 

process, such as dispersant medium, 1% NaCl solution 

was replaced with saturated 1% NaCl solution with the 

examined substance (in this case that is Biperiden 

hydrochloride). Because the substance is very slightly 

soluble in water, analysis model was also changed from 

General purpose (Emulated MS2000/MS2000E) to 
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General purpose (MS3000) because the PSD results are 

not on the detection limit of the instruments, so there is no 

need to use the MS2000 emulated analysis settings within 

the MS3000 software. 

 

Method for determination of PSD of Fluoxetine 

hydrochloride 

 

       This method is dry dispersion (it uses dry dispersion 

unit – Aero S), so there is a need for modification in the 

air pressure. Because the pressure used for analysis on 

Mastersizer 2000 is not correspondent with the air 

pressure value used for Mastersizer 3000, there is a need 

of increasing of air pressure when transferring methods 

from Mastersizer 2000 to Mastersizer 3000. According to 

the method from the manufacturer of the raw material (the 

method is developed on an Mastersizer 2000 type of 

instrument and pressure of 4 bar was used), we need to 

increase the air pressure when we transfer it the method 

on Mastersizer 3000 type of instrument, but the maximum 

air pressure on this type of instrument is 4 bar, so there is 

no possibility to increase the air pressure so that 

deficiency of air pressure is compensated with high 

energy venture disperser (instead standard venture 

disperser). The Hopper gap is set 2 mm higher in order to 

ensure equal distribution of the sample in the Sample tray. 

 

Method for determination of PSD of Pentoxifylline 

 

       In this transfer and optimization of the method, we 

completely replaced the dispersant, original dispersant in 

the method is EPF S 20 Fluid with Ref. index 1.43. We 

chose dispersant with similar properties like the first one 

and with similar (close) refractive index (Paraffin liquid 

light which Ref. index is 1.47). 

 

Result and discussion 

 

Tests that were performed in this verifications are 

Repeatability and Intermediate precision. All samples 

were prepared just like in the original methods. 

Repeatability is determined with six separate 

samples, with acceptance criteria (RSD) ≤ 10 % for d50 
particles and RSD ≤ 15 % for d75 and d90 particles (For 
particles < 10 µm RSD limit should be doubled). 

For Intermediate precision also were prepared six separate 

samples with same acceptance criteria like for 

Repeatability (RSD ≤ 10 % for d50 particles and RSD ≤ 
15 % for d75 and d90 particles, for particles < 10 µm 

RSD limit should be doubled). They were measured on 

different day by the same operator (or on the same day 

but with another operator) on the same instrument in 

regards to the Repeatability measurements. 

 

 

Conclusion 

 

All individual results for particle size distribution are 

within the specified limits and conform to the acceptance 

criteria. RSD for repeatability and intermediate precision 

also conform to the acceptance criteria. From the above 

data, it can be concluded that the test methods are precise. 

Hence, it can be concluded that these methods are suitable 

under actual conditions of use and they are introduced 

into the routine use for the determination of Particle size 

distribution of appropriate substances (raw materials).     

For getting the most relevant results it is recommended to 

use the same instrument and equipment on which the 

methods are developed (in this cases Mastersizer 2000), 

but with small modifications and adaptations of the 

methods we can get similar (comparative) results on 

Mastersizer 3000 instrument type. 
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Introduction  

 

Angiotensin converting enzyme inhibitor (Component 

1) in combination with long-acting calcium antagonist 

(Component 2) is widely used as therapy in patients with 

mild to moderate essential hypertension. To avoid therapy 

with multiple formulations, combination from the two 

active ingredients in one tablet is the ideal solution for 

patients (Gawade et al., 2019; Springall et al., 2019). 

From analytical aspect, method development for related 

and degradation products for the two active ingredients is 

a challenge, hence impurity profile study of both active 

substances should be performed.  

According to the literature review there are several 

high performance liquid chromatography (HPLC) 

methods for formulations with only one of the active 

components, but only a few for a formulation containing 

both of these components.  

Method development for related and degradation 

products of Component 1 was time consuming process in 

which impurities were not well separated from each other 

or from the impurities of the second active compound.  

Using the One factor at time (OAFT) approach for 

method optimization of the gradient and the temperature, 

robust method was not developed. 

The aim of this study is implementation of software 

which uses Design of experiments (DoE) plans as an 

efficient and fast tool for method development. By using 

statistical software tools in method optimization, the 

effect of each factor on the separation can be calculated 

and the data can be used to find the optimum separation 

(Barnett et all, 2013).  

 

Materials and methods  

 

All reagents in the study were gradient grade. For the 

active substance Component 1, CRS standard was 

provided by the EDQM (Strasbourg, France). Also system 

suitability standard, provided by EDQM, was used for 

identification of specified impurities of the active 

substance. The experiment was performed on a sample 

with concentration of 1 mg/mL, spiked with system 

suitability standard (mix from three known impurities). 

Using spike sample, improved visualization of the two 

critical separations was achieved, between specified 

impurity of Component 1 and unknown impurity of 

Component 2 and between placebo peak and main peak of 

Component 1. 

The development study was carried out on an Agilent 

1290 Infinity Automated Method Development system 

equipped with a column and solvent selection valves that 

allow automated exploration and screening of a wide 

range of conditions that are common critical parameters in 

HPLC (different columns, pH ranges and organic 

modifiers). 

The screening experiment was conducted on Fusion 

AE for establishing basic method variables (pH, column 

type, temperature, wavelength, type of solvent and flow) 

(Garber et al., 2011). Optimization of the method was 

needed because of the unsatisfying separation between 

placebo peak and the main peak of Component 1 and also 

between unknown impurity from Component 2 and 

known and specified impurity from Component 1.  

Software assisted method optimization for 

chromatography DryLab 4.0 software package (Molnar-

Institute) was used. Based on a small number of 
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experiments, these software applications can predict the 

movement of peaks when parameters such as eluent 

composition or pH, flow rate, column temperature, 

column dimensions, and particle size are changed. 

Experiments were made on two Dionex UltiMate™ 
3000 (Thermo Scientific) systems, on two different 

columns ACE 5 C-18 250-4.6 mm and ACE 5 C-8 250-

4.0 mm (5µm), on two temperatures 30 °C and 55 °C 

using mobile phase A (phosphate buffer pH 3.8 : ACN = 

97:3) and mobile phase B (phosphate buffer pH 3.8 : 

ACN = 70:30) in gradient mode, starting with 100% 

mobile phase A and ending with 100% mobile phase B. 

Two gradient times were proposed in DryLab 4.0, 50 

minutes and 80 minutes. Flow rate was 1.5 mL/min. 

Injection volume was 20μL. UV detection was performed 
at 210 nm. 

 

Results and discussion 

 

Results on column ACE 5 C-8 250 : 4.0 mm  (5µm), 

were not satisfying because the peak of placebo was not 

separated from the peak of Component 1, nor the 

unknown impurity of Component 2 from the known and 

specified impurity from Component 1. 

With the second column, ACE 5 C-18 250-4.6 mm, 

using chromatography with gradient time of 80 minutes 

and temperature of 55 °C all peaks were separated. Peaks 

were integrated and chromatography was evaluated by the 

software DryLab 4.0 so he could predict the movement of 

the peaks when gradient mode is changed.  

Knowing this information from the experiment, best 

gradient mode was found and samples were analyzed by 

the proposed method. After achieving satisfying 

chromatography, all specified impurities from Component 

2 were analyzed with the proposed method to assure that 

there is no interaction between them and the specified 

impurities from Component 1. Because of the late elution 

of the specified impurities from Component 2, rum time 

was adjusted to 110 minutes.  

After establishing optimized method for related and 

degradation products of Component 1, in combination 

with Fusion AE and DryLab 4.0, specificity, linearity, 

accuracy, robustness and precision were verified with 

method validation (Little, 2014).  

 

Conclusion 

 

This study highlights significant utility of DoE in 

optimization of method development especially for 

related and degradation products of active components. 

Using the OAFT approach for method optimization, non-

robust method can be developed in long period of time. 

With the implementation of softwares Fusion AE and 

DryLab 4.0, method was developed and conditions were 

optimized to obtain good chromatography with optimum 

peak separation. When estimations for best separation was 

put in practice the obtained result was successful and 

matched the software prediction. This suggests that 

software assisted method optimization for related and 

degradation products can replace the trial and error OAFT 

approach used to achieve good chromatography. 
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Introduction 
 

 

 

 

To submit a dossier for marketing authorization to the 

Regulatory affairs, a product owner must provide Common 

Technical Documentation (CTD) containing a 

pharmaceutical product characteristics, manufacturing, 

quality control, safety (nonclinical), and efficacy (clinical) 

testing results before gaining approval for market access. 

Although quality improvement measures in the quality 

control laboratory have been enormous in recent years, 

especially due to improved handling of the validation and 

verification of the method performance, they often still 

differ widely from laboratory to laboratory. Much of what 

has been published on this topic is difficult to apply in 

routine laboratories due to complex statistics (Pum, 2019). 

The result is that method validation is often implemented 

incorrectly, which leads to false conclusions about the 

performance of the method, potentially compromising 

patient safety (Pum, 2019). The purpose of qualification, 

validation and verification is to generate reliable data for 

the products tested, resulting in the delivery of quality drug 

products to the patients (Ng, 2022). Therefore, the aim of 

this research is to emphasize the differences between 

verification and validation of analytical methods in the 

pharmaceutical industry. 

 

Materials and methods  
 

To achieve our goal, we used the following references: 

1. ICH Q2R1: Validation of Analytical Procedures: 

Text and Methodology. Proceeding of the 

International Conference on Harmonization of 

Technical Requirements for the Registration of 

Drugs for Human Use, Geneva, Switzerland, 

2005 

2. ICH Q2(R2)/Q14 EWG - Analytical Procedure 

Development and Revision of Q2 (R1) Analytical 

Validation, 2022 

3. ICH Q4A - Pharmacopoeial Harmonisation 

(Elder, 2017). 

 

Results and discussion 
 

Although method verification and method validation 

look similar, they are really not the same and have different 

requirements.  An analytical method should be tested from 

different aspects to prove that the test results obtained by 

testing with this analytical method are reliable and we can 

trust them. 

 

Analytical method validation 

 

Various aspects of performance characteristics are 

required to be assessed during the method validation as 

(ICH Q2R1, 2005): 

 Accuracy: an evaluation of how the result is related 

to the true value 

 Precision: an assessment of repeatability on the 

multiple measurements, which shows the 

distribution of the results  

 Specificity: to prove that the method can identify 

the desired component from the matrix 

components 

 Detection limit: certain level (usually presented as 

concentration) set to determine how a method can 
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distinguish the measured signal of sample from the 

noise 

 Quantification limit: the lowest amount of sample 

(usually expressed as concentration) that can be 

quantified by the method with acceptable precision 

and accuracy 

 Linearity: reflects how the test result is related to 

the concentration of analyte  

 Range: an interval of different analyte 

concentrations between lower and upper levels that 

can be used for examination 

 Robustness: an index of how a method is capable 

of remaining stable under small variation from the 

procedure 

 

Analytical method verification: 

 

Method verification is an assessment that focuses on 

the suitability of  an analytical test procedure for its 

intended use in actual experimental conditions, such as a 

specific drug substance / product, environment, personnel, 

equipment. The laboratory must perform method 

verification on already validated method during the 

analytical transfer, before using that method in routine 

analysis.  In other words, method verification is required if 

the manufacturer of the pharmaceutical product provides 

an authorized validated analytical method.  The laboratory 

needs to perform method verification to ensure that 

proposed method by the manufacturer can be applied in 

their laboratory. 

Verification of the method is not performed on all 

parameters mentioned above, according to ICH Q2R1. The 

parameters that are recommended to be tested during 

method verification are: specificity, precision, linearity, 

detection limit and quantification limit. 

 

Difference Between Analytical Method Verification 

and Analytical Method Validation: 

From a regulatory perspective, method validation 

evaluates the performance of an established method 

through performing various analytical parameters to prove 

that the method is suitable for its purpose. Method 

verification applies the necessary analytical performance 

characteristics to obtain reliable data for specific types of 

samples, environment, or equipment during laboratory 

method transfer, in order not to repeat the whole validation 

process.  

 

 

 

 

 

Conclusion 

 

Method validation and method verification are 

required under different situations. Method validation is 

applied to an “new method” developed by a manufacturer 

of the pharmaceutical product; while method verification 

is applied to a “previously validated method” before it’s 

used in a particular laboratory for the first time for routine 

analysis. Whenever regulatory approval is required for a 

pharmaceutical product, a key component of that approval 

is to have appropriate analytical testing procedures that 

must meet certain standards to ensure the safety and 

efficacy of the product. It is very important to distinguish 

when one method needs to be validated or verified and 

which statistical tests are appropriate for each. 

 

References 
 

Elder, D., 2017. ICH Q4, Pharmacopeial Harmonization and 

Evaluation and Recommendation of Pharmacopeial Texts 

for Use in the ICH Regions, Chapter 9, in: ICH Quality 

Guidelines – An implementation Guide, John Wiley & Sons, 

Inc. https://doi.org/10.1002/9781118971147.ch9 

ICH Q2R1: Validation of Analytical Procedures:Text and 

Methodology. Proceeding of the International Conference 

on Harmonization of Technical Requirements for the 

Registration of Drugs for Human Use, Geneva, Switzerland,  

        2005, (CPMP/ICH/381/95). Available at:  

https://database.ich.org/sites/default/files/Q2%28R1%29%

20Guideline.pdf  (last access: 16th July, 2022) 

ICH Q2R2: Validation of Analytical Procedures: Text and 

Methodology. Proceeding of the International Conference 

on Harmonization of Technical Requirements for the 

Registration of Drugs for Human Use, Geneva, Switzerland, 

2022, (EMA/CHMP/ICH/82072/2006). Available at:  

        https://www.ema.europa.eu/en/documents/scientific-

guideline/ich-guideline-q2r2-validation-analytical-

procedures-step-2b_en.pdf last access: 16th July, 2022 

Ng, L.L., 2022. Development and Validation of Analytical 

Procedures. Chapter 5, in: Analytical Testing for the 

Pharmaceutical GMP Laboratory, John Wiley & Sons, 

Inc.143-167.  

        https://doi.org/10.1002/9781119680475.ch5 

Pum, J., 2019. A practical guide to validation and verification of 

analytical methods in the clinical laboratory. Adv Clin 

Chem. 90, 215-281. 

https://doi.org/10.1016/bs.acc.2019.01.006 

 

 

 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Elder%2C+David
https://doi.org/10.1002/9781118971147.ch9
https://database.ich.org/sites/default/files/Q2%28R1%29%20Guideline.pdf
https://database.ich.org/sites/default/files/Q2%28R1%29%20Guideline.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-q2r2-validation-analytical-procedures-step-2b_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-q2r2-validation-analytical-procedures-step-2b_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-guideline-q2r2-validation-analytical-procedures-step-2b_en.pdf
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ng%2C+Linda+L
https://doi.org/10.1002/9781119680475.ch5
https://doi.org/10.1016/bs.acc.2019.01.006


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 187 - 188 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.089 

Short communication 

 

 
 

*suskokova@Alkaloid.com.mk                                                                                                                   S1 PP 74 

Batch certification document 
Certificate of Analysis / Certificate of Compliance 

 

 Sanja Uskokova, Verče Jovanovska Jankovska, Jasmina Kimovska,                       
Vanja Bobevska, Elizabeta Karadžinska, Nada Popstefanova, Olivera Paneva,          

Stefan Petrovski, Ksenija Brzilova, Maja Velinovska Cadinovska 
  

ALKALOID AD Skopje, Blvd. Aleksandar Makedonski 12, 1000 Skopje, Republic of North Macedonia 

 

 

Introduction 

 

Batches of medicinal products should only be 

released for sale or supply to the market after certification 

by a Qualified Person (QP). Until a batch is certified, it 

should remain at the site of manufacture or be shipped 

under quarantine to another site approved by the relevant 

Competent Authority. 

According to Annex 16, Appendix 1 and Appendix 2, 

different certificates are initiated to comply with the 

batch's EU certification. 

The ultimate responsibility for the performance of a 

medicinal product over its lifetime, safety, quality and 

efficacy lies with the marketing authorization holder 

(MAH).  

However, the QP is responsible for ensuring that each 

batch has been manufactured and checked in compliance 

with laws in force in the Member State where certification 

takes place, in accordance with the marketing 

authorization (MA) requirements and with Good 

Manufacturing Practice (GMP). 

The process of batch release comprises: 

1. Chek of the manufacture and testing of the batch in 

accordance with defined release procedures.  

2. The certification of the finished product batch 

performed by a QP signifying that the batch complies 

with GMP and its MA's requirements. This represents the 

quality release of the batch.   

3. The transfer to retail stock and export of the 

finished batch of products should consider the QP's 

certification. 

 If this transfer is performed at a site other than that 

where certification takes place, then the arrangement 

should be documented in a written agreement between the 

site in accordance with Good Manufacturing Practice 

(GMP) and marketing authorization. 

This is to certify that all the manufacturing and 

packaging processes of this Batch of Products have been 

carried out in full compliance with the cGMP 

requirements and with the requirements of the Marketing 

Authorisation and the relevant SOPs. 

 

Materials  

 

Every batch produced according to the GMP should 

issue some form of certification of analysis done as 

required.  

Batch certification can have qualitative and 

quantitative research on one/ two, or more active parts 

only to prove that the product produced complies with the 

release specification and has been manufactured as 

established by the Marketing authorization in that 

country.   

Certificate of Analysis (CoA) should detail the 

specification of the product and all analytical methods 

used to reference the result obtained with analysis and a 

final statement that says that manufacturing, packaging 

and transport are done according to GMP and Good 

distribution practice (GDP). 

Batches of medicinal products intended for the EU 

after release by a QP from a Non-Eu country must also be 

certified by a QP from EU territory. For these cases, it is 

issued only a Certificate of Compliance (CoC). 

Certificates also are issued for the drugs from 

contract production, i.e., for those produced by a partner 

company. Still, they are released, and the QP listed in the 

marketing authorization is responsible for their quality. 
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Discussion 

 

       The certificate provides information on the 

parameters that are produced, the results obtained and 

finally contains the final statement from the qualified 

person confirming that the production, packaging and 

transport of the batch of medicine are in accordance with 

the GMP and GDP. 

        According to Appendix II, an essential part of the 

certificate is the name of the drug, the strength, the 

pharmaceutical dosage form and the size of the package, 

which should be identical to those of the drug packaging, 

drug series, country/countries for which the drug series is 

intended, name and the signature of the qualified person 

as well as the date of signing. All records should be 

complete and noted.  

       All in-process and quality control results are checked 

and within specification limit, which are pointed out in 

the validated computer program over software SAP. 

         Results are notated in matrix characteristics created 

and can be changed only by the control laboratory. 

Notification should be punctual and followed by 

guidelines and Standard Operational Procedure (the 

policy for decimal numbers and units of measure). 

       Every matrix characteristic is carefully selected and 

introduced in matrix instruction for that specific product. 

After all, the data are completed, we have an electronic 

generation of the results, which is the most accurate, 

punctual method of doing CoA or CoC. 

     Every CoA is viewed by a qualified person and signed 

with electronic signature. Results from electronic 

generation of the CoA / CoC were especially beneficial 

after COVID -19 and realizing the simplicity. 

 

Conclusion 

 

The introduction of electronic generation of CoC / 

CoA shortens the time of preparation of certificates, 

which can pay more attention to quality assurance of the 

drug product, in addition to obtaining more reliable 

certificates, as it reduces the possibility of a technical 

error in the preparation of the same. 

The accuracy of the data is higher because it works 

with validated computer software SAP. Certificates are 

attached in the SAP system, available to both sites.  

Further, electronically signed certificates are 

obtained, facilitating work, especially during pandemics. 

As an example of the time saved with the 

introduction of this improvement, before the opening of 

electronic certificates on an annual basis, the production 

of certificates was spent seven months, i.e., 134 working 

days, while generating electronic certificates is spent one 

month in their preparation or 18 working days. 
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Introduction 

 

The measurement uncertainty provides complete 

information about an analytical result. Without such 

information, measurement results cannot be compared, 

either among themselves or with reference values given in 

a specification or standard. 

The value of measurment uncertainty can vary over 

the measurement range, if the relationship between the 

value of the uncertainty and the quantity concerned is not 

known, the dependence can be determined 

experimentally. 

The measurement uncertainty can be expressed as an 

absolute value (same unit as the measured value) or a 

relative value (in %) (Eurachem/Citac Guide, 2012). In 

general, absolute measurement uncertainty can be 

expected to increase steadily with concentration and 

relative measurement uncertainty will be high at low 

analyte concentrations but might be expected to stabilize 

at high analyte concentrations (JCGM GUM-6, 2020). 

When the uncertainty varies over the measurement range, 

it is essential to take into account the changes in the 

combined standard uncertainty with the level of analyte. 

The purpose of this study was to estimate the 

measurement uncertainty over the measurement range as 

a function of the mass for the potentiometric titration of 

glycine. 

 

Materials and methods 

 

Reagents, materials and equipment 

 

Glycine (99.0-101.0 %) was obtained from Merck 

KGaA. Perchloric acid 0.1 M in glacial acetic acid (PCA) 

volumetric solution (Fisher Chemical) was used for 

titration (certified concentration: 1.0002 mol/L). 

Potassium hydrogen phthalate, RV (KHP) purchased from 

Merck KGaA (100.00% ± 0.05%, k = 2, approximately 

95% level of confidence) was used as a primary 

volumetric standard. The solvents used for the analysis 

were analytical grade formic acid (FA), and glacial acetic 

acid (GAA) purchased from Fisher Chemical. 

The titration was performed on DL 50 METTLER 

TOLEDO titrator, equipped with automatic burette with 

capacity of 10 mL and analytical balance (Sartorius 

BP221S, d = 0.1 mg). 

 

Standardization of 0.1 M Perchloric acid in glacial acetic 

acid 

 

The volumetric solution, 0.1 M perchloric acid in 

glacial acetic acid, was standardized before use according 

to European Pharmacopoeia, 4.2.2, by titration of 0.170 g 

of potassium hydrogen phthalate, dissolved in 50 mL of 

anhydrous acetic acid, determining the end point 

potentiometrically. 

The titer of PCA was calculated according to the formula: 𝑇𝑖𝑡𝑒𝑟 = 𝑚(𝐾𝐻𝑃) ∙ 𝑃(𝐾𝐻𝑃) 𝑀(𝐾𝐻𝑃) ∙ 𝑉(𝑃𝐶𝐴) ∙ 𝐶(𝑃𝐶𝐴) 
 

Potentiometric titration of glucine 

 

The quantitative determination of glycine consists of 

a non-aqueous titration with potentiometric end-point 
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detection. Ten samples of glycine in the range of 20% to 

90 % of the burette volume (10 mL) were dissolved in 3 

ml of anhydrous FA and 30 mL of GAA and titrated with 

0.1 M PCA. 

Linear regression determined the relationship 

between the end-point volume (𝑦0) and the weight of 

glycine. The fitness for purpose of the regression model 

was evaluated using numerical parameters such as the 

coefficient of determination (𝑅2), the slope (𝑏) and the 

extrapolated intercept (𝑎). The quantity of glycine 

(𝑥𝑖) was obtained with interpolation of the measurement 

(𝑦0) through the regression equation. 𝑥𝑖 = 𝑦0 − 𝑎𝑏  

 

Estimation of uncertainty over the measurement range 

 

Microsoft Excel Spreadsheet Software was applied to 

estimate the uncertainty (standard error) of the regression 

(𝑆𝑦/𝑥) and uncertainties (random errors) in the values for 

the slope (𝑆𝑏) and intercept (𝑆𝑎). The confidence limits 

for the slope of the line are given by 𝑏 ± 𝑡(𝑛−2) ∙ 𝑆𝑏 , 

where the t-statistic is taken at 95 % confidence interval 

and (n-2) degrees of freedom. Similarly the confidence 

limits for the intercept are given by  𝑎 ± 𝑡(𝑛−2) ∙ 𝑆𝑎 at 

95% confidence interval. 

The standard uncertainty (𝑢𝑥𝑖) associated with the 

purity estimate (𝑥𝑖) was estimated using following 

equation: 𝑢𝑥𝑖 = 𝑆𝑥0 = 𝑆𝑦/𝑥𝑏 ∙ √1 + 1𝑛 + (𝑦0 − �̅�)2𝑏2 ∙ ∑(𝑥𝑖 − �̅�)2 

where, 𝑦0 is volume from which the value 𝑥𝑖 is 

determined, 𝑆𝑥0  is the estimated standard deviation, 𝑏 is 

the slope of the regression line, 𝑆𝑦/𝑥  is the standard error 

of the regression analysis and 𝑛 is the number of points 

used in the regression calculations (Miller & Miller 

2010). The standard uncertainty was expressed in % as a 

relative value. 

 

Results and discussion 

 

Standardization of 0.1 M Perchloric acid in glacial acetic 

acid 

 

The mean value of 1.008 for the titer was obtained 

from three independent determinations, with relative 

standard deviation, RSD = 0.05%. 

 

Potentiometric titration of glycine 

 

The relationship between the end-point volume and 

mass of glycine was expressed by the equation, (𝑦0 = 131.4 ∙ 𝑥𝑖 +  0.0543 ), 𝑅2 was 0.9998. 

Estimation of uncertainty over the measurement range 

 

The standard error of the regression (𝑆𝑦/𝑥) was 0.03 

ml, the uncertainty for the slope (𝑏) was 131.4 ± 1.4, the 

uncertainty for the intercept (𝑎) was 0.054 ± 0.059. 

The relative standard uncertainty of the estimate (𝑥𝑖) 

was in the range of 1.8% - 0.4%. The relative uncertainty 

was high at low quantities for glycine and decreases as the 

amount of the substance increases. 

The obtained results are in line with the 

recommendations in the EURACHEM/CITAC guide to 

use the absolute measurement uncertainty in the low 

range, while it is appropriate to use a relative 

measurement uncertainty in the high range 

(Eurachem/Citac Guide, 2012). Nevertheless, the relative 

uncertainty is not stabilized, which may lead to 

overestimating the uncertainty. The Nordtest report TR 

537 states that a relative uncertainty is most appropriate 

for methods applied only in the high measurement range, 

for titrations and physical methods, it may be appropriate 

to use an absolute measurement uncertainty in the whole 

range (Magnusson et al., 2017). 

 

Conclusion 

 

This study showed that the relative standard 

uncertainty depends on the quantity of the analyte and is 

higher at low amounts and decreases as the quantity of the 

substance increases. The relative standard uncertainty was 

in the range of 1.8% - 0.4%. 

Even though the relative uncertainty decreases over 

the measurement range, it is not stabilized, lading to 

overestimating the uncertainty.  
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Introduction 

  

The advantages of hydrophilic PEG based ointments 

in treatment of skin conditions where dry skin is 

preferable has led to a significant increase of such 

formulations on the market. In addition to the 

aforementioned fact, formulations of this matrix type 

leave no grease like appearance, are easily washable and 

most importantly hinder drug penetration due to the effect 

of stratum corneum dehydration shown by Rowe et al 

(2009). With this on one side and the new regulative 

issued by the Food and Drug Administration and 

European Medicines Agency on the other, the need of a 

suitable in vitro release test is vast and of the outmost 

importance. The following text will dive into a discussion 

of the specifics in the process of analytical method 

development of  an IVRT utilizing Franz Diffusion cell 

apparatus for PEG based ointments. 

 

Materials and methods  

 

Materials 

 

The materials that were used are as following: 

membranes of polycarbonate, regenerated cellulose, 

polyethersulphone cellulose acetate, PTFE, Strat M and 

silicone composition obtained from various providers, 

Phosphate buffer Saline obtained from Sigma Aldrich, 

Absolute Ethanol(100%) supplied by Alkaloid AD, 

HPLC-DAD Agilent 1260 Quaternary series system, ACE 

C8, 250 mm x 4.6 mm i.d; 5μm or alternative HPLC 

column, Acetonitrile Isocratic Grade supplied by Supelco, 

Ammonium acetate, Glacial acetic acid and Potassium 

hydroxide (KOH) supplied by Merck and Automated 

Vertical Diffusion Cell Apparatus with 6 cells supplied by  

Hanson. 

IVRT condition 

 

The Franz Diffusion Cell apparatus that was utilized 

consisted from an automated sampling station, water bath 

with heater, magnetic stirrer and 6 glass cells with an 

effective volume of ~9.5 mL. The magnetic stirrer speed 

was set at 400 rpm as this speed allowed for suitable 

homogenization of the sample but with no back diffusion. 

The temperature of the water bath was set at 32.5℃ in 
order to obtain comparable temperature to that of the skin. 

The acceptor medium was defined through sink analysis 

of the API and consisted of 10% phosphate buffer saline 

set at pH 7.4 : absolute ethanol = 80:20%. In the study 

various membranes were tested and will be discussed 

later. Sampling volume with appropriate washing step of 

the tubing was defined at 0.5 mL. The test was conducted 

for a time of 6h as per the guidance of the EMA’s Draft 

guideline on quality and equivalence of topical products 

with sampling points at 10, 20, 30, 60, 120, 180, 240, 300 

and 360 minutes. 

 

Results and discussion 
 

The development of the IVRT method began with the 

choice of polycarbonate membrane impregnated with 

polyvinyl pyrrolidone in order to obtain adequate wetting 

in water based media (Nuclepore Track-Etched 

membrane). The pore size of this particular membrane 

was about 0.05 μm. This membrane showed no biding 

capacity of the API and was the first one tested. When 

observing the formulation applied on the cells a 

reoccurring phenomena was observed where due to the 

osmotic effect of the PEG excipient the acceptor media 

was pulled inside of the donor compartment. This is quite 

significant as PEGs are very soluble in water based media 

leading to the solubilization not only of the API but the 

matrix as well. This effect had serious implications on the 
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obtained results as the recovery of the released amount of 

API versus the applied was ~100%. This is not acceptable 

as some of the profiles may be with a low value for the 

coefficient of correlation < 0.92 or low degree of linearity 

when plotted according to the Higutchi plot. This is due to 

the fact that Higutchi release plots according to Siepmann 

2011 expect lower degrees of API release in the later time 

points as the release in this time is due to the diffusion of 

the API from the layers distant to the membrane (longer 

diffusion path). But this is not the case as water dissolves 

the matrix and allows complete release of the API. The 

development continued with regenerated cellulose 

membrane with pore size of 0.2μm. This membrane was 

significantly thicker which somewhat inhibited the 

aforementioned problem and the recovery was 

significantly lower ~50%. The coefficient of correlation 

values were also satisfactory > 0.97. A different challenge 

was observed with this membrane as it could not 

discriminate between the test formulation and the 

formulation with altered characteristics. The formulation 

with altered composition had drastically higher viscosity 

which should have resulted in slower release rate of the 

API but the profiles from the two formulations seemed 

identical when 90% confidence intervals for the 

cumulative amount and flux were generated. This is not 

acceptable as the utility of an IVR method lies as quality 

control test which should possess sufficient 

discriminatory power. Cellulose acetate membrane was 

also used but similar results to the regenerated cellulose 

membrane were obtained. According to Theo Kapanadze 

et al. for most fast-release matrix types as are PEG based 

ointments earlier sampling times (between zero to four 

hours) could be more discriminative and be of  higher 

quality indicating  value than later time points. This 

approach was taken into consideration and the later time 

points (after 3 hours) were omitted in the process of 

constructing the 90% confidence interval. The acceptance 

limits proposed by EMA’s guideline were adopted (90-

111%.) The calculated 90% confidence interval for the 

cumulative amount was 108-121% which showed 

significant difference between the formulations. On the 

other hand, the 90% confidence interval for the slopes lied 

within the predetermined acceptance criteria showing no 

significant difference between the test and discriminatory 

formulation. Although this methodology can be useful for 

some PEG based ointments adopting only this method did 

not solve the discriminatory problem. 

Further in development polyethersulphone membrane 

(PES)was tested. This membrane showed similar release 

profile to the Nuclepore Track-Etch membrane and 

wasn’t conducted to any further analysis. Next membrane 

considered was Strat M. The acceptor medium used for 

this experiment was modified as only 10% ethanol was 

compatible with this membrane. This membrane is a 

synthetic membrane that imitates the outermost layer of 

the skin or the stratum corneum. The Strat M membrane 

inhibited the process of dissolving the matrix but due to 

inconsistencies in the process of its synthesis the results 

were extremely variable. The results gathered also had 

significant lag period and low recovery ~2% after 6 hours. 

This due to the lipophilic nature of the membrane which 

acts as a rate limiting step in the diffusion process.  

As Strat M is incompatible for IVRT, other synthetic 

membranes like PTFE and silicone were tested. The 

PTFE experiments had quite large variability with very 

low linearity. The silicone membrane on the other hand 

was quite promising as it inhibited the osmotic effect of 

the PEGs due to high lipophilic character and small to 

non-existent pores. As a low release membrane the 

recovery was significantly lower but was acceptable. The 

profile was satisfactory for the tested formulation and as 

the release was drastically slower satisfactory 

discrimination was observed. Literature search revealed 

that a different paper by Bhagukar et al. (2016) also 

commented on the advantages of using such low release 

membranes in fast releasing matrices as in PEG based 

formulations. 

Conclusion 

Even though IVR tests with Franz Diffusion cell 

cannot be used for quality control of finished drug 

products yet, the regulative is changing fast and it might 

be incorporated as such. With this the need of a suitable 

IVRT for problematic, fast releasing matrices is growing. 

From the obtained results presented above the silicone 

membrane showed most promising characteristics in 

testing for most PEG based formulations. As in this study 

only one formulation of this type was tested and only one 

other paper was found on this particular problem further 

testing is needed to prove or disprove the current findings. 
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Introduction  

 

The Principles of Good Clinical Practice (GCP) define 

international ethical and scientific quality standards in the 

planning, implementation, monitoring and reporting of 

clinical trials conducted on humans. In this context, the 

protection of the rights, safety and well-being of 

respondents participating in clinical trials is a priority of 

regulatory agencies worldwide. Verification of compliance 

with GCP standards is done through audits and inspections 

as an exclusive right of the regulatory authorities (ICMRA, 

2021). Тhe COVID-19 pandemic have significantly 

affected the conduct of clinical trials (CТs) and posed 

unique challenges to all parties (sponsors, clinicians and 

regulators) involved in conducting of clinical trials. In this 

regard, deviations from the clinical trial protocol and / or 

protocol violations were inevitable and had a potential to 

significantly affect the safety of CT participants and the 

data integrity as most important aspects that defines the 

accuracy and reliability of the clinical evaluation (Park et al. 

2021). In response to the new situation sponsors, 

researchers and regulators jointly adopted initial guidelines 

to ensure the safety of participants, data integrity, 

compliance with GCP principles (Sathian et al., 2020) 

The overall aim of this study is to review and evaluate 

the effects of the COVID-19 pandemic on global 

legislation, practical experience and other allied 

information related to the planning, implementation, 

assessment and inspection of clinical trials. The specific 

objectives include review and analysis of the effect of the 

COVID - 19 pandemic on the local GCP legislation, 

guidelines and inspections. 

 

 

Materials and methods  

 
We performed a systematic search of published 

evidence and guidelines for GCP and GCP inspection not 

favoring any type of product - drug, vaccine or medical 

device. The data and information were collected using 

public databases of global regulatory agencies - EMA, 

PMDA, MHRA and FDA. These regulators were selected 

because of their active involvement in inspection activities 

around the world and because of their pioneering 

acceptance of remote inspections during the COVID-19 

pandemic. To supplement the findings and discussions, 

systematic reviews on this topic were retrieved 

from Medline via Pub-Med database and Google scholar, 

using the following predefined keywords: "COVID -19"; 

"Clinical trial", "good clinical practice", "regulatory 

agencies", "GCP inspections".  Additionally, we searched 

the official websites of the national regulatory authority- 

Agency for Drugs and Medical Devices of the Republic of 

Northern Macedonia- MALMED, regarding the clinical 

trials approved by the Commission for Clinical Trials of 

drugs and medical devices in the period of January 2019 - 

April 2022 and inspections of CT conducted by the 

Commission for assessment of conditions for Good 

Clinical Practice at MALMED in the same period. 

 

Results and discussion 

 

The initial search of the biomedical literature resulted 

in a total of 156 original scientific papers for further 

evaluation. Тhe previously set criteria of non-preferences 

were met by total of 30 papers. Most of them, 

approximately 50%, were published in the second half of 
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2020, which indicated the importance and need for a broad 

scientific, regulatory and professional discussion on the 

challenges and practical solutions in the regulation of 

clinical trials as a result of the pandemic. In the period 

2020-2022, a total of 10 guidelines and regulatory 

frameworks for GCP and a total of 9 new guidelines for 

remote inspections have been published by regulatory 

agencies. Most of the GCP guidelines are published by the 

FDA and MHRA. Regarding GCP inspections, most of the 

guidelines and recommendations were published by FDA 

and PMDA Global regulatory authorities generally address 

the following aspects: initiation of new CТs, changes in 

current CТ, reporting security data, risk assessment, 

communication with competent authorities, agreement 

with and communication between sponsors, research sites 

and CT participants, changes in: informed consent, 

distribution of the researched medical product, distribution 

of in vitro diagnostic and medical devices, monitoring, 

supervision, reimbursement of costs and Initiation of new 

CTs to test new COVID- 19 treatments. In parallel with the 

development of the pandemic and the need to continuously 

and proactively address data integrity and maintain the 

safety of CT participants, site staff and research team as 

published recommendations and guidelines are 

continuously being updated. In this context, they are 

flexible and can be tailored to individual locations, studies 

and participants based on their specific needs in CT design 

and methodology and generally apply to the logistics 

organization and management of CT participants. At 

national level, diversity has been identified in the readiness 

of national authorities in EU Member States in defining 

specific guidelines and recommendations for the 

implementation of CT.  
Regarding GCP inspection, remote inspections were 

applied even before the COVID-19 pandemic, but their 

usefulness and implementation have not been documented 

due to the insignificant degree of practice. In the emerging 

situation, regulatory authorities and industry were equally 

quick to adapt to this type of alternative work methods. The 

requirement for remote assessment and inspection has to be 

determined on a case-by-case basis. This decision-making 

process is normally carried out by the lead inspector in 

consultation with operational management after taking into 

account the following factors: 1) local or international 

restrictions in force to deal with public health, emergency, 

2)  need to protect the health and safety of the inspector, 

the research team, including reducing the burden while 

dealing with the pandemic itself, 3) inspected entity's 

regulatory compliance history, for example, whether there 

is a history of repeatedly identified deficiencies or issues 

related to the information provided that could be 

potentially misleading to the inspector, 4) scope and 

objectives of the inspection, 5) specificity of the inspection 

site (e.g. research, bioanalytical, sterile manufacturing) and 

internal risks/suitability for remote assessment, 6) 

complexity of the activities that are undertaken and 

implemented at the location in terms of how challenging it 

is to observe and adequately assess from a distance, 7) 

regulatory compliance risks associated with the site, eg.  

Findings from recent on-site inspection, changes in site-

location, delegated corrective measures, remote 

accessibility of electronic systems due to confidentiality 

rules, remote access to source documents while complying 

with regulations and/or institutional policies and the need 

to redact documents to protect privacy and confidentiality. 
In the period from the beginning of the COVID - 19 

pandemic until today, MALMED has not issued official 

national recommendations and guidelines for conducting 

and for inspection of clinical trials in emergency conditions 

due to the pending introduction of the new law on drugs 

and the law on medical devices that are being prepared and 

from which new bylaws emerge. 

 

Conclusion 

 

Follow-up research is needed to analyze the effects 

and determine the best strategies for conducting research in 

times of widespread communicable disease. Although 

remote inspections are not a complete replacement for on-

site inspections, they have proven their value and should 

accordingly remain an inspection tool in certain segments 

and situations of regulatory work with a need for alignment 

in methods and documentation covered by the inspection. 

The obtained results enrich the overall knowledge and are 

of great importance in relation to the need for regulatory 

standardization and harmonization of our national to the 

European regulations in the area of conducting clinical 

studies and inspection of good clinical practice. 
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Introduction 

 
Karl Fischer titration (KFT) is a widely used 

quantitative method for semi-micro determination of 

water in active pharmaceutical ingredient (API) and drug 

products. The water content determination is significant to 

ensure drug product quality. For example, water could 

induce degradation of API, undesired crystalline 

transitions and promotes microbiological activity in the 

drug product (Connors, 1988; MacLeod, 1991; Yoshioka 

& Stella, 2002). Therefore, the water content is a part of 

the specification of the API and drug product (ICH Q6A, 

2000). 

The KFT is based on stoichiometric reaction of water 

with iodine in a suitable solvent (alcohol), in presence of 

an amine base. The sulfur dioxide reacts with the alcohol 

to form an ester which is neutralized by the base. The 

anion of the alkyl sulfurous acid is the reactive 

component and is already present in the KF reagent. The 

titration of water constitutes the oxidation of the akyl-

sulfite anion to alkyl sulfate by the iodine. This reaction 

consumes water. The endpoint of the titration is reached 

when all the water is consumed (Scholz, 1984). 

Each of the mentioned components of the KF 

reaction has a specific role. The solvent must be able to 

dissolve the sample, the reagent components, as well as 

the KF reaction products. The type of solvent is chosen 

with respect to the stability, reaction rate, conductivity, 

side reactions and solvation of the sample in the reagent 

solution. The concentration of the titrant used for the KF 

titration depends on the amount of water present in the 

sample. Titrant 5 entraps 5 mg of H20 per mL titrant and 

it is used for larger amounts of water. The organic base 

functions solely as a pH buffer. Although in most cases 

the type of 

the base has no influence on the KF reaction rate, the 

amine bases also have important electron-donor properties 

that may be of importance (Larson, 2008). Therefore, the 

right choice of the solvent / titrant system is crucial for 

obtaining accurate and reproducible results.   

In some cases, it is easy to identify that the chosen 

solvent / titrant system is inappropriate because the 

endpoint of the titration could not be reached in a 

reasonable time or the reproducibility is low. But 

sometimes it is very difficult to identify slightly incorrect 

results because the problem is not so evident. Therefore, 

in cases where the KF method is applied to a sample with 

an uncertain composition; there are no available 

information about the method validation or other solvent / 

titrant system is used instead of those prescribed by the 

validated method, it is necessary to verify the suitability 

of the chosen solvent / titrant system. 

The aim of this paper is to implement the suitability 

test, given in the general chapter of the Ph. Eur., in order 

to verify the accuracy of the determination of the water 

content in atropine sulphate working standard with the 

chosen solvent / titrant system. 

 

Materials and methods  

 
Chemicals and Reagents 
 

        CombiTitrant 5 (Merck) containing iodine, imidazole 

and 2-Methylimidazole was used as a one-component 

reagent for KF titration and CombiMethanol (Merck) was 

used as a solvent. The suitability of the method was 

verified using Water Standard 1% (10 mg H2O/1 g) 

(Merck). Atropine sulphate working standard (WS) was 

used as a sample. 

  

Karl Fisher Titration method 
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        KFT was performed on Karl Fischer Titrator DL38, 

Mettler Tolledo. The evaluation of the suitability of the 

selected solvent / titrant system was performed according 

the procedure given in Ph. Eur. 2.5.12 (Ph. Eur. 10.0). 

The amount of the sample introduced in the titration 

vessel was 0.15 g (accurate weight), the stirring time 

before titration was 30 s and the water content was 

determined in triplicate. 

 

Results and discussion 

 
To ensure the accuracy and the precision of the water 

content determination, it is necessary before use of the KF 

apparatus to perform a standardization of the titrant 

concentration and performance verification. The titrant 

standardization and the instrument check was conducted 

in accordance to the OMCL Qualification of equipment 

guideline (GEON, 2022). The repeatability of the titrant 

concentration was 0.36%, whereas the mean recovery of 

the water content determined after three independent 

additions of Water Standard 1% was found to be 99.0%; 

thus the acceptance criteria for repeatability and recovery 

were met. 

The monographs for atropine sulphate described in 

Ph. Eur. and USP doesn’t provide information about the 

solvent / titrant system used for the water content 

determination. In order to evaluate the suitability of the 

chosen solvent / titrant system (methanol / Titrant 5, 

respectively), the water content in atropine sulphate WS 

was determined in the first place. The water content was 

found to be 3.3%, which corresponds to 4.93 mg initial 

water content (M) for the sample. Thereafter, six 

sequential additions of known amount of Water Standard 

1% (in range from 0.17g to 0.33g, corresponding to 50-

100% of the amount of water found in the sample) were 

added in the same titration vessel and the water content 

was determined after each addition. The mean recovery of 

the water content (98.7%) was found to be within the 

acceptable limits (97.5 – 102.5%).  

Afterwards, six points calibration curve was 

constructed from the cumulative amount of water (g) 

added vs. the sum of the cumulative amount of water (g) 

found after each addition and M. The slope (b) of the 

regression line was 0.989, whereas the y-axis intercept (a) 

was found to be 4.908. The correlation coefficient of the 

regression line was found to be 1.0. The value of the b 

also met the given criteria in Ph. Eur 2.5.12. 

The x-axis intercept (d), needed for the calculation of 

the percentage errors (e1 and e2) related to the water 

content determined, was calculated as a ration between a 

and b. The value of d was found to be 4.96. The 

calculated values for e1 and e2 were -0.5 and 0.6, 

respectively; thus the 

 

acceptance criteria were met. 

Since the chosen solvent / titrant system was found 

suitable, the KF method was applied for determination of 

the water content in the Atropine sulphate WS. The mean 

amount of water (n=3) found in the atropine sulphate WS 

was 3.31%, with relative standard deviation (RSD) of 

0.2%. The repeatability acceptance criteria depend on the 

titrant strength and the absolute amount of water found in 

the sample. The absolute amount of water found the 

atropine sulphate WS was 5 mg. Generally, the maximal 

permitted RSD (n = 3) for Titrant 5, when the absolute 

amount of water is in range between 2 mg – 5 mg, is 5 %. 

Considering the obtained low value for RSD (0.2%), the 

method’s repeatability acceptance criteria were met. 

 

Conclusion 

 
The implementation of the Ph. Eur. suitability test 

proved that methanol and Titrant 5 are suitable as solvent 

and titrant, respectively, for determination of the water 

content in Atropine sulphate WS. The described KF 

method generate accurate and reproducible results and 

could be applied in pharmaceutical quality control 

laboratories. 
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Introduction 

 

Cannabis sativa L. (Cannabaceae) is commonly used 

plant that is considered to have therapeutic potential. 

Extract obtained from cannabis plants contain 

cannabinoids as the main carriers of pharmacological 

effects and terpenes (Lumir and Hanuš, 2020). The 

hypothesized synergistic interactions between 

cannabinoids and terpenes to obtain unique 

pharmacological effects have been investigated in several 

preclinical studies (Harris et al., 2019). But evidence from 

preclinical studies whether terpenes can act synergistic 

with cannabinoids remains unclear with insufficient data. 

Antimicrobial susceptibility testing of these compounds 

can be used for prediction of therapeutic outcome 

(Balouiri et al., 2016).  

 

Materials and methods 

 
Reference material:  

1. Reference bacterial suspension (RBS) EZ-CFU™ 

One Step Echerichia coli ATCC®8739, 

Staphylococcus aureus ATCC®6538P and Bacillus 

subtilis subsp. spizizenii ATCC® 6633 obtained 

from Microbiologics 

2. Cannabis terpenes Mix A (Lot.LRAC3834) and Mix 

B (Lot. LRAC7120) obtained from Sigma Aldrich.  

3. Reference standard solution (RSS) of CBD – 1.0 

mg/mL (THC-303-1LM) and RSS of ∆9-THC – 1.0 

mg/mL (THC-135-1LE) obtained from Lipomed 

For determining the bactericidal effect, Growth

Curve Test and Counting Colony-Forming Units 

(CFU/mL) was observed for dynamic interaction between 

the antimicrobial agent and the microbial strain. The test 

was performed using a bacterial suspension of 

Staphylococcus aureus, Escherichia coli and Bacillus 

subtilis subsp. spizizenii  separately. The first tube 

contains only 10 mL RBS of S.aureus, E.coli or B.subtilis in 

concentration 5×105 CFU/mL for control, while other tubes 

contain different mixtures of the same RBS (10 mL), 

cannabinoids (500 µL) and terpenes (500 µL) as shown: 

o tube No.2 mixture of RBS and ∆9-THC  

o tube No.3 mixture of RBS and CBD  

o tube No.4 mixture of RBS and cannabis terpenes 

o tube No.5 mixture of RBS, ∆9-THC, and terpenes 

o tube No.6 mixture of RBS, CBD, and terpenes 

o tube No.7 mixture of RBS, THC, CBD, and terpenes 

The first tube was considered as the growth control. 

The incubation was done under suitable conditions for 

varied time intervals (0, 4, 6, 8, 10, 12 and 24 h). The 

percentage of dead cells is calculated relatively to the 

growth control by determining the number of living cells 

(CFU/mL) of each tube using the agar plate count 

method. 
 

Results and discussion 

 

Staphylococcus aureus 

 

In the first tube (growth control tube) CFU/mL from 

200 increase to 400 after 2 hours, 2200 after 4 hours, 

72000 after 6 hours, 1250000 after 12 hours and 1300000 

after 24 hours. In the second tube in which ∆9-THC was 

added, CFU/mL from 200 increase to 800 after 4 hours, 
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2200 after 6 hours, 35000 after 12 hours and 130000 after 

24 hours. In the third tube in which CBD was added, 

CFU/mL from 200 increase to 1200 after 6 hours, 35000 

after 12 hours and 130000 after 24 hours. In the next tube 

(No.4) in which mixture of terpenes was added, CFU/mL 

from 200 increase to 2100 after 6 hours, 35000 after 12 

hours and 130000 after 24 hours. In the tube No.5 in 

which ∆9-THC and mixture of terpenes were added, 

CFU/mL from 200 decrease to zero after 2 hours. In the 

tube No.6 in which CBD and mixture of terpenes were 

added, CFU/mL from 200 increase to 220 after 2 hours, 

400 after 4 hours, 1200 after 6 hours, 5000 after 12 hours 

and 61000 after 24 hours. In the last tube No.7 in which 

∆9-THC, CBD, and mixture of terpenes were added 

CFU/mL from 200 decrease to zero after 2 hours. The 

results indicate that THC, CBD, and terpenes individually 

have a bacteriostatic effect and suppress the growth of S. 

aureus. The combination of THC, CBD and terpenes has 

a bactericidal effect and kills S. aureus after 2 hours. 

 

Escherichia coli 

 

In the first tube (growth control tube) CFU/mL from 

500 increase to 2800 after 2 hours, 14800 after 4 hours, 

34000 after 6 hours, 650000 after 12 hours and 650000 

after 24 hours. In the second tube in which ∆9-THC was 

added, CFU/mL from 500 increase to 600 after 2 hours, 

1400 after 4 hours, 22000 after 6 hours, 35000 after 12 

hours and 50000 after 24 hours. In the third tube in which 

CBD was added, CFU/mL from 500 increase to 1000 

after 2 hours, 2400 after 4 hours, 5000 after 6 hours, 

45000 after 12 hours and 45000 after 24 hours. In the next 

tube (No.4) in which mixture of terpenes was added, 

CFU/mL from 500 increase to 800 after 2 hours, 1600 

after 4 hours, 3000 after 6 hours, 45000 after 12 hours and 

45000 after 24 hours. In the tube No.5 in which ∆9-THC 

and mixture of terpenes were added, CFU/mL from 500 

decrease to zero after 6 hours. In the tube No.6 in which 

CBD and mixture of terpenes were added, CFU/mL from 

500 decrease to zero after 12 hours. In the last tube No.7 

in which ∆9-THC, CBD and mixture of terpenes were 

added CFU/mL from 500 decrease to zero after 4 hours. 

The results indicate that THC, CBD, and terpenes 

individually have a bacteriostatic effect and suppress the 

growth of E. coli. The combination of THC with terpenes 

has a bactericidal effect after 6 hours, while the 

combination of CBD with terpenes has a bactericidal 

effect after 12 hours. The combination of THC, CBD and 

terpene has a bactericidal effect and kill E. coli after 4 

hours. 

 

 

 

 

Bacillus subtilis subsp. Spizizenii 

 

In the first tube (growth control tube) CFU/mL from 

900 increase to 1500 after 2 hours, 9800 after 4 hours, 

16000 after 6 hours, 340000 after 12 hours and 340000 

after 24 hours. In the second tube in which ∆9-THC was 

added, CFU/mL from 900 decrease to 400 after 2 hours 

and 200 after 4 hours. In the third tube in which CBD was 

added, CFU/mL from 900 decrease to 600 after 2 hours 

and 300 after 4 hours. In the next tube (No.4) in which 

mixture of terpenes was added, CFU/mL from 900 

decrease to zero after 4 hours. In the tube No.5 in which 

∆9-THC and mixture of terpenes were added, CFU/mL 

from 900 decrease to zero after 4 hours. In the tube No.6 

in which CBD and mixture of terpenes were added, 

CFU/mL from 900 decrease to 400 after 4 hours. In the 

last tube No.7 in which ∆9-THC, CBD and mixture of 

terpenes were added CFU/mL from 900 decrease to zero 

after 4 hours. The results indicate that THC, and CBD, 

individually have a bacteriostatic effect and suppress the 

growth of Bacillus subtilis subsp. spizizenii. Terpenes 

individually have a bactericidal effect on Bacillus subtilis 

subsp. spizizenii after 4 hours. The combination of THC 

with terpenes and CBD with terpenes has a bactericidal 

effect on Bacillus subtilis subsp. Spizizenii after 4 hours. 

The combination of THC, CBD, and terpenes has a 

bactericidal effect and kill Bacillus subtilis subsp. 

Spizizenii after 2 hours. 

 

Conclusion 

 

Synergistic effects of terpenes and cannabinoids was 

evaluated through antimicrobial activity. The results 

indicate that THC, CBD, and terpenes individually have a 

bacteriostatic effect and suppress the growth of S. aureus, 

E. coli and Bacillus subtilis subsp. Spizizeni. The 

combination of THC, CBD, and terpenes has a 

bactericidal effect and kill all bacteria after 2 hours. 
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Introduction 
 

Timolol is a potent β-adrenergic blocker, useful in 

treatment of ocular hypertension or open-angle glaucoma. 

Many chromatographic analysis methods have been 

applied for the determination of pharmaceutical 

compounds containing heterocyclic rings (as timolol 

maleate), but the most commonly applied 

chromatographic technique is HPLC (Mandour et al., 

2020).  

 Understanding the stability characteristics for both 

the active pharmaceutical ingredient (API) and for the 

medicinal product (MP) is crucial for  the development of 

a safe and effective pharmaceutical agent. For this 

purpose, samples from API and MP during product 

development are disposed under strictly controlled storage 

conditions to assess stability testing. Forced degradation 

studies are being conducted to identify the degradation 

products that are likely to occur during long term storage 

as the worst-case scenario (Sengupta et al., 2018). 

 

Materials and methods  

 

The forced degradation studies were performed on 

API Timolol maleate (batch 005009102019) and MP 

Timolol eye drops 0.5% (batch 2112, expiry date: 

12.2023) manufactured by Profarma Sh.a, Albania. 

Forced degradation was done only by exposing the API 

and MP on high temperature at 80°C for 48 hours to 

obtain degradation products quickly and to verify the 

method for determination of related substances listed in 

the British pharmacopoeia (BP, 2016). 

Identification and quantification of degradation 

products was performed at room temperature, using an 

isocratic method and reverse phase HPLC stainless steel 

column (30 cm x 4.6 mm) packed with end-capped 

octadecyl silyl silica gel for chromatography (10 µm) 

(µBondapakTM C18 was used) on HPLC system (Agilent 

Technologies Infinity II 1260, DAD HS 1260: Serial No. 

DEAEK06706). Mobile phase was consisting of mixture 

of 0.02 M sodium octane-sulfonate and methanol in ratio 

42,5:57,5; adjusted to pH 3.0 using glacial acetic acid. An 

isocratic method elution was used with flow rate of 1.5 

mL per minute on ambient column temperature. UV 

detection was on wavelength of 295 nm. Injection volume 

was 20 µL of each solution and run time was 4 times of 

the retention time of the principal peak of timolol maleate. 

 

Results and discussion 

 

Verification of the HPLC method was done 

according to ICH guidelines Q2 (R1) Validation of 

Analytical Procedures (ICH Q2 (R1), 2022). 

For forced degradation studies the chosen stress 

condition (temperature of 80°C for 48 hours) leads us to 

only one secondary peak at RRT 1,6 due to exposition of 

the product at higher temperature.  

The parameter specificity, demonstrate good 

separation of all peaks derived from active substance 
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(timolol maleate, secondary peak because of force 

degradation and maleic acid) and excipients (placebo).  

The precision and reproducibility of the proposed 

method were evaluated by performing replicate analysis 

of the standard solution timolol maleate in concentration 

of 0.02 mg/mL (reference limit for impurities), to 

determine intraday and inter-day variability [within day 

(n=6) and between days (n=6)]. Relative standard 

deviations were calculated to obtain the precision of the 

method. Relative standard deviations were calculated to 

obtain the precision of the method. The results of 

precision, and reproducibility of the method demonstrate 

a good precision (RSD =1.05%). 

Linearity was performed using timolol maleate 

standard solutions in concentration range from 0.005 

mg/mL (limit of quantification-LOQ) to 0.03 mg/mL or 

25%-150% from the reference limit for impurities. The 

response was linear over the range (R
2
=0.9999). 

Limit of Detection LOD and LOQ were determined 

by evaluation peak areas of timolol maleate at lower 

concentrations. Acceptance criteria were signal to noise 

ratio about 3:1 for LOD and about 10:1 for LOQ. 

According to results LOD for timolol was 0.05 µg/mL, 

and LOQ for timolol was 0.15 µg/mL.   

 

Conclusion 

 

From a regulatory perspective, the combined use of 

stress testing and accelerated degradation studies with an 

optimized separation technique and validation procedures 

is a useful approach to achieve a comprehensive 

understanding of API and MP stability, with regards to 

the nature of the relevant degradation products, within a 

reasonable timeframe.  

The forced degradation studies and its application are 

mainly used for the determination of stability of molecule 

under accelerated conditions and for the development of 

stability indicating methods. In our case, forced 

degradation was done only by exposing the API and MP 

on high temperature at 80°C for 48 hours to obtain 

degradation products quickly and to verify the method for 

determination of related substances listed in the British   

pharmacopoeia. Testing of specificity of the method 

demonstrate good separation of all peaks derived from 

active substance and excipients in the formulation. 

Verification of the HPLC method was done 

according to the ICH guideline Q2 (R1) to prove that 

monograph in BP for timolol eye drops is suitable for 

analyzing of degradation products in our formulation. 
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Introduction 

 

       Regulation (EC) No 1901/2006, as amended (the 

'Paediatric Regulation') lays down obligations, rewards and 

incentives for the development and placing on the market 

of medicines for use in children. The Paediatric Regulation 

set up some obligations for the applicant when developing 

a new medicinal product as well as new uses of an 

authorised product, in order to ensure that medicines to 

treat children are subject to ethical research of high quality 

and are appropriately authorised for use in children. The 

purpose is also to improve collection of information on the 

use of medicines in the various subsets of the paediatric 

population (EMA, 2021).  

 

Pediatric regulation and PIP 

 

The paediatric population covers the population 

between birth and the age of 17 years. 

The Paediatric Regulation is consisted of: 

- Regulation (EC) No 1901/2006 of the European 

Parliament and of the Council of 12 December 

2006 on medicinal products for paediatric use; 

- Regulation (EC) No 1902/2006, an amending 

regulation in which changes to the original text 

were introduced relating to decision procedures 

for the European Commission. 

Applications for marketing authorisation submitted to 

the European Medicines Agency (EMA) after 26 July 2008 

must include the results of studies carried out as part of an 

agreed paediatric investigation plan (PIP) or information 

on a PIP deferral or waiver (EMA, 2021). 

       The Paediatric Regulation also foresees a paediatric-

use marketing authorisation (PUMA) which is a dedicated 

marketing authorisation covering the indication(s) and 

appropriate formulation(s) for medicines developed 

exclusively for use in the paediatric population. 

The PUMA was introduced by the Paediatric 

Regulation for medicines that are: 

 already authorised; 

 no longer covered by a supplementary protection 

certificate (SPC) or a patent that qualifies as a 

SPC; 

 to be exclusively developed for use in children. 
The development of a PUMA must follow a paediatric 

investigation plan (PIP), which must be agreed by the 

Paediatric Committee (PDCO) (EMA, 2021a). 

        Applications for new indication(s), new 

pharmaceutical form(s) and/or new route(s) of 

administration must include one of the following 

documents/data in order to be considered 'valid': 

 The results of all studies performed and details of 

all information collected in compliance with an 

agreed Paediatric Investigation Plan (PIP); 

 EMA decision for a PIP including the granting of 

a deferral; 

 EMA decision for granting a product-specific 

waiver; 

 EMA decision for granting a class waiver 

(together with the Agency's confirmation letter of 

applicability if requested by the MAH). 

The requirement for a PIP, PIP deferral or PIP waiver 

applies irrespective of the type of application submitted for 

such a change(s) i.e. variation or extension (or new 
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marketing authorisation application) and irrespective of 

whether the change is related to adult or paediatric use. 

       The PIP should summarize relevant background 

information on the disease and medicinal product, and use 

this to justify a paediatric development programme that 

covers the entire paediatric population. Depending on the 

type of medicinal product and the relevance of the disease 

to the paediatric population, specific quality, safety, and/or 

efficacy measures may be proposed for all or part of the 

population. If measures are considered inappropriate for all 

or part of the paediatric population, then a waiver may be 

proposed but must be justified. If the paediatric 

development programme cannot be completed before 

submission of the adult application, then a deferral of the 

paediatric measures may be proposed but again this must 

be justified. In any case, a detailed timetable has to be 

provided and adhered to for any all measures being 

proposed. 

         If, following the decision agreeing the paediatric 

investigation plan, the applicant encounters such 

difficulties with its implementation as to render the plan 

unworkable or no longer appropriate, the applicant may 

propose changes or request a deferral or a waiver, based on 

detailed grounds, to the Paediatric Committee (EMA, 

2021). 

        The PIP should be prepared in accordance with the 

“Guideline on the format and content of applications for 

agreement or modification of a paediatric investigation 

plan and requests for waivers or deferrals and concerning 

the operation of the compliance check and on criteria for 

assessing significant studies. 

 

Pediatric legislation in North Macedonia 

 

          In North Macedonia, the legislation does not 

recognize the term “medicinal product for pediatric use” as 

a separate entity. However, the current legislation foresees 

that all regulatory requirements for medicinal products 

intended for adult population are applicable for medicinal 

product for pediatric use (MALMED, 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

 

The development of a medicine requires that various 

studies be performed to ensure its quality, safety, and 

efficacy. These studies, in turn, require careful planning 

procedures so that they are ethically and scientifically 

valid. During the development process, a Paediatric 

Investigation Plan is written to ensure that all necessary 

data on the use of the medicine in children are obtained in 

the clinical studies in children. This is to ensure that the 

medicinal product that reaches the pediatric population is 

effective and safe.  

 

References 

 
EMA, 2021. Human regulatory. Overview: Paediatric medicines: 

Paediatric Regulation. Available from: 

https://www.ema.europa.eu/en/human 

regulatory/overview/paediatric-medicines/paediatric-

regulation   

EMA, 2021a. Human regulatory. Marketing authorisation: 

Paediatric requirements for marketing-authorisation 

applications. Available from:  
https://www.ema.europa.eu/en/humanregulatory/marketing

-authorisation/paediatric-medicines/paediatric-

requirements-marketing-authorisation-applications        

Guideline on the format and content of applications for agreement 

or modification of a paediatric investigation plan and 

requests for waivers or deferrals and concerning the 

operation of the compliance check and on criteria for 

assessing significant studies. Available from: 

Communication from the Commission — Guideline on the 

format and content of applications for agreement or 

modification of a paediatric investigation plan and requests 

for waivers or deferrals and concerning the operation of the 

compliance check and on criteria for assessing significant 

studies Text with EEA relevance (europa.eu) 

MALMED, 2007. LAW ON MEDICINAL PRODUCTS AND 

MEDICAL DEVICES. „Службен весник на РМ“ бр. 106 

од 05.09.2007 година. Available from: ЗАКОН ЗА 

ЛЕКОВИТЕ И МЕДИЦИНСКИТЕ ПОМАГАЛА 

(malmed.gov.mk) 

  

 

.  

 

 

 

 

 

https://www.ema.europa.eu/en/human%20regulatory/overview/paediatric-medicines/paediatric-regulation
https://www.ema.europa.eu/en/human%20regulatory/overview/paediatric-medicines/paediatric-regulation
https://www.ema.europa.eu/en/human%20regulatory/overview/paediatric-medicines/paediatric-regulation
https://www.ema.europa.eu/en/humanregulatory/marketing-authorisation/paediatric-medicines/paediatric-requirements-marketing-authorisation-applications
https://www.ema.europa.eu/en/humanregulatory/marketing-authorisation/paediatric-medicines/paediatric-requirements-marketing-authorisation-applications
https://www.ema.europa.eu/en/humanregulatory/marketing-authorisation/paediatric-medicines/paediatric-requirements-marketing-authorisation-applications
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014XC0927(01)&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014XC0927(01)&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014XC0927(01)&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014XC0927(01)&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014XC0927(01)&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014XC0927(01)&from=EN


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 203 - 204 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.097 

Short communication 

 

 
 

*itrajanovska@alkaloid.com.mk  S1 PP 82 

Principles and methods used in the serialization process of the 
medicines 

 

Ivona Trajanovska1*, Biljana Pavicevic1, Katerina Brezovska2,                               
Suzana Trajkovic Jolevska2, Jasmina Tonik Ribarska2 

  

1
Alkaloid A.D, blvd. Aleksandar Makedonski12, 1000 Sкопје, N.Macedonia 

2 
Faculty of Pharmacy, Ss Cyril and Methodius in Skopje, Majka Tereza 47, 1000 Skopje, N.Macedonia 

 

Introduction 
 

Serialization is the process of assigning a unique 

identification number on each individual package of the 

medicine and applying an anti-tampering device in order 

to implement the measures foreseen in the Directive 

2011/62/EU of 8 June 2011 regarding prevention of the 

entry of falsified medicinal products into the legal supply 

chain (Council of Europe, 2011). 

The Data Matrix system which is globally recognized 

and approved by the healthcare community, is the most 

widely used identification system worldwide. 2D Data 

Matrix codes are composed of unique identification 

number, European article number (EAN), batch/lot 

number, expiration date. These codes are generated and 

applied by the manufacturer and must meet the healthcare 

regulatory requirements. The Data Matrix serialization 

system in the supply chain, allows pharmacists to check 

the authenticity of each individual package when it is 

dispensed to a patient, by controlling the unique 

identification number.  Scanning the product data matrix 

automatically and immediately detects duplicate 

packaging data and activates an alarm in the system 

alerting the pharmacist that there is a suspicion for a 

possible falsified product (Haji et al., 2021). 

The purpose of this paper is a to describe the 

equipment used and the activities performed by the 

packaging department, during the serialization process of 

the medicines. 

Description of the software and equipment used 

in the serialization process: 

GenCode software is used for serialization (Master 

data). The software contains data for: production units, 

article, partner, WO status, SN character, SN status, 

application identifier, P&V systems, P&V interface 

version, market, aggregation levels, aggregation labels. 

The Master data contains predefined data and 

materials that are taken over from SAP ERP system. Each 

material has determined attributes as data. 

The packaging process and the process of 

serialization of the product is performed using Production 

unit resource (P&V automatic machine). Each line on the 

unit has a Print & Verify System automatic machine for 

tamper evident labeling, 2D code printing and verification 

(Pascu et al., 2020). 

 

The process of serialization  

 
The process of serialization is performed in several 

stages: 

1. Development and approval of a standard for packaging 

unit (secondary packaging box) for serialization. In 

accordance with the regulatory requirement for a specific 

country, the standard for packaging unit is developed and 

approved. 

2. Development and approval of a format/template 

for serialization. In accordance with the regulatory 

requirement for a specific country, the format/template 

(product name, human readable format (HRF) 2D Data 

Matrix code content, 2D DataMatrix code position, 

dimensions, print and print inspection, braille position 

following the technical drawings of the packaging 

machine manufacturer dimensions) for serialization is 

approved.  

For example, DML_UK_61_28_1.1- where DML is a 

commonly agreed shortcut format with the data matrix on 

the left, UK indicates the country for which the format is 

intended, 61 and 28 are dimensions for box length and 

width in mm, 1 indicates the position of the data matrix 

mailto:itrajanovska@alkaloid.com.mk


204  Pharmaceutical Analysis/Quality Assurance/Regulatory Affairs 

 

Maced. pharm. bull., 68 (Suppl 1) 203 - 204 (2022) 

for that box size and 1 indicates the first version of the 

format. HRF is inserted in accordance to the format.  

3. Planning the finished product for serialization.  

4. Release the work order with serialization. 

5. Application of serialization data on each individual 

package. The process of serialization is performed on the 

P&V automatic machine: 2D code printing and 

verification, serialization process and control of tamper 

evident labeling. 

The process of printing 2D code, readable data and 

their verification includes a determination of critical 

process parameters, a description of the checks 

performed, frequency and the quantity of the samples for 

in process controls.  

Methods for performing the tests are pre-determined 

in the SOPs. All the packaging materials comply with 

quality specifications, all the operators and maintenance 

personnel are trained, and adequate SOPs are followed. 

Selection of WO-A work order is done by the P&V 

automatic machine (all available work orders are assigned 

to the production line from GenCode software for 

serialization) manually or by scanning the linear code of 

the work order from the SAP printout (Haji et al., 2021).  

The setting of the machine in test mode is used for 

checking the camera acceptability criterion (minimum C, 

barcode grading greater than 1.5 is acceptable), for 

barcode grading and achieving good quality of the print, 

the predefined position of TE labels from the standard. In 

the next step, the work order changes its status to “ready 

for production”. Production file contains production data, 

T&T counters, start buttons, pause, work order 

termination (Garcia et al., 2016). 

Checking of the critical parameters include check of 

the printed data, the recording of the left tamper evident 

label and the recording of the right tamper evident label. 

Process control during printing data and application on 

tamper evident labels include check of the rejected boxes 

in a recipient for rejected boxes on the machine. 

T&T counters contain data for all serialization codes 

in all statuses: 

 Assigned - codes that have not been used; 

 Commissioned - verified serialization codes  

 Product sample codes for analysis; 

 Destroyed - destroyed codes that are discarded due to 

bad quality of the print or lack of TE label; 

 Used / destroyed by a printer - codes sent to the printer 

that are not printed due to printing interruption or 

printed but not verified; 

 Destroyed manually (with a hand scanner)  

 Destroyed codes (damaged after verification). 

After completing the packaging process, the status of the 

work order is “finished”. The amount of commissioned 

serialization codes should be equal to the amount of 

packaged finished product. 
6. Certification and release of a batch of the product  

 

 

Results and Report from the process of 

serialization  

 
The results for all serialization codes for each 

produced batch of a product are in given in the production 

report for the process of serialization. 
The serialization data are shared to EU HUB, 

government authorities, distributors, suppliers, and 

retailers, working to ensure that everyone has access to 

the information. This is necessary to check the 

authenticity of the product in each step of the distribution 

process. 

Use of the serialization equipment offers the ability 

to encode and label large amounts of data on a small area, 

enabling error detection and correction. This process 

increases the legibility of the symbol code and allows 

printing of variable data in the bar code symbol at high 

speeds in the production lines (Pascu et al., 2020). 
Serialization ensures traceability of pharmaceuticals 

and medical devices and offers improved supply chain 

security and subsequent end-patient security with the 

assurance that the product is authentic. In addition, 

patients receive safe medicines (Council of Europe, 

2011). 

 

References 
 
Council of Europe, 2011. EU Directive 2011/62 of the European 

Parliament and of the Council amending Directive 

2001/83/EC, Official Journal of the European Union L 

174/74-87. 

Garcia, M., Cordon, C.P., Ferreiro, V., Caballero, P., 2016. 

Serialization in the Pharmaceutical Industry in: Strategy is 

Digital. Management for Professionals. Springer. Cham. 

https://doi.org/10.1007/978-3-319-31132-6_3   

Haji, M., Kerbache, L., Al-Ansar,i T., 2021. Critical Success 

Factors and Traceability Technologies for Establishing a 

Safe Pharmaceutical Supply Chain. Methods. Protoc. 4, 85. 

https://doi.org/10.3390/mps4040085    

Pascu, G., Hancu, G., Rusu, A., 2020. "Pharmaceutical 

Serialization, a Global Effort to Combat Counterfeit 

Medicines" Acta Marisiensis - Seria Medica 66(4), 132-

139. https://doi.org/10.2478/amma-2020-0028    

 

https://doi.org/10.1007/978-3-319-31132-6_3
https://doi.org/10.3390/mps4040085
https://doi.org/10.2478/amma-2020-0028


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 1) 205 -206 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.098 

Short communication 

 

 
 

*jato@ff.ukim.edu.mk                                                                                                                           S1 PP 83 

 

Comparative analysis of the regulatory framework for post-

marketing authorization changes in EU and USA 

 

Marija Brezovska, Jelena Acevska, Natalija Nakov, Liljana Ugrinova,               

Jasmina Tonic Ribarska* 
  

Institute for Applied chemistry and Pharmaceutical analysis, 

Faculty of Pharmacy, University Ss. Cyril and Methodius, Majka Tereza 47, 1000 Skopje, North Macedonia 

 

Introduction 

 
         After obtaining marketing authorization (MA) for 

each medicine, the marketing authorisation holder is 

responsible to keep the submitted documentation for the 

medicine up to date with the technical and scientific 

progress, to change or improve the medicine or to introduce 

additional measures for improvement of the safety of 

medicine. These changes, referred as variations are 

essential in the lifecycle management of a medicinal 

product. The word “variation” is regulatory accepted in the 

European Union legislation, while terminology “post 

approval submissions” is used in the legislation of United 

States of America. In order to ensure the quality, efficiency 

and safety of medicines that reach patients, without 

compromising their health, the approval of these changes 

is subject to strict control by regulatory authorities and is 

conducted using specific procedures defined in the 

regulatory framework. The classification of these changes 

generally is based on the significance of the change and 

therefore the potential impact on quality, safety and 

efficacy of the medicinal product.  

The aim of this study was to analyse the regulatory 

framework in European Union (EU) and in The United 

States of America (USA) covering variations /post-

approval changes, classification of these changes and the 

procedures conducted by the competent authorities: 

European medicines Agency (EMA) and Food and Drug 

Administration (FDA). 

 

Regulation of post-authorisation changes in EU 

 

       In accordance with Commission Regulation  

1234/2008 and as amended by Regulation (EC) No. 

712/2012, variations to Marketing Authorizations are 

classified as Type IA, Type IB, Type II and extension 

applications. Type IA variations, also known as “Do and 

tell “variations are minor variations which have minimal 

impact, or no impact at all, on the quality, safety or efficacy 

of the medicinal product. Type IAIN variations are minor 

variations that require immediate notification to the 

competent authority on implementation. Minor variations 

of Type IA do not require prior examination by the 

authorities before they can be implemented by the holder, 

but the holder must submit the variation simultaneously to 

all Member States concerned, to the national competent 

authority, or to the EMA, within 12 months from the date 

of the implementation. Type IB variations are minor 

variations which are not a Type IA variation nor a Type II 

variation nor an extension. These minor variations must be 

notified before implementation and they follow a 30 day 

assessment timetable: before implementing the change, the 

holder must wait 30 days to ensure that the notification is 

considered acceptable by the relevant authorities (‘Tell, 

Wait and Do’ procedure). Type II variations are major 

variations which may have a significant impact on the 

quality, safety or efficacy of the medicinal product. For 

these type of major variations a 60-day evaluation period 

applies. Urgent safety restriction are defined as an interim 

change to the product information due to new information 

having a bearing on the safe use of the medicinal product, 

concerning in particular one or more of the following items 

in the summary of product characteristics: therapeutic 

indications, posology, contra-indications, warnings, target 

species and withdrawal periods. Details of the 

classification of variations are provided in the Guidelines 

for variations 2013/C 223/01, where each change is 
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numbered and subcategories depicted by letters and 

numbers. Where a group of variations consists of different 

types of variations, the group must be submitted and will 

be handled according to the ‘highest’ variation type 

included in the group. Conditions necessary for a given 

change are outlined for each subcategory and listed below 

each change. Documentation to be submitted is identified 

including all parts of the dossier that are affected by the 

variation. National competent authority or the EMA are 

responsible to address any questions which holders may 

have regarding a particular upcoming variation. (Council 

of Europe, 2008; Council of Europe, 2012; European 

commission, 2013).                            

Regulation of post-approval changes in USA 

 

       Procedures and categorization of supplements and 

other changes to an approved medicine in the USA are 

defined in the section 506A of the Federal Food, Drug, and 

Cosmetic Act (the Act) and section 314.70 of the CFR - 

Code of Federal Regulations Title 21. Four reporting 

categories of post-approval changes are distinguished: 

major changes, moderate changes, supplement - changes 

being effected and minor change. The list of all changes 

contained in the supplement or annual report must be given 

in the supplement or annual report and each change should 

be described in details.   

Major change refers to a change that has a substantial 

potential to have an adverse effect on the identity, strength, 

quality, purity, or potency of a drug product as these factors 

may relate to the safety or effectiveness of the drug 

product. This type of change is called Prior Approval 

Supplement and should be clearly labelled as such, and 

requires the submission of a supplement and approval by 

FDA prior to distribution of the drug product made using 

the change.  

Moderate change is a change that has a moderate potential 

to have an adverse effect on the identity, strength, quality, 

purity, or potency of the drug product as these factors may 

relate to the safety or effectiveness of the drug product. 

There are two types of moderate changes. The first type is 

Supplement - Changes Being Effected in 30 Days, requiring 

submission of a supplement to FDA at least 30 days before 

the distribution of the medicinal product, produced after 

implementation of the change. The second type of 

moderate change is a Supplement - Changes Being Effected 

for which distribution of the medicinal product after 

implementation of the change can occur when FDA 

receives the supplement. 

Minor change is a change that has minimal potential to 

have an adverse effect on the identity, strength, quality, 

purity, or potency of the drug product as these factors may 

relate to the safety or effectiveness of the drug product. 

These changes are described by the applicant in the Annual 

Report. 

Additionally, the applicant must notify FDA about 

each change in an approved application apart from the 

variations already provided in the application, except for 

editorial changes in previously submitted information 

(FDA, 2004). 

                                                                                                                                                                                                                                      

Conclusion 

 

Although the common share between the regulatory 

processes in the United States and Europe are their goals 

and also have many similarities, it doesn’t exclude the fact 

that they have different categorizations of changes and 

general requirements. 
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Introduction 

 

The development of a new medicine is a long-term and 

complex process, covering a period from 10 to 15 years. It 

includes a large number of research studies for discovery 

of new active substances, pharmaceutical development 

studies, preclinical testing and clinical trials for confirming 

safety and efficacy, as well as thorough analytical testing 

for confirming the quality of the medicine. The obtained 

data are used for generation of comprehensive 

documentation that is submitted to the health regulatory 

authorities in the procedure for obtaining marketing 

authorization. The process of evaluation of the submitted 

documentation aimed for assessing the positive benefit/risk 

profile, may cover a period of several months, and may 

delay the timely access of the medicine to the patients 

(Johnson et al., 2011).  

Taking into account the above mentioned, the 

regulatory authorities in the European Union (EU) and the 

United States of America (USA) have developed different 

mechanisms to accelerate the development of medicines 

and the process of approval of medicines, intended for the 

treatment of serious diseases, medicines with unmet 

medical needs as well as medicines that represent 

innovation medicines (obtained with the most current 

technology based on molecular genetics and immunology) 

and are of major interest to public health (Warreth, 2020). 

The aim of this study was to conduct comparative 

analysis of the regulatory approaches applied for the 

accelerated procedures for marketing authorization, 

implemented by European Medicines Agency (EMA) and 

Food and drug administration (FDA).  

Regulatory approaches of EMA for acceleration of 

the development of medicines and the process of 

approval of medicines 

Pharmaceutical legislation in EU defines several 

approaches aimed to support early access to new 

medicines, which are qualified to apply for the centralized 

procedure, in order to meet public health medical needs:  

Prime, as a support scheme and Accelerated assessment as 

a regulatory tool, are aimed for accelerating the 

development/assessment of new medicines representing 

therapeutic innovation and are of a major interest form the 

public health point of view. Prime is designed to enable 

early scientific and regulatory support for the development 

of new medicines that have a potential for fulfilment of the 

unmet medical need. The support is based on reinforced 

interaction and early dialogue between the EMA and the 

manufacturers, in order to optimize the development plans 

and to shorten the timeframe needed for evaluation of the 

newly developed medicines, enabling timely access of the 

medicines to the patients. 

Accelerated assessment reduces the time for evaluation of 

the marketing authorisation application from 210 days 

(standard procedure) to 150 days. Applicants need to apply 

for this procedure 6-7 months before marketing 

authorisation application.  

Conditional marketing authorization is a regulatory tool 

for early access of the medicines that are intended to cure 

the debilitating or life-threatening diseases, including 

orphan medicines and medicines for emergency situations. 

The conditional marketing authorization is granted for a 

period of one year the applicant is committed to fulfil all of 

the obligations in the defined timeframes. 
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Compassionate use is a regulatory tool for early access to 

the unauthorised medicines  for treatment of chronically, 

serious or life threatening diseases, without satisfactory 

treatment authorised in EU. Application for authorization 

for compassionate use cannot be submitted by the 

applicants directly to EMA. It should be forwarded by the 

national competent authorities (Council of Europe, 2004, 

European Мedicines Agency, 2022).    

 

Regulatory approaches of FDA for acceleration of 

the development of medicines and the process of 

approval of medicines 

The Food and Drug Administration (FDA) of the 

United States has developed several mechanisms to 

accelerate development and approval of medicines, 

including:  

Priority Review is a procedure for designation of the 

application for an authorization of a medicine aimed to 

treat serious condition and has a potential to provide a 

significant improvement in safety or effectiveness. The 

timeframe for review and evaluation of the submitted 

documentation is shorter (6 months) compared to standard 

review (10 months).  

Breakthrough Therapy represents designation of a 

medicine that is intended, alone or in combination with one 

or more other medicines, to treat a serious or life-

threatening disease or condition, providing that 

preliminary clinical evidence indicates that the medicine 

has a potential for significant improvement compared to 

existing therapies. The clinical evidence needed to support 

breakthrough designation is preliminary (based on one or 

more clinically significant endpoints).  

Accelerated Approval is a procedure for accelerated 

assessment of the submitted documentation, which can be 

applied for a medicine intended to treat a serious or life-

threatening disease or condition. Assessment is based on a 

determination that the product has an effect on a surrogate 

or intermediate endpoint that is reasonably likely to predict 

clinical benefit, taking into account the severity, rarity, or 

prevalence of the condition and the availability or lack of 

alternative treatments. 

Fast Track is intended to facilitate development and 

accelerate review of medicines for treatment of the serious 

and life-threatening conditions or has the potential to 

address unmet medical needs (Congress of USA, 2009, 

Food and Drug Administration, 2014).  

  

Comparative analysis of the accelerated 

procedures in EU and USA  

The results from comparative analysis, indicate on 

significant differences in the processes of marketing 

authorization, requirements for qualification, as well as 

characteristics (method of administration, dosage form, 

strength, dosage and indications) of the pharmaceutical 

products, which are subject of accelerated approval 

programs of regulatory agencies in the US and the EU. The 

differences in the procedures for accelerated approval, 

partially reflect the different regulatory frameworks, 

policies, and the markets of the pharmaceutical sector 

(Alqahtani et al., 2015). 

 

Conclusion 

 

The various tools for accelerated marketing 

authorization of a medicine support the process of 

evaluation of the documentation submitted in the 

marketing authorization process and reduce the approval 

time. Enhanced regulatory support provides higher degree 

of success of applications for marketing authorization. 
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Introduction 

 

Heparin is an anticoagulant that decreases the clotting 

ability of blood and helps to prevent the formation of 

harmful clots that form in blood vessels. Applied 

topically, heparins are widely used in Europe for the 

prevention and treatment of the local symptoms 

associated with peripheral vascular symptoms due to their 

anticoagulant and antithrombotic effect (Vecchio & 

Frisinghelli, 2008). Heparin consists of linear chains of 

mucopolysaccharides called glycosaminoglycans. and 

exhibits strong acidic properties due to covalently bonded 

carboxyl groups. In form of Heparin sodium, the 

hydrogen ions of the sulfate units are partially replaced by 

sodium ions. 

Due to the lack of available analytical methods for 

determination of heparin in pharmaceutical products, need 

has arisen for development of simple, reliable and 

sensitive HPLC method.  

The purpose of this study was to develop and validate 

an HPLC method for quantitative determination of 

heparin content in Alven gel. 

 

Materials and methods  

 

Materials 

 

Sodium perchlorate monohydrate, Sodium 

dihydrogen phosphate monohydrate, Ammonium 

sulphate, Heparin sodium reference standard and water 

(HPLC grade). Pharmaceutical product used for this 

research was Alven 300 IU/g gel.  

 

 

Chromatographic conditions 

 

Analysis was performed on Agilent 1260 Infinity 

Binary as a part of CDS controlled by Chromeleon 

software. Optimal chromatography was achieved using a 

Spherisorb SAX column, 250 x 4.0mm, 5μm. The mobile 

phase consisted of mobile phase A (buffer solution, pH = 

2.5) and mobile phase B containing NaClO4хН2О and 

NaH2PO4хН2О. The solvent used is a mixture of 0.2 M 

(NH4)2SO4 and water (HPLC grade), in ratio 50:50 (v/v). 

The developed method is a gradient method with constant 

flow of 0.5 mL/min. The detection was performed at 202 

nm. The injection volume was 100 µL. 

 

Results and discussion  

 

In this study, the HPLC method for determination of 

heparin sodium in heparin gel was validated in respect to 

specificity, linearity, accuracy, precision and robustness. 

The selectivity of the method was evaluated by 

chromatographic analysis of  diluent, placebo, standard 

and sample solution prepared in the working 

concentration (40 IU/mL) and injected into the 

chromatograph, to perform screening for possible 

interfering peaks. The analysis of diluent and placebo 

chromatograms, showed that no peaks are observed at 

retention time of the active ingredient Heparin sodium.  
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The linearity of the method was determined by a 

series of standard injections prepared in a concentration 

range from 20 – 61 IU/mL. The accuracy of the method 

was evaluated at three different concentration levels from 

50% to 150% of the working concentration. Three 

samples of each concentration level were prepared. The 

recovery of each sample (%), average value and RSD (%) 

of the three samples at each concentration level were 

calculated. The obtained results were in accordance with 

the acceptance criteria for recovery (90.0-110%) and RSD 

values were below 5%. 

 The precision of the system is expressing the 

degree of proximity between the individual results. 

System precision was demonstrated by the preparation of 

a standard solution in the working concentration 

according to the prescribed analytical procedure and six 

determinations of the peak areas of heparin. The obtained 

RSD value was 0.16%. The precision of the method is 

determined by preparing six sample solutions of a single 

gel batch. The obtained RSD value was less than 5% 

(0.9%) indicating the method is precise. 

Intermediate precision was verified by preparation of 

six sample solutions from the same batch of gel, by two 

analysts on two different days and using different 

equipment. The obtained Overall RSD value was 1.6%. 

In order to prove the robustness of the method, 

changes were made in the mobile phase flow (± 0.2 

mL/min), column temperature (±5
o
C), NaClO4xH2O 

manufacturer and column serial number. The obtained 

results indicate that the method is robust in the tested 

experimental area of the chromatographic conditions. 

 

 

Conclusion 

 

 The results from the validation of the proposed 

HPLC method for determination of heparin in Alven gel, 

show that the method is specific, linear, precise, accurate, 

and robust. The validated method can be applied for 

content determination of the active ingredient heparin in 

commercially available batches of Alven gel. 
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Introduction 

 

The optimization of the method for separation of 

basic compounds using ion-suppression reverse-phase 

liquid chromatography, requires control of the selection of 

stationary phase and mobile phase composition: 

percentage of organic solvent, ionic strength of the 

buffers used and pH value (Heinisch and Rocca, 2004). 

The type and percentage of the organic solvent added in 

aqueous buffers with defined pH value, influence the pH 

value of the mobile phase, which affects the degree of 

ionization of basic compounds. The pKa values of the 

analyte and the pH value of mobile phase can be used to 

predict the degree of ionization of basic compounds in the 

mobile phase (Espinosa et al., 2002). Variation in the 

degree of ionization results in significant change in 

chromatographic retention and selectivity, which is more 

evident in cases where the pH value of mobile phase, is 

near the pKa value of the basic compound. Therefore, the 

deviations in the pH value can result in significant 

changes of the retention time (Bosch et al., 1998; Subirats 

et al., 2007). Two analytes with similar structure and 

small differences in their pKa values, can be successfully 

separated, by controlling the pH value of the mobile phase 

(Espinosa et al., 2002). The aim of this study was to 

monitor the chromatographic behavior of two basic 

compounds (pKa (analyte 1) = 10.89 and pKa (analyte 2) 

= 8.32) when the composition of the mobile phase varies, 

regarding: composition of the buffer solution, pH value of 

the mobile phase and percentage of the organic solvent 

(acetonitrile). The optimal experimental conditions were 

selected using design of experiments (DoE). 

Materials and methods  

 

Separation of the basic compounds was performed on 

Shimadzu UHPLC Nexera, equipped with diode array 

detector, using C18 Acclaim Polar Advantage II 120 A 

250 mm x 4.6 mm; 5 m for the mobile phase containing 

sodium acetate (pH=3.5-6.5) and Lichrospher RP B-select 

125 mm x 4.0 mm; 5 m for the mobile phases containing 

citric acid in combination with disodium hydrogen 

phosphate (pH = 2.5 - 7.5) and potassium dihydrogen 

phosphate (pH = 4.5). Acetonitrile (50% to 90% v/v) was 

used as the organic solvent. The pH values of each buffer 

and of the prepared mobile phases were measured on 

Seven Multi pH meter (Mettler Toledo). Optimization of 

experimental factors was done by appropriate factorial 

design, using MODDE 10.0 Software (Umetrics, Umea, 

Sweden).  

 

Results and discussion 

 

Sodium acetate buffer  

 

The Placket Burman DoE suggested conduction of 11 

experiments, using different pH values of sodium acetate 

buffer (0.05 M sodium acetate, pH values: 3.5; 4.0; 4.5), 

with variable amount of acetonitrile (50%, 60% and 70%) 

in the mobile phase. A shift towards higher pH values for 

each combination of buffer and organic solvent (pH = 5.2-

5.8), compared to the pH values of the buffers alone, was 

detected (pH =3.5 - 4.5). C18 Acclaim Polar Advantage II 

column, is a polar embedded column, which provides 

satisfactory separation of basic compounds. The 

experiments showed that best separation of the analytes 

(resolution, peak symmetry and theoretical plates) within 

reasonable retention time of less than 15 minutes, was 

achieved using mobile phase with the lowest pH value 
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(5.2) of the aqueous buffer and the maximum 

concentration of acetonitrile (70% v/v).  

 

Citric acid / Disodium hydrogen phosphate buffer 

  

Different combinations of buffers composed of citric 

acid 0.1M and disodium hydrogen phosphate 0.2 M 

covering a wide range of pH values (2.5-7.5) were used 

(Merck Buffer Reference Center). Using the 2
2
 Full 

Factorial DoE, three pH values for the buffer mixtures 

(2.5; 5.0; 7.5) were selected, in combination with 

acetonitrile (30%, 60% and 90% v/v) as an organic 

solvent fraction. Taking into account the greater buffer 

capacity of the citrate/phosphate buffers, the pH value of 

the mobile phases showed different behaviour, compared 

with the pH values of the mobile phases containing 

acetate buffer. The range of the measured pH values of 

the mobile phases was within pH=3.0-5.8. The variations 

of the pH values of mobile phase with different portions 

of acetonitrile, generate different degree of ionization of 

the analytes. This explains the difference of the retention 

times of the analytes, observed in the chromatograms, 

when different combinations of mobile phases were used. 

In the column used, Lichrospher RP B-select, the starting 

silica material is optimized for prevention of any 

secondary interactions with basic compounds, providing 

satisfactory separation without the need of use of ion-pair 

reagent. The most optimal conditions were achieved using 

buffer combination with pH=2.5 and 70% v/v of the 

organic solvent (pH value of the mobile phase was 3.63).  

 

Potassium dihydrogen phosphate buffer 

 

The initial pH value of the aqueous buffer potassium 

dihydrogen phosphate was 4.5. The pH value of this 

buffer was adjusted using 85% phosphoric acid to obtain 

the values for pH 3.0 and 3.5. Acetonitrile was used in the 

mobile phase in two different concentrations (65% and 

70% v/v). The pH values of the prepared mobile phases 

showed shift to higher values, similarly to the mobile 

phases containing acetate buffer (4.0-5.7). The values of 

system suitability parameters have confirmed the efficacy 

of the used column. The lowest pH of the aqueous buffer 

(3.0) combined with 65% v/v of acetonitrile was selected 

as the most optimal mobile phase for separation of tested 

basic compounds (pH =4.0).  

 

Conclusion 

 

  In this study, a different sets of experiments were 

conducted for optimization of ion-suppression reverse-

phase chromatography of polar basic compounds, 

including selection of column, pH value of the buffer and 

the percentage of the organic solvent in the mobile phase. 

Optimal retention times of the two basic compounds and 

satisfactory elution was achieved on both C18 and C8 

columns, optimized for separation of basic compounds. 

The results have shown that the shift of the pH values due 

to different percentage of acetonitrile in the mobile phase, 

depends on the type and properties of the buffering 

system, the amount of the organic solvent, starting pH 

value of aqueous buffer and concentration of the buffer. 

Lowering the amount of acetonitrile and increasing the 

pH value of the aqueous mobile phase increase the 

retention time, due to reduced degree of ionization of the 

basic compounds, influencing the selectivity and 

robustness of the method.  
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Introduction 

  

Serialization is a process of placing safety features 

consisting of: unique identifier and anti-tampering device 

of each individual drug package, according the national 

requirements in the territories where serialization is 

mandatory. 

From the aspect of a unique identification, it is a 

process of generating and applying codes that can be used 

to uniquely identify each individual pack of medicinal 

product. 

The unique identifier is encoded in a 2D barcode, 

which is printed on the packaging, as well as human 

readable data on the same pack. GS-1 global standards are 

implemented for the data transport via the 2D Data Matrix 

code. These unique identifiers are stored in the 

repositories system in the territories where medicinal 

products are marketed. In EU the repositories system is 

composed of a central EU HUB, which is connected with 

national repositories in the marketed territories. EU 

repositories are set up and managed by a non-profit legal 

entity (ies) established in the EU by manufacturers and 

MAHs. 

The serialization in EU is mandatory for: prescription 

medicinal products, medicinal products issued without 

prescription, and medical products in the extended scope 

by the member states. RU market as well recognizes 

serialization as a process of marking of medicinal 

products with safety features consisted of: unique 

identification code on each single pack of medicinal 

product. Serialization in RU is mandatory for all medicinal 

products for human use. 

 

Serialization principle and implementation in 

Alkaloid AD — Skopje 

 

Safety features should be placed on an outer 

(secondary) packaging or to a primary packaging if the 

medicinal product for human use has no outer packaging. 

In Alkaloid the Regulatory requirements for serialization 

and the implementation is followed by multidisciplinary 

team composing of delegated personnel from QA, QC, 

Production, Maintenance, IT&T, Sales and Distribution, 

Logistics, Packaging Development, RA. 

The application of the safety features in Alkaloid AD 

— Skopje is being performed with qualified serialization 

machines, and a validated computerized system in place. 

The mechanics of generating a pool of serialization codes, 

applying them, confirming the used ones, communicating 

with the HUB is being set-up as an automated process 

inside the company. This is performed with the validated 

computerized system in-place for serialization, which is 

additionally interconnected with the ERP as well as the 

production machines, 

The data printed and verified for EU by the 

computerized system in place in Alkaloid must contain 

the following data: 

1. DataMatrix contains the following attributes:  

- PC (product code) consisting of Global Trade Item 

Number (GTIN) (ai01) - 14 digits 

- SN (serial number) - Unique Serial Number (ai21) -

 recognized. The need for cooperation and 

coordination up to 20 alphanumeric 

characters

  arises in order to ensure high level of public 

health 



214  Pharmaceutical Analysis/Quality Assurance/Regulatory Affairs 

 

Maced. pharm. bull., 68 (Suppl 1) 213 - 214 (2022) 

- NN (National number) - not a compulsory data, 

- date (YYMMDD) (ai17) - 6 digits 

2. HRF (human-readable format) is the format that 

presents the attributes contained in the DataMatrix. 

3. ATD (anti-tampering device) is a device for 

protecting and verifying the medicines packaging from 

(unwanted) opening. 

The data printed and verified by the computerized 

system for RU market must contain the following data: 

1. Data Matrix (2D) matrix code containing the 

following attributes: 

- PC — Global Trade International Number (ai10) — 

14 characters (figures) 

SN — Individual (unique) Serialized Number (ai21) 

— 13 characters (figures or alphanumeric characters) 

Verification Key (ai91) — 4 characters (figures, lower 

and uppercase Latin letters), crypto code received from 

the operator of monitoring system Verification Code 

(ai92) — 44 characters (figures, lower and uppercase 

Latin letters and special characters, crypto code received 

from the operator of monitoring system 

2. HRF (Human-readable format) presents the 

following data: 

KH: 14 characters (numeric) 

CH: 13 characters (numeric) and alphanumeric 

characters 

Cepiis №: maximum 20 figures or alphanumeric 

characters 

- FopeH go: 6 figures (MM YYYY) 

3. ATD (anti-tampering device) is optional for RU 

territories. 

4. Aggregation on transport box and on pallet 

(L3&L5) is mandatory for RU market. 

The process of applying the safety features on the 

pack is a part of the packaging activities carried out in the 

production departments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion  
 

The problem with falsified medicinal products is 

globally recognized. The need for cooperation and 

coordination up arises in order to ensure high level of 

public health protection. Alkaloid successfully 

implemented the depends  serialization requirements 

for the marketed territories in collaboration with 

regulatory institutions and other on concerned parties for 

this common issue in order to assure the imperative — 

protection and promotion of public health. The process is 

flexible, which makes it easily Expiry adaptable for any 

specific market territory requirements. 

Alkaloid successfully implemented the serialization 

requirements in the territories where the serialization is 

mandatory. The process is empowered and quite flexible, 

so it can be easily adapted to the specific requirements of 

the specific market territory requirements. 
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Neurodegenerative disorders 
 

According to reports of the Global Burden of Disease 

Study (2016), the neurological disorders, among which 

are the neurodegenerative diseases (ND), are the leading 

cause of disability and the second leading cause of death 

worldwide. ND can be defined as conditions where the 

progressive neuronal loss in the central nervous system 

(CNS) provokes physical disability, cognitive deficits or 

both. The major basic mechanisms leading to slow 

progressive and irreversible dysfunction and loss of 

neurons and synapses can be result of different genetic, 

environmental and endogenous factors. Common 

pathological molecular mechanisms and pathways 

included in the ND development and progression include: 

abnormal protein dynamics, degradation, proteasomal 

dysfunction and aggregation; oxidative stress and 

formation of reactive oxygen species; mitochondrial 

dysfunctions and DNA damage; fragmentation of 

neuronal Golgi apparatus; disruption of cellular/axonal 

transport; neutrophine dysfunction as well as different 

neuroinflammatory and neuroimmune processes which 

finally result in cell dysfunction and death (Jellinger, 

2010). 

 

Therapeutic treatments for ND 
 

Since ND are disorders with a wide range of different 

pathophysiologies and insufficient information and 

understanding of the mechanisms and cascades involved, 

the therapeutic options for this type of diseases is quite 

limited (Duares et al., 2018). On the other hand, the 

complexity of the blood-brain barrier (BBB), the main 

physiological barrier that selectively and specifically 

controls the entry of endogenous and exogenous 

molecules from the blood into the brain, additionally 

affects the efficacy of the treatment. Some of the 

therapeutic strategies currently used for AD treatment are: 

protein aggregation inhibitors (iAβ5 - Chaperon), 

cholinesterase inhibitors (Donepezil and Rivastigmine), 

regulation of Amyloid precursor protein by Latrepirdine, 

glutamate regulators (Memantine) and amyloid directed 

antibody (Aducanumab). Additionally, PD therapy is 

consisted of combination of Levodopa and Carbidopa, 

inducers of Hsp104 chaperones, targeting of α- synuclein 

misfolding with Hsp 70, anti-inflammatory drugs against 

Methyl-4-phenylpyridinium induced autophagy and 

knockdown of Sirt2 by siRNA, while the options for ALS 

is reducing the oxidative stress with Vitamin E and using 

glutamate receptor antagonists (Riluzole). Dopamine 

receptor blockers (phenothiazines), targeting of mHTT 

misfolding with Hsp70, immunomodulation therapy and 

Rapamycin-induced autophagy as well as RNAi-mediated 

silencing of host-encoded cellular prion protein (PrPC) 

are the treatment options for Huntington disease. 

Medication approaches for MS treatment include 

immunomodulation by beta-interferon, Ocrelizumab and 

hormonal replacement therapy (Lampteu et al., 2022; 

Poddar et al., 2021). 

However, many of the approved drug regimens for 

ND help to treat the symptoms but do not prevent or 

reduce the progression of NDs. 
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Herbal resources as therapeutic option for ND 

treatment 

 

In the last two decades, the use of molecules from 

herbal sources is reported to complete and/or assist the 

traditional pharmacological agents in the treatment of ND, 

as a result of their numerous neuroprotective properties.  

In the literature, there are several in vivo and in vitro 

studies confirming the antioxidant and anti-inflammatory 

activity of the phenolic acids (rosmarinic acid, 

chlorogenic acid, galic acid), phenolic diterpenes 

(carnosic acid, carnasol), pentacyclic triterpenes (ursolic, 

oleanolic, butilic acid), flavonoids (derivatives of 

apigenin, luteolin and epicatechin gallate) present in the 

extracts of Rosmarinus officinalis, Salvia officinalis and 

Green tea. Apart from their free radical scavenging and 

metal chelating properties, the neuroprotective activity is 

enriched with decrease of apoptotic neuronal cell death, 

motor and memory impairment and protein aggregation 

and deposition by the inhibitory effect on dopamine 

transporters, activation of NF-κB and ERK and p38 
mitogen-activated protein kinase pathways, decrease of 

COX-2 expression as well as inhibition of brain secretases 

(Shalabalija et al., 2021). Among the wide range of 

activities, the ginsenosides and saponins in Ginseng, 

Gingko Biloba constituents and Curcumin show 

inhibitory effect on the acetylcholinesterase and Caspase-

3 activation, decrease of TNF-α, IL-1β and IL-6 mRNA, 

decreased gene expression and proteins involved in 

metabolic pathways leading to neuronal death, as well as 

increased function of mitochondrial respiratory chain, 

thus resulting in prevention of the cascade reactions 

included in development and progression of AD and PD 

(Abdel-Salam, 2019). However, due to their low stability, 

fast metabolism, trivial permeability, poor water solubility 

leading to low bioavailability, their clinical use is quite 

limited. Hence, developing different drug delivery 

approaches would be a prospective solution to these 

problems. 

 

Lipid nano-carriers with herbal extracts 

 

Treatment of ND with lipid nano-carriers may have 

significant advantages in terms of proper biocompatibility 

and biodegradability, improvement of the drug 

pharmacokinetic and therapeutic efficacy, as well as 

reduction of the drug adverse effects. Literature data 

suggests that there have been developed many lipid-based 

nano-carriers with incorporated herbal extract 

components such as: wide range of Curcumin loaded 

nanoliposomes, lipid based NPs, solid lipid NPs (SLN) 

and lipid core NPs mainly intended for AD and PD 

treatment. On the other hand, many studies showed that 

Quercetin loaded nano-lipid carriers, SNLs and 

liposomes, as well as Resveratrol into lipidic core NPs 

and nanoemulsions have improved bioavailability, 

transport and efficacy to the brain (Moradi et al., 2020). 

In this sense, the application of lipid nano-carriers 

may significantly improve the clinical efficacy of herbal 

components in neurological disorders. Therefore, the 

activities of the Institute of Pharmaceutical Technology at 

the Faculty of Pharmacy in Skopje, in the last few years is 

oriented towards formulation, development and 

characterization of lipid nano-carriers loaded with herbal 

extracts intended for efficient brain delivery. 
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Blood-Brain Barrier: from physiology to disease 

 

The blood-brain barrier (BBB) represents high 

selective, semipermeable membrane which separates the 

circulation from the brain, due to the presence of 

endothelial cells and specialized tight junctions that 

prevents the transport of 100% of large neurotherapeutics 

and more than 98% of all small-molecule drugs 

(Daneman and Prat, 2015). There are different specific 

transporters on both sides of the BBB that are responsible 

for its selective transport role as well as certain enzymes 

released locally (secretory and metabolic role) (Abbott et 

al., 2006). BBB carefully protects the brain from 

neurotoxins and other harmful substances. Because of its 

neuroprotective role, the delivery of many potentially 

important agents intended for diagnostic or therapeutic 

purposes has been fully blocked or at least difficult and 

problematic. Moreover, many neurotherapeutics do not 

reach the adequate drug concentration in brain to be 

clinically effective (Sweeney et al., 2018). 

There has been evidence that only several drugs such 

as morphine, methadone, diazepam, etc. could cross the 

BBB and express their pharmacologic effect in the brain. 

On the other hand, the delivery of most antibiotics, anti-

tumor agents as well as the drugs for the treatment of 

Alzheimer’s disease, Parkinson’s disease, epilepsy, etc., 

has been quite challenging and there has been an urgent 

need for finding new approaches in order to enhance their 

transport through the BBB more easily and selectively 

(Khaledian et al., 2022). In this sense, a whole new 

generation of modern drug delivery systems has been 

designed and developed, where lipid based nano systems 

have been gaining much attention due to their 

biocompatibility and similarity to human cells.  

 

Lipid nano-systems (LNS) as carriers for brain 

drug delivery 

 

The ability to simultaneously encapsulate hydrophilic 

and lipophilic drugs as well as the possibility of particle 

surface modification with different ligands and polymers 

for stealth stabilization, make LNS one of the most used 

and evaluated drug delivery systems. When it comes to 

the effectively crossing the BBB and drug delivery to the 

brain, among various LNS, nanostructured lipid carriers 

(NLC) and liposomes stand out as the most important. In 

the literature, there are numerous research studies 

confirming their potential in brain drug delivery, starting 

from the dual-targeting doxorubicin liposomes that could 

selectively transfer the active component in brain glioma 

leading to reduction in the tumor size (Gao et al., 2013). 

Kong et al. (2020), evaluated the improvement of brain 

targeting when using transferring-conjugated liposomes. 

In another study the increased uptake of ribavirin loaded 

liposomes surface functionalized with glutathione and 

polyethylene glycol (GSH-PEG-liposomes) compared to 

non-functionalized liposomes, was investigated in three 

different cell lines (brain endothelial cells, human 

umbilical vein endothelial cells and human kidney 

epithelial cells), where it was revealed that the enhanced 

uptake of GSH-PEG-liposomes has been determined by 

endocytosis (Maussang et al., 2016). Various research 

studies also revealed the potential of NLC for enhancing 

the drug permeation through the BBB. For instance, the 

formulation of conventionally used active compound such 

mailto:lj.mihailova@ff.ukim.edu.mk
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as carbamazepine in the treatment of epilepsy, when 

encapsulated in NLC showed improved brain delivery and 

therapeutic outcome (Khan et al., 2020). 

 

BBB uptake and internalization pathways of LNS  

 

Several mechanisms to cross the BBB have been 

proposed that these carriers may follow, such as simple 

diffusion; paracellular transport; transcytosis, carrier-

mediated transport and endocytosis, or a combination 

thereof (Ahn et al., 2020). Namely, the internalization of 

LNS into the cells is usually through lysosomal pathway 

when the active compounds are released into the cell upon 

nanoparticle degradation by the lysosomal components; or 

endosomal pathway where nanoparticles travel inside the 

endosomes from one side of the cell to the other without 

being degraded. When it comes to the uptake of NLC, 

research studies suggest that the process of endocytosis 

has been the most likely mechanism for particle 

internalization through the BBB. On the other hand, 

liposomes as one of the most attractive vehicles could 

fuse with endothelial cells and transport the active 

components via endocytosis or receptor-mediated 

transcytosis (Khaledian et al., 2022).  

Literature data suggests that the most important 

factor that could affect the uptake of LNS is the particle 

size. As per the findings, the most used and effective 

nanoparticle size in brain drug delivery has been around 

100 nm, which was found to be also significant for 

prolonged plasma circulation time. Additionally, the 

shape, charge and modifications of the nanoparticle’s 

surface also play an important role in determining the 

amount and the rate of LNS uptake and passage through 

the BBB. LNS usually have spherical shapes which 

contributes for enhanced penetration through the cells. 

Even though it would be more natural positively charged 

particles to have higher uptake considering that the BBB 

is slightly negatively charged, however, literature data 

indicates that formulations with a negative zeta potential 

have been also effective and high drug concentrations 

cross the BBB. The possibility for particle surface 

functionalization represents an enormous advantage to 

design nano system with desirable properties that will be 

in accordance with the characteristics and requirements 

originating from the disease being treated. It has already 

been established that the process of PEGylation induces 

nonspecific cellular detachment resulting with prolonged 

bioavailability of the drugs in the central nervous system 

which is of particular benefit for targeted delivery 

(Shalabalija et al., 2021). 

In this sense, in the last few years our research group 

is orientated towards design and development of LNS for 

brain drug delivery. Namely, the in vitro internalization 

efficiency of different formulations of liposomes and 

NLC was confirmed on hCMEC/D3 and SH-SY5Y cell 

lines as a model for BBB and neurons, respectively.  
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Introduction 

 

The safety and efficacy of solid oral drug products, as 

well as their robust performance, are ensured by meeting 

the specified values of critical quality attributes (CQAs). 

Blend homogeneity and content uniformity in drug 

products are CQAs of primary importance, especially for 

direct compression (Crouter, Briens, 2019; Jakubowska, 

Ciepluch, 2021; Zheng, 2008).
  

Drug product development 

and manufacturing should align with Quality by Design 

(QbD) principles, where critical material attributes 

(CMAs) and critical process parameters (CPPs) are taken 

into consideration in regards to their impact on product 

CQAs (Fukuda et al., 2018; ICH Q8 (R2), 2017; Roy, 2012). 

According to the Product Quality Research Institute 

(PQRI) Blend Uniformity Working Group (BUWG) 

survey the blend-uniformity variation was always less 

than 10% for direct compression processes, used routinely 

to manufacture low-dosage solid forms (Hancock and 

Garcia-Munoz, 2013). 

 

Formulation variables 

 

Major  CMAs for achieving a homogenous blend are: 

mean particle size, particle size distribution, particle 

shape, and blend flowability (Jakubowska \and Ciepluch, 

2021; Zheng, 2008). The best content uniformity can be 

reached if the shape, size and density of mixed particles 

are as similar as possible, while the spherical shape is 

preferred (Muselík et al., 2014). Micronized, needle or flat 

particles require longer blending time due to aggregate 

formation, although these particles have less tendency to 

segregate (Zheng, 2008).
 
Larger particles tend to be free-

flowing and smaller particles tend to be cohesive due to 

inter particulate forces associated with the individual 

particles (Deveswaran et al., 2009). The process of blending, 

for cohesive powders relies not only on the properties of 

the cohesive particles but also on the adhesive interactions 

in a binary mixture (Alyami et al., 2017). The cohesiveness 

of a powder depends on the size of the particles that make 

up the powder: the smaller the particle, the higher the 

cohesion (Janssen et al., 2020). High drug loading 

capability of excipients is ideal in such formulations 

(Alyami et al., 2017). Excipients form the bulk of the 

dosage form and their functional properties are critical.  

Although the lactose is the oldest direct compression 

filler-binder, it still remains one of the most widely used 

substances for this purpose. Spray-dried lactose is a good 

excipient for use in low-dose formulations. It is largely 

inert, inexpensive, safe and exhibits excellent flow 

characteristics due to its spherical particle shape and 

narrow particle size distribution (Janssen et al., 2020; Zheng, 

2008).
   

A proper Design of Experiment (DoE) is an efficient 

way of defining the excipient levels and selecting the 

optimal formulation. After formulation optimization, the 

operator should perform additional studies to optimize the 

manufacturing process (Zheng, 2008).
 

 

Process Variables 

 

Most important CPPs are the type of mixer (blender) 

and the design of the mixing system (e.g., geometry and 

blend mechanism, blender size, fill level, rotation speed, 

mixing duration, blender loading mode) (Zheng, 2008). 

The root causes of blend content uniformity problems are: 
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suboptimal blending, thief sampling error, weight control, 

loss of component, segregation, insufficient particle 

distribution and analytical error (Deveswaran et al., 2009).
  
If 

the mixing time is too short, the blend will not mix 

properly. If the mixing time is too long, “overmixing” can 

occur (Jakubowska and Ciepluch, 2021; Muselík et al., 2014). 

The longer the blending time, the greater the time of 

contact between all the particles. This may induce better 

homogeneity due to increased chances of collision of the 

particles (Alyami et al., 2017).  

There is an increasing need for methods that provide 

accurate and reliable information about the mixture 

homogeneity. Process monitoring can be achieved by 

performing routine testing of the process samples using 

off-line, at-line, in-line and on-line instrumentations. 

Vibrational spectroscopy techniques (Near-Infrared 

spectroscopy and Raman Spectroscopy) are used as 

process analytical technology (PAT) tools to monitor the 

mixing process and mixing endpoint (Asachi et al., 2018; 

Crouter and Briens, 2019; Makraduli et al., 2020; Šašić, 2007).
 
 

 

Conclusion 

 
When developing a low-dose tablet formulation, 

content uniformity of the active substance has to be 

achieved. Direct compression is one of the simplest 

methods of tablet production when the mechanical 

properties of the powder blend are primarily derived from 

the properties of the excipients. The content uniformity of 

the active substance also depends on the efficiency of the 

mixing process. It is of primary importance to optimize 

the mixing (blending) process, that is, to optimize the 

content uniformity of the active substance in the dry 

mixture from which the final tablets are produced. A 

proper DoE study and PAT tool have to be selected for 

establishing the best formulation and manufacturing 

process, as well as process and content uniformity 

monitoring. 
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Introduction 

 

Expert System for Drug Development, i.e. SeDeM 

Expert System (Span. Sistema Experto para DEsarrollo 

de Medicamentos) represents a method intended for 

evaluation of powder properties affecting processability, 

particularly compression behavior (Pérez et al., 2006). 

Additionally, it is recognized as useful formulation tool, 

since it provides identification of impaired powder 

properties and facilitates formulation development 

suitable for direct compression, based on mathematical 

equations. Relevant parameters described in SeDeM 

Expert System are divided into 5 groups and denoted as 

“incidence factors”, namely: Density, Compression, 

Flowability, Particle Size and Stability (Aguilar-Díaz et 

al., 2014).  

The aim of this work was to investigate mannitol- 

and lactose-based co-processed excipients, based on 

SeDeM Expert System methodology, and assess its 

suitability for compressible formulation development. 

 

Materials and methods 

 

Six co-processed excipients were used in the study: i) 

lactose-based: CombiLac
®
 (Meggle Pharma), 

MicroceLac
®
 100 (Meggle Pharma) and StarLac

®
 

(Meggle Pharma), and ii) mannitol-based: Disintequik
TM

 

ODT (Kerry), Ludiflash
®
 (BASF), Pharmaburst 500

®
 (SPI 

Pharma), as well as two model drugs: caffeine and 

ibuprofen. 

Investigated powders were characterized in terms of 

relevant SeDeM Expert System incidence factors: i) 

Density: bulk and tapped density, ii) Compression: inter-

particle porosity (calculated from bulk and tapped density 

values), Carr index, tensile strength of compacts obtained 

at 500 kg compression load (calculated from compact 

hardness, diameter and thickness), iii) Flowability: 

Hausner ratio, angle of repose, iv) Particle Size: fines 

fraction, i.e. fraction of particles smaller than 45 μm, and 

v) Stability: moisture content. Each parameter was 

mathematically transformed into corresponding radius 

parameter, ranging from 0 (not acceptable) to 10 (perfect 

for compression), according to SeDeM Expert System. 

Comprehensive excipients’ and model drugs’ 
characterization was used for powder comparison and 

excipients’ assessment for compressible formulation 

development, according to Equation (1): 𝐸𝐶 = 100 − 𝐸𝑅−5𝐸𝑅−𝑀𝑅 ∙ 100   (1) 

where EC represents concentration of excipient to be 

added, ER represents relevant excipient radius parameter, 

MR is relevant model drug radius parameter and 5 

represents radius parameter limit value, i.e. minimal 

acceptable parameter value (Aguilar-Díaz et al., 2014). 

The obtained excipient-model drug blends were also 

characterized based on SeDeM Expert System 

methodology. Additionally, compacts (6 mm diameter) 

were prepared and investigated in terms of disintegration 

time, according to European Pharmacopoeia. 

 

Results and discussion 

 

Co-processed excipients’ characterization 

 

The investigated co-processed excipients exhibited 

comparable and, generally, favorable characteristics. All 

excipients exhibited acceptable density-related parameters 

(Density incidence factor values 4.30-6.59), apart from 

Pharmaburst 500, with somewhat lower bulk and tapped 

density (0.38 and 0.48 g/mL, respectively). In terms of 

Compression, mannitol-based excipients were favorable 

to lactose-based excipients (Compression incidence factor 

values 4.36-5.48 and 5.53-6.38, for mannitol- and lactose-
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based excipients, respectively). Tensile strength values of 

the prepared compacts were generally higher than 1 MPa, 

considered as the acceptable value. 

The most notable difference among excipients was 

evident regarding parameters describing powder 

flowability. Lactose-based excipients exhibited favorable 

flowability-related parameters (Flowability incidence 

factor values from 7.90 to 8.40) in comparison to 

mannitol-based excipients (Flowability incidence factor 

values 2.45-6.14). The obtained Particle Size and Stability 

incidence factors were high (higher than 7), indicating 

low fines fraction and low moisture content, which is 

suitable for direct compression. 

 

Model drugs’ characterization 

 

Both investigated model drugs exhibited acceptable 

compression-, particle size- and stability-related 

parameters, while Flowability incidence factor values 

were low (0.41 and 1.50, for caffeine and ibuprofen, 

respectively). The obtained Hausner ratio values were 

1.47 and 1.35, for caffeine and ibuprofen, respectively, 

while angle of repose was around 45%, classifying the 

investigated model drugs into powders with very poor 

flow, according to Pharmacopoeial criteria. Additionally, 

ibuprofen Density incidence factor was 3.97, which is 

lower than 5, suggested as acceptable in SeDeM Expert 

System. Caffeine showed somewhat advantageous 

Density, Compression and Flowability incidence 

parameters in comparison to ibuprofen.  

 

Formulation development based on SeDeM Expert System 

 

It was determined that the suitable excipients should 

exhibit high Flowability, and Density and Flowability 

parameters, to improve the characteristics of caffeine and 

ibuprofen, respectively. In order to obtain compressible 

formulations, caffeine was mixed with CombiLac
®

 

(57.4%), while StarLac
®
 (50.7%) was selected for 

formulation with ibuprofen. Prepared powder blends 

exhibited improved density- and flowability-related 

parameters in comparison to model drug characteristics. 

Powder blend Compression incidence factors decreased in 

comparison to model drugs’, which is contributed to high 

flowability of lactose-based excipients and less tendency 

to sticking. The prepared compacts exhibited high tensile 

strength (3.10 and 1.13 MPa, for compacts with caffeine 

and ibuprofen, respectively) and disintegrated very 

quickly, in less than 2 minutes (disintegration time 116 s 

and 16 s, for compacts with caffeine and ibuprofen, 

respectively). Generally, the obtained powder blends’ 
parameters were more similar to excipients, particularly 

the mixture with StarLac
®
, indicating high dilution 

capacity. SeDeM Expert System enhanced the appropriate 

excipient selection and addition, based on model drug 

limitations, and enabled compressible formulation 

development. In spite of mathematical equation, it was 

not possible to predict the exact parameter values, which 

is related to complex behavior of powder mixtures, 

excipient dilution capacity and percolation threshold. 

 

Conclusion 

 

The investigated co-processed excipients exhibited 

comparable characteristics. Lactose-based excipients were 

favorable in terms of flowability, while mannitol-based 

excipients were more suitable for compression. 

SeDeM Expert System was found as useful aid for 

powder assessment and comparison. It facilitated the 

appropriate excipient selection and addition, for 

diminishing impaired model drug characteristics, based 

on mathematical equation. In the case of caffeine, 57.4% 

of CombiLac
®

 was added, while StarLac
®
 (50.7%) was 

mixed with ibuprofen. The prepared mixtures exhibited 

improved density- and flowability-related parameters and 

the obtained compacts showed high tensile strength 

(higher than 1 MPa) and short disintegration time (less 

than 2 minutes). However, SeDeM Expert System 

simplifies the excipient characteristics, neglects dilution 

capacity and percolation threshold, which should be taken 

into account for better understanding of excipient and 

model drug mixtures’ properties. 
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Introduction 

 

Fludeoxyglucose (18F) injection is a sterile solution of 

fluorine-18 in the form of 2-deoxy-2-[18F]fluoro-α-D-

glucopyranose, intended for intravenous administration. 

[18F]FDG is the most widely used radiopharmaceutical for 

molecular imaging by positron emission tomography 

(PET). University Institute of Positron Emission 

Tomography in Skopje is a GMP facility for production of 

radiopharmaceuticals, equipped with a cyclotron for 

production of radioisotopes and specially designed 

radiochemical laboratories for production and quality 

control. [18F]FDG production laboratory is equipped with 

a double hot cell for synthesis where two fully automated 

modules for [18F]FDG synthesis - Synthera V2 are placed, 

and a hot cell for dispensing with automatic dispensing 

system for radiopharmaceuticals – volumetric dispenser 

Clio. The production process starts by F-18 radioisotope 

production in the cyclotron and continues with a synthesis 

of [18F]FDG radiopharmaceutical in the synthesis module. 

The synthesis is based on nucleophilic substitution of 

radioisotope with mannose triflate as precursor, followed 

by basic hydrolysis. The last step of the synthesis is a 

purification of [18F]FDG. When the synthesis of the 

radiopharmaceutical is finished, next phase is quality 

control of the final product and dispensing of the doses for 

patients.  

 

 

 

 

 

Materials and methods  

 
F-18 radioisotope production 

 

F-18 radioisotope is produced by cyclotron GE 

PETTrace 800 via nuclear reaction 18O(p,n)18F of 

irradiation of the enriched water O-18 with protons with 

energy 16.5MeV in the niobium target.   

 
Synthesis of [18F]FDG radiopharmaceutical 

 

The production of [18F]FDG radiopharmaceutical is 

performed in automated synthesis module following six 

steps. First step is a purification of the produced 

radioisotope F-18 on quaternary ammonium anion 

exchange cartridge (QMA). Retained on the resin, [18F] 

fluoride ion is then eluted with aqueous acetonitrile 

solution containing potassium carbonate and equimolar 

amount of KryptofixTM 222. Next step is evaporation of 

the water/acetonitrile mixture. After the protonic residues 

are removed, the production of the [18F] fluorinated 

intermediate takes place with nucleophilic [18F] 

fluorination on organic precursor 1,3,4,6- tetra-O-acetyl-2-

O-trifluoromethanesulfonyl-b-D mannopyranose 

(mannose triflate). Subsequent step is base-catalyzed 

hydrolysis of the acetyl protecting groups. The last step is 

purification of the [18F]FDG by passing the mixture 

through purification cartridges: strong cation exchange 

cartridge (SCX) to retain positively charged complex 

K+/KryptofixTM 222, basic aluminum oxide cartridge 

(Alumina B) to retain unreacted [18F] fluoride ion and C18 

bonded silica cartridge to retain partially hydrolyzed F-18 

intermediate. 

 

mailto:mvelickovska@yahoo.com


226                                                             Pharmaceutical Technology and Biotechnology/Biopharmacy and Cosmetology 

Maced. pharm. bull., 68 (Suppl 1) 225 - 226 (2022) 

Dispensing of the [18F]FDG final product  

 
The dispensing is performed in class A chamber, by an 

automatic dispensing system for radiopharmaceuticals - 

Clio. This volumetric dispenser uses single use kit for 

dispensing, with a 0.22 µm filter for sterilisation. 0.9% 

NaCl solution is used for dilution.  Every dose, after the 

filing, is measured in dose calibrator and afterwards it is 

delivered in special lead container, previously correctly 

labelled. At the end of the dispensing, a filter integrity test 

is performed. 

 
Quality control of [18F]FDG radiopharmaceutical 

 
The quality specification is in accordance with 

European Pharmacopoeia general monograph 

Radiopharmaceutical preparations and with quality 

requirements and acceptance criteria of the European 

Pharmacopoeia monograph for Fludeoxyglucose (18F) 

injection. Quality control of [18F]FDG includes release and 

post-release tests. The parameters necessary to evaluate 

before administration to patients are: appearance, 

identification, pH, radiochemical and chemical purity. 

Post-release tests comprise evaluation of bacterial 

endotoxins, sterility, radionuclidic purity and residual 

solvents. 

Results and discussion  

 

University Institute of Positron Emission Tomography 

Skopje officially has started the routine [18F]FDG 

production on June 1, 2017. In 2017, 59 [18F]FDG 

productions were realized  with 61.82 % average yield 

decay corrected (d.c.). In 2018, 107 [18F]FDG productions 

were performed (average yield d.c. 56 %); in 2019, 152 

[18F]FDG productions (average yield d.c. 52%); in 2020, 

138 [18F]FDG  productions (average yield d.c. 57.16%) and 

139 [18F]FDG  productions in 2021  (average yield d.c. 

60.51%). The radiochemical yield was in an acceptable 

range. The average yield of produced [18F]FDG was 

56.48% d.c. Maximum produced activity of [18F]FDG was 

73.26 GBq. The concentration of the final product was 

1000 MBq/ml ± 200 MBq/ml.  

The radioactivity of all dispensed doses was in 

acceptance criteria ± 10 %. The radiochemical purity was 

more than 99 % in each of the batches, while the 

radionuclidic purity was more than 99.9 %.  The results of 

filter integrity test, as part of the tests necessary to evaluate 

before administration to patients, met the acceptance 

criteria for all the batches. For every produced batch, the 

quality control tests results were in acceptance criteria 

defined in the [18F]FDG specification.  

Conclusion 

 
[18F]FDG radiopharmaceutical production is 

established and routinely performed at the University 

Institute of Positron Emission Tomography, Skopje, 

continuously ensuring safe final product which fulfil the 

quality requirements. 
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Introduction 

 

The aim of this formulation development was to 

design a prolonged-release matrix tablet for 12-hour 

delivery of an opioid analgesic. The main challenge 

during formulation development was selection of the type 

and the concentration of the matrix-formers for obtaining 

the desired in-vitro dissolution rate. Similar in-vitro 

dissolution profiles between the generic and the reference 

product are pre-requisite for the performance of the 

bioequivalence study. Therefore, the formulation 

development was guided by an assessment of the in-vitro 

similarity of the dissolution profiles between products 

using similarity factor f2 according to the Guideline on the 

Investigation of Bioequivalence 

(CPMP/EWP/QWP/1401/98 Rev. 1/ Corr, 2010).    

Two matrix-forming excipients: polyvinyl 

acetate/povidone and hypromellose (viscosity app. 100 

000 cps) were selected and tested in different ratios in the 

formulation for creating the specified dissolution rate.  

Polyvinyl acetate/povidone enables prolonged-release 

by a diffusion-controlled mechanism. This matrix-former 

contains a water-insoluble part (polyvinyl acetate) and a 

water-soluble part (povidone). Povidone dissolves in 

contact with water and creates pores within the matrix 

which enable further water penetration in the core and 

subsequent dissolution of the active ingredient (Buhler, 

2008). 

Hypromellose, as a matrix-forming agent, controls 

the dissolution rate by mechanisms of both diffusion and 

erosion. Upon contact with water, the polymer chains on 

the tablet surface hydrate and form a viscous gel layer, 

which controls the penetration of additional water into the 

tablet and also controls the diffusion rate of the dissolved 

drug molecules from the tablet. When the gel becomes 

fully hydrated, the polymer chains start to relax, 

disentangle, loose their structure, and are finally eroded 

(dissolved) from the tablet surface. So, the release is 

controlled by diffusion through, and erosion of, the gel 

layer (Chinmaya et al., 2015).  

Besides obtaining desired in-vitro dissolution rate, 

the formulation should also be characterized with suitable 

flowable and compressible properties, so that tablets with 

uniform mass and appropriate hardness are produced. 

 

Materials and methods 

 

Materials 

 

Opioid analgesic active substance, Povidone 

(Kollidon K30), Lactose monohydrate 200M 

(GRANULAC 200), Polyvinyl acetate/Povidone 

(Kollidon SR), Hypromellose (Methocel K100M 

Premium CR), Magnesium stearate, Opadry green, water 

purified and reference product. 

 

Methods 

 

 Six formulations were prepared with varying 

quantities (%w/w) of two matrix-formers and pore former 

to find the optimal formulation with the most similar 

critical quality attributes (CQAs) as the reference product. 

The quantity of Kollidon SR varied in the range of 35-

45%w/w, the quantity of hypromellose varied from 10%-

23%w/w, and lactose 5.65%-8.65%w/w. All formulations 

were prepared with wet granulation technology (high-

shear granulation with fluid bed drying), followed by 

extragranular mixing with the matrix-formers and the 

lubricant in a suitable homogenization machine.  
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The flowability and the compressibility of the final 

blends were evaluated through the parameters 

compressibility index, Hausner ratio, and angle of repose. 

The final blend was compressed into tablets, which were 

afterwards film-coated with Opadry green to protect the 

photosensitive API from light. 

Uniformity of mass and hardness of tablets were 

measured as in-process controls. While uniformity of 

mass is related to the CQA uniformity of dosage units, the 

hardness is related to the dissolution rate, so these in-

process parameters should be adequately controlled. The 

comparative dissolution profile studies were performed in 

all regulatory media using apparatus 2 (paddle, 50 rpm, 

900 ml buffer) according to the recommendation in the 

Guideline on the investigation of bioequivalence 

(Simulated Gastric Fluid, buffer pH 4.5 and buffer pH 

6.8). Additionally, the formulation of choice was tested in 

SGF with 40%v/v alcohol for assessment of alcohol-

induced dose-dumping (CDER/FDA, 2019 Bioavailability 

Studies Submitted in NDAs or INDs). 

 

Results and discussion  

 

The results from the process control parameters 

performed on the final blends showed satisfactory values 

(compressibility index 17-20%, Hausner ratio 1.20-1.25, 

angle of repose 32.1–36.2°), which indicates that the 

formulations possessed properties suitable for tableting. 

This was confirmed during the tableting process by 

obtaining tablet cores with a uniform mass within ± 5% 

and appropriate hardness values (5.0-11.0 kP).  

The factors of similarity (f2) obtained from the 

comparative in-vitro dissolution profiles studies, for SGF 

medium were in the range 64.18-79.59, for buffer pH 4.5 

from 66.43 to78.77, and buffer pH 6.8 from 53.83 to 

73.44. 

According to the Guideline on the investigation of 

bioequivalence, Appendix I, an f2 value between 50 and 

100 suggests that the two dissolution profiles are similar. 

The obtained f2 values for all formulations showed 

similarity with the reference product, but one of them 

(formulation 6) had the highest f2 values in all media 

(79.59 in SGF, 78.77 in pH 4.5, and 73.44 in pH 6.8), 

indicating most similar in-vitro release rate. This 

formulation contained a combination of two matrices: 

Polyvinyl acetate/Povidone and hypromellose in 

concentrations such as 35%w/w and 23%w/w 

respectively, and 5.65% w/w Lactose monohydrate as 

pore former. The dissolution profile in SGF with 40%v/v 

alcohol demonstrated that no dose dumping occurs, so 

there is no safety risk in case of concomitant 

administration with alcohol.  

 

 

Conclusion 

 

The formulation development of a prolonged-release 

matrix tablet for 12-hour delivery of the API has been 

successfully performed. The selected formulation enabled 

obtaining a product with very similar CQAs as the 

reference product.   

The performed comparative dissolution profile 

studies showed adequate similarity factors with the 

reference product in all media, leading to the conclusion 

that the designed formulation and process is a suitable 

candidate for the performance of a bioequivalence study. 
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Introduction 

 

While problems with the quality of the drug product 

often arise from unfavourable properties of the API, it is 

well-known that the properties of the formulation 

excipients along with the manufacturing process can also 

have a marking effect on the quality of the product (Joneja 

et al., 1999; Paul and Sun, 2018). 

In order to improve the quality of the product and the 

technological properties of the formulation, formulation 

changes were introduced in an existing high-dose drug 

product which exhibited fast disintegration but had history 

of problems with incomplete dissolution, higher friability 

and sticking on tablet press.  

During the early stage of the development of the 

improved formulation, a screening of the criticality of 

qualitative formulation variables was performed and the 

effect was evaluated on the critical quality attributes 

(CQAs) of the drug product. The evaluation of the 

formulation changes involved use of a different binder type 

(povidone K25 and starch pregelatinized), filler (lactose 

monohydrate and microcrystalline cellulose) and lubricant 

(magnesium stearate and stearic acid). To enable fast 

disintegration, super-disintegrant sodium starch glycolate 

was used in all trials.   

Experimental design 23 as a statistical QbD tool was 

used for examining the criticality of the formulation 

variables and their interactions.  

 

Materials and methods 

 

Batch size of each experimental run was 1kg. 

Quantitatively the formulation in all trials consisted of API 

- 83.3% w/w. Binders were added in quantity of 2.8% w/w 

for povidone K25 and 5.0% for starch pregelatinized.  

Lubricants magnesium stearate and stearic acid were added 

in quantity of 0.5% w/w. Super-disintegrant sodium starch 

glycolate was added in quantity of 2.5%. The fillers lactose 

monohydrate and microcrystalline cellulose were added in 

the remaining quantity to 100.0%. 

Due to the high dosage of API in the formulation along 

with its micronized grade, the chosen manufacturing 

process was fluid-bed wet granulation. Fluid-bed 

granulation was performed in apparatus Mycrolab. API 

was mixed with binder, filler and disintegrant and 

granulated with water purified until an endpoint LOD of 

max. 2.0% was reached. Dried and screened granules were 

mixed with the extra-granular excipients: filler, glidant and 

disintegrant in a high-shear mixer Diosna P 1/6. The 

lubricant was added to the blend in the final stage in the 

high-shear mixer Diosna P 1/6.  Each of the trials were then 

compressed on a Korsch XL 100 Pro rotary tablet press. 

Evaluation of raw data and model interpretation was 

performed using MODDE Go® statistical software. In order 

to predict the variability of the results for response 

variables with varying the values for independent 

variables, Multiple linear regression (MLR) was used. 

Disintegration time was tested on apparatus for 

disintegration Erweka ZT322 on 6 tablets. The target 

criteria for disintegration are less than 2 minutes. 

Hardness was tested on a hardness tester Erweka TBH 

425TD. Friability was tested on friability tester Erweka 

Friability Tester TAR 120. The acceptance criteria for 

hardness are 9-18 kP and for friability max 1%.  

Dissolution was performed on apparatus 2 – paddle 

(PhEur) in 900ml medium of 0.1M HCl, speed 75 rpm, and 

after the process of dissolving the results were determined 
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by using complexometric titration. The acceptance criteria 

for dissolution are NLT 70% in 30 minutes.  

 

Results and discussion 

 

23 full factorial design with three factors at two 

qualitative levels and three replicates was applied. The 

three varying factors were: binder, filler and lubricant type.  

Regarding the experimental design, the following factors 

and levels were tested. Factor X1-binder, with levels: 

povidone K25 and starch pregelatinized, factor X2-filler, 

with levels lactose monohydrate and microcrystalline 

cellulose, and factor X3-lubricant with levels magnesium 

stearate and stearic acid. The effects were evaluated on 

CQAs hardness, disintegration time, friability and 

dissolution of API.  

The statistical parameters for evaluation of the quality 

of the model were calculated and showed that the model is 

significant and valid, fits the data for all responses and has 

high predictive ability. The skewness test for disintegration 

required log transformation of the response for 

improvement of the predictive ability of the model.  

Highest significant effects on hardness of tablets were 

observed for the binder type and filler type. Povidone K 25 

resulted in a larger increase in hardness of tablets than 

pregelatinized Starch. Microcrystalline cellulose resulted 

in a larger increase in hardness than lactose monohydrate.  

Significant interaction was observed among the binder 

and the filler influencing the hardness of tablets. This 

means that the effects of the binder on the hardness depend 

on the filler type used. Tablet hardness increased at a faster 

rate with a change in binder from starch pregelatinized to 

povidone K25 when lactose monohydrate is present as 

filler instead of microcrystalline cellulose. 

The highest significant effects for disintegration time 

were observed for the filler type, binder type and lubricant 

type. Faster disintegration can be expected with the choice 

of binder Starch pregelatinized, filler microcrystalline 

cellulose and lubricant stearic acid. Accordingly, the trial 

with povidone K25 as binder, lactose monohydrate as filler 

and magnesium stearate as lubricant showed a prolonged 

disintegration of 2.2 min compared to the other trials with 

fast disintegration times of less than 1 min.    

The highest significant effects for the friability of 

tablets were observed for the binder type and lubricant type 

with Starch pregelatinized resulting with a higher increase 

in friability compared to povidone K 25 as binder, and 

magnesium stearate resulting with a higher friability than 

stearic acid.  The trial with Starch pregelatinized as binder, 

lactose monohydrate as filler and magnesium stearate as 

lubricant showed unacceptable friability of 2.3%. The 

other trials with starch pregelatinized as binder had 

borderline to high friability of 1% - 1.6%.  

The dissolution was significantly affected by the 

choice of lubricant: stearic acid and magnesium stearate. A 

significant decrease in dissolution was observed in the 

trials with magnesium stearate with some results out of the 

acceptance criteria of NLT 70% in 30 minutes. The 

negative effect of magnesium stearate on dissolution has 

been widely discussed (Wang, Wen and Desai, 2010). As 

both magnesium stearate and stearic acid are hydrophobic 

in nature, the faster dissolution of tablets with stearic acid 

could be due to the differences in the mechanism of 

lubrication, the effectiveness of stearic acid at higher 

concentrations compared to magnesium stearate, or a solid-

state incompatibility with the API.  

 The dissolution was unaffected by the other 

formulation factors as independent factors or their 

interactions.  

After reviewing the results, the trials with complete 

dissolution, lowest disintegration time, optimum hardness, 

and friability were selected for further study.  

 

Conclusion 

 

From the results of our study it can be observed that 

qualitative changes in the formulation in terms of use of 

different excipients with the same function in the 

formulation could have a significant effect on the CQAs of 

the drug product. In the current formulation the choice of 

lubricant was significant for the dissolution properties of 

the formulation, while the choice of binder and the binder-

filler interaction was important for the disintegration, 

hardness and friability of the tablets. The chosen 23 full 

factorial design with qualitative levels was a beneficial tool 

for evaluation of the criticality of the excipients as factors 

and their interactions on the CQAs of the tablets during the 

early stage of development of the improved formulation. 
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Introduction 

 

Curcumin, the yellow extract derived from the plant 

Curcuma Longa, exhibited numerous therapeutic 

applications against wide range of chronic diseases such 

as diabetes, pancreatitis, arthritis, neurodegenerative 

diseases and various types of cancer. The first isolated 

curcumin was generated in 1815, from the rhizome of 

Curcuma longa L. by Vogel and Pelletier, and in 1910 it 

was identified as dipheruloilmethane [1,7-Bis(3-methoxy-

4-hydroxyphenyl)-1,6-heptadiene-3,5-dione], classified in 

the group of polyphenol compounds (Lampe et al., 1913). 

The main mechanism of curcumin pharmacological 

activity inhibition of nuclear factor κB (NFκB), connected 

with expression and regulation of various genes 

implicated in tumor biology of different malignances like 

colon cancer, leukemia, multiple myeloma etc. 

Unfortunately, the therapeutic potential of curcumin 

cannot be exploited due to low water solubility (11 

ng/ml), extremely low systemic bioavailability after oral 

administration (8 g/day) and impossibility to achieve the 

therapeutic concentration. Consequently, curcumin shows 

significant presystemic biotransformation, mainly via 

glucuronide and sulfate conjugation (Priyadarsini, 2009).  

 

Materials and methods 

 

The purpose of this paper is to review the structure of 

the different types of nanoscale systems as platforms for 

delivery of curcumin, such as liposomes, solid lipid 

nanoparticles and cyclodextrines. Also, we evaluated the 

role of the components in their structure and detected the 

factors that affected the stability of nanoparticles. Our 

research was focused on comparison of clinical trial 

results regarding efficacy and bioavailability of 

encapsulated curcumin. To accomplish these goals, we 

used data from relevant literature sources from primary, 

secondary and tertiary literature, with emphasis on 

original scientific research. We systematized the 

summarized literary data according to the actual treatment 

of the problem, noted the formulation aspects by using 

different methods of preparation, and identified the 

advantages and disadvantages by highlighting the 

possibilities of optimizing the therapy of various diseases. 

 

Results and discussion  

 

One of the most promising classes of nanoscale 

carriers for delivery of curcumin are liposomes. They 

represent highly-organized spherical structures, consisting 

of concentrically situated phospholipid bilayers (lamellas) 

including water volume, between them, and also in the 

central cavity. Liposomes were discovered in 1961 by 

Bangham (Liu et al., 2022). Their size ranges from 20 nm 

to several µm, whereas the thickness of the membranes 

from 4 to 7 nm. The liposomes possess unique 

characteristics, owing to the amphiphilic character and 

low toxicity, which makes them suitable for encapsulation 

of, both, hydrophilic and lipophilic substances. However, 

the route of administration and also the encapsulation 

efficiency of curcumin are highly dependent of type of 

phospholipid in the liposome (Andra et al., 2022). The 

most often used constituents of liposomal membrane are 

natural phospholipids or lipids such as 1,2-dipalmitoyl-sn-

glycero-3-phosphatidyl choline (DPPC), 1,2-distearoryl-

sn-glycero-3-phosphatidyl choline (DSPC), egg 
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phosphatidyl choline (EPC),dimyristoylphosphatidyl 

choline (DMPC), soybean phosphatidylcholine (SPC), 

hydrogenated soybean phosphatidylcholine (HSPC) etc. 

and cholesterol. Encapsulation of curcumin into 

liposomes showed dose dependent increment of fraction 

of apoptotic cancer cells and suppression of the activity of 

the NFкB (Amekyeh, H et al., 2022). However, one of the 

main technological problems, limiting the clinical 

realization of liposomal curcumin is the low entrapment 

capacity, owing to the localization of the curcumin 

molecules primarily in phospholipid membranes, 

associated with membrane disintegration above certain 

concentration. One of the approaches to improve the poor 

aqueous solubility and instability as well as to prolong the 

cytotoxic activity of curcumin is the encapsulation into 

solid lipid nanoparticles (SLNs). The solid lipid 

nanoparticles are aqueous dispersions in which the liquid 

oil is substituted with a solid biocompatible and 

degradable lipid matrix (Wang et al., 2018). They are 

characterized with higher stability (as compared with 

liposomes), tolerance and ability of encapsulation. 

Curcumin as a free powder and incorporated in solid lipid 

nanoparticles was tested as a chemopreventive agent 

topically administrated in mice with induced skin cancer. 

The results indicated significant reduction of 

malondialdehide by curcumin loaded nanoparticles than 

in mice treated with free curcumin (Kaur et al., 2013). A 

recent study has shown that the brain delivery of 

curcumin loaded SLN is improved, proved by enhanced 

cognition and acetylcholine esterase inhibition in rats with 

cerebral ischemia, associated with significant increment 

of the level of different enzymes such as glutathione, 

superoxide dismutase, catalase and mitochondrial 

complex enzyme (Del-Prado et al., 2019). An interesting 

method of optimization of the systematic delivery of 

curcumin was its inclusion in cyclodextrins.  

Cyclodextrins are one of the most researched macro-cycle 

cavitants. They represent cyclic oligosaccharides, 

consisting of D-(+) glucopyranose units, linked through 

α-(1, 4) glucosidal linkages. Depending on the number of 

the glucopyranose residues in the molecules, 

cyclodextrins are divided into three groups: α, β and γ-

cyclodextrins containing respectively 6, 7 and 8 

glucopyranose units.  Rachmawati et al. showed that 

complexes of curcumin with β-cyclodextrin were 

characterized with two-fold higher transdermal 

permeability in comparison to free curcumin. 

Antiproliferative and anti-inflammatory activity of the 

curcumin as a result of suppression of the THF-induced 

activation of NF-κB was significantly higher in curcumin, 

included in cyclodextrins in comparison with the free 

agent. 

  

Conclusion  

A variety of lipid based nanocarriers such as solid 

lipid nanoparticles, liposomes and cyclodextrins described 

in this review show a profound improvement of the 

pharmacokinetic profile of curcumin. However, to 

translate curcumin nanoformulations as drug candidate 

allowing full utilization of its therapeutic potential, future 

pre-clinical and clinical investigations in depth are 

required. 
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Introduction 
 

The purpose of development of the manufacturing 

process is to design a robust process that consistently 

results in a drug product with desirable critical quality 

attributes (CQAs) set at the beginning of product 

development.  

The tablet compression is a critical step of the process 

that can significantly affect the disintegration and 

dissolution, and thus the bioavailability of the drug 

product. In the case of generic drugs, it also affects the 

bioequivalence to the reference drug product. In the case of 

an immediate-release analgesic formulation, the goal is to 

achieve a fast disintegration and dissolution of the drug 

product in order to achieve rapid pain relief.  

The aim of this study was to optimize the tablet 

compression process of an immediate-release analgesic 

formulation and to resolve the tableting challenges that 

appeared during the process development.  

According to the quality by design (QbD) approach, 

an initial risk assessment was performed to assess the 

critical process parameters (CPPs) and their influence on 

the product CQAs. In this case, the main compression force 

and the tableting speed were assessed as CPPs with the 

most significant influence on the product CQAs.  

 

Materials and methods 
 

The development of the formulation was done 

according to the QbD approach, using a wet granulation 

process. At the earlier stages of development, two sets of 

experiments were performed in order to resolve the 

capping and tablet sticking issues that appeared during 

tableting. In the first experiment designed to resolve the 

capping issue, two laboratory scale batches of the 

formulation were produced, with similar qualitative and 

quantitative composition, differing only in the level of:  

- binder (9.07% and 10.90% respectively),  

- glidant (0.87% and 1.00% respectively) and  

- lubricant used (1.46% and 1.50% respectively), and in  

- the pre-compression force applied during tableting (0.8 

kN and 3.0 kN respectively).  

In the second experiment, which was designed to 

resolve the sticking issue, two qualitatively and 

quantitatively identical laboratory scale batches were 

produced, differing only in the end point of the drying of 

the granulate, with one batch being dried until achieving an 

LOD of approximately 2.0-2.5% and the other to an LOD 

of max. 1.4%. Both batches were then tableted under the 

same conditions. 

In order to optimize the tablet compression step and to 

assess the influence of the main compression force and 

tableting speed on the CQAs of the tablets, a full factorial 

experimental design with two factors on two levels, with 

three central points was performed. Said experimental 

design was created and analyzed with the software Modde 

Go. Seven optimization experiments in total were 

performed as well as an additional power failure simulation 

experiment. The two factors (independent variables) had 

the following levels: the main compression force low level 

was 20 kN and the high level was 35 kN (with a central 

point of 27.5 kN); and the tableting speed low level was 

4800 tbl/h and the high level was 9600 tbl/h (with a central 

point of 7200 tbl/h). The average mass and uniformity of 

mass, hardness, friability, disintegration time and 

dissolution profiles were evaluated as dependent variables 

(responses) in the experiments.  

All the optimization experiments were performed on a 

laboratory scale batch compressed on a laboratory rotary 

tablet press Korsch XL 100.  

The power failure experiment was performed by 

stopping the tablet press temporarily to simulate a power 

interruption, and then restarting it. The goal of the 

experiment was to evaluate whether the process is robust 

enough to allow the previously set process parameters and 

product properties to remain unaffected.  
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Results and discussion 
 

Capping and sticking are common tableting problems 

that can occur due to a combination of formulation and 

process-related factors. Literature shows the main reason 

for capping and lamination is air entrapment between 

layers of the tablet during compression. Other causes are 

shear stresses when the tablet goes out of the die and tensile 

stress. Most commonly proposed solutions for this problem 

are using a higher pre-compression force and a lower main 

compression force, slower speed of production, optimizing 

the lubricant and binder level, and using a tapered die. The 

results of our first experiment show that the lab trial 

containing higher amounts of binder, glidant and lubricant, 

and tableted using a higher pre-compression force, under 

the same tableting speed (9600 tbl/h) is able to achieve the 

target tablet weight and hardness by using a lower main 

compression force (27 kN and 19 kN respectively) and the 

tablets do not show any signs of capping, while the lab trial 

with lower amounts of the said excipients and a lower pre-

compression force produced tablets that show capping 

when produced at the same speed. These results 

corroborate the literature findings stated above regarding 

the resolving of the lamination and capping issue using a 

higher pre-compression force and optimizing the binder 

and lubricant concentrations. Tablet sticking is also a 

problem caused by many factors like the nature of the 

APIs; formulation, process and tooling-related factors. One 

way to resolve this issue is to make sure the drying of the 

granulate is adequate and doesn’t result in excess moisture 

in the granules. The results of our second experiment 

corroborate these literature findings, showing that the lab 

trial that was dried until achieving an LOD of max. 1.4%, 

didn’t show any signs of sticking, while the lab trial dried 

until achieving an LOD of 2.0-2.5% showed signs of 

sticking when compressed using the same process 

parameters. Regarding the results of the DoE optimization 

experiments, the goal was to investigate the influence of 

the tested factors as CPPs and to find their optimal ranges 

that will result in tablets that comply with the desired 

acceptance criteria. The relationship between the 

independent variables and the responses was established 

using partial least squares fitting. The models were 

assessed for adequacy with the summary of fit data. For the 

responses: hardness, friability, disintegration and 

dissolution, all indicators had values that indicate a 

significant model, whereas for the response average mass, 

the indicators show a non-significant model, since the 

average mass is not significantly influenced by the tested 

factors. The compression force was found to have a 

significant positive effect on tablet hardness and 

disintegration time, and a significant negative effect on the 

dissolution rate. Additionally, the compression force has a 

negative effect on the friability of the tablets, however the 

effect is not significant. The tableting speed was found to 

have a negative effect on tablet friability and hardness, but 

the effect is not significant. The tableting speed did not 

have a significant effect on the disintegration time and 

dissolution rate. An interaction between the two factors 

was found only regarding the response disintegration, with 

a significant negative effect on the response. The sweet-

spot plot showed that tablet compression performed with a 

compression force within 20-32.6 kN and tableting speed 

within 4800-9600 tbl/h produces tablets with all responses 

within the desired acceptable limits. Main compression of 

35 kN also produces satisfactory tablets, albeit with a slight 

decrease in the dissolution rate. Regarding the power 

failure simulation experiment, the results showed that all 

process parameters were well within the acceptable limits 

after the power interruption, and the produced tablets 

satisfy all acceptance criteria.  

Conclusion 

The capping and sticking issues have successfully 

been resolved with the aforementioned experiments. The 

results of the DoE, along with the power failure simulation, 

show that the compression process within the tested ranges 

of the tableting speed and compression force is robust and 

well optimized and consistently results in tablets that 

satisfy the acceptance criteria for the CQAs.  
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Introduction 

 

N-nitrosamines, refer to any molecule containing the 

nitroso functional group. The EU authorities in June 2018 

became aware of the presence of a nitrosamine, N-

nitrosodimethylamine (NDMA), in valsartan, blood 

pressure medicine belonging to a group of medicines 

known as “sartans”. Subsequently another nitrosamine, N-

nitrosodiethylamine (NDEA), was detected and other 

sartans were later implicated. NDMA and NDEA are 

considered as human carcinogens on the basis of animal 

studies (EMA, 2019). 

Nitrosamines come from chemical reactions and can 

be formed in drugs during manufacturing process under 

certain processing conditions and in the presence of some 

types of raw materials, starting materials and 

intermediates. The formation of nitrosamines is generally 

only possible when secondary or tertiary amines react with 

nitrite or other nitrogenous agents with the nitrogen in +3 

oxidation state under acidic pH (EMA, 2019). In response 

to nitrosamines present in pharmaceutical products, the 

European Medical Agency (EMA) and EU national 

competent authorities have published requirements and 

limits related to nitrosamines impurities. The 

manufacturers are requested to assess the risk of 

nitrosamine formation or presence during manufacture of 

human medicines and where necessary to improve their 

manufacturing process to prevent or limit the presence of 

these impurities (CMDh, 2019). The aim of this study was 

to determinate the root cause of NDMA formation during 

manufacturing of immediate release film-coated tablets, to 

identify the potential influence of the excipients and the 

technological process on the formation of the nitrosamines 

impurities in pharmaceutical drug product containing API 

which   belongs to class of biguanidines, with reactive  

amines in the structure. 

 

Materials and methods  

 

In order to identify the manufacturing processing step 

where formation of NDMA is possible to occur, laboratory 

trial that simulate the manufacturing process has been 

manufactured. The film-coated tablets are manufactured 

using wet granulation technology. In the first phase, the 

API is mixed with the binder, povidone and then granulated 

with purified water as granulating aid in a high shear mixer. 

The wet mass obtained from granulation was passed 

through a suitable screen. The drying phase of the granules 

is performed in a fluid bed granulator. The obtained dry 

granulate has been passed through a suitable screen and 

then blended extra-granularly with the disintegrant – 

sodium starch glycolate and lubricated with magnesium 

stearate. The final blend is compressed on a tableting 

machine fitted with punches and dies of the required shape 

and size into tablet cores with defined in process physical 

characteristics and then film coated with the previously 

prepared film coating suspension. Afterwards, the film-

coated tablets have been packed in primary packaging 

composed of PVC-Alu foil. Sampling after each phase of 

the production process has been performed. Further, in 

order to investigate if the API is a source of nitrosamines, 

it has been performed analysis for presence of NDMA in 

unstressed and stressed (at 40º/75% RH for 30 days) 

samples of the API. Additionally, since literature data has 

suggested that sodium starch glycolate can carry trace 

amounts of nitrites that can potentially cause formation of 

nitrosamines (Wu et al., 2011) and taking into 

consideration the proposed mechanism of formation of 
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nitrosamines, binary mixture of the API and sodium starch 

glycolate has been prepared and analyzed for NDMA. 

Unstressed and stressed samples (at 40º/75% RH for 30 

days) were analyzed. According to the literature data the 

other excipients present in the formulation have very low 

amounts of nitrites, the reason why binary mixtures with 

other excipients have not been prepared. Due to the highly 

evaporating nature of the NDMA impurity all of the 

samples from phase analysis (except the samples of tablet 

cores and film coated tablets), the binary mixture and the 

API were placed in screw cap glass vials with septum.  

Furthermore, NDMA impurities has been reported that are 

formed by reaction of nitrocellulose in the lidding foils 

with amines containing printing ink and transferred to the 

finished product during heat sealing blistering process via 

vaporization and condensation on the finished product 

(EMA, 2020). Although during sealing process 

temperatures of 180 °C or more are applied to the outside, 

time period of sealing is very short, normally less than one 

second. In addition, aluminum foil represents an absolute 

migration barrier and as soon as the lidding foil is sealed 

onto the blister material a migration of substances through 

the foil is not possible anymore and formation of 

nitrosamines is not expected during the packaging process. 

Therefore, despite the phase analysis several batches of 

finished drug product were analyzed. Samples of the 

finished drug product under stability studies (25ºC/60% 

RH), packed in the primary packaging (PVC-blanco Alu 

foils) immediately after production and samples packed in 

the primary packaging before analysis have been analyzed 

in  order to assess the possibility for formation of the 

nitrosamines during the primary packaging process. The 

analysis of the samples has been performed by contract 

laboratory using LC-MS/MS method (Acquity H-class® 

UPLC system).  

 

Results and discussion 

 

Presence of nitrosamines in the analyzed API samples 

(stressed and unstressed) has not been detected, which 

indicate that NDMA impurity is not present in the API. 

NDMA has not been detected in the binary mixture of the 

API and sodium starch glycolate as disintegrant, either. 

Although according to the proposed mechanism of 

formation of NDMA and the literature data for presence of 

nitrite in trace in sodium starch glycolate is likely to occur 

(Wu et al., 2011) the results has shown that in the samples 

of the binary mixtures NDMA has not been detected. The 

results obtained from the phase analysis of the laboratory 

trial confirmed the result from the binary mixture, sodium 

starch glycolate added extra-granular have no impact on 

NDMA formation.  

From the obtained results of the phase analysis of the 

laboratory trial, the presence of NDMA has been 

confirmed only in the sample from wet granulation 

processing step. The obtained results are below limit of 

quantification (LOQ) 0.025 ppm. The method range was 

0.025 – 1 ppm. Current calculated LOQ of the used LC-

MS/MS system was about 0.014 ppm.  NDMA has not 

been detected in the other samples of the production 

process. Having in mind the mechanism of formation of 

nitrosamines, the detected NDMA in the sample of wet 

granulation phase indicates that the potential cause for 

formation of nitrosamines could be the reactive amines 

from the API under certain processing conditions. Due to 

the higher temperature in the following phases and 

considering that NDMA is a volatile compound in the next 

following phases NDMA has not been detected. However, 

in addition to the initial analysis it is necessary during 

stability to further monitor and analyze the parameter 

nitrosamines in the film–coated tablets of the prepared 

laboratory trial. Regarding the formation of the 

nitrosamines during the primary packaging process the 

obtained results from the analyzed samples have shown 

that the formation of nitrosamines is not likely to occur in 

this phase of the production process. All obtained results 

are either below the limit of quantification (LOQ) or just 

slightly above it (for one batch), regardless of the time of 

packaging and exposure to the primary packaging material.  

 

Conclusion 

The phase analysis has shown that the formation of 

NDMA can occur during the wet granulation process 

which implicates that several factors influence on the 

NDMA formation in the finished drug product that contain 

reactive amines in its structure.  Certain conditions under 

which is performing the wet granulation process - 

humidity, heat, presence of the trace amounts of nitrites in 

the excipients could be the key factors for formation of 

NDMA. The samples form the laboratory trial would be 

further monitor during stability studies to assess the 

kinetics of formation of nitrosamines impurities. 
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Introduction 

 

Sambucus nigra L., is a medicinal aromatic plant 

widely known and often represented in Macedonian flora. 

It is a small flowering tree from Caprifoliaceae family, 

used as edible and medicinal plant. It has been used as 

antiviral, anti-inflammatory, diaphoretic, and antitussive 

agent in traditional preparation for a long time ago. But, 

beside this commonly known pharmacological effects, 

there are some other aims in which this plant has been used 

in ethnomedicine. It is known that some semisolid forms, 

prepared from the local citizens have been used for external 

treatment of wounds and scars. This review aims to 

examine the bioactive compounds characteristic for 

emollient, antioxidant, and vulnerable effects of elder 

flower unguentum and types of preparation that could be 

effective in this kind of skin treatment.  

 

Materials and methods 

 

This review aims to collect the data of previously 

known preparations in ethnomedicine and examine their 

justification in the treatment of wounds, burns and scars 

based on the scientific literature. As a material we have 

used scientific papers giving the chemical and therapeutic 

properties of elder flower and other parts of the plant, but 

also and some prescription from local citizens they have 

used in preparations of a specific elder ointments, and their 

specific methods of extraction.  

There is not systematic assessment in this review. 

Search strategy included exploration of PubMed databases, 

by using key words related to Sambucus nigra, elder 

flower, Sambucus chemical composition, ethnomedicine, 

therapeutic use of sambucus.  

Results and discussion  

 

Recent studies have shown that black elder or 

Sambucus nigra extracts are traditionally recommended for 

treatment of cold, influenza and influenza like illnesses. 

(Mahbouibi, 2021). Among different parts of Sambucus 

nigra that could be used, its flowers and berries are 

considered as medicinal parts. Elder flowers have been 

approved by German commission E for colds, while 

berries, leaves and barks are still not approved by WHO, 

ESCOP, and German Commission E (Ulbricht et al., 2014). 

In folk medicine, elder flowers have been used for 

treatment of conjunctivitis, constipation, diabetes, 

diarrhea, dry skin, headaches, and rheumatism (WHO, 

2004). Often, elder flowers are used for flu and cold in 

conventional dosage form as infusion, ethanolic extract or 

tincture, but lately it is incorporated in coated tablets and 

fluid dosage forms, as a multicomponent drug. According 

to the official monographs there is only per os posology of 

a given liquid extracts, but in contrast, there have been 

some uses in ethnomedicine that promote its external use 

in form of unguentum (ointments). According to Suntar et 

al. (2010) one percent concentration of Sambucus ebulus 

methanol extract has shown a considerable wound healing 

activity in both linear and circular excisions in animal 

model. It is assumed that this this pharmacological 

property is related to the flavonoid content, especially, 

quercetin 3-O-glucoside as highly represented flavonoid 

glycoside. Their results were supported by 

histopathological examination of wound models. 

Taking in consideration that S.nigra flowers also contain 

high content of quercetin it is expected that its preparations 

also possess this wound healing properties (Cavero et al., 

2013; Süntar et al., 2010).  
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Not only quercetin, but many other flavonoids, such 

as: kaempferol, isoquercetin, rutoside (Kaack et al., 2006) 

astragalin, rutin and hyperoside have been identified in 

elder flowers.  They also contain phenolic acids in their free 

or glycoside form, including caffeic, ferulic, chlorogenic 

and p-coumaric acids. Terpenoids as well as triterpenes, 

sterols, and essential oils (0.03–0.14%) with a high 

concentration of free fatty acids amounting to 65% (Newall 

et al., 1996). Other substances identified in flowers include 

organic acid as well as ascorbic, fumaric, citric, tartaric, 

valeric and malic acids (Mikulic-Petkovsek et al., 2016).  

