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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 11th Conference on Medicinal and Aromatic Plants of Southeast European Countries 2022 

(CMAPSEEC 2022), which was held between October 6th and 10th, 2022 in Ohrid, Republic of North 

Macedonia.  

The main theme of the CMAPSEEC was “The apprising plants of the new era” with topics such as 

phytochemistry, ecology, diversity, pharmacology and phytotherapy, production of herbal substances and 

their preparations, and 360° Cannabis were carefully selected for this special occasion in order to build up 

a highly interesting and comprehensive program. The conference enabled hybrid in-person/virtual solution 

which supported: online, pre-recorded or on-site oral scientific presentations; and, participation with e-

poster (all posters were displayed in a gallery banner comprising QR-code links to posters).  

Sincere thanks to the hosts of the 11th Conference on Medicinal and Aromatic plants of Southeast 

European Countries, Macedonian Pharmaceutical Association, Faculty of Pharmacy, Ss ‘Cyril and 

Methodius University’ in Skopje and the Association for Medicinal and Aromatic plants of Southeast 

European Countries (AMAPSEEC) for their vision and commitments. 

We would also like to thank the companies that showed interest in supporting our efforts during 

the organization. We acknowledge the general sponsor VARUS, Skopje, and the sponsoring companies: 

SINCERITAS, NATUSANA, ALKALOID AD, REPLEK, GALAFARM, HEALTH AID, FARMA 

TIVA, FARMAHEM, HEMERA, VEDRA. 
We would also like to thank our members of the Scientific Committee for their volunteer time and 

dedication to the critical peer review process as well as to all members of the Organizing Committee, 

whose work and commitment was invaluable. 

On behalf of the Advisory and Scientific Committees, we would like to express our special 

gratitude to all internationally prominent researchers, whose work was supposed to be an essential part of 

the Conference. The interest in publishing their short communications in this Special 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 plant research. 

The scientific program comprised of 1 plenary, 12 invited lectures, 14 oral presentations, and 70 

posters, providing an opportunity for more than 100 natural product scientists to present their research. A 

total of 148 participants were attending the Conference from 21 countries (Albania, Austria, Bulgaria, 

China, Croatia, Czech Republic, Greece, Hungary, Kosovo, Marocco, Montenegro, North Macedonia, 

Norway, Poland, Portugal, Romania, Serbia, Slovakia, Turkey, United Kingdom, and USA). 

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. 

 

 

Chair of the Scientific committee                                                    Chair of the Organizing committee 
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Present and Future of Miniaturized NIR Spectrometers 

Combined with Challenging Data Management Strategies 

 

Christian W. Huck1 
  

1Institute of Analytical Chemistry and Radiochemistry, CCB – Center for Chemistry and Radiochemistry, Leopold-

Franzens University, Innsbruck, Austria 

 

Introduction 

 

The ongoing miniaturization of spectrometers creates 

a perfect synergy with the common advantages of NIR 

spectroscopy (Beć et al., 2020a; Beć et al., 2021). The 

combination of portability and direct on-site application 

with high-throughput and non-invasive way of analysis is 

seen as a decisive and critical advantage in various 

industries, in particular in the phytopharmaceutical sector. 

The characteristics and application potential of 

miniaturized NIR sensors is not entirely similar to the 

benchtop spectrometers regarding the performance, 

applicability, and optimization of methodology. These 

devices remarkably increase the flexibility of analysis; 

however, attention needs to be paid to the various factors 

affecting their performance in different analytical 

scenarios. Currently, it is a focused and very active 

research direction to perform systematical evaluation 

studies of the accuracy and reliability of various 

miniaturized spectrometers that are based on different 

technologies, e.g. Fourier transform (FT)-NIR, micro-

optoelectro-mechanical system (MOEMS) Hadamard 

mask or linear variable filter (LVF) coupled with array 

detector (Beć et al., 2020a; Beć et al., 2021). 

NIR spectroscopy a particularly potent tool for 

analyzing natural products and their constituents. The 

suitability of miniaturized NIR spectroscopy to determine 

crucial parameters related to the conditions of vegetation, 

e.g. quality properties of medicinal plants, optimization of 

the harvest time, analysis of the content of active 

ingredient, should be noted. These qualities directly 

translate to thriving development and application of UAV-

mounted sensors, i.e. airborne NIR spectroscopy, which 

can be seen as the next-generation of this technology. 

In addition to progressing technology, the importance 

of using combined tools, integrated into the package of a 

micro-NIR analytical method to improve its accuracy, 

reliability and applicability should be emphasized. 

Advanced calibration methods (e.g. artificial neural 

networks ANN, nonlinear regression) directly improve the 

performance of miniaturized instruments in challenging 

analysis and balance the accuracy of these instruments 

towards laboratory spectrometers. Two-dimensional 

correlation spectroscopy (2D-COS) provides insight into 

the relative sensitivity observed between different 

instruments in specific NIR bands (Kirchler et al., 2017). 

The quantum mechanics simulation of NIR spectra reveals 

the wavenumber regions where the best correlated spectral 

information resides, and unveils the interactions of the 

target analyte with surrounding matrix, to ultimately 

enhance the information gathered from the NIR spectra 

(Beć et al., 2018). This set of methods enables the 

intelligent design of future micro-NIR analyzes, which is 

especially important for samples with a complex matrix. 

 

Novel Instrumentation, Benefits and Pitfalls 

Resulting from Miniaturization 

 

NIR spectroscopy is a powerful tool for qualitative and 

quantitative analysis involving natural products, e.g. plant 

medicines. NIR spectroscopy as a rapid and high-

throughput analytical method, with on-site capability, high 

chemical specificity, and no/minimal sample preparation 

offers significant practical advantages compared to the 

conventional methods of analysis. Novel portable NIR 

spectrometers further enhance the potential of this 

technique (Beć et al., 2020a; Beć et al., 2021).  
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In recent years, remarkable advances in the field of 

spectroscopic instrumentation and methods of analysis 

have appeared. Dynamic development of miniaturized, on-

site capable NIR spectrometers and new tools of spectral 

analysis increase the potential and reliability of NIR 

spectroscopy in phytonalaytical applications. 

The advantages of miniaturized NIR spectroscopy are 

particularly exposed in the field of phytonalaysis (Beć et 

al., 2020b). In contrast to synthetic medicines, natural 

products feature chemical diversity that can vary 

depending on the medicinal plant cultivation conditions, 

geographical origin or harvest time. The content bioactive 

compounds and their derivatives, and thus, the quality 

parameters of the natural medicine need to be controlled 

with respect to a number of conditions. NIR spectroscopy 

is particularly competitive in such difficult scenarios. 

However, miniaturization of the instruments has a non-

negligible impact on their applicability and analytical 

performance, as the necessary compromise to achieve their 

autonomy and small form factor. Therefore, attention 

should be given to developing appropriate analytical 

framework for optimal use of these instruments in practice 

(Beć et al., 2020a; Beć et al., 2021). 

 

Innovative Methods and New Applications  

 

The NIR calibration procedure based on non-linear 

methods, e.g. Gaussian Process Regression (GPR) and 

Artificial Neural Networks (ANN) have been demonstrated 

to offer substantially improved performance in the case of 

less than ideal data-sets, e.g. resulting from difficult nature 

of the analyzed sample (i.e. chemically complex plant 

matrix), reduced quality of the spectra or the limited 

spectral characteristics of handheld and miniaturized NIR 

instruments (i.e. narrow spectral region, lower resolution 

and poorer S/N typically accepted for the miniaturized 

spectrometers) (Mayr et al., 2021). The prediction 

performance of those calibration models constructed for 

miniaturized spectrometers are of comparable quality to 

those developed for benchtop instruments, as evaluated 

through the root-mean square error of prediction (RMSEP) 

determined on the basis of an independent test set (Mayr et 

al., 2021). 

The complexity of the NIR spectra, which results from 

the intrinsic convolution of many individual overtones and 

combination bands, makes it difficult to interpret by 

conventional spectroscopic methods (Beć and Huck, 

2019). We tackle this problem with anharmonic vibration 

analysis based on the DVPT2 scheme and the underlying 

optimization for less time-consuming computations (Ozaki 

et al., 2021). Detailed assignments of NIR bands enable us 

to interpret the characteristics of the PLS regression models 

that were built to describe the quantified chemical 

constituent, e.g. the example of the piperine in black pepper 

samples (Grabska et al., 2021). Two models were 

compared, which were developed for spectral data sets 

obtained with the benchtop laboratory instrument 

(NIRFlex N-500) and a miniaturized spectrometer 

(microPHAZIR). The sensitivity of the two instruments to 

certain types of piperine NIR vibrations is different, with 

the stationary spectrometer being much more selective.  

 

Conclusions and Future Prospect 

 

The ability of straightforward on-site usage, non-

destructive analysis of samples featuring wide variety in 

chemical composition and physical form, while remaining 

sensitive to the chemical fingerprint is a decisive 

breakthrough achieved by NIR spectroscopy in the past 

decade. One of the most up-to-date breakthroughs is the 

sensor miniaturization. In general, the design principles of 

the NIR instrumentation (spectrometers, optics, cells, 

sample handling) guarantee a wide area of expansion in the 

currently rapidly growing and diversifying market of 

natural products. The progress in the sensor technology 

will certainly continue in the nearest future. 

Currently, two major trends in further advancing NIR 

spectroscopy in natural product analysis are pursued in our 

working group. The first is the development and 

employment of miniaturized NIR sensors for flexible 

approaches in the discussed fields. The second trend is the 

implementation of innovative frameworks for spectra 

interpretation and calibration, where quantum chemistry 

provides deeper understanding about the performance of 

individual spectrometers and chemometric models, 

respectively. While advanced calibration methods provide 

essential gain in analytical prediction, the fundamental 

progress in interpretability of NIR spectra creates several 

opportunities for a better-informed design of applications 

tailored for specific needs. 
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Anti-obesity molecules of natural origin 
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Abstract 

 

Obesity has outreached the dimensions of a health 

problem and has established as a global epidemic (named 

Globesity) over the past decades (Jaaks et al., 2019; NCD-

RisC, 2019). Excessive body weight appears among the top 

five risk factors in terms of attributable deaths and 

metabolic complications development (NCD-RisC, 2019;  

Stefan, 2020). Consequently, management of obesity (i.e., 

prevention and treatment) is subject of undergoing intense 

research (Flaherty et al., 2019).  

Natural compounds attracted profound interest as 

candidates for obesity management. We have examined the 

potential of plant extracts and their bioactive principles to 

affect adipogenic differentiation in human adipocytes 

(Savova et al., 2021; Mladenova et al., 2022). Their 

mechanism of action was studied in-depth by using 

transcriptional analysis through real-time quantitative PCR 

and protein abundance evaluation by Western blotting. The 

key adipogenic transcription factors – peroxisome 

proliferator-activated receptor gamma (PPARγ) and 

CCAAT-enhancer-binding protein alpha (C/EBPα) – 

appeared strongly decreased at a protein level by 

treatments with plant extracts and pure compounds. 

Moreover, the phosphoinositide 3-kinase (PI3K)/protein 

kinase B (AKT) signaling pathway was found to be 

involved in the anti-adipogenic effect of the plant extracts 

and pure molecules. Collectively, our findings indicate that 

selected plant extracts (and their active principles) 

hampered adipocyte differentiation through PI3K/AKT 

inhibition. Among selected compounds, betulinic acid and 

maackiain exhibit the most promising anti-adipogenic 

activity (Savova et al., 2021; Mladenova et al., 2022). 

Furthermore, the research has been translated from human 

adipocytes to the organism model of Caenorhabditis 

elegans. 
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Bioactive constituents of some plant species from the mountain 

Galičica 

 

Iris Djordjević 
  

 Faculty of Veterinary medicine, University of Belgrade, Bul. Oslobodjenja 18, 1100 Belgrade, Serbia 

 

Introduction

 
Between 2008 and 2010 the pharmacognostic 

investigation of phytomedicinal potential of the 

species inhabiting mt. Galičica was organized by the 

Galičica National Park (GNP) through the KFW 

project entitled ”Support to Galičica National Park”. In 

the search for biologically active and new compounds, 

the project included the targeted collection of wild-

growing mostly endemic plants growing on mt. 

Galičica. The choice of plants was based on 

chemotaxonomic and ethnomedicinal information of 

the corresponding genera. The phytochemical 

investigation of these species is presented in this 

lecture. 

 

Centaurea spp. (Asteraceae) (Tešević et al., 

2014) 
 

The aerial parts of the investigated species (C. 

galicicae, C. tomorosii and C. soskae) were collected 

during the flowering period (17 July 2010). Crude 

extracts of the ground dried aerial parts of the studied 

species (Et2O/MeOH/Petrol ether, 1:1:1). According to 

HPLC/PDA/ESI HR TOF MS analysis, all the studied 

taxa contained cnicin, the germacranolide exhibiting 

numerous biological activities, as the main component. 

The flavonoid patterns of C. galicicae and C. soskae 

were rather similar, differing only in the relative 

amounts of the constituents. The flavonoid complex of 

C. tomorosi contained an additional component, 

cirsimaritin. The 1H NMR quantitative analysis 

demonstrated high content of germacranolide cnicin 

(2.9 – 9.6%, calcd. per weight of the dried plant 

material) in the extracts. 

Helichrysum zivojini Černjavski & Soška 

(Asteraceae) (Aljančić et al., 2014) 

 

The aerial parts of H. zivojinii  were collected at 

Tomoros (ca. 1600 m altitude), Mt. Galičica (North 

Macedonia) during the flowering (17 July 2010).  The 

combination of CC of n-BuOH extract by column 

chromatography (CC) on polyamide and semi-prep 

HPLC, afforded two new compounds, i.e. 

bisdihydrochalcone diglucoside containing a 

cyclobutane ring (tomoroside A) and a methylene-

bridged bischalconeglycoside (tomoroside B), 

probably dimers of the co-occuring chalcone 

isosalipurposide. Seven known naringenin-, apigenin-

kaempferol- and luteoline glucosides were also 

detected. Tomorosids A and B exhibited significant 

anticancer activities. Tomoroside B synergized with 

Tipifarnib showing potential to improve the action of 

this new chemotherapeutic involved in the modulation 

of mitogene activated protein (MAP) kinase signaling 

pathway. 

 

Cephalaria ambrosioides (Sibth. & Sm.) Roem. 

& Schult (Dipsacaeae) (Godevac et al. 2010) 
 

The aerial parts of C. ambrosioides (endemic 

species of the Balkans) were collected on the slopes of 

Mt. Galičica between Ohrid and Prespa lakes in July 

2008. The combination of Sephadex LH-20 and silica-

gel CC of the 90% MeOH extract of air-dried aerial 

parts of C. ambrosioides afforded a new allose-

containing triterpenoid saponin, together with a known 

saponin leucanthoside A, isolated previously in our 

laboratory from C. leucantha. (Gođevac et al., 2006) 
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Leucantoside A exhibited a microtubule-stabilizing 

activity in the tubulin assay (IC50 = 50 μM). Under the 

same conditions, paclitaxel, used as a positive control, 

was about a hundred times more active. 
 

Sideritis raeseri Boiss. and Held subsp. raeseri 

(Lamiaceae) (Menković et al., 2013) 
 

Sideritis raeseri Boiss. and Heldr. subsp. raeseri 

is widely used in folk medicine as a tea to alleviate the 

symptoms of common colds, coughs, and bronchitis, 

as well as in the treatment of gastrointestinal disorders 

and inflammations, and as a tonic. The aerial parts of 

S. raeseri subsp. raeseri were collected in NPG in the 

zone of sustainable collection in the phase of full 

flowering (July, 2010) on three different localities. The 

aim of the study was the analysis of bioactive 

compounds especially those with anti-inflammatory 

activity. Combination of the UV and MS data of the 

ethanol extract (soxhlet extraction) allowed the 

characterization of 17 compounds, which could be 

classified into flavonoid glycosides (isoscutellarein 

and hypolaetin derivatives) or hydroxycynnamic acid 

derivatives The presence of phenylpropanoidglycoside 

martynoside was reported for the first time in the wild 

growing S. raeseri subsp. raeseri. Hypolaetin 

derivatives, known for their antiinflammatory activity, 

dominated and were more abundant in S. raeseri subsp. 

raeseri grown in NPG in comparison with S. scardica 

grown nearby the NPG.  

 

Crateagus orientalis Pall. ex M. Bieb. 

(Rosaceae) (Šavikin et al., 2017) 
 

Plant material was collected at the Mt. Galičica 

(altitude 950 m). Leaves were collected in June 2010, 

while fruits were collected in October 2010. Crateagus 

orientalis Pall. ex M. Bieb., traditionally used by local 

people in southern parts of North Macedonia for 

preventing and treating cardiovascular diseases 

including angina, hypertension, arrhythmias, and 

congestive heart failure. The main objective of this 

study was to define the phenolic content, antioxidant 

and anti-inflammatory activity of the extracts. The 

content of 7 phenolics in ethanolic extracts of leaves 

and berries was studied using HPLC-DAD. The most 

dominant compounds were hyperoside, isoquercitrin 

and chlorogenic acid. The leaf extract was more 

effective as a DPPH radical scavenger than the berry 

extract, as well as in the relative reducing power on 

Fe3+. Anti-inflammatory potential was studied by 

means of COX-1 and 12-lipoxygenase 12-LOX 

inhibitory activity; both extracts evinced activity. 

Furthermore, C. orientalis leaf extract showed a 

concentration dependent inhibition of COX-1 pathway 

products 12-HHT and TXB2, reaching IC50 values 

below the lowest applied concentration. Although 

inhibitors such as acetylsalicylic acid and quercetin 

showed higher activity, this study demonstrated the 

potential of the investigated extracts as anti-

inflammatory agents. 
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Abstract 

 

EthnoHERBS is a H2020-MSCA-RISE project aiming 

to record and evaluate information on SE European 

traditional knowledge, explore in a high-throughput 

manner the biodiversity of Balkan Peninsula flora and 

elaborate cutting-edge technologies in Natural Products 

Chemistry to discover and develop innovative 

cosmeceutical products against skin disorders. Within the 

frame of EthnoHERBS, information on herbal traditional 

medicines to treat various skin disorders have been 

searched in: (i) scientific publications concerning 

ethnobotanical surveys conducted in Balkan territory and 

secondarily in other Mediterranean regions, whose flora 

has some similarities with the SE European one, (ii) ancient 

and byzantine texts that exist in digital libraries and 

databases and (iii) existing collections of manuscripts 

found in public institutions.  

In more details, 198 ethnobotanical studies have been 

identified which were carried out in Balkans and South-

Eastern European Countries, resulting in a wealth of data 

having been recorded. In addition, three 

ethnopharmacological surveys were carried out in small 

cities and villages of North Greece and Central Serbia. 

From review research on the traditional medical practices 

for the treatment of skin disorders in Albania, Cyprus, 

Greece and Turkey, 967 taxa belonging to 418 different 

genera and 111 different families were identified for the 

treatment of skin related problems. Literature evaluation 

highlighted that, the most commonly used species are 

Plantago major L. (Albania, Turkey), Hypericum 

perforatum L. (Greece, Turkey), Sambucus nigra L.

 (Cyprus, Greece), Ficus carica L. (Cyprus, Turkey), 

Matricaria chamomilla L. (Cyprus, Greece) and Urtica 

dioica L. (Albania, Turkey), while many medicinal plants 

reported by interviewees were common in all four 

countries. Furthermore, more than 350 preparations of 

herbal and animal origin have been identified for the 

treatment of skin diseases in Dioscorides' work “De 

Materia Medica” and finally four independent databases, 

containing different set of ethnobotanical data, have been 

established. The evaluation of the aforementioned data 

resulted in the selection of 240 plant species, which were 

further investigated through in silico procedure. More 

specifically, the secondary metabolites that have been 

isolated from the selected species were searched in 

REAXYS database and their chemical structures were 

designed and converted to the appropriate form (SMILES 

stings) for the in silico study. Almost 210.000 ligands were 

docked within the experimental binding cavity of selected 

enzymes (tyrosinase, hyaluronidase, elastase, 

cyclooxygenase, lipoxygenase, collagenase and 

xanthinoxidase). The results of in silico scoring and the 

distribution of selected plant species in the Balkan 

Peninsula were taken into account for the determination of 

herbs to be collected. More than 300 extracts have been 

prepared using the Ultrasound Assisted Extraction and the 

investigation of their phytochemical profile was performed 

using chromatometric methods (TFC, TPC) and analytical 

techniques (HPTLC, HPLC, NMR). In addition, 180 

extracts have been evaluated for their DPPH scavenging 

properties as well as their inhibitory activity against the 

abovementioned enzymes.  

Finally, a methodology for the efficient fractionation
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of the most promising herbal preparations with CPC 

technique, as well as a platform for the direct identification 

of active constituents in the extracts, have been established. 
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Despite vaccine developments, Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is 

constantly evolving and multiple newer variants of concern 

(VOC) such as Delta and Omicron have emerged. Viral 

infection happens when a virus inserts its genetic code into 

the host cell, forcing it to replicate, which then spreads 

more viral genomic material and usually leads to the death 

of the host cell. This process can happen at enormous rates, 

which leads to viral fever affecting primarily the 

respiratory tract system, harmful inflammation and 

excessive aberrant immunological responses as the body’s 

immune system tries to seek out and destroy viral material 

and, at a later stage, to potentially deadly complications. 

COVID-19 treatment still remains largely supportive 

with an urgent need to identify effective anticoronaviral 

drugs that can prevent the virus from entry and/or 

replicating or clearing cells in which the virus has already 

entered. Effective treatments with antivirals can help slow 

the spread of a person’s infection, potentially reducing the 

length and severity of symptoms. Thus, safe and effective 

antivirals responsible for restricting viral entry and/or 

disruption of the replication (inhibiting the specific 

proteins responsible for copying the virus’ genetic 

material) process are a crucial part of the pandemic 

response. An attractive approach is repurposing drugs 

already licensed for other diseases, and flavonoids 

represent an important group of phytopharmaceuticals. 

Flavonoids, ubiquitous groups of polyphenolic 

compounds, are abundantly present in fruits and 

vegetables, are integral constituents of the diet (Agrawal, 

1989), and may exert a wide range of beneficial effects on 

human health, including protection against cancer, 

allergies, metabolic and inflammatory disorders, and 

cardiovascular diseases, as well as for their antiviral 

benefits.  

The antiviral significance has attracted attention as 

several computational methods have shown that several 

flavonoids exhibit significant binding to multiple regions 

of SARS-CoV-2 [spike protein, host cell angiotensin-

converting enzyme 2 (ACE2) receptor and proteases, such 

as papain-like protease (PLpro), main protease (Mpro), also 

referred to as the 3-chymotrypsin-like protease (3CLpro), 

and RNA-dependent RNA polymerase (RdRp).  

Quercetin (3,3',4',5,7-pentahydroxyflavone), a dietary 

flavonoid, is well-known to ameliorate chronic diseases 

and aging processes in humans, and its antiviral properties 

have been investigated in numerous studies. In silico and 

in vitro studies demonstrated that quercetin can interfere 

with various stages of the coronavirus entry and replication 

cycle. Various studies have suggested that quercetin, in 

combination with, for example, vitamins C and D, may 

exert a synergistic antiviral action that may provide either 

an alternative or additional therapeutic/preventive option 

due to overlapping antiviral and immunomodulatory 

properties (Agrawal et al., 2020).  

Rutin (quercetin-3-O-rutinoside) is abundantly present 

in various dietary sources such as buckwheat, onions, 

oranges, lemons, grapes, limes, berries, peaches, plums, 

apples, and tomatoes, as well as in drinks such as wine and 

black tea. Various computational studies, including in 

silico ones, have identified rutin as a potential hit, having 

prominent binding affinity to various regions of the 

coronavirus (Agrawal et al., 2021a). 

Hesperetin (3´,5,7-trihydroxy-4´-methoxy-flavanone), 

and hesperidin (hesperetin-7-O-rutinoside) are abundantly 

present in citrus fruits. Docking studies have shown that 

hesperidin has a low binding energy, both with the SARS-

CoV-2 “spike” protein, responsible for internalization, and 

also with the “PLpro” and “Mpro” responsible for 
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transforming the early proteins of the virus into the 

complex responsible for viral replication (Agrawal et al., 

2021b).  

Naringenin (4′,5,7-trihydroxy-flavanone), widely 

distributed in fruits and vegetables, is endowed with 

antiviral and other health beneficial activities, such as 

immune-stimulating and anti-inflammatory actions that 

could play a role in contributing, to some extent, to either 

preventing or alleviating coronavirus infection. Several 

computational studies have identified naringenin as one 

of the prominent flavonoids that can possibly inhibit 

internalization of the virus, virus-host interactions that 

trigger the cytokine storm, and replication of the virus 2 

infection (Agrawal et al., 2021c). 

Thus, flavonoid aglycones, such as quercetin, 

naringenin, and hesperetin, and their glycosides, rutin, 

naringin, and hesperidin, have low binding energies, both 

with the SARS-CoV-2 “spike” protein, responsible for 

internalization, and also with “PLpro” and “Mpro” 

responsible for transforming the early proteins of the virus 

into the complex responsible for viral replication, 

suggesting that these could act as prophylactic agents by 

blocking several mechanisms of viral infections and 

replications, and thus helping the host cells to resist viral 

attack (Agrawal et al., 2020, 2021a-c, 2022)..  

The aim of this presentation is to share some highlights 

from the past related to flavonoids, their anticoronaviral 

significance and our contributions by introducing “Natural 

Product Communications (NPC)” to serve the community 

of natural product researchers and its association with 

AMAPSEEC (Bankova, 2017) and Macedonian 

researchers (Petreska et al., 2011; Stefova, 2017). 
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Introduction 

 

The Euphorbiaceae family is one of the most 

widespread plant families containing about 300 genera and 

more than 8000 species (Webster, 1994). The plants 

belonging to this genus are well known for the chemical 

diversity of their terpene constituents. Literature data 

indicate that metabolites isolated from this genus have 

analgesic, antipyretic, antimicrobial, antiviral, 

antiproliferative, and selective antitumor activity (Jadranin 

et al., 2013, Krstić et al., 2018, Wang et al., 2003). The 

most important metabolite isolated from the genus is 

ingenol-mebutate. It was isolated from the latex of 

Euphorbia paralias and E. peplus, and it has been 

registered under phase III clinical trials under the 

commercial name Picato® for the treatment of actinic 

keratosis and pre-cancerous and cancerous skin changes 

(Aditya and Gupta, 2013, Seca and Pinto, 2018). 

In this research, from two species, E. palustris and E. 

lucida, four ingenane derivatives were isolated. Their 

anticancer effects were evaluated in the human melanoma 

– 518A2 cell line and compared with the effects of ingenol-

mebutate. Selectivity towards human melanoma cells was 

determined using normal human keratinocytes – HaCaT. 

 

Materials and methods 
 

Plant materials 
 

 

 

The E. palustris latex was collected in Besni Fok 

(Serbia), in May 2011, while the E. lucida stems were 

collected in Makiš (Serbia), in May 2012. The plants were 

identified by Professor Petar Marin, University of Belgrade 

– Faculty of Biology, Institute of Botany. Voucher 

specimens (No. 16,877 for E. palustris, and No. 16,879 for 

E. lucida) have been deposited at the Herbarium of 

Botanical Garden “Jevremovac”, University of Belgrade, 

Belgrade (Serbia). 

 

Isolation and purification 
 

The collected latex of E. palustris was first lyophilized 

and then the obtained lyophilizate was separated by 

gradient dry-flash column chromatography (DF CC). 

Fractions obtained by elution with 60 and 80% EtOAc  

were further fractionated by open column chromatography. 

Selected fractions were finally purified on RP HPLC. From 

these fractions, ingenanes 1 (9.0 mg) and 2 (6.1 mg) were 

isolated. E. lucida stems were dried and ground nd then 

extracted with EtOAc/hexane mixture. The resulting 

extract was further fractionated with DF CC, gradient from 

100% hexane to 100% EtOAc. Fractions eluted with 15, 

40, and 60% EtOAc were further separated first by column 

chromatography, and RP HPLC was used for final 

purification. From these fractions, ingenanes 1 (5.5 mg), 3 

(2.2 mg), and 4 (7.5 mg) were isolated. 
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Cell lines and assays 
 

518A2 and HaCaT cells were cultured in DMEM 

supplemented with 10% FBS, 4 g/L glucose, L-glutamine 

(2 mM), 5000 U/mL penicillin, and 5 mg/mL streptomycin 

solution. All cell lines were sub-cultured at 72 h intervals 

using 0.25% trypsin/EDTA and seeded into a fresh 

medium at the density of 8000 cells/cm2. 

Cell viability was assessed by MTT assay. To 

determine IC50 values of ingenol-mebutate, 1, 2, 3, and 4, 

cells were treated with different increasing concentrations 

of compounds. The absorbance of obtained dye was 

measured at 570 nm with a reference wavelength of 690 

nm. IC50 was calculated by non-linear regression analysis. 

The percentages of apoptotic, necrotic, and viable cells 

were assessed by Cell Death Detection Kit and flow 

cytometry using Annexin-V-FITC and PI staining 

according to the manufacturer’s instructions. 

 

Results and discussion 

 

Ingenanes 1 (3β-benzoyloxy-13α-dodecanoyloxy-

ingenol) (Wang et al., 2003) and 2 (3β,13α,17-

tribenzoyloxy-ingenol) (Lu et al., 2008) were isolated from 

E. palustris latex, while a total of three ingenane 

derivatives were isolated from E. lucida stem: 1, 3 (3β,5β-

dibenzoyloxy-20-deoxyyingenol) (Gotta et al., 1984) and 4 

(3β,5β,20-tribenzoyloxyingenol) (Opferkuch et al., 1981). 

All isolated compounds have been described in the 

literature, but compound 4 was reported as a natural 

product for the first time. Previously, compound 4 has been 

described in the literature as the esterification reaction 

product of the ingenol. The structures of the isolated 

compounds were determined using data obtained from 1D 

and 2D NMR spectra, and the molecular formulas were 

confirmed by HR-ESI MS. In the literature, the biological 

activities of the isolated compounds have not been 

described in detail. 

Ingenanes 1 and 2 exerted a strong cytotoxic effect in 

the nanomolar range (IC50 values were 5 nM and 45 nM, 

respectively) in melanoma cells, while normal 

keratinocytes were not sensitive to these compounds even 

in the micromolar range. Ingenol-mebutate, 3, and 4 had a 

less prominent anti-melanoma effect with IC50 values 

between 20 µM and 30 µM in 518A2 cells. Selectivity 

towards melanoma cells was considerable for ingenol-

mebutate and 4 with IC50 values in HaCaT cells > 100 µM. 

Cell Death analysis confirmed the preferential cytotoxicity 

of ingenanes in melanoma cells. 

 

Conclusion 

 

Ingenanes isolated from E. palustris and E. lucida 

showed significant and selective anti-melanoma effects 

and further molecular mechanism elucidation in vitro and 

in vivo is envisioned. 
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Introduction 

 

Agriculture in Croatia still holds a high economic 

significance despite a declining trend. In Virovitica-

Podravina county (Continental Croatia) 58% of the total 

land area is used for arable agriculture. Although cereals 

account for 41.3% of production in the county, the 

production of chamomile has increased rapidly in recent 

years and currently accounts for 6.6% of total production 

in the county (CROSTAT, 2019). 

Pyrrolizidine alkaloids (PAs) are produced by 

numerous plant species (mainly within plant families 

Boraginaceae, Asteraceae, and Fabaceae) and are 

widespread. A great number of PAs are not only 

hepatotoxic but also carcinogenic, mutagenic and 

teratogenic. They can contaminate crops and therefore 

cause health problems both in humans and livestock 

(Moreira et al., 2018). In Croatia, species from the genera 

Myosotis L., Senecio L., and Symphytum L. are common 

weeds in agriculture and can cause challenges for farmers 

when exporting agricultural products due to EU regulations 

(EFSA, 2011). 

The aim of this study was to determine the presence of 

PA plants in the area of organic chamomile cultivation 

(both within the crops and in their immediate proximity) 

and employ spatial analyses in order to evaluate the level 

of contamination. 

 

Materials and methods 

 

The survey of the PA plant species was conducted 

from March to August 2018 on the area of 30 hectares in 

the vicinity of Lozan (northern part of Virovitica-

Podravina county, Croatia). The research area was divided 

into 5x5m plots (135 plots in total). PA species were 

mapped using the Garmin Etrex Vista GPS device. Plant 

species were identified using floras and standard 

identification keys (Domac, 2002; Rothmaler, 2009). 

For recorded PA plant species (where it was possible) 

spatial centrographic analysis was conducted in order to 

describe the spatial distribution of the species. The global 

intensity of the species was calculated as a ratio of recorded 

plants to the research area studied. Local density was 

calculated as well for each of the 135 plots applying the 

formula for global intensity. Finally, the index of 

dispersion was calculated as a ratio of variance to the mean 

of the recorded number of plants. All analyses were 

performed using the 'spatstat' package for R and QGIS 2.18 

software. 

 

Results and discussion 

 

Three species containing PAs were found: Myosotis 

arvensis (L.) Hill, Symphytum officinale L., and 

Symphytum tuberosum L. The most widely distributed of 

the three species in the researched area was M. arvensis, 

with 1,259 individuals recorded predominantly on 

meadows (949 individuals) and areas under chamomile 

cultivation (312 individuals). The other two species were 

recorded in far lesser numbers, 10 individuals of S. 

officinale (seven on the edges of cultivation areas and three 

in the canal) and a single plant of S. tuberosum in the forest 

habitat. 
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The global intensity for M. arvensis in the researched 

area was 3,730 individuals/km2, 30 individuals/km2 for S. 

officinale and three individuals/km2 for S. tuberosum. The 

local intensity of M. arvensis varied from 0 

individuals/km2 (58 plots) to 62,400 individuals/km2. The 

hotspots of M. arvensis distribution were found on the 

meadows surrounding the cultivation areas. An increased 

number of individuals were also recorded in the western 

part of the researched area, along the farm track. Based on 

the results of the spatial analyses we can infer that the 

source of the M. arvensis contamination is the meadows 

surrounding the chamomile cultivation areas. The species 

dispersal to the agricultural surfaces is mitigated by both 

wildlife and human activity in the form of agricultural 

workers (Strykstra et al., 1997). The intensity drops 

towards the eastern part of the research area (forest 

habitat). The index of dispersion for M. arvensis was 50.49 

which additionally confirms the aggregation of the species 

on before mentioned areas. S. officinale was distributed 

mainly along the edges of the research area so it remains 

unclear whether these individuals are a part of a larger 

population beyond the research area or remnants of former 

populations prior to conversion of meadows into 

farmlands. 

Preventing and reducing PA contamination of food 

and feed is a challenge for agriculture and an objective of 

various research projects and studies (BfR, 2015). One of 

the important factors is weed management following a 

combination of agricultural, mechanical, and chemical 

methods (THIE, 2018). However, the total eradication of 

PA-containing plants is not technically possible nor 

ecologically desirable. 

 

Conclusion 

 

Three Pyrrolizidine alkaloid (PA) species were 

recorded in the survey conducted near Lozan (northern part 

of Virovitica-Podravina county, Croatia): M. arvensis, S. 

officinale, and S. tuberosum. M. arvensis was most widely 

distributed (1,592 individuals recorded), followed by S. 

officinale (10 individuals recorded) and S. tuberosum 

(single record of the species in the forest habitat). Spatial 

analyses revealed local hotspots of M. arvensis on 

meadows and along the farm track used to access the 

cultivation areas from where it gradually spreads to 

surrounding chamomile fields indicating anthropogenic 

factors in this species dispersal. 
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Introduction 

 

Tanacetum balsamita L. (costmary) is distributed in 

South-East of Europe and South-West of Asia but 

naturalized in most parts of the world (Oberprieler et al., 

2009). The plant is commonly grown in the herb garden. 

It accumulates remarkable amounts of essential oil 

(Baczek et al. 2017). Fresh and dried leaves of costmary 

possess a strong lemony-minty flavour and a sweet 

astringent taste. Costmary has a long traditional usage as 

aromatic plant in Europe and Asia. Leaves are used as 

flavourings in soups and meats, sausages and cakes. 

Costmary has been used for more than several centuries 

as flavor, carminative and cardiotonic in traditional 

medicine of Mediterranean and Balkan countries. The 

herb is well known for antibacterial, antioxidant, digestive 

and astringed effects. 

The study aims to assess the acylquinic acids (AQA) 

in the costmary leaves, flower heads and roots in non-

targeted profiling by ultra high-performance liquid 

chromatography - quadrupol-Orbitrap high resolution 

mass spectrometry (UHPLC-HRMS). 

 

Materials and methods  

 
Plant material and sample preparation 
 

Plant material was harvested from an herb garden in 

the foot of Sredna Gora Mountain. Powdered, air-dried 

leaves, roots and flower heads were extracted with 80% 

methanol by sonication, the solvent was evaporated in 

vacuo and extracts were lyophilized.  

 

Ultra-high performance liquid chromatography coupled 

with high-resolution mass spectrometry (UHPLC-HRMS)  
 

UHPLC-HRMS analysis was performed on a 

reversed phase column Waters Cortecs C18 (2.7 µm, 2.1 

× 100 mm) column maintained at 40°C. The 

chromatographic analyses were run using: 0.1% formic 

acid in water (A) and 0.1% formic acid in acetonitrile (B), 

as mobile phase, and the following gradient: 5% B for 1 

min, gradually turned to 30% B over 19 min, increased to 

50% B over 5min, increased to 70% B over 5 min, and 

finally increased to 95% over 3 min. The system was then 

turned to the initial condition of 5% B and equilibrated 

over 4 min. The flow rate and the injection volume were 

set to 300 µL/min and 1 µL, respectively.  

Mass analyses were carried out on a Q Exactive Plus 

mass spectrometer (ThermoFisher Scientific, Inc.) 

equipped with a heated electrospray ionization (HESI-II) 

probe (ThermoScientific). The tune parameters were as 

follows: spray voltage −2.5 kV; sheath gas flow rate 38; 

auxiliary gas flow rate 12; capillary temperature 320 °C; 

probe heater temperature 320 °C. Acquisition was 

acquired at Full-scan MS and Data Dependent-MS2 

modes. Full-scan spectra over the m/z range 100 to 1500 

were acquired in negative ionization mode at a resolution 

of 70,000. For DD-MS2 mode, instrument parameters 

were as follows: microscans 1, resolution 17,500, AGC 

target 1e5, maximum IT 50ms, MSX count 1, Top5, 
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isolation window 2.0 m/z, stepped normalized collision 

energy (NCE) 10, 20, 60 eV. Data acquisition and 

processing were carried out with Xcalibur 4.0 software 

(ThermoScientific).  

The key points in the acylquinic 

annotation/dereplication were 1) the accurate masses in 

Full MS and ddMS2, 2) MS/MS fragmentation patterns, 3) 

relative abundance of the precursor and fragment ions, 4) 

elemental composition, 5) matching with the simulated 

monoisotopic peak profiles and 6) literature data. 

Fragmentation key for acylquinic acids was proposed. 

 

Results and discussion 

 

Like the plants from Tanacetum genus, costmary 

contains a large number of acylquinic acids (Gevrenova et 

al, 2020). The AQA annotation was based on the 

diagnostict ions for each subclass AQA (Gevrenova et al., 

2020). Thus, 5-caffeoyl-, 5-coumaroyl- and 5-

feruloylquinic acids were witnessed by the base peak at 

m/z 191.055 [quinic acid-Н]-. In addition, 3-caffeoyl- and 

3-feruloylquinic acid, together with the respective 4-

substituted derivatives were found as well.  

Three peaks at m/z 515.120 [М-Н]- were consistent 

with di-caffeoylquinic acid isomers (diCQA). Two of 

them yielded prominent ions at m/z 173.044 and 135.044 

[caffeic acid-H-CO2]-  indicating vicinal diCQA. The 

“dehydrated” ion at m/z 335.077 [CQA-H-H2O]- clearly 

defined 3,4-diCQA, while its negligible abundance in the 

second compound evidenced 4,5-diCQA. A base peak at 

m/z 191.055 accompanied with abundant ions at m/z 

179.034 and 135.044 witnessed 3,5-diCQA (Gevrenova et 

al., 2020). The assignment of four feruloyl-

caffeolylquinic acids (FCQA) ([M-H]- at m/z 529.135) 

was evidenced by the prominent fragment ions at m/z 

367.103 [M-H-caffeoyl]- and 134.036 [ferulic acid-H-

CH3-CO2]- . Vicinal FCQA were discernible by the 

prominent ion at m/z 173.044 as was seen in diCQA. In 

the same way, the structure of 3F-4CQA was suggested, 

while the prominent fragment ion at m/z 367.103 pointed 

out on 4,5 isomers, being more abundant in 4F-5CQA 

compared to 4C-5FQA (Gevrenova et al., 2020). The base 

peak at m/z 193.050 together with the abundant ions at 

m/z 367.103 and 134.036 suggested 3F-5CQA. The 

assignment of three p-coumaroyl-caffeoylquinic acids (p-

CoCQA) isomers at m/z 499.125 was supported by the 

distinctive fragments at m/z 337.093 [M-H-caffeoyl]-, m/z 

163.039 [p-CoA-H]- and m/z 119.049 [p-CoA-H-CO2]- for 

p-coumaric acid (Gevrenova et al., 2020). 3-p-Co-5CQA 

was evidenced by the base peak at m/z 163.039. Vicinal 

4C-5-p-CoQA was supported by the abundant ions at m/z 

353.087 and 173.044. Two peaks yielded a precursor ion 

at m/z 533.131 along with prominent fragment ions at m/z 

371.099 [M-H-caffeoyl]- and m/z 135.044 for  

hydroxyldihydrocaffeoyl-caffeolylquinic acids (HC-

CQA) By analogy with previously described diAQA, they 

were assigned to 3-HC-5CQA and 1C-3HCQA.  

Three peaks gave a precursor ion at m/z 677.153 

together with consequent losses of caffeoyl moieties at 

m/z 515.120 [M-H-caffeoyl]-, 353.089 [M-H-2caffeoyl]- 

and 191.055 [M-H-3caffeoyl]- indicating triCQA. Among 

them, 1,3,5-triCQA was discernible by the ions at m/z 

191.055 and 179. 034, while 1,3,4-triCQA was deduced 

from the ions at m/z 173.044 and 179.034. The most 

hydrophobic 3,4,5- triCQA afforded prominent fragment 

ions at m/z 173.044, 135.044 and 179.034. 