On the other side, prescription in ethnomedicine 

obtained by local citizens shown that not only flower, but 

green parts as well as stems, leaves from elder are used in 

the ointments for wound healing effect. They have used 1:2 

(green part/oily base) and applied short time heating to this 

mixture to prepare the ointment. Młynarczyk et al. (2018) 

have reported that elder leaves contain 3.3% of whole protein in 

which glutamic acid, aspargic acid and alanine were the 

dominant amino acids. In comparison to the other parts of 

elder, sambunigrin was found as most represented in elder 

leaves with highest concentration of 27.68–209.61 µg/g 

FW (Senica et al., 2016). Elderberry bark contains typical 

compound as lectins, sharing a high amino acids sequence 

homology and some of them having the N-glycosidase 

activity, which is typical for type II ribosome-inactivating 

proteins (RIPs). Type II RIPs occur mostly in elderberry 

bark (Tejero et al., 2015). Although, alanine is popular as 

moisturizing skincare ingredient, it was found that beta-

alanine can stimulate the biosynthesis of nucleic acids and 

collagen and could be considered as an enhancer of the 

process of wound healing (Nagai et al., 1986). Lectins 

usually known by their toxicity, have shown antimicrobial 

activity in a wide range of microorganisms (Mishra et al., 

2019). Thus, the antioxidant, emollient, antibacterial 

properties can justify the use of elder in ethnomedicine as 

wound healing and skin protective agent. 

Conclusion 

Elder flowers, leaves, and barks have high content of 

specific secondary bioactive metabolites. Flavonoids and 

organic acid known as antioxidants, mostly represented in 

flowers, sambunigrin and alanine in leaves and lectins in 

barks, could be responsible for wound healing, emollient, 

antimicrobial effects of elder extracts. Detailed 

information about method of preparation of the oily 

extraction procedure and prescription for preparation of the 

ointments should be collected in our further investigation 

to examine the exact chemical composition in this kind of 

elder extracts. Complex composition of elder parts could 

justify their use not only in treatment of cold, flu, cough, 

but also in treatment of wounds, burns, scars, and skin 

disorders, as they have been used in ethnomedicine. 
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Introduction 

 
Topical vitamin C (L-ascorbic acid) is an useful part 

of the dermatologist’s armamentarium, regarding to its 

diverse cutaneous benefits. It is an important ingredient 

widely used in cosmetic and dermatological products 

thanks to its favourable effects which include collagen 

synthesis promotion, photoprotection from ultraviolet A 

and B lightening hyperpigmentation, improvement of 

cohesion in the dermalepidermal junction and of a variety 

of inflammatory dermatoses, also (Farris, 2005; Telang, 

2013). The biggest challenge in the utilization of this 

versatile molecule is to maintain the stability. Vitamin C's 

instability resulted in the development of more stable 

derivatives with different chemical properties and some 

carrier systems in order to overcome these limitations 

(Carita et al., 2020). Nowadays, emulgels are affordable 

and efficient as the new possibilities of delivery and 

improvement of stability (Tadić et al., 2021). The aim of 

our study was to examine the sensory characteristics of 

oil-in-water emulgels containing hydroxyethylcellulose, 

biodegradable sugar emulsifiers and vitamin C derivatives 

of different polarities: ascorbyl palmitate and magnesium 

ascorbyl phosphate, at a concentration of 0.5% w/w. 

 

Materials and methods 

 

Materials 
 

For preparation of the emulgels, following reagents 

were used: Myritol
®
 318 (INCI: caprylic/capric 

triglycerides) was purchased from Henkel (Germany), 

isopropyl myristate (INCI: isopropyl myristate) from 

Centrohem (Serbia), while Paryol 165 OL/R (INCI: olive 

oil) and Euxyl PE 9010 (INCI: phenoxyethanol (and) 

ethylhexylglycerin) were from Comcen (Serbia). 

Montanov
TM

82 (INCI: cetearyl alcohol (and) coco-

glucoside) and Montanov
TM

14 (INCI: myristyl alcohol 

(and) myristyl glucoside) were bought from Seppic 

(France) while Propylene glycol (INCI: propylene glycol) 

from Fagron (Netherlands). Thickener 

hydroxyethylcellulose and vitamin C derivatives, ascorbyl 

palmitate and magnesium ascorbyl phosphate were 

purchased from AvenaLab Cosmetics (Serbia), while 

purified water was obtained from Faculty of Medicine  

(University of Niš, Serbia).  
 

Emulgel preparation method 

 
The preparation of two emulgels included separate 

emulsion and gel formation (Ajazuddin, 2013). The oil 

and water phases are heated to 70-80 °C and then 

combined with constant stirring until they cool to room 

temperature. The gel phase of the emulgel is prepared by 

dispersing hydroxyethyl cellulose (HEC) in water earlier 

and leaving it in overnight. When both the emulsion and 

gel components are prepared, the emulgel is prepared by 

combining the emulsion with the gel with gentle stirring. 

Ascorbyl palmitate and magnesium ascorbyl phosphate 

were dissolved separately in isopropyl myristate and 

propylene glycol, respectively at a concentration of 0.5% 

w/w, and added into the system when the temperature 

reached 40 °C. 

 
The sensory analysis 

 
Over the last few years, the sensory analysis has 

extensively been developed and used to describe and 

quantify texture characteristics of cosmetic products. The 

sensory analysis is a helpful tool for researches and 

development area of companies which aims to obtain 

cosmetic products of good consumer acceptance. The data 

obtained by sensory characterization could be used in the 

formulation of a cosmetic product of predefined sensory 
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characteristics or in the process of reformulation (Gilbert 

et al., 2013). In the study, 20 participants of both genders 

(15 women and 5 men), were involved. The healthy 

volunteers, had no past or present history of skin diseases, 

nor had they used systemic or topical drugs within two 

weeks prior to the study. Half of them applied an emulgel 

containing hydrosoluble vitamin C, twice a day, on the 

inside of the forearm. The other half, applied emulgel 

containing lipophilic vitamin C, in the same way. The 

volunteers had to fulfill a questionnaire on product 

attributes before, during and after application on the skin, 

also. All of them were informed about the study protocol, 

and signed the written informed consent form. The 

research was conducted in accordance with the Helsinki 

Declaration, and permitted by the Ethics Committee of 

the Medical Faculty in Niš (Serbia), protocol code 12-

6316-2/8 from 16 June 2016. The entire study was carried 

out in consonance with the guidelines and published 

recommendations. During this long-term in vivo study 

that lasted for 30 days, electrical capacitance of 

the stratum corneum, trans-epidermal water loss (TEWL), 

and skin pH, were also measured parameters. 

 

Results and discussion 
 

Today’s biggest challenge lies with developing a 

stable formulation and finding the most efficient 

transepidermal delivery method for the esterified forms of 

vitamin C. The stability of ascorbyl palmitate was 

somewhat lower than that of phosphate ester (Segall and 

Moyano, 2008). So, magnesium ascorbyl phosphate is 

shown to be convenient as an active ingredient in topical 

preparations (Spiclin et al., 2001). The efficiency of both 

derivatives depends on their concentration, but also on the 

application properties and type of carrier system for 

dermal application (Jurkovič et al., 2004). Emulgels were 

described by panelists as preparations with better sensory 

properties. The tested emulgels were described as semi-

solid, slightly dense and easy-to-spread by the majority. 

The consistency, firmness and stickiness of the emulgels 

were similarly assessed by volunteers as mild ones. All 

respondents agreed that emulgels are moderately absorbed 

and that the skin is not sticky or shiny after application. 

Regarding that, the hydro-lipophilic properties of vitamin 

C derivatives did not affect the sensory characteristics of 

the tested emulgel. 

 

Conclusion 

 

The sensory properties of the emulgel containing 

hydrophilic sodium ascorbyl phosphate were compared to 

that containing lipophilic ascorbyl palmitate at the same 

concentrations. The results reported demonstrate that 

phosphate ester of vitamin C emulgel and ascorbyl 

palmitate emulgel have similar sensory characteristics. 

Therefore, more different carrier systems for dermal 

application and different concentration of vitamin C 

derivatives in formulations should be subjects of novel 

studies in order to achieve appropriate textural and 

sensorial characteristics of dermocosmetic products. 
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Introduction 

 

Developing formulations for low load drugs where 

small amount of the active pharmaceutical ingredient (API) 

is blended with a large amount of excipients is challenging 

(Alyami et al., 2017). For a low-dose formulation, drug 

substance is usually micronized to achieve acceptable 

blending homogeneity and content uniformity. Micronized 

drug with a small particle size could be static, cohesive, 

adhesive, and fluffy with low density (Zheng, 2009). 

Another challenge for this particular formulation is the 

degradation of the used active substance in the presence of 

moisture. Therefore, besides achieving good content 

uniformity, approaches for optimization of formulation 

using different methods of stabilization were taken into 

consideration along with the selection of the most suitable 

manufacturing process.  

Direct compression (DC) is a simpler tablet 

manufacturing method and an attractive platform for 

manufacturing tablet drug products. However, developing 

a low-dose drug product using direct compression poses 

great challenges to consistently producing high product 

quality. Major challenges include control of the physical 

properties of drug substance, mixing homogeneity, 

segregation, and lubricity. 

On the contrary, during the granulation process, small 

fine or coarse particles are converted into large 

agglomerates called granules. Wet granulation technique 

produces a mixture of API and excipients that has 

acceptable flow, compressibility, and compactibility for 

tableting. However, wet granulation/fluid bed drying 

method of tablet manufacture is multistep process, and thus 

is time-consuming, complex, and expensive (Shanmugam, 

2015). 

The purpose of the study was optimization of a 

formulation and manufacturing process by which the low 

dose API will be uniformly mixed in a tablet as a final drug 

product while attaining stabilization of the active 

substance.  

 

Materials and methods 

 

Formulations 

 

During the formulation development, few 

experimental laboratory trials produced with direct 

compression contained different fillers such as: low 

moisture silicified microcrystalline cellulose, lactose 

monohydrate, mannitol or low moisture microcrystalline 

cellulose. The formulation of choice produced with direct 

compression (formulation A) contains: low moisture 

microcrystalline cellulose, low moisture partially 

pregelatinized maize starch, hydrated silicon dioxide, 

glycine hydrochloride and glycerol dibehenate.  

The experimental laboratory trials produced with wet 

granulation/ fluid bed drying were manufactured using 

ethanol, combination water/ ethanol or only water. The 

binder used is hydroxypropyl methyl cellulose (HPMC).  

Other excipients contained in the formulation of choice 

produced with wet granulation (formulation B) were 

lactose monohydrate, microcrystalline cellulose, partially 

pregelatinized maize starch, croscarmellose sodium and 

sodium stearyl fumarate.  

  

Production processes 

 

Experimental laboratory trials prepared with direct 

compression were mixed in Diosna P 1/6 high-shear mixer 

granulator. The laboratory trials prepared with high-shear 

wet granulation and fluidized-bed drying process were 
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mixed in Diosna P 1/6 high-shear mixer granulator during 

the binder addition and wet-massing phases. Fluid bed 

drying was carried in Huttlin MycroLab drier. The final 

blend was mixed in a low shear mixer Erweka AR403. The 

final blends were compressed on a Korsch XL100 

laboratory scale rotary tablet press machine equipped with 

standard concave punches.  

 

Testing methods 

 

Flow properties of the final blends were evaluated 

according to Ph. Eur. 10.7 (2.9.36). The tablets were 

characterized for: mass; hardness, diameter and thickness, 

friability (Ph. Eur. 10.7 (2.9.7)); and disintegration (Ph. 

Eur. 10.7 (2.9.1)). Tests for dissolution, content uniformity 

and related and degradation products were performed using 

in-house HPLC methods.   

 

Results and discussion 

 

The optimization of formulation and manufacturing 

process were directed by the dose of 1.21% of the active 

substance, its properties and taking into consideration the 

susceptibility to degradation under moisture. 

The final blends for both formulations (A and B) have 

similar flow properties assessed as good and suitable for 

further processing. Characterization of the physical 

properties of the tablets of both formulations showed that 

all obtained results for tablet mass, diameter (6.0 ± 0.3 

mm), thickness (3.0 – 3.5 mm), hardness (5-10 kP), 

friability (less than 1.0%) and disintegration (max. 15 min.) 

are within the respective predetermined acceptance 

criteria. The results from the average assay (99.7% and 

99.6% respectively for formulation A and formulation B) 

and content uniformity (5.6% for formulation A and 4.7% 

for formulation B) indicate that the homogeneity was 

achieved with both formulations and manufacturing 

processes applied. Fast release of the active substance 

(>85% in 15 minutes) and similar dissolution profiles with 

the reference product in 0.1M HCl as the medium of choice 

was seen in both cases.  

The initial values for total impurities are 0.10% for 

formulation A and 0.03% for formulation B which are 

within the predetermined acceptance criteria of max. 1.0%.  

Of particular concern in direct compression process is 

the loss of API from adherence to or absorption onto metal 

surfaces. The purpose in optimization of the formulation 

and the process of direct compression was to improve 

formulation and process that would minimize adherence of 

API onto metal surfaces, to minimize the segregation 

potential by selection of excipients with appropriate 

particle size distribution, as well as to optimize the mixing 

regime. Low moisture excipients used in direct 

compression formulations showed significant 

improvement in terms of stabilization of the active 

substance. The best results were achieved by addition of 

desiccant to control trace amounts of moisture and 

moisture transfer from the surrounding environment such 

as hydrated silicon dioxide, and acid donor such as glycine 

hydrochloride.   

Surprisingly, despite the sensitivity to moisture of the 

active substance, better results regarding wet granulation 

process were achieved in the formulations where only 

water was used as a granulation liquid rather than ethanol 

or their combination. HPMC present in the formulation 

manufactured by wet granulation showed promising results 

in terms of protection against moisture by reducing the 

contact of the API with the rest of the excipients. The short 

duration of the process enables minimum exposure time of 

the active substance to water. 

 

Conclusion 

 

Different approaches can be used in formulation and 

process development and many challenges regarding low 

dose drugs can be overcome by selection of the right 

combination of excipients in the formulation as well as the 

manufacturing process. 

The formulations of choice that showed satisfactory 

homogeneity and preferred physico-chemical properties 

would be further evaluated on screening stability studies. 
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Introduction 

 

The study examined the development of barium 

sulphate tablets that do not dissolve in the digestive tract 

and are used as a contrasting agent for measuring transit 

time through the column. The main problem for obtaining 

non-degradable tablets is the formation of a compact 

polymer matrix that does not disintegrate in digestive 

fluids over a long period of time (Chaussade et al., 1986; 

Felder et al., 1984). In pharmaceutical technology, thermal 

techniques of granulation, extrusion, and the like, 

polymers and active pharmaceutical ingredients (APIs) 

are known for achieving better solubility of low soluble 

substances or for achieving slow release of highly soluble 

substances from solid preparations (Obradović et al., 2016) 

Several different formulations were tested in which 

they were varied: the presence of different polymers 

Eudragit
®
 RS PO and/or PMMA, wet granulation and 

direct compression procedure, different granulation of 

filler calcium hydrogen phosphate dihydrate, and the time 

of sintering in a pair of organic solvents of acetone or IPA 

at different time intervals. The results of the tensile 

strength of the tablets that are important for the further 

sintering process and the degradability of sintered tablets 

were monitored as the output parameter. In the final 

manufacturing process - tablet sintering, only 

formulations in which the tensile strength of the tablet 

was ≥20 MPa were used. For this reason, direct 
compression tablets, as well as wet granulation 

formulations with PMMA, are not sintered. The tensile 

strength of the tablet before and after sintering indicates 

that the "wet" granulation is more efficient with IPA 

because it produces better compacted granules (higher 

tensile strengths), while acetone is more efficient in the 

sintering process at 35
o
C , which is expected due to the 

higher vapor pressure at that temperature compared to the 

IPA.  

  

Materials and Methods 

 

The tablets are made by the wet granulation process, 

and the direct compression process, and the 

pharmaceutical and technological characteristics of the 

tablets have been compared. The API Barium sulphate 

(Merck, Germany) was used. The essence of the 

formulation is based on the use of two polymers: 

polymethyl methacrylate (PMMA DP 300 U) and 

copolymers of ammonium methacrylic acid (Eudragit® 

RS PO).The role of PMMA DP 300 U is to with 

Eudragit® RS PO synergistically form in physiological 

media an insoluble, completely impermeable and non-

swelling martix regardless of the pH value of the media. 

Calcium hydrogen phosphate dihydrate, an insoluble 

excipient, was selected as the filler. Two types of this 

filler were selected, powder and fine granular 

(Emcompress®) intended for direct compression due to 

improved flowing and compressible properties. 

Magnesium stearate was used in order to achieve 

adequate lubrication and to eject the tablets from the 

matrix. Acetone and/or IPA were chosen as solvents in 

combination with concentrated ethanol and water.  

 

Wet granulation 

 

In laboratory tests, mixing and wet granulation were 

carried out in a high shear mixer and dried at 50 °C in a 

fluidization oven. A vacuum processor was used for the 

pilot test. In the vacuum processor homogeneous mixing 

of the previously measured barium sulphate, calcium 
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hydrogen phosphate dihydrate, Eudragit RS PO, and 

PMMA DP 300 U. The granulation solution is a mixture 

of acetone or isopropanol, concentrated ethanol, and 

purified water, i.e. isopropanol and purified water and 

purified water. The wet agglomerated mass is dried in a 

vacuum processor by heating to a temperature of 50 °C., 

and the vacuum is included with occasional stirring until 

is achieved loss on drying of not more than 1% (at 105
 

o
C). Magnesium stearate was added to the diluted 

granulate and further stirred.  

 

Tableting 

 

Compression of laboratory trials was performed on 

an eccentric tablet press EKO type, and pilot trials were 

performed on a Kilian rotary tablet press Synthesis 500. 

For the 80 mg dose, the characteristics of the tablets were: 

mass: 0.268 g, diameter: 8.8 - 9.2 mm, and hardness: at 

least 20.0 MPa. 

 

Sintering 

 

Tablets were sintered in a sealed chamber saturated 

with either acetone vapor or isopropanol vapor at 35ºC (± 

2 ºC) for 8h, 16h, 24h, 32h, and 40h. 

 

Drying 

 

After sintering, the tablets were dried or residual 

acetone or isopropanol is removed to a maximum of 2.5 

mg/tablet. The sintered tablets were dried according to the 

scheme: 1) Temperatures 22 ºC for 16 h, 2) 40ºC for 24 h, 

3) 50 ºC for 8 h and 4) 55ºC for 8 h. 

 

Results and discussion  

 

In the case of tablets made by direct compression, it 

was not possible to achieve the corresponding mechanical 

characteristics of the tablets: the strength and friability, 

which were necessary for the further process and 

manipulation, or consolidation, by sintering in an organic 

solvent vapor. Formulation made with PMMA DP 300 U, 

without the addition of the Eudragit® RS PO polymer, 

could not be compressed due to the spherical shape of 

PMMA DP 300 U which is extremely unfavorable for 

compression. The results of tablet tensile strengths before 

and after sintering indicate, for IPA and acetone solvents, 

that IPA solvent is more effective for wet granulation 

because it produces better compacting granules (higher 

tensile strengths are obtained), while acetone is in the 

sintering process at 35 °C a more efficient solvent, as 

expected given the higher vapor pressure at that 

temperature compared to IPA. The time interval during 

which the disintegration was tested was up to 7 days 

because it is the interval during which the transit of the 

tablet through the column in subjects with slow passage is 

examined in vivo. When it comes to the efficiency of the 

organic solvent in the process of polymer matrix 

consolidation by sintering, the slightly lower efficiency of 

isopropanol compared to acetone is observed. The 

sintering time has a significantly greater effect on matrix 

consolidation. The criteria for intact barium sulphate 

tablets within a 7-day time interval was fulfilled only by 

formulations with a mixture of Eudragit® RS PO and 

PMMA DP 300 U polymers obtained by granulation with 

acetone or isopropanol using a sintered process during 

35h. 

 

Conclusion 

 

Tests of various formulations and technological 

parameters in the production process have shown that in 

order to obtain a contrast agent for testing the functional 

radiology of the colon, rectum and anal canal, i.e. 

measuring the transit time through the colon, which meets 

the defined criteria, optimal formulation is with calcium 

hydrogen phosphate dihydrate powder, an equivalent 

amount of Eudragit RS PO and PMMA DP 300 U 

polymers, isopropanol as solvent in addition to ethanol 

and water in the process of wet granulation, and sintering 

process in an organic acetone solvent vapor at 35°C.  
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Introduction 

 

The ability of a powder to form a tablet of adequate 

mechanical strength is termed as tabletting. It is important 

that a tablet remain intact during its manufacturing, 

packaging and transportation processes until it is 

consumed by the patient. It is also important that the 

tablet is not excessively strong so that it does not undergo 

disintegration and dissolution after oral administration. A 

tablet is produced by compression of granules or powders 

of drugs with or without excipients. When a powder is 

compressed, it undergoes processes such as particle 

rearrangement, particle fracture, and particle deformation. 

Interparticulate interactions play a major role in tabletting.  

The interparticulate interactions such as van der Waals 

forces increase when the distance between particles 

decreases. As the compression force is increased, the 

particles fracture (depending on the brittle-ductile nature 

and the strength of the particles). The last phase of 

consolidation by compression is particle deformation 

which involves plastic and elastic deformation with an 

increase in interparticulate interactions by increasing 

particle contact area. The ultimate success of tabletting 

depends on interparticulate interactions of powder 

particles, material properties, and compression process 

(Lieberman, 1990; Schwartz et al., 1989). 

Tablets are commonly manufactured by wet 

granulation, dry granulation or direct compression. They 

are produced by tablet machines that can be single punch 

tablet press and multi-station/rotary tablet press (e.g., 

High-speed rotary tablet machines and multi-layer rotary 

tablet machines). Single punch tablet press also called 

eccentric press or single station press is the simplest 

machine for tablet manufacturing. Multi station tablet press is 

a mechanical device that unlike the single punch tablet 

press has several tooling station which rotates to compress 

granules/powder mixture into tablets of uniform size, 

shape (depending on the punch design) and uniform 

weight. It was developed to increase the output of tablets. 

Also, high speed rotary tablet presses is a major 

innovation in tablet pressing technology, achieving very 

high levels of productivity and speed and offering 

exceptional refinements in terms of safety, efficiency and 

quality of output (Watt and Armstrong, 2008).  

The aim of this study was to compare the tableting 

process of tablets on Fette 2090 and Fette 3090. The Fette 

2090i and Fette 3090i are both multi-station tablet 

presses. Тhe significant difference between them is that 
the 3090i as a new generation tablet press generates a 

larger number of tablets in a shorter time because it is a 

double rotary press, unlike the 2090 which is a single 

rotary press. Fette 3090i has double-sided production, two 

filling devices, two pre-compression and main 

compression stations and two tablet discharges. Fette 

2090i as s single rotary press has one sided production, 

one filling device, one pre-compression and main 

compression station and one tablet discharge. Tablets 

were produced by direct compression or DC as it is 

known in the industry. DC is the mixing of raw materials 

into a uniform blend, which are then compressed into a 

final tablet. In recent years direct compression has 

become extremely popular in the tableting industry. This 

is due in part to its low cost and simplicity. The main goal 

of this research was to determine how the speed of 

tableting affects the quality of the produced tablets. 

Depending on the formulation the tablets can be produced 

with lower or higher tableting speed. In this case, tablets 

are produced with a speed of 100 000 pcs/h on Fette 

2090i and with a speed of 300 000 pcs/h on Fette 3090i. 

 

https://www.pharmapproach.com/tablet-manufacture-wet-granulation-method/
https://www.pharmapproach.com/tablet-manufacture-wet-granulation-method/
https://www.pharmapproach.com/manufacture-of-tablets-by-dry-granulation-method/
https://www.pharmapproach.com/manufacture-of-tablets-by-direct-compression-method-2/
http://pharmapproach.com/single-punch-tablet-press/
http://pharmapproach.com/single-punch-tablet-press/
http://pharmapproach.com/rotary-tablet-press-multi-station-tablet-press/
https://www.pharmapproach.com/manufacture-of-pharmaceutical-tablets/
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Materials and Methods 

In this research I monitored the production of three 

batches of tablets on Fette 2090i and another three 

batches on Fette 3090i (one batch 1,101,600,000 pcs) The 

composition of all six series includes the same raw 

materials. Tablets include the following raw materials: X 

(аctive pharmaceutical ingredient (API)- drug substance, 

lactose monohydrate, mycrocristaline cellulose (MCC 

102), magnesium stearate. Тhe еxcipients lactose 

monohydrate, mycrocristaline cellulose and magnesium 

stearate are materials that are inert and are added to drug 

substance to increase its volume and provide those 

desirable properties that are not present in the drug 

substance alone.  Lactose monohydrate is the crystalline 

form of lactose.  Lactose monohydrate has the function of 

a filler and binder to help form the tablets. 

Microcrystalline Cellulose (MCC 102) is a partially 

depolymerised pure cellulose and it’s a white, insoluble, 

odorless and tasteless powder. MCC 102 has the function 

of a filler in the formulation. Magnesium stearate has the 

function of a lubricant in the formulation. 

Results and discussion  

On the Fette 2090i tablets were produced with the 

following tablet press parameters: Tableting speed 100 

000 pcs/h; Rotor speed 44 rpm; Fill-o-matic speed 39 

rpm; Main pressure 1.91 Kn; Pre-pressure 2.8 Kn; Main 

compr. force SREL 3.6%. 

The tablets that were produced on the Fette 2090i 

were with: average weight of 302 mg, average hardness of 

8.4 kP, average height of 3.6 mm and average diameter of 

10 mm. 

On the Fette 3090i tablets were produced with the 

following tablet press parameters: Tableting speed 300 

000 pcs/h; Rotor speed 33 rpm; Fill-o-matic speed 25 

rpm; Main pressure 1.71 kN ; Pre-pressure 3.15 kN; Main 

compr. force SREL 3.3% 

The tablets that were produced on the Fette 3090i 

were with: average weight of 301 mg, average hardness of 

8.5 kP, average height of 3.7 mm and average diameter of 

10 mm. 

From these results, it can be noted that the main 

compress.force srel% during tableting on both tablet 

presses is less than 5. On the Fette 2090i with a tableting 

speed of 100,000 pcs/h it is 3.6, and on the Fette 3090i 

with tableting speed of 300,000 pcs/h it is 3.3. What is 

particularly important is that the lower main 

compress.force srel% prepares more similar tablets on the 

tablet press in terms of mass uniformity and tablet 

content. In addition to this, one batch which is 

1,101,600,000 pieces on the Fette 2090i with a tableting 

speed of 100,000 pcs/h is produced in 11 hours, while on 

the Fette 3090i with a tableting speed of 300,000 pcs/h 

the production ends in 4 hours which is a significantly 

shorter time. The reason for this as I mentioned is that 

Fette 3090i  is a larger tablet press.  

 

Conclusion 

 

In conclusion, in this research it is no significant 

difference in the tableting process on the Fette 2090 with 

a tabletting speed of 100,000 pcs/h and on the Fette 3090 

with a tabletting speed of 300,000 pcs/h. Tablets are 

produced with the same quality in terms of physical 

parameters hardness, height and diameter. The SREL 

reading indicates the consistency of tableting operations. 

The closer the number in parameter 8 is to zero, the 

better, as higher numbers denote greater variation in fill 

and compression force from die to die. An SREL of 3,6% 

on Fette 2090i and 3,3 on Fette 3090i is considered 

extremely good. 
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Introduction 

 

The skin, the largest human organ, is exposed all the 

time to solar ultraviolet radiation (UV) which can be 

divided depending on wavelength into 3 types – UVA 

(320-400 nm), UVB – (290-320 nm), and UVC (200-290 

nm). Even though UV rays can have beneficial effects on 

the people, such as stimulation of vitamin D synthesis, it 

is necessary to be aware of their harmful effects. UVB 

rays are responsible for the development of skin cancer 

and DNA damage, so substrates called UV filters that act 

as photo protectors were developed over the years. The 

UV filters are added to the formulation of sunscreens and 

many other cosmetics, which besides their primary 

cosmetic effect also offer protection from solar radiation. 

The effectiveness of sunscreens is expressed by the SPF 

factor (Sun protection factor). SPF is calculated as a ratio 

of minimal erythema dose of the skin protected with 

sunscreen (applied at a thickness of 2mg/cm2) and 

minimal erythema dose on unprotected skin, therefore the 

SPF value represents how many times the amount of solar 

energy a person can be exposed to without getting 

sunburn after applying sunscreen compared to not 

applying sunscreen (Kaur and Saraf, 2009; Schalka and 

Reis, 2011). 

There are three types of methods available for SPF 

determination – in vivo (“on living”), in vitro (“in glass”), 

and in silico (“in silicon”). While in vivo methods are the 

most accurate ones, they require testing on test subjects 

and raise some ethical concerns. However, in vitro 

methods are done in a laboratory, don’t require exposure 

of human volunteers to UV, and can be optimized and 

adjusted. There are two types of in vitro methods – 

methods based on spectrophotometric measurements of 

dilute solutions and methods of measurement of UV 

transmission/absorption through sunscreen films. (Kaur 

and Saraf, 2009) The results of in silico method are 

obtained from computer simulation. This method is fast 

and easy, reproducible and cost-effective, and also 

doesn’t require volunteers (Herzog and Osterwalder, 2011).  
The aim of this study was to compare the results of in 

silico prediction and in vitro determination of SPF, 

depending on the type of UV filters used, different 

concentrations, and their combinations. UV filters used in 

the study were benzophenone-3 (BP3) and ethylhexyl 

methoxycinnamate (EMC) in concentrations of 5% and 

10% for BP3 and 5%, 10% and 20% for EMC.  

Materials and methods 

Materials 
 

In the study following chemicals were used: Ethanol 

(Merck), UV filters: Ethylhexyl methoxycinnamate 

(Avenalab), and Benzophenone-3 (Avenalab). 

Absorbance values were measured using UV-Vis 

spectrophotometer Evolution 60, Thermo-Fisher 

Scientific (USA).  

 

Measurement of the sun protection factor (SPF) in silico 

 

For in silico measurements, the BASF Sunscreen 

simulator, a freely available tool at the webpage: 

https://sunscreensimulator.basf.com/Sunscreen_Simulator

/ was used. On the platform, the user can after choosing 

the UV filter and entering the concentration, obtain the in 

silico predicted SPF values. 

 

Measurement of the sun protection factor (SPF) in vitro 
 

In order to evaluate the efficiency of tested UV filters 

spectrophotometric method developed by Mansur was 

used. Seven ethanol solutions containing different 

https://sunscreensimulator.basf.com/Sunscreen_Simulator/
https://sunscreensimulator.basf.com/Sunscreen_Simulator/
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concentrations of selected UV filters were prepared: 

Ethanol solutions with 5%, 10% and 20% EMC, solutions 

with 5% and 10% BP3 as well as solutions with 

combinations of these UV filters - 5% EMC + 5% BP3 

and 10% EMC + 10% BP3 were made. Exactly 0.5 g of 

each solution was transferred to a 50 mL volumetric flask 

and diluted with ethanol. After that, 2.5 mL were 

transferred to a 25 mL volumetric flask and filled with 

ethanol, and finally, 2 mL of the obtained dilution was 

transferred to a 10 mL volumetric flask and diluted with 

ethanol. The absorbance of the obtained dilutions was 

recorded in the range of 290 – 320 nm at 5 nm intervals, 

and SPF was calculated using equation (1) developed by 

Mansur et al.  

   (1) 

CF – correction factor (=10), EE (λ) – erythmogenic 

effect of radiation with wavelength λ, I (λ) – solar 

intensity spectrum, Abs – absorbance of the solution. 

Values EE x I are constants and were determined by 

Sayre et al. 
 

Calculations and statistical analysis 

The in vitro calculations of SPF were done in 

Microsoft Office Excel, while the statistical analysis 

(Spearman’s rank-order correlation test) was performed 

using IBM SPSS Statistics 20.  
 

Results and discussion 
 

UV filters used in sunscreens can be chemical 

(organic) that act as UV absorbers and physical 

(inorganic) that block UV rays through scattering and 

reflection. BP3 and EMC are chemical UV absorbers 

widely used in sunscreens (Serpone, 2007).  

The maximum concentration of BP3 in cosmetics 

according to updated Annex VI of EU Cosmetic 

Regulation 1223/2009 is 6%, while the maximum allowed 

concentration of EMC is 10%. Before the update in 2021, 

the maximum concentration for BP3 used to be 10% and 

for EMC 20% (Cosing database) So, the aim of this study 

was to compare these UV filters in their maximum 

concentration used over the decades and to discuss 

whether results of in silico predictions and in vitro 

calculations can be related.  
The SPF values obtained after in vitro measurements 

(the SPF values predicted for solutions are presented in 

brackets) were for BP3 5% solution 12.773 (14.3), BP3 

10% solution 5.774 (7.4), EMC 10% 16.22 (12.5), EMC 

5% 10.047 (7.9), combination BP3+EMC 10% 26.161 

(28.9) and combination BP3+EMC 5% 13.808 (15.3). The 

only value that showed a large difference in relation to the 

in silico predicted values is the SPF for EMC 20% 

solution – 28.871 (18.9). However, all other 

spectrophotometrically measured values differed by an 

average of 2.2 compared to in silico calculations. Also, it 

was observed that in vitro SPF values for EMC were 

slightly higher than expected in in silico predictions, 

while in BP3 the opposite was the case. 

Modern in silico models for the calculation of the 

SPF are based on the algorithms used during in vitro 

measurements and the approach used for in vivo SPF 

determination. Besides SPF, they also can be used for the 

prediction of UVA and blue light protection and are 

becoming important for the first stage of the process of 

new sunscreen formulation development (Herzog and 

Osterwalder, 2011). In this study, statistical analysis has 

shown a very strong correlation between results, since 

calculated Spearman's rank correlation coefficient was 

0.857. 
 

Conclusion 
 

The results have shown a very strong correlation 

between the SPF values obtained in vitro and in silico, 

which speaks in favor of these methods being suitable as 

an alternative to in vivo methods. 
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Introduction 

 

Granulation is the process of agglomeration of a 

powder mixture, which results in the enlargement of the 

particles. Wet granulation is considered one of the most 

important processes in the production of solid dosage 

forms. The wet granulation process offers several 

advantages such as enhanced flowability, improved 

compatibility, reduced segregation, and less dust. The 

most commonly used wet granulation techniques are high 

shear and fluid bed granulation. A commonly employed 

high-shear granulation process requires multiple unit 

operations, such as drying and sieving after wet 

granulation. The preferred drying method is fluid-bed 

drying. 

The wet granulation process that occurs in high-shear 

granulators can be divided into three main stages: wetting 

and nucleation, consolidation and coalescence, attrition, 

and breakage. When the liquid binder is added to the 

powder mass, particles start aggregating and form some 

clusters (nucleation). The liquid binder acts as a bridge 

between clusters and forms granules. The granules further 

undergo compaction to form solid particles 

(consolidation). Aggregation is the primary term in 

granulation, which results in the formation of larger 

particles (agglomerates) by aggregating smaller particles. 

When exposed to the shear field, larger agglomerates 

break into smaller granules. Other continuous particle 

size change mechanisms are layering, causing size 

increase, and attrition, causing size decrease. However, 

their rate and processing times vary significantly 

depending on the field properties termed critical process 

parameters (CPPs) within the respective granulation 

system.  

Effect of raw materials on wet granulation 

process and granule properties 

 

The formulation variables and granulation process 

should be controlled to produce granules with the desired 

properties. Since granule formation in wet granulation is 

dependent on the degree of liquid saturation, the factors 

that influence the degree of liquid saturation should be 

optimized to obtain an optimal granulation formulation. 

The factors that affect the degree of liquid saturation are 

formulation, process, and apparatus variables.  

In the powder mixture of a tablet formulation are 

included API and excipients such as a filler (or fillers), a 

disintegrant, and a binder. The physical properties of the 

granules are influenced by the physical properties of raw 

materials in the powder mixture, such as particle size, 

particle size distribution, particle shape, surface 

morphology, and surface area. The total surface area of 

the starting materials, related to the particle size and 

porosity of the starting materials, will affect the amount of 

liquid binder required for granulation. The liquid 

adsorption of the starting material could also affect the 

amount of liquid binder required for wet granulation. 

Therefore, the amount of binder solution required for 

granulation depends on the formulation composition and 

the physical characteristics of the starting materials. 

A binder is normally required for the wet granulation 

process. The binder can be added to the powder mixture 

as a dry powder followed by the addition of water, or an 
appropriate solvent to activate binding. Alternatively, the 

binder can also be added to the powder mixture as a 

binder solution. The bonding characteristics of the binders 

used for wet granulation could vary due to the differences 

in their physicochemical properties. Therefore, the type of 

binder used for granulation can influence the granulation 

process, the amount of binder required for granulation, 

and the physical properties of the obtained granules. The 

amount of binder and granulating liquid used during 

granulation affects the granulation process and the 

physical characteristics of the prepared granules. 

Generally, an increase in binder concentration could result 

in the production of larger granules (Juppo et al., 1992). 
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Granule friability is also influenced by the binder 

concentration and the amount of granulating liquid added 

to the formulation during granulation (Hariharanand et al., 

2002). Granule friability decreased with an increase in the 

binder level. An inverse relationship was observed 

between granule friability and the amount of water added 

to the formulation, especially at lower drug 

concentrations. 

 

Critical process parameters 

 

Several factors affect product physicochemical 

characteristics and quality such as the load of the 

granulator bowl, impeller speed, granulating solution 

addition method, granulating solution addition rate, 

chopper speed, and wet-massing time.  

Impeller speed is one of the process parameters in 

high shear granulation. The main function of the impeller 

is to agitate the powder bed and to get uniform 

distribution of the binding solution. Selection of optimum 

impeller speed might be critical to obtaining granules with 

desirable physical properties as insufficient impeller 

speed leads to uneven distribution of binder resulting in 

uncontrolled granule growth. Similarly, wet-massing time 

also has a crucial role to control the properties of granules 

and tablets. Longer wet-massing time could generate 

granules with higher density and strong granules. Hard 

granules might reduce the disintegration and dissolution 

time of tablets. Chopper size and rotation speed had no 

effect on the granule size distribution because the primary 

function of the chopper is to disturb the uniform flow 

pattern of the mass. The mode of addition of the liquid 

binder can affect the characteristics of the granules. When 

water, used as a binder liquid, was added to the powder 

mixture by atomization, granules with a slightly narrower 

particle size distribution were obtained.  An inadequate 

amount of liquid binder or water gives weak, fragile 

granules with a high percentage of fines, whereas excess 

water results in over-wetting forming hard, dense, and 

uncontrolled granule growth. The amount of water used in 

granulation is mainly dependent on the drug and 

excipients properties and its composition in the 

formulation. The amount of water can be optimized by 

observing the change in power consumption or change in 

torque profile, which has been proven to be a reliable 

control method because it correlated with the different 

stages of wet-massing time (Badawy et al., 2000). 

 

Granulation end-point determination 

 

       Several different approaches have been explored for 

the determination of granulation end-point. These 

approaches can be classified into two major categories: 

indirect measurements and direct measurements.  

In the indirect measurements, the electrical and 

mechanical parameters of the granulator motor are 

monitored since the changes in these parameters are 

related to the changes in the consistency of the powder 

mixture in the wet granulation process. The electrical 

characteristics of the motor are motor current and power 

consumption. The mechanical characteristics of the motor 

are torque and tachometry. Power consumption used as 

granulation end point control has been related to the level 

of liquid saturation of the moist agglomerates, 

densification of wet mass, and granule growth. 

Leuenberger proposed that the liquid amount required for 

granulation corresponds to the plateau in the power 

consumption record profile (Leuenberger, 1982). In the 

direct measurements, the physicochemical properties of 

the powder mixture are monitored during the wet-

granulation process. These properties could be mass 

conductivity and granule size. 

 

Conclusion 

 

Wet granulation is one of the most important unit 

operations in the production of solid dosage forms. The 

properties of the raw materials and critical process 

parameters have a significant impact on the final granule 

properties during the process of wet granulation. All these 

process parameters should be controlled during the 

production process. Various innovative approaches have 

been explored to simplify and control the granulation 

process and improve the quality of the produced granules. 

Future advancements in the equipment and granulation 

techniques could further improve the granulation process, 

thus resulting in a better quality of the granules. 
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Introduction 

 

The principal aim of this paper is to address the 

design, therapeutic application and quality assessment of 

a recombinant CTLA4-Fc fusion protein, abatacept. 

Abatacept is the first developed medicine within the class 

of selective T-cell co-stimulation modulators. Unlike 

other biologics designed to reduce inflammation, 

abatacept does not block proinflammatory cytokines but it 

modulates a T- cell activation. Since its authorization by 

the FDA in 2005, abatacept has been used successfully for 

the treatment of various autoimmune diseases, including 

rheumatoid arthritis, polyarticular juvenile idiopathic 

arthritis and psoriatic arthritis. (EMA, 2022; FDA 2022). 

Recently, FDA approved abatacept in combination with a 

calcineurin inhibitor and methotrexate for the prophylaxis 

of acute graft versus host disease. Abatacept is available 

as injection for intravenous and subcutaneous use.  (FDA, 

2022).  

 

Design and structure-activity relationship 

 

Abatacept (CTLA4-Ig, rDNA) is a fusion protein 

produced by rDNA technology in mammalian CHO cells. 

It is soluble homodimer consisting of two identical 

subunits covalently linked by a disulfide bond. Each 

subunit consists on the ECD of human cytotoxic 

lymphocyte associated antigen 4 (CTLA-4) and the 

modified sequence of the human IgG1 Fc fragment (hinge, 

CH2 and CH3 domain). The molecular weight of abatacept 

is 92.3 kDa of which 15 % is composed of carbohydrates. 

Modifications to the original sequences were made to 

avoid disulfide bridge formation and to decrease Fc-

mediated effector functions and complement activation 

(EMA, 2022). ECD of CTLA-4 is responsible for 

interaction with CD80/CD86 (B7) receptors of T-

lymphocyte. On the other hand, IgG1 portion endows 

prolonged circulating half-life of abatacept and the ability 

for the purification by protein A chromatography. (Isaacs 

et al., 2009; Ramos-de-la-Peña et al., 2019). Abatacept 

selectively modulates a key co-stimulatory signal required 

for full activation of T lymphocytes expressing CD28. 

Full activation of T lymphocytes requires two signals 

provided by antigen presenting cells (APCs): recognition 

of a specific antigen (MHC complex found on APCs) by a 

T cell receptor (antigen-specific, signal 1), and a second, 

costimulatory signal. A major costimulatory pathway 

involves the binding of CD80 and CD86 molecules on the 

surface of APCs to the CD28 receptor on T lymphocytes 

(signal 2). The antigen-specific signal is not sufficient to 

generate a full response, and in the absence of a second 

signal may lead to clonal inactivation or anergy and T-

cells apoptosis. By binding to CD80/CD86, CTLA4-Ig 

selectively inhibits the costimulatory pathway resulting in 

immunosuppression. (EMA, 2022; Linsley et al., 1991). 

 

Structural characterization  

 

Abatacept is produced in the CHO cells, and 

therefore it is a complex protein containing numerous 

structural variants which arise during the production 

process in cell culture, posttranslational modifications and 



252                                                            Pharmaceutical Technology and Biotechnology-Biopharmacy and Cosmetology 

 

Maced. pharm. bull., 68 (Suppl 1) 251 - 252 (2022) 

modifications resulting from degradation of the molecule. 

(FDA, 2022). Therefore, a combination of more than one 

analytical technique, including MS, HPLC and 

electrophoresis technique is required for its 

comprehensive characterization (Duivelshof et al., 2021). 

Multiple charged isoforms in the native abatacept 

ranging from pI 4.5 - 5.5 are detected using isoelectric 

focusing (IEF)  (Nebija et al. 2011). Literature data 

revealed that the drug substance is a mixture of different 

iso- and glycoforms of the protein and in addition there is 

N-terminal and C-terminal heterogeneity (Duivelshof et 

al., 2021). Abatacept contains N-linked and O-linked 

oligosaccharides in each chain. Three N-linked 

glycosylation sites are confirmed by LC-MS/MS peptide 

mapping to occur at asparagine (N) residues N-76, N-108 

(both at CTLA4 region) and N-207 (Fc region) and four 

O-linked glycosylation sites have been identified at serine 

(S) residues, S- 129, S-136, S-139, and S-148. It was 

shown that N-linked oligosaccharides are neutral asialo 

biantennary complex type, while O-linked 

oligosaccharides have different degree of sialidation. 

(Bongers et al., 2011; Zhu et al., 2014).  Glycosylation 

differences have been shown to impact the 

pharmacokinetics and the clearance of product and 

terminal sialic acids are important for pharmacokinetics 

of the protein (Greve et al., 1996).  

CE and HPAEC-PAD were used to study the 

oligosaccharide mixture of abatacept, whereas 

electrophoresis of fluorophore-conjugated carbohydrates 

was used for the examination of oligosaccharide 

composition of different lots of CTLA4-Ig (Greve et al., 

1996). SDS-PAGE and 2-D electrophoresis 

complemented with MALDI TOF analysis were used for 

the assessment of identity, purity and structural integrity 

of abatacept. (Nebija et al., 2011). Analytical 

development program of abatacept employed orthogonal 

analytical methodologies for the characterization of the 

primary structure, glycosylation and physicochemical 

properties. (ICH, 2022; FDA, 2022). LC tandem MS 

peptide mapping was used for the demonstration of 

identity and primary structure, CE, IEF, for the 

demonstration of molecular identity, glycoforms, IEX 

HPLC, monosaccharide analysis, to confirm of the 

consistency of glycosylation, and bioassay for the release 

and stability testing (FDA, 2022; ICH, 2022)  

 

Conclusion 

 
Abatacept is an immunosuppressive and anti-

inflammatory medicine used for the treatment of 

autoimmune diseases. The effects are based on the 

inhibition of T cell activation. Due to its complexity, 

detailed analysis of primary and higher order structure 

and posttranslational modifications can be achieved by a 

combination of various analytical techniques.  
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Introduction 

 

Quality by design (QbD) is a concept of designing 

and building quality into products during the 

manufacturing stage. In order to build quality, 

determination of the significant factors influencing 

product quality is fundamental. Over the last years, the 

concept of Design of Experiments (DoE) has been widely 

used to understand the effects of multidimensional 

interactions of input factors on the output responses of 

pharmaceutical products (Isa et al.,2018). When DoE is 

applied to the formulation or process development, input 

variables include the attributes (e.g., particle size) of raw 

materials and process parameters (e.g., press speed), 

while outputs are the critical quality attributes of the drug 

product. DoE also allows us to quantify the interaction 

terms of the variables and can help us to identify optimal 

manufacturing conditions (Lawrence et al., 2014). In 

order to optimize a process and improve product quality, 

it is critical to detect and understand the effects of the 

formulation and process variables on the tablet properties 

(Huolong et al., 2017). The aim of this study is to present 

the approach of using DoE method to determine the 

factors that could potentially influence the tablet hardness, 

uniformity of mass, and friability. It is anticipated that 

this information will be valuable for future selection of 

the grade of active substance or tableting process 

variables during the product lifecycle. 

 

Materials and methods  

 

Materials  

 

The current study was conducted using a fixed-dose 

combination (FDC) drug containing Paracetamol. For the 

purpose of analysis of qualitative factor (Paracetamol 

grade), two different grades of Paracetamol were selected; 

grade A containing up to 40% fines and grade B 

containing 15% fines. Therefore, two blends containing 

different Paracetamol grades were produced. As 

excipients Microcrystalline cellulose (MCC-Avicel® 

PH102) Calcium hydrogen phosphate dihydrate  (Dicafos 

D 160), Colloidal anhydrous silica (CAS-Aerosil®200), 

Sodium starch glycolate (Primojel), Croscarmellose 

sodium (CS-AcDiSol®), Glyceryl behenate (Compritol 

888 ATO), Sodium lauryl sulphate (Kolliphor SLS fine) 

and Magnesium stearate (MS) were used.  

 

Methods 

 

Dry mixing technology using Lödige ploughshare® 

10L laboratory mixer was used to prepare the final blends. 

Following the blending process, the rotary tablet press 

(Korsch Pro XL100) was used for the production of 

tablets.  

The tablets were characterized for mass and 

uniformity of mass; using Sartorius Secura 224-1 CEU, 

friability using Erweka TAR 100; and hardness on 

Erweka Hardness Tester 425 TD.  

Four parameters, three quantitative and one 

qualitative, were selected as the main variables for the 
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tableting process. The first parameter was turret speed, for 

which a limit of 20 – 40rpm was set. The next two factors 

- main compression and pre-compression force were 

within the range of 10kN to 18kN and 0.5kN to 2kN, 

respectively. As a categorical variable – the grade of 

Paracetamol was evaluated. 

Using the Design-Expert software (Version-7, State-

ease Inc.) a 2
4
 full factorial design with four center points 

was created in order to estimate the significance of the 

aforementioned input parameters and their interactions on 

output responses, the properties of the tablets (uniformity 

of mass, hardness, and friability). 

 

Results and discussion 

 

Statistical and Diagnostic Analysis of the Models 

 

Uniformity of mass - The ANOVA analysis indicates 

significant model predictions (p value <0.0001; F-value of 

24.71; PRESS=18.91 and R
2 
= 0.9277).  

The results reveal that the grade of Paracetamol had a 

significant impact on the uniformity of mass of the 

produced tablets (p value <0.0001) in a negative direction, 

as indicated by the negative sign of the regression 

coefficient (-0.89). In conclusion, using the grade A of 

Paracetamol, where the fraction of fines is larger, results 

in decreased uniformity of mass of the produced tablets. 

"Turret speed" plays the next most critical role (p 

value = 0.0012). The positive sign of the regression 

coefficient (+0.54) indicates the increased value 

(decreased uniformity of produced tablets) when turret 

speed increased. At higher tableting speeds, the die filling 

time is shorter, resulting in increased weight variability.   

The interaction effect between turret speed and 

Paracetamol grade significantly impacted (p = 0.0137) the 

uniformity of mass of the produced tablets in a negative 

direction (coefficient estimate = -0.37). 

However, the grade of Paracetamol had the most 

significant impact on the parameter uniformity of mass, as 

evidenced by the magnitudes of the sum of squares (12.77 

for the grade of Paracetamol, 4.60 for turret speed, and 

2.23 for their interaction). 

 

Hardness  - The regression analysis of the obtained data 

proved the validity of the factorial model. The 

significance of the model was confirmed by the high F-

value of 39.83 and a low p-value (< 0.0001) with a 

correlation coefficient (R2) of 0.9415, and PRESS=79.08, 

thus assuring a good fit model. 

The results of the regression analysis reveal that the 

main compression force had a most significant impact on 

the hardness of tablets (p < 0.0001) in a positive direction 

according to the positive sign of the regression coefficient 

(+2.04). Main compression force has a direct impact on 

tablet forming thus on the hardness value. As expected, 

the hardness of tablets increases with the increase of the 

main compression force.  

The grade of Paracetamol is an additional significant 

factor (p = 0.005) influencing hardness. The positive sign 

of the regression coefficient (+0.82) shows in particular 

that using Paracetamol grade B with less fraction of fines 

generates tablets with increased hardness.  

No significant interaction among the variables was 

observed.  

 

Friability - The regression analysis of the obtained data 

proved the validity of the factorial model for testing tablet 

friability, with an F-value of 24.71, a p-value < 0.0001, 

and a correlation coefficient (R
2
) of 0.9565.  

The magnitudes of the effect estimates show that the 

"grade of Paracetamol" is by far the most important factor 

influencing the friability of the tablets (p < 0.0001).  

The friability is also dependent on the turret speed (p 

= 0.0033), and the interaction between the turret speed, 

pre-compression, and main compression force (p = 

0.0007). 

 

Conclusion 

 

In this study, the influence of process variables such 

as the main compression and pre-compression force, the 

turret speed, and the grade of Paracetamol was 

investigated using a two-level full factorial design (2
4
). 

The grade of Paracetamol was detected as the most 

significant factor affecting all process responses (tablet 

hardness, uniformity of mass, and friability).  

The formulation will be further optimized based on 

the conclusion of the present study, using the coarser 

Paracetamol grade B. 
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Introduction 

 

Recently, thermo-gelling formulations composed of 

poloxamer 407 (P-407) have received much attention for 

drug delivery, mainly due to their low toxicity, ease of 

administration, spreadability and retention on the 

administration site. P-407 is a triblock copolymer with a 

center block of hydrophobic polypropylene oxide (PPO) 

surrounded by two hydrophilic polyethylene-oxide (PEO) 

blocks. The unique properties of the P-407 aqueous 

solution are the reversible gelation properties above a 

certain polymer concentration and temperature, as well as 

the ringing effect of the gel formulations. The thermo-

gelling phenomenon is characterized by a sol-gel 

transition temperature (Tsol→gel) and it occurs as a result of 

hydrophobic interactions between the P-407 copolymer 

chains resulting in a phase transition from the micellar 

solution to semisolid micellar cubic state. 

However, the addition of solvents, such as isopropyl 

alcohol, to the P-407 formulation may increase or 

decrease Tsol→gel and affect the critical quality attributes 

(CQAs) of the gel formulation. In addition, depending on 

the manufacturing method (‘’hot’’ or ‘’cold’’), the 

poloxamer solution will remain fluid or become semi-

solid below or above certain Tsol→gel. 

As the P-407 and isopropyl alcohol concentration are 

known formulation variables that affect the Tsol→gel and 

the CQAs of P-407-based gel formulation, the study 

aimed to optimize their concentration in the formulation, 

using a ‘’hot’’ manufacturing method, and evaluate their 

effects on a few CQAs, such as pH, viscosity, cumulative 

transport, texture properties and Tsol→gel applying Design 

of Experiments (DoE) approach. 

 

Materials and methods  

 

In order to evaluate the effect of formulation 

variables – concentration of P-407 and isopropyl alcohol 

on CQAs of the gel formulations, a three-level full 

factorial quadratic design with two factors on three levels 

with three central points was performed. The 

experimental design was created and analyzed using 

Modde Go software version 12.0. The concentration of P-

407 was studied at the following levels: 10% w/w (low), 

12% w/w/ (medium) and 14% w/w (high), whereas the 

concentration of isopropyl alcohol was studied at the 

following levels: 16% w/w (low), 18% w/w (medium) 

and 20% w/w (high). The experimental range for the 

studied variables was predefined based on the screening 

experiments where it was observed that P-407 in 

concentration below 10 % w/w forms clear dense liquids 

at 20°C and above 14% w/w forms highly viscous and 

‘’sticky’’ gels. Formulations with more than 20% w/w 

isopropyl alcohol exist in a liquid state, whereas early 

hydrophobic interactions occur between PPO chains and a 

non-homogenous system is formed below 14% w/w. 

The model was fitted using the PLS method and 

RSM was applied to estimate the non-linear 

multidimensional relationship between formulation 

variables and CQAs. Twelve experiments were generated 

by the software.  The formulations were prepared by 

heating the purified water to 45 ± 2°C in a laboratory 

mixer, adding of the active substance solution, P-407 and 

slowly mixing until complete dissolving of P-407. 

Depending on the sol-gel transition of the formulation, the 

solution was cooled to a certain temperature. P-407 
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(Kolliphor® P 407) was provided by BASF 

(Ludwigshafen, Germany). Isopropyl alcohol was 

purchased from Merck (Darmstadt, Germany) with Ph. 

Eur. grade. The model anti-inflammatory drug was 

purchased from BASF (Ludwigshafen, Germany) and 

purified water was of a Ph. Eur. grade.  

The formulations were evaluated for appearance 

(visually), Tsol-gel transition temperature (DSC K2000, 

TA Instruments), pH (potentiometric method, pH meter 

SevenCompact), viscosity (rotating viscometer, 

Brookfield RVTDV-II viscometer, T-bar spindles), 

texture properties (TA-STF Spreadability Fixture, 

Brookfield Ametek Texture Analyzer), cumulative 

transport (Franz Diffusion Cell system) and ringing effect 

(manually). 

 

Results and discussion 

 

ANOVA analysis showed model significance  

(p value <0.05); lack of fit (p value >0.05), high R2 and 

Q2 values (>0.5). Poloxamer 407 - based formulations 

had a transparent and homogenous appearance. Two 

formulations were liquid at room temperature and the 

other ten formulations had the desired gel consistency. A 

strong ‘’ringing’’ effect, distinctive for poloxamer gels, 

has been detected only in formulations with sufficiently 

high viscosity and hardness. DSC showed the 

temperature-induced transitions that happen in such 

formulations with thermosensitive polymer.  The curves 

depict that the addition of higher concentrations of 

isopropyl alcohol decreases the critical micelle 

temperature indicating that the formation of micelles is 

favorable at a lower temperature. Hence, formulations 

with a low level of 16% w/w isopropyl alcohol (12% w/w 

and 14% w/w P-407) completed the micellization and the 

sol-gel transition occurs at 47°C, while formulations with 

a medium level of 18% w/w isopropyl alcohol shifted to 

lower micellization temperature range, resulting with 

lower Tsol→gel 37±2°C, making the formulation suitable 

for topical administration under normal storage conditions 

with optimum viscosity and texture properties. 20% w/w 

isopropyl alcohol concentration suppress the sol-gel 

transition at appropriate temperature by decreasing the 

degree of hydrogen bonding between micelles and 

reduction in gel strength, which results in liquid 

formulation. For in vitro release, a decrease in the release 

rate of the active substance is commonly interpreted by 

increase in P-407 concentration associated with an 

increase in gel viscosity. 

The main effect plot showed that the most significant 

single model factor affecting cumulative transport, 

hardness, viscosity and adhesive force was P-407 

concentration. Increasing its concentration to from low to 

high level provides firmer gel with greater viscosity and 

adhesive force, but decreased cumulative transport. 

Concentration of isopropyl alcohol showed a significant 

negative impact on Tsol→gel, hardness and viscosity, hence 

with increasing its concentration from low to high level, 

shifting to the lower gelation temperatures has been 

observed, making the formulations soft gels or liquids at 

normal storage conditions.  

Response Surface Plots showed that only 

concentration of P-407 has minor positive influence on 

pH, while concentration of isopropyl alcohol has 

negligible effect.  In terms of Tsol→gel, an interesting 

finding has been detected. Namely, the formulation trial 

with of 20% w/w isopropyl alcohol (high level) and 12% 

w/w P-407 (low level) showed decrease of the Tsol→gel and 

formulation still existed in liquid state even on 20-25°C. 

Further cooling to 7°C caused sol-gel transition and 

increased viscosity and strength of the formulation. 

However, this phenomenon was reversible and 

formulation returned to liquid state even with minor 

increase of the temperature above 8°C, making it 

unsuitable for use under normal storage conditions.  

The sweet-spot showed that when the concentration 

of P-407 was varied between 11.2 – 12.5 % w/w and 

concentration of isopropyl alcohol was varied between 

17.8 - 19.2 % w/w, the values for all evaluated CQAs of 

the formulation will be within the acceptable limits.  

 

Conclusion 

 

The concentration of isopropyl alcohol had the most 

significant effect on Tsol→gel, an attribute related to the 

suitability for administration and storage of the dosage 

form. The concentration of P-407 had the most significant 

effect on the viscosity and hardness of the formulations, 

indicating that greater gel strength will be achieved with 

increased concentration. Since the release rate of the drug 

is mainly driven by the viscosity of the formulation, in 

vitro release rate was significantly affected in the 

formulations with high viscosity.  
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Introduction 

 

Pediatric formulations often contain excipients with 

lack of safety and toxicity data based on a unique and 

daily exposure, duration of treatment and patient 

acceptability. In the 1980s, US set up regulatory 

initiatives for the development of pediatric drugs. In 2007, 

pediatric regulation focused on the development of high-

quality pediatric formulations for children 0-17 years old 

entered into force in the EU. The European Medicine 

Agency (EMA) activities on medicines for children is 

coordinated by the Pediatric Committee (PDCO), with 

roles to: (i) ensure full compliance with pediatric 

regulation, evaluate and adopt opinions on pediatric 

investigation plans (PIP) for development of pediatric 

medicines submitted by pharmaceutical companies and 

include studies evaluating safety and quality to support 

the authorization, (ii) verify that all measures agreed in 

PIP have been conducted, (iii) issue waivers supported 

with evidence that the medicine is unsafe or without 

significant benefits compared to existing treatments and 

(iv) contribute to the development of network of centers 

with expertise for clinical studies in children (Dunne, 

2007). 

    The US and European Pediatric Formulation 

Initiatives (USPFI and EUPFI) are coopreating with Food 

and Drug Administration (FDA) and EMA as observers in 

order to address safety problems linked to excipients used 

in children, create platforms for systematic evaluation of 

excipient’s safety in children and newborns, generate 

evidence-based database (safety and toxicity aspects of 

pharmaceutical excipients - STEP) to facilitate access to 

the data, provide rapid evaluation of the risks due to the 

use of excipients and improve the decision making during 

pediatric medicines design. 

The aim of the present work was to address the safety 

and toxicity aspects of the excipient propylene glycol 

(PG) and the risk associated with its use in pediatric 

medicines.  

 

Methods 

 

Literature search was performed using relevant 

databases: PubMed, Scopus, Medline, by keywords: 

propylene glycol, PG, PG toxicity, pediatrics, neonates, 

published between 2010-2022, including case reports, 

retrospective and prospective studies, prospective 

controlled observational studies, and review articles.  

 

Results and discussion 

 

The cases are reporting data on children of a broad 

age spectrum, being administered high PG dose levels by 

various administration routes. PG (1,2-propanediol) is an 

organic compound used as drug solvent, moisturizer, 

cosolvent, solubilizer in medicines. Although generally 

considered as safe for use as a vehicle in medicines, PG 

toxicity has been reported during treatment of newborns 

and children with age-inappropriate dosage forms. EMA 

guidelines adhere to a safety threshold of 50 mg-kg/day in 

children below 5 years and 1 mg-kg/day in neonates based 

on the low clearance of PG in this age group. The 

pharmacokinetics of PG in children is unknown nor the 

long-term effects of PG accumulation. Short-term harms 

and serious adverse effects of PG especially in newborns 

are often described following topical, oral and IV 

administration. PG is eliminated through the kidneys or 

metabolized in the liver through alcohol dehydrogenase 

(ADH) to lactate and pyruvate and both elimination routes 

are dose and concentration dependent. PG clearance is 

low in neonates showing long plasma life, with a half‐life 
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10.8-30.5h compared to 5h in adults. Therefore, neonates 

are at high risk of PG accumulation and adverse effects 

due to toxicity. Children under 4 years old are also prone 

to PG accumulation due to the limited metabolic capacity 

(ADH). Laboratory values that can assist in making the 

decision for PG intoxication are serum PG concentrations, 

osmolality, lactate and pyruvate concentrations, 

bicarbonate levels, serum creatinine, and anion gap. 

Hyperosmolarity and metabolic acidosis lead to 

hemolysis, renal failure, CNS depression, seizures, and 

cardiovascular decompensation. If the diagnosis is not 

established clinical deterioration may progress to 

multisystem organ dysfunction, sepsis and systemic 

inflammatory response syndrome (Glasgow et al., 1983). 

PG toxicity is reported when anti-epileptics, sedatives, 

topical silver sulfadiazine, and multivitamins (parenteral 

nutrition) are used at hospital units. However, due to the 

shortage of age- appropriate medicines in clinical 

practice, pediatric patients are often exposed to potentially 

harmful excipients above age-recommended values.  

MR Spectroscopy results from retrospective cohort 

study including 45 neonates born at 24–42 weeks 

gestational age (January 2016-2019), treated with IV 

phenobarbital, pointed to long PG half-life in neonatal 

brain, leading to short and long-term adverse effects. PG 

renal and enzyme (ADH) clearance pathway depend on 

the birth weight and postnatal age, mainly due to 

elimination processes and metabolic pathways immaturity 

during the first month of life (Van de Lagemaat et al., 2021). 

Combination of PG with ethanol or other excipients 

metabolized/excreted by the same pathways will 

compromise the elimination in neonates and premature 

neonates leading to cardiac, renal or respiratory problems. 

Serious health problems due to PG and ethanol toxicity 

are documented when Kaletra® (lopinavir/ritonavir) for 

oral use dissolved in ethanol (356.3 mg ethanol mL
−1 

) 

and PG (152.7 mg mL
−1

) was used in premature neonates 

(FDA Drug safety communication., 2011). 

Acute renal failure secondary to PG overdose with 

single high-dose vit. D (Stosstherapy) was reported in 7 

months-old infant treated with 600,000 units of 

ergocalciferol (solution containing 77.7 g of PG). 

According to the WHO, this exceeds the maximum 

tolerable amount of 25 mg-kg/day, and may cause acute 

renal failure, metabolic acidosis and hyperkalemia (Jelley  

et al., 2019). 

Oral citrate supplementation in 6-week-old neonate 

diagnosed with renal tubular acidosis led to PG 

neurotoxicity. The therapy composed of sodium citrate 

solution and the potassium citrate/citric acid solution, 

both containing 2% v/v PG, was administered for 6 days 

before the onset of the symptoms. The PG intake was 

222 mg-kg/day and the PG plasma levels were highly 

elevated. Besides the pharmacokinetics and long half-life 

of PG in infants, the infant was exposed to larger risk of 

PG toxicity due to higher doses of citrate supplementation 

(Khan et al., 2020). Although the emphasis has been given 

to PG in liquid preparations, before administration of age-

inappropriate liquid dosage forms in pediatric patients, 

additional potentially harmful excipients levels and their 

daily administered amount have to be identified and 

compared to the cut-off values for safe exposure by age. 

 

Conclusion 

 

Numerous case reports and available PG 

pharmacokinetic models in neonates and children made 

the health professionals aware of large variability as well 

as weight and age dependent PG exposure accompanied 

with dose dependent kinetics. Permitted EMA daily 

exposure to PG limits from medicines used in pediatric 

patients (neonates, 1 month to 4 years, 5 years up to 17 

years and adults) for different types of administration 

(except for inhaled PG), are conservative but should be 

used with caution in children less than 4 years old due to 

insufficient data for safety in this population, especially in 

patients with impaired renal or metabolic clearances or 

receiving multiple medicines which increases the risk of 

metabolic interaction and exposure to different excipients 

with similar clearance/metabolic pathways. 
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Introduction 

 
The concept of Quality by Design (QbD) has become 

a new concept for the development of quality 

pharmaceutical products and it was mentioned in the ICH 

Q8 guideline, which states that “quality cannot be tested 

into products, i.e., quality should be built in by design”. 

According to ICH Q8, QbD is defined as a systematic 

approach to development that begins with predefined 

objectives and emphasizes product and process 

understanding and process control, based on sound science 

and quality risk management (Singh and Sharma, 2015). 

The design and development process of the generic 

drug product with modified-release properties using a QbD 

approach is a systematic, efficient, risk-controlled and 

knowledge-based method to improve the pharmaceutical 

process development and eventually improve the product 

quality (Thapa et al., 2019).  

Development processes of solid dosage forms in 

general is divided in two main phases. Phase I – Design, 

development and optimization of formulation of final 

product and Phase II – Design, development and 

optimization of manufacturing process. Selection of 

appropriate manufacturing process is of crucial manner in 

order to modulate final product quality. Therefore, during 

one factor - at a time experiments at early development 

phase, it is highly important to evaluate different 

manufacturing technologies due to the fact that 

optimization of process variables is very tedious, expensive 

and time-consuming phase (Huang et al., 2003).                 

The study aims to make detail evaluation of the influence 

of different manufacturing technologies: direct 

compression, wet granulation (high shear method) and dry 

granulation (roller compaction) on critical quality 

attributes (CQAs) of final product. The knowledge gained 

was intended to be used in order to make appropriate 

selection of manufacturing process for development of 

generic drug product of Oxycodone 40 mg prolonged 

release film-coated tablets (OH-PRT).  

   
Materials and methods  

 
Oxycodone hydrochloride (OH) was provided by 

S.A.L.A.R.S. S.p.A., Italy; Hydroxypropyl 

methylcellulose (HPMC K 100 Premium) was provided by 

DOW Chem. Comp., Colorcon, Germany; Cellulose 

microcrystalline (MCC-Avicel PH 101) was provided from 

FMC Biopolymer, Cork Ireland; Magnesium stearate was 

provided from Faci SpA, Carasco GE, Italy and Opadry 

20A220058 Yellow fron Colorcon, DE. OH reference 

standard and OH impurity D were provided by European 

Directorate for the Quality of Medicines and Health Care 

Council of Europe (EDQM–Strasbourg, France). All other 

chemicals used were of pharmaceutical grade and were 

used without further modifications.  

The formulation composition of OH-PRT was kept 

constant (OH 30.76%; HPMC K100 30,00%; MCC 

38,23% and Mg-stearate 1,00%) in order to minimize their 

influence on final product quality.  
Direct compression method (sample L01-1) was 

carried out in drum blender (PM5, Erweka GmbH, 

Germany. Prior to the mixing, all excipients were sieved 

through 0.813 mm sieve. OH, HPMC and MCC were 
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transferred into a mixing drum (15 min, 250 rpm). After 

that, Mg-stearate was added (5 min, 250 rpm).  

Wet granulation method (L01-2) was carried out in 

high shear granulator (Diosna, DE), where OH was pre-

blended with MCC and HPMC (3 min, 300 rpm). 

Afterwards, granulation liquid was added (315 rpm/1000 

rpm and 2 min) and granulated 1min 30 sec, 400 rpm/1000 

rpm. The wet mass was passed through 0.620 mm sieve and 

the granules were subsequently oven dried on 50 oC 

(MOV-212S; Panasonic, JP). The dried granules where 

sieved through 0.813 mm sieve and blended with Mg-

stearate as stated above. 

Dry granulation method (L01-3), was carried out on 

laboratory scale dry granulator (The Fitzpatrick Company, 

IDEX MPT Inc.), where OH was pre-blended with MCC 

and HPMC in drum blender (10 min, 350 rpm). 

Afterwards, pre-blend was granulated with compaction 

speed/pressure  5rpm/25.00 bar; horizontal/vertical feeding 

35 rpm/180 rpm and milling size/speed 0.813 mm/550 rpm. 

Final blends obtained from all three manufacturing 

techniques were compacted into round 7.0 mm tablets with 

compression force 5.0 – 5.5 kN and compression speed 25 

-30 rpm (Kosrh XL 100, DE). All prepared tablet cores 

were film-coated appropriately (O’HARA Labcoat M).  

Prepared final blends were fully characterized 

according to Ph. Eur 8.9 methods (SVM 102 tester, 

ERWEKA GmbH). Prepared OH-PRT were evaluated for 

mass and mass variation (SECURA224-1CEU, Sartorius, 

AG) hardness, thickness and diameter (TBH 425 TD, 

Erweka GmBh, DE). Assay of  OH-PRT and uniformity of 

dosage units were determined with HPLC method 

(Column: Kromasil C18 150x4.6mm.Detection: 230 nm; 

Inj. vol: 20 µL; Flow rate: 8 mL/min; Temperature: 55 °C). 

In vitro OH release was performed in 900 ml phosphate 

buffer pH 6.8 at 37±0.5oC for 12h. Obtained DSS profiles 

were compared with reference drug product (OxyContin 40 

mg PR film-coated tablets, Purdue pharma, DE), in 

phosphate buffer pH 6.8, as most discriminatory media. 

Impurity profile was analyzed by HPLC (Column: 

Kromasil C18 150x4.6 mm, 5 µm; Detection: 230 nm; Inj. 

Vol: 20 µL; Flow rate: 0.2 mL/min; Temperature: 40 °C). 

 

Results and discussion 

 

Dry mixing is a manufacturing technology of choice 

for the pharmaceutical industry (especially for generic 

industry, which should be competitive on the market in 

every aspect) because it has significant advantages 

compared with other granulation techniques in terms of 

time, handling and cost. The results from final blend 

characterization obtained from all tri batches showed 

differences in flow properties, namely L01-1 and L02-1 

had passable flow, while L01-3 had poor flow properties 

(Carr-index was 21, 24 and 28 for L01-1, L02-1 and L01-

3, respectively). An inadequate flow of sample L01-3 could 

be attributed to the excessive compression force required 

to form suitable ribbons which lead to the formation of a 

harder granule that required multiphase milling, which 

resulted in a relatively wide size distribution of final 

granulate with high % of fine fraction. This assumption 

was also confirmed with the results for assay, where, even 

the results for all three trials where within the acceptance 

criteria (98.64-100.36%), the biggest value of RSD was 

observed for L01-3 (8.93). Results from physical 

characterization of prepared film-coated tablets where 

within acceptance criteria according to QTPP of the 

reference product (round biconvex film-coated tablets with 

mass of 135.00 mg±7.5%, hardness 11-13 kP, diameter 

7.00mm±7.5% and thickness 3.1-3.6 mm), except for L01-

3 where uniformity of weight was bigger than ± 7.5%. 

Obtained results from in vitro release studies pointed that 

even there were significant differences between the quality 

of OH-PRT samples (based on other evaluated parameter), 

there were no significant difference with respect to the 

release rate of OH compared to reference product 

(similarity factor f2 50.08-62.11). The data obtained from 

impurity profile evaluation were within the specification 

limits suggestion good stability of OH and final product 

irrespectively to formulation and/or manufacturing process 

used. 

 

Conclusion 

From this study it could be concluded that the type of 

manufacturing process significantly affects the final 

product quality-OH-PRT especially parameters flowability 

of final blends, appearance and mass variation of film-

coated tablets. Based on overall results, the wet granulation 

(high-shear) method was chosen for Oh-PRT production 

and critical process parameters should be defined in future.  
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Introduction 

 

Control release matrix systems are among the most 

commonly used systems for oral controlled drug delivery 

as they can reproduce a desirable drug profile and are cost 

effective. The primary mechanism of drug release from 

hydrophilic matrices occurs when the polymer swells on 

contact with the aqueous media to form a gel layer on the 

surface of the system. Among literature, many studies have 

shown that the state of binder as well as its concentration 

when used as a solution have great influence of the 

resulting granules and subsequently on drug release 

(D'alonzo, O'connor and Schwartz, 1990). Binder addition 

in wet granulation process can be achieved either by adding 

a liquid binder, characterized by a certain viscosity or a 

solid binder that dissolves in the low viscosity liquid, in 

most cases purified water (Chitu et al., 2011). Sieve size in 

step dry sieving is another critical parameter that influences 

the particle size of the granules and consecutively 

dissolution, especialy when the active substance is poorly 

soluble. (Chu et al., 2012). 

The aim of this study was to determine the effect of 

binder and sieve size used for dry sieving on release rate of 

BCS Class II active substance formulated as controlled 

release matrix system. 

 

 

 

 

 

 

Materials and methods 

 

Materials 

 

Hydroxypropyl methylcellulose (HPMC) E5 LV and 

Sodium Alginate (SA) were both used as binders. As for 

sieves used for dry sieving of the granulate, 1016 (1 mm) 

and 1575 (1.5 mm) grated sieve for Quadro Comil were 

chosen. 

 

Methods 

 

High-shear granulation was chosen as a manufacturing 

process, performed in Diosna P 1/6. Total of 5 formulations 

were produced using binder solution of HPMC E5LV with 

concentrations of 6.10% and 10.00%, SA as binder 

solution with concentration of 1.41% and addition of one 

of the binders as extragranular phase. When one of the 

binders was used as a solution, the other was added as an 

external phase, except in one case where both binders were 

prepared as solutions. Binder solution of HPMC was 

prepared by dissolving in hot water and adding cold water 

to the viscous solution, whereas SA solution was prepared 

by dissolving in cold water. The binder solutions were 

added in the granulation phase by peristaltic pump with 

rate of 45 mL/min.  

Dried granulate was screened on Quadro comil, sieve 

size 1016 and 1575, depending of the selected formulation. 

Formulation 2 was passed through sieve 1016, and the 

remaining formulations (3, 4, 5.1 and 6) were passed 

through sieve 1575. Мachine for homogenization Erweka 

type AR 403 was used for addition of the lubricant.  Each 
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formulation was compressed on a Korsch XL 100 Pro 

rotary tablet press. 

The formulations were evaluated in terms of bulk and 

tapped density (Tapped volumeter, Ph.Eur.method 2.9.34), 

flow rate and angle of repose (Granulate flow tester, Ph. 

Eur. method 2.9.36) compressibility index, Hausner’s ratio 

(calculated values). Particle size distribution was 

determined using vibrational sieve analysis (Ph. Eur. 

Method 2.9.38) 

Release rate was studied up to 10 h using Apparatus 2 

for dissolution according to Ph Eur. 2.9.3. Each vessel 

contained 1000 ml of 0.1M HCl previously degassed; 

paddle apparatus with 100rpm speed was used, at 

temperature of 37 °C. 

 

Results and discussion  

 
Influence of concentration and state of binder on flow 

properties and particle size distribution 

 

From the obtained results it was shown that higher 

concentration of binder solution of HPMC promotes better 

flow rate and blend with higher bulk density (10.5 – 10.9 

s/100g, 0.500 – 0.514 g/mL, for flow rate and bulk density 

respectively) in comparison to SA when used as binder 

solution (11.6 s/100g and 0.491 g/mL for flow rate and 

bulk density respectively) all passed through sieve no. 

1575. Formulation 3, which was made with 10% solution 

of HPMC and sieved through sieve 1016, showed 

significantly higher values for flow rate (70 s/100g) in 

comparison with others, probably due to wider size 

distribution and larger fraction of smaller particles 

(Shekunov et al., 2006). In terms of angle of repose and 

Hausner’s ratio, comparable results were obtained. 

ANOVA Single factor analysis showed that there is 

statistically no significant difference in terms of particle 

size distribution regarding the solid or dissolved state of the 

binders and their concentration (Fstat < Fcrit, p > 0.05). All 

formulations passed through sieve no. 1575 showed 

bimodal size distribution, while formulation 2 sieved 

through 1016 showed more uniform size distribution.  

 

 

Influence of concentration, state of binder and sieve size 

on release rate of active substance 

 

Because of poor flow characteristics and problems 

with compression of formulation 2, it was excluded from 

the dissolution studies. Obtained results for the remaining 

four formulations showed statistically no significant 

difference at all time points (average dissolution of 16.70-

17.92%; 26.79-29.12%; 58.54-61.14% and 77.10-80.97% 

for 1h, 2h, 6h and 10h respectively) (ANOVA, single factor 

analysis, Fstat < Fcrit, p > 0.05). 

 

Conclusion 

 

According to the obtained results, it can be concluded 

that binder concentration and the state of which it is added 

does not influence the characteristics of the granules, as 

well as the dissolution profiles of the tablets, which is 

critical for this type of formulations. This indicates a robust 

controlled release matrix system containing BCS Class II 

active substance containing HPMC and SA as binders. 
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Introduction  

 

One of the main challenges in oral solid formulations 

is achieving the right percentage of released API in a 

specified time span – dissolution. Whilst choosing the 

right excipients is the essence of a formulation, their 

concentrations need to be further optimized in order to 

have the desired effect in vivo.  

Lubricants are one of the essential components in a 

formulation. Pharmaceutical lubricants are added to tablet 

and capsule formulations in a very small quantity (usually 

0.25%–5.0% w/w) to improve the powder processing 

properties of formulations. Regardless of the small 

amount, lubricants play important roles in manufacturing; 

they decrease friction at the interface between a tablet’s 

surface and the die wall during ejection so that the wear 

on punches and dies are reduced, and problems such as 

sticking and picking are reduced to a minimum level. 

Glycerol dibehenate (Compritol® 888ATO) is a less 

commonly used lubricant in comparison with other 

lubricants such as magnesium stearate. In particular, 

glycerol dibehenate is an effective lubricant to replace 

magnesium stearate when the latter causes delay of 

dissolution and other compatibility issues. Relative to 

magnesium stearate, it is expected from glycerol 

dibehenate to have similar lubrication efficiency with a 

higher concentration. In addition, the usage of it should 

not affect compressibility. 

Identified as one of the most challenging excipients 

for concentration optimizing in our formulation, the aim 

of this study was to compare the effect of different 

lubricant concentrations on the dissolution, the efficacy of 

the lubricant during tablet compression process and the 

final tablet characteristics.  

 

Materials and methods 

 

Materials 

 

For preparing the analyzed formulations the 

following excipients were used: povidone (Kollidon K 

25); lactose monohydrate (Lactose M 100 and Lactose M 

200); crospovidone (Polyplasdone XL-10), colloidal 

anhydrous silica (Aerosil 200) and glycerol dibehenate 

(Compritol ATO 888). 

Reagents, solvents and reference standards used for 

the dissolution test were: 0.1 M EDTA disodium; 

Eriochrome black T (indicator); ammonium hydroxide 

10%; 0.1 M hydrochloric acid, ammonium chloride and 

purified water. 

 

Methods 

 

Three formulations with high percentage of API 

(>80%) were prepared with difference only in lubricant 

concentration. The preparation process includes fluid bed 

granulation, followed by tableting. The lubricant used was 

glycerol dibehenate (Compritol ATO888) in 

concentrations of 0.5%; 1% and 1.5%. The effects were 

observed during the tableting process (with the negative 

outcome being the sticking of granulate to tablet press 

punches) and also further analyses of the physical tablet 

characteristics were made, including hardness, 

disintegration and friability.  

The main observed effect was the dissolution of 

tablets with a previously set limit: not less than 70% 

release of API for the time span of 30 minutes. The used 

dissolution method was a complexometric titration on 

apparatus 2 with paddle (according to Ph. Eur. 2.9.3). The 

dissolution test was repeated in order to evaluate the 

stability of the formulation after 3 and 6 weeks and 3 
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months at conditions 25°C/60% RH (Petri dish); 

40°C/75% RH (Petri dish and in dark glass jar) and 60°C 

(Petri dish). 

 

Results and discussion 

 

From the obtained results it can be seen that at the 

initial dissolution analysis in all three formulations 

(containing 0.5%; 1.0% and 1.5% glycerol dibehenate) 

the active ingredient dissolved completely for a period of 

30 minutes with dissolution results being the following: 

- Formulation 1 (0.5% lubricant) – 100.49% 

(SD=0.19%) 

- Formulation 2 (1.0% lubricant) – 99.89% 

(SD=0.32%) 

- Formulation 3 (1.5% lubricant) – 99.89%  

(SD=0.24%) 

The stability results showed a different type of 

behavior, resulting in dissolution decrease of API, for 

formulation 1 stored in conditions 60°C - Petri dish 

(23.02%; SD=2.77% after 3 weeks and 16.44%; 

SD=1.33% after 6 weeks); formulation 2 held in 

conditions 60°C - Petri dish (9.43%; SD=1.12% after 3 

weeks and 7.16%; SD=0.67% after 6 weeks) and 

formulation 3 held in conditions 60°C - Petri dish 

(23.38%; SD=3.42% after 3 weeks and 18.18%; 

SD=2.65% after 6 weeks). Tablets stored at 60°C - Petri 

dish stability testing have been discontinued after 6 weeks 

due to the significant dissolution decrease. The tablets 

stored at 25°/60% RH showed insignificant dissolution 

decrease after 3 weeks, 6 weeks and 3 months. The tablets 

for formulation 2 (1.0% lubricant) stored at 40°C/75% 

RH (dark glass jar) showed API dissolution decrease after 

3 months - 81.54%; SD=1.80%. Formulation 1 (0.5% 

lubricant) and formulation 3 (1.5% lubricant) showed 

insignificant API dissolution decrease - 97.30%; 

SD=2.90% and 97.60%; SD=1.78% at 40°C/75% RH 

(dark glass jar) after 3 months. 

The difference in lubricant concentration affected the 

tableting process in a way that manifested as sticking to 

the tablet press punches. Sticking was visible for 

formulations 1 and 2, and did not occur for formulation 3 

due to the highest concentration of lubricant. 

 

Conclusion 

 

All three concentrations of glycerol dibehenate 

resulted with a dissolution within acceptance criteria (API 

dissolved above 70% within a time span of 30 minutes). 

Stability results indicated that a concentration of 

1.5% glycerol dibehenate results with the smallest 

decrease of API dissolution after 3 and 6 weeks on 

temperature of 60°C. Tablets stored at 25°/60% RH and 

40°/75%RH did not show any changes in dissolution after 

3 and 6 weeks. 

Concentration of glycerol dibehenate affects the 

compression process and concentrations lower than 1.5% 

of glycerol dibehenate manifested with a sticking 

problem. 

 

References 

 
Jannin, V., Bérard, V., Chevrier, S., Malmazet, A., Chavant, Y., 

Demarne, F., Andrès, C., 2013. Functional characterisation 

of powders consisting of mixtures of glycerol behenate and 

a non-ionic surfactant applied by hot-melt coating: 

lubricant performance. J. Drug Deliv. Sci. Technol. 23(2), 

181-185.  

https://doi.org/10.1016/s1773-2247(13)50027-X   

Martínez-Acevedo, L., Zambrano-Zaragoza, M., Vidal-Romero, 

G., Mendoza-Elvira, S., Quintanar-Guerrero, D., 2018. 

Evaluation of the lubricating effect of magnesium stearate 

and glycerol behenate solid lipid nanoparticles in a direct 

compression process. Int. J. Pharm. 545(1-2), 170-175. 

https://doi.org/10.1016/j.ijpharm.2018.05.002   

Shah, N., Stiel, D., Weiss, M., Infeld, M., Malick, A., 1986. 

Evaluation of Two New Tablet Lubricants -Sodium Stearyl 

Fumarate and Glycerol Behenate. Measurement of Physical 

Parameters (Compaction, Ejection and Residual Forces) in 

the Tableting Process and the Effect on the Dissolution 

Rate. Drug Dev. Ind. Pharm. 12(8-9), 1329-1346. 

https://doi.org/10.3109/03639048609065862   

https://doi.org/10.1016/s1773-2247(13)50027-X
https://doi.org/10.1016/j.ijpharm.2018.05.002
https://doi.org/10.3109/03639048609065862


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 265 - 266 (2022)  

Online ISSN 1857 - 8969  

  DOI:10.33320/maced.pharm.bull.2022.68.03.127 

Short communication 

 

 

 
 

*sboskova@alkaloid.com.mk                                                                                                                     S2 PP 21 

 

Influence of punch diameter change on the  
quality attributes of tablets 

 

Simona Boshkova*, Monika Kostovska, Krume Toshev, Natasha Anevska Stojanovska 
 

 
Research & Development, Alkaloid AD, Blvd. Aleksandar Makedonski 12, 1000 Skopje, R. N. Macedonia 

 

Introduction 

 

Tablets are the most widely used pharmaceutical 

dosage forms. During the production of tablets, it is 

necessary to constantly monitor the critical process 

parameters and quality attributes. In the compressing 

phase critical process parameters that need to be 

monitored are: tablet press speed and compression force. 

It is also important that constant monitoring of process 

controls for thickness, hardness, diameter, friability and 

disintegration is performed.  

During the production of tablets with a mass of 225 

mg, an issue appeared due to insufficient thickness of 

tablets (2.60 mm to 3.20 mm) which resulted with 

problems in the feeding of tablets during the packaging 

process. Tablet thickness is determined by the diameter of 

the die, the amount of fill permitted to enter the die 

cavity, the compaction characteristics of the fill material, 

and the force or pressure applied during compression. A 

change in the diameter and thickness was deemed as an 

appropriate solution to the packaging problem. 

The aim of this study was to change the diameter of 

the tablets from 9.00 mm to 8.00 mm in order to increase 

the thickness from 2.60 - 3.20 mm to minimum 3.20 mm 

and ensure a more efficient packaging process, without 

affecting the limits of hardness (6-11 kP) and 

disintegration time (max 10 min).  

 

Materials and methods 

 

For the purpose of this study, eleven experimental 

runs were performed at the development level. 

In our R&D laboratory two types of punches with 

diameter of 8.00 mm are available: biconvex punches 

without break mark and flat punches with break mark on 

one side. The experiments performed were: four 

experiments using the flat punches and varying the 

compression force (7.50 kN and 10.00 kN) and tableting 

speed (4800 and 9600 tablets/hour), and seven 

experiments using the biconvex punches while varying 

the compression force (7.50 kN, 8.75 kN and 10.00 kN) 

and tableting speed (4800, 7200 and 9600 tablets/hour). 

All the experiments were performed on a laboratory 

rotary tablet press Korsch XL 100. The results of 

diameter, thickness, hardness and disintegration were 

evaluated. 

After performing and analyzing the laboratory 

experiments, the next step was introducing the change of 

diameter and thickness on the industrial batch in the 

Production Department. The compressing process was 

performed on a rotary tablet press Fette 2090i in a 

Department of Production of Solid Dosage Forms. For the 

purpose of this study, 8.00 mm biconvex punches with 

break mark on one side were used. Three experiments 

were performed, varying the compression force. In the 

first experiment compressing was performed with 

compression force of 8.00 kN, in the second experiment 

9.00 kN and in the third experiment the compression force 

used was 10.00 kN. In all three experiments, tableting 

speed was 50 000 tablets/hour and it was constant. The 

results of diameter, thickness, hardness and disintegration 

were evaluated. Additionally, the parameter friability was 

analyzed for the first and third experiment in order to 

determine the impact of the difference of hardness on the 

friability.  
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Results and discussion 

 

These experiments were carried out to determine the 

effect of the changes in the diameter and thickness on the 

other quality attributes of tablets. The diameter and shape 

of tablets depends on the punch diameter selected for 

tablet compression. There are various sizes and shapes of 

tablets and for the purpose of this study two types of 

punches were evaluated: biconvex punches without a 

break mark and flat punches with a break mark on one 

side. The results for the diameter for all tablets from 

experiments performed at the development level, 

regardless of the punches that were used, were in the 

range from 7.98 mm to 8.05 mm, which is satisfactory.   

The other parameter, thickness, is an important 

process control for tablet packaging. Tablet thickness 

depends on the dosing height and compression force. The 

speed of compression can also affect the thickness. In the 

experiments where flat punches were used, the results for 

thickness were below the desired acceptance criteria 

(minimum 3.2 mm). The maximum value for the 

thickness 2.96 mm (SD 0.07).  using these punches was 

achieved in the experiment where compression force of 

7.50 kN was applied and the tablet press speed was 9600 

tablets/hour In the experiments where biconvex punches 

were used, the results for thickness were satisfactory. The 

minimum value for the thickness (3.31 mm) using these 

punches was achieved in the experiment where 

compression force of 10.00 kN was applied and the tablet 

press speed was 4800 tablets/hour. The maximum value 

for the thickness (3.44 mm) was achieved in the 

experiment where compression force of 7.50 kN was 

applied and tablet press speed was 9600 tablets/hour (SD 

0.05).    

The compression force affects not only the thickness 

of tablets, but also their hardness, which is very important 

since it can affect disintegration and dissolution. The 

hardness of tablets is also important to predict the 

breaking point and structural integrity of a tablet under 

conditions of storage, transportation and handling before 

usage. The hardness of tablets depends on the dosing 

height, the distance between the upper and lower punch at 

the time of compression and the compression force. 

 The results for the hardness for all tablets from the 

experiments performed at the development level were 

satisfactory. For the first four experiments, where flat 

punches were used, a minimum value for hardness of 6 kP 

was obtained in the experiment where compression force 

of 7.50 kN was applied, and tablet press speed was 9600 

tablets/hour. The maximum value for the hardness of 10 

kP was obtained in the experiment where compression 

force of 10.00 kN was applied and tablet press speed was 

9600 tablets/hour (SD 1.91).    

For the experiments where biconvex punches were 

used, the minimum hardness of 6 kP was obtained in the 

experiment where compression force of 7.50 kN was 

applied and tablet press speed was 9600 tablets/hour. The 

maximum hardness of 10 kP was obtained in the 

experiment where compression force of 10.00 kN was 

applied and tablet press speed was 4800 tablets/hour (SD 

1.58).   

As it was mentioned before, the parameter hardness 

is very important, since it can affect the disintegration. 

For this reason, the disintegration was also analyzed, and 

all of the results were satisfactory. The maximum 

disintegration time (4 min and 5 s) was obtained in the 

experiment where hardness was 10 kP.  

According to the obtained results, it was decided that 

biconvex punches with break mark will be used in the 

production of the industrial batches at the Production 

Department. The results for the quality attributes of the 

tablets in the three experiments of the industrial batch 

were satisfactory. The average value for the diameter was 

8.02 mm (SD 0.03) and the average value for the 

thickness was 3.36 mm (SD 0.06). The minimum value 

for the hardness of 6 kP was obtained in the experiment 

where compression force of 8.00 kN was applied, and the 

maximum hardness of 7 kP was obtained in the 

experiment where compression force of 10 kN was 

applied (SD 0.80). In order to determine the effect on the 

compression force on the friability, additional analysis of 

the parameter friability was performed on experiments 

with the lowest (8 kN) and highest (10 kN) compression 

force.  The results of friability (0.26%, 0.20%/) were 

similar for both experiments. 

 

Conclusion 

 

The packaging process was successfully improved 

with the aforementioned experiments. The results for the 

quality attributes showed that the changes in the diameter 

and thickness do not have negative effect on the other 

quality attributes of the tablets. Compression force range 

of 8 – 10 kN and speed of 50 000 tablets/hour are thus 

proven to be acceptable.  
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Introduction 

 

The purpose of this short paper is to present the 

influence of the different particle morphology of a 

nonsteroidal anti-inflammatory active pharmaceutical 

ingredient (API), incorporated in high dose content (85.5 

w/w %) immediate release formulation, on the physical 

characteristics of granules obtained with wet granulation 

technology process. 

In case of highly dose immediate release formulations, 

the physical characteristics of the API such as: particle size 

and shape and particle size distribution have the main 

impact on quality attributes of the granulate including the 

flowability. In order to evaluate the effect, micronized 

APIs with similar particle size (d90<30μm), but different 

in the crystal morphology (API A1- needle shaped crystal 

and API A2-cutted needle shaped crystal) were used. The 

both APIs, due to their micronizied quality, have low 

flowability and compressibility characteristics. Because of 

this, it is essential to apply wet granulation technology 

process. 

Granulation is the process of agglomeration of powder 

mixture, which results in the enlargement of the particles. 

This is often necessary for manufacturing of solid dosage 

forms such as tablets (Gokhale et al., 2005). The 

granulation process is particularly sensitive to variables 

such as different physical properties of solid particles 

(particle size distribution, ʻwettabilityʼ and crystal shape of 

active substance and excipients) (Belohlav et al., 2007). 

The materials, which are compressed into tablets, must 

possess adequate flowability, density and compressibility 

(Gokhale et al., 2005). It is well known that spherical 

particles flow better (Chan and Heng, 2005) compared with 

irregular morphology of particles. 

 

Materials and Methods  

 

Materials 

 

API (A1 and A2) was supplied from two different 

manufacturers, Copovidone (Kollidon VA 64) was 

supplied from BASF, Ludwigshaften, Germany, 

Crosscarmellose sodium (Ac-Di-Sol) was supplied from 

DuPont, Cork, Ireland, Talc was supplied from Merck, 

Darmstadt, Germany and Magnesium sterate was supplied 

from FACI S.p.A., Carasco, Italy.   

 

Methods 

 

Two formulations (G1 and G2) with the same 

qualitative and quantitative composition were prepared 

with wet granulation process using high shear mixer 

granulator. The only variable was drug particle 

morphology. Water, purified was used as a granulation aid 

in the wet granulation process. Different shape and particle 

size distribution are the key parameters for determining the 

optimum amount of granulation aid (Belohlav et al., 2007). 

During producing the final blend, all the process 

parameters were constant. 

Microscopy technique (Malvern-Morphology G3S) 

was applied to confirm the different morphology of the 
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API. Physical characteristics such as bulk and tapped 

density, flow and particle size distribution of API and final 

blend were evaluated by Tapped Volumetar SVM 102, 

Erweka and Retch AS200 Control. Additionally, Carr 

index and Hausner ratio were calculated to characterize the 

flow properties of the two crystals morphology of API 

themselves and their incorporation in the final blend. 

 

Results and discussion 

 

Different particle morphologies, A1-needle shaped 

crystal and A2-cutted needle shaped crystal, were 

confirmed by optical microscopic photography. According 

to the obtained results for bulk and tapped density for the 

A1 (0.201g/mL, 0.254 g/mL) and A2 (0.181g/mL, 

0.235g/mL), A1 has greater density from A2. Both of them 

have specified passable flowability characteristics based on 

calculated Carr index (A1-21%, A2-23%) and Hausner 

ratio (A1-1.27, A2-1.30). 

Wet granulation process was performed using A1 for 

obtaining granulate-G1 with quantity of granulation aid 

which comprised 18.8% of the quantity of the dry powder 

mixture. Adding the same quantity of the granulation aid 

for obtaining granulate with A2, produced overwetted 

granulate. Therefore, the optimized quantity of the 

granulation aid was 14.6% of the dry powder mixture with 

API A2 and proposed excipients (granulate-G2). The 

different particle morphology can be considered as a reason 

of this behavior. Furthermore, the dried granulate G1 was 

screened on a bigger sieve size compared to G2. When the 

same sieve size was used as G2, the screened granulate 

contained large quantity of fines, which compromised the 

flowability. On the other hand, when bigger sieve size was 

used for granulate with A1, gave tablets prone to 

lamination. The greater granule strength of G2 and fragile 

granules of G1 can explain this fact. G2 (0.584g/mL, 

0.663g/mL) had higher bulk and tapped density than G1 

(0.503g/mL, 0.572g/mL). In addition, G2 and G1 have 

higher bulk and tapped density than the initial density of 

A1 and A2, which confirmed the granulation theory. The 

calculated values of Carr index (12%) and Hausner ratio 

(1.14) were the same for the both granulates which shows 

very good and similar compressibility. The improved 

flowability was confirmed by the results for flow rate and 

with their respective standard deviation of G1 (6.2s/100g, 

SD=0.50) and G2 (5.5s/100g, SD=0.64), so content 

uniformity problems were further not expected.  

 

 

 

 

 

 

Conclusion 

 

Particle morphology of the active substance strongly 

affects the physical characteristics of granulates prepared 

with wet granulation technology. Even if the same process 

parameters and the same qualitative and quantitative 

content of excipients were used, slight modifications in the 

manufacturing process had to be made due to the presented 

different properties of both APIs.  

Adjustment of the quantity of the granulation aid and 

appropriate selection of the sieve sizes for the dry 

granulates, resulted with robust process capable of 

producing final product with similar characteristics and 

CQAs according to defined criteria with both APIs. 
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Introduction 

 

Topical semi-solid dosage forms are one of the 

fastest growing product markets globally. As the skin is 

the largest organ in the human body and the primary side 

of action of this type of products, quality assurance is a 

primary tool in guaranteeing their acceptable performance 

(Sarika et al., 2020). As eye corneal permeability favours 

lipophilic compounds that often have a low aqueous 

solubility, the ocular drug delivery is solved with 

development of semi-solid suspension products. The 

knowledge of the critical parameters is basis for 

successfully scale up the process, where similarity 

principle can be adopted (Davies et al., 2000). Geometric 

similarity means that equipment shape and dimensions are 

proportional from one production scale to another. Thus, 

this similarity would ensure results that are independent 

of scale. Unfortunately, pharmaceutical process in 

manufacturing of semi-solid dosage forms can vary with 

scale even when the equipment uses the same operating 

principle (e.g., low-shear mixer) and the same design 

characteristic. Processes are dependent on volume and 

area.  For a given linear change in scale, the effect on area 

or volume is different. At small production scales, area is 

more prominent than volume. At larger production scales, 

volume is far more prominent than area. For example, 

controlled process such as heat transfer, particle 

dispersion or surfactant adsorption at interfaces during 

emulsification are area-depended process. As scale 

increases, the area relative to the volume decreases and 

efficiency of the process can be significantly declined. 

Heat-exchange provisions (e.g., jacket equipment) that are 

adequate at a small scale may be inadequate at a larger 

scale. Hence, a key aspect of scaling up or down requires 

changes in the controlling mechanism in a process. As 

Tatterson points out, ‘It is unwise to scale a process 

without knowing the controlling mechanisms’ (Tatterson 

et al., 1994). 

Simple ointments are solid suspensions where the 

drug is suspended in a heated petrolatum base and then 

slowly cooled and mixed until a homogenous mass is 

formed. During manufacturing, care must be taken to get 

drug suspended properly without incorporation of excess 

air, which can affect viscosity, appearance, uniformity of 

dosage units and stability. It is more important to maintain 

the temperature rang properly during the cool-down steps 

to prevent the sedimentation. 

       Following the transfer of technology of an eye 

ointment performed on one pilot batch of 50 kg it was 

proposed increasing of the batch size (scale up to 100 kg), 

as the air entrapment is more likely to occur in smaller 

batches, taking into account the capacity of equipment.  

 

Materials and methods 

 

Materials 
 

Antiviral micronized active substance with poor 

aqueous solubility provided by Quimica Sintetica, S.A. 

was used as a drug (PSD quality: 100% less than 24 µm; 

90% less than 12 µm; BSC Class III / IV) and paraffin, 

white soft, Ph. Eur., Type CD 806 as ointment base 

provided by Parafluid GmbH. 

 

Preparation of scale up batches 

 

Both ingredients used in the study are approved for 

use in the pharmaceutical industry. The ointment was 

prepared by melting of the ointment base i.e. dispersion of 

the active substance by mixing and homogenization 

followed by continuous cooling. Manufacturing process 

was performed in double jacket mixing vessel with 
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capacity of 150 L (Olsamix PH 150B, Italy), equipped 

with central impeller, peripheral impeller and flexible 

scraper blades to remove mass from internal walls of the 

tank into the center of mixing. The physico-chemical 

properties of bulk product were met immediately after end 

of manufacturing process. Samples were taken from 9 

locations for testing the control parameters: appearance, 

colour, PSD and assay. 

Physical characterization of the ointment 

Homogenous distribution of the active substance 

particles was confirmed with PSD test of the bulk 

product. Particle size distribution of the ointment was 

analyzed on samples taken after producing the bulk 

product by phisico-chemical method: optical microscopy 

(Morphologi G3S, Malvern, UK). Determination of the 

particle size was performed with scanning under the 

microscope.  

 

Identification and assay of active ingredient 

 

Identification and content determination of the active 

substance in the drug product were carried out by HPLC 

method. The content was calculated from the ratio of the 

obtained peak areas of the API in the test and standard 

solution at wavelength of 254 nm.  

 

Results and discussion 

 

After manufacturing of pilot batch size with 

prescribed homogenizer speed of 1400 rpm and vacuum 

range from - 0.3 to - 0.5 bar, air entrapment was noticed 

in the bulk product. Thus, this batch size is considered to 

be insufficient load for capacity of Olsamix 150, 

nonetheless the vacuum should be higher from -0.6 to -0.8 

bar during homogenization by mixing and cooling.  

Optimizing of the mixing speed and time was directly 

dependent of rheological properties of the bulk product, 

batch size and percentage loading of the vessel. During 

the preparation of scaled batch of 100 kg, there was used 

homogenizer three times under higher vacuum pressure to 

ensure uniform dispersion of particles. Additionally, it 

guarantees removal of air pocket from the formulations 

giving smoothness of the mass. For ointments, it is known 

that their rheological behavior is complex and highly 

temperature dependent (Sarika et al., 2020). Establishing 

suitable temperature ranges (65-80
0
C; 45-55

0
C; 29-33

0
C), 

higher than used during the production of pilot batch size, 

as well as properly rate of heating and cooling in all the 

production phases in order to avoid precipitation of the 

API in melted base and grittiness from the mass after 

dispersion, was done. The viscosity of the ointment base 

is determined as a function of temperature and therefore it 

can be considered as an indicator for the feasibility of a 

product (Anton et al., 2018). 

Another key aspect during phase of forming primary 

dispersion is to establish turbulent-flow regime with 

moving the central impeller and peripheral impeller in 

reverse direction. On the other hand, during the cool-

down phase when solidified homogeneity mass is 

forming, it is important to achieve laminar-flow regime 

by setting the scraper blades and paddle blades to move in 

the same direction. The obtained results for assay were 

satisfactory for both batch sizes with all individual values 

within the limits of 95.0-105.0% and low RSD values. 

Thus, content uniformity of the bulk product was properly 

achieved with established process parameters. 

The whole mass of the ointment was smooth, white 

and homogenous without visually noticed air bubbles. 

The optical microscopy during the first scanning at a 

small magnification (at 400 µm) identified the particles 

which conforms the criteria in Ph. Eur test for particle 

size in semi-solid eye preparations (Ph. Eur. 10.8, 2022) 

as well as interrupted air bubbles in the samples by pilot 

batch of 50 kg. From the microphotographs at a larger 

magnification (at 100 µm) there were detected the shapes 

of larger particles with measured dimensions around 20 

µm. The interrupted air bubbles were not found in the 

samples from scaled batches of 100kg. 

 

Conclusion 

 

Based on the evaluated results, it can be concluded 

that successful scale up of the suspension semi-solid drug 

products requires optimizing the batch size as well as 

suitable ranges of process parameters, taking into account 

prior knowledge of the manufacturing process.  
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Introduction 

 

Viscosity can be described as the internal friction of a 

fluid, caused by molecular attraction, which makes it resist 

a tendency to flow (Brookfield, p. 15). The greater the 

friction, the greater the amount of force required to cause a 

fluid movement, which is called “shear”. Highly viscous 

fluids, therefore, require more force to move than less 

viscous materials. 

Based on rheological properties, the fluids can be 

divided into Newtonian (same viscosity at different shear 

rates) and non-Newtonian (different viscosity at different 

shear rates).  

The viscosity measurement can be affected by 

variables related to the instrument (viscometer) or the test 

fluid. Test fluid’s related variables deal with the 

rheological properties of the fluid, while instrument 

variables would include viscometer design, spindle 

geometry, speed of rotation, time of test measurement and 

measurement conditions. Therefore, in order to obtain 

accurate results, optimization of the viscosity measurement 

method for each product is required. 

The purpose of this study was optimization of the 

method for viscosity measurement and evaluation of 

rheological behavior of a viscous cutaneous solution. In 

order to optimize the method, aforementioned instrument 

parameters were varied and viscosity was evaluated. 

 

 

 

 

Materials and methods 

 

Measuring equipment 

 

The viscosity measurement was performed using 

rotating Brookfield DV2T RV viscometer as described in 

Ph.Eur. Method 2.2.10, with standard disc spindles.  

“The viscometer rotates a sensing element in a fluid 

and measures the torque necessary to overcome the viscous 

resistance to the induced movement” (Brookfield, p. 3). 

The immersed element, called spindle, is driving through a 

beryllium copper spring. The degree to which the spring is 

wound is proportional to the viscosity of the fluid. 

 

Materials 

 

The current study was conducted on a laboratory trial 

of viscous cutaneous solution, as test solution. 

 

Sample container and sample quantity selection 

 

According to Brookfield manufacturer instructions, 

the standard spindles supplied with the DV2T RV 

viscometer (RV2-7) are designed to be used with the 

quardleg attached and 600 ml beaker. 

Sample quantity of NLT 350 ml was selected as 

appropriate in order to cover the immersion mark of the 

standard disc spindle. For the purpose of confirming that 

even greater sample quantity than 350 ml will not influence 

the result, measurements of the solution viscosity using 

different sample quantities (400 ml and 450 ml) was 

performed. 
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Spindle selection 

 

The process of selecting a spindle for a fluid with 

unknown viscosity is normally trial and error. An 

appropriate selection will result in obtaining torque value 

between 10-100%. 

 According to the visual assessment of the test solution 

viscosity, the research team decided to use RV disc 

spindles. In order to select appropriate spindle for analysis, 

according to obtained torque values, measurements using 

different RV disc spindles (RV-2, 3 and 4), at different time 

points (1–10 minutes), with different spindle speed rotation 

(10-100 rpm) were performed. The measurements were 

carried out using previously defined conditions, namely 

600 ml beaker and NLT 350 ml sample. 
 

Rotation speed selection 

 
The spindle speed rotation to be tested was selected 

based on the most acceptable torque values obtained during 

previously measurements for spindle geometry selection. 

In order to select the most appropriate rotation speed, 

viscosity profile measurements at different time points (1-

10 minutes) using previously selected spindle geometry 

were performed. 

 

Optimization of time point for single point measurement 

 
In order to identify the most appropriate time point for 

further measurements, time profile viscosity measurement 

was made, using previously selected spindle and speed 

rotation and defined conditions of measurement (600 ml 

beaker, NLT 350 ml sample). 

 

Optimization of temperature range 

 

Temperature optimization measurements were 

performed using previously defined measurement 

conditions, namely selected spindle, rotation speed, time 

point for single point measurement and sample container 

and quantity. In order to evaluate the temperature effect, 

viscosity values of cutaneous solution were measured at 

three different temperatures: 20 °C, 22 °C and 25 °C. These 

temperatures were chosen as they represent the laboratory 

room temperature range, mainly known for scientific work. 

 

Results and discussion  

 

Fluid viscosities are found to be dependent on selected 

spindle/speed of rotation, time of test measurement and 

spindle/chamber geometry conditions. An appropriate 

selection of viscosity measurement conditions will result in 

measurements within the acceptable torque range (10-100 

%). The goal is to obtain a torque between 30 % and 70 %. 
The study results show that there is no difference in 

the obtained viscosity and torque values using different 

sample quantities. In relation to spindle selection, RV-2 

spindle acquired the most acceptable torque values (23-

108%) in comparison to RV-3 (9-46%) and RV-4 (5-24%). 

Therefore, RV-2 spindle is chosen as most appropriate for 

further measurements.  

Rotation speed of 20 rpm, 30 rpm and 40 rpm are 

satisfactory in relation to preferred torque value of 30-70%. 

However, the most acceptable torque values (50%) are 

obtained with spindle rotation speed of 30 rpm. Therefore, 

30 rpm is chosen as most appropriate spindle rotation 

speed. Regarding the optimization of time point for single 

point measurement, the results show that the viscosity 

values of the cutaneous solution as well as the obtained 

torque values display no difference in time period from 1 

to 10 minutes. Therefore, time point of 1 minute is selected 

as suitable for further analysis. 

Viscosity determination at different temperatures 

shows some variation in obtained viscosity values in the 

interval from 20 °C to 25 °C. As expected, the lowest 

viscosity (580 cP) was measured at temperature of 25 °C, 

while the highest viscosity (767 cP) was obtained at 

temperature of 20 °C. For that reason, determination and 

marking the temperature of the cutaneous solution during 

viscosity measurement is recommended. 

 

Conclusion 

 

Rheological measurements are a way to predict and 

control the product properties, end use performance and 

material behavior. The results obtained during the study 

show that the viscous test solution display a decreasing 

viscosity with an increasing shear rate. Furthermore, the 

test solution display no change in viscosity in time under 

condition of constant shear rate. Accordingly, the 

cutaneous solution which is a subject of this study can be 

categorized as time independent, non-Newtonian 

pseudoplastic fluid. 

As per viscosity method optimization, the afore 

discussed measurement conditions are established as 

satisfactory for obtaining accurate and reproducible 

viscosity results. 
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Introduction 

 

This paper will help to understand the opportunity of 

real time release testing in production of bulk product of 

liquid dosage forms. The possibility of even going to a 

continuous or semi-continuous processing of liquid bulk 

product for a faster and more reliable analysis before 

primary and secondary packaging od finish product. The 

use of PAT tools like reliable application and achieving 

state of control on the production and CQAs and CPP of 

the bulk product without QC testing on every batch. It will 

be less costly and more efficient in terms of time and 

expensive testing. The production will be more effective 

and more productive with a best quality product for the 

market (Medicines Agency, 2017).   

 

Real Time Release Testing 

 

A medicinal product must comply with the 

requirements stated in the authorized specifications for 

release and shelf life. RTRT is a system of release that 

gives assurance that the product is of intended quality, 

based on the information collected during the 

manufacturing process, through product knowledge and on 

process understanding and control. RTRT recognizes that 

under specific circumstances an appropriate combination 

of process controls (critical process parameters) together 

with pre-defined material attributes may provide greater 

assurance of product quality than end-product testing and 

the context as such be an integral part of the control 

strategy. Enhanced product knowledge and process 

understanding, the use of quality risk management 

principles and the application of an appropriate 

pharmaceutical quality system, as defined within ICH Q8, 

Q9 and Q10 provide the platform for establishing RTRT 

mechanisms for other applications, for new products as 

well as established marketed products. The application for 

RTRT should be supported by adequate validation of the 

RTR test method. The relationship between the RTR test, 

including acceptance criteria, and the end product test and 

associated specification should be well understood and, 

where applicable, supported by substantial comparative 

data at commercial scale (parallel testing) (7 Westferry 

Circus 2009). 

 

Possibility of RTRT and control strategy in oral 

liquid dosage forms  

 

Many processes for the production of solid 

pharmaceutical forms do not reach more than 60% of their 

design capacity and often require ten times more design 

time than liquid processes where they reach even 90% of 

the design space. This is primarily attributed to better 

development and implementation of advanced closed-loop 

control and control strategies in production of liquids. To 

implement a quality average control system are: 

(1) the integration of control hardware, software and 

sensors into process equipment. This is a major challenge 

due to the lack of standardization of pharmaceutical 

equipment in terms of control perspectives. 

(2) The differences in real-time data for online / inline 

process monitoring, which need to be controlled, is another 

barrier that it is a challenge for implementation of control 

systems.  

(3) The most suitable control categories (PID, PI, MPC, 

feed forward controller, feedback controller) for liquids 

production processes are possible. 

(4) There is no standard control package commercially 

available that can be used to implement a control system in 

a pharmaceutical plant. A systematic framework is needed, 

through which the control system can be easily designed 

on site and implemented in the plant with less resources 

and time (Allison et al., 2015). 

The specific objectives of the proposed systematic 

framework are twofold: first, to provide step-by-step 
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guidance for the integration of advanced control strategies, 

hardware / software control and analysis technologies 

(PAT tools); and second, to support the design and 

implementation of control strategies. It involves the 

installation of advanced sensors (eg NIR) within the 

process equipment to monitor variable process parameters 

in real time. Through the framework of advanced control 

strategy (hybrid MPC-PID) can be developed and 

implemented using the process automation system (eg 

Emerson's DeltaV PAS), and hardware can be integrated 

into the plant to allow manipulation in the closed-loop of 

the physical process. The control system uses PAT-based 

multi-variable data management platform (eg SynTQ) to 

integrate the control platform (eg DeltaV) with NIR 

analyzer and multivariate model. Through the commercial 

implementation of advanced control strategies and the 

integration of these strategies with control hardware and 

sensor technologies, this technology platform will lead to 

more efficient manufacturing operations, reducing labor 

and the volume of experimentation in introducing new 

processes, and also facilitating implementation of QbD in 

the pharmaceutical industry (Markl et al., 2020). 

SCADA (supervisory control and data acquisition 

system) can be implemented for supervision, of process 

parameters, raw materials, as well as the quality of semi-

finished products during the process, and attributes of the 

final quality of the product with a model of process 

dynamics for data harmonization in order to support 

RTRT. As a result of the high frequency of data collection, 

statistical methods for large samples can be applied to 

increase the level of confidence that the batch is in 

accordance with the desired quality. Batch calculations 

with RTRT should consider the observed variance in the 

critical quality attributes during production, which is an 

indicator of variability within the batch. This helps in 

analyzing the risk of PAT failure and procedures can be 

developed to identify contingencies for process monitoring 

and batch release. Procedures may include testing the final 

product or using surrogate measurements to prove that the 

product maintains an acceptable level of quality. 

In addition, to make natural use of the RTRT methodology, 

increasing the amount of data and quality processes 

collected during continuous production facilitates the 

adoption of multivariate process monitoring approaches. 

Multivariate statistical process control (MSPC) is a 

process monitoring approach used to determine whether 

process variability is stable over time. It can be used to 

detect abnormalities in the process that could lead to 

adverse consequences if they are not mitigated and 

diagnostic information is provided for which variables in 

the process may be responsible for the event (Aulakh et 

al., 2021).  

 

 

Conclusion 

 

Manufacturing process for production of liquid dosage 

forms is very important step for ensuring production of 

high quality products which will be present on the market. 

Real time release testing can ease the time needed for the 

product to go to the market. The quality of the product 

depends from many factors but mostly from the 

characteristics of the raw materials, equipment and their 

performance and critical process parameters such as 

temperature, pressure/ vacuum, share speed and mixing 

and usage of additional parts as pumps, transfer lines and 

filing lines. All these parameters should be monitored 

during production process in defined ranges. Only fully 

controlled process the use of PAT tools, a significant state 

of control and real time release testing will insure that 

manufacturing of the product result with a high quality 

products according the specifications.  
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Introduction 

 

The oral drug absorption from immediate release (IR) 

solid dosage form is determined by many factors such as 

solubility of the active ingredient, dissolution rate and the 

intestinal membrane permeability. When it comes to drugs 

that belong to the Biopharmaceutics Classification System 

(BCS) class II, solubility and dissolution rate are the 

limiting factors to oral absorption. Deeper insight into the 

influence of a particular factor or set of factors on drug 

absorption profiles can be obtained using the 

physiologically based in silico modeling. Physiologically 

based models can provide quantitative predictions of a drug 

pharmacokinetics in vivo based on the interrelationships 

among key physiological, biochemical and physico-

chemical factors using mathematical equations (Jeffrey and 

Zhoumeng, 2020).  

The aims of this study were: (i) to develop a drug-

specific physiologically based model for the prediction of 

a BCS class II atypical antipsychotic bioperformance 

following intravenous (IV) and peroral (PO) 

administration, and (ii) to identify the key parameters 

affecting the rate and extent of this drug absorption after 

oral administration.  

 

Materials and methods  

 

The model was constructed using GastroPlusTM 

software (version 9.8.2000, Simulations Plus Inc., USA). 

The selected input dataset included literature data on the 

drug physico-chemical/biopharmaceutical properties 

(molecular weight, pKa, LogP, Caco-2 permeability, 

solubility, effective particle radius, plasma protein 

binding). For those parameters for which we could not find 

literature data, default software values (drug density, 

precipitation time, blood:plasma concentration ratio) or the 

software calculated values (drug diffusion coefficient, 

human jejunal permeability) were used. The software 

integrated PKPlus module was used to select the 

appropriate pharmacokinetic compartmental model and fit 

the pharmacokinetic parameters values. The model was 

first developed for the 2 mg IV infusion with infusion time 

of 0.25 h. After that, using the Advanced Compartmental 

Absorption Transit (ACAT) human fasted model, a PO 

absorption model was developed for the 5 mg IR tablet 

formulation. Both IV and PO models were verified based 

on the work of Boulton et al. (2008) which provided drug 

plasma concentrations versus time profiles under single 

dosing conditions. Graphical data from literature data were 

digitized using DigItTM program (version 1.0.4, 

Simulations Plus, Inc., USA). Parameter sensitive analysis 

(PSA) was conducted to identify the critical factors that 

influence the in vivo pharmacokinetic performance of the 

drug. The percent prediction error (%PE) for maximum 

plasma concentration (Cmax) and area under the plasma 

concentration-time curve (AUC) were calculated based on 

the equation given below: 

%𝑃𝐸 =
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑

𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
𝑥 100 

 

Results and discussion 

 
Literature data: 

 

The drug of interest is a weak base with pKa of 7.46 

(EMEA, 2005). It is practically insoluble in water and 

shows pH-dependent solubility with the highest solubility 

at acidic region (solubility at pH 1.2 is 0.53 mg/mL) and 

the lowest solubility at pH around 7 (solubility at pH 7.0 is 

0.01 mg/mL) (Zhou et al., 2021). Moreover, the drug 
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exhibits polymorphism, which might influence its 

biopharmaceutical properties (Otsuka, 2002). The values 

for LogP and permeability through Caco-2 cells indicate 

that the drug is highly permeable and crosses the intestinal 

membrane via passive diffusion (FDA, 2002). Drug 

bioavailability after oral administration has been 

determined to be 87%, which indicates nearly complete 

absorption and minimal presystemic metabolis (EMEA, 

2005). Following intravenous administration of a 2 mg 

dose, the drug plasma concentration declines in a 

multiphasic manner and is measurable for up to 99 hours 

post dose.  

 

In silico simulations 
 

Using the PKPlus module, we analyzed the literature 

plasma concentration data and found out that the two-

compartmental pharmacokinetic model best described the 

distribution and clearence of the drug. The relevant 

pharmacokinetic parameters were fitted accordingly, and 

the resultant plasma concentration-time profiles following 

IV administration nicely matched the in vivo data (Boulton 

et al., 2008). The simulated and observed values for AUC0-

∞ and Cmax following IV administration were 556 ng-h/mL 

vs. 620 ng-h/mL for AUC0-∞ (PE= 10%) and 19.20 ng/mL 

vs 16.9 ng/mL for Cmax (PE= -13%).   

The predicted drug bioavailability (F) following PO 

administration was 97%, which coincides with literature 

values. The predicted pharmacokinetic parameters i.e., 

AUC0-∞ and Cmax were also similar to the in vivo observed 

values (1372.5 ng-h/mL vs. 1290 ng-h/mL, PE= -6.4% and 

17.7 ng/mL vs. 19.9 ng/mL, PE= 11%, respectively), while 

there was a certain difference in the predicted vs observed 

tmax. Namely, the model slighly prolonged the time needed 

to achieve the maximum plasma concentration with tmax of 

4.5 h, while the mean in vivo observed value was 2.75 h. 

Neverthless, this discrepancy can be accepted, considering 

large interindividual variability in this parameter (1.5-6.0 

h) (Boulton et al., 2008). The regional absorption 

distribtuion of the drug was also evaluted. Because the drug 

is a weak base, absorption will most likely occur in the 

gastrointestinal (GI) region(s) where the drug residence 

time is sufficient for the drug to be absorbed into 

membrane and where the medium pH yields sufficient 

concentration of the drug to be present in an non-ionized 

form. According to the simulation results, after PO 

administration the largest amount of drug will be absorbed 

in the caecum (approximately 42%).  

The PSA was preformed for drug solubility, dose, 

effective particle radius and mean precipitation time in 

order to assess the importance of the selected input 

parameters in predicting the percent of drug absorbed. The 

obtained results indicate that the extent of drug absorption 

mainly depends on drug solubility and effective particle 

radius.  

 

Conclusion 

The presented results demonstrate the value of 

physiologically based in silico modeling. The simulation 

outcomes indicate that the predicted drug plasma exposure 

following oral absorption is sensitive to drug solubility and 

particle radius. Such data are in accordance with the fact 

that this drug is a BCS class II compound with poor and 

pH-dependent solubility. Therefore, the solubility of a 

chosen polymorphic form and drug particle size 

distribution should be carefully considered during 

formulation development. In addition, investigation of the 

effect of drug dissolution on the expected bioavailability 

for IR tablets should be assessed, as planned for our future 

studies.  
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Introduction  

 
188Re-HEDP (hydroxyethylidenediphosphonate) is an 

osteotropic radiopharmaceutical used in palliative 

treatment of primary and metastatic bone tumors, in 

addition to external beam therapy (Liepe, 2018). 

According to its chemical structure, it is a complex 

compound composed of a bisphosphonate ligand molecule 

that incorporates an atom of the radioactive 188Re, which is 

a beta-emitting radionuclide whose physical characteristics 

are suitable for its therapeutic use. The energy of its gamma 

radiation is very similar to the gamma radiation of 

technetium-99m, which allows monitoring its 

biodistribution with conventional gamma cameras. 

Another important feature of 188Re is that it is a generator 

product obtained from 188W/188Re generator without the 

presence of a "carrier" which facilitates its widespread use 

(Lee et al., 2009). The main aim was to present the 

preparation and quality control of 188Re-HEDP for clinical 

application in therapeutic nuclear medicine. 

 

Materials and methods  

 
Obtaining 188Re 

 

Rhenium [188Re] was obtained from an alumina-based 
188W/188Re generator (Oak Ridge National Laboratories, 

USA and MAP Medical, Finland) by elution with 0.9% 

NaCl solution. The principle by which the generator 

operates is similar to a 99Mo/99mTc generator (Vucina 

2002). The parent isotope (188W) is chemically adsorbed on 

the chromatographic carrier-Al2O3 and the offspring 

isotope (188Re) is separated by elution with saline (0.9% 

NaCl). 

The radiopharmaceutical 188Re-HEDP was prepared 

by in-house developed HEDP solution.  

 

Preparation of HEDP kit 

  

The HEDP kit contains: Na2HEDP, gentisic acid and 

SnCl2, dissolved in 0.9% NaCl. The compounding is 

performed aseptically in a LAF cabinet. Firstly, Na2HDP 

(166 mg) and gentisic acid (60 mg) are dissolved in 10 mL 

of nitrogenous 0.9% NaCl. During constant stirring of the 

previous solution, SnCl2 (77 mg) was added. This solution, 

with a pH of approximately 1, is sterilized through a 0.22 

m Millipore filter. The solution is dispensed into 

multidose sterile vials, 1 mL in each. The vials are stored 

frozen between -20 oC and -70 oC (Lin et al., 1999). 

 

Radioactive labeling of HEDP with 188Re 

 
188Re-HEDP is prepared by adding 1-3 mL of 188ReO4- 

to the vial containing 1 mL HEDP cold kit with an activity 

of 1-4 GBq, and 20 mL of "carrier"1 (Lepareur et al., 2019), 

which is a solution of stable Re in the form of NH4ReO4. 

After mixing intensively for 1-5 minutes, the mixture is 

placed in a 100 oC water bath for 30 minutes. The solution 

is then cooled at room temperature under running cold 

water, and 2 mL of Na-acetate buffer is added, adjusting 

the pH to 5-6 (Lin et al., 1999). 

 Preparation of the "carrier" solution: 20g 

NH4ReO4 (Aldrich Chemical Co.) are dissolved in 2 mL of 

previously nitrogenated 0.9% NaCl. This solution is stored 

at + 4 oC. 

Determination of radiochemical purity of 188 Re-HEDP 
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The radiochemical purity of 188Re-HEDP was 

performed by instant thin layer chromatography (ITLC), 

using ITLC-Silicagel strips developed in 95% acetone (Lin 

et al., 1999). In this chromatographic system, the 188Re -

HEDP complex remains at the application site (Rf 0.0-

0.1), while the free perrenate migrates with the solvent (Rf 

0.9-1.0). 

 

Results and discussion 

 
In our study we evaluated the bone-targeted 

radiopharmaceutical for therapeutic use - 188Re-HEDP, 

which has been proposed as an alternative to 186Re-HEDP 

(Liepe, 2018). The physical properties, the compounding 

method and the lower cost make 188Re suitable for use in 

nuclear medical centers of different types. 

Following the prescribed protocol, we labeled the 

HEDP kit with 188Re, and performed the quality control. 

First, by visual inspection, it was concluded that the 

preparation was clear, without turbidity and visible 

particles, while the pH was approximately 6.5. In terms of 

radiochemical purity, the percentage of 188Re HEDP 

complex was 98.87% (SD = 0.21), obtained by ITLC.  

As the chemical properties of 188Re (VII) perrenate and 
99mTc(VII) pertechnetate are very similar, the choice of 

therapeutic 188Re labeling ligands is based on the 

experience gained from 99mTc-labeled diagnostic 

radiopharmaceuticals (Deutsch et al., 1986). 

However, certain differences in the chemical 

properties of technetium and rhenium complexes affect 

their biological behavior, which imposes the need for a 

different approach to their preparation. Due to the fact that 

rhenium is chemically much more stable in higher valence 

states, it is more difficult to reduce than technetium. 

Additionally, rhenium radiopharmaceuticals have a greater 

tendency to reoxidize in perrenate than technetium 

radiopharmaceutical analogues in pertechnetate, which 

affects the biodistribution of the radiopharmaceutical 

(Vucina, 2002). 

During the initial preparation of 188Re-HEDP, a larger 

excess of tin ions is used for the reduction reaction to be 

more complete and faster. Due to the large amount of tin 

ions, a proportionally larger amount of HEDP ligand is 

needed, because otherwise there would be precipitation of 

tin salts in a neutral environment. Therefore, the Sn-HEDP 

kit for the preparation of 188Re(Sn)HEDP contains about 

ten times more Sn(II)HEDP in comparison to technetium 

labeling HEDP kit (Lin et al., 1999). 

Another feature in the preparation of 188Re-HEDP is 

the incubation in a boiling water bath for about 30 minutes. 

This procedure is based on previous studies performed in 

order to determine the conditions for preparation of 186Re-

HEDP. The study of Kothari et al. (Kothari et al., 1999) 

showed that the 186Re-HEDP complex is initially formed in 

a high percentage (>98%), regardless of whether the 

incubation takes place at room temperature or in a boiling 

water bath (about 100 °C). However, the stability study 

showed that the formed complex is stable only if the 

incubation takes place in a boiling water bath for 30 

minutes. It is assumed that in this way conditions are 

created for decomposition of the metastable 188Re-HEDP 

complexes, but also of the other formed complexes of the 

previously reduced rhenium complex (Lin et al., 1999). 

 

Conclusion 

 

Based on the results obtained from our study, it can be 

concluded that the prescribed compounding conditions 

(composition and concentration of chemical components, 

temperature and incubation time) are optimal for the initial 

formation of the chelating complex 188Re-HEDP in a high 

percentage (> 98%). 
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Introduction 

 

One of the main guiding tools in development of 

various oral drug delivery technologies is the 

Biopharmaceutics Classification System (BCS). The BCS 

is a scientific framework for classifying the drugs into 

four classes I, II, III and IV based on their aqueous 

solubility and intestinal permeability. Drugs which belong 

to class II of the BCS are characterized with high 

membrane permeability and poor aqueous solubility 

which results with slow dissolution rate (Chavda et al., 

2010; Yadav et al., 2013). 

More than 40% of the drugs that are approved and 

nearly 70% of developmental pipeline candidates are 

poorly soluble, because of which they result with poor 

oral bioavailability. During the development of the ideal 

solid dosage forms, poor aqueous solubility is a 

challenging issue which can lead to failure in formulation 

development process. Absorption of drug and its 

therapeutic effectiveness is affected by solubility. The 

solubility is a significant physicochemical factor and the 

main reason behind low dissolution rate and inadequate 

bioavailability of the drug. For drugs from BCS class II 

absorption is dissolution-rate limited. Therefore, 

enhancement of the solubility and dissolution is an 

essential and rate-limiting step to obtain therapeutic effect 

(Feng et al., 2012; Nikghalb et al., 2012). Through the 

years various technological methods for enhancing the 

dissolution  rate were used such as micronization, 

adsorption onto high surface area carriers, lyophilization, 

co-grinding, formulation of inclusion complexes, 

solubilization by surfactants, solid dispersions, solid 

solutions, hydrotrophy, inclusion of a drug solution or 

liquid drug into soft gelatin capsules and co-solvency 

(Mahapatra et al., 2020). 

Nebivolol is a beta-adrenergic receptor blocking 

agent, and has Tmax of 1.5-4 hours. Since it belongs to 

BCS class II, it has very low aqueous solubility, which 

results into poor dissolution rates. The main objective of 

this work was to investigate the possibility of achieving 

similar dissolution profile of Nebivolol with the reference 

product in three different pH mediums (pH 0.01, pH 4.5 

and buffer pH 6.8) by improving its dissolution rate. 

Nowadays a large number of polymer carriers are 

available for use in formulations as wettability and 

controlled release agents. Based on the literature data, we 

prepared three formulations by using “solubilization by 

surfactants” technique (surfactants concentration above 

the critical micelle concentration increases the drug 

solubility due to solubilization and thereby increases the 

dissolution rate) in combination with biodegradable, 

biocompatible hydrophobic polymer to ensure controlled 

drug release. In this study we will focus and try to explain 

the effect of surfactants and polymers on dissolution rate 

(Tekade and Yadav, 2020). 

 

Materials and methods  

 
Materials 

 

Nebivolol Hydrochloride (Hetero Drugs Limited) 

was used as an active pharmaceutical ingredient (API), 

polymer Hydroxypropylmethyl Cellulose ((HPMC), JRS 

Pharma) in range of 2% - 5%, and surfactant 

Polylosorbate 80 (KLK Kolb) in range 0.1% - 3%. Other 

excipients used in formulations were: Lactose 

Monohydrate 200 mesh (Granulac®200), Maize Starch, 

Croscarmellose sodium (Vivasol®); Cellulose 

Microcrystalline PH 102 (Vivapur®102), Sillica Colloidal 

anhydrous (Cab-o-sil®) and Magnesium stearate. 

Nebilet® (Berlin – Chemie AG) was used as a reference 

product (R). 

 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Tekade%20AR%5BAuthor%5D


280                                                             Pharmaceutical Technology and Biotechnology/Biopharmacy and Cosmetology 

 

Maced. pharm. bull., 68 (Suppl 1) 278 - 280 (2022) 

Method  

  

Nebivolol tablets were produced by wet granulation. 

Tablet formulations were prepared with different ratios of 

dispersed Nebivolol in binding solution (polysorbate 80 

and HPMC) versus Nebivolol in dry mixture (50:50; 

30:70 and 70:30). 

  

Dissolution and drug content 

 

According to Ph.Eur 10th edition drug content was 

measured by an HPLC method (2.2.29). The dissolution 

rate of the API was measured using apparatus II (paddle 

type) at 50 rpm.   

 

Results and discussion 

 

The quality control of all three formulations was with 

an aim to characterize the drug content and comparative 

dissolution profile with R. In each formulation the results 

for drug content were 96% - 100%. Unlike the results for 

drug content, the comparative dissolution profile of the 

formulations exhibited different dissolution rate in pH 

0.01; acetate buffer (pH 4.5) and phosphate buffer (pH 

6.8).  

Main indicator for comparative dissolution profile is 

similarity factor (f2) which is defined with the dissolution 

values (%) of the developing and reference products over 

all time points. Formulation in which the ratio of 

Nebivolol was 50:50 - showed the predicted dissolution 

profile and similarity factor with R in all three mediums 

pH 0.01 (f2=57.54); pH 4.5 (f2=77.21) and pH 6.8 (f2=53). 

Second formulation where ratio of Nebivolol was 70:30 

showed good results for dissolution and similarity factor 

only in two mediums pH 0.01 (f2=53.02) and pH 4.5 

(f2=66.38). Similarity factor for this formulation in pH 6.8 

medium was f2=44.04. The similarity factor of the third 

formulation where the ratio of Nebivolol was 30:70, was 

under f2=35 in all three pH mediums. This ratio of API in 

binding solution versus API in dry mixture is not a ratio 

of choice for achieving the desired dissolution profile. 

In our formulations critical step was ratio of the API 

dispersed in binding solution versus API in dry mixture. 

According to this in formulations where a higher content 

of the API was dispersed in binding solution (HPMC and 

polysorbate 80) better values for similarity factor with R 

were achieved. When higher content of API is dispersed 

in solution with polymer and surfactant - during drug 

dissolution a larger number of drug molecules are in close 

proximity with HPMC (facilitated by the effect of 

surfactant) and desired dissolution profile is achieved. In 

formulation where smaller number of drug molecules 

were dispersed (ratio 30:70), HPMC and polysorbate 80 

did not have the same effect (acting together) on the 

dissolution profile of the drug. In this formulation the 

drug release profile is retained due to effect of HPMC. 

Values for dissolution rate are higher than those for 

dissolution rate of R in each time point. The reason 

behind this could be that, when molecules are not 

dispersed in the solution they are directly exposed on 

effect of the surfactant. 

 

Conclusion 

 

According to the obtained results, similar dissolution 

profiles with those of R in all pH mediums were achieved 

with formulation with ratio of 50:50 in which half of the 

drug molecules were dispersed in the binding solution and 

the other half was in dry mixture. Also through this study 

we can come to some conclusion that using surfactants in 

combination with polymers is a potential method for 

increasing solubility of drugs from BCS class II by 

achieving their fine dispersion at absorption level.  

Despite the good initial results, it is necessary a scale 

‑ up and validation of the process to be performed. Also, 

stability study should be completed in order to  prove the 

effectiveness of the method. 
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Introduction 

 

Dry granulation is method of choice when materials 

have sufficient cohesive properties or inherent binding to 

form granules and also for newly synthesized active 

substances that is characterized by fine particles of low 

density, poor flow and uneven shape and size. In most 

cases, the characteristics of the active substances are 

unfavorable in terms of formulation development and 

production process. Good rheological characteristics of 

the mixture are necessary for the production of solid 

forms. This means that it is often necessary to change the 

morphological characteristics of active substances which 

usually consist of fine particles (less than 150 μm in size) 
to obtain a mixture with favorable characteristics like 

desired particle size range and distribution with 

appropriate flow and compactability for subsequent stages 

of production. This literature review covers current 

technological achievements related to roll compacting 

devices for dry granulation, their principle of operation, 

advantages and challenges of this technology in various 

applications relevant to the pharmaceutical field (Rana, 

2011). 

 

Basic principles and mechanism 
 

Roller compaction is a dry granulation process in 

which the powders containing active ingredients and 

excipients are added through feed system (feeder screw) 

that transfers material to the rollers and then pass through.  

and are agglomerated between two rollers of the same 

diameter that rotate in the opposite direction. The friction 

between the material to be processed and the surface of 

the roller carries the material into the narrow space 

between the rollers (nip region), where the material is 

exposed to high pressure which leads to the formation of a 

compact mass. In the basic design of a roller compactor, 

there is also   an in-line granulator in which the compact 

obtained from the roller compactor is crushed into 

granules of uniform size and it processes a large amount 

of material in a short period of time (Perez-Gandarillas, 

2014). Optionally, there are additional systems that 

improve process control. In dry granulation, compaction 

strength and uniform distribution are necessary in order to 

achieve granules of uniform porosity from which the final 

product of good hardness and disintegration is obtained. 

The granules produced are usually an intermediate and are 

later used in the tableting or encapsulation process (Rowe, 

2016). 

.  

Discussion 

 

In the pharmaceutical industry, different roller press 

designs are used. Each technology has its advantages and 

weaknesses depending on the raw material properties. In 

general, the orientation of the screw will define how the 

powder must be fed. For noncohesive powders, vertical 

feed systems, which are dependent only on the gravity, 

tend to maintain a uniform powder fill weight into the 

compaction zone with a small loss of powder. On the 

other hand, for light bulk density materials (fine 

powders), the horizontal or inclined feedings force the 

material to be drawn into the compaction zone by using a 

screw. In addition, for poorly flowing powders, a vacuum 

de-aeration system is often used to improve the delivery 

of material to the rollers.  Vacuum de aeration system is 

one of the sophistications in roller compaction technology 

and it builds up a vacuum and absorbs the material to be 

compacted from screw feeder. In order to limit the loss of 

powders from the roll sides, roller presses are generally 

equipped with a sealing system (Dhumal et al., 2013). 

The results in the literature showed that the 

percentage of fines is a critical attribute during the 



282                                                             Pharmaceutical Technology and Biotechnology/Biopharmacy and Cosmetology 

 

Maced. pharm. bull., 68 (Suppl 1) 281 - 282 (2022) 

production and that is highly affected by the roll-

compaction and milling conditions and that the roll 

compaction effect is predominant over the milling effect 

for the generation of fines. Because of this effect, there is 

another innovation in dry granulation that is known as 

pneumatic dry granulation developed by Atacama LabsOy 

(Helsinki, Finland). Pneumatic dry granulation is an 

innovative dry granulation technology which, in addition 

to roller compactors, consists of air sorting systems for 

the production of granules, which are characterized by 

excellent flowability and compressibility. In this method, 

granules of powder particles are produced with the initial 

application of compression forces using a roller 

compactor, which produces a mixture of compact and fine 

particles. Fine particles are separated from granules of the 

predicted size in the gas flow fractionation chamber 

(pneumatic system), where granules of the predicted size 

pass through this chamber and continue until the next 

phase. The fine particles and small granules are then 

transferred to a device such as a cyclone and either 

returned to the compaction roller for immediate 

processing (recycling process) or later taken to a 

processing container to achieve the desired granule size 

(Shanmugam, 2015). 

 

Conclusion 
 

The roller compaction process is designed to improve 

flow properties, increase bulk density and ensure 

uniformity of formulations by preventing segregation. It 

offers advantages over wet granulation for processing 

materials that are physically or chemically sensitive to 

moisture because no liquid binder is required. This 

technology is also suitable for compounds with low 

melting points or substances, which decompose quickly 

when heated, as there is no need for a drying phase.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition, roller compaction can be the key to 

achieving a continuous granulation process. Increasingly, 

the pharmaceutical industry is introducing continuous 

processing of many products at many manufacturing sites.  

The technology is already well adapted to these 

changes, if the product can be tableted, it can usually be 

compacted on a roller compactor, although more complex 

formulations and challenging APIs will require 

sophisticated roller compaction systems. While a feeder 

system can aid in homogenization in some cases, it is 

essential that the homogeneity of the mixture is 

determined before filling the machine. There are still 

potential problems with this technology such as proper 

material flow and material compressibility. Improvements 

in technical processes such as vacuum deaeration and 

pneumatic dry granulation can solve these problems and 

provide solutions to them. 

 

References 
 

Dhumal, S., Kulkarni, P.A., Kashikar, V.S., Baweja, J., 

Thottasseri, M., 2013. Roller Compaction for Tablet 

Dosage Form Development. Research & Reviews in 

Pharmacy and Pharmaceutical Sciences 2(4). 

Perez-Gandarillas, L., 2014. Dry granulation process and 

compaction behavior of granulated powders. 

Chemical and Process Engineering. Ecole des Mines 

d’Albi-Carmaux, pp. 7-44.  

Rana, A.R., Lal Khokra, S., Chandel, A., Prasad, G., 

Sahu, R.K., 2011. Overview on roll compaction / dry 

granulation process. Pharmacologyonline 3, 287–296.  

Rowe, J.M., 2016. Developing Solid Oral Dosage Forms: 

Pharmaceutical Theory and Practice, 2nd ed.. 

Academic Press, pp. 869-915.  

Shanmugam, S., 2015. Granulation Techniques and 

Technologies: Recent Progresses. Bioimpacts 5(1), 

55–63. https://doi.org/10.15171/bi.2015.04     

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 283 - 284 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.136 

Short communication 

 
 

*ognjenka.rahic@ffsa.unsa.ba                                                                                                                    S2 PP 30 

 

Smart contact lenses: How far has glaucoma treatment gone? 

 

Ognjenka Rahić1*, Jasmina Hadžiabdić1, Amina Tucak-Smajić1, Merima Sirbubalo1, 
Lamija Hindija1, Marija Glavaš-Dodov2, Edina Vranić1*

 
  

1
University of Sarajevo - Faculty of Pharmacy, Zmaja od Bosne 8, 71000 Sarajevo, Bosnia and Herzegovina 

2
Faculty of Pharmacy, University Ss. Cyril and Methodius, Majka Tereza 47, 1000 Skopje, N. Macedonia 

 

Introduction 

 

Glaucoma, known as the "silent thief of vision", is 

the most common cause of treatable blindness worldwide, 

with a prevalence expected to be around 112.0 million by 

2040 (Tham et al., 2014). Glaucoma is the common name 

for a group of progressive, neurodegenerative diseases 

caused in most cases by elevated intraocular pressure 

(IOP). 

IOP reduction is the primary goal of glaucoma 

treatment, as studies have shown that it can prevent the 

development and progression of glaucoma (Heijl et al., 

2002). Treatment of glaucoma, like other chronic 

disorders, has two major drawbacks: first, there are the 

disadvantages of conventional ophthalmic dosage forms, 

such as low drug bioavailability and quick drainage due to 

lacrimation. The second issue is patients’ non-adherence, 

which is primarily due to their forgetfulness (Kass et al., 

2002). To provide the best possible treatment for patients, 

extensive research is conducted in two directions: therapy 

optimization and the development of innovative drug 

delivery systems. 

 

IOP monitoring Contact lenses (CLs) 

Contact lenses (CLs) have been developed as one of 

solutions to these problems because they are non-

invasive, come into direct contact with the eye, and can be 

worn on the cornea with minimal discomfort for the 

patients. There are numerous IOP monitoring (smart) CLs 

and antiglaucomatous drug-eluting CLs.  

The gold standard for IOP monitoring is the 

Goldmann applanation tonometer. Its main drawback is 

need for anesthesia, as tonometer’s tip must be pressed 

onto the cornea surface. In line with that goes the fact that 

its positioning requires trained personnel. And lastly, it 

provides the IOP levels in an awake state and in an 

upright position during office hours. This cannot give the 

optimal picture of a patient’s IOP levels, as it is known 

that IOP levels fluctuate considerably during sleep and 

with eyes closed (Renard et al., 2010). As solution to 

these problems, several different IOP monitoring CLs 

have been developed.  

Triggerfish
®
, commercially developed by 

SENSIMED based on research by Leonardi et al., was the 

first IOP monitoring CLs approved by European 

Regulatory Authorities in 2009 and by the FDA in 2016 

(Chen et al., 2021). Triggerfish
®
 is a device that combines 

smart CLs with electromechanical microsensor to detect 

spontaneous circumferential changes in the corneoscleral 

region. The information from the CLs is wirelessly 

received by the adhesive SENSIMED Triggerfish
®

 

antenna, which is positioned around the eye. The data is 

then sent from the antenna to the portable recorder via a 

small flexible connection. During the monitoring session, 

the patient's recorder records the data collected. The data 

is uploaded from the recorder to the software already 

installed on the practitioner's computer through Bluetooth 

at the end of the recording period. This device records the 

IOP profile over a 30-second period every 5 minutes 

during a 24-h period (Dunbar et al., 2017). 

Pang et al. created CLs with a Wheatstone bridge 

circuit in 2019 to increase the detection of weak eyeball 

deformations, which is advantageous for high sensitivity 

and precision. Two active and two passive strain gauges 

were created using lithography and deposition techniques. 

A contact lens shape was created using a thermal model 

and then encased in a biocompatible 

polydimethylsiloxane (PDMS) layer. It had a good 

dynamic reaction to IOP changes at varied speeds (Pang 

et al., 2019). 

Another idea is to use microfluidics in CLs to detect 

IOP. They are made up of PDMS soft CLs with 

embedded micro-fluidic channel that is partially filled 
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with incompressible fluid. This device displays the 

changing volume of the microchannel as the fluid 

displaces in response to any volume change. Patients who 

are wearing these CLs will take pictures of them with 

their phones throughout the day (Campigotto et al., 2020). 

By superimposing a camera-captured image onto the 

micropattern of the contact lens using a computer-assisted 

virtual reference image, Lee et al. constructed CLs with 

moiré patterns of concentric circles that detected IOP 

changes. This device also allowed for the elution of 

integrated drug from a thermo-responsive nanogel drug 

carrier (Lee et al., 2020). 

Kim et al. developed and tested a soft CLs for 

continuous IOP monitoring with a smartphone in 

volunteers. A strain sensor, a wireless antenna, capacitors, 

resistors, stretchy metal interconnectors, and an integrated 

circuit for wireless communication are all included in the 

CLs. The CLs were able to accurately measure IOP 

without causing inflammation (Kim et al., 2021). 

Dou et al. designed a wearable CL IOP sensor based 

on a platinum strain gauge coated in a polyamide 

insulating layer and packaged in transparent PDMS using 

a micro-electro-mechanical method. It demonstrated 

outstanding repeatability and a dynamic responsiveness to 

varying IOP change speeds (Dou et al., 2021). 

In addition to elevated IOP, it has been demonstrated 

that Matrix Metalloproteinease-9 (MMP-9) is 

overexpressed in glaucoma patients’ tears. With this in 

mind, Ye et al. developed optical-based dual-function 

CLs for simultaneous detection of IOP and MMP-9. IOP 

is measured by changing the color of an antiopal 

structure, which eliminates the need for complicated 

electronics. The quantification of MMP-9 is achieved in 

genuine tear samples using the peptide modified gold 

nanobowls surface-enhanced Raman scattering substrate. 

The structural color is created by selective diffraction of 

light from a unique 3D periodic structure, and it may be 

modified by changing the periodic structure's refractive 

index or lattice spacing. Because these CLs use structural 

color, any potential electronic component eye harm can 

be avoided (Ye et al., 2022). 

Conclusion 

Since glaucoma is very important health concern 

worldwide, researchers are persistent in their efforts to 

find  solution to prevent and cure glaucoma more 

effectively, due to several limitations of traditional 

medication as well as patient nonadherence. One of the 

pathways they are taking is to identify best possible 

instrument for IOP monitoring that will be most 

convenient for patients, as IOP elevation and variation are 

key risk factors of glaucoma progression. Concept behind 

employing CLs in IOP monitoring is that when IOP 

varies, so does eye curvature. Electronic parts make up 

most CLs, with detection software on computer or 

smartphone. However, most recent study is focused on 

finding way to avoid using electronics and instead employ 

less irritating approaches. 
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Introduction 
 

Nanoemulsions as transdermal carriers are new 

delivery systems for relatively large number of active 

substances. Nanosized droplets, good kinetic stability, 

transparency, possibility of applying nanoemulsions on 

large skin surface and effective permeability of 

components through skin reveal great potential of these 

colloidal systems. To develop these nanocarriers it is 

important to select the appropriate composition and 

manufacturing method to ensure complete delivery of the 

active substance to bloodstream and system stability. 

Surfactants and permeation enhancers, as well as the oil 

phase, are essential components of transdermal 

nanoemulsions because they improve skin permeation and 

systemic distribution of hydrophilic and hydrophobic 

active substances incorporated in nanoemulsions. Many 

studies continue to focus on transdermal nanoemulsions, 

and scientists are developing new ways to use these 

innovative, non-invasive, cost-effective nanocarriers in 

treatment of various inflammatory, cardiovascular, 

infectious diseases, cancer, disorders of central nervous 

system, etc. (Shaker et al., 2019). 

 

Nanoemulsions as vehicles for transdermal drug 

delivery  

 
Composition of transdermal nanoemulsion vehicle  

 

Main components of transdermal nanoemulsion are 

oil and water phase, surfactant, co-surfactant and 

permeation enhancer. Oil and water phase are very 

important because they incorporate active substances 

inside due to their affinity to lipid or water phase. 

Surfactants, co-surfactants, and permeation enhancers all 

play a role in ensuring the formulation's stability and 

effectiveness (Rai et al., 2018; Shaker et al., 2019). 

Oil phases used in nanoemulsion are oleic acid, 

eucalyptol, propylene glycol caprylate, propylene glycol 

monocaprylate, isopropyl myristate, α-tocopherol, hexyl 

laurate, caprylic/capric triglyceride and others (Rai et al., 

2018; Shaker et al., 2019). The percentage of oil phase in 

an o/w nanoemulsion is 2-20% (Rai et al., 2018). 

Surfactants ensure steric, electrostatic and steric-

electrostatic stability of nanoemulsion. They can be 

nonionic, kationic, anionic and “zwitter”-ionic. Nonionic 

surfactants (Tween
®
 20, Tween

®
 80, Transcutol

®
 HP, 

Span
® 

20) are very safe in concentrations ranging from 

30% to 60%. Surfactants are usually combined with co-

surfactants. Co-surfactants (ethanol, n-butanol, n-hexanol, 

n-pentanol) assist surfactant and increase the system’s 

fluidity and entropy in nanoemulsion. Surfactants 

alongside with permeation enhancers disrupt lipid bilayers 

and form special domains that allow permeation of active 

substances. Denaturation of keratin filaments can also be 

a mechanism for enhancing substance permeation. 

Surfactants can alter the pharmacokinetics and 

pharmacodynamics of active substances by solubilizing 

sebum that clogs pores, making it easier for active 

substances to pass through the skin into the bloodstream 

(Shaker et al., 2019; Singh et al., 2017). 

Permeation enhancers promote transdermal delivery 

through the skin layers (Shaker et al., 2019). Mechanism 

of action includes influence of these substances on lipids 

and proteins of stratum corneum. They can alter 

properties of lipids by liquefying them and forming 

special domains for delivery. Permeation enhancers can 

also modify protein chains and cause hydration and 

“swelling” of proteins (Kováčik et al., 2020). Permeation 

enhancers can be classified in many ways, but the most 

common classification is by their chemical structure: fatty 

acids, terpenes, glycols, surfactants, alcohols, amides, 

phospholipids, sulfoxides and pyrrolidones. Fatty acids, 

alcohols and sulfoxides are more preferred and are mostly 

used. Structure of the enhancer plays an important role 

and can be explained by oleic acid. It is known that cis 

isomer is more active than its trans isomer. Therefore, cis 

oleic acid is used as a permeation enhancer that causes 

swelling of the stratum corneum (Kováčik et al., 2020). 
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Concentrations of ethanol (which is also co-surfactant) 

between 50% and 75% lead to formation of new pores, 

and delivery through them becomes dominant transport 

route. To demonstrate optimum efficacy, dimethyl 

sulfoxide concentrations greater than 60% are required 

(Williams and Barry, 2004). Dermac
®
 SR-38 is 

oxazolidinone and is designed to mimic ceramides in 

stratum corneum. It is a substance with very low toxicity 

and is easily removed from circulation. It is non-irritating 

in concentration range of 1-10%. Ionic liquids (L-proline 

methyl ester hydrochloride, L-leucine methyl ester 

hydrochloride) based on amino acids are innovative 

permeation enhancers that are biodegradable and 

biocompatible, have minimal toxicity and are important 

future enhancers for all transdermal systems (Zheng et al., 

2020).  

Active substances 

Not all active substances can be delivered by 

transdermal systems, as they donʹt have required physical 

or chemical properties. Characteristics of the active 

substance suitable for transdermal delivery are: low dose 

for delivery (below 20 mg per day), molar mass below 

500 g/mol, moderate lipophilicity (logP between 1-5), 

melting point less than 250ºC (Kováčik et al., 2020). The 

active substances of classes II (low solubility, high 

permeability) and IV (low solubility and permeability) of 

biopharmaceutics classification system are ideal for 

transdermal delivery and many of them are incorporated 

in transdermal nanoemulsions (Abdelkader and Fathalla, 

2018). Many hydrophilic (metoprolol, ropinirole 

hydrochloride, thiocolchicoside, caffeine, inulin, 

glycyrrhizin, 5-aminolevulinic acid, etc) and hydrophobic 

(aceclofenac, clozapine, tamoxifen, cumin, imipramine, 

doxepin, amphotericin B, carvedilol, celecoxib, 

olmesartan, ketoprofen, glibenclamide, tamoxifen, 

vitamin E, capsaicin, meloxicam, piroxicam, etc) active 

substances have been successfully incorporated in o/w or 

w/o transdermal nanoemulsions (Shaker et al., 2019). 

Treatment of cardiovascular diseases has been 

revolutionized by use of transdermal nanoemulsions 

which have provided great ways to deliver anticoagulants, 

as well as some antihypertensives and statins (Kováčik et 
al., 2020; Shaker et al., 2019). Transdermal 

nanoemulsions have demonstrated outstanding outcomes 

in cancer treatment, Parkinson's disease treatment, and 

other clinical research (Shaker et al., 2019). Although 

commercialization of transdermal nanoemulsions is not 

yet well developed, success is projected in the near future 

due to the number of clinical trials and patents. 

Transdermal hormone delivery is the future of hormone 

therapy. Transdermal nanoemulsions with incorporated 

hormones are in clinical studies (testosterone - Biolipid 

B2
, 

in clinical trial phase I, estradiol - Nestorone, in 

clinical trial phase III (Prasad, 2015; Singh et al., 2017). 

Transdermal nanoemulsions, products of Novavax Inc. 

are formulated as micellar nanoparticle emulsion/micellar 

nanoparticle cream whose active substances are hormones 

estradiol/testosterone. They are used for treatment of 

perimenopausal symptoms once daily. In some cases, 

pharmaceutical technology converts liquid nanoemulsions 

into semi-solid pharmaceuticals (gels, creams, ointments) 

and strives to bring these forms to the market (Rai et al. 

2018). 

Conclusion 

By increasing the concentration of the surfactant and 

decreasing the concentration of oil phase and using the 

adequate ratio of surfactant and co-surfactant, stability of 

nanoemulsion is improved and size of the droplets is 

reduced. This promotes successful transdermal delivery 

due to the nanodroplets and low viscosity. Optimal 

droplet size for internal phase of transdermal 

nanoemulsion is below 60 nm. Transdermal 

nanoemulsions are predominantly formulated in semi-

solid dosage forms and this pharmaceutical form provides 

stability and easier application. Based on many clinical 

studies and patent research, successful commercialization 

of transdermal nanoemulsions is expected. 
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Introduction 

 

Topical suspensions represent two-phase system 

(solid phase dispersed in liquid) which is very unstable 

and tends to separate phases during the time. That’s the 

reason why suspensions should be shaken before use (Ph 

Eur 10). 

In previous work, the improvement of the official 

formulation of Suspensio album 7.5% given in Formulae 

magistrales (MF 2008) was proposed (Savić et al., 2021). 

This suspension is often compounded in pharmacies since 

it can be used in the treatment of different skin changes 

such as acne vulgaris, insect bites, seborrhea, pruritus, etc. 

Due to its frequent use and having in mind that the 

stability as well as textural and sensory characteristics are 

very important for the patients, the improvement of the 

formulation should be considered.  

The purpose of this study was to investigate how 

further increasing of the concentration of flocculating 

agent (polysorbate 20) and thickening agent (carbomer 

gel) can influence the stability and structure of the 

suspension Suspensio album 7.5% (MF 2008) as well as 

to compare whether the most stable suspension also has 

the best textural characteristics. 

 

Materials and methods 

 

Materials 
 

In the study following chemicals were used: Zinc 

oxide (Centrohem), Talc (Fagron), Glycerol, 85% 

(Comcen), Carbomer (Fagron), Polysorbate 20 (Comcen) 

and purified water (Faculty of Medicine, University of 

Niš).  
 

Preparation of the suspensions 
 

Three suspensions were made. First suspension 

represents modified formulation given in Formulae 

magistrales 2008 (MF 2008) for preparation of Suspensio 

album 7.5% that showed the best characteristics in our 

previous work (Savić et al., 2021). After grounding of 

zinc oxide and talc to the appropriate size a homogeneous 

powder mixture was made in a laboratory porcelain 

mortar. In the beaker, 1% carbomer gel was prepared. The 

mixture in the mortar was wetted with glycerol and the 

obtained paste was then diluted with water, and 

appropriate amount of polysorbate 20 and carbomer gel 

were added. Suspension 1 contained 0.1% of polysorbate 

and 1% of carbomer gel, suspension 2 contained 0.2% of 

polysorbate and 1% carbomer gel and suspension 3 

contained 0.2% of polysorbate and 2% carbomer gel.  

 

Sedimentation test  
 

The sedimentation rate of suspended solid substances 

indicates the physical stability of suspension. The 

sedimentation coefficient represents the ration of the 

value of sediment height (mm) and a total height of the 

suspension after defined time intervals (5 minutes, 30 

minutes, 60 minutes, 90 minutes, 120 minutes, and 24 

hours).  

 

Assessment of stability by centrifugation 
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The sedimentation coefficient can be determined after 

30 minutes of centrifugation (3000 rpm). Using 

centrifugal force to precipitate heterogeneous suspension 

is another very popular stability test. The Stokes' law 

explains the sedimentation of particles, which depends on 

its size and density.  

 

Texture analysis  
 

The texture analysis was performed on CT3 Texture 

Analyzer (Brookfield, AMETEK Inc., USA). Following 

parameters were set: load cell: 10 kg, test speed: 1.0 

mm/s, target value: 1 mm, trigger load: 5 g, cone probe: 

TA-STF, test type: Texture Profile Analysis (TPA). 

TPA test was performed in triplicate. The probe 

immersed into sample cups (75% of each sample cup was 

filled with suspension 1, 2 or 3) two times. The following 

parameters were measured: Hardness cycle 1, Hardness 

cycle 2, Adhesiveness, Resilience, and Elasticity and were 

presented as mean values and standard deviations of 3 

repeated measurements. 

 

Results and discussion 

 

The results of stability tests have shown that after 30 

minutes, all 3 suspensions behaved similarly. The only 

difference in stability was measured after first 5 minutes, 

after which the sedimentation coefficient for suspension 1 

and 2 stayed above 0.9 and coefficient for suspension 3 

fell below 0.9. 

The centrifuge test showed that there aren’t many 

differences in suspension coefficient of tested suspensions 

after centrifuge– suspension 1 (0.35), suspension 2 (0.34) 

and suspension 3 (0.32). 

Textural analysis is useful tool during designing the 

formulation of the preparations (Gilbert et al., 2013). 

The results have shown decrease in Hardness Cycle 2 

compared to Hardness Cycle 1, which indicate that the 

structure weakens after the second compression cycle. 

This happens probably due to sedimentation of solid 

particles and natural instability of formulation such as 

suspension, but since the differences are not big, it means 

that the weakening of the structure is very small and all 

suspensions are stable. 

The decrease in the Hardness of suspension 3 

compared to suspension 1 indicates that this suspension is 

easier to spread than suspension 1. 

All three suspensions show the same value of 

Adhesion. Therefore, it can be said that they do not differ 

in stickiness. 

Resilience and Elasticity indicate the flexibility of the 

preparation. While Resilience indicates the energy 

required to return to the initial position in the case of 

elastic deformation, Elasticity is an indicator of the height 

of the preparation in the sample cup for texture analysis 

before and after compression (Chandra, 2015). Since both 

values increased as the concentration of carbomer and 

polysorbate 80 increased (they were higher considering 

suspension 2 in relation to suspension 1 and suspension 3 

in relation to suspension 2) it can concluded that the 

consistency and density of the preparation increased. 

Although all changes in texture parameters are quite 

small, changes in concentrations in formulations 1, 2, and 

3 are also small, indicating that they do affect texture 

analysis results. 

While suspensions 1 and 2 have quite similar 

parameters, there are small differences in stability and 

texture compared to suspension 3, which are probably the 

result of increased concentration of thickening agent 

(carbomer gel). The increase in the concentration of the 

flocculation agent (polysorbate 20) did not show an effect 

on the stability and texture properties of the suspensions. 

 

Conclusion 

 

There is a need to constantly consider ways to 

improve existing formulations compounded in 

pharmacies, especially those that are used quite often by 

patients. 
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Introduction 

 

       Sterility is the absence of viable microorganisms and 

it is a critical quality attribute for a wide variety of human 

and veterinary preparations that are required to be sterile 

due to their route of administration, such as parenteral, 

ophthalmic, intrauterine and intramammary preparations, 

and some preparations intended for application on 

severely injured skin (Ph. Eur. 10.0). There are several 

types of methods of preparation of sterile products. The 

method chosen mainly depends on the physicochemical 

properties of the product to be sterilized. Membrane 

filtration is a widely used unit operation in the 

pharmaceutical industry for clarification purpose and/or 

sterilization using sterilizing grade filter membranes (0.2 

µ or smaller pore size filters). Many factors contribute to 

the effectiveness of the filtration process like the shape, 

pore size, structure and the surface properties of the filter, 

interaction of the filter matrix with the product to be 

sterilized, as well as the applied pressure, flow and 

duration of the process (Ph. Eur. 10.0). One concern of 

using process of membrane filtration is that adsorption of 

solutes may occur and therefore their concentration in the 

final product may decrease. 
       Adsorption of solutes broadly depends upon type of 

the filter membrane (composition and chemical nature, 

electrostatic forces, surface area and mass of filter 

membrane) as well as formulation and process parameters 

(composition and chemical nature of ingredients, pH of 

formulation, ionic strength and temperature of process) 

(Sumitra et al., 2016). Pharmaceutical solutions often 

contain preservatives to destroy or impede the growth of 

microorganisms that inadvertently enter the product. It 

has been frequently noted that preservatives can be 

adsorbed by filters which may lead to a decrease or loss in 

preservative effectiveness (Tao et al., 1998). 