 

Conclusion 

 

Overall, 8 monoAQA, 13 diAQA and 3 triAQA were 

evidenced in the assayed T. balsamita extracts. Among 

them, caffeoylquinic, feruloylquinic and coumaroylquinic 

acids together with dicaffeoylquinic, feruloyl-

caffeolylquinic, p-coumaroyl-caffeoylquinic, 

hydroxydihydrocaffeoyl-caffeolylquinic and 

tricaffeoylquinic acids. This profile was dominated by 

chlorogenic acid, 3,5 diCQA and 4,5 diCQA acids. The 

majority of the compounds are reported for the first time 

in costmary. The detailed phytochemical investigation 

highlights costmary as valuable source for possible 

applications in pharmaceuticals products. 
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Introduction 

 

Ultra-high-performance liquid chromatography 

coupled to hybrid quadrupole-Orbitrap high resolution 

mass spectrometry (UHPLC-HRMS) has been used as a 

powerful tool for metabolite profiling in phytochemistry. 

Sesquiterpene lactones (STLs) are specialized natural 

products that predominantly occur in the Asteraceae 

family. STLs are the bioactive principles of many 

medicinal plants from Asteraceae and due to their high 

structural variability in the family, are a very interesting 

class of compounds for chemosystematic/chemophenetic 

studies (Shulha and Zidorn, 2019). The increasing number 

of investigations indicate that SLs are still promising in the 

search for new therapeutic molecules, especially in the 

field of inflammation and cancer. However, the 

identification of known STLs in biological matrices is still 

a challenging work because of the large number of 

structures (more than 5000), isobars and isomers, and 

similar fragmentation pathways.  

Telekia speciosa (Schreb.) Baumg and Senecio 

hercynicus Herborg are wide distributed on Vitosha 

Mountain, Bulgaria at 500-1600 m a.s.l. (Vladimirov, 

2012). Sesquiterpene lactones of eudesmanolide, 

guaianolide, pseudoguaianolide and xanthanolide type 

together with acyclic-farnesane sesquiterpenoids and 

caryophyllanes have been previosusly isolated from the T. 

speciosa aerial parts. Moreover, T. speciosa roots are rich 

source of isoalantolactone and could be equivalent of Inula 

helenium L. roots (Stojakowska et al., 2015).  

The genus Senecio, tribe Senecioneae, is the largest 

and most complex genus in the Asteraceae and includes 

more than 1500 species. S. hercynicus is one of the three 

species represented the Senecio nemorensis group in 

central Europe. Formerly, S. hercynicus was considered to 

be Senecio nemorensis L. var. nemorensis (S. nemorensis 

var. subdecurrens Grsb.) (Vladimirov, 2012).  

This study focused on a reliability and limitation of 

UHPLC-HRMS in the sesquiterpene lactones dereplication 

of STLs composition of T. speciosa and S. hercynicus by 

UHPLC-HRMS. A strategy for STLs dereplication in 

methanol-aqueous extracts from the roots, aerial parts and 

flower heads of the studied species was developed. 

 

Materials and methods  

 

Plant material 
 

The Plant material (roots, aerial parts and flower 

heads) of T. speciosa and S. hercynicus were collected on 

Vitosha Mt., “Zlatni mostove”, during the full flowering 

stage in July 2018. Voucher specimens were deposited at 

Herbarium of Bulgarian Academy of Sciences. 

 

Sample extraction  
 

Samples were extracted with 80% MeOH (1:20 w/v) 

by sonication (80 kHz) for 15 min (×2) at room 

temperature. Lyophilized crude extracts were used for 

further analyses.  
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UHPLC-HRMS 
 

Mass analyses were carried out on a Q Exactive Plus 

mass spectrometer (ThermoFisher Scientific, Inc.). 

Acquisition was acquired at Full-scan MS and Data 

Dependent-MS2 modes. Full-scan spectra over the m/z 

range 100 to 1 500 were acquired in negative ionization 

mode at a resolution of 70,000. Data acquisition and 

processing were carried out with Xcalibur 4.2 software and 

MZmine 2.51. 

 

Chromatographic separation  

 

Separation was achieved on a reversed phase column 

Kromasil EternityXT C18 (1.8 µm, 2.1 × 100 mm, 

AkzoNobel, Sweden) column maintained at 40°C. The 

separation was performed using mobile phase consisted of 

A: 0.1% formic acid in water and B: 0.1% formic acid in 

acetonitrileq and gradient elution. 

 

Results and discussion  

 

Dereplication represents a key step for rapidly 

identifying known specialized natural products in complex 

biological matrices. In this context, UHPLC-HRMS was 

used via untargeted data-dependent MS/MS experiments, 

and massive amounts of detailed information on the STLs 

composition of T. speciosa and S. hercynicus extract were 

generated.  

The strategy for compounds recognition was based on 

the fragmentation rules and diagnostic ions for STLs, 

authentic standards and literature data. Key points in the 

peaks annotation and dereplication are (1) selection using 

chemophenetic information as a filter at the family, genus 

and species levels (in this case, T. speciosa and crosss-

searched for Senecio nemorensis), (2) accurate masse in 

Full MS and dd MS2, (3) elemental composition, (4) 

MS/MS fragmentation patterns, (5) relative abundance of 

protonated and fragment ions, (6) comparison with the 

retention times, fragment spectra and chromatographic 

behavior of authentic standards. Positive ion mode was 

used as more informative for the analysis of STLs. 

MS/MS fragmentation pathway of STLs, included 

characteristic ions corresponding to the neutral losses of 

Н2О (-18 Da), 2xH2O (-36 Da), CO (-28 Da), CO2 (-44 Da), 

CH3COOH (-60 Da), as well as concomitant losses of 

Н2О+CO (-46 Da), 2Н2О+CO (-64 Da), Н2О+CO2 (-62 

Da). 

Eight known sesquiterpene lactones, including 6 

eudesmanolide (alantolactone/isoalantolactone; telekin/ 

isotelekin/ asperillin/ 3-epi-isotelekin), 1 guaianolides 

(2,3-dihydroaromaticin), and 1 heliangolide (8-epi-

tomentosin) were tentatively annotated in T. speciosa. All 

compounds were recently described by Stojakowska et al., 

(2015). 

A variety of STLs, including cacalolides (cacalol, 

dehydrocacalol), eremophilanolides (istanbulin A, B, C, D, 

E) and furanoeremophilanes (nemosenin A, B, C, D, 

senemorin) were tentatively identified in S. hercynicus 

lyophilized extracts. Above mention STLs were previously 

isolated from S. nemorensis L. (Yang et al., 2011). In 

addition, a fragmentation pathway of butyric/isobutiric, 

angelc/tiglic/senecionic and methylbutiric/valeric acid 

esters was established.  MS/MS spectra of these type of 

STLs included loss of C3H8COOH (-88 Da), C4H8COOH 

(-100 Da) and C4H10COOH (-102 Da), respectively. It is 

well known that pyrrolizidine alkaloids, 

eremophilanolides, and cacalolides are characteristic of the 

Senecio species. The presented work extended the 

contribution of STLs in the chemophenetic approach in 

Senecio genus. 

 

Conclusion 

 

The obtained strategy for the dereplication of STLs in 

T. speciosa and S. hercynicus extracts revealed the 

reliability and limitation of UHPLC-HRMS. A great 

number of different types of STLs were identified or 

tentatively elucidated in the assayed extracts. 
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Introduction 

 

Plant samples stored in herbaria can be very valuable 

for comparative studies in chemotaxonomy and diversity 

of medicinal plants as well as aid in proper identification 

of unknown material and voucher specimens stored in 

various depositories. Also, little is known about the 

stability of polyphenol compounds in plant material stored 

for decades or even centuries. However, herbaria 

specimens are under special protection and may not 

provide sufficient amounts of material for comprehensive 

analysis (Foutami et al. 2018). In this study, we employed 

Matrix Solid-Phase Dispersion (MSPD) procedures 

(Dawidowicz and Wianowska, 2009) to prepare extracts 

for HPLC analysis using as little as 100 mg of plant 

material from up to 57-years old samples of Polygonum 

aviculare L. 

 

Materials and methods  

 

Plant material  
 

The herbaria specimens were made available for 

sampling by two certified herbaria in Polish universities 

curating the series – Flora Poloniae Exsiccata: 

Adam Mickiewicz University – Faculty of Biology – index 

herbariorum code POZG (P); 

Gdansk University – Department of Plant Taxonomy – 

code UGDA (G). 

The specimens were collected mainly in Northern 

Poland between 1962-1977 from various habitats. We also 

used a commercial herb purchased from Herbapol (Poland) 

as the pharmacopoeial herb (PhEur) – dried Polygoni 

avicularis herba. 

 

Extraction 
 

The possibly representative samples were separated 

(using forceps) from intact parts of a specimen (leaves 

attached to tiny stems) and weighed accurately. Most of 

samples removed from a single specimen weighed about 

300 mg. Then, they were ground in a mortar and pestle, 

weighed accurately to obtain portions of 100 mg (± 0.1) 

and extracted using the published Matrix Solid-Phase 

Dispersion Extraction (MSPDE) method (Dawidowicz & 

Wianowska, 2009). The parameters (were optimized for 

the commercial Polygoni avicularis herba sample using 

surface-response methodology with maximized total 

polyphenol content as target. A routine solvent (aq.MeOH 

80%) extraction of the commercial sample was used for 

profile comparison. 
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HPLC-DAD 
 

HPLC system: Agilent 1260 series with diode array 

detector (DAD); 

Elution conditions: Phenomenex Kinetex C18 

analytical column (150 mm x 3.0 mm, particle size: 2.6 

µm). Mobile phase A [water:formic acid (100:0.1, v/v)] 

and mobile phase B [acetonitrile:formic acid (100:0.1, 

v/v)] with a multistep gradient: 0–2 min 10% B, 2-6 min 

10–20% B, 6–11 min 20-50% B. 11-13min 50-90% B, 13-

14 min 90% B; flow rate: 0.4 ml/min. Injection volume 

10.0 µl.  

UV–Vis spectra were recorded in the range between 

200 and 500 nm. The compounds were identified based on 

their tR and UV spectra. 

 

Results and discussion  

 

The one step extraction with C18 silica gel as 

dispersing phase in proportion of 1:4 of herbal material 

eluted with methanol was sufficient to obtain comparable 

and repeatable profiles not different from the classical 

solvent extraction. The major flavonoids such as several 

quercetin, myricetin, and kaempferol glycosides were well 

preserved in most of the 18 analyzed herbarium samples as 

compared to the freshly prepared material from validated 

Polygoni avicularis herba. 100 mg of plant material was 

enough for extraction and did not require significant 

damage to the specimens. The samples despite differences 

in collection years and classification to various subspecific 

taxa were all very similar in terms of the TLC and HPLC 

profiles and content of major flavonoids. The reference 

material from vast collections of herbaria has been 

insufficiently utilized as a source of phytochemical studies 

and elaboration of sparing and reliable extraction method 

is of crucial importance to comparative studies. It may be 

extremely helpful in solving various taxonomic, ecological 

and evolutionary problems in phytochemistry of medicinal 

plants (Foutami et al., 2018). 

 

Conclusion 

 

The tested method proves the concept of using MSPD 

as a convenient approach for extracting of unique historical 

samples or when only small amounts are available. 
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Introduction 

 

Balanced diets, including the regular consumption of 

fruits play a major protective role against many diseases. 

Fruits are valuable sources of nutrients, vitamins, minerals, 

dietary fiber, nonessential phytochemicals, water and 

especially an abundance of antioxidant compounds. 

Phenolic compounds are biologically active substances 

which have antioxidant properties and positive effect on 

human health. Plum fruits (Prunus domestica) are 

characterized by high healthy potential because they are 

rich in numerous biologically active compounds 

(polyphenols, especially phenolic acids, flavonoids and 

anthocyanins), as well as vitamin C (Hallmann et al., 

2017). The phenolic content of plums can vary greatly 

depending on several factors (variety, climate, soil, 

analytical methods, etc.) (Milijic et al., 2017). Although 

fruit quality is mostly cultivar associated trait, it has been 

reported that the rootstocks have significant effects on the 

fruit quality (size and color) and fruit nutritional quality 

including on the production of biologically active 

compounds (Yagmur and Taskin, 2011).  

The aim of this study was to determine the content 

of phenolic compounds (total phenolics, flavonoids and 

anthocyanins) and their antioxidant capacity in the fruits of 

the plum cultivar “Čačanska Lepotica” grown on 5 

different rootstocks namely Wavit, Janka, Ishtara, GF 677 

and GXN15. 

 

Materials and methods 

 

Plum samples 
 

The fruits of plum cultivar “Čačanska Lepotica”,  

grown on Wavit, Janka, Ishtara, GF 677 and GXN 15 

rootstocks were collected from trees cultivated in the 

experimental nursery of the Agricultural University near 

Plovdiv, Southern Bulgaria between 25-28 July in three 

consecutive years 2019 - 2021. The fruits of each sample 

were frozen separately and kept at -20°C until analysis. 

 
Extraction of plum fruit  
 

Frozen fruits were left to defrost at room temperature 

and homogenized in a laboratory blender. Approximately 

15 g of the fruit mash were weighted, transferred to an 

Erlenmeyer flask and mixed with 20 mL of methanol. The 

extraction was performed twice for 20 min in an ultrasonic 

bath at room temperature. The mixture was filtered and the 

filtrates were adjusted to 50 ml with methanol.  

 
Determination of total phenolic content  
 

Total phenolic content (TPC) was determined with 

Folin-Ciocalteu’s reagent (Popova et al., 2017). The results 

were expressed as mg gallic acid equivalents (GAE) per 

100 g fresh weight (FW) [mgGAE/100 g FW].  

 

Determination of total flavonoid content  
 

Flavonoid content (FC) was measured using a 

colorimetric AlCl3 method (Popova et al., 2017). The 

results were expressed as mg quercetin equivalents per 100 

g fresh weight [mg Qu/100 g FW].  
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Determination of total anthocyanin content  
 

Total anthocyanin content was determined by the pH-

differential method (Lee et al., 2005) and expressed as mg 

cyanidin-3-glucoside equivalents per 100 g fresh weight 

[mg CGE/100 g FW]. 

 

Determination of antioxidant capacity  
 

The 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) 

scavenging activity assay was performed according to the 

procedure described by Thaipong et al. (2006). The IC50 

values were obtained by plotting DPPH scavenging 

percentage of each sample against the concentration. 

 

Results and discussion 

 

The total phenolic (TPC), flavonoid (FC) and 

anthocyanin contents in the methanol extracts of fruits of 

the plum cultivar “Čačanska Lepotica” grown on 5 

different rootstocks (Wavit, Janka, Ishtara, GF 677 and 

GXN15) in three consecutive years 2019 – 2021 were 

found to vary in a wide range (45.87 – 156.11 mg GAE/ 

100 g FW, 11.34 – 18.91 mg QuE/ 100 g FW and 8.17 – 

20.2 mg CGE/ 100 g FW, respectively). In general, the 

content of flavonoids and anthocyanins in all studied 

samples was low and was in agreement with previous 

reports. 

The richest in total phenolic compounds were the plum 

fruits from trees grafted on Wavit rootstock followed by 

GXN 15, Janka, GF 677 and Ishtara. Fruits from trees 

grown on Wavit rootstock were also the richest in total 

flavonoids, while the other rootstocks did not affect 

significantly on the content of flavonoids. The highest 

content of anthocyanins was registered in the extracts of 

plum grafted on Wavit and Janka rootstocks, while the 

extract of plum grown on Ishtara rootstock was the poorest 

one. 

The highest total phenolic and anthocyanin contents 

were obtained in the fruits collected in 2021 and 2020, 

respectively. The year effect could be explained by the 

annual temperatures and crop load differences observed 

during the three years of study. In contract, the total 

flavonoid content was found to be almost equal in the three 

concessive years.  

Further, the methanol extracts of plum fruits were 

studied for their potential to scavenge the stable DPPH 

radical. The extracts exhibited a dose dependent DPPH 

radical scavenging activity with a 50% inhibition (IC50) at 

concentrations between 9.16 and 18.6 mg/ml extract. 

Plums grown on Wavit rootstock were the most active 

DPPH scavengers, while those grafted on GF 677 rootstock 

showed the lowest values. The antioxidant capacity 

assessed with the DPPH test showed a good correlation 

with TPC and FC (Pearson, r = 0.81 and 0.71, respectively) 

and a weak/moderate correlation with total anthocyanins 

(Pearson, r = 0.41). 

 

Conclusion 

 

The results of this study showed that rootstocks 

affected fruit phytochemical composition, although it was 

also influenced by year. The total phenolic content of the 

plum fruits was found to be more rootstock-dependent than 

the total flavonoid and anthocyanin contents. Among the 

studied samples, the fruits of the plum cultivar “Čačanska 

Lepotica” grafted on Wavit rootstock were found to be 

richest in total phenolic compounds, flavonoids and 

anthocyanins and the best DPPH radical scavengers.  
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Introduction 

 

Chamomile (Matricaria recutita L.) is known and 

highly appreciated as a medicinal plant. Extracts, mono-

drug as well as tea mixtures are used both for 

pharmaceuticals and in the foodstuff sector. In the 

cosmetic sector extracts and essential oil are used 

(Salamon, 1992).  

The Ukraine traditional medicine comprises medical 

aspects of traditional knowledge that developed over 

generations within the folk beliefs of various societies 

before the era of modern medicine.  

Despite its economic importance, however, 

chamomile is little known about the extent and nature of 

the essential oil variability and its composition of this 

species in Ukraine. Therefore, the information about 

extent of uses of various gene pools is extremely valuable 

for the development of future chamomile cultivation and 

breeding programs.  

The aim of the study was the analysis of differences 

among chamomile plant populations growing naturally in 

different sites in all parts of Ukraine.  

 

Materials and methods  

 

Plant Material 
 

Chamomile (Matricaria recutita L.) inflorescences 

were picked from the 21 localities in Ukraine in period 

2018, 2019 and 2020. Chamomile population grows in a 

wide range of open habitats, at varying altitudes and in a 

wide range of soil types.   

The flower anthodia were separated and dried out in a 

sheltered, open air area at a temperature below 32 oC for 

10 to 15 days with low humidity. The moisture content of 

the berry tissue was lowered to 15 % to prevent the 

infection with molds. The plant materials were cleaned, 

dried, packed, labelled and stored in a clean and dry place 

for extraction of essential oils. 

 

Chamomile oil isolation 
 

Each sample of dry chamomile flowers with weight 

of 20 g was grounded in a blender. The essential oil from 

this raw-material was prepared by hydro-distillation (2 

hours) in Clevenger-type apparatus according to the 

European Pharmacopoeia and a mixture of hexane was 

used as a collecting solvent. The essential oils stored 

under N2 at + 4 °C in the dark space before their GC-FID 

analysis. 

 

GC-FID analysis 
 

The analysis of the chamomile essential oils was 

carried out using a Vega Series Carloerba Gas 

Chromatograph, connected to a Spectrophysics SP 4270 

integrator. The following operating conditions were used: 

column: DB5, 30 m × 0.32 mm inner diameter (i.d.), film 

thickness: 0.25 mm, carrier gas: nitrogen, adjusted to a 

flux of 1 ml per min, injection and FID-detector 

temperatures: 220 °C, respectively 250 °C. Components 
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were identified by their GC retention times, and the 

resulting values were comparable to those of literature. 

Oil component standards for comparison were supplied 

by Extrasynthese Ltd. (France). 

 

Results and discussion 

 

The differences among weights of 100 chamomile 

flower heads were very various. The markedly smallest 

and lightest flowers (1.70 ± 0.20 g) were collected at the 

locality in Zitomyr, where chamomile plants were grown. 

Approximate, average weight of flower anthodia from 

locality Tsvitne was 3.65 ± 0.11 which is 2.0 times more. 

The quantities of essential oils in the present study 

were measured from 0.20 ± 0.05 % in Cherson to 0.85 ± 

0.10 % in Chernihiv. The yield of volatile oil was 

depending on geography, altitude, and other factors, 

including stress influence on site (20) of plant population 

growth (Salamon, 2007).  

The composition of essential oil is obviously 

genetically determined to a higher degree than the oil 

content. The oil content is more strongly influenced by 

environmental factors and shows considerable variation, 

even within a relatively small area (Salamon, 2004). 

Essential oil extracted chamomile inflorescences was 

recorded to have from 52 to 72 chemical components. It 

was found that /-/-α-bisabololoxides B and A was the 

major constituents in 16 samples collected from 

individual Ukraine sites and only 4 had dominant /-/-α-

bisabolol (the most 55.17 % on site Katerinopols). The 

uniquely determined chemical type of chamomile wild 

populations in Ukraine is chemical type B (/-/-α-bisabolol 

oxide A > /-/-α-bisabolol > /-/-α-bisabol oloxide B) by a 

large majority.  

The most important result of our study is the creation 

of the new map of the plant population distribution in 

order to the chamomile species in Ukraine with their 

chemotype determination. 

Good proof of the existence of chemodems has 

meanwhile been given and dates back to Schilcher (1987, 

1973). With regard to the sesquiterpene alcohols original 

forms mostly show bisabololoxides. Forms being rich in 

/- /α- bisabolol could be found endemically in Spain and 

to a smaller extent in other populations. Nowadays the 

origin of chamomile flowers from wild collections can 

easily be determined by means of the chemical 

composition: 

• Types being rich in bisabolol are to be found 

endemically in Catalonia / Spain and spontaneous to a 

small extent in many local populations like in Malta and 

Crimea 

• Bisabolol oxide A types originate from Egypt 

and Central Europe (e.g. Hungary, Czech Republic, 

Slovak Republic) 

• Bisabolol oxide B types are from South 

American collections (especially Argentine), whereas in 

Chile dominates the bisabolol oxide A type. 

• Bisabolone types originate from South East 

Europe and Turkey 

• Types being poor in resp. free of matricine are to 

be found in Egypt, the Balkans (Romania and parts of 

Bulgaria) and Turkey (Menemen type); the types growing 

there are mostly those with yellowish-green oil. 

But registered varieties with defined content are 

cultivated not only in the country of origin but also 

worldwide. 

 

Conclusion 

 

The commercial prospects for chamomile production 

in Ukraine are good. Growers, through extension of their 

current knowledge and infrastructure, should easily 

incorporate chamomile into their current suite of essential 

oils crops. Because the special crop is new to Ukraine 

agriculture, aspects of production require further research 

but these should not impede the adoption of this crop in 

the near future. The uniquely determined chemical type of 

chamomile wild populations in Ukraine is chemical type 

B (/-/-α-bisabolol oxide A > /-/-α-bisabolol > /-/-α-

bisabolol oxide B) by a large majority. 
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Introduction 

 

AFLP (Amplified Fragment Length Polymorphism) 

and SSR (Single Sequence Repeats; microsatellites) 

markers are widely used in plant genetic studies and it is 

fair to say that the fundamental insights into plant 

population dynamics and structure have been gained from 

the analysis of either AFLP or SSR data, or both. The 

AFLP technique requires no prior knowledge of the genetic 

make-up of a species and produces a large number of 

polymorphic fragments that are generally scored as 

dominant markers. SSRs, on the other hand, are species-

specific, codominant, multiallelic markers. 

In this study, we wanted to compare some basic 

population genetic parameters calculated on the basis of 

both marker systems. 

 

Materials and methods (or other sections) 

 
A total of 531 specimens of Dalmatian sage (Salvia 

officinalis L.; Lamiaceae) from 25 localities along the 

eastern Adriatic were analysed. The collected populations 

are kept as part of the Collection of medicinal and aromatic 

plants in Zagreb (http://cpgrd.hapih.hr). 

Total genomic DNA was extracted from fresh leaves. 

AFLP analysis was performed with four selective primer 

combinations as described in Jug-Dujaković et al. (2020). 

SSR analysis was performed using eight SSR markers 

isolated in Dalmatian sage (Radosavljević et al. 2010; 

2011), as described in Rešetnik et al. (2016). 

Genetic diversity of Dalmatian sage populations based 

on AFLP and SSR markers was described by calculating 

the expected heterozygosity (HE) of each population, 

population differentiation (FST) between populations and 

Nei's standard genetic distances between populations. For 

AFLP data, the inbreeding coefficient (FIS) was estimated 

using the Bayesian approach. For SSR data, observed 

heterozygosity (HO) was calculated and tested for 

deviations from Hardy-Weinberg equilibrium (HWE). 

Analysis of molecular variance (AMOVA) was used to 

partition total AFLP diversity among and within Dalmatian 

sage populations. 

Pearson's correlation coefficients and Mantel tests 

were used to calculate and test the correlation between 

matrices obtained by AFLP and SSR markers. 

 

Results and discussion 

 

Four AFLP primer combinations yielded 559 

polymorphic markers, while eight SSR markers detected a 

total of 150 alleles. The average expected heterozygosity 

(HE) based on AFLP markers (HE-AFLP = 0.176) was 

considerably lower than that based on SSRs (HE-SSR = 

0.756). Moreover, the correlation between the HE values 

was negative (r = -0.189) and non-significant (P = 0.364).  

The inbreeding coefficient (FIS-AFLP = 0.024) estimated 

using the Bayesian approach based on the AFLP data was 

similar to the multilocus estimate of the inbreeding 

coefficient based on the SSR data (FIS-SSR = 0.034). After 

applying the sequential Bonferroni corrections, no 
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significant deviations from the HWE were found at any 

locus in any population. 

The overall FST value estimated based on the AFLP 

data (FST-AFLP = 0.046) was half that estimated based on the 

SSR data (FST-SSR = 0.088). The correlation between the 

matrices of FST values based on both marker data was 

significant but weak (r = 0.339; PMantel < 0.001). 

AMOVA analysis showed that a similar percentage of 

the total genetic diversity was attributable to differences 

among individuals within populations based on the AFLP 

(91.53%) and SSR (91.14%) data. Thus, the overall φST 

value based on AFLP (φST-AFLP = 0.085) was similar to that 

based on SSR (φST-SSR = 0.089), both being highly 

significant (P < 0.0001). However, the correlation between 

the matrices of φST values based on both marker data was 

weak (r = 0.393; PMantel < 0.001). 

Finally, the average pairwise Nei's genetic distance 

between populations based on AFLP data (DNei-AFLP = 

0.010) was much lower than that based on SSR data (DNei-

SSR = 0.431), while the correlation between matrices was 

weak (r = 0.315; PMantel < 0.001). 

 

Conclusion 

 

The essential information on the dynamics within and 

among population of Dalmatian sage obtained from the 

AFLP and SSR data was congruent: (a) the inbreeding 

coefficient tends to be close to zero, justified by its 

outcrossing nature, (b) most of the genetic diversity is due 

to variability within populations, and (c) genetic 

differentiation among populations is low, indicating strong 

gene flow among the populations. 

However, the correlation of the matrices of FST, φST 

and genetic distance obtained by AFLP and SSR markers 

was generally low, although highly significant. Therefore, 

caution should be exercised when interpreting the results 

of different studies conducted with different marker 

systems. 
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Introduction 

 

Pyrethrin is a globally known insecticidal compound 

extracted from the dry, ground flower heads of Dalmatian 

pyrethrum (Tanacetum cinerariifolium (Trevir.) Sch. Bip). 

It consists of six compounds: pyrethrin I and II, cinerin I 

and II and jasmolin I and II. The highest pyrethrin content 

(94% of the total pyrethrin content) in pyrethrum was 

recorded in the achenes (Kiriamiti, 2003). The pyrethrin 

content depends among others, on genotype (Grdiša et al., 

2014), climate conditions and the flower development 

stage in which the flowers are harvested (Grdiša et al., 

2022). Several flower development stages can be 

distinguished. At first, the ray petals unfold, followed by 

the florets opening sequentially from the margins towards 

the center, with a single row of florets opening daily 

(Chandler, 1951). To achieve the highest possible pyrethrin 

yield, harvesting time is determined by the optimal 

developmental stage of the pyrethrum flowers (Head, 

1966). This study was aimed at determining the pyrethrin 

content in Dalmatian pyrethrum flowers sampled in 

different flower development stages. 

 

Materials and methods 

 

Dalmatian pyrethrum flower heads from two distinct 

populations (Senj and Mt. Biokovo) were sampled in the 

following flower development stages: (1) well developed 

closed buds, top of the ray florets visible; (2) ray florets in 

a vertical position, covering disc florets (3) ray florets in a 

vertical position, disk florets visible; (4) ray florets in 

horizontal position/0-20% ray florets opened; (5) 20-70% 

disc florets opened; (6) 70-80% disc florets opened; (7) 80-

100% disc florets opened/color of disc florets diminishing, 

petal florets intact. A recently optimized matrix solid-phase 

dispersion method (MSPD) was utilized for pyrethrin 

extraction (Biošić et al., 2020). Separation and 

quantification of pyrethrin components were performed 

using high-performance liquid chromatography with diode 

array detector (HPLC-DAD). Pearson’s correlation index 

was calculated between pyrethrin components, and 

differences between the populations were tested using the 

analysis of variance. 

 

Results and discussion 

 

Total pyrethrin content in the analyzed populations 

gradually changed with the flower development stage. In 

the first stage, the content was the lowest (on average 

0.55% of dry flower weight), increasing on average by 

41% in the second stage, and further increasing by 39% in 

the third stage of the flower development. A slight decrease 

in pyrethrin content was recorded in the fourth stage (on 

average 10%), followed by a slight increase in the fifth 

stage (on average 6%). In later stages, the pyrethrin content 

decreased, first by 12% (sixth stage), followed by an 

additional decrease by 21% (seventh stage). In the first 

stage the pyrethrin I/II ratio was on average 0.91 and it 

decreased by 17% in the second stage due to the high 

increase of pyrethrin II. In the Mt. Biokovo population, the 

ratio continued to decrease due to high pyrethrin II and low 
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pyrethrin I content, increasing only slightly in the sixth 

phase (but still lower than in the first stage). In the Senj 

population, the ratio continued to increase steadily until the 

final phase reaching 1.22 (due to high content of pyrethrin 

I and lower content of pyrethrin II). Statistically significant 

strong positive correlation between both pyrethrin I and II, 

and total pyrethrin content was determined (0.87 and 0.79 

respectively). Analysis of variance revealed significant 

differences in analyzed populations, based on pyrethrin I, 

jasmolin I and II content as well as pyrethrin I/II ratio. The 

changes in pyrethrin content of flower developmental 

stages in population from Senj are in congruence with 

previous research done on commercially grown pyrethrum 

crops (Bhat, 1995). The Mt. Biokovo population, on the 

other hand, did not follow the same pattern. Its distinct 

biochemical profile (lower pyrethrin I, cinerin I, jasmolin I 

and II content and higher pyrethrin II and cinerin II 

content) could be the population response to harsher 

climate in which it resides or consequence of the genetic 

isolation (Grdiša et al., 2014). 

 

Conclusion 

 

The highest total pyrethrin content was recorded in the 

third flower development stage in both populations of 

Dalmatian pyrethrum, and while both populations 

exhibited similar trends, the total pyrethrin content was on 

average higher in Senj population. The same population 

consistently showed higher pyrethrin I/II ratio compared to 

Mt. Biokovo population. 
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Introduction 

 

Immortelle (Helichrysum italicum /Roth./ G. Don)  

is a perennial plant species of the genus Helichrysum and 

the family Asteraceae. It is spread in the Mediterranean 

region inhabiting the sea coast as well as the mountains 

up to 2,200 meters above sea level (Galbany-Casals et al., 

2011). Immortelle is used in the cosmetic, 

pharmaceutical, and food industries. It is an economically 

important medicinal and aromatic plant in Croatia, and in 

recent years the demand for H. italicum essential oil has 

increased. This study aimed to determine the biochemical 

diversity of 18 immortelle populations in Croatia. 

 

Materials and methods  

 

Eighteen wild populations were sampled along the 

Adriatic coast and islands, representing the entire natural 

distribution area of H. italicum in Croatia. Collected 

accessions were planted in the experimental field to avoid 

the influence of different environmental factors. Flowers 

and stems were harvested in the stage of full blossom and 

air-dried. 

 

Extraction of essential oil by hydrodistillation  
 

The dried samples were hydrodistilled in a 

Clevenger apparatus for two hours and 30 minutes using 

pentane as the solvent. The obtained essential oil (EO) 

samples were dried over anhydrous sodium sulfate and 

stored at 4°C until further analysis.  

 

Analysis of essential oil 
 

Quantitative analysis of EO  was performed by gas 

chromatograph, model HP-5890 Series II (Hawlett-

Packard) equipped with a split-splitless injector, HP-5 

capillary column (25 mx 0.32 mm, film thickness 0.52 μm 

) and a flame ionization detector (FID). The EOs were 

characterized with GC/MS using an HP G 1800 C Series 

II GCD Hawlett-Packard analytical system, equipped with 

an HP-5MS column (30 m x 0.25 mm x 0.25 μm). 

Compound identification was performed by comparing 

their mass spectra and retention indices with spectra 

obtained from authentic samples and with NIST / Wiley 

databases, using different search engines 

(PBM/NIST/AMDIS) and available literature data 

(Adams, 2007). The percentage of compounds was 

calculated from electronic measurements using flame - 

ionizing detection.  

 

Statistical analysis 
 

Analysis of variance was performed for 18 

immortelle essential oil compounds, and the sources of 

variability were population, experimental site, population-

site interaction, and intra-site replication (nested). 
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Repetition within a site was treated as a random variable 

and was used as an error term when testing site 

significance. Comparisons of mean values between 

populations were performed using the Tukey post hoc test 

at the P<0.05 level. The analysis was performed using the 

PROC GLM command in SAS. Based on the values of 

nine essential oil compounds, the Euclidean distance 

between populations was calculated. Based on squared 

Euclidean distances Cluster Analysis was performed. The 

optimal number of clusters was determined based on the 

values of pseudo F statistics (PSF). 

 

Results and discussion  

 

A total of 90 compounds was obtained of which 84 

compounds were identified. Fifty compounds were 

isolated in 18 populations. Seventy-two compounds were 

present in a concentration of less than 5%. The maximum 

proportion of 18 essential oil compounds was higher than 

5% in at least one sample from 18 populations. 

Populations differed significantly (P<0.05) in nine 

compounds: limonene, linalool, nerol, neryl acetate, trans 

caryophyllene, neryl propanoate, α-curcumen, β-selinen, 

and δ-selinen that were taken for chemotype 

identification. The Euclidean distance between 18 

populations of immortelle was calculated based on nine 

essential oil compounds (above mentioned). The average 

Euclidean distance between populations was 10.635, and 

ranged from 1.600 (between populations Krk and Cres) to 

27.694 (between Lošinj and Cavtat). The stated Euclidean 

distance was further considered as the biochemical 

distance between populations. Based on the values of 

pseudo F statistics, the classification of populations into 

three clusters (A, B, C) was optimal. The cluster (A) 

included the following populations: Krk, Cres, Lošinj and 

Rab, which were characterized by higher neryl acetate 

content; the group (B) included populations: Pag 1, Pag 2, 

Obrovac, Benkovac, Kistanje, Unešić, Seget and Sinj. 

Populations assigned to cluster C were Brač, Hvar, Omiš, 

Živogošće, Slano and Cavtat and were characterized by a 

higher content of α-curcumene. These groups represent 

the three chemotypes of Croatian immortelle. It is 

noticeable that the northern Adriatic populations are more 

similar to the populations from Corsica due to the higher 

content of neryl acetate, which are characterized by 

predominantly oxygenated compounds (neryl acetate, 

neryl propionate, aliphatic ketones and β-diketones) and 

low percentage of hydrocarbons (limonene, γ-curcumen), 

α-turmeric Bianchini et al., 2001), while the southern 

Adriatic populations are more similar to those from Italy 

(Bianchini, 2003). 

 

Conclusion 

 

Due to the increased demand for the high quality of 

immortelle essential oil, new data about this plant species 

are crucial. The results of the research are a valuable 

contribution to the development of future breeding 

programs and commercial varieties of H. italicum. 
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Introduction 

 

Alzheimer’s disease is a neurodegenerative disorder 

that involves progressive impairment of cognitive function 

resulting in memory loss that severely affects daily life. 

Until now only five drugs are available for the 

management of Alzheimer’s disease and cholinesterase 

inhibitors class of drug are three of the five available 

medications approved. 

Several scientific studies have shown the beneficial 

activities of the phytochemicals obtained by plants for 

treatment and prevention of Alzheimer’s disease, like 

decreasing the cell damage caused by free radicals, 

neuroprotective effects, AchE, BchE, BACE-1 inhibitory 

activity, and β-amyloid aggregation and the side effect is 

much lower. 

  

Material and methods 

 

Literature review has been done on different data from 

relevant scientific resources. 

 

Results and discussion 

 

There are different groups of phytochemicals that have 

shown effects in Alzheimer’s conditions: 

Alkaloids are natural secondary metabolites that 

contains nitrogen in the structure and are mostly derived 

from amino acids. The most prominent examples from 

alkaloid group are galantamine, huperzine A and 

physostigmine. Galanthamine found in Amaryllidaceae 

family has shown to have a dual mechanism of action, 

modulates the nicotinic ACh receptors, and inhibits 

acetylcholinesterase (Castillo et al., 2020). Huperzine A is 

acquired from Huperzia serrata and has shown to have 

AChE inhibitory activity, neuroprotective properties, 

majorly involves playing a role in protection against 

programmed cell death (Howes et al., 2016). 

Terpenoids are natural products, that chemically are 

composed by two or more branches of five-carbon isoprene 

units. From this group we will mention Rosmarinus 

officinalis because many studies have shown promising 

results as a potential therapy in the treatment 

of Alzheimer’s disease and the most important group of 

rosemary compounds are polyphenolic diterpenes. 

Diterpenes in rosemary have shown to have benefits in the 

treatment of Alzheimer’s disease in many ways like A𝛽 

activity, AChE activity, antioxidant and anti-inflammatory 

properties. Some various types of diterpenes isolated from 

rosemary are carnosic acid, carnosol, rosmadial, 

isorosmanol, royleanonic acid, rosmariquinone, 

epirosmanol (Habtemariam, 2016).  

Based on their chemical structure, phenolic 

phytochemicals can be classified into: (1) phenolic 

acids (2) flavonoids  and (3) other phenolics. 

(1) Phenolic acids - are classified in to hydroxybenzoic 

and hydoxycinnamic acids. 

Main hydroxybenzoic acids found are vanillic, 

protocatechuic acids, gallic acid and ellagic acid. 

From this group we will mention Caesalpinia 

crista from which are identified gallic acid, protocatechuic 

acid, catechin and has shown to have aggregation 

inhibitory property in addition to the cholinergic activity 

(Li et al., 2018). In addition to hydroxycinnamic acids 

includes caffeic acid, cholinergic acid, cinnamic acid, 

coumaric acid, ferulic acid, curcumin. Promising result for 

the treatment of Alzheimer’s disease has been shown  from 

ferulic acid, which is an antioxidant and anti-inflammatory 

compound derived from plants like Nepeta spp (Natarajan 

et al., 2013).  

(2) Flavonoids - because of their potential AChE 

inhibitory activity allied to the well-known antioxidant 
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activity and low toxicity are currently considered an 

important source of anti-Alzheimer’s disease compounds. 

Silybum marianum, flavonoid silibinin has shown to 

inhibit AChE and Aβ peptide aggregation at Alzheimer’s 

disease treatment (Shi et al., 2016). Camellia sinensis or 

green tea is rich in flavonoids such as quercetin, 

gossypetin, myricetin, and rutin are known for antioxidant 

properties and are currently used for Alzheimer’s disease 

therapy (Orhan et al., 2017).  

(3) Other phenolics: 

a) Lignans- Cannabis sativa is composed of lignans 

like cannabisin-M that exhibited a powerful radical-

scavenging activity, while cannabisin-N exhibited weak 

acetylcholinesterase inhibitory activity (Singhal et al., 

2012). 

b) Stilbenes- Resveratrol, found in Vitis vinifera, has 

shown to have multiply pharmacological effects in 

neurodegenerative diseases (Phan et al., 2019).  

c)Tannins- Gallotannins isolated from Cornus 

officinalis fruits have a protective role against Alzheimer’s 

disease’s progression and this is due to inhibition of Aβ 

peptides accumulation (Hussain et al., 2019). 

 

Conclusion 

 

Many natural molecules obtained from plants showed 

properties that are important in alleviating Alzheimer’s 

disease, in this review, we have gathered plants rich in 

phytochemicals like alkaloids, terpenes, flavonoids, 

phenolic phytochemicals. 

Alkaloids mainly due to AChE inhibitory activity are 

important in the treatment of Alzheimer’s disease. The 

benefit of terpenes in Alzheimer’s disease more commonly 

is due to antioxidant and anti-inflammatory activity 

especially from plants rich in monoterpenes, diterpenes, 

triterpenes, and sesquiterpenes. 

Most polyphenols have shown good inhibit of Aβ 

aggregation, BACE1 inhibition, antioxidant and anti-

inflammatory activity, and more rarely AChE and BChE 

activity. Fewer studies were found regarding stilbenes, 

tannins, lignans, but these phytochemicals have shown 

powerful radical-scavenging activity which makes them 

strong antioxidants, inhibition of Aβ peptides 

accumulation, BACE-1, and also AChE and BChE activity 

and can be seen as promising candidates in Alzheimer’s.   

As a conclusion, we can state that since Alzheimer’s 

disease is multifactorial disease combination therapy using 

a mixture of phytochemicals in acting on several disease 

targets, could have the best result. 
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Introduction 

 

Most of the previous research on special metabolites 

of the genus Veronica (family Plantaginaceae) includes 

phenols, glycosides, and flavonoids (Albach et al., 2005; 

Kwak et al., 2009; Beara et al., 2015).  

As a part of the CROVeS-PhyBA project, systematic 

research is being conducted on free volatile compounds 

(FVCs) (Dunkić et al., 2022). Isolation of FVCs can be 

done by classical (e.g. hydrodistillation), and green (e.g. 

microwave-assisted) extraction. The advantages of green 

extraction are that it requires less time and less water than 

classical extractions (Li et al., 2014). Regardless of the 

extraction methods, two layers are obtained: the lipophilic 

layer and the water layer (hydrosols). Most research has 

focused on the composition of the oil layer, which is often 

referred to as essential oil, while the hydrosols or 

aromatized waters have been unjustly neglected. Due to the 

content of high-quality components, hydrosols are 

increasingly explored and find their application in 

aromatherapy, cosmetic industry and food industry 

(Rajeswara Rao, 2013).  