       An effective way of overcoming the reduction of 

preservative’s concentration due to their adsorption on 

membrane filters during the sterilization process by using 

membrane filtration is presaturation of the filter 

membrane, before the process of filtration, by filtering a 

certain quantity of the solution containing the 

preservative, so the further process of membrane filtration 

can result with final sterile product with the proper 

preservative’s concentration. The purpose of this study 

was determination of potential adsorption, as well as the 

required quantity of the test solution containing the 

preservative, in order to achieve fastest and complete 

saturation of the filter membrane so the concentration of 

the preservative in the final sterile product would not be 

below its predetermined specification limit. 

 

Materials and methods  

 

Materials  
 

       Laboratory trial, as test solution, of 250 mL solution 

for ophthalmic administration containing 50% aqueous 

solution of Benzalkonium chloride (Merck) as 

preservative was prepared. Two membrane filters 

Fluorodyne II DFL membrane, FTKDFL and N66 Nylon 

membrane, FTKNF (Pall Corp.) with pore size of 0.22 

µm were used. Both membrane filters were mounted in 

47-mm in-line holder. The effective filter area in the 

holder was 14.2 cm
2
.  
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Determination of preservative concentration  
 

       The adsorption profile of Benzalkonium chloride was 

determined using a flow-through technique. The test 

solution was pumped through the filter at flow rates 

controlled by a peristaltic pump (Watson-Marlow Bredel 

Pump). Ten consecutive samples of 5 mL were taken 

from the filtered test solution of total 50 mL solution 

passed through both of the membrane filters, respectively. 

The UV absorbance at 215 nm of all ten filtered samples, 

as well as a sample of the solution before the process of 

membrane filtration, was recorded using HPLC method.  

 

Determination of preservative adsorption 
 

       The adsorption of Benzalkonium chloride on the 

membrane filters was determined as difference in the 

concentration of Benzalkonium chloride in the solution 

before the filtration and the concentration in the samples 

taken after the process of filtration through both of the 

membrane filters, respectively.  

 

Results and discussion 

 

The results obtained after determination of the 

concentration of Benzalkonium chloride of the ten filtered 

samples indicate that Fluorodyne II DFL membrane, 

FTKDFL is superior than Nylon 66 membrane, FTKNF. 

The specification acceptance criteria for assay of 

Benzalkonium chloride of 90-110% was achieved after 

third filtered sample, 15 mL, when filtered through 

Fluorodyne II DFL membrane, FTKDFL with surface 

area of 14.2 cm
2
. Therefore, complete saturation of the 

Fluorodyne II DFL membrane, FTKDFL was achieved 

after filtration of 40-50 mL as the concentration of 

Benzalkonium chloride in the last two samples was 

higher, while the specification requirement of assay of the 

preservative when using Nylon 66 membrane, FTKNF 

was met after filtration of the fifth sample, 25 mL of the 

test solution and no complete saturation was achieved 

after filtration of 50 mL through Nylon 66 membrane, 

FTKNF     with surface area of 14.2 cm
2
. 

Benzalkonium chloride is antimicrobial preservative 

widely used in pharmaceutical formulations in 

concentration of 0.01 and 0.02%. It is a quaternary 

ammonium compound with hydrophilic n-alkyl chain. 

Due to its cationic nature benzalkonium chloride induces 

antimicrobial action through attraction to the negatively 

charged microbial membranes.  

Fluorodyne II DFL membrane, FTKDFL (Pall Corp.) 

is unique hydrophilic modified polyvinylidene fluoride 

membrane. It has some weak cation exchange capacity 

due to its acrylic acid resides (Tao et al., 1998). These 

membrane filters are recommended for sterilizing 

filtration of ophthalmic and other dilute preservative 

solutions.  

Nylon 66 membrane, FTKNF (Pall Corp.) is 

polyamide type of membrane composed of adipic acid 

and hexamethylene diamine. It is hydrophobic polymer 

having a terminal amine group that is protonated below 

pH 10 (Tao at al., 1998). Nylon membranes are 

hydrophilic but they can be treated for hydrophobicity and 

may be used in both aqueous and organic solvent 

filtration applications. 

Hydrophobic and/or electrostatic forces are chiefly 

responsible for adsorption mechanism of preservatives on 

membrane filters. Benzalkonium chloride shows lowest 

affinity of adsorption on hydrophilic and nonionic or 

hydrophilic and cationic membranes, while membranes 

that are hydrophobic or anionic exhibited significant 

Benzalkonium chloride adsorption. However, the positive 

charge of Nylon 66 membrane at pH conditions below pH 

10 plays a very important role in reducing the adsorption 

of Benzalkonium chloride (Tao et al., 1998). Therefore, 

this study shows that Fluorodyne II DFL membrane, 

FTKDFL is superior in achieving faster and complete 

saturation and yet higher concentration of Benzalkonium 

chloride in the tested samples over Nylon 66 membrane, 

FTKNF. 

 

Conclusion 

 

The selection of filter for sterilization with process of 

membrane filtration is crucial during production of 

ophthalmic preparations, containing preservatives with 

adsorptive properties, on a bulk scale since the initial part 

of the filtrate is discarded by which time the filter surface 

get saturated. 

This study demonstrated that faster and complete 

saturation is achieved while using membrane filter 

Fluorodyne II DFL membrane, FTKDFL over Nylon 66 

membrane, FTKNF.  
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Introduction 

 

Mannitol and sorbitol as well as other polyols are 

widely used as diluents in chewable tablet formulations. 

The reason behind this is their great taste masking ability 

and pleasant mouth feel. Even though they both belong to 

the same group of organic compounds, there are several 

differences between them that have to be considered 

during pharmaceutical development. Mannitol has an 

advantage over sorbitol in terms of chemical inertness and 

low hygroscopicity, which make it compatible with 

moisture sensitive drugs. 

This paper is intended to investigate the effect of 

different forms of mannitol and a combination of 

mannitol and sorbitol on the in vitro dissolution of a 

model poorly water-soluble drug. The drug of choice is a 

leukotriene receptor antagonist with anti-inflammatory 

and bronchodilating activity. It is characterized with high 

lipophilicity and low dissolution rate.  

 

Materials and methods 

 

Materials 
 

Excipients: mannitol (Pearlitol
® 

DC (PDC) from 

Roquette Freres, mannitol powder (MP) from Fluka 

Analytical, Parteck
® 

Delta M (PDM) from Merck), 

sorbitol (Parteck
® 

SI (PSI) from Merck), croscarmellose 

sodium (JRS Pharma), hydroxypropyl cellulose (Shin-

Etsu), iron oxide red (Venator Pigments), microcrystalline 

cellulose (JRS Pharma), aroma cherry (Curt Georgi), 

sodium cyclamate (Rainbow Rich Industrial) and 

magnesium stearate (Mosselman). 

Active pharmaceutical ingredient (API): model 

poorly water-soluble drug 

Preparation of chewable tablets 

 

Chewable tablets were previously prepared by wet 

granulation and subsequently compressed into a round 

tablet, 8 mm in diameter on a tablet press (MINI PRESS 

II B, PHARMAG, Germany). The concentration of the 

diluent(s) in these chewable tablets was approximately 

65%. Other excipients were used in concentrations in 

accordance with recommended concentrations from 

Handbook of Pharmaceutical Excipients. 

In order to evaluate the effect of polyols, different 

chewable tablet formulations were prepared: only PDC as 

a diluent, only MP as a diluent, only PDM as a diluent, 

PDC and PSI (30:70) as diluents, and PDM and PSI 

(30:70) as diluents. 

In this study only two critical parameters were 

observed: hardness and dissolution. 

 

Hardness 
 

The tablet hardness was determined using a hardness 

tester (PTB 311E, PHARMATEST, Germany). 

 

Dissolution 
 

The dissolution rate of the API from the chewable 

tablets was measured using apparatus II (paddle type) at 

50 rpm. The drug concentration was measured by an 

HPLC method. 

 

Results and discussion 

 

Hardness 
 

Hardness is a critical quality attribute for chewable 

tablets. Chewable tablets should be such that they 
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withstand manufacturing, packaging and distribution as 

well as be easily chewed by patients.
3
 

Mannitol in powdered form (MP) as expected 

produced tablets with lowest hardness (average 50.01N). 

Due to smaller particles this type of mannitol has worse 

flowability, as well as compactability.
2 

These values are 

within the target limits, but might pose a risk of tablet 

damaging during scale up. PDC due to its larger particle 

size showed better compressibility and produced tablets 

with satisfactory hardness (average 57.86N). As expected 

and consistent with previous findings
4
, PDM produced 

tablets with highest hardness (average 60.55N). 

In an effort to improve the dissolution, PSI was 

added as a second diluent to formulations with PDC and 

PDM. Chewable tablets with both sorbitol and mannitol 

showed no significant change in tablet hardness (62.96N - 

PDC and PSI combination vs. 64.72N - PDM and PSI 

combination). 

 

Dissolution 
 

Mannitol is the diluent of choice due to its chemical 

inertness and low hygroscopicity. Additionally, taking 

into consideration that the API is a poorly water-soluble 

drug, there is a potential for dissolution enhancement by 

incorporating mannitol. Because of its good water 

solubility, mannitol attracts water when in contact with 

the dissolution medium and could improve the dissolution 

rate. Here, a comparison between mannitol with different 

particle sizes and polymorph forms (beta and delta) was 

made. 

MP is a crystalline powder, while PDC is a 

granulated form of mannitol in its beta polymorph form. 

Previous findings claim that larger particle size grades 

give tablets with longer disintegration time
1
, while 

differences in disintegration times may influence 

dissolution rates. In this case, chewable tablets with MP 

compared to those with PDC showed better dissolution 

(95.98% vs. 92.72%). However, the difference is 

insignificant and both formulations satisfy the set 

specification requirements (min. 80% dissolved API). 

The most used and stable form of mannitol is its beta 

polymorph. However, other polymorphs can also be used 

as diluents, such as the delta polymorph which during wet 

granulation undergoes transition to the more stable beta 

polymorph. This transition is accompanied by an increase 

in surface area and better compressibility
4
. Having this in 

mind, chewable tablets with delta mannitol (PDM) were 

prepared. The average dissolution rate was 95.12%, with 

values from 94.07% to 97.31%. This uniformity in 

dissolution rates might indicate a uniform distribution of 

the API on the surface of mannitol. 

Sorbitol, an isomer of mannitol, has similar 

characteristics as mannitol with few differences. It is 

more hygroscopic, which makes it less suitable for 

moisture sensitive APIs, but on the other hand it has 

better water solubility than mannitol. This could mean 

that it is a better dissolution enhancer. In order to 

investigate this, the two formulations that showed best 

results were modified by adding sorbitol as a second 

diluent. The results were the following: combination of 

PSI and PDC in ratio 70:30 (from 93.28% to 97.39%, 

average 94.69%), and combination of PSI and PDM in 

ratio 70:30 (from 93.78% to 105.12%, average 98.48%). 

As can be seen from the results, incorporating sorbitol 

resulted with an improvement of the dissolution rate. 

 

Conclusion 

 

The obtained results for these chewable tablets are 

only preliminary and their stability studies are in progress. 

However, it can be clearly seen that tablet hardness and 

dissolution of the API is dependent on the particle size of 

mannitol. Granulated mannitol with larger particle size 

produces chewable tablets with higher tablet hardness, but 

slightly lower dissolution rate than powdered mannitol. 

On the other hand, the delta polymorph produced tablets 

with excellent hardness and dissolution rate, maybe due to 

the greater porosity of these tablets. Including sorbitol as 

a diluent didn’t seem to have an effect on tablet hardness, 

but dissolution was improved. 

 

References 

 
Kosugi, A., Leong, K.H., Tsuji, H., Hayashi, Y., Kumada, S., 

Okada, K., Onuki, Y., 2020a. Characterization of powder 

and tablet properties of different direct compaction grades 

of mannitol using a Kohonen self-organizing map and a 

Lasso regression model. J. Pharm Sci. 109(8), 2585-2593.  

 https://doi.org/10.1016/j.xphs.2020.05.010     

Kosugi, A., Leong, K.H., Urata E., Hayashi, Y., Kumada, S., 

Okada, K., Onuki, Y., 2020b. Effect of different direct 

compaction grades of mannitol on the storage stability of 

tablet properties investigated using a Kohonen self-

organizing map and elastic net regression model. 

Pharmaceutics 12(9), 886.  

         https://doi.org/10.3390/pharmaceutics12090886    

U.S. Food and Drug Administration, 2008. Quality attribute 

considerations for chewable tablets, Guidance for industry. 

Yoshinari, T., Forbes, R.T., York, P., Kawashima, Y., 2003.The 

improved compaction properties of mannitol after a 

moisture-induced polymorphic transition. Int J Pharm. 

258(1-2), 121-31.  

         https://doi.org/10.1016/s0378-5173(03)00157-1.  

https://doi.org/10.1016/j.xphs.2020.05.010


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 293 - 294 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.141 

Short communication 

 

 

*ivana.adamov@pharmacy.bg.ac.rs                                                                                                               S2 PP 35 

 

Fun-shaped oral dosage forms for the pediatric population 
fabricated by digital light processing (DLP) 3D printing 

technique 

 

Ivana Adamov1*, Jovana Živanović1, Ivana Verovski1, Natalija Arsović1,                    
Nikola Pešić1, Djordje Medarević1, Branka Grujić2, Svetlana Ibrić1

 
  

1
Department of Pharmaceutical Technology and Cosmetology, Faculty of Pharmacy, University of Belgrade,                

Belgrade, Serbia 
2
Galenika AD, Batajnički drum b.b. Zemun, Belgrade, Serbia 

 

Introduction  

 

Three-dimensional (3D) printing as an innovative 

technology in the field of drug manufacturing has 

attracted a lot of attention from the scientific and 

professional public in recent years. Classified into seven 

main categories, all 3D printing techniques are based on 

the same layer-by-layer printing mechanism, where the 

structure of an object is created from a digital 3D file 

using computer-aided design (CAD) software or imaging 

techniques (Trenfield et al., 2018).  

3D printing techniques have the potential to provide 

drug dosage forms of precise geometry and variety of 

shapes, with tendency to revolutionize the way drugs are 

designed and manufactured (Trenfield et al., 2018). 3D 

printing also pretends to play an important role in the 

concept of personalized medicine, allowing dose 

adjustment according to individual patient needs based on 

their own characteristics, requirements and conditions of 

the disease, in order to achieve the most suitable 

therapeutic outcomes. The approach of "one size fits all" 

could be changed by using 3D printing techniques in the 

manufacturing of small batches of patient-tailored 

medicines (Zema et al., 2017). In this study, digital light 

processing (DLP), also known as photopolymerization 

technique which utilizes light irradiation to create solid 

objects from photoreactive liquid resin, was used to 

fabricate fun-shaped oral dosage forms with an aim to 

achieve flexible dose adjustment of atomoxetine 

hydrochloride (AH), according to the specific needs of 

pediatric patients. 

 

Materials and methods  

 

Materials 

 

Poly(ethylene glycol)diacrylate (PEGDA, average 

MW 250) was obtained from Sigma-Aldrich, Japan. 

Poly(ethylene glycol) (PEG 400, average MW 400) was 

purchased from Fagron B.V., The Netherlands. Mannitol 

Parteck
®
 M 200 was obtained from Merck, Germany. AH 

was kindly donated by Hemofarm AD, Vrsac, Serbia. 

Diphenyl(2,4,6-trimethylbenzoyl)phosphineoxide (DPPO) 

was purchased from Sigma-Aldrich, Germany. 

 

Preparation of photoreactive suspensions and 3D printing 

process 

 

Content of AH was 5% (w/w, formulation F1) or 

10% (w/w, formulation F2). PEGDA and PEG 400 were 

used in a constant ratio of 3:1. Both formulations 

contained 0.50% of mannitol and 0.10% of DPPO. The 

water content was 5% (w/w, F1) or 10% (w/w, F2), 

depending on  the amount of the active substance. 

Fun-shaped 3D models (Mickey Mouse, Ring, 

Pentagon and Cylinder) were designed in Autodesk fusion 

software version 2.0.8809 (Autodesk Inc, USA), exported 

as a stereolithography file (.stl) into the 3D printer 

software (Chitubox, version 1.7.0) and printed with 

Wanhao Duplicator 8 printer (Wanhao, China). 3D 

models of Mickey Mouse and Ring were printed from 

formulation F1, while 3D models of Pentagon and 

Cylinder were printed from formulation F2. 
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Mass, dimensions and drug content determination 

 

3D-printed dosage forms (n = 10) were weighed on 

an analytical balance (Kern & Sohn, Germany) and 

measured (length/diameter and thickness) using a digital 

caliper (Vogel Germany GmbH & Co. KG, Kevelaer, 

Germany). The drug content was determined UV 

spectrophotometrically (Evolution 300, Thermo Fisher 

Scientific, USA) at the wavelength of 270 nm. For 

standard preparation, 10 mg of AH was dissolved in 10 

mL of absolute ethanol, shaken in an ultrasonic bath for 

60 min at room temperature, cooled and then filtered 

through 0.45 µm filters (Millipore, USA). For test 

preparation one dosage form of each formulation was 

crushed and all samples underwent the same procedure as 

described for standard preparation.  

In vitro drug release testing 

The dissolution test was performed with a USP-I 

Erweka DT 600 (Erweka, Germany) apparatus, in 500 mL 

of distilled water at 37 ± 0.5 °C, until a plateau was 

reached. The basket speed was fixed at 100 rpm, aliquots 

(5 mL) were withdrawn at time intervals of 15, 30, 45, 60, 

120, 180, 240, 300, 360 and 420 min, respectively, 

filtered through 0.45 µm filters and the amount of AH 

released was determined at 270 nm. Measurements were 

performed in triplicate, for each formulation and each 

dosage form. 

Differential Scanning Calorimetry (DSC) and Polarized 

Light Microscopy 

DSC was performed on a DSC 1 instrument (Mettler 

Toledo, Germany). Samples were subjected to heating at 

10 °C/min in the range from 0 to 200 °C under constant 

nitrogen gas flow of 50 mL/min. The obtained data were 

analyzed in the STARe software (version 12.10, Mettler, 

Toledo). 

An Olympus BX53-P polarized microscope 

(Olympus, Japan) was used for visual examination of the 

internal structure, as well as for crystal detection. Photos 

were acquired using cellSens Entry Version 1.14 software 

(Olympus, Japan). 

 

Results and discussion 

 

Fun-shaped 3D models were successfully printed and 

printing time mainly depended on the geometry of the 

defined 3D model (on average, 10 minutes for 6 dosage 

forms), confirming the suitability of DLP technique for 

obtaining drugs of various shapes and sizes in a short 

period of time (Stanojević et al., 2021). All of the 

fabricated dosage forms had a smooth surface and a 

uniform shape. The dimensions and mass of the printed 

dosage forms varied to some extent, which was expected 

due to the phenomenon of light scattering caused by 

suspended drug particles (Stanojević et al., 2021). The 

drug content depended on the amount of AH in the initial 

formulation and the geometry of the 3D model - 3.19 mg 

(Cylinder, F2), 4.42 mg (Ring, F1), 8.31 mg (Mickey 

Mouse, F1) and 26.51 mg (Pentagon, F2), respectively, 

which indicates the potential of the DLP technique to 

provide dosage forms with the possibility of "dose 

tailoring" and individualization of therapy. The results of 

the dissolution test showed a prolonged release of AH 

from printed dosage forms. The Ring model exhibited the 

highest dissolution rate, which was consistent with its 

high surface area-to-volume ratio, while the Pentagon 

model exhibited the slowest drug release. DSC analysis 

showed broad endotherms between 60 and 80 °C, and the 

absence of sharp melting peak of AH. The drug crystals 

might have been dissolved during the heating process and 

therefore, samples were further analyzed by polarized 

light microscopy. Cross-sections indicated the presence of 

AH crystals, before and after the dissolution test, due to 

incomplete drug release from polymeric matrix. The 

layered structure was also observed confirming the fact 

that dosage forms were printed in a layer-by-layer 

manner. 

Conclusion 

Fun-shaped oral dosage forms with AH were 

successfully printed with DLP 3D printer. DLP 3D 

printing technique offers simple and fast way to fabricate 

innovative drug dosage forms, enabling flexible dose 

adjustments by varying the amount of incorporated active 

substance and the geometric shape of the created 3D 

models, as well. 
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Introduction 

 

Colistin is used as a “last resort” drug in the treatment 

of carbapenem-resistant Acinetobacter baumannii 

infections. Though not the most convenient option due to 

the serious side effects, this antibiotic can be very efficient 

if administered properly (Garnacho-Montero and Timsit, 

2019). However, for several years now, we are witnessing 

a steady emergence of colistin-resistant (ColR) strains, with 

the constant threat of a sudden burst worldwide (Nowak et 

al., 2017). Having in mind that these strains are usually 

non-susceptible to any of the existing treatments, i.e. 

pandrug-resistant (PDR), the development of new 

therapeutic strategies is desperately needed. 

In the present study, we showed that colistin 

susceptibility of ColR A. baumannii strains can be fully 

restored in the presence of very low amounts of selenium 

nanoparticles (SeNPs). To demonstrate potent synergistic 

interactions between colistin and SeNPs, we performed 

checkerboard and time-kill analyses. 

 

 

Materials and methods 

 
Bacterial strains 

 

A total of eight ColR A. baumannii isolates identified 

by 16S rRNA gene sequencing, originating from Clinical 

Hospital Centre Dr Dragiša Mišović Dedinje, Clinic for 

Gynecology and Obstetrics of University Clinical Centre 

of Serbia, and Beo-lab outpatient laboratory, were used in 

this study. The isolates were further genotyped by Pulsed-

field gel electrophoresis (PFGE) (Kojic et al., 2005). 

Colistin resistance in the isolates was confirmed by 

performing broth-microdilution method (CLSI, 2015). A. 

baumannii ATCC 19606 was used as a reference strain. 

 

Selenium nanoparticles (SeNPs) 

 

Sodium selenite was reduced by ascorbic acid (VWR 

BDH Prolabo) in the presence of 0.87% BSA to obtain 

BSA-stabilized SeNPs (Filipović et al., 2021). 

Antimicrobial activity of SeNPs against A. baumannii 

isolates was tested by broth-microdilution method. 

 

Checkerboard test 

 

Antimicrobial activity of colistin in the presence of 

SeNPs against ColR A. baumannii was assessed by 

checkerboard test (Odds, 2003). Colistin and SeNPs were 

used over the concentration ranges of 0.004–4 and 0.125–

8 µg/mL, respectively. The interaction types were 

interpreted according to fractional inhibitory concentration 

indices (FICIs), as follows: ≤0.5, synergy; >4.0, 

antagonism; >0.5–4.0, no interaction. 
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Time-kill assay 

 

Time-kill test was employed to compare the growth 

kinetics of ColR A. baumannii strains treated with 

colistin/SeNPs combination to the same strains treated with 

colistin only (CLSI, 1999). Based on the clinical 

susceptibility breakpoint values (EUCAST), colistin was 

applied at 0.5, 1, and 2 µg/mL, with or without SeNPs at 

0.5 µg/mL. Viable cell counts were made at 0, 4, 8, and 24 

h, by drop plate method. 

 

Results and discussion 

 

ColR A. baumannii isolates (n = 8) were collected from 

three different health facilities in Belgrade over the 

relatively short period of time (six months). Seven of them 

displayed highly similar, although unique ApaI restriction 

fragments, indicating a high level of genetic relatedness 

among them. Notably different was, especially in the area 

of larger fragments, the PFGE profile of one strain (namely 

D1010), meaning that two distantly related clones of ColR 

strains were used in this study.  

The isolates displayed variable levels of colistin 

resistance, based on the obtained minimum inhibitory 

concentrations (MICs), which ranged between 16-256 

µg/mL. MICs of SeNPs were either 128, or 256 µg/mL. 

When the two agents were used in combination, 

dramatically lower concentrations of both were sufficient 

to induce the growth inhibition of the tested isolates. It was 

only 0.25-0.5 µg/mL of colistin that, when used with 0.5 

µg/mL of SeNPs, resulted in no visible bacterial growth 

after 24 h of incubation. The existence of an exceptionally 

potent synergistic interaction between the two agents was 

further confirmed by calculating the FICI values (0.004–

0.035). What is most important, the isolates, which were 

resistant to colistin and thus regarded as PDR, were made 

susceptible to colistin, since the MIC of colistin was 

reduced below the clinical breakpoint value (2 µg/mL). 

Further, based on the growth kinetics, it was shown 

that when colistin was used in combination with SeNPs, 

the level of viable bacterial cell counts decreased by 0.4 

log10 CFU in average during the first 4 h of incubation. 

Such phenomenon, which resulted in a growth delay, was 

absent in groups treated with colistin only, and thus may 

explain why bacteria did not reach the visibility threshold 

after 24 h. Considering that reducing the rate of 

reproduction can significantly decrease the level of 

bacterial burden in living tissues, which largely affects the 

clinical outcome of an A. baumannii infection (Wong et al., 

2017), this result further supports the beneficial effect of 

the combined colistin/SeNPs administration.  

 

 

Conclusion 

 

In this study we showed that colistin susceptibility of 

PDR A. baumannii isolates can be restored if colistin is 

used in combination with SeNPs. Furthermore, synergistic 

concentration of SeNPs was low enough to presume that it 

should be readily achieved in vivo following the systemic 

administration.  

 

References 

 
CLSI, 1999. M26-A, Methods for determining bactericidal 

activity of antimicrobial agents; approved guideline. Clinical 

and Laboratory Standards Institute. Wayne, PA, USA. 

https://clsi.org/media/1462/m26a_sample.pdf   

CLSI, 2015. M07-A10, Methods for dilution antimicrobial 

susceptibility tests for bacteria that grow aerobically; 

approved standard - tenth edition. Clinical and Laboratory 

Standards Institute. Wayne, PA, USA. 

https://clsi.org/media/1632/m07a10_sample.pdf   

Filipović, N., Ušjak, D., Milenković, M.T., Zheng, K., Liverani, 

L., Boccaccini, A.R., Stevanović, M.M., 2021. Comparative 

Study of the Antimicrobial Activity of Selenium 

Nanoparticles With Different Surface Chemistry and 

Structure. Front. Bioeng. Biotechnol. 8, 624621. 

https://doi.org/10.3389/fbioe.2020.624621   

Garnacho-Montero, J., Timsit, J.F., 2019. Managing 

Acinetobacter baumannii infections. Curr. Opin. Infect. Dis. 

32, 69–76. https://doi.org/10.1097/qco.0000000000000518   

Kojic, M., Strahinic, I., Topisirovic, L., 2005. Proteinase PI and 

lactococcin A genes are located on the largest plasmid in 

Lactococcus lactis subsp. lactis bv. diacetylactis S50. Can. 

J. Microbiol. 51, 305–314. https://doi.org/10.1139/w05-009  

Nowak, J., Zander, E., Stefanik, D., Higgins, P.G., Roca, I., Vila, 

J., McConnell, M.J., Cisneros, J.M., Seifert, H., MagicBullet 

Working Group WP4, 2017. High incidence of pandrug-

resistant Acinetobacter baumannii isolates collected from 

patients with ventilator-associated pneumonia in Greece, 

Italy and Spain as part of the MagicBullet clinical trial. J. 

Antimicrob. Chemother. 72, 3277–3282. 

https://doi.org/10.1093/jac/dkx322   

Odds, F.C., 2003. Synergy, antagonism, and what the 

chequerboard puts between them. J. Antimicrob. 

Chemother. 52, 1–1. doi: https://doi.org/10.1093/jac/dkg301   

 Wong, D., Nielsen, T.B., Bonomo, R.A., Pantapalangkoor, P., 

Luna, B., Spellberg, B., 2017. Clinical and 

Pathophysiological Overview of Acinetobacter Infections: a 

Century of Challenges. Clin. Microbiol. Rev. 30, 409–447. 

https://doi.org/10.1128/cmr.00058-16. 

https://clsi.org/media/1462/m26a_sample.pdf
https://clsi.org/media/1632/m07a10_sample.pdf
https://doi.org/10.3389/fbioe.2020.624621
https://doi.org/10.1097/qco.0000000000000518
https://doi.org/10.1139/w05-009
https://doi.org/10.1093/jac/dkx322
https://doi.org/10.1093/jac/dkg301
https://doi.org/10.1128/cmr.00058-16


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 297 - 298 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.143 

Short communication 

 

 

 
 

*skuzmanovska@medf.ukim.edu.mk     S2 PP 37 

Stability study of 188Re-HEDP as a radionuclide therapeutical for 

bone pain palliation 

 

Toni Tripunoski, Sinisa Stojanoski, Sonja Kuzmanovska
*
 

  

Institute of Pathophysiology and Nuclear Medicine, Faculty of Medicine, Ss Cyril and Methodius University,                         

Mother Teresa 17, 1000 Skopje, Republic of North Macedonia 

 

 

Introduction  

 

Bisphosphonates are ligands containing the chemical      

P-C-P bond, which make these molecules resistant to the 

hydrolytic action of polyphosphatases and hence express 

high in vivo stability (Body, 2003). Our stability study 

was performed in order to determine the optimal storage 

conditions of a single dose radiopharmaceutical, when not 

applied to a patient immediately after the preparation. 

Given that the radiopharmaceutical is intended for 

palliative treatment of patients with malignant diseases, 

whose condition often does not allow transport to nuclear 

medicine centers, there is a need for the therapeutic dose 

to be transported to the institution where the patient is 

hospitalized (Lepareur et al., 2019). With this study we 

wanted to examine the conditions in which the transported 

radiopharmaceutical would remain stable for the longest 

time, after its separation in syringe as individual patient 

dose. It is known from the literature that the 

environmental factors which affect the stability of the 

rhenium-diphosphonate complexes are temperature and 

light (Lin et al., 1999).  

 

Materials and methods  
 

Radioactive labeling of HEDP with 
188

Re was 

performed by the protocol described elsewhere (Lin et al., 

1999). The product was exposed to different 

environmental conditions, namely: at temperature of 20-

25
o
C and 4

o
C in the dark, as well as at 20-25

o
C in the 

light. Because saline is used for diluting 

radiopharmaceuticals in single doses, the stability in 0.9% 

NaCl was investigated as well. In order to assess the 

stability of 
188

Re-HEDP complex in the bloodstream after 

its intravenous administration, the stability of the 

radiopharmaceutical mixed with serum at 37
o
C was 

examined. 

Assessments of the radiochemical impurity were 

performed at 1 hour, 3, 6, 24, 48 and 72 hours after 

preparation of the radionuclide therapeutical by standard 

procedure (Kothari et al., 1999). 

 

Determination of radiochemical purity of 
188

Re-HEDP 

 

The radiochemical purity of 
188

Re-HEDP was 

performed by instant thin layer chromatography (ITLC), 

using ITLC-Silicagel strips developed in 95% acetone. In 

this chromatographic system, the 
188

Re -HEDP complex 

remains at the application site (Rf 0.0-0.1), while the 

free perrenate migrates with the solvent (Rf 0.9-1.0). 

ITLC analyzes were performed in triplicates and their 

mean value was calculated. 

 

Results and discussion 

 

The radiopharmaceutical stability study gave the 

most optimal conditions in which the 
188

Re-HEDP 

complex remains stable for the longest time. The results 

showed that the complex is most stable in the first 3 hours 

after preparation, if stored at +4
o
C in dark. 

Chromatographic analyzes performed 24 hours after 

preparation showed that the percentage of the complex 

dropped below 60%, with the exception of the 0.9% NaCl 

sample stored at + 4
o
C in dark, where values of 71.89% 

were obtained (SD = 4.9). 

mailto:skuzmanovska@medf.ukim.edu.mk
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After 48 hours, the highest decomposition of the 

complex was observed in the samples stored at + 20
o
C in 

0.9% NaCl in light - 37.65% (SD = 0.07) and 31.22% in 

dark (SD = 2.03), while the highest percentage of 

radioactive complex was obtained in the preparation 

stored at +4
o
C in 0.9% NaCl in the dark (65.26%, SD = 

0.71). The highest stability of the complex after 72 hours 

of preparation showed the preparation stored at +4
o
C in 

0.9% NaCl in dark (58.14%, SD =1.28).    

The results of our stability study showed that 
188

Re-

HEDP prepared according the standard prescription, has 

less stability when dissolved with saline after preparation 

at 25
o
C. According to other similar studies (Lin WY. et 

al., 1999), in radiopharmaceutical not dissolved in saline 

and stored at 25
o
C, the percentage of 

188
Re-HEDP 

complex is 92.3% after 24 hours. After 72 hours the 

percentage of 
188

Re-HEDP complex dropped to 89.6% 

(Lin et al., 1999).  

In our study, the mean value of the initial percentage 

of the complex was 98.87%, which is a higher value than 

the initial percentage of the complex obtained in the cited 

study (> 95%). After 24 hours from the preparation of the 

preparation, the percentage of complex has dropped 

below 60% with the exception of the sample stored at + 

4
o
C in 0.9% NaCl in dark, where an average value of 

71.89% was obtained. After 72 hours of preparation, the 

greatest stability of the complex was shown by the 

preparation stored at +4
o
C in 0.9% NaCl in e dark. In that 

sample, an average value of 58.14% was obtained, which 

is a significantly lower percentage compared to the values 

from the previously cited study (89.6%). 

The results from our stability study indicate that the 

volume reconstitution of 
188

Re-HEDP with saline makes 

the formed complex unstable. The reason for 

destabilization of the 
188

Re-HEDP complex is the 

reoxidation of 
188

Re-HEDP to 
188

ReO4
-
 under the action of 

oxygen which is introduced into the radiopharmaceutical. 

In general, the largest amount of oxygen is introduced 

when the contents of the radiopharmaceutical are drawn 

into a syringe, but also a significant part is the oxygen 

dissolved in the saline used for volume reconstitution. 

The fact that the formed complex remains stable for 

the longest time if the product is stored at low temperature 

(+4
o
C), is explained by the fact that the chemical 

reactivity between oxygen and the rhenium complex is 

slowed down when the temperature of the reaction 

medium is low. 

Our stability study showed that light had no effect on 

the stability of the 
188

Re-HEDP complex. 

The results for the stability of the complex in serum 

showed that in the first 6 hours the radiopharmaceutical 

mixed with serum has greater stability compared to the 

radiopharmaceutical stored in other conditions. However, 

after 24 hours, the percentage of the complex is lower 

compared to that part which is stored at + 4
o
C in 0.9% 

NaCl in dark, but still higher than the preparation stored 

at +20
o
C in 0.9% NaCl in  dark and light. These results 

can be explained by the presence of biological 

antioxidants in the serum that reduce the reoxidation of 

the 
188

Re-HEDP complex. Because their amount in the 

serum is limited, after 24 hours their concentration 

decreases, which reduces their protective effect. 

 

Conclusion 
 

The initially formed complex of 
188

Re-HEDP loses 

the radiochemical stability with dispensing of individual 

doses and volume adjustment with saline. The 
188

Re-

HEDP complex in a single dose is most stable for 1-3 

hours ( 95%), if the preparation is stored at + 4
o
C. The 

light has no effect on the stability of the initially formed 
188

Re-HEDP complex. Single patient doses of this product 

for the radionuclide treatment of bone metastases should 

be transported refrigerated within 3 hours of preparation. 
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Introduction 

 

Dry powders and granules for oral suspensions are 

pharmaceutical preparations intended to be reconstituted 

with the prescribed liquid in order to produce a liquid 

preparation for oral use. Typically, this type of 

preparation is a mixture of powders containing an active 

pharmaceutical ingredient (API) and suitable suspending 

and dispersing agents. The suspension can simultaneously 

provide chemical stability and enable the proper use of 

the liquid dosage form in a large number of patients who 

prefer liquid to solid pharmaceutical dosage forms. They 

are easier to swallow, and have the opportunity for greater 

flexibility in terms of doses to be administered and the 

ability to mask the unpleasant taste of certain APIs. 

APIs that are chemically unstable in solution in the 

presence of an aqueous vehicle for a long period of time 

(eg. antibiotics) usually come on the market as a mixture 

of dry powders that need to be reconstituted before being 

dispensed to the patient (Ansel et.al., 2005).  

This study provides an overview of different 

characteristics of two formulations with the same API, 

(third generation cephalosporin in form of trihydrate), 

batch size, deliverable volume of suspension after 

reconstitution, same manufacturing process and 

composition, but different quantities and grades of 

excipients that affected the filling process. Therefore, the 

aim of this study was to investigate the differences 

between two formulations of dry powder and granules for 

oral suspension with the same API in terms of the filling 

process in primary packaging materials and their behavior 

during the filling process taking into consideration the 

critical process parameters (CPP) and the intermediate 

critical quality attributes (CQA). 

 

Materials and methods 

 

The API is a third generation cephalosporin in form 

of trihydrate in both formulations which is used to treat 

susceptible Gram negative and Gram positive bacterial 

infections. It is a low soluble and permeable drug 

classified as a BCS IV drug. API is used in micronized 

grade, has low bulk density and low flowability. The 

manufacturing process used was wet granulation for both 

formulations and was characterized by 4 sub-batches of 

pre-blend that enter the final blend. Each pre-blend was 

subjected to high-shear wet-granulation (Diosna P300, 

Germany), drying (De Lama II, Italy), screening (Frewitt, 

Switzerland), mixing (Lodige, Germany) and filling in 

bottles (Macofar CEM MT6, Italy) processes. Purified 

water was used as granulating solvent in both 

formulations. The final blend was filled and dispensed 

into a multidose container - a dark glass bottle with a 

screw-type aluminium cap with inserted polyethylene seal 

with a prescribed average filing mass of 53 g in order to 

obtain deliverable volume of 100 mL suspension.  

Particle size distribution (PSD) of the final blends 

was estimated by analytical sieving (Retsch AS 200 

Control), according to the Ph. Eur.10, Method 2.9.12. 

Preparation of formulation I - Formulation I was a dry 

powder for oral suspension 100 mg/5 mL (100 mL final 

volume after reconstruction). Each pre-blend was 

characterized by the presence of API in trihydrate 

micronized form, suspending agent xanthan gum (for 

increasing viscosity), filler/sweetener - sucrose in the 
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form of milled sugar of each granulate. The suspending 

agent in Formulation I was presented in both, the internal 

and external phase The quantity of sucrose in the 

formulation was divided in the inner and outer phase of 

the granulate approximately 50:50% w/w with different 

sucrose PSD grade (milled sucrose in the inner phase and 

crystal sucrose in the outer phase) (Ph. Eur.10, Method. 

2.9.38). The four pre-blends were screened, merged and 

mixed together with the flavoring agent, suspending agent 

xanthan gum (also present in the outer phase), 

preservative and filler crystalline sucrose (non-milled) in 

a ploughshare mixer until a final blend was obtained 

(Rowe et al., 2003).. 

Preparation of formulation II - Formulation II was 

granules for oral suspension 100 mg/5 mL (100 mL final 

volume after reconstruction). Each pre-blend was 

characterized by the presence of API in trihydrate 

micronized form with coarser grade of quality of PSD 

compared to the API in Formulation I, than suspending 

agent xanthan gum (for increasing viscosity) in the inner 

phase, filler / sweetener - sucrose in the form of milled 

sugar. The whole quantity of the suspending agent was 

presented only in the internal phase. The quantity of 

sucrose in the Formulation II was divided in the inner and 

outer phase of the granulate approximately 70:30% w/w 

with same sucrose PSD grade (milled sucrose in both 

phases). The four pre-blends were screened, merged and 

mixed together with the flavouring agent, preservative 

and filler milled sucrose in a ploughshare mixer, until a 

final blend was obtained (Rowe et al., 2003). Sucrose in the 

inner and outer phase was in milled form.  

Macrodosing machine was used for filling of bottles 

with powders/granules for oral suspension. The principle 

of operation of the machine was vacuum volume filling 

under the action of compressed air. At the beginning of 

the process, the CPPs on the macrodosing machine were 

adjusted, which were the volume, vacuum and 

compressed air in order to achieve an average mass of 53 

g (+3%) (Ph. Eur.10, Method 2.9.27). The CQA of the 

filling process i.e. uniformity of mass in bottles was 

depended on the process parameters and intermediate 

CQAs from the previous manufacturing step such as PSD 

of the final blend (Maguire and Peng, 2015). The main 

dosing unit contained with 8 dosing places were filled 

with granulate. Under the vacuum, the granules were kept 

in each dosing place until they reached the receiving cup 

with bottle and then with aid of compressed air the 

granules were filled in the bottle. 

 

Results and discussion 

 

Analysis and monitoring were performed during the 

filling process on the macrodosing machine of 3 

consecutive batches of the two formulations separately. 

Throughout the filling process of three batches, in-process 

control test of the filling mass per bottle was performed 

by weighing the filling mass of 8 bottles of each dosing 

place at three time points. With adjusting of the CPPs 

(volume, vacuum and compressed air) an average mass of 

53 g (+3%) per bottle was obtained. The filling process of 

Formulation I resulted with compressed air of 6.5 bar and 

a vacuum of 1.5 bar in all three batches, and Formulation 

II resulted with compressed air of 6.5 bar and a very low 

vacuum value of about 0.15 bar in all three batches. More 

frequent service interventions at the beginning of the 

process for adjusting all 8 dosing pleases were present in 

Formulation I due to mass variations to achieve an 

average mass of 53 g (+3%). 

The PSD of final blend of Formulation I is wider 

compared to PSD of final blend of Formulation II, that 

resulted in higher various of mass in filling process and 

more frequent service interventions. 

 

Conclusion 

 

The results of the performed comparison show that 

the filling process was affected by the differences in the 

formulation. In the filling process compressed air in both 

formulations was the same but Formulation I required a 

higher vacuum to achieve the average prescribed filling 

weight of 53 g. At the beginning of the process, the CPPs 

on the macrodosing machine were adjusted with more 

frequent service interventions for Formulation I. 

The filling process of the final blend with average 

mass of 53g (+3%) per bottle was directly affected by 

PSD as intermediate CQA of the two formulations. 

Formulation II showed a narrow PSD compared to 

Formulation I which showed a wider PSD and larger mass 

variations during the filling process. 

That confirmed that Formulation II performed better 

during the filling process and resulted with a product with 

a better quality.  
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Introduction 

 

Impurity profiling and control is one of the most 

regulated areas in the pharmaceutical industry. According 

to ICH Q3A (R) “Impurities in the New Drug Substance” 

and ICH Q3B (R) “Impurities in the New Drug Product”,  

a drug substance impurity is “any component of the new 

drug substance that is not the chemical entity defined as 

the new drug substance,” and a drug product impurity is 

“any component of the new drug product that is not the 

drug substance or an excipient in the drug product.” In a 

pharmaceutical product, an impurity is a quality issue, 

since it could potentially compromise the efficacy and 

safety of the drug product (Qiu and Norwood, 2007).  

The sources and routes of formation of impurities 

may originate from starting materials, by-products and 

residual solvents from the drug substance synthesis, 

formulation, manufacturing technology and type of 

packaging.  Impurity formation and drug stability can be 

influenced by various factors, such as environmental 

conditions, temperature, light, and relative humidity on 

the drug product (Kovaleski et al., 2007). 

Angiotensin-converting enzyme (ACE) inhibitors are 

effective blood pressure lowering agents, prodrugs, ester-

type, which are characterized with high degradation 

potential under different environmental conditions like 

humidity, temperature and light and their degradation 

impurities have been also identified (Regulska et al., 

2013).  

Choice of manufacturing technology can have a huge 

impact on drug product stability and impurity profile, 

especially when the drug substance is highly degradable.  

The aim of this study was to evaluate the influence of 

different manufacturing technologies: direct compression, 

dry granulation (roller compaction) and wet granulation 

(high shear method) on stability and impurity profile on 

immediate release (IR) tablets containing highly 

degradable ACE inhibitor as model active substance and 

point potential degradation parameters related with 

manufacturing process. 

 

Materials and methods 

 

The active pharmaceutical ingredient (API, ACE 

inhibitor, BCS class III) was provided by Glenmark 

Pharmaceuticals Limited, India; Lactose anhydrous (LA, 

Super Tab 21, DFE Pharma, DE); Lactose monohydrate 

(LM, M100 and M200, Meggle, DE); Maltodextrin (MD, 

Lycatab DSH, Barentz, NL), Sodium starch glycolate 

(SSG, Primojel, DFE Pharma, DE); Colloidal silicon 

dioxide (CSD, Aerosil 200, Evonik, DE) and Magnesium 

stearate (Mg stearate, FaciSpa Carasco, IT). 
Formulation composition was kept constant (API 

5.55%, LA/LM 80.48%, MD 9.98%, SSG 2.99%, CSD 

0.50% and Mg stearate 0.50%) to minimize its influence 

on final product quality.  

Direct compression method (F1) was carried out in a 

high shear mixer (HS, Diosna, DE). Prior to the mixing, 

all excipients were sieved through 0.813 mm sieve. API, 

LA, MD, SSG and CSD were mixed in the HS (10 min, 

impeller: 300 rpm, chopper: 1000 rpm). After that, Mg 

stearate was added (1 min, 250 rpm, chopper: off). 
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Wet granulation method (F2-with water, F3-with 

ethanol anhydrous as granulation fluid) was carried out 

in a HS where API was pre-blended with LM M200, MD 

and ½ of SSG (3 min, 300 rpm/1000 rpm). Afterwards, 

granulation fluid (water/ethanol, accordingly) was added 

(300 rpm/1000 rpm and 1 min 30 sec- F2; 1 min- F3) and 

granulated F2- 40 sec, F3- 1 min 30 sec, 400 rpm/1500 

rpm. The wet mass was sieved (Quadro Commil, CA, 

sieve 6350 µm), dried until LOD max. 3% (Mycrolab 

Fluid Bed drier, DE). Dried granules were sieved 

(0.813mm sieve) and transferred into drum blender (PM5, 

Erweka GmbH, DE; 10 min, 350 rpm) mixed with LM 

M100, CSD and other ½ of SSG and finally lubricated 

with Mg stearate (5 min, 300 rpm). 

Dry granulation method (F4), was carried out on 

laboratory scale roller compactor (The Fitzpatrick 

Company, IDEX MPT Inc, USA), where API was pre-

blended with ½ LA, CSD, MD, ½ SSG and ½ Mg stearate 

in drum blender (20 min, 350 rpm). Afterwards, pre-blend 

was granulated with compaction speed/pressure 

5rpm/25.00 bar; horizontal/vertical feeding 20 rpm/180 

rpm and milling size/speed 0.813 mm/650 rpm. Granulate 

was mixed with extra granular excipients in drum blender 

(½ LA, ½ SSG; 10 min, 350 rpm) and lubricated with Mg 

stearate (5 min, 350 rpm). 

Final blends were subsequently compacted into round 

6.0 mm tablets with compression force of 6.5-7.5 kN 

(Korsch XL 100, DE). 

Prepared final blends were fully characterized 

according to Ph.Eur 10.5 methods (SVM 102 tester, 

ERWEKA GmbH). Prepared IR tablets were evaluated 

for mass and mass variation (SECURA224-1CEU, 

Sartorius, AG) hardness, thickness and diameter (TBH 

425 TD, Erweka GmBh, DE). Prepared tablets were 

stressed 30 days in stability testing chambers in open petri 

dishes, at temperature of 30 °C with a relative humidity 

(RH) of 65%. In order to evaluate the effect of 

manufacturing process on impurity profile tablets were 

analyzed initially and after completion of the study. A 

HPLC method (Column: Infinity Poroshell 100x2.1mm 

1.7 µm; Detection: UV 230 nm; Injection Volume: 10 µL 

of the standard and sample solutions; Flow rate: 0.2 

mL/min; Temperature: 55 °C) was used for determination 

of the related and degradation products. 

 

Results and discussion 

 

Tablets can be produced by several different 

methods, but direct compression is a method of the first 

choice, owing to its simplicity, cost effectiveness and also 

avoidance of water and heat for moisture or heat sensitive 

drug substances. Results obtained for total impurities at 

initial analyses meet the acceptance criteria (NMT 1.0%) 

for all formulations. Slight, but significant changes, 

increment was observed during the stability study. 

Obtained results for total impurities for F1 were below 

the established specification limits at initial analysis 

(0.28%) but there was an increase (0.68%) when stored at 

30 ˚C/65 % RH for 30-day stability period. 

F4- has shown slightly higher initial % of impurities 

(0.30%) and therefore increment during stability study 

(0.78%) compared to F1. Taking in consideration the fact 

that both methods are dry methods, this phenomenon was 

evaluated as potential influence of higher compression 

forces (needed for forming appropriate ribbons) and 

longer time needed for manufacturing where granulate is 

exposed on not controlled ambient conditions.  

On the other hand, significant increase of total 

impurity profile was noted on wet granulation methods- 

F2 (0.78%) and F3 (0.85%) at initial analyses, which 

compared to dry methods F1 (0.28%) and F4 (0.30%) 

were few times bigger. Increase of total impurity results 

were noted on both laboratory trials regardless the type of 

granulation fluid (water or anhydrous ethanol) which was 

in accordance with literature evaluation on degradation 

potential of API under exposure to higher % of humidity 

and temperature (Regulska et al., 2013).  

   

Conclusion 

 

According to the obtained results for impurity profile 

from this study, it can be concluded that manufacturing 

technology has a huge impact on impurity profile, 

especially when the API is characterized with high 

degradation potential. Based on overall results from this 

study, direct compression and dry granulation with further 

appropriate optimization should be manufacturing 

technologies from choice for this kind of APIs, due to 

lower potential of impurities formation.  
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Introduction 

 

The limited bioavailability and intrinsic toxicity of 

drugs force continually pharmaceutical industry to design 

and develop novel drug carriers in order to improve 

physicochemical properties of the drugs and overcome the 

physiological and (bio)chemical barriers. Carbon 

nanostructures such as multi-walled carbon nanotube-

graphene (MWCNT-G) hybrids, with their nanoscale 

structure and propensity to functional modification are 

useful for controlled drug delivery (Wu et al., 2013). 

However, the poor solubility and cellular toxicity restrict 

their use in this field. Their functionalization is required to 

improve their solubility and biocompatibility, alter their 

cellular interaction pathways and reduce their cytotoxic 

effects. The covalent attachment of polyethylene glycol 

(PEG) to their surface is one of the emerging techniques to 

increase their application. PEGylated carbon 

nanostructures display lower cytotoxicity and longer blood 

circulation half-life by which their in vivo opsonization is 

impeded and the uptake by reticuloendothelial system 

reduced (Ravelli et al., 2013). In addition, their high-

surface-area-to volume-ratio facilitates drug encapsulation.  

Having this in regard, the current research is focused 

on the suitability of covalently PEGylated MWCNTs-G as 

carriers of temozolomide (TMZ), imidazotetrazine second 

generation agent and first line alkylating and 

radiosenzitizing agent used for treatment of the most 

aggressive brain tumors such as glioblastoma multiforme 

and anaplastic astrocytoma.  

Materials and methods  

 

MWCNTs-G were purchased from Incubation 

Alliance, Inc., Japan and then activated to MWCNTs-G-

COOH in the presence of 8 M HNO3. MWCNT-G-COOH 

were functionalized using PEG6000 (av. Mw 5000-7000 

g/mol, Merck Schuchardt, OHG, Germany) following the 

procedure of Abdel Salam and Burk (2012).  For the drug 

encapsulation, solution of TMZ was added to the 

suspension of MWCNTs-G-PEG in acidified water (pH 

2.5), ultrasonicated for 1h and stirred for 72h. Afterwards 

the MWCNTs-G-PEG-TMZ were isolated by ultra-

centrifugation, rinsed with double-distilled water and dried 

at room temperature.  

The characterization of the blank and TMZ loaded 

carbon nanostructures was performed using 

thermogravimetric analysis (TGA) (Pyris 1 TGA, 

PerkinElmer, Shelton, CT, USA), infrared spectroscopy 

(IR) using KBr pellets (PerkinElmer 2000 FT-IR; 

Waltham, MA, USA), UV-VIS spectroscopy (Perkin 

Elmer Lambda 16, USA) and scanning electron 

microscopy (SEM) (FEI Quanta 200, acceleration voltage 

30 kV, EDS Oxford Inca Energy 350, UK). Encapsulation 

efficacy (EE) was determined as a difference between the 

total amount of TMZ in the initial solution and filtrate 

(UV/VIS, λ=328 nm, Perkin Elmer Lambda 16, USA). Size 

distribution аnd zeta potential were determined by 

NanoZS-100 (Malvern Instruments Ltd., UK) after dilution 

of blank and MWCNTs-G-PEG-TMZ in PBS 7.4 

(0.0001M). 
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Results and discussion 

 

Biopharmaceutical characterization of blank and TMZ 

loaded MWCNTs-G-PEG 

 

EE of MWCNTs-G-PEG-TMZ was 33 ± 4% (n=6), 

while the DC was 17% (n=6) out of 25% (theoretical 

value). The pristine MWCNTs-G had a zeta potential of 

−26 mV, which understandably increased to –46 mV when 

MWCNTs-G were activated to MWCNTs-G-COOH. The 

PEGylated MWCNTs-G showed less negative zeta 

potential (−30 mV) since the PEGylation converts the 

carboxylic acid groups into ester bonds. Nonsignificant 

change in zeta potential alteration was observed between 

the blank and TMZ loaded MWCNTs-G-PEG (−34 mV), 

which attributes to the encapsulation of TMZ and the 

formation of new carboxyl groups on the surface in the 

medium in which TMZ was loaded. The average particle 

size (d50) of MWCNTs-G-COOH, blank MWCNTs-G-

PEG and loaded with TMZ was 133 nm, 186 nm and 218 

nm, accordingly, confirming the dominant localization of 

TMZ into the hybrid structure (as SEM image shows). In 

all series, the PDI was not higher than 0.400, which 

indicates homogenous particles distribution.  

 

Physicochemical characterization of blank and TMZ 

loaded MWCNTs-G-PEG 

 

TGA was performed on MWCNTs-G-COOH, 

MWCNTs-G-PEG and MWCNTs-G-PEG-TMZ at a 

heating rate of 10 °C/min. The weight of MWCNTs-G-

COOH decreased with increasing temperature, but the 

weight loss at 800 °C was insignificant (ca. 25%) compared 

to the one of PEGylated particles (ca. 80% at 800 °C) due 

to decomposition of PEG. For comparison, pure PEG 

weight decreased sharply with increasing temperature and 

reached 98% weight loss near 400 °C. For TMZ loaded 

MWCNTs-G-PEG the weight loss at 800 °C was 30%.  

In the IR spectra of MWCNTs-G-COOH a 

characteristic peak for the carbonyl C=0 at 1730 cm-1 was 

observed, which was not present in the IR spectra of the 

PEGylated carbon nanostructures (MWCNTs-G-PEG). 

Also, in the IR spectra of MWCNTs-G-PEG, the peak at 

ca.3450 cm-1 (characteristic of an H bonded O-H stretch) 

became more pronounced due to the hydroxyl group 

present in the PEG. Also, a peak at 1100 cm-1 was present, 

corresponding to the C-O stretch of the ether group of PEG 

(the same peak appeared in the pure PEG). Two more 

strong peaks appeared between 2800 cm-1 - 3000 cm-1 due 

to the C-H stretching in the PEG chain. The same peaks 

were less intense compared to those in pure PEG, probably 

because of low amount of PEG in the functionalized carbon 

nanostructures i.e. small part of functionalized surface. In 

the IR spectra of MWCNTs-G-PEG-TMZ, the 

characteristic peaks of PEG were present, however, the 

ones of TMZ were not visible, which can be explained by 

relatively low DC. However, in the UV-VIS spectra of 

MWCNTs-G-PEG-TMZ (0.1 mg/mL in distilled water), 

two peaks at 255 nm and 328 nm were observed 

corresponding to the active hydrolytic metabolite 5-(3-

methyl triazen-1-yl) imidazole-4-carboxamide (MTIC) of 

TMZ and the prodrug TMZ, respectively. These peaks do 

not appear in the blank MWCNTs-G-PEG. 

The morphological study revealed that the outer 

diameter of the MWCNTs-G nanostructures significantly 

increased and their surface became non-uniform after they 

were covalently functionalized with PEG. From the images 

of TMZ loaded MWCNTs-G and MWCNTs-G-PEG one 

can reveal that the TMZ is dominantly localized inside the 

tubes, but also wrapped around the hybrid structure.    

 

Conclusion 

 

In this study, MWCNTs-G were functionalized with 

PEG and successfully loaded with TMZ. Functionalization 

was confirmed using different techniques. 

Biopharmaceutical properties TMZ loaded MWCNTs-G-

PEG are suitable for effective drug delivery in brain tumor 

cells.  
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Introduction 

 
 

Lipid-lowering drugs rosuvastatin (ROS) and 
ezetimibe (EZE) have been used as a fixed-dose 
combination in conventional dosage forms due to their 
complementary mechanism of action and ability to reduce 
low-density lipoprotein cholesterol levels. In the actual 
study an attempt was made to incorporate ROS and EZE 
in lipid-polymer hybrid nanoparticles (LPHNPs). These 
NPs have been reported as advantageous over lipid or 
polymer type NPs and liposomes due to their superior in 

vivo cellular delivery (Sivadasan et al., 2021). One 
expects that with incorporation of ROS and EZE in these 
advanced delivery systems, therapeutic response will be 
improved due the possibility for selective hepatocellular 
targeting and avoiding possible side effects of 
nonselective cholesterol synthesis impairment. For ROS 
and EZE loading in LPHNPs, the nanoprecipitation 
method was used as the most simple and efficacious one, 
where the solvent phase is added drop-wise in the “non-
solvent” aqueous phase. In this paper the potential of the 
nanoprecipitation method for successful encapsulation of 
fixed-combination of drugs having hydrophilic (ROS) and 
lipophilic (EZE) characteristics was evaluated. 
Specifically, the influence of phase volume ratios on the 
encapsulation efficacy (EE), particle size distribution 
(PSD), polidispersity index (PDI) and zeta potential (ZP) 
was determined. 

 

Materials and methods 

 
Materials 

 

Ester terminated poly(D,L-lactide/glycolide) with 
Mw 45000-80000 (50:50) was obtained as a gift from 
Corbion (Netherlands), hydrogenated soybean 
phosphatidylcholine and 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[metoxy(polyethylene glycol)-
2000] (DSPE-PEG2000) from Lipoid GmbH (Germany), 
Poloxamer 188 was purchased from BASF (Germany), all 
used for the LPHNPs preparation. ROS as calcium salt 
and EZE as a free base were purchased from DSM (India) 
and Lupin Ltd. (India) respectively. As organic phase 
solvent, acetonitrile (ACN) was used, supplied by Merck 
(Germany). All other chemicals used were of analytical 
grade. 

 
Preparation of ROS and EZE loaded LPHNPs 

 

ACN solution of EZE (0.8 mg/mL) and ROS (0.5 
mg/mL), and PLGA (7.5 mg/mL) was prepared and added 
drop-wise into the 4% w/w hydroethanolic lipid 
dispersion pre-heated at 65 °C under constant mixing, 
allowing self-assembly of nanoparticles to occur with 
subsequent ACN evaporation. The phase volume (ACN 
solution to 4% w/w hydroethanolic lipid dispersion) ratio 
was varied in a range 1:1; 1:2; 1:4 and 1:6, while keeping 
the other variables constant. Poloxamer 188 in 1:1 weight 
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ratio to polymer was used as a NPs stabiliser present in 
hydroethanolic phase. LPHNPs separation was performed 
through initial vacuum mechanical filtration on 2-3 µm 
pore size cellulose filter and subsequent purification and 
concentration with ultracentrifugation of the pre-filtered 
LPHNs suspension on 3 kDa cut off filters (Amicon®, 
Merck, Germany) for non-encapsulated drugs removal. 
 

Physicochemical characterization of ROS and EZE 

loaded LPHNPs  

 
PSD, PDI and ZP of particles were determined using 

Zetasizer Nano ZS-100 (Malvern Instruments Ltd., UK) 
in purified water and 10 mM phosphate buffers of pH 6.8 
and 7.4. EE % was calculated by indirect method through 
analysis of drugs quantity difference in pre-filtered 
nanoparticle suspension and 3 kDa resulting filtrate using 
HPLC method (Zorbax Eclipse XDB-C18, 80Å, 4.6 x 150 
mm, 5 µm column; Agilent, USA). 
 

Results and discussion  

 
EEs of 1.78-50% for ROS and 9.8-69.12% for EZE 

were obtained. PSD ranged from 123.8-275 nm and PDIs 
were within 0.261-0.581. Slightly negative to neutral 
values for ZP were obtained (-3.38 to 0.24 mV) when 
measured in purified water as well as in both phosphate 
buffers having pH 6.8 and 7.4. Non-significant difference 
in ZPs between the different trials was observed when 
measured in the same medium, while significant 
difference between the formulations was observed 
(p=0.013) when measured in different media. Water 
phase volume increase led to increase of EE of 
hydrophilic drug ROS up to 50%, reaching the maximum 
value at 1:4 ratio, while the EE of the lipophilic drug EZE 
decreased to 9.8%, reaching its minimal value at 1:6 ratio. 
For comparison, the EE of only 1.78% was obtained for 
ROS and 42.75% for EZE when the LPHNPs were 
prepared by a phase volume ratio of 1:1. Having this in 
regard, one can assume that the precipitation potential of 
the lipophilic drug at the initial contact with the higher 
water content media increased and by that, the chances for 
spontaneous precipitation within the assembled particles 
through evaporation of ACN decreased. These results are 
slightly different from those of Tahir et al. (2019), who 
obtained better EE of the lipophilic drug and lower values 
for hydrophilic drug when using nanoprecipitation 
method and same lipid and polymer coatings. Optimal EE 
of both drugs was achieved when 30  w/w lipid to 
polymer, 1:15 ROS and 1:10 EZE to polymer weight ratio 
and 1:4 ACN to hydroethanolic phase were utilized, being 
50% and 15.6% for ROS and EZE, respectively. For this 
formulation, an average PSD of 124 nm, PDI of 0.285 nm 
and ZP of –1.14 mV were obtained, being an ideal 

candidate for hepatocellular targeting. Change in the 
volume ratio led to statistically significant difference in 
the PSD among trials (p=0.012), without statistically 
significant difference in the PDIs. 

Although volume ratios of 1:1 are mentioned in the 
literature as a worst condition in nanoprecipitation 
method (Lepeltier et al., 2015), influence on double 
increase of polymer concentration while keeping this 
volume ratio as 1:1 was also evaluated. The increase of 
polymer concentration resulted in reverse case of the EE 
in favour of hydrophobic drug where EE of 69.12% was 
observed, while obtaining 17.6% EE for the hydrophilic 
drug ROS. The particle size increased as well to 275.9 
nm, with PDI being 0.581 and ZP –0.466 mV. In order to 
exclude/confirm the hypothesis that the EE is influenced 
only by the capacity of the NPs to entrap the drugs, in the 
series prepared with 1:1 volume ratio, the concentrations 
of  APIs were decreased for one half. No increase in EE 
for both drugs was observed, but with higher API 
concentrations drug loading was increased.  
 

Conclusion 

 
 

         In this study, the synergistic fixed-drug combination 
of lipid-lowering drugs ROS and EZE in LPHNPs was 
efficaciously incorporated using nanoprecipitation 
method. With the phase volumes ratio variation, LPHNPs 
with optimal physicochemical characteristics were 
obtained suitable for hepatocellular targeting. Further 
studies for their biopharmaceutical characterization are 
needed in order to confirm their potential for 
hepatocellular targeting. 
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Introduction 

 

Pharmaceutical manufacturers continually strive to 

improve the quality of their products along with improving 

their production operations. Regulatory agencies in their 

guidelines require that product manufacturers should not 

only validate their production and packaging processes, but 

also demonstrate control and consistency. The efficiency 

of equipment as an important part of a manufacturing 

system directly affects the quality and cost of the product 

and the productivity of a company (Chikwendu et al., 

2020).  

This paper focuses on calculating the overall 

equipment effectiveness (OEE) of a packaging line that is 

used for packaging of solid dosage forms in the 

pharmaceutical industry as one of the most important key 

performance indexes of the packaging process.    

 

Materials and methods 

 

Overall equipment effectiveness was calculated 

for the following products:  Amlodipin Alkaloid tablets 30 

x 5 mg and 10 mg; Biprez® film coated tablets 30 x 2,5 mg, 

5 mg and 10 mg; Citeral® film coated tablets 10 x 500 mg, 

Blokmax forte Rp® coated tablets 20 x 400 mg, Caffetin 

menstrual® film coated tablets 10 x 200 mg, Skopryl® 

tablets 30 x10 mg and 20 mg and Skopryl® plus tablets 30 

x (20+12,5) mg that are primary and secondary packed on 

the packaging line IMA C80/A81. 

Blister packaging machine IMA C80, cartoner 

machine IMA A81, labeling and checkweigher machine 

INEL PV1800 and stretch banding machine IMA MS 250 

A are integrated in the packaging line IMA C80/A81.  

As one of the key performance indicators (KPI`s) 

for each batch produced and packed on the packaging line 

IMA C80/A81 during 2021, an overall equipment 

effectiveness was calculated. The results have been 

analyzed on a monthly and quarterly period as by the 

internal procedure for following of the key performance 

indicators is required. 

In this paper manufacturing productivity is analyzed 

by overall equipment efficacy metric and potential room 

for improvement has been defined.  

 

Results and discussion 

In the manufacturing site of Alkaloid d.o.o., located in 

Belgrade, a new packaging line IMA C80/A81 was 

installed and put into operation during 2020. The process 

of primary and secondary packaging has been validated 

and after the validation has been completed, a continued 

process verification is being performed and its Overall 

Equipment Effectiveness has been monitored.  

Overall Equipment Effectiveness is a tool related to 

monitoring the efficiency of a plant, a machine or at a 

general level, the production system. It is a percentage 

indicator that represents the overall performance of a 

productive resource or a set of resources, during the time 

in which they are available to produce (Slack et al., 2016). 

It covers and analyzes both human or technical factors that 

can influence the final efficiency. Therefore, the OEE 

investigates all types of inefficiencies that lead to lower 

productivity:  lack of materials, poor planning, setups, 

downtime, micro-stops, long failures, rework, non-

conformities, etc.  In particular, any inefficiency is limited 

to three factors: availability, performance, and production 

quality (Muhammad et al., 2020).  

OEE can be measured by obtaining the product of 

performance efficiency of the process, the availability of 

equipment, and rate of quality products.  
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OEE = Availability x Performance efficiency x Quality 

Rate 

In order to calculate OEE, first the ideal time for 

packaging of each product had been calculated.  All 

products were grouped into 4 groups according to the size 

parts, blister size and the number of the blisters in the final 

packaging.  

Availability, performance efficiency and the quality 

rate were calculated considering: batch sizes, downtimes, 

planned breaks, number of total produced units and number 

of rejected units. 

The obtained results showed that the process is 

consistent and the following OEE values were calculated 

for each calendar quarter for 2021 prospectively:  67.61%; 

66.02%; 73.86% and 54.39%. In periods were the 

production campaigns were organized in a way to have as 

less change overs as possible, the calculated OEE values 

were higher. The time for downtimes solving has a huge 

impact on the final OEE score. Also, the results were 

analyzed between different groups of products and it was 

noticed that the OEE values depended on the type of size 

parts as well. The following OEE values were calculated: 

64.14%; 60.96%; 63.77% and 85.55% for groups of 

products A, B, C and D prospectively. 

Batch size also has an influence on the results and as 

bigger the batch size is, a better OEE values are gained.  

Products from group B have the lowest values for 

OOE due to their specific shape and problem with the 

feeding system on packaging line. It leads to a higher 

rework ratio, compared to the products of other groups. In 

order to improve the process and to gain a better OEE 

results for the products from group B the current vertical 

feeding unit will be replaced with a new universal brush 

feeding system. After validating the new feeding system, a 

comparison of effectiveness between two different type of 

feeding for the same products will be done.  

 

 

 

 

 

 

 

 

 

 

 

 Conclusion 

 In the current economic conditions of high 

competition, all aspects of production costs must be 

approached with care. In this environment, it is necessary 

to consider appropriate methods that manufacturers can use 

to produce the product at minimum cost. Overall 

Equipment Effectiveness (OEE) is a method that meets this 

goal. By collecting a real - time data on a daily level it helps 

in diagnosing the loses and gives a direction to implement 

corrective actions and improvements in order to gain a 

highly productive process with a high-quality finished 

product.  
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Introduction 

 
Over the last decades, antimicrobial additives in 

livestock feed are used as growth promoters for increased 
weight gain and better feed conversion. Additionally, they 
decrease the risk for disease occurrence in the livestock 
herds. Therefore, antimicrobial feed additives have an 
economic role in livestock production for optimization of 
nutritional strategies to generate profit (; Gropp et al., 
1992; Hays, 1981). The most used antimicrobial feed 
additives are antibiotics, but recently their uncontrolled 
use in livestock production lead to bacterial resistance, 
including pathogens that cause diseases in humans and 
animals. For that reason, nowadays antibiotics are more 
perceived as a risk than are growth promoters in livestock 
production. One of the alternatives for the replacement of 
antibiotic use as feed supplements (antibiotic-free range) 
is humic acids, which are widely used in broiler 
production, and recently their use is expanded in pig 
production (Ceylan и Ciftci, 2002). 

Humic acids are defined as a group of organic acids 
naturally contained in the humus. They originated from 
the decomposition of organic substances, especially plants 
in the soils (Islam et al., 2005; Vetvicka et al., 2010; 
Kaevska et al., 2016).  The use of dietary natural humic 
acids as feed supplements in swine production is 
increasing the expectations for the better health status of 
herds as a result of immunological system stimulation and 
their antibacterial and antiviral effects. 

Until now, there are huge gaps in knowledge of the 
biological effect of humic acids in animals. The main aim 
of the performed survey was to evaluate the effect of 

natural humic acids used as feed additives on health 
records in piglets. 
 

Materials and Methods 

 
During the survey, there were followed 26 pregnant 

and latter farrowed sows together with their litters, 
divided into two groups, 12 of them belonged to the 
control group and 14 in the test group. In the test group, 
one month before the expected farrowing of sows (late 
gestation) to wean, a commercial feed supplement from 
dietary humic acids was given. In the period from one 
week after birth until weaning, the stillborn piglets in the 
test group were also supplemented with natural humic 
acids suspension through the drinking water. During the 
survey, independently from the group, there were 
followed reproductive and health performances in sows, 
as well as productive and health records in piglets. 
Statistical analyses were conducted in SPSS for Windows. 
The correlations between variables in the model were 
calculated by Pearson’s coefficient of correlation. Data 
analysis was carried out by General Linear Model, a 
univariate approach, for the influence of factor variable as 
an output of diet regime with humic acids as feed 
supplement on the prevalence of health disorders in 
piglets. 

 

Results and discussion 

 
The piglets’ loss in the suckling period from birth to 

weaning in the control group was 22.62%, while the loss 
of piglets in the test group was 17.19%. The proportion of 
dead piglets until weaning versus the number of piglets 
born alive, in the control group was 8.45%, while in the 
test group was 3.65%, but without a statistically 
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significant difference. Depending on the sow’s dietary 
treatment, there did not find statistically significant 
differences in reproductive performances between the 
groups. 

The prevalence of diarrhea in litters and the 
prevalence of diarrhea in piglets were higher in the 
control group than in the test group (33.33% and 14.08% 
respectively vs 21.43% and 3.03% respectively). On 
average, diarrhea occurred 11,29±2,254 days after the 
birth of the piglets. 

The prevalence of coxofemoral dysplasia and 
distortion in piglets from the control group was 2,11% 
аnd 5,63%, respectively. There wasn’t recorded 
coxofemoral dysplasia and distortion in piglets from the 
test group. On average, the coxofemoral dysplasia and 
distortion in piglets occurred 1,33±0,333 days and 
15,83±2,701 days after the birth of the piglets, 
respectively. 

There was found a statistically significant positive 
correlation (p<0.01) between the occurrence of 
coxofemoral dysplasia and distortion in piglets from the 
control group. The diet type had a statistically significant 
influence (p<0.01) on the piglet’s age when the distortion 
occurred. 

The humic acids have positive effects on the immune 
system and help to get a better response to infective 
diseases (Kunavue et al., 2012). For the prevention and 
treatment of diarrhea, indigestion, and acute poisoning in 
pigs, some authors recommend the addition of organic 
acid-based solutions, including humic acids, to food and 
drinking water (Kaevska et al., 2016; Liu et al., 2018; 
Václavková et al., 2019). 

 
Conclusion 

 

The balanced sow’s diet in the most sensitive period 
from farrowing to wean is of great importance for 
obtaining improved reproductive and health performances 
in sows, as well as productive and health performances in 
piglets. 
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Introduction 

 

GMP validation is an element of quality assurance 

program for a pharmaceutical/biotech products or 

processes. To ensure that the products absolutely fit to the 

intended use, the company has to demonstrate in a 

documented form that the processes, methods, tests, 

activities and equipment’s they deploy are capable of 

repeatedly producing the desired product. Therefore, each 

critical step in the manufacturing process must be verified 

to perform as intended under defined conditions 

(https://www.gmp7.com/blog/gmp-validation/). 
After acquiring and installation of the new production 

equipment, scale-up of the batch size is required and a 

validation study should be performed for the 

manufacturing process (FDA, 2011).  

The data acknowledged during process of production 

of baby cream was used during the validation of the 

process. The equipment used for manufacturing is of the 

similar design and principle of work as the previously 

used production machines for production of this product. 

The impact of the scale-up and change in the equipment 

was expected to be minimal on the attributes of the 

finished product. Previous knowledge, long-time 

experience and equipment manufacturer 

recommendations were considered to be sufficient for 

establishing optimal set of parameters for production. The 

assurance that appropriate reproducibility will be 

achieved will be obtained by process controls and control 

tests during all phases using control schedule established 

during the manufacturing process. The validation process 

included production of three batches of baby cream that 

were manufactured under the same conditions. The 

changes were documented and new version of 

manufacturing process was issued considering validation 

results and defined process parameters.  

 

Materials and methods  

 

All the materials used for the production of the three 

validation series were of same qualitative and quantitative 

composition as in the production of the existing 

equipment. The process includes aqueous phase 

(containing Magnesium sulfate x 7H2O and Glycerin) and 

oil phase (containing Petrolatum and Paraffinum 

liquidum), waxy W/O emulsifier 1: mix of Sorbitan 

oleate, Hydrogenated Castor oil, Cera alba and Stearic 

acid with HLB value 4.5, emulsifier 2: W/O emulsifier 

(bland of Petrolatum, Ozokerite, Hydrogenated Castor oil, 

Glyceryl isostearate and Polyglyceryl-3 oleate with HLB 

value approx.3) additives (Phenoxyethanol, 

Ethylhexylglycerin) and parfum, all in prescribed 

quantities (Regulation (EC) No 1223, 2009). 

The manufacturing process of baby cream was hot 

homogenization. The processing steps required for the 

manufacture of baby cream were defined: dissolving and 

mixing of the aqueous phase with excipients, melting of 

the oil base with excipients, loading of the oil base, 

merging of the two phases, mixing and cooling the 

homogenous mass, dispersion of the additives and 

homogenizations, mixing and cooling. Selected 

processing equipment included: double jacket mixing 

vessels (Olsamix150 and Melter100, OLSA S.P.A. Milan, 

Italy), traced hose. Process parameters (PP), set limits for 

every PP and acceptance criteria were also defined. PP 

(temperature, homogenizer speed, vacuum, mixing time, 

mixing speed of peripheral and central impeller) were 

considered as critical process parameter (CPP) in certain 

production phases.  

Critical process parameter (CPP) in certain phases 

of production. Temperature was CPP for dissolving and 

mixing of the water phase with excipients and melting of 

https://www.gmp7.com/blog/gmp-validation/
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the oil base with excipients. Temperature, mixing time, 

mixing speed of peripheral and central impeller, 

homogenizer speed and vacuum were CPP during the 

merging of the two phases and in the phase of dispersion 

of the additives and homogenizations. 

Temperature, mixing speed of peripheral and central 

impeller and vacuum were CPP during final mixing and 

cooling. 

For every phase of production, control parameters 

were defined. During the entire production process, visual 

control of the process and the mass produced is carried 

out.  

Acceptance criteria. Each batch must meet the 

predetermined acceptance criteria for every phase of 

production. After homogenization by mixing and cooling, 

the product must satisfy the requirements for: appearance 

and color (white homogenous mass, to match an approved 

sample), Centrifuge Phase Separation Test (no separation 

should be observed), Temperature Phase Separation Test 

(no separation should be observed), pH value (4-7), 

viscosity, relative density ( for information and 

comparison only) and microbiological quality (Total 

aerobic microbial count (≤ 1 × 100 CFU per 1g) absence 

of patogenes Pseudomonas aeruginosa/0.1g, 

Staphylococcus aureus/0.1g, Candida albicans/0.1g, 

Escherichia coli/0.1g) (ISO 17516, 2014). 

                                

Results and discussion  

 

The certificates of analysis for each raw material 

used for manufacture of the validation batches were 

checked and fulfill the quality requirements.  

The results of visual control indicate that clear 

solution was obtained for all 3 batches after dissolving 

and mixing of the water phase with excipients with the 

proposed process parameters. Thus, the proposed process 

parameters can be considered satisfactory for the 

dissolving and mixing of water phase.  

The results of visual control indicate that clear 

solution was obtained for all 3 batches after melting of the 

oil phase with the proposed process parameters. Thus, the 

proposed process parameters can be considered 

satisfactory for the dissolving and mixing of oil phase.  

Also, after the merging of two phases, the results of 

visual control indicate that homogenous mixture was 

obtained for all 3 batches after merging of the two phases 

with the achieved process parameters. Thus, the achieved 

process parameters can be considered satisfactory for the 

step merging of the two phases. 

The results of visual control indicate that 

homogenous mixture was obtained for all 3 batches after 

mixing and cooling with the achieved process parameters. 

Thus, the achieved process parameters can be considered 

satisfactory for the step mixing and cooling. 

 

The results of visual control indicate that 

homogenous mixture was obtained for all 3 batches after 

dispersion of the additives and homogenization, mixing 

and cooling with the achieved process parameters. Thus, 

the achieved process parameters can be considered 

satisfactory for the steps dispersion of the additives and 

homogenization, mixing and cooling. 

Each batch met the predetermined acceptance 

criteria: appearance and color (white homogenous mass, 

matches an approved sample), Centrifuge Phase 

Separation Test (no separation was observed), 

Temperature Phase Separation Test (no separation was 

observed), pH value (5,60; 5,63 and 5,30 respectively for 

each of the three batches), viscosity (500 000 – 520 000 

cp for each of the three batches), relative density (0.9542 - 

0.9588 for each of the three batches), microbiological 

quality (TAMC 0 cfu/g for all three batches and absence 

of patogenes Pseudomonas aeruginosa/0.1g, 

Staphylococcus aureus/0.1g, Candida albicans/0.1g, 

Escherichia coli/0.1g). 

 

Conclusion 

 

Based on the results of three validation batches, the 

proposed manufacturing process for baby cream under the 

specified parameters is reproducible and can consistently 

manufacture the cream of 150.0 kg batch size with 

desirable quality, which meets its predetermined 

specifications. The impact of the scale-up and change in 

the equipment is considered minimal on final product 

quality attributes. 

       A new version of master production protocol has 

been issued with new re-established process parameters: 

mixing speed of peripheral impeller, homogenisation 

speed and vessel pressure (vacuum) in certain phases of 

production (ISO 22716:2007). 
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Introduction 

 

Scale-up is the process of increasing the batch size or 

a procedure for applying the same process to different 

output volumes. Preforming scale up in the production 

processes is a major challenge in pharmaceutical industry. 

Quality by Design (QbD) is one of the most used and 

effective approaches for scale up. Using QbD, 

pharmaceutical manufacturers ensure the quality of 

medicines by using statistical, analytical and risk 

management methodologies in the design, research, 

development and the manufacturing of the medicines.  

A pilot plant can also be defined as the pre-commercial 

production system which includes new production 

technology and produces small volumes of new 

technology-based products (Khar et al., 2013). 

Pilot plant scale-up techniques involve reproducible 

manufacture of an experimental formulation on high-speed 

production equipment, in a cost-effective manner.  The 

same processes that are used during Research and 

Development (R&D) of dosage forms are applied to 

different output volumes; usually 10 times greater than that 

obtained during R&D (Chanana et al., 2014).  

In this article, we will review the key points of 

preforming scale up in the manufacturing of semi-solid 

dosage forms. 

 

Materials and methods  

         For a pilot scale up to be successful a product must 

be capable of being processed in a large scale often with 

equipment that only remotely resembles the ones used in 

the development laboratory. The chemical attributes of the 

product, its quality and efficacy should be maintained after 

the scale-up even though the production processes is 

modified as a result of sample size increase and equipment 

changes. (Ramasubramaniyan et al., 2014). In order to 

study relationships and gain information on potential 

sources of variability, uni/multi variant experiments should 

be completed, to make sure that the process and 

measurement capability is understood and defined. 

Another crucial moment is implementing the quality risk 

methods and tools as process flow diagram to determine 

the inputs/outputs that could impact quality (ICH Q10). 

During the process, Critical Process Parameters (CPPs), 

Critical Quality Attributes (CQAs) and other important 

parameters are identified using quality risk tools as 

Ishikawa diagram and FMEA. Design space should be 

defined and understood consisting of a set of input ranges 

(CPPs) that provide high probability that CQAs will meet 

specification. And finally, a control strategy needs to be in 

place to assure that the setting of the process is adequate 

(Tiwari, 2011).  

Key points of the scale up  

There are some key points that are critical for scale–

up process that need to be taken in consideration when 

performing scale up process.                                                               

First step is close examination of the formula to 

determine its ability to withstand large scale and process 

modification. The scale up team should review a range of 

relevant processing equipment to determine which would 

be most compatible with the formulation as well as the 

most economical, simple, and reliable in producing the 

product. Considering this, the chemical attributes of the 

product are critical, and its quality and efficacy should be 

maintained even though the production processes are 

modified as a result of sample size increase and equipment 

changes. 
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A well-defined process may fail quality assurance tests 

in full manufacturing scale even after generating a perfect 

product in both the laboratory and the pilot plant.  
Scale-up of a semi-solid product introduces numerous 

challenges, mainly related to mixing and creating a 

uniform, homogeneous material. The product must have 

the correct viscosity and the desired sensory qualities. The 

use of different equipment can have a major impact on the 

final product (Tiwari et al., 2011).  

 

Robustness of the process 

 

      For maintaining and getting a robust process several 

critical points should be determined in the production 

process using QRM principles. The critical points like 

speed of homogenization, time of homogenization, vacuum 

during cooling of the dosage form, temperature points, 

contribute to controlling the process and continuous 

manufacture of product that is in the specification limits.  

Controlling the critical points in production process can 

lead to robust and stable process. Experimentation in 

manufacturing is limited compared to R&D, but the state 

of robustness can be determined with constant proactive 

monitoring of the process (Braun, 2021). 

 

GMP consideration 

 

        The check list of the GMP items that should be a part 

of the scale-up should include the following: equipment 

qualification, process validation, regulatory schedule, 

preventive maintenance, regular process review and 

revalidation (Dhobale et al., 2018). 

 

Discussion and Conclusion 

 

Using a stepwise and methodical QbD approach 

during the development and late stage of semi-solid dosage 

forms will provide a sound and robust platform for process 

development and will enable the developer to provide a 

robust control strategy for manufacturing. 

Using QbD, six sigma tools and experimental design 

will ensure the manufacturing scale up of semi-solid 

products is with minimum risk. 

With adequate scale-up protocols taking into 

consideration the machine performances, the scale up will 

be done properly.All the critical parameters have to be 

defined and all the risks should be calculated and classified 

in accordance to their RPN values. The result will be a 

robust process with satisfying parameters in accordance 

with the product specification. 

The characteristics of the manufacturing equipment 

used, including power, speed and size, may influence 

outcomes significantly.  

Every step along the journey from new drug product 

concept to commercialization is challenging, but the goal 

is clear: to mass-produce a product that is exactly the same 

as the original formulation, regardless of the volume 

generated. According to FDA’s Scale-Up and Post-

Approval Changes (SUPAC) guidelines, the entire scale-

up process must be validated every time the process is 

scaled-up by a factor of at least 10.  
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Introduction 

 

Honey Bee Venom (BV) has been used to treat many 

diseases since ancient times. In recent years some positive 

effects of BV usage have received scientific confirmation. 

BV has been widely used for the treatment of pain and 

inflammation, and in immune-related diseases such as 

rheumatoid arthritis and multiple sclerosis. Various 

scientific studies have reported that components of whole 

BV have numerous beneficial therapeutic effects, such as 

immune-stimulating, anticancer and radioprotective 

activities (Park et al., 2018).  

BV is an intricate mixture of at least 18 active 

chemical compounds, including peptides (melittin and 

apamine), various enzymes (phospholipase A and 

hyaluronidase), amines and nonpeptide components with 

various pharmaceutical properties (carbohydrates, 

phospholipids and some volatile components) (Carpena et 

al., 2020). The main component of dry BV is the peptide 

melittin (40-50%), which is the most bioactive compound 

in BV with vast bioactivity usable in broad modern 

medical therapies (Ceremuga et al., 2020).  

The aim of this study was to determine the quality 

and purity of the domestic BV collected from Apis 

mellifera macedonica by evaluating the total protein 

content, melittin content by high performance liquid 

chromatography (HLPC), structural and physical 

properties (X-ray diffraction (XRD), differential scanning 

calorimetry (DSC) and fourier transform infrared 

spectroscopy (FT-IR).  

 

 

Materials and methods 

 

BV as dry powder was collected by electric stunning, 

without harming honey bees during July 2021 (Spilje, 

Debar region, N. Macedonia) and was stored at -20 C.  

Moisture determination analysis was carried out at 

105˚C with a Mettler Toledo Excellence HS153 (Mettler 

Toledo, Netherlands) moisture analyzer.  

Total protein content in BV sample was determined 

utilizing the biuret method (540 nm, 

spectrophotometrically Cary 60UV-VIS, Agilent 

Instruments, USA). Distilled water with biuretic reagent 

was used as a blind test and bovine serum albumin (BSA) 

was used as the external standard. 

A modified HPLC method (Rybak-Chmielewska and 

Szczêsna, 2004) was used for assay of melittin, apamin 

and phospholipase A2 in the BV sample. Melittin (Sigma, 

USA) was used as an external standard. Detection and 

assay determination was performed on Agilent 1100 

Series, equipped with diode array detector, using C18  

Zorbax 300 SB 150 mm x 4.6 mm; 5 m; gradient elution 

with 0.1% trifluoroacetic acid (TFA) in water for liquid 

chromatography (mobile phase A) and 0.1% TFA in 

mixture of acetonitrile/water for liquid 

chromatography=80:20 (mobile phase B), were filtered 

through a 0.45-μm membrane filter and degassed via an 
ultrasonic water bath prior to use. The chromatographic 

conditions are: injection volume 20 µL, the column 

temperature was maintained at 40 ºC, detection was 

carried out at 220 and the flow rate is 2.5 ml/min. The 
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gradient profile was optimized as follows: 0-2 min, 

isocratic 70% (v/v) A; 2-10 min, linear gradient 70-40% 

(v/v) A; 10-25 min, linear gradient 40-20% (v/v) A; 25-29 

min, isocratic gradient 20% (v/v) A. The prepared mobile 

phase was degassed prior to use, under vacuum, by 

filtration through a PVDF filter. The sample preparation 

was centrifuged at 12,000 rpm for 10 min at 4 °C. 

The identification and structure determination were 

done using an experimental powder XRD technique based 

on the use of X-rays and their diffraction (Benchtop X-ray 

diffractometer, MiniFlex 600C, Rigaku, Japan). Data 

were collected over an angular range comprised between 

5 ° and 50 °, with a step size of 0.02 °. DSC was 

performed on the BV samples (2 mg) using differential 

scanning calorimeter (DSC 204 F1 Phoenix, NETZSCH, 

Germany). DSC was conducted from 25 to 250°C and 

backwards at a rate of 10°C/min. A FT-IR spectrometer 

(Varian 660 FT-IR, Varian Instruments, USA) was used 

to record the infrared spectra of the BV using the 

MIRAcle module with ZnSe crystal and micrometer 

clamp for low pressure recording under attenuated total 

reflection (ATR). The spectra were recorded in the range 

of 4000 - 550 cm
-1

, with an average of 16 scans for each 

spectrum and a resolution of 4 cm
-1

. 

Results and discussion 

Obtained BV appeared in the form of a typical 

powder with a light brown color, specific smell and 

10.85%±0.12 moisture content.] 

Total protein content of the BV sample was 56%. 

Using the stated HPLC-UV method, retention times were 

23.08 minutes for melittin, 9.57 minutes for apamin and 

16.705 minutes for phospholipase A2. Melittin content in 

the tested BV was 42.8%, suggesting a relatively good 

quality of the sample.  

According to XRD analysis, BV showed regular 

crystal structure peaks at 2θ=9.9° and 21.3°. DSC 

thermogram of BV showed an endothermic peak at 

approximately 73.1°C, which is associated with the 

melting point of the specimen itself, and endothermic 

peak at 186°C which could be attributed to thermal 

degradation of the BV sample. On the other hand, on the 

DSC curve of the cooling segment, no phase 

transformations were observed, which confirms the 

decomposition of the sample. 

The FT-IR spectra of the BV showed a broad 

medium-intensity absorption band in the spectral range 

from 3500 to 3100 cm
−1

 (with an absorption maximum at 

3280 cm
−1

), which is assigned to the N–H stretching 

vibrations (amide A band) of the peptide and protein 

secondary structures. Intensity absorptions observed at 

2923 cm
−1

 and 2852 cm
−1

 correspond to CH2 asymmetric 

stretching vibrations. The fingerprint region (spectral 

region between 1700 and 600 cm
−1

) showed a series of 

absorption bands that are unique for the peptide/protein 

secondary structure. The most prominent vibrations 

arising at 1648 sm
-1 

and 1538 sm
-1

 are assigned to the 

amide I (C=O stretching) and amide II (N–H bending and 

C–N stretching vibrations) bands.  

 

Conclusion 

The chemical composition and quality of honey 

BV obtained directly from the primary producer (Debar 

region, N. Macedonia) was investigated in this study. The 

analyzed BV showed average quality properties. Further 

studies will be focused on determination of the quality of 

BV samples from other regions in N. Macedonia.  
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Introduction 

 

Snail slime is externally secreted mucus from the 

snails that produces different effects depending on the 

variety of species. The garden snail’s (Helix Aspersa) 

slime has antibacterial, antifungal, anti-aging, wound 

healing, anti-inflammatory and regenerative properties 

(Dhiman & Pant, 2021). Components of garden snail 

mucus are 90-99% water (depending on the species), 

proteoglycans, glycosaminoglycans (hyaluronic acid, 

glycoprotein enzymes), copper peptides, antimicrobial 

peptides and metal ions (zinc, iron, copper, and 

manganeseiron), mitamycin AF, mucin, allantion, 

collagen, glycolic acid, achacin and elastin (Waluga-

Kozlowska et al, 2021). Garden snail’s mucus also 

contains vitamin E, polyunsaturated fatty acids and 

steroids that help in the regeneration of epidermal cells 

(Dhiman & Pant, 2021). 

Different effects that snail slime produces originate 

from the various individual effects of active ingredients.  

Allantoin promotes cell proliferation and healing of 

the affected area of the damaged skin and glycolic acid 

helps in synthesis of collagen-elastin fibers, which is the 

reason for using the snail slime in skin treatment (Dhiman 

& Pant, 2021). 

Regenerative properties and antimicrobial effect on 

gram positive and gram negative bacteria’s comes from 

glycoproteins such as mucin and the antimicrobial 

proteins in mucin.  

The garden snail mucus has antioxidant properties of 

superoxide dismutase (SOD) and glutathione S-

transferase (GST) and its antioxidant effect protects the 

cells of damage caused by free radicals and reactive 

oxygen species (Waluga-Kozlowska et al, 2021). 

Despite the data about the snail slime’s compounds 

there is not much information for the mechanism of its 

different actions.  

The liquid extract of snail slime is not very stable and 

has to be kept in special conditions such as temperature of 

-20 

C.  

The aim of this short paper was to prepare dried 

powdered snail slime extract with preserved 

biological/pharmacological properties. 

 

Materials and methods  

 

Snail slime was mechanically extracted from garden 

snails and was strained through sieve to remove the 

mechanical contaminants. Liquid mucus was subjected to 

spray-drying (inlet temperature 105 C, 2.5 mL/min flow, 

100% aspiration, Buchi Mini Spray dryer B-290, 

Switzerland) (Patent application MK/P/2021/000853). 

Particle size and particle size distribution of spray-

dried snail mucus were determined by laser 

diffractometry using Mastersizer 2000 equipped with 

Hydro 2000S, Malvern Instruments, UK. 

The protein content was determined 

spectrophotometrically (540 nm, Cary 60UV-VIS, 

Agilent Instruments, USA) by Biuret protein assay test 

(Sapan et al., 1999).  

Assessment of cytotoxic activity was conducted by 

MTT test carried out on keratinocytes cell culture 

(HaCaT, CLS Cell Lines Service GmbH). The readings 
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were performed at 570 nm on microplate reader VICTOR 

Perkin Elmer, USA. 

Dynamic light scattering (Zetasizer Nano Series, 

Nano-ZS, Malvern) was used for zeta potential and 

electrophoretic mobility determination in distilled water 

and artificial wound exudate.  

Antioxidative capacity was characterized by ORAC 

(oxygen radical absorbance capacity) assay test 

(microplate reader VICTOR Perkin Elmer, USA) 

(Markova et al., 2021) 

 

Results and discussion 

 

Spray-dried snail slime was in form of dry powder 

with light brown-yellow color. Mean particle size 

expressed as Dv50 was 4.691±0.01 µm with a Span value 

of 1.46 thus indicating narrow and uniform particle size 

distribution.  The protein content was 83.46±5.2%. High 

percentage of protein content was in favor of its quality 

related to potential biological/pharmacological efficacy.  

Results from MTT test showed that proliferation of 

HaCaT cells in tested concentrations (0.01; 0.1 and 1 

mg/mL) increased at 72h (80.15±0.026; 70.63±0.018; 

69.38±0.027%, accordingly) compared to 48h 

(73.11±0.039; 61.31±0.023; 59.38±0.017%, respectively) 

indicating concentration and time dependent mechanism.  

Average zeta potential measured in distilled water 

was -2.3±0.12 mV indicating its positive influence in 

wound healing process most likely due to the interactions 

with different proteins in the wound matrix (Santos-

Vizcaino et al., 2020; Xie et al., 2013). This hypothesis 

was supported by the results determined for zeta potential 

value measured in artificial wound exudate (0.07±0.02 

mV) i.e. lower zeta potential in artificial wound exudate 

compared to distilled water is presumably result of the 

interaction of snail mucus components with components 

of exudate. 

Results from ORAC assay showed that snail mucus 

possess antioxidative effect. Namely, increased snail 

mucus concentrations (0.05; 0.1; 0.5 and 1 mg/mL) 

resulted with increased fluorescence (103.3; 103.5; 104.1 

and 106.4%, respectively) after 2 hours thus favoring 

anticipated faster wound healing rates through antioxidant 

and free radical regulation (McDermott et al., 2021). 

 

Conclusion 

 

Snail slime due to its composition is very attractive 

raw material and recently become a subject of scientific 

interest and research in the treatment of chronic wounds 

and other skin related conditions. Prepared spray-dried 

snail mucus was characterized by high protein content and 

physicochemical and biological/pharmacological 

properties that favors faster and more efficient wound 

healing. However, there is need for more in depth 

research in order to determine the exact mechanisms 

behind its activity.  
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Introduction 

 

Over the past few years, a significant increase in 

popularity and usage of weight loss supplements is 

evidenced. Most of these products, considered natural and 

safe, are not regulated by competent drug administrations. 

Weight loss supplements sold on the market contain 

herbal compounds that have been reported to cause 

serious health outcomes including hepatotoxicity 

(Cresciolo et al., 2018; Smith et al., 2016). In lack of 

available data consumers may be unaware that the 

consumption of herbal weight loss supplements may 

result in severe side effects. Since these products are 

composed of multiple ingredients or administered 

concomitantly with medicines they pose a risk for serious 

interactions. The last is a major concern as many who use 

herbal supplements are self-medicating and not disclosing 

this to health practitioners. The assessment of toxicity is 

an important issue yet to be studied, especially due to the 

concomitant use of weight loss supplements and 

prescribed drugs involved in the treatment of diseases 

related to overweight and obesity. Due to the main role of 

the liver in the biotransformation of xenobiotics, we have 

aimed to investigate the possibility for liver toxicity when 

multicomponent weight loss supplements are used as well 

as in combination with the lipid-lowering and 

antihypertensive drugs. 

Materials and methods 

 

A human hepatoblastoma HepG2 cells (HepG2 cell 

line human, Sigma Aldrich) were used to examine toxic 

effects of eight weight loss supplements available at the 

market in Republic of North Macedonia in experiments 

where the concomitant use with the drugs atorvastatin and 

bisoprolol was simulated. The HepG2 cells were exposed 

to three different concentrations from each 

supplement:0.05, 0.5 and 1 mg/mL (calculated following 

the daily dose recommendations), for a period of 72 h at 

37 °C in 5% CO2. The concentration of atorvastatin and 

bisoprolol in the experiments simulated the average 

therapeutic plasma concentrations. After exposure to each 

supplement and with atorvastatin or bisoprolol, cell 

viability was determined by MTT-assay. AST, ALT, 

LDH, γGT and ALP enzyme activity in cell culture 

supernatants was determined as biochemical endpoint of 

hepatocellular injury, following the manufacturer’s 

protocol (BioSystems S.A., Spain) after 12, 24, 48 and 72 

h of the exposure,.  
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Results and discussion 

 

The viability of HepG2 cells was not significantly 

reduced (p≥0.05) when exposed to most of the examined 

weight loss supplements regardless the concentration and 

the exposure time. The exception was observed for one 

multicomponent supplement containing acai berry fruit 

extract as the main active compound. The first 24 h of 

exposure to both medium and maximum concentration 

resulted in a significant reduction of cell survival up to 

95% (p≤0.05). Correspondingly, activities of LDH and 

aminotransferases were significantly elevated in the cell 

culture supernatant (p≤0.05). The increased activity of the 

cytosolic LDH released into the medium (up to 725% 

compared to control)  can be considered as good indicator 

of cytolysis. The rise in LDH activity is in conjunction 

with the decrease in the mitochondrial succinate 

dehydrogenase activity evidenced by reduced cell 

viability in the MTT-assay. At the initial phase of cell 

membrane damage more prominent increase is usually 

seen in ALT activity followed by rise in AST activity in 

severely damaged hepatocytes (Borlak et al., 2014). 

Subsequently, we have found a slight increase in ALT 

activity with the highest value of 158% of the control 

after 12 h-exposure to maximum concentration, probably 

due to much earlier cell membrane damage. However, 

after 24 h-exposure of cells to medium and maximum 

concentration AST activity was significantly increased up 

to 344 and 778% of the control (p≤0.05), respectively. 

According to our knowledge, there are no data showing 

toxicity associated with the usage of acai berry fruit. 

Besides a few other compounds, the composition of this 

supplement includes Garcinia cambogia extract (active 

compound: hydroxycitric acid) and Camellia sinensis 

extract (active compounds: caffeine and 

epigallocatechins), which may be responsible for the 

observed effect. A case of liver transplantation has been 

described due to a multicomponent weight loss 

supplement containing hydroxycitric acid and green tea 

extract (Smith et al., 2016). On the contrary, other 

investigated multicomponent supplements that contain 

green tea extract or hydroxycitric acid combined with 

Citrus aurantium or ginger extract supported the cell 

survival during initial exposure (24 h). As a result of the 

multicomponent composition, different types of 

interactions are possibly stimulating or inhibiting cell 

survival. The concomitant exposure of HepG2 cells to 

supplement’s solution and atorvastatin or bisoprolol 

significantly affected cell survival and in the case of 

certain supplement-atorvastatin combined treatment 

revealed an almost 50% reduction (p≤0.05). The plasma 

level of β-blocker nadolol was significantly lowered after 

single administration of green tea extract (Abe et al., 

2018), while simvastatin pharmacokinetics in rats was 

changed (Misaka et al., 2013). Further, herbal compounds 

that inhibit CYP450 enzymes affected bioactivation of 

drugs which may inhibit the conversion of toxic 

metabolites to less toxic ones (Brewer and Chen, 2017). 

Since the legislation does not require investigation of 

interactions between herbal supplements and CYP450 

enzymes, patients should be promptly advised to avoid 

such co-administration. 

  

Conclusion 

 

The in vitro experiments performed in our study 

revealed potential hepatotoxicity related to the use of 

multicomponent herbal weight loss supplements.  These 

findings should be considered as an alarm for healthcare 

providers as well as for patients since supplements are 

concomitantly used with medicines. More close 

regulation of weight loss supplements is an emerging 

issue requiring serious effort to be applied in order to 

protect public health. 
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Introduction 

 

The efficacy as well as the potential side effects of 

therapy may be affected by drug metabolism. Hence, the 

most crucial part of drug development and clinical 

application is understanding metabolic biotransformation. 

Although cytochrome P450 (CYP)-catalyzed oxidative 

reactions are the most common in Phase I drug 

metabolism they are not the only ones involved. Despite 

its relevance, carbonyl reduction, which is the basic phase 

I metabolic process of many xenobiotics, has received 

little research. Insufficient information is one of the key 

reasons for the limited scientific knowledge of the process 

of carbonyl reduction in drug metabolism (Malátková et 

al., 2014). 

 

Aldo-keto reductase superfamily 

 

Aldo-keto reductase (AKR) enzymes, which are 

encoded by the same name genes, catalyze a series of 

oxido-reductive reactions involved in the metabolic 

processes of biosynthesis and detoxification. These 

enzymes work as separate metabolic units or as 

interconnected components of metabolic 

biotransformation in association with other carbonyl-

metabolizing enzymes (aldehyde and alcohol 

dehydrogenases, cytochrome P450s, and cytochrome 

P450 glutathione S-transferases) (GSTs).It has been 

reported that a common function of AKR enzymes is the 

biotransformation and detoxification of aldehydes and 

ketones produced by endogenous or exogenous 

metabolism (food, drug, or toxin) (Barski et al., 2008).In 

addition, the number of potential substratesin recent years 

has been significantly increased, highlighting their broad 

substrate specificity. As new information about their 

potential significance is emerging, AKR enzymes have 

become more frequently recognized as key mediators in 

Phase I metabolism of carbonyl drugs. Thirteen different 

AKR enzymes have been detected in humans, out of the 

total number of recognized AKR enzymes, which are 

classified into 15 families. Human AKR enzymes, 

classified according to homology in the amino acid 

sequence, belong to three families - AKR1, 6 and 7, and 

are subsequently divided into subfamilies: AKR1A1 

(aldehyde reductase), AKR1B1, B10 and B15 (aldose 

reductases), AKR1C1, C2, C3 and C4 (hydroxysteroid 

dehydrogenases), AKR1D1 (Δ4-3-ketosteroid-5-β-

reductase), AKR6A3, A5 and A9 (Kvβ proteins) and 
AKR7A2 and 7A3 (aflatoxin reductases) (Barski et al., 

2008). 

 

AKR1D1(Δ4-3-ketosteroid-5-β-reductase)  

 

AKR1D1 enzyme encoded by the AKR1D1 gene 

present in three splice variants (AKR1D1-001, AKR1D1-

002, AKR1D1-006), is predominantly expressed in liver 

and testis, although several studies have suggested the 

presence of 5β-reduced metabolites in the fetal brain, 

uterus, and plasma (Byrns, 2012), indicating AKR1D1 

activity in these tissues as well. The AKR1D1-002 
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variant, which is the predominant form of the enzyme, is 

the most extensively investigated, while the specific 

activity and expression of AKR1D1-001 and AKR1D1-

006 are still poorly understood (Barski et al., 2013). 

AKR1D1 enzyme is involved in the metabolic 

biotransformation of glucocorticoids and androgens, 

modulates the availability of steroid hormones, and 

catalyzes an important step in the biosynthesis of bile 

acids.  

 

The emerging role in drug metabolism 
 

According to Chandry et al. (2013), the AKR1D1 

gene is a potential trans - regulator of the CYP450 gene 

co-expression network, particularly the CYP2, CYP3 

enzyme families. These authors have reported that the 

regulation was modifiedas a result of the mononucleotide 

allelic variation (AKR1D1 * 36; rs1872930) in the gene's 

3'UTR. The study revealed that this mechanism is 

associated with increased hepatic expression and activity 

of CYP3A4, CYP2C9, CYP2C8, and CYP2C8. These 

data indicates the possible impact of AKR1D1 in  

metabolic biotransformation of most often used drugs in 

clinical practise. Furthermore, in previous 

pharmacogenetic studies aimed to determine the effect of 

AKR1D1 * 36 on the pharmacokinetics and outcome of 

drug therapy - CYP450 substrates (risperidone, ibuprofen, 

and clopidogrel), we have found a significant association 

between the allelic variation and the metabolic 

biotransformation of risperidone (unpublished results), 

ibuprofen and clopidogrel (Kapedanovska Nestorovska et 

al., 2019a, b; Nestorovska et al., 2018). 

 

Further research 

 

A rising evidence has demonstrated that AKR1D1 

plays a function in the metabolic phenotype of drugs, in 

addition to the widely acknowledged role of AKR1D1 in 

controlling the availability of androgens in urogenital 

tissues. However, despite the large amount of published 

evidence, the substrate specificity of AKR1D1 is still the 

subject of scientific debate. The results of previous 

research using purified recombinant protein AKR1D1 to 

characterize enzyme substrates are contradictory and 

inconsistent, owing to discrepancies in protein 

purification procedures (Rižner and Penning, 2014). 

Furthermore, no specific AKR1D1 inhibitors have been 

found yet that could aid in the detailed characterization of 

its function. 

Our recent findings (Kapedanovska Nestorovska et 

al., 2019a, b; Nestorovska et al., 2018) have suggested 

that the AKR1D1 enzyme and the * 36 variant allele may 

play a crucial role in metabolic biotransformation and 

pharmacokinetic parameters of the drugs under 

investigation (risperidone, ibuprofen, 

clopidogrel).However, it is unclear whether the observed 

effect is due to AKR1D1 genetic trans regulation of 

CYP450 expression or a direct result of AKR1D1 

mediated metabolic transformation of drugs and their 

detoxification. Further research should be conducted to 

elucidate the concrete role as well as the contribution in 

the metabolism of drugs. 

 

Conclusion 

 

A new era has been opened in the research of the 

AKR1D1 enzyme, in addition to its established role in the 

metabolism of few endogenous compounds. Next studies 

should focus on its involvement in the metabolic 

transformation of drugs since the new data may have 

practical usein the development and application of 

individualized drug therapy. 
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Introduction 

The growing urban population in the cities 

consequently leads to a steady increase in activities in 

industrial sector, especially in agriculture and farming, 

thus influence the increased sewage and wastewater 

generation, respectively. These activities, pose a threat to 

human health, generating excessive content of pollutants 

with different chemical compositions in wastewater. 

Among many pollutants, the ones with bonded nitrogen 

atoms in form of organic compounds, ammonia and 

nitrite/nitrate ions, interconvert in wastewaters causing an 

eutrophication of the aquatic eco-systems (Wang et al., 

2010). Furthermore, reduction of nitrates into nitrites is 

associated with nitrosamines generation, which increase 

the prevalence of liver cancer, for example (Hosseini et 

al., 2011). The extent of the wastewater treatment is 

estimated based on the correlation of the inlet parameters 

of an influent (wastewater before treatment) and the outlet 

parameters of an effluent (treated wastewater). The extend 

of fluctuation in water flow, chemical composition and 

temperature, due to weather conditions annual variations, 

impacts the capacity for chemical and biological 

treatment of wastewater in the wastewater treatment plant. 

Designing mathematical models based on Linear 

Regression analyses using the correlated data sets of 

influent and effluent offer opportunity for prediction 

SWOT analyses for the efficiency of treatment of the 

nitrogen compounds (The Nitrates Directives 

91/676/EEC) in the wastewater that obey to biological 

treatment (Morsy et al., 2020). The presented study 

reveals how the monitoring of the water quality of the 

surface watercourses across the municipality of 

Kumanovo  

 

impact the public health. This activity is carried out by the 

subsidiary unit of the National Public Health Institute in 

R. N. Macedonia, and contributes to setting up a 

correlation of the nitrogen pollutants and nitrification 

stage of wastewaters before and after the biological 

treatment in the regional wastewaters plant. This approach 

that complies to the Law on waters (2010) of the R. N. 

Macedonia, adds value to the mission for integrated water 

management (Framework Water Directive 2000/EC2). 

Material and methods 

Sanitary, hygiene inspection and collection of the 

water samples were carried out at the sites for influent 

(pre-treatment) and effluent (after treatment) points in the 

wastewater treatment plant in Kumanovo, during 2020-

2022. Regarding to the main location of the industrial 

facilities in the municipality Kumanovo that are located 

along the bank of river Kumanovka, the wastewater from 

industry is dispatch to watercourse of this river, hence the 

locations for collection of the samples were: river Pchinja, 

before the river Kumanovka flows into it (M1), and after 

wastewater and sewage from river Kumanovka dispatch 

(M2), and the water supply walls and drinking tap water 

in villages Pchinja and Studena Bara, respectively. Health 

and environmental assessment of the water quality, safety 

of the tap drinking water, and risk management of the 

efficiency of treatment of the wastewaters 

(effluent/influent) was performed in accredited laboratory 

for quality of food and waters (No. LT-011/2009 issued 

by IARNM, EA MLA according to MKC EN ISO/IEC 

17025:2018), which is subsidiary unit of the National 

Health Institute, by using validated analytical methods. 

Spectrophotometric assay was applied for determination 
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of nitrates, nitrites and ammonia, while Winkler 

titrimetric methods are used for determining the Chemical 

Oxygen Demand (COD) and the Dissolved Oxygen (DO) 

as well for the Biochemical Oxygen Demand (BOD5). 

Result and discussion 

Decreasing concentration of ammonia ion (NH4
+
) 

from 18.6 mg/L to 1.65 mg/L indicates its oxidation into a 

form of nitrite ion (NO2¯ ), that consequently undergo  

additional oxidation to nitrate ion (NO3¯ ). The first and 

second stage of oxidation of ammonia are catalyzed by 

two species of the autotrophic ammonia-oxidizing 

bacteria (first stage, Nitrosomonas, Nitrosococcus, 

Nitrosospira, Nitrosolobus, and Nitrosorobrio and for 

second stage, Nitrobacter, Nitrococcus, Nitrospira, and 

Nitroeystis). The outcome of these reactions is 

accumulation of nitrates, amount of 6271 µg/L in the 

samples of effluent (after treatment) comparing to 4899 

µg/L nitrates in influent (pretreatment) samples. This two-

stage process is known as nitrification, starts in the 

presence of dissolved oxygen, at the end of the process of 

carbonization, and its duration is proportionally depended 

by the temperature. Prior the biological treatment, the 

influent wastewater undergoes mechanical treatment that 

encompasses primarily precipitation of the sediment. 

Excessive BOD5 of 0.84 mg/L in the influent up to 1.2 

mg/L in the effluent is due to its consumption in soluble 

form by the aerobic bacteria which participate in the first 

stage of the biochemical decomposition of organic 

compounds which are transformed to carbon dioxide 

during the 20 days at 20 
o
C treatment. All samples of 

water sampled at M1 site reveal absence of ammonia, 

while nitrites were detected only in the samples taken in 

2021, with the fluctuation of the nitrates content (227.6 

µg/L, 458.8 µg/L and 323.2 µg/L in 2020, 2021 and 2022, 

respectively). This concentration range classifies these 

waters in class I-II. The samples taken from site M2, 

present annual average values for the presence of 

ammonia of 1320 µg/L, 1070 µg/L, and 70 µg/L for 2020, 

2021 and 2022, respectively, as well the 54.7 µg/L and 

24.3 µg/L nitrites in 2021 and 2022, respectively. This 

indicates that watercourse of river Pchinja, after 

dispatching wastewaters from the river Kumanovka, 

belong to II-IV class of waters. In addition, the water 

quality on site M2 is confirmed by the 466 µg/L, 1196 

µg/L and 1491 µg/L annual average values for nitrates in 

2020, 2021 and 2022, respectively.  

Samples of drinking tap water taken from the schools in 

villages Pchinja shows that concentrations of nitrates, 

82.3, 76.64 and 209.9 µg/L, do not exceed the maximum 

allowed concentration of 50000 µg/L in 2020, 2021, and 

2022, respectively. In addition, the samples of drinking 

tap water from the water supplying site in the school in 

the village Studena Bara, follows the same trend of 

increased nitrate concentration from 83.3 µg/L in 2020 to 

111.2 µg/L in 2021. In terms of microbiology quality, 

water samples both from the villages Pcinja and Studena 

Bara, show the presence of coliform bacteria and E. coli. 

 

Conclusion 
  

It is evident that the quality of effluent waters is 

impaired by present pollutants that increases the nitrogen 

compounds concentrations during the utilization of this 

watercourse for water supply. Analyzed samples of 

effluent confirm that wastewater after biological treatment 

meets the regulatory requirements included into the 

Categorization Decree for surface watercourses, 

according to which wastewater of the river Kumanovka 

belong to class III, while entire watercourse of the river 

Pchinja after the biological treatment within the second -

nitrification stage, meet the criteria for class II. 

The comprehensively environmental impact on the 

water quality to the health and welfare would be feasible 

by application of technologies for continuous monitoring 

of water quality. 
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Introduction 

 

Impairment caused by the use of alcohol is one of the 

most common contributing factors in road traffic 

accidents (Pasnin et al., 2021; WHO 2018) and therefore 

most countries have implemented legal blood alcohol 

concentration (BAC) limits for drivers. These limits have 

been established through long-lasting studies in the past, 

based on the assessment of the influence of alcohol on 

driving ability and/or the risk of violating the traffic 

safety (Drummer et al., 2004). 

Republic of North Macedonia implemented a legal 

BAC limit of 0.5 g/L although in different countries these 

values vary between 0.2-0.8 g/L (Kugelberg and Jones, 

2007; Official Gazette of Republic of Macedonia, 2015). 

In the last decade, scientific and law authorities have 

focused on ramification of blood concentration of drugs 

that influence driving ability as well as traffic safety 

(Pasnin et al., 2021). The approach that assesses the 

concentration limits of various drugs is based on the 

comparison of intensity of driving ability impairment 

equal or similar with that caused by 0.5 g/L alcohol 

(Menzin et al., 2001). An establishment of legal limits for 

certain drugs is considered as an emerging issue;however 

alcohol consumption is still the most important reason for 

traffic accidents. Therefore, the aim of our study was to 

assess alcohol-related relative risk of involvement in fatal 

traffic accidents as function of BAC legal limits. Also, we 

assessed the relative risk for fatal traffic accidents using 

different BAC levels. These data may be helpfulin 

revising the current legislation in order to improve traffic 

safety. In addition, these data would contribute for 

determination of the relative risk for other substances of 

interest.  

 

Materials and methods  

 

All the data included in the study (age, gender and 

BAC levels) were obtained from victims of traffic 

accidents (motor vehicle drivers, co-drivers as well as 

pedestrians and bicyclists) autopsied at the Institute of 

Forensic Medicine, Criminology and Medical 

Deontology, Medical Faculty, Skopje in the period of 

2007-2020. BAC levels were determined using head 

space gas chromatography with flame ionization detector 

(HS-GC/FID) in concentration range 0.1-4 g/L. Samples 

were classified into four groups depending of BAC levels 

(level I – 0.1-0.5; level II – 0.5-0.8; level III 0.8-1.2; level 

IV - ≥1.2 g/L). Statistical evaluation of the data was 

performed using descriptive statistics (average, median, 

SD, max, min). Correlation between age and BAC was 

evaluated usingPearson correlation coefficient.Odds ratio 

(OR) and relative risk/risk ratio (RR) were calculated 

where RR > 1 was considered as statistically significant. 

BAC values of cases with natural cause of deathwere used 

as a control group. 

 

Results and discussion 

 

Within the period of 13 years, 427 cases of traffic 

accident victims were autopsied, of which 360 males and 

59 females. Positive findings for alcohol were detected in 

171 (60.8%) of the traffic accidents victims. Compared 

with neighbor countries with similar drinking habits, there 
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was higher number of traffic accidents victims’ positive 

for alcohol (Papalimperi et al., 2019, Zivković et al., 
2013). According to post-mortem data, notably, most of 

the victims positive for alcoholwere males 

(45.8%)whereas 11.94% were females. Victim’s age was 

in a range of 15-83 years, with average age of 40.91 

±16.36 and median of 38 years. A weak positive 

correlation between age and BAC was found (R = 0.124, 

R
2
 = 0.0154), but it was not statistically significant (p > 

0.05). The lowest percentage of alcohol positive traffic 

accident victims (19.44%) was observed in 2016, while 

the highest (63.64%) in 2008. During the 13 year survey, 

average BAC was 1.47±0.87 g/L, with the highest 

measured BAC of 4.1 g/L. In the BAC level I 18.13% of 

the victims were classified, while in the level II and 

IIIanequal distribution was observed(9.36%).BAC above 

1.2 g/Lwas detected in 63.16% of traffic accident victims 

positive for alcohol. As expected, the risk of fatal 

outcome as a result of traffic accidents is elevated with 

increase of the BAC, in a concentration dependent 

manner (Blomberg et al., 2005;Kuypers et al., 2012). 

However, it was found that in traffic accidents alcohol use 

increases the risk of fatal outcome at all concentration 

levels. The results have shown that BAC level I had RR = 

1.24, followed by RR: 1.39, 1.68 and 2.4 for BAC levels 

II, III and IV, respectively. Considering the calculated RR 

values, BAC up to 0.5 g/L is associated with significant 

risk of fatal traffic accidents even though this 

concentration is within legally acceptable ranges. In line 

with the literature data, RR for BAC level II 

(concentration closest to legal limit) should be the one 

considered as a reference value for estimation of the risk 

related to other substance use, taking into account that this 

value refers to a risk for traffic accidents with fatal 

outcome i.e. not the traffic accident as an incident by 

itself (Kuypers et al., 2012).  

 

Conclusion 

 

 Altogether, the negative influence of alcohol use on 

traffic has been confirmed in aspect of violation of the 

road safety, not only for the drivers, yet for the all traffic 

participants. Since the study was based on post-mortem 

data, established risks should be considered seriously in 

further regulation’s evaluation. Alcohol use, especially in 

men, contributes to high number of deaths that may be 

prevented. The obtained data in this study can be used as 

a reference to revise the current legislation as well as to 

estimate the concentration for other substances considered 

to impair driving ability. The last may be significant 

support in defining legal limits for specific drugs in order 

to improve the road safety. 
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Lung cancer treatment 

 

Late diagnosis and inefficient treatment lead to poor 

prognosis for most of the lung cancer patients. 

Improvement of the survival rate and quality of life 

requires establishment of efficient treatments through 

gaining comprehensive knowledge of the prevalence, 

incidence and clinical importance of known genetic 

alterations and discovery of novel alterations and targeted 

and immunotherapeutic agents. Therefore, comprehensive 

genomic analyses and functional preclinical validation are 

essential for expanding the potentially actionable genomic 

aberrations and discovering their therapeutic value. 

  

Most common genetic alterations in lung cancers 

EGFR mutations 

Epidermal growth factor receptor (EGFR) is a 

tyrosine kinase normally found on surface of epithelial 

cells and is often overexpressed in a variety of human 

malignancies. The most common EGFR mutations in lung 

cancers include exon 19 deletions, present in 45% of the 

patients with EGFR mutations and p.L858R point 

mutations in exon 21, present in 40% of the patients with 

EGFR mutations, and are associated with responsiveness 

to oral EGFR tyrosine kinase inhibitors (TKIs) (Miller et 

al., 2008).  

BRAF mutations 

V-Raf murine sarcoma viral oncogene homolog B 

(BRAF) is a serine/threonine kinase, part of the canonical 

MAP/ERK signaling pathway. The BRAF point mutation 

with change in amino acid at position 600 (p. V600E) is 

associated with responsiveness to combined therapy with 

oral inhibitors of BRAF and MEK, such as dabrafenib and 

trametinib. Other BRAF mutations are also observed in 

NSCLC, at a rate approximately equal to p.V600E, but 

their impact on therapy selection is yet to be understood 

and thus specific targeted therapy is not available 

(National Comprehensive Cancer Network, 2022). Other 

EGFR exon 20 mutations are diverse group of on-frame 

duplications or insertions, such as insASV, insSVD and 

insNPH and occur in approximately 2% of NSCLC 

patients and 4-12% of patients with EGFR mutations. 

 

KRAS mutations 

KRAS is a G-protein with intrinsic GTPase activity 

and activating mutations result in unregulated signaling 

through the MAP/ERK pathway. KRAS mutation 

prevalence is associated with cigarette smoking, unlike 

many other actionable mutations (Slebos et al., 1991). 

Substitutions on KRAS G12, G13 and Q61 attenuate GTP 

hydrolysis capacity, while A146T promotes KRAS GTP 

formation as increased nucleotide exchange, thereby 

reducing this isoform’s oncogenic capacity (Shen et al., 

2022). KRAS mutations, most commonly on codon 12 

(KRAS G12C), are prognostic for poor survival and 

reduced responsiveness to EGFR TKI therapy (Miller et 

al., 2008), but are not predictors of response rate (RR), 

progression-free survival (PFS) or overall survival in lung 

cancer patients.  

PIK3CA mutations 

Mutations of the lipid kinase PIK3, coordinating a 

diverse range of cell functions (proliferation, cell survival, 

degranulation, vesicular trafficking and cell migration), 

are rare in NSCLC (1-4%). Most of them are missense 

mutations in exon 9 (c.1624G>A (p. E542K), c.1633G>A 

(p. E545K) and exon 20 (c.3140A (H1047R), M1043I, 

G1049S) that encode part of helical and kinase domains. 
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PIK3CA mutations are correlated with worse overall 

survival, especially in patients treated with EGFR TKIs 

(Ludovini, 2011), poor PFS and cancer-specific survival 

(CSS), as well as poorer lymph node metastasis status 

(Wang et al., 2020). 

 

ALK and ROS1 rearrangements 

Anaplastic lymphoma kinase (ALK) and proto-

oncogene tyrosine-protein kinase 1 (ROS1) are receptor 

tyrosine kinases that play major role in activation of 

several signaling pathways associated with differentiation, 

proliferation, cell growth and survival. About 2-7% 

NSCLC patients have ALK rearrangements, mainly with 

adenocarcinoma histology and being light or never 

smokers (Mithoowani and Febbraro, 2022). ALK-(+) 

patients are resistant to EGFR TKIs and should be treated 

with targeted agents alectinib, brigatinib, ceritinib, 

crizotinib and lorlatinib (National Comprehensive Cancer 

Network, 2022). ROS1 rearrangements occur in 1-2.6% 

of NSCLC patients (Dugay et al., 2017; Kim et al., 2013). 

 

PD-L1 and HER2 expression 

Programmed death-ligand 1 (PD-L1) is a co-

regulatory molecule that can be expressed on tumor cells 

and inhibit T-cell mediated cell death. Although it is not 

optimal, PD-L1 expression is currently the best available 

biomarker to asses appropriateness for immunotherapy 

(Kerr and Hirsch, 2016). The Human epidermal growth 

factor receptor 2 (HER2), the confirmed emerging driver 

and therapeutic target in NSCLC, encodes member of the 

erbB receptor tyrosine kinase family. The incidence of 

HER2 alterations (mutation, overexpression, 

amplification) in NSCLC patients is 2.4-38.0% and is 

more frequent in adenocarcinomas with well-

differentiated histology. HER2 overexpression is 

considered as poor prognostic factor, indicating worse 

survival (Zhao and Xia, 2020). 

Conclusion and recommendations 

NSCLC guidelines recommend testing for driver 

mutations in all non-squamous tumors (Mithoowani and 

Febbraro, 2022). The international association for the 

study of Lung Cancer recommends testing for EGFR, 

ALK and ROS1 as a minimum requirement; newer 

guidelines also recommend testing for BRAF, KRAS, 

MET, ERBB2 and RET (National Comprehensive Cancer 

Network, 2022), as well as ROS1 in all adenocarcinoma 

patients, BRAF in patients with metastatic non-squamous 

NSCLC or NSCLC NOS (National Comprehensive 

Cancer Network, 2022). Therefore, large scale testing for 

prognostic and predictive somatic genetic alterations is 

feasible and impacts therapeutic decisions in lung cancer 

management, and as such, should be routinely performed. 

In that way, a comprehensive genetic profile of lung 

cancers in a time and cost-effective manner will be 

generated. 
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Introduction 

 

Cancer is a major cause of morbidity and mortality 

worldwide. It is the second leading cause of death in 

Europe and the leading cause of death in old age. As a 

cellular disease with multiple genetic and/or epigenetic 

causes, cancer results in cellular homeostasis disruption 

and loss of control over cellular proliferation (Elkashty 

and Tran, 2021). Since different stages of cancer 

encompass different disturbed signaling pathways 

including transformation, apoptosis deregulation, 

proliferation, invasion, angiogenesis, and metastasis 

(Bayat Mokhtari et al., 2018), an effective therapeutic 

agent should be able to act at all the different stages 

(Elkashty and Tran, 2021). Additionally, drug resistance 

and serious side effects such as liver damage, bone 

marrow suppression, and neurotoxicity caused by 

chemotherapy amplified the necessity for more effective 

drugs with fewer side effects in comparison to existing 

therapy (Wu et al., 2020). In this context, phytochemicals, 

such as sulforaphane (SFN), are receiving great attention, 

due to their ability to modulate multiple targets involved 

in the carcinogenetic process (Lenzi et al., 2014). 

There is a body of evidence that SFN, an 

isothiocyanate compound present in cruciferous 

vegetables, inhibits the progression of promyelocytic 

leukemia, skin, bladder, prostate, colon, pancreatic, liver, 

lung, nasopharyngeal, ovarian, breast and cervical cancer 

(Gao et al., 2021). Sulforaphane may inhibit the 

proliferation and malignant transformation of cancer cells, 

production of reactive oxygen species, cytochrome P450 

3A4 and phase I metabolism enzymes, G1 to S phase 

progression and G2/M phase arrest and activate apoptotic 

pathways (Gao et al., 2021). 

Since to date, broccoli seed extract has been used in 

clinical trials, data on the toxic potential of chemically 

synthesized SFN are very limited and it is necessary to 

examine its toxicological profile in more detail. 

The 3R principle in toxicological research forced the 

development of in silico tools which allow preliminary 

toxicological investigations and shape further in vitro and 

in vivo analysis. 

Therefore, the aim of this study was to conduct in 

silico prediction of physicochemical and pharmacokinetic 

properties for the targeted molecule, sulforaphane, in 

order to better understand its toxicological potential. 

 

Materials and methods 

 

Physicochemical and pharmacokinetic properties 

were evaluated by SwissADME 

(http://www.swissadme.ch/), while the assessment of 

toxic properties based on structure was evaluated by 

mcule (https://mcule.com/; Toxicity checker tool). 

ADMETlab 2.0 (https://admetmesh.scbdd.com/) was used 

to compare results related to physicochemical, 

pharmacokinetic and toxic properties of SFN. 
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Results and discussion  

 

According to the SwissADME analysis, SFN was in 

the optimal range for lipophilicity, size, polarity, 

solubility, saturation and flexibility, which indicates that 

it is orally bioavailable. Also, these results indicated that 

passive human gastrointestinal absorption (HIA) is high, 

that SFN is not blood brain barrier (BBB)-permeant and 

that it is not P-glycoprotein substrate. Additionally, this 

analysis showed that SFN does not inhibit CYP1A2, 

CYP2D6, CYP3A4, CYP2C19, CYP2C9. On the 

contrary, ADMETlab 2.0 evaluation showed differences 

in BBB permeability, which was rated as medium, and 

SFN was rated as CYP2C19 substrate. Also, it showed 

that SFN is neither P-glycoprotein substrate nor inhibitor. 

SwissADME analysis based on different rule-based 

filters (Lipinski, Ghose, Veber, Egan) has shown that 

SFN is considered drug-like substance, while according to 

the Muegge filter, there is one violation (molecular 

weight < 200). ADMETlab 2.0 drug-likeliness evaluation 

of SFN was accepted based on Lipinski, Pfizer, GSK 

filter, while the concept of desirability, 3D complexity 

and novelty, as well as Golden Triangle rule assessed that 

SFN have poor ADMET profile. This evaluation also 

considered clearance of SFN as moderate (6.775 

ml/min/kg) and the half-life of SFN was predicted to be < 

3 hours. 

However, medicinal chemistry SwissADME analysis 

showed that, due to its molecular weight < 250, SFN may 

exert violations to the lead-likeness indicators. Also, two 

structural alerts were detected (imine and thiocarbonyl 

group). ADMETlab 2.0 has also indicated alerts for 

Genotoxic Carcinogenicity (2), NonGenotoxic 

Carcinogenicity (1), Skin Sensitization (3), Aquatic 

Toxicity (2). According to SureChEMBL Rule and FAF-

Drugs4 Rule, SFN has MedChem unfriendly status and 

potentially toxic substructures. These results suggest that 

the route of drug administration and its formulation 

should be optimized and that analogues of SFN with some 

structural modifications could be considered during the 

drug discovery process. Special attention should be paid 

in the case of further substituents insertion on SFN 

structure, particularly in the case of orally administered 

drugs. Additionally, SwissADME Synthetic accessibility 

tool demonstrated that SFN is a molecule which should be 

prioritized for synthesis, considering the value of its SA 

score (3.07) which was supported with ADMETlab 2.0 

analysis (SA score = 4.972). 

Based on toxic matching rules analysis provided by 

mcule, SFN contains potential promiscuous substructure 

(mcule, Toxicity checker tool). ADMETlab 2.0 toxicity 

prediction analysis revealed medium probability for drug-

induced liver injury development and dermal adverse 

effects. It also showed probability for Ames toxicity 

(mutagenicity), Rat Oral Acute Toxicity, Carcinogencity, 

Eye Corrosion, Eye Irritation and Respiratory Toxicity. 

ADMETlab 2.0 Tox21 Pathway analysis pointed out 

the aryl hydrocarbon receptor, the antioxidant response 

element signaling pathway, heat shock factor response 

element, mitochondrial membrane potential, which had 

the high probability of being active, while aromatase, 

estrogen receptor and tumor suppressor protein p53 were 

of medium probability of being active. 

 

Conclusion 

 

This short in silico study reported significant 

variability in prediction of physicochemical and 

pharmacokinetic properties as well in toxicological 

potential of SFN, using different tools. Although, SFN 

demonstrated high capability to inhibit metastases in 

different tumor models, larger-scale of in silico and 

toxicity studies are necessary to further examine its 

toxicological profile. 
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Introduction 

Approximately one million patients worldwide are 

being diagnosed with colorectal cancer (CRC) each year 

and about 500.000 death cases due to the disease. In the 

early stages, the disease is asymptomatic and therefore, 

most patients are being diagnosed at later stage with low 

survival rates despite the treatment. The possibility for 

early diagnosis of CRC prompts identification of novel 

biomarkers with sufficient specificity and sensitivity to be 

employed for diagnosis and monitoring (Lech et al., 

2016). Several laboratory markers have been traditionally 

used to detect CRC including: carcinoembryonic antigen 

(CEA), carbohydrate antigen (CA 19-9), C-reactive 

protein (CRP), tissue polypeptide specific antigen (TPS) 

and tumor-associated glycoprotein-72 (TAG-72) but none 

of them has demonstrated efficient sensitivity and 

specificity so they are primarily employed in monitoring 

of the disease and the therapeutic effectiveness. 

Therefore, the aim of our study was to conduct review of 

the recent published literature of this field and summarize 

the current and potential status of laboratory analysis in 

the management of the disease. 

Novel biomarkers in CRC management 
 

Recent studies suggest the potential use of 

hematopoietic growth factors (HGFs) and enzymes for 

detection and prognosis of CRC. These include stem cell 

factor (SCF), macrophage-colony stimulating factor (M-

CSF),  granulocyte-macrophage-colony stimulating factor 

(GM-CSF), interleukin-3 (IL-3), interleukin-6 (IL-6) and 

alcohol dehydrogenase (ADH) (Jelski and Mroczko, 

2020). 

HGFs are involved in the regulation of growth and 

spread of cancer. HGFs can influence the proliferation of 

hematopoietic progenitor cells as well as 

nonhematopoietic cells. Studies have shown that CRC 

cells express cell surface receptor for HGF and these 

receptors enable tumor cell proliferation. HGFs can have 

an effect on cancer tissue in two ways: in an autocrine 

manner or on supporting tissue and blood vessels to 

obtain favorable conditions for the development of 

cancer. Additionally, HGFs may trigger the production of 

cytokines in normal tumor-associated macrophages 

(TAM) and endothelial cells and lead to malignant 

growth. Statistically, most CRC cases have a lethal 

outcome due to metastatic dissemination, which shows 

the importance of the potential use of HGFs (Jelski and 

Mroczko, 2020). 

Several studies show increased production of CSFs 

by tumor cells and increased concentrations of both M-

CSF and G-CSF has been reported in CRC patients; the 

former is considered to be more specific for CRC 

diagnosis. Furthermore, higher concentrations of M-CSF 

have been reported in patients with lymph node or distant 

metastases; thus, they can be used as potential biomarkers 

for diagnosis and prognosis of CRC (Jelski and Mroczko, 

2020). 

Insulin-like growth factor binding protein 2 (IGFBP-

2) regulates the interaction between insulin-like growth 

factor ligand and insulin-like growth factor 1 (IGF-1) 

receptors. There is little available information on the 

physiological role of IGFBP-2, but several studies suggest 

an association of elevated serum IGFBP-2 levels with 

CRC. A study by the Liou’s research group showed that 

elevated concentrations could differentiate healthy 

controls from patients with CRC or colon polyps. Due to 

its insufficient specificity and sensitivity, it cannot be 

used alone for early detection of CRC and colon polyps,  

but the combination of IGFBP-2 with other biomarkers 

such as CEA could increase the sensitivity. (Jelski and 

Mroczko, 2020; Oh and Joo, 2020). 

TNF-α, as a potent mediator in the inflammatory 
process, plays an important role in cell growth, 

differentiation and apoptosis, which may affect 
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carcinogenesis. Several mechanisms of its involvement 

have been proposed including oncogene activation, DNA 

damage and tumor metastases. Due to the association of 

inflammation and cancer, TNF-α may play an important 
role in the process of carcinogenesis. In addition to its 

action as a pro-inflammatory cytokine, TNF-α can also 
lead to tumor development and therefore it can be 

considered a potential biomarker (Min et al., 2014; Obeed 

et al., 2014). 

IL-6 is a pleiotropic proinflammatory cytokine that 

promotes apoptosis of neoplastic cells by stimulating 

macrophages. On the other hand, its secretion by cancer 

cells can stimulate neoangiogenesis (Jelski and Mroczko, 

2020; Min et al., 2014). Elevated CRP concentrations in 

CRC patients are the result of stimulated production of 

acute phase proteins by IL-6; therefore CRP and IL-6 

concentrations can be used in multimarker panels for 

CRC diagnosis. CRP and IL-6 concentrations are 

dramatically increased in patients with lymph node and 

distant metastases which justifies their potential use as 

biomarkers for prognosis of CRC (Łukaszewicz-Zając 

and Mroczko, 2021). 

Alcohol dehydrogenase (ADH) is one of the enzymes 

considered as potential markers of CRC. Increased 

activity of the isoenzyme ADH I has been detected in 

colon cancer cells compared to normal cells, while the 

activity of aldehyde dehydrogenase (ALDH) remains 

unchanged. This gives higher potential of cancer cells for 

ethanol oxidation and the simultaneously reduced 

elimination of acetaldehyde may result in intensified 

carcinogenesis. Most studies have demonstrated that an 

increased activity of class I ADH isoenzyme in cancer is 

correlated with total enzyme levels. Higher levels of the 

isoenzyme are detectable in the serum of patients and are 

even higher in CRC patients with more advanced stages 

(Jelski and Mroczko, 2020). 

Circulating cancer cells (CTCs) may be involved in 

dissemination and metastatic deposits of CRC and hence 

their analysis may be useful in monitoring the treatment, 

and prognostic and predictive drug sensitivity testing. It is 

anticipated that the precise deciphering of the cancer cell 

phenotype will enable personalized approach in the 

treatment strategy (Jelski and Mroczko, 2020). 

Findings from several studies highlight the potential 

of three main classes of molecular biomarkers in CRC 

screening including DNA, microRNA (miRNA) and long 

noncoding RNA (lncRNA) (Nikolouzakis et al., 2018) 

and also identify that the circulating free DNA is secreted 

at a higher rate by tumor cells compared to normal cells 

which was later confirmed by Oh (Oh and Joo, 2020). 

miRNA regulates the gene expression through binding to 

mRNA. Its oncogenic action is the main reason for 

miRNA to be associated with CRC. lncRNAs affect 

tumor cells through chromatin interactions. Their 

availability in blood, plasma, serum and urine samples 

makes them good potential biomarkers (Nikolouzakis et 

al., 2018; Oh and Joo, 2020). LncRNAs are involved in 

several oncogenic signaling pathways and as such can be 

used to distinguish CRC patients from healthy 

individuals. 

Conclusion 

Early diagnosis and timely treatment are crucial for 

the clinical outcome of CRC and can be facilitated with 

the use of highly specific biomarkers. The benefits of 

HGFs, CTCs and other potential biomarker molecular 

classes, warrant future research should be directed 

towards their implementation in CRC diagnosis, 

prognosis of clinical outcome and treatment monitoring. 
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Introduction 

 

Quantitative determination of toxic, potentially toxic 

drugs or toxins in different body fluids and tissues in post-

mortem toxicology plays a major role in the interpretation 

process that contributes towards the determination of the 

cause of death (Lefrancois et al., 2021). Modern 

analytical techniquesapplied in forensic toxicology such 

as gas and liquid chromatography, mass spectrometry or 

infrared spectroscopy give large amount of complex and 

multidimensional data (Bovens et al., 2019). In order to 

extract relevant information, these data can be analyzed 

using univariate statistical tests or chemometric 

algorithms for multivariate data analysis. These 

algorithms are used for exploratory data analysis in order 

to identify trends/patterns in the data set or to model these 

trends for classification and prediction purposes (Sauzier 

et al., 2021). Herein, chemometric data analysis including 

orthogonal projections to latent structures discriminant 

analysis (OPLS-DA) was used to investigate the 

differences in a forensic data set containing concentration 

of diazepam and its metabolites in post-mortem blood 

samples from cases of natural and cases of violent 

death.Further, diazepam concentrationwas used to 

estimate the possible association between their use and 

the risk of violent death.  

 

Materials and methods  

 
Data from 293 cases autopsied at the Institute of 

forensic medicine, criminology and medical deontology, 

during the period 2019-2020 were included in the 

study.Based on the cause of death they were categorized 

in two groups, a group of natural (used as control) and a 

group of violent death. The latter was further dividedin 

group of suicides, accidents and homicides. Age and 

concentration of diazepam and its metabolites: 

nordiazepam, oxazepam and temazepam were used as 

variables for the chemometric data analysis.  

Benzodiazepines in the post-mortemblood samples 

were extracted onBond Elut C18 solid-phase extraction 

cartridge. After derivatization with MTBSTFA (N-

Methyl-N-tert-butyldimethylsilyltrifluoroacetamide), the 

GC/MS analysis was performed on Agilent GC 6890N 

systemusing capillary columnDB-5 MS, 30 m x 0.25 mm 

x 0.25 µm and helium as carrier gas. 

Orthogonal projections to latent structures 

discriminant analysis (OPLS-DA) was applied using 

SIMCA 14.1 software (Umetrics, Umea, Sweden). Prior 

OPLS-DA, data were scaled to unit variance. 

In order to study the effect of total diazepam 

concentration (including its metabolites) on the risk of 

violent death, the concentration values were categorized 

in four levels: 10-100 ng/mL, 100-300 ng/mL, 300-1000 

ng/mL and above 1000 ng/mL. Then the relative odds 
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ratio (OR) and relative risk (RR) were calculated. OR and 

RR greater than 1 were considered statistically significant. 

 

Results and discussion 

 

Two hundred and ninety three post-mortem blood 

samples were analyzed during the two year period:           

76 natural death cases (25.94%) and 217 violent death 

cases (74.06%). The group of violent death included 124 

accidents, 77 suicidesand only 16 homicides (excluded 

from further analysesdue to the low number of 

cases).Benzodiazepines were mostly detected in 

thesuicide cases (45%) while in more than 60% of natural 

death cases toxicological findings for benzodiazepines 

were negative. Diazepam was most often detected drug of 

the benzodiazepine group (72 cases), while bromazepam 

and alprazolam were detected in 7 and 4 cases, 

respectively.  

The OPLS-DA model for comparison/classification 

of groups of natural death and accidents had the following 

cross-validation parameters: R2X (cum) = 0.659; R2Y 

(cum) = 0.512; Q2 (cum) = 0.401 which indicates a good 

model. The analysis of the VIP plot of the model revealed 

that the mostimportant variable for class separation was 

age followed by presence/concentration of temazepam.  

The inspection of the VIP plot of the OPLS-DA 

model for comparison between groups of natural death 

and suicides indicated that in this case the mostimportant 

variable for class separation wastemazepam followed by 

diazepam.Concentrations of temazepam in all cases were 

within therapeutic ranges (Schulz et al. 2012) which 

indicate that the presence of this metabolite can be 

associated with a risk of violent death. However, there 

was no significant association of temazepam 

concentration and risk of violent death.  

Statistically significant RR for the association 

between total diazepam concentration (including 

metabolites) and the risk of committing suicide was found 

for diazepam concentration starting at 300 ng/mL. 

Additionally, concentration-dependent risk for 

committing suicide was also observed. The risk for fatal 

outcome in accidents was statistically significant for total 

diazepam concentrations > 1000 ng/mL. However, when 

compared with fatal accidents due to alcohol use, RR of 

diazepam concentrations in the range of 100-300 ng/mL is 

similar with RR of alcohol in concentration range0.5-0.8 

g/L. According to Christophersen et al. (2020), 

theoretically estimated maximal therapeutic concentration 

for diazepam (213.6ng/mL) can be used for establishment 

of limit concentration in drivers. Similar value for the 

concentration of diazepam and its metabolites was found 

for the group of accidents in our study. It should be 

emphasized that the results obtained in this study are 

based on total concentration of diazepam and its 

metabolites. Therefore, further investigation for 

estimation of the limit concentration for each compound 

isrequired.  

 

Conclusion 

 

The data analyses have shown that diazepam use is 

often associated with violent death. The OPLS-DA 

models comparing natural death cases and accidentsas 

well asnatural death cases and suicides showed 

satisfactory classification performance. The VIP plot of 

the models revealed that age and temazepam 

concentration were the most important variables for class 

separation. The identification of temazepam as a 

metabolite which differs between the groups of natural 

death and both accidents and suicides is an important 

finding which can give aid in interpretation of diazepam 

adverse effects. The present study identified relatively 

strong dose dependent association between the presence 

of diazepam above 300 ng/mL and the risk of suicide. 

However,not every use of diazepam brings a risk for 

violent fatal outcome/death in the general population and 

more investigation is needed to identify the 

associationwith other important factors. 
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Introduction 

 

The biological function of acetylcholinesterase 

(AchE) is to degrade acetylcholine and some other 

cholines. The importance of the optimal activity of this 

enzyme is reflected in the fact that acetylcholine is one of 

the most important neurotransmitters in the human body. 

Thus, the normal activity of AchE is of great importance 

for the optimal functioning of the organism. It is known 

that many compounds can affect the activity of this 

enzyme, from organophosphates, through drugs for 

Alzheimer's disease and myasthenia gravis, to metals such 

as mercury (Hg), chromium (Cr), cadmium (Cd), lead 

(Pb), nickel (Ni) and arsenic (As) (Frasco et al., 2005; 

Whittaker, 1990). In everyday life, the general population 

is more often exposed to a combination of different 

metals, even those with toxic effects, than individual 

metals. That is why more relevant results are obtained if 

the effects of metal combinations, i.e. the effects of 

mixtures, are examined, because such results better 

describe the actual exposure of the general population 

(Hernandez et al., 2019). The aim of this study was to 

examine the effect of a mixture of these metals on the 

activity ofAchE, namely the AchE present in the brain of 

experimental animals in a subchronic exposure 

experiment. 

 

 

 

Materials and methods 

 

Experiment design 
 

Groups of experimental rats (Wistar rats, males, 5 per 

group) received a mixture of metal dissolved in water via 

an oral tube for 90 days. The doses to which the animals 

were exposed corresponded to the results of a human 

biomonitoring study obtained in male subjects. The 

control group received water. The M1 group received 

doses corresponding to human doses calculated to give 

rise to blood metal concentrations corresponding to the 

medians obtained in the human biomonitoring study. The 

M2 group received doses corresponding to the doses 

estimated to be required to achieve 95th percentile 

exposure concentrations. Group M3 received doses 

corresponding to BMD (Benchmark dose, BMD). BMD 

was calculated in relation to the effects of metals on 

certain hormones, with BMDs having the best confidence 

interval selected. Water and food were available ad 

libitum to the animals during the experiment. The metals 

were given as aqueous salt solutions of the corresponding 

metals. On the 90
th

 day of the experiment, the animals 

were sacrificed in accordance with the ethical principles 

(permission of the Ethics Committee for Work with 

Experimental Animals of the Faculty of Pharmacy, 

number 323-07-11822/2018-05) and the brains of the 

animals were collected. 
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Determination of AchE activity 

 

The collected material was used to determine AchE 

activity by the Elman method. Acetylthiocholine iodide 

(ASChJ) was used as a substrate, and Elman's reagent 

(5,5-dithio-bis-(2-nitrobenzoic acid), DTNB) was used as 

an indicator. Collected brain samples were homogenized 

in phosphate buffer pH 7.4, in the mass ratio 

brain(g):phosphate buffer(mL)=1:3. After 

homogenization, 2 0µL of tissue homogenate was 

transferred to a spectrophotometer cuvette, along with 

2500 µL ofDTNB indicator solution. The mixture was 

then incubated for 5 minutes at 25°C. After incubation, 

20μL of substrate was added to the mixture. In parallel 
with the analysis of the sample, a blank test was 

performed (instead of 20 µL of the homogenate, 20 µL of 

the physiological solution was added to the mixture). The 

change in absorbance (Abs/min) was monitored for 3min 

on a CARY60 UV-VIS spectrophotometer. 

 

Results and discussion 
 

The results obtained by measuring the absorbance on 

the spectrophotometer were used to calculate the enzyme 

activity. Enzyme activity was calculated by the formula: 

ΔA/min x (ξ x l) -1 x Vuk x Vuz -1 x dilution =activity 

(μmol hydrolyzed acetylthiocholine iodide/min per gram 
of tissue), where ξ is the moral absorption coefficient 

(1.36 mlμmol-1
 cm

-1
), l is the optical path length (1cm), 

Vuk is the total volume of the reaction mixture and Vuz is 

the volume of the sample. 

Using the Kolmogorov-Smirnov test, the normal 

distribution of the data was determined, and then using 

the ANOVA test followed by the Tukey test, no 

statistically significant difference was found 

betweenAchE activity measured in brain tissue of control 

rats and test groups. F = 0.404; p = 0.752; mean ± 

standard deviation for groups was: 2.74 ± 0.84 μmol/min/ 
g; 3.23 ± 1.33 μmol/min/g; 3.24 ± 0.55 μmol/min/g; 3.37 
± 1.04 μmol/min/g; 3.14 ± 0.93 μmol/min/g. There is a 
slight trend of increasing values of enzyme activity, 

however, this increase was not statistically significant. 

A group of scientists studied the effect of a mixture of 

metals on AchE in the brains of zebrafish. The metals 

used in this case were zinc, cadmium, lead and mercury, 

and acute, subchronic and chronic exposure was 

investigated, which lasted for 24 hours, 96 hours and 30 

days, respectively. The results obtained indicate that zinc 

and cadmium did not lead to statistically significant 

changes in enzyme activity, while this was not the case 

for lead and mercury. In the first 24 hours, lead and 

mercury led to a slight decrease in AchE activity, after 96 

hours there was a slight increase in activity, and after 30 

days AchE activity returned to normal. These results are 

in agreement with the results obtained in our experiment 

(Richetti et al., 2011). Another significant study from the 

perspective of mercury studies consisted of applying 

different doses of mercury to crayfish and measuring 

acetylcholinesterase activity after 72 hours. The 

conclusion within that study was that mercury decreased 

enzyme activity at higher concentrations, while lower 

mercury concentrations did not lead to statistically 

significant changes in enzyme activity (Gunderson et al., 

2018). 

 

Conclusion 

 

Low doses of six metals, which correspond to a real-

life scenario of environmental exposure, do not lead to 

statistically significant changes in acetylcholinesterase 

brain activity. 
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Introduction 

 

Metabolic syndrome (MS) has become a common 

metabolic disorder concurrently with the increased 

prevalence of obesity. Central obesity and insulin 

resistance are recognized as the two underlying disorders 

of the syndrome as well as the most important risk factors 

for cardiovascular diseases. Other cardiovascular risk 

factors associated with MS include type 2 diabetes, 

hypertension, high triglycerides and low high‐density 
lipoprotein cholesterol (HDL). A more profound insight 

in the MS etiology revealed that biomarkers of 

inflammation (C-reactive protein, CRP) or increased 

oxidative stress (oxidized low density lipoprotein, LDL) 

have an important role as developing factors also 

(Bonora, 2006). Comprising that the pathogenesis of MS 

involves both genetic and acquired factors (dietary habits, 

physical activity), and the last have become increasingly 

relevant, effective dietary modification may help in MS 

prevention and improvement of overall health as well as 

quality of life. Tree or more specific metabolic 

components out of five are required to diagnose MS. 

Often the relationship between known predicting factors 

and different metabolic components is not obvious 

making it difficult the introduction of a well-defined 

treatment for patients with different combinations of 

metabolic components (Yu et al., 2021). The prevalence 

of the MS and cardiovascular disease is expected to rise 

along with the global obesity epidemic. In fact, the 

adipose tissue was postulated to be at the root of the 

problem (Grandy, 2006). Hence, an emphasis should be 

given whether the features of MS have a unifying 

etiology. This will allow better profiling of pre-

symptomatic individuals to be done and more effective 

and timely management to be conducted. 

   

Materials and methods 

 

A questionnaire composed of 2 groups of questions 

was electronically distributed via a link to adults who 

were requested to answer the questions on a voluntary 

basis. In the first part of the questionnaire, the 

respondents were asked to give objectively the socio-

demographic and general data (age, education level, 

occupation, financial stability). The second part requested 

information related to the participant’s lifestyle (regular 

physical activity, alcohol drinking, cigarette smoking), 

dietary attitude and behavior (number of meals/day, 

caloric intake, amount of food and preference of certain 

products, dietary salt intake, consumption of animal and 

vegetable fats and sugars), anthropometric data: height, 

weight and waist circumference and results of blood 

analysis (blood glucose, TG, LDL and HDL levels). The 

survey included 317 participants of which women were 

the vast majority, while only 24 men were included. For 

the assessment of prevalence of metabolic syndrome in 

adult population in the Republic of North Macedonia and 

its specific characteristics closely related to dietary and 

lifestyle patterns, a descriptive approach was applied.  

 

Results and discussion 
 

This study provides new information about MS in 

adult Macedonian population in two important 

dimensions. First, pooled analysis of a relatively large 
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sample suggests that approximately 4.5% of respondents 

have MS. The prevalence is less than the recently reported 

worldwide, 20-25% of adults (do Vale Moreira et al., 

2020). However, the development of MS, especially early 

in adulthood can lead to an elevated burden of 

cardiovascular diseases indicating the prevalence should 

be sustained at lowest possible level. According to the 

Health Insurance Fund of Republic of North Macedonia 

annual report for 2020 (Report for consumption of drugs 

in 2020), the most often used drugs are antihypertensives 

and antidiabetics. The second important information is 

that all participants with MS had high TG, elevated 

fasting blood glucose levels, and hypertension as the most 

prevalent components. This finding raises the possibility 

that high TG, fasting blood glucose and hypertension may 

be key markers in identifying early pathology associated 

with MS development. LDL and HDL values reported by 

some participants were not interpreted due to insufficient 

number of data provided. Respondents with MS presented 

higher values for abdominal circumference and higher 

BMI values (50% in a range of 25-30 and 42.86% over 

30). Dietary salt intake, small to moderate alcohol 

consumption, cigarettes smoking, consumption of animal 

fats and sugars were found to be insignificant risk factors 

for the development of MS since no significant 

differences for these criteria were found between subjects 

with and without MS. Further, no apparent correlation of 

dietary animal fats and MS was noted (73.17% of the 

health respondents prevailed animal fats in the diet vs. 

78.57% of the patients). Although there is ongoing 

research interest to assess the effects of an unhealthy 

lifestyle on the risk of MS, some aspects of this 

relationship remain controversial, which is in accordance 

with the results revealed herein. Indeed, high number of 

the respondents with MS declared hypertension (71.43%), 

diabetes and/or congestive heart failure in their families 

pointing out the significant influence of the genetic 

predisposition. High number of healthy subjects also 

reported the existence of at least one disease (62.7%) 

which may be risk for MS development later in life. Drug 

therapy has been shown as insufficient to control the 

prevalence of MS and intensive lifestyle changes have 

been suggested (Brown et al., 2009). To reduce the risk 

for MS, multiple interferences of genetic factors and the 

impact of lifestyle modifications seem to be the most 

relevant to study. It is well known that healthy habits like 

non-smoking, moderate food and alcohol intake, regular 

exercise can decrease the risk of MS, though in this study 

only sedentary lifestyle had strict correlation with the risk 

of MS (35.71% of MS respondents vs. 19.8% healthy 

subjects). In addition, diet recommendations which can 

provide the most effective prevention are still not 

precisely defined. Development of an optimal dietary 

pattern for individuals with MS is an imposing question 

yet to be answered. Various popular diets can lead to 

weight loss, at least over the short time; however, dietary 

adherence is the most important factor for long-term 

weight management rather than diet composition. When 

appropriate knowledge regarding specific components 

tightly related to dietary patterns is provided, it would be 

possible to answer the question is there a dietary pattern 

that might improve metabolic parameters, even in absence 

of weight loss. 

  

Conclusion 

 

The influence of social, dietary and lifestyle habits on 

the MS prevalence and associated specific components 

among adult population in Republic of North Macedonia 

was investigated. Substantially low prevalence was found 

compared to global prevalence of metabolic syndrome, 

while the identified components did not support the 

proposed overwhelming role of dietary factors in MS 

pathogenesis. Hence, further studies are needed to 

elucidate the influence of dietary patterns and intervention 

in MS prevention and consequent chronic diseases. 
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Introduction 

 

Echinacea purpurea and Onopordum acanthium 

belong to the family Asteraceae (Compositae) are among 

the most widely used medicinal plant species in 

traditional medicine (Brunia et al., 2018; Garsiya et al., 

2019). The plants of genus Echinacea possess healing 

effect due to their high content of phenolic compounds, 

alkyl amides and polysaccharides (Brunia et al., 2018). 

There are four species of the genus Onopordum in 

Bulgaria, the most common being Onopordum acanthium 

L. Its biological activity is associated with the presence of 

apigenin, quercetin, scutellarin, lignans, coumarins and 

terpenes and sterols. The high amount of biological active 

compounds in these medicinal plants determines their 

antioxidant, anti-inflammatory, antiviral, antibacterial and 

antitumor activity (Garsiya et al., 2019). It is known that 

the combined extracts provides an optimal ratio of the 

components of the individual drugs, which eliminates the 

possibility of overdose when used individually and allows 

use for a longer period of time without possible side 

effects (Tewari et al., 2014).  

Serum cytokine levels of IFN-γ, IL-10, TNF-α change 

with increased stress levels and inflammation in the body 

(Aucoin et al., 2020; Garsiya et al., 2019). This justifies 

the aim of the study to determine the non-toxicity and 

anti-inflammatory action of individual and combined 

extracts of Echinacea purpurea and Onopordum 

acanthium. 

Materials and methods  

 

Materials 
 

Materials used in the study included ethanol extracts 

(60%) of E. purpurea and O. acanthium and Combination 

1 (1:1) and Combination 2 (3:1) E. purpurea:O. 

acanthium, respectively. Other materials used were: 

carrageenan, diclofenac sodium, lipopolysaccharide, 

cytokines (TNF-α, IFN-γ, IL-10), and experimental 

animals 142 white male Wistar rats. The experiments 

were approved by the Committee on Animal Ethics of the 

Bulgarian Agency for Food Safety permit №299 and 

decision of the Ethical Committee at MU Plovdiv 

protocol №3 / established on May the 20
th

 2021. 

Methods 

In an acute toxicity test of plant extracts, 54 male 

Wistar rats were treated orally with individual and 

combined plant extracts at a single dose of 5 g/kg b.w. 

and 10 g/kg b.w. The survival of the animals 24 hours 

after administration of the extracts was recorded. 
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Two models of induced inflammation were used to study 

the anti-inflammatory effect of the extracts and their 

combinations: 

1) With carrageenan. In this model of inflammation, 48 

male rats, divided into 6 groups, were treated for 14 days 

with the tested extracts at a dose of 500 mg/kg b.w. 

Criteria for anti-inflammatory effect were the changes in 

the size of the hind right paw of rats, which were reported 

on the second, third, fourth and 24 th hour after 

carrageenan treatment. 

2) With lipopolysaccharide. In this model, 40 animals 

were used, divided into 5 groups. They were treated for 

14 days with the tested extracts at a dose of 500 mg/kg 

b.w, after which the animals were decapitated and blood 

was taken to test the levels of pro- and anti-inflammatory 

cytokines - TNF-α, IFN-γ, IL-10.  

The analyses of cytokines were conducted by ELISA with 

commercial kits (DiaClone) in strict compliance with the 

manufacturer's guidelines. 

 

Results and discussion 

 

After the acute toxicity experiment, the results 

showed 100% survival of the animals, proving the non-

toxicity of the individual and combined extracts. 

In a model of carrageenan-induced inflammation, 

Combination 2 was found to provide statistically 

significant reduction of paw edema at 24 hours. In other 

groups, a decrease in edema was also observed, but only 

as a trend, without statistical significance. 

The decrease in serum TNF-α concentration in the group 

treated with Combination 1 was most pronounced 

compared to the control treated with lipopolysaccharide, 

followed by the group treated with Combination 2. 

Regarding the individual extracts, O. acanthium 

decreased the TNF-α level to a greater extent than the E. 

purpureа extract. The most pronounced change in serum 

IFN-γ levels was observed in animals treated with the 

Combination 1 compared to the control group, followed 

by the groups treated with the extracts from O. acanthium 

and E. purpurea. Compared to the lipopolysaccharide-

treated control group, IL-10 levels increased in all groups 

of animals treated with the test extracts, most notably in 

Combination 2, where the difference was statistically 

significant. 

A number of authors reported the anti-inflammatory 

action of extracts of E. purpurea, which may be due to the 

presence of chicory and kaftaric acids that is characteristic 

of this species (Brunia et al., 2018; Hussain et al., 2016). 

The anti-inflammatory effect of Onopordum is due to the 

presence of chlorogenic acid, apigenin and arctigenin, 

found in its extracts (Garsiya et al., 2019). 

In our previous study, we found significant amounts of 

these substances and thus prepared Сombination 1 and 

Сombination 2 to test their effect on serum concentrations 

of the above cytokines. From the results obtained, it is 

clear that Combinations 1 and 2 showed a better anti-

inflammatory effect compared to the individual extracts 

of E. purpurea and O. acanthium, significantly reducing 

serum levels of TNF-α, IFN-γ and increasing IL-10 

levels. 

 

Conclusion 

 

The non-toxicity of the single and combined extracts 

of E. purpurea and O. acanthium has been proven. 

Combined extracts have more apparent effect on serum 

levels of TNF-α, IFN-γ, IL-10 compared to the extracts 

alone. This is most likely due to the synergistic action of 

biological active compounds contained in the combined 

extracts. 
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Introduction 
 

The COVID-19 pandemic has caused an 

unprecedented health crisis worldwide, challenging the 

capacity of the healthcare systems as well as the societies 

in general. Fast and easy spread of the disease and the 

lack of proven pharmacological therapy has forced 

individual’s tendency towards foods and nutrients may 

possess protective or therapeutic effects. In the wake of 

COVID-19, dietary supplements have gained a critical 

role in nutrition, which has crucial influence on the 

prevention and treatment of the disease. Scientific 

evidence on immune-boosting, anti-inflammatory, 

antioxidant, and antiviral properties, is well known only 

for vitamins and minerals. The supplementation with 

vitamins D and C, zinc, and selenium in patients with 

deficiencies of those nutrients was shown beneficial 

(Hamulka et al., 2020), but there are no convincing 

studies that support the intake of dietary supplements in 

COVID-19 prevention and treatment in healthy and well-

nourished individuals. In addition, the guidelines for the 

treatment of COVID-19 do not provide apparent support 

on the use of dietary supplements (Adams et al., 2020). 

However, the sales of dietary supplements have dynamic 

increase all over the world. In the United States 

dramatically elevated sales were registered up to 415% 

since the beginning of March 2020 (Grebow, 2020). Sales 

of multivitamins and vitamin C supplements in the UK 

have significantly increased by 93% and 110%, 

respectively (Louca et al., 2021). In Poland, the highest 

consumption of vitamin and mineral supplements was 

registered with vitamin D and zinc as the most often used, 

particularly among people medically educated (Puścion-

Jakubik et al., 2021). As a result of this global trend, we 

aimed to analyze the dietary supplement intake changes in 

the Republic of North Macedonia during the COVID-19 

pandemic.  

 

Materials and methods 

 

An online questionnaire composed of 12 structured 

questions to gather objective information about people's 

knowledge, belief, attitude, and behavior associated with 

the use of dietary supplements during the COVID-19 

pandemic was created. The survey included 426 

participants, each allowed to complete the questionnaire 

only once. For the assessment of specific features related 

to the consumption of dietary supplements Republic of 

North Macedonia, a descriptive approach was applied. 

Herein, the respondents were required to answer 

voluntary and anonymous following questions: frequency 

of dietary supplement use during the pandemic, 

continuous or intermittent consumption, preventive or 

therapeutic usage, where the dietary supplements were 

supplied from, category of the supplement due to the 

composition, belief in their quality and safety and 

sufficiency of data provided to people, getting 

professional advice before consumption, notification of 

side effects during the use or afterwards. 
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Results and discussion 

 

A very high percentage of respondents (88.5%) 

declared consumption of dietary supplements that was not 

surprisingly toward global trend of their enormous intake 

during the coronavirus pandemic. Approximately half of 

these respondents (41%) used to take dietary supplements 

earlier in life. Of them, 30% used dietary supplements 

sparingly, while 18% used them only when indicated. 

People who had not taken dietary supplements prior the 

pandemic (11.5%), neither did after its onset. Large 

number of respondents (almost 60%) consulted qualified 

personnel before supplement administration, while the 

rest 40% did not used supplements on their own. About 

54% of respondents started to use supplements upon 

occupational recommendation. Others have been 

governed by the information electronically available, 

through advertising or other public sources (≈ 31%) or 
advised by friends (20%). The authority of pharmacist’s 

recommendation was declared by significant number of 

people (54%), 33% requested a professional opinion from 

a healthcare practitioner, while the rest answered that had 

been assisted by dietitians or nutritionists. Even 87% of 

respondents supplied the supplements in community 

pharmacies, 17% in healthy food stores, and only 5% 

used internet sales. This seems to be an indicator of 

people’s awareness to look for proper information 

regarding beneficial effects of the supplement or its 

interactions with medications. Relatively small number of 

respondents (about 8%) has experienced adverse health 

events related to the supplementation. Considerable part 

of respondents (82.6%) was convinced in the availability 

of effective and safe dietary supplements, but even more 

people think that only tenuous data are provided to 

consumers. Continuous supplementation during the 

pandemic was reported by 40% of respondents, while 

30% of people declared several months’ consecutive use 

and 26% of people used supplements only temporary. 

5.3% were supplemented only once during the pandemic. 

A great number of participants used supplements (87.4%) 

to prevent the coronavirus disease, while supplementation 

was included in the therapy of 16.8% of respondents. 

Leading products used were vitamin C and vitamin D 

(87% of respondents). Supplements containing vitamin A 

and vitamin E were used by 14.8 and 13.1% of 

respondents, respectively. Regarding the minerals, the 

highest consumption was reported for supplements 

containing zinc (70% of respondents) followed by 

magnesium (49.2%). Selenium-based supplements were 

used by 37% of respondents. Probiotic supplements were 

also often used by people during the pandemic (31% of 

respondents). This survey revealed that vitamin or mineral 

dietary supplements were the most frequently chosen 

category. Immunity affecting supplements not containing 

vitamins or minerals have not been the primary choice of 

consumers in other countries too (Puścion-Jakubik et al., 

2021). The driving effect of COVID-19 on dietary 

supplement-related behavior is probably due to 

experience with other viral infections or a quest for an 

effective prevention/treatment alternative. According to 

Hamulka et al. (2020) people tended to start 

supplementation during the first COVID-19 wave rather 

than the second one. Such a behavior has not been 

assessed in our survey, but it may be important in gaining 

more understanding whether supplementation can help. 

This can be implemented in education for rationale use of 

dietary supplements, especially when there is a risk for 

increased intake of some nutrients or the use of 

supplements is accompanied by harmful effects.  

 

Conclusion 

 

The popularity of dietary supplements during the 

COVID-19 pandemic was more than a twofold increased. 

It was a prospective observation, but questionable is it 

rationale. High percentage of supplements supplied from 

pharmacies and substantial number of people seeking 

professional opinion indicated the increased awareness of 

consumers whether and when supplementation is 

appropriate. Undoubtedly, while evidence to support 

supplements use is lacking, health-protecting behavior 

against COVID-19 should be based on balanced nutrition 

and healthy lifestyle. 
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Introduction 

 

Milk and dairy products have high nutritional value 

due to its protein, vitamin, mineral and fatty acid content 

(FAO, 2013). However, regular usage of these products in 

some individuals may result in manifestation of adverse 

reactions, such as lactose intolerance (LI) and cow`s milk 

protein intolerance (CMPI). LI is a syndrome with 

primarily gastrointestinal symptoms as a result of lactase 

deficiency in the intestinal mucosa and lactose 

malabsorption. It can be genetically driven, known as 

primary LI, where homozygous LCT-13910C and        

LCT-22018G variants are coding low lactase activity, or 

secondary LI due to damaged mucosa. CMPI is an 

immune mediated reaction to milk`s proteins causing 

abdominal pain, diarrhea, vomitus, nausea etc. Since LI is 

highly prevalent in the population, while clinical features 

of LI and CMPI are similar, the last is often 

misdiagnosed. Treatment of both conditions is mainly 

based on food restrictions excluding lactose or cow`s milk 

proteins, so relevant diagnosis is important in successful 

disease management (Di Constanzo et al., 2019). 

The aim of this study was to determine the incidence 

of β-lactoglobulin intolerance (the most frequent form of 

CMPI) in LI suspected population and to identify 

diagnostic tools that can help to differentiate CMPI and 

LI. 

 

Materials and methods 

 

The study included 71 patients suspect of LI after medical 

examination and routine analysis. DNA and sera samples 

were used to test LCT polymorphisms (Sugar Intolerance 

StripAssay® kit, ViennaLab Diagnostics, Austria) as well 

as the presence of anti-β-lactoglobulin antibodies 

(BlueDot Milk Intolerance IgG kit, D-tek, Belgium). Most 

of the participants, upon entering the study, fulfilled a 

questionnaire concerning their medical condition, 

including symptoms, time of their development and type 

of food that triggered those symptoms. Statistical analysis 

was done using IBM SPSS Statistic software - Version 

23, while p value was calculated using a Chi-square test. 

 

Results and discussion 

 

LCT genotype testing revealed that out of 71 patients 

suspected to have LI, 41 had the homozygous LCT-

13910CC/LCT-22018GG genotype defining primary LI. 

Twenty-six patients had the heterozygous, while 4 had the 

homozygous LCT-13910TT/LCT-22018AA, both of 

which coding sufficient lactase activity. No association 

was found between the sex and the age with the genotype 

of symptomatic patients suspected to have LI.    

Analyzing the presence of anti-β-lactoglobulin 

antibodies, 8 patients tested positive and 63 patients were 

detected negative. Sex was not found to be significant, 

while age had implication on the presence of these 
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antibodies in patients having symptoms χ2
 (2, N=71) 

=34.58, p<0.00001. Intolerance of β-lactoglobulin was 

more frequent in childhood (7/8 patients) than in puberty 

and adolescence (0/8) and in adults (1/8). 

Correlation analysis between LCT genotype and 

presence of anti-β-lactoglobulin antibodies in patients 

suspected to have LI was done and statistical significance 

was confirmed χ2
 (2, N=71), p=0.22. Seven out of            

8 patients with detected antibodies had a LCT genotype 

that is not defining LI. The correct diagnosis in these 

patients was CMPI instead LI as previously suspected, 

and cow`s milk proteins should be excluded from their 

nutrition. Forty patients had the homozygous LCT-

13910CC/LCT-22018GG genotype and were negative for 

the presence of anti-β-lactoglobulin antibodies. In this 

group LI was confirmed and total lactose exclusion until 

retraction of symptoms is usually recommended. 

However, LI individuals can tolerate different amount of 

lactose (Di Constanzo et al., 2019), so defining the lactose 

tolerance range could be beneficial in these patients. 

Twenty-three patients did not have anti-β-lactoglobulin 

antibodies or LI defining genotype. These patients could 

have secondary LI or some other condition and additional 

tests like Hydrogen Breath Test before excluding lactose 

from food should be done. Only one patient had anti-β-

lactoglobulin antibodies and LI defining genotype and, in 

this case, both lactose and cow`s milk proteins should be 

restricted. 

Forty-one patients fulfilled a questionnaire 

concerning their medical condition. To identify possible 

differential tools in diagnosis establishment, patients were 

divided in 3 groups, according to the laboratory testing 

results. Group 1 (G1) included 24 patients with primary 

LI (who had homozygous LI defining genotype and did 

not have anti-β-lactoglobulin antibodies present), Group 2 

(G2) consisted of 11 patients with presumed secondary LI 

(who had heterozygous LI non-defining genotype and did 

not have anti-β-lactoglobulin antibodies present) and 

Group 3 (G3) covered 6 patients with CMPI (who had 

heterozygous LI non-defining genotype and had anti-β-

lactoglobulin antibodies detected in their sera). 

Correlation analysis between type of symptoms and 

presumed diagnosis was done. Data analysis emerged 

abdominal pain (G1:20/24; G2:8/11; G3:2/6) χ2
 (2, 

N=41)=6.1142, p=0.047 and bloating (G1:20/24; 

G2:7/11; G3:1/6) χ2
(2, N=41)=10.0025, p=0.006 as more 

frequent symptoms in LI group, while others like nausea 

(G1:17/24; G2:5/11; G3:2/6), diarrhea (G1:14/24; 

G2:6/11; G3:2/6) and flatulence (G1:19/24; G2:8/11; 

G3:2/6) were almost equally present in all groups. Even 

though statistical significance was not found, eczema was 

present in 50% of CMPI patients, and only in 25% of 

patients with primary LI (G1:6/24; G2:6/11; G3:3/6). 

Literature evidence also pointed to this symptom as more 

frequent in CMPI (Oranje at al., 2002).  

Our analysis found statistical significance between 

time of symptom appearance and presumed diagnosis χ2
 

(4, N=41), p=0.028. Problematic foods triggered 

symptoms within 2 h of ingestion in most of the LI 

patients (G1), while CMPI patients experienced 

symptoms constantly (G3) (occurrence in less than 2h: 

G1:18/24; G2:5/11; G3:1/6. Symptoms occurred in more 

than 2 h: G1:4/24; G2:2/11; G3:1/6 and were persistent: 

G1:2/24; G2:4/11; G3:4/6). This finding is in correlation 

with the literature (Heine et al., 2017). 

Regarding the food that triggers symptoms i.e. milk 

all participants experienced unpleasant symptoms 

(G1:24/24; G2:11/11; G3:6/6) due to lactose and proteins. 

All CMPI patients could not tolerate dairy products 

compared to 56.16% of LI patients (G1:13/24; G2:6/11; 

G3:6/6). This difference is due to the fact that lactose in a 

majority of dairy products is either fermented or 

extracted. Moreover, LI patients can tolerate small to 

moderate amount of lactose. All patients tolerated well 

fruits, vegetables, meat and its products and most of them 

can digest bread and pasta.  

 

Conclusion 

 

Our analysis revealed that 11.27% of LI suspected 

patients have β-lactoglobulin intolerance. LI can be 

developed at any age, while CMPI is more likely to occur 

during childhood. Even though the clinical manifestation 

of LI and CMPI is very similar, there are some indicators 

that can help differentiating these conditions one from 

another. Time of symptom appearance and type of food 

that triggers those symptoms seems to be relevant. 
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Introduction 

 

Adolescents are commonly considered to be a 

population group that is prone to drug misuse and abuse. 

According to the US National Institute on Drug Abuse 

(2014), the most frequently abused medicines among 

teens are amphetamines, prescription painkillers, cough 

medicines, sedatives, and tranquilizers. In addition to 

health reasons, the most prevalent reasons for drug misuse 

in adolescents are stress, fatigue, boredom, curiosity, 

increasing their reputation, or simply to feel good or 

better (Butorac et al., 2011).  

 

Materials and methods  

 

An original questionnaire was designed for research 

purposes, with open-ended and closed-ended questions. 

Participants were informed with the study aim and their 

rights within the research. The survey was conducted 

online, via Google forms platform. 

A total of 528 questionnaires were collected during 

research. Inclusion criteria were that the age of the 

participants was between 11 and 21 years old, and that the 

participants reside in Sarajevo Canton. Out of 528 

questionnaires, 84 did not meet the inclusion criteria. Data 

was obtained and analyzed from 444 questionnaires that 

did comply with the inclusion criteria. Statistical analysis 

was done using the methods of descriptive and inferential 

statistics. Statistical analysis was done using the following 

programs, Microsoft Excel 2010 and IBM SPSS Ver. 

23.0. 

 

 

Results and discussion 

 

Of the total of 444 participants included in the study, 

122 (27.5%) were males and 322 (72.5%) were females. 

The participants were divided into two subgroups: 

elementary and high school students; and university 

students. Out of 444 participants, 202 (45.5%) were 

elementary and high school students, while 242 (54.5%) 

of the participants were university students. 

Significant number of participants 400 (90.1%) have 

stated that they have used drugs, while 44 (9.9%) have 

not. The five most common used groups of drugs were 

non-opioid analgesics, antibiotics, dietary supplements, 

antihistamines, and benzodiazepines. The prevalence of 

benzodiazepine use was 7.1%, which is a bit higher than 

the European average of 5.6% reported by Perlmutter et 

al. (2018). Among students in Zadar, the most commonly 

used drugs were non-opioid analgesics and anxiolytics, 

but also the antidepressants, which was not the case with 

adolescents in Sarajevo (Butorac et al., 2011). 

Out of 352 participants who have stated which drugs 

they have been using, 81 (23.0%) participants were using 

the same generic drugs under different brand names. The 

most frequent of these was paracetamol, whereas some 

participants used 4-5 different medicines, all of them 

contained paracetamol. Lee et al. (2017) reported that the 

participants within their study had the lowest confidence 

in telling health providers whether the medication they 

were taking contained paracetamol.  

A total of 171 elementary and high school students stated 

the reasons for drug use. The most frequent reason was 

sickness (67.8%), then mild to moderately strong pain 

(56.7%), being overwhelmed with problems (14.0%), 

need for tranquility (10.5%), contraception (2.3%), leisure 

(1.2%) and other (2.9%). A total of 224 university 

students stated their reasons for drug use. Mild to 
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moderately strong pain (75.9%) was the most common 

reason for drug use, followed by sickness (37.5%), being 

overwhelmed with problems (11.2%), need for tranquility 

(8.5%), leisure (0.9%), contraception (0.4%) and other 

(2.2%). Butorac et al. (2011) concluded that the most 

frequent reason for drug use among high school students 

in Zadar was leisure and tranquility (above 50%), while 

university students mostly used drugs due to being 

overwhelmed with problems (43.3%). Different 

questionnaire formats might explain these different 

results, e.g., mild to moderate pain was not distinguished 

in the research conducted by Butorac et al. (2011). 

What is concerning is that out of 106 participants 

who exclusively use OTC drugs, 40 (37.7%) participants 

do not read the Patient Information Leaflet (PIL). 

Moreover, out of 49 participants who self-medicate, 

without consulting their doctor or pharmacist, 20 (40.8%) 

do not read PIL. One would expect that these groups 

would have the highest prevalence of reading drug 

instructions, since they have not consulted with medical 

professionals, but within this cohort they had the lowest 

prevalence of reading instructions. This prevalence was 

substantially higher than the 10.1% reported by Lee et al. 

(2017). 

Out of 271 (67.9%) participants who answered 

whether they have had drug side effects, 60 (15.0%) 

participants have stated they have experienced side 

effects, while 68 (17.0%) participants were not sure. Of 

60 participants who have experienced side effects, 7 

(11.7%) participants have not reported them to anyone, 

including their family. Gualano et al. (2014) have 

reported the side effect prevalence of 31.1% for women 

and 19.6% for men, which is a bit higher prevalence than 

in this research, but it has to be considered that 17% of 

participants were not sure if they have had side effect, 

thus the prevalence might be closer to the one reported by 

Gualano et al. (2014). 

Out of 398 participants who stated whether they have 

concurrently used different drugs, 126 (31.7%) answered 

they had used 2 or more drugs simultaneously. Out of 90 

participants who have stated which drugs they have used, 

20 (22.2%) participants had increased risk of potential 

drug-drug interactions (DDIs). Qato et al. (2018) have 

also reported the use of combinations with potential major 

DDIs of almost 20% among adolescent girls. 

Out of 399 participants who answered whether they 

drink alcohol with drugs, 35 (8.8%) participants have 

drunk alcohol at least once while using drugs. A total of 

28 participants have stated which drugs they were taking 

with alcohol. Most frequently used drugs were non-opioid 

analgesics (67.9%), benzodiazepines (17.9%), antibiotics 

(14.3%) and antiulcer drugs (10.7%). Of the total number 

of 28 participants, only 1 participant was not under the 

risk of drug-alcohol interaction.  

A total of 191 (48.1%) participants expects the 

pharmacist to be the main source of drug information, 146 

(36.8%) the doctor, 22 (5.5%) the family, 18 (4.5%) the 

Internet, and 4 (1.0%) the other sources. Lee et al. (2017) 

have also reported the pharmacist to be the main source of 

drug information, followed by parents, PIL, other medical 

professionals, teachers, and friends. 

 

Conclusion 

 

It can be concluded that the adolescents incorporated 

in this study were under severe risks of drug side effects, 

drug-drug interactions, drug-alcohol interactions, 

developing tolerance and addiction, overdose, and even 

death, due to their reckless, uncontrolled and excessive 

misuse and abuse of drugs. Nevertheless, if taken into 

consideration that 85% of adolescents expect the medical 

professionals to be the main source of drug information, it 

is up to these professionals, especially pharmacists, to 

advise adolescents on appropriate drug use and forewarn 

them on potential dangers of drug use. 
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Introduction 

 

The rich phytochemical composition of Tanacetum 

and Juniperus genus has made their use to be 

considerable in both conventional and modern medicine. 

The Juniperus genus contains flavonoids, terpenes, and 

coumarins, while the Tanacetum genus additionally 

contains sesquiterpene lactones, which are active 

chemical components that exhibit various 

pharmacological and therapeutic effects. Juniper oil is 

multi-purposed as antimicrobial and anti-proliferative 

agent and beneficial in gastrointestinal and inflammatory 

disorders (Bais et al., 2014; Han et al., 2017). 

Hydroalcoholic extracts obtained from T. vulgare have 

been reported to exert cytotoxicity but can be used due to 

their antioxidant and neuromodulatory activities (Ak et 

al., 2021). Numerous investigations on these and other 

possible therapeutic application of Tanacetum and 

Juniperus species are still being carried out (Ak et al., 

2021; Bais et al., 2014). To obtain more information for 

the safety of T. vulgare methanolic extracts and J. 

communis essential oils, bioactivity concentration range 

was investigated to assess the biocompatibility limits in 

eukaryotic cells. Since brine shrimps (Artemia salina) are 

frequently regarded as the most practical test organism for 

preliminary toxicity investigations, we have chosen to 

obtain the required data using this in vivo model. 

 

 

 

 

 

Materials and methods 

 

Plant material 

 

Tanacetum vulgare plant material was collected from 

Kozhuf and Berovo (Republic of North Macedonia) and 

then subjected to extraction with methanol. Juniperus 

communis essential oils (EO) were commercial products 

obtained from Juniperus communis berries collected from 

two different locations, Berovo and Mavrovo. 

 

Brine shrimp lethality assay (BSLA) 

 

Artemia larvae were exposed to 5 mL of methanolic 

extracts of T. vulgare and J. communis essential oils 

according the procedure described by McLaughlin et al. 

(1998) and Meyer et al. (1982). The span of 

concentrations used was: 50, 25, 10, 5, 3, 2.5, 2, 1, 0.5, 

0.1, and 0.01 mg/mL. Dead nauplii were counted after 2, 

6 and 24 h. The median lethal concentration (LC50) was 

determined by calculating the percentage of dead shrimps 

against the logarithm of the sample concentration. 

Finney’s Probit analysis was used to determine the LC50.  

 

Results and discussion 

 

The lowest mortality rate for both T. vulgare and J. 

communis was detected when the larvae were exposed to 

a concentration of 0.01 mg/mL for 24 h.  

No toxicity was observed after 2 and 6 h of exposure 

of the Artemia larvae to all examined extracts obtained 

from T. vulgare. The extracts exhibited considerable 
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toxicity after 24 h of exposure, when the larvae were 

exposed to the extract originating from Berovo. This T. 

vulgare extract has shown to be much more toxic (LC50 

16 µg/mL) than the extract obtained from the same 

species collected on Kozhuf (89 µg/mL). According to the 

available literature, this might be partially due to the 

variable quantity of the thujone, which has been reported 

to have toxic effects on nauplii after 24 h of exposure 

(Radulović et al., 2017). 

In a study conducted by Ak et al. (2021) where T. 

vulgare plant material (flower, stem and mix containing 

aerial parts such as stem, flower, and leaves) extracted 

with different polarity solvents (water, ethanol-water, and 

hexane) using maceration and infusion techniques were 

used to determine their toxicity. Scalar extract dosages of 

100 µg/mL to 20 mg/mL were applied to the shrimps for 

24 h. All extracts showed a high degree of toxicity, with 

LC50 values < 2 mg/mL. The methanolic extracts prepared 

in our study also showed toxicity, but at significantly 

lower concentrations (< 1 mg/mL) probably due to the 

ecological and geographical impact on the chemical 

composition of our plant material. 

Both J. communis essential oils showed a high degree 

of toxicity at all-time points, with LC50 values < 1 

mg/mL. After exposure of 24 h, the EO obtained from 

Mavrovo showed significantly higher toxicity than the EO 

originating from Berovo (LC50 0.02 and 0.95 µg/mL, 

respectively). Since no reports are available in the 

literature for the toxicity of J. communis EO, further 

discussion entailed the published data regarding the 

Juniper berries extracts. The extract of J. communis fruits 

obtained from Nepal has been reported to exhibit 

cytotoxicity in vitro using hepatocarcinoma cells and in 

vivo in BALB/c nude mice due to high concentration of 

monoterpenes like α-pinene and limonene (Huang et al., 

2021). Moreover, methanol extracts of J. communis 

berries harvested from five different localities in North 

Macedonia have been found to possess a varying degree 

of cytotoxic potential. Most noticeable cytotoxic effect 

was detected for the berries collected from Pelister (LC50 

128 μg/mL) and the lowest cytotoxic activity was 

demonstrated by the berries collected from Makedonski 

Brod (LC50 969 μg/mL). The toxicity of the samples taken 

from Pelister and Jakupica was significantly increased at 

concentrations of 1 mg/mL and 3 mg/mL, respectively 

(Jovanova et al., 2015). The results of our study are 

compatible with the data revealed from the analysis of 

Juniper berries extracts indicating presence of potentially 

toxic compounds in the Juniper essential oil as well. 

 

Conclusion 

 

The most suitable test organism for initial toxicity 

assessments that is frequently used is the brine shrimp 

lethality test. Both T. vulgare and J. communis have 

shown toxic effects due to their chemical composition 

(mostly probable to the presence of thujone and α-pinene, 

respectively). Considering the wide use of Juniperus and 

Tanacetum species as therapeutic agents in traditional 

medicine, biocompatible limit concentration (< 0.01 

mg/mL) was determined in eukaryotic cells as an 

important safety information.  
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Introduction 

 

The use of Cannabis sativa as a medicine has a 

lengthy history and probably dates back more than two 

millennia. This plant contains more than 500 constituents, 

including over 150 phytocannabinoids and hundreds of 

terpenes and flavonoids. The potential therapeutic effects 

of the main active compounds cannabidiol (CBD), delta-

9-tetrahydrocannabinol (Δ9-THC) within various types of 

extracts appear to be influenced by other phytochemicals 

in addition to the cannabinoid composition (Nahler, 

2022). Furthermore, cannabis components and/or blends 

of these compounds that have anti-cancer potential are not 

well understood (Omer et al., 2021). Numerous in vitro 

studies have reported not only the cytotoxic effects 

against various cancer cell lines but also possible 

pathways that ultimately result in the suppression of 

metastasization, angiogenesis, tumor growth, promotion 

of autophagy, and cancer cell apoptosis (Nahler, 2022). 

However, the relative efficacy and safety of pure 

substances and extracts are subject of an ongoing 

discussion. Therefore, the aim of our study was to 

determine the toxic potential of two Cannabis oils and 

different extracts prepared from four Cannabis cultivars.  

 

 

 

 

 

 

Materials and methods 

 

Sample preparation 

 

Cannabis oils were prepared in methanol at a 

concentration of 50 mg/mL.  

Extracts from inflorescence (50 mg/mL) obtained 

from the following Cannabis cultivars: Eletta Campana, 

Charlotte’s Angels, Orange Hill Special and Passion #1, 

were prepared by methanolic and ethanolic extraction. 

 

Brine shrimp lethality assay (BSLA) 

 

To conduct the BSLA, the Artemia salina larvae were 

subjected to methanolic and ethanolic extracts as well as 

Cannabis oils (McLaughlin et al., 1998; Meyer et al., 

1982). The following concentrations were used: 50, 25, 

10, 5, 3, 1, 0.5, 0.4, 0.3, 0.2, 0.1, and 0.01 mg/mL. The 

mortality of larvae was observed after 2, 6 and 24 h. By 

plotting the percentage of dead shrimps against the 

logarithm of the sample concentration, the median lethal 

concentration (LC50) was determined. A probit regression 

analysis was used to determine the LC50 values. 

 

Toxicity criteria and classification of extracts 

 

The Meyer's and Clarkson's scales of toxicity were 

used to categorize plant extracts based on the obtained 

LC50 values (Meyer et al., 1982; Clarkson et al., 2004). 

Both scales classify extracts as toxic if their LC50 values 
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are less than 1000 µg/mL. Furthermore, Clarkson's scale 

categorizes the extracts with high (0 - 100 µg/mL), 

moderate (100 - 500 µg/mL), and low (500 - 1000 µg/mL) 

toxicity. 

 

Results and discussion 

 

In this study, all examined extracts showed toxic 

effects based on Meyer's toxicity classification system. 

The methanol extracts prepared from both strains Eletta 

Campana, and Charlotte's Angels showed insignificantly 

higher toxic potential compared to the respective ethanol 

extracts after 24 hours of exposure (LC50 values of 26 and 

4.5 µg/mL for methanol extracts, and 31 and 5 µg/mL for 

ethanol extracts, respectively). The ethanol extract of the 

Orange Hill Special strain has demonstrated a higher toxic 

potential (LC50 0.4 µg/mL) in comparison with the 

methanol extract of the same strain (LC50 1.7 µg/mL). 

The toxic potential of the Passion #1 cultivar was similar 

in both the methanol and ethanol extracts (LC50 0.35 

µg/mL). According to the Clarkson’s classification scale 

of toxicity, with prolonged exposure the toxic potential 

increased for all the cultivars as follows: 2 hours (low 

toxicity) < 6 hours (moderate toxicity) < 24 hours (high 

toxicity). Passion #1 cultivar both methanol and ethanol 

extracts had the highest toxic potential after 24 hours of 

exposure, followed by Orange Hill Special strain 

ethanolic extract.  

Both investigated Cannabis oils displayed toxic 

activity in accordance with the Meyer's scale, with the 

peak toxic potential occurring after 24 hours of exposure 

with LC50 values of 0.63 and 0.33 µg/mL. According to 

Clarkson's toxicity classification scale, the toxic potential 

of the two different oils increased with prolonged 

exposure as follows: 2 hours (moderate toxicity) < 6 

hours (high toxicity) < 24 hours (high toxicity). The 

determined LC50 values of Cannabis oils indicated 

significantly higher toxic potential compared to the 

examined methanolic and ethanolic extracts. 

When BSLA was applied to examine the 

pharmacological profile of hexane, ethyl acetate, 

methanol, and water extracts of Cannabis sativa, the 

highest LC50 was observed for the methanol extract (≈ 20 

μg/mL), followed by ethyl acetate and hexane extracts, 

while the water extract showed no activity (Baroi et al., 

2020).  The LC50 concentrations of the investigated 

methanol extracts in our study was significantly lower 

except the one obtained from the Elleta Campana cultivar. 

Although simple, the BSLA is a very effective tool for 

determining the bioactivity of plant extracts, despite its 

limitations in terms of explaining the mechanism of 

action. Our research has shown that the BSLA is a 

practical method for tracking as well as comparison of the 

cytotoxic activities of Cannabis cultivars. These findings 

provide evidence in favor of their traditional use since all 

samples tested for toxicity against brine shrimp had LC50 

values less than 100 µg/ml. Until the individual bioactive 

compounds are completely characterized as well as their 

potential interaction with secondary metabolites, BSLA is 

a valuable and rapid tool for recognizing cytotoxic 

activity of plant sources that may be effective against 

cancer. 

 

Conclusion 

 

This study revealed the cytotoxic properties of the 

examined Cannabis oils and extracts, suggesting their 

potential applications as anticancer agents. Further 

research is required to identify the active constituents 

responsible for these effects and to determine more 

closely the possible mechanism of action. 
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Introduction 

 

The human microbiome is specific to each person 

and has a significant influence on the individual growth 

and development as well as the development of the 

immune system and susceptibility to diseases.Unlike the 

human genome, the human microbiome is quite 

inconsistent, being constantly subject to changes 

throughout the life of an individual due to many 

influential factors such as: age, environment, genetics, 

diet, xenobiotics (especially antibiotics), mode of birth, 

breastfeeding duration, physical and mental stress, and the 

influence of individual lifestyles (‘‘The Microbiome and 

Public Health’’, n.d.). Deciphering the mechanisms of the 

microbiome affects the health (development and 

progression of certain diseases) of individuals and how it 

affects а given medication, allows us to improve the 

implementation of personalized medicine for early 

detection or prognosis of the clinical outcome in a 

specific disease, as well as the development of an 

appropriate therapeutic strategy. Recent data from the 

published literature in this field, indicate that the 

metabolizing of drugs (xenobiotics) by the gut microbiota, 

strongly affects the effectiveness and toxicity of certain 

types of therapeutics. 

 

Clinical implication 

 

Drug metabolism takes place in several separate 

phases: Phase 1 (functionalization – involving enzymes in 

liver, gut and other tissues, mainly mediated by CYP450), 

phase 2 (conjugation) and phase 3 (ABC transporter) 

(Abdelsalam et al., 2020). However, today we alsoknow 

that an abundance of enzymesis being synthesized by the 

gut microbiota and they can activate (sulfasalazine), 

inactivate (some antibiotics), reactivatea drug or convert it 

into a toxic metabolite.The gut microbes usually conduct 

hydrolytic and reductive reactions to produce metabolites 

with a lower polarity and molecular weight thus 

affectingthe bioavailability of over 30 drugs through 

transformation oftheir chemical structures. The gut 

microbiome is confirmed to be involved in the 

metabolism of some antihypertensive drugs including: 

oxidation of amlodipine and nifedipine, deacetylation of 

diltiazem, deglucuronidation of losartan and de-

esterification of enalapril (Chenet al., 2022). In the study 

of Liet al. (2016) one cansee that the gut microbiota 

affects about 40 drugs and natural products that have been 

reported. In this study it is also well clarified the 

metabolizing of digoxin by Eggerthellalenta(an anaerobic 

bacterium of the normal human flora), influences of 

microbiota variation on acetaminophen metabolism / 

acetaminophen-induced hepatotoxicity and therapeutic 

difference of statins, the reduced side effect of irinotecan 

by microbiota depletion and the modulation of the 

effectiveness of chemotherapeutics by the gut microbiota. 

As the drugsreach the intestines after oral administration, 

they can be metabolized by the intestinal microbiome 

through the processes of oxidation, reduction, hydrolysis, 

dihydroxylation, O-dealkylation, deacetylation, 

demethylation, decarboxylation, acetylation, deamination, 

deconjugation and before their absorption they can be 

metabolized further in the intestinal mucosal and 

subsequently in the liver (Wilson and Nicholson, 2017). 

The drug L-dopa is metabolized by Enterococcus faecalis 

(PLP-dependent decarboxylase / tyrosine decarboxylase) 

to dopamine and then is metabolized by Eggerthellalenta 

(Mo-dependent dehydroxylase / dopamine dehydroxylase) 

to m-tyramine (Jameson andHsiao, 2019). Some bacterial 

cells express adhesive proteins called adhesins, 

responsible for binding to the host cells but also capable 

to bind and interact with the drug molecules (e.g., 

levodopa and H. pylori). Dhurjad et al. (2022) 

recentlydemonstrated that the intestinal microbiota can 

cause: alteration in the absorption of drugs (by microbiota 
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metabolites that change the local microenvironment in the 

human gut), competition of microbial metabolites with the 

drug or host metabolites for binding with the active sites 

of the host’s metabolic enzymes, modification of the 

expression of host’s genes crucially involved in drug 

metabolism and immunomodulation (impact on efficacy 

of chemotherapeutic drugs by translocation and 

immunomodulation). The most distinguished 

microbiome-drug associations for the time being involve: 

l statins, β-blockers, angiotensin-converting enzyme 

(ACE) inhibitors, proton-pump inhibitors, laxatives, 

metformin and selective serotonin reuptake inhibitors 

(Weersma et al.,2020). The microbiome-derived acarbose 

kinases provide their harboring organism with a 

protective advantage against the activity of acarbose and 

thus attribute resistance of the microbiome to a non-

antibiotic drug (Balaich et al., 2021). Antipsychotics 

(APs) in addition to their proven antibiotic effect, can 

affect the gut microorganisms by altering the pH of the 

gastrointestinal tract and changing its mucosal integrity 

and permeability. Numerous neurotransmitters (gamma-

aminobutyric acid, serotonin, noradrenaline and 

dopamine) are produced by gut microbes and are able to 

travel to the brain where they directly impact the action of 

drugs on brain neurotransmitter receptors (Seeman, 2021). 

Schupack et al. (2022) have recently shown the potential 

implication of the human microbiome in clinical practice 

as a tool to develop individualized strategies for the 

treatment of certain diseases, opening a new opportunity 

for the advancement ofpersonalized medicine. Several 

studies have also shown the effect of gut microbiota on 

the outcome i.e., efficacy and toxicity of 

chemotherapeutic and immunotherapeutic agents like 

immune checkpoint inhibitors. Many approaches like the 

use of antibiotics, probiotics, prebiotics, synbiotics, 

postbiotics, dietary modulation and fecal microbiota 

transplantation, have shown potential in optimizing 

cancer treatment outcomes and these findings can provide 

predictive biomarkers of cancer treatment responses, to be 

employed in the selection of appropriate anticancer 

therapy in future (Ting et al.,2022). It is known that 

lipopeptides produced by some microorganisms show 

anticancer effects and they can serveas a model in the 

process of drug development to design drugs that the 

body would easily accept (a drug produced by human 

microbes that live in a synbiotic relationship with the 

human body) (Chauhan and Kanwar, 2021). 

 

Conclusion 

The field of pharmacomicrobiomics as one of the 

innovative "omics" approaches in diagnosis, treatment 

monitoring and drug development, represents a historic 

step forward towards the establishment of personalized 

medicine since its clinical application will not only 

improve public health but can also provide appropriate 

prognostic and predictive tools in the scope of 

individualized therapy as well as point to interventions 

that should be done on the microbiome in order to 

improve the outcome of a given therapy.  
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Introduction 

 

Breast cancer (BC) is the most frequent malignancy 

among women, but also affecting men and is still a 

challenge for medical research and practice (“Breast 

cancer”, 2021). Several approaches are currently 

implemented in its diagnosis, including mammography, 

ultrasound and magnetic resonance imaging, 

histopathological evaluation of bioptic/resected material, 

laboratory evaluation of soluble biochemical markers, 

molecular testing for Estrogen and Progesterone receptor 

(ER and PR) as well as НER2/neu protein 

abundance/gene copies, providing prognostic information 

for treatment effectiveness. Numerous analyses have been 

performed to evaluate the protein expression level in 

malignant cells, to determine the abundance of certain 

proteins and amino acids in samples of nipple aspirate 

fluid (NAF), saliva, serum as well as to isolate and 

characterize circulating tumor cells, circulating tumor 

DNA and RNA, but the search for sufficiently specific 

and sensitive markers continues. 

 

Novel markers in diagnosis and treatment 
 

Many studies showed that transmembrane protein 

(TMEM) expression can be down- or up-regulated in 

tumor tissues compared to adjacent healthy tissues. 

TMEM45A and TMEM205 have implications in tumor 

progression and invasion but also in chemoresistance. 

TMEM48 is a nucleoporin and is crucial for nuclear pore 

complexes and nuclear envelope assembly, TMEM45A is 

a potential biomarker of BC aggressiveness, TMEM97 

overexpression is correlated with larger tumor size and 

tumor recurrences, while TMEM88 overexpression with 

tumor initiation and progression (Schmit and Michiels, 

2018). An overexpression of another important TMEM 

protein TMEM16A is associated with a favorable 

prognosis in PR-positive or HER2-negative BC patients 

following Tamoxifen treatment (Hui et al., 2017). 

According to a recent study (Lovely, 2022), the activated 

leukocyte cell adhesion molecule (CD166-ALCAM 

Gene) is highly expressed in approximately 50% of 

patients with triple-negative BC (TNBC) and up to 80% 

of patients with HER2-negative and ER-positive BC. 

Praluzatamabravtansine is a monoclonal antibody prodrug 

(Probody® drug conjugate) that is conjugated with the 

cytotoxic agent Maytansinoid DM4 (with potential 

antineoplastic activity as a microtubule inhibitor) that 

binds to CD166 and induces cell death. The study by 

Ziegler et al. (2018) has identified a group of proteins 

including SUSD2, FASN, AHNAK, EEF1A1, EEF1A2, 

that could serve as diagnostic markers and therapeutic 

targets. In the study of Falchook et al. (2021), the FASN 

inhibitor, TVB-2640, in combination with paclitaxel, was 

tested for the first time in humans and demonstrated 

promising antitumor effects (Falchook et al., 2021), while 

in another study (Gruslova et al., 2021) TVB-3166 was 

evaluated as a potential therapy for endocrine-resistant 

BC. Some experimental models data indicated the 

involvement of fibroblast growth factor/fibroblast growth 

factor receptor (FGFR) axis in the tumor progression, 

paving the way for introducing FGFR inhibitors 

(including the FDA approved Erdafitinib and 

Pemigatinib) as a novel class of drug therapy promising 

effective treatment of breast as well as other types of 

cancers (Pérez Piñero et al., 2022). Apart from 

Carcinoembryonic Antigen and CA15-3, recent data also 

suggest prognostic and predictive importance of certain 

circulating biomarkers such as CA27-29, Serum HER2 

Extracellular Domain and GP88 also known as 

progranulin-driver of Tumorigenesis (Seale and Tkaczuk, 

2022). Shu et al. (2020) has identified 56 novel protein 

biomarkers significantly associated with BC via the 

integration of genomics and proteomics data. Moving 

forward, with the assistance of integrative transcriptome 

and proteome analyses, we can identify genes, predict 
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candidate biomarkers and evaluate proteins that are 

related to the different stages of BC (Yao et al., 2021). 

Components present in the saliva as a biological 

matrix obtained by non-invasive and cost-effective 

procedures are closely related to the blood, and 

biochemical salivary indicators have been identified to 

differentiate BC patients from healthy controls (Bel'skaya 

et al., 2022). Another promising source of biomarkers is 

NAF, originating from the location where BC arises and 

can be acquired repeatedly and easily for early diagnosis 

by non-invasive aspiration. This physiological fluid 

contains proteins specific to the tumor microenvironment 

but also DNA, RNA and microRNA which can be further 

investigated as potential laboratory biomarkers of the 

disease (Patuleia et al., 2022). 

 

Discussion and Conclusion 
 

Proteomics, being just one of the “omics” approaches 

gains larger involvement in discovering new diagnostic, 

prognostic and predictive markers of diseases as well as 

targets for personalized drug design. The currently 

available data summarized in this study, provide 

justification and directions for further research focused on 

the aberrant expression of proteins in various biological 

specimens obtained from breast cancer patients. 

A continuously growing number of studies report the 

potential of proteomic markers in assessing the risk of 

developing, diagnosis and staging of BC, forecasting the 

outcome or predicting treatment effectiveness. 

Unfortunately, the expression pattern suggested 

biomarkers are expressed differently in various types of 

breast cancer, and also individual’s characteristics could 

affect the biomarker level in patients. Another 

disadvantage of the studies is the limited sample size if 

the required biomarker is not easily detectable. Many 

biomarkers ubiquitously exist in both healthy individuals 

and cancer patients and because of that many initially, 

promising biomarkers have not been validated yet, apart 

from the ones which haven’t demonstrated sufficient 

sensitivity, specificity, and applicability for clinical use. 

Hence, these findings warrant multiple independent 

validation studies for advancement in the clinical 

application of proteomic biomarkers in BC management.  
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Introduction 

 

In recent years, the epidemic of obesity has been a 

well-recognized public health problem. This problem is 

also present in most European countries, with the 

prevalence of overweight at more than 60% (Vardell et 

al., 2020). Obesity is usually diagnosed based on body 

mass measurement but it is not adequate to properly 

define or manage the cardio-metabolic risks associated 

with a higher level of fat tissue in adults (Songet al., 

2015). However, it is well known that other indexes such 

as body fat mass, waist circumference, waist-to-hip ratio, 

and body fat distribution, often used infrequently, provide 

more correct predictions. In addition, they are more useful 

than a body mass index in defining the cardio-metabolic 

risks (Lampignano et al., 2020). The prevalence of 

obesity in Serbia (23.6%) is nearly two times higher 

compared with the prevalence of obesity in the world 

(12%), however prevalence of overweight (36.9%) has a 

similar trend (39%) (WHO, 2013). Obesity is confirmed 

to have an essential role in insulin resistance development 

and is associated with impaired glucose metabolism, 

hypertension, and dyslipidemia, the main risk factors for 

developing cardiovascular diseases (Lampignano et al., 

2020). The ratios of lipoproteins are increasingly 

becoming favoured as a way for atherosclerosis and 

cardiovascular disease prediction. This study aimed to 

determine the impact of lifestyle in overweight and obese 

women of reproductive age on cardiometabolic risk 

factors.   

 

Materials and methods 

 

Participants 

 

Fifty-seven healthy women were enrolled in this 

study, all between the ages of 21–50. All candidates 

participated in a voluntary basis. All participants received 

the recruitment material, which contained detailed 

information regarding the aim of the study, all procedures 

involved as well as the expectations and information 

about their rights. From all participants, written informed 

consent was obtained. 

Study protocol 

The dietary habits of each candidate were closely 

monitored by using the 3-day food intake records with the 

evaluation and the distribution of the energy intake levels, 

macro- and micronutrients. The systolic and diastolic 

blood pressure, and anthropometric parameters (height, 

body weight, waist, hip and chest circumference) were 

measured. Body composition (body fat mass, skeletal 

muscle mass, percent of body fat, waist-to-hip ratio) was 

carried out with the bioelectrical impedance analysis 

method, using InBody 270 body composition analyzer 

(InBody Co., Seoul, Korea).  

Methods 

Blood samples were collected following the EFLM-

COLABIOCLI recommendation (Šimundić et al., 2018). 

Total cholesterol, high-density lipoprotein cholesterol 

(HDL-C), low density-lipoprotein cholesterol (LDL-C) 
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and triglycerides were determined in serum using 

commercial reagents (Beckman Coulter, Hamburg, 

Germany and BioSystems, Barcelona, Spain) on the 

Olympus AU400 biochemical analyzer. Statistical 

program SPSS version 24 (SPSS Inc., USA) was used for 

data analysis. The distribution of continuous variables 

was examined using the Shapiro-Wilk test. The values of 

descriptive statistics for continuous variables with normal 

distribution were presented as mean ± standard deviation 

(SD), while non-normal variables were presented as 

median (25% percentile - 75% percentile). Spearman’s 

correlation coefficient was used to measure of the 

correlation between different variants to determine the 

existence of a monotonic relationship. The significance 

threshold for p-values in all tests was 0.05. 

Results and discussion 

Fifty-seven apparently healthy overweight and obese 

women (aged 37.16 ± 7.27 years, body mass index = 

29.72 ± 5.04 kg/m
2
, % body fat = 39.06 ± 6.59%) were 

enrolled in this study.They were divided into two groups 

based on their body mass index (38 were overweight (25 

≤ body mass index < 30), while 19 were obese (body 

mass index ≥ 30). A comparison between the two groups 

was made, and the analysis of biochemical parameters 

showed significant differences in triglyceride values for 

overweight 0.64 [0.49–0.87] and obese 0.93 ± 0.44 (p = 

0.045). Also, we noted that the levels of total cholesterol, 

and LDL were higher in the obese group, but it was not 

statistically significant (p = 0.058 and 0.559, 

respectively). 

The mean value for Castelli's Risk Index I in obese 

subjects was 4.63 ± 1.4 which was significantly higher 

than the overweight group's value of 3.82 ± 0.94. The 

difference was highly significant (p= 0.013). 

When diagnosing dyslipidemia, triglycerides, LDL-

cholesterol, HDL-cholesterol, and total cholesterol are the 

lipid parameters that are mainly considered. However, 

using only LDL or HDL alone to measure and predict the 

risk of cardiovascular diseases is inadequate, especially in 

individuals with obesity (Superko and King, 2008). 

Studies have shown that in cases when the lipid 

parameters (HDL-cholesterol, LDL-cholesterol, 

triglycerides, and total cholesterol) remain seemingly 

normal, lipid ratios such as the Castelli’s risk index I is an 

important diagnostic choice in predicting the risk for 

cardiovascular events (Olamoyegun et al., 2016). Recent 

studies suggest that lipid ratios (TC⁄HDL and TG/HDL), 
which include the proportion between the pro-atherogenic 

and anti-atherogenic fractions, are much more effective 

diagnosing tool in atherosclerosis, cardiovascular 

diseases, and insulin resistance detection compared to 

single measures of lipids fractions (Du et al., 2014). 

Conclusion 

 

Overweight/obesity was linked to a high Castelli’s 

risk index I value in the current study, implying that these 

people are at a higher risk of having cardiovascular 

diseases in the future unless they take urgent measures to 

lose weight. These values, when combined with standard 

measures of adiposity may be beneficial for the 

development of personalized primary prevention 

strategies for obesity-related pathologies, in the first place 

cardiovascular diseases. 
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Introduction 

 

Lead (Pb) and Cd (cadmium) are toxic metals whose 

low-level exposure affects human health. Both metals are 

known to cause adverse effects on multiple organs (Wu et 

al., 2016). Cadmium is an established human and animal 

carcinogen and is usually associated with lung, prostate, 

and kidney cancers, and more recently, pancreatic cancer 

(Buha et al., 2017; Djordjevic et al., 2019). Lead is a 

highly potent neurotoxic metal and its exposure primarily 

affects the central nervous system (Javorac et al., 2022). 

Furthermore, some researchers postulate that there is no 

safe blood Pb level (Vorvolakos et al., 2016).  

Measurements of the concentration of metals in the 

human blood provide direct information about the 

exposures to these metals. Therefore, these measurements 

may serve as biomarkers to heavy metal exposure 

(Satarug et al., 2020). In our preliminary human 

biomonitoring study, the aim was to measure the levels of 

Cd and Pb in the whole blood of the Serbian population. 

 

Materials and methods 

 

The study population was chosen to represent the 

general population of Serbia and included 435 

participants, 218 women and 217 men from five cohorts: 

prostate and testes cancer patients (104), breast cancer 

and benign breast dysplasia patients (96), pancreatic 

cancer patients (22), thyroid and metabolic disorders 

patients (77) and healthy volunteers (136).  

Pb and Cd levels were determined by graphite 

furnace method using AAS GTA 120 graphite tube 

atomizer, 200 series AA, Agilent Technologies, Santa 

Clara, CA, USA. The accuracy of AAS analyses was 

verified using certified reference material (CRM) 

Seronorm Trace Elements Whole Blood L-2 

(SeronormTM, Sero, Billingstad, Norway). Metal 

analyses were carried out following the manufacturer's 

specifications, with a low probability of contamination. 

All chemicals for metal analyses were purchased from 

Fisher Scientific (Germany) and were of pure analytical 

grade.  

All data were analyzed using SPSS 23.0 (IBM, 

Armonk, NY, USA) and Graph Pad Prism8 software 

(GraphPad Software Inc., San Diego, USA). 

 

Results and discussion 

 

Humans are exposed to a pollutant when they inhale 

it, drink it, eat it, or absorb it through their skin. To 

evaluate the impact on health and develop suitable control 

techniques, it is essential to know the level of exposure. In 
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the presented study, the mean Cd blood level was 1.800 

µg/L (5%: 0.030, 95%: 5.801) and the mean Pb blood 

level was 4.303 µg/L (5%: 0.332, 95%: 131.825). In 

females, the mean Cd concentration was 1.962 µg/L (5%: 

0.030, 95%: 6.448) while in males, a statistically 

significant lower (P < 0.001) Cd concentration was 

detected at 1.476 µg/L (5%: 0.032, 95%: 4.280). Lead 

levels did not significantly differ between gender groups, 

with females at 2.65 µg/dL (5%: 0.209, 95%: 14.01) and 

males at 3.11 µg/dL (5%: 0.57, 95%: 14.44). 

Exposure to toxic metals including Cd and Pb may 

occur from polluted air, food or water. Measured levels of 

Cd and Pb indicate that exposure to those metals exists in 

the Serbian population. In the case of Cd smoking habits 

and diet probably had an impact on the blood Cd levels 

(Repić et al., 2020). Lead exposure is primarily from man 

- made sources due to its extensive usage. For Pb the 

acceptable blood concentration is 50 µg/L, therefore the 

observed mean level is within the safe range (Abadin et 

al., 2007). Cadmium is naturally present in the 

environment, but it is also released during mining and 

smelting processes, as well as from companies in plastics 

and batteries production. All tobacco products generate 

Cd, which has been classified as a carcinogen, with active 

and passive smoking being the main sources of exposure 

to humans (Wu et al., 2016). 

 

Conclusion 

 

The presented study provides existing exposure to Cd 

and Pb in the Serbian population and represents the first 

phase of the DecodExpo project founded by Science 

Found of Serbia. Given that those metals are harmful at 

low doses, it is essential to promote the assessment of 

human toxic metal exposures as a basis for creating 

environmental control strategies to safeguard public 

health. 
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Introduction 

 

Long experimental durations and associated high 

costs of long-term toxicity studies, as well as reliance on 

animal studies to measure adverse effects, which are often 

not sufficient for predicting toxicity in humans, make 

defining the toxicity profile of a new chemical entity in 

humans a difficult task. Recently, there has been a lot of 

effort to improve the current situation. Advances in 

predicting toxicity would lessen the need for animal 

testing and improve the attrition rate in drug development 

and chemical risk assessment. To connect hazard 

identification, mechanistic toxicology, and risk 

assessment, a new rapidly developing field of toxicology 

called toxicogenomics has emerged (Alexander-Dannet 

al., 2018). 

Therefore, the aim of this paper was to introduce this 

new field of toxicology, toxicogenomics, as well as 

prospects for its application in drug development, toxicity 

prediction, and human health risk assessment. 

 

Toxicogenomics 

 

Toxicogenomics investigates the role of the complete 

genome in biological responses of organisms exposed to 

environmental toxicants/stressors. It represents the 

combination of toxicological research with developing 

new technologies which widely investigate the functional 

genome (RNA, protein, metabolite profiling, and 

polymorphisms/functional DNA mutations) (Alexander-

Dannet al., 2018; Amala, 2010). Additionally, there has 

been a rapid increase in publicly available toxicological 

and ‘omics’ data, particularly gene expression data, and a 

corresponding development of methods for its analysis. 

This allows us to begin reaping the benefits of years of 

effort in terms of technology, time, and cost (Wilsona et 

al., 2013). 

Toxicogenomics aims to: 1) understand the link 

between environmental stress and human disease 

susceptibility, 2) find relevant biomarkers of disease and 

toxic chemical exposure, and 3) unravel the molecular 

processes of toxicity. These issues are best addressed by 

collecting data in well-designed toxicogenomics 

databases (Amala, 2010). 

 

Applications of toxicogenomics 

 

Toxicogenomics offers an outstanding opportunity to 

uncover the biological pathways and processes influenced 

by pharmaceutical compounds and/or environmental 

toxicants. It combines traditional toxicology with 

information-dense genomic technologies, to integrate 

toxicant-specific alterations in gene, protein, and 

metabolite expression patterns with phenotypic responses 

of cells, tissues, and organisms (Wilsona et al., 2013). 

This is particularly helpful in predicting the potential 

drug/chemical toxicity before functional damages are 

recognized, in classification of toxicants, as well as in 

screening human susceptibility to diseases, drugs or 

environmental chemical hazards (Amala, 2010; Wilsona 

et al., 2013). 

 

Drug development 

 

Compound toxicity is a key contributor to the high 

clinical dropout rates of novel drug candidates, with a 
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quarter of failures attributed to a lack of safety. Hence, 

novel higher throughput methods should provide more 

insight into potential human toxicity than the existing 

ones. Such patterns of gene expression, or 'molecular 

fingerprints', could be used as diagnostic or predictive 

markers of exposure (Amala, 2010; Wilsona et al., 2013). 

Toxicogenomics is anticipated to be increasingly 

integrated into all phases of the drug development 

process, particular mechanistic and predictive toxicology, 

as well as biomarker discovery. This discipline offers the 

potential to identify a human toxicant earlier in the drug 

development process and detect human-specific toxicants 

that cause no adverse reaction in experimental animals. 

Furthermore, understanding the mechanisms of drug-

induced hepatotoxicity during drug discovery and 

development is of a great importance. Hepatotoxicity is a 

common cause of failure in drug discovery and 

development and is also frequently the source of adverse 

drug reactions. Therefore, a better prediction and 

characterization of drug induced hepatotoxicity could 

result in safer drugs and more efficient drug 

discovery/development process (Amala, 2010).  

 

Predicting toxicity 

 

Toxicogenomics represents an attractive approach to 

predict toxicity and gain a mechanistic understanding of 

toxic changes. It can be a useful method for detecting the 

carcinogenic potential of endocrine disruptors (EDCs) in 

the short period of time (Alexander-Dann et al., 2018; 

Wilsona et al., 2010). At present, there are no concrete 

epidemiological data supporting any exogenous EDCs 

contribution to hormone-related organ carcinogenesis in 

humans. However, with the establishment of appropriate 

animal models and analysis of genomic-scale gene 

expression, risk identification and evaluation should be 

facilitated within a relatively short period of time. In the 

light of this, toxicogenomic approach promises to 

contribute a great deal of risk management regarding 

EDCs (Wilsona et al., 2010). Immunotoxicity assessment 

by gene expression profiling shows that micro array 

analysis is able to detect known and novel effects of a 

wide range of immunomodulating agents. Besides the 

elucidation of mechanisms of action, toxicogenomics is 

also applied to predict consequences of exposing 

biological systems to toxic agents. Successful attempts to 

classify compounds using signature gene expression 

profiles have been reported (Alexander-Dann et al., 

2013). Toxicogenomics in immunotoxicity evaluation 

adds to the knowledge of immunotoxic processes and the 

development of in vitro screening tests, and is thus likely 

to be useful for mechanistic insight into immunotoxicity 

and hazard identification (Amala, 2010).  

 

Human health risk assessment 

 

In hazard identification step toxicogenomics might 

help determine types of hazards a chemical might poses 

(i.e., cancer or non cancer risks), as well as connected 

modes and mechanisms through which it exerts its 

harmful effects (Amala, 2010; Wilsona et al., 2013). 

Information on the mode of action is also a component in 

deciding the appropriate approach to dose-response 

assessment. Toxicogenomic approaches could support 

exposure assessment by indicating cellular exposure to 

toxicants. It could also aid in better understanding 

variability in the human population, extrapolation of data 

from one species to another, and identification of 

susceptible subpopulations (Wilsona et al., 2013). 

 

Conclusion 

 

Toxicogenomics assists in understanding 

molecular/cellular effects of chemicals in biological 

systems and, thus, enhances drug discovery, toxicity 

prediction and chemical risk assessment processes. The 

creation and deployment of bioinformatics tools and 

databases is a key part of toxicogenomic research in order 

to enable the analysis, mining, visualization, and sharing 

of the huge quantity of biological data generated in this 

field. 
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Introduction 

 

One of the hallmarks of cancer is the deregulation of 

cellular energetics and production of higher levels of 

reactive oxygen species (ROS). Cancer cells have adapted 

to the oxidative stress through various mechanisms 

allowing them to survive in hypoxia and to become drug 

resistant. This has given rise to different treatment 

strategies aiming to selectively enhance ROS production 

in cancer cells. One of the potential targets of antitumor 

therapy strategies is the nuclear factor erythroid 2–related 

factor 2 (Nrf2), a cis-active transcription factor that 

regulates the transcription of genes encoding antioxidant 

response elements (AREs) and genes of mechanisms 

involved in phase 2 and phase 3 of metabolism of 

xenobiotics. Nrf2 controls the basal and induced 

expression of an array of ARE–dependent genes to 

regulate the outcomes of oxidant exposure (Rojo de la 

Vega et al., 2018). Due to the amphiphilic structure, bile 

acids (BAs) are important promoters of the transport of 

pharmacologically active substances across biological 

membranes. In addition to the role of passive drug 

carriers, BAs are signaling molecules that regulate various 

aspects of cellular metabolism and homeostasis. 

Ursodeoxycholic acid (Udca) is a hydrophilic bile acid 

metabolite of chenodeoxycholic acid, formed by probiotic 

bacteria during intestinal biotransformation. Unlike 

hydrophobic BAs, Udca has long been considered a 

cytoprotective and tumor suppressive agent, with 

antioxidant and antiapoptotic properties (Pavlović et al., 

2018). 

The aim of this study was to assess the influence of the 

doxorubicin (Dox) and Udca on the changes in the 

expression of genes involved in antioxidant defense in 

breast adenocarcinoma cell line, MCF-7. 

 

Materials and methods 

 

Cell line and culture conditions - The cell line MCF-7 

(ATCC® HTB-22TM) was cultivated in the Dulbecco's 

modified Eagle's medium (DMEM, Sigma-Aldrich 

ChemieGmbH, Munich, Germany) supplemented with 

10% fetal calf serum (FCS, Sigma-Aldrich) supplemented 

with antibiotics (100 U/ml penicillin, 100 μg/ml 
streptomycin) (Sigma-Aldrich Chemie GmbH, Munich, 

Germany) at 37 °C and saturated air with 5% CO2.  

Drug treatment - Cells were seeded in T25 flasks at a 

density of 1,25x10
6
 cells/flask in DMEM supplemented 

medium and were cultured in a CO2 incubator at 37 °C for 

at least 24 h. The culture medium was then replaced in 

experimental groups with fresh medium containing 0.25 

μM of Dox or 0.25 μM of Doxplus 50 μM of Udca, and 

incubated for additional 24 h. 

RNA isolation, cDNA synthesis, and reverse 

transcription quantitative PCR (RT-qPCR) - Total RNA 

was isolated from cultured cells using the GenElute 

Mammalian total RNA mini prep kit (Sigma-Aldrich) 

according to the manufacturer’s instructions. RNA 

samples (1 μg) were reverse transcribed to cDNA using 
the Enhanced Avian First Strand Synthesis Kit (Sigma-

Aldrich) according to the manufacturer’s instructions. 

RT-qPCR was performed on StepOne Plus (Applied 

Biosystems) Real-Time PCR System using SYBR 

Green
®
. Relative transcript expression was determined 

using the 2
-ΔΔCt

 method, normalized to β-actin as a 

housekeeping gene. The qPCR primers used were: β-
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actin: F: 5’-gcaccacaccttctacaatg-3’, 
r:tgcttgctgatccacatctg; NRF2: f: gtcagcgacggaaagagta, r: 

acctgggagtagttggca; SOD f: ctagcgagttatggcgac, r: 

gaatgtttattgggcgatc; CAT: f: cagcgaccagatgcagcac, r: 

atgcagagactcaggacg;GR: f: aacatcccaactgtggtcttcagc, r: 

ttggtaactgcgtgatacatcggg. 

Statistical analysis - SPSS version 21 was used for 

statistical analysis. Data were expressed as 

mean ± standard deviation of the mean and analyzed using 
the paired student t test or one-way ANOVA, followed by 

Tukey post-hoc. A p<0.05 was considered statistically 

significant. 

 

Results and discussion 

 

Treatment of MCF-7 cells with Dox reduced NRF2 

gene expression 2.74±0.57 fold compared to the control 

group (p<0.001). Co-treatment with doxorubicin and 

Udca also significantly reduced NRF2 expression 

compared to control, 1.94±0.42 fold (p=0.004). Co-

treatment with doxorubicin and Udca increased the 

expression of this transcription factor as a positive 

regulator of protective cellular mechanisms including 

antioxidant protection, but the increase was not 

statistically significant compared to the group of cells 

treated with Dox alone. Dox treatment reduced SOD 

expression 3.68±0.78 fold (p<0.001), while dox and Udca 

co-treatment reduced SOD expression 4.78±1.03-fold 

(p<0.001). Treatment of MCF-7 cells with Dox increased 

CAT expression 1.50±0.34-fold compared to the control 

cells, however, no statistical significance was observed. 

Co-treatment with Dox and Udca increased CAT mRNA 

expression relative to the control cells (p=0.004), 

resulting in an increase in CAT expression of 2.12±0.49-

fold. Dox treatment reduced GR expression by 3.26±0.71-

fold (p=0.002) while co-treatment reduced expression by 

19.8±4.30-fold compared to control (p<0.001). Due to 

genetic instability and metabolic reprogramming, 

malignant cells are characterized by a constitutively 

elevated level of pro-oxidative metabolism. Also, 

mutations in the gene encoding Keap1 result in increased 

expression of NRF2 in malignant cells leading to 

increased transcription of antioxidant defense 

mechanisms and adaptation to elevated levels of oxidative 

stress. Studies reported an increase in NRF2 expression in 

squamous cell carcinoma, adenocarcinoma, prostate 

cancer cell lines, and breast cancer cells, where NRF2 has 

also been shown to be a common denominator for 

chemotherapy resistance (Syu, 2016). Thus, 

pharmacological reduction of NRF2 expression in 

malignant cells is a modern concept of developing new 

therapeutic strategies in the treatment of oncology 

patients. Udca acid exhibits antioxidant and 

cytoprotective effects associated with various beneficial 

biochemical-physiological-pharmacological effects such 

as glycemic regulation and insulin sensitivity, obesity, 

hypertension, cardiomyocyte contractile dysfunction and 

liver disorders (Đanić et al., 2018; Stanimirov et al., 

2015). However, the decrease in mRNA expression for 

the antioxidant enzymes SOD and GR in our study 

indicates the tissue specificity of the action of Udca. 

Reduction of SOD and GR mRNA expression in the 

context of dox-treated test cells has a positive effect with 

potential effects of chemo-sensitization. However, the 

mechanisms of interaction of Udca with doxorubicin need 

to be further elucidated to explain the obtained results. 

 

Conclusion 

This in vitro study indicates that Udca has the 

potential to modify the response of malignant cells to 

doxorubicin-induced oxidative stress at the transcriptional 

level and to enhance cytotoxic activity of Dox as a highly 

potent and widely used antineoplastic drug. 
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Introduction 

 

Use or abuse of both, licit and illicit drugs present a 

global public health issue (Auckloo and Davies, 2019). 

Combination of two or more substances at the same time 

can lead to serious life-threatening conditions, sometimes 

resulting with fatal intoxication (Akhgari et al., 2019). 

Whether a particular drug concentration or drug 

combination was responsible for the persons’ death is a 

key question to be answered in post-mortem toxicology 

(Lahti and Vuori, 2003). Unintentional acute intoxication 

caused by an illicit drug is the most frequent cause of 

death among drug abusers, however, death may be the 

result of direct, indirect or long-term effects of exposure 

to a particular substance or group of substances (Madea 

and Mubhoff, 2004; Preti et al., 2002). The pattern of 

substances’ use and abuse usually differs from country to 

country (Hadidi, 2004). The aim of this study was to get 

an overview of death cases in the Republic of North 

Macedonia in order to determine the pattern of fatal 

intoxications.  

 

Materials and methods  

 

Toxicological findings of autopsies performed at the 

Institute of Forensic Medicine, criminology and medical 

deontology, Medical Faculty, Ss. Cyril and Methodius 

University in Skopje in the period of 2010-2020, were 

used in the study. In this overview were included cases 

with intoxication as cause of death. Based on the results 

of toxicological analysis, the data were divided in two 

categories: mono-intoxications and mixed-intoxications. 

Within the categories there are multiple subcategories. 

There are 6 divisions of mono-intoxication according to 

the used substance: ethyl alcohol; drugs of abuse; 

medicines; pesticides; corrosives and carbon monoxide. 

Mixed-intoxications were further grouped as: two or more 

medicines; medicines and ethyl alcohol (EA); two or 

more drugs of abuse (DOA); DOA and EA; DOA and 

medicines with or without EA; corrosives and 

medicines/EA; pesticides and medicines/EA; carbon 

monoxide and EA. Results presented in this study were 

obtained during routine toxicological analyses as a part of 

autopsy expertise. Toxicologically relevant substances as 

well as age and gender were used as variables. Statistical 

evaluation included descriptive statistic and Mann-

Whitney-U test. 

 

Results and discussion 

 

In the 11-year overview of post-mortem data at the 

Institute of Forensic Medicine, criminology and medical 

deontology, Medical Faculty, Ss. Cyril and Methodius 

University in Skopje, was found that 217 death cases were 

due to intoxication, of which 43 (19.82%) caused by 

single substance, whilst 174 (80.18%) death cases were 

due to intoxication with more than one substance (mixed 

intoxication). The highest number of fatal intoxications, 

29 cases, was noticed in 2018. Data analyses revealed that 

both genders were almost equally represented in the 

mono-intoxication cases (32 males and 34 females). 

However, male predominance was noticed in the mixed-
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intoxication death cases, where only 19.54% of the cases 

were women. According to age, there was statistically 

significant difference between the groups (mono- and 

mix-intoxication) (z = -3.97029, p = 0.00008), observing 

that victims of mono-intoxication were older. There was 

no statistically significant difference in the age between 

genders in both groups.  

Intoxication with ethyl alcohol (27.91%) was the 

most often cause of death in the group of mono-

intoxications, followed by intoxication with corrosives, 

carbon monoxide, pesticides, and very few cases with 

medicines and drugs of abuse. Intoxication with carbon 

monoxide and corrosives was characteristic for victims 

with age above 55 years. Average age of the victims from 

ethyl alcohol intoxication was 47.92 years, while the 

victims of intoxication with pesticides, drugs of abuse and 

medications were younger.   

In the mixed-intoxications the predominant group 

was DOA and medicine combination confirmed in 

57.47% of death cases. Positive result for EA was found 

in 22% of the cases from the same group. Methadone and 

benzodiazepines were most often combination in this 

group (33%). Other groups were represented in the 

following order: pesticides and medicines/EA (12.64%); 

two or more medicines (8.05%); corrosives and 

medicines/EA (7.47%); DOA and EA (4.02%); two or 

more DOA and CO with EA (2.78%). Analyses of 

specific substances involved in mixed-intoxication shown 

that EA was present in 31.03% of the cases included in 

this group. Carbamates and organo-phosphorous 

substances were the most common in the pesticides 

related intoxications. Medicines-induced lethal 

intoxications were due to different combination mostly 

including benzodiazepines, antidepressants, verapamil 

and rarely beta blockers, with the highest number of cases 

noticed in 2020.  

 

 

Conclusion 

 

Within the long-term follow-up of the post-mortem 

toxicological analyses, it was observed that the number of 

mixed-intoxications is four times higher than 

intoxications caused by a single substance use. Mixed-

intoxications are more frequent among younger’s. Being 

the most often used, methadone and benzodiazepines are 

a dangerous, even lethal combination. Knowing this data, 

it is important to draw attention to the control and 

regulations of prescription medicines and substitution 

treatment.  
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Introduction 

 

Magnesium is widespread in food and is essential for 

many metabolic activities (Schwalfenberg, 2017). Some 

studies indicate a trend toward the development of 

micronutrient deficiencies, including magnesium (Chen et 

al., 2022; De la Cruz-Góngora et al., 2011). The possible 

reason is that highly processed diets and refined cereals 

do not contain sufficient magnesium and that food intake 

does not reach the recommended daily intake 

(IMSCSEDRI, 1997). Although a balanced diet is 

recommended as the primary source of magnesium to 

meet recommended intakes, magnesium supplementation 

is becoming increasingly popular. The results of scientific 

research indicate an inverse association between serum 

magnesium levels and anemia in the general population 

and people with specific disorders (Shi et al., 2008; Xu et 

al., 2017). Various epidemiological studies indicate that 

one-third of the world's population suffers from anemia 

(Yenilmez et al., 2017). However, it is believed that 

anemia is not a disease but a sign of an underlying 

pathological process. Therefore, early detection supported 

by reliable laboratory diagnostics is important for 

detecting and treating the underlying pathology. 

Laboratory diagnosis of the degree and type of anemia is 

based on examining hematological and biochemical 

parameters of iron status. The aim of this study was to 

examine the effect of magnesium citrate supplementation 

on iron status parameters. 

 

Materials and methods 

 
Participants 

 

The study included 100 participants of both sexes, 

aged over 18 years, without disease, consuming 

magnesium-containing dietary supplements in the last 

three months. Before the start of the study, the 

respondents were informed, orally and in writing, about 

the study's objectives and they gave their written consent. 

 

Study protocol 

 

Participants took once a day for a period of ten days 

commercially available magnesium citrate in powder 

form for direct oral administration (Livsane Magnesium 

citrate direct, bags, Evropa Lek d.o.o., Belgrade) in a 

daily dose of 375 mg, which is 100% of the nutritional 

reference value (NRV) for magnesium. Serum 

biochemical parameters were analyzed before the start of 

the intervention, at the beginning (t0), on the fifth day 

(t1), and on the eleventh day (t2) of the intervention 

period. 

 

Methods 

 

Venipuncture was performed following the 

recommended standard operative procedure (Šimundić et 

al., 2019). Hemoglobin and hematocrit were determined 

directly on a gas analyzer in samples of lithium-heparin 
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whole blood (Nova Biomedical, USA). Total magnesium, 

unsaturated iron-binding capacity (UIBC), and iron were 

determined in serum by spectrophotometry using the 

commercial reagents from Beckman Coulter, Hamburg, 

Germany, on the Olympus AU400 biochemical analyzer. 

Transferrin and saturation were calculated using 

recommended formulas (Worwood et al., 2017). The 

SPSS version 24 (SPSS Inc., USA) statistical program 

was used for statistical analysis. 

 

Results and discussion 

 

The results of our study have identified an effect of 

magnesium citrate on some iron status parameters. A 

decreasing trend of values from t0 to t1 was observed for 

all examined parameters, with a subsequent tendency to 

backup to t2, similar to baseline values. The most 

significant changes were observed in the values of TIBC 

and transferrin before and after supplementation (65.9 

μmol/L vs 62.4 μmol/L, P=0.019 and 3.0 g/L vs 2.8 g/L, 

P=0.019, respectively). Although a significant decline in 

TIBC and transferrin values has been observed in t1 

(P=0.028), they return to baseline values in t2. Also, 

although not statistically significant, a decrease in 

hemoglobin (144 g/L vs 136 g/L vs 139 g/L, P=0.353) and 

iron concentration (19.9 μmol/L vs 12.7 μmol/L vs 12.4 

μmol/L, P=0.181) was observed in the investigated 

period. The results indicated that the organism is trying to 

establish balance in the effect of magnesium on the 

parameters of iron status in a short period. The question 

is, what the interaction would be during long-term 

supplementation. The study of Sugimoto et al. (2019) has 

shown that iron deficiency anemia may be induced by 

magnesium overuse. This suggests that caution should 

also be exercised regarding the interactions between 

magnesium and iron prescribed by clinicians. 

This study has limitations that warrant repeated trials on a 

larger number of subjects, with specific conditions and 

diagnosis of anemia, to examine the influence of gender 

and age, as well as the social status of subjects, and to 

evaluate additional parameters (e.g., ionized magnesium, 

ferritin). It is also important to examine the effect of other 

forms of magnesium supplements on iron status 

parameters and carry out the intervention over a longer 

period of time. 
 

Conclusion 

 

Based on the results of this study, it can be concluded 

that caution should be exercised regarding magnesium 

supplementation and that laboratory monitoring of 

magnesium and iron status is necessary to avoid adverse 

consequences. 
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Introduction 

Toxic metals are present in the Earth's crust, from 

which they reach the environment naturally or through 

various anthropogenic activities. As they are not 

degradable, they remain in the environment for a very 

long time, making exposure of living organisms inevitable 

(Andrade et al., 2017; Rahman et al., 2019). Therefore, 

contamination of our environment with metals is 

considered one of the biggest toxicological problems 

today (Andrade et al., 2017), especially bearing in mind 

that people are exposed to various mixtures of toxic 

metals on a daily basis, and not individual chemicals. 

Adverse effects on various organs after the exposure to 

many metals individually, are well known and tested 

(Jaishankar et al., 2014). Nevertheless, effects of their 

mixtures warrant further toxicological assessment, 

especially in environmentally relevant concentrations. 

The aim of the current subchronic animal study was 

to investigate hematotoxicity of the mixture of six toxic 

metals/metalloids (arsenic (As), lead (Pb), mercury (Hg), 

cadmium (Cd), hexavalent chromium (Cr VI), and nickel 

(Ni)), in doses selected on the basis of previously 

conducted human biomonitoring study and literature data. 

 

Material and methods 

The experiment was carried out on male Wistar rats 

(Rattus norvegicus) weighing 150-200 g. The animals 

were kept under regular maintained settings (temperature 

20-24 °C), light (12 h night: 12 h day), and humidity 

levels of 35-60%. During the study, they were given free 

access to food and tap water and were allowed seven days 

to adjust to their new surroundings and experimental 

circumstances. All experimental protocols were 

authorized by the University of Belgrade, Faculty of 

Pharmacy's Ethical Committee on Animal 

Experimentation (Ethical permission number: 323-07-

11822/2018-05). 

Animals (n=20) were randomly divided into 4 

experimental groups (3 treated and 1 control), with 5 

animals in each group. Aquatic solutions of toxic metal 

mixtures were orally applied to animals for 90 days in 

three different doses corresponding to the results of the 

previously conducted human biomonitoring study in 

which toxic metals were measured in the blood of the 

general population (M1 group: median dose; M2 group: 

95th percentile exposure; M3 group: Benchmark doses 

based on the effects on hormone levels).  

Blood samples were collected in heparin vacutainers 

by cardiac puncture. The MYTHIC 22 analyzer (Orphee 

Medical, Geneva, Switzerland) was used to test 

hematological parameters in accordance with acceptable 

laboratory procedures. The following hematological 

parameters were examined: white blood cell count 

(WBC), red blood cell count (RBC), hemoglobin 

concentration (HGB), hematocrit (HCT), and platelet 

count (PLT). RBC, WBC and PLT were determined by 

flow cytometry and HGB content by standard 

colorimetric method. 
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The significance of differences between parameter values 

in different groups were examined using ANOVA 

followed by LSD test. 

 

Results and discussion 

The applied metal mixtures in the M1 and M3 groups 

did not have a significant effect on RBC compared to the 

control, while in the M2 significantly higher values were 

noted in comparison with the M1 group. There was no 

effect of the tested mixtures on the WBC. However, based 

on the obtained median values, a decreasing trend was 

observed in the treated groups (M1<M2<M3) compared 

to the control. The most significant effects were observed 

on PLT. In the M2 and M3 groups, there was a significant 

increase in PLT in treated rats compared to the control 

(P<0.001), as well as compared to M1 group. 

Furthermore, it should be noted that elevated PLT 

compared to the control group occurred in animals that 

received the highest (M2 group) and lowest dose (M3 

group) of the tested mixture, while the effect was absent 

in the M1 group. This can be explained by the non-

monotonic dose response (NMDR). Some metals have 

been shown to exert this phenomenon at different doses 

(Gong et al., 2019; O’Doherty et al., 2019). NMDR is 

characteristic of substances that do not show a linear 

dose-response relationship or threshold effects 

(O’Doherty et al., 2019). The HGB content was 

significantly increased in M2 group compared to M1, 

similar to the effects of the investigated mixture on RBC, 

while HCT values were significantly increased in the M2 

group (P<0.05) compared to the control and M1 group. 

Overall, most changes were observed in the M2, in almost 

all the examined hematological parameters (except WBC) 

which was expected having in mind that, in this group, 

metal concentrations were the highest.  

To the best of our knowledge, the conducted study is 

one of the first to examine the effects of metal mixtures in 

doses that mimic the conditions of actual environmental 

exposure of people. The uptake, distribution, 

accumulation and toxic effects of metals and metalloids in 

tissues and organs depend on many factors, such as the 

physicochemical characteristics of the metal, dose, mode 

and length of exposure, ability to bind to different ligands 

in cells and sensitivity of exposed individuals (Whittaker 

et al., 2011). Nevertheless, the obtained results have 

indicated that mixtures of toxic metals may lead to certain 

toxic effects on the hematopoietic system in animals after 

the subchronic exposure. Accordingly, the potential 

effects of these metals on the human hematopoietic 

system might exist, having in mind that the doses used in 

this study were chosen to reflect the conditions of real-life 

exposure from the environment.  

 

Conclusion 

The results of the study indicate the possibility of 

toxic effects of the test mixture on the hematopoietic 

system at doses of individual substances that are 

considered safe according to studies conducted with 

individual substances. However, further research is 

needed to elucidate the effects of long-term exposure to 

low doses of metal and metalloid mixtures. 
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Introduction 

 

Pseudomonas aeruginosa mannose - sensitive 

hemagglutinin (PA-MSHA) is a biologic drug that has 

immunomodulating function when used in tumor adjuvant 

therapy (Zhang et al., 2019). It has been suggested that PA-

MSHA can serve as a new anticancer treatment, with 

cytotoxic activity in different human cancer types, 

including, but not limited to breast and bladder cancer (Xu 

et al., 2014; Zhu et al., 2013). Proposed mechanisms 

include anti‑proliferative effects on cancer cells by 

affecting regulation of the cell cycle and inducing 

apoptosis via caspase 3 and caspase 9 signaling. Moreover, 

when combined with a tyrosine kinase inhibitor, PA-

MSHA was reported to both induce caspase-3/caspase-9 

cleavage and increase inhibition of epidermal growth 

factor receptor (EGFR)-dependent signaling, leading to 

better suppression of cancer cells proliferation (Zhao et al., 

2016). 

However, its harmful and possibly toxic effects remain 

unknown. Thus, in the present study, we aimed to 

investigate the potential of PA-MSHA to induce adverse 

outcomes in cancer patients by in silico gene data-mining. 

 

Materials and methods 

 

The Pubmed.gov database 

(https://pubmed.ncbi.nlm.nih.gov/ approached on 

27/5/2022) was searched manually for publications 

containing either Pseudomonas aeruginosa mannose - 

sensitive hemagglutinin, or Pseudomonas aeruginosa 

MSHA, or PA-MSHA. A total of 93 papers were retrieved 

- 9, 45, and 39, respectively. After excluding reports 

written in language other than English, non-relevant 

studies, and duplicates, 24 publications were 

systematically scanned with an aim to select the genes 

impacted by the given bacteria. 

Selected down- and upregulated genes were analyzed 

with a set of computational tools to investigate the role of 

PA-MSHA-induced genes in the gene ontology processes 

and molecular pathways and furher decipher toxic potential 

of PA-MSHA in cancer patients. Tools used for 

investigation were: GeneMania, ToppGene ToppFun, and 

Comparative Toxicogenomics Database (CTD). 

GeneMania (https://genemania.org/ approached on 

28/5/2022) was used to identify other genes related to a set 

of input genes based on genetic interactions, pathways, co-

expression, co-localization and protein domain similarity. 

ToppGene ToppFun 

(https://toppgene.cchmc.org/enrichment.jsp approached on 

28/5/2022) is a web portal for gene list enrichment analysis 

that helps in identifying top molecular functions, biological 

processes, cellular components, and pathways enriched by 

detected gene set. Finally, CTD Set Analyzer tool 

(http://ctdbase.org/ approached on 30/5/2022) was used to 

retrieve gene set-based enriched diseases (corrected 

p<0.01).  
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Results and discussion 

 

The comprehensive scanning of selected literature 

revealed 64 genes influenced by PA-MSHA among which 

16 were downregulated and 48 upregulated. GeneMania 

network analysis of repressed genes predicted 20 related 

genes, as well as 391 tight links between them. Majority of 

interactions (38.93%) were physical protein-protein 

interactions, while predicted relations where the second 

most common (18.71%). The ToppGene ToppFun function 

listed top 10 biological processes (p<0.01) for 36 

highlighted and downregulated genes among which were: 

response to hormone, regulation of G1/S transition of 

mitotic cell cycle, and protein phosphorylation. Moreover, 

pathways in cancer, p53 signaling pathway, and PI3K-Akt 

signaling were recognized as the most enriched for the 

analyzed set of genes. Finally, CTD tool retrieved 236 

diseases that were associated with PA-MSHA repressed 

genes, such as: digestive system diseases (28 annotated 

genes), skin and connective tissue diseases (23 annotated 

genes), endocrine system diseases (19 annotated genes), 

and immune system diseases (19 annotated genes).  

The same analysis steps were repeated with the set of 

PA-MSHA-upregulated genes. Generated gene-gene 

interactions networks showed that 28.97% of the genes 

were co-expressed, while 19.87% were in physical 

interactions. The gene ontology examination showed that 

top enriched biological processes (p<0.01) were related to 

cellular response to molecule of bacterial origin, biotic 

stimulus or lipopolysaccharides, as expected. Toll-like 

receptor signaling pathway with Toll Like Receptor 4 

(TLR4) Cascade, and Toll-like receptor signaling related to 

MyD88 were reported as the most significant pathways 

linked to investigated set of genes. Among diseases, 

infections, immune system, skin and connective tissue, as 

well as respiratory tract diseases might have a central role 

in PA-MSHA induced adverse outcomes.   

As expected, a phase II clinical study reported that PA-

MSHA has a good safety profile, with only 6.2% patients 

discontinuing treatment due to neutropenia, leukopenia, 

and thrombocytopenia, as well as fever, skin induration at 

the injection site, and rash (Lv et al., 2015). This can be 

explained by pro-inflammatory activity of PA-MSHA 

described in the conducted study. Moreover, it was 

observed that PA-MSHA has the potential to inhibit the 

production of TNF-α, increase IL-10 levels and promote 

the generation of CD4+CD25+Foxp3+ T cells (Liu et al., 

2013), which might explain the predicted PA-MSHA-

induced immune system diseases. 

 

 

 

 

Conclusion 

 

In the present study, 64 PA-MSHA-interacting genes 

were identified. In-depth bioinformatic analysis might 

propose that PA-MSHA cause immune-related side effects 

due to the immune-stimulatory mechanisms, such as 

response to molecule of bacterial origin and Toll-like 

receptor signaling pathway as well as via downregulation 

of PI3K-Akt signaling what needs further in vitro and in 

vivo investigation. 
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Introduction 

 

The incidence of asthma and obesity is increasing 

worldwide. There is a lot of research focused on 

connection between these two inflammatory conditions 

leading to the study of adiponectin, hormone secreted by 

the adipose tissue, due to its anti-inflammatory action. 

Systemic inflammation in obesity could up-regulate the 

asthmatic pathway, and this is modified by the adipokines 

and other systemic inflammatory markers like: C-reactive 

protein (CRP) and interleukin 6 (IL-6) (Ali and Ulrik, 

2013). This study summarizes the role of adiponectin, as 

biomarker for pathological obesity, in the processes of 

developing alergic asthma. Correlation of adiponectin 

with inflammatory marker protein CRP, IL-6, is assessed 

in order to determine the relation of patologic obesity 

with alergic asthma. 

 

Materials and methods  
 

Materials 

 

       The study involved 90 people, of which 50 patients 

with asthma and 40 healthy controls subjects. 

Patients were selected from the department of 

Allergology in Ohrid. Informed consents for all patients 

were obtained. The study was performed in accordance 

with the ethical principles of the Helsinki Declaration on 

Medical Research on Humans.  

All patients were subjected to full clinical 

examination:  

 

1. BMI was calculated according to weight which 

was measured in kg and height which was measured in 

meters (weight and height were self-reported).  

2. Laboratory analysis included: specific IgE (sIgE), 

inflammatory marker adiponectin, CRP, and IL-6.  

 

Method  

Serum sIgE was detected with immunoblotting test 

on nitrocellulose membrane coated with 20 selected 

allergens using RIDA qline allergy kit. Measurement of 

adiponectin serum level was done for all cases and control 

group by enzyme-linked immunosorbent assay technique 

(ELISA). Serum levels of hsCRP were determined with   

immunoturbidimetric method. Serum levels of IL-6 were 

determined with electrochemiluminescence immunoassay 

(ECLIA).  

Statistical analysis was performed with IBM SPPS 

Statistics. Normality tests were done using the Shapiro 

test. The data were presented as mean ± standard 

deviation (SD). ANOVA test was used to compare the 

four groups followed by pairwise comparisons using least 

significant difference (LSD) test. P value < 0.05 was 

considered significant. 

 

Results and discussion 

 

The patient and control group were divided into two 

subgroups using BMI classification in order to see if 

adiponectin as marker for obesity is involved in allergy 

asthma. 

In our study, serum level of IL-6 was found to be 

significantly elevated in obese versus normal-weight 

individuals whether asthmatic or control. Chronic 

inflammation in adipose tissue, that produces 

inflammatory markers like IL-6, is considered a crucial 
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risk factor that contributes to low grade systemic 

inflammation (Cheng et al., 2012). IL-6 contributes to 

inflammation in obesity, suppress adiponectin production, 

enhance airway remodeling and worse pulmonary 

function.  

hsCRP was found to be significantly higher in 

asthmatic obese group than the other 3 groups (asthmatic 

lean, control lean and control obese) and it was found to 

be significantly higher in the asthmatic lean when 

compared with the lean controls. Thus, hsCRP could be 

considered surrogate marker for inflammation for 

developing asthma and pathological obesity (Park et al., 

2004). 

Serum level of adiponectin was significantly elevated in 

normal-weight individuals versus asthmatic obese group 

and control obese, the differences compared with 

asthmatic lean were not significant. Thus, obesity may be 

a contributor to inflammation, because adiponectin as 

anti-inflammatory protein is decreased (Sood at al., 2011). 
There were significantly positive correlations 

between circulating levels of IL-6 and CRP with BMI, 

while serum adiponectin level showed negative 

correlation. There is interaction between asthma and 

obesity, with regards to inflammation. Because of 

increased levels of obesity biomarkers (IL-6, CRP), 

intensity of airway inflammation could be greater in obese 

asthmatic patients (Magdy et al., 2015). 

The clinical importance is that low level of anti-

inflammatory protein, adiponectin that occur in obese 

state, contributes to increasing prevalence in patients with 

asthma. Asthma and obesity as inflammatory processes, 

trigger the immune response through the activation of Th2 

cells, which leads to a reduction release of adiponectin as 

an anti-inflammatory protein (Otela et al., 2021) 

In these patients, adiponectin levels negatively 

correlated with inflammatory marker IL-6, although IL-6 

positively correlated with CRP. IL-6 as pro-inflammatory 

cytokine induces production of CRP, leading to increase 

systemic inflammation (Bacheci et al., 2007). These 

findings suggest that IL-6 may be response for metabolic 

disorders in obesity and dysregulated production of 

adipokines and suppression of adiponectin. 

 

 

Conclusion 

 
Adiponectin as anti-inflammatory adipocytokine, 

inhibits inflammation in allergic asthma, which can arise 

in pathological obesity. 

Adiponectin expression is negatively regulated by pro-

inflammatory cytokines IL-6. 

Adiponectin and adipose tissue-derived cytokine IL-6, 

could lead to synergistic effect between obesity and 

progression on airway inflammation. 

hsCRP can be used as a surrogate marker for evaluation 

of obesity and asthma, while adiponectin and IL-6 could 

be considered surrogate markers for obesity. 
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Introduction 

 

With the development of industry and technology, 

environmental pollution is increasing, which in turn has a 

negative effect on food quality. The Rulebook on health 

safety of dietary products in the Republic of Serbia (The 

Rulebook on health safety of dietary products, 2022) 

prescribes the permitted concentrations of foreign 

substances in food, which can be found due to the use of 

chemicals while cultivation or production. Heavy metals 

are of particular importance in factory-made baby food. 

Lead, cadmium, mercury and arsenic are considered non-

essential heavy metals and pose a danger to the organism 

if they are ingested in concentrations higher than allowed. 

Lead has the ability to strongly bind to sulfhydryl groups 

of proteins, competitively binds to Ca
2+

, and it contributes 

to the formation of reactive oxygen species in vivo, which 

causes a decrease in internal antioxidant defense and 

disorders in the exchange of electrolyte ions across cell 

membranes. Lead also inhibits certain phases in heme 

synthesis. Cadmium is classified as a carcinogen by the 

International Agency for Research on Cancer and belongs 

to the 1
st
 group of carcinogens. Cadmium affects the cell 

development cycle, proliferation, differentiation, DNA 

reparation, replication and apoptosis, leading to 

promotion of cancer in tissues. The aim of our study was 

to check the contents of heavy metals (As, Pb, Hg, Cd) in 

random samples of children's food found on the market of 

the Republic of Serbia. 

 

Materials and methods 

 

ICP-MS was used to determine the content of heavy 

metals in various samples of baby food (flour, instant 

flakes, porridges, purees, juices), as well as in row 

materials used for the local baby food production. The 

content of heavy metals lead, cadmium, mercury and 

arsenic was determined in 7 samples of different types of 

flour, as well as in 14 baby food samples in total, 

produced by 7 different manufacturers. The results were 

compared against the allowed limits from the Rulebook 

on health safety of dietary products. 

The measurement is performed in Realab laboratory, 

using the iCAP RQ ICP-MS instrument. Inductively 

coupled plasma mass spectrometer (ICP-MS) is an 

analytical instrument that combines ICP technology and 

mass spectrometry. ICP uses the powerful high-

frequency radio frequency signal applied to the inductor 

coil to form high-temperature plasma inside the coil, and 

is pushed by the gas to ensure the balance and 

continuous ionization of the plasma. In ICP-MS, ICP 

acts as an ion source. The high temperature plasma 

makes most of the elements in the sample ionize an 

electron to form a monovalent positive ion. Mass 

spectrometry is a mass screening and analyzer that 

detects the intensity of a certain ion by selecting ions 

with different mass-to-nucleus ratios (m/z), and then 

analyzes and calculates the intensity of a certain 

element. 

 

Results and discussion 

 

The content of heavy metals lead, cadmium, mercury 

and arsenic was determined in 7 samples of different 

types of flour. The lead content in the analyzed flour 

samples did not exceed the allowed limit of 0.08 mg/kg 

according to the official requirements. One sample of rice 

flour contained the boundary value for cadmium of 0.02 

mg/kg, while cadmium content in other samples was 

below the allowed limit. The maximal allowed value of 

mailto:basic.jasmina23@gmail.com
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mercury concentration is 0.005 mg/kg, what was 

complied in each sample. The permissible concentration 

for arsenic is 0.08 mg/kg, and the values above the 

permitted level were found in two types of rice flour 

samples (0.109 mg/kg and 0.138 mg/kg), corresponding 

to relative deviations of 126.2% and 162.5%, 

respectively. In other samples, the values were within the 

prescribed limits.  

The analyses of 6 samples of different types of 

porridge for children (spaghetti Bolognese, carrot and 

broccoli, apple and banana, apple and plum, apricot, 

apple) have shown that in all samples lead was below the 

permissible value (0.08 mg/kg). The cadmium content did 

not exceed the prescribed value of 0.02 mg/kg, while the 

concentration of mercury was also below the prescribed 

value of 0.005 mg/kg. The concentration of arsenic was 

found to be below the allowed limit of 0.08 mg/kg.  

Eight types of analyzed instant flakes (4 chocolate 

and one fruit, caramel and biscuit) had a content of lead, 

cadmium, mercury and arsenic below the permitted values 

prescribed by the Rulebook on health safety of dietary 

products. Analysis of 3 different types of fruit puree 

yielded results showed that the lead content in all samples 

was less than 0.015 mg/kg, cadmium and mercury less 

than 0.005 mg/kg, arsenic less than 0.01 mg/kg, which are 

values below the prescribed limits.  

In 4 samples of fruit juice from different types of 

fruit which were analyzed, it was shown that the 

concentration of lead in all samples was below 0.008 

mg/kg, cadmium and mercury below 0.003 mg/kg and 

arsenic below 0.005 mg/kg, which is for each measured 

heavy metal (As, Pb, Hg, Cd) below the prescribed 

values. 

 

 

 

Conclusion 

 

Contaminated food is one of the most important 

sources of exposure to heavy metals. Although most of 

the obtained results were within the allowed limits, 

continuous monitoring of children's food in terms of 

heavy metal content is necessary due to increased 

sensitivity in children to exposure of heavy metals, 

compared to the adults. 

Based on the results obtained by testing 14 samples 

of baby food, it was found that all samples have a content 

of lead, cadmium, mercury and arsenic below the 

permitted values prescribed by the Rulebook on health 

safety of dietary products. Analyzing the raw materials 

used in the production of baby food, it was found that in 

two samples of rice flour the concentration of arsenic was 

0.109 mg/kg and 0.138 mg/kg, respectively, that is 

126.2% and 162.5% above the maximal allowed 

concentrations recommended in the Rulebook on health 

safety of dietary products in the Republic of Serbia.  

Although the number of samples is small to draw 

statistically relevant conclusions (i.e. < 10)  on the 

incidence of baby food contamination with heavy metals, 

it is alarming that deviations from the recommended 

limits where significant (above 100% in relative 

deviation). 
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Introduction 

 

Chlorhexidine, a broad-spectrum antimicrobial 

cationic bisbiguanide, is used as topical antiseptic for the 

treatment of inflammatory dental conditions, especially 

gingivitis. It is approved by the American Dental 

Association as an antibacterial and anti-inflammatory 

agent and is one of the most effective antimicrobial agents 

for reducing the amount of dental plaque and 

periopathogenic microorganisms over a long period of 

time. Also, chlorhexidine use shows positive effects after 

periodontal surgery, participating in healing. However, its 

efficacy in cases where periodontal disease is present has 

not yet been established (Lim and Kam, 2008). 

Chlorhexidine-containing products are present on the 

market in the Republic of North Macedonia mostly in the 

form of mouthwashes or as a gels for intraoral use. All 

mouthwashes present on the market in our country 

contain 0.12% chlorhexidine and 11.6% alcohol with a 

pH of 5.5. 

Numerous side effects caused by chlorhexidine use 

have been reported in the literature. The most common 

side effects include: tooth color modification, reversible 

desquamation of the oral epithelium, alteration of the 

sense of taste and increased deposits, especially in the 

subgingival region (Balagopal and Arjunkumar,  2013; 

Flotra et al., 1971). 

Based on the aforementioned facts regarding the 

possibility of side effects when using chlorhexidine, the 

main goal of this research was to assess the most common 

complications when using chlorhexidine mouthwashes in 

everyday dental clinical practice in Republic of North 

Macedonia. 

 

 

 

Materials and methods  

 

An online survey among dentists was conducted to 

assess the prevalence of various complications that occur 

with chlorhexidine use. A total number of 41 dentists, 

employed in public and private dental health 

organizations or offices, participated in this study. 

The survey consisted of three questions: (1) whether 

dentists recommend the use of chlorhexidine as an adjunct 

to the basic activity for oral hygiene maintain among their 

patients; (2) what are the most common complications 

encountered in patients using chlorhexidine-containing 

mouthwashes, and (3) whether these complications are 

related to the duration of use of chlorhexidine-containing 

mouthwashes. 

Adequate instructions necessary to fulfill the 

questionnaire were given to all participants of this study. 

The questions were simple and respondents were given 

freedom to write answers that are in correlation to their 

knowledge and attitude. 

The collected data was statistic analyzed using SPSS 

(Statistical Package for Social Sciences) version 17.0. 

Descriptive statistics was drawn with respective 

percentages to have a comparative overview. 

 

Results and discussion 

 
Based on the obtained results, it can be noticed that 

most of the dentists participating in the study, or more 

precisely 87.8% recommend mouthwashes to their 

patients. The most common reason for recommendation 

of such type of mouthwashes are mouth odor-fetor ex ore 

(70.7%) and gingival or periodontal diseases (80.5%). 

Other reasons, in a significantly lower percentage, include 

the inability to maintain adequate oral hygiene, usage of 
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orthodontic appliances and fixed prosthodontic 

appliances. 

According to Fiorillo (2019), chlorhexidine, used as a 

mouthwash, is mostly used in order to reduce oral 

bacterial flora. Furthermore, this product can be used for 

prevention and treatment of related plaque diseases and 

some forms of gingivitis or periodontitis.  

The most common side effect the surveyed dentists 

noticed in patients or the patients had complaints about 

was: (1) inappropriate taste or taste disturbance (85.4% of 

dentists noticed it as the most common side effect), (2) 

xerostomia (78.1%) and (3) tooth discoloration (58.6%). 

In a smaller percentage, the most common side effects 

caused by chlorhexidine are: changes in the oral mucosa, 

occurrence of burning mouth syndrome, allergic 

reactions, etc. According to Brookes et al. (2020), 

chlorhexidine as a mouthwash or topical oral gel is not 

without adverse effects, some of the most common being 

dry mouth (xerostomia), altered taste sensations 

(hypogeusia), specifically salt and bitter, and a discolored 

or coated tongue. The data presented in this study largely 

coincide with the results obtained in our study. 

Based on the answers received from dentists, it can 

be noticed that most dentists or 80.5% of the surveyed 

clinicians believe that the side effects caused by 

chlorhexidine are positively correlated with the duration 

of use of chlorhexidine mouthwashes. Surveyed dentists 

believe that this finding implies that people using such 

mouthwashes for a long time are more likely to develop 

one or more side effects. 

The existence of a link between the duration of 

treatment with chlorhexidine-containing mouthwashes 

and the occurrence of side effects has been also confirmed 

by other published studies (Haraji and Rakhshan, 2015; 

Slot et al., 2010). 

 

Conclusion 

 

According to the results obtained in our study, 

although the application of chlorhexidine mouthwashes 

has a number of positive effects, it can also be related 

with numerous side effects, depending on duration of 

usage.  
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Introduction 

 

The process of discovery and development of new 

chemical synthetic drugs is characterized by: expensive 

and difficult research, capital investments and risky 

success rate. These factors have sparked growing interest 

in research into traditional herbal drugs and medicinal 

plants over the past few decades. 

Their long use in the treatment of various diseases in 

traditional medicine indicates a high success rate in the 

discovery and development of new drugs. E.g., from the 

golden grass (Coptis chinensis fam. Ranunculaceae), 

medicinal plant, used in traditional Chinese and 

Ayurvedic medicine for the treatment of inflammatory 

symptoms and infectious diseases for more than 3.000 

years, has been isolated berberine - a substance that has 

powerful antibiotic and anti-inflammatory properties. 

Traditional records of this plant have documented other 

pharmacological effects with potential implications for 

clinical conditions - diabetes, hypertension, 

hypercholesterolemia, depression (Pan et al., 2013). 

 

Discussion 

 

Screening in these processes is determined by:    1. 

Reductionist approach (single target, single compound - 

one goal, one compound). The first phase identifies a 

chemical entity (“hit” - molecule with confirmed 

structure/activity profile of assays) that will be approved 

for clinical trials as Investigational New Drug (IND). To 

define a “hit” requires a primary screening of a number of 

compounds. E.g., antitumor compounds are analyzed on 

cell structure, antibiotics on microorganisms, and 

enzymes on receptors by molecular target analysis. In the 

case where a molecule communicates with multiple 

targets, the identification of a “hit” is performed by 

bioanalytical fractionation methods. 

E.g., curcumin, polyphenol extracted from the 

rhizome of Curcuma longa fam. Zingiberaceae, has: 

anticancer, antiviral, anti-arthritic, antiamyloid, 

antioxidant and anti-inflammatory properties. The second 

phase refers to the clinical trials-research on the 

pharmacological/toxicological effects of “hit” as well as 

structure/activity relationship (SAR) in vitro and in vivo. 

2. Holistic approach (thorough examination of the: 

patient, diagnosis, personal therapy, drug that is a mix of 

several medicinal plants). Practice shows that this is a 

more comprehensive approach than the reductionist one. 

Namely, such a holistic evaluation includes the realistic 

assumption for the occurrence of “prodrug” (formation of 

an active compound after drug intake). E.g. 1, willow 

bark (Salix alba fam. Salicaceae) used as an analgesic, 

was the basis for the development of acetylsalicylate 

(Aspirin
®
). Neither acetylsalicylate nor salicylate is 

present in willow bark. The bark contains salicin, a 

glucoside of salicylic alcohol. In the body, sugar is 

separated and alcohol is oxidized to salicylate 

(“prodrug”). E.g. 2, Δ9-tetrahydrocannabinol (THC) as a 

minor degradation product of THC-acid with low activity 

is present in the plant Cannabis sativa fam. 

Cannabinaceae. By heating THC-acid (through smoking 

or brewing tea), and its decarboxylation, the active 

compound THC (“prodrug”) is released (Wilkinson et al., 

2003). Modern approaches to the research and 

development of traditional herbal drugs include 

revolutionary new technologies (carbon dioxide 

extraction, membrane separation, semi-bionic extraction, 

molecular destillation, enzyme extraction), and ADMET 
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(Absorption, Distribution, Metabolism, Excretion and 

Toxicity) studies, and ADME (Absorption, Distribution, 

Metabolism and Excretion) level interaction profile (Pan 

et al., 2013). Strategies for the detection of herbal drugs 

include two other important segments: 1. Environmental 

ethics (moral principles governing human attitudes 

towards the environment and rules of conduct for the care 

and preservation of the environment) - Environmental 

ethical principles should be respected for time of 

exploitation of medicinal plants and development of 

herbal drugs. In many developing countries, traditional 

herbal drugs are used as the primary source of health care 

and are much cheaper than new single – component 

drugs. 2. Sustainable development - In 2004, the World 

Wildlife Fund released data – 20% of the world's 

traditional medicinal plants are facing extinction due to 

overexploitation. E.g., The Chinese Red Book of Plants in 

the category of “rare and endangered plants” includes: 

Ginkgo biloba fam. Ginkgoaceae, Magnolia officinalis 

fam. Magnoliaceae, Panax ginseng fam. Araliaceae 

(Singh, 2002). Very often biologically active metabolites 

of medicinal plants that were previously directly applied 

as a drug, today are produced commercially (synthetic or 

semi-synthetic). E.g., caffeine, theophylline, theobromine, 

ephedrine, emetine, papaverine, p-carotene. No less 

important is the role of these metabolites as a chemical 

model for the design, synthesis and development of new 

drugs. The identification and isolation of phytochemical 

groups (each group contains many individual chemical 

entities) in plant materials are key to the discovery of new 

drugs. E.g., over 10.000 alkaloids have been isolated, and 

only about 80 have clinical use - Belladonna’s alkaloids 

(for the design and synthesis of anticholinergics), 

physostigmine (for anticholinesterase drugs), quinine (for 

antimalarial drugs), cocaine (for local anesthetics: 

benzocaine, procaine, lidocaine), codeine and morphine 

(for analgesics: pentazocine, propoxyphene, methadone, 

meperidine), papaverine (for verapamil), Galegine (for 

metformin as an antidiabetic) (Pan et al., 2013). In recent 

years, there is a great interest in the so called ”hybrid 

molecule” (composed of different drug entities that are 

covalently linked). The creation of such a molecule can 

greatly contribute to the optimization of biological 

properties, emphasizing affinity and selectivity, as well as 

to obtain new biological activities different from those of 

the original drug entities. One of the main sources of 

components for a ”hybrid molecule” are medicinal plants 

due to the great potential of bioactive substances (Decker, 

2011). The multi-herbal formulation as a major feature of 

herbal drugs in traditional medicine supports research on 

the ”hybrid molecule”. In multicomponent herbal 

formulations (e.g., an Indonesian tea blend known as 

“jamu”, containing 30 different medicinal plants) a 

“hybrid molecule” is created as a result of the interaction 

between the present medicinal plants (their active 

substances) (Pan et al., 2013). The hybrid approach is a 

promising path for new drug molecules whose effective 

targets are most often multifactorial diseases and 

neurodegenerative disorders (Alzheimer's disease and 

Parkinson's disease). No less important is their 

applicability in the development of new: anticancer, 

antimalarial drugs, estrogen hybrids (Decker, 2011). 

 

Conclusion 

Ethno-medical studies on the correlation between the 

ethno-medical use of medicinal plants and modern drugs 

discovered by those plants (Fabricant and Farnsworth, 

2001) confirmed that 88 plant metabolites isolated from 

72 medicinal plants introduced into modern therapy have 

the same or similar therapeutic purpose as their original 

use. Modern treatment with medicinal plants is in terms of 

major sources for new active metabolites that need to be 

technologically defined in standardized pharmaceutical 

dosage forms. Ethno-pharmacological methodology 

should essentially link traditional empirical knowledge of 

ethno-medical preparations with bio-scientific research. 
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Introduction 

 

One of the largest genera of the Scrophulariaceae 

family is the genus Verbascum. Species of this genus are 

commonly known as “mullein” (Ghahremania et al., 

2020). Verbascum species are used in both traditional and 

regular medicine, in the treatment of internal and external 

diseases. European Medicines Agency (EMA) 

recommends the use of Verbasci flosin respiratory 

disorders, but traditional medicine recommends the use of 

the whole aerial parts of Verbascum species also to treat 

skin inflammations, wounds, and other dermatological 

problems. Numerous biological properties have been 

proven in different Verbascum species: anti-

inflammatory, antioxidant, antimicrobial, antiviral, 

antinociceptive, antitussive,etc. All activities are related 

to plants’ chemical constituents, so there are a lot of 

different compounds identified in Verbascum species, 

grouped into classes: saponins, iridoids, phenylethanoid 

glycosides, monoterpene gluco sides, flavonoids, etc. 

(Angeloni et al., 2021). Considering the numerous 

biological effects of Verbascum species studied so far, the 

aim of our study was to identify the secondary 

metabolites of ethanolic extracts of Verbascum niveum 

flowers and leaves, a species about which there is very 

little literature data. 

 

 

 

 

 

Materials and methods  

 
Materials 

 
The plant material (flowers and leaves) was collected 

in the vicinity of Bosilegrad in July 2021. Botanical 

identification of the specimens was performed at the 

Faculty of Science and Mathematics, University of Niš, 

where the voucher specimens were stored. Extracts were 

prepared by percolation with 50% ethanol according to 

European Pharmacopeia 10.0 (2019) (European 

Pharmacopeia, 2019).  

 

HPLC  

 
RP-HPLC coupled with DAD detection was 

employed for the detection and quantification of 

secondary metabolites (phenylethanoid glycoside 

verbascoside, some iridoids, flavonoids, and phenolic 

acids). Chromatograms of extracts and standards were 

recorded under the same conditions. 

 

Results and discussion 

 

According to our results, both flower and leaf 

extracts have a high content of phenylethanoid glycoside 

verbascoside (2.06 mg/g dry extracts in flowers and 73.85 

mg/g dry extract in leaves) alongside significant amounts 

of iridoids, flavonoids, and phenolic acids. In folk 

medicine, verbascoside is used in the treatment of 

inflammations and microbial infections (Alipieva et al., 

mailto:maja.grigorov@gmail.com
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2014). Flower extract were richer in iridoids (catalpol 

85.13 mg/g dry extracts and aucubin 1.73 mg/g dry 

extracts), while leaf extract had a higher amount of 

flavonoids (luteolin 14.80 mg/g dry extracts, apigenin 

1.02 mg/g dry extracts, chrysoeriol 1.32 mg/g dry 

extracts. Iridoids exhibit numerous biological activities 

such asanti-inflammatory, antiallergic, antidiabetic, 

hypolipidemic, antioxidant, antibacterial, antiviral, 

antifungal, cardioprotective, hepatoprotective, 

neuroprotective, gastroprotective, and wound healing 

activities (Thabet et al., 2022). Flavonoidsare a group of 

polyphenols, primarily valued for their antioxidant 

activity, but they also possess anti-inflammatory, 

anticancer, and antimutagenic effects (Panche et al., 

2016). Some phenolic acids (gallic acid, protocatechuic 

acid, and vanillic acid) were found in both extracts, while 

others were detected in leaves only or in flowers (i.e. p-

hydroxybenzoic acid was found in flower extract; 

chlorogenic acid and caffeic acid in leaves extract). 

Phenolic acids play a wide range of protective roles such 

as antioxidant, anti-proliferative, and anti-inflammatory 

(Pana et al., 2021). All investigated secondary metabolites 

possess numerous biological activities, and in our 

extracts, they are represented in significant amounts, 

which indicates that the species scan have numerous 

beneficial effects and for that, it will stay in the focus of 

our investigation.   

 

Conclusion 

 

Although we have not found much data on this 

species in the literature, based on our results Verbascum 

niveum has a significant amount of various secondary 

metabolites, which express numerous biological effects, 

and is, therefore, a plant species with great potential.  
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Introduction 

 

According to the World Health Organization, 

anaemia prevalence is up to 29% in women in 

reproductive age, and up to 39 %inchildren. Among all 

the cases, iron deficiency has been pointed out as a 

leading global health problem. Regarding literature data, 

some of the plant species can be consideredas natural 

source of Fe and could be of interest for production of 

herbal food supplements. Plants take up elements from 

the soil through their roots and from the air through their 

leaves. Fourteen of them are essential, and necessary for 

normal life cycle. Few of them have a building function 

and represent parts of plant enzymes. Plant nutrients 

belong to the group of primary macronutrients: N, P and 

K; secondary macronutrients: Ca, S and Mg or 

micronutrients/elements in traces: B, Cl, Mn, Fe, Zn, Cu, 

Mo and Ni (Bunt, 1989). Few elements have beneficial 

importance such as Si and Co. Besides, there are other 

trace elements whosebiological role is still insufficiently 

known (As, Br, F, Li, Se, Ti, V), as well as toxic elements 

(Pb, Cd, Cr, Al) that plants accumulate in different 

amounts, depending on environmental conditions (Barker 

and Pilbeam, 2006). The content of elements can vary a 

lot depending on many factors. Nevertheless, edible 

plants represent biological source of these elements for 

other living organisms including humans and provide one 

of the ways to prevent its deficiency.  

  

 

Wild plants from genus Chenopodium play an important 

role in the diet of inhabitants in different parts of the 

world, providing minerals, fibres, vitamins, essential fatty 

acids, etc. (Pachauri et al., 2013). Macedonian species 

have not been an issue of chemical characterisation so far, 

with the exception of published results of an analysis of 

essential oil composition of C. botrys (Adji Andov et al., 

2014). Therefore, the aim of this study was to determine 

the content of the selected macro- and microelements in 

the wild growing samples ofC.botrys and C. album, 

collected from different localities in R. N. M. and their 

evaluation as novel sources of plant-based iron. 

 

Materials and methods  

 

Plant material 

 

Plant material (25 specimens) consisting of aerial 

flowering part (herba) and dried roots (radix) of two 

Chenopodium species (C. album and C.botrys) were 

collected as indigenous plants from different localities in 

Republic of North Macedonia. 

 

Mineralization of the plant material:  

 
Plant samples (0.5 g) were placed in Teflondigestion 

vessels (OMNI/XP 1500). Then, 7 mL (69%, m/v) 

HNO3and 2 mL H2O2 (30%, m/v) were added. The vessels 
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were capped closed, and after 24 hours, were placed in the 

rotor of the Mars microwave digestion (CEM, USA). 

The digestion was carried out on 180 °C in two steps, first 

25 min and then additional 15 min.The digests were 

filtered throughfilter paper (Munktell, Sweden), 

quantitatively transferred to 25 mL calibrated flasks, 

diluted with demineralized water and analyzed for the 

selected metals. 

 

Instrumentation 

 
All analyzed elements (Ca, K, Mg, P, Na, Cu, Fe, 

Mn, Zn, Al, Sr,) were determined by the application of 

inductively coupled plasma atomic emission spectrometer 

(ICP-AES) (Varian, 715-ES) equipped with an ultrasonic 

nebulizer CETAC (ICP/U-5000AT+) for better 

sensitivity. All results were calculated on a dry weight 

basis (mg/kg DW).  Each data represents the mean ± two 

standard deviations of three samples. 

 

Results and discussion 

 

In total, 11 elements (Ca, K, Mg, P, Na, Cu, Fe, Mn, 

Zn, Al, Sr) were determined in 25 specimens of aerial 

flowering parts (herba) and dried roots (radix) of C. 

album and C.botrys by the application of inductively 

coupled plasma atomic emission spectrometry (ICP-

AES).  

The content of microelements (Zn, Na, Fe, Mn and 

Cu) and two related elements (Al and Sr) in C. album and 

C. botrysherba ranged from 4.0 mg/kg for Cu to 965.6 

mg/kg for Fe. The most abundant element in all 

investigated specimens of herba was Fe (33.3-965.6 

mg/kg). The content of Sr was also high, from 13.2-44.1 

mg/kg, while the content of Al was in much broader 

range, from 16.7-1609.0 mg/kg. The content of these 

elements in C. album and C. botrys radix were lower than 

in herba, ranging from 4.2 mg/kg for Cu to 566.5 mg/kg 

for Fe. Iron was dominant in herbal extracts of C. botrys, 

while for C. album higher amount of these element was 

determined in radix.  

The content of seven investigated elements (Fe, Al, 

Na, Sr, Mn, Zn and Cu) was higher in samples of C. 

bortys herba from Kozuf, Strumica and Zletovo which 

were characterised by very large amounts of Fe. Large 

amounts of Fe, Al and Na were found in all investigated 

samples of C. album radix from Dojran, Krivolak and 

Stip. Finally, radix of C. album and the whole plant of C. 

botrys could be considered asa natural source of very 

important elements (Zn, Mn, Cu), especially Fe, but the 

safety of large content of Al in these plants should be 

further examined.  

The obtained research results fromour study were in 

accordance with the few references considering mineral 

content of C. album and other related Chenopodium 

species. According to Guerrero et al. (1997) the contents 

of some elements (Na, K, Ca, Mg, P, Fe, Cu, Zn and Mn) 

in C. album, C. murale and C. opulifolium were higher 

than in other green leafy vegetables (Guerrero et al., 

1997). Similarly, the literature data about mineral 

contents of C. botrys is very limited. Malayeri et al. 

(2008) found C. botrys to be very good bio-accumulator 

of heavy metals, especially for Fe, Mn, Zn and Cu as 

these elements can rich up to 4145 mg/kg, 175 mg/kg, 

276 mg/kg and 56 mg/kg, respectively (Malayeri et al., 

2008).  

 

Conclusion 

 

C. album and C. botrys from Macedonian flora are 

rich in K, Ca, Mg and P. C. album herba represents a 

good natural source of macro-elements compared to C. 

botrys herba which could be consideredas biological 

source of important microelements such as Cu, Zn, Mn, 

Na, Sr and especially Fe. Differences in the contents of 

macro- and microelements were evident, depending on 

the harvesting region, but much more on the biological 

characteristics of the plants as well as plant organs used in 

the analysis. Both species, especially C. botrys should be 

considered as a promising source of important elements, 

but further research is required for analyzing their safety, 

nutritive value and health benefits. 
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Introduction 

 

Coenzyme Q10 (2,3 dimethoxy-5 methyl-6-

decaprenyl benzoquinone - CoQ10) is a lipid-soluble 

antioxidant, vitamin-like quinone commonly known as 

ubiquinone or vitamin CoQ10 present in all tissues and 

membranes in the body. CoQ10 plays an important role in 

the mitochondrial respiratory chain, for synthesis of 

adenosine triphosphate (ATP). Further, it protects the 

phospholipids and the proteins in the mitochondrial 

membrane, from lipid peroxidation (Saini, 2011). On the 

contrary, Cisplatin, is an antineoplastic drug that is used 

for treating wide spectrum of human malignancies. 

However, its therapeutic outcome is limited due to 

development of nephrotoxicity and myelosuppression. 

Few mechanisms are involved such as generation of free 

radicals, inhibition of protein synthesis and lipid 

peroxidation of the membranes. One of the most 

important targets of Cisplatin are the mitochondrias, 

where it reduces the amount of ATP, and consequently 

increases the ROS species (Choy et al., 2015). 

The development of new 

pharmacological/therapeutical approaches and using 

supplements that aim the same targets as the 

chemotherapy but in the opposite direction, becomes a 

game-changer recently. Several clinical studies provided 

evidence supporting the use of supplements in preventing 

of Cisplatin induced damage of the bone marrow cells 

(Lin et al., 2020; Sinha et al., 2015). Therefore, the aim of 

this study was to evaluate the influence of the 

supplementation with CoQ10 on the myelosuppression 

induced by the treatment with Cisplatin on rats. 

 

Materials and methods 

 

Materials 

 

A “ready to use” Cisplatin solution (1 mg/mL) was 

purchased from Accord, Latvia and used as received. 

CoQ10 standard was supplied from Sigma-Aldrich, 

Germany. All other chemicals were of 

pharmaceutical/chemical grade and were used without 

further modifications. 

 

Sample preparation of CoQ10 for i.p. administration 

 

The weight of each rat was reevaluated before 

preparing the CoQ10 solution, and the dose was adjusted 

accordingly. CoQ10 powder was solubilized in saline 

solution (0.9% NaCl) containing 1% Tween 80 to prepare 

CoQ10 solution (5 mg/ml). Final solution was obtained 

after continuous mixing and heating (200 rpm, 65 C, 15 

min). Afterwards, ascorbic acid (0.1%) was added to 

maintain the antioxidant capacity of the prepared solution.  

Obtained results were statistically analyzed using T 

test with significant level(p<0.05), in XLSTAT 

(Statistical Software for Excel). 

Methods 

 

This experiment involved sixty male, normotensive 

Wistar rats (250-300 g), obtained from the animal house 
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of Faculty of Natural Science and Mathematics, UKIM 

Skopje and kept in wire polypropylene cages under 

typical laboratory environment (temperature 25±2 °C and 

artificial 12 h light/12 h dark cycle). The rats were fed 

with animal standard pellet diet and water ad libitum and 

allowed to acclimatize 1 week prior to the study. The 

animals were divided in 4 groups, each one of 15 rats.  

Rats in group 1 (Cisplatin treatment) received Cisplatin 5 

mg/kg i.p on the 4-th day of the experiment as a single 

dose. Rats in group 2 (Cisplatin/CoQ10 treatment) 

received Cisplatin 5 mg/kg i.p, on the 4-th day, and 

CoQ10 10 mg/kg i.p, for 11 days, each day of the 

experiment. Group 3 (CoQ10 treatment) included rats that 

received only CoQ10 10 mg/kg i.p, for 11 days, each day 

of the experiment. The rats in group 4 served as a control 

and received physiological solution containing Tween 80 

and ascorbic acid, i.p. (Fouad et al., 2010). During the 

investigation, blood samples for hematological analyses 

(HGB, WBC, LYM, MON HCT, RBC, RDWa, MCH, 

MCHC, MCV) were taken from the tail of the rats, on day 

2, day 6 and day 12 of the experiment. 

 

Results and discussion 

 

The CoQ10 group showed significantly increased 

levels for HGB, WBC, LYM, as well as decreased level 

for MON compared to the other three groups such as the 

Cisplatin group, the Cisplatin/CoQ10 group, and the 

control group. The control group also showed 

significantly increased HGB levels than the Cisplatin 

group, as well as with the Cisplatin/CoQ10 group. 

However, there was a negligible difference in HGB levels 

between the Cisplatin group and the Cisplatin/CoQ10 

group. Significantly increased levels for RBC and MCV 

in the Cisplatin/CoQ10 group compared to the Cisplatin 

group were observed (p < .05). Increased RBC in the 

CoQ10 group compared to the Cisplatin group was 

noticed. HCT values were significantly increased in the 

CoQ10 group compared to the rest of the groups. 

However, there was an insignificant increase in HCT 

levels in the Cisplatin/CoQ10 group compared to the 

Cisplatin group. WBC levels for Cisplatin/CoQ10 were 

significantly elevated compared to the Cisplatin group. At 

the same time, there was a significant decrease in the 

levels for MON and LYM in the Cisplatin/CoQ10 group   

compared to the Cisplatin group. Significantly increased 

MCV levels in the Cisplatin/CoQ10 group compared to 

the Cisplatin group were found. The obtained results 

correlate with the results of other studies where CoQ10 

supplement was used to improve the impaired 

hematological parameters (Kennedy et al., 2020). These 

results are pointing out the inevitable Cisplatin induced 

anemia and toxicity/myelosuppression and are in positive 

correlation with the results obtained in other studies 

examined the toxicity/myelosuppression of Cisplatin 

(Song et al., 2017).  

 

 

Conclusion 

 

Carried out experiments revealed that many supplements 

can protect Cisplatin-induced myelosuppression in rats. 

However, our data give an insight about the possibility of 

using a supplement e.g CoQ10, together with the standard 

medicine Cisplatin, in order to mitigate the toxic 

Cisplatin-induced consequences in the bone-marrow.   
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Introduction 

 
Detection of cancer in the early stages is crucial for 

its effective treatment and favorable prognosis. Hence, a 

lot of efforts are being invested in identifying novel 

methodologies with low invasiveness, high specificity and 

sensitivity, to be employed in the diagnosis and 

monitoring of malignant invasion. One of latest 

achievements in this field is the liquid biopsy, which 

current status is reviewed in this article along with its 

potential use in diagnosing and monitoring colorectal, 

lung, melanoma, prostate, ovarian, bladder, 

hepatocellular, central nervous system, breast and 

pancreatic cancer. Liquid biopsy is not yet established in 

the routine clinical practice, but recent research suggests 

its potential to become the gold standard in oncology 

diagnostics in the near future. 

 

Liquid biopsy - a promising novel methodology in 

the oncological laboratory 

 

Liquid biopsy is an innovative, promising technique 

able to comprehensively characterize a malignant disease 

in a minimally invasive way utilizing samples of blood, 

saliva, urine which are much easy obtained in comparison 

to tissue specimens. Furthermore, the short processing 

time, low failure rate and high tolerability, make this 

technique applicable for monitoring of the treatment 

response (Rodríguez et al., 2021). A variety of analytes 

can be identified in the patients’ samples including: 

circulating tumor cells (CTC) and circulating tumor DNA 

(ctDNA), circular RNAs-in particular microRNA 

(miRNAs), circulating transcriptome which represents 

different long non-coding RNAs (lnRNAs) and coding 

RNA, autoantibodies, exosomes and other extracellular 

vesicles, that have gained tremendous interest in the scope 

of biomarker research. 

CTCs provide relevant information on the tumor 

composition and invasiveness and have the potential to 

determine the effectiveness/need of a specific therapy and 

guide the therapeutic treatment. They can be detected 

even in absence of metastases and provide information on 

the mechanism of drug resistance. On the other hand, 

ctDNA can more accurately represent the existence of the 

tumor in real time and the likelihood of recurrence in 

patients receiving therapy. Furthermore, ctDNA can 

originate from any tumor lesion in the body, so that 

sampling bias is minimized, it enables genotyping and 

thus the use of personalized, targeted therapy but also can 

be used for dynamic monitoring of the cancer progression 

via the genetic mutations associated with different stages 

of the cancer development. Exosomes are used as 

diagnostic analytes because they carry the protein, DNA, 

and RNA transcript making them a small set of 

biomarkers with multiple analytes (Yu et al., 2021). 

Analysis of ctDNA methylation can enable the diagnosis 

of high-risk patients with HCC (hepatocellular carcinoma) 

at an early stage and also become an alternative method of 

HCC monitoring in the future. The molecular 

characterization of ctDNA and CTCs can be applied for 

more advanced monitoring of the post-treatment CTC 

levels which indicate tumor recurrence and reduced 

survival in patients, while the exosomal miRNAs allow 

early diagnosis of HCC. CTCs test is also used as a 

prognostic tool for breast, prostate, pancreatic ductal 

adenocarcinoma and colon cancer. Furthermore, miRNA 

can act as a tumor suppressor and thus stop tumorigenesis 

but on the other hand can lead to metastatic progression 

and cancer growth. Several studies have found that 

miRNAs can be detected in serum, mononuclear cells, 
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and whole blood in cancer patients, including miRNA-

195 and let-7a in breast cancer, miR-21, miR-210 and 

miR-486-5p in lung cancer and miR-141 in prostate 

cancer (Yang et al., 2022). 

Exosomes have also been shown to contain long non-

coding RNAs (lncRNAs), which act as messengers of 

interaction between two cells, some lncRNAs being more 

abundant in exosomes while others are less common. 

Recent research has shown that exocosome-derived 

lncRNAs affect tumor apoptosis, proliferation, and 

migration, but is also involved in angiogenesis promotion. 

A biomarker of this type, that has already been approved 

for clinical use in diagnosing of prostate cancer is PCA3, 

but many other LncRNAs could be associated with 

malignancies like the thyroid, bladder, liver, lung, gastric, 

esophageal, colorectal, breast cancer and gliomas (Preethi 

et al., 2022). 

Circular RNAs (circRNAs) have greater diagnostic 

and prognostic accuracy for several tumor types and the 

ability to monitor their progression, but they are still 

under development with great potential to be applied in 

clinical practice in near future (Wang et al., 2021). The 

location of the primary or metastatic lesions affects the 

presence of circular RNA in various body fluids. Circular 

RNA as a potential biomarker has been tested in a number 

of cancers including gastric, pancreatic, breast and small 

cell lung cancer, hepatocellular, colorectal and urothelial 

bladder carcinoma, lung adenocarcinoma and chronic 

myeloid leukemia. CircRNA is a stable biomarker with 

high tissue specificity. So far, several circRNA molecules 

have been evaluated for their potential to be used as 

diagnostic biomarkers. Several of them, including Cdr1as, 

circITCH, circPVT1, and circHIPK3, have been 

expressed in a variety of cancers. Cdr1as (ciRS-7) is a 

regulator of miR-7 circRNA, a tumor suppressor in breast, 

lung, and brain cancer. Some circRNAs also enable a 

differential diagnosis between cancer subtypes, such as 

circPVT1, that is associated with a favorable prognosis in 

gastric cancer and a poor prognosis for colorectal cancer. 

Among the liquid biopsy biomarkers in the focus of 

latest investigation is the enzyme carbonic anhydrase IX, 

enzyme for diagnosing and monitoring cancer 

progression. Namely, tumor cells use specific reactions 

catalyzed by the carbonic anhydrase to lower the 

extracellular pH by producing lactic acid and hydrating 

CO2, involving thereby the carboanhydrase in tumor 

growth and development. CA IX is markedly expressed in 

solid tumors of the uterus, kidneys, lungs, colon, breast, 

brain, and ovaries (Ozensoy Guler et al., 2020). 

 

 

 

 

 

Conclusion 

 

The data presented clearly emphasize the emerging  

potential of liquid biopsy to be employed as a minimally 

invasive, precisely tailored and cost-effective method in 

clinical diagnosis and monitoring of malignant invasion. 

Clinical application of liquid biopsy is already paving the 

way for precision theranostics and personalized medicine.  

The most investigated and advanced biomarkers for liquid 

biopsy are circulating tumour cells (CTCs), circulating 

cell-free tumour DNA (ctDNA), circular RNAs 

(circRNAs), micro-RNAs (miRNAs), long non-coding 

RNAs (lncRNAs), tumor-derived extracellular vesicles 

(tdEVs), and exosomes. All of them contribute to define 

the  levels of disease progression and  meet the two main 

criteria of good biomarkers that are being representative 

of all the neoplastic lesions that a patient has at a certain 

point of time and allow serial longitudinal analyses with 

minimal or no discomfort for the patient.Therefore, it is 

anticipated that different approaches in the liquid biopsy 

will revolutionize the clinical practice by offering novel 

insights into the precision medicine of oncology. 
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Introduction  

 

Human saliva is abundant in proteins, peptides and 

other components like amylase, cystatins, hormones, 

lysozyme, lactoferrin, mucin, lipase, peroxidase and 

growth factors with variable concentrations in numerous 

pathological processes located not only in the mouth, but 

also throughout the whole body (Shah, 2018). Efforts are 

being made towards its application in the laboratory 

diagnosis and monitoring of various diseases as well as 

evaluating therapeutic responses. Replacing traditionally 

used serum markers with newer ones originating from the 

saliva could enable less risky and stressful sampling 

procedure and faster access to various therapeutic 

interventions. Additionally, this biomaterial is suitable for 

certain population groups such as pediatric patients, 

owing to the enhanced compliance. 

 

Aim of the study and methodology 

  

This research encompassed a comprehensive 

literature survey which was conducted using the PubMed 

database.  The keywords: salivary proteome, proteomics, 

salivary markers and diabetes were applied as keywords 

and publication within the past 5 years was used to filter 

the results. All papers that met these criteria along with 

some suggested in the section "similar articles" were 

reviewed with an aim to summarize the current status and 

identify future directions for research in this field. 

 

 

 

 

Discussion 

 
Improperly regulated glucose concentration can 

havea profound effect on the salivary proteome causing 

changes in the expression of various proteins. This was 

confirmed in the observational study conducted by a 

group of scientists in Beijing, China (Jia et al., 2021). 

Among the 5,721 proteins that were quantified, 

significant association with Diabetes Mellitus type 2 (DM 

2) was demonstrated for 40 proteins. The proteins 

involved in oxidative stress-related processes were up-

regulated, while those associated with saliva secretion 

were down-regulated. In addition, the three proteins 

XNDC17, ZG16B and FAM3D enable distinction 

between states of elevated versus decreased glucose 

levels. Interestingly, this study is one of the few to use LC 

– MS / MS relying on the data-independent acquisition 

(DIA) method to investigate salivary composition. 

Namely, DIA is a recently-developed global proteomics 

strategy based on MS, that offers better understanding of 

pharmacokinetics, pharmacodynamics and facilitates drug 

development (Jia et al., 2021).  

A group of scientists and clinicians from Athens, 

Greece, detected for the first time approximately 2000 

salivary proteins, involved in the pathology of DM 1 by 

conducting a cohort study with more than 36 pediatric 

patients. S100-A7, Beta defense 4A, HPSE, AMBP, ALB, 

A2M, APOA2, LPO, SERPIN, S100A2 were down-

regulated among the patients and the following 

bioinformatics analysis of these proteins suggested their 

application in preventive therapeutic approach. On the 

other hand, proteins such as: phospholipid transport 
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ATPase IF, DENR, KRT7, SPRR1A, CASP4, S100A10, 

PSMB7 were upregulated (Pappa et al., 2018).  

Since the inflammatory mediators are directly 

associated to the pathology of DM, numerous salivary 

inflammatory proteins can be used in the clinical 

management. Thus, a cohort study was performed on 20 

subjects diagnosed with DM 2, which identified the 

adipokines such as resistin, visfatin, and ghrelin as key 

salivary biomarkers, considering that inflammatory 

adipokines could be used for early diagnosis in patients 

with high risk of developing DM 2 (Srinivasan et al., 

2018). A study conducted by Agho in 2021 found a 

significantly increased level of salivary C-reactive 

protein-CRP, as an indicator of inflammation in patients 

with DM versus healthy controls. CRP measured by 

ELISA can be used as a diagnostic and monitoring 

marker, because of the positive correlation with HbA1C 

values (Agho et al., 2021) The study by Zhang and the 

collaborators, evaluated the association of Common 

Salivary Protein 1 levels with DM, paving the way for 

further research that could result in replacement of the 

traditional laboratory analysis of DM using serum as a 

material with an advanced method. Аccording to their 

data which were later also confirmed by Fouani, the levels 

of Common Salivary Protein were significantly increased 

compared to the controls. Тhis is extremely important, 

given the fact that rapid diabetes screening is required in 

order to start the treatment early and thus avoid 

complications associated with the disease (Fouani et al., 

2021; Zhang et al., 2020).  

Inadequately controlled glucose concentration is 

directly related to changes in the oral cavity as well as 

other complications of DM. Thus, changes in sodium-

glucose cotransporter 1-(GLT1) protein and aquaporins 

(AQP), are associated with xerostomia as a complication 

of DM. This is particularly noticeable in AQ5 in which 

increased expression is observed as a result of oxidative 

stress caused by hyperglycaemia. Along with AQP, nitric 

oxide synthase- tetrahydrobiopterin protein (NOS-BH4) is 

a key promoter of hyposalivation in the pathology of 

xerostomia. This finding can be useful in the development 

of new therapies for this complication. In addition to these 

proteins associated with xerostomia, the study of Fouani 

also pointed salivary amylase as a marker for monitoring 

DM progression (Fouani et al., 2021). The same year 

2021, a research group examined the salivary proteome in 

adolescents as the most common population group that 

would benefit from this type of diagnostic approach. The 
identified proteins such as proline-rich proteins, mucins, 

histatins, cystatins, and statins protect the tooth surface, 

attract calcium ions, and promote remineralization. 
Decreased salivary secretion in children with DM 1 

causes changes in salivary protein composition and is 

significantly associated with caries prevalence. Тhe 

increased incidence of caries in this study population is 

clarified by the decreased regulation of the most 

differentially expressed proteins, that are involved in the 

protective mechanisms of caries (Pappa et al., 2021). 

 

Conclusion 

 

The published literature undoubtedly highlights the 

saliva potential for performing rapid and accurate 

diagnosis of DM even in outpatient setting. The pathology 

and chronical presentation of the disease itself, warrant 

periodic monitoring which can be conveniently achieved 

using saliva specimens. This review identified several 

directions for further research in this field with well-

designed studies involving larger cohorts for validation of 

the proposed biomarkers or identification of others and 

more importantly standardization of the methodology for 

sampling and analyzing the saliva with proteomic 

approach. 
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Introduction 

 

Risperidone is a broadly prescribed antipsychotic drug 

and potent dopamine D2 and serotonin 5-HT2 receptors 

antagonist, effective in alleviation of positive and negative 

symptoms in schizophrenia and related psychotic 

disorders. Its main metabolite - 9-hydroxyrisperidone (9-

H-RIS), a product of cytochrome (CYP) 2D6 enzyme 

activity, is equipotent to parent drug regarding dopamine 

receptor affinity. Cumulative concentrations of risperidone 

and 9-OH-RIS represent the active moiety (AM), while 

their ratio is referred as metabolic ratio (MR). Furthermore, 

risperidone and 9-OH-RIS are substrates and inhibitors of 

efflux transporter P-glycoprotein (multidrug resistance 

protein 1, MDR or ABCB1). ABCB1 is involved in the 

control of drug bioavailability, affecting its absorption, 

elimination and transport through the blood-brain barrier 

(Jukic et al, 2019).                 

Existing CYP2D6 gene polymorphisms result in 

phenotypes that can be categorized as poor (PM), 

intermediate (IM), normal (NM) and ultra-rapid 

metabolizers (UM) of numerous drugs, including 

risperidone. PM phenotype is linked to higher risperidone 

exposure and subsequent higher risk of adverse effects. In 

UMs, lower exposure to risperidone is related to higher risk 

of treatment ineffectiveness. According to available 

studies, levels of 9-OH-RIS and AM are not affected by 

polymorphisms in CYP2D6 (Dodsworth et al., 2018).  

Although ABCB1 gene is characterized by high 

polymorphism, investigators are primarily focused on three 

SNPs (Single Nucleotide Polymorphisms), 1236 C>T in 

exon 21 and 3435C>T in exon 26, as well as 2677G>T/A 

in exon 21, which may influence the PK parameters of 

risperidone, 9-OH-RIS and AM (Ganoci et al., 2021). 

The objective of this study is to evaluate the effect of 

concomitant CYP2D6 phenotype and ABCB1 overall 

haplotype/genotype on the pharmacokinetics (PKs) of 

risperidone and 9-OH-RIS in healthy volunteers. 

 

Materials and methods  

 

The study sample comprised of sixteen unrelated, 

healthy male volunteers, aged 19-49 years, with Ideal Body 

Weight according to the Body Mass Index 18-28, non-

smokers, included into a single center, open, single dose, 

randomized, balanced, two - way crossover study with a 

wash - out period of two weeks, aimed to evaluate and 

compare the relative bioavailability of two Risperidone 2 

mg tablets formulations, conducted at the Department of 

Preclinical and Clinical Toxicology and Pharmacology - 

Faculty of Medicine, University “Ss. Cyril and Methodius” 

in Skopje, R.N. Macedonia.  

Concentrations of risperidone and its active metabolite 

were determined using validated HPLC-MS/MS method. 

Identification of CYP2D6 (*2A [rs16947]; *2XN 

[rs1135840]; *3 [rs35742686]; *4 [rs3892097]; 6A 

[rs5030655]; *9 [hCV32407229]; *10A [rs1065852]; *41 

[rs28371725]; CNV [Hs00010001_cn]) and ABCB1 

(C1236T  [rs1128503]; G2677A/T   [rs2032582]; C3435T 

[rs1045642]) variant alleles was completed at the Center 
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for Biomolecular and Pharmaceutical analysis - Faculty of 

Pharmacy, Skopje, University “Ss Cyril and Methodius” in 

Skopje, R.N. Macedonia, using real-time polymerase chain 

reaction method [MxPro 3005P, Stratagene, La Jolla, CA, 

USA]  and TaqMan SNP/drug metabolism genotyping 

assays according to the manufacturers’ instructions 

[Applied Biosystems, Foster City, CA, USA].  

All PK parameters (AUC0-t, AUC0-, Cmax, Tmax, Kel 

,Cltot, t1/2) expressed as mean ± SD,  were estimated from 

the plasma concentrations-time dependent data and 

calculated using KINETICA™ 2000 software (Innaphase 

corporation, USA). The PK/PGx correlation was 

statistically evaluated using MedCalc 20.111 software. 

Differences in PKs among groups with different CYP2D6 

phenotype/ABCB1 overall haplotype/genotype were 

assessed using Kruskal-Wallis test and Conover test for 

post hoc analysis. Factors with p≤0.05 were considered as 

statistically significant. 

 The study was conducted in accordance with the 

national legislation on clinical research in humans and the 

Helsinki declaration. 

Results and discussion 

High interindividual variabilities (interval between the 

minimal and maximal value), regarding all PK parameters, 

were observed for both, risperidone and 9-OH-RIS. 

Variation of AUC0-t and AUCt- for risperidone was 11.22-

388.32 mg h L-1 and 0.38-14.14 mg h L-1; while it was 

57.05-248.35 mg h L-1 and 3.59-20.28 mg h L-1, 

respectively, for 9-OH-RIS.  

Mean values of Cltot, Kel, cmax, tmax and t1/2 for 

risperidone vs its metabolite were 0.06 L h-1, 0.21 h-1, 12.10 

mg L-1, 0.92 h and 7.95 h vs. 0.01 L h-1, 0.30 h-1, 7.83 mg 

L-1, 4.20 h and 24.17 h, respectively. The calculated AM 

and MR were 19.93 mg L-1 and 3.40, respectively. 

According to the results from CYP2D6 genotyping, 2 

subjects were identified as PMs, 3 as UMs and 11 as 

NM/IM. The three ABCB1 polymorphisms were addressed 

as overall haplotype/genotype, and subjects were classified 

as homozygote carriers of variant alleles-TT/TT/TT (N=5), 

homozygote carriers of wild type alleles-CC/GG/CC 

(N=2) and heterozygote carriers of both allele types (N=9).  

In order to evaluate the concomitant influence of 

CYP2D6/ABCB1 status on the PK variability, subjects 

were subsequently classified in seven distinctive groups: 

PM/variant (N=1), PM/heterozygote (N=1), UM/variant 

(N=1), UM/heterozygote (N=2), NM/IM/variant (N=3), 

NM/IM/wild (N=2) and NM/IM/heterozygote (N=6). 

None of the subjects was classified as PM/wild and 

UM/wild.  

The PK/PGx statistical analysis revealed that 

CYP2D6/ABCB1 status was associated with a variability in 

following risperidone PK parameters: AUC0-t  (p=0.019), 

AUCt- (p=0.031), AUC0- (p=0.019), Cltot (p=0.019), cmax 

(p=0.035), and tmax (p=0.025). Excluding tmax (p=0.004), no 

significant difference in 9-OH-RIS PKs was observed 

across the groups. Interindividual variability in MR, but not 

AM was found to be substantially related to concomitant 

CYP2D6/ABCB1 status (p=0.005). 

 In general, according to the post hoc analysis, there 

was no statistical differences in PKs between CYP2D6 

PMs or UMs, carriers of ABCB1 homozygote vs. 

heterozygote variant alleles. On the contrary, there was a 

significant difference (p<0.05) in risperidone AUC0-t, AUC 

t-inf and Cltot between CYP2D6 NM/IMs, carriers of ABCB1 

homozygotes of variant alleles vs. wild type alleles. 

The obtained results are in line with the previously 

published data, signifying the role of CYP2D6 as an 

important genetic factor affecting the exposure to 

risperidone, but not to 9-OH-RIS and/or AM. Our results 

also validate the significance of ABCB1 overall 

haplotype/genotype regarding systemic bioavailability of 

risperidone (Ganoci et al., 2020). Furthermore, presented 

data suggest a possibility for a subsequent ABCB1 

genotyping in CYP2D6 NM/IMs patients, particularly in 

those experiencing risperidone treatment failure.   

Conclusion 

In conclusion, CYP2D6 phenotype, compared to 

ABCB1 overall genotype/haplotype, is the predominant 

genetic factor affecting PK parameters of risperidone. The 

justification for concomitant CYP2D6 and ABCB1 

genotyping has to be additionally proven in studies with 

larger sample size and in prospective randomized clinical 

trials.    
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Introduction 

Neurodegenerative disorders comprise a broad group 

of neurological diseases with diverse symptomatic 

manifestations, of which Alzheimer’s and Parkinson’s 

diseases are with the highest prevalence. Despite years of 

extensive research and considerable advances made 

towards a better understanding, nowadays the underlying 

cause still remains unknown. What has been revealed is 

highly complex pathogenesis with multiple contributing 

genetic and environmental factors. Commonly the 

following are observed: protein misfolding and plaque 

aggregation, mitochondrial dysfunction, transition metal 

ions dysregulation, oxidative stress, neuroinflammation, 

leading to neuronal death (Angelova, 2021). The true apex 

(if one) may yet be unknown, but there is compelling 

evidence of the early events. Post-mortem studies of 

patients’ brains show increased peroxidation of 

biomolecules, suggesting that oxidative damage precedes 

the senile plaques formation (Van Bulck et al., 2019). 

However, the currently approved therapies remain single-

target and provide only a symptomatic treatment with 

adverse side effects unable to arrest the disease’s 

progression. A more recent alternative and promising 

approach beyond the ‘one-molecule, one-target’ paradigm 

is the Multi-Target-Directed Ligand (MTDL) strategy. In 

order to make a real impact and be efficient in interrupting, 

or  even have a chance of curing the degenerative process, 

the MTDLs must be aimed as high as possible at the 

pathological cascade’s hierarchy. The current review aims 

to provide a brief summary of our achievements so far and 

any future prospects regarding the drug-design of 

benzimidazole and indole based multi-target compounds 

for the treatment of neurodegenerative disorders. Our 

research is mainly inspired by the hypothesis that the 

inhibition of oxidative stress with a simultaneous rendering 

of neuroprotection might delay the degeneration 

progression. The structural design represents a carefully 

planned molecular hybridization of pharmacophore 

subunits (arylhydrazone, propargyl, catechol, hydroxy and 

methoxy moieties, etc.) with proven activity targeted 

upstream the neurotoxic cascade, with special emphasis on 

antioxidant activity, intended to eliminate the major 

oxidative stress sources through three different 

mechanisms: i) direct free radical scavenging; ii) inhibiting 

monoamine oxidase-B (MAO-B); iii) balancing the metal 

dyshomeostasis - processes coinciding with three different 

major causes of protein aggregation and overall toxicity. 

Broad series of benzimidazole and indole arylhydrazone 

hybrids have been synthesized (Anastassova et al., 2021; 

Anastassova et al., 2022) and evaluated through a variety 

of neurobiological, antioxidant and theoretical methods. 

The following is an overview of the neurotoxicological and 

neuroprotective effects of the N,N’-disubstituted 

benzimidazole-2-thione and the N-alkylated 

benzimidazole derivatives. 

Neurobiological properties evaluation 

Establishing a safety profile is an essential part of the 

potential drug characterization. The neurotoxicolocial 

potential of the compounds was assessed by measuring the 

cell viability of the neuroblastoma SH-SY5Y cell line and 

isolated rat brain synaptosomes using melatonin and 

rasagiline as reference compounds. Series I constitutes a 
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small library of 19 disubstituted benzimidazole 

arylhydrazone containing a variety of methoxy and 

hydroxy combinations. Six of them bearing residues of 

syringaldehyde, salicylaldehyde, 2,3-dihydroxy-, 2,4-

dihydroxy-, 2-hydroxy-6-methoxy-, 2-hydroxy-4-

methoxy-, 2-hidoxy-2-methoxy and 4-hydroxy-2-

methoxybenzaldehyde had IC50 values > 200 µM and were 

considered of low toxic potential and thus most perspective 

for further studies. In the monosubstituted Series II, the 

isomers containing one hydroxy and one methoxy group 

had the highest IC50 values of 256.12 and 311.43 μM. 

Similarly, the compounds did not show any toxic effect on 

the functional-metabolic status of rat brain synaptosomes, 

neither on the synaptosomal viability, nor the levels of the 

reduced glutathione (GSH). The neuroprotective effects 

were evaluated on a model of H2O2-induced oxidative 

stress in SH-SY5Y cells generating ROS and leading to 

cellular lipids, proteins and DNA damage. The compounds 

bearing two OH groups (2,3- and 2,4diOH, 50 μM) 

demonstrated remarkable activity, more pronounced than 

melatonin and rasagiline, restoring the cell viability up to 

79% and 80% whereas for the reference compounds it was 

barely 52% and 39%. On the same model, among Series II 

the strongest effects were exhibited by the 2-hydroxy-4-

methoxy derivative (10 μM) - also surpassing the ones by 

the references by restoring the cell viability to 71%, further 

confirmed by a microscope observation on the cell 

morphology. The studies on a model of 6-

hydroxydopamine (6-OHDA)-induced neurotoxicity in 

synaptosomes showed that all of the tested compounds 

from Series I had protective properties, yet the 2,3diOH 

arylhydrazone (10 μM) outstood significantly inhibiting 

the decrease in synaptosomal viability by 71% and GSH 

level to 62% compared to 6-OHDA treatment. In series II 

the same compound (2OH-4OMe, 10 μM) displayed again 

activity that exceeded the reference compounds, preserving 

the synaptosomal viability up to 75%.  

All of the tested arylhydrazones showed a capability 

to inhibit MAO-B on the fluorimetric AmplexRed method, 

as the most potent among Series I was the catecholic 

compound with 2,3diOH residues, whereas in Series II was 

the 2OH-4OMe derivative whose activities were 

statistically identical to the clinically used rasagiline and 

selegiline. The docking studies confirmed that the 

hydrazone group is significant for the effective interaction 

ligand orientation. The potent activity of the 2OH-4-OMe 

was explained by its structure being appropriate for 

entering deep in the narrow and mostly lipophilic active 

site pocket of the enzyme, interacting favorably with the 

key amino acid residues Tyr326 and Cys172. In 

comparison, the better MAO-B inhibition of the catecholic 

disubstituted compound is explained by their longer chains 

enabling them to reach closer proximity of FAD and fill the 

whole active site with one of the phenolic rings in close 

proximity to flavine moiety.  

 

Radical-scavenging properties evaluation  

 

The radical-scavenging activity has been studied by a 

variety of methods. Using iron-induced oxidative 

degradation of lecithin both Series showed lower 

absorbance values compared to melatonin, i.e. lower extent 

of molecular damage. As the most potent protectors of 

Series I effective up to 40%, the ones bearing fragments of 

syringaldehyde, 2,3-dihydroxy and 3,4-dihydoxy moieties 

were denoted. In a similar fashion in Series II the catecholic 

compounds were distinguished as the 3,4diOH’s effect was 

up to 48%. Additionally, studies were carried out using 

chemiluminescent and spectrophotometric assays. In 

chemiluminescent model systems with hypochlorite and 

superoxide radicals hybrids from Series I with residues of 

vanillin and syringaldehyde had significantly higher 

scavenging activity compared to melatonin. At the non-

enzymatic superoxide generated in the KO2 system, only 

the 2,3diOH decreased significantly the SPh-SI compared 

to controls. In the xanthine/xanthine oxidase model system 

again the dihydroxyl compounds 2,3- and 2,4diOH) 

decreased significantly the SPh-SI indicating a capability 

to prevent the NBT reduction. At the maximal tested 

concentration compound 10 decreased the SPh-SI to 64%.  
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Introduction 

 

Two of the most chemically active, hence harmful, 

physiologically significant reactive species (RS) are the 

hydroxyl radical (•OH) and the hydroperoxyl radical 
(•OOH) (Kell et al., 2009). They tend to attack a variety 

of molecular sites, especially such that contain conjugated 

double bonds. They are associated with lipid 

peroxidation, breaking down lipids to malondialdehyde 

(MDA) and other MDA-like products (Moore and 

Roberts, 1998). Lipid peroxidation and the associated 

chain reactions can be prevented with the help of 

antioxidants. Antioxidants are molecules that are able to 

interact with RS and, via hydrogen atom transfer (HAT) 

or electron transfer reactions, “neutralize” the unpaired 

electrons of RS, thus making them less harmful to living 

systems. The present work deals with an in-vitro 

investigation of the impact of two triazole derivatives - 

sodium 2-(4-chlorophenyl)-5-(pyrrolidin-1-yl)-2H-1,2,3-

triazole-4-carboxylate and 2-(4-chlorophenyl)-5-

(pyrrolidin-1-yl)-2H-1,2,3-triazole-4-carboxylic acid 

(named BNP01 and BNP03, respectively) - on the 

degradation of 2-deoxyribose, caused by UV-induced 

water radiolysis. Additionally, the ability of BNP01 and 

BNP03 to participate in HAT and electron-transfer 

reactions would be tested in order to attempt to identify 

the molecular sites, responsible for the possible 

antioxidant activity. 

 

Materials and methods 

 

Materials 
 

All materials were of highest grade (pro analysis) 

SIGMA-ALDRICH (Sigma-Aldrich Chemie GmbH, 

Taufkirchen, Germany). Bi-distilled water and 95% 

ethanol were used as solvents. For the Deoxyribose 

Degradation Assay the following solutions were prepared: 

6.0 mM water solution of deoxyribose; 1% water solution 

of thiobarbituric acid (TBA); 3% water solution of 

trichloroacetic acid (TCA); 50mM K-Na phosphate saline 

solution (PBS) with pH=7.4. The antioxidant capacity by 

way of HAT was measured using a stock ethanol solution 

of 2,2-diphenyl-1-picrylhydrazyl radical (•DPPH), 
prepared according to well-established protocols (Kedare 

and Singh, 2011; Molyneux, 2004). The electron-

exchange potential of the substances was established 

using the 2,2’-azino-bis(3-ethylbenzothiazoline-6-

sulphonic free radical (ABTS•+
) assay. For that purpose, 

as per Erel (2004a, b) were prepared the following 

solutions: 0,4 mmol acetate buffer, pH-5.8; 0.03 mmol 

acetate buffer solution, pH=3.6 with ABTS and H2O2 in 

order to produce the stable ABTS•+
.  

A Shimadzu UV1601 spectrophotometer was utilized 

for all UV-VIS measurements. Kinetic setting was used 

with 10 second lag time and 300 second measuring time. 

Results were calculated using the data obtained after 300 

seconds. 

For each tested concentration, three parallel 

measurements were taken, each one representing an 

individual datapoint. Averages and standard deviations 

were calculated. Relative changes within the limits of 

experimental error were not discussed. The impact of the 

varying concentrations on the results obtained was 

statistically verified using one-way ANOVA, followed by 

Bonferroni post-test. 

 

Deoxyribose Degradation Assay 

 

The investigation utilized a modified protocol by 

Halliwell et al. (1987). •OH and •OOH are generated by 
UV-induced water radiolysis (Burns and Sims, 1981). 

Degradation of 2-deoxyribose to MDA-like products is 

estimated with the TBA assay. The following molarities 

of each substance were tested: 1*10
-4

 M, 3*10
-5

 M, 1*10
-5

 

M, 3*10
-6

 M and 1*10
-6

 M. The degree of 2–deoxyribose 
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degradation was calculated as a Spectrophotometric 

Scavenging Index (SPh-SI):  𝑆𝑃ℎ − 𝑆𝐼,% = 𝐴𝑠𝑎𝑚𝑝𝑙𝑒𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ∗ 100 

DPPH Assay 

 

For each concentration, the absorbance of three types of 

samples was measured at =517 nm – “blank”, “control” 

and “sample”. The HAT activity of the substances was 

calculated as Radical Scavenging Activity (RSA): 𝑅𝑆𝐴,% = 𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − (𝐴𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑙𝑎𝑛𝑘)𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 ∗ 100 

The following molarities of each substance were tested: 

1*10
-4

 M, 3*10
-5

 M and 1*10
-5

 M. 

ABTS Assay 

 

For each concentration, the absorbance of three types of 

samples was measured at =660 nm – “blank”, “control” 

and “sample”. The participation in electron-exchange 

reactions was presented as RSA, calculated with the same 

formula as the DPPH test. The following molarities of 

each substance were tested: 1*10
-4

 M, 3*10
-5

 M and 1*10
-

5
 M. 

 

Results and discussion 

 

Both substances significantly suppress the 

degradation of 2-deoxyribose at the highest concentration 

(1*10
-4

 M). At 3*10
-5

 M the sodium salt (BNP01) 

behaves as a more potent antioxidant than its conjugate 

acid (BNP03). At concentrations of 1*10
-5

 M and below, 

both substances seem to exhibit a very slight antioxidant 

effect. 

BNP01 displayed very close to zero tendency to 

participate in HAT reactions with DPPH within the entire 

range of investigated concentrations. BNP03 interacted 

with the stable radical to a small extent at the highest 

concentration. Its activity dropped in a concentration-

dependent manner to practically zero at 1*10
-5

 M. Since 

both substances did not manifest any significant activity 

at 1*10
-5

 M, the authors deemed it unnecessary to test 

lower concentrations. 

At the highest concentration both substances 

interacted with ABTS•+
 to a limited extent, the activity of 

BNP01 being slightly higher. The activities of both seem 

to decrease in a concentration-dependent manner to near 

zero within the limits of the experimental error at 1*10
-5

 

M, therefore, the authors decided not to test lower 

molarities. 

 

Conclusions 

Based on the aforementioned experimental data, the 

following conclusions can be drawn: 

- both BNP01 and BNP03 are in-vitro scavengers of 

free radicals, derived by UV radiolysis of water in 

presence of 2-deoxyribose. Their activity decreases in a 

concentration-dependent manner; 

- BNP01 does not participate significantly in HAT 

reactions with DPPH, while BNP03 manifests an 

observable activity at concentrations above 1*10
-5

 M. The 

authors propose that the higher observable HAT activity 

of BNP03 is due to the active hydrogen from the carboxyl 

group; 

- both compounds interact with ABTS•+
 - BNP01 

seems to be a better scavenger of the stable radical at 

1*10
-4 

M compared to its conjugate acid. The activity 

decreases in a concentration-dependent manner to 

practically zero at 1*10
-5

 M. 
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Introduction 

 

Lung cancer remains a deadly disease threatening 

public health and causing significant mortality and 

morbidity worldwide, as a result of the aging and growth 

of the population, as well as the increase in cancer-causing 

habits, particularly smoking (Jemal et al., 2011).  

Lung cancer is divided into two groups, namely small 

cell lung cancer (SCLC) and non-small cell lung cancer 

(NSCLC). NSCLC is responsible for 85% of all lung 

cancer cases and consists of three subgroups: squamous 

cell carcinoma, adenocarcinoma, and large cell carcinoma 

(Zappa and Mousa, 2016).  

The best treatment option for NSCLC is still the 

complete surgical resection (Nascimento et al., 2015). 

However, NSCLC is mostly diagnosed at locally advanced 

or metastatic stages when surgery is no longer an option. 

In these cases, radiotherapy and chemotherapy become 

important therapeutic approaches (Li et al., 2016). 

Chemotherapeutic agents destroy not only cancer cells 

but also normal cells and correspondingly have many side 

effects (e.g. fatigue, alopecia, anemia, bleeding). Besides, 

the resistance to existing chemotherapeutic agents limits 

the efficacy of chemotherapy. As a result, the discovery of 

potent anticancer agents devoid of severe side effects is 

still an uphill task for researchers (Iksen et al., 2021). 

Chalcones have come into prominence as promising 

lead compounds for the treatment of cancer owing to their 

structural features allowing these ligands to interact with 

biological targets, high therapeutic index, negligible side 

effects, and ease of synthesis (Sharma et al., 2015). 

Prompted by the scientific reports related to chalcone-

based anticancer agents, herein new chalcones were 

synthesized efficiently and evaluated for their cytotoxic 

effects on A549 human lung adenocarcinoma cells. 

Materials and methods  

 

Chemistry 
 

All chemicals were purchased from commercial 

suppliers and used without further purification. Melting 

points (m.p.) were detected on a digital melting point 

apparatus (Electrothermal, Staffordshire, UK) and are 

uncorrected. Infrared (IR) spectra were recorded on a 

Fourier Transform IR spectrophotometer (Shimadzu, 

Tokyo, Japan). Nuclear magnetic resonance (NMR, 1H and 
13C) spectra were acquired using a NMR spectrometer 

(Bruker, Billerica, MA, USA). High Resolution Mass 

Spectrometry (HRMS) spectra were recorded on a LCMS-

IT-TOF system (Shimadzu, Kyoto, Japan).  
 

General procedure for the preparation of chalcones (1a-g) 
 

A mixture of substituted 2-acetylthiophene (0.01 mol) 

and aromatic aldehyde (0.01 mol) in the presence of 40% 

(w/v) aqueous sodium hydroxide (5 mL) in ethanol (35 

mL) was stirred at room temperature for 48 h. Upon 

completion of the reaction, the reaction mixture was 

poured into crushed ice. The precipitated solid was filtered, 

washed with water, and dried. The product was crystallized 

from ethanol (Özdemir et al., 2015). 

All spectral data of compounds 1a and 1b were 

presented below: 
 

1-(4-Methylthiophen-2-yl)-3-(1-methoxynaphthalen-2-

yl)prop-2-en-1-one (1a) Yield: 91%, M.p.: 123-124 °C. IR 

νmax (cm-1): 3068.75, 3055.24, 2935.66, 2837.29, 1631.78, 

1579.70, 1556.55, 1510.26, 1463.97, 1454.33, 1417.68, 

1352.10, 1298.09, 1269.16, 1247.94, 1232.51, 1188.15, 

1149.57, 1101.35, 1043.49, 1028.06, 968.27, 839.03, 

796.60, 744.52, 713.66, 686.66, 624.94. 1H NMR (300 

MHz, DMSO-d6): 2.29 (s, 3H), 4.07 (s, 3H), 7.26 (d, J= 
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14.37 Hz, 1H), 7.34-7.39 (m, 1H), 7.43-7.47 (m, 1H), 7.55-

7.62 (m, 1H), 7.67-7.74 (m, 1H), 7.83 (d, J= 15.69 Hz, 1H), 

7.94-7.97 (m, 1H), 8.08 (d, J= 9.15 Hz, 1H), 8.20 (d, J= 

8.61 Hz, 1H), 8.32 (d, J= 15.72 Hz, 1H). 13C NMR (75 

MHz, DMSO-d6): 15.72 (CH3), 56.60 (CH3), 113.81 (CH), 

116.12 (C), 123.57 (d, J= 48.75 Hz, CH), 124.24 (d, J= 

23.25 Hz, CH), 126.84 (d, J= 38.25 Hz, CH), 128.54 (d, J= 

21.00 Hz, CH), 129.17 (d, J= 21.75 Hz, CH), 130.17 (CH), 

131.55 (d, J= 27.75 Hz, CH), 132.78 (d, J= 12.75 Hz, CH), 

135.42 (CH), 136.25 (2C), 139.60 (C), 145.34 (C), 157.75 

(C), 182.35 (C). HRMS (ESI) (m/z) [M+H]+ calcd. for 

C19H16O2S: 309.0944, found: 309.0933.  
 

1-(4-Methylthiophen-2-yl)-3-(4-(pyrrolidin-1-

yl)phenyl)prop-2-en-1-one (1b) Yield: 80%, M.p.: 126-127 

°C. IR νmax (cm-1): 3076.46, 3062.18, 2974.23, 2939.52, 

2841.15, 1629.85, 1606.70, 1556.55, 1521.84, 1485.19, 

1421.54, 1394.53, 1321.24, 1300.02, 1224.80, 1203.58, 

1178.51, 1147.65, 989.48, 975.98, 860.25, 842.89, 808.17, 

696.30. 1H NMR (300 MHz, DMSO-d6): 1.95-1.99 (m, 

4H), 2.28 (s, 3H), 3.30-3.34 (m, 4H), 6.58 (d, J= 8.82 Hz, 

2H), 7.51 (d, J= 15.33 Hz, 1H), 7.57 (s, 1H), 7.62 (d, J= 

15.45 Hz, 1H), 7.68 (d, J= 8.82 Hz, 2H), 8.05 (s, 1H). 13C 

NMR (75 MHz, DMSO-d6): 15.85 (CH3), 25.42 (2CH2), 

47.75 (2CH2), 112.16 (2CH), 115.69 (CH), 121.77 (CH), 

130.25 (CH), 131.44 (2CH), 134.65 (CH), 139.18 (C), 

144.80 (C), 146.41 (C), 149.89 (C), 181.58 (C). HRMS 

(ESI) (m/z) [M+H]+ calcd. for C18H19NOS: 298.1260, 

found: 298.1243. 

 

Biochemistry 
 

MTT assay was performed to assess the cytotoxic 

effects of compounds 1a-g on A549 human lung 

adenocarcinoma cell line (ATCC® CCL-185™) as 

described earlier (Altıntop et al., 2018). Cisplatin was used 

as a positive control. 

 

Results and discussion 

 

Compounds 1a-g were synthesized and investigated 

for their cytotoxic activities towards A549 human lung 

adenocarcinoma cells. Among compounds 1a-g, 

compounds 1b and 1a showed stronger anticancer activity 

towards A549 cells than positive control cisplatin (IC50= 

18.33±0.94 μg/mL) with IC50 values of 11.61±2.47 μg/mL 

and 14.34±0.45 μg/mL, respectively. According to the in 

vitro data, the methyl substituent attached to the 4th 

position of the thiophene ring significantly enhanced the 

anticancer potency. 

 

 

 

 

Conclusion 

 

In conclusion, we described the synthesis and in vitro 

evaluation of a new series of chalcones (1a-g) as anti-

NSCLC agents. Compounds 1a and 1b were the most 

potent anti-NSCLC agents in this series with IC50 values of 

14.34±0.45 μg/mL and 11.61±2.47 μg/mL, respectively 

compared to cisplatin. In the continuation of this work, 

further studies are required to elucidate their mechanism of 

anti-NSCLC action.  
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Introduction 

 

Alzheimer’s disease (AD) is an irreversible, 

progressive, neurodegenerative disorder and the foremost 

cause of senile dementia worldwide. Even though the 

particular molecular mechanisms for the pathogenesis of 

AD have not been fully understood, several hypotheses 

have been proposed, elucidating the initial 

neurodegeneration in the disease. Among these, the two 

most widely accepted are cholinergic and amyloid 

hypotheses (Tiwary et al., 2019).   