The studied species of the genus Veronica are widely 

distributed and most of them are easy to cultivate, so they 

are a suitable material for further biological research and 

many of them are used in traditional medicine of Balkan 

people (Albach et al., 2009).  

In this work, the composition of hydrosols obtained 

from both extractions of the species V. acinifolia were 

compared. In addition, the compositions of the oil FVCs 

obtained from both extractions from the previous work 

(Dunkić et al., 2022) are also compared with hydrosol 

FVCs composition.  

This comparative study will increase the knowledge

about specialized metabolites of Veronica species, which 

are important for further biological research. 

 

Materials and methods  

 
Materials, Classical and Green Extraction and GC-MS 

Analyses of Hydrosols 
 

The species Veronica acinifolia was collected in 

flowering period in May 2021 in Croatia at position 

44◦07018.100 N 15◦36013.700 E. For each extraction, 

dried plant material was hydrodistilled (Clevenger 

apparatus) and used for microwave-assisted extraction 

(Milestone 'ETHOS X'), 50 g was used for each extraction. 

The isolated VCs were collected from the lipophilic layer 

(pentane/diethyl ether) and the water residues (hydrosols).  

Analyses of the hydrosol phases composition were 

performed by headspace injection following the procedure 

described in Vuko et al., (2021). Hydrosols were analyzed 

by gas chromatography and mass spectrometry (GC-MS) 

using a method described in our recent research (Dunkić et 

al., 2022). GC was performed using a gas chromatograph 

(model 3900, Varian Inc., Lake Forest, CA, USA), a mass 

spectrometer (model 2100T; Varian Inc.), a nonpolar 

capillary column VF-5ms and a polar capillary column CP 

-Wax 52 CB. 
 

Results and discussion 

 

The species under study, Veronica acinifolia, most 

often thrives in vineyards, i.e., agricultural land that is 

cultivated and frequently treated with pesticides. It is 

precisely because of its ability to adapt to and survive in 

such an environment that V. acinifolia was of interest for 
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this research. Hydrosols are flavored waters composed of 

more polar volatile compounds that are soluble in water 

(Hamedi et al., 2017) which was confirmed by our 

research. Major FVCs of the hydrosols obtained by hydro-

distillation from the aerial parts of V. acinifola are 

caryophyllene oxide (20.32%), E-caryophyllene (8.45%), 

germacrene D (6.85%), β-ionone (13.64%), (E)-β-

damascenone (9.56%) and methyl eugenol (6.32%). The 

main components in the composition of hydrosols obtained 

by microwave extraction are caryophyllene oxide 

(22.42%), (E)-β-damascenone (2.72%), β-ionone (16.53%) 

and linalool (6.68%). The differences in the composition of 

VCs from the hydrosol phase obtained by classical and 

green extraction indicate the importance of the extraction 

conditions. These conditions can be further developed and 

adapted to the needs of the research. 

Compounds β-ionone (17.01%), hexahydrofarnesyl 

acetone (15.37%), caryophyllene oxide (7.71%), and 

phytol (15.63%) constitute the bulk of the oil layer 

obtained by classical extraction. The main components of 

the oil layer isolated by microwave extraction are β-ionone 

(4.09%), caryophyllene oxide (7.71%), phytol (39.88%) 

and hexahydrofarnesyl acetone (16.17%) (Dunkić et al., 

2022). 
The component β-ionone plays a role as an insect 

attractant or repellent and has antibacterial and antifungal 

properties, as well as potential anticancer treatment and 

other human health benefits (Paparella et al., 2021). The 

compound β-ionone is relatively low in plants (Paparella et 

al., 2021), so this study is important because β-ionone was 

identified as a natural VC as one of the most important 

compounds of the V. acinifolia studied in the water and oil 

phases. 

 

Conclusion 
 

Hydrosols isolated from aboveground and dried parts 

of the plant Veronica acinifolia contain dissolved volatile 

components. The composition of the hydrosol obtained by 

classical and green extraction are dominated by terpenes 

and their derivatives: β-Ionone, (E)-β-damascenone, E-

caryophyllene and caryophyllene oxide. These compounds 

were also identified in the oil portion of the two extractions. 

Because the volatile compounds dissolve in water, 

biological research with hydrosol is easier to perform and 

has no potential toxic effects that occur when samples are 

prepared in organic solvents. 
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Introduction 

 
During 2021 and 2022, the pandemic of corona viruses 

(COVID-19) caused the enormous increase in use of 

antioxidants and supplements. The latest recommendations 

from the World Health Organization were to use natural 

sources of antioxidants which can help in boosting 

immunity (WHO, 2019). Dietary antioxidants from fruits 

and vegetables play an important role in mitigating the 

damaging effects of reactive oxygen species (ROS) on 

cellular macromolecules (lipids, proteins, and DNA) (Rao  

et al., 2010). The raspberries have high antioxidant 

phytochemical contents which can be preserved by freeze-

dried process. The yield of bioactive compounds from 

plant sources depends on solvent properties, nature of the 

plant material and extraction temperature and time (Xue et 

al., 2020). In the green chemistry approaches, natural deep 

eutectic solvents (NADES) were typically used as a 

substitute for organic solvents in order to preserve the 

environment (Espino et al., 2016). 

 

Materials and methods  

 
Plant material 
 

Five new raspberry cultivars, non-commercially 

grown in Serbia in the system of integrated agricultural 

production (Adelita, Glen dee, Himbo top, San Rafael and 

Tula magic) were harvested from commercial plantation of 

the company Green hit. At the beginning of July 2021, 

berries were hand-harvested during the first year of 

vegetation. The samples were freeze-dried and stored at -

20 ℃ until analysis. 

Optimization of the antioxidant extraction process with 

the Natural Deep Eutectic Solvents 
 

The NADES were selected based on literature data and 

prepared in ratio choline chloride and urea of 1:2 (Di Pietro 

et al., 2021). In NADES water was added in certain 

percentages (up to 45%). Approximately 100 mg of freeze-

dried samples were extracted with 1.8 mL of NADES using 

ultrasonic bath for 20 minutes at 40 ℃. Extracts were 

centrifuged at 13400 rpm for 5 min and supernatants were 

used for further analyses.  

 

Determination of antioxidant activity 
 

Radical scavenging capacity was measured using 

modified 1,1-Diphenyl-2-picrylhydrazyl (DPPH) method 

(Ivanović et al., 2020). For each sample, 200 µL of the 

NADESs extracts were mixed with 1.8 mL of DPPH in 

methanol (0.04 mg/ml) and incubated 30 minutes in the 

dark. The antioxidant activity was presented as amount of 

the freeze-dried fruit in NADES which is required to 

scavenge 50% of the DPPH (IC 50) and it was determined 

using a nonlinear regression algorithm (Konić-Ristić et al., 

2010). The procedure was repeated with 70% ethanol and 

acetone as controls. 

 

Determination of total phenolics 
 

The total phenolic content was estimated by Folin-

Ciocalteu method (Ivanović et al., 2020). Freeze-dried 

fruits (1.5 g) were dissolved in 25 mL of 70 % (V/V) 

ethanol and extracted in ultrasonic bath during 45 minutes. 

Re-extraction was repeated in the same manner. For a 
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colored reaction, 250 µL of each sample was added in 1.25 

mL of 9:1 diluted Folin-Ciocalteu reagent and 1 mL of 7.5 

% Na2CO3. After incubation (1 h) at room temperature, the 

absorbance at 765 nm was measured. Results are expressed 

as equivalents of gallic acid. The measurements were done 

in triplicate. 

 

Results and discussion 

 

In order to compare efficiency of the antioxidants 

extraction from raspberries, IC 50 values were determined 

for ethanol, acetone and NADES extracts. The best radical 

scavenging potential was established for NADES with 

15% water, similar to acetone and better than ethanol 

extract (1.59, 1.56 and 2.33 mg/mL respectively). Further 

increase of water content in NADES provoked decrease 

radical scavenging capacity and increase of IC 50 values. 

The NADES with 15% water was used to determine the 

antioxidant potential of different raspberry cultivars in this 

study. The lowest IC 50 value was obtained for the San 

Rafael variety, followed by Himbo top, Tula magic, Glen 

dee and the highest for the Adelita variety (1.34, 1.44, 1.58, 

1.70 and 2.86 mg/mL respectively). The same solvent 

(NADES with 15% water) was tested for determining of 

total polyphenols, however choline chloride reacted with 

Folin-Ciocalteu reagent so the standard procedure with 

ethanol was used for that purpose. The total concentration 

of polyphenols is expressed as equivalents of gallic acid 

(mg/g). The obtained results for different varieties were 

14.07 (Glen dee), 14.04 (Himbo top), 12.03 (Tula magic), 

9.88 (San Rafael) and 8.34 (Adelita). Comparing results 

from these two essays, it was concluded that results 

obtained from radical scavenging activity and total 

polyphenols experiments are not correlated. Although 

polyphenols are well known potent antioxidants they are 

not the only molecules in plants that possess this role. 

Nevertheless, Adelita variety showed the lowest 

polyphenol content and the highest antioxidant capacity. 

On the other hand, Himbo top variety showed the best 

overall results compared to the others. The San Rafael 

variety was practicaly interesting with the lowest IC 50 

value despite the low polyphenol content. This result 

should be further investigated with detailed analysis of the 

chemical composition for this variety. For the remaining 

three varieties, similar results were obtained.  

 

Conclusion 

 

This study implemented green chemistry approach for 

determination of total polyphenols and antioxidant 

capacity of five new raspberry varieties cultivated in an 

integrated production system. The using of NADES for 

DPPH radical scavenging essay has been optimized. 

Obtained results for Adelita variety showed the weakest 

score while Himbo top variety the best on the performed 

tests. For the other varieties similar results as for Himbo 

top variety were obtained.  These results confirmed that 

polyphenols were not the only ones responsible for 

antioxidant activity and that both essays should be 

performed for determination of the health benefits for 

different fruits and vegetables. 
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Introduction  

 
The genus Hosta has been baffling scientists for 

decades with its morpho-anatomical characteristics; 

numerous debates among botanists have existed with the 

thematic of placing the genus in the right family. The 

species Hosta plantaginea (Lamark) Ascherson is the most 

well-known representative of this genus, and it has been 

documented that it is used in Chinese traditional medicine 

for its therapeutic effects (Yang, He 2021). The genus 

Ornithogalum it is considered one of the largest genera of 

Asparagaceae. Ornithogalum umbellatum L. is a well-

known species in Eastern Europe while Ornithogalum 

dubium Houtt. has its origin in South Africa. 

Different studies (Langat et al. 2019, Wei et al. 2020) 

on species from these genera exist pointing out the fact that 

some of them have potential use in the medical field for 

different treatments. The following procedures 

(histochemical tests) are a starting point to identify the 

potential compounds and their exact location. The limited 

number of studies (Andrić et al. 2016, Langer et al. 2021,) 

is one of the key reasons for choosing these three species 

of Asparagaceae. 

 

Materials and methods 

Materials 
 

Plant materials of Hosta plantaginea and 

Ornithogalum umbellatum were obtained from a local 

garden in Ploiești, Prahova, Romania, while the plant 

material of Ornithogalum dubium was purchased from a 

local supplier of decorative plants; all three species were in 

blooming season. The chemical reagents used for the 

staining procedures were purchased from Sigma-Aldrich. 

The microscope used for examination was Euromex oxion 

series 110-240V/50-60 Hz, with 4-100x lenses, and 

pictures were taken with a CEMEX 5 DC 5000 C camera. 

 

Double staining with iodine green and alum carmine 
 

For this procedure cross-sections were made with a 

scalpel and stained with iodine green (1% aqueous 

solution) and alum carmine (5.5% aqueous solution). The 

sections were mounted in distilled water onto the slide 

(Dinu M., et al. 2012). 

 

Histochemical staining 
 

The cross-sections obtained similarly to the previous 

method were stained with specific reagents for every 

different class of compounds: potassium dichromate 10% 
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aq. solution - for phenol compounds; ruthenium red 0.1% 

aq. solution – for mucilage identification; eosin 1% ethanol 

solution and picric acid 1% et. solution – nuclei and protein 

formations identification; Lugol solution for starch 

identification; Dragendorff reagent, 5% sodium nitrite and 

tartaric acid 5% et. solution –  for alkaloid  identification 

(Badria F.A., 2019). 

 

Results and discussion 

 

Double staining with iodine green and alum carmine 
 

This procedure was used to set apart the differences 

between the morpho-anatomical characteristics of the two 

genera which might help on further studies and 

examinations. The cross-sections form H. plantaginea 

were made in the median part of the following organs: leaf 

(petiole and lamina), rhizome, and adventive roots. The 

tissue arrangement was representative for a 

monocotyledonous species but with some key distinctions: 

two types of lignification thickening in xylem cells (spiral 

and scalariform) - longitudinal section; secretory canals in 

root parenchyma; “U” shaped cellular wall thickening of 

the cells in the endoderm (roots), unifacial, asymmetric leaf 

structure.  

For O. umbellatum cross-sections were made in the 

middle part of the leaf blade and fertile stem, while for O. 

dubium in the middle part of the adventive root, leaf blade 

and fertile stem. These 2 species exhibit typical 

morphology for monocotyledonous plants, nonetheless 

with special characteristics such as: unicellular trichomes 

on the margin of the leaf and asymmetric, unifacial leaf 

structure (such as O. umbellatum) of O. dubium; Caspary 

strip in the roots of O. dubium; three-layered palisade in the 

leaf of O. umbellatum. The mesophyll differs in both 

Ornithogalum species: the number of palisade layers and 

the size of mucilage-containing cells (bigger in O. 

umbellatum). The sclerenchyma in the scape of O. dubium 

is lignified with more cell layers, while O. umbellatum has 

a cellulose structured sclerenchyma (collenchyma) with 

fewer cell layers. O. dubium has a similar structure to O. 

nutans, although O. nutans does not have trichomes. 

In all three species were present needle-shaped 

crystals (raphides), in H. plantaginea stiloids, and 

Ornithogalum. sp. idioblast crystals (Andric et al. 2016). 

 

Histochemical staining 
 

H. plantaginea presented a significant number of 

brown formations after applying Dragendorff reagent, 

which confirms that the compounds are alkaloids, and a 

smaller quantity of mucilage and crystal deposits of 

proteins. In O. dubium and O. umbellatum mucilage was 

found to be the most abundant in the tissues, a lower 

number of crystal deposits of proteins as well as alkaloids. 

All three species presented small formations of starch that 

were colored in dark blue after applying Lugol solution, 

confirming that the reserve substance of all three species is 

starch. 

 

Conclusion 

 

On the basis of histochemical staining, it has been 

deduced that the three species are most abundant in 

alkaloids and mucilage, unevenly dispersed through 

organs, whereas smaller amounts of protein crystals and 

starch deposits are also detectable. The staining procedure 

for identifying phenol compounds pointed out just a small 

number of brown colored formations in H. plantaginea leaf 

blade. Further studies need to be pursued for a better 

analysis of the secondary metabolites of these three plant 

species to better identify the quantity and chemical 

structures of these compounds. 
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Introduction 

 

Pure lavender infused with sunflower oil become a 

very popular new product for treating skin and hair. The 

base of this product is usually sunflower oil, extremely 

rich in Vitamin E, known to be a very efficient skin 

antioxidant (Badr et al., 2021). Several lavender essential 

oils are largely used in aromatherapy as antioxidant, 

antimicrobial, carminative, spasmolytic, sedative, 

antiseptic, anti-inflammatory, analgesic properties, 

antioxidant activity tonic, and anti-depressive agents. The 

cold-pressed sunflower or flaxseed oils are excellent 

mediums for Lavandula essential oils due to the high 

level of mono and polyunsaturated fatty acids and 

Vitamin-E-active compounds such as tocopherols and 

tocotrienols. This mixture is a powerful antioxidant agent 

for treating dry skin and hair and can be used for many 

cosmetic purposes (Sharafabad et al., 2022). 

 

Materials and methods 

 
This scientific work is a short review paper in which 

we investigated the chemical composition, antioxidant 

and antimicorobial activity of Lavandula essential oils. 

The percentage of monoterpenes, sesquitepenes, esters, 

alcohols, aldehydes and other volatile compounds was 

analyzed using GC technique coupled with GCMS. The 

Trolox equivalent antioxidant assay (TEAC) and potential 

against DPPH radical employed in many studies give a 

measure of the antioxidant activity. “In vitro” 

antibacterial properties against Gram-positive bacterial 

strains such Staphylococcus aureus, and Gram-negative 

bacterial strains such Escherichia coli, and antifungal 

activity against Candida albicans is usually performing  

using a disk-diffusion method in Petri dishes. 

 

Results and discussion 

 

The most common compounds of Lavandula 

varieties are linalool, linalyl acetate, 1,8-cineol, trans-β-

ocimene, camphor and terpinene-4-ol (Rai et al., 2020).  

Furthermore, the species L. stoechas presented a chemical 

composition quite different from other species like L. 

dentata, L. angustifolia, L. latifolia and L. hybrida 

(Kucukyumuk et al., 2015). The linalool, linalyl acetate, 

camphor, α-pinene, camphene, γ-terpinene, and 1,8 cineol 

were the most abundant compounds. However, the 

chemical composition of lavender essential oils is 

significantly influenced by abiotic (climatic, soil, 

topographic, agronomic and post-harvest techniques) and 

biotic factors (plant age, stage of development, genetic 

characteristics) (De Elguea-Culebras et al., 2017).  

The level of some esters and monoterpenes in 

lavender oils displayed a remarkable antioxidant potential 

followed in the descending order by α-terpinyl acetate, 

camphene, and α-terpinyl acetate (Badr et al., 2022). 

Relatively low amounts of phenolic compounds are 

explained due to the fact that those natural antioxidants 

are concentrated mainly in the plant residue material (El 

Hassouni et al., 2019). Although most of the authors 

compared the antioxidant potential of lavender essential 

oils by DPPH and ABTS radicals, the work of Lilia et al. 
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(2018), examined samples of essential oils of L. stoechas 

that were very powerful in the case of the reference 

ascorbic acid which is a strong antioxidant. 

Cytotoxic activities have been attributed to the 

preeminence in many lavender oils of some 

monoterpenoids, including linalool, linalyl acetate, 1,8-

cineole, β-ocimene, terpinen-4-ol, and camphor. They had 

a strong antibacterial effect against S. aureus, E. coli, and 

P. aeruginosa (Imen et al., 2021). The lack of correlation 

between the major oil components and antifungal activity 

suggested that the different susceptibilities of the fungi 

may be related to either the minor components of the oil 

or differences in the cell wall/cell membrane of the fungi 

themselves (El Hassouni et al., 2019). 

 

Conclusion 

 

Pure lavender infused in sunflower oil or other cold-

pressed oils makes a powerful mixture for any skin type. 

According to the findings of the research group of 

Kostadinović Veličkovska wt al. (2015), cold-pressed 

sunflower oil is the richest source of α-tocopherol with an 

amount of over 20 mg/100g, while polyphenols as 

powerful bioactive compounds were presented at over 60 

mg/kg oil (Kostadinović Veličkovska et al., 2015). 

Phytosterols, primarily β-sitosterol, campesterol, and 

stigmasterol are membrane constituents of plants that 

exhibit strong UV protection. A combination of 

monoterpenes, sesquiterpenes, esters, and other valuable 

components from Lavandula essential oil and unsaturated 

fatty acids, vitamin-E-active compounds, polyphenols, 

and phytosterols from cold-pressed edible oils can be a 

promising mixture for dry skin with powerful anti-aging 

effect, in the treatment of atopic eczema and the 

protection of baby skin.  
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Introduction  

 

Hypericum perforatum L. is the best studied species 

of the genus Hypericum with a wide variety of phenolic 

compounds that belong to the groups of 

naphthodianthrones, phloroglucinols, flavonoids, and 

xanthones. The H. perforatum extracts showed 

antidepressant, antitumoral, antiviral, antimicrobial and 

antioxidant activity (Velingkar et al., 2017). The 

Hypericum species collected around the world have 

shown to possess different phytochemical composition 

and biological activities (Patočka, 2003; Çırak et al., 

2011; Božin et al., 2013). 

In the Republic of North Macedonia, Micevski, 

(1995) described three varieties of H. perforatum: the var. 

perforatum L. with egg-shaped to oval leaves, the var. 

angustifolium DC. with narrow elliptic to linear and 

usually flat leaves and the var. microphyllum DC. with 

linear to elliptical linear leaves. Since this morphological 

variability is not sufficiently reliable for proper 

identification, the phytochemical comparison of these 

varieties could be of particular interest for 

chemotaxonomic determination of H. perforatum taxa. 

The phytochemical profile of various plant parts of H. 

perforatum var. perforatum have been the subject of 

extensive studies (Tusevski et al., 2018; 2020). However, 

the phenolic compounds composition in other varieties of 

this species is still unknown. Therefore, the comparison of 

phenolic compounds distribution in different varieties of 

H. perforatum will be a promising approach to find out a 

novel source of bioactive secondary metabolites.  

The main objective of this study was to determine the 

contents of total phenolics (TP), flavonoids (TF), flavan-

3-ols (TFA) and phenolic acids (TPA), as well to analyze 

antioxidant activity in aerial parts (AP), stems (ST), 

leaves (LE) and flowers (FL) of three varieties of H. 

perforatum wild-growing plants.  

 

Materials and methods  

 

Plant material and extraction 
 

The plants were collected at flowering stage from 

different localities in the North Macedonia. The voucher 

specimens were deposited in the Herbarium at the Faculty 

of Natural Sciences and Mathematics, Ss. Cyril and 

Methodius University in Skopje (MKNH). The plant 

material was separated in four sections (AP, ST, LE and 

FL) and phenolic compounds extraction was performed 

according to the procedure described by Tusevski et 

al., (2018).  

 
Determination of phenolic compound contents and 

antioxidant activity 

 

The TP contents were determined by the method of 

Folin-Ciocalteu (Singleton and Rossi, 1965) and the 

results were expressed as gallic acid equivalents per dry 

weight (mg GA·g-1 DW). 

Determination of TF contents was performed 

according to aluminum chloride method (Zhishen et al., 

1999) and the results were expressed as catechin 

equivalents per dry weight (mg C·g-1 DW). 

The TFA amounts were determined by using of 4-

dimethylaminocinnamaldehyde method (Arnous et al., 

2002) and the results were expressed as catechin 

equivalents per dry weight (mg C·g-1 DW). 
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The TPA contents were analyzed by the Arnow 

method modified by Tusevski et al., (2020) and the results 

were expressed as pyrocatechol equivalents per dry 

weight (mg P·g-1 DW). 

Antioxidant activity was measured using DPPH 

radical scavenging method (Tusevski et al., 2020) and the 

results were expressed as trolox equivalents per dry 

weight (mg T·g-1 DW).  

 

Results and discussion  

 

Present results showed that FL of аngustifolium and 

perforatum varieties have the greatest capacity for TP 

accumulation (133.52 and 124.23 mg·g-1, respectively). In 

contrast, the most productive parts of microphyllum 

variety were AP that accumulated 78.97 mg·g-1 of TP. 

With respect to TF, the highest content was observed in 

FL extracts of аngustifolium and perforatum varieties 

(101.77 and 96.18 mg·g-1). Even that microphyllum 

variety did not show superior TF production, the highest 

values were found in LE and FL extracts (about 42 mg·g-

1). The TPA contents in FL and AP extracts of perforatum 

and аngustifolium varieties (19-23 mg·g-1) were 

significantly higher than those found in LE and ST (12-14 

mg·g-1). The TFA contents in аngustifolium and 

perforatum varieties were comparable in FL (35.86 and 

33.69 mg·g-1, respectively) and AP (25.75 and 24.92 

mg·g-1, respectively). Noteworthy, LE extracts of 

microphyllum variety were found as the best source of 

TFA (15.30 mg·g-1) compared to аngustifolium and 

perforatum varieties (13.86 and 9.96 mg·g-1, 

respectively).  

The results for DPPH assay showed that FL extracts 

of аngustifolium and perforatum varieties possess 

significantly higher antioxidant activities (338.28 and 

308.34 μМ Т·g-1, respectively) than other tested organs. 

Almost all tested organs of microphyllum variety showed 

moderate antioxidant activities (about 200 μМ Т·g-1) that 

were 2-fold higher than that found in ST extract (92.69 

Т·g-1).  

The statistical analyses performed here showed 

significant positive correlations between all tested groups 

of phenolic compounds and DPPH assay (p<0.001), 

suggesting that flavonoids, flavan-3-ols and phenolic 

acids in H. perforatum taxa represent the most prominent 

antioxidant compounds. 

 

Conclusion 

 

This study presented for the first time phenolic 

compounds production and antioxidant activity in 

different parts of three varieties of H. perforatum wild-

growing plants from the North Macedonia. Flowers and 

aerial parts of perforatum and angustifolium varieties 

represented the richest source of phenolic compounds, 

flavonoids and phenolic acids with strong antioxidant 

activities. Noteworthy, leaves of microphyllum variety 
were selected as superior source for the accumulation of 

flavan-3-ols. Present results could be implemented for the 

authentication of H. perforatum taxa and selecting the 

varieties with similar phytochemical profiles that may 

have potential application in pharmaceutical, cosmetic 

and food industry.  
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Introduction 

 

Hypericum perforatum (St John’s wort) is the most 

important medicinal plant that is widely used as a source 

of many biologically active compounds. The medicinal 

properties of H. perforatum have been related to the 

phenolic composition, particularly flavonoids and 

phenolic acids that possess ideal chemical structures for 

antioxidant activity. Chlorogenic acid, quercetin, rutin 

and catechins have been identified in H. perforatum 

extracts as dominant phenolic compounds with 

antioxidant properties (Silva et al., 2008). Quantification 

of total phenolic compounds rather than detection of 

single compound have a greater importance, since the 

efficiency of H. perforatum is based on the synergism of 

antioxidant compounds.  

Although the detailed phytochemical profile of H. 

perforatum vegetative and reproductive organs using 

HPLC/DAD/ESI-MS analysis is already known (Tusevski 

et al., 2018; 2019, 2020), the biosynthetic pathways of 

phenolic compounds are not yet fully understood. Our 

recent studies showed that aerial parts of H. perforatum 

wild-growing plants are the main source of phenolics, 

flavonoids, tannins and hypericins with strong antioxidant 

activity. On the other hand, H. perforatum root extracts 

enriched with different xanthones exhibited moderate 

antioxidant properties (Tusevski et al., 2019). Therefore, 

it is of great importance to analyze the distribution of 

certain groups of phenolic compounds in various organs 

of H. perforatum.  

The main objective of this study was to determine the 

contents of phenolic acids (TPA) and flavonols (TFL) in 

roots (RO), non-flowering shoots (NFS) and flowering 

shoots (FS) of H. perforatum wild-growing plants, as well 

to evaluate their contribution to the antioxidant activity. 

 

Materials and methods  

 

Preparation of plant extracts 
 

Wild-growing plants of H. perforatum (Voucher No. 

060231) collected in the National Park Pelister, Republic 

of North Macedonia were separated into three sections 

(RO, NFS and FS) and phenolic compounds were 

extracted according to the procedure described by 

Tusevski et al., (2018).  

 

Determination of phenolic acid and flavonol content 
 

The TPA contents were determined using the Arnow 

method: plant extract was mixed with 0.5 M HCl, Arnow 

reagent (5% NaNO2 and Na2MoO4) and 2 M NaOH 

(Fraisse et al., 2007). Absorbance was read at 525 nm and 

TPA were expressed as pyrocatechol equivalents per dry 

weight (mg P·g-1 DW). 

The TFL contents were determined when plant 

extract was mixed with 2% AlCl3 and 1 M CH3COONa 

(Öztürk et al., 2009). The absorbance was read at 440 nm 

and TFL were expressed as rutin equivalents per dry 

weight (mg R·g-1 DW). 

 

Determination of antioxidant activity 
 

The FRAP assay (Silva et al., 2008) was determined 

by mixing of plant extracts with FRAP reagent (0.3 M 

CH3COONa, 0.01 M TPTZ and 0.02 M FeCl3). The 

absorbance was read at 593 nm and the results were 
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expressed as Fe2+ equivalents per dry weight (μM Fe2+·g-1 

DW).   

The LPI was determined according to method of Sun 

and Ho (2005). The samples were consisted of plant 

extracts and linoleic acid-β-carotene emulsion. In control 

sample, the extract was replaced with CH3OH. The 

absorbance of samples and controls was read at 470 nm 

and results were expressed as percentage of LPI 

inhibition. 

 

Results and Discussion  

 

Present results showed that FS extracts exhibited the 

highest production of TPA (16.8 mg P·g-1), followed by 

NFS (12.3 mg P·g-1), while RO exhibited the lowest value 

(3.8 mg P·g-1). Since H. perforatum accumulated various 

hydroxycinnamic acids (Silva et al., 2008), the Arnow 

method could be used as a relevant assay for 

determination of TPA. With regards to TFL, the contents 

in FS and NFS extracts (52.5 and 46.9 mg R·g-1, 

respectively) were considerably higher than RO extract 

(5.5 mg R·g-1). In accordance with present results, 

flavonols represented the major flavonoid fraction in H. 

peforatum aerial parts, while trace amounts have been 

found in roots (Öztürk et al., 2009). 

Taking into account the results from FRAP assay, the 

values in FS and NFS extracts (781.9 and 769.9 μМ 

Fe2+·g-1, respectively) were significantly higher than those 

found in RO (419.9 μМ Fe2+·g-1), suggesting that aerial 

plant parts have a capability for accumulation of 

compounds with elevated reducing properties. The 

present results for FRAP values are comparable with 

previous studies indicating that H. perforatum extracts 

have strong reductive potential (Silva et al., 2008). The β-

carotene-linoleic acid bleaching inhibition assay is 

considered as a model system for lipid peroxidation 

inhibition. With respect to antioxidant activity measured 

by LPI, the highest value was noticed in FS (85.4%), 

followed by NFS (78.6%), while the lowest activity was 

found in root extracts (65%). These findings indicated 

organ-specific variation in H. perforatum plants for the 

accumulation of antioxidant compounds with hydrogen-

donating capacity for lipid peroxidation inhibition. 

The correlation analyses performed here showed 

significant positive correlation between TFL and FRAP 

assay (p<0.001). These results suggested that flavonols in 

H. perforatum could be proposed as preeminent phenolic 

constituents that exhibit ferric ion reducing capacities. 

Even that LPI is an indication for the lipophilic 

antioxidant compounds in plants, present results showed a 

significant positive correlation between contents of TPA 

and LPI (p<0.001). This relationship could be explained 

by the presence of caffeoyl-, coumaroyl- and 

feruloylquinic acids in H. perforatum that possess strong 

antioxidant activity (Tusevski et al., 2020). These 

hydroxycinnamic acid derivatives with double bond 

structure conjugated with aromatic ring have been shown 

to possess strong antioxidant activity measured by β-

carotene-linoleic acid assay (Cuvelier et al., 1992). 

 

Conclusion 

 
In this study, phenolic compounds production and 

antioxidant activity of roots, non-flowering shoots and 

flowering shoots of H. perforatum wild-growing plants 

were presented as detailed for the first time. The aerial 

plant samples represented the richest source of phenolic 

acids and flavonols with strong antioxidant activities. 

Noteworthy, root extracts showed satisfactory amounts of 

phenolics with moderate antioxidant activity that make 

them potential natural source for antioxidant compounds. 

The initial screening of phytochemical composition and 

antioxidant activity of H. perforatum could be a step 

forward in the preparation of new phytoproducts in food 

and pharmaceutical industry. 
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Introduction 

 

Rosa canina L., also called dog rose or rosehip, is a 

perennial shrub of the Rosaceae family. It is native to 

Europe, Central Asia, and parts of the North Africa 

(Jürgens et al., 2007). In its natural range, which includes 

Croatia, dog rose is a well-known plant species with a rich 

and documented historical background and a long tradition 

of use as an important food source and medicine. 

Consumption of wild R. canina fruits is common in many 

European countries and is considered a natural remedy in 

the treatment of colds, coughs, and flu, as well as 

gastrointestinal disorders (Sen et al., 1996). A variety of 

pharmacological and nutritional effects have been 

scientifically proven for rosehip and its products 

(Chrubasik et al., 2008; Fan et al., 2014), and associated 

with the specific chemical composition and characteristic 

phytochemicals such as phenolics, carotenoids, 

unsaturated fatty acids, and high concentrations of vitamins 

(especially vitamin C) (Winther et al., 2016). 

Previous studies have shown that bioactive 

compounds are prone to qualitative and quantitative 

variation depending on numerous factors, such as plant 

genotype, maturity stage, and the environmental conditions 

(Koczka et al., 2018; Yang et al., 2018).  

In Croatia, rosehip is a widespread plant species that 

occurs in all three geographical regions (continental, alpine 

and Mediterranean). Our aim was to investigate the 

diversity of R. canina populations sampled in different 

geographical regions, in terms of content of main 

phytochemicals (vitamin C, total polyphenols, flavonoids, 

carotenoids) and antioxidant capacity.  

Materials and methods 

 

For this study, a total of 12 R. canina populations, 

were collected from different geographical regions of 

Croatia; three populations (P01 - P03) were sampled in the 

northern parts of Croatia, population P04 in the eastern part 

of Croatia, four populations in central Croatia (P05 - P07), 

one population (P09) in the Istrian peninsula and three 

populations in the southernmost region of Croatia - 

Dalmatia (P10 - P12).  

Vitamin C content (mg/100 g FW), total phenolic 

content (TPC; mg GAE/100 g FW), including flavonoids 

(TFC) and non-flavonoids (TNFC), β-carotene (mg/100 g 

FW) and lycopene content (mg/1g FW), and antioxidant 

capacity (μmol TE/L) of the samples were evaluated using 

standard laboratory methods, as described in Šic Žlabur et 

al. (2020). All experiments were performed in triplicate. To 

determine the differences between populations the 

obtained data were subjected to one-way analysis of 

variance using PROC GLM in SAS software (SAS 

Institute, 2004), followed by post-hoc Tukey’s test. 

 

Results and discussion  

 

Significant differences (P<0.0001) between 

populations were confirmed for all parameters. Vitamin C 

content was characterized with extremely high variability 

(CV = 46.62 %). The average vitamin C content across all 

samples was 118.10 mg/100 g FW and ranged from 33.05 

to 200.59 mg/100 g FW at the individual level. At the 

population level, the average vitamin C content ranged 

from 35.44 mg/100 g FW in P12 (Mediterranean region) to 

mailto:mgrdisa@agr.hr


58                                               Phytochemistry, ecology and diversity 

Maced. pharm. bull., 68 (Suppl 2) 57 - 58 (2022) 

the significantly highest value of 198.66 mg/100 g FW in 

P04, the population from eastern Croatia, followed by P01 

(189.39 mg/100 g FW) and P08 (187.50 mg/100 g FW). In 

general, populations from the northern, central, and eastern 

regions of Croatia tended to have higher vitamin C content 

when compared to Mediterranean populations. The wide 

variability in vitamin C content is evident from numerous 

studies, that reported different ranges; Novajan et al. 

(2008) reported a range of 211 to 417.5 mg/100 g fresh 

pulp, Bozhuyuk et al. (2021) found 430 to 690 mg vit. 

C/100 g FW, while Türkben et al. (2010) found 43.77 mg 

in 100 g FW. R. canina is known for its high concentrations 

of phenolic compounds, which are potent antioxidant 

phytochemicals synthesized in response to various abiotic 

and biotic stresses (Dai et al., 2011). An intermediate 

variation in TPC, TNFC, and TFC was observed among the 

populations (CV = 16.25% - 17.96%). The average TPC 

across all populations was 950.60 mg GAE/100 g. The 

significantly highest average TPC and TNFC was found in 

population P05 from central Croatia (1266.25 mg GAE 

/100 g and 379.67 mg GAE/100 g, respectively), followed 

by P07 (TPC = 1131.88 mg GAE/100 g), however, a clear 

dominance of total flavonoids over non-flavonoids was 

observed in this population (608.50 mg GAE/100 g vs. 

523.38 mg GAE/100 g). The Mediterranean population 

P11 had the significantly lowest values for TPC, TNFC, 

and TFC. Two plant pigments from the carotenoid group 

were identified: β-carotene and lycopene, and both 

parameters were highly variable and did not show a clear 

pattern. The average β-carotene content was significantly 

highest in P04 from eastern Croatia (36.17 mg/100 g FW) 

followed by significantly lower values in P08 (30.08 

mg/100 g FW). The significantly highest lycopene content 

was found in P02 (23.54 mg/g). In the Mediterranean 

population P11, the significantly lowest values for both β-

carotene and lycopene content were found, 2.16 mg/100 g 

FW and 6.59 mg/g, respectively. The antioxidant capacity 

of a species is related to the high content of bioactive 

compounds such as vitamins, polyphenols, carotenoids, 

etc., of which R. canina is a valuable source (Koczka et al. 

2018). The variation of antioxidant capacity between the 

studied samples was low (CV = 1.53). The highest average 

values of 2540.31 μmol TE/L were found in P04, the 

population with the highest β-carotene content, and slightly 

lower values but nonsignificant were found in P01, P08, 

P11, and P12. 

 

Conclusion  

 

The overall results show quantitative variability in 

bioactive compounds and high nutritional and functional 

value of some R. canina populations. Further studies 

should focus on detailed analysis of populations from the 

wider distribution area in Croatia and more detailed 

qualitative and quantitative chemical analysis of individual 

bioactive compounds. 

 

References 

 
Bozhuyuk, M.R, Ercisli, S, Karatas, N, Ekiert, H, Elansary, H.O., 

Szopa A., 2021. Morphological and biochemical diversity in 

fruits of unsprayed Rosa canina and Rosa dumalis ecotypes 

found in different agroecological conditions. Sustainability. 

13, 8060. https://doi.org/10.3390/su13148060.  

Chrubasik, C., Roufogalis, B.D., Müller-Ladner, U., Chrubasik, 

S., 2008. A systematic review on the Rosa canina effect and 

efficacy profiles. Phytother. Res. 22, 725-733.  

Dai, J., Mumper, R.J., 2011. Plant phenolics: Extraction, analysis 

and their antioxidant and anticancer properties. Molecules 

15, 7313-7352. https://doi.org/10.3390/molecules15107313.  

Fan, C., Pacier, C., Martirosyan, D.M., 2014. Rose hip (Rosa 

canina L): A functional food perspective. Funct. Foods Heal. 

Dis. 4, 493-509. https://doi.org/10.31989/ffhd.v4i12.159.  

Jürgens, A.H., Seitz, B., Kowarik, I., 2007, Genetic 

differentiation of Rosa canina (L.) at regional and 

continental scales. Plant Syst. Evol. 269, 39-53. 

https://doi.org/10.1007/s00606-007-0569-3.  

Koczka, N., Stefanovits-Bányai, É.; Ombódi, A., 2018. Total 

polyphenol content and antioxidant capacity of rosehips of 

some Rosa species. Medicines (Basel). 5, 84. 

https://doi.org/10.3390/medicines5030084.  

Novajan, S., Khalilian, F., Kiaie, F.M., Atyeh. R., Arabanian, A., 

Chalavi, S. 2008. Extraction and quantitative determination 

of ascorbic acid during different maturity stages of Rosa 

canina L fruits. J Food Comp Anal. 21, 300-305. 

https://doi.org/10.1016/j.jfca.2007.11.007.  

Sen, S.M., Gunes, M., 1996. Some chemical and physical 

properties of roses are grown in Tokat provinces. Rose hip 

Symposium, Gümüşhane, 231-239. 

Šic Žlabur, J., Bogdanović, S., Voća, S., Skendrović Babojelić, 

M., 2020. Biological Potential of Fruit and Leaves of 

Strawberry Tree (Arbutus unedo L.) from Croatia. 

Molecules. 25, 5102. 

https://doi.org/10.3390/molecules25215102.   

Türkben, C., Uylaser, V., Incedayi, B., Celikkol, I., 2010. Effects 

of different maturity period and processes on nutritional 

components of rose hip (Rosa canina L). J Food Agric 

Environ. 8, 26-30. 

Winther, K, Vinther Hansen, A.S., Campbell-Tofte, J., 2016. 

Bioactive ingredients of rose hips (Rosa canina L) with 

special reference to antioxidative and anti-inflammatory 

properties: in vitro studies. Botanics: Targets and Therapy. 

6, 11-23. https://doi.org/10.2147/BTAT.S91385.  

Yang, L., Wen, K.S., Ruan, X., Zhao, Y.X., Wei, F.,Wang, Q. 

2018. Response of plant secondary metabolites to 

environmental factors. Molecules. 23, 762. 

https://doi.org/10.3390/molecules23040762.  

https://doi.org/10.3390/su13148060
https://doi.org/10.3390/molecules15107313
https://doi.org/10.31989/ffhd.v4i12.159
https://doi.org/10.1007/s00606-007-0569-3
https://doi.org/10.3390/medicines5030084
https://doi.org/10.1016/j.jfca.2007.11.007
https://doi.org/10.3390/molecules25215102
.%20https:/doi.org/10.2147/BTAT.S91385.
https://doi.org/10.3390/molecules23040762


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 2) 59 - 60 (2022) 

Online ISSN 1857 - 8969 

DOI: 10.33320/maced.pharm.bull.2022.68.04.024 

Short communication 

 

 

 
 

*mgrdisa@agr.hr                                                                                                                                           S1 PP 15 

 

Morphological diversity of natural Dalmatian pyrethrum 

populations 

 

Kim Klarin1, Filip Varga1,2, Ana Nimac2, Zlatko Šatović1,2, Martina Grdiša*1,2 
 

 1University of Zagreb Faculty of Agriculture, Department of Seed Science and Technology,  

Svetošimunska cesta 25, 10000, Zagreb, Croatia 
2Centre of Excellence for Biodiversity and Molecular Plant Breeding, Svetošimunska cesta 25, 10000, Zagreb, Croatia 

 

Introduction 

 

Dalmatian pyrethrum (Tanacetum cinerariifolium 

(Trevir.) Sch. Bip) is a plant species from Asteraceae 

family endemic to the coastal and peri-coastal regions of 

Croatia, Bosnia and Herzegovina, Montenegro and Albania 

(Euro+Med, 2006). It grows as an herbaceous shrub with a 

characteristic inflorescence at the top of a stiff and erect 

stem consisting of white, lance-shaped, petal-like flowers 

at the edges and yellow disk flowers in the center (Brewer, 

1968). Dalmatian pyrethrum produces pyrethrin, a mixture 

of six chemical compounds found primarily in the flower 

heads, which has insecticidal and repellent properties 

(Bhat, 1995). 