Most of the currently used therapeutic agents are 

primarily centering towards the improvement of 

acetylcholine (ACh) brain levels by inhibiting the function 

of AChE (acetylcholinesterase) enzyme. Some of these 

AChE inhibitors (AChEI) have been successfully 

employed in clinical practice for AD management, but 

some of them are related to serious side effects and are only 

acting for the palliative treatment in the early stages of AD 

(Marucci et al., 2021). Among AChEIs, donepezil, bearing 

N-benzylpiperidine and indanone moiety, represents one of 

the most successful drug molecules in current AD 

treatment. Unlike other drugs in AChEI class, donepezil 

shows selective and potent inhibitory activity against the 

enzyme, targeting both main binding sites of the enzyme 

(catalytic anionic site-CAS and peripheral active site - 

PAS), thus acting like AChE and Aβ aggregation inhibitor. 

Since AD has a multifactorial pathoetiology, designing 

such multi-target-directed ligands (MTDLs) able to 

concurrently modulate multiple targets is the most 

convenient and rational approach for developing novel 

agents for its treatment. This multi-targeted action, 

combined with favorable pharmacokinetics and safety-

profile, makes donepezil a supreme candidate for further 

modification and optimization, eventually leading to 

enhancement of its selectivity, efficacy and potency 

(Kareem et al., 2021).    

 

Design of coumarin-isatin-triazole hybrids for 

treatment of Alzheimer’s disease 

 

Recently, a hybridized approach based on MTDLs has 

received considerable attention in developing therapeutic 

agents for AD which act at multiple targets. This can be 

achieved by merging two or more pharmacophores within 

a single molecule, usually generating compounds with 

higher affinity and efficacy compared to the parent 

molecules. This approach, known as molecular 

hybridization has already provided drug candidates for 

several clinical trials (Abdolmaleki and Ghasemi, 2017). 

 Regarding previously published data, some 

coumarine (2H-chromen-2ones) and isatin (1H-indole-2,3-

dione) derivatives have been reported to exhibit potent 

inhibitory activity towards AChE. Additionally, distinctive 

structure and electronic features of N-heterocycles such as 

triazoles might be beneficial for the development of novel 

drug compounds, including AD drugs, concerning their 

activity as AChE inhibitors (Bhagat et al., 2021; Davis and 

Eckroat, 2021).   

According to aforementioned particulars, we have 

designed a series of novel coumarin-triazole-isatin hybrids. 

These three moieties can be incorporated in a single 

molecule, possibly improving the binding interactions with 

the AChE. As mentioned before, AChE has two distinctive 

binding sites, referred as PAS, located at the rim of the 

gorge and CAS at the terminal part of the active site gorge. 

Indanone moiety of the donepezil interacts with PAS, 

while N-benzylpiperidine with CAS (Kareem et al., 2021). 

In designed series, coumarin represents a surrogate of 

indanone moiety of donepezil, potentially binding with 
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PAS (Bhagat et al., 2021). Triazole ring, on the other hand, 

as a structural surrogate of piperidine ring of N-

benzylpiperidine moiety, similary as isatin, can interact 

with CAS (Bhagat et al., 2021; Davis and Eckroat, 2021). 

Therefore, hybrid molecules with theoretical biological 

features as donepezil are obtained. Considering the dual 

AChE (due to binding CAS affinity) as well as Aβ 

aggregation inhibitory activity of donepezil (attributed to 

interactions with PAS), the designed series of hybrid 

compounds are anticipated as multifunctional anti-

Alzheimer agents. 

 

Proposed synthetic pathways of coumarin-isatin-

triazole hybrids 

 

Designed hybrids can be synthetized via a series of 

chemical reactions utilizing click chemistry approach. 

Since being introduced in late 90s, click chemistry has 

become a prevalent topic in organic synthesis, considering 

its modularity, simplicity, ease of purification, 

stereospecificity and high yields of resulting products 

(Meghani et al., 2017).   

Via initial step of the proposed synthesis, 

bromoalkylated coumarines are yield when selected 

hydroxy coumarines react with dibromoalkanes. This first 

reaction in the synthetic pathway of proposed hybrids is a 

typical Williamson reaction, which is a general method 

where ether is produced by combining alkoxide and 

organohalide via an SN2 reaction. Since alkoxide ions are 

highly reactive, carbonate base or potassium hydroxide are 

most often used for their in situ generation. A wide range 

of solvents can be used, but protic and apolar solvents show 

a tendency of slowing down the reaction, so acetonitrile 

and N,N-dimethylformamide (DMF) are commonly used.  

In the following step, previously obtained 

bromoalkylated coumarines react with sodium azide 

(NaN3), a strong nucleophile, leading to nucleophilic 

displacement reaction and creating analogous N-azidoalkyl 

coumarins. 

Consequently, isatin derivatives  can be propargilated 

using propargyl bromide  in the presence of K2CO3 in DMF 

through an SN2 reaction, creating particular 1-(prop–2-

ynl)indoline-2,3–dione products.  

The final molecules, corresponding coumarin-

triazole-isatin hybrids can be prepared from N-azidoalkyl 

coumarins and 1-(prop–2-ynl)indoline-2,3–diones in the 

presence of the catalytic amount of copper sulfate and 

reducing agent such as sodium ascorbate, employing 

Copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC). 

This reaction between azides and terminal alkynes to form 

1,2,3-triazoles is a classic example of a click reaction. It is 

greatly regiospecific and leads to formations of 1,4-

substituted products. It usually does not require high 

temperatures and can be completed in a range of solvents 

and over wide pH ranges. Furthermore, it proceeds much 

more faster compared to uncatalyzed version of the 

reaction (Hein et al., 2008).  

 

Conclusion 

 

In this short communication, design tactic for rational 

incorporation of coumarin, isatin and triazole moieties into 

a single molecule was described and consecutive synthetic 

pathway was defined. Nevertheless, actual synthesis and 

successive in vitro biological evaluation should be 

performed in order to confirm or reject theoretical strategy 

described in this paper. 
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Introduction 

 

In plasma, drugs are often bound to proteins such as 

albumin and alpha-1 acid glycoprotein (AGP). Plasma 

protein binding (PPB) of a drug has a significant effect on 

drug disposition and pharmacological activity (Meyer and 

Gultman, 1968; Vallner, 1977). One of the major 

physiological roles of AGP involves the binding and 

transportation of a range of endogenous and exogenous 

ligands. PPB is a focus of great importance in the 

pharmaceutical sciences as this interaction is a major 

factor in drug transport to tissue receptors, storage and 

prevention of metabolism (Kremer et al., 1988). In 

average healthy adults, the plasma concentration of AGP 

is approximately 10 – 20 μmol/L; whereas in diseased 
states, such as sepsis, it can increase up to 5-fold (Eap et 

al., 1991; Voulgari et al., 1982). Therefore, the effect of 

AGP binding on the pharmacological activity of highly 

bound drugs can be significant during acute phase 

reactions. 

AGP is classified as one of the positive acute phase 

proteins (Kremer et al., 1988). It is composed of a single 

polypeptide chain which contains 183 amino acids with 

two disulfide bonds and five carbohydrate chains (Aubert 

and Loucheux-Lefebvre, 1976). The polypeptide 

component only contributes about a half of its total 

molecular mass of approximately 41 kDa, the rest of its 

mass derives from the five N-linked sialyl-glycans which 

confer AGP with a net negative charge at physiological 

pH. These features also render AGP very soluble and 

acidic (pI ~2.8 – 3.8) (Fournier et al., 2000; Schmid et al., 

1977). The carbohydrate content of AGP is about 45 % 

(w/w), including 14 sialic acid residues per molecule 

(Schmid et al., 1977). The glycan structures show 

microheterogeneity under physiological conditions and 

the partially or fully desialylated AGP is known to exist in 

plasma of patients with liver disease (Serbource-Goguel 

Seta, 1983; Treuheit et al., 1992). Therefore, in certain 

disease states such as cancer, liver cirrhosis and 

inflammatory rheumatic disease, AGP has less sialic acid 

residues. In addition, it is expected that the sialic acid 

residues may be involved in different binding affinity 

and/or stereoselectivity because they contribute to the 

binding of some basic drugs to AGP such as propranolol.  

The main goal of this study is to utilize isothermal 

titration calorimetry (ITC) to characterize the microscopic 

thermodynamic parameters that drive the binding of 

propranolol to native and desialylated AGP. However, the 

effect of sialic acid residues on binding by AGP is of 

interest both therapeutically and mechanistically not only 

for propranolol but also for other drugs administered 

orally that have a narrow therapeutic index, as this 

information could provide solutions for prescribing the 

correct drug dose in the clinic. In addition, changes in 

binding could lead to a change in the drug binding 

properties of AGP, which may have pharmacokinetic and 

pharmacodynamic implications. 

 

Materials and methods 

 

Materials 
 

Human AGP (lot #018K7535) and (±)-propranolol 

were obtained from Sigma-Aldrich Chemie GmbH. All 

other reagents were of analytical grade or better. 

 

Desialylation of human AGP 

 

Desialylated AGP was prepared by incubation of 

immobilized sialidase beads (Immobilized SialEXO®) in 

the native human serum AGP buffered solution (2.5 

mg/mL AGP, 25 mM HEPES, pH 7.4) at room 

temperature. After the incubation period of 24 hours, the 

desialylated sample was collected, washed out with water, 
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and concentrated by centrifugal filtration (3 min 1 000 

rcf).  

 

ITC measurements  

 

Microcalorimetric measurements of propranolol 

binding to native and desialylated AGP were performed 

on an MicroCal PEAQ ITC isothermal titration 

calorimeter (Malvern Panalytical Ltd, UK). The samples 

were thoroughly degassed beforehand. AGP samples (200 

µM) in 25 mM HEPES buffer pH 7.4 were filled into the 

sample cell and titrated with a 1 mM propranolol solution 

in protein buffer dialysate at 250 s intervals. The cell 

contents were stirred constantly at 700 rpm. The ITC 

titrations were performed at 37 °C. Titrations for each 

different AGP sialylation form were repeated two or more 

times, using different working solution preparations as 

well as control experiments (drug into buffer) under the 

same injection conditions.  

 

Results and discussion 

 

Thermodynamic forces that drive the binding of 

propranolol to native (AGP+s) and desialylated (AGP-s), 

were characterized using modern ITC. The binding 

affinity (KD) was determined to be 9.16 µM and 6.09 µM, 

respectively. Thus, the binding percent is 40.3 % which in 

turn indicates unsignificant binding. Thermodynamic 

signature for both bindings showed similar trend. 

Although, binding of propranolol to AGP-s displayed 

greater parameters.  Binding enthalpy (∆rH°), entropy 

(∆rS°) and Gibbs free energy (∆rG°) were 27.5 %, 77.3 % 

and 3.61 % different, respectively. Values were negative 

for both ∆rH° and ∆rG° which indicates an exothermic 

and spontaneous interaction and leads to favorable 

enthalpy while values for ∆rS° were unfavorable. 

Negative ∆rH° and ∆rS° changes arise from hydrogen 

bond formation and van der Waals’ interactions. High 

negative ∆rH° values in the case of both bindings indicate 

that interaction is predominantly through hydrogen 

bonding interactions, especially since propranolol exists 

in ionized form at pH 7.4. Negative ∆rS° value indicated a 

further contribution from van der Waal’s interactions and 

more conformational changes. 

 

 

Conclusion 

 

ITC study suggests that the interaction of propranolol 

and AGP is an exothermic process and is driven mainly 

by enthalpy change. It indicated that the electrostatic 

interactions play a major role in the binding. The ITC 

study indicated approximately 1:1 stoichiometry. The 

removal of sialic acid dramatically diminished the 

conformational changes of AGP upon binding with 

propranolol, suggesting weaker interactions between 

AGP+s and propranolol. This study reported that ITC 

method could provide some valuable information to 

understand protein-drug interactions in drug development 

and optimization.  
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Introduction 

 

The administration of antioxidants is a leading 
strategy in the prevention and treatment of health 
disorders resulting from decreased antioxidant capacity. 
The prolonged exposure to oxidative stress is a key factor 
in cancer development because it damages cellular 
structures and impairs cellular functions related to DNA 
mutations, gene instability and cellular proliferation 
(Heyes et al., 2020). It is known that the reactive oxygen 
species (ROS) act as a secondary precursor in the 
intracellular signaling pathway that induces and maintains 
the oncogenic phenotype of cancer cells. The increased 
generation of ROS is characteristic for cancer cells where 
changes in the signal transduction are observed. The 
oxidative stress induces cellular redox imbalance that can 
be observed in different types of cancer cells compared to 
normal cells. The redox imbalance is related to oncogenic 
stimulation. These are among the reasons why 
antioxidants are a useful instrument in the fight against 
cancer. 

Many benzimidazoles have found application in the 
medical treatment of cancer as neoplastic agents such as 
Nocodazole, Bendamustine, Dovtinib, and Hoechst 33342. 
2-Aminobenzimidazole heterocycle can be seen as a 
structural fragment in different biologically active 
molecules and is of main importance as a precursor for 
the synthesis of novel benzimidazoles with antitumor 
activity (Dimov et al., 2021). A considerable number of 
benzimidazole derivatives containing hydrazone 
fragments have been studied and they have shown high 
activity against different cell lines: L1210, CEM, HeLa 
and Mia Paca-2 (Onnis et al., 2016). Additionally, 
benzimidazole hydrazones show promising properties as 
inhibitors of tubulin polymerization. The microtubules are 

protein biopolymers which form as a result of the 
polymerization of the heterodimers of α- and β-tubulins. 
Disruption of the microtubules could induce cell cycle 
arrest which makes them attractive targets in anticancer 
therapy. 

The scientific data demonstrating a connection 
between oxidative stress and the processes of 
carcinogenesis directs the design and synthesis of 
compounds with antioxidant properties as potential 
antineoplastic agents to be of current scientific priority.  
Currently, we are presenting the synthesis of a series of 2-
aminobenzimidazole-arylhydrazone hybrids as potential 
drug candidates with antitumor and antioxidant activity. 
Additional studies beyond this short communication will 
clarify the capability to affect the tubulin polymerization.  

 
Materials and methods 

 

Chemistry 

 

All synthetic chemicals and reagents were obtained 
from Sigma-Aldrich (Germany) and Alfa Aesar 
(Germany). The progress of the reactions was monitored 
using thin layer chromatography (TLC) on Merck 
precoated plates (silica gel. 60 F254, 0.25 mm) and 
visualized by fluorescence quenching under UV light 
(254 nm). As mobile phase 4:1 benzene/methanol system 
was used.  

General procedure for the synthesis of 3,4-

dihydrobenzo(4,5)imidazo(1,2-a)pyrimidin-2(1H)-one (1) 

To a solution of 2-aminobenzimidazole (0.0038 mol) 
in dry THF were added anhydrous K2CO3 (0.0076 mol) 
and TBAB (0.0011 mol). Then ethyl 2-bromopropionate 
(0.0076 mol) was added dropwise and by cooling the 
reaction mixture. The suspension was vigorously stirred 
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for 12 h at room temperature. The reaction completion 
was evidenced by TLC. The product obtained in its 
hydrobromide form was converted to the free base by 
adding water to the mixture and extracting with 
chloroform. Yield 80%. 

General procedure for the synthesis of 3-(2-amino-1H-

benzo(d)imidazol-1-yl)propanehydrazide (2) 

To a suspension of 1 in ethanol an excess of 
hydrazine hydrate was added and the reaction was 
refluxed for 2 h. The white precipitate was filtered and 
washed with ethanol. Yield 90%. 

General procedure for the synthesis 3-(2-amino-1H-

benzo(d)imidazol-1-yl)-N'-substituted 

benzylidenepropanehydrazide (3-8)  

To a solution of the hydrazide 2 (0.1 g, 1.0 equiv) in 
absolute ethanol the respective substituted aldehyde (1.0 
equiv) was added, and the solution was refluxed for 2-6 h. 
The products were recrystallized from ethanol. Yield 60 – 
80%.  

Results and Discussion  

The cyclic benzimidazole pyrimidinone product 1 
was obtained under solid-liquid phase transfer catalysis 
(PTC) using anhydrous potassium carbonate and 
tetrabutyl ammonium bromide as a catalyst in a 1:2:2 
ratio with a high yield of 80%. The product underwent 
hydrazinolysis with an excess of hydrazine hydrate. The 
six target hydrazones were obtained by the condensation 
of the obtained hydrazide 2 with various aldehydes: 2,3-
dihydroxy, 2,4-dihydroxy, 3,4-dihydroxy-, 2-hydroxy-4-
methoxy-, 3,4,5-trimetroxybenzaldehyde, and piperonal. 
The structure and purity of the compounds were 
confirmed by IR, 1H NMR and 13C NMR spectra.  

Potential drug-candidates should possess a favorable 
pharmacokinetic profile, i.e. sufficient bioavailability and 
ability to be transported through different membranes and 
reach the target receptor binding site, optimal 
metabolization and elimination profile. A preliminary 
evaluation of the molecular properties including 
lipophilicity, molecular size, flexibility and presence of a 
hydrogen donor and acceptors could provide useful 
information and such was done using the SwissADME 
tool (Daina et al., 2017). The data indicated that all of the 
2-aminobenzimidazole hydrazones had zero violations of 
the Lipinski rule. The molecular weights (MW) ranged 
between 330 and 394 g/mol. Low MW (< 500) signifies 
that the molecules could easily pass through the cell 
membranes and such substances favor oral absorption. 
The parameter LogP (n-octanol/water partition 
coefficients) has a key role in the oral absorption as well 
as the drug-target interactions. The values of LogP of 
compounds 3-8 were less than five, in accordance with 
the Lipinski rule, in the range 1-2 suggesting higher 

hydrophilicity. The topological polar surface area (TPSA) 
represents the sum of all polar atoms (oxygen and 
nitrogen atoms and the hydrogens attached to them). It is 
another significant physico-chemical parameter important 
for drug transport and absorption. A high gastrointestinal 
absorption was predicted, as the TPSA values were in the 
range 103.76-125.76 Å2 (lower than 140 Å2). The 
flexibility of the molecules is indicated by the number of 
rotatable bonds. The parameter is related to the oral 
bioavailability and efficient binding to receptors. The 
rotatable bonds in all the hydrazones are between 6-9, 
therefore a good bioavailability is expected.  

Conclusion 

 

In conclusion, a small series of new and promising 2-
amino benzimidazole arylhydrazones containing 
substituents of various hydroxy-, methoxybenzaldehydes 
and piperonal have been synthesized. Next in vitro studies 
of the cytotoxic effects on different cancer cell lines and 
the ability to modulate the tubulin polymerization will be 
carried out. Also, their ability to scavenge free radicals 
will be investigated.  
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Introduction 

 

Malaria still poses a major global health burden due to 

the lack of an effective vaccine and the emergence of 

resistant strains of Plasmodium parasites to the existing 

antimalarial drugs. Despite years of continuous progress, 

World Malaria Report 2021 estimates that there were 241 

million new malaria cases in 2020 alone, leading to 627 

thousand malaria-related deaths. Compared to 2019, this 

represents an increase of 6% in malaria cases and 12% in 

malaria deaths mainly due to the disruption to services 

during the COVID-19 pandemic. 

Since malaria, a mosquito-borne parasitic disease, is 

characterized by an asymptomatic liver and a symptomatic 

blood stage in humans, an effective and safe antimalarial 

drug active against both stages of the parasite would be a 

valuable tool in the fight against malaria. The molecular 

hybridization (MH) concept is one of the widely applied 

approaches in rational drug design where two or more 

biologically active molecules or their pharmacophores are 

combined to form a new hybrid compound (Zhang et al., 

2017). The MH approach is particularly useful for targeting 

complex diseases, such as malaria. 

In our previous paper, we employed the MH concept 

in the design and synthesis of harmirins and investigated 

their antiproliferative activities. Harmirins are the hybrid 

compounds comprising both harmine and coumarin 

pharmacophores linked by 1,2,3-triazole (Pavić et al., 

2021). 

Harmine, the most notable representative of the β-

carboline alkaloids, possesses a wide range of biological 

activities such as anticancer, antiviral, anti-inflammatory 

or antimalarial. It has been shown that harmine is a 

selective inhibitor of P. falciparum heat shock protein 90, 

a molecular chaperone that plays a critical role in parasitic 

signaling and cell division (Shahinas et al., 2012). 

Similarly, coumarins, naturally occurring compounds, also 

possess a wide variety of biological activities, including 

antimalarial. The coumarins are thought to act through the 

inhibition of DNA gyrase, an enzyme present in the 

apicoplast of the Plasmodium (Yadav et al., 2018). 

Since harmirins combine two biologically active 

molecules (harmine and coumarin) with different modes of 

action, the combined chemotherapy-like effect of such 

hybrids might be achieved. To that end, we have decided 

to investigate the antiplasmodial activity of harmirins 

against the erythrocytic stage of chloroquine (CQ)-

sensitive and CQ-resistant strains of P. falciparum, PfDd2 

and PfDd2, respectively.  

 

Materials and methods 

 

Antiplasmodial activity of harmirins was evaluated 

against two laboratory P. falciparum strains (Pf3D7 and 

PfDd2), as previously described, using the histidine-rich 

protein 2 assay (Marinović et al., 2021). Briefly, 96-well 

plates were pre-coated with the tested compounds in a 

three-fold dilution before ring-stage parasites were added 

to the complete culture medium at a hematocrit of 1.5% 

and parasitemia of 0.05%. After three days of incubation at 

37 °C, 5% CO2 and 5% oxygen, plates were frozen until 

analyzed by HRP2-ELISA. All compounds were evaluated 

in duplicate in at least two independent experiments. The 

IC50 was determined by nonlinear regression analysis of 

log concentration-response curves using the drc-package 

v0.9.0 of R v2.6.1. 
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Results and discussion 

 

Five series of harmirins (4a-d, 5a-d, 11a-d, 12a-d, and 

13a-d), which differ by the position of the coumarin-based 

substituents on the β-carboline core (C-1, C-3, O-6, O-7 or 

N-9 position, respectively), were previously described by 

our research group. In each series, four different 

substituents at position 6 of the coumarin ring (-H, -CH3, -

Cl, -F) were varied (Pavić et al., 2021). 

For the in vitro antiplasmodial screening against the 

erythrocytic stages of the Plasmodium life cycle, we 

selected two strains of P. falciparum – CQ-sensitive 

(Pf3D7) and CQ-resistant (PfDd2) strain. The commonly 

used antimalarial drugs CQ and primaquine (PQ) were 

used as positive controls. The results were compared with 

the parent compound harmine. 

To assess the selectivity of harmirins, we used the 

results of the cytotoxicity evaluation of harmirins against 

the human non-cancer cell line Hek293 from our previous 

paper (i.e., the selectivity index (SI) was calculated as a 

fractional ratio between the IC50 values for Hek293 and the 

IC50 values for Pf3D7 or PfDd2) (Pavić et al., 2021). 

Generally, the antiplasmodial activity against 

erythrocytic stages of Plasmodium parasite decreased as 

follows: 11 (O-6) > 12 (O-7) > 13 (N-9) > 5 (C-3) > 4 (C-

1). Interestingly, this pattern is in complete agreement with 

the pattern of antiproliferative activity against four human 

cancer cell lines reported in our previous paper (Pavić et 

al., 2021). The most active compounds 11b,c, 12b and 5c, 

bearing the largest substituents on the coumarin ring, 

methyl or chlorine, showed the highest antiplasmodial 

activity at one-digit micromolar concentrations (IC50 = 

3.5–7.5 µM) which were the same order of magnitude as 

the standard antimalarial drug PQ (IC50 = 1.5 µM). The 

only active compound bearing a small substituent 

(fluorine) on the coumarin ring was N-9 substituted 

derivative 13d. However, this compound was non-

selective. All the above-mentioned compounds exhibited 

higher antiplasmodial activity than the parent compound 

harmine, especially against the CQ-resistant strain PfDd2. 

To our delight, we discovered that O-7 substituted 

harmirin with a methyl group on the coumarin ring, 12b, 

was again the most promising hybrid due to the most 

favorable SI (SI > 11.4), as was the case in the 

antiproliferative assay. This finding could further support 

the hidden connections between malaria and cancer. 

Harmirin 12b was followed by O-6 substituted derivative 

11b (SI ~ 5.5). The two compounds are structurally very 

similar as both bear substituents at the neighboring 

positions of the β-carboline core (6 and 7), bridged by an 

ether, and a bulky methyl group on the coumarin ring. It is 

worth noting that, in the case of harmirins, the IC50 values 

for both tested strains were comparable, while the IC50 of 

CQ against the CQ-resistant strain PfDd2 was one order of 

magnitude larger than the IC50 against the CQ-sensitive 

strain Pf3D7. However, all harmirins were still 

significantly less active than CQ against the tested strains.  

 

Conclusion 

 

We have evaluated in vitro antiplasmodial activity 

against the erythrocytic stage of P. falciparum of five series 

of harmirins, hybrid molecules of alkaloid harmine and 

coumarin derivatives connected via triazole linker. 

Compound 12b showed the highest activity against the 

tested P. falciparum strains and the lowest cytotoxicity 

against non-cancer cell line Hek293. However, all 

harmirins were significantly less active than CQ against 

both tested strains. To further evaluate their potential as 

antimalarial agents, the activity against hepatic stages of 

the Plasmodium parasite needs to be investigated. 

 

Acknowledgements 

 

This work was fully supported by the Croatian Science 

Foundation under the project number UIP-2017-05-5160. 

 

References 

 
Marinović, M., Poje, G., Perković, I., Fontinha, D., Prudêncio, 

M., Held, J., Pessanha de Carvalho, L., Tandarić, T., 

Vianello, R., Rajić, Z., 2021. Further investigation of 

harmicines as novel antiplasmodial agents: synthesis, 

structure-activity relationship and insight into the 

mechanism of action. Eur. J. Med. Chem. 224, 113687. 

https://doi.org/10.1016/j.ejmech.2021.113687   

Pavić, K., Beus, M., Poje, G., Uzelac, L., Kralj, M., Rajić, Z., 

2021. Synthesis and biological evaluation of harmirins, 

novel harmine–coumarin hybrids as potential anticancer 

agents. Molecules 26, 6490. 

https://doi.org/10.3390/molecules26216490   

Shahinas, D., MacMullin, G., Benedict, C., Crandall, I., Pillaid, 

D.R., 2012. Harmine is a potent antimalarial targeting Hsp90 

and synergizes with chloroquine and artemisinin. 

Antimicrob. Agents Chemother. 56, 4207–4213. 

https://doi.org/10.1128/AAC.00328-12   

World malaria report 2021. Geneva: World Health Organization; 

2021. Licence: CC BY-NC-SA 3.0 IGO. Available at: 

https://www.who.int/teams/global-malaria-programme/     

reports/world-malaria-report-2021, accessed on 30/05/2022 

Yadav, N., Agarwal, D., Kumar, S., Dixit, A.K., Gupta, R.D., 

Awasthi, S.K., 2018. In vitro antiplasmodial efficacy of 

synthetic coumarin-triazole analogs. Eur. J. Med. Chem. 

145, 735–745. https://doi.org/10.1016/j.ejmech.2018.01.017   

Zhang, S., Saathoff, J.M., He, L., 2017. Molecular hybridization: 

an emerging tool for the design of novel therapeutics for 

Alzheimer’s disease, in: Decker, M. (Ed.), Design of hybrid 

molecules for drug development. Elsevier, Amsterdam, pp. 

219–237. https://doi.org/10.1016/B978-0-08-101011-

2.00008-8  

https://doi.org/10.1016/j.ejmech.2021.113687
https://doi.org/10.3390/molecules26216490
https://doi.org/10.1128/AAC.00328-12
https://www.who.int/teams/global-malaria-programme/
https://doi.org/10.1016/j.ejmech.2018.01.017
https://doi.org/10.1016/B978-0-08-101011-2.00008-8
https://doi.org/10.1016/B978-0-08-101011-2.00008-8


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 1) 409 - 410 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.197 

Short communication 

 

 
 

*tseba@pharma.hr                                                                                                                              S4 PP 05 

 

Fluorescence polarization binding characterization of 

dipyridamole and imatinib on alpha-1-acid glycoprotein 

 

Tino Šeba*, Robert Kerep, Mario Gabričević 
  

University of Zagreb, Faculty of Pharmacy and Biochemistry, A. Kovačića 1, HR-10000 Zagreb, Croatia 

 

Introduction 

 

Alpha-1-acid glycoprotein (AGP) and albumin are two 

main plasma proteins involved in the binding and transport 

of many endogenous and exogenous ligands (Bteich, 

2019). Apart from the ability to bind basic and neutral 

lipophilic drugs, AGP has some properties that differ from 

those of albumin such as relatively low concentration and 

one binding site which makes drug-binding to AGP 

saturable and displaceable. Altered AGP plasma 

concentration is found in various pathophysiological states 

which can potentially change the free drug fraction in 

plasma and possibly affect their pharmacokinetic and 

pharmacodynamic properties (Huang and Ung, 2013), 

thus, knowing the equilibrium binding constants is of great 

importance. 

In this study, we present fluorescence polarization 

spectroscopy (FP), one of the techniques for protein-ligand 

binding measurements. It is based on the observation of 

emitted light with a certain degree of polarization as a 

result of ligand excitation by polarized light. The degree of 

polarization is inversely proportional to the molecular 

rotation rate. When a ligand (usually smaller than 1500 Da) 

is excited by polarized light, it emits depolarized light. If 

the ligand is bound to protein (usually above 10 kDa), 

emitted light will be polarized due to the significant 

reduction in the rotation of the ligand (Moerke, 2009). 

 

Materials and methods 

 
Materials 
 

The native human alpha-1-acid glycoprotein and 

dipyridamole (Dip) were obtained from Sigma-Aldrich  

 

(USA), and metasulfonic salt of imatinib (Ima) from LC 

Laboratories (USA). All other reagents were of analytical 

grade or higher. Fluorescence polarization (λexcitation = 414 

nm; λemmision = 494 nm) of samples was obtained on Tecan 

(Switzerland) Spark microplate reader using a black, 96-

well, flat-bottom microplate.  

 

Direct binding measurement of Dip to AGP 

 
The titration experiment was carried out in a 25 mM 

sodium phosphate buffer with pH adjusted to 7.4. It 

consisted of 15 data points where the concentration of Dip 

was kept constant (0.5 µM) and AGP concentration ranged 

from 0 to 7.5 µM. 

 

Competitive binding measurement of Ima to AGP in the 

presence of Dip as a fluorescent probe 

 
A competitive binding assay was also carried out in a 

25 mM sodium phosphate buffer with pH adjusted to 7.4. 

It consisted of 15 data points where the concentration of 

AGP and Dip was kept constant (5 µM and 0.5 µM 

respectively) and Ima mesylate concentration ranged from 

0 to 250 µM. 

 

Results and discussion 

 

Fluorescence polarization data were analyzed in 

Microsoft Excel using Solver add-in. Association constant 

uncertainties were estimated using the “jackknife” 

procedure described by Harris (Harris, 1998). 
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AGP-Dip direct binding data analysis 

 
The proposed binding model is given by the equation 

(1): 

AGP + Dip ⇄ AGP-Dip  (1) 

 

Using the quadratic equation described by Roehrl et al. in 

2004 and Pollard in 2010 for fitting the binding data, we 

obtained the equilibrium binding constant of 2.80 ± 0.03 ∙ 

10-7 M. 

 

AGP-Ima competitive binding data analysis in the 

presence of Dip as a fluorescent probe 

 

In competitive binding assay Dip and Ima compete for 

AGP’s binding site. Binding is mutually exclusive and the 

overall binding model is given by the equations (1) and (2). 

 

AGP + Ima ⇄ AGP-Ima  (2) 

 

A more complex cubic equation described by Roehrl 

et al. in 2004 is used for fitting competitive binding data. 

We obtained the AGP-Ima equilibrium binding constant of 

1.48 ± 0.27 ∙ 10-7 M, while the AGP-Dip binding constant 

must be known beforehand. 

 

Conclusion 

 

As we demonstrated, FP is a great technique for AGP-

drug binding characterization and can be used for other 

protein-ligand interactions. It is a simple mix-and-read 

protocol and does not require the separation of bound and 

free species. The choice of a fluorescent probe in FP assay 

is of key importance. Excitation and emission spectra must 

differ from the wavelengths of other molecules present in 

the solution to minimize autofluorescence and they must 

have sufficient Stokes shift to reduce the negative influence 

of light scattering.  
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Introduction 

 

Aminoglycosides are widely used for efficient 

treatment of gram-negative bacterial infections. However, 

even since the discovery of streptomycin, it is known that 

the major side effect of aminoglycosides is irreversible 

ototoxicity (Nguyen and Jeyakumar, 2019). 

Aminoglycosides have variable cochlea-toxicity leading 

to permanent hearing loss and vestibulotoxicity resulting 

in dizziness and ataxia (Gao et al., 2017). Significant 

progress has been made in understanding aminoglycoside 

ototoxicity, which seems to be mediated by the disruption 

of mitochondrial protein synthesis, the overexpression of 

NMDA receptors (N-methyl-D-aspartate), and the 

formation of free radicals. Understanding the mechanism 

of ototoxicity induced by aminoglycosides will be helpful 

for developing new therapeutic methods to protect 

hearing (Fu et al., 2021).  

As previously reported, individuals bearing 

mitochondrial DNA mutations in the 12S rRNA gene, are 

more prone to aminoglycoside-induced ototoxicity. It is 

speculated that these mutations cause human 

mitochondrial ribosomes to more closely resemble 

bacterial ribosomes and enable a stronger aminoglycoside 

interaction (Foster and Tekin, 2017). Hot spot regions for 

deafness mutations are the MTRNR1 gene, encoding the 

12S rRNA and the MTTS1 gene, encoding the tRNA for 

Ser(UCN). Nucleotide changes are observed with a 

variable frequency among different populations of deaf 

persons. Among them, homoplasmic m.1555A>G and 

m.1494C>T mutations at the highly conserved decoding 

region of the 12S rRNA have been the most commonly 

reported variants identified among cases of 

aminoglycoside ototoxicity and late-onset hearing loss 

(Maeda et al., 2020). 

 

Aim of the study 

 

The aim of this study was to determine the presence 

and frequency of the mtDNA mutations as a cause of 

deafness among 150 Macedonian patients with 

nonsyndromic hearing loss.   

 

Materials and methods  

 

A total of 150 Macedonian individuals diagnosed 

with non-syndromic sensorineural hearing impairment at 

the Othorinolarynology clinic, Medical faculty, Skopje, 

participated in this investigation. A comprehensive 

history and physical examination were performed.  

In order to determine the five most common 

mitochondrial mutations associated with deafness:  

(NC_012920.1:m.827A>G (rs28358569);  

NC_012920.1:m.961delinsCn (rs1556422499); 

NC_012920.1:m.1095T>C (rs267606618); 

NC_012920.1:m.1494C>T (rs267606619) and 

NC_012920.1:m.1555A>G (rs267606617)) a SNaPshot 

method was designed.  

Additionally, among 10 patients with only one GJB2 

mutation, the most common cause of congenital non-
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syndromic hearing loss, the MTRNR1 gene was 

sequenced, in order to detect other variants that as a 

modifier could influence to the pathologic effect of the 

GJB2 mutation. For analysis of MTRNR1 gene direct 

Sanger Sequencing method using BigDye Termination 

Sequencing kit v1.1 (Thermo Fisher Scientific) was 

performed on ABI 3500 Genetic Analyzer. 

 

 

Results and discussion 

 

The mutational screening revealed that the two most 

commonly reported deafness-associated mutations, 

m.1555A>G and m.1494C>T were not found among 

analyzed patients. The presence of one potentially 

pathogenic substitution m.T961G in one patient and the 

m.G709A polymorphism in two patients were detected. 

An unpublished variant NC_012920.1:m1303G>A was 

found in one patient with only one GJB2 mutation and the 

pathological effect of this variant should be further 

analyzed. 

 

Conclusion 
 

In conclusion, our result suggests that mitochondrial 

DNA mutations do not represent a substantial risk factor 

for aminoglycoside-induced deafness in the Macedonian 

population. 
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Introduction 

 

Hypertension is the most common risk factor for 

cardiovascular disease, which is the leading cause of 

mortality and morbidity worldwide. It is predicted that by 

2025, as many as 29% of the population will suffer from 

hypertension (Kearney et al., 2005). Risk factors that lead to 

hypertension are gender, age, smoking, total cholesterol 

and HDL, diabetes, obesity, family history, early onset of 

menopause, and psychological and socio-economic 

factors, but in recent times, oxidative stress is often 

mentioned as one of the risk factors involved in raising 

blood pressure (Montezano et al., 2012). In any biological 

system, the formation of reactive oxygen species (ROS) 

and reactive nitrogen species (RNS) is one of the most 

important balances (Arcambal et al., 2019). ROS is known 

for rapidly inactivating endothelial nitric oxide (NO), the 

most important endogenous vasodilator, thereby 

promoting vasoconstriction and raising blood pressure. 

Some preclinical and clinical studies have concluded that 

antioxidant therapy is important in the treatment of 

hypertension, i.e the use of antioxidant compounds such as 

alpha-tocopherol (vitamin E), ascorbic acid (vitamin C), 

plants containing polyphenols, and some antihypertensive 

drugs such as the new Beta-blockers (carvedilol, 

metoprolol) which have antioxidant pleiotropic effects. 

(Rajeh et al., 2017) .The aim of this paper is to conclude 

whether antioxidants as supplements can significantly 

reduce blood pressure. 

 

Materials and methods 

 

For the preparation of this scientific work were used 

data obtained by searching the relevant medical scientific 

literature that covers the given topic. 

A systematic search of the literature was performed 

through the free PubMed research engine which has access 

primarily to the MEDLINE databases with references and 

abstracts from the biomedical sciences. 

Results and discussion 

 

Vitamin E 

Vitamin E is a powerful cleanser of peroxy radicals, 

an antioxidant that breaks the chain of damage to biological 

membranes by free radicals. The mechanism of action is: 

(1) up-regulation of eNOS, (2) down-regulation of 

NADPH oxidase, (3) regulation of mitochondrial synthesis 

of ROS, (4) (Baradaran et al., 2014) purification of ROS. 

However, when it comes to hypertension, vitamin E may 

have an antihypertensive effect but that effect is very small 

and only in limited patients who have vitamin E deficiency. 

On the other hand, high doses of vitamin E may increase 

the risk of high blood pressure, especially in patients with 

type 2 diabetes mellitus. In a study by Ward et al. (2007) 

prescribed appropriate antihypertensive therapy. Patients 

were given 400 mg (600 IU) of mixed tocopherols of which 

60% gamma-tocopherol, 25% delta tocopherol and 15% 

alpha tocopherol. Patients showed an increase in blood 

pressure of 6.8 mmHg systolic and 3.6 mmHg diastolic. 

(Ward et al., 2007) 

N-acetylcysteine (NAC) 

NAC is an antioxidant that is a donor of the sulfhydryl 

group (SH) and plays an important role in controlling 

oxidative stress (González, 2014). The main mechanisms of 

action are (1) protection against oxidation of 

Tetrahydrobiopterin (BH4) and (2) clearance of free ROS. 

In the study by Arsalat K. et all, patients with resistant 

hypertension were studied where one group of subjects (A) 
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received NAC in combination with ACEi, while the other 

group of subjects (B) received only ACEi. The results 

showed that in group A systolic blood pressure decreased 

by 18mmHg and diastolic by 13mmHg, while in group B 

systolic blood pressure decreased by 7mmHg and diastolic 

by 3.1mmHg (Khaledifar et al., 2015). However, there are no 

human studies showing the efficacy of NAC used alone 

without combination with antihypertensive drugs. 

Melatonine 

A growing number of studies have shown that 

melatonin is a powerful direct scavenger of free radicals. 

Unlike most other known radical scavengers, melatonin is 

a multifunctional and universal antioxidant. The high 

lipophilicity and hydrophilicity of melatonin enable its 

rapid transfer to other organs and fluids, and melatonin can 

easily pass through cell membranes. Some effects of 

melatonin are mediated by specific membrane receptors, 

but many seem to rely on its potential as a direct scavenger 

of free radicals, a process that does not require a receptor. 

The safety of exogenous melatonin for humans has been 

demonstrated in many studies. In the study by Grossman 

E. all, the power of methons was examined to reduce blood 

pressure levels with nocturnal hypertension, which is 

associated with a higher risk of death and mortality. 

Weekly results showed that administrator melatones at a 

dose of 2 mg at bedtime by 4 reduced diastolic systolic 

pressure from 136 ± 9 mmHg to 130 ± 10 mmHg, while 

slightly reducing diastolic pressure from 72 ± 11 mmHg to 

69 ± 9 mmHg (Grossman et al., 2006). In a study by Frank et 

al., male patients with uncomplicated, untreated essential 

hypertension were studied. Melatonin 3 doses were 

administered 1 hour before bedtime in a dose of 2.5 mg. 

The results showed that nocturnal systolic blood pressure 

decreased by 6 mmHg while nocturnal diastolic blood 

pressure decreased by 4 mmHg. This can be considered a 

significant reduction in blood pressure as a reduction in 

systolic blood pressure of 2 to 3 mmHg is of clinical 

importance (Scheer et al., 2004). According to the current 

system review, the extent to which the antioxidant effects 

of melatonin contribute to its anti-hypertensive benefits 

requires further investigation. 

Conclusion 

From the reviewed literature we could conclude that 

oxidative stress is one of the risk factors for hypertension, 

and the safest approach to prevent it is a change in lifestyle 

and the acquisition of healthy habits including foods rich 

in antioxidants. 

Of the antioxidants reviewed in this review, the best 

results with a significant reduction in blood pressure 

showed melatonin which can reduce nocturnal systolic 

blood pressure to 6 mmHg.  

The use of antihypertensive drugs in combination with 

antioxidants seems to be the most effective treatment in the 

management of hypertension because in combination they 

will reduce blood pressure by influencing the molecular 

mechanisms involved in the regulation of both vascular 

function and oxidative status. 
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Introduction 

 

Transferrin (Tf) is one of the major iron transport 
proteins in the human organism. It is a highly 
glycosylated bilobal protein that can bind up to two 
iron(III) ions thus forming a distorted octahedral ternary 
complex with both the amino acids of the protein and the 
synergistic carbonate anion. (MacGillivray et al., 1998) 
Proper glycosylation of transferrin is critical for its proper 
function in the body; various pathological conditions are 
closely associated with unusual sialylation patterns. The 
presence of different transferrin glycoforms is the result 
of variability in the glycosylation of N-linked 
oligosaccharide chains. These glycan chains are bi- or 
trinatenary and bind to residues Asn-413 and Asn-611. 
(Fu and van Halbeek, 1992) Sialic acid is usually located 
at the outmost ends of these oligosaccharide chains. 
Deviations from the usual sialylation patterns are 
associated with various genetic disorders and chronic 
diseases. Currently, sialic acid-deficient transferrin levels 
are commonly used as biomarkers of chronic alcohol 
abuse. (Del Castillo Busto et al., 2005) To better 
understand the properties of asialotransferrin, the 
production and subsequent purification of the protein is 
required because the percentage of asialotransferrin in 
native human apotransferrin is low. Asialotransferrin is 
produced by the action of commercially available 
sialidase enzymes, which can be quite expensive. 
Therefore, optimization of the processes to produce 
asialotransferrin at a low cost is required. After enzymatic 
desialylation, additional chromatographic purification of 
asialotransferrin can be performed using the pH gradient 
method. (Friganović et al., 2021) 
 

Materials and methods 

 
Chemicals and instrumentation 

 
The GlycoCleave® Immobilized Enzymes (GALAB 

Technologies) and immobilized SialEXO® Microspin 
columns (Genovis) were used for enzymatic desialylation 
of human apotransferrin (Biorbyt Ltd, cat. no. orb80927 
or Sigma, cat. no. T3309). Tris (Amresco), sodium acetate 
trihydrate (Kemika), calcium chloride dehydrated (Fluka) 
were used. 

 
Optimisation of enzymatic desialylation 

 
Desialylation procedures were performed using two 

different immobilized sialidase enzymes; Glycocleave® 
and SialEXO®. Both products contain enzymes 
immobilised on agarose beads. Glycocleave® is sold as a 
slurry containing the beads, while the immobilized 
SialEXO® beads are contained in a plastic column. For 
desialylation using the Glycocleave® kit, the 
manufacturer recommends using 400 µL of slurry 
(containing 200 µL beads). The beads must be washed 
thoroughly several times with the working buffer (0.05 M 
NaOAc, 0.001 M CaCl2, pH = 5.5). The protein is 
dissolved in the working buffer (recommended up to 2.5 
mg/mL, adjusting the pH to 5.5 if necessary) and added to 
the beads. Desialylation is performed in 2 mL 
microcentrifuge tubes containing the protein solution and 
enzyme beads, which were rotated using a tube revolver 
(10 rpm) at t = 37° C for at least 6 hours. In our 
optimization experiments, we varied the acetate buffer 
concentration, protein concentration, and incubation time. 
For desialylation using the SialEXO® columns, the 
protein should be dissolved in 0.02 M Tris working buffer 
(recommended range 0.1-5 mg/mL, pH = 6.8) and added 
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to the column, which was prewashed three times with 300 
µL working buffer (centrifugation for 1 min at 200 RCF 
each time). The column should be incubated at room 
temperature with end-over-end mixing for 30 min. The 
desialylated protein is recovered by centrifuging for 1 min 
at 1000 RCF. The manufacturer states that a single 
SialEXO® column can be used for desialylation of up to 
0.5 mg of protein in a 30 min period, indicating that the 
SialEXO® column is intended for single use. In our 
optimization procedure, we reused the SialEXO® 
columns multiple times and varied both the protein 
concentration and the time of desialylation. 
 
Validation of the desialylation procedure 

 
To confirm the satisfactory extent of desialylation, 

the collected protein samples were analyzed by FPLC. 
Isoelectric focusing was performed using the pIsep 
buffers (CryoBioPhysica). A single-step linear pH 
gradient was used. Isoelectric focusing was performed 
mainly in the range of pH = 7-5.75. For the experiments 
on the ÄKTA Purifier 10 instrument, the SOURCETM 
15Q 4.6/100 PE anion exchange column was used, while 
for the experiments on the ÄKTA Start instrument, two or 
four HiTrap Q HP anion exchange columns connected in 
series were used. Samples that gave satisfactory results 
were sent for glycan analysis. The N-glycans were first 
cleaved by adding 1.2 U PNGase F (Promega, USA) and 
incubated overnight at 37 °C. Subsequent purification was 
performed via HILIC-SPE and the fluorescently labeled 
N-glycans were analyzed by H-Class UPLC (Waters, 
USA) using a BEH glycan chromatography column 
(Waters, USA). For some samples, the above UPLC 
characterization was also coupled with MS/MS analysis 
using the Synapt G2-Si ESI-QTOF-MS system (Waters, 
USA). 

 
Results and discussion 

 
For the desialylation performed with the 

GlycoCleave® kit, we increased the protein concentration 
from the recommended 2.5 mg/mL to 6.25 mg/mL. With 
the 800 µL volume used, this corresponds to 5 mg of 
transferrin per single desialylation cycle. Due to the 
increased concentration, a greater pH change 
(acidification) was observed at the end of the incubation 
period. Therefore, the amount of acetate was increased to 
0.2 M, compared with the 0.05 M indicated in the 
manufacturer's instructions. The desialylation time was 
either 24 or 48 h. This is a significantly longer time frame 
than the 6 h indicated by the manufacturer. Glycan 
analysis results showed that this procedure removed 
>90% of the sialic acid content from the native protein. In 
the case of SialEXO® columns, we significantly 

increased the desialylation time from the recommended 
30 min to 24 h. The protein concentration was also 
increased from the recommended 0.625 mg/mL to 2.5 
mg/mL. Further increase in protein concentration gave 
unsatisfactory results. Glycan analysis results showed that 
the desialylated protein contained only ≈1% of the 
original sialic acid content (≈99% removed sialic acid 
content). This result was obtained by pooling the 
desialylated samples for the 19 consecutive 24-hour 
desialylation procedures using 2 SialEXO® columns in 
parallel. This means that the theoretical mass of 
transferrin that can be desialylated with a single 
SialEXO® column is ≥47.5 mg.  
 
Conclusions 

 
Optimization of desialylation processes was 

performed for 2 different commercially available sialidase 
enzymes. Increasing the protein mass per single cycle 
together with a drastic increase in reaction time gave the 
best results. The fact that we were able to produce nearly 
50 mg of desialylated transferrin using a single 
SialEXO® column designed to produce only 0.5 mg of 
said protein is particularly intriguing. 
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Introduction 

 

Probiotics, according to the WHO are live 

microorganisms which when administered in adequate 

amounts confer a health benefit on the host. They are 

successfully used as an adjunct to traditional antibiotic 

therapy for bacterial vaginosis, to improve the cure rate, 

and to prevent the recurrence of the disease through their 

ability to supplement the reduced concentration of 

lactobacilli strains (Vujic et al., 2013).  

Exogenously applied lactobacilli have been shown to 

persist on the mucosal surface and aid in the establishment 

of a normal microbiome in bacterial vaginosis (Martínez-

Peña et al., 2013; Ravel and Brotman, 2016). Daily intake 

of probiotics with food means the use of fermented 

products, while the intake of probiotic supplements means 

the use of pharmaceutical products with probiotics and 

prebiotics as dietary supplements. Oral intake of 

lactobacilli may play a role in modeling the structure of the 

vaginal microbiome. These orally enter bacteria probably 

reach the vagina through not very clear mechanisms, which 

involve transition through the anus, perineum, and vulvar 

skin (Reid and Hammond, 2005). It is believed that 

capsules, ie suppositories containing Lactobacillus 

crispatus inserted into the vagina can help regulate the flora 

(Ma et al., 2013). The protective role of Lactobacillus 

crispatus has been confirmed and identified in numerous 

studies. The role of Lactobacillus iners is unclear, as it is 

detected in normal conditions as well as in vaginal 

dysbiosis and BV. It is considered that they contribute to 

the onset and maintenance of vaginal dysbiosis, as well as 

they are a risk factor for a negative pregnancy outcome.  

 

Materials and methods 

 

Prospective cross-sectional study of 110 reproductive 

age women. The inclusive criteria were signed informed 

consent appropriately obtained from all participants. The 

exclusive criteria were pregnancy, menstrual or other types 

of uterine or vaginal bleeding, antibiotic treatment within 

the previous month, sexual intercourse within the previous 

three days, use of vaginal tablets, capsules, or gels within 

the previous three days, transvaginal interventions within 

the previous month. 

In addition to the routine gynecological examination, 

two vaginal swabs were collected, for obtaining the Nugent 

score and divided the women into three groups according 

to the score: normal flora (NF) (0-3); intermediate for 

bacterial vaginosis (IMBV) (4-6) and bacterial vaginosis 

(BV) (7-10). The second swab was immediately frozen at -

20°C and thus transported to the Laboratory at the 
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Academy of Sciences and Arts of Republic of North 

Macedonia. A total of 93 samples were selected randomly 

for molecular analysis of Lactobacillus spp. Identification 

was done by amplification of 16S rRNA genes. The 

complete 16S rRNA gene (1.5 kb) was amplified by PCR 

using primers and sequenced. To identify the isolates, 

obtained  sequences of the 16S rRNA of Lactobacilli, 

which are hypervariable, were compared with the DNA 

database of the BLAST algorithm 

(www.ncbi.nlm.nih.gov). Identification is considered to be 

confirmed at 99-100% homology to the type of strain 

sequence. 

 

Results and discussion 

 

Most of the women from the NF group, N=40 (61.5%) 

consume probiotics with food daily, followed by 37.5% 

from the IMBV group and only 4.8% from the BV group. 

The difference registered between the groups in terms of 

intake of probiotics with food is statistically significant, 

between the NF  and BV group (61.5% vs 4.8%), the IMBV 

and BV group (37.5% vs 4.8%), and the NF and IMBV 

group (61.5% vs 37.5%) for p <0.05 (Difference test, p = 

0.0000, p = 0.0085, p = 0.0434). 

Most of the women taking probiotics with 

supplements were from the NF group (12.3%), vs 4.2% 

from the IMBV group and none of the BV group, but the 

difference registered between the groups was statistically 

insignificant for p> 0.05. 

Only 10.8% of the NF group reported the use of lactic 

acid and probiotics containing products for vaginal use, 

and no such habits were registered in the other two groups.  

The most frequently identified species among women 

who consume probiotics with food daily, were 

Lactobacillus iners (42.0%), Lactobacillus crispatus 

(32.0%) and Lactobacillus casei (30.0 %) with other 

lactobacilli. Among women taking supplements with 

probiotics, Lactobacillus crispatus and Lactobacillus casei 

in combination were identified in 55.5% and Lactobacillus 

iners in 33.3%. 

In women who apply probiotics vaginally, the 

molecular analysis identified Lactobacillus crispatus and 

Lactobacillus casei in combination in 4 out of 7 (57.1%) 

and Lactobacillus iners in only one women. 

 

 

 

 

 

 

 

 

 

Conclusion 

 

According to the existing data, the determination, 

manipulation, and recovery of the vaginal microbiome with 

probiotics orally and vaginally is considered to have a great 

potential for improving women's reproductive health and 

preventing disease (Lewis et al., 2017; Ravel and Brotman, 

2016). The development of the exact targeted 

pharmaceutical products containing specific protective 

species of Lactobacilli for oral and vaginal use for 

prevention of disturbance as well as improving the healthy 

vaginal microbiome is of great importance. But much 

research is needed to develop effective strategies.  
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Introduction 

 

Invasive fungal infections (IFIs) associated with high 

morbidity and mortality pose a serious threat to human 

health across the globe. IFIs are estimated to be responsible 

for almost 1.5-2 million deaths every year (Liu et al., 

2018).  

Over the last decades, the incidence of IFIs has 

dramatically increased due to the growing number of 

patients at risk for IFIs (Liu et al., 2018), particularly those 

in intensive care units, those with immune systems 

compromised by human immunodeficiency virus (HIV), 

post-transplant immunosuppressive therapy or cancer 

chemotherapy as well as those with severe viral infections 

such as influenza virus and COVID-19 (Fisher et al., 2022).  
Candida species, particularly Candida albicans, 

account for the majority of IFIs (Lopes and Lionakis, 

2022). Candida spp. are also recognized as the fourth most 

common cause of nosocomial bloodstream infections (Liu 

et al., 2018).  

Despite tremendous efforts being devoted to the 

identification of fungal-specific targets and the discovery 

of selective antifungal drugs, treatment options are rather 

limited. There are only three classes of antifungal agents 

(polyenes, azoles, and echinocandins) clinically available 

for the treatment of IFIs. In addition to these agents, 5-

fluorocytosine (5-FC) is frequently used as an adjunctive 

therapy. Substantial clinical failures associated with these 

antifungal drugs are attributable to their limited clinical 

efficacy, narrow antifungal spectrum, significant adverse 

effects, unfavorable pharmacokinetic features, and drug-

drug interactions (Liu et al., 2018). Resistance to antifungal 

agents, which reduces the clinical success, is also an 

emerging concern worldwide (Fisher et al., 2022).  

Unlike bacteria, eukaryotic fungal cells are similar to 

mammalian cells (Liu et al., 2018) and therefore the 

discovery of selective antifungal drugs devoid of severe 

side effects is an uphill task for researchers. 

2-Pyrazoline (also referred to as 4,5-dihydro-1H-

pyrazole) is an outstanding and highly versatile scaffold 

extensively used by many researchers for the design of 

therapeutically active agents to combat various diseases 

such as bacterial and fungal infections, central nervous 

system (CNS) disorders, cancer and so on. In particular, 

antimicrobial activity of pyrazolines predominates over 

other reported pharmacological activities (Shaaban et al., 

2012).  
The vast number of scientific reports appearing in the 

literature related to 2-pyrazolines exerting pronounced 

antifungal potency (Nehra et al., 2020) motivated us to 

evaluate the anticandidal effects of 2-pyrazolines, which 

were previously synthesized and tested for their inhibitory 

effects on acetylcholinesterase and butyrylcholinesterase 

by our research group (Altintop et al., 2013). 

 

Materials and methods  

 

Chemistry 
 

The synthetic method and the spectral data of 1-[[(4-

alkyl/arylpiperazin-1-yl)thiocarbamoylthio]acetyl]-3-(2-

furyl)-5-(3,4-methylenedioxyphenyl)-2-pyrazolines (1-10) 

were reported previously by our research team (Altintop et 

al., 2013). 
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Microbiology 
 

The minimum inhibitory concentrations (MICs, 

µg/mL) of compounds 1-10 were determined by the broth 

microdilution assay as previously described (Özdemir et 

al., 2015) to evaluate their antifungal effects on Candida 

albicans (ATCC® 90028TM), Candida glabrata (ATCC® 

90030TM), Candida krusei (ATCC® 34135TM), and 

Candida parapsilosis (ATCC® 22019TM). Ketoconazole 

was used as a positive control. 

 

Results and discussion 

 

Compounds 1-10 were tested for their antifungal 

effects on C. albicans (ATCC® 90028TM), C. glabrata 

(ATCC® 90030TM), C. krusei (ATCC® 34135TM), and C. 

parapsilosis (ATCC® 22019TM). These compounds were 

found to be more effective on C. parapsilosis. Compounds 

1, 3, 4, 7 and 8 showed marked antifungal effects on C. 

parapsilosis with a MIC value of 31.25 µg/mL compared 

to ketoconazole (MIC= 31.25 µg/mL). Taking into account 

the in vitro cytotoxicity data reported previously by our 

research team (Altintop et al., 2013), only 1-[[(4-(4-

methoxyphenyl)piperazin-1-yl)thiocarbamoylthio]acetyl]-

3-(2-furyl)-5-(3,4-methylenedioxyphenyl)-2-pyrazoline 

(3) did not show any cytotoxicity towards NIH/3T3 mouse 

embryonic fibroblast cells (IC50= 191 µg/mL) at its MIC 

concentration (31.25 µg/mL). Based on this result, it can 

be concluded that the antifungal activity of compound 3 

towards C. parapsilosis is selective. 

 

Conclusion 

 

In this paper, we described the in vitro evaluation of a 

series of 2-pyrazolines (1-10) as anticandidal agents. 

Among these compounds, compounds 1, 3, 4, 7 and 8 were 

the most active compounds against C. parapsilosis (MIC= 

31.25 µg/mL). However, MTT assay performed previously 

by our research team (Altintop et al., 2013) revealed that 

only compound 3 did not show any cytotoxic activity 

towards normal (NIH/3T3) cells at its MIC concentration. 

In the continuation of this work, further studies are required 

to provide an insight into the mechanism of action 

underlying its pronounced anticandidal activity. This work 

could be the first step towards the development of a new 

generation of antifungal agents for the treatment of IFIs 

caused by Candida species.  
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Introduction 

 

Hyssopus officinalis L. (Lamiaceae) is a perennial 

aromatic subshrub, distributed mainly in the Mediterranean 

area. The aerial parts of the plant are used as a culinary and 

medicinal herb (Hyssopi herba) against various ailments, 

and its essential oil is used in the perfume industry. It 

contains essential oil, phenolic acids, and flavonoids. 

However, in a number of cases, certain differences arose 

between samples of different origin (Mićović et al., 2019). 

In this work, we investigated the anatomy and chemical 

composition of H. officinalis from Mt. Galičica, North 

Macedonia. Furthermore, based on an a priori knowledge 

on good antimicrobial activity of essential oils, we 

investigated its effects against selected microorganisms. 

 

Materials and methods 

 

Plant material 

 

Aboveground shoots of H. officinalis were collected 

during flowering period on the Mt. Galičica, North 

Macedonia.  

 

Anatomical analyses of stem and leaf 

 

Permanent and native slides of stem and leaf were 

prepared by standard methods. Briefly, cross-sections were 

made on a Reichert sliding microtome, then cleared in 

Parazone and stained in safranin and alcian blue solutions. 

Native slides were stained by Tucakov reagent. Epidermal 

peels were prepared using Jefferson solution.  All 

histological slides were examined and photographed using 

an Olympus BX41 light microscope. 

 

Chemical analyses 

 

Isolation and determination of the essential oil (EO) 

content in the plant material was done by hydrodistillation 

using Clevenger-type apparatus. The chemical 

composition of the EO was determined by gas 

chromatography with flame ionization and mass detectors 

(GC-FID/MS). Methanol extract, obtained by 

bimaceration, was analyzed by high pressure liquid 

chromatography (HPLC). The GC-FID/MS and HPLC 

analyses were conducted as described previously 

(Arsenijević et al., 2019). The content of hydroxycinnamic 

acid (HCA) derivatives in the extract was determined by 

the spectrophotometric method as described in the current 

Ph. Eur. Monograph of Ash leaf. 

 

Antimicrobial activity  

 

Antimicrobial activity was tested by the broth 

microdilution method against four strains of Gram (+) 

(Staphylococcus aureus ATCC25923, Enterococcus 

faecalis ATCC29212, and Bacillus subtilis ATCC6633) 

and four strains of Gram (–) bacteria (Escherichia coli 

ATCC25922, Salmonella Abony NCTC6017, 

Pseudomonas aeruginosa ATCC27853, Klebsiella 

pneumoniae ATCC13083), as well as against one standard 

(ATCC10231) and five clinically isolated strains of yeast 

Candida albicans. EO (1% in DMSO) was tested in the 

concentration range of 62.5-1000 μg/mL (Petrović et al., 

2017). The synergism between the EO and ciprofloxacin or 
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amikacin was investigated by the Checkerboard method 

(White et al., 1996), against the strains of S. aureus, E. coli 

and P. aeruginosa, and the results are evaluated using 

fractional inhibitory concentration (FIC) indices (FICI). 

 

Results and discussion 

 

Anatomical characterization 

 

The stem is quadrangular, primary in structure, with 

vascular tissues in the form of cylinders. In the central 

cylinder, the pericycle is composed of fibres and 

parenchyma cells. The leaves are isobilateral, 

amphystomatic with diacytic stomata. Two-layered 

palisade tissue is on the adaxial and abaxial side of the leaf, 

with a narrow zone of spongy parenchyma in between.  

The epidermis of the stem and the leaf is single 

layered with a thickened outer cell wall and dense 

indumentum. The indumentum is composed mainly of 

glandular trichomes (capitate, with an unicellular and 

bicellular glandular head, and peltate), as well as of non-

glandular trichomes (short multicellular, uniseriate). 

 

Results of chemical analyses 

 

The investigated herb was rich in the EO, yielding 

1.77% (V/m) of this pale yellow aromatic liquid. The most 

abundant class of compounds in the EO were oxygenated 

monoterpenes (82.4%), among which 1,8-cineole (72.3%) 

prevailed. The composition of the investigated oil is in 

accordance with the previously analyzed oils of aerial parts 

of wild growing H. officinalis from eastern Serbia 

(Mićović et al., 2021). HPLC analysis of the methanol 

extract of revealed the presence of phenolic acids, i.e. HCA 

derivatives, with chlorogenic acid as the dominant 

component. The content of total HCA derivatives was 

6,2%, which is in accordance with the previous data 

(Mićović et al., 2021). 

 

Antimicrobial potential of the essential oil 

 

The investigated EO inhibited the growth of S. aureus 

and B. subtilis at the concentration of 1000 μg/mL, as well 

as of all tested strains of C. albicans at 250-500 μg/mL. 

The observed moderate activity is in accordance with the 

previously reported modest effects of the main EO’s 

constituent 1,8-cineole (Dorman and Deans, 2000).  

Concomitant application of the EO (0.5 μg/mL) with 

ciprofloxacin (0.062–1 μg/mL) inhibited the growth of S. 

aureus, as well as of E. coli and P. aeruginosa in the 

combination with amikacin (0.25–4 μg/mL). The 

calculated FICI value for the EO and ciprofloxacin was 

between 0.5 and 1, indicating the additive effect of these 

two substances on the S. aureus strain, whereas 

simultaneous presence of the EO and antibiotics did not 

have any benefits in comparison to the use of pure 

antibiotic against tested Gram (–) bacteria. 

 

Conclusion 

 

Important anatomical features of the examined herb of 

H. officinalis are: isobilateral leaves, diacytic stomata, 

dense indumentum, mainly of glandular trichomes. The 

herb was rich in the essential oil abundant with 

monoterpene ether 1,8-cineole, as well as with the 

derivatives of hydroxycinnamic acid. The essential oil 

exhibited moderate antimicrobial activity, but its 

application together with ciprofloxacin additively affected 

the growth of Staphylococcus aureus. 
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The educational concept of the Pharmacy Game 

 

The University of Groningen designed the 

educational concept of the Pharmacy Game to provide a 

capstone learning experience for pharmacy students by 

integrating all prior knowledge and skills to develop 

pharmaceutical professionalism. This innovative 

educational concept combines the simulation of the 

pharmacy practice environment with serious gaming. 

Teams of students run a simulated community pharmacy 

for a few weeks. They have to perform activities such as 

patient counseling, processing of prescriptions, and 

collaboration with other health professionals. A good 

team performance means an increase in the number of 

patients enrolled in their pharmacy. The pharmacy team 

with the highest number of patients wins the game. 

Evidence indicates that simulation and gaming increase 

student motivation and improve learning outcomes (Fens 

et al., 2020).  

 

Where is the Pharmacy Game played?  

 

This educational concept was established more than 

twenty years ago in the Netherlands (Werf et al., 2004). 

All Dutch universities teaching Pharmacy (the University 

of Groningen, Utrecht University and Leiden University) 

have adopted the Pharmacy Game in their curriculum. 

Furthermore, this educational concept is part of two 

British universities (the University of Nottingham and the 

University of Bath), a few European universities (Vrije 

Universiteit Brussel, Belgium, Vilnius University, 

Lithuania and the University of Oslo, Norway), and 

Australian university (Griffith University). Many more 

are in the phase of introducing this educational concept 

among their students (e.g., the Faculty of Pharmacy, Ss. 

Cyril and Methodius University, N. Macedonia). 

 

Pharmacy Game -course characteristics  

 

The Pharmacy Game is taught efficiently on-site and 

online, using dedicated software for management and 

administration available online at 

https://pharmacygame.education/. The software is used to 

prepare and to play the game. It has three access levels, 

one for the game management team, one for the actors/ 

patients visiting the simulated pharmacies and one for the 

students. Besides the game software, the location of the 

simulated pharmacies, pharmacy information system and 

actors are being arranged for each game. 

Although the basic educational concept of the 

Pharmacy Game remains the same (Werf et al., 2004), 

many innovations have been introduced over the years. 

Usually, the Pharmacy Game is a course taught on-site, 

but the pandemic inspired creative online solutions (Hope 

et al., 2022). New developments in pharmacy practice are 

easily integrated into the course, such as the extended role 

of pharmacists in preventive medicine, the challenges of a 

pandemic for pharmacists and more awareness of the 

environment. Furthermore, innovations in student 

assessments and feedback, such as peer review and 

coaching, have been implemented recently. Another 

distinct feature of the course is the opportunity for 

collaboration with different educational and public 

organizations, allowing interprofessional education. So 

far, within the Pharmacy Game, we have established 

interprofessional collaboration with pharmacy assistants 
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in training, medical students, midwives, nurses, business 

school pros graduates, dietetic students, and general 

practitioners (in training). Collaboration is also 

established with health authorities, health insurance 

companies, or other public and private pharmaceutical 

sector representatives. (Fens et al., 2021)  

The Pharmacy Game teaches and assesses a 

combination of different competences in a safe and 

controlled setting, close to actual health care practice. The 

competencies, namely communication, teamwork and 

collaboration, confidence, competence and 

pharmaceutical expertise are related to core learning 

outcomes of the Bachelor's or Master of Pharmacy and 

are essential for the practice of future pharmacists (Fens 

et al., 2021).  

 

Step-by-step integration of the Pharmacy Game  

 

Step 1- Defining learning outcomes - The learning 

outcomes that one teaching group wants to achieve are 

crucial for starting the integration process of the 

Pharmacy Game. They determine its position within the 

Pharmacy Curriculum. In addition to that, they also 

determine the activities with which students will be 

further involved, as well as their level of difficulty.  

Step 2- Positioning the Pharmacy Game - This 

educational concept may be implemented in the Bachelor 

or Master of Pharmacy study, as a standalone course, or 

integrated into an existing course or professional practice 

internship. Furthermore, it can be given a form of 

mandatory or activity of choice. Suitable European 

Credits (ECs) can be assigned depending on the time 

invested. 

Step 3- Structuring the game - The annual iteration of the 

game may vary from 1-to 4 times in games lasting from 

12 to 36 days. The number of students per game may be 

between 20-60, divided into pharmacy teams of 5-12 

students per team. Decisions about the assessment type 

(group and/or individual) should also be made (Fens et 

al., 2021). 

Step 4- Building a game management team - The human 

resources require the dedication of 2-5 staff per game, 

full-time equivalent (FTE), directly involved in the game 

management. Their profiles vary from pharmacists, 

pharmacy assistants, physicians, academic staff, teaching 

assistants and technical services specialists. 

Step 5- Inventorize facilities and equipment - Playing the 

game on-site requires several rooms to accommodate the 

different pharmacy teams and the game management. 

Computers with internet access are needed. When this is 

not possible, an option for online pharmacies may be 

considered. Arranging actors for playing the patient cases 

and pharmacy information system for working on 

prescriptions are helpful when the learning goals are 

communication and pharmaceutical knowledge 

accordingly.    

Step 6- Make your game - The Pharmacy Game can be set 

up on a personalized online tool available through 

https://pharmacygame.education/. The game management 

team can create a new game, fill in the activities schedule, 

add the students and organize the cases and the patients 

by inviting actors. Once this is set up, the game may 

begin. 

Step 7- Start playing your Pharmacy Game! - Each 

participant in the game uses their login credentials to 

access the game. The game management coordinates the 

activities. Actors play patient cases and assess students’ 

performances. Students make pharmacy profiles, post 

activities and follow their individual and group progress 

on a daily basis. 

 

Implications for future developments in the 

pharmacist’s practice education  

 

The dynamic nature of the Pharmacy Game 

educational concept allows modifications in the game 

activities to include current public health trends and 

issues. Those activities may be brought through patient 

cases or innovative projects that students decide to 

implement in their pharmacies and consider optimizing 

medication use and safety, personalized therapies, 

vaccination in pharmacies, or advanced communication 

with mentalizing. Exchanging international experiences 

between universities also helps to sharpen such 

developments. 

 

References 
 

Fens, T., Dantuma-Wering, C.M., Taxis, K., 2020. The 

Pharmacy Game-GIMMICS® a Simulation Game for 

Competency-Based Education. Pharmacy 8, 198. 

https://doi.org/10.3390/pharmacy8040198 

Fens, T., Hope, D.L., Crawshaw, S., Tommelein, E., Dantuma-

Wering, C., Verdel, B.M., Trečiokienė, I., Solanki, V., van 

Puijenbroek, E.P., Taxis, K., 2021. The International 

Pharmacy Game: A Comparison of Implementation in 

Seven Universities World-Wide. Pharmacy 9, 125. 

https://doi.org/10.3390/pharmacy9030125 

Hope, D.L., Grant, G.D., Rogers, G.D., King, M.A., 2022. 

Virtualized Gamified Pharmacy Simulation during 

COVID-19. Pharmacy 10, 41. 

https://doi.org/10.3390/pharmacy10020041 

Werf, J. van der, Dekens-Konter, J., Brouwers, J., 2004. A new 

model for teaching Pharmaceutical Care Services 

Management. https://doi.org/10.1080/15602210400013368 

 



 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 427 - 428 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.205 

Short communication 

 
 

*dpankov0@gmail.com  S5 OP 02 

 

Building a draft national strategy for implementation of 
pharmaceutical care in patients with chronic diseases in           

Republic of North Macedonia 

 

Donka Pankov*, Nikola Geskovski, Maja Simonoska Crcarevska,                          
Marija Glavas Dodov 

  

Institute of Pharmaceutical Technology, Faculty of Pharmacy, Ss. Cyril and Methodius University in Skopje,                   

Mother Theresa 47, 1000 Skopje, RN Macedonia  

 

Introduction 

 

Chronic diseases are globally widespread and pose a 

huge socio-economic problem and challenge to the world 

community including Europe. Many patients have 

difficulty following the recommendations for appropriate 

treatment of their chronic diseases. The consequences of 

not adhering to the prescribed therapy are ineffective 

treatments, poor health outcomes and hence increased 

health care costs. Pharmacists in community pharmacies 

are the most accessible healthcare professionals to 

patients and in an ideal position to be actively involved in 

the management of chronic diseases. In N. Macedonia 

pharmacists are still not recognized as healthcare 

professionals with a significant role in the management of 

chronic diseases. Our vision for the pharmacists in RN 

Macedonia is to come up with the world trends i.e. to 

modernize, upgrade and expand the role of the so-called 

"traditional pharmacist" in "modern pharmacist" in 

accordance with Europe-Pharmacy vision 2030. The 

modern pharmacist should go beyond the traditional 

framework through broadening pharmaceutical care and 

implementing advanced cognitive pharmaceutical services 

in community pharmacies by expanding pharmacy 

services to include medication reviews and new medicine 

support, thus maximizing the benefits of improving 

adherence to, and minimizing the inherent risk of using 

medicines (PGEU, 2019). 

In that direction several studies were conducted and 

processed (Pankov et al., 2016; 2020). Results of the 

research derived a draft national strategy for development 

of pharmaceutical care in N Macedonia in direction of 

implementation of new, advanced pharmaceutical services 

in patients with chronic diseases. 

 

Materials and methods  

 

A focus group observational research preceded above 

mentioned draft national strategy for development of 

pharmaceutical care in RN Macedonia.  

Cross-sectional analysis of patients, physicians and 

pharmacists was performed in order to assess their 

attitudes about the role and prospects of pharmacists in 

community pharmacies in N. Macedonia in the 

management of chronic diseases, as well as foresees for 

pharmacists effective positioning in the chronic diseases 

management (Pankov et al., 2016; 2020). 

 

Results and discussion 

 

The overall results of the research showed that all 

respondent groups, pharmacists, physicians (primary care 

physicians and specialists) as well as patients recognize 

the benefits of extended pharmaceutical care for patients 

with chronic diseases in terms of explicatory clarification 

of the need for appropriate medicine use and adherence to 

therapy. Analysis of pharmacists focus group disclosed 

their believes and assurance that adequate conditions in 

community pharmacy settings could be provided in 

direction of successful implementation of additional 

pharmaceutical care, as well as their willingness and 

anticipation for involvement in chronic disease 

management. 

The above findings pave the way for building of a 

draft national strategy for implementation of advanced 
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pharmaceutical services in North Macedonia, such as 

Medication Therapy Management (MTM), New Medicine 

Service (NMS) and Health Promotion Services (HPS).  

 Implementation of the MTM service in the 

community pharmacies in North Macedonia should result 

with improved patients` adherence to the prescribed drug 

therapy, due to the increased knowledge and awareness 

for appropriate and correct drug use. Also, patients will be 

educated about their disease, and purpose for usage of 

certain medication will be justified accordingly. Possible 

medication usage errors and safety risks will be 

minimized. Patients will be taught to identify    possible 

side effects from medications or potential for interactions 

with other medications (NHS, 2013). Overall MTM 

would ensure the best therapeutic outcomes for chronic 

diseases patients in RN Macedonia. The introduction of 

the NMS, as a national intervention in the community 

pharmacies in North Macedonia, would provide support 

for patients with long-term conditions with newly 

prescribed medicines and help them to improve therapy 

adherence. This service will improve the effectiveness of 

the therapy and will reduce additional physicians` visits, 

hospital treatments and other costs associated with 

chronic disease management. 

 Third proposed strategic activity HPS addresses  

prevention, care and support of patients with chronic 

diseases, such as risk assessment for certain chronic 

diseases, smoking cessation services, healthy lifestyle 

instructions, weight management guidelines, etc. (PGEU, 

2019).  

Nearly 80% of the surveyed pharmacists share 

opinion that education and training of pharmacists for 

successful and effective implementation of 

pharmaceutical care in chronic diseases management 

should be done by Faculty of Pharmacy in cooperation 

with University Clinics and hence pharmacists should be 

certified accordingly.  Higher education institutions 

should primarily define the "competency framework" for 

pharmacists in order to provide advanced pharmaceutical 

services. Subsequently, certified pharmacists should be 

licensed by Pharmaceutical chamber. In this way, only 

community pharmacies with certified and accredited 

pharmacist for implementation of advanced 

pharmaceutical services will be able to perform them.  

Almost 83% of pharmacists’ group respondents are 

consent that there should be remuneration for provision of 

advanced cognitive pharmaceutical services in the 

community pharmacies. Accordingly, in a draft national 

strategy a proposal for reimbursement of MTM and NMS 

was made by defining the criteria and the corresponding 

amounts that should be reimbursed by the national Health 

insurance fund (HIF). Studies confirmed that 

implementation of the advanced pharmaceutical care 

services would result in reduced overall costs and hence 

positive return of the investment for health care system 

when compared with normal “traditional” community 

pharmacy practice (Elliot et al., 2017).  

 

Conclusion 

 

Modern pharmacists are focusing on patient care and 

expanding pharmaceutical services in community 

pharmacies. Implementation of Medication Therapy 

Management and New Medicine Service and receiving 

reimbursement from HIF for their implementation in RN 

Macedonia, would be a milestone for the growth and 

development of pharmaceutical care and 

pharmacotherapy effectiveness while reducing health care 

costs.  

Pharmacists will be motivated to continue investing 

in their knowledge and competencies and will have 

confirmation that their work as health professionals is 

valued and recognized. 
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Introduction 

 

Pharmacy services encompassed a wide range of 

practical applications or technique that can be classified 

into 3 groups: activities directed to the patients, activities 

directed at health care professionals, and assessments to 

gather patient – related information in order to support the 

previous activities (Sabater – Hernadez et al., 2016). 

Pharmacy - provided services and interventions have 

been shown to reduce the risk of potential adverse drug 

events and improve outcomes, and majority of published 

studies show that these pharmacist activities are cost – 

effective or have a good cost: benefit ratio (Dalton and 

Byrne, 2017).  

Over 40 types of distinct pharmacy services and 

activities were identified as being provided in community 

pharmacies across Europe by the questionnaire developed 

for PGEU Facts and Figures Database 2018-19. The 

services/activities provided in the community pharmacies 

across Europe according to the Data Base are categorized 

into 5 groups: Medicine supply services (10), Medicine 

use, adherence and management services (10), Screening, 

prevention and health education services (14) 

Administration of medicines (2), eHealth services (6) and 

Miscellaneous services (3). The services/activities were 

sub – divided into those which are standardly 

implemented (all countries), highly implemented 

(between 15-30 countries), occasionally implemented 

(between 5 and 14 countries) and emerging services (up 

to four countries) across the different European countries 

(PGEU, 2020).  

Services provided in community pharmacies in RN 

Macedonia are: supplying and dispensing medicines and 

medical devices, supplying and dispensing of medicines 

containing opioids and preparation and dispensing of 

pharmaceutical preparations.   

 

Aims and objectives 

 

This paper has intention to point out the possibility of 

introducing new pharmacy services in Macedonian 

community pharmacies taking into account the current 

provisions in the Macedonian legislation.  

 

Materials and methods 

 

Analysis of the Regulatory Acts from Macedonian 

legislation where pharmacy and pharmaceutical services 

are regulated was conducted. The following Acts were 

analyzed: 

1. Law on Medicines and Medical Device (Off. 

Gazette, 2007) and Bylaws 

2. Law on Health Protection (Off. Gazette, 2012) 

and Bylaws 

3. Law on Health Insurance (Off. Gazette, 2000) 

and Bylaws 

 

Results and discussion 

 

The results of the analysis have shown that 

pharmacies and pharmacy services and activities are 

regulated in the Law on Medicines and Medical Devices, 

where conditions for supplement, storage and dispensing 

of medicines and medical devices are met in the Law on 

Health Protection where pharmaceutical services as a part 

of a primary health care are regulated. The way of 

payment and the prices of the services that are covered by 

Health Insurance Fund are regulated by the Law on 
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Health Insurance. The further analysis of the bylaws has 

shown that small changes in the conditions for space, 

equipment and the professional staff in the pharmacy 

could provide appropriate conditions for establishing new 

services. The introduction of the new service is regulated 

in the Article 26 Paragraph 3 of the Law on Health 

Protection where stands that List of services are part of 

the health care protection and are brought by the Minister 

of Health. That means that carefully and completely 

developed service that fulfills the requirements of the 

health system could be added to the List of services for 

example to List of services that community pharmacies 

provide. The pathway of establishing new services would 

be: analysis of the gaps in the health system and 

determining the missing service(s), then, developing the 

service(s), introducing the new service(s) to the Ministry 

and Minister of Health, convincing the Minister to extend 

the List of services, extending the List by the Minister and 

implementing the service into the practice. Since the 

health services are paid by Health Insurance Fund (HIF), 

the changes in the bylaws of the Law on Health Insurance 

could provide partial or total remuneration of the service. 

This could be accomplished by convincing the HIF that 

remuneration of the certain service would provide cost 

savings in the health system and improvement of the 

health care in general at the same time. 

 

 

Conclusion  

 

The present article shows that pathway for the 

establishment of new service(s) in the community 

pharmacies in RN Macedonia is well determined in the 

Macedonian legislation. The pharmaceutical professional 

community together with the academia organized and 

supported by the professional organizations should take 

steps in starting the process of establishing new service(s) 

in order to improve pharmaceutical care, health care in 

general by creating activities and processes that would 

improve personal and public health in RN Macedonia. 
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Introduction 

 

Community pharmacy is emergently shifting from 

product-oriented to patient-centered practice. Considering 

the mounting challenges in the health care system, 

community-based pharmacists provide educational 

consultations, medication management and other 

medication optimization services, chronic condition 

management, care coordination, health and wellness 

services in close collaboration with other health 

professionals. While the types of pharmacy based patient 

care services are extremely variable by country, 

pharmacists as ‘front line’ health professionals are 

expected to practice by Codes of Ethics according to 

which they should ‘‘strive to provide the best possible 

care for consumers, patients and careers, with due regard 

for the limitations of available resources and the 

principles of equity and justice’’ and ‘‘comply with 

legislation and accepted codes and standards of practice’’ 
(The International Pharmaceutical Federation Statement 

of Professional Standards: Codes of Ethics for 

Pharmacists FIP, 2014 and National Code of Ethics,  

Official Gazette of RM, 33/2014).  

Still, in the circumstances of evolving pharmacy 

practice, accompanied by increasing complexity of cases 

and medications, these principles can conflict and raise 

ethical concerns in every day practice. Defining the most 

common ethical issues and determining their difficulty 

and frequency is important for gaining greater insight into 

the complexity and importance of community pharmacist 

work.  Several studies reported the types of ethical issues 

that pharmacists in neighboring countries face in 

providing health care (Crnjanski et al., 2019; Vuković et 
al., 2018). However, it is a well-established fact health 

care systems differ in performance and large differences 

exist in the use, costs and quality of health services. 

Accounting all this, the present study aimed to assess the 

attitude and perception of Macedonian community 

pharmacy professionals towards ethical issues and assess 

what pharmacist in different health care systems view as 

important ethical aspects of their practice. 

 

Materials and methods  
 

A cross-sectional, quantitative study was conducted 

among pharmacist from community pharmacies in 

Macedonia. A self-administered questionnaire, distributed 

as on-line survey via Google forms platform during May 

2022 was used to collect the required data.  The survey 

instrument was originally developed using the ‘‘Ethical 

Issue scale for the community pharmacy setting- ESIP’’, 
and previously validated and published by Crnjanski et al. 

(2017). The questions were organized in two sections: 

first section included questions regarding general 

sociodemographic information of the participants (gender, 

age, education, working experience, primary practice 

setting and position) and second section was composed of 

two identical sets of 16 ESIP items. The first set assessed 

the difficulty and the second set assessed the frequency of 

ethical issues. Responses were rated on a 5-point Likert- 

type scale (1 - lowest, 2 - insignificant, 3 - moderate, 4- 

significant, 5- highest). Statistical analysis was performed 

in MedCalc ver.20.111. Standard descriptive measures 

(mean, standard deviation [SD], 95% CI) were used. The 

significance of potential associations between pharmacists 

characteristics (categorical, nondependent variables) – age 

(< 35 vs. 36-45 vs. >45); years of experience (<10 vs. 11-

20 vs. >21), education (graduate vs. postgraduate, 

location of pharmacy (urban vs. rural) and pharmacists 

ethical dilemmas (qualitative, dependent variables) was 
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assessed using chi-squared and one – way ANOVA test at 

a threshold of p < 0.05. 

 

Results and discussion 
 

One hundred (N=100) pharmacist were contacted and 

94 completed the questionnaire participated (response rate 

94%). The mean age of study participants was 36.6 years 

(±8.87, range 23- 58 years) and the average years of work 

experience was 7.8 years (±0.79, range 0.75-30 years). 

Majority of the respondents were younger than 35 years 

(48.9%), had practiced less than 10 years as a registered 

pharmacist (68.1%) in urban community setting (76.5%).  

Among the total of the study participants, 86 (91.4%) 

were females, 61 (64.8%) had graduate level of pharmacy 

education and 69% worked in a pharmacy where the 

number of employed pharmacist is maximum two.  None 

of the evaluated ethical issues was perceived as highly 

difficult or highly frequent (mean>4.5) in every day 

pharmacy practice. Only one ethical issue stated as ‘‘A 

pharmacist performs several tasks simultaneously, while 

providing pharmaceutical services to a patient’’ was 

perceived as significantly difficult (mean = 4.074, rated 

by 46.8% as an issue with highest difficulty). This was 

also the most frequent concern (mean = 3.84, rated by 

52.8% as an issue with highest frequency). When ranked, 

the second most important topic, alleged as moderately 

difficult, was” A pharmacist needs to inform a patient of 

the reasons for the prescribed therapy, since the patient 

doesn’t know his/her diagnosis” (mean = 3.734, rated by 

29.1% as an issue with highest difficulty) while the 

second issue that significantly occurs was “A patient can’t 
afford the necessary drug therapy (mean = 3.76, rated by 

27.7 % as an issue with highest frequency). All other 

ethical issues evaluated in the questionery had less than 

3.5 points on a overall Likert scale. Younger age 

(<35years) and less practicing experience (<10 years) 

were observed to have statistically substantial association 

( p<0.05) with higher difficulty and frequency of ethical 

issues designatedin the following six questioner 

statements:1)‘‘A pharmacist is prevented from dispensing 

a medicine to the patient due to an administrative error in 

the prescription’’, 2)‘‘A patient can’t afford the necessary 

drug therapy, 3)‘‘A prescription of the patient can’t be 

filled, due to legal constraints e.g. inadequate diagnosis, 

the findings of medical review board etc.’’, 4)‘‘A patient 

is unable to understand health information and advice 

provided by the pharmacist’’, 5)‘‘A pharmacist is facing a 

clearly expressed mistrust of the patient in the prescribed 

therapy and is required to act on that’’, 6)‘‘A pharmacist 

needs to inform a patient of the reasons for the prescribed 

therapy, since the patient doesn’t know his/her diagnosis 

(irrespective of the reason)’’. In contrast with our 

findings, the two issues generally perceived as extremely 

difficult in Serbia were: ‘‘A pharmacist dispenses a 

medicine he/she personally considers inadequate for 

thetherapeutic treatment of the patient, in order to avoid 

any conflicts with thephysician’’ (mean = 4.00) and ‘‘A 

pharmacist is considering violating the rules and 

regulations in order to perform an act of humanity’’(mean 

= 4.01), while the ethical issues that always occurred 

were: ‘‘A pharmacist is prevented from dispensing a 

medicine to the patient due to an administrative error in 

the prescription “(mean = 3.84) and ‘‘A patient can’t 
afford the necessary drug therapy’’ (mean = 3.73). On the 

other hand, when evaluated according to age and working 

experience, we found substantial similarity with reference 

to majority of the ethical issues. 

 

Conclusion 

 

This is the first study that provides insights into the 

types and frequency of ethical issues faced by community 

pharmacy in Macedonia. Simultaneous performing of 

several tasks while providing pharmaceutical services to a 

patient was found to be the most important dilemma. This 

has to be viewed as an essential concern with regards to 

the quality, complexity and importance of community 

pharmacist work when delivering patient centered 

pharmaceutical care. The overall perception of the 

difficulty and frequency of ethical issues encountered by 

the community pharmacists in Macedonia considerably 

differs to those recognized by Serbian pharmacists. 

Additional studies should be conducted to explain the 

differences in ethical issues between pharmacists from 

different countries. 
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Introduction 

 

Chronic obstructive pulmonary disease (COPD) is a 

chronic respiratory disease which is characterized by 

obstruction of airway pathways in the lungs. Usually it is 

associated with patients` previous history of chronic 

bronchitis and/or emphysema. The clinical symptoms of 

COPD include sputum, chronic cough, wheezing, along 

with slow onset and long duration (Li et al., 2021). If not 

treated it can seriously impact patient quality of life and 

progressively lead to severe lung function deterioration.  

According to WHO, COPD is the third leading cause of 

death worldwide, causing 3.23 million deaths in 2019. 

COPD is included in the WHO Global Action Plan for the 

Prevention and Control of Noncommunicable Diseases 

(NCDs) and the United Nations 2030 Agenda for 

Sustainable Development. It includes protocols for the 

assessment, diagnosis and management of chronic 

respiratory diseases (asthma and COPD), and modules on 

healthy lifestyle counseling, including tobacco cessation 

and self-care (WHO, 2022). FIP in 2019 conducted 

analysis for role and activities of pharmacists in non-

communicable diseases (NCDs)) and based on the results 

encouraged pharmacists around the world to act upon 

NCDs, from prevention and screening activities, to patient 

referral when appropriate, and to pharmacist-led, patient-

centered NCD management to improve outcomes and 

quality of life (FIP, 2019). According to Hu et al. (2020) in 

COPD management  community pharmacists as most 

accessible health workers might play a key role “raising 

disease awareness, encouraging and supporting smoking 

cessation, educating about lifestyle options and disease 

management, performing COPD screening, referring high-

risk patients to doctors, supporting self-management and 

encouraging flu vaccination, reviewing patients’ 

pharmacotherapy and monitoring patient’s technique and 

adherence, and supporting management plan that minimize 

exacerbation” 

The aim of this study was to evaluate the knowledge 

of community pharmacists in RN Macedonia about COPD 

(causes, treatments, management) in order to establish the 

baseline and identify gap knowledge with the rationale to 

provide them efficient training and education in order to 

improve/increase their competence for COPD patients` 

pharmaceutical care provision.  

 

Materials and methods  

 

A cross-sectional online based survey using Google 

forms was conducted in the period of 07.05-17.05.2022. 

The questionnaire was taken from Hu et al. (2020), 

translated into Macedonian language and slightly 

modified. There were 24 closed questions in total. The 12 

questions were related to demographic factors and the same 

number, 12 to COPD knowledge. The questionnaire was 

shared among members of community pharmacists in RN 

Macedonia using Social networks (Facebook, Viber). 

Obtained data were tabulated using Microsoft Excel® 

(Microsoft Corp. Redmond, WA, USA) and were 

computed and evaluated using statistical software 

STATGRAPHICS Centurion XVI evaluation (StatPoint 

technologies Inc., USA). 
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Results and discussion 

 

The survey was answered by 148 respondents. Most of 

them (89.19%) were females. The age range was as 

follows: 20–30 (8.78%), 31–40 (33.78%), 41–50 (33.11%), 

51–60 (22.97%) and 61 years or above (1.35%). Vast 

majority (89.19%) possessed university diploma for 

graduated pharmacists, and only 4.05% were pharmacist 

technicians. The rest were with postgraduate education. 

Only 0.68% had <1 year working practice. The others had 

1–5 (8.78%), 6–10 (16.89%), 11–15 (24.32%), 16–20 

(12.84%) and 21 or above (36.49%) years of practice in 

pharmaceutical sector. Most of them worked between 33-

40 hours per week (58.78%) and 41-48 hours per week 

(31.76%). 48.65% worked in single (monomer) pharmacy, 

while 25% in small chain (2-4 community pharmacies) and 

26.35% in big chain pharmacy (>5 community 

pharmacies). 96.62% of the community pharmacies 

dispensed COPD medications. Only, 22.97% of the 

respondents had some COPD related training during their 

formal education and 27.7% during their employment. 

Nearly 1/3 (34.46%) of the surveyed community 

pharmacists share an opinion that they can be involved in 

COPD management right away, while 57.43% are willing 

to be involved but only after additional training. The rest 

are not sure (6.76%) or refused (1.35%). The risk factors 

for COPD are smoking, pulmonary infections, air pollution 

and dust and hyper parasympathetic regimen. More than 

90% of the surveyed answered correctly, when it comes to 

smoking, pulmonary infections and air pollution and dust. 

However only 24.32% identify correctly hyper 

parasympathetic regimen as risk factor, and unfortunately 

81.76% identified wrongly allergic reactions as risk factor. 

Nearly ½ (48.65%) wrongly thought that COPD-induced 

lung airflow limitation is reversible and only 20.27% 

answered correctly that it is irreversible. The rest were 

unsure. 95.27% correctly identified chronic cough, sputum, 

dyspnea, chest tightness and so on as COPD associated 

symptoms. 18.24% answered correctly that “If a patient is 

suspected and has a FEV/FVC <90% from a pulmonary 

function test, the patient is diagnosed with COPD” is a false 

statement. On the other side 95.95% knew that the most 

commonly used international guideline for the treatment of 

COPD is GOLD. Inappropriately 82.43% thought that 

inhaled drugs are the first choice for maintenance treatment 

of chronic obstructive pulmonary disease, such as short-

acting β2 adrenoceptor agonists (SABAs). Also, 

unfortunately 45.95% share an opinion that inhaled 

glucocorticoids are not commonly used in the treatment of 

COPD due to strong adverse drug reactions. 76.35% were 

right when identify nausea, vomiting, diarrhea, food reflux, 

and headaches as common adverse reactions to 

theophylline drugs. 95.95% answered correctly that short-

acting bronchodilators are commonly used during the acute 

exacerbation of COPD. Similar results were given for the 

statement that “Short-term oral glucocorticoids can be used 

during exacerbations, with the aim of shortening the 

recovery time and reducing the severity of exacerbations 

and the risk of early relapses” where 93.24% answered 

correctly. Respondents correctly pointed out that assisting 

patients to quit smoking (93.24%), recommending patients 

to receive flu vaccine (87.16%) and encouraging patients 

to exercise more (78.37%) might help and improve 

condition in COPD patients. Regretfully, 44.59% thought 

that advising patients to reduce salt intake will also be 

beneficial in COPD. 96.62% correctly shared the opinion 

that pulmonary rehabilitation services for patients with 

COPD can improve shortness of breath and exercise 

tolerance. 

 

Conclusion 

 

The study pointed out that community pharmacists in 

RN Macedonia possess some gaps in their knowledge 

about COPD treatment and management. It is expected as 

nearly 2/3 did not have specific training for COPD either 

during their formal education or employment. There is a 

need for additional education and training of community 

pharmacists in RN Macedonia in order to improve/increase 

their competence for better pharmaceutical care provision 

in COPD patients.  
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Introduction 

 

COVID-19 pandemic impacted the humanity 

globally. At the beginning of the pandemic many factors 

were uncharted and hence people felt unsure in any 

circumstances, including medicine availability and usage. 

Reports are showing that along with promotion of 

restrictive measures for health protection there was 

anticipation for decreased supply of essential goods, 

including medicines (Karlsson et al, 2021). Due to the 

public anxiety generated with lockdowns and fear from 

unknown such as possible reduction of pharmaceutical 

industry manufacturing and medicine sale chain 

disruptions owing to quarantines, in some countries 

excessive medication purchasing and stockpiling were 

detected (Karlsson et al, 2021; Romano et al., 2020; Sulis 

et al., 2021). Community pharmacies as last link of drug 

supply chain that are in direct contact with patients are at 

the frontline when it comes to the detection of changes in 

medicine dispensing and over the counter drug (OTC) 

sales.  

The aim of this study was to get insight into the 

antibiotic dispensing and OTC sales in community 

pharmacies in Montenegro in the period 2019-2021 and to 

see if there were any impending changes before and after 

declaration of COVID-19 pandemic. As this was 

preliminary indicative case-study the data were collected 

from single community pharmacy “Villa” located in city 

of Budva, Montenegro. 

Materials and methods  

 

Antibiotic dispensing was assessed for amoxicillin, 

amoxicillin+clavulonic acid, ciprofloxacin, cephalexin, 

cefixime, ceftriaxone and azithromycin, while OTC sale 

was assessed for paracetamol, ibuprofen and vitamin D. 

Data were aggregated quarterly for the period 2019-2021. 

The assessment of drug consumption was expressed as 

number of dispensed daily doses (NDDD) calculated as a 

ratio between total amounts (mg) of dispensed drugs and 

defined daily doses (DDD) (https://www.whocc.no/).  

As DDD are normally assigned based on use in adults, 

only solid dosage forms such as capsules and tablets were 

considered except for ceftriaxone which is available only 

in form of injections.  

Liquid dosage forms usually prescribed and sold for 

pediatric use are not taken into consideration as according 

to WHO pediatric DDDs are challenging to assign and 

problems related to drug utilization research in children 

cannot be solved by such means 

(https://www.who.int/tools/atc-ddd-toolkit/about-ddd).  

 

Results and discussion 

 

Annual overall antibiotic utilization was 5654.83, 

5102.67 and 7095.5 NDDD for 2019, 2020 and 2021 

accordingly. The most dispensed antibiotic in 2019 was 

azithromycin with 1290 NDDD, while the least one was 

ceftriaxone with 73.5 NDDD. Ciprofloxacin was 

dispensed in 690, cefixime in 790, cefalexin in 940, 

amoxicillin+clavulanic acid in 928 and amoxicillin in 940 

DDD. The quarterly NDDD of dispensed antibiotics were 
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1565.6, 1601.17, 1278.67 and 1209.33 for January-

March, April-June, July-September and October-

December 2019. In 2020 significant increase is noted in 

azithromycin (1650 NDDD) and ciprofloxacin (840 

NDDD) dispensing. Some rise of ceftriaxone dispensing 

is also present (85 NDDD).  On the other hand, all other 

antibiotic dispensing was lower in 2020 when compared 

to 2019, cefixime - 450, cefalexin -684, 

amoxicillin+clavulanic acid -788.67 and amoxicillin- 608 

NDDD. The quarterly data for 2020 showed that most 

antibiotics were dispensed in last quarter (October-

December) 2090.5, followed by first quarter (January-

March)-1287.5, third quarter (July-September) 1081.5 and 

second quarter (April-June) 643.17 NDDD. These 

observations are most likely associated with COVID-19 

peaks but also with winter seasons when common cold 

and similar ailments are usual. As it was already noted in 

2021 significant increase of dispensed antibiotics was 

recorded when compared to previous 2020 and 2019. 

Significance was detected in cases of azithromycin (1930 

NDDD), ciprofloxacin (1532.5 NDDD), cefixime (950 

NDDD) and ceftriaxone (944.5 NDDD). Decreased 

dispensing in 2020 was observed for cephalexin (564 

NDDD), amoxicillin (576 NDDD) and 

amoxicillin+clavulanic acid (598.5 NDDD). The quarterly 

data for annual antibiotic dispensing in 2021 were as 

follows 3123.17 NDDD in January-March, 1155.83 

NDDD in April-June, 1915.17 NDDD in July-September 

and 901.17 NDDD in October-December thus associating 

with COVID-19 peaks in 2021 in Montenegro.  

Paracetamol sale nearly doubled in 2021 (6676.67 

NDDD) when compared to 2019 (3408 NDDD), while in 

2020 it was 5558 DDD. In 2019 paracetamol most NDDD 

were sold in 3rd quarter (July-September) -1003.33 

NDDD, in 2020 in 1st quarter (January-March) – 2297.33 

NDDD and in 2021 also in 3rd quarter (July-September)– 

2325.33 NDDD. Contrary to paracetamol a decrease of 

ibuprofen sale was determined in the period 2019-2021. 

In 2019 a total of 18983.33 NDDD of ibuprofen were sold 

while in 2020 it decreased to 15031.67 NDDD and in 

2021 it was 16420 NDDD. Most sold NDDD for 

ibuprofen in 2019 and 2020 were determined in the first 

quarter (January-March)-4838.33 and 4835 NDDD 

respectively, while in 2021 it was in 3
rd

 quarter (July-

September) with 5031.67 NDDD. Vitamin D sale 

increased after COVID-19 declaration with a paramount 

surge after I-MASK+ Prevention & Early Outpatient 

Treatment Protocol for COVID-19 announcement in 

October 2020 (https://covid19criticalcare.com/covid-19-

protocols/i-mask-plus-protocol/).  

Namely in 2019 only 27.5 NDDD of Vitamin D were 

sold, while in 2020 and 2021 - 428.75 and 622.5 NDDD 

were sold accordingly. In 2020 the most sold NDDD 

(301.25) were recorded in the last quarter (October-

December), while in 2021 in 1
st
 quarter (January-March) 

– 393.75 NDDD of vitamin D.  

 

Conclusion 

 

Overall antibiotic dispensing increased nearly 25% in 

2021 compared to 2019. The highest increase was 

observed in ceftriaxone dispensing, 12.85 times higher 

followed by ciprofloxacin – 2.2 times, azithromycin – 1.5 

times and cefixime 1.2 times in 2021 vs 2019. 

Paracetamol sales increased for 96%, while ibuprofen 

sales decreased for 14% in 2021 when compared to 2019. 

Vitamin D sales increased 22.6 times in 2021compared to 

2019 and 45.2% in 2021 paralleled to 2020.  Overall 

results indicated that there were notable changes in 

antibiotic dispensing an over the counter drug sale before 

and after declaration of COVID-19 pandemic. 
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Introduction 

 

According to Gallup Honesty and Integrity survey for 

different professions, pharmacists are forth most honest 

and ethical professionals, along with nurses, medical 

doctors and grad-school teachers (Sarasohn-Kahn, 2020). 

Community pharmacist is a health profession that plays a 

key role in responding to health crisis, especially in 

COVID-19 pandemic. There is no doubt that community 

pharmacists are one of the most accessible healthcare 

professionals. Actually, recent study points out that 

median number of visits to community pharmacies was 

significantly higher when compared with visits to primary 

care physicians, 13 vs 7, accordingly (Berenbrok et al., 

2020). Past two years of the current pandemic have 

confirmed that community pharmacies were often the first 

point of contact with the healthcare system for patients 

either for COVID-19-related health care advices, as well 

as for chronic and acute health problems related issues, 

especially at the beginning of the COVID-19 pandemic 

when restructuring of the health care system on primary 

and secondary level was undergoing (Hedima et al., 

2021). In this difficult situation of public health crisis, in 

order to meet the needs of patients and to maintain the 

continuity of health services, it was extremely important 

to use the potential of pharmaceutical care in community 

pharmacy practice. At the same time, it was extremely 

important to recognize the importance and role of 

community pharmacists in the continuous and unreserved 

population needs meeting and patients support provision 

in order to reduce the pressure on other primary health 

care sectors and prevent the spread of panic among 

general population. The International Pharmaceutical 

Federation (FIP) has published provisional guidelines for 

the pharmaceutical workforce outlining key activities that 

are part of the professional responsibility of pharmacists 

during the current pandemic (FIP, 2020). Therefore, in a 

public health crisis like the COVID-19 pandemic, it is 

important to evaluate the roles and activities that 

community pharmacists can take to help relieve stress in 

other areas of health care, such as general practice and 

emergency departments. The aim of the current 

retrospective observational study was to evaluate and 

compare the community pharmacists’ activities at the 

beginning of the pandemic (March-April, 2020) with the 

ones before (January-February, 2020).   

 

Materials and methods 

 

The design and structure of the questionnaire was 

performed in April 2020. It was distributed among 10 

community pharmacists in order to evaluate the clarity, 

complexity and understanding of questions. The survey 

was conducted via SurveyMonkey® platform during May 

2020. Each community pharmacy in RN Macedonia 

registered at national registry of community pharmacies 

(https://lekovi.zdravstvo.gov.mk/pharmacies) was sent an 

e-mail with invitation request and link to the 

questionnaire. One questionnaire per community 

pharmacy was allowed. It consisted of 18 questions 

distributed in 3 categories - demographic characteristics, 

quantitative characterization (number of patients assessed 

via number of dispensed prescriptions and number of 

issued invoices) and qualitative characterization (most 

frequent requests from patients, services provided, new 

services introduced, problems identified in 
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communication with patients related to medications, 

patient relations, etc., problems identified in terms of 

work organization). 

Obtained data were tabulated using Microsoft Excel® 

(Microsoft Corp. Redmond, WA, USA) and were 

computed and consequently evaluated using statistical 

software STATGRAPHICS Centurion XVI evaluation 

(StatPoint technologies Inc., USA). 

 

Results and discussion 

 

The number of community pharmacies that 

responded to the questionnaire was 214. The community 

pharmacies were from the whole territory of RN 

Macedonia, with most from the capital Skopje (33.64%), 

followed by Bitola (11.21%) and Kumanovo (7.94%). 

The average number of patients in the period January-

April 2020 was 4219.6 per month per community 

pharmacy. The average number of dispensed prescriptions 

on monthly level per community pharmacy was 2975.53. 

90.38% answered that in March and April 2020 had 

higher demand for OTC medications compared to January 

and February 2020. Also, vast majority of the community 

pharmacies (91.35%) had increased requests for 

pharmaceutical care in patients in March and April 2020, 

compared to the period before the COVID-19 pandemic 

was declared. The most frequent requests were related to 

instructions for using protective masks, gloves, 

disinfectants (80.32%), problems with disease treatment 

(47.34%) and therapy prescriptions (42.02%). Slightly 

less than half of the surveyed community pharmacies 

(46.12%) encountered problems in the attitude of patients 

towards working staff such as aggression and disrespect. 

Majority (69.42%) answered that changing of the working 

time at the beginning of the COVID-19 pandemic 

(March-April 2020) affected the well-being of the staff 

and that it resulted with increased workload of community 

pharmacy staff (71.84%). Only 22.33% practiced home 

delivery of medications to “vulnerable categories”, while 

26.7% had options, but didn`t practice home delivery due 

to the complicated conditions in which they operated in 

that period and the rest (50.97%) didn`t have such 

possibilities. 19.38% stated that they consider possibility 

for home delivery of medications in the near future. 

Almost all (98.06%) of community pharmacies continued 

to provide self-care advice to their patients continuously 

and efficiently. Nearly half of the respondents (51.46%) 

answered that they didn`t receive directions and 

recommendations for organizing work during a pandemic 

from any official state institution. As additional remarks 

most comments were related to the little attention given to 

the role and activities of community pharmacists during 

COVID-19 pandemic by the official government bodies 

although they are often first line of contact for the public 

in normal healthcare situation and even more at the 

beginning of COVID-19 pandemic with closing of 

outpatient departments in primary and secondary health 

care system. Some of the comments are:  

“No institution found it necessary to explain more 

that the "most accessed" health worker was the 

pharmacist. His role was to protect, educate, encourage 

the patient, and supply him with medications, protective 

equipment and disinfectants, at the same time protecting 

himself and his family. Appreciations to patients who 

showed respect for our efforts.” 

“In the whole situation, the community pharmacies 

were left on their own. With great effort and consistent 

work, we tried to respond to the needs of the patients, 

despite all the difficulties we encountered.” 

“Community pharmacists are forgotten health care 

workers.” 

 

Conclusion 

 

Pharmacists at community settings took active role in 

COVID-19 pandemic since its beginning. They quickly 

adjusted to the emergency situation arisen with COVID-

19 pandemic situation. Although they faced significantly 

increased patients demands and workload in general they 

manage to efficiently provide continuous pharmaceutical 

care. They believe that government policymakers should 

appreciate and value their role and activities more. 
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Introduction 

 

Since the appearance of COVID-19 in early 2020 and 

especially after the WHO declared a pandemic in March 

2020, daily life and routine work activities have undergone 

drastic changes. Globally, all labor sectors were severely 

affected, but the biggest burden was initially borne by the 

health sector. Pharmacists have had a large share in the 

efforts to tackle the pandemic and its aftermath, ranging 

from research and development of drugs and vaccines to 

the dispensing of drugs, the provision of personal 

protective equipment and the essential pharmaceutical 

care. Although pharmacists along with physicians were at 

the forefront of the healthcare system, their activities and 

role were underestimated in general. Pharmacists were 

rarely mentioned as essential frontline health care 

providers by the news media, the public, or politicians 

(Goff et al., 2020).  

The aim of this study was to assess the role and 

activities of pharmacists in RN Macedonia at the beginning 

of COVID-19 pandemic, March-April 2022.  

 

Materials and methods  

 

A cross-sectional online survey was conducted via 

SurveyMonkey platform in the period 24.04-02.05.2020. 

The questionnaire was taken from 

https://www.surveymonkey.co.uk/r/COVID-19-

Pharmacy-responses-commonwealth, modified and 

adapted with the aim of comparing the situation in our 

country with other countries during the evaluation. The 

questionnaire was translated into Macedonian language 

and tested by 10 respondents for clarity and understanding, 

as well as potential ambiguity. There were 24 questions in 

total, where 5 were related to demographic data, such as 

profession, gender, age, predominant pharmaceutical 

sector working in and years of practice in the profession. 

The survey was done by Center for continuous education 

and National pharmacoinformatic center (NFIC), Faculty 

of pharmacy, Ss. Cyril and Methodius University in Skopje 

using social media for distribution and MALMED (Agency 

for drugs and medical devices of RN Macedonia) as partner 

in the survey 

Obtained data were tabulated using Microsoft Excel® 

(Microsoft Corp. Redmond, WA, USA) and were 

computed and evaluated using statistical software 

STATGRAPHICS Centurion XVI evaluation (StatPoint 

technologies Inc., USA). 

 

Results and discussion 

 

The purpose of this research was to detect what 

problems affect pharmacists in responding to the COVID-

19 pandemic, how pharmacists and professional bodies 

respond to the pandemic and what support would be 

helpful according to their opinion.  

The questionnaire was answered by 511 people, with 

pharmacists represented by 81.8%, pharmacy technicians 

by 13.3%, pharmacy students 1.76% and 3.3% others 

(mostly postgraduated specialists and PhD). Females were 

dominant responders (84.74%). The average age was 

38.34±10.08 years. Mostly of the respondents worked as 

community pharmacists (58.9%). The percentage of those 

working in pharmaceutical industry was 14.68%, while 

7.44% were in drug wholesaling, and 5.48% and 5.68% as 

hospital/clinical pharmacists and university professors, 

accordingly. The average professional working experience 

was 13.52±9.58 years. When it comes to the level of 

concern about impact of COVID-19 on personal level 

47.55% were worried, 24.85% were very worried and 

9.59% were extremely worried. On the other hand, 14.68% 

https://www.surveymonkey.co.uk/r/COVID-19-Pharmacy-responses-commonwealth
https://www.surveymonkey.co.uk/r/COVID-19-Pharmacy-responses-commonwealth
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were extremely worried, 28.96% very worried and 39.53% 

worried about the impact of COVID-19 on their profession. 

COVID-19 did not have influence on working efficacy in 

67.88% of respondents, while 28.96% and 3.33% find it 

difficult and very difficult, respectively. These results are 

opposite to the findings of Ashiru-Oredope et al. (2020), 

where extreme worry was observed to be higher on a 

personal level than on a professional level and two-thirds 

of respondents stated that had difficulties to work 

effectively during the COVID-19 pandemic. More than a 

half (57.14%) did not work remotely which is expected as 

similar was the % of respondents working in community 

pharmacy setting. 17.61% worked partially and 23.48% 

worked completely from their homes. Three most common 

challenges during remote working were difficulty in 

communication with co-workers (51.27%), restricted 

access to the tools or information need to do the job at 

home (41.88%) and adherence to a regular schedule of 

activities (40.31%). 431 respondents answered the question 

related to their concern about the impact of COVID-19 on 

their work currently and in the future. The most frequent 

comments were related to economy and health. On the 

question related to involvement/consultation about 

preparation and implementation of the COVID-19 

pandemic measures 17.81 answered their pharmaceutical 

company, personally (11.55%) or they knew a colleague 

pharmacist (15.07%) that was directly involved. According 

to the respondents the pharmaceutical profession can make 

an additional contribution / support in improving the 

healthcare system activity in dealing with COVID-19 by 

research of vaccines, drugs and patient education. 70.25% 

did not have any training related to pandemic dealing. Most 

of the surveyed are concerned about their own health, 

health of their family and public health in general. As 

COVID-19 information sources mostly used were Ministry 

of health (84.74%), WHO (80.63%), Internet search 

(Google, YouTube) (57.53%), TV (51.27%) and Social 

networks (44.77%) 79.45% did not participate in any 

official training courses or web based courses. Of those that 

participated in such training (20.55%), mostly noted WHO, 

FIP, Ministry of health, professional association and their 

company as organizers. A vast number of respondents 

would like to improve their knowledge for COVID-19 

pharmaceutical management (68.43%) and control of 

infection prevention (51.27%).  

Nearly half (53.51%) stated that social distancing 

resulted with workload increase in community pharmacies. 

In most of the community pharmacies a limited number of 

patients in the pharmacy, wearing personal protective 

equipment (facial masks, gloves, visors), using 

disinfectants (liquids, gels and sprays), marking a distance 

of 2m as protective measures were taken. Protective 

measures were mostly provided by companies where 

respondents worked, and only 17.36% answered that some 

other company/organization was involved with most 

frequent answers pointing to the Ministry of health, Red 

Cross, private-own companies that donated visors and 

disinfectants etc. Most common remarks were related to 

the underestimation and need for greater appreciation of 

pharmacist work and their contribution in response to 

COVID-19.   

 

Conclusion 

 

The relevance of the survey is foreseen as it was 

answered by 418 licensed pharmacists who encountered 

~17% of all licensed pharmacists in RN Macedonia.  233 

worked in community pharmacies thus representing ~16% 

of community pharmacists in RN Macedonia. The study 

indicated the most common problems that affected 

pharmacists in COVID-19 pandemic response and raised 

questions for higher inclusion of pharmacists and 

pharmaceutical professional bodies towards response to 

COVID-19. 
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Introduction 

 

Antimicrobial resistance (AMR) is prescribed as the 

loss of effectiveness of antimicrobial drugs and has 

become an emergent problem within the last few years 

(Costelloe et al., 2010). This resistance stems from 

overuse or rather incorrect use of antimicrobial drugs. 

Correct prescription of antibiotics not only slows the rates 

of resistance; it can also be potentially lifesaving for 

patients. 

      In children antibiotics are among the most commonly 

prescribed drugs (Naqvi et al., 1979). Several studies at 

the end of the 1970s focusing on antibiotic prescribing 

attitudes in hospitalized children, indicate that 

approximately 35% of admitted infants and children 

receive antibiotics (Kjellman et al., 1979; Naqvi et al., 

1979).  

      Widespread misuse has been reported. Almost half of 

all antibiotic prescriptions have been found to be 

inappropriate, based on clinical and financial criteria 

(Principi et al., 1981). Because of the increasing costs in 

health care, lack of uniformity in prescribing antibiotics 

and the emergence of antibiotic resistance, monitoring 

and controlling antibiotic use is of primary health concern 

(Kunin et al., 1973). Although there has been an increase 

of available antibiotics over the last 15 years, to our 

knowledge very few studies has reported the antibiotic 

use in pediatric patients (Kolar et al., 1993). On the 

contrary, several professional societies have issued 

guidelines designed to reduce the use of antibiotics 

worldwide by means of various control strategies (Avorn 

et al., 1987). Before such policies and measures can be 

implemented, detailed knowledge of antibiotic 

prescription patterns is important. This study analyzed the 

use of antibiotics in a pediatric hospital over 8-week 

period (4 November–27 December), with special regard 

to antibiotic prescription attitudes and patterns (generic 

class, dose, duration and indication). 

Materials and methods 

 

This retro- and prospective study was carried out in 

the Ferizaj’s Hospital, a Pediatric ward in the eastern part 

of the Kosovo. It is the only tertiary referral center for a 

population of approximately four hundred thousand. Over 

an 8-week period (4 November–27 December) in 2021 all 

hospitalized patients were analyzed for antibiotic use. 

Data were analyzed by using discharge letters. 

Medical records were analyzed for patient characteristics 

(age, gender, hospital department and number of hospital 

days), the number of antibiotics for each patient and the 

generic class, dose and duration of each antibiotic 

prescription. 

Medical files could be used to obtain information on 

the indication for antibiotic prescription. Antibiotic 

therapy was defined as prescribed for a definite infection 

or empiric without clinical or microbiological proof of 

infection or prophylaxis. Empiric therapy was defined as 

antibiotics administered in the presence of clinical 

symptoms of infection, but absence of microbiological 

confirmation. Prophylaxis was defined as the use of 

antibiotics for preventing infections, e.g., before an 

operation or in certain immunocompromised patients.  

 

Results and discussion 

 

From the total of 483 patients admitted during the 

study period, mean of 31% received at least one course of 

antibiotics. Genders of patients were 46.3% female and 

53.7% male patients. The highest number of prescriptions 

was found in the youngest age group of the study 

population. 68.5% patients were 0-5 years old, 22.1 % 

were 6-11 years old and 9.4% were 12-17 years old.  

Most commonly antibiotics were prescribed in case 

of diagnoses of respiratory tract infections and neonatal 

infections or intrauterine infections. Looking at the 
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diagnosis of patients with prescribed antibiotic therapy, 

more than 15.4% patients diagnosed with acute tonsilitis, 

15.4% acute bronchitis, 14.8%, acute pharyngitis, 10.1% 

acute cystitis and 5.4% with abdominal colitis.  

 Many classes of antibiotics were prescribed. Most 

common were Ceftriaxone with 43.6%, Amoxicillin with 

28.9%, Azithromycin with 14.1% and Erythromycin with 

4%. 

Most common antibiotics prescribed in youngest age 

group were; Ceftriaxone with 39.2%, Amoxicillin with 

31.4%, Azithromycin with 18.6% and Erythromycin with 

3.9%.      
Over 31% of all antibiotic prescriptions were started 

on an empirical basis, without confirmation of an 

infection. Several methods are available to study 

antibiotic use in pediatric hospitals (Naqvi et al., 1979, 

Kjellman et al., 1979). In this study attention was focused 

on the characteristics of the population receiving 

antibiotics and on the indication for antibiotic 

prescription.The highest number of antibiotic 

prescriptions was made for children in the youngest age 

group (between 0 and 5 years). Most antibiotics were 

prescribed on an empirical basis. In 2005 and 2008 new 

guidelines were introduced for the treatment of pediatrics 

patients with mild symptoms, which had no major 

influence on the prescription attitudes of pediatricians. 

More commonly old regimens have been followed. Over 

the study period we observed a shift to the use of more 

expensive and broader spectrum antibiotics in all groups. 

Nowadays there are large problems with rising health care 

costs and the emergence of antibiotic resistance (Principi 

et al., 1981). Some recently performed studies showed an 

association between the prior use of antibiotics and the 

development of resistance (Gold et al., 1996, Toltzis et 

al., 1995). Because of these emergent threats it is 

necessary to review the use of antibiotics in the hospital 

continuously. Several professional organizations stimulate 

or promote a more prudent use of antibiotics (Avorn et al., 

1987; Kunin et al., 1973). 

 

Conclusion 

 

In this study it was shown that a high percentage of 

children receive antibiotics. Our results are comparable 

with data found in studies performed more than 43 years 

ago (Kjellman et al., 1979; Naqvi et al., 1979). Improving 

antibiotics antibiotic prescribing in pediatric population 

requires a stricter policy.      
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Introduction 

 

No other event in the recent history of mankind has 

been so impactful as the COVID-19 pandemic. COVID-

19 is an infectious disease caused by the discovered in 

2019 coronavirus – SARS -CoV2.Coronaviruses are well 

known as most of them cause mild to moderate 

respiratory infections like the common flu. Despite that 

the SARS-CoV2 was declared a global pandemic by the 

World health organization in the beginning of 2020.The 

pandemic resulted in million deaths and other health 

complications. Bulgaria is one of the most affected 

countries in Eastern Europe (Rangachev et al., 2022). The 

first registered case of COVID-19 in Bulgaria at the 

beginning of March 2020 was followed by a series of 

anti-epidemic measures, which were repeatedly amended. 

The high excess mortality in Bulgaria correlates with  

intensity of testing, with delayed imposition of 

“lockdown” measures, and with high prevalence of 

cardiovascular diseases (Mackenzie and Smith, 2020). In 

the times of public emergencies such as pandemic 

situations, medical professionals are challenged to ensure 

that patient needs are met. The significant role of 

community pharmacies in the COVID-19 pandemic has 

been researched in many countries (Strand et al., 2020; 

Visacri et al., 2021), however, the response of the 

Bulgarian pharmacists has not yet been studied. The 

purpose of this research was to evaluate the impact of the 

COVID-19 pandemic on the pharmacy practice in 

Bulgaria. 

 

Materials and methods 

 

The study used web-based cross-sectional survey 

methodology. The questions were developed then 

validated by the authors. Both snowball sampling and 

purposive sampling were used. The questionnaire 

consisted of 15 questions developed using the Microsoft 

Forms application they were sent to pharmacy’s emails 

and answers were gathered between June 2021 and 

August 2021. The answers were analyzed using 

descriptive statistic method. 

 

Results 
 

Until current date the discovered in 2019 SARS-

CoV2 virus has caused four pandemic waves in Bulgaria. 

Community pharmacists are known as providers of 

essential care, they enable the continual provision of 

medicinal products, medicinal information and high-

quality services. As healthcare establishments (under the 

MPHMA), pharmacies welcome patients of all age groups 

with various health problems daily. Due to the 

asymptomatic course of COVID-19, and the long 

incubation period, the risk of contact with the virus in the 

pharmacy is high. Complying with all hygiene 

requirements, pharmacists identify the need for further 

reorganization of the work to reduce the risk of infecting 

staff and patients. 

The study involved 120 pharmacists, most of them 

were women (48%). They practiced in both community 

and hospital pharmacies during the pandemic waves in 

Bulgaria. The study involved 87 master pharmacists (a 

total of 75%)of the participants in the survey, 15 master 

pharmacists holding the position of pharmacy manager, 

which is 11% of the participants, and 16 assistant 

pharmacists, or a total of 14% of respondents. As a place 

of work 91pharmacists, or 77% of the respondents, 

indicated pharmacies in the big Bulgarian cities, and 27 

(23%) indicated that they practice in a pharmacy located 

in a small town. 46% of respondents work in private 

pharmacies that are part of retail chains, and the 

remaining 54% work in independent pharmacies that are 

not part of pharmacy chains.  

The predominant part of the participants (67%) 

reported that they find they have a sufficient knowledge 

on the COVID-19 symptoms, prevention and treatment. 
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Pharmacists reported that they have joined some of the 

webinars provided by the Bulgarian pharmaceutical union 

and the digital events organized by FIP in order to get 

additional knowledge and qualification regarding 

COVID-19. The surveyed pharmacists also reported an 

increase in the counseling sessions in the pharmacies and 

patients’ interest in prevention methods that often led to 

drug-related problems and irrational use of medicines. 

32% of the surveyed pharmacists experienced increased 

stress levels and 27% assess their concentration as low. 

In addition to the traditional daily services related to the 

preparation, storage, dispensing of quality, efficient and 

safe medicinal products, during a pandemic pharmacy 

professionals assume additional responsibilities, such as 

execution of prescriptions by official section for 

chronically ill patients (section S), providing the 

necessary medicines, additional disinfection of the 

pharmacy, provision of personal protective equipment and 

disinfectants, providing additional information. 

 

Conclusion 

 

The findings of our study support other studies that 

have shown the significant social role of pharmacists that 

is more obvious in time of crisis and disruptions like the 

pandemic.  

The COVID-19 pandemic is a challenge that 

continues to provoke health economic and social issues 

that can only be overcome by collaborative efforts of all 

members of the community. 
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Introduction 

 

         Pharmacists are highly educated healthcare 

professionals who provide a wide range of health services 

to enhance the car of individual patients in the communities 

they serve. Pharmacists provide management of drug 

therapy through drug safety monitoring programs, where 

they play an important role in preventing drug errors and 

adverse events. Improving the safety of the drug delivery 

system as a whole is crucial to achieving optimal 

therapeutic outcomes for patients. From reporting errors 

and side effects to collecting data and identifying the safety 

of drugs on a large scale. Pharmacists are opening up new 

avenues for drug-related safety. Areas in which 

pharmacists play a key role are: development, utilization 

and standardization of risk evaluation and mitigation 

strategies (REMS), program of drugs or biological 

preparations that present specific safety risks for patients, 

optimization of the balance of patient access and safety of 

drugs. 

 

Drug management therapy 

 
         Medication-related problems and medication 

mismanagement are a global, massive public health 

problem. Experts estimate that а million preventable 

adverse events occur each year that result in injury and 

death. 

        Pharmacotherapy consults refer to services provided 

by pharmacists on referral from other health care providers 

or other pharmacists. These consult services are typically 

reserved for more complicated patient cases, specifically 

for patients who have complex medical conditions and who 

have either already experienced medication related 

problems or who are at high potential to develop them 

(Stewart et al., 2019). A pharmacotherapy consult 

incorporates the pharmacist´s expertise into achieving 

desired therapeutic goals for patients by promoting safe, 

appropriate, and cost-effective use of 

medications.  Patients requiring pharmacotherapy consults 

may have a single or multiple complex medical conditions 

that require medication therapy to effectively manage. 

Pharmacists providing these services typically have 

advanced expertise and training in the subject area and may 

be Board Certified in their specialty by the Board of 

Pharmaceutical Specialties (Medication-management 

services, 2019). 

Drug therapy management, also known as MTM, is a 

term used to describe a wide range of health services 

provided by pharmacists, drug experts on the health care 

team. In 2005, the pharmaceutical profession developed a 

consensus definition for MTM. In 2008, version 2.0 of the 

Drug Essentials Management Service module detailed 

MTM's service model in pharmaceutical practice which 

includes the following five basic elements: 

● Drug Therapy Review (MTR) 

● Personal Drug Records (PMR) 

● Drug-Related Action Plan (MAP) 

● Intervention and / or referral 

● Documentation and monitoring (ACCP white 

paper,2008). 

Every basic element is composed of MTM security; 

however, the order and delivery of the essential elements 

can be modified to meet the needs of the individual patient. 

Pharmacists provide drug therapy management to help 

patients reap the best benefits of their drugs by actively 

http://www.bpsweb.org/
http://www.bpsweb.org/
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managing drug therapy and by identifying, preventing, and 

resolving drug-related problems. The components of 

pharmaceutical management are four interrelated key 

functions: selection, procurement, distribution and use. 

Management support systems include: organization, 

funding and sustainability, information management, 

human resource management and policy, law and 

regulation supported by the Ministry of Health. 

 

Where is medication therapy management 

provided? 

 

        Pharmacists provide medication therapy management 

services in all care settings in which patients take 

medicatins. While pharmacists in different settings may 

provide different types of medication therapy management 

services, the goal of all pharmacists providing medication 

therapy management is to make sure that the medication is 

right for the patient and his or her health conditions and 

that the best possible outcomes from treatment are 

achieved (Ferreri et al., 2020). 

 

Who have benefits from medication therapy 

management? 

 

        Anyone who uses prescription medications, non- 

prescription medications, herbals, or other dietary 

supplements may potentially benefit from medication 

therapy management services. People who may benefit the 

most include those who use several medications, those who 

have several health conditions, those who have questions 

or problems with their medications, those who are taking 

medications that require close monitoring, those who have 

been hospitalized, and those who obtain their medications 

from more than one pharmacy. Pharmacotherapy consults 

refer to services provided by pharmacists on referral from 

other health care providers or other pharmacists. These 

consult services are typically reserved for more 

complicated patient cases, specifically for patients who 

have complex medical conditions and who have either 

already experienced medication related problems or who 

are at high potential to develop them. A pharmacotherapy 

consult incorporates the pharmacist’s expertise into 

achieving desired therapeutic goals for patients by 

promoting safe, appropriate, and cost-effective use of 

medications.  Patients requiring pharmacotherapy consults 

may have a single or multiple complex medical conditions 

that require medication therapy to effectively manage. 

Pharmacists providing these services typically have 

advanced expertise and training in the subject area and may 

be Board Certified in their specialty by the Board of 

Pharmaceutical Specialties (McBane et al., 2015). 

        The medication therapy review is a systematic process 

of collecting patient-specific information, assessing 

medication therapies to identify medication-related 

problems, developing a prioritized list of medication-

related problems, and creating a plan to resolve them. 

Medication therapy reviews are one of the five Medication 

Therapy Management Core Elements Service Model 

Version 2.0 1   these reviews can be comprehensive or  

targeted to an actual or potential medication problem. 

Whether comprehensive or targeted, the individual 

patient’s medications are evaluated in the context of the 

patient as a whole, taking into consideration all of the 

patient’s conditions and medication therapies (Center for 

Medicine and Medicaid, 2020) 

 

Conclusion 

 

        Any patient using prescription drugs, over-the- 

counter medications, herbal products or dietary 

supplements can potentially benefit from drug therapy 

management services. Patients who use more than one 

medication, have multiple health conditions, have 

questions or problems with their medication use, take 

medication that requires careful monitoring, or have been 

hospitalized may benefit most. Pharmacists provide a wide 

range of healthcare to enhance the care of individual 

patients in the communities they serve. These services help 

address the critical need to improve the overall health and 

well-being of the population 
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Introduction 

 

Polypharmacy, the simultaneous use of several drugs 

by one person, is becoming more common among the 

elderly. That is due to the presence of multiple 

comorbidities in such patients, which requires a more 

complex treatment regimen (Wastesson et al., 2018). As 

much as polypharmacy is justified in some situations, it in 

itself carries a risk. The frequency of side effects and drug 

interactions is higher, and the compliance is worse. When 

you use more than five drugs together, in theory, there is a 

50% probability that an interaction will occur and when 

using more than seven drugs, the odds increase to 100%. 

20% of these interactions consider having clinical 

significance (Nobili et al., 2009; Rollason and Vogt, 

2003). A clinically significant interaction is the one where 

a particular therapeutic combination leads to an 

unexpected change or condition in the patient. They most 

often occur at the level of metabolism (pharmacokinetic 

interaction) or at the level of the target site of action 

(pharmacodynamic interaction), which can increase or 

decrease the activity of the drug, which can result in 

either side effects or lack of therapeutic effect. Given that 

these are interactions that can seriously endanger the 

patient's condition, it is necessary to take adequate 

measures to prevent them, in which pharmacists can play 

an important role (Seymour and Routledge, 1998). Due to 

the growing popularization of "nutrients, dietary 

supplements" in the media, patients often take additional 

preparations in addition to prescribed medications. That is 

why it is crucial to know what the patient uses from over-

the-counter (OTC) medications since these medications 

can also have a high potential for interacting with 

prescribed medications (Delafuente, 2003). Considering 

the above, we wanted to examine the frequency of drug 

interactions in patients in Podgorica. The research was 

conducted in 2018 and 2021 on patients in the primary 

level of health care (PHC) in Podgorica to correlate the 

frequency of interactions. 

 

Materials and methods 

 

Materials  

 

      The prospective study was conducted on patients in 

primary health care institutions in Podgorica in the period 

November 2018 - February 2019 and May 2021 - April 

2022. The inclusion criteria for the study were that 

respondents voluntarily agreed to participate and that they 

were confident in the type of drug they used on the day of 

the survey. After that, they started filling out a 

questionnaire in which they had to state: their gender, age 

in years, medicines, supplements, and herbal medicines 

they use.  

Method 

      After obtaining the data, we split the respondents into 

two groups those who were older and those who were 

younger than 65 years old. Then we enter the data from 

the questionnaire into an excel spreadsheet. After that, for 

each respondent individually at the website 

www.drugs.com, Interaction checker section, we enter the 

complete therapy that the respondent was using. Only the 

so-called major interactions, clinically significant 

interactions (CSI) that could be even life-threatening, 

were taken into account. After that, we processed the data 

in Microsoft Excel. 

Results and discussion 

        In the 2018 survey, 106 respondents participated, 39 

men (36.8%) and 67 women (63.2%). Out of the total 
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number, 62.3% were ≥65 years old, of which 34.9% of 

the respondents were male. The mean age of participants 

<65 years was 55±8 years, while the average age of 

participants ≥65 years was 75±6 years. The average 

number of drugs used by subjects ≥65 years is 7±2, 

compared to subjects <65years where 5±1 (Lalatovic and  

Duborija Kovacevic, 2019). 

        In the 2021 survey, 110 respondents met the 

conditions for participation, namely 68 men (61.82%) and 

42 women (38.18%). Out of the total number, 48.18% 

were ≥65 years old, of which 60.38% of the respondents 

were male. The mean age of subjects <65 years was 55±6, 

while the mean age of participants ≥65 years was 69±3 

years. The average number of drugs used by subjects ≥65 

years is 7±2, compared to subjects <65 years, where it 

was 5±2. 

      When we compare these data, we conclude that 

22.67% fewer respondents older than 65 years old 

participated in the 2021 survey, that they were younger on 

average, and that the participation of male respondents 

was more dominant compared to 2018. On the other hand, 

the average number of used drugs was almost the same in 

both studies.       

       In the 2018 study, we observed at least one CSI  in 

15% of respondents <65 and in 34.8% of respondents ≥65 

years of age. The average number of interactions in 

younger participants was two interactions per patient and 

1.7 interactions per patient in older group. The minimum 

number of registered interactions was 1, while the 

maximum number of observed interactions was 5 in 

subjects <65 and 4 in subjects ≥65 years. Most 

interactions were of the pharmacodynamic type 

(spironolactone and ramipril) or pharmacokinetic at the 

metabolic level (amiodarone and simvastatin) (Lalatovic 

and  Duborija Kovacevic, 2019).  

      One CSI was observed in 8.77% of subjects <65 

years, while in subjects ≥65, 18.87% was observed, with 

an average number of 1.3 interactions per patient in older 

subjects, showing data from 2021. The minimum number 

of registered interactions was 1, while the maximum 

number of observed interactions in the participants ≥65 

years was 3. All interactions were pharmacodynamic, 

usually between spironolactone and angiotensin-

converting enzyme inhibitors or angiotensin receptor 

antagonists, antiplatelet drugs and anticoagulants, or 

amiodarone and diuretics. 

      When we compare these data, we can see that the 

frequency of CSI in both studies was higher in 

respondents older than 65 years, by 56.9% and 53.53%, 

respectively, which is the consequence of using more 

drugs in this population. We also observed 45.78% fewer 

interactions in patients ≥65 years and 41.53% fewer in 

subjects <65 years of age in 2021 compared to 2018 data. 

However, it should be taken into account that in the 

research from 2018, there were more patients older than 

65, so this percentage reduction in the number of 

interactions is realistically less but certainly less than the 

one from 2018. What could be noticed is that the use of 

supplements (vitamins and minerals) is much higher in 

2021 compared to 2018, which is probably due to the 

COVID 19 pandemic.  

 

Conclusion 

 

      The results of this research indicate that the frequency 

of CSI in PHC is still higher among respondents ≥65 

years, with the fact that compared to the results from 

2018, this percentage is significantly lower. The reason 

may be a higher degree of adherence to EU therapeutic 

guidelines when prescribing therapy, better cooperation 

and communication between doctors and also, doctors and 

pharmacists. The results of our research indicate the need 

to create a database that would include reference 

institutions such as the Institute of Medicines and Medical 

Devices of Montenegro, the Institute of Public Health, 

and primary health care institutions for further monitoring 

and reducing the incidence of CSI to a minimum, and thus 

savings in health care.  
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Introduction 

 

Immunization is an important part of the public 

health and primary health care system. It is the most cost-

effective health investment from a financial point of view. 

There are more than 20 vaccine preventable life-

threatening diseases, which allow people to live longer 

and better lives. Early vaccination is the most effective 

way to fight the infectious diseases (Pullagura et al., 

2020). Today we are still facing problems associated with 

lower vaccination rates than established targets, although 

their efficacy and safety are proven a long time ago 

(Burson et al., 2016). Main barrier is foreseen in lack of 

unhindered and regular access to relevant preventive 

health care recommendations.  

Pharmacists as the most accessible primary 

healthcare professionals worldwide play a significant role 

in provision of different pharmaceutical care services 

toward promotion and improvement of public health. 

According to the International Pharmaceutical Federation 

(FIP) community pharmacy based vaccinations are 

available in at least 36 countries and territories, indicating 

that 1.8 billion people can access vaccination services at a 

community pharmacy (FIP, 2020). Also, they can 

positively influence patients by provision of reliable 

safety and efficacy vaccine information thus improving 

vaccination rate.   

The aim of the conducted study was to evaluate the 

basic knowledge of pharmacists and pharmacy 

technicians in RN Macedonia related to the vaccines and 

vaccination.   

 

 

Materials and methods  

The design and structuring of the questionnaire was 

carried out using focus-methodology group approach. The 

questionnaire was designed and structured and clarity, 

complexity and understanding of questions and answers 

in the form of a pilot survey were performed in a period 

of one week beginning on 10.04.2022. The final form of 

questionnaire was distributed as an on-line survey 

between 18.04-05.05.2022 via Google forms platform. 

The 34 questions were assigned in 2 categories, RN 

Macedonia pharmacists’ socio-demographic 

characteristics and knowledge, opinions and attitudes 

related to vaccines. Obtained data were tabulated using 

Microsoft Excel® (Microsoft Corp. Redmond, WA, USA) 

and were computed and consequently evaluated using 

statistical software STATGRAPHICS Centurion XVI 

evaluation (StatPoint technologies Inc., USA). 

 

Results and discussion 

 

The survey was completed by 116 pharmacists and 

pharmacy technicians of whom 91.4% were females. The 

average age was 34.7±8.6 years. Graduated pharmacists 

were 53.4%, while 21.6% and 23.3% were with 

postgraduate and secondary level of education, 

respectively. Almost half of the responders (46.6%) were 

community pharmacists while 27.6% were pharmacy 

technicians employed at community pharmacies. The 

majority (85.3%) doesn`t have any chronic disease, 93.1% 

claim that they have received all vaccines from the 

national immunization calendar and 90.5% didn`t reject 

any regular vaccine.  

The most (88.8%) of respondents claimed that 

vaccines can prevent serious forms of infectious diseases. 

Most of them 75.9%, would choose a classical vaccines 
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based on a whole inactivated or attenuated virus, and only 

24.1% would select a new vaccines based on isolated 

parts of a virus.  

When evaluating the knowledge regarding the new 

vaccines concepts and platforms, 58.6 % responded that 

they are acquainted with RNA vaccines, and 48.3% have 

satisfactory level of information for vaccines based on 

replicating virus vectors. 70.7% of the respondents agreed 

with the statement that the classical vaccines based on 

live attenuated viruses secure long-term immunity, while 

40.5% agreed that new vaccines are manufactured in a 

faster and easier manner in comparison with the classical 

vaccines. 

The time period in which the clinical trials of 

vaccines are performed, as well as the number of patients 

participating in them, is important for 95.7%, and 91.4% 

of the respondents, respectively while 80.2% share the 

opinion that both aspects are equally important.     

About 58% of the respondents disagree with the 

conspiracy theories related to vaccines and 16.3% agree 

or partially agree that vaccines cause autism. 72.4% of the 

respondents did not experience any side effects after 

vaccination, except the expected ones (headache, pain at 

the site of the application, fever, fatigue). Only half 

(56.9%) of the respondents know where they should 

report the side effects after vaccination. 

More than 2/3 of the respondents in this survey 

considered that vaccines against COVID-19 should not be 

mandatory. From the total number of vaccinated (~ 73%) 

around 27% received Sinovac/Sinopharm, 24% were 

vaccinated with Sputnik and 21% received the 

Phizer/BioNTech vaccine. Nearly half of the survey 

respondents (54.3%) did not have the opportunity to 

choose the type of vaccine. 

Approximately one fourth of the surveyed answered 

that they are not vaccinated. The most common reason 

(~26%) for the refusal is anticipation that despite the 

vaccine they would still face the risk for COVID-19 

infection. Other reasons were: short time for vaccine 

development (18.1%), small number of people enrolled 

during clinical testing (19%), concerns about vaccines’ 
safety and  possible long term side effects (17.2%) and 

disbelief in vaccine efficacy in general (9.5%).  

Out of 116 respondents, 76.7% strongly agree or 

agree that they want to help in improvement of COVID-

19 prevention. High percentage of responders (69.8%), 

won’t accept enrolment in COVID-19 vaccines clinical 

trial. Only 25% of the pharmacy staff agrees with the 

model of vaccination in community pharmacy settings as 

established in some European countries and United States 

while 61.2% disagreed. 51.7% are defiant towards their 

own engagement in vaccine application even after proper 

training, while nearly 39% are confident. When asked” If 

the COVID-19 vaccine was given in pharmacies, would 

you receive it there?” similar results were obtained, 

almost 53% share negative and 31% positive opinion.  

Exactly 60% of the respondents would agree to 

perform some diagnostic procedures on patients (blood 

sugar measurement, blood pressure measurement, etc.) in 

a pharmacy, if they received financial compensation for 

that. Most of the surveyed respondents (nearly 85%) are 

confident to perform blood tension measurement, around 

88% to monitor blood glucose, as well as BMI and rapid 

COVID-19 tests (79% and 90%, respectively) without 

additional training. 

 

Conclusion 

 

According to the obtained results, the surveyed 

population acknowledges benefits of vaccination for 

public health. Generally, they are familiar with the new 

vaccine types available at the market. However, a large 

majority do not appraise vaccination in the community 

pharmacy setting. Instead, they have positive consent to 

perform other non - invasive services to patients in a 

pharmacy. 
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Introduction 

 

The overall impact of the COVID-19 pandemic 

imposed a need for significant reorganization of health 

care services (Giannopoulou and Tsobanoglou, 2020). 

From the very beginning of the COVID-19 pandemic, 

there was no doubt that innovative and adaptable methods 

of practice were needed in all health care professions 

(Cadogan and Hughes, 2021). Maximizing the 

contribution of community pharmacists in providing 

overall health care and full utilization of the potential of 

pharmaceutical care in order to reduce the workload of 

GPs, required definition of a new approach to the 

organization of the overall health care system and 

application of new innovative and expanded methods of 

pharmaceutical care practice while at the same time 

ensuring that patients continue to have unrestricted and 

open access to community pharmacies. Community 

pharmacies are on the frontline of the interface between 

the community and healthcare because of physical 

proximity and easier access to the public (Dzingirai et al., 

2020). At a time when there were limitations on the 

possibility of direct contact with doctors and access to 

adequate medical care and health services for patients, 

pharmacists as the most accessible health care workers 

were on the first line of primary health care, with multiple 

workloads, and at the same time facing the dangers 

associated with the coronavirus on a daily basis (Allinson 

et al., 2022). During the beginning of the pandemic 

caused by SARS-Cov-19 when all the attention of the 

world public was directed to the pharmaceutical 

profession in anticipation of vaccine / drug for prevention 

/ treatment of COVID-19, and taking into account the 

activities and engagements of pharmacists in community 

pharmacies, in the context of recognizing and valorizing 

their work globally, the question arose to what extent their 

contribution is valued. 

The aim of the study was to get insight into the 

dynamics and character of pharmacy practice in order to 

make quantitative analysis (number of patients served, 

number of prescriptions issued) and qualitative analysis 

(most frequent patient requests, provided services, 

identified problems in relation to work organization) of 

pharmaceutical services in the period before (January - 

February, 2020) and at the beginning of the COVID-19 

pandemic (March-April, 2020) in Montenegro.  

 

Materials and methods  

 

The design and structure of the questionnaire was 

previously conducted in RN Macedonia by the Faculty of 

Pharmacy, University of St. Cyril and Methodius in 

Skopje where the research took place in May 2020. In 

Montenegro the same questionnaire, only translated to 

Montenegrin language, was available in June 2020.  The 

survey in Montenegro was conducted as mutual 

collaboration along with Institut “Simo Miloshevic” and 

Pharmaceutical chamber of Montenegro.  The online 

survey was conducted via SurveyMonkey® platform. One 

questionnaire per community pharmacy was allowed and 

could be completed by any community pharmacy (public 

or private) in Montenegro that liked to make contributions 
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in the understanding of the above noted issues. It 

consisted of 18 questions. Obtained data were tabulated 

using Microsoft Excel® (Microsoft Corp. Redmond, WA, 

USA) and were computed and consequently evaluated 

using statistical software STATGRAPHICS Centurion 

XVI evaluation (StatPoint technologies Inc., USA). 

 

Results and discussion 

 

The survey was completed by 10.65% of existing 

community pharmacies in Montenegro. The average 

number of patients per community pharmacy on a 

monthly level was 3295.3, while at the same time the 

average number of dispensed prescriptions was 1217.3 

with the highest ones in both cases recorded in March 

2020, when COVID-19 pandemic was declared. The 

highest numbers of patients were recorded on March 16, 

while the most prescriptions were dispensed on March 18. 

Nearly 97% of community pharmacies had increased 

demands for dispensing of OTC medications (analgesics, 

antipyretics and vitamins) in March and April 2020 

compared to January and February 2020.  Also, ~97% of 

respondents answered that there was difference of 

pharmaceutical care requests of patients at the beginning 

of COVID-10 pandemic compared to ones before. The 

most frequent requests were allied to instructions for 

using protective masks, gloves, disinfectants (82.14%), 

problems with disease treatment (21.43%) and therapy 

prescriptions (35.71%). The changes in working hours 

influenced the well-being of community pharmacy 

working staff (65.52%). However, 55.17% responded that 

changes in working hours did not influence workload of 

the employees. Nearly half (48.28%), noted that they 

faced some problems in direct patient communication 

(aggression and disrespect). Only 10,71% of community 

pharmacies practiced home delivery of medication to 

vulnerable categories of patients, and only 16% 

considered that possibility in the near future. Efficient and 

continuous pharmaceutical care related to self-care and 

OTC dispensing was provided in ~93% of surveyed 

community pharmacies. Most of the community 

pharmacies (60.72%) received directions and 

recommendations for organizing work during a pandemic 

from an official state institution (National coordinative 

body, Pharmaceutical chamber, Ministry of health, 

Institute for public health). Some of additional remarks 

given by respondents are as follows:  

 

“Incorrectness and unfair competition are one of the 

problems that came to light during the pandemic.” 

“Greater solidarity in our profession is necessary 

constantly, not only during crisis situations.” 

“Unavailability of face masks at the beginning. 

Improper wearing of masks, measures are in force, but 

improper use lacks effect.” 

“It is obligatory to increase patients' awareness of us 

as an important link in the health system, and not only as 

"sellers". It comes from ourselves and we have to work on 

it together.” 

 

Conclusion 

 

The results of the survey show that both before and 

during the COVID-19 pandemic, pharmacists in 

community pharmacies are very important for the 

functioning of the healthcare system and the provision of 

primary health care. With this in mind, health care policy 

makers and government regulatory bodies need to create 

the conditions for improved and appropriate valorization 

of the role and activities of community pharmacists as 

vital health care workers. 
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Introduction  

  

Immunization is one of the most important human 

civilization achievements. It saves millions of lives each 

year. Since vaccine discovery, more than 200 years ago, 

they have one of central roles in reducing mortality and 

improving life quality thus substantially contributing to 

public health. Over the last decades, billions of people have 

been safely receiving vaccines to prevent serious 

infections. High rates of vaccination worldwide are 

required to establish herd immunity and stop the spread of 

diseases. Thanks to vaccines in 1979 smallpox became the 

first human infectious disease that was eradicated, while 

today polio is near its` global eradication with a small 

number of cases reported only in Afganistan and Pakistan. 

Actually, vaccines are so efficacious that some serious 

infections today are very rare and some people do not 

understand the benefits of it (UNICEF, 2017).  

During the past century, attention has been paid to the 

behavior of the general population towards immunization 

which today is becoming more and more concerning. Main 

barriers are lack of appropriate and accurate information 

related to vaccine efficacy and safety, side effects, 

“conspiracy theory” beliefs, vaccine hesitancy etc. 

Actually, vaccine hesitancy is one of major barriers in 

achieving herd immunity across different populations. 

Since the COVID-19 pandemic appeared, people seem to 

be suspicious in the healthcare providers and the 

medications, even those that are years, even decades on the 

market and for which there are solid proofs regarding their 

safety and efficacy (Polla et al, 2020; Randall et al, 2006; 

Scarpitta et al., 2019) 

The aim of the present study was to get insight into the 

knowledge, opinions and attitudes of the general 

population in the RN Macedonia regarding vaccines and 

vaccination.    

 

Materials and methods   

  
Focus methodology group approach was applied for 

design and structuring of the questionnaire. Clarity, 

complexity and understanding of the questions was tested 

on 14 random respondents. An on-line based survey was 

conducted between  March 23rd and May 21st, 2022. The 

annonymous survey consisted of 32 questions which 

covered (1) data related to socio-demographic factors (sex, 

age, education and employment status), (2) the health 

status of the individual which might affect their decision 

whether to or not get vaccinated and (3) general and 

scientific questions regarding vaccines and vaccination.   

Obtained data were tabulated using Microsoft Excel® 

(Microsoft Corp. Redmond, WA, USA) and were 

computed and consequently evaluated using statistical 

software STATGRAPHICS Centurion XVI evaluation 

(StatPoint technologies Inc., USA).  

 

 

 

 

 



454  Community Pharmacy/Hospital Pharmacy 

 

Maced. pharm. bull., 68 (Suppl 1) 453 - 454 (2022) 

Results and discussion  

  
According to the obtained results from the 

questionnaire, 179 participants from both sexes 

participated (68.7% women and 31.3% men) with an 

average age of 39.89 ± 11.08 years with most of them 

having a higher educational degree (58.7%). 87.7% of the 

participants were not healthcare-providing individuals 

which gives us good insight regarding general population 

knowledge, opinión and attitueds about vaccines and 

vaccination.  

Based on their health status, 73.7% declared that they 

are completely healthy, while 11.7% said that they have 

hypertension and 3.4% decided not to answer. Regarding 

the required vaccines from the regular vaccination 

calendar, 92.2% of the participants answered that they 

obtained every vaccine. 87.2% answered that they haven’t 

rejected a vaccine in their lifetime, 5.58% are not sure, 

while 6.14% rejected a vaccine for their child, and the rest 

preffered not to answer. Mostly the reason behind the 

rejection of getting vaccinated were the side-effects that 

vaccines cause (40%).   

79.3% of the participants share the opinion that 

vaccination can prevent serious forms of certain infectious 

diseases. Approximately 60% of the participants envisage 

that the natural immunity is better than the acquired one. If 

they could choose which vaccine to get vaccinated with, 

76.5% stated that it would be the classic vaccine based on 

whole inactivated or attenuated virus indicating that people 

do not accept easy new vaccines even if they are safer and 

produce stronger immune response. This might be 

attributed to the lack of knowledge related to the newer 

types of vaccines  

In particular, on the question regarding the types of 

vaccines, 110 participants (61.5%) stated that they are not 

familiar with any type of an existing vaccine at all, while 

28.5% were familiar with the RNA vaccines and least 

(11.7%) with the non-replicating viral vectors. 68.2% 

agreed that the classic vaccines based on the live attenuated 

viruses are the most effective and provide a long-lasting 

immunity.    

Regarding the clinical trials more than 80% answered 

that either time interval or number of participants are 

important for safety and efficacy evaluation, while 70.9% 

stated that both the time interval and number of participants 

in the clinical trials are equally important. Only 7.8% 

would accept to be part of the clinical trials, while 69.8% 

stated no.  

Past years the conspiracy theories are all over media 

proclaiming that “vaccines will make more harm than 

benefits”. 81 participants (45.3%) disagree with this 

statement, while only 3.9% completely agree. 21.8% said 

that they somewhat agree, while 25.1% don’t share an 

opinión. In that direction were the results related to the 

belief that “vaccines cause autism” where only 33% do not 

agree, 44.7% do not have opinion, 15.1% partially agreed 

and 7.3% strongly agreed and agreed with this belief.   

When it comes to COVID-19 vaccination 76% 

answered that they were fully vaccinated, where 42.5% 

were vaccinated with Pfizer/Biontech mRNA, followed by 

Sinovac/Sinopharm (27.9%). Most of the vaccinated 

participants (61.5%) didn’t have the option to choose 

which vaccine to receive. 18.4% did not receive any 

vaccine. The most common reason why the individual 

didn’t get vaccinated was the possibility of getting infected 

either way (18.4%), short time for vaccine development 

(15.1%), small number of people enrolled during clinical 

testing (12.3%), concerns about vaccines’ safet, possible 

long term side effects (11.7%) and disbelief in vaccine 

efficacy in general (10.1%). Near half of the respondents 

(51.4%) express the opinion that the vaccine against 

COVID-19 shouldn’t be obligatory. 

 

Conclusion 

 

The results from the survey identified opinion and 

attitudes, as well as knowledge gaps of the general 

population in RN Macedonia about vaccines and 

vaccination. These results should be used to tailor 

appropriate public education activities in order to increase 

general public awareness about immunization significance 

for personal and public health improvement. 
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Introduction 

 

Breast cancer is the leading type of cancer diagnosed 

in women in developed and developing countries with 

approximately 1 in 8 women diagnosed with breast cancer 

(Li et al., 2017). In addition, it counts the second most 

common cause of cancer-related death in women 

worldwide (Kamaruzman et al., 2018). Effective 

treatments for breast cancer to reduce deaths are highly 

required. Significant progress is made through years in 

early detection, screening and treatment of breast cancer, 

resulted in 5-year survival rate of approximately 80%, 

60% and 40% for high, middle and low income countries, 

respectively (Berumen et al., 2018). General national 

cancer control plans for confronting breast cancer may 

consist of prevention, screening and early detection, 

diagnosis, treatment (surgery, radiotherapy, chemotherapy 

and hormone therapy) and palliative care. Usually breast 

cancer is treated with chemotherapeutic drugs, but 

resistance developments, side effects and the reoccurrence 

of the disease shows that such agents have reserved 

efficacy (Chen and Li, 2015; Ko and Moon, 2015). These 

drugs can be given as single agent or used as multiple-

drug regiments. The use of combination chemotherapy 

potentially provides advantages in terms of better efficacy 

and dose reduction while increasing or maintaining 

efficacy, decreasing toxicity and reduced or delayed 

development of drug resistance (Foucquier and Guedi, 

2015) The side effects are unforeseeable and depend on 

the drugs; common side effects include nausea and 

vomiting, neuropathy, constipation, diarrhea, and trouble 

breathing (Ouyang et al., 2014). 

The purpose of this study was to evaluate current 

therapeutic management of breast cancer in hospital and 

university clinical service of Kosovo using cross-sectional 

survey of doctors and patients to assess most frequently 

pharmaceutical agents used in chemotherapy, 

effectiveness and their side effects.  

 

Materials and methods  

 

The study protocol was approved by the UBT-

college. Doctors and patients in hospital and university 

clinical services of Kosovo were assessed for the 

therapeutic management of breast cancer chemotherapy 

using cross-sectional survey from January to December 

2021. The confidentiality statement was explained to all 

participants at the beginning of the survey. Questionnaire 

was developed based on latest literature (specifically 

published by the WHO, UBT-college, National Institute 

of Public Health and Ministry of Health). The 

questionnaire included 15 questions, divided in four 

sections. In our study participated 20 doctors - oncologist 

and 50 patients with breast cancer. The first section 

comprises with open-ended questions covering patients’ 
demographics, such as: (1) working status, (2) gender and 

age, and (3) marriage status of the patients with breast 

cancer. The second sections include open-ended questions 

covering medical management domain related to breast 

cancer: (1) constant chemotherapeutic agents, (2) most 

frequent combinations of drugs, (3) common side effects, 

and (4) actions taken if any side effect occurs. The third 

section is comprised of information domain with open-

ended questions and multiple-choice questions: (1) where 

the treatment takes place, (2) results of the treatment, and 

(3) recommendation for the patients. The fourth, and 

final, section contained the patients sphere with open-

ended questions and multiple-choice questions: (1) 

detection age of breast cancer, (2) stage of cancer when 

the treatment started, (3) chemotherapeutic agent(s) and 
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its/their effect(s), (4) common side effects from therapy, 

and (5) action taken by patient if any side effect occurred.  

Data were collected using self-administered 

questionnaire. Participants’ data were anonymized. 

Kosovo has main oncological clinical in hospital and 

university clinical service of Kosovo, as such the survey 

design had advantages of capturing responses form 

individual personnel covering an extensive geographical 

range.  

 

Results and discussion 

 

In the year of 2021 in hospital and university clinical 

service of Kosovo, 398 new cases with breast cancer were 

reported. Based in our investigation, most of the patients 

with breast cancer were unemployed (55%) and 45% were 

employed. The gender of patients with breast cancer 

comprises of females (100%) without any case of male. 

Most affected age was 45-59 (61.3%), followed by 60-80 

(22%) and 20-39 (17.7%). Patients diagnosed with breast 

cancer were married (80%), not married (15%) and 

divorced (5%), respectively. As single chemotherapeutic 

agent most frequently was used herceptin (40%), followed 

by anastrazole (30%) and tamoxifen (30%), respectively. 

Furthermore, combination therapy was used as follow: 

25.99% FEC (fluorouracil + epirubicin hydrochloride + 

cyclophosphamide), 18.52 % AC-T (doxorubicin 

hydrochloride + cyclophosphamide + palitrixel), 18.52% 

CMF (cyclophosphamide + methotrexate + fluorouracil), 

14.8% CAF (cyclophosphamide + doxorubicin 

hydrochloride + fluorouracil), 14.81% TAC (docetexel + 

doxorubicin hydrochloride + cyclophosphamide), and 

7.41% AC (doxorubicin hydrochloride + 

cyclophosphamide), respectively. Most common side 

effects of chemotherapy consisted of alopecia (21.74%), 

diarrhea (21.74%), fatigue (21.74%), nail structural 

changes (13.04%), nausea and vomiting (13.04%), and 

mouth scars (8.7%). If severe side effects occur, in 50% 

of cases was followed by decreasing of treatment dose 

and in 50% with postpone for few days of the therapy. In 

all the cases, parenteral treatment was conducted just in 

hospital, followed by oral therapy at home, if applicable. 

Apart of strict chemotherapeutic regiment, patients were 

recommended for more physical activities, abstaining 

from alcohol and smoking, consumption of fruits and 

vegetables, and using food low in fat. We found that in 

50% of cases breast cancer was detected at age of 40-59. 

The stage of cancer when detected was as follow: 46% in 

stage 1, 42% in stage 2, and 12% in stage 3. All the 

patients in our survey concluded that the therapy has had 

positive impact. From chemotherapy, 26% of patients 

reported depression as side effect. To overcome such 

obstacles, patients in 50% of cases consult doctors, 25% 

increase physical activities, 25% take rest from their daily 

routine.  

 

Conclusion 

 

Drugs used as chemotherapeutic agents for treating 

breast cancer are included in essential list in Kosovo. 

During our study, sufficient amount of drugs were in 

clinics, with some delays in few cases. First line single 

agent in chemotherapy was herceptin, followed by 

anastrazole and tamoxifen. Furthermore, combination 

therapy was part of treatment strategy, leaded by FEC and 

followed by AC-T, CMF, CAF, TAC and AC. Adjuvant 

breast cancer therapy may cause long-lasting physical, 

psychological, and social impairments in most patients, 

extent of which depends on age, type of surgery, and the 

type of systematic treatment. Identification and targeted 

therapy of these inabilities must form an integral part of 

high-quality post-treatment care.  
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Introduction 

 

The role of pharmacists has evolved in the recent 

years from being mainly an expert on drugs on being an 

expert of both drugs and disease. By this point of view, 

the community pharmacist must cope with several clinical 

aspects in the treatment of different pathologies. The 

counselling process becomes crucial for the success of the 

drug therapy (Dunn et al., 2015; Nigro et al., 2014).  

Headache is a common condition experienced by 

many people. Its treatment becomes very important as it is 

considered as one of the leading three of the several 

contributors to the global burden of disease (Steiner et al., 

2015). 

The aim of this study is to evidence the management 

of the headache condition by the community pharmacists 

in two different areas of the Albanian territory. 

 

Materials and methods  

 

We conducted a cross sectional study in two cities of 

Albania: Tirana, the capital and Kukes a small city in the 

north Albania. A structured questionnaire was filled in by 

80 pharmacists in Tirana and 20 pharmacists in Kukes. 

The pharmacists were selected randomly from the list of 

pharmacists at each of the cities. All pharmacists accepted 

to participate; therefore, the response rate was 100%. Data 

collection was performed in 3 months: March-June 2019. 

Data collection included age, gender, years of 

professional experience, frequency of headache 

management, questions related to the type of headache, 

questions related to the drugs recommended and other 

recommendations. 

Results and discussion  

 

The age of the pharmacists varied between 23-66 

years in Tirana and 24-56 in Kukes. We noticed a higher 

prevalence of the older pharmacists in Kukes and most of 

them were also owners of their pharmacies. 80% of the 

pharmacists in Tirana and 55% in Kukes were female. 

The years of experience of pharmacists ranged from 1 

year to 44 years, showing a youngest generation of 

pharmacists in Tirana. This is in conformity with the fact 

that most of the Albanian population is working in Tirana 

as the capital city. In the recent years there is a tendency 

of the young professionals in Albania to work in the 

capital city or abroad (INSTAT, 2015). 80% of the 

pharmacists in Tirana and 50% in Kukes report that 

manage at least one case of headache each day, 

demonstrating that this health condition is often present in 

the Albanian population. The higher presence of headache 

in Tirana as compared with Kukes may be due to the 

bigger population and/or to the higher level of stress in 

the capital city.  

90% of pharmacists in Tirana and 100 % in Kukes try 

to understand the headache localization; 76.2 % and 90 % 

respectively in the two cities ask the patients about the 

frequency of the headache; while 22.5 % and 100 % 

respectively ask the patients about the persistence of the 

headache. The higher percentage of involvement of the 

pharmacists in understanding the typology of headache in 

Kukes may be influenced by the higher number of 

experienced pharmacists. 

Regarding the severity of the headache we found that 

only 80% and 35% of the pharmacists respectively tries to 

investigate about the severity of the headache. 78.8% and 

60% ask also for family history with any type of 
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headache. All the above responses demonstrate a strong 

commitment of the pharmacists in both cities in the 

management of headache.  

In both cities the most recommended drugs to treat 

the headache are non-steroidal, anti-inflammatory drugs 

(NSAIDs), while only a small number of them suggest to 

the patients a medical visit (7.5% in Tirana and 5% in 

Kukes). While this involvement of the pharmacists in the 

treatment of the headache is considered a good 

professional accomplishment, the low referral to the 

doctor can be also harmful in certain cases, when the 

medical assistance is needed (Da Costa et al., 2019).  

A considerable number of pharmacists reported to 

use the same drug for the treatment of migraine. This can 

be explained also with the drug advertisement strategies 

conducted from the pharmaceutical companies. The 

commercial advertisements seem to have a considerable 

impact on the patient preferences toward a certain drug, 

especially in Tirana (63.7%), while this influence seems 

to be lower in Kukes (30%). There are controversial 

evidences related to the potential benefits of these 

advertisements (Gilbody et al., 2005). The pharmacists 

included in our study confirm their contrariety to the 

influence of drug advertisement on their patient’s 

behaviors. In both cities’ pharmacist try to advice the 

patients about the management of the headache (advices 

are given from 72.5 % of the pharmacists in Tirana and 

60% in Kukes). But these advices are related mainly to 

the drugs and only in limited cases patients are advised to 

follow a healthy life style with adequate physical activity 

ecc. The influence of the lifestyle factors is investigated in 

different studies showing that healthy lifestyle habits are 

an important tool in the management of headache (Hagen 

et al., 2018; Varkey et al., 2008). 

 

Conclusion 

 

This study has shown that the management of 

headache is similar in different areas of the Albanian 

territory. The prevalence of headache is high and 

pharmacists encounter different problems while managing 

headache such as influence of commercial advertising and 

limited drugs to treat specific conditions. Pharmacists 

should become aware of the relevance of the referral 

process when managing certain conditions and they 

should consider also the education of their patients in the 

conduction of a healthy lifestyle. 
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Introduction      

 

Compounding has an important role in the field of 

pediatric medicine. The United States Pharmacopeia 

(USP), which sets quality standards for drugs, describes 

compounding as “the preparation, mixing, assembling, 

altering, packaging, and labeling of a drug…in accordance 

with a licensed practitioner’s prescription …” (USP, 2014). 

So, in other words, it is the creation of a medication that is 

not commercially available (Watson et al., 2021). In the 

Albanian legislature, the pharmacist can make galenic 

preparations, but compounding lacks of a national specific 

regulations. In the Act 3 point 55 in the current 

Pharmaceutical Law in Albanian legislature there is just a 

prescription of the galenic preparation (Law No. 

105/2014), and some national literature used in academic 

sector covers some of the specifications of this 

compounding field (Duressi, 2014). 

Galenically prepared drugs are those produced in the 

galenic laboratory of a pharmacy, according to the 

procedure provided in pharmacopoeias, various 

monographs or on the pharmaceutical formularies (FDA, 

2015). Galenic (or compounding) represents the most 

special aspect of the pharmacist profession, but even today, 

incomplete legislation (national and international) reserves 

an important and interesting role for study. Galenic 

preparations (known as compoundings) are essential for 

patient care as the gap between industry-licensed medicinal 

products closes and the lack of treatment options for certain 

groups of patients and individual patients with special 

medical conditions or needs (EAHP, 2020).  

In pediatric or geriatric patients this profiling is a 

fundamental problem, for example when it comes to 

amitriptyline (Al-Ruthia et al., 2017), which have a single 

dose (15 mg tablets) or are shortage on the market. 

Antidepressants are widely used for chronic pain. 10–40 

mg/day of amitriptyline is recommended for adult patients. 

However, older patients need a lower dose of  

antidepressants than younger patients to achieve an 

effective blood level (Suga et al., 2019). 

The aim of this study is to compound various syrups 

dosage forms of Amitriptylline from their original 

pharmaceutical form of tablet that are available in the 

market in order to achieve a better and easier dosage for 

different groups of patients.  

 

Materials and methods 
 

First, the dosage of the principal active ingredient is 

set in accordance with the protocols of treatment of specific 

pathologies. 
Two types of syrups have been prepared Amitriptyline 

20 mg/mL (simplex and CMC-syrup). The syrups were 

prepared following the literature recommendations (MOH, 

2015). All the preparations were packaged in 50 mL amber 

glass bottle (up to 30 mL).  Amitriptyline 20 mg/mL has 

been analyzed for its principle active ingredient with 

potenciometric titration with 0.1 N perchloric acid (USP 

29).   

 

Results and discussion 

 

The formulations were prepared and analysed at room 

temperature. The potenciometric titration analysis show 

principal active ingredient content of Amitriptyline for the 

simplex syrup 94.5±1.8, whereas the CMC syrup based has 

a content of 96.3±3.8. The syrups don’t show any 

organoleptic changes during the storage time of 28 days 

and they flow loosely in any measuring syringe.  

Overall, the reconstructed forms of the syrups are 

relatively easy to be prepared in the pharmacy conditions 

in a small galenic laboratory. They can be prepared in 

different concentrations with different kind of flavors.  
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Conclusion 

 

The different preparations of amitriptyline syrups 

(suspensions in simplex and CMC-syrup) are relatively 

easy to be manipulated starting from their original 

pharmaceutical form (tablets) to syrups and the 

reconstructed forms of syrups show good principal active 

ingredient content during the storage time.  

The pharmacist has a key role in preparing these 

reconstituted pharmaceutical forms when they are needed 

by specific groups of patients at shortage situations or 

inappropriate dosage forms.  

For the Albanian community and hospital pharmacist, 

it is needed to development the compounding sector by 

regulating this sector with specific SubActs in the 

Pharmaceutical Law. Also, the creation of an official 

register of formulations provided by the pharmacies of 

compounding service and official instructions for the 

specific preparations such as those.  
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Introduction 

 

Chronic respiratory diseases are a group of chronic 

diseases that affect the airways and other lung structures. 

Hundreds of millions of people around the world suffer 

from these diseases. Although the drugs used for 

respiratory diseases are associated with little interactions 

when respiratory medications are used appropriately, 

patients using these drugs may be taking a significant 

number of other drugs. According to the World Health 

Organization, minimizing or preventing these interactions 

should be the primary goal of guaranteeing the quality of 

life because these interactions can cause morbidity and 

mortality (Bosquet and Kaltaev, 2007). Drug interactions 

occur when the effect of the drug is influenced from the 

co-administration of another drug. The clinical response 

depends on many factors, including individual patient 

characteristics such as age or associated diseases 

(Fontneau, 2018). As respiratory diseases are widespread 

and in Albania there is not too much information about 

drug interactions, we conducted this study, which helps in 

understanding the prevalence of the phenomenon and the 

factors associated with potential interactions. The ultimate 

objective is to facilitate the safe and effective use of drugs 

in the future.  

 

Materials and methods 

 

In this study were involved 109 patients, who were   

hospitalized at the pneumology department in “Shefqet 

Ndroqi” Hospital, Tirana, Albania during the period 

February 2019 until April 2019. This was a transversal 

study used to determine the prevalence of the drug-drug 

interactions and to identify correlations with different 

variables. The study was conducted based on data from 

hospitalized patients charts as well as reports of their 

discharge. The following data were extracted from 

medical documentation: patient characteristics (age, sex, 

concomitant diseases, smoking habit, residence) number 

of diagnoses per patient, and length of hospital stay. Data 

about medication prescribed on admission and at 

discharge were retrieved from the discharge letter. We 

used Microsoft Excel package and the application 

provided from the platform www.drugs.com to identify 

the interactions. In this website interactions were 

categorized based on clinical relevance and mechanism of 

action. 

  

Results and discussion 

 

In total 109 patients were included in the study, 33 

(30.27%) of them were diagnosed with respiratory 

insufficiency, 28 (25.68%) with COPD and 22 (20.18%) 

with bronchial asthma. The most prevalent concomitant 

disease in our patients was Arterial Hypertension 

(55.96%). Males represented 64.22% and females 35.78% 

of the included patients. The mean age was 57.64± 18.7 

years. Group age between 46-75 years had the highest 

percentage of potential interactions in both hospital 

prescriptions (65.77%) and outpatient prescriptions 

(60.55%). As the age increases, the risk of potential drug 

interactions increases, while the percentage of interactions 

is lower at younger ages. 79.82 % of patients lived in 

urban zones and 20% of them in rural zones. This can be 

related to the fact that patients living in cities are more 

exposed to have pulmonary diseases probably due to the 

air pollution. Prevalence of polypharmacy was high: 

54.13 % of patients received prescriptions with more than 
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7 drugs. We found an increase in drug interactions related 

to the polypharmacy. This finding is in line with other 

similar studies (Harshal et al., 2016; Kapp, 2013; Nazeem 

and Nosenoor, 2018). A total of 1233 drugs was 

prescribed. The number of drugs prescribed in hospital 

showed an average of 8.46±4.49 drugs and in discharge 

an average of 6±3.74 drugs. Only 8 patients did not 

present potential drug-drug interactions in their 

prescriptions both in hospital and in discharge. 68.91% of 

interactions both in hospital and in discharge were of 

moderate clinical relevance and 73.32 % of them included 

a pharmacodynamic mechanism. The results are similar to 

a study conducted in Gujarat where 50.83% of the drug 

interactions were pharmacodynamic and 76% moderate 

(Chavda et al., 2015). %). The highest number of 

interactions in the same patient was 31, found in hospital 

prescriptions in one patient. Medications that contributed 

most frequently to the high frequency of interactions were 

corticosteroids (such as prednisolone and budesonide), 

which were considered potentially inappropriate in 

82.57% of prescriptions including both hospital and 

outpatient prescriptions. Also, beta2 agonists such as 

salbutamol were considered inappropriate in 77.98% of 

the prescriptions. Although less prescribed, digoxin was 

inappropriate in all 9 prescriptions. This is because drugs 

with a narrow therapeutic index are more likely to be 

involved in severe interactions. 

Conclusion 

 

The frequency of potentially inappropriate 

interactions is very high in both hospital and outpatient 

prescriptions. The study showed that polypharmacy is 

present in most of the patients and this expose them to a 

higher risk of developing drug interactions. There is a 

need to further exploit the factors contributing to the drug 

interactions. More efficient procedures for recognizing 

and controlling interactions would influence the 

prescribers to improve the drug therapy. Clinical 

pharmacists should be involved in detecting interactions 

at the discharge of patients from the hospital. 
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Introduction 

 

Community pharmacies are premises that, in 

accordance with national regulations and definitions, may 

operate as a facility for the provision of pharmacy 

services in community settings (OECD, 2021). The main 

definition of ‘community pharmacy’ may vary in different 

countries across Europe, although most define it as a type 

of health care facility that provides specific services or 

with a given mission around medicines (WHO, 2019).  

Community pharmacies are an important component 

of the healthcare system. Community pharmacists are 

recognized within national health systems as key health 

professionals making a dynamic and evolving 

contribution to improving the health of the communities 

they serve (PGEU, 2019).  

Cultural, socioeconomic and geographical conditions 

have required different legislative decisions for 

community pharmacies in Europe. The legal and 

regulatory framework for community pharmacies in the 

countries across Europe is generally determined by a 

single pharmacy law or by health/medicines laws and 

additional executive orders or decrees defined by the 

ministry of health (WHO, 2019). The number of 

community pharmacies per 100 000 inhabitants varies in 

different European countries. The statistical data shows 

that in 2019, 9 community pharmacies in Denmark and 88 

community pharmacies in Greece served 100 000 people 

(OECD, 2021). On the one hand, this contrast may be due 

to different legal and regulatory requirements and on the 

other hand, can be explained by differences in distribution 

channels.  

The aim of this study is to outline the similarities and 

differences in the legal and regulatory framework for 

community pharmacies in five Balkan countries – 

Bulgaria, Greece, Romania, The Republic of North 

Macedonia, and Turkey. 

 

Materials and methods  

 

For the purpose of the study, a comparison between 

the legal documents on community pharmacies in the five 

Balkan countries has been made. The main focus was 

requirements on pharmacy licence, pharmacy ownership, 

premises, demographic restrictions, geographical 

distribution, and restrictions on horizontal and vertical 

integration.  

 

Results and discussion 

 

Pharmacy licence  
 

In all five Balkan countries included in our review, a 

licence is required to open and operate a community 

pharmacy. The pharmacy licence may be facility-based or 

associated with a specific responsible pharmacist. In 

Turkey, the license is linked to a specific location, while 

in Bulgaria this licence is issued to a responsible 

pharmacist - it is personal. In Turkey and Greece, an 

application for a community pharmacy permit must be 

submitted electronically, while in Bulgaria this is done 

on-site at the Bulgarian Drug Agency. Another condition 

for opening a pharmacy in Turkey and Greece is the 

possession of Turkish and Greek citizenship, respectively. 
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The ownership requirements 

In Romania, community pharmacies are private 

institutions. Their owners don’t need  tobe pharmacists as 

long as they hire a pharmacist as the manager (Sandulovci 

et al., 2018). The similar requirements are observed in 

Bulgaria, where pharmacy ownership is not restricted to 

pharmacists (Petkova & Atkinson, 2017). In Greece, 

ownership is allowed to non-pharmacists with the 

compulsory participation of a licensed pharmacist at 33 

percent (Kalavrezou and Jin, 2021). In the Republic of 

North Macedonia, ownership of pharmacies is also not 

limited to pharmacists, so there are many pharmacy 

chains owned by pharmaceutical wholesalers or local 

pharmaceutical manufacturers. (Ivanovska, 2011). 

 

Premises requirements 
 

In Romania and Turkey, the minimum area of the 

community pharmacy is 55 m
2
. In Bulgaria, the 

requirement is 30 m
2
 for a pharmacy without drug 

compounding and with one workplace. Moreover, 

depending on the services provided by the pharmacy, 

additional premises and equipment might be needed in 

some of the mentioned countries. In Turkey, in areas 

where a natural disaster has recently taken place, a 

pharmacy can be opened in smaller premises of 20 m
2
 for 

a period not exceeding two years (WHO, 2019). 

 

Demographic restrictions and geographical distribution 

of pharmacies 
 

Demographic restrictions are most often determined 

on the basis of the number of inhabitants in the 

settlement. In Turkey, the minimum number of 

inhabitants per new community pharmacy is 3500. In 

Romania, the demographic restrictions vary in different 

cities. In Bucharest restriction is one pharmacy per 3000 

inhabitants, while in other cities – one pharmacy per 4000 

inhabitants. Exceptions from these provisions are the 

community pharmacies found in railway stations, airports, 

and large surface commercial centers. However, there are 

no such criteria in rural areas (Sandulovci et al., 2018). In 

Greece, only one pharmacy is allowed per 1,000 

inhabitants (Kalavrezou and Jin, 2021). In the Republic of 

North Macedonia for settlements in rural areas with a 

maximum of 1000 inhabitants, the turnover of retail trade 

in medicines can be done by car of a health institution – a 

mobile pharmacy. In Bulgaria, there are no governmental 

restrictions on the demographic distribution of community 

pharmacies as a function of population density for 

instance (Petkova & Atkinson, 2017). Several countries 

included in the review use minimum distances between 

new and existing pharmacies as geographical criteria to 

determine whether a pharmacy licence can be issued. The 

distance varies from 100 m in the Republic of North 

Macedonia to 250 m in Turkey and Greece. 

 

Restrictions to horizontal integration 
 

In Bulgaria, no more than four pharmacies can be 

owned by the same entity (Petkova & Atkinson, 2017; 

WHO, 2019). In Turkey, multiple ownership is forbidden 

(Law on Pharmacists and Pharmacies, 2014). 

 

Conclusion 

 

Despite the above-mentioned legal and regulatory 

differences between these five Balkan countries, most of 

the requirements for opening and operating a community 

pharmacy are similar. This may be explained by the fact 

that they are all located in the neighboring Balkan 

Peninsula.  
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Introduction 

 

Rare Diseases (RDs, orphan) are a clinically 

heterogeneous group of diseases, characterized by a low 

population prevalence, usually genetic predisposition, 

occurrence mostly after birth or early childhood and 

progressive unfavorable course. Despite the diversity in 

etiology, rare diseases have many common elements - 

inadequate recognition, inadequate and/or non-existent 

classification, insufficient availability of diagnostic 

procedures, as well as limited and expensive therapeutic 

options.  Orphan Medicinal Product (OMP) are products 

for the “diagnosis, prevention or treatment of life 

threatening or very serious conditions that affect no more 

than 5 in 10,000 people in the European Union” (Regulation 

EC No141/2000 of the European Parliament and of the council, 

16 December 1999).  In addition to unique scientific, legal 

and ethical challenges associated with OMPs development, 

the needs of rare disease patients have been neglected 

because of issues pertaining to small markets. A substantial 

increase in OMP development is seen after 2000 with the 

adoption of EU “Orphan Medicinal Product Regulation” 

which embodied a significant incentive for manufacturer 

investment in OMP. Despite all, patients access to OMPs, 

is still a concern (ICER, 2022). There is a substantial 

variation in OMP access across different European 

jurisdictions as a result of diverse value assessment 

frameworks (VAFs) used by decision – makers, ranging 

from designation of special status to OMPs in which 

reimbursement is granted in spite of high prices and 

undemonstrated effectiveness to obligation for country 

specific health technology assessment (HTA) or use of 

utilitarian healthcare approach, maximizing health benefits 

within a limited budget (Blonda et al., 2021). HTA that 

utilizes a standard economic evaluation, traditionally 

focuses on drug’s safety, efficacy and economic 

consequences (cost – effectiveness; CA and budget impact; 

BI), treats both OMPs and non-OMPs in the same way and 

it is assumed that discards the impact of disease rarity, 

severity and unmet need which influences the OMPs health 

benefit (Chambers et al., 2020). In recent years, VAFs based 

on Multi- criteria decision analysis (MCDA) for OMPs are 

emerging, but despite of multiple strengths, these 

frameworks have also weaknesses (Postma et al., 2022). 

Because of the high acquisition costs of and the uncertainty 

of (cost-) effectiveness, the challenges in the OMPs access 

are mostly expressed in countries with low and middle 

income, small population and limited financial possibilities 

that lack relevant epidemiological data, experience and 

interest of the health care professionals, legislation for RD. 

According to the 2018 official data in the RN Macedonia 

there are 406 patients with rare diseases patients, of whom 

135 are treated within the obtained budget for RDs of 6 000 

000 € and the largest funds from the state budget are 

allocated for the treatment of spinal muscular dystrophy 

(SMA). Among the obligations of the National RDs 

Committee is managing the list and quantities of OMPs per 

year for treatment of the patients included in the RD 

registry. In this paper, we explore the role of the standard 

economic evaluation in managing the access and 

affordability of risdiplam in our country.  

 

Materials and methods 

 

A six state Markov model was used to compare three 

treatment protocols used in the therapy of SMA type 1 and 

type 2/3: 1) risdiplam, 2) nusinersin and 3) best supportive 

care (BSC). The assumed population of patients enter the 

model in one of a total of four states of SMA type 1 (do not 

sit, sit, stand and walk), i.e. 5 states of SMA type 2 and 3 

(do not sit, sit with support, sit without support, standing 

and walking), defined according to the Motor-Function-
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Measure (MFM) 32 items scale. Over time, patients 

remained in the initial health state or moved to another 

health state according to the probability of disease 

progression or regression to a stage with higher or lower 

MFM and the probability of permanent ventilation (state 5) 

in SMA type1, or the probability of death (state 6). The 

analysis was conducted from the public payer perspective, 

in a Life time horizon of 80 years with a cycle length of 1 

month. Patient data and transition matrices used in the 

model were based on a systematic literature review and 

clinical trial results (Firefish, Sunfish, ENDEAR for SMA 

Type 1 and SUNFISH Part 2 and CHERISH studies of 

SMA Type 2 / 3). Utility and disutility parameters for each 

of the transition states were based on the data indicated in 

NICE ERG TA588. The CEA did not take into account the 

probability of occurrence of treatment-associated adverse, 

the health benefit parameters for care givers. Only the 

direct and indirect medical costs associated with OMPs, 

drug administration and monitoring, disease monitoring, 

hospitalization, engagement of health personnel, 

supportive medication and physical therapy were included. 

Taking into account that risdiplam and nusinersin did not 

had a marketing authorization in the RN Macedonia at the 

time of analysis, the direct medical cost/ cycle for risdiplam 

was calculated according to the official methodology for 

defining the maximal drug price while the price of 

nusinersin was in accordance with the official price on the 

last tender of the Ministry of Health for the procurement of 

the OMPs. The resulting outcomes, presented per patient 

with 3% discount rate, included total cost (EUR), 

Effectiveness (Quality adjusted Life Years-QALY), Cost 

Effectiveness Ratio (C/E; EUR/QALY) and Incremental 

Cost-Effectiveness Ratio (ICER; EUR/QALY). The 

analysis was carried out using the Tree Age Pro Healthcare 

2019 software. Probabilistic sensitivity analysis with 5000 

iterations, with Gamma distribution for variables related to 

efficiency and quality of life and Uniform distribution for 

cost, varied within an interval of ± 25% of the baseline 

value, was conducted. The budget impact analysis over a 

5-year time horizon (2020-2025) was carried out to assess 

the economic effect of adopting risdiplam in our country.  

 

Results and discussion 

 

According to results from the base-case scenarios, the 

C/E ratio of risdiplam was lower compared to nusinersin 

and BSC when used in SMA treatment (445,174.7268 vs. 

671,652.6056 vs. 3,726,725,046 EUR/QALY for SMA 

type 1 and 236,316.49 vs. 248,225.8253 vs. 75,325.71 

EUR/QALY for SMA type 2/3, respectively). Since 

nusinersin was an extensively dominated therapy in 

relation to other treatment strategies in both SMA models, 

in the absence of a nationally defined limit value of 

"Willingness to pay for", only the ICER of risdiplam versus 

best supportive care was determined and resulted in 

401,826.25 EUR/QALY for SMA type 1 and 436,325.28 

EUR/QALY for SMA type 2/3. For comparison, the C/E 

of risdiplam with 20-40% reduced price ranged in an 

interval of 377,093.00-280,482.07 EUR/QALY for SMA 

type 1 and 204,009.04 -158,168.06 EUR/QALY for SMA 

type 2/3. The probabilistic sensitivity analysis showed that 

base –case scenario results are robust and consistent and 

that the cost of risdiplam is the main factor affecting the 

pharmacoeconomic outcomes in R. Macedonia. 

Introduction of risdiplam, parallel with an increasing 

market share of 30%-90% during 5 years, resulted in an 

increase of total direct costs by 2,182,158.00 - 

2,030,103.60 EUR, respectively and reduction of indirect 

medical costs by 86,756.75 - 269,042.45 EUR. The 

tendency to decrease the overall cost while simultaneously 

increasing the number of patients who are on risdiplam, 

confirmed the value of including the treatment as the first 

line treatment for SMA patients. 

 

Conclusion 

 

There is still much debate as to whether OMPs deserve 

a special treatment over non-OMPs in decision-making 

process regarding their affordability and limitations of 

cost- effectiveness analysis applied to assessing their 

access. The findings from this standard pharmacoeconomic 

evaluation provided comprehensive summary of the 

economic implication of adopting risdiplam in our country. 

Subsequently it contributed for including risdiplam in the 

national program for RDs. Appling the concept of 

accountability for reasonableness (A4R) in justification of 

decision-maker choice for a specific VAF for OMPs and 

transparency of evaluation process is highly recommended.  
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Introduction 

 

А new paradigm of the so called “Circular economy 

and resource efficiency” economy is evolving. 

Optimisation, sustainability, long term efficiency, 

customization are becoming widely spread pillars of a 

new development Models. Pharmaceutical business is not 

spared from these systematic changes. Moreover, the 

pharmaceutical industry, regulator, funds, payers and 

patients are under growing pressure to adopt very fast to 

these emerging needs. Old pricing methodologies rely to a 

significant extent to costs and consequently on price 

reduction affecting all parts of supply and delivery chain. 

In the eyes of patients and other stakeholders, the 

pharmaceutical industry exists to discover new medicines 

that go on to become standard treatments. The faltering 

economics of R&D productivity are jeopardizing that 

mission: R&D expenditure is not delivering. Although 

number of facts are saying that now is the right time 

(maybe also last chance) to institutionalize the process of 

the “holly trinity”, R&D, HTA, reference pricing 

methodology, major dilemma is whether the approach 

should be driven by market forces or by regulations, or by 

mix.  

 

Redefined or revolutionized approach 

 

Healthcare consumes 12% of global GDP, and is a 

$6.2 trillion industry. Spend is growing at average of 

3.5% per annum, which will double expenditure in less 

than 20 years. By 2020, chronic diseases will account for 

almost three-quarters of all deaths worldwide. Moreover, 

it is estimated that by 2030 more than 40% of the world 

population will suffer from one or more chronic disorders. 

By 2080, estimated 50% of world GDP will be spend on 

health costs (OECD analysis). The health care system is 

under growing pressure as a result. Unless we intervene at 

short notice in a number of different domains, financial 

and staffing shortfalls will be inevitable. To ensure that 

health care system is future proof, we need a new 

perspective that corresponds more closely to people 

personal experience. 

This route has three game changers. First is to 

acknowledge the health as a basic condition for 

participating, playing active role in society a different and 

broader view than the prevailing biomedical model, which 

focuses on sickness. Introduction of the concept of 

“positive health”, in which actions are guided by the 

desires, values and preferences of the individual needs, is 

to become a focal point. Second, actions of all involved 

participants must be focused on the notion of QUALY 

that should replace the limited approach of what someone 

with an illness is still capable of. Third, to implement the 

concept of positive health, we must be more 

knowledgeable and aware of variations between 

individuals: variations in norms, values and goals, but 

also in lifestyle, behaviour, environment, genetic 

disposition, and above all in the body’s response to 

healthy and pathogenic stimuli. 

There are two possible alternatives in addressing this 

situation. First are the so called “Pragmatic trials” which 

provide fast and efficient information for decision making 

by providing evidence for the adoption of treatments into 

practice (Ford & Norrie, 2016). Carefully constructed and 

executed pragmatic trial provides the bridge between 

research performed for the development of treatments to 

the evaluation of the effectiveness of treatments in 

practice. Second solution is to outsource the R&D to the 

more efficient, focused, equipped companies and to 

introduce pay-for-performance Model.   
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In this new environment, pharmaceutical companies 

will have to make major shift in the policy 

implementation by trading price for access to markets. On 

the other side Governments on the long run in finding a 

right balance will need to introduce a pharmacoeconomic 

studies. To make this new approach possible beside the 

large-scale comparative valuable studies that form the 

basis of medicine today new research methods and 

outcome measures will focus on valid and sensitive 

measures for many disorders that allow us to track and 

predict outcomes to supplement existing methodologies. 

What is vital for future R&D is a broad, interdisciplinary 

approach in which the public/patients, pharmaceutical 

organisations and co-funding bodies also play an 

important role mainly by investing in sickness prevention. 

We should also be studying and applying the concept of 

personalised prevention. It is also important to research 

how prevention can be integrated permanently into the 

social fabric. 

 

New R&D model 

 

Considering the fact that about 15% to 20% of 

clinical spend is wasted on efforts that are not valued by 

key stakeholders, pharmacoeconomists need to focus on: 

1. continuing analysis, including assessment of the critical 

drivers of behavior for each stakeholder (prescriber, 

payor, and patient). One very important and specific 

prerequisite is to have an advanced data infrastructure 

consisting of existing and new studies and documentation. 

2. detailed comparison of competitor labels and clinical 

data- to further inform which efficacy and safety 

endpoints matter most, and maps each of the brands 

against the stakeholder perception  

3. understanding of how competitors are perceived by 

each stakeholder against the most critical factors, which 

can help identify unmet needs, and  

4. profound understanding of real-world data on treatment 

decisions and  outcomes. 

Establishment of a common denominator with a clear 

‘value proposition’ needs to be at the core of pricing and 

re-imbursement submissions. Incremental costs need to 

consider potential incremental revenues from priority 

markets (price, positive formulary place, time-to-market) 

and the potential downside risk of unfavourable 

comparisons with alternative treatments. IT will in this 

future play an essential role by assessment of how 

personalised medicine and prevention will be organised. 

In many cases, targeted technology will need to be 

developed, for example intelligent measuring instruments, 

labs-on-a-chip, nanomedicine and technologies in such 

areas as genomics, metabolomics and proteomics. 

Patients, must therefore be involved at an early stage, 

facilitating both science and enterprise in developing new 

technological applications based on cost-effectiveness 

methodologies– known as Health Technology 

Assessment.   

 

Conclusion 

 
Original new forms of trans-institutional initiatives 

and teams composed of an unconventional combination of 

disciplines between university medical centres, 

universities of technology, social sciences faculties, 

applied research institutions, and universities of applied 

sciences, must be extended and broadened in the R&D 

design and data analysis. The new scientific outlook on 

prevention, treatment and care should impact the design 

and financing of research programmes. At times, that may 

require us to change the rules, for example so that insurers 

can also invest in research. New publishing paradigms 

involving risks analysis and technology assessment and 

new methods for measuring research output can also help 

drive innovation in the pursuit of science.  
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Introduction 

 

Medicines contribute with at least 20% in overall 

national spending and even more than 40-50% in high 

income counties. The Price is an economic category. 

Principally, it is defined as monetary expression of the 

product value, with a specific, nationally-important and 

sensitive role in the overall health management system. 

Value, as well prices, can differ in different circumstances. 

There are multiple factors that have influence on the 

medicines prices: country, region, target group of patients, 

demand, market competition, purchasing power – GDP, 

pricing policy, reimbursement policy, etc. The relative 

importance of above factors differs in relation to the 

national health management policy, as well as to the 

objectives and developmental tendencies of the future 

national health priorities, in order to achieve the state of 

sustainability.   

WHO promotes that equitable access to medicines and 

other medical technologies depends on affordable pricing 

and effective financing. Affordable prices are 

fundamentally related to the national living standard, on 

one hand, as well as to the national reimbursement health 

policy, on the other hand. Promoting fair prices and cost-

effective interventions is central to the achievement of 

universal health coverage, within the social constraints of 

the national health management system.  

There exists a universal need to promote equity in 

access to effective new products, by ensuring that medical 

advances are affordable and working with all stakeholders 

to sustainably respond to public health needs and 

possibilities in terms of finances, in the framework of 

desired and prospective differentiation in the participation 

in the overall public health management income according 

a measurable criterion.  

The importance of price regulation and transparency 

was emphasized by the European Commission with 

adoption of the Council’s Directive relating to the 

transparency of measures regulating the pricing of 

medicinal products for human use and their inclusion in the 

scope of national health insurance systems (Official gazette 

of EC, Council Directive 89/105/EEC, 1989).  

The prior format of our paper is intended to focus on 

analytical review of the methodological and empirical 

evidence of the concepts, methods and potential 

implications of various concepts for calculating the 

elements of the national pricing policies of medicines, with 

particular emphasis on EU experience, as well as 

neighboring countries of Republic of North Macedonia.  

 

Materials and methods 

 

The analysis and comparisons were conducted based 

on regulatory materials, laws, methodologies, and other 

primary and secondary source of information that refer to 

price regulation, that is, policy for determining drug prices 

and reimbursements for drug prices by health insurance 

funds. One of the sources were the official websites of the 

health authorities in the reference countries and in the 

Republic of North Macedonia. For the research purposes 

of this analysis, a comparative method was used to analyze 

the regulatory materials and models of medicines price 

determination, nationally and regionally. In this context, 

comparative analyses, on a selected sample of 

representative categories of medicines would be 

conducted, in order to sustain and further re-orient the 

derived tendencies and future developmental orientations. 
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Results and discussion 
 

       Fundamental medicines pricing model in Republic of 
North Macedonia relies on special Law on medicines and 

medical devices, as well as supporting Methodology, 

which are expected to be fundamentally in line with 

contemporary EU tendencies in this field, stipulated in the 

objectives in the EU pharmaceutical strategy (Making 

medicines more affordable (europa.eu)) as ‘to ensure that 

patients have access to affordable medicines and that 

health systems remain financially sustainable’, comprised 

of revising the pharmaceutical legislation, cooperation on 

pricing, reimbursement and payers for the period 2021-

2024, improving transparency, and, issuing country-
specific recommendation for accessibility, efficiency and 

sustainability.  

Management of the national pricing policy of 

medicines is important mechanism for obtaining and 

maintaining a high-quality pricing model adequate to 

specific pharmaceutical market. National pharmaceutical 

pricing authority, Ministry of health of Republic of North 

Macedonia, sets the ceiling (maximal) prices for all 

medicines with registration status as prescription 

medicines, as well approves their wholesale and retail 

prices. National drugs pricing methodology (Methodology 

for the method of forming the prices of medicines, Official Gazette 

of RM, 2011 – Official gazette of RNM, 2019) is basically 

determined by the provisions of Law on medicines (Law on 

medicines and medical devices, Official Gazette of RM, 2007- 

Official gazette of RNM, 2021). 

       All the manufacturers of drugs are required to sell their 

product equal to or lower than the ceiling 

price. Pharmaceutical companies set up prices of new 

medicines basically according to the economic value (or 

justifiable price) of their largest markets.  

The key areas for national medicines pricing policy 

considerations, from managerial perspective, are 

calculation elements and methods, as well as the price 

negotiation power of the national healthcare authorities and 

payers, with producers or distributors of medicines, from 

national, but also from international, particularly regional, 

aspect. According to the national methodology for 

determining drug prices, the reference countries for the 

Republic of North Macedonia are: Bulgaria, Serbia, 

Slovenia, Croatia and Greece. Thus, reference countries for 

the Health Insurance Fund are Bulgaria, Serbia, Slovenia 

and Croatia, for the drugs from the List of drugs that are 

covered by the Health Insurance Fund in accordance with 

the provisions of the Law on Health Insurance and the 

Rulebook of the reference prices of drugs (Rulebook on the 

method and methodology for determining the reference 

prices of medicines, Official Gazette of RM, 2009 - Official 

Gazette of RNM, 2021). Following the differences in the 

methodologies of determining maximal and approved 

prices of medicines, of the Ministry of Health, and the 

reference prices of the Health Insurance Fund, there are 

some price differences at wholesale and at retail price level. 

Each such price difference for prescription medicines is 

covered by the patients at their own expense. Among other 

differences in these two specific pricing methodologies, 

MoH’s and HIF’s, there is also a difference in data sources 

from the reference countries. However, differences also 

exist in the pricing processes and methods nationally, but 

also regionally between mentioned reference countries.  

 

Conclusion 
 

      Despite the differences in the national methodologies 

and regulations, conclusion are oriented towards the fact 

that the principles of price determination as ceiling price 

and approved formed price for medicines by brand names 

with specific generic name (INN) of the drug with 

pharmaceutical dosage form and strength, and the ones 

from the HIF’s side, set by generic names of drugs with 

specific pharmaceutical dosage form and strength, 

probably could be harmonized and synchronized using 

models and experiences from reference countries that are 

most convenient to our country needs and possibilities in 

terms of medicine, management, economy and finances. 

The application of relevant international methodologies for 

methodology harmonization, as well as for creating and 

benefitting from justifiable price of the medicines is highly 

dependent on changes in the national price determination 

model, as well as on the national readiness to protect the 

affordability of all health beneficiaries regardless the 

differences in their living standard on the basis of 

purchasing power – GDP. 
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Introduction 

 

Parallel import is based on the principle of free 

movement of goods between the EU/EEA countries. 

Parallel import in the European Union is the legal activity 

under Art. 28-30 EC of buying goods in a low-price 

country.  

Centrally authorized medicinal products (“CAPs”) put on 

the market of one Member State can be marketed in any 

other Member State by a distributor, independently of the 

marketing-authorization holder (“parallel distribution”). 

Parallel distribution (hereinafter also “PD”) pertains to all 

centrally authorized products and is checked by the 

European Medicines Agency (hereinafter “the Agency”). 

Centrally authorized products are marketed in all 

Member States under the same name and must comply with 

the Community Marketing Authorization. The task of the 

European Medicines Agency is to check compliance of 

products distributed in parallel with the conditions laid 

down in Community legislation on medicinal products and 

in the marketing authorization of the product. In this case 

the parallel distributors must send an initial notification for 

parallel distribution to the Agency. 

The obligation of notifying the Agency allows it to 

check compliance of the medicinal product to be 

distributed in parallel with the conditions laid down in the 

EU legislation on medicinal products and in the marketing 

authorization. The outcome of the check is shared with the 

parallel distributor. Additionally, the MAH and National 

Competent Authorities will be notified when a letter of 

non-compliance is issued, or the product is re-branded. 

Article 57(1)(o) of Regulation (EC) No 726/2004 

(amended by Article 1(22) (a) (iii) of Regulation (EU) 

2019/5) foresees the following task for the Agency: 

“Checking that the conditions laid down in Union 

legislation on medicinal products for human use and on 

veterinary medicinal products and in the marketing, 

authorizations are met in the case of parallel distribution of 

medicinal products for human use and on veterinary 

medicinal products authorized in accordance with this 

Regulation or, as applicable, Regulation (EU) 2019/6.”3. 

If the medicinal product is distributed in parallel, in the 

absence of the Agency’s check or despite the Agency’s 

letter of non-compliance, the national competent 

authorities may take regulatory actions regarding the said 

parallel distributor. Parallel import on the other hand 

concerns only nationally authorized products and is 

authorized by the national competent authority of the 

Member State of import based on the similarity to the 

product distributed in the Member State of destination by 

the marketing-authorization holder (hereinafter “MAH”) 

(EMA/297155/2021 Re.2, 2022). In North Macedonia 

Parallel import was introduced in the Law for medicines 

and medical devices in 2012 and it was allowed for 

distributor registered in North Macedonia to import 

products from EU, Switzerland, Norway, Canada, Japan, 

Israel or USA. (Official gazette number 11, year 2012). In 

2013 was adopted new change of the Law (Official gazette 

number 147, year 2013). With this change it was allowed 

for distributor registered in North Macedonia to import 

products from EU, Switzerland, Norway, Canada, Japan, 

Israel, USA, Russia and Turkey upon they receive approval 

letter by Macedonian Agency of Medicinal Products and 

Devices (MALMED) for products to be imported.  

 With this Amendment of the Law, parallel import 

started in North Macedonia. 

After the implementation in the Law, several 

distributors have registered products to be imported with 

parallel import from Turkey and these products were 
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actively imported. During this period there were several 

challenges and several potential risks detected and raised 

by patient organisations, HCP organizations and Pharma 

industry. 

In 2018, the Health Authority directors, experts from 

the pharmaceutical environment and pharma industry have 

held meeting in order to discuss the potential challenges 

and risks from not enough regulated Parallel import, and it 

was concluded that the documentation that is submitted 

during registration and import of the products must be in 

original format (not copy) and an appropriate certificate to 

prove the quality of the product. 

The conducted study aims to underline the problems, 

challenges and potential risks for public health that befell 

when the adoption and implementation of parallel import 

law occurred in the Republic of North Macedonia. 

 

Materials and methods  

 
Relevant EU аnd Macedonian legislations have been 

reviewed, in general, as well as PubMed, Medline and 

other relevant websites with articles evaluating the impact 

of EU regulatory requirements and activities related to 

parallel import. 

 

Results and discussion 

 

The obtained results have confirmed that the parallel 

import/distribution in EU is based on the principle of free 

movement of goods between the EU/EEA countries and in 

North Macedonia the parallel import is based on countries 

that are not in same economic zone and with different 

regulations. Also, it is evident that the PI in EU was strictly 

regulated and all responsibilities of the parallel distributors, 

Health authorities and MAH were clearly defined and in 

North Macedonia regulation the responsibilities for PV, 

Quality and maintenance of the product were not clearly 

defined or not implemented in full. 

With the first implementation of the change 

(introduction of Parallel import) there were issues as 

several things were not defined clearly in the Law: 

- With obtaining approval letter for the parallel imported 

drugs, distributor becomes “second” MAH, but with 

limited responsabilities, as the PV and Quality 

responsibilities of the parallel distributor were not clearly 

defined  

- Parallel distributor had right to apply on tender and to 

have exclusivity for selling the product in defined 

timeframe 

- Despite that parallel distributor had obligation to inform 

the MAH for its intention to import products via parallel 

import, this was never implemented in practice 

- When importing the products, the parallel distributor was 

not obliged to have original documents (for example, 

CoAs), only copy. 

- The awareness of reporting of safety information is low 

in North Macedonia, and during parallel there were small 

number of reports in MALMED, even though patients 

were complaining on the quality and efficacy of the 

products.  

- Repackaging of the imported foreign packs was not in 

control of the manufacturer or its representative office, 

which was a hihg risk for the safety of the patients and 

quality of the product 

- Not following the Good Distribution Practice there was a 

risk of importation of counterfeit/diverted products. 

After the joint meeting of all affected stakeholders, 

organized by Ministry of Health in 2018, the Law for 

Medicinal Products and Devices, was amended and 

accepted on 20 Jun 2018 (Official gazette number 113/18). 

The new updated Law resulted in absence of new 

submission for registration of parallel imported products, 

and the existing approval were not renewed.  

 

Conclusion 

 

The performed evaluation and comparison of the EU 

and North Macedonian legislation have confirmed strictly 

regulated and implemented Laws is inevitable in order to 

minimize or even eliminate the potential safety risks for the 

patients and obtain the quality of the products and protect 

the opportunity for importing counterfeit/diverted products 

not following the Good Distribution Practice. 
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Introduction 
 

Off-label prescribing is part of medical practice and 

may be necessary to fulfil the need of individual patients, 

due to the absence of suitable, authorized alternatives. 

Although EU-legislation does not directly regulate off-

label use, off-label use received particular attention in the 

new EU pharmacovigilance legislation. Directive 

2010/84/EU acknowledges that off-label use exists and 

marketing authorization holders (MAHs) are responsible to 

provide all available information on their products – 

including the results of clinical trials or other studies – as 

well as any use of the product outside the terms of its 

marketing authorization obtained in postmarketing period 

through established PV systems. The drivers of off-label 

use of medicines are multiple and involves many 

stakeholders, namely regulatory agencies, the industry, 

physicians, insurers, professional medical associations and 

consumers with distinct and often conflicting interests. The 

main problem associated with off-label use is the 

information deficit about a product’s efficacy and the 

prospect of exposing patients to higher risks, whose 

adverse health outcomes could remain unknown to public 

authorities if an implemented pharmacovigilance system 

itself are malfunctioning or deficient in the necessary 

oversight mechanisms. Off-label practices could posture a 

threat to public health as a result of extensive uncontrolled 

use of drugs out of their marketing authorization. Well 

established PV systems are important in the process of 

obtaining of a product to scientifically valid and 

statistically significant evidence for drugs in confirmation 

of positive benefit/risk ratio. 

This research aims to identify specific provisions 

regarding engagement of PV systems in surveillance of off-

label use implemented in EU countries in an attempt to 

obtain solid base for regulation in The Republic of North 

Macedonia. 
 

Materials and methods  
 

Relevant EU, US and Macedonian legislations have 

been reviewed, in general, as well as PubMed, Medline and 

other relevant websites with articles evaluating the impact 

of EU regulatory requirements and activities related to off-

label use of medicines. 
 

Results and discussion 
 

The preamble to Directive 2010/84/EC states that 

Member States should operate pharmacovigilance systems 

to collect information that is useful for the monitoring of 

medicinal products. This includes information on 

suspected adverse reactions as a result of the use of a 

medicinal product, also in case this use was off-label. New 

pharmacovigilance legislation also stresses the importance 

of providing patients with possibilities to report suspected 

adverse drug reaction, including those of off-label use and 

post authorization studies may be aimed at collecting data 

to enable the assessment of the safety or efficacy of 

medicinal products in everyday medical practice. 

According to Court of justice in European Union 

(CJEU) only when doctors could conclude the state of 

health of a patient demands the administration of a 

medicinal product for which an authorized equivalent does 

not exist or is unavailable on the market under 

consideration is appropriate. Regulation in France support 

safer off-label utilization, improvement of knowledge 

regarding the efficacy of off-label uses and encouragement 

for pharmaceutical companies to file requests for 

extensions of MAs. Regulation in Italy supports, the 

obligation of the physicians  prescribe a medicinal product, 
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they should observe the therapeutic indications, routes and 

methods of administrate on provided for by the MA issued 

by NC, updated in 2007 with escalated requirements for 

off-label use by imposing the need for at least Phase II 

clinical studies. In Germany, judicial decisions have led to 

changes in the legal treatment of off-label drugs. For the 

reimbursement approval three criteria should be met, a 

severe illness that has a lasting negative impact on an 

individual’s quality of life, no conventional treatment 

option and off-label use of the medicine has a reasonable 

prognosis of success. A main argument for not having 

specific measures in place is that off-label use is the 

responsibility of the prescriber; the prescriber is 

autonomous to prescribe. 

The systematic literature review shows that off-label 

use in children exists in EU Member States and 33% of the 

total number of the prescriptions investigated in that 

particular study population was an off-label prescription. 
Off-label use may be due to the fact that medicines are 

usually registered for a limited number of indications, and 

not fully studied in specific patient groups (pregnant 

women, elderly or people with specific comorbidities, like 

renal and hepatic failure). The literature review from 23 

studies including data from six EU MS presented that off-

label use in adults frequently occurs in the hospital setting: 

a range in prevalence of 7% to 95% of all prescriptions was 

found. Studies with a high prevalence of off-label use 

covered a range of therapeutic areas (oncology, 

autoimmune diseases, and palliative care) and use during 

pregnancy. Most studies reported in literature on off-label 

use in adults focus on specific therapeutic areas, such as 

oncology, psychiatry, or on expensive medicinal products, 

such as intravenous human immunoglobulins and TNF-

antagonists (used in rheumatology). Several 

representatives stated to have no specific information on 

the extent of off-label use in rare diseases. The obtained 

results have confirmed that regardless of a common feature 

existing in many jurisdictions when it comes to medical 

practice not being subject to the regulation of medicines, 

an extensive off-label use would still weaken the public 

expectation that there has been a proper evaluation of a 

product’s safety and efficacy. Such harm may result from 

an off-label medicine prescribed by physicians who relied 

on journal articles that sometimes do not provide adequate, 

neutral studies, because partial stakeholders with strong 

economic interests. Off-label use would represent a threat 

to a patient’s safety in particular due to serious adverse 

events resulting from a medication use different from the 

treatment for which the medicine has been approved as 

73% of off-label prescriptions in the EU lack evidence of 

clinical efficacy. Another negative aspect associated with 

off-label use is the increase in healthcare costs. 

But according to the literature results point out that, 

there are many advantages related to the off-label use of 

medicines. If there is strong evidence indicating that the 

benefits of a determined off-label use outweigh the risks, 

then decreasing to treat the condition pretenses greater 

danger for the patients. Off-label use may represent the 

single possible treatment available for patients who cannot 

rely on authorized medicines, but also signify a path to 

innovation through which additional indications extension 

for an authorized medicine are discovered. The regulatory 

approval process may often lag behind scientific 

advancements and the presence of high-quality evidence, 

which is why an adequate control of off-label use could 

induce the desired repurposing of drugs, and the main tool 

in that process are well established PV systems. In that line 

off-label use enables innovation in clinical practice as 

physicians could look for more suitable creative solutions 

for their patients, who may thereby gain earlier access to 

medications, especially when other drugs are with 

suboptimal efficacy. Many regulatory agencies operate in 

legal systems that separate regulation of medicines from 

doctors’ freedom to prescribe. Some EU countries, France, 

Italy and Germany, have adopted regulatory frameworks 

that allow the reimbursement of medicines for off-label 

uses, which encourage such prescriptions by physicians, 

regardless of approved alternatives available in the market. 

The importance of well-established PV practices were 

confirmed during COVI-19 pandemic when the many 

drugs, tocilizumab, chloroquine, azithromycin, ivermectin 

and favipiravir as well as high doses of   vitamins. 
 

Conclusion 
 

The performed evaluation and comparison of the EU 

and North Macedonian legislation have confirmed that the 

off-label use of drugs in our country is not regulated. It is 

inevitable to adopt and implement the positive experiences 

form EU countries in our regulation and engage the PV 

system in order to obtain valuable data trough appropriate 

surveillance of off-label use of drugs and employment of 

the good pharmacovigilance practices in terms of 

collection and follow-up of cases of off-label use 

(including cases not associated with suspected adverse 

reactions) as well as in terms of additional structured 

investigations (drug utilization studies, searches in 

databases).  
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Introduction 

 

Mental health includes emotional, psychological and 

social well-being. It affects the way of thinking, feeling 

and developing relationships. Increased incidence of 

mental health conditions have been noted in the past 

decade, with 13% rise reported (up to 2017) (WHO, 

2019). Many factors contribute to mental health problems, 

including: biological factors (genes or brain chemistry) or 

life experiences, such as trauma or abuse. Overtime work, 

exhaustion and near death experience often are 

recognized risks to mental health among healthcare 

professionals. Particularly, COVID-19 pandemic has led 

to even higher incidence in this occurrence. As leading 

anxiety and depression factors during the pandemic are 

considered: fear of infecting ourselves or our loved ones 

and endanger their health, social isolation, and work from 

home, loneliness and financial instability.  

The aim of this study was to evaluate the effect of 

COVID-19 pandemic on antidepressant and anxiolytic 

medication consumption in local pharmacy in Kumanovo. 

 

Materials and methods  

 

The data for antidepressant (amitriptyline, fluoxetine, 

paroxetine, sertraline and venlafaxine) and anxiolytic 

(diazepam, bromazepam and alprazolam) medication 

consumption at the expense of health insurance of 

Republic of North Macedonia for three year i.e. 2018-

2020, was collected in local pharmacy in Kumanovo. The 

percentage representation for each group of drugs was 

calculated in relation of total number of issued drugs for 

each year. The obtained results were compared with the 

data from the annual reports on drug consumption from 

the Health Insurance Fond Republic of North Macedonia 

(HIFRNM). 

 

Results and discussion 
 

From the total of patients for 2018, 2019 and 2020 

percentage representation of antidepressant medications 

were 2.07%, 2.61%, and 2.99% for each year 

retrospectively. There was no statistically significant 

increase in the number of patients who consumed 

antidepressant medications in 2020. The annual reports 

from the HIFRNM demonstrate similar results, with the 

1.95%, 2.01% and 2.04% prevalence of antidepressant 

use for each year. The anxiolytic consumption for those 

years was 7.24%, 7.56% and 8.68%, with a 1.12% 

increase in the number of patients receiving anxiolytic 

therapy in 2020. This result is confirmed by the reports 

from HIFRNM in which anxiolytic medication 

consumption was 8.66%, 8.32% and 9.35%.  

Several studies were designed during SARS epidemic 

in 2003 (Pearson et al., 2004) and Ebola epidemic in 2014 

(Shultz et al., 2016) which confirmed their impact on the 

mental health. According to the scientific brief released 

by WHO, in the first year of COVID-19 pandemic, global 

prevalence of anxiety and depression increased by 25 % 

(WHO, 2022). Consumption of antidepressant 

medications, although expected to increase, remains the 
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same due to several factors. In the first year of the 

COVID-19 pandemic, hospitals were closed and 

reassigned to treat patients infected with corona virus. 

This led to reduced availability of psychiatrists whose 

visit is problematic even in normal circumstances. Mental 

health is taboo topic, and seeking help is often the scariest 

part in the process of healing. In the beginning of 

COVID-19 pandemic, patients had access only to their 

family doctors and the easiest way to get fast and short-

term solution was by consuming anxiolytics. Those are 

some of the reasons that explain the increased number of 

patients receiving anxiolytic therapy. The returning of the 

health care system back to normal and increasing the 

availability of psychiatrics is expected to enlarge the 

consumption of antidepressants.  

Increased global prevalence of anxiety and 

depression that is not reflected by increased number of 

patients receiving antidepressant therapy in RNM is 

indicative that the mental health of many patients is 

neglected. Interventions should be made to start managing 

mental health problems while they are at an early stage, 

which will contribute to easier and faster healing. Waiting 

and procrastination will only worsen mental health 

conditions and will complicate treatment. One of the 

problems with patients who have been to a psychiatrist 

and have been recommended antidepressant therapy is 

that they refuse to start treatment. The role of the 

pharmacist in the pharmacy, among others, is to advise 

the patient about the importance of taking antidepressant 

therapy regularly.     

 

 

Conclusion 

 

The impact that the COVID-19 pandemic is going to 

leave on the mental health is undoubtful, thus awareness 

of its importance should be raised. Patients should be 

advised to seek help and, if necessary, to be encouraged to 

start antidepressant therapy. Family doctors, specialists 

and pharmacists should work as a team for early detection 

and treatment of mental conditions. 
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Introduction 

 

Improper management of drugs and medical 

devices is a complex problem at all health care levels. 

A study conducted in 2016 in which were included 35 

hospitals in Poland (Religioni, 2016), was the basis for 

developing a drug management system. This study 

showed that most managers, including pharmacists 

(62.86%) have no knowledge for the principles of drug 

management optimization. Only 20% of them used 

pharmacoeconomic analysis and 25% did not use any 

analysis. 77% of the respondents selected the drugs 

based on the lowest price. 

 The results from this study can be also observed 

in other countries, due to insufficient education of 

managers which results in large budget expenditures 

and improper use of the same budget. 

The use of available analysis and tools can make 

a great contribution in reducing the costs that is made 

in the procurement of medicines. One of the available 

tool is the ABC analysis or the theory of Pareto, this 

analysis refers to the inventory management technique 

used to identify drugs that constitute a significant part 

of the overall inventory value and categorized them 

into critical, important and moderately important. The 

basic premise of ABC analysis is that every single 

drug in an inventory does not have equal value and 

demand – some drugs cost much more than others. In 

contrast some drugs are used more frequently and the 

remaining are a mix of both. In this study we used  

 

 

 

ABC analysis to explain the parenteral therapy 

consumption in hospital pharmacy at Clinical Hospital  

Stip during the period of 3 years with the goal of 

showing if the used analysis are relevant in emergency 

conditions, such as a pandemic. 

 

Materials and methods 

  

The data used for the analysis were obtained 

via electronic reports from the hospital pharmacy at 

Clinical Hospital Stip, in the part of parenteral therapy 

consumption and its cost, for the period from January 

2019 to December 2021. ABC analysis, VEN analysis, 

3x3 matrix were applied to the obtained data. ABC 

analysis selects the drugs in three groups: Group A- 

expensive drugs (10-20% of the total number of 

drugs), which use 70-80% of the entire budget, Group 

B- Drugs with average price (10-20% of the total 

number of drugs) which use 15-20% of the budget, 

Group C - cheap drugs (60-80% of the total drugs), 

which use 5-10% of the budget value. VEN analysis 

was also used to determine the importance of drugs. In 

this analysis drugs were divided into: Group V - Vital 

drugs that are needed to save lives and which can have 

serious consequences for patients if the drug is not 

available for treatment., Group E - Essential drugs 

used for treatment of acute and most common diseases 

that do not directly endanger patients, Group N – Non-

essential drugs used in less serious or non-life-

threatening diseases. The 3x3 matrix was used to 

combine ABC and VEN analysis. 
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Results and discussion 

 

The following results were obtained with the 

ABC analysis. Group A includes 25 (17%) of drugs, 

Group B – 21 (14,2%) , Group C 101 (68,8%). From 

the analysis we can conclude that 2019 supports 

Pareto's theory with majority amount of the budget 

15.489.273,54 MKD (59,3 %) was spent on group A, 

2.247.729,77 MKD (8.6%) on group B and 

8.396.968,61 MKD (32.1%) on group C. In the period 

from 2020 to 2021 we can notice increased 

consumption of drugs from Group B and Group C. The 

analysis shows that in 2020 we have slight difference 

from the theory with 14.021.777,61 MKD (54,5 %) 

spent on Group A, 2.653.819,73 MKD (10,3%)  spent 

in Group B and 9.075.061,95 MKD (35,2%) spent in 

group C, this is a  result of a pandemic beginning, with 

smaller number of COVID-19 patients and reduced 

number of patients in other hospital wards. In 2021 we 

have a serious change in the ABC structure with 

14.741.491,23 MKD (37,6%) spent in Group A, 

8.260.797,25 MKD (21,1%) spent in Group B and 

16.159.008,98 MKD (41,3%) spent in Group C. This 

is a result of an increased number of patients in the 

peak of the pandemic and re-starting normal work at 

other wards.  

Due to the fact that the ABC analysis is a financial 

analysis and does not take into account the fact that 

some drugs, although economically cheaper and 

belong to group C, are vital for the hospitalized 

patients, we combined it with the VEN analysis 

according to their objective importance. 

 With combining VEN with ABC analysis we get 

that from the total number of categorized vital drugs 

(39) , 6 of them are in Group A, 1 is in Group B and 

32 are in Group C. From the total number of Essential 

drugs (50), 10 are in Group A, 13 are in Group B and 

27 in Group C, and from Non-essential (174), 9 are in 

Group A, 7 in Group B and 158 in Group C.   

By using both analysis at the same time and 

combining them in a 3x3 matrix, we  obtained a tabular 

order of  drugs, with this the ABC analysis becomes 

even more important because it takes into account the 

importance of the drugs and allows us to note the low 

cost drugs. Lack of these drugs would cause greater 

damage than the cost of storing large quantities of 

inventory. 

Conclusion  

  

Drug management and the preparation of the 

hospital drug list covers a large area that requires great 

attention for analysis and improvement. From this 

study we concluded that these analysis are not relevant 

in time of a pandemic  and the drug lists made in that 

period needs to be in line its needs. We also concluded 

that the ABC analysis combined with VEN analysis is 

of great help in preparation of an optimal drug list with 

normal hospital functioning. With their use we can 

focus on a smaller number of more important 

medicines, controlling the rest of the medicines 

occasionally.  By implementing simple rules, 

educating the staff  that manages drugs and medical 

devices can significantly improve the image of proper 

procurement, and thus reduce the loss of funds that can 

be allocated to further improve health care. 
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Introduction 

 

Biological active substances are multifaceted 

molecules produced by using complex manufacturing 

processes with many up- or downstream steps that shape 

the overall safety, quality and efficacy, unlike chemically 

synthesized medicines. The manufacturing process is a 

determinant and minor changes in any manufacturing step 

can affect the product quality, and subsequently its safety 

and efficacy.  Advances in biotechnology and analytical 

sciences allow greater characterization and control of 

biologicals, but biologicals fundamental complexity, as 

well as their immunogenicity, manufacturing variability, 

stability, cold chain and product traceability creates 

specific challenges for pharmacovigilance (GVP, 2016). 

This article provides an overview regarding the 

traceability of biological as a high challenge in 

implementation of good pharmacovigilance practices. 

 

Materials and methods  

 

Relevant EU legislations have been reviewed, in 

general, as well as PubMed, Medline and other relevant 

websites with articles evaluating the impact of EU 

regulatory requirements and activities related to 

implementation of good PV practices in order to obtain 

proper traceability of biologicals. 

 

Results and discussion 

 

Biologicals constitute a very diverse group of 

products for a wide range of therapeutic areas and the 

clinical settings for prescription, dispensing, supply and 

administration are equally varied. Pharmacovigilance of 

biologicals is inevitable to ensure continuous product and 

batch traceability in clinical use, since the manufacturing 

variability over time in the post-authorization phase 

within and across products with similar active substances 

results in greater inherent variability in product 

characteristics unlike chemically-synthesized medicines.  

It is essential to acquire different products with the 

same INN (reference product, biosimilar or related 

product) to be readily distinguishable in order that newly 

emerging and product-specific safety concerns and 

immunogenicity, are rapidly detected and evaluated 

throughout a product life-cycle. Than the supply can be 

traced to locations and even to patients if necessary. 

Because any product usually retains the same product 

name following a significant change to manufacturing 

process, batch traceability is an important aspect to be 

considered in any associated updates to risk management 

plan. Product name and batch information are included in 

the product packaging, so this information is available to 

be recorded and reported at all levels in the supply chain 

from manufacturer release to prescription, dispensing and 

patient administration. (GVP, 2016) 

Therefore biological drugs traceability needs to be 

fully integrated in different healthcare settings and 

infrastructure. Infrastructure for electronic data recording 

and record linkage may vary across products and between 

countries. It is important to acknowledge that most 

biologicals are supplied in a hospital setting and when 

record linkage is not established, other methods such as 

routine bar code scanning at all points in the supply chain 

have to be used in order to collect exposure information. 

It is inevitable national health authorities to cooperate 

towards better integration and automation of prescription 

information. The product name and batch number of an 

administered biological should be recorded by the 

healthcare professional and be provided to the patient 

especially when different versions of the same active 

substance are available concomitantly on the market and 

interchangeably used by the same patient. The routine PV 

activities assessed in Risk management plans (RMP) 

always explain the measures that are introduced in clinical 
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setting for follow-up on case reports in order to obtain the 

information of product name and batch number. This 

information are essential for accomplishment  of signal 

detection activities and  identification of batch-specific 

safety issues and adverse events of special interests 

(AESIs), recognized as important potential risks for which 

specific safety surveillance will be necessary. As part of 

additional PV activities Marketing Amortization Holder 

(MAH) have to explain any additional measures 

introduced in collaboration with the national competent 

authorities to support traceability of the biological product 

such as provision of “sticky” labels or bar coding; 

Additional activities are performed with the intention of 

measurement of background rates for AESIs, preferably 

by indication, in the age group targeted by the product; 

Also continuous monitoring of suspected adverse 

reaction reporting frequencies or rates for AESIs based on 

available data on exposure and comparing such rates to 

relevant defined background rates (using methods such as 

‘observed vs expected’ analyses) are always presented in 

this part of RMP. Use of existing patient registries, other 

data sources or establishment of a new registry when 

existing data sources are inadequate is acceptable 

approach in additional PV measures. Limited traceability 

of biologics, in particular with regard to the batch 

number, is associated with incomplete recording of 

exposure information in clinical practice. (Vermeer et al., 

2015) 

Brand name and batch number traceability for 

biologics ADR reports are generally low. The literature 

search results confirmed that brand name recording in 

routine hospital processes ranged from 79 to 91%, 

whereas batch numbers were less routinely recorded, 

ranging from 38 to 58%. Additionally, paper-based 

recording of product details was more commonly used for 

recording information. A total of 6108 electronic ADR 

reports were submitted to the Yellow Card Scheme for 

recombinant biologics, of which 38% had an identifiable 

brand name and only 15% recognizable batch numbers. I 

batch number traceability in electronic ADR reports 

improved slightly after the implementation of the EU 

pharmacovigilance legislation in 2012, but no 

improvement of brand name traceability was observed. 

(Klein et al., 2018, 2019) 

The effected guidelines of GVP for Biological 

medical products, acknowledge that current 

pharmaceutical barcode standards in the EU do not 

support the automatic recording of dynamic product 

information, such as batch numbers and expiry dates, by 

means of electronic barcode scanning in clinical practice. 

New barcode requirements, such as the 2D DataMatrix 

with encoded batch numbers and expiry dates, provided 

on both the primary and the secondary package, can 

facilitate routine barcode scanning at all points in the 

supply chain in different healthcare settings.  

 

 

 

Conclusion 

 

Traceability of biologicals for pharmacovigilance 

purposes comprises the presence of robust systems to 

ensure the traceability of individual products and batches 

throughout the pharmaceutical supply. Establishment of a 

full track-and-trace system for medicines with electronic 

imprisonment of relevant exposure information will 

enable early identification of medication errors, falsified 

products or other signals and will empower early 

implementation of risk minimization measures resulting 

in improved public health. It will also result in improved 

medication safety and will contribute to enhanced 

pharmacovigilance system.  
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Introduction 

 

Lack of drugs safety information can negatively affect 

the optimal treatment of pregnant and lactating women. At 

the same time certain diseases, without proper treatment, 

pose a risk to the health of mothers or the fetus. In addition, 

breastfeeding may be discontinued due to a specific illness 

diagnosed to mothers who are facing unavoidable need for 

appropriate treatment. Lack of information obtained both 

from properly designed and conducted clinical trials, as 

well as from postmarking surveillance often averts 

healthcare professionals and patients from the decisions 

for treatment of underlying condition. In some cases, this 

can result in increased harm for mother and fetus beside 

appropriate treatment is available. 

Spontaneous reporting of adverse reactions is 

insufficient to routinely detect fetal risks caused by 

medicine use during pregnancy. Therefore, there is a 

growing need for active involvement of 

pharmacovigilance activities in the process of monitoring 

of drugs utilization during pregnancy, nationally and 

globally. In order to establish appropriate guidelines and 

recommendations for drug use during lactation, there is a 

need to monitor the use of drugs in breastfeeding woman. 

Despite the lack of safety information, drug use in 

pregnant and lactating women is widespread with 

estimates of prevalence between 40 and 96% of women 

receiving at least one prescribed drug during pregnancy 

(Cleary et al., 2010). 

 

 

Materials and methods  

 
Relevant European, American and Macedonian 

legislation was reviewed, in particular, Directive 

2010/84/EU, Regulative (EU) 1235/2010, rulebooks, as 

well as PubMed, Medline and other relevant web sites for 

articles with empirical analysis, evaluating the impact of 

European and non-European regulatory activities. 

 

Results and discussion 

 

Safety data obtained in the pre-authorization phase are 

limited, due to the restrictions of clinical trials in terms of 

size, time, duration of follow-up and the 

inclusion/exclusion criteria for selecting participants. That 

rises the need for pharmacovigilance guidance for the use 

of medicinal products in different patient population 

including pregnancy and lactation. This should be 

considered in the wider context of women of childbearing 

potential as pregnancy may be unplanned, treatment may 

be started at young age or long before the woman is 

considering pregnancy, so the effects of the medicine on 

pregnancy and the need to avoid pregnancy or for 

preconception counselling may have to be taken into 

account by the prescribing physician and the patient (GVP, 

2019). Women need to be provided with effective and safe 

treatment during pregnancy and lactation. Their health, as 

well as the life and health of their fetuses/newborns, may 

be endangered due to improper prescription of drugs, 

unsuccessful dosing of drugs and in general, failure to 

provide safe and effective treatment. The monitoring and 
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evaluation of drugs used during pregnancy and lactation is 

and the consequent effect on the fetus/newborn is essential 

for obtaining reliable data for pregnancy-related clinical 

pharmacology. Ongoing studies identifying commonly 

used drugs in pregnancy are important in prioritizing the 

study of birth defects with major implications for public 

health. (Report of a WHO Global Survey.Geneva,2005). A 

safety monitoring mechanism and stabile capacity of 

pharmacovigilance system needs to be established in order 

to provide reliable information for promotion of safe and 

effective treatment during pregnancy. Successful 

recruitment of an adequate number of pregnancies exposed 

to medicines, together with comprehensive monitoring 

during pregnancy and accurate determination outcomes in 

newborns form medicine treated mothers are key elements 

in creating a well-designed registry or database as a reliable 

source of information for drug utilization during pregnancy 

and breastfeeding. Having this approach is crucial in 

building capacity for improved maternal and neonatal care 

within the overall health care system.  

Depending on the available evidence for the product 

in the areas of pregnancy and breastfeeding, the risk 

management plans (RMPs) will reflect the measures 

considered necessary to identify, characterize and 

minimize a medicinal product’s important risks. 

Spontaneous reporting during the post-authorization phase 

is one primary source of information on adverse reactions 

occurring following exposure in utero or during 

breastfeeding. Signal detection on spontaneously reported 

adverse reactions in the post-authorization phase specific 

for pregnant women should be taken into account. 

Identified signals related to women who are of child-

bearing potential, planning a pregnancy, are pregnant or 

breastfeeding are communicated with healthcare 

professionals or patients in order to keep them informed 

when making therapeutic decisions.  The evaluation of data 

in the PSUR may be one way of further characterizing risks 

of medicine use during pregnancy and breastfeeding. For 

medicines where safety data relating to use of a medicine 

in pregnancy and breastfeeding are limited, additional 

pharmacovigilance activities may be warranted. It is 

considered when use of the product cannot be discontinued 

during pregnancy due to the disease, when a disorder arises 

during pregnancy that needs treatment, or where changes 

in treatment during pregnancy are associated with risks for 

the pregnant woman and/or the fetus; Additionally, this 

approach is necessary if a potential risk to the child has 

been suggested by non-clinical data, when a signal based 

on the chemical or pharmacological properties of the 

medicine where the medicine is used to treat conditions 

that occur commonly in women of child-bearing potential 

or if measuring compliance with risk minimization 

measures (RMM) in place regarding pregnancy or 

breastfeeding is required. The RMMs are aiming at 

avoiding exposure in utero for drugs with identified 

teratogenic properties, avoiding the unplanned pregnancy 

by discontinuing, switching or changing the dosage route 

of administration the drug where possible. Concerning the 

breastfeeding woman, the RMMs should enable minimal 

exposure to breast milk by optimized timing of medicine 

intake, discontinuation or even avoiding   of breastfeeding. 

All important information could be appropriately 

distributed to the HCP and patients with approved 

educational material by regulatory agencies. The 

educational material also contains information related to 

encouragement of healthcare professionals and pregnant 

women to report exposure and pregnancy outcomes or 

suspected adverse reactions in a (breastfed) child to, as 

appropriate, a pregnancy registry with follow-up into 

breastfeeding. 

Sometimes well-established epidemiological studies, 

such drug utilization studies, medicines safety studies and 

Studies to evaluate the effectiveness and broader impact of 

RMM are needed, and the use of drugs in pregnancy and/or 

breastfeeding have to be provided in these studies. 

Sometimes additional pharmacovigilance activities such 

data collection from pregnancy registry are justified as well 

as evaluation of long-term pregnancy outcomes, especially 

as some adverse events and health outcomes become 

apparent many years after exposure.  

 

Conclusion 

 

In order to ensure adequate treatment with drugs with 

a positive benefit / risk ratio in pregnant and breastfeeding 

women and their children, it is necessary to provide 

appropriate information and their implementation within 

the framework of the law. Regulation of the national level 

should be harmonized with regulation and rulebooks for 

good pharmacovigilance practice in pregnancy and 

breastfeeding adopted and implemented EU. 
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Introduction  

 

Hyperthyroidism (Thyrotoxicosis) is characterized by 

hypermetabolism and elevated serum levels of free 

thyroid hormones (thyroxine [T4] and triiodothyronine 

[T3]) from the thyroid, caused by thyroid stimulators in 

the blood or by autonomous thyroid hyperfunction. It 

can also result from excessive release of thyroid 

hormone from the thyroid without increased synthesis. 

The most common causes overall include: Graves’ 
disease, Multinodular goiter, Thyroiditis, Single, 

autonomous, hyper functioning "hot" nodule. 

Graves’ disease (toxic diffuse goiter), the most 

common cause of hyperthyroidism is caused by an 

autoantibody against the thyroid receptor for thyroid-

stimulating hormone (TSH); unlike most auto 

antibodies, which are inhibitory, this autoantibody is 

stimulatory, thus causing continuous synthesis and 

secretion of excess T4 and T3 (Mc Dermott et al., 2020; 

Reid et al., 2005).  

Treatment of hyperthyroidism depends on cause but 

may include: reduction of hormone secretion by receiving 

appropriate antithyroid drugs 

methimazole or propylthiouracil, beta-blockers, iodine, 

radioactive iodine and surgery which  is indicated for 

patients with Graves disease whose hyperthyroidism has 

recurred after courses of antithyroid drugs, patients who 

cannot tolerate antithyroid drugs, patients with very 

large goiters, and in some younger patients with toxic 

adenoma and multinodular goiter. 

Surgery includes a total thyroidectomy for Graves 

disease GD and a thyroid lobectomy for toxic adenomas.  

The most commonly used drugs for the treatment of 

hyperthyroidism in Republic of  North Macedonia (RNM) 

are: propylthiouracil, methimazole, thiamazole, and 

carbimazole. The dosage is individual, depending on the 

severity of the decease (De Leo et al., 2016; Kravets, 

2016). 

Market analysis and monitoring of the drug 

consumption for the treatment of hyperthyroidism in the 

country could provide valuable data for the possibilities of 

effective treatment of these patients and serve as a base 

for influencing health policies to improve the existing 

condition. (Francis et al., 2020). 

 

Materials and methods 

 

In order to achieve the set goals, we reviewed 

relevant literary data from primary, secondary and tertiary 

literature, the recommendations of Evidence-Based 

Medicine, official data from world and domestic drug 

registers and the published reports for drug consumption 

covered by the Health Insurance Fund of RNM. For 

analysis of the drug consumption for hyperthyroidism in 

the pharmacies of RNM for the period 2016 to 2019 were 

used the data published on the official website of the 

Health Insurance Fund by number of realized 

prescriptions and total paid amount per drug covered by 

the Fund. We used a descriptive method in data 

processing 

 

Results and discussion  

 

According to the results obtained from literature 

review, the most suitable treatment option is Carbimazole 
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combined with beta-blockers as an adjuvant therapy 

(Abbara et al., 2020). The most widely used beta-blockers 

are Propranolol and Bisoprolol (Liu et al., 2017). 

The antithyroid drug Carbimazole can be combined 

with thyroxine if euthyroid condition cannot be achieved 

on other way.  Although Carbimazole is recommended for 

antithyroid treatment  by Evidence-based medicine, still is 

not present on the Macedonian market and is not on the 

drug List for which costs are refund by the Health 

Insurance Fund. The most reasonable cause is probably 

limited financial resources of the Fund, the program 

activities budgets, and the small purchasing power of the 

patients. 

Two drugs have been approved for the treatment of 

hyperthyroidism in RNM: propylthiouracil 50mg and 

100mg in tablet form, thiamazole 20mg in tablet form and 

film-coated tablet. 

In terms of the consumption of drugs for 

hyperthyroidism, the analysis was made through the 

number of realized prescriptions from the pharmacies that 

have concluded an agreement  

with the Fund. In terms of the number of realized 

prescriptions in the  period from 2016-2019 , a total of 

14,591 prescriptions of the drug Propylthiouracil 100mg, 

37,522 prescriptions of Propylthiouracil 50 mg and 

84,025 prescriptions Thiamazole 20 mg were issued. In 

2016, the total number of realized prescriptions for 

Propylthipuracil 100 mg is 3823 with total paid amount of  

1 604 594 denars, for Propylthiouracil 50 mg is 10 051 

with amount of 1 432 435 denars and for the drug 

Thiamazole 20 mg the number is 21 197 with total paid 

amount of 1 480 460 denars. In 2017 there is a small 

decline in the number of issued drugs, so, of 

Propylthiouracil 100 mg 3756 recipes were realized with 

total amount of 1 576 482 denars, of Propylthiouracil 50 

mg 9247 recipes were realized and 1 318 399 denars were 

paid by the Fund and for Thiamazole 20 mg the total 

number of issued prescriptions is 20 016 with total paid 

amount of 1 397 994. In 2018 also a decline in number of 

realized recipes for Propylthiouracil 100mg and 

Propilthiouracil 50 mg is observed, which is 3566 and 

8963 with total paid amount of 1 496 664 and 1 277854 

denars. However, for Thiamzole 20 mg significant growth 

in the number of issued prescriptions is observed which is 

21 476 with total paid amount of 1 500 305 denars. 

Continious decline in the number of prescriptions of 

Propylthiouracil 100mg can be noted also in 2019 which 

is 3466, with total paid amount of  1535 321 denars. The 

total number of prescribed recipes for Propylthiouracil 50 

mg in 2019 is 9261 (total paid amount 1 400 585 denars) 

and for Thiamazole 20 mg is 21 336 (1 422 962 denars). 

This significant change in prescribed trend/habits for the 

drug Propylthiouracil is probably due to the fact that its 

consumption is reduced globally because Propylthiouracil 

is not recommended by EBM for treatment of 

hyperthyroidism. 

 

Conclusion  

 

According to the reviewed databases for the 

treatment of hyperthyroidism, seven drugs are 

recommended in the world, including three iodine 

preparations. The two preparations recommended by the 

Evidence- based medicine are not registered in the RNM, 

and two other generic drugs with a long history of 

existing are in use. The recommended therapy by 

Evidence-based medicine is not available in RNM, so the 

lack of innovative therapies and a wider selection of 

generic drugs on the market of the RNM in the treatment 

of hyperthyroidism greatly limit the doctor’s possibility 

for choosing and introducing new treatments. The number 

of total drugs prescribed for the thyroid disease treatment 

on prescriptions is constantly increasing, which is 

probably due to the increasing number of diagnosed 

patients with impaired thyroid function. 
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Introduction 

 
On December 12, 2019 a cluster of patients in 

Wuhan, Hubei Providence, China began to experience 

shortness of breath and fever (CDC, 2022). With the 
increasing number of patients developing pneumonia with 
unknown etiology on 30 January 2020, WHO declared the 

outbreak a public health emergency of international 
concern and on 11 March 2020, WHO characterized 

COVID-19 as a pandemic (WHO, 2019; 2020). SARS-
CoV-2 is part of the coronavirus family, which include 
common viruses that cause a variety of diseases from 

colds to more severe (but rarer) diseases like severe acute 
respiratory syndrome (SARS) and Middle East 

Respiratory Syndrome (MERS) (CDC, 2020). One of the 
main ways to prevent the spread the disease along with 
social distancing, quarantines and wearing face masks, is 

applying vaccines. mRNA vaccines represent a promising 
alternative to conventional vaccine approaches because of 

their high potency, capacity for rapid development and 
potential for low-cost manufacture and safe 

administration (Pardi et al., 2018). The first two vaccines 
which received conditional marketing authorization 
(CMA) against COVID-19 were mRNA vaccines – 

Comirnaty (on 21 December 2020) and Spikevax (on 6 
January 2021) (EMA, 2021). The viral vector-based 

vaccines against SARS-CoV-2 use a non-replicating 
harmless version of adenovirus as a way to deliver the 
genetic code of the S glycoprotein antigen, thus eliciting 

the targeted immune response (10). Jcovden and 
Vaxzevria are the two authorized vaccines of this type. 

The fifth authorized vaccine was Nuvaxovid which is 
protein-based and contains a version of a protein found on 
the surface of SARS-CoV-2 (the spike protein). For 

ensuring the safety of these medicinal products the 
marketing authorisation holders (MAHs) are expected to 

submit to European Medicines Agency (EMA) monthly 
summary safety reports (MSSRs) issued in addition to 

regular periodic safety update reports (PSURs) (Kelly, 
2020). 

 

Materials and methods 

 

Scoping literature review was conducted on the 

information concerning safety of vaccines in the scientific 
databases. Identified articles were checked for duplication 

and screened first in the title and abstract screening phase, 
then those included were reviewed in full-text. As 

inclusion criteria we defined the articles to be written in 
English, with an abstract available, whereas exclusion 
criteria include lack of citations or low citation rate, 

articles published in a language other than English.  
A critical analysis was performed on the information 

in MSSRs issued for the vaccines indicated for SARS-
CоV-2 on the territory of the EU. The analysis begins 
with the publication of the first MSSR for Comirnaty on 

29 January 2021 and ends approximately one year later 
with the publication of the last MSSRs for 2021 for all 

marketing authorised vaccines. 

 

Results and discussion 

 
То our knowledge this is the first summary analysis 

speculating on the safety of COVID-19 vaccines and risk-

minimization measures taken after their marketing 
authorization in the EU. 

According to grouping system organ class (SOC), 
which is the first of total five levels to the medical 
dictionary for regulatory activities (MedDRA) hierarchy, 

the adverse drug reactions (ADRs) can be collected in 27 
different categories. For the period under review, 12 

monthly reports were published for Comirnaty and 11 for 
Spikevax. In the MSSRs are reviewed 25 suspected 

ADRs, which are classified in 11 classes according to 
MedDRA. For 18 ADRs collected from 11 SOCs a causal 
association is proved with vaccine administration which 

has led to update in the product information (PI) during 
the post-authorisation period. The first MA for the vector 

vaccine was approved on 29 January 2021. Since then, 11 
monthly reports have been published for Vaxzevria and 
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10 for Jcovden (previously COVID-19 Vaccine Janssen), 
as this vaccine was approved a month later. In the MSSRs 

are reviewed 28 suspected ADRs and are classified in 11 
classes according to MedDRA. For 22 ADRs collected 

from 9 SOCs a causal association is proved with vaccine 
administration which has led to update in the PI during 
the post-authorisation period. 

MAHs of the vaccines sent seven direct healthcare 
professional communications (DHPCs) to healthcare 

professionals to inform them of any important new safety 
information about vaccines and any actions which they 

should take. Only one DHPC of the sent, affect mRNA 
vaccines and concerns the conditions of myocarditis and 
pericarditis. 

For the vector vaccines disseminated DHPCs are six, 
four for Vaxzevria and two for Jcovden. 

Most of the published literature focuses on the 
monitoring of a specific adverse reaction or specific target 
group with the causal relationship between the occurrence 

of ADR and administration of the vaccines. 
There is conducted study with focus on cutaneous 

adverse effects of the available COVID-19 vaccines. The 
conclusion of the mentioned study is that injection-site 
reactions presenting on the skin are among the most 

frequent adverse events, most of them mild or moderate, 
usually self-limited. Serious adverse events like 

anaphylaxis are systemic adverse reactions with frequent 
cutaneous symptoms, which may be the first 

manifestation and the key for the diagnosis (Bogdanov et 
al., 2021). As can be seen from our study General 
disorders and administration site conditions and Skin and 

subcutaneous tissue disorders represent a total of 44% of 
all adverse reactions requiring update of mRNA vaccine 

product information while only 18% refer to viral vector-
based vaccines. One of the possible reasons for the large 
difference in the percentages is the difference in the 

excipients. Polyethylene glycol, present in the mRNA 
vaccines, is the one suspected for the induction of allergic 

reactions (Rice et al., 2021). 

 

Conclusion 

 
The MSSRs allowed all new information collected 

after received of marketing authorization to be promptly 
reviewed and any need of update to be shared with the 
public in a timely manner. Over a period of one year, 
there are more than forty safety updates in the PI for 
COVID-19 vaccines, but still the benefits of vaccines 
continue to outweigh the risks. 
Over the last year, the EMA has incorporated all available 
mechanisms and also created new regulatory approaches 
to provide European citizens with qualitative, safe and 
effective vaccines. Despite great efforts and a centralized 

approach, vaccination campaigns are lagging behind in 
some Member States. One of the main reasons for this is 
the different level of awareness among health 
professionals worldwide, which is also the subject of 
research by our team, and the lack of accessible and clear 
information for the general population. 
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Introduction 

 

Since the beginning of the new Coronavirus 

(COVID-19) outbreak in December 2019, there has been 

a lot of information on COVID-19. Moreover, pandemic 

restrictions and lockdowns have altered access to 

traditional healthcare practitioners and community 

pharmacies. These factors made it hard for patients and 

healthcare workers to find trustworthy sources and 

reliable guidance to deal with the pandemic. Pharmacists 

play an important role in providing accurate information 

regarding COVID-19 disease, prevention and treatment, 

through pharmaceutical services, such as drug 

information service. 

Drug information centers are crucial in providing 

scientifically supported and up-to-date information, 

especially in pandemic. The National Center for Drug 

Information (NCDI) was established in 1997 at the 

Faculty of Pharmacy in Skopje as a public highly 

professional and informative service available to all 

citizens and healthcare workers in Republic of North 

Macedonia. The NCDI expert team of pharmacists is 

involved in the scientific research activity, which is 

especially aimed at evaluating the quality of information 

on drugs available to patients and the rational use of 

drugs.   

This study aims to describe and identify the activities 

of the NCDI in terms of education and dissemination of 

accurate and up-to-date information on the COVID-19 

pandemic and its acceptance by the public. 

 

 

 

Materials and methods 

 

The core of the center’s activities during the COVID-

19 pandemic is presenting the latest news and information 

about the infection, prevention and treatment, by 

publishing scientifically referenced articles.  

The articles were written in clear and accessible 

language with easy understanding for the public and 

disseminated online on the center’s official website and 

social media (Facebook). The published articles were 

divided into five main groups (SARS-COV 2 and 

Coronavirus pandemic, COVID-19 Vaccines, COVID-19 

treatment, Vaccination campaign, and COVID-19 

recommendations, protocols, and guidelines). The 

number of published articles in each group and the 

number of visitors reached are used to provide an 

overview of The National Center for Drug Information’s 

activity during the pandemic.   

 

Results and discussion 

 

With the global spread of the pandemic, there was a 

need for accurate information about the diagnosis, 

symptoms of the disease, complications, prevention, and 

treatment of COVID-19 patients. Therefore, for the period 

of January 2020 to April 2022, the center published 158 

scientifically referenced articles and 5 guidelines related 

to COVID-19. According to available data, the total 

number of website visits in 2021 was 196 310, up from 
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98.87 % before the COVID-19 pandemic in 2020 (98 708 

visits).  

In the first group, 33 scientifically referenced articles 

(20.24 % of all COVID-19 articles) were published 

containing information about SARS-COV-2 infection, 

variants, disease symptoms, clinical issues, and immune 

response. The referenced article about IgA, IgM, and IgG 

response in COVID-19 patients attracted the most 

attention with a total of 7278 visitors (NCDI, 2020).  

With the approval of COVID-19 vaccines, successful 

vaccination of the population in N.Macedonia presents 

several challenges, the most significant of which is public 

acceptance. In view of that, the most commonly published 

subjects for the 2020/2021 period were on COVID-19 

prevention, accounting for 55 referenced articles (33.74 

%). Knowing the fact that the main reason for vaccine 

hesitancy is concern about potential side effects, NCDI 

published referenced articles with scientifically-based 

information about safety of all approved COVID-19 

vaccines. The most visited articles were: “Facts about 

COVID-19 mRNA vaccines” (6890 visitors), “What we 

know about Sinovac (CoronaVac) COVID-19 vaccine” 

(3156 visitors), and “What we know about Sputnik V 

vaccine” (2489 visitors). During the European 

Immunization Week in 2020, NCDI disseminated the 

vaccination campaign which was launched online across 

Europe by Coalition for Vaccination, reminding 

that immunization through vaccination is the best 
protection against serious preventable diseases. By 

proactively releasing up-to-date, reliable, and easy-to-

understand information, NCDI aims to increase the public 

awareness of COVID-19 vaccination and help healthcare 

workers in delivering facts about vaccines based on 

scientific evidence. Additionally, NCDI acts to combat 

misinformation or inaccurate information spread on social 

networks. 

Following the urgent need for new effective 

treatment and an increased interest in repurposing of 

available drugs, healthcare workers face challenging 

clinical questions.  The center published 66 (40.49 %) 

referenced articles related to COVID-19 treatment in 

order to provide healthcare workers with the most recent 

clinical trial results and evidence-based information. Off –
label use of hydroxychloroquine, chloroquine, remdesivir 

and ivermectin have been in the headlines as potential 

COVID-19 treatments.  Among the article related to off-

label use of these drugs, the referenced article “Ivermectin 

and its use in COVID-19 treatment” attracted the greatest 

interest with total of 12 395 visitors.  

During COVID-19 pandemic, appropriate protocols 

and guidelines helped community pharmacists dealing 

with everyday challenges.  Among 5 published referenced 

protocols (3.16 %), the most popular was “COVID-19 

protocols for pharmacists” with 2778 visitors 

(NCDI,2020).   The purpose of this protocol, issued by 

The International Pharmaceutical Federation (FIP), is to 

provide relevant information and guidelines on the 

COVID-19 pandemic for community and hospital 

pharmacists.  

The results showed that the general public is 

interested in the efficacy and safety of COVID-19 

vaccines as well as potential treatment options. The most 

popular article was the one about ivermectin off-label use 

and its side effects. It is believed that the number of 

people reached was greater than quantified because the 

data presented here include only website visits.  

During a pandemic, drug information centers can act 

in different ways. We believe that publishing up-to-date 

scientifically referenced articles is an effective method 

that is easily accessible to the general public and 

healthcare workers.  

 

Conclusion 

 
The significantly increased website traffic during the 

pandemic period indicates that The National Center for 

Drug Information plays an important role in providing the 

latest and scientifically-based information during the 

COVID-19 pandemic.  
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Introduction 

 

    The discovery of antibiotics and their use in everyday 

clinical practice is certainly one of the utmost 

achievements in medical science in the 20th century. 

Increased resistance of many pathogens to currently 

available antibiotics is considered a major problem in 

public health due to the possibility in therapeutic failure, 

Excessive and irrational use of antibiotics is the main 

reason for bacterial resistance. Primarily over-prescribing, 

inadequate dosing and administration of antibiotics for 

non-bacterial infections are the mail reasons associated to 

antibiotics resistance expansion (WHO, 2010). Despite all 

efforts put on promotion of rational antibiotic use 

strategies globally, the problem with resistance is 

deepening, so the need for establishment of a system for 

monitoring and relevant data provision for above 

mentioned challenges is constantly rising (CDCP, 2013). 

    The access to antibiotics enhanced in recent years due 

to improved supply and distribution chains of medicines 

as well as privatization of health care services. Obtained 

results by World Health Organization (WHO) estimates 

that over 50% of antibiotics globally are purchased 

directly in pharmacies or from over-the-counter informal 

vendors, emphasizing the role of pharmacists or other 

informal drug vendors as the first and probably only 

contact with health professionals, and health facilities. 

Monitoring the prescription of antibiotics is of crucial 

importance, due to more distinct bacterial resistance, the 

occurrence of adverse reactions and treatment costs. 

(Arnold and Straus, 2019) 

    This study provides an overview of patients' a 

knowledge attitudes and еџпериенцес towards antibiotics 

utilization practices in the Republic of N. Macedonia. 

 

Materials and methods  

The cross-sectional study was conducted over a 

period of three months. Anonymous questionnaire based 

on Eurobarometer survey for patients was designed and 

the survey was conducted among the 300 patients (≥18 

years) from several private primary health practices in 

Skopje voluntarily enrolled in the study (EC, 2010). The 

Patient Survey Questionnaire consists of 30 questions 

divided in three parts (I-demographic, II-knowledge and 

III- attitudes or experiences of the patients about use of 

antibiotics). The survey was enrolled in „face to face" 

manner and the investigator from primary care actively 

redefines or clarifies the possible ambiguities for the 

patients. Obtained data were tabulated using Microsoft 

Excel® (Microsoft Corp. Redmond, WA, USA) and were 

computed and consequently evaluated using statistical 

software STATGRAPHICS Centurion XVI evaluation 

(StatPoint technologies Inc., USA). 

. 

Results and discussion 

 

The average age of study group was (41±14) years, 

with 45% men and 55% females. Most of the population 

was with secondary education level (55%), and 37.7 % 

have finished faculty. Almost 30% of the participants 

were unemployed, and 92% have health care insurance.  

Practically all of the patients (97.3%) confirmed that were 

prescribed antibiotics sometimes in their life and they 

have experience with antibiotics, whereas 63% used 

antibiotics in the last 12 months. The obtained results 

confirmed that 75.3% obtained the antibiotic after the 

proscription by the doctor and 24.5% acquired it on their 

own initiative (8.3% without proscription, 6.3%   in other 

way and 10% didn’t remember the way how the antibiotic 

was obtained). Statistically significant difference was 

confirmed between the level of education and acquisition 
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of non-prescribed antibiotic (Pearson Chi-square: 5.92, 

p<0.05), but the gender, health insurance status and labor 

status did not influence the attitude towards antibiotics 

without proscription. Nearly ¼ of the respondents claimed 

that they have used the antibiotics for common cold, 23% 

for sore throat, 18% for caught, 14% for fever and 

temperature, 11% for bronchitis, 8% for urinary infection, 

4.3% for headache and the rest selected other as reason 

for antibiotics use. One of the most interesting finding 

was that 52% of the respondents claimed that sometime 

have used antibiotics for self-healing without consultation 

healthcare professional. More than 45% (46.7%) could 

not clarity the reason for self-healing with antibiotics, 

46.3% selected convenience as the reason, 4% chose 

savings, and only 2% selected uncertainty to the doctor.  

Responders claimed that they select the biased on the 

information on the antibiotic type (32.3%), on indication 

(31.7%), on safety profile and adverse reactions (27%), 

on brand name (12%) and the antibiotics prize (10%). 

Results of the conducted survey have confirmed that the 

evaluated patients always read the patient information 

leaflet (PIL) (60.4%), sometimes read the PIL 30.3% and 

9.3% never read it and no statistically significant 

difference was confirmed among the education level or 

labor status of the patients. 26% of the respondents have 

confirmed that they have changed the antibiotic without 

HCP consultation, and 20.3% have changed the antibiotic 

dose.  Almost same percentage, 27.7% think that self-

healing with antibiotics is acceptable, 11% thing that it is 

good decision whereas 61.3% define the self-healing with 

antibiotics as unacceptable. The overall results of this 

study confirmed that most respondents (86%) know when 

antibiotics use is indicated.  Most of them know that 

antibiotics are effective for bacterial infections (58.7%), 

but they have insufficient knowledge about the effect of 

antibiotics for viral infection and 31.3% said that 

antibiotics could be used also for this condition. In 

addition, the majority of respondents said that antibiotics 

kill viruses and that antibiotics are effective for colds.  

Furthermore, the connection between knowledge and 

attitudes suggests that the more appropriate their 

knowledge about the use of antibiotics, the less 

misunderstandings and misconceptions they will have 

about the effect of antibiotics. This indicates the need to 

educate patients about common (viral) colds, as well as 

the need for education to distinguish between viral and 

bacterial infections.  

This research showed that patients the information 

for irrational antibiotics use get by doctor/pharmacist 

(49.7%), by some relative/friend (18.7), internet/social 

media (18%), and other media (12%). Based on this 

information 46.7% of the patients have changed their 

opinion for rational antibiotics use, 26% haven’t changed 

their opinion, and the rest selected that they didn’t know 

if this information influence their opinion and attitude 

towards antibiotic use. The knowledge of the respondents 

has a positive correlation with their views on the use of 

antibiotics, indicating that there is a direct relationship 

between their level of knowledge and attitudes towards 

the promotion of public awareness. 

 

Conclusion 

 

Inadequate and excessive use of antibiotics in 

communities, primary care and hospitals can result from a 

complex interaction between several factors such as: 

doctors 'practice, attitudes, beliefs and patients' 

knowledge about antibiotic use, self-medication, and 

perception of patients regarding the patient-physician 

relationship, patient expectations, and their experiences 

with antibiotics. Therefore, controlling the use of 

antibiotics requires a multidisciplinary approach with 

professional and engaged health professionals, 

pharmacists, health authorities and consumers. 

There is a need for a greater change in the 

relationship between patients and healthcare 

professionals. The promotion of rational use of antibiotics 

is still poorly integrated into the health system. One of the 

key elements for reduced and rational prescription of 

antibiotics is in fact the education of the patients and 

raising the awareness of the population about the 

harmfulness of the excessive use of these drugs. These 

measures have been shown to be quite effective, 

especially in combined intervention. 
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Introduction 
 

      Metformin, one of the oldest but still first-line oral 

antidiabetic agents, has become the medication with 

steadily increasing potential therapeutic indications. It is 

generally well-tolerated with minimal side effects and is 

affordable. This drug has been increasingly used in off-

label indications, such as polycystic ovarian syndrome, 

obesity, and metabolic syndrome (Aljofan and 

Riethmacher, 2019). Also, metformin has been found to 

decrease the rate of age-related illness progression 

improving longevity, especially in the setting of cancer. 

Metformin also retards aging in model organisms and 

reduces the incidence of aging-related diseases such as 

neurodegenerative disease (Soukas et al., 2019).  Positive 

results show that the risk of developing lung cancer is 

lower in patients with chronic metformin use (Yao et al., 

2019). A Korean study of patients diagnosed with diabetes 

and hepatocellular carcinoma (a type of liver cancer) who 

underwent malignant tissue removal surgery showed that 

those treated with metformin had significantly higher 

survival rates than those with other hypoglycemic agents 

(Seo et al., 2016).  A study in Italy aimed to compare the 

effects of metformin and clomiphene as the first drug of 

choice in women without ovulation and with polycystic 

ovary syndrome (PCOS) (Palomba et al., 2005).  
Pregnancy was statistically better in the metformin-

administered group and abortion statistics were lower in 

that group. Metformin can improve ovulation and regulate 

the menstrual cycle, which means a greater chance of 

pregnancy. Our study aimed to examine the off-label use 

of metformin in the Republic of North Macedonia 

population. 

Materials and methods  
 

     We prepared an anonymous survey questionnaire to 

evaluate the off-label use of metformin in our population. 

According to our knowledge, this is the first such 

examination in our country. Including criteria for patients 

in this study was chronic metformin use. Patients filled out 

the questionnaire with the help of fellow pharmacists in 

pharmacies from Bitola, Debar, Ohrid, Skopje, and Veles 

while taking their chronic therapy, which includes 

metformin. The first questions were about the gender and 

the age of the patients. In the questionnaire, patients had to 

indicate which dose of metformin they were taking and the 

dosing frequency. The final set of questions was related to 

their side effects while taking this therapy and whether they 

had any other illness besides type 2 diabetes. Answers 

offered were dementia, depression, cancer, cardiovascular 

disease (specifying which one), hypo/hyperthyroidism, 

acute/chronic kidney disease, and peptic ulcer. 

Results and discussion 
 

     Seventy patients were interviewed, 36 (51.4%) were 

women, and 34 (48.6%) were men. Five respondents were 

in the category up to 20 years, 16 in the group up to 40 

years, and the most significant number of patients (49) 

were in the category over 40 years. The most frequently 

used dose was 500 mg metformin. The positive fact is that 

there were a large number of patients - 23 out of a total of 

70 who had no side effects, and from the rest offered, the 

results only confirmed what is mentioned in the Patient 

Information Leaflet. The GIT problems are in the most 

significant number. Other recorded side effects were: 

change in taste, general feeling of malaise with severe 

fatigue, shortness of breath, redness of the skin, itching and 

mailto:iskra_tanusevska@yahoo.com


494  Pharmacoeconomy/Drug Information 

 

Maced. pharm. bull., 68 (Suppl 1) 493 - 494 (2022) 

urticaria, and low levels of vitamin B12 in the blood. 
Related to the last question about “History of diseases”, the 

most significant percentage of patients, or 51%, answered 

that they have cardiovascular disease and type 2 diabetes. 

17% have depression and the same rate for 

hypo/hyperthyroidism, while 10% have dementia. Within 

this question, 3% of kidney diseases (acute/chronic) and 

peptic ulcer were registered, while there is not a single 

answer that is 0% for cancer patients who chronically use 

metformin. In our study, two patients up to 20 years were 

taking metformin for treatment of PCOS.  

     Recent studies suggested multiple potential 

mechanisms that support the concept of cardiovascular 

protection with metformin beyond those provided by 

reduced blood glucose, including weight loss, 

improvements in haemostatic function, reduced 

inflammation, and oxidative stress, and inhibition of key 

steps in the process of atherosclerosis (Hasanvand, 2022). 

A possible explanation for this maybe we can find in the 

mechanism of action of this drug.  Activating the AMP-

activated protein kinase (AMPK) signaling pathway, a 

mechanism of how metformin works, can be positive in 

cardiovascular disease. Its activity reduces mitochondrial 

fission induced by Drp1 protein by lowering its levels 

(Wang et al., 2017). Anti-aging effects of metformin also 

can be correlated with the mechanism of action of 

metformin. Activation of the AMPK pathway and 

inhibition of mTOR pathways are possibilities in which 

metformin can serve as an anti-aging agent. Additionally, 

studies showed that activating the AMPK signaling 

pathway suppresses inflammatory cytokines such as TNFα, 

IL-6, IL-1β and NF-κB. (Saisho Y., 2015). 

     Due to this positive effect of activating the AMPK 

pathway, clinical trials are increasingly aimed at revealing 

the efficacy, survival time, developmental time, or 

cessation of carcinogens when using metformin, and in 

combination therapy that is inserting metformin together 

with some cytostatic or radiation. A Brazilian study in 

phase 2 inspired by preclinical studies showing that 

metformin has an anti-tumor effect in colorectal cancer 

(CRC) was the first step in combination therapy with 

metformin with 5-fluorouracil and demonstrated results in 

delivered survival in patients. Further trials are needed to 

confirm these results, particularly in obese patients with 

CRC. (Miranda at al., 2016). 

 

Conclusion 

 

     Results from our survey presented that metformin in 

North Macedonia is mostly used for the treatment of type 

2 diabetes mellitus as it is indicated in the Summary of 

Product Characteristics, and only two patients reported its 

off-label use.Many studies have investigated the role of 

metformin in the treatment of various diseases, including 

inflammatory diseases, autoimmune diseases and cancer. 

Since its therapeutic use, even at high doses, does not lead 

to severe side effects, metformin has a significant role in 

either treating various diseases or reducing their symptoms. 

 

References 

 
 

Aljofan M. and Riethmacher D., 2019. Anticancer activity of 

metformin: a systematic review of the literature. Future Sci. 

OA. 5(8). https://doi.org/10.2144/fsoa-2019-0053  

Hasanvand, A., 2022. The role of AMPK-dependent pathways in 

cellular and molecular mechanisms of metformin: a new 

perspective for treatment and prevention of 

diseases. Inflammopharmacol. 30, 775–788.  

Miranda, V.C., Braghiroli, M.I., Faria, L.D., Bariani G., Alex A., 

Bezerra Neto J.E., Capareli F.C., Sabbaga, J., Lobo Dos 

Santos, J.F., Hoff, P.M., Riechelmann, R.P., 2016. Phase 2 

Trial of Metformin Combined With 5-Fluorouracil in 

Patients With Refractory Metastatic Colorectal Cancer. Clin. 

Colorectal Cancer 15(4), 321-328.  

 https://doi.org/10.1016/j.clcc.2016.04.011   

Saisho, Y., 2015. Metformin and Inflammation: Its Potential 

Beyond Glucose-lowering Effect. Endocr. Metab. Immune 

Disord. Drug Targets 15(3), 196-205. 

https://doi.org/10.2174/1871530315666150316124019   

Seo, Y.S., Kim,Y.J., Kim, M.S., Suh, K.S., Kim, S.B., Han, C.J., 

Kim, Y.J., Jang, W.I., Kang, S.H., Tchoe, H.J., Park, C.M., 

Jo, A.J., Kim, H.J., Choi, J.A., Choi, H.J., Polak, M.N., Ko, 

M.J., 2016. Association of Metformin Use With Cancer-

Specific Mortality in Hepatocellular Carcinoma After 

Curative Resection: A Nationwide Population-Based Study. 

Medicine (Baltimore) (95(17), 3527. 

https://doi.org/10.1097/MD.0000000000003527   

Soukas, A.A., Hao, H., Wu, L., 2019. Metformin as Anti-Aging 

Therapy: Is It for Everyone?. Trends Endocrinol. Metab. 

30(10), 745-755https://doi.org/10.1016/j.tem.2019.07.015   

Palomba, S., Orio, F. Jr, Falbo, A., Manguso, F., Russo, T., 

Cascella, T., Tolino, A., Carmina, E., Colao, A., Zullo, F., 

2005. Prospective parallel randomized, double-blind, 

double-dummy controlled clinical trial comparing 

clomiphene citrate and metformin as the first-line treatment 

for ovulation induction in nonobese anovulatory women 

with polycystic ovary syndrome. J. Clin. Endocrinol. Metab. 

90(7), 4068-74. https://doi.org/10.1210/jc.2005-0110   

Wang, Q., Zhang, M., Torres, G., Wu, S., Ouyang, C., Xie, Z., 

Zou, M.H., 2017. Metformin Suppresses Diabetes-

Accelerated Atherosclerosis via the Inhibition of Drp1-

Mediated Mitochondrial Fission. Diabetes 66(1), 193-205. 

https://doi.org/10.2337/db16-0915  

Yao, L., Liu, M., Huang, Y., Wu, K., Huang, X., Zhao, Y., He, 

W., Zhang, R., 2019. Metformin Use and Lung Cancer Risk 

in Diabetic Patients: A Systematic Review and Meta-

Analysis. Disease Markers 2019. 

https://doi.org/10.1155/2019/6230162   

 

 

https://doi.org/10.2144/fsoa-2019-0053
https://doi.org/10.1016/j.clcc.2016.04.011
https://doi.org/10.2174/1871530315666150316124019
https://doi.org/10.1097/MD.0000000000003527
https://doi.org/10.1016/j.tem.2019.07.015
https://doi.org/10.1210/jc.2005-0110
https://doi.org/10.2337/db16-0915
https://doi.org/10.1155/2019/6230162


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 495 - 496 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.238 

Short communication 

 

 
 

*cordalija.vedina@gmail.com  S6 PP 10 

 

Consumption trends of the new generation of antidiabetics 
from the Essential List of Sarajevo Canton 

 

 Vedina Cordalija1, Nermina Ziga Smajic2, Edisa Trumic3, Tea Music4, Fahir Becic2
 

  

1 
Public Institution Psychiatric hospital, Nahorevska 248, 71 000 Sarajevo, Bosnia and Herzegovina  

2 
University in Sarajevo, Faculty of Pharmacy, Zmaja od Bosne 8, 71000 Sarajevo, Bosnia and Herzegovina  

3
 University in Tuzla, Faculty of Pharmacy, Univerzitetska 8, 75 000 Tuzla, Bosnia and Herzegovina 

4
 Mobis Pharm, Bišće polje bb, 88 000 Mostar, Bosnia and Herzegovina 

  

 

Introduction 

 

The overall aim of treatment and selection of 

pharmacotherapy with antidiabetics should be adjusted to 

the patient, considering age, disease duration, life 

expectancy, socioeconomic status, risk of hypoglycemia, 

comorbidities, developed vascular and other 

complications, variable nature of the disease and 

medication cost (Rahelić et al., 2016). 

In the treatment of insulin-dependent diabetes 

mellitus, two types of insulin preparations are usually 

used, basal insulin in one to two daily doses to cover 

the body's basic insulin needs (extended action, 

medium-long action or long-lasting acting), and 

prandial insulin before each meal (bolus) for reduction 

of postprandial hyperglycemia (fast-acting 

preparation, rapid onset and short-term action) (EMA, 

2018). 

Six groups of oral medications are available today 

to treat insulin-independent diabetes. These are 

sulfonylurea derivatives, benzoic acid derivatives, ie 

meglitinides, biguanides, alpha-glucosidase inhibitors, 

thiazolidinediones or glitazones and incretin mimetics. 

Within individual subgroups, there are several 

generations of medications with a similar mechanism 

of action with the constant emergence of new 

subgroups, which makes it much more difficult for 

physicians to monitor and adopt new experiences in 

treatment (Aganović et al., 2008; Kimmel et al., 2006; 
Nathann et al., 2009). 

Pursuant to the Law on Medicinal Products (Official 

Gazette of the Federation of BiH, No. 109/12), at the 

proposal of the Federal Minister of Health, the 

Government of the Federation of Bosnia and Herzegovina 

shall issue a Decision amending the Decision on the list of 

compulsory health insurance medicines of the Federation 

of Bosnia and Herzegovina. This means that the Federal 

List of Medicines is the basis on which each cantonal 

Ministry of Health draws up a positive list of Cantonal 

medicines and submits it to the Cantonal governments for 

adoption. (ZZO FBiH, 2015) 

New antidiabetics are included in the essential list of 

medications, namely the following insulins from the 

subgroup A10A: long-acting insulin A10AE06 insulin 

degludek (Tresiba injections 100 i.j./mL, 5x3 mL), 

medium-acting insulin A10AC01 insulin insulin human 

(basal) and human insulin Insuman, 5x3 mL) and long-

acting insulin A10AE04 insulin glargine (Toujeo 

cartridge 300 i.j./mL, 3x1.5 mL), long-acting insulin 

A10AE04 insulin glargine (Abasaglar susp. for injections 

5x3 mL 100 i.j./mL) and insulin degludek + liraglutide 

insulin (Xultophy injections 100 i.j. / mL, 3x3 mL), fast-

acting insulin A10AB01 human insulin (Gensulin R 

solution for injection 5x3 mL 100 i.j./mL.) Of the oral 

antidiabetics novelties on the essential list are: vidagliptin 

A10BH02 (Galvus tbl. 50mg 28 tbl.), lixisenatide 

A10BX10 (Lyxumia solution for injection at doses of 10 

and 20 mcg / dose (0,2mL)), alogliptin  A10BH04 

(Vipidia tbl in a dose of 12.5 and 25 mg 28 tbl), 

vidagliptin + metformin A10BD (Eucreas in doses of (50 

+ 1000) mg and (50 + 850) mg), then A10BJ05 

dulaglutide (Trulicity solution for injection, 4 syringes in 

doses of 0.75 mg / 0.5 mL) and (1.5 mg / 0,5 mL). 
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Materials and methods  

 

Materials 
 

The consumption of the new generation of 

antidiabetics was investigated, as well as the number of 

prescribed prescriptions for a period of five years, and the 

trend of the number of prescriptions in that period. Data 

on antidiabetic consumption were taken from the Sarajevo 

Canton Health Insurance Institute, Pharmacoeconomics 

Service.  

 

Method 

 

The comparative method was used to compare the 

consumption of new generation antidiabetics drugs for a 

period of five years, as well as the number of prescribed 

prescriptions. 

 

Results and discussion 

 

Significant increases in the costs of new antidiabetics 

are visible, which have significantly increased in the 

second year of their use, ie. their prescribing, and hence 

their cost. Such is the situation with Abasaglar insulin, in 

2018 it was included in the list and had a cost of 766 

BAM* (8 prescribed Rp), and that cost in 2019 was 

19.579 BAM (206 prescribed Rp). There is also an 

increase in costs for Toujeo insulin, where there is an 

upward trajectory of costs ranging from 70,240 BAM to 

1.060.992 BAM, ie, the cost in 2019 increased by 11% 

compared to 2017, but we do not take into account 2016 

when it was included in the essential list. Also, one of the 

interesting examples is insulin Tresiba, which shows an 

upward trajectory of costs ranging from 1.954 BAM to 

364.570 BAM, ie, the cost in 2019 increased by 330%, 

not to mention 2015 year when it was included in the 

essential list. 

Regarding insulin Xultophy in 2018 was 4.245 BAM 

(number Rp 13), and in 2019 642.814 BAM (number Rp 

2.059), so a significant increase in both the number of 

prescriptions and the cost was observed. 

 

Of the novelties in oral antidiabetics is a noticeable 

increase in the cost and number of prescriptions, usually 

from the second year after the inclusion of the 

medications on the essential list. As is the case with 

Eucreas tbl. (50 + 1000) mg, in 2018 the cost was 10.897 

bam (number Rp 198), and in 2019 it would be 278.445 

BAM (5.258). The same situation is with the second dose 

of Eucreas tbl. One of the examples that has a significant 

ascending cost path is the medication Galvus, the cost 

ranged from 31.342 BAM (number Rp 438) to 1.026.593 

BAM (number Rp 21.195). The cost of the medication 

Galvus tbl. is 26% higher in 2019 compared to 2016, 

2015 was not considered because it was only included in 

the list of medicines that year. Also, in terms of the 

number of realized recipes, their increase was more than 

100%. As for the medication Vipidia tbl. in the dose of 

12,5 mg and 25 mg, also, an increased financial cost was 

observed, as well as the number of realized prescriptions 

 

*BAM (convertible mark – the currency of Bosnia 

and Herzegovina) 

 

Conclusion 

 

The new generation of antidiabetics provides patients 

with better therapy but also carries with it significant 

financial costs. 
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Introduction 

 

Quality Management is a wide-ranging concept, which 

covers all matters, which individually or collectively 

influence the quality of a product. It is the sum total of the 

organized arrangements made with the objective of 

ensuring that medicinal products are of the quality required 

for their intended use. 

Quality management system (QMS) in Alkaloid as 

part of Integrated management system (IMS) is 

comprehensively designed and correctly implemented on 

corporate level incorporating Good Manufacturing 

Practice and Quality Risk Management. It is fully 

documented and its effectiveness continuously monitored. 

 

Organizational structure 

 
ALKALOID AD Skopje is a shareholding company, 

consisting of two profit centers – Pharmaceuticals and 

Chemistry Cosmetics Botanicals and the Corporate 

Services. The company has 2 subsidiaries in Republic of 

North Macedonia and 17 subsidiaries and 3 representative 

offices abroad.  

The complex organizational structure presents 

challenge for maintaining and continuous improvement of 

a shared corporate Quality Management System. 

 

Standards  

 

Pharmaceutical Quality System of ALKALOID AD 

Skopje – PC Pharmaceuticals is based on cGMP for 

medicinal products for human use and quality risk 

management, as well as international standards ISO 9001, 

ISO 14001 and  ISO 45001 for all products of PC 

Pharmaceuticals, ISO 13485 (for in-license medical 

devices) and HACCP (for food supplements). 

Quality Management System for of all subsidiaries is 

based on: 

Identification and interpretation of relevant national 

and international laws, regulations, directives and 

guidelines;  

Stipulate and implement internal requirements to 

ensure compliance;  

Risk management;  

Information management;  

Quality improvement strategies for regulated activities 

and processes, products, systems and services;  

Authorization of regulated documents where required; 

Change and deviation system together with corrective 

actions and improvement actions;  

Trending;  

Stipulating the understanding of the processes;  

Surveillance of quality improvement activities for 

compliance;  

Ensure that quality aspects are addressed when 

cooperating with external parties;  

Defined responsibilities and quality goals throughout 

the whole lifecycle of the activity;  

Effectiveness of Quality Management System 

implemented in Alkaloid. 
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Corporate quality assurance  

 

Team for corporate QA function with Quality 

Assurance members from the head office Alkaloid AD 

Skopje and the major subsidiaries: Alkaloid d.o.o. 

Belgrade, Alkaloid-INT d.o.o. Ljubljana, Alkaloid KONS 

DOOEL Skopje has the responsibility for implementation 

of Quality Management System of Alkaloid on corporate 

level in the subsidiaries through creating corporate QA 

Policies and support in their implementation. The team 

operates according to annual plan and set objectives, 

presented in annual Plan of activities for Quality 

Assurance. Achieved results (objectives and measured 

KPIs) are presented in annual report. 
The corporate QA is responsible for the performance 

and effectiveness of the QMS in accordance with the 

corporate policies. 

 

Documentation system 

 
Appropriate hierarchy of QMS documentation is 

established on four levels. Corporate (global) documents 

are first and second level documents. 

 

Manual for integrated management system 

 

Manual for IMS of Alkaloid is a first level corporate 

document which defines and documents the structure of the 

Integrated Management System and all operations which 

refer to the quality of Alkaloid’s products. 

 

Corporate policies for quality assurance 
 

Corporate policies for quality assurance (Corporate 

QA Policy) are first level document, which in standard 

manner define the global framework and structural 

elements of a certain QA processes to be subsequently 

implemented on local level. 

 

Corporate procedures 
 

Corporate procedures are second level documents in 

IMS which define certain process and the process flow as 

well as responsibilities for all activities from the process. 

 

Local standard operating procedures 

 

In line with the corporate QA policies and procedures, 

local standard operating procedures (SOPs) are created or 

modified to integrate the corporate requirements but also 

include local specifics from the national legislation in the 

country the subsidiary is located. 

 

Technical Agreements 

 
Technical agreements are signed between the head 

office and each subsidiary of Alkaloid covering the 

responsibilities for adherence to the corporate policies and 

procedures, the outsourced activities, the products or 

operations to which they are related, and any technical 

arrangements  

 

Self inspections 

 

Self inspections are conducted by the corporate QA 

team in order to monitor the implementation and 

compliance with the corporate QA Policies and to propose 

necessary corrective and improvement measures. 

 

Conclusion 

 

Introduction of quality assurance processes on 

corporate level in the company is of great benefit in 

aligning and maintenance of a common Quality 

Management System in Alkaloid and compliance with all 

relevant regulatory requirements, applicable international 

standards and internal requirements.  

 

References 

 
Eudralex - The rules governing Medicinal Products in the 

European Union, Volume 4: Good Manufacturing Practice, 

Medicinal Products for human and veterinary use, Chapter 1 

Pharmaceutical Quality System. 

https://ec.europa.eu/health/system/files/2016-11/vol4-

chap1_2013-01_en_0.pdf 

Eudralex - The rules governing Medicinal Products in the 

European Union, Volume 4: Good Manufacturing Practice, 

Medicinal Products for human and veterinary use, Chapter 9 

Selfinspections. 

https://ec.europa.eu/health/system/files/2016-

11/cap9_en_0.pdf 

ICH guideline Q10 on pharmaceutical quality system 

https://www.ema.europa.eu/en/documents/scientific-

guideline/international-conference-harmonisation-

technical-requirements-registration-pharmaceuticals-

human_en.pdf 

ISO 9001:2015 Quality Management systems 

 

 

 

 

https://ec.europa.eu/health/system/files/2016-11/vol4-chap1_2013-01_en_0.pdf
https://ec.europa.eu/health/system/files/2016-11/vol4-chap1_2013-01_en_0.pdf
https://ec.europa.eu/health/system/files/2016-11/cap9_en_0.pdf
https://ec.europa.eu/health/system/files/2016-11/cap9_en_0.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human_en.pdf


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 499 - 500 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.240 

Short communication 

 

 
 

*gulevamarija.ft@gmail.com                                                                                                                 S6 PP 12 

Risk management strategies and implementation of risk 
minimization measures for medicinal products  

 

Marija Guleva1*, Zorica Naumovska2, Aleksandra K. Nestorovska2,                      
Angela Mircheska-Janevska3, Ankica Gestakovska1 

  

1
Farma Trejd DOOEL, Anton Popov street No. 1/1-3, 1000 Skopje, N. Macedonia  

2
Faculty of Pharmacy, Ss. Cyril and Methodius University, Mother Theresa 47, 1000 Skopje, N. Macedonia 

3
Ino-Medix DOOEL, Slave Delovski street No. 7, 1000 Skopje, N. Macedonia 

 
 

Introduction 

 
The medicinal product can be authorized for specific 

indication(s) only if the positive benefit/risk balance has 
been confirmed in the clinical phase of the drug 

development. However, not all adverse reactions and risks 
will be identified during the initial application for 

marketing authorization, and some will be identified and 
characterized in the post-marketing period, and it is 
expected the adverse reactions to vary in severity, 

likelihood of occurrence, effects on individual patients, 
and public health impact. 

The risk management is not a new concept, there 
have been many regulatory initiatives by EMA and FDA 

classified as forms of risk management, such as 
regulatory approval process, change of the legal status of 
some OTC drugs in prescription drugs, and inclusion of 

product information for patients. 
In the centralized procedures for obtaining marketing 

authorizations in EU, the pharmaceutical companies are 
submitting Risk Management Plan (RMP) to EMA. In 
addition, for medicines registered by national procedure, 

national competent authorities in EU may request RMP to 
be submitted whenever there is a suspicion of a 

benefit/risk balance of the drug. (GVP, Module V, 2017). 
The pharmaceutical companies in US were submitting 
specific safety programs: Risk Management Programs 

(RMPs) or Risk Minimization Action Plans (RiskMAPs) 
for a limited number of drugs with significant therapeutic 

benefit, while since 2007 the companies are submitting 
Risk Evaluation and Mitigation Strategy (REMS) (FDA, 

2021). 

Materials and methods 

 

Relevant EU, US and Macedonian legislations have 
been reviewed, in general, the Directive 2010/84/EU, 
Regulative (EU) 1235/2010, FD&C Act, guidelines, as 

well as PubMed, Medline and other relevant websites 
with articles evaluating the impact of EU and non-EU 

regulatory requirements and activities. 

 

Results and discussion 

 
The marketing authorization applicants/holders 

should have established appropriate risk management 

system and should continuously monitor and update the 
safety profile of the medicinal product by monitoring the 

pharmacovigilance data in order to determine whether 
there are new risks, or changes in the risks or benefit/risk 
balance of the drugs, and to update the risk management 

system and RMP accordingly. As part of the continuous 
monitoring and risks assessment, the safety signals are the 

first signs for possible relationship between the adverse 
event and the drug. (GVP, Module V, 2017). 

The risk minimization strategies include information 
that should be distributed and/or required activities to be 
taken by HCPs, pharmacists, patients who prescribe, 

dispense or use the medicinal products (FDA, 2021). 
The RMP consists information for the drug's safety 

profile (including important identified and potential risks 
and missing information), planned pharmacovigilance 
activities, information on how the risks associated with 

the drug use will be prevented or minimized, study plans 
and other activities to provide more information on the 

safety and efficacy of the drug, and to determine the 
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effectiveness of the implemented risk minimization 
measures (GVP, Module V, 2017). 

While submission of RMP is required for all 
medicinal products approved by EMA, there are six 

factors that contribute in FDA’s determination of REMS 
submission, which include the seriousness of any known 
or potential adverse events and their incidence, 

anticipated benefit, the seriousness of the disease or 
condition treated, whether the drug is a new molecule, 

expected or actual duration of the treatment, and 
estimated population size likely to use the drug (FD&C 

Act, 2022). 
The routine risk minimization measures include 

product information, pack size and legal status of the 

product and are applicable for all medicinal products. 
Some product information is considered as additional 

tools for risk minimization, such us medication guides 
required by FDA. The additional risk minimization 
measures (aRMMs) may include communication plan 

(e.g., educational programs, DHPC, training programs), 
controlled access programs and other risk minimization 

measures such as controlled distribution system, 
pregnancy prevention programs, and registries. Examples 
of aRMMs include activities that HCPs may need to 

perform prior to prescribe or dispense the drug, such as 
lab testing before administration of the drug, appropriate 

selection of patients, education of HCPs for certain 
patient groups that are more likely to experience an 

adverse event and thus avoiding prescribing the drug to 
these patients. Other examples may include 
administration of the drug only in healthcare settings by 

HCPs trained to deal with severe allergic reactions, 
certain monitoring during and/or after the treatment or the 

need for patients cards with important product 
information (FD&C Act, 2022; FDA, 2021; CIOMS IX, 
2014; GVP, Module XVI, 2017;).  

Risk minimization strategies should be well 
evaluated at the time of drug development, in order the 

associated risks in the post-marketing period to be well 
characterized and minimized. These pre-marketing 
strategies will not help to avoid the occurrence of 

unknown, serious risks identified in the post-marketing 
period, but could help the manufacturer to responds 

quickly and effectively to unexpected safety-related 
events and to properly manage the identified risks (Dieck 

and Sharrar, 2013; GVP, Module V, 2017). 
The companies that are able to establish an 

organizational structure with superior communication 

abilities, have adequate expertise and funding, and 
appropriate records, will be able to develop and 

implement more efficient and high-quality risk 
minimization programs (Morrato and Smith, 2015). 

The MAHs and regulatory authorities are partners in 

determining the need and content of the risk minimization 

strategy. Careful distribution planning and stakeholders 
contribution (such as patients, caregivers, HCPs, 

pharmacists) are essential to ensure risk minimization 
measures effectiveness (CIOMS IX, 2014). 

 

Conclusion 

 
Although MALMED, as a Competent Authority, is 

following the GVP requirements and approves the risk 

minimization measures through the Committee for safety 
and advertising, the current legislation in N. Macedonia 

contains limited information regarding risk management 
strategies. Therefore, harmonization of the local 
legislation with regulations and GVP guidelines 

implemented in EU is absolutely necessary. 
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Introduction 
 

Well established pharmacovigilance plays pivotal 

role in communicating new and accurate scientifically 

based information for quality, efficacy and safety of 

marketed drugs in timely manner and guarantees the 

public health. Detecting unknown risks related to drugs 

on the market is important for ensuring optimal patient 

care and reducing the health costs caused by treating 

adverse drug reactions. Large data bases of individual 

case reports remain the primary source of information 

where automated effective statistical analyzes are 

performed on timely manner in order to identify drug 

safety signals. Information from individual case reports 

are communicated among healthcare professionals, 

pharmaceutical industry and regulators. The safety profile 

of the drug is constantly evolving through evaluation of 

new information obtained submitted individual case 

reports, case studies, aggregated data from active 

surveillance systems or studies, scientific literature 

information or other data sources.  These data bases are 

pivotal in the process of detecting potential safety signals 

by pharmacovigilance professionals. In such manner new 

risks associated with an active substance or a medicinal 

product are identified or some known risks are changing, 

resulting in new recommendations, decisions, 

communications and tracking. When safety concern is 

identified, all individual case reports as well as 

cumulative and summary reports are assessed followed by 

signal validation, signal confirmation, signal analysis 

prioritization, signal assessment. These process results in 

recommendation for additional action or some other 

regulatory decisions. Causality assessment of identified 

risks and medical product is one of the major challenges 

of pharmacovigilance. All important safety information 

are communicated among healthcare professionals, 

pharmaceutical industry and other stakeholders (eg. 

clinical trial participants, researchers, consumers, etc.) in 

order to ensure the safe use of medicines. Decent 

implementation of signal management and sharing of 

safety information for medicines are ensuring the positive 

benefit/risk ratio of marketed medical products. This 

article aims to evaluate the actual EU legislation for 

signal management as the basis for improvement of 

pharmacovigilance regulation in the Republic of North 

Macedonia. 

Materials and methods 

The European and Macedonian legislation were 

reviewed, with emphasis on Directive 2010/83/EU and 

2010/84/EU, relevant ICH and EMA guidelines, as well 

as the Law on medicine and medical devices and the 

Rulebook for ADR reporting in North Macedonia.  

 

Results and discussion  
 

 During the clinical trials, the detection of ADR is 

limited due to targeted group of volunteers in highly 

controlled settings. The safety profile of the drugs is 

defined in the post marketing period when rare ADRs, are 

identified when the drugs are used in larger population 

groups, in specific patient groups, such patients with 

comorbidities, concomitant drugs or supplements 

treatment, pediatric or geriatric population, as well as in 

pregnant and breastfeeding woman. The most commonly 

utilized source for signal detection are the databases with 

spontaneous repors provided by patients or health-care 

workers. Additionally, with drugs novel approaches 

emerge such as, case control, cohort studies as well real-

world data evidence. The confirmed signals are then 

communicated with all concerned parties, such regulatory 

mailto:jasmina.smileva@gmail.com


502  Pharmacoeconomy/Drug Information 

 

Maced. pharm. bull., 68 (Suppl 1) 501 - 502 (2022) 

 

authorities, pharmaceutical industry, with the healthcare 

workers as well as patients and consumers.  

 Effective post-marketing monitoring, especially 

spontaneous reporting of adverse drug reactions, is the 

primary source of information on effective 

pharmacovigilance and identification of new or rare 

adverse reactions and determination of the true frequency 

of adverse drug reactions. By providing a good system for 

pharmacovigilance, it is possible to promote and protect 

public health and minimize the risk of adverse drug 

reactions, ie the benefit-risk ratio of approved drugs is 

optimized. 

 All identified risks observed in the period of clinical 

trials are stated and evaluated in the risk management 

plans (RMP) for the drugs. Risk management plans are 

submitted in the procedure of authorization and risk 

minimization measures are well documented and planned 

according to identified risk during the clinical 

development and postmarking period of drug cycle. This 

documentation is constantly updated in line with all 

potential and identified new, ongoing or closed signals, as 

well as missing information for the drug and are crucial in 

the process of continuous evaluation or risk/benefit ratio 

of the drugs on market. Pharmacovigilance systems 

should ensure proactive monitoring of all approved drugs 

throughout their life cycle and use in day-to-day clinical 

practice. Through the processes of detection and signal 

management as basic activities in pharmacovigilance, 

new information is provided on the safety of drugs for use 

in the general population and the increase of the benefit 

and the reduction of the risk from the use of the drugs are 

provided. Early detection of safety signals is the basis for 

taking appropriate measures to minimize the risk, identify 

risky outbreaks of patients and limit the use of drugs in 

them, which increases the benefits. All identified, open, 

current and closed signals, as well as potential risks and 

missing information about medicines, are always listed in 

the Periodic Safety Update Reports (PSURs) submitted to 

regulators at strictly defined intervals, and provides an 

extension of the shelf life of the drug on the market. 

  

Conlusion 

 There is a growing need to establish effective 

pharmacovigilance system and good electronic health 

records that will contribute to the detection and evaluation 

of signals on national and global level. Good 

collaboration between all stake holders will help in taking 

the regulatory actions in timely manner in order to 

prevent the public health and enable safe use of drugs.     

 

 

 

 

 

 

References 

 
COMMISSION IMPLEMENTING REGULATION (EU) No 

520/2012 of 19 June 2012 on the performance of 

pharmacovigilance activities provided for in Regulation 

(EC) No 726/2004 of the European Parliament and of the 

Council and Directive 2001/83/EC of the European 

Parliament.  Available at: https://eur-

lex.europa.eu/eli/reg_impl/2012/520/oj 

DIRECTIVE 2001/83/EC OF THE EUROPEAN 

PARLIAMENT AND OF THE COUNCIL of 6 November 

2001 on the Community code relating to medicinal 

products for human use. Available at:       

  https://www.ema.europa.eu/en/documents/regulatory-

procedural-guideline/directive-2001/83/ec-european-

parliament-council-6-november-2001-community-code-

relating-medicinal-products-human-use_en.pdf 

Guideline on good pharmacovigilance practices (GVP) Module 

IX–Europa EU– Signal management (Rev 1). Available at: 

https://www.ema.europa.eu/en/documents/scientific-

guideline/guideline-good-pharmacovigilance-practices-

gvp-module-ix-signal-management-rev-1_en.pdf 

Guideline on good pharmacovigilance practices (GVP) Module 

IX Addendum I – Methodological aspects of signal 

detection from spontaneous reports of suspected adverse 

reactions. Available at:  

   https://www.ema.europa.eu/en/documents/scientific-

guideline/guideline-good-pharmacovigilance-practices-

gvp-module-ix-addendum-i-methodological-aspects-

signal_en.pdf  

Practical Aspects of Signal Detection in Pharmacovigilance: 

Report of CIOMS Working Group VIII. Available at:  

https://cioms.ch/wp-content/uploads/2018/03/WG8-Signal-

Detection.pdf 

The Law on Medicines and Medical Devices, Official 

Gazette of Republic of North Macedonia nos. 106/07, 

88/10, 36/11, 53/11, 136/11, 11/12, 147/13, 164/13, 

27/14, 43/14, 88/15, 154/15, 228/15, 7/16, 53/16, 

83/18, 113/18 и 245/18, which entered into force on 
13 September 2007 

 

 

https://eur-lex.europa.eu/eli/reg_impl/2012/520/oj
https://eur-lex.europa.eu/eli/reg_impl/2012/520/oj
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/directive-2001/83/ec-european-parliament-council-6-november-2001-community-code-relating-medicinal-products-human-use_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/directive-2001/83/ec-european-parliament-council-6-november-2001-community-code-relating-medicinal-products-human-use_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/directive-2001/83/ec-european-parliament-council-6-november-2001-community-code-relating-medicinal-products-human-use_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/directive-2001/83/ec-european-parliament-council-6-november-2001-community-code-relating-medicinal-products-human-use_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-module-ix-signal-management-rev-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-module-ix-signal-management-rev-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-module-ix-signal-management-rev-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-module-ix-addendum-i-methodological-aspects-signal_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-module-ix-addendum-i-methodological-aspects-signal_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-module-ix-addendum-i-methodological-aspects-signal_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-gvp-module-ix-addendum-i-methodological-aspects-signal_en.pdf
https://cioms.ch/wp-content/uploads/2018/03/WG8-Signal-Detection.pdf
https://cioms.ch/wp-content/uploads/2018/03/WG8-Signal-Detection.pdf


 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 503 - 504 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.242 

Short communication 

 

 

 
 

*zoran.nakov@ugd.edu.mk                                                                                                                         S6 PP 14 

Comparison of quality of life in patients with type 2 diabetes 
mellitus with and without insulin treatment 

 

Zoran Nakov1*, Valentina Velkoska Nakova1,2
 

  

1
University Goce Delchev, Faculty of Medical Science, str.Ljuben Ivanov 25, 2000 Stip, R.N. Macedonia 

2
Clinical Hospital, str. Ljuben Ivanov bb, 2000 Stip, R.N. Macedonia 

 

Introduction 

 

Diabetes is a chronic disease, and its prevalence is 

continuously increasing. By 2040, one adult in 10 (642 

million worldwide) will suffer from type 2 diabetes 

mellitus (T2DM) (Trikkalinou et al., 2017).   

In T2DM, especially in patients with long duration of 

diabetes, often the change of lifestyle and oral 

hypoglycemic agents is not enough; therefore, the 

combined treatment with insulin is needed to achieve 

glycemic target levels. 

Diabetes could cause many consequences that affect 

both health and quality of life (Chung et al., 2013). 

Several factors influence the quality of life of diabetic 

individuals: age, chronic complications, socioeconomic 

and educational level, psychological factors, knowledge 

about the disease, and care received (Jing et al., 2018).   

This study investigates the influences of the treatment 

used - oral hypoglycemic agents or insulin on quality of 

life, using the health-related quality of life questionnaire. 

 

Materials and methods  

 

The cross-sectional study was performed and there 

were enrolled 53 consecutive patients with T2DM, which 

visited the outpatient diabetes department in PHI Clinical 

Hospital - Stip, R of N. Macedonia. Twenty one patients 

(39.6%) were on oral, and the rest, 32 patients (60,4%) on 

insulin therapy. All patients answered translated McGill 

Quality of Life Questionnaire. Each question was scored 

from 0 to 5, the higher scores mean better quality of life. 

McGill Quality of Life Questionnaire cover eight domains 

(physical condition, psychological state, existential state, 

social limitations, environment limitations, cognition, 

availability of health care system, and familiar burden). 

The physician who is responsible for the medical 

treatment of these patients collected additional questions 

for age, duration of diabetes, complications, and current 

medical therapy.   

The statistical analysis was performed using SPSS 

statistical software. We used the Kolmogorov-Smirnov 

normality test for testing the normality of distribution. For 

comparison between the two groups, the Mann-Whitney 

nonparametric test was used. Correlations were tested 

using the Spearmen correlation tests.  A p-value < 0.05 

was considered as statistically significant.   

 

Results and discussion 

 

The average age of the study population was 

62±10.1 years. Majority of the patients were females 

28/53 (52.8%). The group of the patients on insulin 

therapy had a diabetes history of more than 5 years, 

compared to the group on oral hypoglycemic agents 

which have a history less than 5 years. The mean HbA1c 

for all patients was found to be 8.3%. The lower score 

was reported for physical symptoms at the moment of 

T2DM diagnosis (limitation due to physical aspects). The 

highest scores were reported for social activity and 

existential state. 

Patients on insulin therapy were statistically 

significantly older than patients on oral treatment. 

Statistically significant difference was present only in 

psychological state; patients on insulin treatment were 

more depressive than those on oral treatment (p=0,047). 

In addition, patients on insulin treatment experienced 

more symptoms at the moment of T2DM diagnosis and 

have higher familiar burden, but without statistically 

significant differences compared to oral treatment group.    
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There was a statistically significant weak correlation 

between gender and environment limitation (r=0,189, 

p<0,05); women experienced more limitations than man. 

There was a statistically significant positive weak 

correlation between age and existential state, environment 

limitation, and familiar burden (r=0,223; 0,193; 0,206; 

respectively, p<0,05). 

Diabetic’s quality of life becomes worse when 

complications start to develop or comorbidities coexist 

(Jing et al., 2018). In this study, diabetes complications 

were frequently present in the insulin group. Patients 

without complication had a better score on the 

questionnaires. There was statistically significant 

correlation of the presence of diabetes complications with 

age, duration of diabetes, and HbA1c. 

Statistical differentiation in age, and difference in 

the presence of diabetes complication between the two 

groups probably were the reasons for these results. 

Although insulin group was more depressive, differences 

in age and complications may be the reason for this result. 

Patients often refuse insulin treatment, but the results 

from this study showed that insulin treatment have no or 

small influence on the majority of aspects of life. Patients 

that needs insulin treatment should be familiar with these 

results. On the other hand, there was not statistically 

significant correlation between the age and depressive 

symptoms in both of the analyzed group, which gives us 

right to state that depression may not be related to the age. 

Most intriguing field for research is the interaction of 

diabetes and depression and in some cases the progression 

to dementia (dos Reis et al., 2019). Larger prospective 

study with a long duration of observation of insulin 

treated patients is necessary to confirm that results. 

One similar study found that the patients on insulin 

have, in general, greater impairment of quality of life, 

functional capacity, and socialization, and reported 

greater neuropathic pain and anxious and depressive 

symptoms in relation to those who use medications. They 

explained these outcomes by the greater physical and 

emotional discomfort from the use of insulin for blood 

glucose control, a more advanced stage of the disease, and 

a greater presence of comorbidities (dos Reis et al., 2019). 

Our study found less insulin influence on the quality of 

life, but in both studies, it is evident that earlier and 

stringer control of glycaemia and other risk factors may 

prevent disease progression and better quality of life in 

T2DM patients.   

 

Conclusion 

 

In general Type 2 diabetes mellitus patients with 

insulin treatment showed greater impairment in 

psychological state than patients on oral hypoglycaemic 

agents, but we must note that this group of patients has 

longer diabetes history, with more diabetes complications 

and with more coexist comorbidities. This founding leads 

to conclusion that the phycological state may be 

correlated with the duration of the diabetes as a disease 

and not with the type of therapy.  
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Introduction 

 
     The safety of drugs is of paramount importance 

for patients and healthcare professionals. The 

pharmaceutical industry has an ethical and legal 

responsibility to ensure quality, efficacy and safety of 

authorized products.  

Well established pharmacovigilance system is pivotal 

for monitoring the safety, efficacy and effectiveness of 

drug use throughout its life cycle and identification of any 

potential risk in post marketing period. Every marketing 

authorization holder (MAH) is obligated to maintain 

pharmacovigilance system for all marketed drugs. This 

system ensures fulfillment of legal tasks and 

responsibilities of MAH for pharmacovigilance and 

surveillance of authorized medicinal products safety and 

detection of any alteration to their risk-benefit balance. As 

part of the pharmacovigilance system, the MAH shall 

have permanently and continuously at its disposal an 

appropriately qualified person responsible for 

pharmacovigilance in the EU (QPPV). The PSMF, shall 

describe the pharmacovigilance system for one or more 

medicinal products of the MAH. 

In order to determine that MAH, comply with 

pharmacovigilance obligations established within the EU, 

and to facilitate compliance, competent authorities of the 

Member States concerned shall conduct, in cooperation 

with the Agency, pharmacovigilance inspections of 

marketing authorization holders or any firms employed to 

fulfil marketing authorizations holder’s 

pharmacovigilance obligations. Such inspections shall be 

carried out by inspectors appointed by the national 

competent authorities and empowered to inspect the 

premises, records, documents and pharmacovigilance 

system master file (PSMF) of the marketing 

authorizations holder or any firms employed by the 

marketing authorizations holder to perform the activities 

described in Title IX of Directive 2001/83/EC in 

accordance with Articles 111(1) and 111(1) (d) (Directive 

is referenced as DIR). In particular, marketing 

authorizations holders are required to provide, on request, 

the pharmacovigilance system master file, which will be 

used to inform inspection conduct [DIR Art 23(4)]. 

Materials and methods 
 

Relevant European, UK, US and Macedonian 

legislations have been reviewed, in particular, Directive 

2010/84/EU, Regulative (EU) 1235/2010, rulebooks, as 

well as PubMed, Medline and other relevant web sites for 

articles with empirical analysis, are evaluating the impact 

of European and non-European regulatory activities. 

 

Results and discussion  
 

The focus of most European pharmacovigilance 

inspections is on the systems and processes in place to 

monitor drug safety, for products in pre- and post-

marketing stages. However, product-specific inspections 

may take place if there are concerns about safety, or the 

effectiveness of monitoring safety by the license holder. 

All inspections are resource intensive and require 

significant planning and preparation by the inspectors to 

ensure a positive outcome. 

Marketing authorization holders (MAHs), may be 

subject to inspection at any time. Most inspectorates 

apply a risk assessment model to target limited resources 

at the highest risk areas. In EU, EMA planned to conduct 

inspections of all MAHs every 3 years, but because of the 

large number of drugs licensed in, EU they have had to 

adopt a risk assessment strategy. Companies are selected 

on the basis of several criteria, such as not providing 

details of the qualified person for pharmacovigilance 

(QPPV) to the EMA, companies with new products on the 

market, products with a known safety risk, poor 

compliance history, or non-compliance with 15-day 

reporting. 
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Statutory inspections may be notified to the MAH in 

advance (usually 1-3 months in Europe), or they may be 

given virtually no notice if there is a valid reason for a 

‘triggered’ or ‘for cause’ inspection. The notification 

letter will include a request for documentation describing 

the pharmacovigilance quality system, both nationally and 

globally (if a global company). EMA requires sponsor 

companies to complete a specific document called the 

‘Summary of Pharmacovigilance Systems’ or SPS 

(Summary of PV Systems Document. This document 

requires the contact details of key pharmacovigilance 

personnel, both in the United Kingdom and at the 

company headquarters (if not EU), including the QPPV; 

the number of licenses in place in the EU; the company 

structure and operating model for pharmacovigilance; the 

pharmacovigilance system (responsibilities of the UK 

department and interface with other functions); computer 

systems used; quality systems in place and archiving 

arrangements. Several appendices should be attached to 

provide further detailed information such as all 

organization charts; full product portfolio; details of 

clinical studies; list of SOPs; compliance statistics; third 

party agreements in place; and product-related safety 

issues. The time taken to compile this information can be 

quite extensive. 

Once the inspection team have reviewed all of the 

documents sent to them, they prepare an ‘Inspection 

Plan’, which is essentially an agenda indicating which 

functions will be interviewed and when. The company has 

an opportunity to comment on the Inspection Plan to 

ensure that they can get the right people in the right place 

at the right time. The Inspection Plan will include 

interviews with non-pharmacovigilance personnel such as 

Medical Affairs, Regulatory Affairs, Sales and Marketing 

and Clinical Operations. Companies must ensure that all 

affected personnel are aware of the inspection and make 

themselves available. 

The number of inspectors and the duration of the 

inspection are dependent on the size of the company's 

product portfolio. Inspectors may want to conduct 

interviews in parallel to maximize the time available, so 

companies must be prepared to find appropriate facilities 

to accommodate the inspection interviews. 

Unless it is a focused inspection, inspectors will test 

all aspects of the pharmacovigilance system. In Europe, 

the QPPV has a pivotal role and is legally responsible for 

all pharmacovigilance activities within Europe for 

marketed drugs. The QPPV must be continuously and 

permanently available, and the inspectors will test the out-

of-hours systems before the inspection to ensure that they 

are meeting their legal responsibilities. The level of 

oversight by the QPPV will be scrutinized including their 

input into risk management plans and post-authorization 

safety study protocols. The Deputy QPPV will also be 

interviewed to establish how well-informed they are about 

the pharmacovigilance system and current drug safety 

issues. 

The FDA has established an independent Drug Safety 

Oversight Board in 2005 to oversee the management of 

drug safety issues. In addition, it has issued guidance for 

industry on good pharmacovigilance practices and 

pharmacoepidemiologic assessment (FDA Guidance for 

Industry: GPV and pharmacoepidemiologic Assessment. 

March 2005) The guidance includes the requirement for 

routine risk management and risk minimization activities 

to be conducted by the industry. 

 

Conclusion 
 

The GPvP inspection program has been evolving 

through the years and now includes four inspection arms, 

each with a focused inspection scope. The GPvP 

Inspectorate will apply a revised risk-based methodology 

in the future, selecting pharmacovigilance systems, 

products and non-interventional studies considered to be 

the highest risk to inspect under the relevant inspection 

arms. Unprecedented change and challenges, 

pharmacovigilance inspections will respond accordingly 

to enable continued supervision of pharmacovigilance 

systems and ensure ongoing regulatory compliance. 

Regulation and rulebooks for good pharmacovigilance 

practice related to pharmacovigilance inspections 

approved and implemented in by EMA are solid base for 

introduction of PV inspections on national level and 

should be adopted and harmonized in The Republic of 

North Macedonia with  
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Introduction 

 
According to the census of 2013. in Bosnia and 

Hercegovina is 3,531,159 inhabitants, of which the older 

population accounts for about 502,014. In comparison, 

Bosnia and Herzegovina is a state with a high percentage 

of an older population (Germin Petrovic and Vlahovic-

Palčevski, 2011). The changes in the pharmacokinetics of 

the physiological consequences of aging increase the risk 

of side effects associated with the drug dose. The impact 

of the drug can be altered in old age because of changes in 

the sensitivity of receptors for the drug or changing the 

mechanism to maintain homeostasis. The most common 

medical intervention in elderly people is prescribing 

(Macolić Šarinić, 2002).  Specifically, it was found that 

more than 40% of people older than 65 used five or more 

drugs, and 12% used even ten or more different 

medications (Gurwitz et al., 2003). 

Polytherapy is a significant therapeutic problem 

because it increases the risk of interactions and 

Side effects, and in addition, increases the possibility of 

non-compliance with the prescribed therapy. 

 

Materials and methods  

 
This study used the data from Starn Agency for 

Medicines and Medical Devices, based in Sarajevo. 

Requested the data related to the use of drugs (chronic 

therapy) in 2016, 2017, 2018, 2019, and 2020, expressed 

in the monetary value of KM (Convertible Mark) and 

percentage. 

 

Results and discussion 

 
According to the results obtained by the Agency for 

drugs in 2016, consumption of drugs for chronic diseases 

was 109,163,181.19 KM, a percentage of 21.33%; in 

2017, the spending amounted to 123,734,369.32, which 

percentage is 22.48%., 2018 amounted to 110,675,113.05, 

the percentage of the 21.01%, in 2019 the amount of 

money spending on medications for chronic patients was 

111,494,410.11, which proportionally is 20.97% and in 

2020 spending amounted to 120,113,346.76, what 

percentage is 20.12%. 

 

Conclusion 

 
It is taking into account that persons older than 65 are 

elderly people and that they hold some physiological 

changes in the body condition that can lead to a reduced 

dose or toxic doses of the same. It is also important to 

emphasize that in Bosnia and Herzegovina, patients 

predominantly use four or more drugs and further 

combine specific OTC compositions, which may cause 

drug interactions with the drug or drug to OTC 

preparation. In Bosnia and Herzegovina, clinical 

pharmacy has not yet taken place, but it may still carry. 
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Introduction 

The purposes of skin care cosmetics include 

cleaning the skin, preserve the skin's moisture balance and 

stimulate skin metabolism. Skin care cosmetics contain 

substances which enable the skin to function properly. 

Hyaluronic acid (HA) and its sodium and potassium salts 

are important cosmetic ingredients that are incorporated 

in moisturizing and anti-ageing products. Additionally, 

products that contain HA represent only 5%, while more 

than 95% of the total products contain sodium 

hyaluronate. Hyaluronic acid has a unique capacity to link 

and retain water molecules.  Furthermore, HA restrains 

the proliferation of the skin cells via the CD44 receptor 

and also has anti-inflammatory properties on the skin. 

(Kim et al., 2018). Currently, hyaluronic acid is produced 

by biotechnological methods at 37°C and pH7 from the 

bacterium Streptococcus zooepidemicus, which is 

generally defined as safe for the formulation of cosmetics 

(Liu et al., 2011; Vázquez et al., 2010)  

HA is one of the most widely used active ingredients 

in cosmetics. HA is used in cosmetic formulations in 

concentrations ranging from 0.2 to 1%. The maximum 

concentration of NaHA in a body lotion is 2%. (Leite and 

Frade, 2021). Interest in using hyaluronic acid as a 

cosmetic ingredient in skin care products occurred with 

the discovery that the amount of HA found in natural skin 

diminishes with age, and when reintroduced into the skin 

care products, it keeps skin hydrated, attenuates the 

appearance of wrinkles, and smooths the skin. Hyaluronic 

acid (HA) has many qualities that make it superior to 

other substances used in skin regeneration, with 

pronounced moisturizing and anti-ageing effect.  

Namely, this Active pharmaceutical ingredients 

(API) forms a film on the surface of the skin, protects the 

stratum corneum, prevents the occurrence of 

transepidermal water loss and provides hydration to the 

epidermis (Papaconstantinou et al., 2012; Scarano et al., 

2020).     

Due to various biological activities, HA products are 

increasingly in demand. Some formulations containing 

HA are already available on the market, with a large 

experience in their use. Hyaluronic acid (HA) is an active 

ingredient, used in cosmetics, particularly formulated as 

emulsions or serums, claiming hydration and skin 

elasticity effect. These ski biophysical parameters are 

closely related to anti-wrinkle effect, but no rigorous 

scientific evidence does justify this statement completely. 

Additionally, it should be taken into consideration that the 

efficacy of hyaluronic acid depends largely on the 

molecular weight. Hyaluronic acid with lower molecular 

weight (50 and 130kDa) showed significant reduction of 

the appearance of wrinkles, compared to hyaluronic acid 

with higher molecular weight (Snetkov et al., 2020). This 

occurrence is due to the ability of hyaluronic acid to 

penetrate into the deeper layers of the skin. Nevertheless, 

high molecular weight hyaluronic acid is also used in the 

cosmetics industry. 

Materials and methods 

In order to determine the information about the use of 

preparations with hyaluronic acid and the occurrence of 

side effects from it, we made a research by making a 

survey to 60 volunteers aged 35-60 years, with a place of 

residence in Stip. 

 

Results and discussion  

 

From the constructed questionnaire answered by 60 

respondents, 25% were over 30 years old, 45% were in 

the range of 30-40 years, 15% were aged 41-50, 10% 

were between 51-60 years and 5% older than 61 years. In 

general, the highest interest in the research is shown by 

the respondents with an average age of 30-50 years. 

Regarding the attitude of the respondents about the 

importance of skin care, 55% answered that skin care is 

very important, but the availability and affordable price 

play a key role. For 35% of respondents, the economic 

factor is not a problem at all, while 10% of respondents 
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believe that the use of skin care products is not 

significant. This percentage is understandable given the 

fact that these 10% are respondents around 30 years old 

who still have no interest in skin care products. In terms 

of usage of hyaluronic acid preparations, the survey 

showed that 84% of the respondents have already been 

using hyaluronic acid. Most of the respondents used 

creams, due to the easy application and availability, while 

a smaller part of the respondents use serums. Despite their 

greater effectiveness, the serum is less commonly used 

due to the feeling of dryness and the need for additional 

application of moisturizer. Also, dermal fillers with 

hyaluronic acid have been applied to only two 

respondents, who are satisfied with the achieved, long-

lasting effect. In this case, the disadvantage is the painful 

application. Additionally, the affordable price is an 

advantage for the use of these preparations. From our 

survey we found that 89% of respondents did not notice 

side effects, while 11% of respondents noticed effects in 

the form of redness, increased dryness, tightness, burning 

and burning sensation, but those effects were immediate, 

and pass after application of an adequate moisturizer. 

Despite the fact that the awareness for the usage of 

hyaluronic based preparation is high, many of the 

respondents believe that their knowledge about it is 

superficial and they have needs for additional information 

and believe that the best source would be pharmacists 

starting from the fact that most respondents have heard of 

these preparations from pharmacist in a pharmacy. 

 

Conclusion 

 

Hyaluronic acid as a biocompatible, biodegradable 

and non-immunogenic biopolysaccharide is widely used 

in medical and cosmetic purposes. According to the 

investigation conducted with a questionnaire, hyaluronic 

acid has a beneficial effect on the skin and  in general, no 

side effects from its use have been registered. Despite the 

benefits of using it, the price is still the limiting factor for 

the use of Hyaluronic acid in most of the respondents. 

Increasing the use of Hyaluronic Acid can be achieved by 

implementing a better marketing plan and reducing the 

cost. 
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Introduction 

 

      The primary mission of the pharmaceutical profession 

is to have a positive impact on the provision of public 

health services, by ensuring a safe and effective use of 

medicines. There are various aspects of this mission, 

among which the most important is direct communication 

with patients and other members of the health team. 

Within the health care team at the Clinical Hospital 

“Acibadem Sistina”, pharmacists have a strictly defined 

essential role which includes integration of 

pharmaceutical science with clinical aspects of patient 

care, clinical management and communication skills, as 

well as an active cooperation with all health care 

providers for practical overcoming of all problems in the 

daily practice of treating patients. The importance of 

informing the patient about an appropriate, precisely 

defined medicine is the foundation of the pharmaceutical 

care. The development of therapy management, decision 

making and guidelines for its modification in terms of 

better efficacy, compliance and safety is the new goal in 

the field, which is practiced in the daily work, and is 

based on the relevant JCI (Joint Commission 

International) standards for quality and safety. In fact, it is 

the most prestigious hospital accreditation, due to the 

strict standards that focus on areas that directly affect the 

care and treatment of the patient. The final result is safe 

and secure health care. For pharmacists, as part of the 

health care team, these standards mean greater safety at 

work and working according to strictly defined paths, all 

in order to meet the needs of the patients while providing 

safe, secure and effective communication and patients 

care. 

Current perspectives and commitment to 

implementing change  

 

The pharmacists who are part of the health care team 

at the Clinical Hospital “Acibadem Sistina” are in an 

excellent position to meet the need for professionals who 

will ensure the safe and effective use of medicines. Thus, 

the responsibilities of pharmacists are expanded to 

include monitoring therapeutic progress, consulting with 

prescribers and collaborating with all health professionals 

who are part of the health care team on behalf of the 

patients. Clinical pharmacists, in accordance with JCI 

quality and safety standards, are given all the privileges of 

patient care, by performing a full range of therapy 

decision-making functions as part of the patient health 

care team (JCI, 2021). These privileges are granted on the 

basis of proven knowledge of the clinical pharmacists in 

the field of medical treatment and the records of a clinical 

experience.  

Pharmacists, in their daily work, discuss the benefits 

of the therapy with the patients, accurately explain the 

disease or the condition and how the medicine affects it. 

During the consultation, the goals of the prescribed 

therapy are explained, by emphasizing the advantages and 

disadvantages of the medical treatment, with obligatory 

note of the non-verbal indications that designate the need 

for additional explanation. All the above activities are 

based on the daily practice of pharmaceutical care in the 

role of conducting clinical pharmacy by monitoring and 

recording of: laboratory results, diagnostic procedures, 

reports of surgical interventions, consultations, care notes, 

dosing in terms of pharmacokinetic and 

pharmacodynamic profile of the medicine, information on 

the patient's initial history and physical examination, as 
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well as daily progress notes made through a consular 

examination by the health care team, in which the 

pharmacists are actively involved (Vi et al., 2016). 

The role of the pharmacists at the Clinical Hospital 

“Acibadem Sistina”, based on JCI quality and safety 

standards, when it comes to establishing pharmaceutical 

care, consists of several crucial steps: 1) Assessment of 

the medication therapy, the needs, existing and potential 

inconsistencies in the choice of medicines, their joint 

application; 2) Proposal and development of an 

appropriate therapeutic plan that would overcome and 

prevent potential problems with the therapy; and 3) 

Evaluation and review of the therapeutic plan after 

implementation. 

The therapeutic plan is based on a therapeutic list of 

medicines, which serves to effectively evaluate the 

prescribed therapy, which is a key mechanism in the 

proper application of the therapy and providing the 

desired effects of the same. It is crucial that pharmacists 

know and respect patients’ attitudes about their disease 

and therapy, so that the joint participation in treatment 

decision-making and treatment plan can be accomplished.  

Based on the therapeutic list, created by pharmacists, 

it is possible to properly monitor and implement the 

following interventions: 1) Detailed description of the 

application of most prescribed medicines in appropriate 

dosing intervals, according to the individual needs of the 

patient; 2) A review of the interactions between all 

prescribed medicines that make up the therapeutic list; 3) 

Monitoring of a new medicine included in the existing list 

of medicines for interactions; 4) Adjustment of the 

application of medicines with the daily routine of the 

patients; 5) Encourage patients to adhere to therapy and 

emotional commitment to patient well-being; and 6) 

Clarification of the purpose of the prescribed therapy and 

open discussion about its advantages and disadvantages. 

The pharmacists at the Clinical Hospital “Acibadem 

Sistina” are active members of the Therapeutic 

Committees constructed in accordance with the laws of 

the Ministry of Health. In the domain of these bodies, 

pharmacists are active participants through the initiative 

and proposal of skills and activities in accordance with 

the latest guidelines and recommendations for 

pharmacotherapy.  

 

Conslusion 

 

The role of the pharmacists at the Clinical Hospital 

“Acibadem Sistina”, based on the JCI standards for 

quality and safety, when it comes to establishing a 

pharmaceutical care, is a current perspective of 

conducting a medical practice, which is strictly focused 

and committed to intensive care and treatment of patients, 

in order to have a comprehensive approach and treatment 

as well as to meet the needs of the patients. Due to the 

fact that, as a result of the daily intensive investment, 

effort and commitment, pharmacists who are part of the 

health care team at the Clinical Hospital “Acibadem 

Sistina”, intensively follow the new paradigm that directs 

the pharmacist to approach the patient to emphasize the 

expert role in implementing and monitoring of the 

therapeutic plan and acquiring competencies that promote 

and emphasize quality pharmaceutical care. 
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Introduction 

 

Immunization is one of the most powerful and cost-

effective public health interventions, preventing about 2 to 

3 million deaths each year. The SARS-COV-2 pandemic 

has spread all over the world and as a direct result of the 

virus, millions of lives were lost. The indirect effects of the 

pandemic are equally important. Routine childhood 

immunization systems were heavily influenced globally 

and in May 2020 the WHO announced that at least 80 

million children under the age of one were put at risk of 

missing the important and scheduled life-saving vaccines 

(WHO, 2020). 

Problems related to pandemics have threatened 

previous gained results in immunization services, with 

major implications for eradicating and eliminating vaccine-

preventable diseases. There are enormous challenges in 

obtaining accurate and systematic measurements of these 

global changes in immunization status. 

Surveys and analyses of vaccination coverage in 2020 

suggested that 23 million children missed out on the basic 

scheduled vaccines through routine immunization services, 

which is 3·7 million more than in 2019. Designed 

predictions of disruption in routine immunization of 

children in 2020 due to the COVID-19 pandemic suggest 

an even greater number of more than 8 million children 

who missed the third dose of the diphtheria-pertussis-

tetanus vaccine (DTP3) as well as the first dose of the 

vaccine for measles (MCV1). Even though in 2020 the 

routine immunization programs were seriously affected, 

the full impact of the disruption and its consequences are 

not yet fully estimated, due to delays and completeness of 

reporting, as well as the limited data on improvement 

activities affecting routine coverage monitoring (Causey et 

al., 2021). 
 

Materials and methods  

 

Data in this paper are from the submitted annual 

reports on conducted and completed mandatory 

immunization against infectious diseases in the Republic 

of North Macedonia, delivered by the Centres for Public 

Health and their regional units and/or health institutions 

that implement immunization in the country, as well as the 

processing and analysis of data obtained from the Institute 

of Public Health in Skopje, North Macedonia. 

 

Results and discussion 

 

In terms of primary vaccination in 2021 in the 

Republic of North Macedonia, no coverage of over 95% 

has been established for any vaccine, at the national level. 

The registered coverage of the primary vaccination for all 

vaccines is below 90%. Regarding the revaccination, no 

coverage above the recommended 95% for any 

revaccination has been realized as well. The coverage with 

three doses of Hepatitis B vaccine in 2021 was 78.7% and 

decreases compared to the coverage in 2020 (83.6%), 

furthermore compared to the average coverage for the 

period 2016-2020 (90.3%) The coverage with three doses 

of vaccine against Haemophilus influenzae type B in 2021 

was 80.9% and decreases compared to the coverage in 
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2020 (83.9%), as well as compared to the average period 

2016-2020 (90,4%). The coverage with HiB revaccination 

in 2021 which is 72.8% exceeds the coverage from 2020 

(66.0%), but it is still lower than the average coverage for 

the past five years (80.9%). The coverage with three 

DiTePer doses of vaccine with the primary vaccination in 

2021, is 80.9%, which is a decrease compared to the 

coverage for 2020 (83.9%). Also, a decrease was registered 

compared to the average coverage for the period 2016-

2020 (90.7%). Starting from 2015, DiTePer - I 

revaccination has been continuously declining, reaching 

the lowest coverage level of 66.0% in 2020. An increase in 

coverage (72.8%) is registered in 2021, compared to the 

previous year. The average coverage for the period 2016-

2020 was 81.3%. In 2021 DiTePer revaccination at the age 

of 7, was implemented with a coverage of 74.7%, which is 

lower than the coverage in 2020 (87.3%), as well as the 

average coverage (82.5%) for the last 5 years. DiTe 

revaccination at the age of 14 has coverage of 85.9%, 

which is an increase compared to 2020 (80.3%), as well as 

a slight increase compared to the cumulative average for 

the past five years (85.4%). Te - IV revaccination in 2021 

was implemented with a coverage of 84.0%, which is a 

higher coverage level compared to 2020 (72.5%), but lower 

than the average coverage for 2016-2020 (86.2%). The 

primary vaccination in 2021 with three doses of polio 

vaccine was implemented with a coverage of 80.9%, which 

is a decrease compared to the coverage in 2020 (83.9%).  

Likewise, there was a decrease compared to the average 

coverage registered in the past five years (90.7%). IPV - I 

revaccination, as well as DiTePer revaccination, has a 

continuous decline, so in 2020 there was an even lower 

coverage than 70% (66.0) %, while in 2021 there is an 

increase in coverage compared to the previous year and it 

is 72.8%. IPV - II revaccination as well as revaccination 

with DiTe at the age of 7, has 74.7% coverage which is a 

decrease compared to the coverage in 2020 (87.3%) and 

the average coverage for the period 2016-2020 (80.8%). 

The coverage of the third dose revaccination with polio 

vaccine in 2021 was 85.9%, which is higher than the 

coverage in 2020 (80.3%), and higher than the average 

coverage level for the period 2016-2020 (81.6%). In 2021, 

the coverage with MMR vaccination increased from 63.0% 

to 70.4%, compared to 2020, but it is still significantly 

below the recommended coverage of 95%. The recorded 

low coverage with the MMR vaccine in the last two years 

leads to a significant reduction of the average coverage for 

the five-year period (2016-2020) which is 79.1%. The 

coverage with MMR revaccination is 80.4% and it is an 

increase compared to 2020 (68.5%). Regarding the average 

coverage, there is a decrease (89.2%) for the period 2016-

2020. The registered HPV vaccination coverage of 35.5% 

in 2021 is lower compared to the one in 2020 (42.5%), and 

lower than the average in 2020, (83,9%), and the coverage 

for the five-year period (2016-2020) which was 51.2%. 

The rotavirus vaccine was introduced in 2019. For the first 

time, three-dose coverage of 61.5% was implemented in 

2020. In 2021, the coverage increased to 65.0%. The 

vaccine for pneumococcal infection was introduced in 

2019. For the first time, two-dose coverage of 74.8% was 

implemented in 2020.  The coverage increased in 2021 to 

78.1%. In 2021 the coverage with a booster dose at the age 

of 12 months increased to (53.4%) compared to the one in 

2020 (29.5%). 

Conclusion 

Decrease in coverage with all types of vaccinations 

and revaccinations was present in 2020 and 2021, mainly 

due to current COVID-19 pandemic. There is no doubt that 

the pandemic had also a huge impact on other health 

services which are not related to the control and prevention 

of COVID-19, including mandatory routine immunization. 

Although the vaccination process was continuous and 

uninterrupted, the pandemic restriction measures and 

limitations had a strong impact on reducing the coverage 

percentage. The impact of restrictive measures in 2020 that 

included frequent restrictions on population movement and 

delays in vaccination due to fears of COVID-19 infection 

played a major role in reducing the coverage, while in 2021 

there was an additional factor such as engagement of 

vaccination teams in COVID-19 vaccination, which 

resulted in a further reduction of mandatory routine 

vaccination coverage (Shet et al., 2022). Campaigns for 

public health awareness and educational interventions for 

healthcare workers and parents are more than necessary to 

ensure adequate catch-up of delayed or missed 

immunizations to prevent potential outbreaks of vaccine-

preventable diseases. 
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Introduction 

 

Discovering a new therapeutic indication of already 

known, and most probably, patented drugs is a common 

practice of originator companies. The incentive for 

repurposing of known drugs is their eligibility for an 

additional patent protection via so called second or further 

medical use patents (Burrichter et al., 2020). Besides to 

new therapeutic indication of known drugs, medical use 

patents, also refer to use of previously known indication 

but for a new patient group, а new dosage form or a new 

dosage regime. 