While the biochemical diversity of the species has 

been the subject of numerous studies focusing on both 

natural populations (Grdiša et al., 2013) and commercial 

varieties (Suraweera et al., 2020), few studies have 

reported on the morphological diversity of natural 

Dalmatian pyrethrum populations (Ban et al., 2019).  

The aim of this study was to morphologically 

characterize the natural Dalmatian pyrethrum populations 

based on several traits potentially related to pyrethrin 

production. 

 

Materials and methods 

 
Dalmatian pyrethrum plants grown from seeds 

collected at six different locations along the geographic 

range of the species were used to establish a field 

experiment at the Faculty of Agriculture, University of 

Zagreb. Each population was represented by 10 

individuals. 

Measurements of morphological traits were performed 

in the second year of the experiment (May - June 2020). A 

total of six morphological traits were evaluated; shrub 

diameter, plant height, and number of flower heads per 

plant were measured in the field, while total flower area 

(TFA), ray floret area (RFA), and disc floret area (DFA) 

were measured using the CropReporter® multispectral 

platform (PhenoVation, Wageningen, The Netherlands) 

under controlled conditions. 

The relationships between the measured traits were 

examined using the Pearson correlation coefficient. In 

addition, analysis of variance was performed to test for 

differences between populations. Post hoc comparisons of 

the means of the populations were performed using the 

Tukey-Kramer test. All analyses were performed using 

SAS statistical software. 

 

Results and discussion 

 

Great variability was observed in all six morphological 

traits of Dalmatian pyrethrum studied. Shrub diameter 

ranged from 35.56 cm (Vrbnik, Krk) to 106.68 cm (Srđ) 

with an average of 67.95 cm across all samples, slightly 

higher than reported by Ardelean et al. (2011) and Ban et 

al. (2019). The average number of flower heads per plant 

ranged from 126 (Korčula) to 258 (Trebinje), similar to 

previous studies (Ardelean et al., 2011; Ban et al., 2019). 

Analysis of variance revealed no significant differences 

between populations with respect to these two traits. 

Plant height varied from 35.56 cm (Žman) to 86.42 cm 

(Vrbnik) with an average of 52.33 cm across all samples. 

These results are somewhat consistent with previous 
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studies by Ardelean et al. (2011), but slightly lower than 

those reported by Ban et al. (2019). 

Total flower area ranged from 214.4 mm2 (Žman) to 

1197.7 mm2 (Vrbnik) with an average of 730.4 mm2. Disc 

floret area ranged from 50 mm2 (Žman) to 159 mm2 

(Trebinje) with an average of 91.4 mm2. Ray floret area 

ranged from 164.7 mm2 (Žman) to 1054.4 mm2 (Vrbnik) 

with an average of 639 mm2. 

Analysis of variance revealed significant differences 

among the analyzed populations based on four 

morphological traits. The Žman and Lovćen populations 

were characterized by smaller disc florets than the other 

populations. In addition, the Žman population was 

characterized by both smaller ray florets and lower plant 

height, while the Vrbnik population was characterized by 

the tallest plants and the largest flowers. 

A statistically significant strong positive correlation 

was found between ray florets and total flower area, as well 

as between shrub diameter and the number of flower heads 

per plant (r = 0.99 and r = 0.82, respectively). 

 

Conclusion 

 

High morphological variability was found between six 

Dalmatian pyrethrum populations based on six traits. In 

particular, the Žman population, in contrast to the Vrbnik 

population, was characterized by small flower size and 

lower plant height. The next step is to determine a possible 

relationship between these morphological traits and 

pyrethrin content, which could be used in further breeding 

programs to improve the basis for commercial varieties. 
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Introduction 

 

The food industry is increasingly interested in 

replacing artificial sweeteners with other natural sugars to 

offer consumers more choice and to meet the demands of 

the part of the population that does not want or cannot eat 

sucrose. The Stevia rebaudiana Bertoni. leaves have been 

used as a low-calorie sweetener for centuries. The 

sweetness is due to the accumulation of diterpenoid steviol 

glycosides (Geuns, 2003). The steviosides are 300 times 

sweeter than table sugar, with the additional advantages of 

having: zero calories, zero carbohydrates, not causing 

spikes in blood sugar levels, having a non-fermenting 

ability, and maintaining thermal stability at 100 °C.  

The amino acids are another important factor 

influencing plant growth because most of the N is bound 

up to them. During the in vitro propagation, the addition of 

amino acids to the MS medium provides a primary fast 

source of nitrogen to plants. An increase in formation and 

elongation of the cell wall and cell division due to the 

addition of amino acids was observed. To control the 

withering of shoots during Rosa centifoliais 

micropropagation, glutamine, asparagine, and proline have 

been added to the MS medium (Akhtar et al. 2016).  

Several studies have represented data that AgNO3 

possessed a beneficial effect on various plant species 

regeneration (Hyde and Phillips 1996; Tamimi 2015). 

Castro-González et al. (2019) evaluate the response of S. 

rebaudiana to different concentrations of silver 

nanoparticles (0; 12.5; 25; 50; 100 200 mg L-1 AgNPs) 

added to the nutrient medium. The lowest AgNP 

concentrations (12.5 mg L-1) promoted the greatest shoot 

production and length per explant. An increase in 

chlorophyll a, b, and total contents was observed after all 

treatments with AgNps. The dry matter gradually increases 

from 25 mg L-1 of AgNPs, obtaining the highest values 

with the 100 and 200 mgL-1 AgNPs concentrations. 

There are several studies in the literature about the 

effect of amino acids on the plant in vitro propagation, but 

there is no information about their effect if they are bound 

in a polypeptide chain with a diameter in the nanoscale, 

which is a carrier of biologically active agents. The aim of 

the present study describes the influence of nanofibers, 

formed by low molecular weight peptidomimetics carriers 

of the silver ion (NF-Ag) on stevioside and rebaudioside A 

of in vitro propagated Stevia rebaudiana Bert. 

 

Materials and methods 

 
Plant materials 
 

The seeds were surface sterilized by soaking in 70% 

ethanol and then treated with 15% bleach solution and 

washed with sterilized distilled water. For in vitro seed 

germination of Stevia rebaudiana Bert. seeds were cultured 

on an MS medium supplemented with 3.0% sucrose, 7.0 g 

L-1 agar and 0.4 mg L-1 GA, and 1.0 mg L-1 CaCl2 for three 

weeks of culture. Nodal segments were aseptically excised 

and cultured on MS media with vitamins containing 1, 10, 

50, and 100 mg L-1 NF-2%Ag for shoot multiplication. 

There were two controls - plants, in vitro propagated 

without 6-benzylaminopurine (BAP) added to the MS 
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medium, and plants, in vitro propagated with BAP added 

to the MS medium.  

 

Soluble sugar analyses 
 

Reducing sugars were analyzed by the phenol-

sulphuric acid procedure by Ashwell (1966). 

 

Stevioside and rebaudioside A analyses 
 

For sample preparation for HPLC analysis 50 mg of 

dried and powdered leaves were extracted with 5 ml of 

water at 40 °C in an ultrasonic bath for 30 min. The 

obtained extracts were centrifuged, filtered, and transferred 

to a volumetric flask, and methanol was added up to 5 ml. 

The extracts were treated with solid phase extraction (SPE) 

cartridges filled with C18 sorbents according to the 

procedure described by Bergs et al. (2012). 
The HPLC analysis was performed on Shimadzu 

Nexera-i LC-2040C 3D Plus liquid chromatograph 

equipped with a photodiode array detector (Shimadzu, 

Japan), analytical column Intersil NH2 (3μm x 4.0 x 150 

mm) (GL Sciences, Japan), wavelength 210 nm, mobile 

phase CH3CN:H2O in gradient mode, the oven temperature 

at 40 °C, the flow rate of 0.8 mL/min and injection volume 

of 4 µl. 

Stevioside and rebaudioside A (Phytolab GmbH & Co. 

KG) were used as external standards. The quantification 

was performed by means of analytical standard curves 

prepared by mixing authentic standards at concentrations 

from 0.075 to 1.0 mg/ml. 

 

Results and discussion 

 

The obtained results showed that adding to the nutrient 

medium of a new type of nanofibers, formed by newly 

synthesized low molecular weight peptidomimetics 

carriers of the biologically active agent silver ion 2 % at 

different concentrations, has a significant effect on the 

growth parameters and stevioside and rebaudioside A 

content of micro propagated Stevia plantlets. Clonal 

propagation by direct organogenesis in the presence of the 

NFs riched with 2% Ag at all studied concentrations, 

increasing the fresh biomass, the average length of 

branches, and plant length, compared to the control plants. 

The level of the growth parameters increased until 50 mg 

L-1 NF-Ag, then at 100 mg L-1 NF-Ag decreased. 
Consequently, when applied at low doses, NF may favor 

the occurrence of a hormetic effect, stimulating growth 

characteristics of plants, however with increasing the 

concentration the growth was inhibited. At both control 

micro plantlets, no roots were recorded, but when the NF-

Ag were added to the MS were recorded roots. This 

demonstrates that nanofibers promote rooting initiation.   

There was a significant decrease in the stevioside and 

rebaudioside A content in stevia plantlets as well as total 

sugar content when adding BAP or NF-Ag at MS nutrient 

media compere with free of BAP media.  

 

Conclusion 

 

The results obtained from these analyzes make it 

possible to conclude that NF-Ag added to the MS media 

possessed a hormetic effect. At low concentrations, they 

have a beneficial impact on plant growth, but at high 

concentrations had a harmful effect. This has been also 

confirmed by the established reduced amount of stevioside 

and rebaudioside A. 
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Introduction 

 

Antioxidants are components which prevent auto-

oxidation of oils and fats by giving their hydrogen to free 

radicals formed in the initiation and propagation stages of 

autoxidation by following reactions (Bose et al., 2021). 

The antioxidant activity of the oils arises of phenolic 

compounds, vitamin-E-active compounds, phytosterols 

and other bioactive compounds. The published results for 

the antioxidant activity of edible oils varies in huge range 

due to the different amount of bioactive compounds as 

well as different antioxidant assays (DPPH, TEAC and 

FRAP assay) (Kostadinović Veličkovska et al., 2015). 

Cold-pressed oils are known for their antioxidant and 

other positive health effects. Among them, virgin cold-

pressed olive oil has the primate between the other 

vegetable edible oils. Other oils, as well as sesame seed 

oil, pumpkin seed oil, “sweet” and “bitter” apricot kernel 

oils, and paprika seed oil, have also been recognized as 

rich sources of tocopherols and tocotrienols, polyphenols, 

and essential mono and polyunsaturated fatty acids 

(Kostadinović Veličkovska et al., 2018). But the process 

of extraction or modification of these oils could affect 

their ability to capture the free radicals and even in theory 

it is very smooth and easy, in practice, antioxidant 

capacity could be altered by many factors.  

The aim of this review is to presented new 
oxidomics-guided approach which enable combining the 

increased generation of natural antioxidants in the oil 

seeds and the transfer of these bioactive compounds to the 

oil. 

 

Materials and methods 

 

Starting from the basic studies of the contents of 

oilseeds, cold pressed olive oils in focus, and some other 

oils as well as sesame seed oil, pumpkin seed oil, and flax 

seed oil, we have covered the results for antioxidant 

capacities, and assessment of oxidation processes. We 

searched literature for different ways for increasing the 

antioxidant level in cold pressed oils by application of 

oxidomics approach.  

 

Results and discussions 

 

To understand the processes of oxidation and 

antioxidative mechanisms in vegetable oils we must study 

first their composition. Applying different physical or 

chemical conditions allows for the investigation of these 

processes in more detail and enables a multivariant 

analysis of the oxidative/antioxidative potential of the 

oils. In a comparative study Cicero et al., (2018) 

confirmed that cold-pressed olive oil exhibited the highest 

content of monounsaturated fatty acids, mainly due to 

high oleic acid levels, while oils from grapeseed, Brazil 

nut, and canola were rich in nutritionally important 

polyunsaturated fatty acid levels. 

Hayakawa et al., (2020) suggested that by 

determining squalene and tyrosol they could see that they 

are most abundant in extra virgin olive oil, compared to 

pure olive oils, blended oils (extra virgin olive oils with 

sunflower oil or grapeseed oil) and other vegetable oils.  
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The process of lipid oxidation involves different 

interactions related to several factors such as time, 

temperature, light exposure, catalysts, etc (Gómez-Cortés 

and Camina, 2019). So, Paradiso et el., (2018) have 

applied this holistic oxydomics approach to highly 

purified olive oil by adding increasing amounts of 

purified free fatty acids. They have examined the 

oxidation pathways during accelerated oxidation and 

concluded that free fatty acids affect the overall balance 

of the oxidation pathways and consequently cause a drift 

in the evolution of the pattern of oxidation products. 

Moreover, this balance between the accelerating activity 

of free fatty acid toward triacylglycerol oxidation and 

their high susceptibility to undergo oxidation turns have 

shown dose and time-dependent activity and shifted the 

resulting oxidation profile of the oil (Paradiso et al., 

2018). Lately, they have shown that the radical 

scavenging activity of olive oil phenolic antioxidants 

(OPAs) is affected by the phase in which they were added 

(Paradiso et al., 2020). They have shown that OPAs in the 

water phase were more effective in slowing down 

hydroperoxide decomposition due to the hydrophilic 

radical initiator, but OPAs present in the oil phase was 

more effective in preventing radical propagation. In 

another study, oxydomics approach was performed on 

edible oils that differed in their origin (marine or 

vegetable) and their omega-3 fatty acid profile. They have 

achieved 3D matrix, by oxidizing every oil at 6 different 

time points. These models classified edible oils according 

to their volatile degradation patterns. They have shown 

that oxidation of α-linolenic acid represented mostly in 

flax seed oil was mainly related to its volatiles 1-hydroxy-

2-butanone and 5-ethyl-2(5H)-furanone. By application of 

3-way regression analysis on the quantitative volatile 

profile of degraded oils, they have found certain 

compounds that can be used as degradation markers. 

These specific volatiles of α-linolenic acid oxidation 

would help to determine the quality and the oxidation 

state of commercial oils.    

 

Conclusion 

 

The oxidomics approach applied to food lipids 

contribute to better understanding on the complex patterns 

of reactions taking place in vegetable oils. This review 

suggests deeper multivariant investigations of the 

oxidation process of free fatty acid in vegetable oils. 

Considering the complex oxidation reactions and 

investigating the effects of different external factors, as 

well as added molecules could predict the qualitative and 

quantitative properties, shelf-life, and healthy properties 

of commercial cold-pressed oils. The degradation process 

of free fatty acids could produce compounds with 

different effects on human health. Subsequent studies in 

the oxidomics approach may use such degradation 

volatiles to estimate the potential effects of lipid oxidation 

on consumer health. 
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Introduction  

 

The genus Centaurea (Asteraceae) has several native 

species in Kosovo, growing in different habitats. Some of 

them, i.e. C. melanocephala and C. kosaninii are Balkan 

endemic species.  

The species of this genus are rich in various bioactive 

compounds, including phenolic acids, flavonoids, lactones, 

terpenes, lignans (Khammar, and Djeddi 2012), alkaloids 

and steroids (Sharonova et al., 2021). Due to the presence 

of diverse chemical compounds, species of this genus have 

shown different biological activities, such as anti-

inflammatory, analgesic, anti-oxidant, anti-bacterial, anti-

fungal activity (Khammar & Djeddi 2012, Sharonova et al. 

2021), wound-healing, anti-ulcer, hepatoprotective 

(Khammar & Djeddi, 2012), anti-tumor, anti-diabetic, anti-

depressant, anti-rheumatic (Sharonova et al., 2021). 

Although numerous Centaurea species are present in 

Kosovo, information about their chemical composition and 

biological activities is missing. Thus, this work aims to 

assess the content of total phenolic, total flavonoid, and the 

anti-oxidative activity (DPPH and FRAP test systems) on 

the methanolic extract of the C. melanocephala, C. 

kosaninii, C. scabiosa, C. saloniatana, C. kotschyana and 

C. atropurpurea.  

 

Materials and methods  

 

Plant Materials 
 

Plant materials (leaves and inflorescences of five 

indviduals) was collected from Jun to August 2021 in four 

different localities (Badovc, Bajgorë, Pashtrik, and 

Shtërpcë) in Kosovo. Voucher specimens were deposited 

at the Herbarium of the Department of Biology, University 

of Prishtina. Plant material was dried in the drying cabinets 

at 35°C for five days. 

 

Extraction of Plant Materials 
 

Before extraction, leaves and inflorescences were 

separated and then grounded. Grounded samples (150 mg) 

were extracted with 25 ml of 50% MeOH for 30 min in an 

ultrasonic bath. The samples were filtered and stored in the 

dark at -18 °C in until further analysis. 

 

Determination of Total Phenolic and Total Flavonoid. 
 

The total phenolic content was determined using the 

Folin-Ciocalteu method. Caffeic acid (0-8 mg/ml) was 

used to construct the calibration curve, and absorbance was 

measured at 725 nm against the blank. The results were 

expressed as mg Caffeic acid equivalent/g plant dry weight 

(mg CAE/g dw). 

The total flavonoid was also determined using the 

spectrophotometric method. Catechin (0-10 mg/ml) was 

used to construct the calibration curve. Absorbance was 

measured at a wavelength of 510 nm. The total content of 

flavonoid was expressed as mg Catechin equivalent/g plant 

dry weight (mg CE/g dw). 

 

Evaluation of Anti-oxidant Activity. 
 

To assess the DPPH (2.2-diphenyl-l-picrylhydrazyl) 

radical scavenging activity, the Trolox (0-3 to7 mg/ml) 

were used as reference substances. The absorbance was 
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measured at 515 nm against the blank. The results are 

expressed as a % inhibition of DPPH free radicals.  

The Trolox (0-2.4 mg/ml) was used to construct the 

calibration curve for evaluation of the ferric reducing anti-

oxidant power (FRAP). Absorbance was measured at 593 

nm and the result were expressed as mg Trolox 

equivalent/g plant dry weight (mg TE/g dw). 

All spectrophotometric measurements were 

performed using a UV-Vis microplate-reader (Sunrise™ 

Tecan). 

 

Results and discussion  

 

The results (mean value and standard deviation) of 

total phenolic, total flavonoid, and anti-oxidant activity 

(DPPH and FRAP) are presented for all analysed species.  

The highest concentration of the total phenolic was 

recorded in the leaves of C. atropurpurea (218.5±50.2), 

followed by C. melanocephala (162.8±24.1), C. kosaninii 

(141.2±83.2), C. scabiosa (125.1±14.5), C. kotschyana 

(50.9±2.3) and C. saloniatana (34.4±5.0 mgCAE/g dw). 

The total phenolic content was lower in the inflorescences 

compared to its content in the leaves. The highest total 

phenolics in inflorescences was as follows: C. kosaninii 

(49.1±43.0), C. kotschyana (26.3±1.2), C. melanocephala 

(23.6±2.6), C. scabiosa (22.4±1.0), C. saloniatana 

(21.9±1.6) and C. atropurpurea (21.4±6.2 mg CAE/g dw). 

The content of total flavonoids differed among the 

species and plant organs too. The highest content was 

recorded in leaves of C. atropurpurea (56.1±14.1), 

followed by C. melanocephala (53.6±3.9), C. kosaninii 

(47.4±21.0), C. scabiosa (44.8±4.4), C. saloniatana 

(7.3±0.9) and C. kotschyana (6.1±0.2 mg CE/g dw). In 

inflorescence, the highest content was in extracts of C. 

kosaninii (18.2±17.4), followed by C. scabiosa (7.1±0.4), 

C. melanocephala (6.6±1.6), C. atropurpurea (5.7±0.9), C. 

kotschyana (5.4±0.3) and C. saloniatana (4.7±0.4 mg CE/g 

dw). 

Leaves of the Centaurea species showed the higher 

DPPH radical scavenging capacity compared with 

inflorescences. The highest % inhibition in leaves was 

recorded in C. atropurpurea (80.6±1.0) extracts, followed 

by C. melanocephala (73.3±4.5), C. scabiosa (60.8±4.7), 

C. kosaninii (56.6±25.6) C. kotschyana (43.4±2.2) and C. 

saloniatana (18.3±2.0 % inhibition). In inflorescences, the 

highest % inhibition was recorded in extracts of C. 

kosaninii (27.9±7.3) followed by C. saloniatana 

(12.0±2.8), C. kotschyana (11.2±0.8), C. atropurpurea 

(10.1±3.8), C. scabiosa (9.8±0.5) and C. melanocephala 

(7.0±2.3%). 

The highest FRAP anti-oxidant capacity was found in 

the leaves of the Centaurea sp., whereas the lowest was 

found in inflorescences. In the leaves, the highest anti-

oxidant capacity was recorded in C. atropurpurea 

(55.3±7.0), followed by C. scabiosa (35.8±0.7), C. 

melanocephala (33.9±4.9), C. kosaninii (31.4±7.3), C. 

kotschyana (28.7±2.9), C. saloniatana (18.4±0.6 mg TE/g 

dw). In the inflorescences, the highest anti-oxidant 

capacity was recorded in the C. kosaninii (13.3±5.9), 

followed by C. saloniatana (6.1±0.8), C. melanocephala 

(5.5±1.9), C. atropurpurea (5.5±0.4), C. kotschyana 

(5.0±0.3) and C. scabiosa (4.8±0.3 mg TE/g dm dw). 

 

Conclusion 

 

The results of this study outline that the most 

significant difference in total phenolic and total flavonoid 

content, as well as the anti-oxidant activity (DPPH and 

FRAP), were amonge the plant organs. This can be 

attributed to differences in the gene expression profiles, as 

different plant organs have entirely different gene 

expression adapted to the function of the respective organ. 

Furthermore, an interspecies variation (smaller than 

between organs) among the analysed species (for the 

respective tested parameters) was recorded too. This seems 

to reflect the genetic background and the environmental 

impact, influenced by differences in habitat composition, 

altitude, and microclimatic conditions. 

Further research is needed to screen the chemical 

profile of the analysed species, as well as to evaluate the 

correlation between specific chemical constituents and 

anti-oxidant activity.  
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Introduction 

 

Humulus lupulus L. (Cannabaceae) is an 

economically important plant species used in the 

pharmaceutical and food industries. In Kosovo, it is 

widespread in rich deep loam soil. It is a dioecious plant 

(with male and female reproductive organs in separate 

individuals) and pollinated by wind. Fragrant female hops 

flowers, also known as cones, are primarily used for 

commercial purposes, making this species of economic 

interest. Female flowers contain glandular trichomes 

which accumulate secondary metabolites, such: as the 

bitter acids, e.g. humulone (α-acid) and lupulone (β-acid), 

and terpenes (essential oils), e.g. myrcene and linalool, β-

caryophyllene, humulene, linalool, and α-pinene, etc. 

(Astray et al., 2020).  

Due to the rich content of secondary plant 

metabolites, hops were traditionally used in herbal 

medicines as a sedative, to relieve gastrointestinal 

complaints, pain, sleep aid, fatigue, rheumatism, etc., and 

as food ingredients. In Kosovan traditional medicine, the 

infusion was prepared from female flowers and used as a 

neuro-relaxant and to treat kidney inflammations, while 

decoctions from areal parts were used to treat insomnia 

and regulate the menstrual cycle (Mustafa et al., 2014). 
Recent research reports shows that hop has demonstrated 

to exhibit various pharmacological activities such as anti-

inflammatory, estrogenic, cancer chemopreventive, and 

anti-angiogenic properties, as well as helping to 

counteract obesity, diabetes type-2, and cancer (Chung et 

al., 2009; Natsume et al., 2015). 

Compared to medicinal uses, hop has more extensive 

use in the beer industry. Its phytochemicals, except 

flavours and fragrances, provide foam stability to beer 

and, due to their antimicrobial activity, increase the shelf-

life of the final beer (Korpelainen and Pietiläinen, 2021).  

Although the hop is widespread in Kosovo and has 

economic potential, information about its chemical 

composition of the essential oils and its variability among 

wild populations are missing. Thus, this work aims to 

assess the chemical composition of the essential oils and 

evaluate their natural variability among wild populations 

of H. lupulus in Kosovo.  

 

Materials and methods  

 
Plant Materials 
 

Plant material was collected in October 2021 in the 

location Poslisht (Prizren municipality, coordinates: 

20°39'56"E, 42°11'37"N) and Barilevë (Pristina 

municipality, coordinates: 21°7'20"E, 42°44'47"N). 

Female flowers were collected from 20 individuals (10 

individuals per location). Voucher specimens of each 

population were deposited at the Herbarium of the 

Department of Biology, University of Prishtina. Plant 

material was dried in the drying cabinets at 35°C for three 

days.  

 

Distillation of Plant Materials 
 

The essential oil was obtained by hydro-distillation 

(30 g of grounded plant material, 0.5 L of distilled water 

added in a one-liter flask) at a distillation rate of 3 ml/min 

in a Clevenger apparatus for two hours. The samples were 

stored in the dark at -18 °C until further analysis.  

GC and GC-MS Analyses 
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GC/FID analyses were performed using a GC system 

coupled with an FID detector (Agilent 7890A). The 

separation was conducted on an HP-5MS column. Helium 

was used as carrier gas with a flow of 0.6 ml/min; front 

inlet at 250 °C; the split ratio of 50:1; the GC oven 

temperature: 60 °C to 280 °C increased at a rate of 5 

°C/min. FID operated at 250 °C, with 350 ml/min airflow 

and a hydrogen flow of 35 ml/min. 

GC/MS analyses were performed using a GC system 

coupled to a 5975C MSD (Agilent 7890A). The 

ionization energy was 70 eV with a mass range of 40-400 

m/z. The injection volume was 1.0 μl. 

The identification of the components was performed 

by comparing their Kovats retention indices with those in 

the literature (Adams, 2017) and by comparing the mass 

spectra of each constituent with those stored in the NIST 

08 and WILEY MS 9th databases and with mass spectra 

from the literature (Adams, 2017). Some of the main 

peaks were identified by comparing the retention times 

and mass spectra with those of authentic constituents. The 

percentage of the oils was calculated using the 

normalization method from the GC peak areas without 

correction factors. 

 

Results and discussion 

 

The essential oil yield is expressed as the volume 

percentage of the dry weight of the dried plant material 

(%v/w DW). The yield of the essential oil depended on 

the origin of plant material, thus in the plants originating 

from the Poslisht locality, the yield ranged from 0.2 to 

0.7% v/w DW, while in the Barilavë locality, it ranged 

from 0.2 to 0.6% v/w DW. 

In the locality, Poslisht total of seventy-nine 

compounds were identified. The main constituent were 

myrcene (15.7-55.9%), followed by α-humulene (1.9-

28.1%), α-selinene (0.6-8.7%), β-bisabolol (0.4-8.0%), β-

selinene (0.7-5.5%), (E)-β-farnesene (0.4-5.3%), trans-

caryophyllene (1.4-4.7%), selina-3,7(11)-diene (0.4-

3.7%), etc.. In the locality Barilevë, totally eighty-eight 

compounds identified, of them myrcene (21.0-52.5%) 

were the main constituents, followed by α-humulene (6.5-

24.4%), (E)-β-farnesene (3.3-13.3%), α-selinene (0.9-

9.9%), trans-caryophyllene (2.2-7.6%), selina-3,7(11)-

diene (0.6-4.6%), α-cadinene (0.5-4.1%), 2-undecanone 

(0.5-3.0%), etc. Differences in the essential oil's chemical 

composition were recorded, especially in the content of 

the main compounds myrcene and α-humulene. The 

content of α-humulene in two samples originated from the 

location Poslisht was significantly lower than its content 

in other samples from the same locality and the samples 

originating from the Barilevë locality.  

 

Conclusion 

 

This work studied the chemical composition of 

volatile constituents obtained from female hop flowers 

from two localities in Kosovo. Regarding the volatile 

components, the most prominent compounds were 

myrcene and α-humulene. The constitutes concentration 

differed among the population, as well as among the 

individuals of the same location too. The variability in the 

chemical composition of essential oils among populations 

reflects the environmental impact, which is influenced by 

differences in habitat composition and microclimatic 

conditions.  

Further investigation including a higher number of 

the localities and corroborated molecular analysis are 

needed to confirm the natural variability and chemo-

polymorphism among wild populations of this species in 

Kosovo.  
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Introduction  

 

Ammi visnaga L. (Apiaceae) is a perennial 

herbaceous plant widely distributed in the Mediterranean 

region.  In Morocco, the umbel is traditionally prescribed 

as an antidiabetic, antispasmodic, and diuretic agent 

(Khalil et al., 2020). The aim of the present work was to 

evaluate the affinity of different extracts of dried A. 

visnaga umbels toward total phenolic content and 

antioxidant capacity. Mixture Design Response Surface 

Methodology was performed to maximize phenolic 

compounds and antioxidants using the selected solvents 

from the first step. Finally, the plant material was 

extracted using the optimized solvent mixture, and 

fractionated using liquid-liquid extraction.   

 

Materials and methods  

 

Extraction procedure and sample preparation 
       

The extractions were executed in triplicate conferring 

to the following formula: 50 mg of dried and pulverized 

inflorescence of A. visnaga were extracted for 20 minutes 

by sonication ultrasound-assisted extraction (UAE) with 1 

mL of solvents mixture. The extracts were centrifuged for 

15 minutes at 6000 rpm, and the supernatants were 

recuperated and stored at 4ºC.

 

Total phenolic content (TPC) 
 

 The total phenolic content was determined by a 

modification of the Folin-Ciocalteu method described by 

Singleton et al. (1999) as follows: 50 μL of extract was 

mixed with 450 μL of Folin-Ciocalteu reagent (0.2 N) for 

5 minutes and then 450 μL of a Na2CO3 solution (75 g/L) 

was added. Then, all examples were reared at room 

temperature in the dark environment for two hours, and 

their absorbance was measured at 760 nm using a Jenway 

6505 UV/visible, scanning spectrophotometer. The 

experiment was prepared in triplicates and the results are 

stated as mg Gallic acid equivalents (GAE)/g of dried 

plant. 

 

Total antioxidant capacity/Phosphomolybdenum assay 

(TAC) 

The total antioxidant capacity (TAC) of all samples 

was determined by the green phosphomolybdenum 

complex formation according to Prieto et al. (1999). An 

aliquot of 25 µL of the sample solution was united 

principally with 1 mL of reagent solution (0.6 M 

sulphuric acid, 28 mM sodium phosphate, and 4mM 

ammonium molybdate) in Falcon 15 mL tubes. The 

Falcon tubes were covered and raised in a water bath at 

95°C temperature and for a period of 90 minutes. 

Afterward, the samples were kept at room temperature 

and then the absorbance of the mixture was measured at 

695 nm, against a blank. The experiment was conducted 
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in triplicates and the results are presented as an average 

values expressed as g of ascorbic acid equivalents (AAE) 

per g of dried plant. 

 

Fractionation 
 

     The extract was concentrated under reduced pressure 

at 40oC using vacuum rotary evaporator and after where 

were suspended in water and partitioned with n-hexane, 

dichloromethane, chloroform and ethyl acetate. The 

process was repeated 3 times with each solvent. Three 

extracts of each solvent were pooled together and 

evaporated under reduced pressure using rotary 

evaporator and suspended in ethanol. 

 

DPPH Free Radical-Scavenging Activity 
 

DPPH (2,2-diphenyl-1-picrylhydrazyl) was 

performed as described by Aazza et al. (2011). Fifty 

microliters of various concentrations of samples or 

standards were added to 60 μM methanolic solution of 

DPPH (1 mL). After 60 min of incubation time (A1), 

absorbance was measured at 517 nm.  Absorption of a 

blank sample containing the same amount of methanol 

and DPPH solution served as the negative control (A0). 

The percentage inhibition [(A0 - A1/A0) × 100] was 

plotted against sample or standard content and IC50 was 

determined (concentration of the extract or standard able 

to scavenger 50% of DPPH free radical). 

 

Total antioxidant activity (ferric reducing antioxidant 

power, FRAP) 
 

Reducing power was performed following the 

protocol described by (Aazza, 2011).  Each sample or 

standard was mixed with phosphate buffer (2.5 mL, 0.2 

M, pH 6.6) and potassium ferricyanide [K3Fe(CN)6] (2.5 

mL, 1%). The mixture was incubated at 50 °C for 20 min. 

A portion (2.5 mL) of trichloroacetic acid (10%) was 

added to the mixture, which was then centrifuged for 10 

min at 3,000 rpm. The upper layer of solution (2.5 mL) 

was mixed with distilled water (2.5 mL) and FeCl3 (0.5 

mL, 0.1%), and the absorbance was measured at 700 nm 

in a spectrophotometer. 

 

Results and discussion 

 

The proportions optimized according to the response 

surface were (Water 70%), methanol (5%) and Acetone 

(25%) as being the maximum inside the experimental 

domain, yielding maximum predicted amount of TPC 

(29.9197 mg Gallic acid eq./g dry plant) and TAC 

(153.43±1.30 mg Ascorbic acid eq./g dry plant).  

According to ANOVA, the special cubic model explained 

the variance of the TPCs and the antioxidant activity of 

the extracts at a level of R2 greater than 95%. In general, 

the amount of phenolic compounds and the antioxidant 

activity of the extracts increase with increasing amount of 

water in the methanol or acetone solvent mixture.  

Fractionation yielded five fractions: hexane, 

dichloromethane, chloroform, ethyl acetate fractions and 

the remaining aqueous fraction. We performed the 

following tests: TPC, TAC, FRAP and DPPH. The TPC 

showed significant differences (p<0.05) for Hexane 

fraction 1.36±0,090 mg GAE/g dry plant, chloroform 

extract 3.105±0.24 mg GAE/g dry plant, ethyl acetate 

extract 11.930±0.26 mg GAE/g dry plant, 

dichloromethane extract 14.536± 0.269 mg GAE/g dry 

plant. Whereas, the greatest quantity of TCP stood in the 

water fraction 34.25±0.398 mg GAE/g dry plant. For the 

DPPH, the result revealed a high antioxidant activity with 

IC50 8.51 µg/ml when compared to Trolox standard which 

has an IC50 of 1.5 µg/ml. All extracts presented ferric 

reducing power in a dose dependent behaviour, although 

it was much more evident in remaining water extract with 

1.344 equivalent Fe (II) /g dry plant. 

 

Conclusion 

 

The use of this design can be helpful to study the 

synergetic effect between solvent during extraction. The 

obtained results revealed also that the aqueous fraction 

exhibited the highest antioxidant activity, due to its higher 

phenolic compounds content. We also noticed that the 

increase of the solvent polarity, increase its ability to 

extract phenolic compounds, which can explain the 

increase of antioxidant activity with the increase of 

solvent polarity.  
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Introduction 

 

Our previous phytochemical studies revealed that the 

plant species of the genus Amphoricarpos from 

Montenegro are characterized with an appreciable content 

(>0.3–2.3% per dry weight of aerial plant material) of γ-

sesquiterpene lactones with guaianolide skeleton, so-

called amphoricarpolides that are mostly deposited on the 

leaf surface (>1.0–3.4% per dry weight of leaves) 

(Djordjević et al., 2021; Jadranin et al., 2013). These 

compounds showed in vitro protective effect on 

chromosome aberrations in peripheral human 

lymphocytes (Cvetković et al., 2021) and in vitro 

cytotoxic (Djordjević et al., 2021), antifungal (Jadranin et 

al., 2013) and antibacterial (Gavrilović et al., 2016) 

activities. The amphoricarpolides are significant as 

chemotaxonomic markers as they gave insights about the 

taxonomic status of the genus (Djordjević et al., 2021). 

This study revealed results from reinvestigation of 

sesquiterpene lactones composition in the crude and leaf 

surface extracts of Amphoricarpos plants by rapid 

resolution liquid chromatography (RRLC) coupled with 

quadrupole time-of-flight mass spectrometry (QToF MS) 

and the tentative identification of undescribed 

sesquiterpene lactones is presented. 

 

Materials and methods 

 

Plant material 
 

The aerial plant parts of Amphoricarpos sp. were 

collected during the flowering phase over several years at 

different localities in Montenegro, as described by 

Djordjević et al., (2021). 

 

Extraction of the plant material 
 

The crude extracts (BEM: Pet ether/Et2O/MeOH and 

DCM: CH2Cl2) were prepared from the ground air-dried 

aerial parts and the intact air-dried leaves, respectively, 

using the procedure described by Djordjević et al., (2021). 

After filtration and evaporation of the solvent, the 

residues were stored frozen at −4 °C until RRLC-QToF 

MS analysis.  

Prior to the RRLC-QToF MS analysis, the frozen 

residues were thawed, dissolved in methanol (c = 1.00 

mg/mL) and filtered (0.45 μm RC filter). 

 

Solvents and reagents 
 

Methanol (LC-MS, Chromasolv®, Fluka Analytical), 

acetonitrile (LiChrosolv®, hypergrade for LC-MS, 
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Merck, Germany) and deionized water (18.2 MΩ cm-1, 

Barnstead™ Smart2Pure™ Water Purification System, 

Thermo Scientific) were used for dissolution and 

preparation of the mobile phases for the LC-HRMS 

analyses. Ammonium formate (puriss. p.a., eluent 

additive for LC-MS, Fluka, USA) was used for the 

preparation of eluent additive for RRLC-QToF MS. 

 

RRLC-QToF MS measurements 
 

For untargeted analysis, the prepared samples were 

injected into LC/MS system including liquid 

chromatograph (1290 Infinity LC system; Agilent 

Technologies, Waldbronn, Germany), with a quaternary 

pump, a column oven, and an autosampler, connected to 

the Quadrupole Time-of-Flight mass detector (6550 

iFunnel Q-TOF MS, Agilent Technologies; Santa Clara, 

CA, USA) equipped with a dual spray Agilent Jet Stream 

(AJS) electrospray ion source. The separation of 

compounds was performed using an Zorbax Eclipse 

XDB-C18 column RRHT (100 mm × 4.6 mm; 1.8 μm, 

Agilent Technologies). The mobile phase was composed 

of a solvents A (water) and B (ACN), both containing 5 

mM ammonium formate under following gradient 

program: 0–2 min 10% B, 2–6 min 10–35% B, 6–10 min 

35% B, 10–14 min 35–50% B, 14–26 min 50 – 60% B, 

26–26.1 min 60–10% B, 26.1–30 min 10% B. The flow 

rate was 0.40 mLmin-1, column temperature was 40 °C 

and injection volume of samples was 1 μL. The 

compounds were analysed using a mass detector operated 

in an accurate TOF/MS scanning (positive) ion mode in 

the m/z range of 100–1,000, under following conditions: 

capillary voltage, 3,500 V, fragmentor voltage, 70 V, 

nozzle voltage, 1,000 V, skimmer 1, 65 V, octopole RF 

peak, 750 V, desolvatation gas (nitrogen) temperature, 

150 °C, desolvatation gas (nitrogen) flow, 14 Lmin-1, 

nebulizer, 40 psig, sheat gas (nitrogen) temperature, 300 

°C, sheat gas (nitrogen) flow, 11 Lmin-1. Ions m/z 

121.05087300 and 922.00979800 were used as lock 

masses for accurate mass measurements. A personal 

computer system running Agilent MassHunter software 

(revisions B.06.01 and B.07.00) was used for data 

acquisition and processing, respectively. 

 

Results and discussion 

 

In our previous study for secondary metabolites 

composition of Amphoricarpos sp. from Montenegro, 34 

amphoricarpolides have been isolated and fully 

characterized (Cvetković et al., 2021; Djordjević et al., 

2021). Five additional components have been detected 

and tentatively identified as sesquiterpene lactones in the 

BEM and DCM extracts of the plant species from genus 

Amphoricarpos from Montenegro by high performance 

liquid chromatography (HPLC) coupled with time-of-

flight mass spectrometry (ToF MS) (Djordjević et al., 

2021). However, this time, extraction of the raw data (d) 

using both, the find-by-molecular-feature (MFE) and 

find-by-formula algorithms (FBF) in Agilent MassHunter 

Qual. software (revision B.07.00) RRLC-QToF MS 

analysis, as more sensitive, allowed tentative 

identification of additional 18 and 24 sesquiterpene 

lactones in the same BEM and DCM extracts of the 

Amphoricarpos species, respectively. It can be assumed 

that these compounds were not isolated previously due to 

a low abundance and/or chemical instability. 

 

Conclusion 

 

RRLC-QToF MS analysis revealed the presence of 

undescribed sesquiterpene lactones in the BEM and DCM 

extracts of the plant species of genus Amphoricarpos from 

Montenegro. It should be examined whether and how this 

knowledge affects the metabonomic model based on the 

previous results of HPLC ToF MS analysis. 
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Soković, M., Glamočlija, J., Milosavljević, S., 2013. 

Sesquiterpene lactones of Amphoricarpos autariatus ssp. 

autariatus from Montenegro − antifungal leaf − surface 

constituents. Rec. Nat. Prod. 7, 234–238. 

https://doi.org/10.1080/14786419.2019.1687470
https://doi.org/10.2298/JSC210726083D


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 2) 73 - 74 (2022) 

Online ISSN 1857 - 8969 

DOI: 10.33320/maced.pharm.bull.2022.68.04.031 

Short communication 

 

 

 
 

*dpljevljakusic@mocbilja.rs                                                                                                                         S1 PP 22 

 

Essential oil quality of peppermint clones established in 

cultivation in the village of Bavaniste (South Banat, Serbia) 

 

Ana Stević1, Ljubiša Kolarić1, Andreja Komnenić2, Dejan Pljevljakušić*3  
  

1University of Belgrade, Faculty of Agriculture, Nemanjina 6, 11080 Belgrade, Serbia 
2University of Montenegro, Biotechnical Faculty, Cetinjski put 2, 81000 Podgorica, Montenegro 

3Institute for Medicinal Plants Research “Dr Josif Pančić”, Tadeuša Košćuška 1, 11000 Belgrade, Serbia 

 

Introduction 

 

Peppermint is one of the most cultivated medicinal 

plant species in the world. The annual turnover of 

peppermint raw material exceeds 100,000 tons, and its 

cultivation area is estimated to be about 4000 ha 

(FAOSTAT, 2021). However, the quality of the obtained 

plant raw material largely depends on the climate and 

growing conditions, but even more important is the 

assortment. The most commonly grown mint hybrid in the 

world is Mentha piperita which is a sterile multiple 

hybrid composed of M. aquatica, M. spicata and M. 

longifolia, while the most commonly grown variety of 

this hybrid is Black Mitcham. 

All species of the genus Mentha are rich in essential 

oils, but they significantly differ in qualitative and 

quantitative composition. Besides commercially desirable 

compounds, such as menthol and menthone, significant 

amounts of undesirable side-product such as menthofuran 

and its intermediate pulegone may be present in essential 

oils (Lawrence, 2006). There are also mint hybrids that 

contain high quantities of  linalool/linalyl acetate (e.g., 

‘‘Lavanduliodora’’). 

In this study, we aimed to evaluate the quality of 

essential oils of varieties of the genus Mentha grown in 

the village of Bavaniste (South Banat, Serbia). 

 

Materials and methods 

 

Plant material 
 

Plant samples were collected from production fields 

and the private collection of Vlastimir Živkov – Bikin in

the early flowering stage. The collected plant samples 

were i) M. piperita var. Black Mitcham, ii) M. piperita 

var. Danica, iii) M. spicata, iv) white mint weed (Mentha 

sp.) and v) mint-basil hybrid. The last two species are of 

unknown botanical origin. All species included in this 

research are deposited as voucher specimens in the 

Institute for Medicinal Plants Herbarium collection in 

Belgrade, Serbia.  

 

Essential oil extraction 
 

Air-dried herbal material was grounded, transferred 

to a flask, and subjected to distillation on a Clevenger-

type apparatus for 2.5 h according to the procedure 

described in the IV Yugoslavian Pharmacopoeia (Ph. Jug. 

IV, 1984). The yields of the extracted oils were read 

volumetrically, and the concentrated oils were collected 

from the burette of the apparatus with additional drying 

over anhydrous sodium sulfate. An amount of 20 µL of 

essential oil was dissolved in 2 mL of ethanol and left in 

the refrigerator until further analysis.  

 

GC and GC-MS analyses 
 

The chemical profile of the essential oils was 

determined by analysis on a GC followed by MS analysis 

of individual peaks. The analyses were performed on a 

Shimadzu GCMS-QP2010 ultra mass spectrometer fitted 

with a flame ionic detector and coupled with a GC2010 

gas chromatograph, while the InertCap5 capillary column 

(60.0 m×0.25 mm×0.25 µm) was used for separation. The 

separation, identification and quantification of volatile 

compounds were previously described in Drinić et al. 

(2021). 

mailto:dpljevljakusic@mocbilja.rs


74                                               Phytochemistry, ecology and diversity 

Maced. pharm. bull., 68 (Suppl 2) 73 - 74 (2022) 

Results and discussion  

 

Among tested Mentha varieties, Danica had the 

highest yield of essential oil (2.2 %), while M. spicata had 

the lowest amount (0.8 %). Black Mitcham, mint-basil 

hybrid, and white mint weed had similar yields of 

essential oils (1.8 %, 1.9 %, and 1.2 %, respectively). 

These results are in accordance with the previously 

published data on essential oil yields in the genus Mentha 

(Ludwiczuk et al., 2016).    

The most abundant compounds in essential oil 

extracted from variety Danica were menthone, menthol 

and neo-menthol (44.2 %, 26.5 % and 8.7 %, 

respectively), followed by 1.8-cineole + cis--ocimene 

(3.2 %, co-eluted), menthyl acetate (2.6 %), germacrene 

D (2.5 %) and trans-caryophyllene (2.1 %).  We were not 

able to find any reference on var. Danica essential oil 

composition to support our data. This is the first report for 

those copmounds in variety Danica. 

The essential oil from the Black Mitcham variety had 

an almost similar profile, where menthone (30.5 %), 

menthol (31.4 %), and neo-menthol (7.1 %) were the most 

dominant compounds followed by 1.8-cineole + cis--

ocimene (5.5 %, co-eluted) and cis-sabinene hydrate (5.0 

%). Other accompanying compounds were in the nearly 

same amount as in the Danica variety (menthyl acetate, 

2.6 %; germacrene D, 3.1 %; trans-caryophyllene, 2.4 %). 

Our data on var. Black Mitcham essential oil composition 

are similar to the previously reported findings of 

Gholamreza et al. (2019).  

The chemical profile of M. spicata essential oil was 

very different compared with the previous two Mentha 

varieties. Here, the most dominant compound was 

carvone (62.4 %), followed by germacrene D, -

burbonene trans-caryophyllene, and limonene (6.6 %, 4.3 

%, 3.0 %, and 2.6 %, respectively). These results are in 

accordance with Snoussi et al. (2015) analysys of M. 

spicata essential oil from Tunisia. 

 The essential oil from white mint weed had a 

significantly different profile than previous plant samples, 

where the most abundant compounds were linalool (50.7 

%), trans-piperitone epoxide (20.2 %), and cis-sabinene 

hydrate (8.9 %). Characteristic compounds for mint 

species such as menthone and menthol were present in 

lesser amounts (2.5 % and 1.1 %, respectively). A high 

amount of linalool has been reported in the oils of several 

Mentha hybrids, including M. aquatica var. citrata 

(Lawrence, 2006), while abundant piperitone epoxide is 

characteristic for some M. spicata hybrids (Kimbaris et 

al., 2017). Mint-basil hybrid produced essential oil with a 

high amount of linalool and geraniol (32.2 % and 30.0 %, 

respectively). Other accompanying components 

represented in smaller quantities were 1.8-cineole + cis--

ocimene (9.5 %, co-eluted), elemol (5.6 %) and -

terpineol (4.4 %). Linalool and geraniol are dominant 

components in Omani basil (Al Abbasy et al., 2015) and 

therefore this mint-looking species has a closer chemical 

composition to basil than to mint species.  

 

Conclusion 

 

Among five studied mint varieties, three 

conventionally cultivated species (B. Mitcham, Danica 

and M. spicata) showed commercially desirable 

properties of essential oils, while two species (white 

minth weed and mint-basil hybrid) differed significantly 

in their chemical composition. Producers should carefully 

select mint variaties for cultivation in accordance with the 

desired quality of the raw material, and they should also 

pay special attention to weed impurities that can 

significantly impair the quality. 
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Introduction 

 

Turmeric (Curcuma longa L., fam. Zingiberaceae) is 

one of the most cultivated plant that is used since ancient 

times as a spice, food preservative, colouring and flavour 

agent. The turmeric is also recognized as a herbaceous 

medicinal plant widely used in folk medicine for a long 

time in curing diseases, due to the bioactive compounds 

such as non-volatile curcuminoids (curcumin, 

demethoxycurcumin, and bisdemethoxy-curcumin) and 

volatile essential oil (sesquiterpenoids and mono-

terpenoids) usually synthesized in the rhizomes as the 

commonly used plant parts. The curcuminoids are 

lipophilic polyphenol compounds with a bright orange-

yellow color that possess a wide range of biological 

activities including antioxidant, antimicrobial, 

antiinflammatory, antidiabetic, antiaging, 

anticarcinogenic, antiinfective, cardio-protective, and 

neuroprorotective effects (Yadav et al., 2013; Rolfe et al., 

2020; de Oliveira Filho et al., 2021). 

The production of herbal drug preparations includes 

several steps, such as procedures for the proper collection, 

drying, and grinding of plant materials, followed by 

extraction, fractionation, concentration, and isolation of 

extractable compounds. Identification and quantification 

of major bioactive compounds is also recommended. Solid 

liquid extraction conditions such as temperature, time of 

extraction, solvent type, extraction technique used, solid 

and liquid ratio, as well plant material characteristics were 

studied to optimize yields, composition and properties of 

the extracts (Abubakar et al., 2020; Fongang et al., 2021). 

The aim of this study was to evaluate the efficiency of 

the solvent type for extraction of curcuminoids from 

turmeric (Curcuma longa L.).    

 

Materials and methods  

 
Plant material. Turmeric powder purchased from 

BIOCOSMOS Aronija, Zdrava Hrana, DOOEL (Skopje, 

Republic of North Macedonia).  

Extraction of plant material. The extraction of 

turmeric powder (5 g ± 0.1 mg) was carried out with 

Soxhlet method using 250 mL solvent. The solvents used: 

ethanol (96% v/v), acetone, methanol, diethyl ether and n-

hexane were supplied from Merck (Darmstadt, Germany). 

After 300 min extraction, the solvent was removed at 40°C, 

200 mPa using a rotary evaporator (Devarot 

Elektromedicina, Slovenia). The steps of drying, cooling, 

and weighing were repeated until the difference between 

two consecutive weights was smaller than 2 mg. The yield 

of the extract was calculated based on the dry matter weight 

(DM) of sample used. The extraction procedure was 

performed in duplicate under the same operating 

conditions. 

Surface colour determination. The colour CIE Lab 

parameters of turmeric samples before and after extraction, 

L* (lightness/darkness), a* (red/green), b* (yellow/blue), 

chroma (C), and hue (H°) were determined by using Dr. 
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LANGE spectra colorimeter (Chelmsford, UK) at 

Illuminat D65 and 10° observer angle as reference. The 

standardized values for a white plate were L*= 95.68, 

a*=−0.53, and b*=3.12. The measurements in then 

replications were performed. Color difference (ΔE) was 

calculated by using Hunter-Scotfield's equation 

ΔE=(Δa2+Δb2+ ΔL2)1/2 where a=a*0–a*1, b=b*0–b*1, and 

L=L*0–L*1. The subscript “0” and “1” indicates the 

turmeric sample before and after extraction.  

TLC analysis. Compounds of turmeric extracts were 

separated on silica gel 60 F254 plates in chloroform and 

methanol (95:5 v/v) as a mobile phase. The compounds 

were visualized under ultraviolet light at wavelength of 

254 nm. Retention values (Rf) were calculated. Each 

separated spots was scraped, transferred in 1 mL ethanol, 

and centrifuged for 15 min at 5000 rpm (centrifuge type 

Heraeus Biofuge Fresco, UK). The obtained extract was 

transferred with ethanol in 5 mL volumetric flask. UV-

Visible spectral characteristics were determined on a 

Varian Cary Scan 50 spectrophotometer (Switzerland).    

Determination of total curcuminoid content. The 

turmeric extracts were dissolved in volumetric flask (25 

mL) with ethanol (96% v/v). The absorbance was measured 

at wavelength of 460 nm in 1 cm quartz cells, at 25°C. The 

curcuminoid content was calculated using the extinction 

coefficient of the curcumin (1%E427nm=61864) in ethanol 

(Majhi et al., 2010). 

  

Results and discussion 

 

The color of turmeric extracts obtained with ethanol, 

methanol and acetone was dark yellow-orange, while 

extracts obtained by using non-polar diethyl ether and n-

hexane were characterized with light yellow-orange and 

yellow colour, respectively. The yield of ethanolic turmeric 

extract was the highest (10.02 g/100 g DM) in comparison 

to the other used solvents i.e. methanol (9.08 g/100 DM), 

acetone (6.83 g/100 g DM), diethyl ether (6.33 g/100 g 

DM), and n-hexane (3.45% g/100 g DM). The determined 

values for the turmeric colorimetric were L*(29.24), 

a*(12.87), b*(43.34), C (45.22), and Ho (73.40). The 

highest ΔE value (30.15) was determined when turmeric 

was extracted with diethyl ether. At turmeric extraction 

with acetone was calculated the lowest value for color 

difference (ΔE=22.36). No spots were separated on the 

TLC plate with n-hexane extract. From the turmeric 

extracts obtained with ethanol, methanol, acetone, and 

diethyl ether on the TLC plates were separated three spots 

with Rf values that ranged between 0.622÷0.666, 

0.738÷0.755, and 0.822÷0.827. The separated spots refer 

to curcumin (Rf=0.83), dimethoxycurcumin (Rf=0.75) and 

bismethoxycurcumin (Rf=0.66) according toMajhi et al. 

(2005). In the visible spectral part, the absorption 

maximum (max) for the first separated spot was at 416 nm, 

while for the second and the third separated spot were at 

422÷424 nm and 426÷432 nm, respectively. The turmeric 

extracts obtained with ethanol, methanol, acetone and 

diethyl ether show λmax in the UV (195÷210 nm and 

234÷237 nm) and the visible region (423 ÷427 nm). In the 

n-hexane turmeric extract, λmax values were determined at 

195÷199 nm, 237÷298 nm, and 344÷349 nm. The highest 

curcuminoid content expressed as curcumin (1560 mg/100 

g extract) was obtained when extraction solvent diethyl 

ether was used. The curcuminoid content in the extracts 

obtained with ethanol, methanol and acetone was 500 

mg/100 g, 598 mg/100 g, and 837 mg/100 g, respectively. 

Due to the low curcuminoid solubility in the aliphatic 

organic solvents such as n-hexane, small quantity of 

curcuminoids in the extract (12 mg/100 g) was determined.  

 

Conclusion 

 

At the turmeric extraction, the highest extract yield 

was obtained with ethanol, while the diethyl ether allows 

to obtain the extract richest in the biologically active 

curcuminoids. 
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Introduction 

 

Sideritis scardica Griseb. is an endemic species in the 

Balkan Peninsula. It is used in traditional medicine as a 

loosening agent in bronchitis and bronchial asthma; 

against the common cold and lung emphysema; in the 

treatment of inflammation, gastrointestinal disorders, and 

coughs; and as an active constituent of dietary 

supplements for the prevention of anemia (Todorova and 

Trendafilova, 2014). For this reason, it is a subject of 

intensive exploitation. The important role of Sideritis 

scardica as a traditional remedies tea and its conservation 

status has required its cultivation as market production. S. 

scardica is cultivated very difficultly; as it grows in high 

mountains up to 1200 m (Kostadinova et al., 2008). 

Various extracts of S. scardica are rich with phenolic 

acids, phenylpropanoids, flavonoids (Petreska et al., 

2011), diterpenes, hydrocarbons, and complex mineral 

composition (Karapandzova et al., 2013), as well volatile 

monoterpenes and sesquiterpenes (Qazimi et al., 2014).  

S. scardica is very popular and widely advertised 

herb in Europe. In addition, the toxicity and the side 

effects from the usage of S. scardica as well as clinical 

trials need attention. For the practice, it is important to 

improve cultivation conditions in order to increase the  

accumulation of biologically active compounds and to 

obtain herbs with permanent and good quality (Todorova 

and Trendafilova, 2014). Several wild and aromatic herbs 

are used for medicinal and traditional phytotherapeutic 

purposes since they are considered as important source of 

essential minerals. Spontaneous herbs are also a potential 

link to the transfer of contaminants and heavy metals 

from the environment to humans through the food chain 

(Volpe et al., 2015). 

The aim of this work was to determine the mineral 

content in spontaneous and cultivated flowering stems of 

mountain tea (Sideritis scardica Griseb.). 

 

Materials and methods  

 

Plant material 
 

 The flowering stems of S. scardica were collected in 

four different localities in North Macedonia. The 

spontaneous samples were collected from Ljuboten (Shara 

Mountain), Gurgurnica (Suva Gora), and Lazaropole 

(Bistra). One cultivated sample was collected from Dren 

(near Prilep). The plant material was air-dried, packed in 

paper bags, and kept in a dark and cold place until 

analysis. 

 

Digestion and Chemical Analysis 
 

Samples were digested in a microwave system by
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 the wet digestion method. 0.5 g of tea sample were put in 

the Teflon tube, where 7 ml of HNO3 and 2.5 ml of H2O2 

were added. The mixture was left to react for 10 min. 

Then Teflon tubes were introduced in the microwave 

system ((Mars, CEM, USA) with the following program: 

10 min up to 180oC, hold time of 20 min at 180oC. After 

digestion, the obtained solutions were filtered, poured into 

25 mL plastic flasks, and the rest of the vessel was filled 

with redistilled water and sent for elements chemical 

analysis. 

By the application of inductively coupled plasma – 

atomic emission spectrometry (ICP-AES, Varian, model 

715ES) and inductively coupled plasma – mass 

spectrometry (ICP-MS, Plasma Quant ICP-MS, Analytic 

Jena, Germany) the following 25 elements were 

determined: Al, As, B, Ba, Bi, Ca, Cd, Co, Cs, Cr, Cu, Fe, 

Ga, K, Li, Mg, Mn, Na, Ni, P, Pb, Rb, Sr, V, and Zn. The 

QC/QA of the applied technique was performed by the 

standard addition method, and it was found that the 

recovery for the investigated elements ranges between 

98.5–101.2 %. Quality control was also ensured by 

standard moss reference materials M2 and M3, which are 

prepared for the European Moss Survey (Steinnes et al., 

1997).  

 

Results 

 
Results from this study showed the presence of 25 

elements in spontaneous (Ss) and cultivated (Sc) 

flowering stems of S. scardica using ICP-AES and ICP-

MS methods. The concentrations of Al, B, Ba, Ca, Cr, Cu, 

Fe, K, Mg, Mn, Na, P, Sr, V, and Zn in all analyzed 

samples were determined by ICP-AES, while the 

concentrations of As, Bi, Cd, Co, Cs, Ga, Li, Ni, Pb, and 

Rb were determined by ICP-MS method.  

In all analyzed Ss and Sc samples, the minerals 

present in the highest amounts were macronutrients: K 

(13889-14761 and 16419 mg/kg) and Ca (9127-9891 and 

12628 mg/kg), followed by Mg (2025-2104 and 4259 

mg/kg) and P (1808-2137 and 2907 mg/kg), respectively. 

These minerals were dominant in the Sc sample of S. 

scardica. 

The essential micronutrients Fe, Na, Mn, Zn, B, and 

Cu in Ss and Sc samples were detected in the range 

between 157-271 and 124 mg/kg, 51.5-68.9 and 73 

mg/kg, 30.57-41.2 and 32.5 mg/kg, 17.6-26 and 23.5 

mg/kg, 25.1-55.8 and 57 mg/kg, and 8.32-10.8 and 8.49 

mg/kg of DW, respectively. Fe content was higher in Ss 

samples compared to Sc sample. Toxic heavy metals (As, 

Cd, Cr, Ni, Co and Pb) were detected in Ss and Sc 

samples with concentration 0.09-0.12 and 0.06 mg/kg, 

0.032-0.038 and 0.057 mg/kg, 0.65-1.84 and 0.24 mg/kg, 

0.64-1,04 and 1.06 mg/kg, 0.17-0.19 and 0.10 mg/kg and, 

0.70-1.43 and 0.45 mg/kg, respectively. They were within 

the maximal permissible limit of FAO/WHO for herbal 

medicines.  The content of As, Cr, Co, and Pb was higher 

in Ss samples, while the content of Cd and Ni was in Sc 

sample.  

 

Conclusion 

 

There was almost no difference in the chemical 

profiles of the mineral content between Ss and Sc 

samples. The differences in mineral content between Ss 

and Sc samples are directly correlated with differences in 

macronutrients and some toxic heavy metals content. The 

Sc sample exhibited similar mineral content profile 

compared to Ss samples of S. scardica, and therefore can 

be recommended as promising plant material from this 

endemic aromatic plant species rich in minerals. 
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Introduction 

 

Tobacco (Nicotiana tabacum L.) can be used as a 

valuable source of bioactive compounds, such as alkaloids 

and polyphenols with antioxidant, anti-inflammatory and 

anti-fungal activity. Polyphenols are important flavoring 

substances in Oriental tobacco, accounting for 

approximately 3 % of dry weight and their concentrations 

are depended on maturity, variety, curing, and the 

conditions of fermentation process (Dagnon et al., 2003; 

Perfetti et al., 2008). The major polyphenols in tobacco are 

chlorogenic acid (3-O-caffeoylquinic acid) and its isomers 

neochlorogenic acid (5-O-caffeoylquinic acid) and 4-O-

caffeoylquinic acid, as well flavonoids such as rutin 

(quercetin-3-rutinoside) and kaempferol-3-rutinoside (Zou 

et al., 2021). The research interest in polyphenols as 

bioactive compounds extracted from tobacco and tobacco 

waste (scrap, dust, midrib) has been increased over the past 

years (Banožić, et al, 2020). Despite the numerous studies 

that have shown a wide range of biological activities of 

tobacco, the scientific data focusing on modern, rapid and 

simple extraction methods followed by a clean-up step are 

still lacking (Ranušová et al., 2021). 

The aims of the present work are: (1) to develop an 

ultrasound-assisted extraction (UAE) followed by clean-up 

step with Solid phase extraction (SPE) cartridges prior to 

the analysis of polyphenols, (2) to optimize the methods for 

analysis of total polyphenols and flavonoids from purified 

extract, and (3) to determine the yields of total polyphenols 

and flavonoids in extract of oriental tobacco samples -.  

 

Materials and methods  

 
Plant material. Fermented and unfermented leaves of 

oriental tobacco varieties Prilep 66-9/7 and Yaka JK-125/3 

was obtained at the Scientific Tobacco Institute Prilep, 

Republic of North Macedonia.  

Chemicals and Reagents. Analytical grade chemicals 

that were used for extraction and characterization were 

purchased from Sigma-Aldrich (UK), including Folin and 

Ciocalteu’s phenol reagent, hexahydrate aluminum 

chloride, ferric chloride, gallic acid and rutin. Ethanol 

(96% v/v), potassium acetate, sodium carbonate was 

supplied from Merck (Darmstadt, Germany). Chromabond 

C18 cartridge was supplied from Macherey-Nagel (Hoerdt 

Cedex, France). 

Extraction procedure. One g of tobacco powder (0.250 

mm, 7.2 % moisture) was extracted with 30 mL of ethanol-

water (60:40, v/v) solution in ultrasonic bath DU-22, 30 to 

40 kHz (Clifton, UK) for 30 min and temperature of 30°C. 

The extract was filtered through PTFE filter 0.45µm. The 

filtrate (5 mL) was loaded onto a Chromabond C18 

cartridge (6 mL, 500 mg), previously conditioned with 10 

mL methanol and 10 mL deionized water, respectively. 

The first 3 mL eluates were discarded, and the following 2 

mL eluates were analyzed. 
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Determination of total polyphenols content (TPC) and 

total flavonoid content (TFC). The total polyphenols (TPC) 

and total flavonoid content (TFC) of the purified extracts 

from unfermented and fermented tobacco leaves was 

determined by the Folin-Ciocalteu method and aluminum 

chloride colorimetric method, respectively. The results 

were calculated according to the calibration curves of the 

mass fraction gallic acid and rutin. The TPC value was 

expressed as mg gallic acid equivalents (GAE), and TFC 

as mg rutin equivalents (RU) per gram of dry matter (DM). 

All measurements were made in three replicates. 

Determination of nicotine in extracts. Quantitative 

determination of nicotine in tobacco and tobacco products 

has been performed according CORESTA Recommended 

Method No. 62, using a 7890B Gas Chromatograph (GC) 

System equipped with a Flame ionization detector (FID). 

Statistical analysis. STATISTICA 8 software 

(StatSoft, Inc., USA) was applied.  The data were analyzed 

with one-way ANOVA followed by multiple comparisons 

with Tukey's honest significant difference (HSD) test at the 

5 % significance level (p < 0.05).  

 

Results and discussion 

 
Tobacco plants, especially those of Oriental tobacco, 

are rich source of polyphenols and flavonoids. During the 

fermentation process, phenolic compounds were 

metabolized by enzyme polyphenol oxidase and their 

content was lowered. Ultrasound-assisted extraction has 

been widely used for the extraction of bioactive 

compounds from tobacco leaves. In available literature 

data (Docheva, et al, 2014), various extraction parameters 

(solvent, temperature, time and solvent-solid ratio) have 

been reported for extraction of polyphenols and flavonoids.  

In our study, we applied the extraction conditions 

reported by Banožić et al., (2019), which are optimized for 

different tobacco matrices.  

The extract yield from different tobacco samples 

varied slightly. The higher yield was extracted from leaves 

of Prilep 66-9/7 (0.602 g/g DM) compared to Yaka JK-

125/3 (0.581 g/g DM). The variations in the yield of 

extracts from those tobacco varieties might be attributed to 

the availability of different extractable phenolic 

compounds, depending on the plant chemical composition, 

soil and agro-climatic conditions. 

The results showed that the TPC and TFC values in the 

extract of unfermented tobacco Yaka JK 125/3 were 

23.62±0.05 mg GAE/g and 12.91±0.01 mg RE/g 

respectively. The contents of TPC and TFC in unfermented 

tobacco Prilep 66-9/7 were 19.34±0.06 mg GAE/g and 

10.89±0.01 mg RE/g, respectively. The TPC and 

TFCvalues of fermented tobacco were significantly lower 

than those of unfermented tobacco i.e. 14.06±0.02 mg 

GAE/g in Yaka JK 125/3 and 9.19±0.04 mg GAE/g in 

Prilep 66-9/7. The contents of TFC in tobacco Prilep 66-

9/7 was 5.01±0.02 mg RE/g and 7.02±0.01 mg RE/g in 

Yaka JK 125/3. The optimized extraction and clean-up 

conditions showed the presence of phenolic compounds in 

all tobacco samples. On the other side, the nicotine content 

was non-detectable in analyzed tobacco samples.  

 

Conclusion 

 

This work reveals the differences of phenolic contents 

among unfermented and fermented leaves of Macedonian 

Oriental tobacco varieties and provides comprehensive 

information about phenolic distribution and potential 

utilization of tobacco varieties in pharmaceutical industry. 

The results highlight the importance of the clean-up step 

for purifying the extract from phenolic acids and nicotine 

and promoting tobacco and its waste as source of high 

value compounds. 
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Introduction 

 

Juniperus communis L. (common juniper) is the most 

exploitable species from the genus Juniperus 

(Cupressaceae). Essential oil (EO) obtained from ripe, 

non-fermented berry cones is official according to the 

monograph in the European Pharmacopeia (Ph. Eur.10), 

where 1% is the minimum required content. Juniper oil is 

used in the traditional Turkish medicine as a diuretic, for 

gastrointestinal problems and as a general antiseptic. It is 

believed to have both anti-inflammatory and analgesic 

effects. Dissimilarities in the EO chemical composition 

are observed in the literature and are attributed to the 

geographical location, age and degree of plant ripeness, 

harvesting methods and distillation techniques (Harhour  

et al., 2018). The Juniper EO extracted from berries has 

been investigated and established for its in-vitro 

antioxidant and anti-radical activities which are mostly 

dependent on the nature of the oil components and their 

concentrations. 
The aim of the present study was to investigate the 

chemical composition of the commercially obtained 

essential oils of juniper berries from Macedonia and to 

assess their antioxidant activity in vitro. 

 

Materials and methods  

 
Essential oil 
 

The essential oil (EO) was a commercial product,

 originating from two different locations in North 

Macedonia (Mavrovo and Berovo).  

 

Gas chromatography (GC)  
 

Adams chromatographic conditions given in the book 

entitled “Identification of essential oil components by gas 

chromatography/mass spectrometry” were used for GC-

MS analysis of the oils. The chromatographic profile was 

analyzed using the relative percentages of the individual 

components based on the FID response (Adams, 2007). 

 

Determination of total phenolic and flavonoid content 
 

The total phenolic content (TPC) of the EOs were 

determined with the Folin-Ciocalteu reagent according to 

a procedure described by Singleton et al. (1999) and the 

absorbance was measured at 765 nm where gallic acid 

was used as positive control. 

On the other hand, the total flavonoid content (TFC) 

of the EOs were estimated using an AlCl3 colorimetric 

assay by Zhishen et al., 1999, and the absorbance was 

measured at 430 nm, while quercetin was used as a 

positive control. 

The examined concentration of the EO was 100 

µg/mL. 

 

DPPH assay and β-carotene bleaching method for 

determination of the antioxidant potential 
 

The free radical scavenging abilities of the samples
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 were measured after neutralization of the DPPH radical 

according to the method of Gyamfi et al., 1999, with 

small adaptations. For this analysis essential oils with a 

concentration range from 1 - 10 mg/mL were used. 

The linoleic acid/β-carotene system was used to 

determine the anti-lipid peroxidation activities of the 

samples. For this analysis EOs with a concentration range 

from 0.05 - 1 µg/mL were used. 

Ascorbic acid (AA) and butylated hydroxyanisole 

(BHA) were used as positive controls for both assays. 

 

General experimental procedures  
 

Cary 50 UV-VIS spectrophotometer from Agilent 

Technologies, was used for absorbance measurements to 

determine the TPC, TFC, DPPH and β-carotene bleaching 

assay. Anton Paar MCP 200 polarimeter and RM40 

Mettler Toledo refractometer were used for optical 

rotation and refractive index determination, while Agilent 

7890А Gas Chromatography system equipped with FID 

detector and Agilent 5975C Mass Quadrupole was used 

for identification of chemical composition of essential 

oils. 

 

Results and discussion 

 

The EOs isolated from J. communis berries from two 

different locations in North Macedonia were analyzed 

using GC/FID/MS. The results showed that the oils' 

chemical profiles meet the Ph.Eur.10 monograph 

requirements, and the identified nine components 

represent 86.82% and 76.85% of the total EOs 

composition from Berovo and Mavrovo, respectively. 

Monoterpene hydrocarbons were predominant fraction in 

the EOs and α-pinene (44.19% and 37.70% for EOs from 

Berovo and Mavrovo, respectively) and β-myrcene 

(20.76% and 18.02% for EOs from Berovo and Mavrovo, 

respectively) were the main constituents. β-Caryophyllene 

and Germacrene D were identified from the 

sesquiterepene fraction present with more than 2% in the 

EOs from both locations. Regardless of the domination of 

the monoterpene compounds in the oils, there are 

differences in their quantitative composition preferably 

due to the different geographical locations (Berovo and 

Mavrovo) which result with individual biological 

properties of each oil. 

Optical rotation (-5.123 for EO from Berovo and -

6.943 for EO from Mavrovo) and refractive index (1.472 

for EO from Berovo and 1.476 for EO from Mavrovo) 

were determined, and the results meet the monograph 

requirements. 

The phenolic content was calculated from the 

following gallic acid calibration curve y=0.0034x+0.087, 

R2=0.97, and expressed as mg of gallic acid equivalents in 

g of oil (614.60±38.02 mg GAE/g and 930.41±33.09 mg 

GAE/g for EOs from Berovo and Mavrovo respectively). 

The flavonoid content was calculated from the following 

quercetin calibration curve y=0.0102x-0.0637, R2=0.97 

and expressed as mg of quercetin equivalents in g of oil 

(340.93±6.50 and 340.62±12.55 mg QE/g for EOs from 

Berovo and Mavrovo respectively). The obtained results 

suggested that the oil obtained from berries collected from 

Mavrovo has higher total phenolic and flavonoid content 

compared to the oil from Berovo. The differences 

between analyzed samples are probably result of the 

genetic or environmental factors. 

Juniper berry EOs from Berovo and Mavrovo were a 

DPPH radical reducer with IC50 values of 11.9 mg/mL 

and 20.78 mg/mL, respectively. When compared to BHT 

and AA, both oil samples were clearly less effective than 

these synthetic antioxidants. The low antioxidant activity 

of the examined oils in DPPH assay may be partially due 

to the dominance of α-pinene which in the literature can 

be found as weak antioxidant (Harhour et al., 2018). 

On the other hand, 0.05 µg/mL concentration of the 

EOs from Berovo and Mavrovo reduced more than 80% 

of the extent of β-carotene bleaching by neutralizing the 

linoleate-free radical which is formed in the system. 

However additional analysis should be performed for 

clarification of the antioxidative potential of the oils.  

 

Conclusion 

 

The purpose of this research was to examine the 

chemical composition and antioxidant properties of 

Juniperus communis L. essential oils from two regions in 

North Macedonia (Mavrovo and Berovo). The results 

from the chemical composition, optical rotation and 

refractive index meet the Ph.Eur.10 monograph 

requirements, however both of the oils showed limited 

potential as antioxidants. Therefore, suitable 

investigations are essential to evaluate the effectiveness of 

these oils as antioxidants in food system. 

 

References 

 
Adams, R.P., 2007. Identification of essential oil components by 

gas chromatography/mass spectrometry (Vol. 456, pp. 544-

545). Carol Stream: Allured publishing corporation.  

Harhour, A., Brada, M., Fauconnier, M.L., Lognay, G., 2018. 

Chemical composition and antioxidant activity of algerian 

Juniperus phoenicea essential oil. Nat. Prod. Sci. 24(2), 

125-131. doi: https://doi.org/10.20307/nps.2018.24.2.125. 

 

doi:%20https://doi.org/10.20307/nps.2018.24.2.125


 

 
 

Macedonian pharmaceutical bulletin, 68 (Suppl 2) 83 - 84 (2022) 

Online ISSN 1857 - 8969 

DOI: 10.33320/maced.pharm.bull.2022.68.04.036 

Short communication 

 

 

 
 

*milica.miletic@bio.bg.ac.rs                                                                                                                         S1 PP 27 

 

Antimicrobial activity of ethyl acetate extract of an endemic 

Centaurea glaberrima Tausch (Asteraceae) 

 

Milica Miletić*1, Marija Ivanov2, Jelica Novaković1, Pedja Janaćković1 

  

1University of Belgrade - Faculty of Biology, Department of Morphology and Systematics of Plants,  

Studentski trg 16, 11000 Belgrade, Serbia 
2Department of Plant Physiology, Institute for Biological Research “Siniša Stanković”, National Institute of Republic of 

Serbia, University of Belgrade, Bulevar despota Stefana 142, 11000 Belgrade, Serbia 

 

Introduction 

 

Global health and modern medicine are facing a 

worldwide issue nowadays – antimicrobial resistance of 

microorganisms. A great interest in the pursuit of 

bioactive compounds from plants that can be 

antimicrobial drugs has been triggered due to multidrug 

resistance in pathogenic microorganisms and undesirable 

side effects of certain antibiotics (Alviano & Alviano, 

2009).  

Ethnobotanical data suggest that many Centaurea 

species are traditionally used for treatment of various 

ailments in people and animals, as well as for 

nourishment (Khammar & Djeddi, 2012). Extracts 

obtained from Centaurea exhibit wide range of biological 

activity (Khammar & Djeddi, 2012) with a numerous 

studies concerning antimicrobial activity (Güven et al., 

2005; Karamenderes et al., 2006; Özcan et al., 2019; 

Dimkić et al., 2020).  

Centaurea glaberrima Tausch (Asteraceae), Circum-

Mediterranean Clade sensu Hilpold et al. (2014), is an 

endemic plant species that inhabits fields as well as a 

rocky cliffs and waste places in the West Balkans (Dostál, 

1976). 

There is no information on biological activity of C. 

glaberrima therefore the aim of this study was to 

investigate antimicrobial potential of ethyl acetate extract 

of this endemic species. 

 

Materials and methods 

Plant material 
 

Plant material of C. glaberrima was collected in 

August 2021 at the Orjen Mountain (Montenegro). 

Voucher specimen (BEOU 38660) was deposited at the 

Hebarium of the University of Belgrade, Faculty of 

Biology, Institute of Botany and Botanical Garden 

”Jevremovac” (Thiers, 2016).  

 

Extraction 
 

Plant material, 10 g of air-dried C. glaberrima aerial 

parts, was milled into powder using a laboratory mill and 

submerged in 150 mL of ethyl acetate for 24 hours. After 

that  the sample was ultrasonicated for 15 min and filtered 

afterwards. In order to re-extract the plant residue, 

procedure was repeated twice for 48 hours each time 

using additional 150 mL of solvent. After last repeat, 

sample was evaporated to dryness using rotary vacuum 

evaporator.  

 

Antimicrobial activity 
 

Antimicrobial potential of extract was investigated on 

four bacterial strains (Escherichia coli ATCC 35210, 

Klebsiella pneumoniae ATCC 13883, Pseudomonas 

aeruginosa PAO1, and Staphylococcus aureus ATCC 

6538) and three Candida strains (Candida auris ATCC 

11903, Candida parapsilosis ATCC 22019, and Candida 

tropicalis ATCC 750) using microdilution method. 

Minimum inhibitory and minimum bactericidal 
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concentrations (MIC/MBC) were determined by a serial 

microdilution of C. glaberrima extract in 96-well 

microtiter plates following the protocol described by 

Kostić et al., 2017. Minimal inhibitory and minimal 

fungicidal concentrations (MIC/MFC) were determined 

according to the modified EUCAST, 2002 procedure.  

 

Results and discussion 

  

Ethyl acetate extract of C. glaberrima showed 

moderate antibacterial and anticandidal activity. 

Escherichia coli ATCC 35210 and Pseudomonas 

aeruginosa PAO1 were more susceptible to the extract 

(MICs 0.5 mg/ml) than Klebsiella pneumoniae ATCC 

13883 and Staphylococcus aureus ATCC 6538 (MICs 1 

mg/mL). Extract exhibited the strongest anticandidal 

activity against Candida parapsilosis ATCC 22019 (MIC 

0.25 mg/mL) while C. auris ATCC 11903 and C.  

tropicalis ATCC 750 were equally susceptible (MICs 1 

mg/mL).  

Previous study of antimicrobial activity of several 

Centaurea species showed that the ethyl acetate extracts 

were the most active against bacteria and Candida species 

(Güven et al. 2005). Species from Circum-Mediterranean 

Clade are scarcely investigated from the aspect of 

biological activity, including antimicrobial activity. It was 

shown that extracts of capitula and aerial parts of 

Centaurea kilaea inhibited the growth of P. aeruginosa at 

concentrations 312 µg/mL which is lower than MIC from 

current study (0.5 mg/mL). Extracts also exhibited 

activity against C. albicans (MICs 312 µg/mL), and it was 

more susceptible than Candida strains investigated herein, 

with an exception of C. parapsilosis (0.25 mg/mL). 

Extract of aerial parts of C. cuneifolia inhibited the 

growth of S. aureus (MIC 625 µg/mL) (Şen et al., 2014) 

more than C. glaberrima extract (MIC 1mg/mL). Extracts 

of C. cariensis ssp. maculiceps and C. cariensis subsp. 

microlepis were active against E. coli (MICs 2 and 4 

mg/mL, respectively), and S. aureus (MICs 2 mg/mL) 

(Tekeli et al., 2011) in concentrations higher than 

obtained in this study. C. virgata exhibited activity 

against E. coli as well (MIC 1 mg/mL) (Tekeli et al., 

2011).  

 

Conclusion 

 

Centaurea glaberrima ethyl acetate extract showed 

promising results in microdilution assay against tested 

bacteria and yeasts. To the best of our knowledge, this is 

the first study concerning biological activity of this 

species and outcome encourages further investigation. 
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Introduction  

 

Genus Artemisia L. is one of the largest genera from 

the Asteraceae family, mainly distributed in the northern 

hemisphere (Tan et al., 1998). Artemisia absinthium L., 

wormwood, is a perennial, aromatic herb, traditionally 

used for medicinal purposes (Sargin et al., 2013).  

Wormwood contains different specialized metabolites 

including phenols and flavonoids (Singh et al., 1970). 

These natural compounds can be responsible for some 

biological activities, so the aim of this study is to 

determine the phenols, and to investigate their antifungal 

potential. 

 

Materials and methods  

 
Plant material 
 

The leaves of A. absinthium were collected from 

Subovac (Serbia, 44°09'19''N, 22°03' 26''E) in 2020. The 

voucher specimen (BEOU17802) was deposited at the 

Herbarium of the University of Belgrade – Faculty of 

Biology, Institute of Botany and Botanical Garden 

“Jevremovac”. 

 

Preparation of leaf extract 
 

Dried leaves (10g) were milled into powder, and then 

150 ml of a solvent mixture of methanol and 

dichloromethane (MeOH: DCM = 1:1) was added. The 

sample was ultrasonicated for 30 min in the ultrasonic 

bath at 25 °C, filtered, evaporated to dryness using a 

rotary vacuum evaporator, and stored at 4 °C before the 

analyses.  For the analysis of phenolic compounds extract 

was dissolved in MeOH at concentration of 30 mg/ml. For 

antifungal activity, extract was dissolved in 5% dimethyl 

sulfoxide (DMSO) at concentration of 40 mg/ml. 

 

Chemical profiling of extract 
 

      The phenolic profile of the extract was determined by 

UHPLC-DAD-ESI/MS2. Compounds were separated and 

identified as previously described (Mišić et al. ,2015). 

Phenolic compounds were identified based on their 

chromatographic behavior and mass spectra by 

comparison with standard compounds. Data acquisition 

was carried out with Xcalibur software. For quantitative 

analysis, a calibration curve for each available phenolic 

standard was constructed based on its MS spectra. 

 

Tested fungal isolates 
 

Isolated fungi used in this study were: Alternaria 

alstromeriae, Aspergillus parasiticus, Botrytis cinerea, 

Cladosporium cladosporioides, Culvularia spicifera, 

Fusarium graminearum B1, F. graminearum CIK, F. 

oxysporum, F. verticillioides, Monillinia laxa, Penicillium 

citreonigrum and P. expansum, The fungal isolates were 

deposited in the official culture colection of the 

Department for Algology, mycology and lichenology, 

Institute of Botany and Botanical Garden “Jevremovac”, 

Faculty of Biology, University of Belgrade. 
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Antifungal activity 
 

Antifungal activity was tested against selected 

phytopathogenic fungi using two different methods: 

microdilution assay, and mycelial growth assay. 

Microdilution was used to determine the minimum 

inhibitory concentration (MIC), and minimal fungicidal 

concentration (MFC) using 96-well microtiter plates 

(Hanel & Rather, 1998). Mycelial growth dynamics were 

analyzed utilizing colony diameter measurement after 

treatment with A. absinthium extract (Unković et al., 

2015), and percent growth inhibition (%) was calculated 

per formula described in Pandey et al., 1982.  

    

Results and discussion 

 

In this study seven phenolics and one cyclitol (quinic 

acid) were identified. The main compound was 

chlorogenic acid (0.71 mg/g) followed by quinic acid 

(0.47 mg/g). Other compounds were present in smaller 

quantities: rutin (0.08 mg/g), quercetin (0.07 mg/g), 

caffeic acid (0.05 mg/g), narcissin (0.04 mg/g), 

naringenin (0.04 mg/g), apigenin (0.04 mg/g), hispidulin 

(0.03 mg/g), aesculin (0.03 mg/g), isoquercetin (0.02 

mg/g), apigetrin (0.02 mg/g) and vitexin (0.01 mg/g). 