Generally, the purpose of the second medical use 

patents is to postpone entering of generic drugs on market 

(Schandl, 2017). In order to avoid such market delays, 

generic companies can obtain market approval by a 

pathway called “carving-out” or “skinny labelling”. This 

pathway allows generics to seek a market approval only 

for the unpatented medical uses of the originator drug, 

instead of waiting а patent expiration or attempting a patent 

invalidation (Walsh, 2021). 

The purpose of this article is to show whether the 

“skinny labelling” pathway is sufficient instrument for 

circumventing second medical use patents in different 

jurisdictions within European Union (EU). 

 

Materials and methods 
 

A selection of an antidiabetic (a SGLT2 inhibitor) 

was made using the patent tool Ark Patent Intelligence. A 

patent research for its compound patent, their extensions 

and medical use patents was performed within European 

countries using the patent tools Patsnap and EPO. An 

analysis of the medical use patents in regards of the 

Public Assessment Report (PAR) of the antidiabetic was 

obtained. 

 

Results and discussion 

 

According to Article 11 of Directive 2001/83/EC 

(Directorate-General for Health and Food Safety, 2001), 

the European medicines legislation allows generic 

applicants to carve-out parts from the product information 

(Summary of Product Characteristics; SmPC) referring to 

indications or dosage forms which are protected by patent 

law in order to obtain a market approval before the patent 

expiration (England and Osgerby, 2013).  
However, even though “skinny labeling” is allowed 

by European legislation, it has still a great legal 

uncertainty within European countries. This is so, because 

the infringement of patents according to Article 64(3) of 

European Patent Convention (EPC) is a national issue 

(EPO, 2020) and, thus, it does not fall under centralized 

rules of the EPC (Schandl, 2017). Nevertheless, 

prescribing or dispensing the drug for the labeled use may 

lead to indirect infringement of the medical use patents 

(Mahn, 2010). Additionally, since the prescription of off-

label use became a practice recently, this act leads to 

direct patent infringement as well (Schandl, 2017). 

For example, in Germany, generic companies are 

facing an increased risk of being liable for direct 

infringement of second medical use patents, even if they 

carve-out the patented therapeutic indications. The courts 

might still rule on infringement if a considerable amount 

of cross-label use can be proven (Burrichter et al., 2020). 

On the other hand, Dutch authority had a practice of 

publishing the full labeled version of the SmPC for a 

medicinal product, instead of the carved-out one. This 

https://www.iam-media.com/authors/arwed-burrichter-1
https://www.iam-media.com/authors/arwed-burrichter-1
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practice has jeopardized the legal certainty and 

transparency for the healthcare professionals and patients 

making them liable for indirect patent infringement 

(Harford and Mulryne, 2019). In Italy, carving-out a 

patented indication from the SmPC does not alone save 

the generic companies from patent infringement. Generic 

companies also have to notify all relevant parties involved 

in the purchase and use of the product that the product 

should not be used for the patented indication (Amollini, 

2022). 

The compound patent of the selected antidiabetic, the 

SGLT2 inhibitor, should be valid until March 2025 in 

most of the European countries. A supplementary 

protection certificate (SPC) to the compound patent was 

granted and is expected to be valid until May 2029. 

The antidiabetic was approved for the first time in 

Europe in May 2014 for improving glycemic control in 

adults with type 2 diabetes mellitus. In 2017 a variation 

proposing new therapeutic indication was submitted. The 

new indication, reducing the risk of cardiovascular events 

in adults with type 2 diabetes mellitus, was supported by 

new clinical data. The proposed therapeutic indication 

was not approved by European Medicine Agency (EMA) 

as a new indication, rather the first approved indication 

was modified in use of the antidiabetic in treatment of 

type 2 diabetes mellitus. However, in May 2021, a new 

therapeutic indication, use of the antidiabetic for 

treatment of heart failure, was approved by EMA.   

Furthermore, two medical use patent applications 

have been filed in 2014 and 2017, separately. The one 

filed in 2014 is claiming use of the antidiabetic for 

reducing the risk of cardiovascular events in adults with 

type 2 diabetes mellitus, and the other patent application 

filed in 2017 is claiming use of the antidiabetic for 

treatment of heart failure. The first medical use patent 

application has fulfilled the patentability requirements and 

is expected to be granted. The second medical use patent 

application is still being prosecuted by European Patent 

Office (EPO). It is worth mentioning that both patent 

applications have been filed before the two therapeutic 

indications were approved by EMA.   

In case patents to the medical use patent applications 

are going to be granted, the therapeutic indication 

treatment of type 2 diabetes mellitus should be modified 

in improving glycemic control in adults with type 2 

diabetes mellitus and treatment of heart failure has to be 

carved-out from the SmPC in the generic applications for 

market approval (England, Osgerby, 2013). It is arguable 

whether the modification of the therapeutic indication 

could be allowed by European medicines legislation 

(Human Medicines Division, 2022). On the other hand, 

the deletion of the patent protected therapeutic indication 

may still lead generic companies to uncertainty for a 

patent infringement liability (Schandl, 2017). 

 

Conclusion 

 

Skinny labeling practice is inconsistent within EU 

countries. EU national patent systems should synchronize 

their approach when assessing patentability on second 

medical use inventions. А strictly defined rules on 

infringement liability of generic companies, practitioners, 

pharmacies and patients have to be implemented in the 

national patent systems in order to balance the patient 

needs from one side and the originators investments on 

the other side.  

Implementing rules within European medicines 

legislation on providing clear information line, from 

generics product information, through practitioners and 

pharmacies, to patients as end point consumers, in order 

to control the cross- and off-label use of the patented 

therapeutic indications is necessary. Providing clear 

information by generics in market approval applications 

regarding valid medical use patents and their publication 

in the official drug registers of the regulatory agencies 

could be a step forward in avoiding direct and indirect 

patent infringement.  
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Introduction 

 

Depression and anxiety are considered among the 

major problems within the young age worldwide. They 

are the most common mental health conditions, having a 

high prevalence at the young age, beginning by age 14 

(half of them) and developing by age 18 (75% of them).  

There is evidence of an increasing prevalence of 

anxiety among undergraduate students. 

Anxiety is one of the challenges students of higher 

institutions face the most along their studies. It is often 

related to work overload, financial burden, competition 

with friends, willingness to succeed and concerns about 

the future.  It can influence on student’s ability to study 

and can affect also their quality of life. There are many 

studies evidencing the level of anxiety among students 

and addressing the need to reflect on the contributing 

factors in anxiety symptoms in this category. 

The aim of this study was to explore the level of 

anxiety among students in higher education institutions in 

Albania and identify eventual contributing factors. 

 

Materials and methods 

 

This is a Cross-sectional study (through an online 

self-reporting structured questionnaire). 

The sample consisted in 695 students who 

participated to the study. 

The administered Questionnaire included 

demographic, socio-economic and behavioral data linked 

to anxiety. 

The presence of anxiety was evaluated through the 

Zung self-rating Anxiety Scale. 

The Zung Self Rating Anxiety Scale (SAS)5, is a 20-

item self-report assessment device which includes 

measures of state and trait anxiety. Answering the 

statements, a person should indicate how much each 

statement applies to him or her. Each question is scored 

on a Liker-type scale of 1-4, ranging from “never 

occurring” or “a little of the time” to “most of the time”. 

Overall assessment is done by total score. The total scores 

range from 20-80. The total scores are again divided into 

score with 20-44 as “Normal Range”, 45-59 as “Mild to 

Moderate Anxiety Levels”, 60-74 as “Marked to Severe 

Anxiety Levels” and 75-80 as “Extreme Anxiety Levels”. 

Chi square test was applied and the statistical 

analyses was performed using Statistical Package for 

Social Sciences, version 17.0. 

 

Results and discussion 

 

695 students responded to the online questionnaire: 

599 females and 96 males. Age was categorized in three 

sections: ≤21 years, 21-25 years, ≥25 years. The majority 

of respondents was in the ≤21 years’ category (557 

students), 121 were aged 21-24 years and only 17 

belonged to the age group ≥ 25 years. This result is in line 

with the Albanian students’ tradition to make all efforts to 

conclude the university studies in due time (23-24 years).  

The students were categorized according to the field 

of study. We made no distinction between different 

locations of the universities, therefore data came from 

students in faculties located in different Albanian cities. 

Based on this categorization we had 311 respondents from 

the faculties of natural sciences and agricultural sciences, 
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211 belonged to the social sciences and arts, 173 to the 

medical sciences and sports.  

Among all participants a certain level of anxiety was 

perceived in 96.3% of cases. Only 3.7% resulted as 

“anxiety free” students according to the scores of the 

questionnaire. 482 students showed “Mild to Moderate 

Anxiety Levels”, 182 of them showed “Marked to Severe 

Anxiety Levels” and only 5 of them were categorized as 

students showing “Extreme Anxiety Levels”.  

Trying to identify the contributing factors to the 

anxiety level, the Chi square test showed a statistically 

significant correlation between gender and anxiety level. 

Female students show higher level of stress as compared 

to male students (p=0.01). All 5 students falling in the 

category of “Extreme Anxiety levels” were female. This 

finding is in line with other reports showing higher 

prevalence of anxiety in young females. 

 In our analyses the age and the study program seems 

to have not any statistically significant correlation with 

the anxiety level. Despite this it seems that age can 

contribute somehow on the anxiety level, as almost all 

students defined as “Anxiety free” (25 out of 26) 

belonged to the age category ≤21 years.  

The higher percentage of anxiety presence according 

to the study profile was evidenced for medical and sport 

sciences (97.1 % of them showed any level of anxiety). 

Although the high prevalence of some level of 

anxiety, none of the students responding the questionnaire 

reported any treatment for anxiety or any other similar 

condition or mental health condition. This may be related 

to the underestimation of the anxiety symptoms in the 

young age. 

The sooner the treatment beginning in mental health 

conditions, the better the condition prognosis is. The lack 

of awareness about the need to seek medical advice in 

case of any mental health condition ca be of high 

relevance in the burden of these diseases. Health care 

professionals, but also regulators of the higher education 

institutions should be alerted on the size and severity of 

the mental health conditions among students in order to 

address their common efforts in the improvement of the 

university environment and in the preventive medical 

mental care. Psychological support could also influence 

and help in the condition improvement. 

We are aware of some limitations of our study. It 

consists in an online questionnaire and therefore there are 

some bias on reporting data this way. Symptoms of 

anxiety are often underestimated as young people hardly 

admit them. There is still stigma about this kind of 

symptomatology and this can lead to under-reporting and 

as a consequence under treating it. 

Further analyses should be done including 

examination of other influencing factors such as family 

problems, academic performance, biological and 

sociological factors. A simultaneous study of all these 

factors could give a clearer picture of the phenomenon.  

 

Conclusion 

 

Anxiety is rather common in university students in 

Albania. It is closely related to the female gender. This is 

an initial evidence which should be further exploited in 

order to better understand the determinants related to the 

anxiety symptoms. Findings from this study can be of 

help in higher education institutions and in policy making 

on improving the health determinants among students in 

Albania. 
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Introduction 

 

The cosmetic industry is a dynamic and competitive 

sector. Europe is the global leader in cosmetics, exporting 

one-third of all cosmetic products sold worldwide. 

Considering the high number of cosmetic products 

available on the EU market, it is very important to provide 

consumers with specific, understandable and reliable 

information, substantiated using generally accepted 

methods, to enable them to make informed choices and 

compare products to find the ones that best suit their needs. 

Consumer information is a key component of the 

interaction between the cosmetics and personal care 

industry and consumers. It conveys information about 

products, how they work, who they are for and how best to 

use them. Product claims and advertising are essential tools 

for informing consumers about characteristics, and 

qualities and help them choose the products that best suit 

their needs and expectations. Product claims are also 

marketing tools used by the cosmetic companies to 

distinguish their products from the competitors, thus they 

might contribute to the functioning of the internal market 

and to stimulating innovation and competition among 

companies (European Commission, 2016). It is essential 

that consumers are able to make informed choices in full 

knowledge and that cosmetics manufacturers are 

transparent and responsible in their marketing 

communications. The cosmetics legislation clearly 

indicates what information must be conveyed to consumers 

through product labels, and also sets criteria for the 

justification of voluntary marketing communication 

(claims). Companies in cosmetic industry currently adhere 

to numerous rules and regulations governing labelling, 

advertising and cosmetic product claims. At the EU level, 

these comprise specific articles in the EU Cosmetic 

Regulation itself, including Article 19, which covers 

labelling requirements, and Article 20, which together with 

the Common Criteria Regulation (EU) (Commission 

Regulation (EU) No 655/2013, 2013), regulates the use of 

cosmetic products claims. In line with European cosmetics 

regulations and common criteria regulations, companies 

need to comply with national advertising laws, which are 

also, based on the EU Misleading and Comparative 

Advertising Directive and the Unfair Competitive 

Advertising Directive (Cosmetics Europe, 2020).  

Intellectual property (IP) is a key driver of economic 

growth and innovation in business. In an increasingly 

competitive and crowded market, intellectual property 

protections offer incentives to keep pushing for new 

advances. Just as companies, inventors, researchers, 

engineers, artists, and enterpreneurs depend on intellectual 

property law to protect their work, consumers trust IP to 

provide them with safe and authentic products (U.S. 

Chamber of Commerce, 2021). 

The aim of this study was to evaluate the IP rights and 

advertising of cosmetic products in the R.N. Macedonia 

(RNM) by on-line prepared questionnaire for different 

population and professional structure groups. 

 

Materials and methods  

 

For the purpose of researching IP issues related to 

cosmetic advertising in RNM, we started an exploratory 

research on this topic. We used method of “Collecting 

secondary data”, first. Using Internet search engines, a 

comprehensive literature review was carried out to find 

relevant studies performed on this topic. No other study 

was found, to be conducted in RNM. Similar and valuable 

for this research were studies published in 2013 and in 

2016 by EUIPO committee: European Citizens and IP 

perception awareness, and behavior. Also, several studies 

for deceptive advertising was found and used as data to 
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continue with our further research. Descriptive research 

was performed after collecting sufficient secondary data. 

We expected by gathering information and estimation 

about the perception, awareness, behavior and knowledge 

of the citizens of RNM for IP and cosmetics advertising 

issues will help us to measure the influence on IP on 

advertising of cosmetic products from one side and 

analysis of regulative on the other side. The interview 

questionnaire (Google Docs. Forms) included 22 items 

related to measurement of the perception on IP, different 

cosmetics advertising aspects and prevalence of misleading 

advertising. The snowball effect of questionnaire was 

planned (Maysonnave and Delorme, 2013). The survey 

was conducted during May and June 2019 on 313 residents 

of RNM. Obtained data were tabulated using Microsoft 

Excel® (Microsoft Corp. Redmond, WA, USA), computed 

and consequently evaluated using statistical program IBM 

SPSS Version 23.0.  

 

Results and discussion   

        

       Participants of different age groups, social categories, 

professional structure, education level and nationality were 

interviewed. The findings indicated that almost 75% of the 

participants claim that the trade mark has influence on their 

choice which cosmetic product to buy. Regarding public 

opinion of whether advertisements for cosmetic products 

in RNM are controlled by authorities and conform to the 

regulative, almost 35% answered “rarely”, and 8.6% 

answered “never”. When asked in which cosmetic 

advertiser believes the most, ~ 69% believe on European 

advertisers mostly.   59.1% of the respondents do not 

believe that the purpose of the application and the action 

declared on the  cosmetic products are credible. The largest 

percentage of respondents answered that they are most 

often informed about the cosmetic product by 

advertisements in the media (31%) and by friends or family 

member (30.7%), followed by a pharmacist in a pharmacy. 

(25.9%). According to the answers of the respondents, the 

recommendation from an expert usually has the greatest 

impact when choosing a cosmetic product (48.9%). 

Pharmacy is the most common place to buy cosmetics  

according the answers of 40.6% of the respodents, 

Concerning the safety of the cosmetic products, more than 

half of respondents (58.5%) believe that products that are 

declared to contain no preservatives are safer to use than 

products that are not declared to contain no preservatives; 

and almost 55% of the respondents think that organic 

cosmetic products are safer than the others non declared as 

organic. 

 

 

 

Conclusion  

 

The findings indicate that Intellectual property rights 

have influence on the advertising of cosmetic products in 

RNM. This study might be base for following RNM 

citizens’ reaction on intellectual property, advertising of 

the cosmetic products and misleading advertising as a 

present world global problem. Further researches might be 

valuable for need of alignment of the regulative on 

international level. 
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Introduction 

 

Marketing authorization (МА) is a procedure which 
ensures quality, safety and efficacy of pharmaceutical 

products. Originator companies are therefore 

compensated for their investment in new products, as well 

as their innovation through periods of data and market 

exclusivity. (European Commission, 2019). 

Here are several ways in which an originator 

company can “strategically” extend drugs’ market 

exclusivity (orphan status, pediatric extension, new 

therapeutic indication, etc.), prolonging the entry of a 

more available, generic product on the market. For that 

purpose, there are few measures for preventing 

monopoly-“global marketing authorization” (GMA) being 

one of them. GMA is a regulatory concept which is 

defined by Article 6(1) of Directive 2001/83/EC, 

according to which “when a medicinal product has been 

granted an initial marketing authorization, any additional 

strengths, pharmaceutical forms, administration routes, 

presentations as well as any variations and extensions 

shall be considered as belonging to the same global 

marketing authorization in particular for the purposes of 

the application of Article 10(1), generic application”. 

This concept applies to products authorized by the same 

marketing authorization holder (MAH), to all products 

regardless to their registration date (European 

Commission, 2019). Main focus of this article is to give a 

critical overview of the concept of GMA from two 

different perspectives: on one hand, with regards to the 

legislation set up in Directive 2001/83/EC and on the 

other, to review the implications of this concept on the 

generic drug industry. 

Materials and methods 

      

An antipsychotic was selected by using the patent-

searching tool PatSnap. The displayed information was 

reviewed using publicly accessible information such as 

Public Assessment Reports (PARs) retrieved from 

following medicinal product databases: European 

Medicine Agency (EMA), Community Register of 

centrally authorized products and Mutual Recognition 

Information (MRI). 

 

Results and discussion 

 

According to Article 10(1) of Directive 2001/83/EC, 
generic products authorized without providing the results 

of pre-clinical and clinical trials, must not be placed on 

the market until ten years (data and market exclusivity) 

have expired from the initial authorization of the 

reference product. This ten-year period can only be 

prolonged for one additional year of protection in the case 

of authorized new indications, with significant clinical 

benefit. To capitalize from the additional year, the new 

indication must be approved during the first eight years 

since the initial MA has been granted. 

In addition, according to Article 6(1) of the same 

Directive, after granting of the initial MA, every variation 

should be included in the said authorization or GMA 

(unless it is proven they significantly differ in 

safety/efficacy). 

This means that for a reference medicinal product, 

the periods of data and market exclusivity begin from the 

date when the first MA is granted. All additional 

variations and extensions have the same end dates as the 

initial product, regardless to their date of MA (Article 

6(1) of Directive 2001/83/EC).  
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Since products falling within the scope of GMA are 

not clearly distinguished, it is difficult for EMA to exhibit 

consistent judgement, and therefore companies often have 

opposing views, making it a field, susceptible to frequent 

legal disputes (European Commission, 2019). 

The selected antipsychotic is a product that clearly 

displays the intent of this concept. The originator first 

registered this drug as tablets in 2007, for the treatment of 

schizophrenia and psychotic disorders. In 2011, the 

originator obtained another MA for the same drug as 

prolonged release suspension for monthly injection used 

for the maintenance treatment of schizophrenia in adults. 
In 2014, the originator registered a third product with the 

same drug as a 3-monthly injection, indicated for the 

maintenance treatment of schizophrenia in adult patients. 
Since, the company referred to data from the drug 

registered in 2011 to support the use of the antipsychotic 

as 3-monthly injection, no new data protection period 

would apply for the third product (Directorate-General for 

Health and Food Safety, 2001). 

On the other hand, the second product has separate 

MA and does not fall within the scope of GMA, since the 

originator submitted results of new pre-clinical and 

clinical trials. Furthermore, they did not cross-refer to 

data from the first product (tablets), considering that the 

two products differ in terms of efficacy, safety, and 

pharmacokinetics profile. 

The court practice shows that generic companies are 

frequently the subject оf further legal disputes, even when 
relying on the concept of GMA covered by Article 6(1) of 

Directive 2001/83/EC. 

In court case no. T‑472/12, the originator obtained a 
MA for new indications just by modifying the dose, for a 

medicinal product that already had valid МА. After 
expiry of the protection period of the initial product 

(indicated for the treatment of bone complications in 

patients with cancer), a generic company filed an 

application for a generic version of the second registered 

product (indicated for the treatment of osteoporosis in 

men and women who have been through menopause, as 

well as Paget’s disease in adults), relying to the GMA 

concept. However, the originator challenged the granted 

generic MA before the General Court of the EU, claiming 

that both products did not fall within the same GMA. 

The General Court rejected the appeals of the 

originator, ruling that both products were included in the 

same GMA (Carías, 2017). This decision is in line with 

the GMA concept, considering that under Article 6(1) of 

Directive 2001/83/EC it is generally not possible to secure 

a new period of data and market exclusivity for a new 

therapeutic indication, for an active substance that is 

already the subject of an MA held by the same MA holder 

(Faircliffle, 2015). 

In a recent case (no. T-611/18), the General Court 

annulled the decision of EMA not to accept a generic 

application for MA. In 2006, Biogen acquires a company 

that holds the MA of a product containing dimethyl and 

monoethyl fumarate salts, indicated for psoriasis. A few 

years later Biogen files an application for MA for a 

medicinal product containing only dimethyl fumarate for 

the treatment of multiple sclerosis which EMA approves. 

Later on, a generic company disputes EMA’s decision to 

grant a MA to Biogen and the General Court agrees with 

that statement, making EMA’s decision not to put the new 

indication in GMA invalid (Den Boer, 2021). Biogen 

could only get additional one year of market protection 

for new indication, no new set of data and market 

protection. To sum up, in this case, even if the General 

Court made a right verdict to nullify EMA’s decision, the 

procedure took valuable time from generic companies by 

which they could have marketed their products. 

Conclusion 
 

Even though there are Directives governing the 

registration of products, set by the regulatory agencies in 

Europe (Articles 10(1) and 6(1) of Directive 2001/83/EC), 

the legal practice shows that there are frequent conflicts 

between originators attempting to preserve their status on 

the market and generics trying to launch their generic 

counterpart. This indicates that even if generics applying 

for MA refer to the concept of GMA, they still might be 

legally disputed from originator companies. Procedures 

like such, take up both time and valuable resources from 

both parties. To prevent this, EMA should make 

consistent decisions regarding granting of new MA 

according to the abovementioned directives. However, the 

fact that majority of the cases are in the favor of generic 

companies serves as an incentive for other generics to 

dispute wrongfully obtained MAs, enabling them to 

launch products that are more available to the general 

public. 
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Introduction 

 

The unprecedented pace in COVID-19 vaccine 

development triggered initial global elation, which has 

been tempered with the realization that dealing with the 

complicated process of vaccine rollout and 

implementation is a constantly evolving and challenging 

process. Moreover, the apparent disparity in vaccine 

access for populations in low vs high-income nations 

positions as one of the major causes for prolonging the 

pandemic phase of COVID-19. Despite early policy 

commitments to ensure that COVID-19 vaccines should 

become global public goods, the governments of 

developed countries, which directly or indirectly (via 

COVAX, for example) funded vaccine research and 

development (R&D), focused predominantly on their 

national electorates. As a result, substantial inequalities in 

vaccination rates emerged, especially apparent in the early 

months of the COVID-19 immunization campaign. This 

low fraction of vaccinated inhabitants of low-income 

countries can be attributed to the inaccessibility of 

vaccines due to limited supply in their countries. 

However, despite the fact that more than 11 billion doses 

were manufactured by the end of 2021, less than 15% of 

residents of low-income counties have been vaccinated 

with at least one dose of the COVID-19 vaccine (as of 

April 2022) (www.ourworldindata.org). 

The initial deficiency of vaccine doses in low-income 

countries is a result of a combination of several factors: 

limited production capacities and manufacturing facilities 

capable of transferring novel technologies, legal issues 

primarily related to intellectual property rights (IPRs) and 

financial and diplomatic inequity compared to the 

developed nations. Nevertheless, distribution challenges, 

lack of qualified healthcare workers, mistrust in local 

authorities and widespread vaccine hesitancy currently 

pose the main reasons for the low coverage of COVID-19 

vaccination in these nations. 

The Agreement on Trade-Related Aspects of 

Intellectual Property Rights (TRIPS), effective since 

1995, establishes the minimum standards for protection 

and enforcement of IPR as applied to nationals of other 

World Trade Organization (WTO) members. Combined 

with the amplified significance of IPRs due to 

technological and medical advances, TRIPS has a vital 

role in global access to medical products, therapeutics, 

and vaccines. As a response to apprehensions expressed 

by low and middle-income countries, primarily linked to 

the effect of patents on access to antiretroviral HIV/AIDS 

drugs, the DOHA Declaration in 2001 elucidated the 

scope of TRIPS and presented a set of “flexibilities” such 

that “the TRIPS Agreement does not and should not 

prevent members from taking measures to protect public 

health”. The declaration also highpoints that each WTO 

member country has the right to “grant compulsory 

licenses and the freedom to determine the grounds” for 

such licenses (Mercurio, 2021). 

In October 2020, India and South Africa submitted a 

proposal to the World Trade Organization (WTO) for a 

waiver of IPRs for COVID-19 medical products for the 

duration of the pandemic. The proposal considers that 

such a transitory waiver will simplify the cooperation 

among WTO members on the manufacturing, scale-up 

and supply of COVID-19-related products, consecutively 

contributing to more equal access to COVID-19 vaccines 

in less developed countries (WTO, 2020).  

 

Different attitudes on waiving IPRs for COVID-

19 vaccines 

 

The proposal for waiving IPRs for COVID-19 

medical products was consecutively supported by over 
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100 countries, World Health Organization (WHO), 

numerous civil society organizations, as well as several 

world leaders. Regardless of the shifted viewpoint of the 

Biden administration and American open support for the 

proposed waiver for COVID-19 vaccines (announced on 

May 5, 2021), the representatives of other developed 

countries argued against the proposal. They rationalized 

their position by assessing that the shortage of production 

capacities, required technical know-how, and vaccine 

export curb are the main challenges that need to be 

overcome in order to establish a fair supply of the 

essential doses. As expected, pharmaceutical companies 

also declared against the proposal, addressing that IPR are 

critical driving force that encourages innovation in the 

industry and enables the return of invested funds in R&D. 

However, injecting public funds into private companies 

(as seen in COVID-19 vaccine development), justifies the 

prevalent conviction that public benefit should be 

prioritized over IPR of innovators (Zarocostas, 2022). 

 

Alternatives for IPR waiver 

 

It is evident that despite several international 

discussions and consultations held between WTO 

members, misaligned positions of different countries lead 

to gridlock in deciding on the proposal for waiving IPR 

for COVID-19 vaccines. Yet, countries have a few other 

options for enabling vaccine access to their population, 

which are briefly described below. 

According to aforementioned TRIPS flexibilities, 

governments can issue compulsory licenses in order to 

protect the health of their citizens in cases of emergencies. 

When countries issue compulsory licenses, they permit 

someone else to produce the patented product or process 

without the authorization of the patent owner. Still, 

applying for a compulsory license is a complex and time-

consuming process, having in mind that a single vaccine 

might involve numerous different patents (European 

commission, 2020). 

On the other hand, voluntary licenses are agreements 

between patent holders and other companies, which allow 

manufacturing of the patented product. With these 

agreements, the patent holders typically specify the 

markets where these other companies can sell the product 

and set desired prices, meaning that patent holders have 

substantial control over the licensee. A well-known 

example of voluntary license is the agreement achieved 

between AstraZeneca and the Serum Institute of India 

(AstraZeneca, 2020).   

Inspired by the Medicines Patent Pool, and its 

successful role in the accessibility of HIV/AIDS drugs, 

WHO launched COVID-19 Technology Access Pool (C-

TAP), which main purpose is to assemble global 

knowledge and IPR related to COVID-19 products. 

Nonetheless, as of June 1, 2022, there are no patents 

related to COVID-19 vaccines that are available on this 

platform. 

 

Conclusion 
 

The rapid access to COVID-19 vaccines is noticeably 

limited by the insufficient production capacities of 

leading vaccine developers. For low-income countries, the 

price determined by the innovators may pose a significant 

obstacle to obtaining an adequate number of doses.  

Although at first glance IPR can be seen as a major 

hindrance to fair distribution of the vaccines, they are 

pharma and biotech companies’ most valuable resource, 

and fundamental feature required for justification of the 

funds invested in R&D.  As a matter of fact, in a state of 

emergency, the shortage in raw materials, complex 

manufacturing processes, the necessity of trained 

employees, substantial investments in building production 

facilities, as well as strict regulatory requirements applied 

to biosimilar, it is unlikely that waiving IPR can 

contribute for rapid and significant increase in the 

quantity of accessible doses and decrease of their price. 

 Irrespective of billions of doses produced by the end 

of 2021 and large donations obtained by richer countries, 

the percentage of the vaccinated population in low-

income countries remains low. It is now apparent that 

strengthening the existing health infrastructure, increasing 

the trust in local authorities, investing in education, and 

combating disinformation are vital steps needed to 

achieve the goal and defeat the COVID-19 pandemic. 
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Introduction 

 
The Convention on Biological Diversity (CBD) is a 

major international instrument that explicitly recognizes 

the role of traditional knowledge, innovations and 

practices of indigenous and local communities, traditional 

life, biodiversity conservation styles and sustainable 

development. Pursuant to Article 8 of this Convention, 

each Contracting Party subject to its national law is 

required to respect, protect, preserve and maintain the 

knowledge, innovations and practices of indigenous and 

local communities, relevant material or visible lifestyles 

for the preservation and sustainable use of biological 

resources and promoting the wider application and 

sharing of the benefits arising from the utilization of such 

knowledge, innovations and practices (Barataa et al., 

2006).  

Discussion 

 

Biological resources and related traditional 

knowledge from many business corporations are noted as 

a value, very important in the development of commercial 

products. Corporations often want to acquire intellectual 

property rights related to biological resources and 

traditional knowledge in order to maximize revenue 

generation. Very often different industries freely use 

traditional knowledge to develop commercial products, 

without consent, without recognition of the original 

knowledge holders. The conflict goes so far as to equate 

intellectual property rights with exclusive rights over such 

resources/knowledge, and the original holders of 

biological resources and related traditional knowledge do 

not participate in the profits made from the 

commercialization of products based on their 

resources/knowledge (Kannaiyan, 2007).                                                                                                                                                               

Biopiracy is a violation of the rights of traditional 

communities (their way of life has been shaped by 

generations of their ancestors, where cultural, 

environmental, economic and family customs are based 

on traditional knowledge, values and social hierarchies) 

over their biological resources and related knowledge. 

The holder of IPR (Intellectual Property Rights) dictates 

the terms of use of the protected knowledge resource, 

which practically means that traditional communities as 

original holders may lose access to and control over their 

resource/knowledge. Realistically, the implications of 

biopiracy are both economic and ethical (Sharma et al. 

2012). Namely, the research of plant biological resources 

for new commercial purposes is part of the global 

economic and social development. On the other hand, 

such commercial exploatation is perceived by many 

traditional communities as an insult, because the 

traditional knowledge of them is sacred and supports life. 

Indicators on the international market for herbal 

medicines note - the annual global sales of medical 

products derived from genetic resources amounted to 700 

billion $, for herbal medicines alone the amount was 438 

billion $. China, a leader in this field, generated about 5 

billion $ in international market revenue in 1999 and 

about 10 billion $ in global exports, meaning that China 

accounted for about 50% of global exports. According to 

WHO (World Health Organization) estimates, the 

European market in 1999 weighed in at 11.9 billion $ of 

which 38% was for Germany, 21% for France and 12% 

for the United Kingdom. The World Statistics Fund 

shows that in the European Union in 1990, more than 

100.000 tons of plant material were imported, 12% of 

which were from India. A large global study in 1985 

identified a total of 122 pure compounds from only 94 

plant species. Medical use of 80% of these compounds 

correlates with traditional knowledge. Given the fact that 
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relevant scientific indicators point to a figure of about 

250.000 higher plant species, the most effective and 

reliable way to detect the medicinal use of plants is to 

display them based on traditional knowledge. Assessment 

of the so - called a ,,hit rate” (80% or more) in the 

development of medicinal drugs can be achieved if plant 

screening is limited to plant species used by indigenous 

communities (Marshal, 2011). It is the responsibility of 

the international community to create an equitable system 

for accessing, acquiring, maintaining and enforcing 

intellectual property rights, namely an international 

regime to enable holders of traditional knowledge to 

control their use. The protection of traditional knowledge 

is central to the conservation and preservation of plant 

genetic and other bioresources. Namely, most of the 

traditional communities live in areas where the vast 

majority of the world's plant genetic resources are located. 

In reality, there is a danger that biological resources will 

be increasingly subject to intellectual property rights and 

patents in order to be allegedly extinct. But this practice 

raises concerns about their exhaustion and loss of habitat, 

the loss of lifestyles and livelihoods of indigenous 

communities that have nurtured and used these resources 

for generations. International recognition and protection 

of traditional knowledge would help to protect and 

preserve the environment and biodiversity management. 

E. g. during an ethno - botanical expedition to the 

Western Ghats region of Kerala (India), a team of 

scientists came across the Kani tribe to eat the seeds of 

the wild plant Trichopus zeylanicus, locally called 

,,Arogyapacha”, whose consumption increases endurance 

in periods of increased physical exertion. ,,Arogyapacha” 
was tested and standardized as a drug based on traditional 

knowledge of it in the Kani tribe. The drug called 

,,Jeevani” was released into commercial production in 

1995. A pharmaceutical company (technology transfer 

company for the production of this drug), a tropical 

botanical garden and a research institute have agreed to 

share the license fee on a 50:50 basis. In addition, 2% of 

the author's sales revenue should go to the tribal 

community. About 60% of the 2000 Kani families 

became signatories to the agreement. The license fee and 

royalties received at the expense of the drug ,,Jeevani” 
were fixed assets, and the interest from this amount could 

be used by the Kani tribe for social activities 

(Mukhopadhyay and Bhattacharjee, 2016).                              

Apart    from legal regulations, international agreements, 

etc. a very important element is the involvement of people 

in the so - called ,,participatory regime” (tribal people, 

farmers, environmentalists), in order to gain more 

knowledge for the conservation of biodiversity and 

conservation of bioresources. The very participation of 

the locals and their motivation are very important for 

saving biodiversity as a national treasure (Sthapit et al., 

2012). 

Conclusion 

Given the goal - to enable less developed 

countries to benefit more from their resources and 

traditional knowledge, The Convention on Biological 

Diversity (CBD) prescribes bioprotection (discovery and 

commercialization of new products based on biological 

resources) to be possible only with the consent obtained 

for access to those resources and the obligation to share 

any benefits with the country rich in those resources. 
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Introduction 

 

 Patents are legal instruments intended to encourage 

innovation by providing time limited exclusive rights to 

the inventor and to benefit a financial reward in the 

marketplace. The value of a patent portfolio stems from 

the ability to use the portfolio as a barrier that prevents 

others from making, using, importing, or selling similar 

products and/or providing similar services. The ability to 

prevent others from reaching a particular market is 

especially relevant for technology industries and business 

models where the only other barriers to market entry are 

often time and money.  

Since patents rights have a limited validity period, 

‘evergreening’ is the best tool for extended market 

monopoly, and it is a recent trend in the patent system, 

especially in pharmaceutical sector. Originators generally 

do ever-greening, by filing new patent application for 

existing molecules to show novelty (Jain, 2021). The 

second medical use patents are the main tool in the 

evergreening business strategy in oncology (Bansal and 

Sahu, 2009). Directly or indirectly, it creates monopolies 

which result in patent abuse affection the human rights 

(Lucose, 2016). The balance between the patent owner's 

interest and society is significant.  

      The focus in this article would be the medical use 

patents as a new trend of ‘evergreening’ in oncology. 

 

Materials and methods 

 

For the purpose of this study, three different 

antineoplastic drugs have been selected using the patent 

searching database Ark Patent Intelligence. A patent 

search for the medical use patents of the selected drugs 

have been conducted using the following patent searching 

databases: PatSnap, Espacenet and EPO. The patent 

analysis has been obtained within European countries in 

the meaning of European Patent Convention (EPC) and 

comparison of Public Assessment Reports (PAR) of 

originator’s products. 

 

Results and discussion 

 For a long period of time, the second medical use 

patents were considered as not patentable in Europe, 

contrary to first medical uses of a known product, which 

were patentable if they were complying with the 

patentability standards. The Munich Convention of 1973 

rejected the patentability of second medical uses, because 

they were assimilated to a method of medical treatment, 

which was considered to lack industrial application. The 

European Patent Office (EPO) in the EPC amendments 

that entered into force in 2007 opens the door to the 

patentability of second medical uses (Ducimetière, 2019).  

 The second medical use patent in Europe is 

patentable only in form of Swiss claims, otherwise it will 

be excluded from patentability under Art. 53 (c) EPC 

(EPC, 2020). According to Guide for examination of 

EPO, the medical use patents could only be patented if 

their claims are in the form "Use of product X for the 

manufacture of a medicament for the therapeutic 

application Z", (Guidelines for examination in the EPO, 

2022). The tendency for using medical use patents to 

prevent generics on the market, especially in oncology 

raises the question of whether those patents deviate from 

the ethical and moral norm, whether they are patentable 

under art.53 (a) EPC (Krichhfer, 2020). 

  On the other hand, European Medicine Agency 

(EMA) has implemented regulations regarding the 

medical use patents and registrations of generic drugs. 

According EMA regulations the patented indications can 

be deleted from sections 4.1. therapeutic indications, 4.2. 

posology and method administration and 5.1. 

pharmacodynamic properties of the Summary of Product 

Characteristics (SmPC). EMA through those regulations 

https://www.ema.europa.eu/en/glossary/indication
https://www.ema.europa.eu/en/glossary/summary-product-characteristics
https://www.ema.europa.eu/en/glossary/summary-product-characteristics
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facilitates the entry of generic drugs on the market (EMA, 

2021).  

       Due to the awareness of this strategies, originators are 

referring to indirect infringement of their patent rights 

through prescription of the drugs for the patented 

indications. In this case, many medicinal practitioners are 

required to prescribe the drug by the trademark 

(Kilpatrick, 2019). How the trend of evergreening through 

medical use patents influences generic market launch in 

oncology would be presented through the analysis of the 

examples below. 

  First antineoplastic that would be analyzed is 

Celgene’s antineoplastic. The compound patent has 

expired, however, there is a valid Supplementary 

Protection Certificate (SPC) until 2022. Within the period 

of validity of the compound patent protection, Celgene 

has filed a patent application in 2003 for use of the 

antineoplastic for treatment of myelodysplastic syndrome. 

Additionally, in 2007 they filed a patent application for 

treatment of mantle cell lymphoma. With this patent 

strategy Celgene enjoys a monopoly on the market for 30 

years, and takes all the financial benefits from it. The only 

way for generics to market the product is to carve-out 

those indications.  

  The compound patent of Bristol-Myers Squibb’s 

antineoplastic has been revoked after opposition 

proceedings at EPO. They also filed applications for SPC 

and pediatric extension, which if were valid would 

prolong the monopoly of the compound patent for another 

two years. Since this strategy was not successful, they 

tried to   prevent generics on the market using the medical 

use patent as a barrier. There is a patent claiming the use 

of the compound for treatment of chronic myelogenous 

leukemia valid until 2024. In order to have early launch, 

generics would market the product without this indication, 

but the risk of indirect infringement is still there. With 

good business strategy and intellectual property 

knowledge the generics companies would have a good 

chance to remove that barrier.   

  Another example of ‘evergreening’ trend is BTG’s 

prostate cancer drug. The compound patent and SPC have 

expired in 2018. Also, there is аn existing patent claiming 

the use of the drug in combination with corticosteroid 

valid until 2027. Although in the initial patent analysis, 

the patent document may be identified as a patent 

claiming method of treatment and fixed-dose combination 

product, with comprehensive analysis of the PAR of this 

antineoplastic, it is clear that the originator drug is used 

only in combination with corticosteroid, and this patent 

document is also critical for generics launches. At the 

moment, the medical use patent is under opposition 

proceedings at EPO. If the final decision of EPO is 

invalidation of the patent, the date of earliest launch will 

be defined by other aspects. Since this is the main 

indication and the generics must have the same method of 

administration as a reference drug, this patent is crucial 

for generics business strategies, whether they will wait for 

EPO decision or they will launch the product with the risk 

of infringement. The extended originators monopoly for 

an average of 28 years for the mentioned drugs, shows the 

real situation that many generic companies are facing, the 

unfair practices which are broadly followed by originators 

to preserve the financial benefit.  

Although according to EMA regulations the generic 

companies could register the product with curve-out of 

patented indication, the risk of legal disputes is still 

present, since the indirect infringement of the medical use 

patents could be done by medical practitioners. 

 

Conclusion 

 

With patenting the second medical use of known 

compounds, originator’s monopoly is extended for 

compounds that are already a prior art. If so far, the main 

purpose of patents was scientific progress, the 

‘evergreening’ trend shows the aspiration of originators 

for economic advantages. Since there is a risk of indirect 

infringement, we assume that only major generic 

companies would take the risk to market products with 

non-patented therapeutic indications.  

In Europe where second medical use patents are 

allowed, we propose that stricter patentability standards 

should be applied when assessing their inventive 

contribution. Additionally, national laws should clearly 

determine the bounds of originator’s monopoly position. 

Hence, in order to launch their products without 

infringing originator’s patent rights, generic companies 

should indicate clearly in their patent information leaflets 

and SmPCs, the non-patented therapeutic indications for 

which the drugs could only be prescribed by practitioners.  
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Introduction 

 

Respiratory, and now we know that it is also a 

systemic disease that damages the blood vessels of internal 

organs, caused by the corona virus (COVID-19), has been 

identified as the cause of the pandemic that began in 2019. 

Severe Acute Respiratory Syndrome Coronavirus-2 

(SARS-CoV-2) is a member of the coronavirus family and 

is the cause of this serious disease (Adhikari et al., 2020). 

The COVID-19 virus is spread through saliva (droplets) by 

coughing and sneezing about 6 feet away from healthy 

people or by touching areas where the virus has remained, 

such as when holding hands, phone, etc. Liu et al., Based 

on the results of their study, concluded that angiotensin 

converting enzyme II (ACE2) is responsible as a receptor 

for the COVID-19 virus in humans (Liu et al., 2011). The 

disease ranges from mild and common colds to severe 

respiratory illnesses and acute respiratory syndrome. In the 

absence of effective and tested drugs and vaccines for 

eradication of the disease, in response to the resulting 

pandemic, public health recommendations were given in 

order to prevent the spread of infection with this new 

corona virus (WHO, 2020). Some disease factors have 

been clearly identified: diabetes, cardiovascular disease, 

hypertension, cancer and old age, as well as being 

overweight. The main pharmacotherapeutic protocols 

focus on three approaches to treatment depending on the 

clinical picture that has developed: antiviral agents - to 

prevent virus replication; immunomodulatory drugs - to 

alleviate the overemphasized immune response of the 

infected organism, which is very common in severe forms 

of the disease; drugs that prevent hypercoagulation leading 

to thrombotic complications. The approach to treatment 

itself is different in home and hospital conditions, 

depending on the severity of the clinical picture. 

Antibiotics were an integral part of treatment in case of 

need to prevent secondary bacterial infection due to a 

general decline in immunity. Supplementation with 

vitamin D and micronutrients (zinc, selenium, magnesium, 

vitamin C, probiotics) has proven to be an important part 

of disease therapy and recovery, and not just prevention 

before the disease develops. 

Material and methods 

Voluntary, anonymous, demographic-epidemiological 

cross-sectional study performed on respondents, students, 

average age 24 years. The survey was conducted from 

01.04. 2022. Until 08.04.2022. A purposefully formed 

three-part questionnaire was used. The personal data of the 

participants were omitted in order to maintain and protect 

the confidentiality of the obtained data. Upon completion, 

the final database was downloaded as a Microsoft Excel 

list. The first part of the questionnaire was intended to 

collect the necessary socio-demographic data on the 

surveyed population; The questions in the second part were 

related to the disease caused by the COVID-19 virus, 

method, length and place of treatment. Data are presented 

as a percentage in relation to the number of participants and 

in relation to the number of patients. 

Results and Discussion 

The study included a heterogeneous group of a total of 

194 students, mostly female (71%). The largest part of the 

surveyed population were students aged 21-25 years 

(93.3%), while the rest belonged to the age group 26-30 

years. Of that number of respondents, 109, ie. 56.18% of 

respondents had COVID - 19 infection. Out of the total 

number of respondents, only 12.37% stated that they had 
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been vaccinated against this disease, while almost a third 

of respondents did not answer this question (33%). Out of 

109 patients in 67.88% of cases, the infection was 

confirmed by a positive PCR test; of those 109 

respondents, 84.4% were treated at home. The clinical 

picture of the majority of patients (71%) required the use 

of antibiotics to prevent secondary bacterial infection. 

Hemomycin (50.45%) was used in the largest number of 

cases. The antiviral agent recommended by the WHO in 

the early stages of the pandemic was Remdesivir, which 

inhibits virus replication at the level of RNA synthesis. At 

the beginning of 2021, the drug Favipiravir became 

effective in outpatient treatment in the Republic of Serbia, 

effective in treatment if used no later than 3 to 5 days after 

the onset of symptoms. This drug was approved in Japan in 

2014 for the treatment of influenza, side effects and 

contraindications are known, it is not used in pregnant and 

breastfeeding women (Furuta et al., 2017). This drug was 

used in 19.26% of patients who became ill. In addition to 

antivirals, dexamethasone, a corticosteroid, has been used 

very successfully in the treatment of severe clinical picture 

in patients on oxygen therapy, and has given good results 

in the form of calming the immune response. In SARS-

Cov-2 virus infection, there is an increased, excessive 

release of pro-inflammatory cytokines, which damages 

tissue and can lead to damage to many organs, especially 

the lungs (Quek et al., 2021).  Hypercoagulation as a side 

effect of excessive inflammatory cascade is the main factor 

that increases mortality in patients with a more serious 

clinical picture of COVID-19. There is a strong association 

between the immune response and the coagulation cascade. 

The use of Aspirin 100 in our study is in line with these 

results, where out of the total number of patients in therapy 

and after treatment for a month, Aspirin 100 was used in 

21.10% of cases. Numerous studies and their results 

indicate that vitamin D supplementation is associated with 

improved and more favorable treatment outcomes for 

COVID-19 infection - especially if used after diagnosis of 

infection. There is an association between serum 

provitamin D levels and the number of infected patients 

(Moscatelli et al., 2017). In our study, 16.49% of patients 

used vitamin D as a supplement for 3 months after 

recovery. Viral infection also leads to depletion of the 

immune system accompanied by a lack of micronutrients 

and their reserves (Vitamin A, B6, B12, C, D, E and folate). 

Zinc supplementation may lead to the development of 

fewer respiratory infections, and thus COVID-19. 

Micronutrients including zinc, B vitamins, vitamin C and 

magnesium were used by 28.86% of respondents. 

 

 

 

Conclusion 

In addition to the course of treatment that requires the use 

of antivirals and immunomodulators, as well as antibiotics 

depending on the clinical picture of the disease, during 

recovery from COVID-19, it is necessary to recover the 

immune system - due to deficiency of many important 

substances for its maintenance (vitamins, minerals, 

essentials). matter). At the same time, it is necessary to 

prevent the synthesis of substances that would lead to the 

formation of blood clots (anticoagulants). It is clear that the 

virus leads to serious damage to the immune system, even 

in young people, where all available means are needed for 

the organism to recover. In the future, it is necessary to give 

more precise answers to many questions related to this 

disease, but also to intensify efforts to increase awareness 

of the importance of vaccination. 
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Introduction 

 

Health coaching is a method of educating the patient 

with the aim of improving his self-awareness, motivation, 

and responsibility, as well as an approach to acquiring 

knowledge, skills, and tools necessary for the active 

participation of patients in achieving health goals. Health 

coaching, which evolved from health education activities, 

provides support in lifestyle changes that improve the 

daily lives of patients suffering from chronic diseases. By 

applying health coaching, patients are provided with 

modern and unconventional health care that meets the 

needs of patients with chronic diseases and their lifestyle. 

This approach appears more and more often in the 

literature as an effective intervention that leads to savings 

in health care costs and better treatment outcomes. 

A health coach uses a range of strategies that include 

the application of scientific evidence, a clinical approach, 

and interventions to actively and safely engage patients in 

health behavior change to better "manage" their health, 

health risks, and acute or chronic health conditions. 

The search for solutions to the problems of health 

systems burdened with disease and treatment costs opens 

up new perspectives for health professions with flexible 

competencies such as pharmacy. The paper will show the 

familiarity, practice, and affinities of the pharmacy staff 

towards health coaching services as a starting point for 

directing professional development and professional 

training. 

Material and methods: 

In the cross-sectional observational study, a specially 

created structured questionnaire was applied, which 

consisted of several parts: socio-demographic 

characteristics of the respondents (I), practice and 

affinities towards health coaching services (II), and the 

need for professional training (III). The sample was 

formed by the method of random selection. The survey 

process was carried out electronically, anonymously, and 

on a voluntary basis using the Google Forms service. The 

results were processed with descriptive statistics. 

Results and discussion 

One hundred (100) questionnaires were filled out. In 

the sample of respondents, 57% were graduate 

pharmacists, while 43% were pharmacy technicians. More 

than half of the respondents (56%) had up to 10 years of 

work experience; Further investigation revealed that some 

of the respondents (73%) who believe that they could 

provide more and help chronic patients more effectively 

expressed the following views: 56 respondents believe 

that "support in the development of self-help skills and 

techniques (insulin administration, blood pressure control, 

care of feet, lining application, etc.); studies by other 

authors that included people with pre-diabetes with 

intervention in nutrition, physical activity, stress 

management, and sleep regime, indicated that 

participation in training contributed to preventing the 

progression of diabetes and led to an improvement in 
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overall health. DiDonato et al. monitored cholesterol 

levels and body weight and proved the impact of wellness 

coaching and monitoring on improving clinical 

parameters.  

In our group of respondents who believe they can make a 

greater contribution to patients with chronic diseases, 47 

want to help "understand/explain the patient's illness, 

everything related to it, and how to adapt to the situation," 

while 44 see value in "regular communication about the 

changes that the patient notices when taking the drug(s)." 

More than half of the respondents of this group (53.42%) 

believe that they can provide "help in organizing the day 

so that the patient manages to fulfill the doctor's advice 

and fulfill his regular obligations". More than a third of 

respondents (39.73%) spoke positively about the 

importance of cooperation in discovering obstacles in 

adherence, which, according to the study by Martin et al. 

(2005) represents a serious challenge: about 70% of 

patients did not follow the recommendations for changing 

lifestyle habits. About 20% of respondents in our study 

supported the organization of support groups for chronic 

patients and cooperation in controlling the effects of 

treatment on the patient's health condition as a service that 

would lead to a change in the behavior of chronic 

patients. 15.07% of respondents were interested in 

cooperation with the patient in setting treatment goals. 

 

Conclusion  

 

In the last few years, there has been an interest in 

"guiding" people in order to achieve optimal health, 

which has resulted in the promotion of training for health 

training, where the role of the health coach is based on 

guiding people with health problems. Training for health 

leads to changes in health behavior and favorable health 

outcomes. 

Preservation and improvement of health are the 

primary goals of pharmaceutical health care. Methods and 

techniques for their realization are constantly updated and 

pose new challenges for the pharmaceutical staff, i.e., 

their professional development and growth. 
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Introduction 

The continued surveillance and monitoring of safety is 

a crucial, mandatory part of the life cycle of medicinal 

products. The monitoring and assessment of drug-related 

problems, adverse drug reactions and adverse events begin 

from the earliest phases of drug development and expand 

into later phases. By the time of the marketing 

authorization application, the available data must be 

sufficient to prove a positive benefit/risk balance. 

However, the safety surveillance continues in the post-

marketing phase with detection, collection, assessment and 

understanding of information on adverse drug reactions 

and other drug-related problems, known as the science of 

pharmacovigilance. (Rolfes et al., 2017) The sources of 

information on the safety of medicines are numerous and 

include scientific literature, clinical trials and post-

marketing studies. Furthermore, the systems for 

spontaneous reporting of adverse drug reactions (ADR) are 

believed by many to be the most valuable source of safety 

information on medicines. (Health on the net foundation; 

World Alliance for Patient Safety, WHO Draft guidelines, 

2005) Since 2012 the legislation of the European Union 

allows patients and consumers to report directly to the 

national competent authorities cases of adverse drug 

reactions. (Directive 2010/84/EU) This concept is now 

fully acknowledged by many countries within and outside 

the EU, as reports coming from patients do not differ 

significantly in quality of information while at the same 

time providing a more personal view on the burden of the 

adverse reactions to the everyday life. (Heringa et al., 2018; 

Macedonian agency for medicines and medical devices) 

Having in mind the importance of spontaneous reporting in 

the assessment of medicines’ safety, the creation and 

maintenance of a system for collection of patients’ ADR 

reports is considered a significant part of the activities of 

national regulators. The current study aims at exploring the 

existing possibilities for direct patient reporting of adverse 

reactions in Bulgaria and the Republic of North Macedonia 

as well as a parallel between the legislative framework in 

both countries. 

Materials and methods 

For the purpose of the study, a comparison between 

the legal documents on medicines in the two countries has 

been made. The main focus was requirements on activities 

and stakeholders in the field of post-marketing drug safety 

surveillance. The responsibilities of the national regulators 

have been analyzed as well as the functionalities for online 

ADR reporting on the corresponding sites. Ad-hoc search 

of the pharmacovigilance information on the websites was 

conducted in terms of essence and frequency of publication 

of the available information. 

Results and discussion   

Legal framework - In Bulgaria, the main legal document 

on medicines is the Law on medical products for human 

use where Chapter 8 is entirely dedicated to drug safety 

activities and the national pharmacovigilance system. A 

separate Ordinance № 8/2008 on requirements for 

collecting information on adverse drug reactions within the 

country used to exist but it is no longer applicable to local 

reporting from 2012. All individual case reports for 

adverse reactions must be submitted by the Bulgarian drug 

agency (BDA) to the European medicines agency (EMA) 
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via the Eudravigilance system. In addition to the national 

law, the European guidelines on Good pharmacovigilance 

practice are also applicable to pharmacovigilance 

activities. Bulgarian representatives take part in the 

monthly EMA’s Pharmacovigilance risk assessment 

committee meetings. In Bulgaria requirements and 

activities related to medical devices are detailed in a 

separate Law on medical devices. (Law on medical 

devices, 2020; Law on medicinal products for human use, 

2020). In the Republic of North Macedonia, the main law 

on medicines is called Law on medicines and medical 

devices where section III.6 is dedicated to 

pharmacovigilance. (Law on medicines and medical 

devices, 2007). In both countries, there are separate 

national institutions responsible for drug regulation. In the 

context of pharmacovigilance, the abovementioned 

national competent authorities are responsible for the 

collection and analysis of drug safety information.   

National competent authorities - In both countries, 

institutions responsible for the regulatory affairs related to 

medical products are established. In Bulgaria, this is the 

Bulgarian drug agency (BDA) and in the Republic of North 

Macedonia – the Macedonian agency for medicines and 

medical devices (Malmed). Both agencies are responsible 

for medicinal products for human use and medical devices. 

In Malmed there is a division on pharmacovigilance and 

materiovigilance. According to the Malmed website, all 

pharmacovigilance activities are exercised by the National 

pharmacovigilance center. In BDA all activities regarding 

medical devices are performed by division “Medical 

devices”. Pharmacovigilance is a separate sub-structure in 

the department “Pharmacovigilance and Clinical trials”. 

(Bulgarian drug agency, Macedonian agency for medicines 

and medical devices) 

Functionalities of websites - On the websites of Malmed 

and BDA organigrams and contact details of the head of 

departments are available. In a separate section are 

published the latest versions of legal documents applicable 

to the pharmaceutical sector. On the Malmed website, there 

are two sections dedicated to safety surveillance: 

pharmacovigilance and materiovigilance. On BDA’s 

website, there is no separate section dedicated to 

materiovigilance. On both websites patients and consumers 

have the opportunity to report ADR via an online reporting 

form. Healthcare professionals (HCP) can also report drug-

related problems using a different online form. On Malmed 

there are also patient and HCP’s forms for reporting 

incidents (adverse events) related to medical devices. This 

functionality could not be found on BDA’s website. 

However, there is a direct link to the EMA’s list of 

medicines under additional monitoring. On the websites of 

the national competent agencies, educational materials and 

direct healthcare professionals’ communications related to 

new information on drug safety are frequently uploaded. 

(Bulgarian drug agency, Macedonian agency for medicines 

and medical devices). 

Conclusion 

The conducted study showed a lot of similarities in the 

organization of national pharmacovigilance systems in 

Bulgaria and the Republic of North Macedonia. In both 

countries patients and consumers have the opportunity to 

report adverse reactions which is of utmost importance in 

drug safety surveillance. Differences are seen mostly in 

medical devices regulation and materiovigilance. Future 

collaboration between BDA and Malmed could be useful 

for the improvement of national pharmacovigilance 

systems and strengthening the role of drug safety 

specialists in the Balkan region.  

References 

Bulgarian drug agency, http://www.bda.bg/index.php  

Directive 2010/84/EU. Directive 2010/84 of the European 

Parliament and of the Council of 15 December 2010 

amending, as regards pharmacovigilance, Directive 

2001/83/EC on the Community code relating to medicinal 

products for human use. 2012 

http://ec.europa.eu/health/files/eudralex/vol-

1/dir_2010_84/dir_2010_84_en.pdf  

Health on the net foundation, 

http://www.hon.ch/Global/pdf/TrustworthyOct2006.pdf  

Heringa, M., Floor-Schreudering, A., Wouters, S., De Smet, P., 

Bouvy, M., 2018. Preferences of patients and pharmacists 

with regard to the management of drug-drug interactions: a 

choice-based conjoint analysis, Drug Safety (41), 179-189. 

Law on medical devices, 2020, 

https://www.bda.bg/images/stories/documents/regulations/z

akoni/ZMI.pdf 

Law on medicinal products for human use, 2020, 

https://www.bda.bg/images/stories/documents/regulations/z

akoni/%D0%97%D0%9B%D0%9F%D0%A5%D0%9C.pd

f   

Law on medicines and medical devices, 2007, 

https://malmed.gov.mk/wp-content/uploads/2-Zakon-za-

lekovite-i-medicinskite-pomagala-osnoven-tekst-Sl.Vesnik-

br.106-od-2007.pdf 

Macedonian agency for medicines and medical devices, 

https://malmed.gov.mk/  

Rolfes, L, van Hunsel, F., van der Linden, L, Taxis, K., van 

Puijenbroek, E., 2017. The Quality of Clinical Information 

in Adverse Drug Reaction Reports by Patients and 

Healthcare Professionals: A Retrospective Comparative 

Analysis. Drug Saf. 40(7), 607-614. 10.1007/s40264-017-

0530-5   

World Alliance for Patient Safety. WHO Draft Guidelines for 

Adverse Event Reporting and Learning Systems. World 

Health Organization (WHO/EIP/SPO/QPS/05.3). 2005. 

 

 

http://www.bda.bg/index.php
http://ec.europa.eu/health/files/eudralex/vol-1/dir_2010_84/dir_2010_84_en.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/dir_2010_84/dir_2010_84_en.pdf
http://www.hon.ch/Global/pdf/TrustworthyOct2006.pdf
https://www.bda.bg/images/stories/documents/regulations/zakoni/ZMI.pdf
https://www.bda.bg/images/stories/documents/regulations/zakoni/ZMI.pdf
https://www.bda.bg/images/stories/documents/regulations/zakoni/%D0%97%D0%9B%D0%9F%D0%A5%D0%9C.pdf
https://www.bda.bg/images/stories/documents/regulations/zakoni/%D0%97%D0%9B%D0%9F%D0%A5%D0%9C.pdf
https://www.bda.bg/images/stories/documents/regulations/zakoni/%D0%97%D0%9B%D0%9F%D0%A5%D0%9C.pdf
https://malmed.gov.mk/wp-content/uploads/2-Zakon-za-lekovite-i-medicinskite-pomagala-osnoven-tekst-Sl.Vesnik-br.106-od-2007.pdf
https://malmed.gov.mk/wp-content/uploads/2-Zakon-za-lekovite-i-medicinskite-pomagala-osnoven-tekst-Sl.Vesnik-br.106-od-2007.pdf
https://malmed.gov.mk/wp-content/uploads/2-Zakon-za-lekovite-i-medicinskite-pomagala-osnoven-tekst-Sl.Vesnik-br.106-od-2007.pdf
https://malmed.gov.mk/


 

 

 

 

 

 

 

Clinical pharmacy 

 



 



 

 

Macedonian pharmaceutical bulletin, 68 (Suppl 1) 539 - 540 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.258 

Short communication 

 
 

*emihajloska@ff.ukim.edu.mk                                                                                                                  S8 OP 01 

COVID-19 vaccination in rituximab-treated patients with 

rheumatic disorders 

 

Evgenija Mihajloska
1*

, Aleksandar Dimkovski
1
, Dubravka Antova

2
,
 
Ana Vasilevska

2
, 

Aleksandra Grozdanova
1,
 Zorica Naumovska

1
, Aleksandra Kapedanovska Nestorovska

1
, 

Zoran Sterjev
1
, Bashkim Osmani

2
 Ljubica Suturkova

1 

  

1
Faculty of Pharmacy, Ss. Cyril and Methodius University in Skopje,str. Mother Tereza 47, 1000 Skopje, R.N. Macedonia 

2
 University Clinic of Rheumatology, Skopje, str. Mother Tereza 17, 1000 Skopje, R.N. Macedonia 

 

Introduction 
 

Different viral agents including severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) are 

associated with an increased risk of more severe disease 

course in patients with autoimmune and inflammatory 

rheumatic diseases (Conway et al., 2022). Prioritized 

vaccination for COVID-19 is recommended in these 

patients before the general population of similar age and 

sex. (ACR COVID-19 Vaccine Clinical Guidance, 2022).  

Although vaccines against SARS-CoV-2 remain the 

most important way to stop the pandemic, patients with 

rheumatic and musculoskeletal diseases who are currently 

on treatment with rituximab show impaired 

immunogenicity toward vaccines.  Rituximab is a 

chimeric monoclonal antibody that targets the CD-20 

antigen on B-lymphocytes. Its use is associated with 

prolonged B-cell depletion, severe disease and prolonged 

hospitalization in patients with rheumatic diseases 

infected with COVID-19 (Levavi et al., 2021).  

Regarding COVID-19 vaccination for 

immunocompromised patients, The American College of 

Rheumatology (ACR) has published guidance on 

supplemental and booster doses and recommendations for 

the timing of vaccination concerning immunomodulatory 

medication including rituximab.  Vaccination for 

rituximab-treated patient is recommended 2-4 weeks 

before the next anticipated rituximab dose (e.g., at month 

5.0 or 5.5 for patients on an every 6 month rituximab 

dosing schedule), when the effect of the previous dose of 

rituximab is weakest (ACR COVID-19 Vaccine Clinical 

Guidance, 2022).    

There are concerns about risks of COVID-19 

breakthrough infections in vaccinated patients with 

immune-mediated inflammatory diseases, but the data on 

COVID-19 breakthrough infections in patients with 

rheumatic disorders treated with immunosuppressant is 

still limited. 

Our objective was to analyze COVID-19 vaccination 

in rituximab-treated patients with rheumatic disorders and 

compare characteristics and outcomes of COVID-19 in 

vaccinated and unvaccinated patients.  

 

Materials and methods  

 

In this retrospective cohort study, we analyzed data 

from the e-health national system “MojTermin”, which 

included patients from University Clinic of Rheumatology 

in Skopje, who were 18 years or older with inflammatory 

rheumatic disorders treated with rituximab. Using this 

data we analyzed the type, date and doses of SARS-CoV-

2 vaccines, demographic characteristics, type of 

rheumatic disorders, concurrent treatment and 

comorbidities among the patients.  The main focus was 

put on COVID-19 outcomes related to SARS-CoV-2 

pneumonia, hospitalization rate and death between 

vaccinated and unvaccinated patients. Patients who had 

received two doses of vaccination and presented with 

COVID-19 ≥14 days after the second vaccine dose were 
considered as ‘fully vaccinated’. Fisher’s exact test and 

Kaplan-Meier survival analysis were used to compare 

COVID-19 outcomes between vaccinated and 

unvaccinated patients. Statistical package MedCalc 

version 20.1111 was used. 

Results and discussion 

Between January 2020 and April 2022, 135 patients 

with rheumatic diseases treated with rituximab (85.92 % 

women with a mean age of 58 years) were recorded.               

The most frequent diagnoses were rheumatoid arthritis 
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(91.1 %), systemic lupus erythematosus (3.7 %), systemic 

sclerosis (2.9 %), granulomatosis with polyangiitis and 

vasculitis (2.9 %), and one patient (0.7 %) with 

dermatomyositis.   Comorbidities were present in about 

30% of the patients, with arterial hypertension being the 

most common. Glucocorticoids were administered to 

approximately one-third of the patients, with figures 

similar for treatment with biological and targeted 

synthetic disease-modifying antirheumatic drugs. 

Of these patients, 50 were unvaccinated, while 85 

had received two doses of SARS-CoV-2 vaccine, namely, 

Pfizer/BioNTech in 32 (37.6 %), Sinopharm in 26 (30.5 

%), CoronaVac/Sinovac in 17 (20 %), Sputnik V in 5 (5.8 

%) and AstraZeneca in 5 (5.8 %).  25 patients had 

received the third dose of Pfizer/BioNTech. Among the 

85 vaccinated patients, 75 had received two doses of 

COVID-19 vaccine after the last dose of rituximab. The 

median time from the last rituximab dose to COVID-19 

vaccination was 9 months.  

51 rituximab-treated patients were with an RT-PCR-

 confirmed SARS-CoV-2 infection. Of these, 13 (25.4%) 

were breakthrough infections. Among the breakthrough 

infections, 12 (92.3%) were female, the median age was 

58 years and 10 (76%) patients had ≥1 comorbidity. The 

median time from the second vaccine dose to COVID-19 

diagnosis (positive PCR) was 150 (range 60-240) days. 

Between vaccinated and unvaccinated rituximab- 

treated patients, there were differences in terms of 

COVID-19 outcomes. The majority of unvaccinated 

patients (including those who received COVID-19 

vaccine after SARS-CoV-2 infection) (26/38, 68.4 %) 

were with presence of SARS-CoV-2 pneumonia, 

compared with fully vaccinated patients (7/13, 53.8 %).  

Hospitalization rates were higher in unvaccinated (24/38, 

63.1 %) compared with fully vaccinated (7/13, 53.8%) 

patients. There were seven deaths among unvaccinated 

(18.4 %) compared with none among vaccinated patients 

with COVID-19. Median time till death after rituximab 

last dose was 120 days.  

Taking into consideration that most of the patients 

were fully vaccinated, this study shows that patients and 

physicians adhered to the recommendations of ACR 

COVID-19 Vaccine Clinical Guidance. The majority of 

the patients got infected 120 days after the second dose. 

This can be explained by the fact that vaccine efficacy 

declines over time which why third dose is highly 

recommended. Only two patients (8 %) got infected, two 

months after receiving the third dose. Antibody response 

to vaccination was not routinely measured in this study, 

even the response might have been weakened by anti-

CD20 treatment. Additionally, temporal fluctuations of 

the viral load during 2021 in our country have an impact 

in our results. There were no statistically significant 

differences in SARS-CoV-2 pneumonia and 

hospitalization rate between vaccinated and unvaccinated 

groups (p > 0.05), possibly due to the low number of 

patients. It should be noted that unvaccinated patients 

were associated with lower survival probability (log rank 

P = 0.0209), and no deaths were reported in fully 

vaccinated patients which is comparable to the results 

described by a previous similar observational study 

(Papagoras et al., 2022).  

Conclusion 

According to our findings fully vaccinated patients 

with rheumatic disorders have better COVID-19 outcome 

compared to unvaccinated patients, despite the 

immunosuppressive treatment with rituximab.  
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Introduction 

According to the GUIDELINE FOR GOOD 

CLINICAL PRACTICE ICH E6 (R2): Good Clinical 

Practice (GCP) is an international ethical and scientific 

quality standard for designing, conducting, recording and 

reporting trials that involve the participation of human 

subjects. Compliance with this standard provides public 

assurance that the rights, safety and well-being of trial 

subjects are protected; consistent with the principles that 

have their origin in the Declaration of Helsinki, and that 

the clinical trial data are credible.  

Section 4.11 “Safety Reporting”; Section 5.16 

“Safety Information”; and Section 5.18.4 “Monitor's 

Responsibilities” of this Guideline define responsibilities 

for safety evaluation and adverse drug reaction reporting. 

These stipulated responsibilities regarding safety 

apply to Bioequivalence studies (BES) too.  

 

Objective  

 

The aim of this paper is to present the safety outcome 

(appearance of adverse drug events, their assessment, 

reporting and actions undertaken) from two Bioequivalent 

studies conducted in the period 2018/2021.  

 

Material and methods 

 

Two comparative, randomized, single-dose, 2-way 

crossover bioavailability studies for determining 

bioequivalence (similarity in terms of safety and efficacy) 

between Test and Reference medicinal product were  

 

assessed for safety outcomes in 80 healthy female and 

male volunteers in total.  

 

The clinical part of both studies was conducted at the 

Medical Faculty of Ss. Cyril and Methodius University,  

Department of Preclinical and Clinical Pharmacology 

& Toxicology as Clinical Study Center.   

REPLEK FARM LTD Skopje was a sponsor of the 

both studies. 

The studies were monitored in standard (on-site) and 

hybrid way (on-site and by using questionnaire in 

compliance with protocols for conducting clinical trials 

during COVID-19 pandemic). 

The first study was a pre-marketing study and has 

compared the bioavailability of Test medicinal product 

Sildenafil 100 mg film-coated tablets, manufactured by 

REPLEK FARM LTD Skopje, Republic of North 

Macedonia with Reference medicinal product Viagra® 

100 mg film-coated tablets, manufactured by Fareva 

Amboise, Poce-sur-Cisse, France, Marketing 

Authorization Holder: Pfizer Limited, Sandwich Kent, 

UK. 

Thirty six volunteers from this study were assessed 

for safety outcomes. 
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The second study was a post-marketing study and has 

compared bioavailability of Test medicinal product 

AZIMED 500 mg film-coated tablets, manufactured by 

REPLEK FARM LTD Skopje, Republic of North 

macedonia with Reference medicinal product 

ZITHROMAX 500 mg film-coated tablets, manufactured 

by Laboratórios Pfizer, Lda., Porto Salvo Portugal, EU. 

Marketing Authorization Holder: Laboratorios Pfizer Lda, 

Portugal, EU. 

Forty four volunteers from this study were assessed 

for safety outcomes. 

 

Results and discussion 

 
There were four different adverse events noted in the 

first study, all known as undesirable effects of sildenafil 

and therefore all assessed as ‘probably’ or ‘possibly’ 
related to the study medication, i.e., erection increased, 

flushing, vision color distortion (cyanopsia) and 

headache, occurring with various frequency.  

After 70 administrations of study medications to 36 

subjects, 14 cases of post-dose adverse events were 

reported.  

Most frequently reported AE was ‘erection 

increased’, which occurred in 5 subjects (13.89 %) who 

received treatment A and 6 subjects (17.65 %) who 

received treatment B. Other three AEs, were reported with 

lesser frequency: headache occurred in 1 subject (2.78%) 

who received treatment A, flushing occurred in 1 subject 

(2.78%) who received treatment A and vision color 

distortion (cyanopsia) occurred in 1 subject (2.78%) who 

received treatment B.  

The severity of all 14 AEs was graded as “mild”.  
All AEs experienced during this study resolved 

completely by the end of the study. 

In the second post-marketing study, a total of 10 

post-dose AEs were reported by 6 (13.64%) of the 44 

subjects. Three AEs (nausea-3) were reported by 6.98% 

(n=3) of the 43 subjects who received Treatment A.  

Seven AEs (headache-2, vomiting-2, anxiety-1, 

nausea-1, abdominal pain-1) were reported by 9.09% 

(n=4) of the 44 subjects who received Treatment B.  

The most commonly reported AE was nausea, 

reported by 9.09% (n=4) of subjects who constituted the 

safety population. Of the 10 AEs reported, 8 were graded 

as mild and 2 were graded as moderate. 

All AEs experienced during this study resolved 

completely by the end of the study.  

No severe adverse events, expected or non-expected 

serious adverse events or deaths occurred during both 

studies. These adverse events were included in the Final 

report submitted to the regulatory authority. 

All adverse events that occurred while conducting 

both studies were included in Sponsor’s Monitoring 

report as well as in the Annual and Periodic Safety Report 

submitted to the regulatory authority. 

 

Conclusion 
 

Although Bioequivalence studies are based on 

bioavailability comparison towards Reference product 

with known safety profile, adverse events with different 

intensity, frequency and/or relationship of adverse events 

to study drug can occur. 

Pharmacovigilance in clinical trials, including the 

bioequivalence studies should be part of Risk based 

quality trial management and integrated monitoring based 

on identification of critical risks with focus on already 

known serious adverse events, risk assessment, defined 

risk control mechanisms as systematic end-to-end risk 

control. 

Thinking about further perspectives of monitoring in  

Bioequivalence studies (including pharmaco-vigilance) in 

light of  intensive overall digitalization and technology 

applied, as well as the accumulated experience from 

conducting trials during COVID-19 pandemic, hybrid 

(on-site and centralized) and centralized (remote) 

monitoring are imposed as possible future forms, mostly 

due to cost containment and possibility of daily-based 

subject centered monitoring.   

Additionally, cognitive models that analyze safety 

data obtained from safety examination, such as algorithm 

driven automated alerts with embedded Artificial 

Intelligence/ Machine learning are also imposed as 

possible future tools for monitoring and managing the 

studies, clinical site and subject data, including safety 

outcomes. 
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Introduction 

 

Gut microbiota is a complex ecosystem composed of 

various microorganisms, mostly bacteria, that mediate the 

interaction of the human host with their environment and 

have a huge impact on the overall human health. The 

composition of gut microbiota is relatively stable 

throughout the life. However, a number of factors have 

been associated with variability in microbiota 

composition or function, including diet, stress, sex 

hormones, different xenobiotics, environmental toxicants 

and the number of drugs consumed such as antibacterial 

agents or proton pump inhibitors. Emerging evidence 

suggests that these factors mutually shape the gut 

microbiome throughout an individual’s lifespan, resulting 

in a unique and personalized microbial fingerprint. It has 

been shown, that disturbances in gut microbiota 

composition and function are associated with many 

chronic diseases, from gastrointestinal to different 

systemic diseases. The role of intestinal bacteria in 

therapeutic outcome of patients to drugs has recently 

become the subject of extensive research, due to high 

metabolic capacity and interindividual variations in 

composition that may be the consequence of 

unpredictable response toward drug therapy (Li et al., 

2016; Stojančević et al., 2014; Weersma et al., 2020).  

Therefore, the aim of the current review is to 

summarize and elucidate the role of the gut microbiota in 

drug metabolism and bioaccumulation and the 

consequences of these interactions.  

 

 

 

Materials and methods 

 

A literature search was carried out in the PubMed 

database searching through original and review articles, 

published from 2010-2022. A following combination of 

keyword has been used: gut microbiota, drug metabolism, 

drug bioaccumulation, drug biotransformation. 

 

Results and discussion 

 

Drug metabolism by host tissues, such as the liver, has 

been well studied. The role of intestinal microbiota in this 

process is still insufficiently explored, but essential, field 

of study in pharmacology and toxicology. As the gut 

microbiota encode a substantively larger number of genes 

than its human host, it is obvious that they are able to 

undertake a variety of metabolic functions that humans 

are unable to do or are only able to do in a limited 

capacity. In addition to metabolism of nutrients and 

endogenous substances such as bile acids and vitamins, 

intestinal bacteria play a crucial role in biotransformation 

of many xenobiotics. To date, at least 30 commercially 

available drugs have been shown to be substrates of gut 

microbes-derived enzymes, and an increasing number of 

drugs may have the potential to contact with the distal 

gut. Drugs which are good candidates to interact with gut 

microbiota are those that are orally administered but have 

low solubility, low permeability or both and thus reach 

the lower parts of gastrointestinal tract where the number 

of bacteria is the highest (Li et al., 2016; Stojančević et 

al., 2014; Weersma et al., 2020). 
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Metabolism of drugs by gut microbiota 

 

The metabolism of drugs by gut microbiota prior to 

absorption can alter the systemic bioavailability and 

overall therapeutic outcome of certain drugs. Contrary to 

liver which is mainly responsible for metabolism via 

oxidation and conjugation, intestinal bacteria are mostly 

involved in reductive and hydrolytic reactions. Among 

them, hydrolytic enzymes including β-glucosidase and β-

glucuronidase are the most predominant and exhibit the 

strongest activities across bacterial species. The most 

commonly enzyme activities mediating reduction are azo-

reductase, nitro-reductase, and nitrate reductase. 

Additionally, the intestinal bacteria express enzymes 

involved in reactions of decarboxylation, 

dehydroxylation, dealkylation, dehalogenation, 

deamination as well as in metabolism of glutathione 

conjugates. Biotransformation of drugs by intestinal 

bacteria may lead to drug activation, drug inactivation, 

increased toxicity of drugs because of reduced 

metabolism, altered efficacy, or adverse drug interaction 

(Đanić et al., 2019; Đanić et al., 2021; Li et al., 2016; 

Stojančević et al., 2014)  

 

Bioaccumulation of drugs by gut microbiota 

 

Until recently, biotransformation was thought to be 

the main mechanism how intestinal bacteria may affect 

the bioavailability of drugs. Some recent studies pointed 

to the new mechanism of interactions between intestinal 

microbiota and drugs - drug bioaccumulation in bacteria. 

Drug bioaccumulation by bacteria refers to bacteria 

storing the drug intracellularly without chemically 

modifying it, and in most cases without the growth of the 

bacteria being affected (Cohen and Kelly, 2022; 

Klünemann et al., 2021; Đanić et al. 2019). In a recently 

published study, scientists from the University of 

Cambridge revealed that some common drugs such as 

antidepressant duloxetine, can accumulate in gut bacteria 

altering bacterial function that consequently may reduce 

the drug effectiveness.  On the other hand, certain drugs, 

such as montelukast and roflumilast, can both be 

bioaccumulated and biotransformed by intestinal bacteria 

(Klünemann et al., 2021). 

 

Conclusion 

 

To summarize, the gut microbiota is another 

metabolically active compartment in human body together 

with classical drug metabolism in the liver that affects the 

safety and effectiveness of drugs. In addition, implication 

of gut microbiota may be achieved through the 

bioaccumulation of different drugs that may also alter 

drug availability, pharmacokinetics and overall 

therapeutic outcome in patients. Although the implication 

of gut microbiota to drug pharmacokinetics and toxicity is 

increasingly recognized, it still remains largely 

unexplored area due to the extremely complex 

relationship between the gut microbiota and host. The 

future investigation and deeper understanding of gut 

microbial impacts on drug metabolism and toxicity will 

not only facilitate the way of personalized medicine, but 

also improve rational drug design. 
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Introduction  

Coronavirus disease 2019 (COVID-19) caused by 

severe Acute Respiratory Syndrome Coronavirus (SARS-

COV 2) was first identified as an outbreak of respiratory 

illness in Wuhan City, China in 2019. (Wu et al., 2020). 

Since then, SARS-COV2 has deeply impacted every 

aspect of health and wellbeing. Patients hospitalized with 

SARS-COV2 are mostly elders with co-morbidities (such 

as hypertension, diabetes mellitus, cardiovascular, lung 

and kidney diseases) and getting polypharmacy increases 

risk factors for developing drug-drug interactions (DDIs). 

Aging is related with physiological changes that affects 

the pharmacokinetics and pharmacodynamics of drugs, 

leading in rise of drug-related toxicity.  Patients who 

already were in polypharmacy treatment, had to deal with 

the addition of specific treatments for SARS-COV2 

infection. Treatment of SARS-COV2 included use of 

antibiotics, antivirals, corticosteroids, anticoagulants, 

analgesics, thus when being prescribed to a hospitalized 

patient with co-morbid disease it may lead to developing 

DDIs.  

Materials and methods  

A retrospective, observational study, which includes 

20 patients with a proven diagnosis of severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) 

infection who were hospitalized between March and April 

2021 in Internal Department in Ferizaj’s Regional 

Hospital. Drugs were analyzed for interactions by 

utilizing Medscape drug checker, a Computerized 

Prescription Support System that classifies potential DDIs 

according to their clinical relevance. When the drugs were 

entered in the tool, it displayed the potential DDIs and 

classified them based on severity as contra-indicated, 

serious (risk of life threatening drug interaction; use 

alternative drug), significant–monitor (potential for 

dangerous interaction, use with caution and monitor 

closely) and minor (non-significant interaction). 

Results and discussion 

From the total number of hospitalized patients 

(N=20), female 55% with mean age 66, while 45% were 

male with mean age 62 years old. Out of 20 patients 5 

(25%) of them were prescribed 6 drugs for Covid-19 

treatment post-hospitalization, while four patients (20%) 

were prescribed with 9 drugs also four patients used 5 

drugs in treatment. Two patients (10%) were treated with 

7 drugs, two other patients were treated with 8 drugs and 

two patients were prescribed 10 drugs at the same time. 

Only one patient was prescribed 4 drugs for its treatment. 

In this study 6 of the 20th patients had zero drug 

interactions in the therapy, following with 1 DDI was 

found in 5 patients. Three patients had 2 interactions, 2 

patients had 3 interactions also 2 patients had 5 DDI in 

their discharge therapy. We found only one case with 4 

interactions and only one case with 10 interactions.  

The most frequently prescribed drugs were oral 

antibiotics 15.8% (mainly Cefixime, Levofloxacin, 

Ciprofloxacin), followed by proton pump inhibitors-PPIs 

(pantoprazole, esomeprazole), and oral anticoagulants 

15% (such as rivaroxaban and aspirin). Most of the 

patients were prescribed oral corticosteroids 12.5 % for a 

short period of time, also Vitamin D was prescribed to 18 

patients throughout therapy. All patients have been with 

chronic therapy and were using antihypertensive agents 

mailto:dhurata.bytyqi@hotmail.com


546  Clinical Pharmacy 

 

Maced. pharm. bull., 68 (Suppl 1) 545 - 546 (2022) 

mainly [ACE] inhibitors, β-blockers, diuretics, insulin, 

hypoglycemic agents, thyroid hormones and statins. Few 

patients were using bronchodilator, and only two patients 

were prescribed analgesics to use as needed. Only one 

patient was using selective estrogen receptor modulator 

therapy SSRIs at the same time. 

We couldn’t find any serious interactions, although 

the highest number of interactions were monitored 

interactions 13 respectively 54.17% continuing with 11 

minor interactions (45.83%). 

The monitor drug interactions were: 

• Methylprednisolone combined with Atorvastatin has 

shown that methylprednisolone will decrease the effect 

of atorvastatin by affecting hepatic/intestinal enzyme 

CYP3A4 metabolism. 

• Tamoxifen increases levels of Rivaroxaban by affecting 

hepatic/intestinal enzyme CYP3A4 metabolism, we 

should pay attention in patients with renal impairment 

receiving Rivaroxaban  

• Pantoprazole increases toxicity of Theophylline. 

Prolonged use of proton pump inhibitors can cause 

hypochlorhydria, which in turn causes peristalsis in 

small intestine to increase and peristalsis in the proximal 

colon to decrease. 

• Aspirin combined with Methylprednisolone increases 

toxicity of the other by pharmacodynamic synergism, 

also it increased risk of GI ulceration. 

• Methylprednisolone and Levofloxacin/ Ciprofloxacin 

may increase risk of tendon rupture. 

• Ciprofloxacin/ Levofloxacin increases the effect Insulin 

Aspart by pharmacodynamics synergism. Hyper and 

hypoglycemia have been reported in patients treated 

concomitantly with quinolones and antidiabetic agents.  

• Levofloxacin increases effects of Sitagliptin by 

pharmacodynamic synergism. Quinolone antibiotic 

administration may result in hyper- or hypoglycemia. 

The minor drug interactions were: 

• Methylprednisolone decreases levels of Aspirin by 

increasing renal clearance. 

• Methylprednisolone decreases effects of Insulin 

Aspart/Detemir and Sitagliptin by pharmacodynamic 

antagonism, control your blood sugar levels closely. 

• Methylprednisolone and Furosemide and 

Hydrochlorothiazide have a pharmacodynamic 

synergism in organism. Risk of hypokalemia, especially 

with strong glucocorticoid activity. Few side effects may 

be cause muscle pains or cramps, loss of appetite, 

weakness, dizziness, or confusion. 

• Cefixime increases toxicity of Furosemide by 

pharmacodynamic synergism. Increased risk of 

nephrotoxicity. 

• Hydrochlorothiazide decreases effects of Insulin 

Detemir/Aspart by pharmacodynamic antagonism. When 

thiazide dosage >50 mg/day may increase blood glucose. 

• Pantoprazole decreases levels of levothyroxine by 

increasing gastric pH. 

The role of anticoagulant-Rivaroxaban in the prevention 

and treatment of thromboembolic complications of 

COVID-19 has been widely established. In an 

observational study involving 320 patients with Covid-

19 have received Rivaroxaban 10mg/day resulted in 

better clinical outcomes, including a reduction in major 

and fatal thromboembolic events without increasing 

major bleeding. (Ramacciotti et al., 2022). The fact that 

30% of COVID-19 patients had no drug interactions at 

hospital discharge and zero serious interaction were 

found comparing with Ali et al. where they have found 

41 major interactions (Ali et al., 2020). 

On our study 50 % had at least one possible minor DDI, 

shows that a sufficient assessment of all pharmacologic 

treatments, including background therapy, was 

undertaken throughout the hospital stay and all patients 

were required to come back for a checkup after 7-10 

days. 

Conclusion 

 The study shows that drug interactions are frequent 

but monitored, and among the influencing factors are age, 

co-morbidities, polytherapy and long hospital stay. 

Given the patient's therapeutic priorities and the 

pharmacological changes that drugs encounter in an 

organism, the consumption of a single drug may possibly 

not be more effective but, during co-medication of 

multiple medications, the risk of drug interaction will be 

increased.  

Adequate knowledge regarding the most common pDDIs 

is necessary to enable healthcare professionals to ensure 

patient safety. 
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Introduction 

 

 Chronic Respiratory Lung Disease (COPD) is a 

respiratory disease that occurs most often due to 

prolonged exposure to harmful gases and particles that 

damage and modify the airways with consequent 

persistent restricted airflow clinically manifested by 

dyspnea and frequent prolapse of sputum (GOLD 2022). 

Hospitalizations of these patients are a consequence of 

exacerbations that are most commonly caused by 

respiratory tract infections. 40% –60% of exacerbations 

are caused by bacteria, especially Haemophilus 

influenzae, Streptococcus pneumoniae and Moraxella 

catarrhalis. 

 An exacerbation of COPD is a sustained worsening 

of the patient's condition, from the stable state and beyond 

normal day-to-day variations that is acute in onset and 

may warrant additional treatment in a patient with 

underlying COPD (GOLD, 2022). At the PHI UK for 

Pulmonology - Skopje during the hospital treatment of 

patients with exacerbations of COPD, the official GOLD 

2022 guides are followed, which give directions for the 

use of antibiotics in this group of patients. Patients with 

COPD often have a number of comorbidities which 

inevitably leads to polypharmacy. As a result, there is a 

predisposition for drug-drug interactions that may 

contribute to the manifestation of serious side effects and 

lead to treatment failure or toxicity. The objective of this 

study was to consolidate the clinical and pharmacologic 

aspects of drug–drug interactions, develop a compendium 

of information, provide prescribers with a measure of the 

risk of interactions, describe the clinical consequences 

and assess the quality of evidence. 

Materials and methods  

 
Observational, longitudinal and prospective study 

was conducted in The Clinic of Pulmonology and 

Allergology of Skopje, Republic of North Macedonia. 

The patients were followed from January to April 2022. 

Total of 30 patient histories of disease exacerbation with 

focus on medicament therapy (antibiotics and 

concominant drugs used to treat comorbidities) have been 

systematically reviewed by the ward clinical pharmacist. 

The results of the evaluation were communicated with the 

pulmology specialists.  The average length of hospital 

stay was 12 days. Additionally, to COPD, 19 out of all 

patients had a history of heart disease, 6 had diabetes 

mellitus type II and 5 patients were previously diagnosed 

with other disorders (gastrointestinal, psychiatric and 

benign prostatic hyperplasia). The potential drug-drug 

interactions were identified using Stockley’s Drug 

Interactions manual, subsequently categorized according 

to the severity of the interaction and sub-classified into: 

co-administered drugs that alter the pharmacokinetics of 

antibiotics and vice versa, antibiotics that interfere with 

the pharmacokinetics of co-administered drugs. 

 

Results and discussion 

 

The total number of identified interaction was 52 of 

which 1 (1.92%) is severe interaction, 22 (42.31%) are 

moderate and 29 (55.76%) may not be of clinical 
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relevance but require counseling about possible adverse 

effects and additional monitoring.  

The identified severe interaction between 

moxifloxacin-fluconazole is associated with significant 

risk of QT interval prolongation which might lead to the 

potentially fatal torsade de pointes arrhythmia and thereby 

entail avoidance of their concurrent use.   

The recognized moderate interactions are mostly 

associated with concomitant acenocumarol use with 

antibiotics. The identified side effects and 

recommendation for their management are as follows: 1) 

with azitromicin - linked with risk of  raised INRs imply 

it’s monitoring over the first 7 days of antibiotic 

treatment; 2) with ceftriaxone or doxyciclin - occasionally 

associated with bleeding require monitoring of INR 

within 3 days of the start of antibiotic; 3) with 

ciprofloxacin – increases risk of over-anticoagulation and 

monitor INR within 3-5 days of starting the quinolone is 

recommended; 4) with clyndamicin no cases of serious 

increase of INR were identified, however it may be 

prudent to monitor INR within 3 days of starting the 

treatment; 5) with moxifloxacin- unpredictably in some 

patients resulted with bleeding and INR monitoring 

within 3-5 days of starting the quinolone is recommended.  

Moderate interactions leading to increased risk of 

hipokalemia and torsade de pointes, which requires close 

monitoring of potassium concentration was identified in 

case of concominant use of azithromicin or ciprofloxacin 

or fluconazole with dexamethasone, furosemide, 

hydrochlorothiazide, salbutamol or methylprednisolone. 

Case reports describe a large increase in drug 

concentration of 1) carabamazepine or tamsulosin or 

verapamil when concomitantly used with fluconazole  and 

2) digoxin as a result of azithromycin-digoxin interaction. 

All cases require close therapeutic drug monitoring of 

carbamazepin or digoxin and subsequent dose adjustment 

as well as monitoring for signs of digoxin induced 

bradicardia, tamsulosin or Ca channel blocker adverse 

effects, respectively. A risk of QT- interval prolongation 

as a result of ciprofloxacin-olanzapine drug interaction 

due to the inhibited olanzapine metabolism when used 

together was also recognized. In general, acenocumarol 

was the most common drug reported in drug–drug 

interactions. Nearly all of the observed interactions were 

pharmacokinetic, with the majority of them affecting the 

cytochrome P450 mediated metabolism of the concern 

concomitantly used drug for treatment of the patient 

comorbidities. Creating a comprehensive and valid list of 

most common drug interactions of antibiotics in the 

treatment of COPD exacerbations in hospitalized patients 

would require a substantial increase in research activities 

in this area. Improvements in the quality of research 

methodology are also necessary. Data regarding the most 

common drug-drug interactions should be estimated with 

caution due to the small patient number. Further 

evaluation is needed in order to assess the impact of this 

intervention on exacerbation and hospital readmission. 

 

Conclusion 

 

This study demonstrates the possibility of treatment 

failure and life-threatening toxicity associated with 

complementary use of antibiotics. Additionally, it 

emphasizes the need of precaution regarding potential and 

serious drug interactions, particularly where there is no 

tradition of concomitant drug use (Izzo et al., 2005). 

Physicians are encouraged to discuss the use of 

complementary drugs with their clinical pharmacists and 

patients in order to identify, prevent and manage possible 

drug- drug interaction. 
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Introduction 

 

Spinal muscular atrophy (SMA) is a rare, progressive, 

recessive neuromuscular disease that is caused by deletions 

or loss-of-function mutations in the survival of motor 

neuron 1 gene (SMN1), which result in insufficient levels 

of survival of motor neuron (SMN) protein (Lefebvre et al., 

1995; Mercuri et al., 2012). SMN protein is found throughout 

the body and increasing evidence suggests SMA is a multi-

system disorder and the loss of SMN protein may affect 

many tissues and cells, which can stop the body from 

functioning. 

SMA is the most common genetic cause of infant 

mortality and one of the most common rare diseases, 

affecting approximately one in 10,000 babies. SMA leads 

to the progressive loss of nerve cells in the spinal cord that 

control muscle movement. 

SMA is categorized in 5 types (ranging from 0 to 4, 

with lower numbers indicating greater severity), which are 

defined according to the maximum motor milestone 

attained and the age of symptom onset (Mercuri et al., 

2012; Yeo and Darras, 2020). SMA Type 0 is very rare and 

very severe. Symptoms begin prior to birth and are seen as 

decreased fetal movement in the weeks prior to delivery. 

SMA Type 1 is the most common (60%) and severe form, 

usually diagnosed during an infant’s first 6 months. Type 2 

is usually diagnosed after 6 months of age, but before 2 

years of age. SMA Type 3 is usually diagnosed after 18 

months of age, but before 3 years of age. SMA Type 4 is 

very rare, less than 1% of all diagnosed cases. It usually 

surfaces in adulthood.  

The Macedonian Agency for Medicines and Medical 

Equipment (MALMED) in 2021 has approved two 

therapies for SMA: nusinersen, and risdiplam. Nusinersen 

is an intrathecally administered SMN2-targeting antisense 

oligonucleotide therapy for adults and children 

(MALMED, 2021). Risdiplam is a systematically 

distributed small molecule, administered orally in liquid 

form, that modifies SMN2 pre–messenger RNA splicing. 

It has been approved for the treatment of 5q SMA in 

patients 2 months of age and older, with a clinical diagnosis 

of SMA Type 1, Type 2 or Type 3 or with one to four 

SMN2 copies (MALMED, 2021). Each of these two 

medicines has led to improvements in survival and motor 

function in patients with SMA. 

Aim and objective 

 

The objective of our study was to assess and evaluate 

the burden of workload that causes, the whole process of 

management of risdiplam prior oral administration, to the 

hospital pharmacist in our center.  

Materials and methods 

 

       We have done a retrospective analysis using the data 

from the patient’s history and records from the two SMA 

centers: PHI University Clinic of pediatric diseases and the 

PHI University clinic of neurology – Skopje.   

 

Results and discussion 

 

Our analysis shown that there are 21 people living with 

genetically 5q confirmed diagnosis of SMA. Patients are of 

different ages and types of SMA. According to the age, 

55% of patients (n=11) are children, while the remaining 

45% (n=9) of patients are over 18 years of age. Currently, 

8 patients are on treatment with nusinersen and 11 patients 

are on treatment with risdiplam in both centers, and one 

SMA Type 4 patient is not eligible for treatment. 
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Starting from November 24, 2020 until May 2022, a 

neurologist from the University clinic of neurology 

prescribed and initiated treatment with risdiplam in 9 SMA 

patients with Type 2 (n=3) and Type 3 (n=6).    

Risdiplam comes in our Clinical Pharmacy in a carton 

box containing 2 reusable oral syringes from 6 mL and 2 

from 12 ml, one ENFit® Press-in bottle adapter and a bottle 

of 60 mg powder for oral solution (including a cap). 

Unconstituted powder of risdiplam is stored at room 

temperature in the original amber glass bottle protected 

from light. Prior to dispensing to the patient/caregiver, a 

clinical pharmacist constitutes the oral solution. 

Preparation of the oral solution involves a straightforward, 

6-step process.5 When constituted; the volume of the oral 

solution is 80 mL. We are using the following required 

materials and equipment for preparation: risdiplam powder 

for oral solution (60 mg), 79 ml of purified water or water 

for injection, a suitable measuring cylinder and Press-in 

bottle adapter. The constituted oral solution of risdiplam is 

kept in the original amber bottle protected from light. It is 

stored in a refrigerator at a temperature of 2°C to 8°C at all 

times for maximum 64 days after constitution in an upright 

position with the cap tightly closed. Based on the latest 

unpublished stability studies, the risdiplam oral solution 

can be left at room temperature (up to 40°C) from 24 hours 

to 5 days.  The 5 days are cumulative over the life of the 

bottle and include any excursions happening after 

constitution (i.e. during transportation of the constituted 

solution, excursions at the patient's house etc.). These 

conditions had no impact on the stability of risdiplam. Prior 

dispensing to the patient/caregiver, bottles of risdiplam are 

placed in a validated and certified cooling bag (Initial bag 

4L – KITCIS04NP12, Sofrigram®) for transportation to the 

patient’s home by the patient him/herself/caregiver. So far, 

we constituted more than 200 bottles of risdiplam and had 

not experienced any issues within the whole process from 

receiving, preparation, constitution, storing and delivery to 

the patients/caregivers. 

 

Conclusion 

 

Additionally to the efficacy and safety of risdiplam 

seen in more than 5.000 SMA patients worldwide, we 

concluded that the whole process of constitution, storage 

and delivery is easy to manage and does not create a huge 

additional burden on the workload of the hospital 

pharmacist in our center. 

 

 

 

 

References 

 
Lefebvre, S., Bürglen, L., Reboullet, S., Clermont, O., Burlet, P., 

Viollet, L., Benichou, B., Cruaud, C., Millasseau, P., 

Zeviani, M., et al., 1995. Identification and characterization 

of a spinal muscular atrophy-determining gene. Cell 80(1), 

155-65. https://doi.org/10.1016/0092-8674(95)90460-

3Macedonian Agency for Medicines and Medical 

Equipment (MALMED), Spinraza (nusinersen) Prescribing 

Information. 2021. Available at: 

https://lekovi.zdravstvo.gov.mk/drugsregister/detailview/27

42499038  (Accessed on: May 25, 2022). 

Macedonian Agency for Medicines and Medical Equipment 

(MALMED), Evrysdi (risdiplam) Prescribing Information. 

2021. Available at: 

https://lekovi.zdravstvo.gov.mk/drugsregister/detailview/25

53119671 (Accessed on: May 25, 2022). 

Mercuri, E., Bertini, E., Iannaccone, S.T., 2012. Childhood spinal 

muscular atrophy: controversies and challenges. Lancet 

Neurol. 11(5), 443-52. https://doi.org/10.1016/S1474-

4422(12)70061-3   

Yeo, C.JJ., Darras, B.T., 2020. Overturning the Paradigm of 

Spinal Muscular Atrophy as Just a Motor Neuron Disease. 

Pediatr Neurol. 109, 12-19. 

https://doi.org/10.1016/j.pediatrneurol.2020.01.003    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/0092-8674(95)90460-3
https://doi.org/10.1016/0092-8674(95)90460-3
https://lekovi.zdravstvo.gov.mk/drugsregister/detailview/2742499038
https://lekovi.zdravstvo.gov.mk/drugsregister/detailview/2742499038
https://lekovi.zdravstvo.gov.mk/drugsregister/detailview/2553119671
https://lekovi.zdravstvo.gov.mk/drugsregister/detailview/2553119671
https://doi.org/10.1016/S1474-4422(12)70061-3
https://doi.org/10.1016/S1474-4422(12)70061-3
https://doi.org/10.1016/j.pediatrneurol.2020.01.003


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 1) 551 - 552 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.264 

Short communication 

 

 
 

*slavica.lazarevic@mf.uns.ac.rs                                                                                                                  S8 PP 06 

 

Biomarker-based thiopurine therapy for inflammatory bowel 

disease 

 

Slavica Lazarević1, Maja Đanić1, Nebojša Pavlović2, Bojan Stanimirov3,                   

Momir Mikov1 
  

1Department of Pharmacology, Toxicology and Clinical Pharmacology, Faculty of Medicine, University of Novi Sad, 

Hajduk Veljkova 3, 21000 Novi Sad, Serbia, 
2Department of Pharmacy, Faculty of Medicine, University of Novi Sad, Hajduk Veljkova 3, 21000 Novi Sad, Serbia 

3Department of Biochemistry, Faculty of Medicine, University of Novi Sad, Hajduk Veljkova 3, 21000 Novi Sad, Serbia 

 

Introduction 

 

The incidence of inflammatory bowel disease (IBD) is 

dramatically rising especially in western countries and 

there is still no cure that will lead to complete remission. 

Thiopurine drugs, azathioprine and 6-mercaptopurine, are 

often used for treating IBD and they have proven their 

efficacy in the maintenance remission. However, 

considerable interindividual variability in the clinical 

response, with approximately 40% of patients who are 

refractory to thiopurine therapy and 15–28% experiencing 

adverse events, is the main reason for switching to 

biologics (DeBoer et al., 2018). Optimization of the 

therapy using a personalized treatment approach is clearly 

desirable before discontinuation of these drugs. Herein, 

current strategies and novel tools for the individualization 

of thiopurine treatment of IBD will be presented.  

 

Materials and methods 

 

The data of different strategies for optimization of 

thiopurine therapy and interactions between gut microbiota 

(GM) and thiopurine therapy of IBD has been provided 

from review and original scientific articles published from  

2000 to 2022. The research was performed using the 

following keywords: thiopurine therapy, precision 

medicine, therapeutic drug monitoring, TPMT enzyme, gut 

microbiota, microbial metabolism, drug metabolism. 

 

 

 

Results and discussion 

 

Pharmacogenetics 

 

Genetic polymorphisms on enzymes involved in 

thiopurine metabolism, such as thiopurine 

methyltransferase (TPMT), inosine triphosphate 

pyrophosphatase (ITPase) or xanthine oxidase (XO) could 

affect the clinical response and be related to side effects. 
Anomalous genotypes of TPMT (homozygous or 

compound heterozygous TPMT deficiency) and NUDT15 

(homozygous) have been associated with the development 

of severe myelotoxicity. Pre-treatment TPMT testing is 

recommended for the therapeutic management of 

thiopurines by most international guidelines. This 

approach allows for the reduction of thiopurine toxicities 

and represents a typical example of precision medicine. 

 

Therapeutic drug monitoring 

 

Thiopurine treatment is monitored routinely in many 

laboratories by measuring metabolite concentrations in 

erythrocytes using high-performance liquid 

chromatography (HPLC) method. Azathioprine and 6-

mercaptopurine are prodrugs that undergo extensive 

metabolism generating active metabolites, 6-thioguanine 

nucleotides (6-TGN), and inactive, 6-

methylmercaptopurine (6-MMP) and methylthioinosine 

(meTIMP). Meta-analyses provided evidence 

that TGN levels above 235 pmol/8 × 108 RBC make 

clinical efficacy more likely. Also, the determination of 6-

MMP levels is important because predominant methylation 
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may prevent the production of a high enough 6-TGN level 

and cause hepatotoxicity (6-MMP > 5700 pmol/8 × 

108 RBC). This problem can be circumvented by co-

prescription of allopurinol with azathioprine, 6-

mercaptopurine dose-reduction to 25–33% of the 

monotherapy dose target, or a switch to thioguanine, a 

thiopurine drug with the less complex metabolic pathway. 

Even though there is a growing body of evidence that the 

measurement of metabolites levels provides a reasonable 

guide to optimal dose, its usefulness in clinical practice 

remains debated.  

 

Gut microbiota – a novel biomarker of the thiopurine 

outcomes 

 

A growing number of studies have demonstrated that 

GM is able to influence the efficacy and toxicity of orally 

administered drugs and that a treatment response could 

vary greatly among individuals due to the variability of the 

GM. Besides the great metabolic power of GM, a recent 

study has confirmed that the accumulation of drugs by GM, 

even without biotransformation, largely affects clinical 

outcomes for the majority of the studied drugs. 

IBD etiology involves a role of gut dysbiosis and shifts 

in microbial compositions of IBD patients are associated 

with disease severity. Considering a very complex 

metabolic pathway of azathioprine and 6-mercaptopurine, 

GM might be a major reason for the interindividual 

variability among IBD patients (Lazarevic et al., 2022). It 

has already been demonstrated that Escherichia coli, 

Enterococcus faecalis and Bacteroides thetaiotaomicron 

are equipped with the enzymes capable of targeting the 

metabolic pathway of thiopurine drugs suggesting the 

involvement of GM in the clinical success of thiopurine 

therapy (Oancea et al., 2017). Nevertheless, the other 

species belonging to GM should be analyzed for the 

presence of enzymes required for the metabolism of 

thiopurines to identify biomarkers for the prediction of 

response to the treatment which would lead to 

individualized IBD therapy based on GM (Becker et al., 

2022). 

 

Conclusion 

 

The search for factors responsible for the substantial 

variations in azathioprine and 6-mercaptopurine outcomes 

has been aided by pharmacogenetic testing and therapeutic 

drug monitoring. Also, the GM analysis has received 

particular attention as a novel tool for making clinical 

decisions in IBD.  It would be of great importance to 

elucidate to what extent microbiota-thiopurines 

interactions contribute to the variability of the drug 

responsiveness. The future of IBD management will 

comprise different biomarkers to better predict outcomes 

for individual patients and to precisely tailor thiopurine 

therapy.  
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Introduction 

 

The world of the pharmacists in the R.N. Macedonia 

is a small one, a few dozen fresh faces enter the work force 

each year and are quickly memorized by the establishment 

at large, yet little is known about the outlooks of this new 

breed of pharmacists. Time and time again we see that 

effective communication between generations and proper 

understanding of each other’s values is key in the passing 

of the torch in any field (Alghamdi and Ali, 2021; Cernasev 

et al., 2021; Nagy et al.,2021). 

 This holds especially true in times of crisis such as the 

global Covid-19 pandemic. Accordingly, the aim of this 

study was to examine the lived experiences and mental 

status of pharmacy students in R.N. Macedonia and shed 

new light on their opinions concerning the Covid-19 

pandemic so as to provide a better understanding of them 

to the already established work force. 

 

Materials and methods  

 
The cross-sectional study questionnaire included 35 

items associated to the lived experiences and the opinions 

of pharmacy students in R.N. Macedonia concerning the 

Covid-19 pandemic and its effect on their personal lives 

and studies. The questionnaire was segmented into three 

parts: Section A, related to the student’s own experiences 

while being infected with Covid-19; Section B, related to 

the vaccination status of the students and the national 

response to Covid-19 outbreaks and Section C, was related 

to the effect of the Covid-19 pandemic on the studies of 

pharmacy students. Questions of ethnicities, affliction with 

chronic diseases and use of cigarettes or electronic 

smoking devices were also asked. Results were collected 

between April 14th and May 16th, 2022. Obtained data 

were tabulated using Microsoft Excel® Microsoft Corp. 

Redmond, WA, USA, computed and consequently 

evaluated using statistical software STAT-GRAPHICS 

Centurion XVI evaluation (Stat Point technologies Inc., 

USA). 

 

Results and discussion 

 

The study was based on the results of 359 responses 

by pharmacy students in R.N. Macedonia of which 86.1% 

were female and the average age was 21.281±3.87 years.   

Section A - Half of the surveyed students (50%) had 

been afflicted with Covid-19, diagnosed either by a PCR 

test or a Rapid test. A vast majority (97.3%) complied to 

mandatory self-isolation practice and didn’t feel much 

pressure for law infringement (84.9%). Worryingly, 21% 

reported that they had serious Covid-19 symptoms but that 

they had dealt with them at home. This could indicate that 

young adults were either lower priority patients or that they 

have little trust in national health care system. 36.2% 

encountered post-Covid-19 symptoms such as a lack of 

taste, smell and shortness of breath coinciding partially 

with the results from the study of (Amin et al.,2021). Lack 

of mental clarity and anxiety was reported by 39.5%, 

Finally, an overwhelming majority (81.1%) reported that 

they had to care for themselves and their loved ones during 

the pandemic. 

Section B - Nearly 1/4 (27.6%) of surveyed pharmacy 

students reported that they hadn’t been vaccinated which 

might be attributed to lack of trust in information from 

public health experts, as well as concerns about side effects 

mailto:mete.naumovski@gmail.com


556  Student Session 

Maced. pharm. bull., 68 (Suppl 1) 555 - 556 (2022) 

(Gala et al., 2022). 65% of vaccinated students had a 

possibility to choose the type of vaccine, and 59.5% of 

them took Pfizer/BioNTech. Side-effects except common 

(injection site pain, muscle soreness, headaches, etc.) were 

reported by 10% of surveyed students. Opinions were split 

on where the unwanted side-effects should be reported, but 

most agreed that complaints should be sent to the Ministry 

of Health, the vaccine manufacturer and the Institute of 

Public Health. Curiously, most students either didn’t want 

to receive a third dose (63.8%) or hadn’t considered the 

idea (26.7%). Predictably, most students (75.6%) agreed 

that both the time of testing and the number of test subjects 

on which a vaccine should be tested are important factors 

in determining the efficacy and safety of the vaccine. When 

asked via multiple choice question who should be 

vaccinated with three doses, opinions where split in the 

following order: 61.6% considered that persons over the 

age of 50 should be vaccinated, 55.4% that persons with 

compromised immunity should be vaccinated and 38.2% 

that healthcare workers should be vaccinated as well, with 

(8.9%) showing that persons under 50 should be vaccinated 

and (24.2%) saying that no one should be vaccinated either. 

This may indicate that students perceive the third dose of 

the vaccine as optional rather than an important booster. 

Most students (62.7%) shared opinion that a community 

pharmacist could play a bigger role in the fight against 

Covid-19 as an educator-, while 30.6% considered that 

their community pharmacist could also administer Covid-

19 vaccines after proper training, reflecting an interest to 

expand the role and activities of community pharmacists. 

Adequacy of R.N. Macedonia state pandemic dealing was 

rated inadequate by 27.3%. Around 17% reported that they 

didn`t use any source of information (mass media, local 

media, trusted researchers) to get more information about 

Covid-19 pandemic. At the time of survey, 53.5% 

elucidated that they don`t follow anymore pandemic 

related news thus correlating with their view that pandemic 

is at the end (57%). 

Section C – Nearly half of the students (~50%) have 

opinion that distance learning could not be long term 

substitute for conventional one. Additionally, 64.6% 

requested for inclusion of audio-visual materials (video, 

animations), 43.2% for higher dynamic interactions and 

38.7% for more quizzes.  Majority of the students (85.2%) 

had necessary hardware equipment for on-line classes. 

Covid-19 pandemic had significant influence on student’s 

mental health in 46.8% as well as on their physical health 

in 26.7% of responders. 41.8% had the opinion that they 

didn`t acquire necessary skills and experience essential for 

laboratory working during current pandemic.  Finally, they 

were asked if they felt that a compromise between 

restrictions to preserve public health and measures to 

nurture the economy could be found, where 46% reported 

that they wished things to return to the way they once were. 

Conclusion 

 

In conclusion we may say with a degree of confidence 

that the modern generation of pharmacists is similar to the 

one before it, self-efficient and resilient, yet crucially 

different in a few areas. They showed great adaptability 

and endurance regarding the government’s public health 

management and their own faculty’s new approach to 

distance learning. 

Yet interestingly, they showed a bigger regard for their 

own mental health struggles, reflecting a more holistic 

approach to their own health, a key example in how our 

attitudes and views on healthcare are primed to change in 

the coming decades. As it is obvious that this is a serious 

issue, we urge the leadership in pharmacy academia to take 

this opportunity and apply evidence-based solutions to the 

problem at hand. 
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Introduction 

 

Non-healing wounds could result in significant 

discomfort and distress for the patient while draining the 

medical system of its resources (Han et al., 2017). Wound 

healing has three overlapping phases: homeostasis/ 

inflammation, proliferation and remodeling. During the 

inflammatory phase of wound healing process, there is a 

temporary increase in the level of oxidants, which prompts 

the activation of the antioxidant defense mechanisms based 

on gradual detoxification of oxidants and on a gradual 

return of cells to the state of redox homeostasis. If this 

detoxification process is hindered in any way, the result 

will be a shift in the homeostasis, leaving the chronic 

wounds stagnant in the inflammatory phase (Moseley et al., 

2004).  

Hypericum perforatum (HP) has a few mechanisms 

with relevance to wound healing, such as antimicrobial and 

antioxidative activity, anti-inflammatory effects and 

promoting keratinocyte differentiation. Calendula 

officinalis (CO) flowers contain phenolic and flavonoidic 

substances which have antioxidative and antimicrobial 

properties, both crucial factors in the wound healing 

process (Butnariu et al., 2012). Cannabidiol (CBD) is one 

of the main pharmacologically active phytocannabinoids 

that has anti-inflammatory and antioxidant effects, as well 

as anxiolytic, antipsychotic and antidepressant properties. 

CBD interrupts free radical chain reactions, capturing free 

radicals and transforming them into less active forms 

(Borges et. al., 2013).  

Therefore, the aim of this study was to evaluate the 

antioxidant properties of the aforementioned materials, and 

to show their potential use in treatment of chronic wounds. 

 

Materials and methods 

 

Preparation of herbal extracts 

Dried herbs from HP and flowers from CO were 

powdered with an electric grinder (Iskra Coffee Grinder 

Girmi 80s, Slovenia) and were added to 45% and 70% (v/v) 

ethanol, respectively, followed by 24 hours’ extraction 

period. Afterwards, the ethanolic extracts were spray dried 

(Buchi Mini Spray dryer B-290, Switzerland; at 105 °C). 

 

ORAC assay  
 

The modified Oxygen Radical Absorbance Capacity 

(ORAC) assay was used to examine the antioxidant 

capacity of the extracts, according to the method described 

in Shalabalija et al. (2021). Namely, the test was performed 

at 37 °C in darkness. The measuring was done at 492/535 

nm (excitation/emission) using plate reader (VICTOR 

Perkin Elmer, USA) at the following time intervals: 0, 30, 

60, 90 and 120 minutes. 

 

DPPH assay  
 

The neutralization of the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) free radical assay was done in 

accordance with Gyamfi et al., with slight modifications. 

Namely, 200 µL of the prepared samples in concentration 

range between 0.1 and 2 mg/mL, were placed in a test tube 

to which 4 mL of 100 µm ethanol solution of DPPH radical 

was added. The mixture was stirred for 1 minute and left at 

room temperature in darkness for 10 minutes. The 

reduction of the DPPH radical was spectrophotometrically 

determined at 517 nm (Agilent 8453 UV-Vis 

spectrophotometer, Agilent Technologies, USA). 

Methanol was used as a control. Quercetin, ascorbic acid 

and BHA were used as standards.  The antioxidant capacity 
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was presented as a concentration needed to decrease the 

initial DPPH concentration by 50 % (IC50) (mg/mL). The 

inhibition percent was calculated with the following 

formula: 

% inhibition = 
(𝐴𝑐−𝐴𝑠)

𝐴𝑐
∗ 100           Eq. 1 

where Ac is the absorbance of the control, and As is the 

absorbance of the sample.  

 

Total phenolic content  
 

The total phenolic content of the prepared extracts and 

CBD oil was evaluated using a modified Folin-Ciocalteu 

assay, as proposed by Singleton et al. (1999). Namely, 1 

mL of the prepared samples and 0.5 mL of Folin-Ciocalteu 

reagent (1:10 v/v dilution with deionized water) were 

placed in a 10 mL flask, while the solution turns green, they 

were mixed for 5 minutes at room temperature, after which 

0.4 mL of 7.5% sodium carbonate were added and the flask 

was filled to 10 mL with distilled water. The total phenolic 

content was expressed as miliequvalents of gallic acid per 

gram of dried plant material. 

 

Results and discussion 

 

The antioxidant capacity of the prepared extracts and 

CBD oil was evaluated using two different assays (ORAC 

and DPPH assays). The results from the ORAC assay, 

obtained at the aforementioned time intervals showed that 

in the concentration range between 0.01 – 1 mg/mL after 

120 minutes incubation time, the antioxidant effect was 

between 89.54% – 116.88% and 93.26% - 106.94% for CO 

extract and CBD oil, respectively. On the other hand, the 

obtained results from HP extract showed that the 

antioxidant effect was ≥100 % for all tested concentrations. 

The results from ORAC assay indicated that, at the 

examined concentration range, both extracts and CBD oil 

exhibit high antioxidant capacity and great potency to 

protect against oxidative damage.  

The results from the DPPH assay, expressed as IC50 

values, showed that prepared HP extract has higher 

antioxidant capacity (0.463 mg/mL) compared to CO 

extract (2.829 mg/mL) and CBD oil (3.261 mg/mL), 

respectively. 

The total phenolic content showed that HP extract has 

18.86 mgG AE/g in the concentration range of 0.1 - 0.5 

mg/mL; CO extract has 6.997 mg GAE/g in the 

concentration range of the samples between 0.1 - 5 mg/mL; 

CBD oil showed 0.829 mg GAE/g in concentration ranges 

of the samples between 0.05 - 1 mg/mL. 

 

Conclusion 

 

The prepared extracts from HP and CO as well as the 

CBD oil showed substantial antioxidative capacity. As 

such, they could prove useful in the treatment of chronic 

wounds and should be the subject of further testing. 
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Introduction 

 
Wound healing is a highly regulated process that is 

critical in maintaining the barrier function of the skin. The 

cascade of events in wound healing can be affected by a 

number of diseases which can result in chronic, non-

healing wounds. In chronic wounds, the antioxidative 

defenses that are usually present in acute wounds are 

hindered and are unable to subside the oxidative stress, 

causing the wound to be stagnant in the inflammatory 

phase of wound healing (Moseley et al., 2004). 

Chitosan is a biocompatible and biodegradable 

polysaccharide that comes from chitin, and is commonly 

used in mucoadhesive dosage forms because of its adhesive 

properties. Garden snail’s mucus contains vitamin E, 

polyunsaturated fatty acids and steroids that help in the 

regeneration of epidermal cells (Dhiman & Pant, 2021). 

Hypericum perforatum herbs (HP), Calendula officinalis 

flowers (CO) and CBD oil have antioxidative and anti-

inflammatory properties that can help in the treatment of 

chronic wounds (Borges et al., 2013; Butnariu et al., 2012; 

Silva et al., 2005). Chitosan based microparticles 

containing these ingredients would theoretically be able to 

swell in the wound exudate, which would allow a sustained 

release of the active ingredients and stimulate the repair 

process, thus, providing a prolonged therapeutic effect 

(Pagano et al., 2020). 

The aim of this study was to perform proper 

physicochemical characterization of slime-chitosan 

microparticles (SCMPs) containing selected plant extracts, 

and to investigate there in vitro potential in the treatment 

of chronic wounds. 

 

Materials and methods 

  

Plant material extraction - The extraction from dried HP 

herbs and CO flowers was carried out in 40% and 75% 

ethanol (v/v%) for 24 hours, respectively. Afterwards, the 

ethanolic extracts were spray-dried at 105 °C (5 mL/min, 

Buchi Mini Spray dryer B-290, Switzerland). 

Preparation of SCMPs - Three different formulations of 

SCMPs (samples F1, F2, F3) containing 2 g of previously 

spray-dried snail slime (5 mL/min, 105 °C; Patent 

application MK/P/2021/000853) and different amounts of 

spray-dried HP, CO extracts and CBD oil (European patent 

application EP22188230) were prepared. Firstly, the plant 

extracts and slime were dissolved in water, while the 

chitosan (0.5 g) was left in 1% glacial acetic acid for 20 

hours. Afterwards, 1.5 g of TPP was added to the extract-

slime mixture and the solutions were spray-dried using a 

two-fluid nozzle (6 mL/min, 150 °C, Buchi Mini Spray 

dryer B-290, Switzerland). 

Characterization of SCMPs - Particle size (D50) and 

particle size distribution (SPAN factor) were determined 

by laser diffractometry using ethanol as a solvent (RI 

1.520, absorption 0.01; Mastersizer 2000 equipped with 

Hydro 2000S, Malvern Instruments, UK). Total phenolic 

content of 3 mg/mL SCMPs dissolved in phosphate buffer 

pH 7.4:methanol mixture (1:1, v/v%), was investigated 

using a slightly modified Folin-Ciocalteu assay (Singleton 

et al., 1999). The antioxidant potential of the prepared 

SCMPs formulations (0.01-1 mg/mL) during 120 min 

(expressed as % of the initial fluorescence at 0 min for each 

formulation), were evaluated by The Oxygen Radical 
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Absorbance Capacity (ORAC) assay (37 °C, excitation at 

492 nm and emission at 535 nm; VICTOR Perkin Elmer, 

USA) (Shalabalija et al., 2021). The neutralization of the 

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical assay 

was done in accordance with Gyamfi et al. (1999), with 

slight modifications, where SCMPs were dissolved in a 

mixture of water:methanol (1:1, v/v%) in final conc. of 0.1-

2 mg/mL. MTT test was conducted on a keratinocyte cell 

culture line (HaCaT, CLS Cell Lines Service GmbH) in 

order to investigate the cytotoxic activity of the SCMPs 

(0.05-0.10 mg/mL) after 48 and 72 h of incubation (570 

nm, microplate reader VICTOR Perkin Elmer, USA) 

(Pagano et al., 2020). The cell culture maintenance was in 

accordance with the guidelines of the manufacturer. 

 

Results and discussion 

 

D50 of SCMPs containing selected plant extracts was 

5.87±0.1 to 5.96±0.13 for all three prepared formulations, 

while the SPAN values of ∼1.5 indicated that all samples 

followed uniform and narrow particle distribution. 

The phenolic content, expressed as mg of plant 

extracts in 100 mg of SCMPs was 1.134±0.21, 1.514±0.1 

and 2.197±0.09 mg for F1, F2 and F3, respectively, which 

shows a successive increase in the encapsulation efficacy 

of the formulations by incorporating higher amount of the 

used extracts.  

Results from the ORAC test suggested a concentration 

and time dependent increase of SCMPs antioxidant 

capacity (AC). AC for the concentration range of 0.01-1 

mg/mL was 5.52-98.41% for F1, 15.58-91.34%) for F2, 

and 5.15-99.42% for F3, over a period of 120 min. The 

decline of IC50 values obtained from DPPH test (1.802 

mg/mL, 0.953 mg/mL and 0.764 mg/mL for F1, F2 and F3, 

respectively) confirmed the positive influence of the 

quantity of incorporated herbal components on the 

antioxidant potential of SCMPs. Additionally, blank 

SCMPs (without HP, CO and CBD oil) did not show any 

antioxidant activity. 

Cell viability of HaCaT cell culture line was 78.58-

87.00% after 48 h and 65.81-83.56% after 72 h incubation 

with for all 3 SCMPs samples in their highest concentration 

tested (0.1 mg/mL)  

 

Conclusion 

 

SCMPs show substantial antioxidant properties and  

low cytotoxicity after 48 h incubation, which indicates on 

their successful potential in the treatment of chronic 

wounds.  
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Introduction 

 

The appearance of the dosage form (qualitative 

description of the shape and colour) is the first parameter 

of the specification for quality testing performed to confirm 

that the products are acceptable for their intended use. Any 

change of these characteristics during manufacture or 

storage indicate on the quality issues and require further, 

investigation (including quantitative methods) and taking 

appropriate actions (ICH Harmonised Tripartite Guideline 

Q6A, 1999). The surface colour of film-coated tablets has 

a significant importance in quality control as well as 

recognition and is an important factor that contributes to 

the detection of falsified medicines (Laksmana et al., 2009; 

do Prado Pugliaa et al., 2021; Rodomonte et al., 2010). 

However, sometimes it is quite difficult and challenging to 

visually detect changes in the colour of film-coated tablets 

and there is a need for more sophisticated method 

(colorimetric method or image analysis using an 

appropriate software) (Farkas et al., 2021). 

The image analysis is based on the use of a 

stereomicroscope and image processing software allowing 

to highlight the differences which cannot be detected 

visually. The testing procedure has to be performed under 

specified conditions (illumination and focus) with high 

precision because even slight changes in the camera’s 

lenses, sensor or the light could impact the results 

significantly (Rebiere et al., 2014). 

The aim of this study was to develop standardized 

method for image analysis of different film-coated tablets, 

containing same active ingredient and same colour of the 

film-coating, produced by different manufacturers.  

 

 

Materials and methods 

 
Materials 
 

For this research three types of film coated tablets 

(each considered as tablet sample) containing 

100 mg/tablet sildenafil as active substance, from a 

different manufacturers, with the declared same 

composition of the colouring excipients in the film-coating.  

Stemi 508 stereomicroscope (Carl Zeiss Microscopy 

GmbH, Germany) was used, equipped with a built-in 

Axiocam ERc 5s (0.5x). Image analysis was performed 

using Zeiss ZEN 2.6 (Blue edition) software. Statistical 

analysis was performed using Microsoft excel 2013 

edition. 
 

Method  
 

Each side of the tablets was photographed under a 

steromicroscope with the built-in camera. Same position of 

the tablet and same settings in illumination and focus 

(zoom 0.3x) were used for each acquisition. The tablets 

were manually centred against a white background, and the 

images were captured using light in the visible region with 

automatically adjustment of the exposure. Standard 

method for live image settings: contrast (black value 0), 

brightness (white value 255) and gamma value of 0.45, 

were used for all images. The saved images where further 

evaluated using the Zeiss ZEN 2.6 (Blue edition) software. 

The obtained results were extracted in Excel files and 

analysed statistically using Schewart diagrams.   
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Results and discussion 

 
Visually all tested tablet samples appeared with the 

blue colour, with various size and shape. The difference in 

the shade of the colour could be identified visually only in 

the one tablet sample.  

Image analysis included comparison of the colour 

distribution plots obtained using image processing tools 

provided in Zeiss ZEN 2.6 (Blue edition) software. The 

optimum colour presentation was used for capturing the 

images by adjusting the values for Contrast (Black 

value 0), Gamma value (0.45) and Brightness (White value 

255) in the live image settings. In order to ensure 

reproducible results, the settings for image capture and 

image processing were saved as a standard method and 

used for all tested samples.  

The scatter plot displaying the pixel distribution for 

each image, and data table were correlated for each tablet 

within each tablet sample. 3D visualization of the images 

provided comparison of the density structure of the surface 

colour of the tablets. Three regions from each image were 

selected for evaluation of the colour distribution: upper left 

and right region, as well as the middle part of the tablet, 

taking into consideration not to include the engraved 

letters. Data with measured values for both: the entire 

image and the individual regions were exported as excel 

files and analysed statistically. 

The data tables provided by the software included 

individual values of the colour distribution for the red, 

green and blue colour, with descriptive statistic parameters. 

The average values for each colour (red, green and blue) 

obtained from images of tablets within each sample, were 

plotted on Shewart X-bar chart. Average value of all points 

was used as central line. The control limits were based on 

variation between the groups of measurements and 

calculated as: Central line ± 3 × SD. The distribution of the 

values within each chart was within the upper and lower 

control limit, indicating that the applied method can be 

used for control of the variations of the colour of the tablet 

film-coating due to variations in manufacturing process 

and issues with stability. Implementation of reproducible 

and robust manufacturing process will provide distribution 

of the colour within the defined control limits.  

The scatter plot displaying the pixel distribution values 

and the 3D image of the data of the colour distribution for 

the tablets, from different manufacturers were compared. 

The results have shown that the applied method of image 

analysis is able to detect the differences between the 

colours of the film-coated tablets produced by different 

manufactures.  

Further studies are needed to expand the testing on a 

large sample size and to include the batch to batch 

variability.  

Conclusion 

 

Standardized method for characterization of the colour 

of film-coated tablets, based on image analysis was 

developed. With the proposed method it is possible to 

identify the differences between the colours of the film-

coated tablet containing same active ingredient with the 

same strength, and the same composition of the colouring 

excipients in the film-coating, produced by different 

manufacturers.    

Image analysis is a non-destructive method, which can 

be used as a fast and effective analytical tool for 

characterization of the colour of film coated tablets, as well 

as for other pharmaceutical dosage forms. Additionally, it 

enables effective monitoring of possible differences and 

changes in the manufacturing process or storage of the 

pharmaceutical dosage form, as well as an initial tool for 

identification of falsified pharmaceutical products. 
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Introduction 

 

Drug misuse and abuse cause serious health 

consequences as well as social problems, disrupted family 

and community cohesion, lost productivity, security risks 

and slow economic development.   
  The recent evidence shows that complex problem of 

drug misuse and abuse is growing in the Republic of North 

Macedonia. According to the survey on the use of 

psychoactive substances in the general population 

conducted in 2017, 8.9% of adults reported usage of illegal 

drugs. The most commonly used drug was cannabis 

(EMCDDA, 2017). The European School Survey Project 

on Alcohol and Other Drugs (ESPAD) survey from 2019 

showed that 7.3% of students aged 15-16 have used drugs 

during their lifetime (EMCDDA, 2019).   
 Although the number of people with substance use 

disorders has increased, the availability of treatment 

interventions has remained low. Pharmacists have unique 

knowledge about mechanisms of action and adverse effects 

caused by inappropriate use of drugs. As health providers, 

they should be actively involved in reducing the negative 

effects that substance use disorders have on society and 

health system. They can approach a wide spectrum of 

patients in need of support and motivation for better and 

optimal outcomes in treatment. With their comprehensive 

knowledge, pharmacists should participate in public 

education and prevention programs about substance abuse 

and misuse, and stressing the adverse health consequences 

of the misuse of legal drugs and the use of illegal drugs. 
Community pharmacists must provide holistic 

pharmaceutical care to keep patients' trust in order to help 

them relieve pain and anxiety and to prevent them from 

engaging in further conduct that leads to an inability to 

control the use of legal or illegal drugs.  

Taking into consideration the pivotal role of 

community pharmacists in combating drug abuse and 

misuse, baseline knowledge of drug abuse and misuse is 

crucial in order to recognize patients with substance use 

disorders and assist them in their recovery process. 

The objective of this study was to assess the 

knowledge and experiences of final-years undergraduate 

pharmacy students and community pharmacists with up to 

5 years working experience, as well as their perceptions 

toward drug misuse and abuse in Macedonian society and 

how it could be prevented, controlled, and treated. 

 

Materials and methods  

 

We used a cross-sectional anonymous survey using a 

self-completed, previously validated and published 

questionnaire (Jaber et al., 2015) that was shared to a 

cohort of fourth and final year pharmacy students and 

community pharmacists with up to 5 years working 

experience. The survey was divided into three sections. 

The first two sections were related to respondents' 

demographics, educational level, and any experience they 

might have had with drug misuse or abuse. The 

respondents' attitudes, knowledge and skills in providing 

pharmaceutical care to patients with substance use 

disorders were assessed in Section 3 of the survey, which 

was applicable only to community pharmacists. 
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Results and discussion 

 

      A total of 92 responses were obtained, of which 53 

were from pharmacy students and 39 were from 

community pharmacist. Most of the participants were 

females (64.1%) and undergraduates 57.6%. 

      A majority of respondents (90.0%) аgreed that 

pharmacists can reduce mortality associated with abuse 

and misuse of controlled substances. Additionally, 97.5% 

of participants agree that pharmacist should advise the 

patient who abuse or misuse drugs about the possible risks 

and side effects or the way of treating the risks of their 

behavior. Students were asked if they had any friends or 

relatives with an addiction-related disorder, and the results 

revealed that around one-third of students (32.5%) know 

someone who abuses or misuses controlled substances.  

Most of the students (62.5%) believe that is unethical 

to sell misusers controlled drugs and 22.5% of them were 

unsure of that statement. 72.5% of respondents agree that 

pharmacist should not sell drugs to people who appear to 

abuse those drugs. 

Nearly 77.5% of respondents think that dispensing 

controlled drugs without a medical recipe is an important 

source of money for the pharmacy. The attitude of 53.8% 

of pharmacy students is that certain OTC drugs should be 

reclassified to prescription-only status.  

Most of the pharmacy students (65.0 %) state that 

during their study, they have received training about drug 

misuse at the Faculty of Pharmacy in Skopje, while 35% of 

students disagree with that statement. Almost every 

respondent (97.4%) agreed that further training on 

recognizing drug abusers/misusers is necessary and they 

are willing to gain more information of the types of drugs 

that are abused in the local area. 

Results indicated that 89.6% of community 

pharmacists are prepared to inform or warn patients about 

the potential drugs adverse reactions. When asked how 

they can detect someone who abused or misused drugs, 

32.2% of them responded that patients report lost or stolen 

supply of the prescribed drug, 35.4% of them declared that 

patients claimed that the controlled substance is the only 

effective one and 35.4% of participants stated that patients 

with abusive disorder have strong and persistent request for 

the controlled drug. Around 97% of community 

pharmacists additionally inform or warn patients about the 

possibility of adverse drug reaction. It is important to note 

that 34.3% of community pharmacists with up to 5 years 

work experience reported that they have the same health 

care approach to abusive patients as other patients. 

According to our findings, there is a need for 

additional knowledge about drug misuse and abuse among 

pharmacy students and community pharmacists, which is 

similar to the findings of a previous study performed in 

Jordan (Jaber et al., 2015). 

Conclusion 

 

Pharmacists play an important role in the prevention, 

management and treatment of substance abuse problems. 

Overall, this survey shows that more educational content 

areas and guidance on substance use disorder curricula are 

needed for Faculty of Pharmacy to better prepare students 

and future pharmacists to provide evidence-based and 

sensitive pharmaceutical care to patients with substance 

use disorders.  
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Introduction  

 

Epilepsy is one of the most common neurological 

diseases; more precisely it is the second most common 

neurological disease in the world. This disease affects the 

neurological system and has an immense impact on other 

human systems. It is widely known that epileptic patients 

taking anticonvulsants have decreased vitamin D levels 

(Holló et al., 2014) and zinc (Ma et al., 2015), contributing 

to various other comorbidities.  

Vitamin D plays a crucial role in the metabolic 

pathway of calcium absorption, which closely relates to 

bone formation and density. It has been shown that 

epilepsy patients who suffer from vitamin D insufficiency 

are prone to bone damage and are more often exposed to 

fractures (Holló et al., 2014). Additionally, vitamin D 

receptors and the 1-alpha–hydroxylase enzyme, which is 

responsible for the formation of the active form of vitamin 

D, have been found to be present in all brain tissues, thus 

increasing its recognition as an important neuronal 

modulator (Elmazny et al., 2020). 

Zinc plays a vital role as a neuromodulator in the 

pathophysiology of epileptic and seizure occurrences. 

Studies have shown that epileptic patients on 

anticonvulsant therapy have decreased zinc levels in their 

plasma and serum (Doboszewska et al., 2019). 

Antiepileptic therapy and different medications for the 

treatment of epilepsy contribute to lower vitamin D and 

zinc levels in epileptic patients. Evidence shows that many 

epileptic medications are usually CYP-450 inducers, thus 

converting vitamin D into inactive metabolites (Holló et al., 

2014). Each antiepileptic drug or antiepileptic therapy has 

its own impact on vitamin D metabolism and zinc levels. 

Considering the before-mentioned correlations, this 

deficiency of vitamin D and zinc may be significantly 

higher in drug-resistant patients exposed to more than one 

antiepileptic drug. In this study, we aim to understand the 

difference in vitamin D and zinc plasma levels between 

drug-resistant and non-drug-resistant adult epileptic 

patients. 

 

Materials and methods  

 

Study design  

 

The samples were collected between June and August 

2022. Sixty-three epileptic patients on anticonvulsant 

therapy were included, of which 23 were drug-resistant 

cases, and the other 40 were non-drug-resistant patients. 

The patients included in this study varied from 16 to 70 

years old. Patients taking vitamin D and other mineral 

supplements were excluded from this study. 

We collected basic patient information regarding this 

study’s needs through a questionnaire distributed to the 

University Clinic for Neurology. The questionnaire 

consisted of questions about basic information for the 

patient, age, what medications they are using, type of 
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epilepsy, intensity and frequency of the seizures, days of 

sunlight exposure, duration of seizures, and BMI.  

Plasma vitamin D levels were measured by collecting 

3 ml of venous blood. The samples were centrifuged at 

1374 g, and the plasma was immediately separated into 1.5 

mL tubes and stored at -80 ℃ until the analysis time.  

Plasma levels of 25-OH vitamin D were measured 

using a commercially available enzyme immunoassay 

competition method with a final fluorescent detection 

(VIDAS® 25 OH Vitamin D Total) kit by bioMerieux, 

France. According to the supplier’s reference range for 

vitamin D, a concentration of less than 20 ng/mL25 OH 

vitamin D in plasma is defined as deficient, 20-29 ng/mL 

is defined as insufficient, and 30-100 ng/mL as sufficient. 

Plasma levels of zinc were measured using a 

commercially available colorimetric test kit by Gesan, 

Italy. According to several studies, concentration lower 

than 60 μg/dL was defined as insufficient, and the 

reference range was 60-120 μg/dL.  

We used the Statistical Package for Social Sciences 

(SPSS 20.0; IBM, USA) for data analysis. 

 

Results and discussion 

 

The goodness of fit of the obtained data was tested 

using the Kolmogorov-Smirnov & Shapiro-Wilk test. The 

obtained results indicate a normal distribution of our data 

with p > 0.05. 

The statistical association of the sample data regarding 

vitamin D and zinc concentration in drug-resistant patients 

and patients on mono or polytherapy was evaluated using 

the Pearson coefficient for point-biserial correlation. 

 The acquired results indicate a moderate positive 

correlation between the vitamin D concentration and the 

therapy outcome (Pearson coefficient = 0.462 and p < 

0.05). It was determined that there is no statistically 

significant correlation between the Zn concentration and 

the therapy outcome (Pearson coefficient = 0.176 and p > 

0.05). The statistical analysis of the results regarding the 

influence of the type of therapy (mono or polytherapy) on 

the vitamin D and Zn concentrations indicates that there 

isn’t a statistically significant correlation.  

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

 

The obtained results in this study, carried out for the 

first time on a patient population in North Macedonia, are 

in accordance with other published studies in this area of 

interest. Vitamin D concentration could influence the 

outcome of antiepileptic therapy in patients with the 

diagnosed epileptic syndrome. 

Eighty-one percent of the examined patients had a 

lower vitamin D concentration than the reference value. 

This is particularly significant considering that the study 

was conducted from April to July when there is a high 

exposure to sunlight. This points to the need for additional 

vitamin D therapy in patients receiving antiepileptic 

treatment.  

A more significant number of patients is needed in 

further studies for more accurate statistical confirmation of 

the obtained results. 
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Introduction 
 

Bilberries are one of the most used and exported 

natural resources in North Macedonia and the demand from 

pharmaceutical and food industry is constantly increasing. 

Collection of billberries on Shara, Pelister, Osogovo and 

Kozuf mountains provides significant additional income 

for large number of local inhabitants.  

There are three species of bilberries in R. N. 

Macedonia and two are found on Kozhuf Mtn: Vaccinium 

myrtilus L.-European billberry (VM) and Vaccinium 

uliginosum L.-European bog bilberry (VU). They grow in 

large populations and cover vast areas. They thrive on 

damp acid soils, damp woods and sandy and rocky soils 

(Stefkov et al., 2014). Fruits (Myrtili fructus) are mainly 

used for food and preparation of home-made juices and 

jams. Leaves are traditionally used for making hot or cold 

beverages as herbal tea. The harvest period of fruits is July 

- August, and May - June for the leaves, during the 

blooming period. Leaves are then airdried in shadow, while 

fruits are air dried, freezed or used immediately. Fruits are 

rich in anthocyanins, polyphenols recognized for their 

ability to provide antioxidant and anti-inflammatory 

protection. Berries are known for their antioxidant activity, 

astringent for diarrhea, nutritive value and have high 

reputation for their antidiabetic activity. The leaves are 

traditionally used as a folk remedy for their astringent, anti-

inflammatory and antiseptic quality. The aim of this study 

is to assess the resources and economic potential of VM on 

Kozhuf Mtn, southern region of N. Macedonia, based on 

evaluation of fruits and leaves production as well their 

phytochemical characterization. 

The assessment is based on intensive field estimation 

on bilberries natural resources (annual production of fruits 

and leaves), chemical analyses of leaves and fruits and 

analysis of the importance of VM for local population. 
 

Materials and methods  
 

Study area 
 

Kozhuf Mtn. is situated in the south part of North 

Macedonia, along the border with Greece. It covers an area 

of 740.48 km2. 
 

Field survey of bilberries production 
 

Field survey was conducted during the summer in 

2022, before harvesting period. Line-transect method with 

collecting squares was used for estimation of leaves and 

berries production on several localities, altitudes and 

habitats. The most transects were made in heathlands. The 

coverage of bilberries was also recorded during the field 

research and grouped into three categories (I < 20%; II: 20–

60%; III: 60–100%). 
The fruits from the squared sampling surfaces were 

collected in plastic containers and counted. Leaves were 

also collected in every second square of five transects.  

Gis mapping 

Estimation of the VM cover on Kozhuf Mtn. was done 

by remote sensing in GIS (ArcGis 9.2) based on:  

mailto:todorov03f@gmail.com


568  Student Session 

 

Maced. pharm. bull., 68 (Suppl 1) 567 - 568 (2022) 

- Ground truth data on VM species presence and VM 

coverage (collected during the field work in 2022).  

- Google Earth Images – 3-band images (red, green, blue) 

with varying quality of resolution.  

- Satellite Images – ALOS – Recent satellite images with 

4 bands (red, green, blue and infrared) with 10 × 10 m 

resolution.  

-  Ortophoto Images – Grayscale images produced from 

aerial photos with resolution of 0.5 m.  

- Topography vector data – Digitized 10 m topolines 

(isolines), and  

- Landcover vector data – all of them produced by the 

State Authority for Geodetic Works of Macedonia. 

The orthogonal surface (2-dimensional projection of 

land cover) was corrected for real surface of the land cover, 

hence including the information on the relief (slopes, 

depressions, etc.). The surface of the heathlands was 

subdivided into three categories: SI area of the heathlands 

with VM coverage of less than 20%; SII with coverage of 

20–60% and SIII with coverage of 60–100%. 
 

Estimation of the bilberries production  
 

Separate average values for production (g m−2) for 

bilberries in heathlands and pastures were calculated. 

Three additional average values were calculated for 

heathlands: PI, PII and PIII corresponding to the three 

identified coverage types. The total VM production in 2022 

(BP) was calculated as a sum of VM production in the three 

categories of VM coverage and production in the pastures 

(Stefkov et al., 2014).  

 BP(tons) =  
PI(g m−2)∙SI(ha)

100
+  

PII(g m−2) ∙ SII(ha)

100
+

PIII(g m−2) ∙ SIII(ha)

100

+
Ppastures(g m−2) ∙ Spastures(ha)

100
 

 

Plant material, reagents and authentic samples 
 

Plant material (fruits and leaves) for chemical analyses 

were collected in August 2022 and voucher specimen of V. 

myrtillus, FFUKIMVm1/22 was deposited at the 

Herbarium of the Institute of Pharmacognosy, Faculty of 

Pharmacy, Ss. Cyril and Methodius University, Skopje, 

Republic of Macedonia. 

Methanol and hydrochloric acid were of highest purity 

(>99.95%) and were purchased from Sigma Chemical Co. 

(Germany).  
 

Evaluating the content of anthocyanins 
 

Evaluation of the content of anthocyanins was made 

according Ph. Eur. 10.8 procedure for assay of 

anthocyanins in fresh VM fruits (Myrtilli fructus recens). 

All samples were prepared in triplicates. The 

spectrophotometric analyses were made on Agilent Cary 

60 UV-VIS spectrophotometer. 

Results and discussion 
 

The average mass of a single fresh fruit of VM was 

0.22 g. The fruit production of bilberries averaged more 

than 36.11 g m−2. Maximal production of bilberries was 

reached in the altitudinal belts between 1800 and 1900 m. 

The production of fruits in the heathlands was multiple 

times higher than in the pastures.  

Average production of dry leaves was more than 200 

g m−2. The ratio between heathlands and pastures 

production, in different coverage categories as well as 

altitudinal belts was similar as in the case of fruits.  

In similar study on Osogovo Mtn. (Stefkov et al., 

2014), the average fruit and leaves production was 11.7 g 

m−2 and 213.2 g m−2, respectively. Consequently, the total 

fruits and leaves biomass was 249.11 t (from which 218.82 

t in heathlands) and 1459.4 t, respectively.  

The content of anthocyanins was determined 0.52%, 

complying to Ph.Eur. requirements (min 0.3%) and within 

the range reported for Lithuania (0.264-0.399% (Burdulis 

et al., 2007)), and 0.6% (Burdulis et al., 2009).  
 

Conclusion 
 

Remote sensing, ground truth data by using GIS, 

transect square method were successfully applied for 

assessment of leaves and fruits production. The total 

biomass on Kozhuf Mtn. in 2022 for fruits and leaves was 

estimated. The content of anthocyanins was 0.52%, 

complying to Ph.Eur. requirements. 

Bilberries on Kozuf Mtn. represent significant natural 

resource that can provide possible economic income from 

fruits and leaves for the local population and beyond. 
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Introduction 

 

Coronavirus disease (COVID-19) pandemic caused 

by the severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) has rapidly developed into a worldwide 

pandemic, having an impact on health and worldwide 

economical state and significant psychological and social 

effect on the population. Vaccination is one of the 

most successful public health interventions for prevention 

of communicable infectious diseases, but as it is voluntary 

popular unacceptance is one of the main threats to world 

health. In the past few years there is a rise in vaccine 

hesitancy worldwide linked to loss of trust and 

misinformation about vaccine safety. Numerous factors 

influence decision making among which available sources 

of information and trust in the healthcare system have a 

significant impact on vaccine acceptance.  

Most of the young adults and college students use 

social media platforms to get informed about the vaccines 

and immunization. Since the decision-making regarding 

vaccination depends on many individual factors including 

emotional, cultural, social, spiritual, and political factors, 

it is important to understand the reason for students' 

attitudes towards vaccination, in order to find the most 

effective way to properly inform them about the 

importance of COVID-19 vaccination.  

This study aims to assess the attitude the university 

students have towards immunization and also asses the 

association between the key sources of knowledge about 

COVID-19 vaccines and its acceptance.  

 

 

Materials and methods  

 

This was a descriptive, cross-sectional study using an 

online-based survey in a period from 17 February to 23 

April 2021. The target populations were university 

students who were currently studying at Ss. Cyril and 

Methodius University in Skopje. The participation in this 

study was on a voluntary basis. An e-mail with a link to 

the online survey was sent to all students at the 

University, and the responses were collected 

anonymously.  

The questionnaire contained a total of 11 questions, 

divided into three sections. It was created based on a 

similar survey from a literature review (Salam et al., 

2021). The clarity and relevance of the questionnaire was 

presented and approved by the Department of 

Pharmaceutical Chemistry at the Faculty of Pharmacy, 

University of Ss. Cyril and Methodius, Skopje.  

The first section aimed at collecting information 

about faculty division within a university, classified in 

four academic disciplines (Health, Natural Science, 

Technical, and Humanities).  

The second section investigated the main source of 

COVID-19 information used by the students, their self-

assessed knowledge about COVID-19 vaccination and 

intention to get COVID-19 vaccine. 

The third section of the questionnaire refers to 

students' general attitudes toward the importance of 

COVID-19 vaccination and the impact of vaccines on 

public health. 
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A descriptive analysis was performed on participant 

characteristics and acceptance, knowledge, and opinion 

about COVID-19 vaccination. The analysis was 

performed using Statistical package MedCalc version 

20.111.  

Qualitative data were expressed as percentages, and 

Chi-square test was used to assess the statistical 

significance of the association between the intention for 

COVID-19 vaccination and following variables: academic 

disciplines and main source of information. A p-value < 

0.05 was considered statistically significant. 

 

Results and discussion 

 

The total number of respondents included in final 

analysis was 5176 students. The participant students 

belonged to a total of 25 faculties with academic 

discipline distribution: Health (26.4 %), Technical 

(30.4%), Humanities (37.1%) and Natural Science 

(6.2%).  

Most of the students (56.8%) reported that they plan 

to get a vaccine whenever it is available. Higher 

percentage of students who agreed to take the vaccine was 

from the faculty academic discipline “Health” (67.3%), 

compared to other disciplines “Humanities” (50.1%), 

“Technical (57.3%) and “Natural Science” (49.8%), 

p<0.001. These results confirmed that students from 

faculty academic discipline “Health” were the most 

willing to be vaccinated, which is comparable to the 

results described in previously conducted similar study 

(Tavolacci et al., 2021).  

We assume that greater knowledge and education of 

students from academic disciple “Health” regarding 

immunization, have a positive impact on COVID-19 

vaccine acceptance. Compared to non-health students, a 

higher percentage of health students considered 

themselves sufficiently informed regarding COVID-19 

vaccination (12.8% vs. 7.6%, p<0.0001). Almost all 

health students (91.4%) stated that vaccination is 

an important part of public health, compared to non-

health students (82.5%, p<0.0001), and the majority of 

them are willing to advise their family and friends to get 

vaccinated (65.6% vs 47.0%, p<0.0001).      

Regarding factors that influenced vaccination 

decision, both group of students ranged vaccine efficacy 

(65.5% vs 54.3%) and safety (76.4% vs 73.8%) as the 

most important factors. The most common reasons for 

those who refused to get the vaccine (10.7%) were 

insufficient information about COVID vaccines (6.5%), 

concern about safety profile (49.2%) and personal 

attitudes (43.6%). The number of students who stated that 

they need more information and who are concern about 

the side effects of COVID-19 vaccines was higher in non-

health students group (84.5%, 82.9% respectively) 

compared to health students group (15.5%, 17.1% 

respectively), but without any statistical significance 

(p=0.6547).  
Despite education, the source of information can also 

affect the attitude toward COVID-19 vaccination. The 

overall intention to get COVID-19 vaccine was highest 

among students who reported dependence on relevant 

institutions (71.6%), and healthcare professionals 

(67.4%). The lowest rate of intention to receive the 

vaccine was among those students who relied on social 

media platforms (45.0%, p<0.001). This shows that 

healthcare professionals have a central role in 

discussing vaccination against COVID-19 with their 

patients.  

 

Conclusion 

 

Results from this survey showed a relatively positive 

acceptance rate of the COVID-19 vaccines among the 

university students. However, vaccine hesitancy usually 

arises due to a concern or doubt about the safety 

of vaccination. The source and quality of information are 

critical factors that influence vaccination hesitancy. 

Therefore, this finding can be used to support the idea that 

university students studying health sciences, such as those 

studying medicine, dentistry, pharmacy, and veterinary 

medicine, should play a part in dissemination of accurate 

information about COVID-19 vaccination among their 

colleagues and the general public.  
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Introduction 

 

A large number of pharmaceutical formulations have 

been packaged using glass containers and ampoules, 

mainly due to its important characteristics that allow sterile 

production of recipients for drugs and other sterile 

substances (Schaut and Weeks, 2017). Ph.Eur. defines that 

for medicines intended for parenteral administration, only 

type I glass containers are suitable, i.e neutral glass, with a 

high hydrolytic resistance due to the chemical composition 

of the glass itself (Ph. Eur. 01/2019:30201). To meet the 

needs of different pharmaceutical applications, production 

of a variety of ampoules should be compliant with ISO 

9187; quality control for ampoules should cover every 

phase of production. 

The Ph. Eur. provides that the container chosen for a 

given preparation shall be such that the glass material does 

not release substances in quantities sufficient to affect the 

stability of the preparation or to present a risk of toxicity. 

However, there are reports on formation of glass micro 

particles during opening the ampoules and contamination 

of the medicine within (Carraretto et al., 2011; Hafez et al., 

2012; Ghorpade and Shinde, 2022). These glass particles 

usually cannot be detected by naked eye, so more advanced 

technology is needed such as stereomicroscopy. It is clear 

that the presence of extrinsic particles in parenteral 

preparations can be a sign of a systematic issue and is 

unwanted. 

The aim of this research was to determine the 

detectability of possible formation of glass micro-particles 

generated during the snap-opening of ampoules. 

Stereomicroscope was used for evaluation of size and form 

of the generated particles, in order to enable more 

meaningful insight for this critical phenomena pointing 

toward serious medical issue.  

 

Materials and methods 

 
Materials 
 

Stemi 508 Carl Zeiss Microscopy GmbH microscope 

with Axiocam ERc 5s camera and built-in Zeiss ZEN 2.6 

(Blue edition) software was used. 

Five types of glass ampoules with different injectable 

fluids, from different manufacturers, were studied. A total 

of 30 ampoules were used, of various size and volume (1, 

3, 4, 5 and 25 mL). A plastic ampoule opener was used 

during the snap-opening of the ampoules in order to reduce 

the risk of percutaneous injuries of the researchers.  

 
Methods 
 

The glass ampoules were wiped with alcohol. After a 

randomized selection, the ampoules were snap-opened 

manually and the sample was aspirated directly from the 

ampoules using 20 mL sterile syringes with 20G and 23G 

needles in order to avoid additional contamination from the 

ampoule neck. Each of the content was transferred to a 

sterile cell culture plate and was examined microscopically 

against a dark background. The diameter of the particles 

was determined using the built-in software, then they were 

photographed and the data was saved.  
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Results and discussion 

 

Due to the mandatory parameter in specification of 

parenteral preparations that the content of the ampoules is 

free from visible and sub-visible particles, these products 

might possess hidden health risk if during the opening of 

the glass ampoules by breaking it, secondary particulate 

contamination is introduced.   

The final control check of the solution is performed by 

the medical professional who opened the vial before the 

parenteral application. Still, some of the reports (Joo et al., 

2016) on aspirated then injected contaminants, indicated a 

need for more profound and systematic surveillance study 

on different batches / products / manufacturers.  

Out of total 30 ampoules (5 ampoules per batch from 

6 different products and different manufacturers) that were 

snap-opened, glass particulates were detected in all of the 

examined samples. The particulates were identified by 

their luminescence under the microscope’s lighting, and 

their size ranged from 82 μm to 2.5 mm. The particles were 

of different shapes: round, flake-like, oblong and some 

with very sharp irregular shapes. Sharp-edged particles 

were more commonly detected in the ampoules with 

smaller volumes, in comparison to the ampoules with 

bigger volumes. This may be due to lack of suitable length 

proportion between the head of the ampoule (i.e. the part 

above the neck) and the total length of the ampoules.  

The size range of the glass particles brings the severity 

of the potential and possible underestimated risks for 

patient health and safety. According to scientific reports 

(Perez et al., 2016), injected particles with diameter less 

than 0.5 mm may have negative effects (like: embolic, 

thrombotic and other vascular events, foreign body 

granuloma, etc.), and in case of larger fragmentation 

(above 0.5 mm), there can be immediate harmful 

mechanical effects to the human body.   

In general, despite the carefulness during the opening, 

each sample was contaminated with glass particles, which 

were able to be aspirated through the syringe needle. This 

leads us to take in consideration the possible problems that 

impact on quality of the glass container. The problem with 

the quality may be due to different chemical composition 

of the glass, the width of the glass, the dimension ratio and 

position of the ampule neck related to the dimension of the 

whole ampoule, the critical parameters that impact the 

closing process of the ampoules, as well the thoroughness 

of validation of the whole manufacturing process.  

 

Conclusion 

 

Glass contamination of ampoules for parenteral use is 

an important and serious medical issue. This study 

confirmed that manual snap-opening of the ampoules is 

associated with high contamination with glass particulates. 

The issue seems not related to the batch, product, nor 

manufacturer. Possible cause might be linked to the 

manufacturing process, which means that stricter 

validation methods need to be implemented when it comes 

to primary glass packaging. 

No matter the root-cause of the possible secondary 

particulate contamination of solution in glass ampoules, 

additional quality control parameter should be introduced 

for each parenteral preparation with such contact 

packaging. Considering the dimension range of the 

detected particulates, a stereomicroscope is not only a 

useful tool, but also necessary method for detecting 

contaminants that would obviously remained undiscovered 

by naked eye. The fact that this technique is underused is 

surprising, since nowadays there are many instruments 

available for lab use as well as for fieldwork, and the results 

can be combined with other methods for detection of many 

contaminants. 

Having in mind that there are many safer packaging 

materials than breaking ampoules (plastic and glass pre-

filled syringes, containers, vials, pens, bags… with 

plastic/rubber/silicon sealing), can it be that the use of glass 

braking ampoules is coming to an end?  
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Introduction 

 

Patient counselling has an important role in 

improving patients’ self-management skills and better 

treatment outcome (Paterick et al., 2017). Educated 

patients become more engaged in health care decisions, 

are more compliant to adhere to medication guidelines 

and treatment plans, make lifestyle changes to manage 

chronic conditions, seek preventative services, and utilize 

medical services appropriately. 

The lack of sufficient knowledge about their health 

status and medication is one of the most important factors 

associated with nonadherence and medication-related 

problems. Community pharmacists, as most easily 

accessible health professionals are an indispensable 

source of patient education and counselling in the context 

of pharmaceutical care. Therefore, community 

pharmacists should apply their specialized health and 

pharmacotherapeutic knowledge and offer medical 

counseling, everytime they dispense a prescription 

medication.  

The aim of this study was to assess the contribution 

of community pharmacists’ counselling to patients’ 

knowledge about their prescription medicines. 

. 

Materials and methods  

 
This observational study used structured interviews 

with patients exiting randomly chosen community 

pharmacies. 150 patients picking up a prescription 

medicine were structurally interviewed leaving one of the 

15 randomly chosen community pharmacies. The 

medicines were randomly chosen. The interviews took 

place in May 2022. 

For the purpose of this study, an anonymous 

questionnaire, previously developed and published by 

Horvat and Kos (2015) was used. The questionnaire was 

composed of 10 open-ended questions assessing patients’ 

knowledge regarding the medicines: purpose, dose, 

application rate, timing, route of administration, duration 

of therapy and recognition of medication effectiveness, as 

well as questions regarding precautions and adverse 

effects. Each of these questions were followed by 3 close-

ended questions which evaluated the pharmacists’ 

contribution to their knowledge about a specific 

medication. All the questions were formulated in context 

to evaluation of the pharmacists’ contribution about the 

previously defined aspects of medications use.  

Additionally, the questionnaire included questions 

related to patient-specific data, including age, sex, 

education, income, patient’s current number of 

prescription medicines, patient’s view of current health 

status, patient’s view of offered pharmacist counseling 

and treatment adherence. 

The descriptive analysis was performed and the 

results were presented as percentage.  

 

Results and discussion 

 

On the 1-5 rating scale (1 = poor, 5 = excellent), 

patients assessed their current health status with the 

median of 3.  

Most of the patients were currently taking 2 drugs 

and they were aware of the purpose of the drug they used, 

dosing, treatment regimen and route of administration 
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(>95%). The majority of responders (74%) reported 

adherence to their treatment. High percentage of the 

patients were familiar with the therapy duration and knew 

how to recognize medication effectiveness (>65%). Only 

45% were acquainted with the precautions and 35% were 

aware about the drug adverse effects.  

Regarding the counselling obtained by the 

pharmacists during patients’ last visit to the pharmacy, 

results showed that they were generally advised about the 

dose and treatment regimen (>75%). Around 20% of 

patients received information about drug possible adverse 

effects and how to minimize them. Only 8% stated that 

they were asked by the pharmacist if they had been 

previously informed about drug adverse effects. 
Pharmacists provided medication labels which usually 

contain information on dose and dosing interval for 67% 

of the patients. Other written information was rarely 

provided. 

 

Conclusion 

 

According our results, patients considered themselves 

informed about how to use their medications, which is 

comparable to findings from similar published study 

(Horvat and Kos, 2015). However, patients are uncertened 

regarding possible drug asssosisated adverse effects and 

side events. The obtained results emphesise the need for 

patient-centered pharmacists counselling towards 

medication safety profile.   
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Introduction 

 

Cannabis sativa and/or cannabis-based products have 

been legalized for medical use in 41 countries (23 in 

Europe) between 2012–2021 (Stefkov et al., 2022). Having 

in mind that this industry is exponentially growing, many 

different cultivation practices such as indoor, outdoor and 

greenhouse cultivation, have been established. Outdoor 

cultivation is the traditional and low cost method for 

growing hemp, while indoor cultivation is much more 

employed for growing medicinal cannabis. There is a great 

variety of different strains and hybrids of cannabis, created 

for better yield of different cannabinoids and terepenes. 

Such strain is Bubba Kush x OG Kush, a hybrid of parents 

Bubba Kush and OG Kush, mostly Indica variety, with 

total THC up to 17% and very low total CBD (under 0.1%) 

which has flowering time of 9 weeks. Higher total THC 

content makes it suitable for obtaining rich medicinal 

cannabis plants for utilization for medicinal purposes such 

as THC rich extracts preparation. The aim of this study is 

to assess individual plant variability of cannabinoid content 

in group of cultivated plants of the same strain Bubba Kush 

x OG Kush.  

 

Materials and methods 

 

Reagents  

 

Cannabidiol CRM solution (purity 98.66%), 

cannabinol CRM solution (purity 99.50%), (-)-△9-

tetrahydrocannabinol CRM solution (purity 99.39%), △9-

tetrahydrocannabinolic acid A CRM solution (purity 

96.99%) and cannabidiolic acid CRM solution (purity 

97.88%) with concentration of 1 mg/mL were purchased 

from Cayman Chemicals (USA). 85% o-phosphoric acid 

and acetonitrile HPLC grade were purchased from Carlo 

Erba. Ethanol 96% Ph.Eur. grade was purchased from 

Alkaloid AD Skopje. 

 

Plant material 

 

Seeds from cannabis strain Bubba Kush x OG Kush 

were generously donated by licenced cannabis company. 

For plant nutrition BIOBIZZ liquid nutrition mixture of 

20:20:20 N:P:K with supplementary Mg and BIOBIZZ 

root antistress liquid nutrition mixture 10:52:10 N:P:K 

with supplementary Mg were used. 15 seeeds in total were 

used in this experiment (M1-(1-15)). 5 seeds were placed 

between a dampened cotton ball with distilled water and 

covered with a dampened cotton ball in a Petri dish sealed 

with parafilm. Only 9 seeds were imbibed in a period of 3-

5 days. Seedling stage lasted 3 weeks, vegetative growth 

for 11 weeks and flowering stage 7 weeks. At 7th week of 

vegetative growth plants were transplanted at outdoor 

experimental plot, regularly treated with water but nutrition 

was limited since the effect of natural conditions for 

growing plants was considered in this experiment. Plants 

(plant codes М1-1 to M1-9) were havested at 7 weeks in 

the flowering stage which is prior floral technical maturity 

(9 weeks) due to presence of a caterpillar pest. M1-6 plant 

died in early vegetative stage due to broken main stem.  