These results are congruent with literature data about the 

phenolic profile of plant extracts (Lee et al., 2013). 

Chlorogenic acid can be responsible for antifungal 

activity, especially against B. cinerea. This phenolic acid 

has the possibility to inhibit spore germination and 

mycelial growth of plant pathogenic fungi (Martínez et 

al., 2017). The high antifungal activity was against B. 

cinerea (41.17% inhibition of mycelial growth). The 

extract also caused a significant reduction in the growth 

of A. alstromeriae (25.92%), and M. laxa (22.58%).  

Mycelial growth assay showed that the most resistant 

fungus was F. graminearum B1, since tested extract 

didn’t inhibit mycelial growth at all (0%). High resistance 

was also documented for Cu. spicifera (3.22%), Cl. 

cladosporioides (5.71%), and F. graminearum CIK 

(7.69%). 

MIC assay indicate that also B. cinerea was the most 

sensitive (MIC 2.5 mg/ml, MFC 20 mg/ml). In addition, 

extract exhibited high activity against F. verticillioides 

(MIC 5 mg/ml, MFC 10 mg/ml). Moderate antifungal 

activity was noted against F. oxysporum (MIC 10 mg/ml, 

MFC 20 mg/ml), and P. citreonigrum (equal MIC and 

MFC value of 10 mg/ml). The low antifungal activity was 

against: A. parasiticus, C. cladosporioides, and P. 

expansum (equal MIC and MFC values >20 mg/ml).  

 

 

 

Conclusion 

 

Plants synthesize different specialized metabolites, 

and some of them have a role in plant protection against 

phytopathogenes. This study showed the antifungal 

activity of wormwood against phytopathogenic fungi, so 

traditional use of this herb was confirmed. 
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Introduction 

 

The olive tree (Olea europaea L.) is one of the most 

important agricultural plant of considerable ecological 

and socioeconomic importance. The fungus Venturia 

oleaginea (Castagne) Rossman & Crous represents the 

most widespread fungal pathogen of olive species in the 

world (Bernès 1923) causing foliar disease olive leaf spot 

- OLS (peacock's eye), and resulting in complete 

defoliation and consequently yield losses.  
Many bioactive compounds can function as 

constitutive or inducible barriers against microbial 

pathogens, and their composition can change in response 

to microbial attack. Phenolic compounds often have role 

in plant defence against pathogens and their synthesis and 

accumulation are associated with plant host resistance (El 

Modafar & El Boustani, 2005). 

The aim of our study was to perform phytochemical 

screening of symptomless and infected leaves of Olea 

europaea var. ‘Istrska Belica’ in order to get insight into 

the composition of mainly phenolic compounds.  

 

Materials and methods 

 
Plant material 
 

Leaves (symptomless, leaves on a branch and fallen, 

both infected with V. oleaginea and showing symptoms of 

OLS) were collected in November 2018 after harvest 

from olive grove in Bonini, Slovenia from randomly 

selected olive trees, treated according to the integrated 

pest menagement practice. The voucher specimen (BEOU 

17677) was deposited at the Herbarium of the University 

of Belgrade - Faculty of Biology. 

 

Extraction of chemical compounds  
 

Air-dried leaves (5 g of each sample) were grinded 

using a laboratory mill and submerged in 100 mL of 

dichloromethane:methanol (1:1). Samples were 

ultrasonicated for 30 minutes in the ultrasonic bath at 25 

°C. After ultrasonication and filtration through filter paper 

(Whatman No. 1), extracts were evaporated to dryness 

using rotary vacuum evaporator. The obtained crude 

extracts were stored at 4 °C prior to analysis. 

 

Chemical profiling  
 

The chemical profile of the extracts was determined 

by UHPLC-DAD-ESI/MS2 (Dionex Ultimate 3000 

UHPLC, Thermo Scientific, San Jose, CA, USA). 

Compounds were separated and identified as previously 

described (Bessada et al. 2016). The MS detection was 

performed in negative mode using a triple quadrupole 

(QqQ) mass spectrometer (Thermo Finnigan, San Jose, 

CA, USA) equipped with a heated electrospray ionisation 

(H-ESI) source. Phenolic compounds were identified 

based on their chromatographic behavior and mass 

spectra by comparison with standard compounds. Data 

acquisition was carried out with a Xcalibur® data system 

mailto:pjanackovic@bio.bg.ac.rs


88                                               Phytochemistry, ecology and diversity 

Maced. pharm. bull., 68 (Suppl 2) 87 - 88 (2022) 

(Thermo Finnigan, San Jose, CA, USA). For quantitative 

analysis, a calibration curve for each available phenolic 

standard was constructed based on the UV-vis signal. The 

results were expressed as mg/g of the extract. 

 

Results and discussion 

 

In this study, in all three samples, 14 phenolics 

(protocatechuic acid, aesculin, chlorogenic acid, caffeic 

acid, rutin, isoquercetin, narcissin, quercitrin, apigetrin, 

luteolin, quercetin, apigenin, naringenin and hispidulin) 

and one cyclitol (quinic acid) were identified. There was 

no qualitative diferences among examined extractrs. The 

main compounds in symptomless leaves and leaves on a 

branch were quinic acid (4.12 mg/g and 1.97 mg/g, 

respectively) and rutin (0.80 mg/g and 0.70 mg/g, 

respectively), while in fallen leaves it was rutin (0.58 

mg/g) and quinic acid (0.32 mg/g). It was documented 

decrease in amount of certain metabolites comparing 

symptomless leaves, leaves on branch and fallen leaves, 

e.g. amount of quinic acid decreased from 4.12 mg/g to 

1.97 mg/g and to 0.32 mg/g, respectively. Also, amount of 

quercetin was the highest in symptomless leaves (0.54 

mg/g), less in leaves on the branch (0.17 mg/g), and the 

lowest in fallen leaves (0.07 mg/g). 

The high amounts of quinic acid and rutin in 

symptomless leaves may be responsible to their 

resistence. We may hypothesise that somehow attacked 

infected leaves signaling to the rest of plants parts the 

presence of fungus and as a response the synthesis and 

amount of quinic acid and rutin is increasing. 

Chen et al. (2013) reported antifungal activity of 

quinic acid isolated from Araucaria cunninghamii that 

was able to inhibit the growth of phytopatogenic fungus 

Helminthosporium sativum. In addition Tadych et al. 

(2015) showed that quinic acid, when added to the 

medium, completely inhibited H2O2 production and its 

secretion by phytopatogenic fungi into the medium. 

Several studies have shown that oleuropein, 

hydroxytyrosol and rutin have a fungitoxic effect (Baidez 

et al., 2007). The oxidation of these o-diphenols, the 

preferential substrates of polyphenol oxidases (PPO), 

produces o-quinones and melanins, highly reactive 

metabolites whose secondary reactions are responsible for 

much of the oxidative browning that accompanies plant 

senescence, wounding, and responses to pathogens, and 

which appear in the form of brown pigments during the 

hypersensitive response (El Modafar & El Boustani, 

2005). Also, El Aabidine et al. (2010) observed 

differences in the phenolic compounds between 

susceptible and resistant cultivars after the infection. The 

tyrosol and its derivatives were in relation to constitutive 

resistance, whereas the oleuropein and rutin were in 

relation to induced resistance. 

Lanza et al. (2017) investigated the response of Olea 

europaea (cv. Conservolea) leaves to attack by the same 

fungal pathogen and found no significant increase in 

overall polyphenol oxidase (PPO) activity in infected 

leaves; only a limited local PPO activation occurred in a 

few upper epidermal cells of the leaf, indicating a feeble 

induction of a plant response. 

 

Conclusion 

 

We documented new phytochemical data of leaves of 

olive variety in relation to infection by Venturia 

oleaginea.  However, this work should be confirmed by 

in-depth biochemical studies. Also, a deeper molecular 

insight into this plant–fungus interaction is still required. 
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Introduction 

 

There are 4 categories of interactions of plants with 

heavy metals: exclusion, accumulative, indicator, and 

hyperacumulative plants (ability of plants to accumulate 

more than 100 times the amount of metals). Because the 

most ecological problems are associated with water and 

soil pollution with heavy metals/metalloids, the use of 

plants to transfer toxins from the environment, is one of 

the most important strategies for preserving natural 

ecological balance. Heavy metals from the soil to plants 

get over few processes, such as redox reactions, ionic 

exchange, precipitation-dissolution, etc. The use of plants 

to make toxic soil components into non-toxic is called 

phytoremediation, but in the literature, we can also find 

such terms as bioremediation, botanical bioremediation 

and green remediation (Chaney et al., 1997). This is a 

friendly and efficient natural process by which pollutants 

are transferred and removed from water, soil and air by 

plants and organisms that live with them (e.g. 

microorganisms) and was first introduced in the 1980 by 

Chaney, and since then it is used to remove heavy metals 

from the environment. Plants that accumulate metals in 

large quantities (hyper accumulators) have enormous 

capability for their use in the remediation of environment 

from metals. Two significant characteristics of hyper-

accumulating metal plants are that they must be tolerant 

to high concentrations of metals in root and shoots cells 

and must have potential to uptake these elements quickly 

and at high levels from the soil. A large number of woody 

species have been studied or used in phytoremediation 

and major attention is paid to fast-growing species as 

genera willow (Salix spp.), poplar (Populus spp.), etc. 

Willow trees have large, spreading roots and invasive 

growth, which increase their utilization and use as in situ 

phytoextractor (Mertens et al., 2006). Willows are 

appropriate as phytoextractors with excessive mobility of 

heavy metals to the shoots and biomass production, due to 

their high element accumulation (Greger and Landberg, 

1999). The potential of the genus Salix to accumulate 

large quantities of toxic metals/metalloids has been 

proven, particularly for cadmium (Klang-Westin and 

Eriksson, 2003). Significant differences in metal uptake 

have been identified between willow types and clones 

(Vysloužilová et al., 2003).  Heavy metal/metalloids 

concentrations in Salix spp. diverse between plant parts 

and species, in particular arsenic concentration lowered in 

the following order: leaves > branch bark > stem bark > 

wood and cadmium concentration in this sequence: leaves 

> wood = roots (Tlustoš et al., 2007). Willows' resistance 

to elements such as lead, cadmium, nickel, copper, iron 

and zinc as well as their capacity to absorb large 

quantities of metals in their tissues have been 

demonstrated, implying that they may be used for metal 

extraction (Keller et al., 2003).   

This research presents the metal accumulation 

potential of Salix alba from the soil to plant, expressing 

also the correlation between them. 

 

Materials and methods 

 
Thirty soils samples (2 kg collected in area 1 – 2 m 

around the willow tree, depth up to 40 cm) and thirty 

willow bark of Salix alba samples (200–250 g collected 

1.5–2 m above ground from trees, averaging 3 m from the 

river and packed in paper bags) were taken along 30 km 

of Sitnica river flow, which passes near Kosovo Thermal 

Power Plants as one of a major contributor to 
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environmental pollution in Kosovo (Bajraktari et al., 

2019). The amount of metal in the sample was determined 

using inductively coupled plasma optical emission 

spectrometry (ICP-OES) using Perkin Elmer Optima 2100 

DV and it was set up and optimized according to the 

manufacturer's instructions; blank samples were prepared 

in the same way. The following elements are determined: 

Al (absorbance was measured at 396.153 nm); As 

(absorbance was measured at 193.696 nm); Ca 

(absorbance was measured at 317.933 nm); Cd 

(absorbance was measured at 226.502 nm); Cr 

(absorbance was measured at 267.716 nm); Cu 

(absorbance was measured at 327.393 nm); Fe 

(absorbance was measured at 238.204 nm); Mg 

(absorbance was measured at 285.213 nm); Mn 

(absorbance  was measured at 257.610); Ni (absorbance 

was measured at 232.003 nm); Pb (absorbance was 

measured at 220.353 nm); Zn (absorbance was measured 

at 213.857 nm). 

 

Results and discussion 

 

The Pearson’s correlation matrix revealed significant 

correlations between Alin soil to Ca in willow bark; As in 

soil shows moderate correlation with Cd in willow bark; 

in soil and plant samples Cd shows moderate correlation; 

Cr in soil shows positive moderate correlation with Cu 

and negative moderate correlation with Ca in willow bark; 

Cu shows negative moderate with Mn in willow bark;Fe 

revealed positive moderate correlation with Ca, Cd, Mn in 

willow bark; Ni in soil regarding to selected elements in 

willow bark shows moderate positive correlation with Zn 

and Ni; Content of Pb in soil is positively moderate 

correlated with Zn, while Zn content is significantly 

correlated with Cd in willow bark (Bajraktari et al., 2020).  

Transfer factor (TF) can be applied as a measure to 

establish the efficiency of accumulation of elements 

(Audet and Charest, 2007) and express the relative 

mineral and trace element transportability in the soil–

plant system. It is plant/element specific (Hooda, 2010) 

and TF of significant importance is observed in the 

following order Zn ˃ Cu ˃ Cd ˃ Ni. The highest value of 

transfer factor for Zn 0.8 was observed in sampling point 

27 where was detected the lowest value for Zn in soil 

sample (S27). Similar potential is demonstrated for Ni 

where the highest TF is determined to be at the sampling 

point 1 where the Ni concentration is lowest in the soil 

sample, (sample S1). The transfer factor of Cu from soil in 

plant ranged between 0.06 and 0.47 with highest transfer 

factor in sampling point 7 where was detected the highest 

concentration of Cu in willow bark sample. For Cd 

highest transfer factor value is determined in the sampling 

point 10 where was detected the highest concentration of 

Cd in both types of samples, soil and plant. 

Conclusion 

 

The results of this research are important for 

investigation of environmental pollution as a result of 

external industrial sources, and the results may be 

valuable for the use of willow in phytoremediation on 

surfaces contaminated with heavy metals/metalloids. 

Soil/plant transfer factor of significant importance was 

observed for zinc, copper, cadmium and nickel. White 

willow is good and beneficial agent for phytoremediation, 

due to its ability to tolerate and accumulate heavy 

metals/metalloids and the properties of rapid growth, 

translocation ability and high biomass. 
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Introduction 

 

Dog rose is a wild shrub species growing in 

temperate to subtropical habitats of Europe, western Asia, 

Middle East, and North America and northwest part of 

Africa. The plant was broadly studied for its 

phytochemical, nutritive and wide range of medicinal 

properties. The main compounds presented in rosehip 

fruit responsible for health benefits are carotenoids, 

mainly lycopene, beta-carotene, zeaxanthin, rubixanthin 

and the lutein in traces (Al-Yafeai et al., 2018). 

Carotenoids are natural antioxidants notable for human 

nutrition since they are precursors of retinol (vitamin A). 

Numerous studies have shown the relationship between 

the consumption of carotenoid-rich fruits and vegetables 

and a lower risk of chronic degenerative diseases, 

especially cancer (Freedman et al., 2008). Beside 

carotenoids, there are a many other bioactive compounds 

that have potentially positive effects on human health, 

like vitamins, amino acids, organic acids and phenolic 

compounds (Ercilsi, 2007). 

Different traditional analytical methods have been 

previously used for qualitative and quantitative 

determination of rosehips carotenoid content, such as 

TLC (Hornero-Mendez and Mınguez-Mosquera, 2000) 

and HPLC (Al-Yafeai et al., 2018). These methods 

usually include long process of sample preparation and 

use of expensive chemicals, Raman spectroscopy (RS) 

represents a non-destructive, fast, and non-preparatory 

technique able to measure sample in several seconds. As a 

result, spectra are obtained immediately from different 

types of samples. Spectra are characterized by band 

position, band intensity and band width (Gierlinger and 

Schwanninger, 2007).  

The aim of this paper is to discriminate different 

rosehip tea products by application of Raman 

spectroscopy and chemometrics.  

 

Material and methods 

 
Plant material 
 

Four commercially available tea trademarks (Alloro, 

Fructus, Yumis and Bravo) of rosehip samples were 

purchased in the form of tea bags (ingredients: 70% fruit 

and 30% of rose hip leaf) as processed tea in local Serbian 

markets. 

 

Raman Instrumentation  
 

Raman spectra of hypanthium parenchyma cells 

(rosehip fleshy fruit part) were recorded using laser at a 

wavelength of 532 nm equipped with a 1200 lines/mm 

grating, spectra were acquired by applying exposure time 

10 s and scanning the sample 10 times, using 10% filter. 

Spectral resolution was about 3 cm−1 and calibration was 

checked by silicon. In order to take possible sample 

inhomogeneity, for each sample at least ten Raman 

spectra were recorded. The assignment of major bands 

was carried out using carotenoid standard (beta-carotene) 

and literature data.  

 

Statistical analysis 
 

The data were arranged in matrix with 35 rows 

(objects-samples) and 334 columns (variables-

wavenumbersThe PCA was .performed as a standard 

multivariate tool to reduce the data dimensionality, to
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provide thete  relationships between the objects and for 

grouping them. The method is based on the Pearson 

correlation matrix and the outputs are consisted of score 

plot to visualise differencies between samples and to 

cluster them upon different variables (wavenumbers) 

Prior to PCA analysis, baseline correction was applied to 

the spectra. All statistical analysis were performed using 

Matlab software version 2017a.  

 

Results and discussion 

 
As a result of PCA anaysis, score and loading plots 

were obteined. First two principal components (PC1 and 

PC2) described 88.48% of the total data variance. 

Accordingly, score plot (with first two principal 

components) displays a good separation between samples.  

Examination of loading plot indicated that the highest 

negative loadings were at 1001, 1152 and 1511 cm-1 

probably associated to  lycopene (Schultz et al., 2006). 

The main reason for samples separation  upon PC1 was 

most likely connected with drying treatment of tea 

contributing to lycopene degradation. Anguelova and 

Werthesen (2000) showed that degradation of lycopene is 

in relationship with storage time and temperature. 

Discrimintion of tea samples upon PC2) showed that 

Bravo herbal tea differed from Yumis and Fructus tea 

sample, according to large negative loading at position 

1522 cm-1, attributed to carotenes, involving vibration of 

C=C from polyenic chain (Schulz and Baranska, 2007), in 

addition to the  negative medium intensity at 1160 cm-1 

assigned to C-O, C-CH vibration of pectin molecules 

(Szymańska-Chargot et al., 2016). Although rosehips are 

generally known to contain high levels of health-

promoting compounds such as carotenoids, differences 

between rosehip tea products may be a consequence of 

different plant origin, as well as differences in postharvest 

procedures. It is known that  carotenoids are very unstable 

compounds, drying and temperature processes can 

contribute to its degradation (Shameh et al., 2019).   

 

Conclusion 

 

Results of the present study highlighted the 

prospective tool of RS and chemometrics for 

discrimination of different rose hips products. Results 

based on PC2 gave a good separation between Bravo and 

Yumis roses hip teas based mainly on carotenoids and cell 

wall compounds (pectin, cellulose and hemicelulose) and 

in the lower extend in phenolic compounds. Finally, 

Raman spectroscopy can be recommended as a good tool 

for rapid determination of carotenoids in rosehips fruits 

and teas, as well as in assessment of possible adulteration 

of products Additional research will be focused on 

application of Raman spectroscopy for assessment of total 

and individual carotenoids in different rosehip products.  
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Introduction 

 

EthnoHERBS is a H2020-MSCA-RISE project 

aiming to record and evaluate information on South East 

European traditional knowledge, explore in a high- 

throughput manner the biodiversity of Balkan Peninsula 

flora and elaborate cutting-edge technologies in Natural 

Products Chemistry to discover and develop innovative 

cosmeceutical products against skin disorders. 

Beside the collection of scientific publications 

concerning ethnopharmacological surveys conducted in 

Balkan territory, one of the main objectives of Ethnoherbs 

is the evaluation of plant compounds with in silico methods 

against skin related targets using similarity and docking 

approaches. In silico screening results were used in 

combination with biodiversity data to select the most 

promising herbs for further phytochemical analysis. 

The assessment of all results will indicate 20 plants as 

the most promising ones. The selected species will be 

cultivated following organic agricultural methods and 

propagation treatments will be adjusted to the needs of 

each species, aiming to the increase of rooting percentage 

and the production of elite organic propagation material 

of the selected species. Following specific experimental 

designs, five selected crops will be installed in organic 

farms. Finally, pilot scale batches of the 5 selected natural 

products will be used as ingredients for the development of 

at least 4 final products with potential anti-aging, wound 

healing, anti-melanoma, anti-inflammatory and 

antimicrobial properties. 

 

Material and methods 

 

Initially, published data related to traditional uses of 

plants against skin disorders were collected via Scopus, 

PubMed, Reaxys, Google scholar etc while three 
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ethnopharmacological surveys were carried out in small 

cities and villages of North Greece and Central Serbia. 

  Additionally, 198 scientific publications concerning 

ethnobotanical surveys conducted in Balkan territory and 

in other Mediterranean regions were evaluated. The data 

were implemented through ancient and traditional 

references that are preserved in cultural institutions in 

Greece, Serbia and Bulgaria. The evaluation and 

classification of the collected information was performed 

with Microsoft Excel. Furthermore, more than 350 

preparations of herbal and animal origin have been 

identified for the treatment of skin diseases in Dioscorides' 

work “De Materia Medica” and finally four independent 

databases, containing different set of ethnobotanical data, 

have been established. 

The evaluation of the aforementioned data resulted in 

the selection of 240 plant species, that were collected 

according to good botanical practices and laws. Moreover, 

the selected species investigated through in silico 

procedure. More specifically, the secondary metabolites 

that have been isolated from the selected species were 

searched in REAXYS database and their chemical 

structures were designed and converted to the appropriate 

form (SMILES stings) for the in silico study. 

Furthermore, the selected plant material was extracted 

in lab-scale with Ultrasound Assisted Extraction using 

dichloromethane, methanol and methanol:water 50:50, 

successively and the generated extracts (ca. 720) were 

forwarded for chemical profiling using HPTLC, HPLC-

DAD, and NMR methodologies and cell-free bioassays for 

evaluation of their biological properties (antioxidant, 

enzymes inhibition). Based on the chemical profiles and 

preliminary biological results ca. 100 extracts have been 

selected for further investigation for the isolation of 

bioactive compounds. 

 

Results and discussion 

 

Ethnopharmacological Data 
 

More than 1,000 plant species have been identified for 

their traditional use against skin ailments taking into 

consideration: (i) scientific publications concerning 

ethnobotanical surveys conducted in Balkan territory and 

secondarily in other Mediterranean regions, where flora 

has some similarities with the SE European one, (ii) ancient 

and byzantine texts that exist in digital libraries and 

databases (iii) existing collections of manuscripts found in 

public institutions, (iv) the three ethnopharmacological 

surveys carried out in small cities and villages of North 

Greece and Central Serbia. The results of the medicinal 

plants used traditionally for skin related problems in 

Albania, Cyprus, Greece and Turkey have been recently 

published (Tsioutsiou et al. 2022).  

Extraction and Chemical Profiling of Extracts 
 

More than 400 extracts have been prepared and the 

investigation of their phytochemical profile was performed 

using chromatometric (TFC, TPC) and analytical (HPTLC, 

HPLC, NMR) methods. The extracts that demonstrated 

high TPC and TFC content are mainly represented by plant 

species extracted with methanol and methanol:water 50:50. 

In general, HPTLC, HPLC and NMR profiling revealed 

several types of chemical categories in the extracts such as 

terpenoids, flavonoids, lactones, thiophens, anthocyanins, 

anthraquinones etc. 

 

In-silico 
 

Almost 210.000 ligands were docked within the 

experimental binding cavity of selected enzymes 

(tyrosinase, hyaluronidase, elastase, cyclooxygenase, 

lipoxygenase, collagenase and xanthinoxidase) searched in 

Protein Data Bank. 

 

Bioassays 
 

More than 400 extracts have been evaluated for their 

DPPH and ABTS scavenging properties as well as their 

inhibitory activity against tyrosinase, collagenase and 

elastase enzymes. 

 

Conclusion 

 

Phytochemical and biological screening of more than 

400 plant extracts was performed, resulting to the 

identification of Cistus, Origanum, Dittrichia, Hypericum,. 

Echinops, and Centaurea among the most promising 

candidates. 
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Introduction 

 

Grape (Vitis Vinifera) is a unique fruit, not only 

because it constitutes one of the most important fruit crop 

in the world, but also because it is connected to the history 

and evolution of humanity (Stavrakakis, 2013). It is a 

fleshy fruit, which consists of the skin, the flesh and the 

seeds (Ollat, 2002). The skin is about 15% of total grape 

fresh weight and the flesh and the seeds 80% and 5%, 

respectively (Dai et al., 2010). Wine comes mainly from 

the flesh (Kennedy, 2002). Wine aroma consists of volatile 

organic compounds, which are non-polar small molecules 

and it can be divided in three categories: varietal, 

fermentation and ageing or wine bouquet (Ilc et al., 2016; 

Liu et al., 2017). It is considered that most of the precursors 

aroma compounds exist in grape and become aroma 

compounds of wine after fermentation and ageing (Ilc et 

al., 2016). In this study, for the first time, NMR and LC-

MS based metabolic profiling approaches are applied in 6 

red and white Greek varieties (Agiorgitiko, Asyrtiko, 

Malagouzia, Moschofilero, Roditis, Xinomavro). 

Additionally, for each variety three different clones have 

been analysed, except for Malagouzia. 1H-NMR and LC-

ESI-QTOF-MS have been employed in combination with 

Multivariate Statistical Analysis for the interpretation of 

the results. 

 

Materials and methods 

 

Plant material 

Plant material was collected from the vineyards of 

VBN – Bakasieta form different Greek territorries. The six 

varieties were Agiorgitiko, Asyrtiko, Malagouzia, 

Moschofilero, Roditis, Xinomavro. 

 

Sample preparation 
 

A husking protocol was developed in order to use only 

skins of grape for the analysis. The protocol has the 

following steps: grapes are on ice, each grape is hulled, it 

is placed on a tissue and wiped, the skins of hulled grapes 

stored temporarily in a strainer on ice, then immersed in 

100 mL of water and rinsed with 100 mL of water, they are 

placed on a tissue and wiped again and finally the skins are 

weighted and stored in freezer. Afterwards, fresh samples 

are grinded with liquid nitrogen in mortar and eventually 

follows the lyophilisation of samples for 90 hours. For each 

sample, 0.4900-0.5100 g of grape skin powder is placed in 

a 15 mL falcon and 5 mL of acetone HPLC grade is added. 

The samples get into the ultrasonic bath for 20 minutes and 

then centrifuged for 15 minutes at 4000 rpm and 20 °C. 

Finally, supernatant is removed and placed in penicillin 

vial, where solvents are removed with N2. For NMR 

experiment, dry extract is dissolved again with acetone : 

methanol 90:10 at the concentration of 7.5 mg/mL with 

sonication (1 min.). 1 mL is placed in weighed eppendorf 

and solvents is evaporated. Then, D6- acetone is added in 

order to have the concentration of 7.5 mg/mL in each 

eppendorf. Finally, 650 mL is placed in 5 mm NMR tube. 

For LC-MS experiment, acetone : methanol 90:10 used to 
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dissolve again dry extract at the concentration of 3 mg/mL 

with sonication (1 min). In eppendorf is diluted the extract 

at concentration of 1 mg/mL adding methanol:water 50:50. 

10 μL of each sample is transferred in each of three QCs 

eppendorfs. QCs and samples were filtered through PVDF 

filter (13 mm, 0,45 μm, Philic) and then were transferred 

in HPLC vials. 

 

NMR experimental parameters 
 

NMR spectra were acquired on a Bruker Avance III 

600 MHz spectrometer with 1D NOESY pulse program 

with water suppression and were processed with TopSpin 

and AMIX software. 

 

LC-MS experimental parameters 
 

The analysis was conducted in a UHPLC system 

(Dionex UltiMate 3000 RSLC, Thermo Fisher Scientific, 

Germany). Also, an Electrospray Ionization connected to 

an Ultra High Resolution QTOF spectrometer (Maxis 

Impact, Bruker Daltonics, Bremen, Germany) was used for 

this analysis. Samples were injected in an Acclaim RSLC 

120 C18 (2.1 × 100 mm, 2.2 μm) column from Thermo 

Fischer Scientific (Dreieich, Germany) with a C18 1.7 μm 

precolumn VanGuard from Waters (Dublin, Ireland). LC-

MS chromatograms were processed with MZmine 2.54. 

 

Multivariate statistical analysis 
 

Multivariate statistical analysis for NMR and LC-MS 

data was performed with SIMCA 14.1. 

 

Results and discussion 

 

NMR results 
 

PCA and PLS-DA models of NMR based multivariate 

statistical analysis facilitated the clustering of unripe and 

harvest maturation stages, while samples of 10-11 Baume 

stage did not group. Oleanolic and malic acid had an 

important role in the clustering of grapes in unripe stage, 

whereas sugars were responsible for the clustering of the 

other two maturation stages. OPLS-DA models were 

employed for the discrimination of unripe and harvest but 

also unripe and stage of 10-11 Baume. Finally, the majority 

of clones of each grape variety could not form clusters 

when analysed with PCA and PLS-DA models. 

 

LC-MS results 
 

PCA and PLS-DA models of LC-MS based 

multivariate statistical analysis facilitated the clustering of 

all maturation stages (unripe, 10-11 Baume and harvest). 

Oleanolic, malic, quinic, tartaric and dehydroascorbic 

acid were responsible for the grouping of samples in the 

unripe stage, while sugars were significant for the 

clustering of samples at the stage of harvest. OPLS-DA S- 

plots indicated malic acid derivatives and sugars as 

potential responsible for the clustering of samples of 10- 

11 Baume when plotted with unripe and harvest stage, 

respectively. 

 

Conclusion 

 

PCA analysis of both analytical approaches revealed 

that skin grape extracts of unripe and harvest stage showed 

tight clustering, while samples of 10-11 Baume were 

intermediate. For the grouping of samples of unripe stage, 

oleanolic (NMR, LC-MS), malic (NMR, LC-MS), quinic 

(LC-MS), tartaric (LC-MS) and dehydroascorbic acid (LC-

MS) were responsible. Sugars seemed to play an important 

role in the grouping of harvest samples with both 

techniques. When 10-11 Baume and harvest samples were 

compared, the aliphatic region of NMR spectra was 

indicated responsible for the grouping of samples, whereas 

in the comparison with samples of harvest stage, sugars 

were significant for the separation. Finally, ferulic acid and 

derivatives of malic and succinic acid were identified with 

LC-MS. 
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Introduction 

 
Rules and laws form the basis of a stable society and 

are so entrenched in our way of life that they have become 

part of our behaviour.  

Interest in herbal medicines has increased over recent 

decades and therefore the global market for medicinal 

herbs has grown rapidly. Consequently, the safety and 

quality of herbal medicines have become ever more 

important for both health authorities and patients. In the 

case of herbal medicinal substances and products, the 

Guidelines on Good Agriculture and Collection Practice 

(EU-GACP) and Good Manufacturing Practices (EU-

GMP) are the applicable regulatory guidance applicable in 

the European Union, assuring that the companies structure 

their activities and ultimately contributing to the protection 

of patients.Both these guidelines have the simple goals of 

protecting patients and ensuring that product quality is not 

compromised. The effectiveness of these processes is 

determined by the reliability of the evidence gathered 

during the process, together with the integrity of the 

underlying data. Particularly in the case of cannabis for 

medicinal purposes, which is a relatively new area and 

where there is resistance to its acceptability after years of 

social, regulatory and scientific mistrust, the process is not 

just centred around building a new Industry, but also about 

building trust in that industry. As a consequence, it is 

essential that all activities are documented in a consistent 

and transparent way, also contributing to consolidate 

confidence in the field. 

 

GACP – quality starts at cultivation 

 

       The main objectives of the GACP guideline REF are 

to contribute to the quality assurance of medicinal plant 

materials used as the source for herbal medicines. The aim 

is to improve the quality, safety and efficacy of finished 

herbal products, encouraging and supporting the 

sustainable cultivation and collection of medicinal plants 

of consistent quality.   

The GACP guidelines were developed to create a 

single supranational framework to ensure appropriate and 

consistent quality in the cultivation and production of 

medicinal plant and herbal substances, as the cultivation 

and primary processing of medicinal plants and herbal 

substances have a direct influence on the final quality of 

active pharmaceutical ingredients. 

The GACP guidelines not only provide a basis for 

homogenized national or regional standards for the 

cultivation and collection of medicinal but is also required 

by many countries for the import of bulk cannabis flower 

to be used as a start material for further processing.  

Since the aim of GACP is to regulate everything up 

and until the plant is harvested, in order to achieve 

consistency, the following key areas have to be 

considered:   

• Control of starting materials and service 

providers: from seeds and cuttings selection, to fertilizers, 

water, pesticides, and herbicides. 

• Standardisation of processes and methods – 

Consistency is key and in order to generate a harvest that 

has reliable levels of active ingredients, all aspects of 

cultivation should be considered: light, cleaning and 

desinfection, temperature and humidity control, pest 

management systems, harvest and processing methods, 

drying conditions and test methods.  

Therefore, if one considers that quality starts at 

cultivation, then the GACP guidelines should always be 

read in connection with the GMP guidelines, which are 

applicable to the next steps. 
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The GACP and GMP intersection 

 
The EU-GMP sets the basic quality requirements for 

the manufacturing steps of both active pharmaceutical 

ingredients – API, and of finished medicinal products. 

These apply to herbal products such as medicinal cannabis 

because of their often complex and variable nature, which 

requires a tight control of starting materials.  In particular, 

the EU-GMP Annex 7 (REF) emphasise the utmost 

importance of GACP and recommends its use as a 

reference to build a proper quality system. This highlights 

the importance of GACPs and GMPs being implemented 

side-by-side in relation to medicinal cannabis production 

processes. 

The usage and applicability of GACP and GMP 

guidelines may change depending on the nature of the 

production process and the intended product use. As such, 

proper contextualization is very important when discussing 

production of cannabis products for medicinal purposes 

and the inter-relation with GACP and GMP guidelines, as 

depicted on Table 1 of the EU-GMP Annex 7.  

Where finished products are to be delivered into the 

market, GMP standards are mandatory, and it is the 

manufacturer´s responsibility to ensure that the appropriate 

GMP classification is applied. The major objective for a 

manufacturer in applying GMP standards is to make sure 

that safety, quality, and efficacy of the product are not 

compromised, whilst also minimizing business risk.   

 

Documentation and transparency bring a 

competitive advantage 

 
Reliability is determined by the quality and 

trustworthiness of the information provided and is key to 

passing scrutiny. The ability to trace, secure and simplify 

transactions along the entire cannabis supply network 

becomes of utmost importance. Certifications for the newly 

emerging cannabis industry are essential to establish trust 

and to create transparency in this young and opaque 

market. Global standards are established and need to be 

applied. The role of artificial intelligence (AI) and the 

Internet of Things (IoT) in smart monitoring cannot be 

overemphasized. This involves fitting the farm and plants 

with sensors that gather data about the plant, its 

environment, and nutritional needs. By using AI-based and 

IoT devices in farms, cannabis cultivators can identify 

problems in plants and how to treat them properly. Each 

plant can be assigned a bar code or QR code to monitor its 

improvement over time and also suggest what is needed to 

make it grow optimally. 

As a decentralized system, employing blockchain in 

cannabis has a way of tracking the physical properties of 

cannabis as it moves through the supply chain. This 

removes the bottleneck of purchasing the wrong seeds and 

plants. With this, consumers can independently monitor the 

quality of the cannabis plants and products, thus increasing 

efficiency and compliance. Blockchain technology in 

cannabis cultivation can therefore improve transparency. 

by increasing the confidence and monitoring the journey of 

the plants from seed to sale. 

Administration, record keeping and science is what 

creates a successful product. This process is helped along 

with transparency. By taking the lead in, cultivators will 

automatically have an edge over the competition. When the 

right documentation supports a healthy crop, it means a 

successful business. When medicines are used, including 

cannabis, patients instinctively trust it because they are 

aware of the strict quality control it is exposed to. The 

reason for this trust lies on the credibility that the 

pharmaceutical industry has built up over the decades to 

find itself in a position where the supply of a product 

automatically makes patients feel secure.  

 

Conclusion 

 

Overall, GMP and GACP provide a framework all 

about producing the same high-quality product each and 

every time, all year round.  Data governance, which is the 

sum total of arrangements which provide assurance of data 

integrity, ensure that data, irrespective of the process, 

format or technology in which it is generated, recorded, 

processed, retained, retrieved and used will ensure an 

attributable, legible, contemporaneous, original, accurate, 

complete, consistent, enduring, and available record 

throughout the data lifecycle.  

Working in a young industry where there is a lot of 

resistance to its acceptability, the process is not just centred 

around building a new industry, but also about building 

trust in that industry. This trust can only be built if those 

who work in the industry can be trusted – to do the right 

thing, to adhere to the rules, which can only be achieved by 

tracking every activity performed. Relying on a robust 

track and trace system can definitely be the key to achieve 

full transparency throughout the supply chain. It’s audited, 

it’s there. This not only makes a successful business and 

compatible with laws and regulations, but also actively 

contributes to building a new industry. 
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Introduction  

 
Cannabinoids as the hallmark constituents of 

Cannabis and their analogs have been drawing keen 

attention from scientists due to their potential medical 

use. Cannabidiol (CBD), a non-psychotropic 

cannabinoid, has been approved for the treatment of 

seizures associated with Lennox–Gastaut syndrome and 

Dravet syndrome by FDA in 2018. Cannabidivarin 

(CBDV) and other natural or synthetic derivatives of 

cannabidiol especially those with various C4’-side chains 

in place of the pentyl group, such as KLS-13019, also 

demonstrated attractive biological activity. However, the 

bioactivities of many cannabinoids have not been well-

studied, such as the antidepressant activity of CBD, 

partially due to the lack of availability either by natural 

product separation or chemical synthesis. Herein, we 

reported an elegant approach to prepare CBD and its 

analogs with readily available phloroglucinol as the 

starting material. 

With sufficient CBD synthesized from commercially 

available materials, the antidepressant mechanism of the  

synthetic CBD after chronic administration was studied in 

mice. Finally, the antidepressant, anxiolytic and 

antinociceptive effect of CBD derivatives were also 

explored. 

 

Materials and methods  

 
Materials 
 

All commercially available chemical reagents and 

solvents were used directly without further purification. 

Behavioural experiments were performed using 7-weeks-

old male C57BL/6J mice (22-25 g) from Shanghai Sippe-

Bk Lab Animal Co., Ltd (Shanghai, China). Experiments 

were conducted in accordance with guidelines set forth by 

the national institutes of health and the IACUC protocol.  

 

Methods 
 

Behavioural tests such as forced swim test (FST), 

open-field test (OFT), western blotting, mRNA 

expression studies by LightCycler RT-PCR, high-

performance liquid chromatography-electrochemical 

detection (HPLC-ECD) were conducted according to the 

literature or our previous publications.  

 

Results and discussion 

 

Excess of phloroglucinol (10 eq.) was used for the 

Friedel-Crafts alkylation of phloroglucinol to avoid bis-

alkylation, leading to the desired product CBD-tri-OH in 

over 80% yield. Regioselective triflation of the C4’ 

phenolic hydroxyl group of CBD-tri-OH was smoothly 

realized by treatment with Tf2O in the presence of 2,6-

lutidine. Then several protecting groups of phenolic 

hydroxyl were studied for the Negishi cross-coupling. The 

large sterically hindered protecting group-“Piv” group 

was found to be the most suitable in an excellent yield, 

and the resulted CBD-bis-OPiv-OTf was finally selected 

as the key intermediate to form the CBD analogues with 

versatile side chains by the Negishi cross-coupling 

approach.  

Different pharmacologically interesting side chains 

were successfully coupled in good to high yield, including 

alkyl, alkenyl, aryl, heteroaryl or alkynyl groups. As CBD 

is unstable in the presence of acids, the removal of Piv 

groups was carried out under basic conditions. CH3MgBr 
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was found to be optimal and provided CBD in an 

excellent 99% yield.  

Efficient CBD from synthesis provided material basis 

for the investigation of its biological activities. Firstly the 

synthesized CBD was employed to demonstrate the dose 

level of chronic CBD administration that inducing 

antidepressant effects in mice, explore the relative 

changes, and establish the relation of behavioral 

phenotypes with neurotransmitters and proteins. In our 

study chronic high dose of CBD (100 mg/kg) treatment 

significantly decreased IT, while CBD (10 mg/kg, 30 

mg/kg) did not alter the IT. Chronic administration of 

CBD failed to change the locomotor activity of mice, 

which is in agreement with previous reports. We then 

investigated expression of some gene and protein (BDNF, 

mTOR, GluA1, PSD95, eEF-2, NF-κB) levels in HPC but 

only the expression level of NF-κB protein was changed. 

NF-κB plays vital role in depressive-like behavior and 

effects of antidepressants. Inflammation triggers 

depression and NF-κB could regulate the expression of 

inflammatory cytokine gene in HPC. Recently it was 

reported that CBD decreases the production of 

inflammatory cytokines, hereby lowering TNF-α and IL-6 

levels in HPC. In addition, in vitro study demonstrated 

that CBD prevented the activation and translocation of 

NF-κB. In our study chronic administration of CBD (30 

and 100 mg/kg) significantly decreased NF-κB in mice 

HPC. Altogether it is possible to suggest that CBD is able 

to inhibit NF-κB p65 subunit which promoted the 

production of pro-IL-1β and cleavage by NLRP3 to 

mature the IL-1β inflammasome pathway and facilitate 

antidepressant-like effects in HPC. There is a proposed 

relation between specific symptoms of depression and 5-

HT or NA deficiency. In our study, chronic treatment 

with high dose of CBD increased NA level in HPC 

without changing its metabolite HVA level, suggesting 

that chronic administration of CBD elevated NA levels in 

HPC which may play a vital role in CBD induced 

antidepressant effect. Chronic administration of CBD 100 

mg/kg also significantly increased the 5-HT level in HPC, 

suggesting that behavioral effects induced by CBD 

require fully functional serotonin nerve endings in HPC 

for antidepressant activity. Moreover, CBD significantly 

decreased the 5-HIAA level, thus further study could 

reveal new important evidence about effects of CBD on 

5-HT metabolism. Finally, the antidepressive, anxiolytic 

and antinociceptive of CBD analogs were evaluated in 

different tests such as forced swim test, stress induced

hyperthemia and acetic acid induced writhing test. Several 

CBD derivatives displayed higher potency than CBD in 

the depression, anxiety or pain models in mice after a 

single intraperitoneal or subcutaneous administration with 

the minimum effective doses ranging from 1-10 mg/kg. 

 

Conclusion 

 

A versatile compound of CBD-bis-OPiv-OTf was 

recognized as a key material for the late-stage 

introduction of C4’-side chains to efficiently prepare a 

wide range of CBD analogs under mild conditions by 

Negishi cross-coupling reaction. Chronic administration 

of high dose (100 mg/kg) synthetic CBD induces 

antidepressant effects in behavioral phenotypes in mice. 

Correlation between behavioral phenotypes with protein 

and neurotransmitters was established and the possible 

mechanism was herein postulated. The results showed 

that a chronic high dose of CBD induced antidepressant 

effects might be mediated by increasing NA and 5-HT 

neurotransmitters level and possibly involving the NF-κB 

signaling pathway. Several CBD derivatives displayed 

higher potency than that of CBD in the depression, 

anxiety or pain models in mice after a single 

administration.  
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Introduction 

 

Terpenes are volatile and semi volatile chemicals that 

engender flavor and aroma organoleptic properties to 

cannabis and cannabinoid products. Cannabis growers and 

producers may use terpene profiles to characterize specific 

strains of cannabis plant, they may wish to make a specific 

labelling claim to terpene content, and/or they may wish to 

establish an end product quality control function so that 

materials supplied to market are consistent. To this end, a 

robust analytical method is necessary to chemically profile 

terpenes in cannabis, and cannabinoid products, prior to 

use in medicinal programs. 

At time of publication, the terpene profile does not 

come under the scrutiny of regulatory agencies such as 

California Bureau of Cannabis Control (BCC) (2019). 

Likewise, those laboratories working in the European 

supply line do not have an obligation to declare a terpene 

profile prior to going to market unless a specific claim is 

made. However, for reasons of plant science studies, 

product quality control and any material claim for product 

labelling, most laboratories engaged in medical cannabis 

analysis do run terpene profile analysis. It is expected that 

as the use of cannabis products increases, an even closer 

examination of terpene content will be required, possibly 

aligning with the European regulation for fragrance 

allergens which sees a list of 26 terpenes, (some in common 

with those found in cannabis), and other related 

compounds, having a maximum concentration threshold of 

0.001% within the go to market product. 

The most common approach to terpenes analyses in 

these laboratories is headspace gas chromatography (GC) 

with flame ionization detection (FID), mass spectrometry 

(MS), or both (FID/MS). Over the past several years, issues 

such as experimental loss of sesquiterpenoids, for example 

α-bisabolol, has been observed in high-potency cannabis 

samples using headspace methodologies. This has led to a 

need for liquid injection terpenes analysis. A selective, 

sensitive, and robust method for the analysis of 40 

chromatographically resolved terpenes common to 

Cannabis spp, using liquid injection GC/MS, has been 

developed. 

 

Methodology 

 

The final sample solutions presented for analysis 

nominally represented 0.5 g of plant sample in 50 mL final 

volume, (= 0.010 g/mL), obtained by solvent addition, 

agitation and filtration. For solutions of cannabis resin, 

where terpene levels might exceed 5.0%, an additional 

10-fold dilution with ethyl acetate was made. To enhance 

the quality control and data precision, 2-fluorobiphenyl 

was considered a low cost, chemically viable internal 

standard. 

Terpene calibration standards were made to be as best 

matrix matched as possible, experience showing that food 

grade hemp oil served that purpose. 

An Agilent gas chromatograph configured with a 

proprietary mid-column backflush mechanism, and a 

multimode inlet (MMI) was used. The Agilent automatic 

liquid sampler, configured with a 10.0 µL syringe, was 

installed. A 4 mm Ultra Inert, low pressure drop, glass wool 

split liner  and a DB-Select 624 Ultra Inert column (30 m 

× 0.25 mm id, 1.4 µm film thickness) were used for all 

analyses. The GC system was connected to an Agilent 

5977B mass selective detector with EI Extractor source, 

the latter having a 9mm Extractor lens to accommodate the 

required dynamic range. Data were collected using Agilent 

MassHunter B.10 GC/MS Acquisition software. All data 
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analyses were performed using MassHunter Quantitative 

Software. 

For Limit of Detection and Limit of Quantitation 

determinations, two independent datasets were collected 

using eight replicate injections at 50% of the lowest 

calibrator concentration for each target terpene. The 

intraday and interday Limits of Detection were calculated 

statistically with a Student t-statistic of 2.998 for n – 1 

degrees of freedom at the 99% confidence level. Limits of 

Quantitation for each analyte were determined statistically 

from this dataset using (10 × standard deviation) for both 

the intraday and interday data. Intraday and interday 

precision were also determined in this dataset as %RSD. 

 Accuracy and precision were determined by three 

independent batches of eight calibrator levels prepared in 

hempseed oil matrix. Each batch was collected over the 

course of 5 days and designated P1, P2, and P3, 

respectively. Each calibrator level in each batch was 

injected five times. The intraday and interday accuracy was 

determined. Percent accuracy acceptability criteria was 

defined as an average percent accuracy greater than 80% 

and less than 120%. The intraday batch precision was 

determined as %RSD 

 

Results and discussion 

 
To test the validity of the analytical approach, a 

“commercially available terpene content sample” was 

purchased. According to the product insert, approximately 

94% of this product was comprised of (+)-limonene, β-

caryophyllene, β-myrcene, α-pinene, linalool, β-pinene, α-

humulene, terpinolene, and α-bisabolol with (+)-limonene, 

β-caryophyllene, and β-myrcene amounting to 71% of the 

total. The product also contained at least 31 other known 

terpenes with concentrations < or << than 1.0% (wt/wt). 

No lot or analytical description was provided in the product 

insert. We therefore surmised that the product insert was 

more of a “general description” of the terpene content 

rather than a true certificate of analysis. 

In each of the three datasets used to determine method 

performance, the sample was analyzed twice (n = 6) in 

SIM/SCAN mode. Each replicate was defined as P1R1, 

P1R2, P2R1, P2R2, P3R1, and P3R2. The quantitative 

results for target terpenes in % (wt/wt) were compared to

the values provided by the manufacturer. β-caryophyllene, 

α-pinene, linalool, β-pinene, terpinolene, and α-bisabolol 

(6/9 of the major terpenes in the product) were determined 

to be within ±10% of the % (wt/wt) provided in the product 

insert. 

The use of SIM/Scan data collection with the mass 

spectrometer enabled targeted quantitative analysis and 

interrogation of the full m/z scan spectra to search for 

nontargeted terpenes and putatively identify them using a 

known mass spectral database. We used the NIST Mass 

Spectral Search Program within the MassHunter 

Unknowns Analysis 10.1 software that is part of the 

MassHunter Quantitative Analysis package to identify 

other terpenes in the sample. In addition to nine major 

components in the product noted above, the spectral library 

search identified four trace terpenes listed in the product 

insert: γ-terpinene 0.04% (wt/wt), bornyl acetate 

0.23% (wt/wt), camphene 0.45% (wt/wt), and α-cubebene 

0.05% (wt/wt). 

 

Conclusion 

 

This work developed and verified method parameters 

and outcomes for the liquid injection analysis of 

40 chromatographically resolved terpenes in cannabis and 

in cannabinoid products using the Agilent GC/MS system. 

All data were matrix-matched and used an internal 

standard. This novel method used capillary flow 

technology to backflush matrix and other unwanted 

compounds before the next injection. Accuracy, precision, 

range, linearity, limits of detection (defined as MDL), and 

limits of quantitation were determined through both 

intraday and interday studies. 
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Introduction 

 

Different Cannabis varieties for medicinal use are 

cultivated in NYSK Holdings, Skopje, under strict, 

controlled conditions. Most of them are hybrids of C. 

Sativa& C. Indica and all have characteristic 

morphological features and poses different genomic 

potential for cannabinoid synthesis.  

Medicinal use of Cannabis is not only based on 

cannabinoids, but also on the presence of terpenes, that 

have an entourage effect (Russo, 2011). 

This synergistic action of terpenes and cannabinoids 

can improve the benefit of treatment of inflammation, pain, 

depression, epilepsy, cancer, anxiety (Koltai et al., 2020, 

Russo, 2011, Baron, 2018). 

Terpenes are natural products, predominantly 

produced by plants, consisting of compounds with formula 

(C5H8) n, therefore also called isoprenoids. Based on the 

number of isoprene units in the molecule, the terpene 

hydrocarbons are classified as monoterpenes, 

sesquiterpenes, diterpenes, triterpenes and tetraterpenes.  

Some varieties in genus Cannabis are highly aromatic, 

rich with terpenes, that are produced in trichomes along 

with the cannabinoids, on whose composition the specific 

aromas and flavors depend (Pertwee, 2014). 

More than 100 terpene molecules are identified 

in Cannabis plants. Terpene yield and distribution in the 

plant vary according to numerous parameters, such applied 

processes, environmental conditions, or maturity of the 

plant (Andre et al., 2016). 

Terpene profile is a unique characteristic, that can be 

even used as chemotaxonomic markers, for determination 

and identification of different varieties (Fischedick et al., 

2010). 

In this paper we set out to present distinct 

morphological characteristics of Cannabis plants in parallel 

with the terpene profiles of some varieties that are 

cultivated in NYSK Holdings, Skopje.  

Тhe presence of 35 different terpenes was tested in the 

dried flowers of Cannabis varieties with validated and 

accredited method. 

 

Materials and methods  

 
Plant material was used from 6 Cannabis strains: 

Heriuana, Strawberry Glue, Gelato, La Sage, Afhaniberry. 

For qualitative and quantitative analysis of volatile 

terpenes in the dry Cannabis flowers from different 

varieties, a HS GC/MS instrument: Shimadzu GC system-

2010, MS detector-QP2020 was used; GC column Rxi-

624, Sil MS.  

Testing was performed on samples of Cannabis 

flowers, directly placed in the headspace vials, employing 

Helium as carrier gas and split injection mode. 

The MS detector worked with Selected (single) Ion 

monitoring mode that increased the sensitivity and reduced 

the background noise.  

Reference standards were purchased from Restek and 

Sigma Aldrich.  
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Results and discussion  

 

Results for terpenoid profiles were obtained of 

duplicate samples analyzed for each variety.  

Strawberry glue is a selection with moderately lush, 

to lush habitus, 40%-60% hybrid Sativa/Indica. The 

internodes are visibly stratified. Transpiratory leaves are of 

moderate size and soft green color. The inflorescences are 

mainly of bouquet and loose type and with a pleasant fruity 

(strawberry-citrus-apple) scent. They have abundance of 

trichomes. 

Most common terpenes in this variety are beta-

Myrcene, d-Limonene, beta-Caryophyllene and alpha-

Terpineol. 

Gelato is a medium habitus selection, hybrid strain 

45%-55% Sativa/Indica. The internodes are decently 

stratified. Transpiratory leaves are large and powerful with 

dark green color. The inflorescences are mainly of bouquet 

and compact type. decently overgrown with trichomes. 

Flowers are dark in a perfect contrast to the bright white 

large trichromes that cover it the orange hairs. 

Terpene composition is exceptional, powerful, 

creamy, fruity. Most predominant terpenes are d-

Limonene, beta-Caryophyllene, Linalol and alpha-Pinene. 

French Cookies is a hybrid strain 60%-40% 

Sativa/Indica that produces medium dense to lose 

inflorescences that are high in resin production and feature 

bright orange calyxes. This strain boasts a highly unique 

palette of colors ranging from light green and yellow to 

deep purple. Transpiratory leaves are big, powerful and 

dark green. The plant reaches heights up to 130 cm with 

bushy and lateral growth. Most dominant terpenes are beta-

Myrcene, d-Limonene, beta-Caryophyllene and alpha-

Humulene. 
Afghaniberry is a 100% Indica strain and one of the 

earliest cannabis varieties known in the world. The plant is 

with medium to short height and produces dense, resinous 

buds with a sweet and spicy berry aroma.  

Herijuana is a 20%-80% hybrid Sativa/Indica. It 

produces large dense flowers on an open, stretchy plant. 

Terpenes are presented with abundance of beta-Myrcene 

and moderate presence of d-limonene and alpha-Pinene. 

La Sage is a hybrid strain 60%-40% Sativa/Indica. Its 

unique aroma is a mixture of the dominant Terpinolene and 

beta-Caryophyllene and less represented, D-Limonene and 

beta Myrcene. 

 

Conclusion 

 

Cannabis plant varieties, cultivated in NYSK 

Holdings, Skopje are rich in terpenes, which is of 

exceptional significance for the synergistic effect with 

cannabinoids. Also, the aromas and flavors that they 

express make the cannabis flowers and cannabis extracts 

pleasant for use. 
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Introduction 

 
 Nowadays, more than ever, pharmaceutical products 

with extracts from the Cannabis plant are often chosen in 

treatment for different diagnoses or taken like preventive 

medicines for everyday usage. Because of it, the industry 

of Cannabis is noticing a very rapid transition from a black 

market to a legal market. So, product development and 

extraction methods have become a focal point.  

 Over the years, most chemical compounds of the 

Cannabis plant have been identified. Because of the 

different chemical properties of every compound, the 

choice of extraction method is essential. The challenge of 

purification and separation of compounds of interest has 

recently become an exciting topic for the pharmaceutical 

industry. This interest is substantiated by an increased 

understanding and correlation of the structures of bioactive 

compounds in plant material with extraction conditions 

like solvent, temperature, pressure and time (Azmir et al., 

2013).   

 Different extraction methods show different yields and 

extracts with different potency and quality. These results 

depend on the applied conditions and techniques correlated 

with the extracted herbal material. Generally, extraction 

methods are divided into four groups: solventless, solvent-

based, convention, and alternative methods. This paper 

focuses on a comparison between two methods of solvent-

based extractions, vegetable oil, i.e., olive oil, versus 

supercritical CO2 extraction. 

Vegetable oils are considered lipophilic due to their 

non-polar characteristic, which enables selective 

dissolving properties. Olive oil is a very often solvent in 

the field of cannabis extraction. The high yield of terpenes 

obtained from olive oil as a solvent is attributed to its 

efficient solubility and limited product loss by protecting 

the compounds from evaporation (Romano and Hazekamp, 

2013). 

Supercritical fluid extraction (SFE) is used to displace 

conventional extraction methods. SFE uses safe and 

capable solvents (i.e., CO2 gas) in their critical state to 

efficiently extract chemicals. Also, these procedures 

decrease environmental impacts and reduce toxic residue 

on products by using supercritical fluids (Cunha et al., 

2018).   

 

Materials and methods  

 
The Cannabis plant material used in this study was 

THC-rich floss from a relevant supplier, cultivated under 

standardized conditions according to the requirements of 

Good Agricultural Practice (GACP) and Good 

Manufacturing Practice (GMP).  

Preheating of cannabis samples has been 

recommended to potentiate the final extract, i.e., to 

decarboxylate the acidic forms of cannabinoids naturally 

present in cannabis plant material, such as THCA and 

CBDA, and turn them into their more potent counterparts 

such as THC and CBD (Romano and Hazekamp, 2013; 
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Veress et al., 1990). This was performed with the help of 

an appropriate chamber for drying at a strictly controlled 

temperature and duration of the performance. 

For olive oil extraction, herb was mixed with 

appropriate amount of solvent. The solvent used for 

extraction was of quality in accordance with European 

Pharmacopeia. The process was performed in stainless 

steel vessels, with controlled heating to the required 

temperature, with addition of the new amounts of the 

solvent to stimulate better extraction of the active 

ingredients during the process. 

Supercritical CO2 extraction was performed on a 

supercritical extractor according to a recipe with controlled 

parameters considering temperature and pressure. 

Quantification of the present cannabinoids, more 

precisely the content of CBD, CBDA, THC and THCA, 

was obtained using a suitable analytical procedure that 

employs HPLC system Shimadzu with UV DAD detector, 

quaternary pump, and attached DELL pc with Labsolution 

software 5.97. 

 

Results and discussion 

 

Olive oil extraction 
 

Decarboxylated dried flowers were extracted with 

olive oil at a temperature with repetitive solvent addition 

cycles in order to extract the active ingredient from THC-

rich herbal material. Obtained results for quantification of 

THC as the active ingredient (1.3 % W/V), have confirmed 

a good extraction yield, taking into consideration the 

amount of starting material for extraction and its declared 

concentration of THCA. The main drawback that needs to 

be stressed out is that the extracted amount of THC is 

present in the extract in low concentration, more precisely, 

less than 2 % THC (W/V). 

 

Extraction by Supercritical Fluids (CO2) 
 

 The previously ground and chopped flowers are 

decarboxylated in a heated dryer. Decarboxylated flowers 

are placed in the recipient of the extractor. The extraction 

begins by selecting the appropriate recipe in which the 

required temperature and pressure are defined. The 

obtained extract is collected at a specific time interval. The 

results of the chemical analysis showed a good yield, with 

a crude extract that is qualified with a concentration of the 

active ingredient, THC of about 75 % THC (W/W). 

 

Conclusion 

 

No matter whether the dried cannabis flower is the 

product of choice, we are currently facing an increased 

interest in products containing Cannabis extract, which 

promotes the need to develop new technological processes 

and new pharmaceutical dosage forms. Therefore, in 

selecting the technological process, i.e., extraction method, 

several factors must be taken into account to obtain the 

desired product. 

However, this paper focuses on olive oil and 

supercritical CO2 extraction.  

Olive oil has performed much better as an extraction 

solvent for making cannabis oil, extracting all terpenes and 

cannabinoids tested very efficiently. In addition, this 

solvent is not harmful, expensive, flammable or toxic, and 

the oil only needs to be heated to the boiling point of 

water. One of the main drawbacks is that olive oil extract 

is characterized by low THC concentration, which makes 

its use more complicated.  

Supercritical CO2 behaves like a non-polar solvent, 

capable of extracting a broad range of non-polar solutes, 

cannabinoids included. Therefore, due to low critical 

temperature and pressure, CO2 is also the solvent of choice. 

It is non-flammable, non-toxic, inert, renewable, easy to 

remove, abundant, and relatively low-cost. 
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Pesticide use in cannabis cultivation 

 

Pesticides prevent or kill most pests and diseases and 

increase the likelihood of successful harvest of cannabis. 

They are applied pre-plant, i.e. on soil prior to planting, at 

all stages of cultivation and on harvested (dried) plants to 

prevent mold. Unintended pesticide contamination of 

cannabis may occur by cross-contamination through wind, 

ventilation intakes, surface, well waters and/or recycled 

water. Later crops may also be contaminated by using long-

term contaminated tools, lights and ventilation systems 

during their cultivation and harvesting (Canada & Health 

Canada, 2019). From plant material, pesticides migrate to 

extracts and concentrates and to final cannabis-based 

products, in levels depending upon the selected 

extraction/concentration methods. When used for 

recreational purposes (seldomly in medical), cannabis is 

smoked, vaped or dabbed using water/glass/paper pipes 

without filters and potentially high quantities of pesticide 

residues and their pyrolysis products formed as a result of 

high combustion temperatures (160-480°C) are inhaled. 

Presence of pesticide residues in oral medical cannabis 

products have to be paid special attention, since medical 

cannabis patients are more susceptible to the toxic effects 

due to immunological or hepatic illnesses (Raber et al., 

2015).  

 

Pesticides regulations in Europe 

 

Neither pesticide use prohibition/allowance nor 

mandatory pesticide testing for medicinal cannabis  

derived products is established in Austria (Narcotic Drug 

Act, 2016, n.d.), Croatia (Zakon o Suzbivanju Zlouporabe 

Droga.Pdf, n.d.), Cyprus (Law Amending Laws on Drugs 

and Substances Laws of 1977 to 2016, n.d.), Greece (Law 

4523/2018, n.d.), Italy (Decreto Uso Medico Cannabis, 

2015 .Pdf, n.d.), Lithuania, for both medicinal cannabis 

and industrial hemp (The Law on the Control of Drugs and 

Psychotropic Substances, n.d.), Luxembourg (Mutsch, 

n.d.), United Kingdom (Criminal Justice Act. 2003), 

Portugal (Lei No.8/2019, n.d.), North Macedonia (Zakon 

Za Izmenuvanje i Dopolnuvanje Na Zakonot Za Opojni 

Drogi i Psihotropni Supstancii, 2016, n.d.), Romania,  

Malta (Production of Cannabis for Medicinal and 

Research Purposes Act, 2018.Pdf, n.d.), Czech Republic 

(Sbirka Zakonu, 2013.Pdf, n.d.), Poland, Finland, 

Georgia and Germany. Pesticide testing according to Ph. 

Eur 2.8.13 is mandatory only in the Netherlands for all 

cannabis flower and cannabis oil products (Guidelines for 

Cultivating Cannabis for Medical Purposes, n.d.). In 

Switzerland, San Marino and Norway one medical 

cannabis products with <1% THC is approved (Sativex®, 

and Bedrocan® in Norway), but no explicit provision for 

medical use exists within current law. Denmark and 

Ireland have ongoing pilot projects for medical cannabis 

use while it is still illegal (Aguilar et al., n.d.). 

 

Human exposure to pesticide residues in cannabis 

cultivation and cannabis-based products 

 

Consumer exposure to pesticide residues may occur 

during ingestion of cannabis products, edibles or 

recreational inhalation of cannabis (smoking, vapourizing, 

dabbing, i.e vapourization of concentrated butane hash oil), 
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causing low-dose chronic toxicity. Inhalation is the most 

potent route of exposure, as it overpasses first-pass 

metabolism and results in high systematic bioavailability 

of pesticide residues and their pyrrolitic degradation 

products generated by heating and combustion (Sullivan et 

al., 2013), such as hydrogen cyanide from myclobutanil 

combustion, causing neurological, respiratory, 

cardiovascular and thyroid problems (Dryburgh et al., 

2018). Inhalation exposure strongly depends on stability, 

volatility and degradation of pesticide residues during 

heating and combustion, individual user behaviours: use of 

particulate matter filter, breath depth, length of inhalation 

hold time and choice of heating method. To date, only one 

study confirms presence of >60% of initial cannabis 

pesticide content in cannabis smoke (Sullivan et al., 2013) 

and no study addresses neither exposure levels during 

vaporizing and dabbing nor pharmacokinetics and toxicity 

profiles of pesticide residues (Dryburgh et al., 2018). Oral 

administration of medical cannabis and cannabis edibles is 

the most common and only route with established 

tolerances and MRLs. Systemic bioavailability of pesticide 

residues is lower due to first-pass metabolism, which may 

indicate hepatic toxicity and formation of less/more toxic 

metabolites.  

Interventional staff working at indoor cannabis 

plantations is at high risk of acute pesticide toxicity, as it is 

exposed to pesticide residues from plantation atmosphere, 

while in touch with irrigation water contaminated 

unintendedly during plant spraying or during application of 

solid pesticide formulation that generate dust while being 

loaded into the application equipment (Damalas & 

Eleftherohorinos, 2011; Stone, 2014). Despite their low 

volatility, pesticides are found in carbon filter of indoor 

cannabis cultivations (Cuypers et al., 2017), supporting 

high probability of inhalation exposure.  

Dermal exposures are also significant, as they depend 

upon the exposed body part, amount and duration of 

exposure and pesticide formulation (Kim et al., 2017). 

They can occur directly, through accidental spills and 

leakages, faulty spraying equipment, mixing and loading, 

misapplications and during re-entry into treated areas or 

indirectly,.through clothing contamination or hand-to-

mouth transfer during harvesting and processing (Damalas 

& Eleftherohorinos, 2011; Stone, 2014). Eye adsorption is 

important only for granular pesticides (Kim et al., 2017). 
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Introduction 

 

Medical cannabis industry requires accurate content 

determination of the most notable pharmacologically 

active cannabinoids, i.e. Δ9-tetrahydrocannabinol (THC) 

and cannabidiol (CBD). This parameter is considered 

critical in the quality control of the cannabis plant and its 

products. Δ9-tetrahydrocannabinolic acid (THCA) is 

genuinely synthesized by the plant, while THC does not 

occur at a significant concentration. Thus, plant material 

contains very small amount of THC, leading to very high 

THCA/THC content ratio in plant tissue (Kimura et al., 

1970). To date, the pharmacology of acidic and neutral 

cannabinoids has been found to be very different, but an 

emerging portion of the cannabis research community still 

largely and actively explore the pharmacology and 

medicinal use of acidic cannabinoids (Filer, 2022). 

Cannabis plant itself is the obvious starting point for 

potential decarboxylation of THCA into THC. The 

transformation reaction can occur spontaneously while 

drying and/or storage of the herbal material, mainly due to 

exposure at higher temperature, yet it is a process regularly 

included in the manufacturing of the final cannabis 

products. The decarboxylation conditions are highly varied 

among the manufactures due to a lack of agreement that 

defines the optimal process conditions (Lewis-Bakker et 

al., 2019). Therefore, monitoring and optimization of the 

decarboxylation reaction is necessary to achieve 

satisfactory critical quality attributes of the final product 

(decarboxylated cannabis flower/extract). This study aims 

to provide a deeper insight of the THCA → THC 

transformation and highlight its importance in the stability 

and the quality of the herbal material by means of HPLC, 

FTIR spectroscopy and TG analysis. 

 

Materials and methods 

 

THCA powdered analytical standard (98.8 wt%) was 

supplied from Sigma-Aldrich, USA. Plant material was 

obtained from Cannabis sativa L. ssp. indica, Kerosene 

Krash®, which belongs to cultivar type 1 that features high 

THCA and low CBDA content.   

 

Thermogravimetric (TG) analysis of the THCA standard 
 

Netzsch TG 209 F1 Iris analyzer was used in the 25–

160°C range, using an open alumina sample pan, under 

compressed air atmosphere (30 mL/min), at constant 

heating rate of 2°C/min. After reaching 160°C, the sample 

was kept for 10 min. The sample leftover was carefully 

scratched from the pan and stored for HPLC analysis.  

 

Temperature-controlled attenuated total reflectance mid 

infrared (t-ATR IR) spectroscopy 
 

t-ATR IR spectra were recorded on a Varian 660 FTIR 
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spectrometer (4000–400 cm-1 region) using a temperature 

programmable hot-plate from GladiATR module (PIKE 

technologies) equipped with a diamond crystal and 

software (TempPro, PIKE technologies). 

 

High-performance liquid chromatography (HPLC) 
 

The assay method from the monograph of cannabis 

flos of the German Pharmacopoeia, DAB (2018) was 

employed for quantitative analysis of THCA standard and 

the cannabinoids in cannabis flower. 

 

Statistical analysis 
 

Principal component analysis (PCA) was carried out 

for the t-ATR IR spectra by using the Simca14 (Umetrics, 

Sweden).  

 

Results and discussion 

 

TG analysis revealed that THCA decarboxylation of 

the standard is one-step continuous process extending from 

90°C to 150°C.  At the temperature of 130°C 

decarboxylation step reached the maximum rate. THCA to 

THC conversion was also confirmed by HPLC analysis. 

t-ATR IR was employed in order to evaluate and 

interpret the IR spectral changes occurring from 25°C to 

160°C in both THCA standard and flower sample. A 

detailed band assignment and spectra-structure correlations 

were performed, based on the concept of functional groups 

vibrations. The HPLC results confirmed complete 

conversion of THCA to THC in the THCA standard and 

flower sample collected after collection of the t-ATR IR 

spectra at 160°C. 

In order to closely exploit the IR spectral changes due 

to the THCA decarboxylation in the standard sample and 

in the cannabis flower, PCA was employed. The results, 

obtained for the standard, showed practically full 

complementarity with those obtained from the TG/DTG 

measurements (133°C). On the other hand, PCA results 

obtained for the cannabis flower showed that the 

decarboxylation onset temperature and the peak score 

corresponding to the decarboxylation maximum rate were 

determined at significantly lower temperatures (102°C). 

This finding was considered appropriate because the 

decarboxylation of THCA in the plant matrix commences 

in the presence of enzymes and other compounds.  

ATR IR experiment at fixed temperature was also 

conducted to investigate the reaction kinetics for both 

THCA standard and the cannabis plant at 133°C and at 

102°C only for the plant material. The collected spectra at 

fixed temperatures were PCA analysed. First principal 

component was further employed for calculation of the 

reaction kinetics that demonstrates significantly higher 

values for the decarboxylation of the flower samples at 

133°C in comparison to the reaction at same temperature 

in pure THCA and at 102°C in the flower. 

 

Conclusion 

 

The THCA cannabinoid still attracts a great interest 

being a precursor to THC, but also due to the potential 

pharmacological and medicinal use of the acidic form. 

Hence, its spontaneous decarboxylation and stability as 

well as the optimization of conditions for conversion to 

THC, both in herbal material and herbal preparations were 

extensively studied.  

The maximum conversion temperatures both for 

standard and cannabis flower were outlined at 133°C and 

102°C, respectively. TG and ATR IR, combined by 

conventional HPLC analysis, demonstrated difference in 

the conversion temperature between pure THCA and 

cannabis flower.  
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Introduction 

 

Components that give the characteristic aroma and 

flavor of cannabis strains and varieties comprise over 200 

volatile terpenes and have been identified in various strains 

of cannabis (Lowe et al., 2021). The terpene profiling of 

cannabis plants gives opportunity for chemotype 

classification and also it is of great importance for the 

pharmacological effects. Although there are combinations 

of terpenes considered characteristic of specific 

chemotypes, the terpene profile is dependent upon many 

factors including: genetic and environmental factor, 

inflorescence age, cultivation and harvest conditions 

(Lowe et al., 2021). Determination of terpenoid profile in 

cannabis is important, especially when it can be used to 

correlate genotype with chemotype and phenotype. 

Therefore, the main objective of this study was to 

investigate the aroma profile of different cannabis cultivars 

and wildtype, cultivated under same conditions. 

 

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 licensed cannabis company. The wild growing cannabis 

varieties seeds were collected at 5 different locations (seed 

maturity growing stage) in R. N. Macedonia (W1 - Gorni 

and Dolni Podlog, near Kochani 2019, W2 - Dolni Balvan, 

near Kochani 2020, W3 - Prosenikovo and Saraj, near 

Strumica 2019, W4 - Bosilovo, near Strumica2019, W6 - 

Mojanci, near Kochani 2019). 

 

Cultivation of plant material 
 

Seeds were placed between a 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 

for 3 weeks, vegetative and flowering stage were different 

for each strain/variety. Regular nutrition before 7th week of 

vegetative growth consisted of liquid solution of 20:20:20 

N:P:K with supplementary Mg. At 7th week of vegetative 

growth plants were transplanted at outdoor experimental 

plot with limited nutrition with three courses of liquid 

solution of 20:20:20 N:P:K with supplementary Mg. Fresh 

flower samples (weigh variation of samples 0.8 - 1.2 g) 

from upper third of the plants were collected in headspace 

vials. The samples were stored at -20°C until further 

analysis. 

 

HS/GC/MS analysis 
 

Fresh collected 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 runtime 43 min. 

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 
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and mass range from 50 - 550 Da. The MS was operated in 

scan mode. Headspace method conditions were as follows: 

incubation temperature 80˚C; incubation time 5 min; 

syringe temperature 85˚C and agitator speed 500 rpm. 

Components were identified with comparison of their 

mass spectra with reference spectra from libraries such as 

NIST, Wiley and Adams (Adams, 2007) and were 

quantified using normalization method of peak areas with 

no correction factors. 

 

Results and discussion 

 

Total of 39 components were detected representing 

97.55 - 99.58% of the volatile content, and only 9 

components (myrcene, α-pinene, limonene, terpinolene, 

(E)-β-ocimene, β-pinene, trans-(E)-caryophyllene, linalool 

and α-humulene) were present with more than 1% in at 

least one analysed samples of commercial specimens.  

 High variability of relative presence of these 9 

compounds was observed within the cultivated commercial 

strains. Myrcene was present from 23.72% in M3 to 

68.57% in M1, α-pinene was present from 1.49% in M1 to 

54.31% in M3, limonene from 3.81% in M3 to 36.45% in 

M1, terpinolene from 0.16% in M1 to 26.89% in S1), (E)-

β-ocimene from 0.12% in M1 to 9.62% in S1, β-pinene 

from 1.82% in M1 to 9.21% in M3), trans-(E)-

caryophyllene from 0.43% in M2 to 8.13% M1), linalool 

from 0.12% in M3 to 3.39% in M1) and α-humulene from 

0.15% in M3 to 1.36% in M1. On the other hand, the 

terpenes present with less than 1% were: α-selinene, β-

selinene, amorpha-4,7-(11)-diene, α-gurjunene, α-

aromadendrene, sibirene, selina 3,7-(11)-diene, β-

germacrene, γ-terpinene, Δ-2 carene, o-cymene, β-

fellandrene, γ-elemene, (-)-endo-fenchol, β-farnesene, 

ocimene allo/neo-allo and camphene. Our results showed 

that the monoterpenoid fraction represent more than 80% 

of the components identified in the analysed cultivars. 

Furthermore in the cultivated wildtypes, only 7 

terpenes were detected with more than 1%: myrcene 

(26.09% in W4 - 64.02% in W1), α-pinene (14.85% in W2 

- 54.90% in W4), terpinolene (1.95 - 15.69% in W1), (E)-

β-ocimene (0.16 in W4 - 11.61% in W2), limonene (2.34% 

in W6 - 11.79% in W2), β-pinene (3.19% in W2 - 9.66% 

in W4), trans-(E)-caryophyllene (0.26% - 2.57% in W3). 

 Additionally, less terpenes (valencene, β-farnesene, 

γ-terpinene, Δ2-carene, o-cymene, linalool, (-)-endo-

fenchol, ocimene allo/neo-allo) were identified in amount 

below 1% in the cultivated wildtype cannabis samples. 

Camphene and α-humulene were detected in all of the 

analysed wildtype cultivars.  

From the obtained data we can observe great 

variability among the three most predominant terpenes in 

each of the commercial strains: M1 - myrcene (68.57%), 

limonene (16.69%), and trans-(E)-caryophyllene (4.84%),  

M2 - myrcene (46.23%), α-pinene (37.59%) and limonene 

(3.81%), M3 - α-pinene (54.31%), myrcene (23.72%) and 

β-pinene (7.67%), S1 - myrcene (42.14%), terpinolene 

(25.63%) and (E)-β-ocimene (9.62%). 

On the other hand W2 and W6 from the cultivated 

wildtypes exhibit similarity patern of the three most 

predominant terpenes: myrcene (49.62%, 44.73%), α-

pinene (20.89% and 34.02%) and (E)-β-ocimene (11.61% 

and 6.48%). Moreover, W1 and W3: myrcene (64.02%, 

48.52%), α-pinene (24.17%, 22.78%), limonene 

(3.50%,11.653), respectively, indicating possible genetic 

similarity, while W4 sample is characterized by α-pinene 

(39.64%,), myrcene (26.09%) and limonene (11.79%). 

 

Conclusion 

 

Using HS GC-MS, the volatile profile of cultivated 

cannabis strains and wildtypes were determinated showing 

considerable variability of the terpenes presence. 

Additionally, the variability of these highly volatile aroma 

compounds, is the most probable reason responsible for the 

specific scent of each cannabis specimen. Finally, further 

genetic and chemotype research should be conducted in 

order to correlate terpene profile to genetic groups of 

cannabis strains/wildtype varieties.  
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Introduction 

 

THC (tetrahydrocannabinol) usually refers to the 

naturally existing isomer of Δ9-THC, but also may include 

Δ8-THC (Grotenhermen & Russo, 2002). Out of some five 

hundred 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 the activation of two types 

of G-protein-coupled receptors, the cannabinoid CB1 

(distributed in the brain) and CB2 receptors (present almost 

uniquely in the immune system). This well explains the 

actions of Δ9-THC on cognitive and motor functions, as 

well as its immune-modulatory effect (Di Marzo, 2004).  

In the scientific papers and brochures of vendors of 

chromatographic equipment and columns, Shimadzu, 

Waters (Aubin, Layton & Helmueller, 2018), Agilent 

(Storm, Zumwalt & Macherone, 2019), Knauer 
(Loxterkamp, Stephan & Monks, 2020) etc., many 

different methods are published for separation of 

cannabinoids. These methods achieve separation of eight, 

up to seventeen different cannabinoids, most commonly 

and dominantly present in cannabis flowers and extracts. 

All of them focus their attention on achieving a maximal 

resolution between the peaks of cannabinoids, using 

gradient and/or isocratic elution, achieving a 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 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 other peaks of 

cannabinoids that might eventually co-elute with them, 

since as psychoactive they are very strictly limited in the 

cannabis extracts and products. Thus, our research was 

aimed at this objective. 

 

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 an “in-

house” product prepared with a conductivity of 0.05 

µS/cm.  

The following instruments were used: analytical 

balance Mettler Toledo AG285, pH–meter Metrohm 827 

pH Lab, US bath Branson 3510 and IKA orbital shaker KS 

260 basic. The RC (regenerated cellulose) 0.45 µm syringe 

filters 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 columns were used: Zorbax ODS 250 

mm × 4.6 mm, 3.5 µm and Shimazdu Nex-Leaf SH-SPP 
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ODS and Poroshell ODS HPLC, both with dimensions 150 

mm × 4.6 mm, 2.7 µm. 

The test samples were prepared from cannabis flowers and 

extracts obtained from Replek Farm Ltd., and the certified 

reference materials of the cannabinoids of interest were 

purchased from Cerilliant, Sigma-Aldrich, USA and 

Cayman Chemical, USA. 

 

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 be resolved by use of the existing, published methods. 

This was the main reason for the development of the 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 the increased 

resolution of critical elution pair, Δ9-THC and Δ8-THC, up 

to 3.2, by use of C18 column with core shell-based 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.  

It showed that the polar ODS (C18) 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 were of superficially 

porous particles (SPP) type, thus expected to yield the 

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 less lasting.  

The acid used for the 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.  

The 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 

 

Achieving 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 limited Δ9-THC in the tested sample.  

This was achieved by the use of a proper combination 

of simple chromatographic conditions: L1 (ODS) HPLC 

column and simple ternary mobile phase composed only of 

acidified water, methanol and acetonitrile. Various 

combinations of chromatographic conditions were tested 

and optimized to be used for this purpose. 
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Introduction 

 

Plant based drugs present unusual challenges in the 

pharmaceutical world with respect to indoor cultivation, 

processing, quality, and consistency [Chandra et all., 

2017]. “Cannabis” refers to marijuana, plants and plant 

parts of plants of Cannabis sativa L., cannabis preparations 

(e.g extracts), cannabinoids as active substances and 

respective herbal medicinal products have been available 

to patients for several years. The spectrum of respective 

medicinal cannabis products is as follows: 

• dried and purified herbal drug: cannabis 

inflorescences (“medicinal cannabis”); 

• various cannabis extracts (‘medicinal cannabis 

preparations”); 

• pure cannabinoids are referred as API and even 

they are obtained from cannabis, are not 

considered as herbal products because it is highly 

purified.  

This article will describe applicable standards in 

cultivation, harvest/processing, manufacture of medicinal 

cannabis products, challenges, and solutions.  

 

Industry standards 

 
GACP/GMP zone concept 

 

In order to ensure that the quality of starting materials 

is as consistent as possible, there are GACP guidelines, 

such as the “Guideline on Good Agricultural and 

Collection Practices for Starting Materials of Herbal 

Origin” (EMEA/HMPC/246816/2005) of the EMA4. This 

guideline has been in force since 2006 and is binding in 

Europe for the collection of herbal starting materials, as 

Annex 7 of the EU GMP Guide explicitly refers to them.  

The activities, according to GACP, are followed by the 

manufacture of the herbal preparation or the herbal 

medicinal product, which must be carried out under quality 

assurance measures according to Good Manufacturing 

Practice (GMP). GACP manufacturing zone must be 

clearly separated from GMP zone.  EU GMP Guideline 

Part II provides an overview of the application of the 

Guideline to the manufacture of active pharmaceutical 

ingredients and highlights which steps of a manufacturing 

type (including plant-based active pharmaceutical 

ingredients) are GMP and which are GACP. Cultivation, 

collection and harvesting are GACP processes. Cutting 

(trimming) and drying of plants can be held under GACP 

or GMP area, while further processing: extraction from 

plants, purification, isolation shall be held in GMP area.  

 

Batch definition and batch homogeneity 
 

Definition of a batch concerns control strategy, in-

process controls, release testing and traceability, as well as 

cleaning and process validation. Definition of a batch size 

can be based on propagation and cultivation cycles, origin 

and age of clones or cultivars, defined cultivation areas or 

spaces, or capacity of a drying room or equipment. As the 

effloresces are not cut or crushed for manufacture of 

cannabis flowers, homogenization is not possible, and 

therefore certain variability of cannabinoid content must be 

expected. This ranges from ±15% for cannabis flowers 

with declared content of cannabinoid up to 15%. For 

declared content higher than 20% limit for variation is ± 

10%. Batch homogeneity is only possible if the plants are 

grown from small number of genotypes under strict and 
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tightly specified conditions: temperature, humidity, day 

lengths, planting densities, growth medium ingredients and 

harvest timings. Good industry practice is periodical 

monitoring of cannabinoid profile by taking samples of 

inflorescences from different areas of the growing room, 

according to previous set sampling plan. Samples are tested 

every second day as plants approach the maturity stage. 

Optimum harvest time is important to maximize secondary 

metabolites which are of pharmaceutical importance.   

 

Microbiological quality 
 

Dried cannabis inflorescences must have minimal 

contamination by fungi, yeasts and bacteria, as well as 

specific coliform bacteria and mycotoxins. Depending on 

the route of administration, the requirements of Ph. Eur. 

monographs 5.1.4 or 5.1.8 must be met. The most 

important pathogens affecting cannabis production indoors 

are Botrytis cinerea, Fusarium oxysporum, Fusarium 

proliferatum, Fusarium solani, Pythium myriotylum, 

Pythium dissotocum, Pythium aphanidermatum, 

Golovinomyces spp., Penicilium species. Where quality 

policy is pesticide free cultivation, microbiological quality 

of a product can be optimized by maintenance of stabile 

temperature and humidity in growing area, set parameters 

according to limits for vapor pressure deficit, vegetative 

cutting should be disease free, regular removal of diseased 

cuttings, regular check of plants, pruning out diseased 

inflorescences, removal of infected plants, maintenance of 

good hygiene practice.  