 

HPLC determination of phytocannabinoids 
 

For determination of cannabinoid content, DAB 

Pharmacopoeial method for assay of cannabinoids was 
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applied. The chromatographic analyses were carried out 

using Agilent 1200 Model HPLC equipped with DAD 

G1315D, quaternary pump G1311A, column thermostat 

G1316A and thermostatted autosampler G1329A (Agilent 

Technologies, USA). Separation was achieved using 

InfinityLab Poroshell 120 EC-C18 chromatographic 

column (150 mm x 3 mm ID, 2.7 μm) at 40°C, gradient 

method with flow rate 0.7mL/min, DAD measurements 

were carried out at 225 nm wavelength for neutral 

cannabinoids (CBD, CBN and Δ9 - THC) and 306 nm 

wavelength for acidic cannabinoid forms (CBDA and Δ9-

THCA). Sample preparation (triplicates) and loss on drying 

for each sample was determined according to DAB 

monograph for Cannabis flower (German Pharmacopoeia 

2020th ed. 2020). Prior sample preparation flowers were 

trimmed, pulverised and sieved through sieve No. 710. 

 

Results and discussion 

 

Measurements were done on harvested flowers of 8 

plants. HPLC analysis revealed that CBDA was below 

limit of quantification in all of the samples, except M1-4 

(0.01%), M1-8 (0.03%) and M1-5 (0.08%). CBD content 

was quite uniform in all the plants (c.0.01%) thus total 

CBD (expressed as sum of CBDA (%) x 0.877 and CBD 

(%)) was below 0.1% in all of the samples. Unlike total 

CBD content, total THC content (sum of Δ9-THCA (%) x 

0.877 and Δ9-THC (%)) varied throughout the samples: 

from minimal M1-1 (4.50%), M1-3 (6.96%), M1-2 

(7.69%), M1-9 (7.88%), M1-7 (9.70%), M1-4 (13.29%), 

M1-8 (14.38%) to maximal M1-5 (17.38%), with 

predominant share of Δ9-THCA and Δ9-THC varying 

from 0.41 - 1.03%. The origin of THCA content variability 

can be of different nature such as: different individual plant 

accomodaton due to limited nutrition, the stability and 

uniformity of the genetic material or flower damage caused 

by caterpillar pest. Research by Bernstein et al. (2019) 

demonstrated that nutrient supplementation can modulate 

cannabinoid content in an organ- and location-specific 

manner, pointing out that relationship between 

cannabinoid content and nutritional supplementation is not 

very clear yet. Also insect plant damage influence on 

cannabinoid content was investigated by Park et al. (2022) 

who discovered that in 5 day treatment of plants with 

caterpillar larvae of tobacco hornworm  Manduca sexta had 

significant reduction in CBGA, CBG and CBD content. 

Many strains are offered by different seed companies, and 

the degree of genetic similarity or difference among 

providers has not been quantified; therefore, it is generally 

expected and accepted that there is significant variation 

within a single strain among seed companies and even 

within seed lots (Adhikary et al., 2021).  

 

Conclusion 

 

Within this research eight individual plants Bubba 

Kush x OG Kush were successfully cultivated and 

cannabinoid content was determined. Quite large 

variability in THCA content was observed (4.50-17.38%) 

in individual plants most likely due to genetic non-

uniformity of seed material and flower damage from 

caterpillar pest. Further genetic and phytochemical 

research is necessary to determine the origin of 

cannabinoid content variability of this strain. 
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Introduction 

 

      One lesson coming from the COVID-19 pandemic is 

that health systems have a central role in addressing the 

crisis. To maintain health security for all, integrated, 

quality, and people-centered primary health care remains 

crucial to the national response during health emergencies. 

Providing more resilient and equitable access to health care 

services is one of the most important segments of a health 

care system. In order to build a quality health system, it is 
necessary to acknowledge the irreplaceability of 

pharmaceutical care services. 

According to WHO, medicines are considered a priority for 

reaching the highest attainable standard of health. It is 

essential to note that providing medicines is not the only 

responsibility of the health care system; it is also using 

them appropriately. Many societal and health system 

factors, as well as professionals, contribute to the way 

medicines are used. In this context, rational use of 

medicines is explained through the Concept of rational use 

of medicines, which requires that patients receive 

medicines appropriate to their clinical needs, in the dosage 

corresponding to their individual requirements, during an 

appropriate period of time, and at the lowest possible cost 

to them and the community. In fact, rational use of 

medicines is one of the most significant responsibilities of 

a pharmacist. 

 

North Macedonia: Response to the COVID-19 

pandemic 

 

       North Macedonia’s health system has been placed 

under a significant burden by the COVID-19 pandemic, as 

in many other countries, deeply affecting the health of 
many people, both COVID-19 and non-COVID-19 

patients, because of disruptions in the normal provision of 

health services (WHO, 2021). 
As a matter of fact, the health system faced many 

challenges on a daily basis, which led to a shortage of 

health professionals, a shortage of medicines, irrational use 

of medicines, unsatisfactory treatment of COVID-19 

patients, and neglecting patients with chronic diseases. 

The coronavirus pandemic has highlighted the urgent need 

to strengthen the health care services in our country. 

 

Pharmaceutical care services: contributing to the 

improved therapeutical outcome of COVID-19 

patients worldwide 

 

       As healthcare professionals, pharmacists played a 

vital role in public health during the COVID-19 pandemic. 

During the whole pandemic, pharmacists were the most 

accessible healthcare providers and the first point of 

contact for patients (Dominique et al., 2022). One of the 

fundamental roles of pharmacists is to ensure the 

availability of medicines and continuous access to 

medication, and to provide the safest and most effective 

therapy (EDQM, 2012). In this role, pharmacists had a plan 

for identifying and reducing drug shortages during the 

COVID-19 pandemic. This is crucial given that drug 

shortages can lead to the prescribing of suboptimal therapy 

and have been associated with patient harm. Hospital and 

clinical pharmacists have led efforts by managing the 

numerous drug shortages that have emerged during the 

pandemic. They have evaluated and used novel therapies 

for hospitalized patients with COVID-19, and they have 

done patient monitoring and follow-up, as well as detection 

and referral of suspected cases of COVID-19.  
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Besides ensuring that patients are receiving the best 

possible pharmaceutical care, pharmacists take their place 

as pharmaceutical scientists who are engaged in clinical 

research and vaccine development. 

Community pharmacists are still among the health 

professionals on the front line, educating and providing 

information about medicines to the population, and the 

health team when needed; serving patients throughout the 

pandemic by increasing the accessibility of medications 

with home delivery services; increasing the use of 

telehealth to provide continuous care in physician office–

based practices, in clinics, and in community pharmacies; 

and increasing the health care access for the patients by 

taking a part of COVID-19 testing and vaccination (Nurul 

et al., 2022; Mustapha et al., 2020). 

 

Implementation of pharmaceutical care services in 

N. Macedonia—redefining the pharmacist’s role 

 
      The growing expectations of society for health and 

health care mean a demand for services that are more 

focused on the individual patient, a higher quality of health 

care within the community, and a more effective 

participation in decisions that can be reached by fully 

implementing the philosophy of practice-pharmaceutical 

care. 

Published evidence shows that implementation of 

pharmaceutical care services (e.g., medication 

reconciliation, adherence and knowledge assessments, 

medication optimization, patient counseling) effectively 

prevents irrational drug use, resulting in a decreased rate of 

morbidity, mortality, adverse drug reactions, antimicrobial 

resistance, and financial loss (Dalton and Byrne, 2017). 

Pharmaceutical care services, along with public health 

interventions and effective medicine supply management, 

are key components of the rational use of drugs and 

promoting health. 

The concept of pharmaceutical care has been well 

defined in developed countries for patient care at hospitals 

and community pharmacy settings, but its implementation 

in developing countries, such as N. Macedonia, is still 

theoretical and practically nonexistent. In fact, in our 

country, there is no regulation that allows the 

implementation of contracted pharmaceutical services. 

The first barrier is actually the reason: pharmaceutical 

services are not regulated under the category of "service" 

since it is not considered as a location of "healthcare 

services" delivery. This should be the first step of the 

change needed, keeping in mind that the services delivered 

by these facilities are regulated. To do this, the major role 

in seeking the reorientation of the services belongs to the 

government, directed by the Ministry of Health, industry 

and pharmaceutical trade, healthcare professionals, and the 

population/users. 

 

 

 

Conclusion 

 

    In order to achieve resilience for the next health 

emergency, investing in public health should be a priority 

of the government in N. Macedonia. Hence, national health 

authorities should develop strategic interventions to reform 

the health care system with a new regulatory framework 

that will emphasize pharmaceutical care services as well as 

all other health services. 
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Introduction 

 

The coronavirus disease 2019 (COVID-19) caused by 

the severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) has rapidly developed into a worldwide 

pandemic causing a significant health and economic 

burden. Given the diverse clinical presentation, course, and 

progression of COVID-19, as well as the limited medical 

supply, regulatory authorities have faced a significant 

challenge in establishing robust regulatory programs in 

order to reduce clinical dilemmas in selecting proper 

therapy for COVID-19 patients. Several regulatory 

approaches were used for accessing potential therapies in 

COVID-19 as clinical trials, compassionate use, 

emergency use and off-label use (Halimi et al., 2020). 

Insufficient scientific evidence and limited clinical 

experience in COVID-19 treatment, imposed the need for 

off-label use of existing drugs originally approved for other 

diseases and indications. Off-label drug use indicates the 

prescription of drugs other than that for which they have 

been officially approved, with respect to dosage, age, 

indication or route of administration. Decision for off-label 

use should be made on a case by case basis, weighing the 

risks and benefits of treatment for each patient.  

As it has been demonstrated that interleukin-6 (IL-6) 

plays a pivotal role in the inflammatory response 

associated with COVID-19 infections, a large focus has 

been placed on IL-6 and IL-6 receptor inhibition. One such 

agent is tocilizumab, a monoclonal antibody that acts as a 

competitive IL-6 receptor inhibitor. Originally marketed as 

an anti-rheumatic drug, tocilizumab has gained significant 

importance during the pandemic, and is currently one of 

the few drugs officially recommended by the Food and 

Drug Administration (FDA) and European Medicines 

Agency (EMA) for treatment of COVID-19. 

 

Off-label use of tocilizumab in COVID-19 

treatment  

 

The beneficial effect of tocilizumab in COVID-19 

management was initially recognized in a study conducted 

in Wuhan, which encouraged Italian clinicians to precede 

an off-label use of tocilizumab in treatment of patients with 

severe COVID-19 pneumonia. Tocilizumab 

immunotherapy strategy has been formally included for the 

first time in the treatment of patients with SARS CoV-2 

infection, by the National Health Commission of China, in 

March, 2020, with the lists of key criteria: diagnosis and 

treatment of patients with severe or moderate clinical 

condition diagnosed with increased laboratory level of IL-

6 (Panovska et al., 2021).   

The most important scientific evidence on its potential 

benefit came from the RECOVERY and EMPACTA trials. 

The obtained data showed that tocilizumab improved 

survival and other clinical outcomes, and thus was superior 

in comparison to standard care alone (RECOVERY) and 

placebo (EMPACTA). Importantly, these benefits were 

most clearly seen among patients treated with systemic 
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corticosteroids what letter on become standard of care for 

COVID-19 patients requiring treatment with oxygen. 

(FDA, 2021; EMA, 2021).  

Following initial positive results from large clinical 

trials, as well as the off-label use experience in global 

clinical centers, tocilizumab administration was initiated in 

hospitalized COVID-19 patients in Republic of North 

Macedonia. Based on the data obtained from the University 

Clinic of Infectious Diseases and Febrile Conditions in 

Skopje, off-label use of tocilizumab was initiated in March 

2021 in COVID-19 hospitalized patients with severe 

clinical symptoms and absence of contraindications. All of 

these patients required supplemental oxygen and received 

non-invasive ventilation. Moreover, all patients received 

symptomatic therapy concomitant with antimicrobial and 

antithrombotic agents, as well as hydration supplements. 

Some of them were also treated with systemic 

corticosteroids and/or additional antiviral treatment with 

remdesivir.  

 

Extended use of tocilizumab 

  

In June 2021, FDA issued an Emergency Use 

Authorization (EUA) for the drug Actemra (tocilizumab) 

for the treatment of hospitalized adults and pediatric 

patients (2 years of age and older) who are receiving 

systemic corticosteroids and require supplemental oxygen, 

non-invasive or invasive mechanical ventilation, or 

extracorporeal membrane oxygenation (ECMO) (FDA, 

2021). At the end of 2021, EMA’s Committee for 

Medicinal Products for Human Use (CHMP) also 

recommended extending the indication of the same drug 

registered under the brand name RoActemra (tocilizumab) 

to include the treatment of adults with COVID-19 who are 

receiving treatment with corticosteroids and require 

supplemental oxygen or mechanical ventilation (EMA, 

2021).   

Subsequently to EMA’s approval, in January 2022, 

Macedonian Agency for Medicines and Medical Devices 

(MALMED) approved extension of the indication of 

Actemra for the treatment of adults with COVID-19. The 

official COVID-19 protocol published by Ministry of 

Health, was updated in February 2022 to include 

tocilizumab for treatment of hospitalized patients with 

progressive severe or critical disease. According to the 

protocol, tocilizumab should be administered as 

intravenous infusion at a dose of 8 mg/kg, with maximum 

dosage of 800 mg per infusion. If clinical signs or 

symptoms worsen or do not improve after the first dose, 

one additional infusion of Actemra may be administered 

12-24 after the initial infusion. 

 

Conclusion  

 

The global health crisis caused by COVID-19 was a 

stark reminder of the lack of antiviral agents on the market, 

and the need for effective medical treatment for patients 

with severe clinical symptoms continues to be one of the 

biggest challenges. In lack of highly effective and targeted 

treatment and widespread vaccine hesitancy, regulatory 

authorities must accelerate their decision process in order 

to find an effective medical therapy in the shortest time 

possible. Off-label use is an essential part of 

pharmacoepidemiological studies and life cycle of the drug 

as a possibility for expanding to other indication. Assessing 

off-label of drugs is important way to highlight clinical 

indications in diseases where specific research needs to be 

conducted. This regulatory approach for accessing 

potential therapies is less time-consuming since the safety 

and pharmacological profile of particular drug has already 

been established. 
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Introduction  

 

Nanoparticles (NPs) are one of the most efficient drug 

delivery systems (DDS) for passive and active targeting. 

Among the many polymers used in the preparation of NPs, 

the most commonly used is poly(D,L-lactide-co-glycolide) 

(PLGA) because of its biodegradability and low systemic 

toxicity. Owing to their hydrophilic corona, decreased 

protein absorption and long circulation time PEGylated 

PLGA or PEO-PPO-PEO-PLGA NPs are equipped for 

passive tumor localization due to increased vascular 

permeability of the fast-growing tumors. Tumor targeting 

effect may be improved by introducing additional 

functionality for tumor cell overexpressed receptors 

targeting. Having in mind the dual role of glucose as a 

barrier for protein adsorption and targeting ligand for 

overexpressed glucose transporters in cancer cells, 

glycosylation of PLGA may be considered as an approach 

to improve the passive tumor localization and 

internalization of the NPs. Literature data point to 

improved internalization of PLGA-Glu NPs compared to 

PLGA NPs in Hep-2 GLUTs expressing cells 

(hypoglycemic conditions). Moreover, improved PLGA-

Glu NPs internalization compared to Transferrin liganded 

PLGA NPs was also reported in A549 lung cancer cells. 

Glycosylation may also ameliorate the low efficacy of 

hydrophilic drug loading in PLGA NPs and enhance the 

drug incorporation. Having said the previous, the aim of 

our study was to design Oxaliplatin (OXP) loaded PLGA-

Glu NPs prepared by two distinctive preparation 

techniques which are nanoprecipitation and 

emulsification/solvent evaporation, and to compare their 

size, size distribution, polydispersity index and efficacy       

of incorporation of OXP.   

 

Materials and methods  

 
Materials 
 

     Poly(D,L-lactide-co-glycolide)-Glucose star polymer 

was purchased from  PolySciTech Akina Inc., West 

Lafayette, IN, USA (lactide:glycolide 50:50, Mw 38 kDa),  

PEO-PPO-PEO, Lutrol®F127 from BASF, Germany, and 

Oxaliplatin was purchased from Merck Supelco, Sigma-

Auldrich, Germany. All other reagents and chemicals used 

were of analytical grade. 

 

Preparation of nanoparticles   
 

PLGA-Glu nanoparticles were prepared by the 

nanoprecipitation and emulsification/solvent evaporation 

techniques. Ultrasound-assisted sonication (Ultrasound 

homogenizer 300VT, Biologics Inc.) was applied during 

the   nanoprecipitation procedure which was carried out as 

following:  5 mL of organic solution (THF) containing 15 

mg of PLGA-Glu and 5 mg or 10 mg of OXP was added 

drop by drop into an aqueous solution containing 5 mg of 

PEO-PPO-PEO and homogenized for 15 min at 

pulsation/pause ratio 90% of 10 sec.; ultrasonic frequency 

fixed at 20 kHz; power 30 W and energy 10.000–10.800 J.  

The procedure in the emulsification technique is the 

following: 5 mL of organic solution (DCM) containing 15 
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mg of PLGA-Glu and 5 mg or 10 mg of OXP was added 

into an aqueous solution containing 5 mg of PEO-PPO-

PEO. The mixture was then emulsified for 15 min at the 

same conditions as described for nanoprecipitation 

procedure, using an Ultrasonic homogenizer. For both 

methods, after generation of primary nanoparticles the 

organic solvent was evaporated overnight under magnetic 

stirring at 200 rpm, at room temperature. Then, NPs were 

washed by three centrifugation cycles using a centrifuge 

operated at 3500 rpm for 15 minutes. The supernatant was 

discarded and the pellets were resuspended in distilled 

water. A cryoprotectant (glucose) to prevent mechanical 

stresses and aggregation during drying was added to the NP 

dispersion (10% w/v added to 5% nanomicelle dispersion) 

and then placed into a freezer at -80 ⁰C. Finally, NPs were 

freeze-dried in lyophilizer (Biobase, China). Experiments 

were performed by triplicate.  

 

Nanoparticle characterization  
 

  Nanoparticle size, size distribution and 

polydispersity index (PDI) were measured using a dynamic 

light scattering (DLS) technique (Zetasizer Nano ZS, 

Malvern Instruments, UK). Water was used as a dispersant. 

Each sample was measured three times at a constant 

temperature (25 ⁰C).  A previously validated HPLC 

method was used to determine the efficacy of incorporation 

and drug content of OXP in the NPs. The analyses were 

performed on Agilent 1200 Series HPLC system equipped 

with a quaternary pump and Agilent 1100 DAD detector 

using Merck silica based C-18 column. The mobile phase 

consisted of methanol HPLC/water (10:90). 

Chromatographic conditions were as following: column 

temperature 25⁰C, injection volume 20 μL, UV detection at 

255 nm, flow speed 1 mL/min. A calibration curve was 

constructed using standard solutions of OXP (1μg/mL, 5 

μg/mL. 10 μg/mL and 15 μg/mL). The drug content (DC) 

and efficacy of incorporation (EE%) were calculated using 

equations [1] and [2]. 

   

DC (%) = Amount of active substance in NPs/Total amount 

of micelles × 100    [1] 

EE (%) = Amount of active substance in NPs/Total amount 

of active substance × 100   [2] 

 

Results and discussion 

 
       Oxaliplatin loaded PLGA-Glu nanoparticles were 

prepared using two distinctive techniques 

nanoprecipitation and emulsification/solvent evaporation. 

The size of NPs prepared by nanoprecipitation technique 

ranged from 118 to 127 nm, with PDI 0.261 for those 

produced with 5 mg of OXP, and from 143 to 147 nm, with 

PDI 0.273 for those produced with 10 mg of OXP. The size 

of NPs prepared by emulsification/solvent evaporation 

technique ranged from 253 to 263 nm, with PDI 0.35 for 

those produced with 5 mg of OXP, and from 226 to 243 

nm, with PDI 0.351 for those produced with 10 mg of OXP. 

The emulsification/solvent evaporation method leads to 

larger NPs compared to nanoprecipitation method probably 

due to the difference in the mechanism of embryonic NPs 

formation and the influence of the organic solvent 

properties (viscosity, density, water miscibility) as well as 

polymer organic solution viscosity upon surface tension, 

surface active properties, mixing, precipitation or 

emulsification.     Efficacy of incorporation for NPs 

prepared by nanoprecipitation technique was 99.72% (DC 

= 24.6%) for those containing 5 mg of OXP, and 99.55% 

for those containing 10 mg of OXP (DC = 40%). Efficacy 

of incorporation for NPs prepared by 

emulsification/solvent evaporation technique was 98.93% 

(DC = 25%) for those containing 5 mg of OXP, and 

99.39% (DC = 39.5%) for those containing 10 mg of OXP. 

Further experiments with increased OXP quantity are 

needed to test the capacity of the system for OXP 

incorporation. Following the determination of 

incorporation capacity, experiments will be done to 

determine the effect of drug content and production 

methodology on the dissolution rate of OXP.  Experiments 

for the localization of OXP in the NPs during the 

nanoprecipitation and emulsification method will be 

performed to explain the discrepancy in the increase in size 

between the two methodologies.  

 

Conclusion 

 

       Both techniques have the potential to obtain 

nanoparticles with desired characteristics, while 

maintaining reproducible results. These findings can be 

useful in designing future therapeutic solutions for patients 

with cancerous diseases.  
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Introduction 

Scientific interest in cannabis (Cannabis sativa L.) has 

grown exponentially in the last 30 years due to the 

discovery of beneficial phytochemicals along with the 

study of the human endocannabinoid system. Accordingly, 

changes in legislation were initiated to legalize the use of 

cannabis for medical purposes. Anthropogenic pressure on 

this plant arises due to its use value which is directly related 

to its phytochemical composition. More than 545 

metabolic components have been identified by Cannabis, 

about 144 of which as phytocannabinoids present as acidic 

forms. The most important acidic forms of 

phytocannabinoids are tetrahydrocannabinolic and 

cannabidiolic acid (Δ9-THCA and CBDA). Dried cannabis 

flower is the official raw material and pharmacopoeial 

monographs recommend determination of the content of 

five cannabinoids (CBD, CBDA, CBN, Δ9-THC and Δ9-

THCA) and differentiation between hemotypes (Stefkov et 

al., 2021). Cannabis is cultivated as an important industrial 

or medicinal plant, but can also be found as an wild species 

in   Republic of North Macedonia. The purpose of the study 

is to investigate whether there is wild growing Cannabis in 

North Macedonia through localization of the areas where it 

grows, collection of plant material, morphological and 

phytochemical characterization and also to assess its 

commercial value.   

 

Materials and methods  

 
Plant material 

 

Plant material was collected from 5 localities with 

wild growing Cannabis plant (Kochansko region, Republic 

of North Macedonia: L1 - Zletovo river (July 2019, August 

2020), L2 - Mojanci (July 2019), L3 - Banja Trkanje (July 
2019), L4 - between Gorni and Dolni Podlog (July 2019) 

and L5 - Dolni Balvan (August 2020). The collected plant 

material comprises herbarium specimen, leaves and seeds. 

Cannabis specimens were identified by Prof. Dr. Gjoshe 

Stefkov Institute for Pharmacognosy, herbarized, stored 

and voucher specimens (FFUKIMCs(1,4,8,9/19), 

FFUKIMCs(1/20, 2/20) at the Herbarium at the Faculty of 

Pharmacy, UKIM. 

 
Reagents 

 

Cannabidiol CRM solution, cannabinol CRM 

solution, (-)-△9-tetrahydrocannabinol CRM solution, △9-

tetrahydrocannabinolic acid A CRM solution and 

cannabidiolic acid CRM solution with concentration of 1 

mg/mL were purchased from Cerilliant Corporation 

(USA). 85% o-phosphoric acid and acetonitrile HPLC 

grade were purchased from Carlo Erba. Ethanol 96% 

Ph.Eur. grade was purchased from Alkaloid AD Skopje. 

 

Morphological characterization 

 

Cannabis plants were characterized using UPOV (The 

International Union for the Protection of New Varieties of 

Plants) descriptors. For that purpose, plant material (leaves 

and seeds) were collected for further analysis (International 

Union for the protection of the new varieties of plants Geneva, 

2012). 
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HPLC characterisation of phytocannabinoids 

 

For determination of cannabinoid content in collected 

Cannabis leaves as plant material, DAB Pharmacopoeial 

method for assay of cannabinoids was applied. The 

chromatographic analyses were carried out using Agilent 

1200 Model HPLC equipped with DAD G1315D, 

quaternary pump G1311A, column thermostat G1316A 

and thermostatted autosampler G1329A (Agilent 

Technologies, USA). Separation was achieved using 

InfinityLab Poroshell 120 EC-C18 chromatographic 

column (150 mm x 3 mm ID, 2.7 μm, Agilent 

Technologies, USA) at 40 °C with mobile phase consisting 

of aqueous solution of o-phosphoric acid (8.64 g/L) as 

solvent A and acetonitrile as solvent B. Sample preparation 

(triplicates) and loss on drying for each sample was 

determined according to DAB monograph for Cannabis 

flower (German Pharmacopeia 2020th ed. 2020). 

 

Results and discussion 

 

For general information on the localities of wild growing 

Cannabis plants on territory of North Macedonia, 

ethnopharmacological survey was conducted. Six localities 

were pointed out and at five out of six Cannabis plants were 

identified during terrain activities. 

A number of morphological analyses were made on 

plant material (leaves and seeds) using nine UPOV 

descriptors (D) for leaves and three for seeds. The analyses 

revealed the following results (average values of all five 

locations): D6 (descriptor 6) - leaf length of petiole were 

approximately 30.15 mm and 5.59 mm on lower leaves and 

upper leaves, respectively; D7 – leaf: anthocyanin 

coloration of petiole was weak; D8 - number of leaflets was 

7 or 9 on lower leaves and 3 or 5 on upper leaves; D9 - 

central leaflet length was average 80.10 mm on lower 

leaves and 51.32 mm on upper leaves; D10 - central leaflet 

width with average value 11.65 mm on lower leaves and 

2.48 mm on upper leaves; D19 - main steam length of 

internode, approximately 139.9 mm; D20 - main steam 

thickness characterized 9.47 mm; D21 - main steam depth 

of grooves was shallow; D22 - main steam: pith in cross-

section was medium. Next three descriptors are for seed 

characterisation, D23 - seed 100 weight was 0.0084415g; 

D24 - seed color of testa was gray brown to yellowish 

brown and D25 - seed: marbling was strong. 

HPLC phytochemical analysis of dry leaves has shown 

that CBDA was predominant component in all of the 

samples, ranging 0.3 - 1.41% m/m. CBD content varied 

from 0.01 - 0.18% m/m, while THC complied to the official 

limit for THC in hemp and hemp products (below 0.02% 

m/m) except for location L3 (0.03%). THCA was below 

limit of quantification and CBN was not detected in any of 

the samples Highest CBDA content was noted in sample 

L3 (1.41%), following L1 from August 2020 (1.37%, 

1.12%, 0.68%) and L1 July 2019 (0.46%), L4 from 2019 

(0.43%, 0.35%), L2 from 2019 (0.40%) and L5 from 2020 

(0.36%). According results from L1 from July 2019 and 

August 2020 seems that technical maturity and better 

harvest period is probably at August.  

 

Conclusion 

 

The morphological characterization confirmed that all 

collected samples are same phenotypeC. sativa spp.sativa. 

The phytochemical characterization analysis from 5 

localities of central eastern Macedonia, in Kocani, Shtip, 

Probistip confirmed predominant presence of total CBD up 

to 1.42% m/m and total THC below 0.02% m/m (with 

exception of 0.03% in L3 – Banja Trkanje). 

Аs a genetic resource, regardless of the low content of 

CBD and THC, wild cannabis species have the potential to 

be one of the parents in future hybridization and obtaining 

new hybrid varieties that could be successfully cultivated 

outdoors in North Macedonia. By hybridization with other, 

more potent varieties of Cannabis, they can be enriched 

with desired content of cannabinoids. 

These results will be properly disseminated and will 

contribute to the valorization of this plant, raise awareness 

of the existence and importance of indigenous Cannabis in 

North Macedonia and how to change the practice of its 

intentional destruction to preservation. 
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Introduction 

 

Terpenes are hydrocarbons, made up of isoprene units, 

while terpenoids are an oxidized and denatured form of 

terpenes containing an additional functional group with 

oxygen (Al-Taweel and Perveen, 2018). This oxidation 

occurs during the drying and curing processes when the 

plant is exposed to open air (Lowe et al., 2021). In various 

chemotypes of Cannabis over 200 terpenes have been 

identified (Lowe et al., 2021). Most of the research, 

regarding terpenoids in Cannabis is conducted on dry 

flower material, however there is scarcely any data on 

terpenoid profiling in fresh flowers. Therefore, the aim of 

this study is to compare volatile terpenoid profiles of fresh 

and dry flowers by HS/GC/MS analysis. 
 

Materials and methods  
 

Seed material 
 

Seeds from 4 different Cannabis strains (M1- Bubba 

Kush x OG Kush, M2 - NYC Diesel, M3 - Great White 

Shark and S1 - Charlotte Angels) were generously donated 

by a licenced cannabis company. Seeds of wildgrowing 

Cannabis were collected at 5 different locations (seed 

maturity growing stage) in R. N. Macedonia (Kochani: W1 

- Gorni and Dolni Podlog, W2 - Dolni Balvan and W6 - 

Mojanci; Strumica: W3 - Prosenikovo and Saraj, W4 - 

Bosilovo). 

 

Cultivation of plant material 
 

Seeds were placed between two layers of dampened 

cotton ball with distilled water in a Petri dish sealed with 

parafilm. The seeds imbibed in a period of 3-5 days. 

Seedling stage lasted 3 weeks, vegetative and flowering 

stage were different for each strain/variety. At 7th week of 

vegetative growth plants were transferred at outdoor 

experimental plot with limited nutrition. Fresh flower 

samples (weigh variation of samples 0.8 - 1.2 g) from upper 

third of the plants were collected two days prior harvest and 

put in headspace vials. The samples were stored at -20°C 

until further analysis. After harvest and drying of plant 

material (loss on drying below 10%), dry flower samples 

(weight 0.5 g) were placed in headspace vials for analysis.  

 

HS/GC/MS analysis 
 

Fresh and dry flower samples in headspace vials were 

analyzed on Agilent 7890A Gas Chromatography system 

equipped with FID detector and Agilent 5975C mass 

spectrometer. For separation HP-5ms capillary column 

(30m x 0.25 mm, 0.25 μm) was used with helium as carrier 

gas (1 mL/min). Analytical conditions were as follows: 

oven temperature at 0 min 60°C, rate 4.5 °C/min 4.5 °C to 

250 °C (1 min hold time) with total runtime of 43 min. 

Syringe T was 85°C, incubation T 80 °C, incubation time 

5 min, agitator speed 500 rpm. FID detector temperature 

was 270 °C. Mass spectrometry conditions were as 

follows: ionization voltage 70 eV, ion source temperature 

230 °C, transfer line temperature 280 °C and mass range 

from 50 - 550 Da. The MS was operated in scan mode. 

Components were identified with comparison of their mass 

spectra with reference spectra from libraries such as NIST, 
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Wiley and Adams (Adams, 2007) and were quantified 

using normalization method of peak areas with no 

correction factors. 

 

Results and discussion 
 

In this study a total of 62 terpenes were identified and 

quantified with content above 0.1%. Twenty terpenes 

comprise 91.55 – 99.05%, and were determined throughout 

all the samples. Nine of them were considered as 

predominant: myrcene, limonene, α-pinene, β-pinene, 

terpinolene, (E)-β-ocimene, trans-(E)-caryophyllene and 

camphene. Six components: myrcene (81.25%, 78.49%), 

limonene (9.32%, 9.63%), α-pinene (1.86%, 5.44%), β-

pinene (1.67%, 1.49%), trans-(E)-caryophyllene (1.55%, 

1.49%) and linalool (0.89%, 0.59%) were identified as 

predominant in both fresh and dry flowers from the 

commercial strain Charlotte Angels, respectively. The 

same components were predominant in the Bubba Kush x 

OG Kush strain (fresh vs. dry flowers respectively) only in 

different ration compared to Charlotte Angels: myrcene 

(39.44%, 30.12%), limonene (36.45%, 18.68%), α-pinene 

(4.55%, 12.82%), β-pinene (4.77%, 6.61%), trans-(E)-

caryophyllene (3.41%, 8.06%) and linalool (3.39%, 

4.40%). On the other hand, in Great White Shark strain, the 

following composition was observed in fresh vs. dry 

flowers, respectively: α-pinene (54.31%, 62.81%), 

myrcene (23.72%, 19.76%), β-pinene (7.67%, 6.76%), 

limonene (6.77%, 3.30%) trans-(E)-caryophyllene (0.43%, 

1.18%) and camphene (1.14%, 1.93%). In NYC Diesel: α-

pinene (40.04%, 59.40%), myrcene (36.76%, 16.12%), 

limonene (8.64%, 5.10%), β-pinene (7.17%, 6.77%), trans-

(E)-caryophyllene (1.60%, 4.43%) and (E)-β-ocimene 

(1.54%, 0.59%) were identified in fresh vs. dry flowers, 

respectively. The same six terpene components were also 

identified as predominant components in the fresh and 

dried flowers of cultivated wildtypes (W1-W4), 

respectively: W1 – myrcene (56.46%, 52.11%), α-pinene 

(30.30%, 36.19%), limonene (4.64%, 4.26%), β-pinene 

(4.47%, 3.41%), terpinolene (2.76%, 1.66%), and 

camphene (0.58%, 0.77%), W2 - myrcene (62.07%, 

45.09%), α-pinene (14.88%, 33.53%), (E)-β-ocimene 

(9.17%, 7.73%), limonene (6.97%, 5.82%), β-pinene 

(3.22%, 4.09%), trans-(E)-caryophyllene (1.79%, 1.42%), 

W3 - myrcene (48.52%, 44.81%), α-pinene (22.52%, 

27.18%), limonene (11.65%, 9.68%), (E)-β-ocimene 

(10.16%, 12.91%), β-pinene (4.19%, 2.483%), camphene 

(0.71%, 1.16%), and W4 - α-pinene (54.71%, 59.48%), 

myrcene (29.21%, 19.76%), β-pinene (9.66%, 6.52%), 

limonene (2.87%, 1.94%), trans-(E)-caryophyllene 

(1.19%, 0.448%) and camphene (1.12%, 1.41%). No 

significant changes in predominant terpene profile and 

content were noted comparing W6 fresh and dry flower. 

There are 2 separate studies that report changes in terpene 

profiles of fresh and dry cannabis flower essential oil 

samples due to influence of drying process that partially 

complies with the results reported in this research (Ross 

and ElSohly,1996; Kwasnica et al., 2021). Ross and 

ElSohly (1996) observed that drying the plant material 

results in a significantly greater loss of monoterpenes than 

of sesquiterpenes but qualitatively speaking, none of the 

major components of the oil (> 0.1%) completely 

disappeared with drying. In a more recent study by 

Kwasnica et al. (2021), similar predominant terpenes as our 

study with different order of predominance were identified 

(β-myrcene (26.66%), β-(E)-caryophyllene (17.50%), 

limonene (10.45%), α-humulene (7.26%), caryophyllene 

oxide (3.79%), β-pinene (2.51%), terpinolene (2.50%) and 

α-pinene (2.16%)). They quantified the terpenes after 

implementing different drying processes, pointing out the 

most effective drying process as convective drying at 50°C 

with least significant quantitative changes in predominant 

terpenes from fresh and dried cannabis material. 

 

Conclusion 
 

This is first study of its kind to compare volatile 

terpene profiles of fresh and dry flowers of cultivated 

Cannabis in North Macedonia by HS GC-MS. Changes in 

terpene content were observed between dry and fresh 

flowers of both cultivated wildtype and commercial 

Cannabis strains, indicating influence of drying process of 

the material.  
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Introduction 

 

The genus Helichrysum Mill. (fam. Asteraceae) 

composes at least of 600 species, widespread throughout 

the world, including Helichrysum zivojinii Cernj. et Soska 

and Helichyrsum plicatum DC, which are known by their 

common name “Immortals” relating to their longevity of 

dried flowers. These species are populating certain areas in 

Europe, Asia, Africa and Madagascar, but also, they are 

native for Balkan Peninsula and Macedonian flora. 

Helichrysum species are usually described as aromatic 

dwarf perennial shrubs or herbs. The content of the 

essential oil is known to be different according to their 

development stage, plant organ, age and geographical 

location. Their essential oil has been linked to important 

biological functions in plants connected to their pollination 

as well as environmental adaption.  

H. plicatum has been used in folk medicine for wound-

healing and for treatment of gastric and hepatic disorders, 

diabetes, and kidney stones. On the other hand, there are 

promising data coming from H. plicatum extracts 

(ethanolic, methanolic and chloroform extracts) towards 

their free radical scavenging activity, cancer cell toxicity, 

lowered blood sugar levels as well as antimutagenic and 

antibacterial action . Essential oil isolated from H. plicatum 

exhibited important antioxidant activity. In this order, 

Helichrysum zivojinii has been significantly less 

investigated and analyzed. Correlating to the importance of 

the volatile compounds that play a role in anti-infective 

therapy, it is important to note that the monoterpene 

composition as dominant fraction in the most of essential  

 

 

 

oils is dependent on the plant genotype and can be used for 

taxonomic purposes (Öztürk et al., 2014). 

The importance of analyzing aroma components in H. 

plicatum and H. zivojinii comes from the fact that volatile 

monoterpenes and sesquiterpenes have been linked with 

numerous health benefits as well as their practical 

application as aromatic source in cosmetic industry. 

According to the literature data, there is a lack of data 

referred to the aroma profile of both mentioned 

Helichrysum species, thus the main object of this study was 

to investigate volatile terpenoids in wild growing 

Helichrysum plicatum and Helichrysum zivojinii collected 

from Macedonian flora.  

 

Materials and methods  

 
Plant material 
 

Helichrysum zivojinii Cernj. et Soška aerial parts were 

collected from Galichica Mountain, North Macedonia. The 

plant identity was confirmed by Prof. Dr. Vlado Matevski.  

Aerial parts at flowering stage from Helichrysum 

plicatum DC were collected from Jablanica Mountain, 

North Macedonia. The plant identity was confirmed by 

Prof. Dr. Gjose Stefkov.  

The samples were air dried in shadow, packed in paper 

bags and properly stored in the dark and cold place until 

analysis. 

  
Headspace gas chromatography (HS-GC) 
 

0.5 g of dried samples (flowers, leaves and leaves with 

stems) were placed in separate sealed vials and put in 
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agitator for 5 min. Only the gas phase (highly volatile 

compounds) was investigated on Shimadzu AOC 5000 

Plus Headspace autosampler coupled with Agilent 7890А 

Gas Chromatography system equipped with flame 

ionization detector (FID) and an Agilent 5975C Mass 

Quadrupole detector, which enabled simultaneous analysis 

of the sample on both detectors. For this purpose, a HP-

5ms (30 m x 0.25 mm, film thickness 0.25 m) capillary 

column was used.  

Identification of the components was made by 

comparing the mass spectra of components with those from 

NIST, Wiley and Adams mass spectral libraries, by 

AMDIS (Automated Mass Spectral Deconvolution and 

Identification System) and by comparing literature and 

estimated Kovats (retention) indices that were determined 

using a mixture of a homologous series of normal alkanes 

from C9 to C25 in n-hexane, under the same conditions. 

The percentage ratio of the components was computed as 

average values (n=3) by the normalization method of the 

GC/FID peak areas.  

 

Results and discussion 

 

Total of 12 aroma components were identified with 

headspace GC/MS method in two tested Helichrysum 

species. Among them, 8 compounds were declared as 

monoterpenes and 4 were sesquiterpenes. The 

monoterpene fraction was represented by 7 hydrocarbons 

and 1 oxygenated monoterpene (1,8-cineole) while 

sesquiterpene fraction was represented only of 

hydrocarbons. These components were detected in the 

flower samples collected from H. plicatum, representing 

96.05% of the total identified constituents. In this order, 

only 5 components were identified in H. zivojinii flower 

samples while 3 components were found in leaf samples as 

well as samples consisted of leaves and stem of H. plicatum 

and H. zivojinii, respectively. Sesquiterpene fraction was 

present only in flower samples collected from both species 

and was absent in leaves and in samples consisted of leaves 

and stem.  

The most abundant monoterpenes in H. plicatum 

flowers were α-pinene (41.82%), 1,8-cineole (17.22%), 

myrcene (9.58%), limonene (6.76%) and β-pinene 

(4.59%), while β-caryophyllene (5.02%), α-humulene 

(1.21%) and γ-curcumene (1.07%) were predominant in the 

class of sesquiterpenes. This correlates with results 

previously obtained for three subspecies of H. plicatum 

from Turkey where α-pinene was found to be one of the 

major volatile compound (Öztürk et al., 2014). In similar 

research made on cultivated Helichrysum italicum in N. 

Macedonia, the same major aroma compounds were 

present, following α-pinene (87.80%), limonene (4.24%) 

and β-pinene (1.59%) (Karapandzova et al., 2017). 

In tested H. zivojinii flower samples, predominant 

monoterpenes were myrcene (40.62%) and 1,8-cineole 

(18.33%) as well as sesquterpene component β-

caryophyllene (8.23%). The predominant component in the 

samples consisted of leaves and steam collected from both 

species was myrcene (52.56-68.56%). Due to the lack of 

literature data, the comparison with other HS analysis 

concerning this species was not possible. Regarding this, 

comparation was made with tested Helichrysum italicum 

flower samples, where these terpene hydrocarbons were 

also identified as predominant fraction (Andreani et al., 

2019).   

 

Conclusion 

 

The main fraction of the identified components in the 

analysed Helichrysum plicatum and Helichrysum zivojinii 

samples collected from Macedonian flora were 

monoterpenes, which are declared as a high volatile aroma 

compounds. As the cosmetic and perfume industries have 

been taken a strong interest in Helichrysum species, mainly 

because of their specific terpenes composition, fast 

screening of the aromatic profile is necessary for the further 

selection of plant material with potential high content and 

desirable composition of aroma compounds. 
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Introduction 

 
Cannabis, commonly known as marijuana, is a product 

of the Cannabis sativa plant which has been used as an 

alternative medicine in many cultures for several centuries 

ago. Recently, its beneficial effects have been shown in the 

treatment of nausea and vomiting associated with cancer 

chemotherapy, anorexia and cachexia seen in HIV/AIDS 

patients as well as in neuropathic pain and spasticity in 

multiple sclerosis (Nagarkatti et al., 2010). Nowadays, this 

plant is being substantially used for medical purposes. The 

active compounds, cannabinoids, have been under the 

extensive investigation, and their potent antioxidant and 

inflammatory properties have been reported, although the 

detailed mechanisms of their actions have not been fully 

clarified (Kopustinskiene el al., 2022). On the other hand, 

it is assumed that the extraction of phenolic compounds as 

well as antioxidant capacity of C. sativa extracts were 

highly and significantly influenced by the type of 

extraction solvent (Aazza, 2021). 

Regarding this, dried flowers from four different 

cannabis strains were extracted with two different solvents, 

methanol and ethanol and antioxidant activity of extracts 

were compared to see if the antioxidant capacity varies 

from one solvent to other.  

 

 

 

 

 

 

Materials and methods 

 

Plant materials 

 

Plant material was consisted of dried flowers from 

four different cannabis cultivars: Amnesia Kush, 

Charlotte’s Angels, Elleta Campana and Orange Hill.  

 

Total phenolic content (TPC) 

TPC of the methanolic and ethanolic extracts, 

prepared at concentration of 50 mg/ml in methanol and 

ethanol was determined using Folin-Ciocalteu reagent 

described by the Singleton method with some 

modifications. Gallic acid was used as a positive control.  

Total flavonoid content (TFC) 

TFC was evaluated according to Jiao method, using 

AlCl3 with slight modifications. The flavonoid content was 

expressed as quercetin equivalent (mg QE/g) using the 

linear equation based on the standard calibration curve.  

Antioxidative capacity  

 

DPPH assay of the samples was conducted by Gyamfi 

method, with slight modification, while linoleic acid/β-

carotene bleaching assay was used to determine the initial 

value of lipid peroxidation.  

Ascorbic acid (AA) and butylated hydroxyanisole 

(BHA) were used as positive controls for both assays. 
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Results and discussions  

 

According to the results obtained in this study, both 

Amnesia Kush and Charlottes Angels samples showed 

higher values for TPC in ethanolic extracts, 4.88 ± 0.33 mg 

GAE/g and 5.05 ± 0.39 mg GAE/g, respectively compared 

to the values in methanolic extract, 4.29 ± 0.36 for Amnesia 

Kush are 3.19 ± 0.04 mg GAE/g for Charlottes Angel. 

Contrary to the previous results, methanolic extracts 

showed higher values for TPC for Eletta Campana and 

Orange Hill special extracts, with values at 4.26 ± 0.04 and 

4.39 ± 0.25 mg GAE/g, compared to the values of ethanolic 

extracts, 3.15 ± 0.03 and 4.35 ± 0.28 mg GAE/g, 

respectively. This finding are consistent with that of 

Farrante et al. (2019) who determined the total phenolic 

content in flowers of C. sativa to be in a range of 4.7 to 8.1 

mg GAE/g. 

All four extracts showed higher values for TFC when 

methanol was used as solvent. The highest values for TFC 

were noticed in Charlottes Angel (4.68 ± 0.29), followed 

by Amnesia Kush (4.41 ± 0.44), Orange Hill special (3.48 

± 0.14) and Eletta Campana (3.22 ± 0.65). According to the 

Claudio et al. (2019), the determined TFC values for the 

water extracts prepared from cannabis inflorescence is up 

to 6.3 mg RE/g extract (Ferrante et al., 2019). 

According to our findings, both methanolic and 

ethanolic extracts scavenged the DPPH free radicals. The 

IC50 values for DPPH radicals in methanolic and ethanolic 

extract of the Amnesia Kush were found to be 9.92 mg/mL 

and 15.56 mg/mL, respectively. Lower IC50 values for 

methanolic extracts were also noticed in Charlotte Angels 

extracts as values of 10.59 mg/mL and 9.90 mg/mL for 

methanolic and ethanolic extracts, respectively, were 

determined. Opposing to the previous results, higher IC50 

values for ethanolic extracts were determined in Elleta 

Campana and Orange Hill extracts. Values of 15.56 mg/mL 

and 20.52 mg/mL were calculated for ethanolic extracts, 

while the IC50 values for methanolic extracts were lower 

and ranged from 9.92 mg/mL to 12.5 5mg/mL, 

respectively. The scavenging capacity of tested extracts 

was compared to BHA and AA, as positive controls. In this 

manner, all of the extracts showed significant higher IC50 

values compared to BHA and AA, which were determined 

to be 0.0450 mg/mL and 0.014 mg/mL, respectively.  

According to the β-carotene/linoleic acid bleaching 

test, all methanolic extracts at concentration of 1 mg/mL 

showed percentage of inhibition between 80% and 90%. 

Additionally, our research showed that the ethanolic 

extracts in the same concentration have lower percentage 

of inhibition compared with the methanolic extracts. In 

comparison to this, BHA at concentration of 1 mg/mL 

methanolic as well as ethanolic matrix, showed inhibition 

of 99.7%, and 91.7%, respectively. This finding is 

consistent with that of Smeriglio et al. (2016), who reported 

high antioxidative activity of Cannabis flower measured by 

β-carotene bleaching assay. 

 

Conclusion 

 

The type of the solvent which is used for the sample 

preparation influences the TPC and TFC, as well as affect 

the antioxidant capacity of the prepared Cannabis extracts. 

The obtained values for the tested antioxidative activity is 

probably due to the TPC and TFC values. Further 

examination, which take these variables into account, will 

need to be undertaken in order to see if there is a possible 

synergistic effects with some other compounds present in 

Cannabis flowers. 
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Introduction 

 

Tanacetum vulgare L. (Asteraceae), commonly known 

as “tansy”, is plant native to Europe and Asia, where it 

grows along roadsides, hedgerows and waste places. The 

medicinal values of T. vulgare preparations include 

different uses: as food preservatives, insecticides, balsams, 

as wound healing agents, for treatment of rheumatism, 

ulcer, digestive, kidney and stomach problems and showed 

analgesic, antidiabetic, antihelmintic, anti-viral, and 

antioxidant effect. Medicines are made from the 

inflorescence and herb of tansy where essential oil (0.1–

1.9%), phenolic acids, flavonoids, bitterness and mineral 

compounds were extracted. Polyphenolic compounds have 

become the most alluring substances in science throughout 

the last century due to their potential biological activities, 

such as antibacterial, antioxidant, and anticancer properties 

(Aćimović and Puvača, 2020). 

Antioxidant activity of phenolic compounds is mainly 

due to their redox properties, which can play an important 

role in absorbing and neutralizing free radicals (Nickavar 

and Esbati, 2012). To provide new insights on extracts 

from Tanaceti herba from two different locations in North 

Macedonia, we aimed to determinate the total phenols and 

total flavonoids content as well as to investigate the 

antioxidant potential by performing DPPH and beta-

carotene bleaching assays. 
 

Materials and methods 
 

Plant material 

 

The plant material from T. vulgare was harvested from 

 two locations from Kozuf mountain (September 2021) and 

from Karadzica, near Berovo (October 2021). The plant 

identity was confirmed by Prof. Dr. Gjose Stefkov, from 

Faculty of Pharmacy - Skopje.  

The herbal plant material was air dried in shadow, 

packed in paper bags and stored in dark and cold place until 

further analysis. 

 

Standards and instruments 

 

All chemicals and standards were purchased from 

Sigma-Aldrich Chemical Co. (France) (2,2-Di-phenyl-1-

picrylhydrazyl - DPPH; β-Carotene; Butylated 

hydroxyanisole - BHA, Quercetin; Gallic acid - GA) and/or 

Merck Company (Germany) (Folin-Ciocalteu’s phenol 

reagent; Ascorbic acid – AA; Linoleic acid and Tween 40). 

Cary 50 UV-VIS spectrophotometer from Agilent 

Technologies, was used for absorbance measurements in 

all assays. 

 

Herbal extracts preparation 

 

0.5 g of dried herbal parts of tansy were extracted twice 

with 5 mL methanol on ultrasonic bath (50/60 Hz; 720 W) 

for 10 minutes. The obtained extracts were filtered and 

filled up to the mark with methanol. 

 

Total phenolic content (TPC) 

 

Singleton procedure from 1999 using the Folin-

Ciocalteu reagent with slight modifications was used to 

determine the TPC of the herbal extracts in concentration 
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of 50 mg/mL. The absorbance was measured at 765 nm and 

gallic acid was used as positive control. 

 

Flavonoid Determination  

 

The total flavonoid contents (TFC) of the extracts were 

measured spectrophotometric using AlCl3 reagent and 

calculated as quercetin equivalents by the method of Jiao 

(2000), slightly modified. The absorbance was measured at 

510 nm. Quercetin was used as a positive control and tested 

samples were in concentration of 50 mg/mL. 

Determination of antioxidant potential using the DPPH 

radical and linoleic acid/β-carotene bleaching assay 

 

The free radical scavenging abilities of the tansy herbal 

extracts were measured using the DPPH reagent according 

to the method established by Gyamfi, 1999 with minor 

modifications. The absorbance values were determined at 

517 nm. Linoleic acid/β-carotene system was used to 

determine the initial value of lipid peroxidation. For the 

assay methanolic tansy herbal extracts with a concentration 

in a range from 1-10 mg/mL were used. The absorbance 

was determined at 490 nm. AA and BHA were used as a 

positive control in the performed assays.  

 

Results and discussions 

 

To characterize the obtained methanolic extracts from 

Tanaceti herba, our first approach was to determine their 

TPC which was calculated from the following gallic acid 

calibration curve y=0.0034x+0.087 (R2=0.97) and 

expressed as mg of GA equivalents in g of dry plant 

material - DPM (2.88±0.18 mg GAE/g DPM and 

3.01±0.08 mg GAE/g DPM for methanolic herbal extracts 

from Karadzica and Kozuf respectively).  

Additionally, the total flavonoid content was 

determinate for further specification of the extracts. TFC 

was calculated from quercetin calibration curve 

(y=0.0006x+0.0039, R2=0.99) and expressed as mg of 

quercetin equivalents in g of dry plant material - DPM 

(9.98±0.76 mg QE/g DPM and 156.65±12.70 mg QE/g 

DPM for methanolic herbal extracts from Karadzica and 

Kozuf, respectively). As it could be observed, in the herbal 

extract from Kozuf, higher amount of phenolic and 

flavonoid constituents was determinate. Numerous studies 

revealed that T. vulgare is rich in phenolic acids, 

flavonoids, and their derivatives, which support the 

pharmacological effects of the plant (Aćimović and 

Puvača, 2020). 

 

 

 

 

Antioxidant capacity 

 

The methanolic herbal extracts of T. vulgare from 

Karadzica and Kozuf were investigated for their 

antioxidant potential and the crude extracts displayed 

DPPH radical scavenging effects with an IC50 value of 6.71 

mg/mL and 5.59 mg/mL, respectively. The obtained data 

suggest that T. vulgare showed antioxidant activity in 

correlation with the TPC and TFC of the extracts, however 

compared to BHT and AA, were clearly less effective. 

Additionally, Aćimović and Puvača (2020) in their study 

investigate the methanolic extracts from aerial parts from 

tansy with higher DPPH radical scavenging effects (EC50 = 

37 μg/mL) compared to our results.  

On the other hand, 1 mg/mL concentration of the 

extract from Karadzica reduced more than 50% of the 

extent of β-carotene bleaching by neutralizing the 

linoleate-free radical which is formed in the system, while 

1 mg/mL of the extract obtained from Kozuf, showed 

higher inhibitory percent (88.25%). However additional 

analysis should be performed for clarification of the 

antioxidative potential of these extracts. 

 

Conclusion 

 

In this study, T. vulgare from two different locations 

was evaluated for the antioxidant capacity and phenolic 

content. The results suggested correlation between 

phenolic and flavonoid contents and free radical 

scavenging activities. Therefore, the tested samples might 

be used as natural sources of antioxidants, however their 

safety should be thoroughly investigated prior their 

possible application. 
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Introduction 

 

Pancreatitis is an inflammatory disease of the 

pancreas which depending on the recurrence, can be 

classified as: acute, recurrent acute, chronic or recurrent 

chronic pancreatitis. The mortality rate of acute 

pancreatitis has remained at about 10% over the years, 

because of inadequate or late diagnosis. Industrialized 

countries have estimated an annual incidence rate of 5-

12/100.000 for development of chronic pancreatitis 

(Yadav and Lowenfels, 2013). Acute pancreatitis (AP) 

occurs due to alcohol abuse, cholelithiasis, pancreatic 

tumors, drugs, etc. When the pancreatic cells are affected 

with the pathological process, enzymes and inflammatory 

mediators are released from them causing damage to the 

tissues. The clinical presentation involves atypical 

symptoms and therefore the diagnosis significantly relies 

on the laboratory analysis. This study summarizes the 

currently used and recently proposed potential 

biochemical markers for diagnosis and monitoring of the 

acute pancreatitis including enzymes, acute phase proteins 

and mediators of inflammation. 

 

Current and potential markers in laboratory 

evaluation of acute pancreatitis 

 

The enzymes amylase and lipase, the proenzyme 

trypsinogen and the C-reactive protein are currently the 

most used indicators in diagnosing and monitoring of 

acute pancreatitis. Their serum levels increase correlating 

with the severity of the disease.  

Procalcitonin is a precursor of calcitonin. It is also an 

important protein of the acute phase with concentrations 

directly proportional to the severity of the disease, which 

enable its use as a marker for monitoring and prognosis. 

Serum amyloid Ais synthesized by the liver upon the 

action of neutrophils, monocytes, and T cells. It is a 

protein that is released during inflammation and in the 

specific case of acute pancreatitis, its levels are expected 

to increase (Harper and Cheslyn-Curtis, 2011; Silva-Vaz 

et al., 2020). Interleukins–IL-6 acts as an inducer of 

hepatic CRP synthesis. In the state of acute pancreatitis, 

its levels are increased. Studies have confirmed that it is a 

specific and selective marker of the severity of the 

disease. The limitation of its use is that the assay is 

complex to perform. IL-8 is a secondary mediator in 

neutrophil activation. IL-10 is an anti-inflammatory 

cytokine used in clinical practice as a marker for milder 

forms of AP. The serum levels of IL-17 correlate with the 

severity of AP and is a valuable prognostic factor in 

assessing disease progression in AP patients  (Harper and 

Cheslyn-Curtis, 2011; Li et al., 2021; Matull etl al., 

2006). Tumor necrotizing factor α is a protein released by 

monocytes, macrophages and acinar cells and is an 

important mediator of the inflammatory process. TNFα 

levels rise in the early stages of acute pancreatitis. Matrix 

metallopeptidase-9 is a class of enzymes belonging to the 

family of zinc metalloproteinases involved in the 

breakdown of the extracellular matrix. In acute 

pancreatitis, the level of these enzymes is increased. 

Phospholipase A2 is an enzyme released by the pancreas 

in an inflammatory state. It participates in the formation 

of lipid mediators of inflammation such as leukotrienes 

and prostaglandins. In clinical practice, it can be used to 

predict the degree of tissue necrosis (Harper and Cheslyn-

Curtis, 2011). Polymorphonuclear elastase is an enzyme 

involved in the degradation of the extracellular matrix 

during the early stages of acute pancreatitis. High levels 

of this enzyme 24 hours after the onset of symptoms are 

typical for severe acute pancreatitis (Harper and Cheslyn-

Curtis, 2011; Silva-Vaz et al., 2020). Adhesion molecules 

such as intercellular adhesion molecules 1 (ICAM-1) and 
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vascular adhesion protein1 (VAP-1), are mediators of 

inflammation. Their increased serum levels are employed 

for early diagnosis of AP (Li et al., 2021). Hydrogen 

sulfide and substance P have an important role in the 

development of AP, inducing local vasodilatation and 

increasing microvascular permeability which lead to the 

accumulation of leukocytes (Kumar and Bhatia, 2021; 

Thangaraj, 2016). Carboxypeptidase B activating peptide 

(CAPAP) is a peptide that is released upon activation of 

carboxypeptidases. After examination in several studies, it 

was found that CAPAP levels increased from the onset of 

symptoms over 72 hours (Harper and Cheslyn-Curtis, 

2011; Matull, 2006). Poly-C avid ribonuclease is an 

enzyme used as a marker for the destruction of pancreatic 

tissue that has a high specificity in the first 3 days of the 

disease. It shows correlation with IL-6, IL-8 and TNFα 

concentrations (Harper and Cheslyn-Curtis, 2011). 

Hepcidin is a circulating peptide hormone that regulates 

the entry of iron into plasma. The hepcidin levels increase 

during inflammation as a result of an increase of IL-6. It 

was found that hepcidin is a better predictive marker for 

severe acute pancreatitis compared to CRP (Silva-Vaz et 

al., 2020). Copeptin is a glycopeptide that is co-

synthesized with vasopressin. In patients with acute 

pancreatitis, its concentration is elevated. Soluble E-

selectin is an endothelial activation marker, whereas 

soluble thrombomodulin (sTM) is an endothelial injury 

marker. During acute pancreatitis, activated neutrophils 

release elastase, which damages the endothelium and 

release of sTM and sES occurs. They can be used as 

predictive markers of mortality. Endothelin I is a peptide 

produced by vascular endothelial cells. Elevated levels of 

endothelin I have been found to be associated with AP, 

and it can be used as a marker for the severity and 

monitoring of the treatment (Silva-Vaz et al., 2020). 

Adipokines are cytokines produced in white adipose 

tissue as well as in peripancreatic fat and involved in 

inflammatory response. Peripancreatic fat necrosis in 

acute pancreatitis is associated with the development of 

severe acute pancreatitis, multiple organ failure and 

mortality. It is hypothesized that peripancreatic necrosis 

can cause the massive release of adipokines into the 

bloodstream, which is the basis for their use as predictors 

of clinical course and complications of acute pancreatitis 

(Karpavicius et al., 2016). Melatonin has been suggested 

by a number of studies to play a protective role in AP by 

activating antioxidant activity. It also reduces gene 

expression and synthesis of proinflammatory cytokines. 

The variations of melatonin concentration in the serum 

might reflect the degree of AP severity to some extent, 

which leads to its use as a marker (Jin et al., 2013). 

 

 

 

Conclusion 

 

Recent scientific advancements have proposed novel 

biomarkers as more specific than those already in use, 

including interleukins 6, 8 and 10, procalcitonin, serum 

amyloid-A, tumor necrotizing factor α, matrix 

metallopeptidase-9, phospholipase-A2, 

polymorphonuclear elastase, trypsinogen 2, etc. In 

addition to that, substances such as carboxypeptidase B 

activating peptide, poly-C avid ribonuclease, tissue factor, 

hepcidin, copeptin, angiopoietin-2, adhesion molecules, 

hydrogen sulfide and others, can potentially be used as 

biomarkers with further research. Further studies 

investigating these markers among large cohorts with 

specifically designed protocols are expected to elucidate 

their precise association with the AP pathology and define 

their applicability as diagnostic, prognostic markers or 

targets for effective drug therapy. 
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Introduction 

Pituitary neuroendocrine tumors (PitNETs) 

are common, generally benign tumors with complex 

clinical manifestations related to hormone hypersecretion 

and/or growing sellar tumor mass. PitNETs do not only 

belong to a group of the most common intracranial 

neoplasms, accounting for approximately 15% of all 

intracranial tumors, but seem to be generally more 

common than has been thought and its incidence rate is 

increasing yearly. Since the symptoms of PitNETs may 

appear later on, a noninvasive specific biomarker is the 

instrumental key for timely diagnosis, precise prognosis, 

and monitoring of patient’s response to the treatment. Only 

a particular group of selected biomarkers show promises in 

differentiating pituitary tumors, therefore, the most 

common and promising biomarkers and terms were 

analyzed, proposing the need for uniform design, 

application of methods and standardized criteria for 

correcting the interpretation of results. The new spectrum 

of biomarkers may shed light upon the pathogenetic 

mechanisms and also may serve as standardized diagnostic 

tool for daily pathologic practice. 

Current practic 

Current diagnostic laboratory analysis of pituitary 

tumors is based on evaluating the hypersecretion or 

hyposecretion of hormones produces by the gland or the 

dynamic of production over time. These hormones are used 

as tumor markers for pituitary tumors, but they can easily 

lead to wrong diagnosis or misreading of results, hence 

other tumor markers are currently used with predictive 

value (Kaltsas et al., 2005).  

Proliferative Marker Ki-67- Antigen KI-67 is a  

nuclear protein that is associated with cellular proliferation. 

Several studies have suggested that Ki-67 values greater 

than 3% predict more aggressive tumor behavior (Sav et 

al., 2012).  

Apoptosis - Apoptosis, or programmed cell death, is 

characterized by a rapid sequence of events aimed at 

destruction of damaged cells. In neoplasmas apoptosis is 

generally suppressed to allow tumor growth. In their article 

from 2012, Sav et al. have brought out several studies about 

the significance of apoptosis in PitNETs diagnostic. Most 

apoptotic activity was observed in corticotrope adenomas. 

Also hormone-secreting adenomas had higher apoptotic 

indices than non-functioning tumors. The highest apoptotic 

indices were observed in thyroid-stimulating hormone 

(TSH)-secreting adenomas, followed by growth hormone 

(GH)-, prolactin (PRL) - and mixed GH/PRL-secreting 

adenomas (all adenomas mentioned are PitNETs types). 

p53- Expression of p53 gene products is important for 

tumor biology. Although a p53 mutation has not been 

documented in PitNETs, p53 immunoreactivity has been 

found to correlate with tumor invasiveness. A significantly 

higher p53 expression is reported for ‘aggressive-invasive’ 

tumors compared with those with less aggressive behavior 

(Sav et al., 2012).  

In spite of their usefulness, these tests are usually 

invasive and we can’t rely only on them. Therefore, in the 

next section we will present some new, still in 

development, tumor markers that have a great potential.  

 

Novel tumor markers 

 

DNA methylation abnormalities are pervasive in 

PitNETs. Grayson A.  Herrgott (2022), suggested that 

similar to other CNS tumors, PitNETs release tumor-

related information in the blood that allows the 

identification of clinically relevant methylation signatures 

specific to patients with PitNETs. For instance, a recent 

study has demonstrated the ability to detect somatic gene 

variants using plasma cfDNA in PitNETs, despite the rarity 

of somatic mutations in these tumors. Results provide 

evidence that PitNETs release DNA methylation markers 
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in the serum/plasma and that blood-based liquid biopsies 

constitutes a reliable approach for the noninvasive 

detection of clinically relevant epigenetic signatures 

specific to PitNETs. 

Micro-RNAs (miRNAs) are short, non-coding RNAs, 

which intercept mRNA transcripts and thus can disrupt 

protein translation. They are circulating in the plasma after 

leaking from PitNET and can be used in a liquid biopsy 

format.  Several studies have reported the possible 

involvement of miRNAs in PitNETs tumorigenesis, 

invasion, and aggressiveness, demonstrating that some are 

able to behave as tumor suppressors and others as 

oncomiRs (microRNA (miRNA) that is associated with 

cancer), depending on the biological context, thus 

considering them to be possible therapeutic agents 

(Gossing et al., 2020; Donati et al., 2021).  

Circulating tumor DNA (ctDNA) is a fragmented DNA 

released into the bloodstream by deceased tumor cells that 

retains all of its original genetic and epigenetic properties. 

There are specific driver mutations for PitNET-subtypes 

that can be used to identify the pituitary tumor's 

functioning or secretory subtype. USP8 mutations were 

discovered to be a key tumor-driving factor and highly 

specific for adrenocorticotropic hormone (ACTH)-

secreting pituitary adenomas. Genetic mutations in BRAF 

(17%) and USP48 (23%) associated with increased ACTH 

secretion have been discovered in corticotropic adenomas, 

but haven’t been identified in other PitNET subtypes. 

Although studies have revealed that DNA carries a variety 

of information that may be beneficial in PitNET diagnosis, 

no studies have yet been undertaken to test these findings 

in ctDNA (Gossing et al., 2020).  

CTCs (circulating tumor cells) are cells that have 

spread from the tumor tissue into the bloodstream. They 

are relatively uncommon in non-malignant conditions, as 

most PitNET are. CTCs can be found in stage 4 of cancer 

sample, while ctDNA can be identified from stages I to IV. 

As Wilhelm Gossing study group have suggest in their 

study (2020), the ctDNA mutational count in blood 

samples including CTCs was greater than in CTCs alone, 

the reason is because ctDNA was released from the original 

source itself, rather than from CTCs. Overall, the benefit of 

using CTCs for PitNET diagnoses is uncertain, while the 

comparison of ctDNA to CTCs implies that molecular 

markers can be discovered easily and at the earlier stage. 

Microarray-Based Approach- Microarray  

technologies evaluate the simultaneous expression of 

thousands of genes and since thousands of gene fragments 

can be located on an array, it can provide a genome-wide 

view of gene expression in cancer. Several studies also 

compared microarray transcriptome characteristics 

between different PitNET types, to identify markers for 

each subtype. Raitis Peculis and the collaborators,   have 

reviewed a study from Jintao Hu et al., from 2019 about 

identification of transcriptional metabolic dysregulation in 

subtypes of pituitary adenoma by integrated bioinformatics 

analysis where tumor subtype-specific differentially 

expressed genes were identified; 22 for somatotrophs, 1081 

for lactotrophs, and 437 for NFPAs, whereas 217 DEGs 

were common to all PitNET types (Peculis et al., 2021).  

Conclusion 

The proposed approaches in laboratory analysis of 

PitNETs posess great potential for clinical application in 

differentiating, detecting and managing this tumours in 

practice. But, it remains necessary to understand how 

potential drivers in PitNETs and altered gene expression 

promote tumorigenesis, and find ways to target these 

mechanisms using novel therapies and use them for design 

of specific and sensitive diagnostic procedures. Future 

translational perspectives must expand with noninvasive 

marker analysis, such as the suggested miRNAs. 

Consequently, altogether with appropriate technological 

advancements, this approach could provide robust 

diagnostic markers and treatment management strategies 

for patients with PitNETs. 
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Cross-contamination in pharma industry 

In pharmaceutical companies there are risks of cross-

contamination in case of poorly designed and operated air 

handling systems and dust extraction systems; inadequate 

procedure for personnel and equipment and not proper 

cleaning of equipment; not proper sealing, separation and 

storage of raw materials as well as problems with water 

purification. System of standards - GMP (Good 

Manufacturing Practices) requirements provide production 

of safe and controlled medicinal products. With planning 

and practice of appropriate Quality Management System-

QMS, contamination and cross-contamination could be 

prevented.  
Medicinal products manufacturing should be in a 

controlled clean aseptic or sterile conditions. Medicinal 

products are meant to prevent or treat illnesses or diseases, 

improve the patient's health and save his/her life.  

Cross-contamination risk points mapping. The cross-

contamination risk points that are considered are: 

materials; equipment; personnel; premises; layout of 

facilities; HVAC system and water. Standards should be 

implemented in order all the listed risk points are verified 

and to ensure aseptic or sterile conditions. This will ensure 

medicine quality and safety, which directly affects the 

patient's health and life.  

Equipment. The production equipment should be 

composed of material compatible with the characteristics 

of the process and the product (EudraLex, 2014), and it is 

required to be in compliance with ISO 13485 – Quality 

management system for the production of medical devices. 

Parts of the production equipment that come into contact 

with the product must not be reactive, additive or 

absorptive. According to GMP guidelines, it should be 

designed, located and maintained in a way that could be 

easily and thoroughly cleaned according to detailed and 

written procedures (EudraLex, 2014). Pharmaceutical 

manufacturers are required to establish a fully documented 

written cleaning procedure for each piece of processing 

equipment in accordance with FDA 21 CFR Part 211.67 

(FDA, 2022). 

Personnel. According to GMP and WHO guidelines, 

there should be hygiene instructions and personal health 

checks to maintain the quality of the product and to prevent 

contamination and cross-contamination (WHO, 2014).   

Standard operational procedures for personal hygiene 

(washing hands, changing clothes, disinfecting shoes and 

hands, sterile clothing) are mandatory. Moreover, 

protective garments should be worn when handling starting 

materials and exposed products. Once garments become 

wet or dirty, they should be replaced with clean, freshly 

laundered garments. The clothing should comply with EN-

SFS 14065 - European Standard for Hygienic Quality of 

Protective Clothing (Lindström 2020; WHO, 2014). 

Personnel flow is also important when it comes to 

preventing cross-contamination. Personnel and materials 

should not move from a higher cleanliness zone to a lower 

cleanliness zone and back to a higher cleanliness zone. 

(EudraLex, 2013). 

Premises. Manufacturing rooms should be well 

designed in order to ensure adequate cleaning and 

minimizing the cross-contamination in compliance with 

ISO 14644 - International standard to design, construct, 

validate and operate a cleanroom (EudraLex, 2014). 

According to GMP, premises are divided in 4 types: 

storage, production, quality control and ancillary area. 

General requirements useful to prevent cross-

contamination are: adequate space should be provided for 

logical and orderly placement of equipment and free 

movement of personnel; the walls and floors of the areas 

should be free from cracks; points of dust accumulation 

like 90 ° angles areas or less; premises should be carefully 

maintained; premises should be cleaned and where 

applicable disinfected; doors should be kept shut to keep 
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the pressure differences; spills should be cleaned up 

immediately (EudraLex, 2014; Gad, 2008; GMPSOP, 

www.gmpsop.com). 

Layout of facilities. The design of a pharmaceutical 

company facility should always be developed in a way that 

the material, product, personnel flow is taken into 

consideration (Gad, 2008). 

There are several types of layouts: 1). Perimeter 

manufacturing and center warehouse. The center of the 

facility is a storage (raw materials, packaging components, 

and bulk stocks), and the outer perimeter is for 

manufacturing and packaging. Advantage: space 

conservation, negative side: risk of contamination and 

cross-contamination; 2). Circular flow layout consists 

receiving, approved raw materials, components storage and 

dispensing on one side, and manufacturing, quarantine, 

bulk stock, and packaging across a central corridor; 3). The 

straight line flow layout design would be the best 

alternative to minimize the cross-contamination or mix-

ups. The main disadvantage is that an additional space 

would be required. 

HVAC system. According to the GMP, the heating, 

ventilation and air-conditioning (HVAC) system should be 

designed to provide clean and controlled conditions for 

manufacturing, as well as to prevent the cross-

contamination (WHO, 2018). HVAC system has an effect 

on room pressure, pressure differentials, and pressure 

cascades (ISPE, 2009). The pressure differential should be 

designed in a way the direction of airflow is from the clean 

area, resulting in dust containment (WHO, 2018). With the 

aim to provide spatial segregation airlocks could be 

created. Depending on the desired airborne flow direction 

with the different pressure between rooms there can be 

created a cascade, a bubble and a sink (ISPE, 2009).  

There are levels of protection and recommended 

filtration - the filters should relate to the EN1822 and 

EN779 test standards. The HEPA filters should be in 

complains with EN1822 classification of at least H13 or 

equivalent (WHO, 2006). 

Water. In order to achieve the microbial criteria and to 

avoid biofilm growth, the water system should be in 

compliance with ISO 22519 (specifies design, materials 

selection, construction and operation of purified water and 

water for injection, pretreatment and membrane-based 

production systems). The European Pharmacopoeia (Ph. 

Eur. 10) has set quality standards for three grades of water 

(water for injections, purified water and water for 

preparation of extracts. All systems, should have 

appropriate recirculation and turnover to assure the system 

is well controlled chemically and microbiologically; they 

should be monitored regularly; and water pipes should be 

sanitized and stored according to written procedures 

(WHO, 2012).  

Conclusion 

GMP standards should be implemented within a 

pharmaceutical company in order all aspects of possible 

contamination and cross-contamination to be considered 

and prevented. Reducing the possibilities of the cross-

contamination ensures adequate and safe conditions for 

production of quality, pure and controlled medicinal 

product. Ultimately, this will provide safe patient treatment 

and the potential risks of medicinal products will be 

minimized. 

References 

EudraLex., 2013. The Rules Governing Medicinal 

Products in the European Union, Vol. 4. Pt.1, Chapter 

2. Available at: untitled (europa.eu).  

EudraLex., 2014. The Rules Governing Medicinal 

Products in the European Union, Vol. 4. Pt.1, Chapter 

3. Available at: chapter_3_0.pdf (europa.eu). 

FDA, 2022. Available at:  

 https://www.ecfr.gov/current/title-21/chapter-

I/subchapter-C/part-211/subpart-D/section-211.67 

Gad, C.S., 2008. Pharmaceutical Manufacturing 

Handbook, Regulations and Quality. John Wiley and 

Sons Inc., New Jersey, pp. 818-819 and pp. 821.  

GMPSOP. Available at: www.gmpsop.com. Accessed on: 

April 15, 2022. 

https://group.lindstromgroup.com/contamination-

control-in-the-pharmaceutical-industry-eguide-

download. 

ISPE, 2009. Available at: Good Practice Guide: Heating, 

Ventilation, & Air Conditioning (HVAC) | ISPE | 

International Society for Pharmaceutical Engineering. 

Lindström, 2020.  Available at: 

https://lindstromgroup.com/in/article/pharmaceutical-

contamination-types-causes-and-prevention/. 

WHO, 2006. WHO Expert Committee on Specifications 

for Pharmaceutical Preparations. Who Press, Geneva, 

pp. 55-56 Available at: untitled (who.int). 

WHO, 2012. Available at: Annex 2 WHO good 

manufacturing practices: water for pharmaceutical 

use. 

WHO, 2014. Available at:  

 https://cdn.who.int/media/docs/default-

source/medicines/norms-and-

standards/trs986annex2.pdf?sfvrsn=320c9e62_1&do

wnload=true. 

WHO, 2018. Available at: trs1010-annex8-who-gmp-

heating-ventilation-airconditioning.pdf. 

http://www.gmpsop.com/
https://health.ec.europa.eu/system/files/2016-11/2014-03_chapter_2_0.pdf
https://health.ec.europa.eu/system/files/2016-11/chapter_3_0.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-D/section-211.67
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-C/part-211/subpart-D/section-211.67
http://www.gmpsop.com/
https://group.lindstromgroup.com/contamination-control-in-the-pharmaceutical-industry-eguide-download
https://group.lindstromgroup.com/contamination-control-in-the-pharmaceutical-industry-eguide-download
https://group.lindstromgroup.com/contamination-control-in-the-pharmaceutical-industry-eguide-download
https://ispe.org/publications/guidance-documents/good-practice-guide-heating-ventilation-air-conditioning-hvac
https://ispe.org/publications/guidance-documents/good-practice-guide-heating-ventilation-air-conditioning-hvac
https://ispe.org/publications/guidance-documents/good-practice-guide-heating-ventilation-air-conditioning-hvac
https://lindstromgroup.com/in/article/pharmaceutical-contamination-types-causes-and-prevention/
https://lindstromgroup.com/in/article/pharmaceutical-contamination-types-causes-and-prevention/
http://apps.who.int/iris/bitstream/handle/10665/43443/WHO_TRS_937_eng.pdf;jsessionid=44D79352864431159529CD51CF7F5745?sequence=1
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/production/trs970-annex2-gmp-wate-pharmaceutical-use.pdf?sfvrsn=39eb16b8_0
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/production/trs970-annex2-gmp-wate-pharmaceutical-use.pdf?sfvrsn=39eb16b8_0
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/production/trs970-annex2-gmp-wate-pharmaceutical-use.pdf?sfvrsn=39eb16b8_0
https://cdn.who.int/media/docs/default-source/medicines/norms-and-standards/trs986annex2.pdf?sfvrsn=320c9e62_1&download=true
https://cdn.who.int/media/docs/default-source/medicines/norms-and-standards/trs986annex2.pdf?sfvrsn=320c9e62_1&download=true
https://cdn.who.int/media/docs/default-source/medicines/norms-and-standards/trs986annex2.pdf?sfvrsn=320c9e62_1&download=true
https://cdn.who.int/media/docs/default-source/medicines/norms-and-standards/trs986annex2.pdf?sfvrsn=320c9e62_1&download=true
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/production/trs1010-annex8-who-gmp-heating-ventilation-airconditioning.pdf?sfvrsn=c77698e2_0
https://www.who.int/docs/default-source/medicines/norms-and-standards/guidelines/production/trs1010-annex8-who-gmp-heating-ventilation-airconditioning.pdf?sfvrsn=c77698e2_0


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 1) 599 - 600 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.287 

Short communication 

 
 

*jehona.bela15@gmail.com                                                                                                                                  S9 PP 12 

 

The effect of different formulations with colloidal oatmeal on 

the epidermal barrier function and hydration 

 

Jehona Bela1*, Teodora Dodov2, Maja Simonoska Crcarevska1, Marija Glavas Dodov1 
  

1Center of Pharmaceutical Nanotechnology, Faculty of Pharmacy, Ss Cyril and Methodius University in Skopje, 

 Mother Teresa 47, 1000 Skopje, R.N. Macedonia 
2 Faculty of Medicine, Ss Cyril and Mehodius University in Skopje, 50 Divizija 6, 1000 Skopje, R.N. Macedonia 

 

Introduction 

 

The topical application of semi-solids can influence 

several epidermal functions, such as movement of water 

and electrolytes, as well as creation of barrier against 

microorganism invasion and harmful environmental 

factors. In that direction, correlation between epidermal 

barrier impairments and compromised skin, including 

those related to specific skin disorders was observed in 

literature and the importance of developing topical skin 

products that are “barrier friendly” has been recognized 

from cosmetic and pharma industry. Moisturizers have 

multiple functions executed by a great variety of 

ingredients. Apart from moistening the skin, they affect the 

structure and barrier function of diseased and healthy 

looking skin. Application of moisturizers to the skin 

induces changes in epidermis (mainly in stratum corneum, 

SC) as well as in deep skin layers (Rosso et al., 2016).  

Knowledge about the interplay between ingredients in 

moisturizers is essential to get a stable and cosmetically 

attractive product with desired impact on the skin (Lodén, 

2005).  

Oats (Avena sativa) have been cultivated since the 

Bronze Age, and the use of oats as a topical therapy for 

variety of dermatological conditions dates from Roman 

times. In 1945, a ready-to-use colloidal oatmeal (COA) 

became available, and soon after several clinical studies 

demonstrated its benefits as a remedy for inflamed, dry and 

itchy skin dermatoses. In 2003, the FDA approved the use 

of COA as a skin protectant, and currently colloidal 

oatmeal is commonly used for skin rashes, erythema, 

burns, itch and eczema. COA can increase skin’s 

expression of epidermal differentiation targets and lipids 

involved in barrier function, can provide pH-buffering 

capacity for skin and can clinically improve skin barrier 

function. Thus, COA as an active ingredient provides a 

multi-therapy approach for dry and compromised skin by 

strengthening skin barrier (Ilnytska et al., 2016).  

Several non-invasive techniques could be used to 

measure skin biophysical properties such 

as transepidermal water loss, hydration, melanin, 

erythema, elasticity, collagen, sebum and skin pH. The pH 

value of the skin surface is mainly associated with the 

quality of formed hydrolipid film. Basically, the pH of SC 

regulates three epidermal functions, which are 

antimicrobial barrier, permeability barrier homeostasis, 

and barrier integrity/cohesion. Therefore, pH alterations on 

SC could lead to abnormal epidermal barrier function. 

Also, sebum production on the skin surface and sebum 

lipids have major impact on the protective and mechanical 

properties of the epidermal barrier (Mohd Ariffin and 

Hasham, 2020).  

Therefore, the main objective of this study was to 

compare the effectiveness of three formulations (cream, gel 

and ointment) containing COA using blank formulations 

(without COA) as a control on healthy human subjects by 

monitoring changes of skin pH and sebum production with 

non-invasive techniques. 
 

Materials and methods  

 

The products (cream, gel and ointment) were prepared 

using 2% colloidal oatmeal (Making cosmetics,USA), 

glycerol (Carl Roth, Germany), xylitol (Roquette,France), 

Benzoic Acid Dehydroacetic acid Phenoxyethanol 

(Kalekimya, Turkey), liquid paraffin (Carl Roth, 

Germany), petrolatum (Carl Roth, Germany), Glyceryl 

Stearate (and) Ceteareth-20 (and) Ceteareth-12 (and) 
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Cetearyl Alcohol (and) Cetyl Palmitate (BASF, Germany) 

and carbomer (Carl Roth, Germany) as main ingredients. 

Human subjects (n = 10) of both genders, age 21-46 

(mean 33.4 ± 9.18 SD) with all skin types, were included 

in the study. Exclusion criteria were: females who are 

pregnant/nursing, those who have active skin diseases or 

those who are allergic/sensitive to frequently used 

cosmetic products. Human subjects provided their consent 

to participate in the study strictly voluntarily. Eligible 

subjects were instructed not to apply any other cosmetic 

products on their skin at least 24 hours before the study, 

neither during the test period (4 hours after first application 

and after 3 days of continuous product usage (twice daily)). 

The tests were done in such a way that each product with 

COA was applied to defined regions on one arm and on the 

other arm. blank formulations (without COA) were 

applied. Тhe three formulations were applied to the upper 

hand (gel), forearm (cream) and upper arm (ointment), 

respectively. Before the assessments being performed, the 

study participants acclimatized to study laboratory 

conditions (25 ± 2 °C and 40 ± 4% RH) for 10 min. Skin-

pH-Meter PH 905 and Sebumeter® SM 815 (Courage-

Khazaka electronic GmbH, Germany) were used for non-

invasive skin measurement.  
Obtained data were tabulated using Microsoft Excel® 

(Microsoft Corp. Redmond, WA, USA) and were 

computed and consequently evaluated using 

statistical software STATGRAPHICS Centurion XVI 

evaluation (StatPoint technologies Inc., USA). The p-value 

<. .05 was accepted as the threshold to discriminate 

significant. 

 

Results and discussion 

 

The pH plays an essential role on the cutaneous anti-

microbial defense and regulating the skin barrier function, 

with a physiological range of 4.1–5.8. In all volunteers, no 

differences were observed in the measured pH and sebum 

of the different parts of the hand/arm before the start of the 

experiments (pH 4.18-5.89).  
Regarding the time period of application (after 4 hours 

from the first application and after 3 days), no differences 

were observed in the pH of the skin after application of the 

gel and cream sample, while a significant change (but in 

the normal pH range) was observed for the ointment with 

COA after 3 days of continuous use. At the same time, 

between all blank formulations no significant differences 

of measured pH were observed during the entire time 

period of the study. In contrast, significant differences were 

observed between the cream and the ointment with COA, 

but only after 3 days of continuous application. 

Regarding the measured values of sebum, all 

formulations with COA and blank formulations (gel, cream 

and ointment) did not showed significant differences at 4 

hours. At the same time, after applying the ointment, 

regardless of whether it was with COA or blank ointment 

base, an increase of the level of sebum (measured after 4 

hours) was observed. After 3 days, in all subjects, the level 

of sebum, regardless of the applied formulation, was 

normalized. 

 

Conclusion 

 

Obtained results suggested that COA product, 

especially in a form of cream or gel can improve the skin 

physiological and intercellular lipid properties.  

 

References 

 

Ilnytska, O., Kaur, S., Chon, S., Reynertson, K.A., Nebus, J., 

Garay, M., Mahmood, K., Southall, M.D., 2016. Colloidal 

Oatmeal (Avena Sativa) Improves Skin Barrier Through 

Multi-Therapy Activity. J. Drugs Dermatol. 15(6), 684-690.  

Lodén, M., 2005. The clinical benefit of moisturizers. J. Eur, 

Acad Dermatol. Venereol. 19(6), 672-688. 

https://doi.org/10.1111/j.1468-3083.2005.01326.x   

Mohd Ariffin, N.H., Hasham, R., 2020. Assessment of non-

invasive techniques and herbal-based products on 

dermatological physiology and intercellular lipid properties. 

Heliyon 25 6(5), e03955. 

https://doi.org/10.1016/j.heliyon.2020.e03955. 

Rosso, J.D., Zeichner, J., Alexis, A., Cohen, D., Berson, D.,2016. 

Understanding the Epidermal Barrier in Healthy and 

Compromised Skin: Clinically Relevant Information for the 

Dermatology Practitioner: Proceedings of an Expert Panel 

Roundtable Meeting. J. Clin. Aesthet. Dermatol. 9(4) Suppl. 

1, S2-S8. 

 

 

 

 

 

 

 

 

https://doi.org/10.1111/j.1468-3083.2005.01326.x
https://doi.org/10.1016/j.heliyon.2020.e03955


 

 

 

 

 

 

 

 

 

 

 

 

Career 

opportunities 

 

 

 

 

 

 

 



 

 

 

 



 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 1) 603 - 604 (2022)  

Online ISSN 1857 - 8969  

 DOI:10.33320/maced.pharm.bull.2022.68.03.288 

Short communication 

 

 

 
 

*tmurgoski@Alkaloid.com.mk                                                                                                                 S10 OP 12 

 

Alkaloid’s young talents program - Talent management approach 

 

Tane Murgoski1*, Nikola Eftimov1, Jasmina Tonic Ribarska2 
  

1Alkaloid AD Skopje, Bul. Aleksandar Makedonski no. 12, 1000, Skopje, Republic North Macedonia 
2Faculty of Pharmacy, Ss. Cyril and Methodius in Skopje, Mother Tereza 47, 1000 Skopje, Republic of North Macedonia 

 

 

Introduction 

 

The attractiveness of an internship is that it is an 

exclusive experience that serves diverse purposes for 

dissimilar students. Internships аrе a significant role in 

formulating students to critically take part with the social 

world, particularly with achieving first-hand skill progress 

and knowledge not normally gained in a regular classroom 

(Sahrir et al., 2016). Graduates who leave colleges nearly 

always gain employment and must be prepared to endure 

and grow in progressively competitive regional, 

nationwide and worldwide jobs markets (Bostock, 2019). 

Consequently, improved internship programs will aid 

students in their capacity to integrate into the real world 

(Rosenberg et al., 2012). Internships offer students the 

chance to apply classroom knowledge in a practical context 

and students who complete internships are capable to 

return to the classroom and share their knowledge and 

involvements with their peers and add relevancy to 

university learning surroundings (Swift and Kent, 1999). 

One of the important purposes of an internship is to 

guarantee a smooth transition from the student life to the 

work place. Students are given the chance to apply what 

they have been educated in traditional classroom settings 

to the real place of work and obtain a pragmatic view of a 

work challenges (Coco, 2000). Fascinatingly sufficient, the 

study of the role that internship programs may have for new 

graduates’ career prospects and employability options has 

only recently started to become the focus of scientific 

inquiry (Chhinzer and Russo, 2018). 

Students have the opportunity to gain valuable real-

world experience, expand their network of contacts, earn 

money, and maybe develop a unique expertise for their 

thesis. Internships have also become a tool for graduates to 

gain job experience and demonstrate it to prospective 

employers (Chillas et al., 2015). Accordingly, this paper 

explains the results and activities from the Alkaloid’s 

young talents program which is a solid foundation as talent 

management approach in the company. 

 

Employment in North Macedonia 

 

Sustainable economic growth is an important factor 

for growing employment rate in Republic of North 

Macedonia which on the other hand can lessen the burden 

of the unemployment in the country (Lozanoska and 

Dzambaska, 2015). 

Statistics demonstrate that youth employment faces a 

lot of challenges and has lower rates compared to other 

categories of the population unemployment rates are higher 

in the Western Balkan countries compared to the average 

of European countries. Moreover, the unemployment rates 

of the youth age category 15-24 years in west Balkan 

countries are higher compared to the average of European 

countries. Furthermore, employment of graduated youth 

faces many challenges such as local labor market demand, 

the divergence between education and job positions. Labor 

markets with high unemployment rates are an indicator of 

either labor demand and supply high mismatch rates or a 

bad fit between the education system output and labor 

market demand, or a combination of both (Mehmetaj and 

Alili, 2021). 

 

Alkaloid’s young talents program 

 

Alkaloid has developed a structured approach towards 

planning and executing talent management. Starting with 

the phase of creating training plans and training needs 

together with the experts from the company and university 

professors. Following with careful assessing and selecting 
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best mentors from the company and training them to be 

skilled mentors. The next crucial part is the recruitment and 

selection process for interns, assessing their potential and 

their interest in order to have best match for the company 

needs and student aspirations. When the interns are 

selected, at the beginning of their internship, they receive 

the first training package within the company such as 

onboarding orientation program and soft skills trainings 

delivered by the HR team and other employees. In the first 

week, as part of the onboarding process, the interns and 

mentors are delivering the basic tasks and they are defining 

their final internship project that is done in the internship 

period in order to conduct and complete final presentation 

at the end of their internship in Alkaloid. This onboarding 

process for the interns is very important for them in order 

to have a solid foundation before the start of daily work. In 

the end, all interns are evaluated by their mentors with 

evaluation form to give first-hand assessment, where after 

graduation they can apply in Alkaloid and have opportunity 

to continue their career. 

 

Findings and discussion 

 

With this approach, Alkaloid have created internship 

program that until end the of 2021 gave opportunity for 152 

students to be a part of Alkaloid’s young talents program 

in the laboratory of research and development or quality 

control, regulatory affairs, pharmacovigilance, quality 

assurance, production facilities and other departments in 

the company. Moreover, 24 interns are coming from high 

school and the other 128 interns are coming from 

university. Furthermore, 25 interns were males and high 

127 interns were females. 

This program succeeded to attract and retain 61 of the 

interns in the company to continue their career and possibly 

be the future talent. Moreover, there are interns that still 

study and when they finish their degree can apply and also 

be a part of the company. 

 In 2021, 51% of the concluded employments of 

candidates with a university degree in the Pharmacy profit 

center in Alkaloid Skopje, were acquired from this 

program. Furthermore, this program continues in 2022 

because it is strong pillar in its talent management system 

in the company. Moreover, this program is recommended 

as a good practice in the University Ss. Cyril and 

Methodius in Skopje to be implemented by other 

companies and other faculties in order to give opportunity 

for internship for the students who seek practical 

knowledge. 

 

 

 

 

Conclusion 

  

This approach opens the gates of deeper collaboration 

in a public-private partnership, establishes the grounds in 

personal development solutions within the companies and 

gives deeper understanding on question how to approach 

towards gaining high level of students engagement, their 

motivation and dedication towards their own development 

and career goals. Moreover, it is inevitable to enable 

internships in pharma business because it is a win-win for 

all stakeholders in order students to focus their careers on 

their potentials and aspirations. Alkaloid’s young talents 

program shows that companies investment in students who 

have desire to go on internship will be great benefit for the 

talent management in order to have their future talent in the 

company. Also, if the companies create similar programs 

such as this one, as a consequence the unemployment rate 

in the country could decrease. 

 

References 

 
Bostock, J., 2019. Employability via Higher Education: 

Sustainability as Scholarship, in Driver A, (Ed) Springer 

Publishing, pp. 201-202. 

Chhinzer, N., Russo, A.M., 2018. An exploration of employer 

perceptions of graduate student employability. Education & 

Training 60(1), 104-120. 

Chillas, S., Marks, A., Galloway, L., 2015. Learning to labour: an 

evaluation of internships and employability in the ICT 

sector. New Technology, Work and Employment 30(1), 1-

15. 

Coco, M., 2000. Internships: a try before you buy arrangement. 

SAM Advanced Management Journal 65(2), 41-47. 

Lozanoska, A., Dzambaska, E., 2015. Macroeconomic 

Assumptions For The Employment Policy - An Overview of 

the Situation in Republic of Macedonia. Economic 

development 17(1), 343-360. 

Mehmetaj, N., Alili, M. Z., 2021. Employment of Economics 

Graduates: Do Grade Point Averages 

Matter?. Interdisciplinary Description of Complex Systems 

19(2), 210–226.  

Rosenberg, S., Heimler, R., Morote, E.S., 2012. Basic 

employability skills: a triangular design approach. Education 

& Training 54(1), 7-20. 

Sahrir, M., Ismail, T., Mustapha, N., Baker, R., Man, S., Ahmad, 

M., Mohktar, M., 2016. An evaluation of internship 

programme in improving graduate skills and marketability 

among Arabic language students in IIUM from the 

perspective of Malaysian job market. Journal of Education 

and Human Development 5(1), 206-212. 

Swift, C., Kent, R., 1999. Business school internships: legal 

concerns. Journal of Education for Business 75(1), 23. 



Contents  

 

 
CONTENTS 

 

 

 

 

Drug discovery and bio-exploration of nature: toxins, friend or foe?       7     
Tytgat Jan  

 

The Belgian Family Pharmacist: a review after 5 years and a preview on the future role of the community pharmacist  11 

Hendrik De Rocker, Jan Saevels, Koen Straetmans   

 

The Increasing role of health economics in the HTA of COVID19-vaccines       13 

Maarten J. Postma, Tanja Fens, Cornelis Boersma         

 

The National Medicines Policy 2018-22 in Poland. From Creation to Implementation     15 

Marcin Czech           

 

Psychopharmaca: from pharmacokinetics to clinical outcomes        17 

Aleš Mrhar 

 

Acylcarnitines in health and disease: biomarkers and drug targets       19 

Maija Dambrova, Edgars Liepinsh  

 

Nanotechnology in medicine – our experiences          21 

Nikola Geskovski, Fatima Mraiche, Huseyin C. Yalcin, Filip Gorachinov, Diala A. Moustafa, Simona Dimchevska, Marija Glavas 

Dodov, Maja Simonoska Crcarevska, Katerina Goracinova 

 

Contribution of Raman chemical imaging in the analysis of falsified and substandard medical products    23 

Hervé Rebiere, Céline Ghyselinck, Charlotte Brenier 

 

Orally disintegrating tablets (ODTs): An innovative approach to tablet formulations      25 

Tansel Comoglu 

 

The GEONs API-fingerprint program: tackling falsifications of APIs       27 

Eric Deconinck  

 

Hospital Pharmacists’ Preparedness in Times of Crisis         29 

Nenad Miljković   

 

Static and dynamic quantum mechanical methods for exact interpretation of Infrared Multiple Photon Dissociation Spectra: current 

state and development perspectives           33 

Blagoj Achevski, Jasmina Tonikj-Ribarska, Rumenka Petkovska, Ljupco Pejov  

 

A regulatory perspective: Examples from microbiological quality control of non-sterile medicinal products   35 

Sanja Milovanović, Danijela Mikulčić, Tončica Vukman Kordić, Siniša Tomić  

 

Possibilities and challenges of "green" chromatographic solutions        37 

Natalija Nakov, Jelena Acevska, Katerina Brezovska, Rumenka Petkovska, Zoran Kavrakovski, Aneta Dimitrovska 

 

Scientific approach and implementation of a measurement uncertainty in mass balance determination    39 
Maja Hadzieva Gigovska, Natalija Nakov, Jelena Acevska, Katerina Brezovska, Aneta Dimitrovska, Jelena Lazova 

 

Extensive underreporting and insufficient quality of incident reports received from pharmacists in Croatia from 2012 to 2021 41 
Antonela Simunovic, Krunoslav Kranjcec, Sinisa Tomic  

 

Screening the capability of ATR-FTIR for simultaneous quantification of Vitamin B1, B6 and B12 in powder blend  43 
Apostol Todorovski, Marina Petreska, Keti Shapkovska, Nikola Geskovski, Jelena Acevska 

 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Electronic product information (ePI): Expanded access to information on medicines in the European Union (EU)  45 

Izabela Stojchevska, Natasha Jovanovska 

 

Optimization for method for elemental impurities in ultra-pure waters       47 

Cvetanka Janakieva Bashevska, Darko Bachvarovski, Bisera J. Trajkovska, Andrea Alagjozovska, Tatjana Bogovska, Hristina 

Babunovska 

 

Ongoing process verification in Alkaloid          49 

Andrijana Markoska, Verica Marinova, Ana Sudjukovikj, Marija Trenchevska, Katerina Aleksievska Beldedovska, Elizabeta 

Karadzinska, Maja Velinovska Cadinoska, Milena Dobrkovic Shotarovska, Andrea Alagjozovska, Gordana Evgenievska Mitrovska, Olivera 

Paneva 

 

Quality management system and corporate quality assurance        51 

Elizabeta Karadžinska, Marija Davčeva Jovanoska, Maja Velinovska Čadinoska, Verče Jovanovska Jankovska, Sonja Spirovska 

Burčevska, Nina Ekart Oman, Viška Miceska, Gabriela Gjorgjievska, Nada Popstefanova, Olivera Paneva 

 

Risk assessment study of potential elemental impurities in montelukast film coated tablets     53 

Stefan Angelevski, Irena Slaveska Spirevska, Elena Lazarevska Todevska, Tanja Bakovska Stoimenova, Marija Glavash Dodov, Maja 

Simonoska Crcarevska, Renata Slaveska Raichki 

 

Risk evaluation and assessment for the presence of nitrosamine impurities in Alkaloid Losartan film coated tablets  55 

Toni Camurovski, Vanja Bobevska, Sonja Spirovska Burčevska, Jasmina Kimovska, Nada Popstefanova, Verče Jovanovska 

Jankovska, Elizabeta Karadžinska, Olivera Paneva, Ksenija Brzilova, Maja Velinovska Cadinovska  

 

Risk Management and Business Continuity of Alkaloid AD Skopje       57 

Nada Popstefanova, Verče Jovanovska Jankovska, Sonja Spirovska Burčevska, Jasmina Kimovska, Vanja Bobevska, Olivera Paneva, 

Elizabeta Karadžinska, Toni Camurovski, Ksenija Brzilova, Maja Velinovska Cadinovska, Sanja Uskokova 

 

Root causes for presence of nitrosamine impurities in active pharmaceutical substances and finished pharmaceutical products 59 

Milena Prculovska, Jelena Acevska, Ana Poceva Panovska, Natalija Nakov, Aneta Dimtirovska, Katerina Brezovska 

 

Understanding the requirements of the MDR 2017/745 regarding person responsible for regulatory compliance   61 

Ajra Sinanova, Lora Atanasovska, Marija Davceva Jovanoska, Elizabeta Karadzinska, Nada Popstefanova, Olivera Paneva 

 

Systematic approach for proper control chart design for Karl-Fischer titrator      63 

Blagoj Achevski, Frosina Arsova, Jelena Acevska, Jasmina Tonikj-Ribarska, Katerina Brezovska, Natalija Nakov 

 

Fc-fusion proteins: therapeutic relevance and quality assessment        65 

Gent Misini, Nebija Dashor, Rumenka Petkovska, Natalija Nakov 

 

Elucidation of molecular structure of bromazepam opened ring related compound detected in bromazepam tablets in acidic dissolution 

media using LC/MS            67 

Viktorija Jakimovska Pokupec, Katerina Janchevska, Marija Grozdanovska, Viktorija Petrovska 

 

Improvement of the analytical method for content determination of Rosuvastatin film coated tablets during lifecycle  69 

Aleksandra Damjanoska, Cveta Dolikjoska Trajkova, Matilda Petrova, Milena Nikolovska, Mena Ivanoska Zdravkovska, Hristina 

Babunovska 

 

A study on the compatibility of Ibuprofen with some essential oils used for formulation of semi-solid pharmaceutical dosage forms for 

topical use             71 

Elena Cvetkovska Bogatinovska, Monika Stojanovska Pecova, Mirjana Bogdanoska Mircheska, Marina Chachorovska 

 

A scoping review of regulatory guidelines for the assurance of medicinal product quality throughout their lifecycle  73 

Ermira Krasniqi, Jelena Ascevska, Katerina Brezovska, Arben Boshnjaku, Aneta Dimitrovska 

 

Application of experimental design for determination of insulin analogs       75 

Blerta Pajaziti, Melinda Andrási, Liljana Anastasova, Dashnor Nebija, Blin Pajaziti, Rumenka Petkovska  

 

Investigation of the effect of different flow-through cell design on the release of prolonged release tablets   77 

 Magdalena Velichkovska, Filip Smilchevski, Ema Ilievska Vidanovska, Maja Hadzieva Gigovska, Blagica Manchevska, Sonja 

Dimchevska, Packa Antovska, Sonja Ugarkovic 

 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Practical examples of implementation of the Unique Device Identifier (UDI) requirements for Medical Devices   79 

Dragica Trpkoska, Natasha Vukikjevikj 

 

Re-validation during method transfer examples in Official medicines control laboratories     81 

Marija Zafirova Gjorgievska, Gabriela Petrovska-Dimitrovska, Vasil Karchev, Hrisanta Godzo, Olga Gigopulu, Liljana Ugrinova  

 

Understanding and evaluation of different degradation pathways and stability of drug product with active substance prone to chemical 

and physical degradation            83  

Ana Atanasova, Frosina Jovanovikj, Isidora Miovska, Veronika Popovska Jakimovska, Maja Stevanoska, Filip Gogu, Packa Antovska, 

Jelena Lazova, Nikola Geskovski, Jasmina Tonic Ribarska 

 

Introduction of major change for new premises, equipment and process of raw materials grinding in production of solid dosage forms  

              85 

Ana Ivcheska, Marija Runcheva, Natasha Kronevska, Darko Atanasoski, Elisaveta Adamova Abrasheva, Meri Davcheva, Elizabeta 

Karadzinsk 

 

Simultaneous HPLC determination of Metronidazole, Lidocaine and Miconazole in a combined intravaginal semi solid dosage form     87 
 Tanja Bakovska Stoimenova, Marjan Piponski, Irena Slaveska Spirevska, Kristina Grncharoska, Marika Bogoevska Nikolovska, 

Kristina Varsamovska, Maksim Osman Nikolov 

 

Development of powerful chromatographic methods for improved separation of tetrahydrocannabinol isomers during HPLC analysis 

of cannabis flowers and extracts           89  
Irena Slaveska Spirevska, Marjan Piponski, Gordana Trendovska Serafimovska, Tanja Bakovska Stoimenova, Elena Lazarevska 

Todevska, Martina Miloshevska 

 

Regulatory Opportunities Investigations -requirements and procedures for medicines registration in the EAEU and 

opportunities             91 

Ljuba Karanakov, Katerina Zafirova Georgievska, Ana Zisovska Beleva, Julijana Dimovska, Svetlana Neceva 

 

Assessing imatinib mesylate in two different solid dosage forms        93 

Ela Hoti, Leonard Deda, Viola Gjylameti 

 

Extraction and Interaction study by HPLC-DAD method for screw cap PP 28 child-resistant used in packaging of drug product 95 

Marija Mojsovska, Marija Arsova, Elena Trajchova Kovachovska, Natasha Anevska – Stojanovska 

 

Development and Validation of HPLC method for determination of Methylprednisolone aceponate in cream   97 

Paulina Apostolova, Dino Karpicarov, Marija Arev, Emilija Janevik-Ivanovska, Biljana Gjorgjeska, Zorica Arsova-Sarafinovska  

 

A validated isocratic RP-HPLC method for determination of linezolid in pharmaceutical dosage forms    99 

Zana Mustafa, Shaban Memeti, Dragica Doneva, Katerina Starkoska, Maja Shishovska, Zharko Tanturovski, Sanija Zulfikjari, 

Aleksandra Dimitrovska, Zorica Arsova-Sarafinovska 

 

Evaluation of chromatographic conditions for simultaneously determination of Emtricitabine and Tenofovir   101 

Dragica Doneva, Maja Shishovska, Zana Mustafa, Shaban Memeti, Katerina Starkoska, Sanija Zulfikjari, Aleksandra Dimitrovska, 

Zorica Arsova-Sarafinovska 

 

A review of published cases of severe cutaneous reactions associated with the use of the most frequently prescribed antiepileptic drugs 

              103 

Simona Atanasovska, Vladimir Kostovski, Irina Dukovska Teova, Sofija Dimkoska, Emilija Filipovska, Kristina Najdova, Ivona 

Trpenoska Aleksovska, Marija Panajotovikj Pop-Nikolova, Ace Kuzmanovski, Sandra Chomovska – Madevska 

 

Challenges in the development and registration of generic topical products       105 

Belma Asanova, Emilija Davidova, Natasha Vukikjevikj 

 

Change in the primary packaging of tablets from glass bottle to blister       107 

Ana Ivcheska, Ivana Trajkova, Natasha Kronevska, Elizabeta Karadzinska, Olivera Peneva 

 

Cleaning validation in production area – development of analytical method for quantitative determination of Cefixime residues 109 

Miona Manasova, Elena Bilbilovska, Biljana Markoska Janevski, Jelena Acevska, Gordana Mitrovska, Hristina Babunovska 

 

Consultation with target patient groups: User (Readability) testing/bridging procedure. Regulatory experience with Agency for 

medicinal products and medical devices of Bosnia and Herzegovina (ALMBiH)      111 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Gordana Damjanovska 

 

Pharmacovigilance audit (“remote”) of the pharmacovigilance system of Replek Farm by an EU partner   113 

Marina Bakalinova, Angelina Zimbakova, Jasna Bosnjakovska, Sonja Iceva Doneva, Svetlana Neceva 

 

Development and validation of analytical method for microbiological quality control of Cannabis oil solution   115 

Marjan Velkovski, Damjan Shushleski, Irena Slaveska Spirevska, Elena Metcheva, Silvana Ristevska, Ivana Karchicka  

 

Management of deviations during life cycle of medicines and actions for elimination of the risks on the quality of the finished product 

              117 

 Monika Milanovska, Ornela Kuzmanovska, Olivera Paneva, Elizabeta Karadzinska, Biljana Dimovska, Elizabeta Atanaskova, Natasha 

Kitanovska,Tatjana Spancevska Kaeva 

 

Discriminatory power of an in-house developed method for in vitro release test (IVRT) used for analyzing topical product  119 

Antonela Bojkovska, Magdalena Velichkovska, Filip Smilchevski, Ema Ilievska Vidanovska, Blagica Manchevska, Sonja 

Dimchevska, Packa Antovska, Jelena Lazova 

 

Method suitability validation for determination of microbiological purity of Ibuprofen film coated tablets 400mg   121 

Damjan Shushleski, Marjan Velkovski, Irena Slaveska Spirevska, Elena Metcheva, Silvana Ristevska, Tatjana Dimitrieva 

 

Benefits from paperless computer system validation in pharmaceutical industry      123 

Nikola Simonovski, Biljana Gjorgjeska 

 

Risk-based contamination control strategy of manufacturing non-sterile pharmaceutical products    125 

Martina Gjorgjevska, Angela Nastevska, Stojne Tanevska 

 

Creating and management of stability studies in AlkaSAP system        127 

Marina Mandzukovska Micevska, Dragana Kafedziska, Milena Nanov, Mena Ivanoska Zdravkovska, Petranka Petruseva Janoska, 

Vasilka Dubrova Koceva 

 

Evaluation of ongoing stability data for Zolpidem film coated tablets using statistical methods for trending analysis  129 

Ana Vavlukis, Dragana Kafedziska, Milosh Todorovski, Sanja Despotovska, Hristina Babunovska 

 

Legislation of medical devices and Covid-19          131 

Irina Gjureska, Natasha Vukikjevikj, Suzana Trajkovic Jolevska, Jasmina Tonic Ribarska  

 

Automated determination of acid value on fatty alcohols and fatty acids raw materials using potentiometric titration  133 

Marina Gjoshevska, Marina Chachorovska, Katerina Runcevska  

 

Potentiometric determination of calcium content with combined Cu ISE and reference Ag/AgCl electrode in API   135 

Dragana Trajkovikj, Nenad Dimitrovski, Bisera Janeska Trajkovska, Aleksandra Manasieska, Nora Doci, Cvetanka Janakieva 

Bashevska, Mena Ivanoska Zdravkovska 

 

Challenges of possible replacement for titanium dioxide in Dapoxetine film coating tablets     137 

Ana Smileva, Natalija Dimovska, Biljana Keleshovska, Dobrinka Dimova, Liljana Makraduli 

 

Selection of membrane filter for in vitro release test method for PEG-based ointment     139 

Filip Gogu, Ana Atanasova, Veronika Popovska Jakimovska, Maja Stevanoska, Packa Antovska, Jelena Lazova 

 

Surfactant-based potentiometric method for quantification of sildenafil citrate      141 

Hrisanta Godzo, Natalija Nakov, Gabriela Petrovska-Dimitrievska, Marija Zafirova Gjorgievska, Jasmina Tonic Ribarska, Katerina 

Brezovska 

 

Development and validation of ICP-OES method for determination of elemental impurities in some opiаtе alkaloids  143 

Mirjana Bogdanoska Mircheska, Katerina Janchevska, Petre Makreski 

 

DryLab® software application for development of HPLC gradient method suitable for determination of three components in drug 

product              145 

Marija Velichkovska, Elena Balsikevska, Aleksandra Petrovska, Natasha Anevska Stojanovska, Jelena Lazova 

 

ANNEX 21 Importation of medicinal products          147 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Ksenija Brzilova Milenkovikj, Vanja Bobevska, Jasmina Kimovska, Verče Jovanovska Jankovska, Elizabeta Karadžinska, Nada 

Popstefanova, Olivera Paneva, Stefan Petrovski, Maja Velinovska Cadinovska, Sanja Uskokova 

 

Continuous process verification on blister packaging         149 

Biljana Petrovska Jakimovska, Dance Dukoska, Irena Zdraveska, Maja Lazarova, Milkica Gligorova 

 

Determination of dissolution rate of prolonged-release tablets in bio-relevant media using USP apparatus III   151 

Marijana Bozhinovska, Tina Achkoska, Packa Antovska, Jelena Lazova 

 

Implementation of the IDMP standards in the European Union        153 

Filip Cvetanovski, Aleksandar Jovanov, Despina Spasevska Kovachki, Natasha Vukikjevikj 

 

Influence of quality control on the process of drying herbal plants       155 

Dajana Gligorić, Biljana Vasić, Dragana Đuričić  

 

Risk analysis for the presence of pesticides in dry cannabis floss cultivated under indoor conditions    157 

Maja Trenova, Tijana Serafimovska, Tanja Ivanova, Suzana Zafirova, Marija Darkovska Serafimovska 

 

Determination of loratadine residues from manufacturing equipment surfaces and setting acceptance limits for cleaning validation 159 

Katerina Kochova, Elena Petrovska, Kristina Grncharoska, Lidija Mano Iliev 

 

Cleaning validation concept for introduction of product with new active pharmaceutical ingredient in pharmaceutical production 161 

Elisaveta Adamova Abrasheva, Darko Atanasoski, Natasha Kronevska, Ana Ivcheska, Elizabeta Karadzinska, Olivera Paneva  

 

Development of RP HPLC method with gradient elution for simultaneous Resveratrol and Vitamin E determination in solid dosage 

forms              163 

Marina Topkoska, Martina Miloshevska, Marjan Piponski, Elena Lazarevska Todevska, Irena Slaveska Spirevska, Jelena Acevska 

 

Thermal-cycling stress studies to support transport and distribution of liquid dosage forms     165 
Katerina Veljanovska, Dusica Angelovska, Gabriela Pehcheska 

Development and validation of a RP-HPLC method for simultaneous determination of Benzydamine hydrochloride and Cetylpyridinium 

chloride in oral spray solution           167 

Marjan Piponski, Irena Slaveska Spirevska, Tanja Bakovska Stoimenova, Milena Prculovska, Marijana Nikoloska, Angela Nikolovska, 

Liliya Logoyda 

 

Validation and comparison of UV spectrophotometry and HPLC methods for the determination of dissolution rate of Venlafaxine in 

Zanfexa 37.5mg tablets            169 
Magdalena Atanasovski, Sanja Hristovska, Stevche Petrovski, Gordana Mitrovska Evgenievska, Marija Stojanovska, Hristina 

Babunovska 

 

Implementation of EU legislation on counterfeit/falsified medicines: aspects of the pharmaceutical industry   171 

Blagica Samarova Stoev, Dafinka Damcevska, Mena I. Zdravkovska, Silvija Saveska, Tatjana Bogovska, Nada Stojanoska 

 

Trending environmental monitoring data, analysis and data management for non-sterile pharmaceutical manufacturing  173 

Hristina Sekuloska, Apostol Todorovski, Marina Petreska 

 

Continued Process Verification           175 
Natalija Misajlovska 

 

Consumption of antibiotics on burden of Health Insurance Fund of North Macedonia     177 

Kristina Hristova, Sonja Zlatanovska, Blerina Tushi 

 

Development, optimization and validation of GC-FID method for determination of levomenthol in topical (gel) formulation 179 

Olivera Blažeska, Elena Kazandzievska, Packa Antovska, Natasa Anevska-Sojanovska, Jelena Lazova 

 

Transfer and optimization of methods for particle size distribution from Mastersizer 2000 to Mastersizer 3000   181 

Metodi Trajcev, Cvetanka Janakieva Bashevska, Hristina Tomovska, Tatjana Bogovska, Hristina Babunovska 

 

Software assisted method optimization for related and degradation products of angiotensin converting enzyme inhibitor in drug product 

containing two active ingredients           183 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Veronika Popovska Jakimovska, Maja Stevanoska, Ana Atanasova, Filip Gogu, Nadica Vanova, Natasa Anevska, Packa Antovska, 

Sonja Ugarkovic 

 

The difference between verification and validation of analytical methods in the pharmaceutical industry   185 

Suzana Jovanova, Tijana Serafimovska, Marija Darkovska Serafimovska, Maja Trenova, Tanja Ivanova 

 

Batch certification document - Certificate of Analysis / Certificate of Compliance      187 

Sanja Uskokova, Verče Jovanovska Jankovska, Jasmina Kimovska, Vanja Bobevska, Elizabeta Karadžinska, Nada Popstefanova, 

Olivera Paneva, Stefan Petrovski, Ksenija Brzilova, Maja Velinovska Cadinovska 

 

Measurement uncertainty over the concentration range for potentiometric titration of glycine     189 
Elena Trajkoska Bojadjiska, Hrisanta Godzo, Gabriela Petrovska Dimitrievska, Jelena Acevska, Aneta Dimitrovska, Katerina 

Brezovska 

 

Critical aspects of in vitro Release (IVRT) method development for PEG based ointments     191 
Mario Ignjatovic, Natasha Karalija, Packa Antovska, Jelena Lazova 

 

Regulatory framework for conducting Good Clinical Practice inspections - before, during and after the COVID-19 pandemic 193 
Mirlinda Alimi, Zorica Naumovska, Zoran Sterjev, Aleksandra Kapedanovska Nestorovska 

 

Implementation of the Ph. Eur. suitability test for semi-micro determination of water     195 

Biljana Atanasovska, Jelena Acevska, Natalija Nakov 

 

Synergistic effects of terpenes and cannabinoids evaluated through antimicrobial activity     197 
Tijana Serafimovska, Jasmina Tonic Ribarska, Gjoshe Stefkov, Marija Mitevska, Zlatko Keskovski, Sasho Stefanoski, Marija D. 

Serafimovska, Biljana Gjorgeska 

 

Forced degradation of timolol maleate on high temperature for verification of HPLC method for related substances in Timolol eye drop 

0.5%              199 

Aleksandra Veleska Stojanovska, Tijana Serafimovska, Marija Darkovska Serafimovska 

 

Registration of medicinal products for pediatric use and Pediatric Investigation Plan     201 

Violeta Bibovska, Natasha Vukicevic, Jasmina Tonikj Ribarska, Suzana Trajkovikj Jolevska 

 

Principles and methods used in the serialization process of the medicines       203 

Ivona Trajanovska, Biljana Pavicevic, Katerina Brezovska, Suzana Trajkovic Jolevska, Jasmina Tonik Ribarska 

 

Comparative analysis of the regulatory framework for post-marketing authorization changes in EU and USA   205 

Marija Brezovska, Jelena Acevska, Natalija Nakov, Liljana Ugrinova, Jasmina Tonic Ribarska 

 

Regulatory Approaches of EMA and FDA for accelerated approval of marketing-authorisation application   207 

Kristina Kjurchieva Peno, Aneta Dimitrovska, Jasmina Tonic Ribarska, Ana Poceva Panovska, Katerina Brezovska 

 

Development and validation of an HPLC method for determination of Heparin in Alven® gel     209 

Marija Gjorgjieva, Marija Kostova, Magdalena Atanasovski, Gordana Mitrovska Evgenievska, Maja Gjorgjeska, Hristina Babunovska 

 

Optimization of ion-suppression reverse phase-separation of basic compounds using different mobile phases   211 
Gabriela Petrovska-Dimitrievska, Jelena Acevska, Marija Zafirova Gjorgievska, Liljana Ugrinova, Natalija Nakov, Vasil Karcev, 

Aneta Dimitrovska, Katerina Brezovska 

 

Serialization, defending the medicinal products for human use from counterfeiting      213 

Maja Velinovska Cadinoska, Maja Lazarova, Irma Mirceska, Igor Dimitrievski, Darko Projceski, Mila Palamidovska, Darko Atanasoski, 

Elizabeta Karadzinska, Vlatko Lazarov, Nikola Dimovski, Natasha Vukicevic, Milkica Gligorova, Olivera Paneva 

 

Lipid nano-carriers with herbal extracts for targeted brain delivery and treatment of CNS disorders    217 

Dushko Shalabalija, Ljubica Mihailova, Nikola Geskovski, Maja Simonoska Crcarevska, Marija Glavas Dodov 

 

Insight into the efficacy of lipid nano-systems for brain delivery – uptake and internalization pathways in different cell culture lines  

              219 

Ljubica Mihailova, Dushko Shalabalija, Nikola Geskovski, Maja Simonoska Crcarevska, Marija Glavas Dodov 

 

Improvement of content uniformity in low-dose powder blends: critical formulation and process variables   221 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Liljana Makraduli1, Petre Makreski, Nikola Geskovski 

 

Applicability of Expert System for Drug Development as a tool for co-processed excipients formulation development  223 

 Ivana Vasiljević, Erna Turković, Svetlana Ibrić, Dragana Vasiljević, Jelena Parojčić 

 

Production of 2-[18F]Fluoro-2-deoxy-D-glucose radiopharmaceutical at the University Institute of Positron Emission Tomography, 

Skopje              225 

 Maja Velichkovska, Katerina Kolevska, Marija Atanasova Lazareva, Maja Chochevska, Filip Jolevski, Ana Ugrinska 

 

Formulation and in-vitro evaluation of prolonged-release matrix tablets       227 

 Kristina Angelovska, Sonja Dimchevska, Dejan Kuneski, Biljana Temelkovska, Blagica Manchevska, Packa Antovska, Sonja Ugarkovic 

 

Impact of qualitative formulation variables on critical quality attributes of tablets with fast disintegration   229 

 Krume Toshev, Ivana Endekovska, Monika Kostovska, Veronika Angelovska, Natasa Anevska Stojanovska 

 

A brief review of curcumin loaded nanoparticles         231 

 Elena Drakalska Sersemova, Tamara Tashkov, Dijana Miceva, Elena Joveva, Ljubica Adji Andov 

 

Resolving tableting challenges and optimization of the tablet compression step of an immediate-release analgesic formulation 233 

 Angela Mirchevska, Sonja Dimchevska, Kristina Angelovska, Packa Antovska 

 

Root cause analysis regarding formation of N-nitrosodimethylamine impurity in drug product containing API with reactive amines 

               235 

 Monika Koviloska, Katerina Tnokovska, Packa Antovska, Jelena Lazova 

 

Potential use of Sambucus nigra ointments for skin treatment in ethnomedicine in Republic of North Macedonia   237 

 Viktorija Maksimova, Elena Drakalska Sersemova, Mirela Vasileva 

 

Investigation of sensory characteristics of cosmetic emulgels containing different vitamin C derivatives    239 

 Aleksandra Stolić Jovanović, Milica Martinović, Ivana Nešić  

 

Approaches for optimization of formulation and manufacturing process of low-dose tablets     241 

 Frosina Jovanovikj, Isidora Miovska, Veronika Popovska Jakimovska, Filip Gogu, Maja Stevanoska, Ana Atanasova, Packa Antovska, 

Jelena Lazov 

 

Pharmaceutical and technological characteristics of barium sulphate tablets -the screening of various formulation factors  243 

 Branka Grujić, Vesna Jelić, Đorđe Medarević 

 

Comparative analysis of the tabletting process between single rotary tablet press and double rotary tablet press   245 

 Iva Gacevska, Meri Davceva 

 

Correlation between in vitro and in silico determined sun protection factor of selected UV filters    247 

 Milica Martinović, Vanja Tadić, Ivana Nešić 

 

Critical process parameters in wet granulation          249 

 Jelena Tomik, Meri Davcheva 

 

Selective costimulation modulator abatacept-design, therapeutic applications and quality assessment    251 

 Dashnor Nebija, Valdet Uka, Blerta Pajaziti, Blerina Koshi, Liridon Muqaku, Nita Kelmendi, Rumenka Petkovska  

 

Design of Experiments (DoE) based determination of critical production variables in the manufacturing process of fixed-dose 

combination (FDC) drug containing Paracetamol         253 

 Elizabeta Atanaskova, Ivana Cholakova, Viktorija Penshovska, Natasa Anevska Stojanovska 

 

Effect of isopropyl alcohol and poloxamer 407 on gelation temperature and critical quality attributes of thermo-reversible gel 

formulation             255 

 Lile Zdraveska, Nikola Jovanovikj, Roza Markovski, Iva Antova, Mario Ignjatovikj, Packa Antovska, Jelena Lazova 

 

Excipients in pediatric dosage forms and related regulatory aspects with review to propylene glycol    257 

 Hristina Pislevikj, Katerina Goracinova 

 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Selection of appropriate manufacturing technology for development of Oxycodone prolonged release film-coated tablets using QbD 

approach             259 

 Oja Memed, Maja Hadzieva-Gigovska, Maja Simonoska Crcarevska, Marija Glavas Dodov 

 

Influence of formulation and process variables on physical characteristics and dissolution behavior of controlled release matrix tablets

               261 

 Monika Kostovska, Marija Mojsovska, Nadica Vanova, Krume Toshev, Natasa Anevska-Stojanovska 

 

Influence of lubricant glycerol dibehenate concentration on dissolution stability and tablet properties    263 

 Ivana Endekovska, Krume Toshev, Julija Hristovska, Natasa Anevska Stojanovska 

 

Influence of punch diameter change on the quality attributes of tablets       265 
 Simona Boshkova, Monika Kostovska, Krume Toshev, Natasha Anevska Stojanovska 

 

Influence of the drug particle morphology on physical characteristics of granules prepared with wet granulation technology process

               267 

 Biljana Temelkovska, Dejan Kuneski, Kristina Angelovska, Sonja Dimcevska, Packa Antovska, Sonja Ugarkovic 

 

Key aspects in process design & scale up of semi-solid dosage forms from pilot to commercial batch size   269 

 Verka Nedanova, Elizabeta Ristevska Bogoevska, Natasa Anevska Stojanovska 

 

Method optimization for viscosity measurement of cutaneous solution       271 

 Ivana Cholakova, Elizabeta Atanaskova, Viktorija Penshovska, Natasha Anevska Stojanovska 

 

Opportunity for real time release testing in liquid dosage forms        273 

 Daniel Velickovski, Maja Jovanoska, Milkica Gligorova 

 

Physiologically based in silico modeling of a model BCS class II antipsychotic drug following oral administration   275 

 Aleksandra Krstevska, Svetlana Ibrić, Sandra Cvijić 

 

Preparation of 188Re-HEDP as a bone tumor radionuclide therapeutic       277 

 Toni Tripunoski, Ana Ugrinska, Sonja Kuzmanovska 

 

Improving the dissolution rate of Nebivolol hydrochloride by using nonionic surfactant and polymer combination  279 

 Biljana Keleshovska, Natalija Dimovska, Ana Smileva, Dobrinka Dimova 

 

Roller compaction technology           281 

 Viktorija Nikolovska, Meri Davcheva 

 

Smart contact lenses: How far has glaucoma treatment gone?        283 

 Ognjenka Rahić, Jasmina Hadžiabdić, Amina Tucak-Smajić, Merima Sirbubalo, Lamija Hindija, Marija Glavaš-Dodov, Edina Vranić 

 

Nanoemulsions: a new trend in transdermal drug delivery        285 

Jasmina Hadžiabdić, Almina Šećkanović, Ognjenka Rahić, Lamija Hindija, Merima Sirbubalo, Amina Tucak-Smajić, Marija Glavaš-

Dodov, Edina Vranić 

 

Influence of different concentration of polysorbate 20 and carbomer on suspension structure     287 

Vesna Savić, Milica Martinović, Ivana Nešić, Keti Nonevska Vaneva, Petar Jovanović 

 

Selection of filter for sterilization using process of membrane filtration based on potential adsorption of Benzalkonium chloride on filter 

membranes             289 

Viktorija Penshovska, Elizabeta Atanaskova, Ivana Cholakova, Natasa Anevska Stojanovska, Veronika Angelovska, Marija Mojsovska 

 

Influence of mannitol and sorbitol on the in vitro dissolution of a model poorly water-soluble drug    291 

Natalija Dimovska, Ana Smileva, Biljana Keleshovska, Liljana Makraduli 

 

Fun-shaped oral dosage forms for the pediatric population fabricated by digital light processing (DLP) 3D printing technique 293 

Ivana Adamov, Jovana Živanović, Ivana Verovski, Natalija Arsović, Nikola Pešić, Djordje Medarević, Branka Grujić, Svetlana Ibrić 

 

Selenium nanoparticles render pandrug-resistant Acinetobacter baumannii susceptible to colistin    295 

Dušan Ušjak, Katarina Novović, Brankica Filipić, Milan Kojić, Nenad Filipović, Magdalena M. Stevanović, Nevena Arsenović-Ranin, 

Marina T. Milenković 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

 

Stability study of 188Re-HEDP as a radionuclide therapeutical for bone pain palliation     297 

Toni Tripunoski, Sinisa Stojanoski, Sonja Kuzmanovska 

 

The effect of critical process parameters in manufacturing (filling process) of dry powders for oral suspensions   299 

Maja Stojanoska, Marina Todorovska Ackovska; Krume Toshev, Katerina Goracinova, Marija Glavas Dodov  

 

Evaluation of influence of different manufacturing technologies on impurity profile of immediate release formulation comprising highly 

degradable ACE inhibitor as model active substance         301 

Tamara Ivanoska, Maja Hadzieva-Gigovska, Marina Chachorovska, Oja Ali Memed 

 

Covalent functionalization of hybrid multi-walled carbon nanotube-graphene with polyethileneglycol for targeted delivery of 

Temozolomide             303 

 Radmila Milenkovska, Nikola Geshkovski, Petre Makreski, Emil Popovski, Anita Grozdanov, Zoran Gavrilov, Kristina Mladenovska 

 

Influence of organic to aqueous phase solvent volume ratio on the physicochemical characteristics of rosuvastatin and ezetimibe loaded 

lipid-polymer hybrid nanoparticles prepared by nanoprecipitation method       305 

Nadica Vanova Nakjinova, Nikola Jovanovikj, Zoran Kavrakovski, Nikola Geshkovski, Kristina Mladenovska 

 

The Importance of overall equipment effectiveness (OEE) in demonstrating control and consistency of pharma packaging process 307 

Violeta Dinić Milisavljević, Vlada Petrović 

 

Influence of humic acids as a feed supplement on the health status of suckling piglets     309 

Metodija Trajchev, Dimitar Micev, Dimitar Nakov, Marija Glavash Dodov 

 

Validation of baby cream production process          311 

Natasa Gjorgieva, Ina Manchevska, Julija Gjorchevska Aceska, Dobrila Sekulovska Popovska  

 

Scale Up of Semisolid dosage forms in Manufacturing Processes        313 

Keti Shapkovska, Bojan Papadinov, Nade Bogovska, Aleksandar Donchevski 

 

Characterization of honey bee venom from Spilje, Debar region, N. Macedonia      315 

Amdi Alili, Elena Cvetkovska Bogatinovska, Darko Stojanov, Gabriela Petrovska Dimitrievska, Hrisanta Godzo, Dusko Shalabalija, 

Katerina Goracinova, Renata Slaveska Raicki, Metodija Trajcev, Marija Glavas Dodov 

 

Spray-dried snail mucus as raw material with potential for chronic wound treatment     317 

Teodora Tasevska, Marija Glavas Dodov, Dushko Shalabalija, Ljubica Mihailova, Radmil Polenakovic, Maja Simonoska Crcarevska 

 

Toxicity assessment of weight loss supplements and possible interaction risk with lipid-lowering and antihypertensive drugs in HepG2 

cell line              321 

Zoran Zhivikj, Lidija Petrushevska-Tozi, Nikola Geskovski, Kristina Shutevska, Tatjana Kadifkova Panovska, Marija Karapandjova, 

Marija Hiljadnikova Bajro, Tanja Petreska Ivanovska 

 

The importance of AKR1D1 enzyme in drug metabolism        323 

Kristina Shutevska, Zoran Zhivikj, Aleksandar Dimkovski, Nikola Geshkovski, Tanja Petreska Ivanovska, Tatjana Kadifkova 

Panovska, Aleksandra Kapedanovska Nestorovska 

 

Influence of the nitrification stage of biological treatment to the levels of nitrogen compounds in wastewater treatment  325 

Aleksandra Mitevska, Gordana Majnova, Gabriela Ivanovska, Katarina Smilkov, Darinka Gjorgieva Ackova, Aleksandar Cvetkovski 

 

Alcohol involvement in fatal traffic accidents          327 

Marija Bujaroska, Liljana Anastasova, Zoran Zhivikj, Zorica Bozhinoska, Goran Pavlovski, Natasa Bitoljanu, Viktorija Belakaposka 

Srpanova, Lidija Petrushevska-Tozi 

 

Genetic alterations landscape of lung cancer patients and their therapeutic value: an overview    329 

Milka Ljoncheva, Aleksandar Eftimov 

 

In silico prediction of physicochemical, pharmacokinetic and toxicological properties of sulforaphane    331 

Katarina Živančević, Dragica Bozic, Katarina Baralić, Marijana Ćurčić, Evica Antonijević Miljaković, Biljana Antonijević, Danijela 

Đukić-Ćosić 

 

Novel laboratory biomarkers in colorectal cancer management        333 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Marija Gegovska, Marija Hiljadnikova-Bajro 

 

Estimation of the relationship between diazepam use and risk of violent death using post-mortem data    335 

Marija Bujaroska, Ioannis Papoutsis, Liljana Anastasova, Rumenka Petkovska, Tanja Petreska Ivanovska, Chara Spiliopoulou, 

Aleksandar Stankov, Lidija Petrushevska-Tozi 

 

Influence of toxic metal mixture on acetylcholinesterase activity in subchronic exposure in rats    337 

Đurđica Marić, EvicaAntonijević Miljaković, Jana Marić, Dragana Javorac, Katarina Baralić, Danijela Đukić-Ćosić, Zorica Bulat, 

Biljana Antonijević, Aleksandra Buha Djordjevic  

 

Relevance of dietary and lifestyle patterns in metabolic syndrome management      339 

Dragana Mladenovska Koleva, Tanja Petreska Ivanovska, Zoran Zhivikj, Lidija Petrushevska-Tozi 

 

Non-toxicity and anti-inflammatory effect of extracts from Echinacea purpurea and Onopordum acanthium   341 

Maria Vlasheva, Mariana Katsarova, Petia Gardjeva, Hristina Zlatanova, Ilin Kandilarov, Viktor Filipov, Stela Dimitrova 

 

Assessment of dietary supplement consumption in Republic of North Macedonia during the COVID 19 pandemic  343 

Zoran Zhivikj, Ana Marija Bajatovska, Tanja Petreska Ivanovska, Marijana Lonchar Velkova, Lidija Petrushevska-Tozi 

 

Incidence of β-lactoglobulin intolerance among lactose intolerance suspected population and diagnostic approach  345 

Boban Dobrevski, Tanja Petreska Ivanovska, Zoran Zhivikj, Olgica Sibinovska, Olivija Efinska Mladenovska, Teodora Brnjarchevska 

Blazevska, Meri Kirijas 

 

Adolescent Drug Misuse in the Canton of Sarajevo         347 

Vanja Piljak, Nermina Žiga Smajić, Selma Škrbo, Naida Omerović, Dina Lagumdžija 

 

Evaluation of Tanacetum vulgare L. and Juniperus communis L. biocompatibility limitations in eukaryotic cells   349 

Kristina Shutevska, Zoran Zhivikj, Sevda Sofronievska, Ana Marija Bajatovska, Marija Karapandzova, Ivana Cvetkovikj Karanfilova, 

Nadica Trajkovska, Tanja Petreska Ivanovska, Tatjana Kadifkova Panovska 

 

Cytotoxic screening of selected Cannabis cultivars using brine shrimp lethality assay     351 

Zoran Zhivikj, Kristina Shutevska, Ana Marija Bajatovska, Sevda Sofronievska, Marija Karapandzova, Ivana Cvetkovikj Karanfilova, 

Iskra Davkova, Lidija Petrushevska-Tozi, Gjoshe Stefkov, Tatjana Kadifkova Panovska 

 

Novel insights in pharmacomicrobiomics          353 

Filip Djokoski, Marija Hiljadnikova-Bajro 

 

Proteomic markers in breast cancer diagnosis and treatment        355 

Filip Djokoski, Таtјаnа Kadifkova Panovska, Marija Hiljadnikova-Bajro 

 

Impact of lifestyle on cardiometabolic risk factors in overweight and obese women      357 

Brižita Đorđević, Anka Petrović, Nevena Ivanović, Neda Milinković, Danijela Milenković 

 

Blood Pb and Cd levels – Human biomonitoring study in Serbia: DecodExpo project      359 

Dragana Javorac, Katarina Baralić, Đurđica Marić, Danijela Đukić-Ćosić, Stefan Mandić Rajčević, Aleksandra Repić, Vera 

Bonderović, Vladimir Đorđević, Miroslav Granić, Miodrag Aćimović, Aleksandra Buha Djordjevic 

 

Toxicogenomics: opportunities and challenges of application in drug development, toxicity prediction and human health risk assessment

              361 

Danijela Đukić-Ćosić 

 

Changes in redox homeostasis in malignant cells induced by ursodeoxycholic acid and doxorubicin - transcriptional analysis 363 

Bojan Stanimirov, Nebojša Pavlović, Maja Đanić, Vanesa Sekeruš, Jasmina Katanić, Momir Mikov, Karmen Stankov 

 

Retrospective study of intoxication-related deaths in Republic of North Macedonia, 2010-2020    365 

Zorica Bozhinoska, Marija Bujaroska, Stefanija Ubavkova, Ana Ivcheva, Ljupco Cakar, Zlatko Jakovski, Verica Poposka 

 

Effect of magnesium citrate on iron status parameters: an interventional study      367 

Neda Milinković, Nevena Ivanović, Ksenija Veličković, Marija Sarić Matutinović, Brižita Đorđević, Branimir Radosavljević, Svetlana 

Ignjatović 

 

Effects of toxic metal mixtures on hematologic parameters in male Wistar rats after the subchronic exposure   369 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Katarina Baralić, ĐorđeStanivuk, Dragana Javorac, Đurđica Marić, Evica Antonijević Miljaković, Marijana Ćurčić, Danijela Đukić-

Ćosić, Zorica Bulat, Aleksandra Buha Djordjevic 

 

Toxic potential of Pseudomonas aeruginosa mannose-sensitive hemagglutinin: in silico investigation of adverse outcomes in cancer 

patients              371 

Dragica Bozic, Katarina Živančević, Katarina Baralić, Dragana Javorac, Đurđica Marić, Aleksandra Buha Đorđević, Zorica Bulat, 

Danijela Đukić-Ćosić 

 

The potential anti-inflammatory role of adiponectin in developing allergic asthma      373 

Milena Spasovska, Tatjana Kadifkova Panovska 

 

Determination of heavy metal content in baby food samples with the method of ICP-MS     375 

Bašić Jasmina, Isidora Milanović, Danijela Pecarski, Dragana Dragaš Milovanović 

 

Side effects associated with chlorhexidine mouthwashes use        377 

Petrovski MIhajlo, Terzieva-Petrovska Olivera, Tashkov Tamara, Papakoca Kiro 

 

Identification of medicinal plants of interest for the development of new drugs      379 

Suzana Apostolovska, Biljana Bauer Petrovska 

 

Chemical composition of the ethanol extracts of Verbascum niveum flowers and leaves     381 

Maja Grigorov, Dragana Pavlović, Vanja Tadić, Ivana Nešić, Bojan Zlatković 

 

Content of Fe and other selected elements in Chenopodium album L. and Chenopodium borty sL. (Amaranthaceae) from Macedonian 

flora              383 

Ljubica Adji Andov, Marija Karapandzova, Ivana Cvetkovikj, Gjoshe Stefkov, Katerina Baceva Andonovska, Trajce Stafilov, Svetlana 

Kulevanova 

 

The effect of Coenzyme Q10 in Cisplatin induced myelosuppression in rats       385 

Emilija Shikole, Icko Gjorgoski, Marija Glavas Dodov, Nedica Kocheva, Jasmina Trojachanec, Dimche Zafirov 

 

Potential of liquid biopsy in diagnosis and monitoring of malignant invasion      387 

Elena Pacheshkoska, Marija Hiljadnikova-Bajro 

 

Scientific potential of the salivary proteome in clinical management of Diabetes Mellitus     389 

Angela Simovska, Marija Hiljadnikova-Bajro 

 

Concomitant influence of CYP2D6 phenotype and ABCB1 overall haplotype/genotype on pharmacokinetics of risperidone and 9-

hydroxyrisperidone in healthy volunteers          393 

 Aleksandar Dimkovski, Evgenija Mihajloska, Krume Jakovski, Zoran Sterjev, Nadica Matevska Geskovska, Zorica Naumovska, 

Aleksandra Kapedanovska Nestorovska, Ljubica Suturkova, Aleksandar Dimovski 

 

Targeting the oxidative stress in neurodegenerative disorders with multifunctional benzimidazole and indole hybrids  395 

 Neda Anastassova, Denitsa Stefanova, Nadya Hristova-Avakumova, Irina Georgieva  

 

Antioxidant properties of a novel triazole ligand         397 

 Lozan Todorov, Nadya Hristova, Nataliya Belskaya, Irena Kostova 

 

A new series of chalcones endowed with potent anticancer activity towards A549 cells     399 

 Ahmet Özdemir, Mehlika Dilek Altıntop 

          

Design and synthetic approach of novel hybrid molecules for treatment of Alzheimer’s disease    401 

 Aleksandar Dimkovski, Evgenija Mihajloska, Olga Gigopulu, Zorica Naumovska, Ljubica Suturkova, Ana Poceva Panovska  

 

Effect of the sialic acid residues upon the binding of beta  blocker propranolol to human serum alpha-1 acid glycoprotein  403 

 Robert Kerep, Tino Šeba, Mario Gabričević 

 

Synthesis and study of 2-aminobenzimidazole arylhydrazones as potential antineoplastic agents with antioxidant action  405 

 Neda Anastassova, Anelia Mavrova, Maya Guncheva, Denitsa Yancheva 

 

Antiplasmodial activity of harmirins – novel harmine–coumarin hybrids       407 

 Kristina Pavić, Zrinka Rajić, Lais Pessanha de Carvalho, Jana Held 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

 

Fluorescence polarization binding characterization of dipyridamole and imatinib on alpha-1-acid glycoprotein   409 

 Tino Šeba, Robert Kerep, Mario Gabričević 

 

Mitochondrial DNA mutations and the risk for aminoglycoside-induced deafness      411 

 Emilija Shukarova Stefanovska, Marina Davceva Chakar, Gjorgji Bozhinovski 

 

Antihypertensive role of antioxidants           413 

 Josif Kachurov, Zorica Stojanovska 

 

Optimization of enzymatic desialylation of human serum transferrin       415 

 Tomislav Friganović, Valentina Borko, Tin Weitner 

 

The role of probiotics in the vaginal microbiome         417 

 Kornelija Trajkova, Biljana Curcic, Aleksandar Dimovski, Katerina Kubelka Sabit, Katerina Popovska Jankovic, Dimitar Trajkov, Gordana 

Adamova, Milena Petrovska 

 

A series of 2-pyrazolines endowed with potent anticandidal activity       419 

 Mehlika Dilek Altintop, Zerrin Cantürk, Ahmet Özdemir 

 

Anatomical characterization, chemical analyses and essential oil antimicrobial activity of Hyssopus officinalis L. (Lamiaceae) 421 

 Jelena Arsenijević, Violeta Slavkovska, Marina Milenković 

 

How to integrate the Pharmacy Game in your Pharmacy Curriculum?       425 

 Tanja Fens, Jugoslav Pavlovic, Claudia M. Dantuma-Wering , Katja Taxis 

 

Building a draft national strategy for implementation of pharmaceutical care in patients with chronic diseases in Republic of North 

Macedonia             427 

 Donka Pankov, Nikola Geskovski, Maja Simonoska Crcarevska, Marija Glavas Dodov 

 

Regulatory aspects of introducing new health services in the community pharmacies in RN Macedonia    429 

 Jasminka Patcheva 

 

The ethical dilemmas in community pharmacy practice: quantitative study in Macedonia     431 

 Kiril Georgiev, Jovan Cvetkov, Zorica Naumovska, Maja Simonoska Crcarevska, Aleksandra Kapedanovska Nestorovska, Tatijana 

Sterjeva 

 

Evaluation of community pharmacist knowledge towards chronic obstructive pulmonary disease management   433 

 Biljana Bozhinovska, Aleksandra Kapedanovska Nestorovska, Zorica Naumovska, Jasminka Patcheva, Maja Simonoska Crcarevska  

            

Antibiotic dispensing and over the counter drug sale: case study in “Villa” community pharmacy in Montenegro 2019-2021 435 

 Beti Djurdjic1, Kristina Milosevic, Jelena Mudresa, Savo Maric1, Zorica Naumovska, Aleksandra Kapedanovska Nestorovska, Maja 

Simonoska Crcarevska 

 

Community pharmacists in RN Macedonia at the frontline of COVID-19 pandemic beginning: March-April 2020  437 

 Aleksandra Kapedanovska Nestorovska, Zorica Naumovsk1, Marija Glavas Dodov, Nikola Geshkovski, Zoran Sterjev1, Aleksandra 

Grozdanova, Tatjana Sterjeva, Maja Simonoska Crcarevska  

 

Role and activities of pharmacists in RN Macedonia at the beginning of COVID-19 pandemic: March-April 2020  439 

 Maja Simonoska Crcarevska, Zorica Naumovska, Marija Glavash Dodov, Aleksandra Grozdanova, Zoran Sterjev, Nikola Geshkovski, 

Aleksandra Kapedanovska Nestorovska  

 

Antibiotic usage in Pediatric ward in Ferizaj Hospital         441 

 Shpend Dragusha, Habibe Gjinolli, Bujar Qazimi1, Valon Ejupi 

 

Pharmacy practice in the light of the COVID-19 pandemic- a pilot project from Bulgaria     443 

 Evelina Gavazova, Daniela Grekova- Kafalova 

 

The pharmacist in focus of drug management therapy         445 

 Elena Jurukovska, Angela Ristevski, Riste Ristevski, Slavica Jurukovska 

 

Drug interactions – a cross-section of the situation at the primary level of health care in Montenegro    447 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

 Ninoslava Lalatovic, Snezana Pantovic, Masa Marojevic 

 

Pharmacists` vaccine basic knowledge and attitudes in the RN Macedonia       449 

 Sanda Krmova; Aleksandra Kapedanovska Nestorovska, Maja Simonoska Crcarevska, Aleksandra Grozdanova, Zorica Naumovska 

 

Community pharmacy practice in Montenegro in the period January-April 2020      451 

 Beti Djurdjic1, Savo Maric, Aleksandra Kapedanovska Nestorovska, Zorica Naumovska, Marija Glavash Dodov, Nikola Geshkovski, 

Aleksandra Grozdanova, Zoran Sterjev, Maja Simonoska Crcarevska 

 

Knowledge, opinions and attitudes of the general population in the Republic of N. Macedonia about vaccines and vaccination 453 

 Meri Stojanovska, Zorica Naumovska, Aleksandra Kapedanovska Nestorovska, Aleksnadra Grozdanova, Maja Simonoska Crcarevska 

 

Study on current therapeutic management of breast cancer in hospital and university clinical service of Kosovo   455 

 Valon Ejupi, Leonora Demiri, Bujar Qazimi1, Shpend Dragusha 

 

Role of community pharmacists in the management of headache disorders       457 

 Suela Kellici, Gladiola Elezi, Joana Mihani 

 

Galenic formulations as solutions to dosage form problems        459 

 Delina Xhafaj, Sindi Shehaj, Kleva Shpati, Ederina Karriqi, Erjona Sheqeri 

 

Potential drug- drug interactions in hospitalized patients with respiratory diseases      461 

 Suela Këlliçi, Evisa Elezi, Hasan Hafizi 

 

Legal framework and regulatory requirements for community pharmacies in some Balkan countries    463 

 Radiana Staynova, Nelina Hadzhieva, Shazie Hasanova, Maria Bacheva, Violeta Getova 

 

Meeting the affordability challenges in the access of drugs for rare disease in RN Macedonia     467 

 Aleksandra Kapedanovska Nestorovska, Zorica Naumovska, Ljubica Shuturkova 

 

Changes in the R&D process and consequences on drug pricing        469 

 Rubin Zareski  

 

Management of national pricing policy of medicines         471 

 Kristina Hristova, Sonja Zlatanovska, Blerina Tushi, Zorica Naumovska, Leonid Nakov 

 

Comparison of Parallel Import/Trade in North Macedonia and in EU       473 

 Bojana Danilovska Brashnarska, Marija Trajchuleski, Zorica Naumovska 

 

Role of the pharmacovigilance systems in collecting the information for off-label use of drugs in EU    475 

 Jehona Aliju Shakiri, Aleksandra K. Nestorovska, Zoran Sterjev, Iskra Sadikarijo Pecijareva, Zorica Naumovska    

   

Antidepressant and anxiolytic consumption during COVID-19 pandemic       477 

 Dragana Dimkovikj, Olga Gigopulu, Zorica Naumovska, Zoran Sterjev 

 

Pharmacoeconomic analysis of parenteral therapy consumption in hospital pharmacy at Clinical Hospital – Stip   479 

 Tamara Tashkov, Biljana Lazarova, Lidija Mihailova, Elena Drakalska, Bistra Angelovska 

 

Traceability of biologicals: challenges in pharmacovigilance        481 

 Dragica Edrovska, Aleksandra Grozdanova, Katerina Ancevska Netkovska, Zorica Naumovska 

 

Pharmacovigilance system role in safe use of medicines in pregnancy and breastfeeding     483 

 Marijana Danevska, Iskra Pechijareva Sadikarijo, Julijana Sekovska, Zorica Naumovska 

 

Analysis of the drugs consumption for hyperthyroidism in Republic of North Macedonia for the period of 2016-2019  485 

 Bistra Angelovska, Elena Drakalska Sersemova, Dijana Miceva, Ljubica Adji Andov       

 

Safety of Covid-19 vaccines: one-year post-marketing analysis        487 

 Denitsa Panayotova, Antonio Ivanov, Ines Hababa, Maria Dimitrova, Ilko Getov  

     

Activities of the National Center for Drug Information during COVID-19 pandemic      489 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

 Evgenija Mihajloska, Aleksandar Dimkovski, Damjan Georgievski, Mateja Stojceva, Emilija Mitrevska, Angela Simovska, Aleksandra 

Kapedanovska Nestorovska, Zorica Naumovska 

 

Knowledge and attitudes of patients for using antibiotics        491 

 Marijana Danevska Iskra Pechijareva Sadikarijo, Julijana Sekovska, Zorica Naumovska 

 

New pharmacotherapeutic aspects associated with the use of Metformin       493 

 Iskra Tanushevska, Aleksandra Grozdanova, Aleksandra Kapedanovska Nestorovska, Zorica Naumovska, Aleksandar Dimkovski, Evgenija 

Mihajloska, Zoran Sterjev 

 

Consumption trends of the new generation of antidiabetics from the Essential List of Sarajevo Canton    495 

 Vedina Cordalija, Nermina Ziga Smajic, Edisa Trumic, Tea Music, Fahir Becic 

 

Quality management system and corporate quality assurance        497 

 Elizabeta Karadžinska, Marija Davčeva Jovanoska, Maja Velinovska Čadinoska, Verče Jovanovska Jankovska, Sonja Spirovska Burčevska, 

Nina Ekart Oman, Viška Miceska, Gabriela Gjorgjievska, Nada Popstefanova, Olivera Paneva 

 

Risk management strategies and implementation of risk minimization measures for medicinal products    499 

 Marija Guleva, Zorica Naumovska, Aleksandra K. Nestorovska, Angela Mircheska-Janevska, Ankica Gestakovska    

 

Regulatory requirements for detection and management of safety signals in pharmacovigilance    501 

 Jasmina Smileva, Aleksandra K. Nestorovska, Zoran Sterjev, Zorica Naumovska 

 

Comparison of quality of life in patients with type 2 diabetes mellitus with and without insulin treatment   503 

 Zoran Nakov, Valentina Velkoska Nakova  

 

Legal framework for pharmacovigilance inspection         505 

 Slavica Onceska, Aleksandra K. Nestorovska, Zoran Sterjev, Zorica Naumovska       

 

Use of medicines in Bosnia and Hercegovina          507 

 Tea Mušić, Belma Tuna-Repovac, Katica Velija, Vedina Čordalija       

    

Analysis of hyaluronic acid usage in Municipality of Stip        509 

 Dijana Miceva, Elena Drakalska Sersemova, Tamara Tashkov, Bistra Angelovska 

 

The role of the pharmacist in the patient-centered medical practices: current perspectives     513 

 Jelena Micik, Evgenija Mihajloska, Aleksandar Dimkovski, Aleksandra Grozdanova  

 

Impact of the SARS-CoV-2 pandemic on routine immunization of the population in the Republic of North Macedonia  515 

 Zana Mustafa, Shaban Memeti, Azis Pollozhani, Zorica Arsova-Sarafinovska, Katarina Stravrik, Aleksandra Grozdanova  

   

"Skinny labelling" pathway: an instrument for circumventing second medical use patents by generic companies   517 

 Marija Mitkovska, Aleksandra Krstevska, Dijana Nechkova, Katerina Anchevska Netkovska, Ana Poceva Panovska  

    

Self-reported anxiety levels in a cluster of Albanian University students: a comparative study     519 

 Suela Kellici, Klea Prifti, Gentiana Qirjako 

 

Intellectual property rights and advertising of cosmetic products in Republic of North Macedonia    521 

 Biljana Nestorovska-Gjoshevska, Katerina Ancevska-Netkovska, Marija Glavas Dodov      

      

Global Marketing Authorization: A field of frequent legal disputes and its benefits to generic companies   523 

 Dijana Nechkova, Damjan Bekjarovski, Aleksandra Krstevska, Marija Mitkovska, Katerina Anchevska Netkovska   

     

Impact of intellectual property rights on the access to COVID-19 vaccines       525 

 Aleksandar Dimkovski, Evgenija Mihajloska, Aleksandra Grozdanova, Ljubica Suturkova, Katerina Ancevska Netkovska  

        

Preservation of traditional knowledge related to plant biodiversity       527 

 Suzana Apostolovska, Biljana Bauer Petrovska  

        

Medical use patents of antineoplastics: new trend of ‘evergreening’ and prevention generics on the market   529 

 Emilija Koneska, Marija Mitkovska, Katerina Anchevska Netkovska 

 



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

Percentage of disease incidence and different experiences in the treatment of Covid - 19 infection in the student population 531 

 Isidora Milanović, Jasmina Bašić, Danijela Pecarski, Dragana Dragaš Milovanović      

   

Is health Coaching a new challenge for pharmacists?         533 

 Svetlana Stojkov, Jasmina Arsić, Nataša Jovanović Lješković, Branka Legetić, Aleksandra Filipović  

    

Requirements and possibilities for reporting ADRs: a comparative analysis between Bulgaria and the Republic of North Macedonia

                 535 

 Violeta Getova, Radiana Staynova, Hristina Lebanova, Svetoslav Stoev, Ilko Getov  

 

COVID-19 vaccination in rituximab-treated patients with rheumatic disorders      539 

 Evgenija Mihajloska, Aleksandar Dimkovski, Dubravka Antova, Ana Vasilevska, Aleksandra Grozdanova, Zorica Naumovska, Aleksandra 

Kapedanovska Nestorovska, Zoran Sterjev, Bashkim Osmani, Ljubica Suturkova      

      

Pharmacovigilance in vlinical trials Experience from bioequivalence Studies and further perspectives    541 

 Gordana Damjanovska, Emilija Atanasovska, Nikola Labacevski, Svetlana Neceva      

      

Gut microbiota metabolism and bioaccumulation of drugs        543 

 Maja Đanić, Slavica Lazarević, Nebojša Pavlović, Bojan Stanimirov, Momir Mikov  

 

Potential drug-drug interactions found in therapeutic treatment during COVID-19      545 

 Dhurata Bytyçi1, Yllka Bytyçi, Nderim Kryeziu, Aleksandra Kapedanovska, Zorica Naumovska 

 

Improving the safety of prescribing and using antibiotics in the treatment of exacerbations of COPD in hospitalized patients in tertiary 

care                547 

 Olivera K. Nakovska, Dejan Dokic, Dimitar Karkinski, Vangel Nechevski, Elena Janeva, Milena M. Gjorevska, Angela Debreslioska, 

Ksenija Bogoeva, Zorica Naumovska, Aleksandra K. Nestorovska, Ljubica Suturkova  

 

Constitution, storage and delivery of risdiplam is easy to manage by the hospital pharmacist - single case study   549 

 Branka Pasaliska Cvetkov, Ivan Barbov, Jasmina Korunoska  

 

Biomarker-based thiopurine therapy for inflammatory bowel disease       551 

 Slavica Lazarević, Maja Đanić, Nebojša Pavlović, Bojan Stanimirov, Momir Mikov  

 

 

Pharmacy students' experience during the Covid-19 pandemic and its impact on their health, academic endeavors and overall 

perceptions-a study            555 

 Metodi Naumovski, Teodora Dodov, Ljubica Mihailova, Maja Simonoska Crcarevska, Renata Slaveska Raicki, Marija Glavas Dodov 

            

Evaluation of antioxidant properties of herbal mixture and CBD oil for the treatment of chronic wound   557 

 Anastazija Cenova, Martina Nestorovska, Maja Simonoska Crcarevska, Ljubica Mihailova, Dushko Shalabalija, Marija Glavas Dodov 

     

Formulation and characterization of snail slime-chitosan microparticles with herbal extracts intended for treatment of chronic wounds

                559 

 Martina Nestorovska, Anastazija Cenova, Maja Simonoska Crcarevska, Dushko Shalabalija, Ljubica Mihailova, Marija Glavas Dodov  

 

Image analysis of surface colour of film-coated tablets         561 

 Iskra Velevska, Margarita Taneva, Tanja Stefanovska, Tose Rafajlov, Liljana Chakalova, Katerina Brezovska 

 

Drug abuse and misuse: Core knowledge, attitudes and opinions of pharmacy students and community pharmacists in Republic of North 

Macedonia             563 

 Meni Stevanoska, Vidosava Mukoska, Emilija Karevska, Evgenija Mihajloska, Aleksandar Dimkovski, Aleksandra Kapedanovska 

Nestorovska, Zorica Naumovska 

 

Correlation of Vitamin D and Zinc concentration with therapy outcome in epilepsy patients from Republic of North Macedonia 565 

 Damjan Georgievski, Kosara Lutovska, Petar Sokoloski, Arbana Rexhepi, Evgenija Cvetanovska, Aleksandar Dimkovski, Aleksandra 

Kapedanovska Nestorovska, Zorica Naumovska, Emilija Cvetkovska, Zoran Sterjev    

 

Resource assessment of billberries (Vaccinium myrtillus) on Kozuf Mtn., R. N. Macedonia     567 

 Filip Todorov, Žika Ilievski, Slavcho Hristovski, Veronika Stoilkovska Gjorgievska, Ivana Cvetkovikj Karanfilova, Ana Trajkovska, Marija 

Karapandzova, Svetlana Kulevanova, Gjose Stefkov         

   



Макед. фарм. билт., 68 (додаток 1) - (2022) 

  

 

 
 
 

COVID-19 vaccine acceptance among university students in Republic of North Macedonia     569 

 Mateja Stojceva, Damjan Georgievski, Evgenija Mihajloska, Aleksandar Dimkovski, Zorica Naumovska, Aleksandra Kapedanovska 

Nestorovska, Aleksandra Grozdanova, Ljubica Suturkova, Zoran Sterjev       

   

Stereomicroscopy as a potent analytical method for detection of glass micro-particles generated during snap-opening of ampoules 571 

 Margarita Taneva, Iskra Velevska, Tanja Stefanovska, Tose Rafajlov, Liljana Chakalova, Jelena Acevska   

    

Evaluation of patient-centered counselling in Macedonian community pharmacies      573 

 Magdalena Radovikj, Ilina Angjelkoska, Aleksandar Dimkovski, Evgenija Mihajloska, Zorica Naumovska, Aleksandra Kapedanovska 

Nestorovska 

       

Individual variability of the cannabinoids' content in outdoor cultivated Bubba Kush x OG Kush Cannabis strain  575 

 Andrea Belazelkoska, Ana Stoilkovska, Veronika Stoilkovska Gjorgievska, Ana Trajkovska, Ivana Cvetkovikj Karanfilova, Marija 

Karapandzova, Svetlana Kulevanova, Gjose Stefkov         

   

Post-pandemic period in N. Macedonia: an opportunity to expand the role of pharmacist     577 

 Iskra Jordanovska, Katerina Anchevska Netkovska, Aleksandra Kapedanovska Nestorovska, Aleksandra Grozdanova  

        

Use of tocilizumab for treatment of COVID-19 from off-label to extended indication      579 

 Iskra Velevska, Jovana Aleksov, Evgenija Mihajloska, Aleksandar Dimkovski, Irina Panovska-Stavridis, Milena Stevanovic, Aleksandra 

Grozdanova       

 

Preparation of Oxaliplatin loaded PLGA-Glucose nanoparticles by nanoprecipitation and emulsification/solvent evaporation techniques

                581 

 Teodora Mazneva, Dushko Shalabalija, Ljubica Mihailova, Nikola Geskovski, Katerina Goracinova    

  

Revealing wild Cannabis at the territory of North Macedonia        583 

 Jovana Gjorgjievska, Dimitar Stefkov, Veronika Stoilkovska Gjorgievska, Ivana Cvetkovikj Karanfilova, Ana Trajkovska, Marija 

Karapandzova, Svetlana Kulevanova, Gjose Stefkov     

 

Comparison of terpenе profile in fresh and dry flowers of cultivated commercial strains and wildtype of Cannabis  585 

 Martina Samarakova, Ana Stoilkovska, Veronika Stoilkovska Gjorgievska, Ivana Cvetkovikj Karanfilova, Ana Trajkovska, Marija 

Karapandzova, Svetlana Kulevanova, Gjoshe Stefkov         

 

Headspace GC/MS analysis of volatile terpenoids in native Helichrysum plicatum and Helichrysum zivojinii from Macedonian flora

                587 

 Filip Todorov, Laze Ramanchev, Ivana Cvetkovikj Karanfilova, Ana Trajkovska, Gjose Stefkov, Svetlana Kulevanova, Marija 

Karapandzova           

 

Evaluation of the antioxidant capacity of four Cannabis cultivars        589  

 Nadica Trajkovska, Iskra Davkova, Ivana Cvetkovik Karanfilova, Gjoshe Stefkov, Veronika Stoilkovska Gorgievska, Tanja Petrevska 

Ivanovska, Svetlana Kulevanova, Marija Karapandzova    

 

Evaluation of the phenolic content and antioxidant capacity of Tanaceti herba from two locations from North Macedonia  591 

 Ivana Kochoska, Marko Naneski, Marija Karapandzova, Ana Trajkovska, Zoran Zivikj, Svetlana Kulevanova, Gjoshe Stefkov, Ivana 

Cvetkovikj Karanfilova           

 

Biochemical markers for diagnosing and monitoring of acute pancreatitis       593 

 Anel Lila, Marija Hiljadnikova Bajro          

 

Current and future perspectives in laboratory analysis of Pituitary neuroendocrine tumors     595 

 Teodora Jovanova, Ivana Vichentijevikj, Debora Petrevska, Elena Ilievska, Marija Hiljadnikova-Bajro    

      

Cross-contamination in pharmaceutical industry: types, measures and good practices     597 

 Kosara Lutovska, Marija Glavas Dodov           

 

The effect of different formulations with colloidal oatmeal on the epidermal barrier function and hydration   599 

 Jehona Bela, Teodora Dodov, Maja Simonoska Crcarevska, Marija Glavas Dodov  

 

 Alkaloid’s young talents program - Talent management approach                                                                   603   

Tane Murgoski, Nikola Eftimov, Jasmina Tonic Ribarska        

   