Cannabis flowers after harvest contain up to 80% of 

moisture content. The most critical are first 24 hours when 

removing as much water as possible is essential, to prevent 

microbial contamination. Optimal temperature and 

humidity in range of 15-25°C and 30-55% RH and 

sufficient air changes per hour leads to slow drying and 

preservation of low volatile terpenes.   

 

Stability 
 

During processing of cannabis flowers, glandular hair 

has to be intact, since these are accumulation structures for 

cannabinoids which protects them from oxidative 

degradation. Light and temperature exposure leads to 

decarboxylation or decompositions of the cannabinoid 

acids to neutral cannabinoids. This process is of little 

relevance as the pharmacological activity comes from 

decarboxylated cannabinoids.  

The oxidative degradation of cannabinoids can be 

prevented or slowed by protection from atmospheric 

oxygen. Oxidative degradation is thermodynamically 

controlled and slows down at low storage temperatures. 

Thus, protection over oxidative degradation can be 

achieved by suitable packaging under protective gas or 

storage under low temperatures. The latter also slow down 

microbiological growth and thus prevents contamination of 

dried cannabis flowers.    

 

Extraction, purification and isolation 
 

Neutral cannabinoids do not occur at significant 

concentrations in the plants and are usually produced by 

thermal transformations. Crude extract produced by 

supercritical CO2 extraction contains high concentration of 

cannabinoids, mono and sesquiterpenes, flavonoids, 

alkaloids and plant matrix: pigments, phospholipids, fatty 

acids. Plants matrix resembles a highly viscous black gum 

that form inhomogeneous tar when exposed to increased 

temperatures [Valizadehderakhshan et all., 2021]. Lipid 

and waxes precipitation at freezing temperatures, 

subsequent filtration, solvent evaporation and molecular 

vacuum distillation are purification steps of crude extract 

to obtain highly concentrated cannabinoids extract. Since 

these processes are based on high temperatures, 

introduction of vacuum prevent exposure to oxygen at 

these high temperatures and prevent thermal 

decomposition. Attention to details and optimization of 

processing conditions from extraction to component 

isolation remain critical to maximization of yield and 

purity.  

 

Conclusion 

 

The protocols, procedures and continuous production 

monitoring developed by Sinceritas enables deep 

understanding of challenges facing cannabis industry and 

finding suitable solutions following high industry 

standards to manufacture consistent product quality. 
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Introduction 

 

The medical use of cannabis-based preparations has a 

long tradition. It can refer to a wide range of preparations 

that contain a variety of substances contained in the plant 

Cannabis spp. The ratio of the active components varies in 

different strains of cannabis. Many of the substances have 

been isolated during the years, and after their 

characterization, the two that got the most attention in 

clinical studies are tetrahydrocannabinol (Δ9-THC), which 

has psychoactive properties, and cannabidiol (CBD), that 

has no psychoactive properties (Devinsky et al., 2014). 

Under international drug control treaties, cannabis use in 

Europe is limited to scientific and medical purposes, 

monitored by the national agencies responsible for 

controlling the production and supply of cannabis for 

medical use, while implementing various regulatory 

frameworks. The use of cannabis for medical purposes is 

justified only in case when there is evidence of the quality, 

safety and efficacy of the preparations for the 

corresponding indication. Many EU countries now allow 

the medical use of cannabis or cannabinoids in certain 

forms. Different approaches are used in different countries, 

leading to emerging of key issues that are challenges in the 

process of implementing cannabis preparations in medical 

practice (Bifulco and Pisanti, 2015). 

The main purpose of this overview is evaluation of the 

regulations and practices for implementation of drugs that 

contain cannabinoids and cannabis-based preparations in 

Europe in medical practice, the regulatory requirements, 

the establishment of regulatory frameworks in specific 

countries of Europe, and forming the basis for upgrading 

of the national regulations on medical use of cannabis. 

Materials and methods 

 

Review of relevant European, US and Macedonian 

legislation, with particular attention to the Directives, 

regulations and guidelines from various legal bodies, and 

sources such as PubMed, Medline and other relevant 

websites with empirical analysis articles, which assess the 

impact of European and non-European Regulatory 

activities, diversity of the approaches that are currently 

being taken, and the importance of further investigating 

and advancement of the medical evidence for use of 

cannabis-based preparations in Europe. 

 

Results and discussion  

 

New policy approaches to medical cannabis use on 

other continents have prompted some European countries 

to allow patients to use cannabinoid-containing drugs and 

cannabis-based preparations under specific circumstances. 

European drug regulation is based on a network of 50 drug 

regulatory authorities in 31 European Economic Area 

(EEA) countries. In Europe, no standard regulatory 

framework has been developed for cannabis and 

cannabinoid products and there are significant variations 

between the approaches taken in Europe, reflecting various 

historical and cultural factors. In most countries, the supply 

of cannabis and cannabis-based preparations for medical 

use has evolved over time, often in response to product 

demand or product changes, and continues to change 

rapidly in the recent years. Some of the laws can be applied 

automatically and uniformly to all EU member states, 

while others need to be transposed into national legislation. 

The medical use of cannabis and cannabinoids refers 
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to the application of the cannabis preparations for various 

medical conditions, with the aim to alleviate specific 

symptoms of some indications. They can contain different 

active substances and can be used in different 

administration routes. Cannabinoids may be derived from 

plants or synthesized in laboratory. For obtaining 

marketing authorization for any drug, including the drugs 

containing cannabinoids, the responsible authorities and 

manufacturers should control the safety, efficacy and 

evaluate the risk-benefit ratio of the drug, while the 

manufacturers are required to present evidence obtained 

from controlled clinical trials for use of the drug for the 

indication for which an application for marketing 

authorization has been submitted. Internationally, United 

Nations Substance Abuse Treaties, under which the 

medical use of cannabis is severely restricted, provide the 

background for regulatory frameworks for the medical use 

of these preparations in all signatory countries. In addition, 

at EU level, the EMA is responsible for the scientific 

evaluation, surveillance and monitoring of medicines, and 

coordinates a network of national regulatory authorities. 

Few countries that have developed systems for the legal 

production and distribution of cannabis for medical 

purposes are implementing legal measures to ensure that 

they are strictly regulated (EMCDDA, 2018). 

Cannabis intended for medical use is cultivated and 

traded only under the supervision of the competent 

authorities, and all preparations containing psychoactive 

components of cannabis must be issued only with a 

licensed doctor's prescription, only in cases where there is 

evidence of their quality, safety and efficacy for the 

specific indication. (NASEM, 2017). 

Several medicines containing cannabinoids for 

medical use are now allowed in many EU countries. The 

EU also has directives and regulations that apply to low-

THC cannabis products in order to ensure their efficacy 

and safety, but since the preparations contain the non-

psychoactive component CBD and the quantity of the 

psychotropic component THC is under specific, defined 

level, they are classified as food or dietary supplements and 

their issuing is not supervised. The results of several 

randomized controlled clinical trials on use of drugs that 

contain cannabinoids and cannabis-based preparations 

show that they alleviate the symptoms of some diseases. 

These preparations are used for symptomatic treatment, as 

a concomitant therapy to other medical treatments 

approved for certain indications. Some preparations based 

on cannabis for medical use have passed the regulatory 

process for obtaining marketing authorization, with data 

from clinical studies that confirm their efficacy and safety. 

Cannabinoid-containing drugs that have obtained 

marketing authorizations are: Epidiolex (cannabidiol), and 

3 synthetic cannabis - containing medicines: Marinol

(dronabinol), Syndros (dronabinol) and Cesamet 

(nabilone). Except the drugs that contain cannabinoids that 

have obtained marketing authorization, some countries 

allow the patients access to standardized cannabis-based 

preparations for medical purposes, and the framework that 

evaluates the medical justification and allows the patients’ 

access is closely monitored and regulated on national level 

in every country (EMCDDA, 2018). 

 

Conclusion 

 

The growing acceptance of potential treatment choices 

that has derived from cannabis in many countries can ease 

and set the regulatory pathway for relevant clinical trials 

that may demonstrate possible medical evidences for the 

effectiveness of cannabis preparations for a variety of 

indications. There are still open questions regarding the 

legal approaches of individual countries to cannabis, which 

would be resolved through a scientific evaluation of the 

impact of current legislation. Further discussions on 

changes and new implementations in legislation on 

medical use and cannabis supply across Europe will 

provide an objective and reliable basis for future decisions, 

with the primary aim of providing safe and effective drugs 

to patients. 
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Introduction 

 

Cannabis sativa L. is one of the oldest medicinal 

plants containing a variety of compounds such as 

terpenoids, flavonoids and cannabinoids. One of the most 

important cannabinoids are: ∆9-tetrahydrocannabinol (∆9-

THC, THC), cannabinol (CBN), cannabidiol (CBD), 

cannabigerol (CBG), cannabichromene (CBC), Δ9-

tetrahydrocannabivarin (Δ 9-THCV) and cannabidivarin 

(CBDV) (Pagano et al., 2022). Research studies have 

shown that cannabinoids are highly efficient, primarily in 

the treatment of nausea and vomiting and the management 

of chronic pain. There is a great potential of cannabinoids 

to be applied for the treatment of many other pathological 

conditions, such as multiple sclerosis, epilepsy, 

neurodegenerative diseases (Alzheimer's disease, 

Parkinson’s disease), spinal cord injuries, Tourette’s 

syndrome, hypertension, glaucoma (Montero-Oleas et al., 

2020). 

Analysis of the original composition of the plant 

material is necessary in order to determine the phenotype 

as well as quality control especially for medicinal cannabis 

used for therapeutic purposes. Of utmost importance are 

the critical quality attributes which have to be established 

in order to meet the safety, efficacy and quality standards. 

For instance, a critical parameter for cannabis flos should 

be the concentration of cannabinoids in the final product. 

Since the cannabis industry is young and emerging, there 

is need for well-developed procedures, guidelines and 

harmonized monographs for cannabis-derived herbal 

substances in order to avoid multiple examinations as a 

result of differences in the national standards.  

Therefore, the main aim of this study was to evaluate 

and distinguish the differences in the requirements for the 

quality of cannabis flos according to European and German 

Pharmacopoeia. 

EU regulations for Cannabis flos quality 

 

The tests and acceptance criteria for Cannabis-derived 

herbal substances such as flowers (Cannabis flos) or resin 

(Cannabis resina), usually in their dried form, can be found 

by the ‘herbal substance’ definition in Directive 

2001/83/EC and in the Ph. Eur. monograph on herbal drugs 

(EMA, 2021). 

Herbal substances are determined by the source plant 

and the plant part. Both are usually distinguished and 

specified in individual monographs of the European 

Pharmacopoeia, or in absence thereof, in the 

pharmacopoeias currently used officially in the EU 

Member States (EMA, 2021). In this sense, the tests and 

acceptance criteria prescribed in Ph. Eur. monograph on 

herbal drugs are: Definition - which includes statement for 

the botanical source, plant part used, the geographical 

sources as well as the conditions under which the herbal 

substance is obtained; Characters – organoleptic and 

micro/macroscopic characteristics; Identification – tests 

which should be specific for the herbal substance and are 

combination of micro / macroscopical analysis, 

chromatographic procedures and chemical reactions; Tests 

-  for determination of foreign matter, total ash, ash 

insoluble in hydrochloric acid, water soluble extractive and 

extractable matter. Оther tests covered in this monograph 

are particle size and particle size distribution which may 

affect the dissolution and thus the bioavailability of herbal 

medicinal products derived from these herbal substances; 

loss on drying (for non-pharmacopoeial herbal substances, 

acceptance criteria should be justified by data on the effects 

of moisture absorption); Contaminants – which include 

inorganic impurities, toxic (heavy) metals (where justified, 

sulphated ash/residue on ignition/heavy metals), microbial
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limits (the total count of aerobic micro-organisms, ofyeasts 

and molds, and the absence of specific bacteria). It is 

important to be mentioned that the microbial counts should 

be performed using pharmacopaeial or other validated 

procedures. Determination of potential mycotoxin 

contaminations should be in accordance with the 

pharmacopaeial procedures and acceptance criteria given 

for aflatoxins (2.8.18) and for ochratoxin A (2.8.22). When 

necessary, potential residues for pesticides and fumigation 

agents should be controlled by suitable validated methods 

(EMA, 2011).  

The last item in the monograph on herbal substances 

refers to the assay where in case of herbal substances with 

compounds with known therapeutic activity or with active 

markers, assays of their content are required with details of 

the analytical procedure (EMA, 2011).  

Since the cannabis plant is capable of producing 

psychoactive substances such as THC, it is usually legally 

controlled. Therefore, in the female flowers, and the resin-

producing trichomes (plant hairs), THC concentration can 

reach 20 % or more. For this reason, the international 

treaties require that the entire plant is controlled under 

national drug laws (EMCDDA, 2018). 

Since there is still no published a monograph for 

‘Cannabis flos’ (or derived preparations or constituents) in 

Ph. Eur., some EU Member States, like Denmark and 

Germany, have published monographs in national 

pharmacopoeias (EMA, 2021). 

 

Regulations for Cannabis flos quality in DAB 

 

According to the German Pharmacopoeia (Deutsches 

Arzneibuch, DAB) there are two published monographs for 

Cannabis-derived herbal substances: monograph for 

Cannabis Flos and Cannabis Extract. 

The DAB monograph for the quality of the starting 

material, defines the Cannabis flos as dried shoot tips of the 

female plants of Cannabis sativa L. (Cannabaceae), where 

is specified that the drug should contain 90-110 % of the 

labeled cannabinoids, calculated as THC (C21H30O2; Mr 

314.5) and CBD (C21H30O2; Mr 314.5), based on the dried 

drug. Requirements for identity tests include macroscopic 

and microscopic evaluations as well as thin layer 

chromatography (2.2.27). It is worth mentioning that there 

is a difference between the EU regulations and DAB 

monograph for cannabis flos, where according to the tests 

for identification of the herbal drugs in the European 

Pharmacopoeia, possible contamination with pesticides, 

heavy metals, aflatoxins and microorganisms is practically 

limited (Manns et al., 2019). Regarding the purity testing, 

in the DAB monograph is specified that the drug should 

have external components (2.8.2) not more than 2 percent 

and not more than 10 percent of drying loss (2.2.32). In this 

segment it is also included the analysis of the content of 

cannabinol (max 1%) which should be done by liquid 

chromatography (2.2.29). When it comes to the 

determination of the content of the significant 

cannabinoids, the examination is carried out with liquid 

chromatography (2.2.29) as well, where according to their 

quantity, there are three different products defined: 

cannabis flos with THC content higher that CBD (type I), 

THC content equal to CBD (type II) and THC content 

lower than CBD (type III). In the last part of the monograph 

there is an information on labeling where calculated 

percentage of the amount of THC and CBD should be 

indicated on the container.   

 

Conclusion 

 

The quality requirements for cannabis flos in the 

European and German Pharmacopoeia are similar, 

although due to the ongoing process of legalization and 

decriminalization of cannabis for medicinal purposes usage 

in different EU countries, there is a need for a harmonized 

monograph.  
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Introduction 

 

If standard, conventional, evidence-based medicine 

has no adequate response or even has no any beneficial / 

positive effects on general health condition, there is no 

reason not to try the potential of Cannabis that originates 

from the famous, well-known biologically valuable 

composition of this extremely rich plant. This approach is 

based on understanding the fundamentals of nature 

incorporated in Cannabis cultivars, its recognized 

benefits, that are nowadays supported by increasing 

available scientific data. 

Neither only THC, nor only CBD or any other single 

cannabinoid are only responsible for its famous beneficial 

effects. It makes clear why nature wisely merged more 

than 500 bio-active compounds, including richness of 

more than 140 cannabinoids in their acid and neutral form 

and about 200 terpenoids in this unique plant. That is the 

reason for the great importance of use of choosing the 

right, sophisticated ”cold” extraction method and proper 

equipment in order to provide Full Spectrum Cannabis 

extracts containing much more compounds with minimum 

decomposition and loss. Accordingly, it is strongly 

advised that Cannabis-based product have to be provided 

by reliable official sources that assure high and standard 

quality of dried flowers, extracts and Cannabis-based final 

products, in accordance to GMPc requirements.  

Cannabis-based products, especially ones containing 

Full Spectrum Cannabis natural extracts, are known as 

beneficial as additional treatment of wide pallet of 

diseases/health conditions, including neurological 

diagnosis such as: Epilepsy, Sclerosis Multiplex, Parkin’s 

disease, Neuropathic pain, Tremor, and others (Barnes,

2006; Giacoppo, Bramanti & Mazzon, 2017; Rog et al., 

2005; Russo et al., 2015; Stockings et al., 2018; Wade et 

al., 2004).  

The aim of this study was to develop and suggest 

different individual approaches in achieving optimal 

balance and dosage of THC and CBD in supplementary 

treatment of neurological diseases. 

 

Materials and methods 

 
The following products, supplied by a local 

manufacturer of products containing cannabinoids, were 

used during this research: 

- Medicinal Cannabis extracts (THC : CBD, 1 : 1)   

  (10 mg THC + 10 mg CBD)/mL and  

- 10% CBD Oil sol. 

Medicinal Cannabis extract containing declared 

content of THC and CBD in ratio 1:1, was administered 

to patients with neurological diseases by method of 

continuous slow titration of dose, in predefined time 

intervals, after initially starting the treatment with low 

doses of both cannabinoids, especially of THC. CBD 10% 

Oil solution was additionally included to increase TDI of 

CBD, in order to reach optimal balance of THC and CBD 

for each patient, with maximum benefit and minimum 

side-effects. The presented approach in creation and 

concepts of dosage schedules is based on my large and 

abundant more than 6 years’ experience with patients who 

wish to remain anonymous, gained and confirmed on 

many international symposia, seminars and presentations, 

as well as communication with highly appreciate foreign 

experts and Cannabis therapy consultants and consumers.  
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Results and discussion 

 

The main role in the treatment potential of natural 

Cannabis extracts plays the recognized famous synergism 

(Entourage effect) between CBD and THC, other 

cannabinoids, terpenes, phytosterols, flavonoids, 

carotenoids and many other bio-active compounds that 

are present in these extracts. Almost any formulation 

containing declared content of cannabinoids; primarily 

THC and CBD may be manufactured, by use of a single 

or composite extract of both cannabinoids in different 

ratio.  

By adequate formulations containing both THC and 

CBD and enrichment with additional required quantity of 

CBD, they can successfully reach their dose of optimum 

quantity and balance of THC and CBD, that provides 

maximum benefit with minimum side-effects and may be 

considered as their individual continuous Maintenance 

Dose. The procedure of titration of the dosage of THC 

strictly follows the “go low-go slow” principle. 

Additional dosing of CBD, provided by parallel 

administered CBD border-line products that are available 

in wide concentration ranges, assures higher quantity of 

CBD (in mg) in daily dosage, if required. Eventually 

occurring side-effects of the treatment may be 

successfully corrected or even avoided by prolonging 

intervals of continuous titration for few days more, to get 

adapted to a lower dose interval and get well tolerated of 

such, before transferring to higher, subsequent dose 

interval.  

First example is Introduction of treatment with low 

TDI dosage of 2 mg THC/27 mg CBD, followed by slow 

titration up to 9 mg THC/84 mg CBD in 4 time intervals, 

with continuous monitoring of the health benefits and 

side-effects ratio (Dosage Schedule I). If there are no 

significant side-effects, but still not satisfying 

improvement, it should be continued to I-First Continuous 

Dosing Schedule, starting from 10 mg THC/95 mg CBD. 

In 6 intervals, retaining continuously on TDI of 10 mg 

THC and titration only the dose of CBD, final TDI of 10 

mg THC/160 mg CBD should be reached. If it is 

sufficient to improve the health condition, there is a little 

chance for occurring side effects of THC, primarily its 

psychotropic effects. When the improvement is not in 

correspondence with expectations, but significant side-

effects are not detected, it should be continued with II-

Second Continuous Dosing Schedule; by increasing of 

both THC and CBD, beginning from 10 mg THC/95 mg 

CBD to 20 mg THC/160 mg CBD. It starts from 10 mg 

THC/95 mg CBD in 6 intervals, by titration of dosage of 

both cannabinoids, TDI of 20 mg THC/160 mg CBD 

should be reached. It is important to note that it is not 

necessary for any consumer to reach the upper dosage of

20 mg THC/160 mg CBD. Each dosage between 10 mg 

THC/95 mg CBD to 20 mg THC/160 mg CBD, presented 

in the II-Second Continuous Dosing Schedule, that gives 

maximum benefit/side effects ratio, may be accepted as 

satisfying individual Maintenance Dose.  

 

Conclusion 

 

Several general requirements in dosage creation 

should be satisfied; low start, gradual titration of TDI 

dosage divided in several single doses with the highest 

evening dose of THC, parallel administered CBD product 

during first part of day and adaptability of duration of 

intervals, all in order to achieve optimal satisfying 

individual dosage. 

In this way of creation and adaptation of dosage, by 

monitoring of general health condition, each patient 

supported by its family and doctor, based on benefit/side 

effects ratio, should achieve its individual Maintenance 

Dose in the supplementary treatment of Different 

Neurological Diseases.  
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Introduction 

 
Cannabis-based formulations, containing declared 

content of cannabinoids provided by Cannabis natural 

extracts are recommended as supplementary treatment in 

addition to conventional anticancer therapy. They do not 

present alternatives to such therapy, nor are intended to 

exclude evidence-based conventional therapy prescribed 

by doctors, specialists of Oncology. 

Approach to Cannabis treatment is shown to be quite 

individual, as well as adaptability, effectiveness and 

possible side-effects. Still, there are several basic 

recommendations that help in avoiding unwanted side-

effects of such additional treatment:  

- Starting with low doses, slowly increasing the doses 

in certain, adaptable time intervals. 

The approach in introduction in Cannabis treatment 

and titration of the daily doses of cannabinoids (primarily 

THC and CBD) from low to higher quantities as well as 

the duration of each time interval of titration must be 

individual, in correspondence with the needs of any 

patient and their general health condition.  

The aim of this study was to give basic 

recommendations for creation of individual dosing 

schedule of products containing cannabinoids in treatment 

of malignant diseases, based on benefit/side effects ratio 

and available literature data (Fischer et al., 2017; Gourlay, 

2005; Kicman & Toczek, 2020; Pisanti et al., 2017; 

Romero-Sandoval et al., 2017; Sachs et al., 2015; 

VanDolah et al., 2019). 

 

 

Materials and methods 

 

The following formulations, supplied by a local 

manufacturer of products containing cannabinoids, were 

used during this research: 

- Medicinal Cannabis extract  

(10 mg THC + 10 mg CBD)/ml;  

- Medicinal Cannabis extract  

(20 mg THC + 20 mg CBD)/ml;  

- Medicinal Cannabis extract   

(40 mg THC + 40 mg CBD)/ml; 

- 10% CBD Oil solution. 

Medicinal Cannabis extracts containing declared 

content of THC and CBD, in ratio 1:1, were administered 

to patients with malignant diseases by method of 

continuous slow titration of dose, in predefined time 

intervals. CBD 10% Oil solution was additionally 

included to increase TDI of CBD, to reach optimal 

balance of THC and CBD, with maximum benefit and 

minimum side-effects. 

The presented approach in creation and concepts of 

dosage schedules is based on my large and abundant more 

than 6 year’s experience with patients who wish to remain 

anonymous, gained and confirmed on many international 

symposia, seminars and presentations, as well as 

communication with highly appreciate foreign experts and 

Cannabis therapy consultants and consumers.  

 

Results and discussion  

 

Total daily dosage and time required for adaptation of 
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a patient to each dose is individual, and should last 

sufficiently long to make evaluation available for both 

benefits and side-effects of Cannabis treatment on the 

global health condition of a patient. Total daily dose must 

be strictly controlled, gradually increasing with a suitable 

delay on each interval of increase of the dosage, lasting 

for around 2-3 days in lower doses and intervals of 3-5-7 

days or even longer, if necessary, for higher doses of 

cannabinoids. Nevertheless, every assessment of a dose as 

“low” or “high” is very relative, that is the main reason 

for the need of individual approach in dosage for each 

patient. The introduction in the treatment must always 

start with a low dose, for example about 2 mg THC. If 

there is objective need for rapid increase of the dosage, 

especially if it regards to THC dose, the duration of each 

dosing interval may last even shorter than the usually 

accepted 2-3 days, only if the patient tolerates the titration 

of dose relatively well without occurring significant side-

effects. Eventually occurring side-effects may be 

successfully corrected by prolonging the interval of 

continuous titration for a few more days, so the patient 

can adjust to a lower dose interval and tolerate it well, 

before going to higher, subsequent dose interval.  

- Individual doses of THC should be carefully 

distributed within total daily dose (TDI), so that the main 

quantity of THC has to be administered about 1 hour 

before going to bed, since then the psychotropic effect 

does not present unwanted adverse effect. 

Total daily doses of cannabinoids (TDI) are 

conveniently divided and distributed in several lower 

single doses, usually administered at least 2-3 times 

during daytime. Correspondingly, about less than 50% of 

TDI dose of THC should be distributed in several smaller 

doses in daytime and the rest, usually about 50-70, even 

80% of TDI of THC is preferably to be administered 

before going to sleep.  

- One must be patient regarding the duration of the 

treatment and acquiring its health benefits. 

This in practice can be a frustrating factor for patients 

with acute symptoms, such as chronically pain, nausea, 

vomiting, spasms, etc. It is well known that Cannabis 

treatment has a different effect on any individual patient, 

but, its effects do not appear immediately, since it takes 

enough time that is difficult to be predicted for each 

individual patient. By controlled dosage increase, 

followed by continuous monitoring and dose adjustments, 

if necessary, the most appropriate dose for each patient is 

assessed, in relation to the recognition of benefits and 

gaining tolerance or even elimination of occurring 

unwanted adverse effects. 

- To overcome the psychotropic effects of THC, 

when using medical formulation with a declared content 

of THC or medical formulation with a declared THC and 

CBD content, it is necessary to enrich the treatment with 

an additional primarily CBD containing product.  

Parallel administration of additional, primarily CBD 

containing product (limited to max. 0.2% - 0.3% THC), is 

recommended to be included in the treatment, especially 

concentrated at first part of day.  

CBD is recognized for its many health benefits, but, 

if taken in parallel with THC, CBD is beneficial in 

increasing the positive effects of THC, while in the same 

time reducing THC’s psychotropic side-effects.  

Accordingly, most unwanted adverse effects of THC 

during Cannabis-based products treatment may be 

successfully reduced or completely avoided if in the 

duration of careful gradual increase of THC dose, a 

significant increase of CBD dosage (3-5 times that of 

THC) is administered alongside. 

 

Conclusion 

 

According the presented way of individual approach 

in dosage creation, each individual patient should reach 

optimal dosage and balance of THC and CBD. The 

patients, their family and doctor, by gradual titration of 

doses of both primarily cannabinoids and monitoring of 

their general health condition, should achieve an optimal 

benefit / side effects ratio which represent their individual 

Maintenance Dose as continuous supplementary treatment 

of malignant diseases. 
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Introduction 

 

Cannabis is one of the most popular plants nowadays 

and its use in medicine has an increasing rate. This is why 

the quality of Cannabis is of a great importance. As a 

plant, it is more susceptible to diseases caused by 

different microorganisms, as well as to attack of 

environmental contaminants. An excess of water could 

encourage microbial growth and affect the consumer’s 

health, due to the increased use of Cannabis for medicinal 

purposes. Moisture not only effects shelf-life and taste 

sensation but also the percentage of THC in Cannabis 

products, as it is a substantial part of the total weight 

(Miao et al, 2014). Regarding this, two direct moisture 

content measurement techniques were compared to 

determine the possible diffrences in the estimated values 

of the moisture content in Cannabis sativa cultivars.  

 

Materials and methods 

 

Plant materials 
 

Plant material was consisted of dried flowers 

originating from three different Cannabis sativa cultivars: 

Kerosene Krash, Gluberry OG and Passion.  

 

Determination of water by oven drying method (Loss on 

drying, LOD) 
 

Determination of water by the oven drying method 

was done according to the method 2.2.32 given in DAB 

2018. 

This method is simple and straightforward, and 

involves three step. An aliquot of analyzed sample was 

weighed in glass container, then dried in a vacuum oven 

(pressure 41.5-2.5 kPa at temperature of 40°C for 24h) 

and weighed afterwards again. Before the sample was re-

weighed, it was cooled in desiccator.  

 

Determination of water by distillation (DWD) 
 

Determination of water by distillation on Cannabis 

inflorescences was done according to the method 2.2.13 

given in the European Pharmacopeia 10.0. 

200ml toluene R and about 2mL of water R were 

introduced into the dry flask. The flask was heated on 

electric heater for 2 hours to distill the liquid and cooled 

down for 30 minutes. The determined volume of aqueous 

distillate was read (first distillation). After that, an aliquot 

of Cannabis sample was weighted and transferred to the 

flask. The flask was heated gently for 15minutes. When 

boiling point was reached, the rate of distillation was 

adjusted to 2 drops per second until the most of the water 

distilled over. Then, the rate was increased to about 4 

drops per second. As the water was completely distilled, 

the condenser tube was rinsed with toluene R. The 

distillation continued for 5 more minutes. After cooling 

and separating the water/toluene layer, the volume of 

water was determined (second distillation). The content of 

water was calculated in percentage using the equation 

100(n1-n)/w, where w is the weight in g of the material 

being examined, n is the number of ml od water obtained 

in the first distillation and n1 is the total number of ml of 

water obtained in both distillations. 
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Results and discussion 

 

The results from loss on drying of Cannabis 

inflorescences humidity obtained by vacuum oven drying 

method ranged between the samples from 6.87% in 

Kerosene Krash, 6.91% in Glueberry to 6.96% in Passion. 

The method for determination of water with toluene 

distillation revealed much higher values and ranged from 

9.97% in Kerosene Krash, 8.64% in Glueberry to 13.53% 

in Passion. 

Oven drying is a simple and convenient technique 

that requires at least 24 hours (Miao et al, 2014). On the 

other hand, water distillation is much quicker but more 

complicated method. The values obtained by LOD are 

representing the loss of mass of the sample consisted from 

the masses from all the components that can evaporate in 

a vacuum oven (pressure 41.5-2.5 kPa at temperature of 

40°C for 24h), that generally comprises water, but also 

easily volatile compounds like terpenes. LOD generally 

encompasses extracellular water and volatile compounds 

which usually comprehends terpenes, lactic acid, acetic 

acid, and smaller amounts of propionic, butyric and other 

acids. Regarding this, volatile compounds, such as 

terpenes are mainly responsible for the unique smell of 

Cannabis and in practice, this can be noticed by the loss 

of aroma of the sample after it is removed from the 

vacuum oven. 

According to our findings, the obtained percentages 

of LOD were lower compared to the percentages obtained 

by the distillation method that could be explained by the 

fact that during the distillation, not only the extracellular 

water, but also a larger amount of plant cells water 

evaporates. Comparation between the obtained values 

with oven drying and water distillation method in legumes 

and grasses showed that the determined moisture values 

for water distillation were higher than that obtained by 

oven drying method (Luthern, 1981).  According to 

literature data, those differences were related to low 

ammonia nitrogen levels, low volatile fatty acids levels as 

well as high lactic acid concentrations and it appreciable 

volatility (Philip et al, 1977). Some practical issues affect 

the uncertainties involved in the LOD method. For 

example, sample preparation and handling, sample size,

temperature, pressure, drying duration in oven, loss or 

gain of sample moisture in ambient environment, possible 

spillage in oven, burning, melting and chemical 

decomposition and so on. In the most cases, samples are 

cooled in a desiccator after they are removed from oven 

before re-weighing, but occasionally, the samples are 

cooled in ambient temperature, which may lead to mass 

gain from air humidity, hence an error in dry mass 

weighing. Despite that, LOD is still the most widely used 

technique for determination of water content, especially in 

analysis of foodstuffs and agricultural products, while on 

the other hand water distillation is not regularly carried 

out as a routine procedure in analytical laboratories 

mainly because of the toluene toxicity. Besides that, water 

distillation is still a method of choice in cases when the 

herbal material contains volatile components, most often 

terpenes, in amount larger than 2% (Miao et al, 2014). 

 

Conclusion 

 

Moisture content of Cannabis inflorescences was 

determined by two different methods, loss on drying and 

water distillation. The estimated values for moisture 

content obtained by water distillation method were higher 

than the values obtained by the vaccum oven drying 

method. Further examination which take these variables 

into account, will need to be undertaken, in order to 

determine more precise value of Cannabis inflorescences 

humidity. 
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Introduction 

 

Use of antibiotics in the medicine has saved millions 

of lives since their discovery, but their overuse in time 

caused an occurrence of antibacterial resistance (AMR), 

which is a significant threat to global human health. Due to 

the necessity of partially replacing some of the antibiotics 

with new drugs that will be effectively used instead of the 

drug to which the bacteria have become resistant, many 

scientists around the world are actively working on the 

development of new formulas that will successfully pass 

clinical trials and over time become part of everyday 

medical practice. 

 Cannabis sativa L. is plant that belongs to the family 

Cannabinaceae. It has been used for over 5,000 years for 

medicinal and recreational uses, firstly in Central and 

Northeast Asia and subsequently spreading worldwide. 

Cannabis plant has a complex chemical composition that 

includes cannabinoids and terpenes. Cannabigerolic acid 

(CBGA), is a precursor molecule for numerous other 

cannabinoids, such as Δ9-tetrahydrocannbinol (Δ9-THC), 

cannabidiol (CBD), cannabigerol (CBG), cannabinol 

(CBN) and cannabichromene (CBC). 

 

Materials and methods  

 

Materials 
 

Following materials were used: pH 7 Pharmacopoeia 

diluent, purchased from BioMérieux, France, Trypcase 

Soy Broth (TSA) plates and Sabouraud Dextrose Agar 

(SDA) plates, purchased from BioMérieux, France. As a 

certified reference material (CRM) were used: 

Staphylococcus aureus subsp. aureus ATCC 6538, 

Pseudomonas aeruginosa ATCC 9027, Bacillus subtillis 

subsp. Spizizenii ATCC 6633, Candida albicans ATCC 

10231, Aspergillus brasiliensis ATCC 16404, purchased 

from Microbiologics Inc., USA. 

 

Equipment 
 

Following equipment was used: balance (accuracy 

0.001g), Sartorius GmbH, Germany; bag mixer, 

Interscience, France; Biosafety cabinet class 2 A2 (BSC), 

Telstar, Spain; incubator (set temperature 23˚C), Memmert 

GmbH + Co., Germany; incubator (set temperature 23˚C), 

Memmert GmbH + Co., Germany; colony counter, 

Interscience, France. 

 

Method for the determination of the total number of 

aerobic microorganisms and for the determination of the 

total number of yeasts and molds in Cannabis flower (Ph. 

Eur / 2.6.12 Microbiological Examination of non-sterile 

products: microbial enumeration test) 
 

A dry flower from the plant Cannabis sativa L. var. 

Dark Star, THC dominant, was used for analysis.  

The initial homogenized sample with a mass of 10 g using 

Bag Mixer is suspended in a buffered NaCl peptone 

solution (pH 7 Pharmacopoeia diluent). 

From the initial 1:10 dilution were prepared 15 tubes 

with exactly 10ml sample suspension per tube and 3 tubes 

were marked in with number 1, 3 tubes with number 2, etc. 

with 3, 4 and 5 accordingly. 

Using serial dilution method, the sample material was 

diluted further in the following ratios: 1:100, 1:1000 and 

1:10000.  

From every different ratio of sample dilution, 15 tubes 

with 10 ml volumes were prepared separately and marked 

with numbers from 1 to 5, in a group of 3, like explained 

previously, with addition of letter A for 1:100 dilution, B 

for 1:1000 and C for 1:10000 dilution. 
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In every tube of each of the dilutions with number 1 in 

the mark, 0.1µ suspension of a Staphylococcus aureus 

subsp. aureus ATCC 6538 reference material was added to 

the test tubes, thereby providing an inoculum with a known 

and precisely determined number of CFU in concentration 

interval from 10 to 100 cfu/ml. 

This procedure was repeated for each of the reference 

strains used, so that a suspension of the Pseudomonas 

aeruginosa ATCC 9027 reference strain material was 

added to test tubes with number 2, suspension of the 

reference material from Bacillus subtillis subsp. Spizizenii 

ATCC 6633 was added to test tubes number 3, Candida 

albicans ATCC 10231 reference material to those marked 

with 4 and Aspergillus brasiliensis ATCC 16404 to the 

tubes marked with 5. 

The material in the tubes was homogenized.  

Suspensions with Staphylococcus aureus subsp. 

aureus ATCC 6538, Pseudomonas aeruginosa ATCC 

9027, Bacillus subtillis subsp. Spizizenii ATCC 6633, 

Candida albicans ATCC 10231 and Aspergillus 

brasiliensis ATCC 16404 were used for TSA inoculation 

and suspensions of Candida albicans ATCC 10231 and 

Aspergillus brasiliensis ATCC 16404 for inoculation on 

SDA plates. 

150 plates of TSA and 60 plates of SDA were prepared 

and marked with the same symbols as were signed on the 

tubes, with addition of number -1 or -2, because for every 

combination of dilution and strain, duplicate plates were 

inoculated. 

Positive controls were performed with inoculation of 

suspensions of reference material from all the used strains 

separately. 

Negative controls were performed using Buffered 

NaCl peptone solution (pH 7 Pharmacopoeia diluent). 

These procedures were carried out in BSC. 

After inoculation, the substrates were inoculated in an 

incubator for 3 days at a temperature of 33˚C for TSA 

plates and for 5 days on 23˚C for SDA plates. 

After the incubation period, the colonies grown on the 

plates were counted with an automatic colony counter. 

 

Results and discussion 

 

The results gained from the colony counting shows 

grow of respectable number of cfu/mL for Pseudomonas 

aeruginosa on TSA plates and Candida albicans and 

Aspergillus brasiliensis on TSA and SDA plates. 

There was low or no growth on 1:10 and 1:100 

dilutions for Staphylococcus aureus subsp. aureus and 

Bacillus subtillis subsp. Spizizenii on TSA agar. 

Low number of colonies on all 3 replications worked 

on duplicates plates for Staphylococcus aureus subsp. 

aureus and Bacillus subtillis subsp. Spizizenii on TSA agar 

on the lower dilutions, and the respectable number for the 

higher dilutions, 1:1000 and 1: 10000, shows that the 

analyzed material, Cannabis sativa L. dry flower used in 

this study has antimicrobial activity for some 

microorganisms. 

Both, Staphylococcus aureus subsp. aureus and 

Bacillus subtillis subsp. Spizizenii are gram-positive 

bacteria while Pseudomonas aeruginosa is gram-negative 

bacteria. 

Candida albicans is yeast species and Aspergillus 

brasiliensis is species of mold. The experiment was 

repeated once again, and the results were confirmed. 

 

Conclusion 

 

The conclusion of this study is that the Cannabis 

sativa L. plant has an antimicrobial effect on some gram-

positive bacteria. 

This activity is not expressed for gram-negative 

bacteria, yeasts, and molds. 
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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. He 

found it to be a powerful analgesic, anti-convulsant, and 

muscle relaxant through his experimental treatment of 

patients suffering from rheumatism, cholera, tetanus, and 

seizures. As of January 22, 2021, the US FDA has 

approved CBD and THC containing medications for 

therapeutic use. Exogenous cannabinoids, such as THC 

and CBD, 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 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). 

 

mailto:*marjan.velkovski@replek.mk


132                                                360° Cannabis 

Maced. pharm. bull., 68 (Suppl 2) 131 - 132 (2022) 

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/ml. 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. 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, MSB broth was incubated for 3.5h at 20-25˚C, RVS 

broth was incubated for 24h at 30-35˚C, and MSA, MCK, 

VRBG and XLD 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).  

 

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 

 
Cannabis sativa L. is a plant widely known for its 

bioactive constituents, and especially for cannabinoids. 

Cannabinoids are accumulated in the inflorescences, which 

is considered the most valuable plant part (Hanuš et al., 

2016). Fiber-type C. sativa (hemp) predominantly 

produces cannabidiol (CBD) and cannabidiolic acid 

(CBDA), both of which exhibit numerous pharmacological 

activities. Consequently, reliable analytical results about 

major cannabinoids would be important for the quality 

control of plant material. The contribution of minor 

cannabinoids in the pharmacological properties of cannabis 

has recently attracted significant interest (Cerrato et al., 

2021). Other compound classes also exist in the plant, 

adding up to its chemical complexity. Still, the 

phytochemical composition may be affected by factors 

such as variety, harvesting year, geographic origin, and 

cultivation environment. This variability is inevitably 

translated into different pharmacological effects (Andre et 

al., 2016). In this regard, characterization and classification 

of hemp samples based on their metabolite profiles is 

crucial for standardization of products and consistency in 

therapeutic outcomes. Aiming for a comprehensive 

investigation and comparison of C. sativa phytochemical 

profiles, inflorescences belonging to different varieties 

were collected during consecutive harvesting years from 

various regions of Greece. Following an optimized sample 

preparation protocol, the ethanol extracts of the samples 

were analyzed by NMR and LC-based techniques aided by 

chemometrics. For a quick overview of metabolite classes, 
1H-NMR was employed. In parallel, UPLC-PDA and LC-

HRMS were applied with focus on cannabinoids.  

 

Materials and methods 

 

Extraction and sample preparation - An optimized 

ultrasound-assisted extraction (UAE) method was 

implemented (Tzimas et al., 2021). Briefly, 204.0 mg of 

dried inflorescences were weighed and 20.0 mL of ethanol 

were added. The mixture was vortexed, sonicated (15 min, 

40 °C) and, finally, centrifuged (5 min, 1930 × g). Aliquots 

of the supernatants were diluted with acetonitrile (ACN) 

for LC-PDA. For the remaining analyses, aliquots of 1.3 

mL were withdrawn and dried; Methanol-d4 was added to 

re-dissolve the aliquots before NMR analysis, while LC-

MS grade methanol was used as diluent before LC-MS 

analysis. 

 
1H-NMR analysis - NMR spectra were acquired on a 

Bruker Avance III instrument equipped with an inverse 

detection probe with a z-gradient. The spectra were 
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obtained by Fourier transformation (FT) of the free 

induction decay (FID). Data acquisition and processing 

was performed using TopSpin (version 4.0.6) software. 

Hexamethyldisiloxane (HMDSO) was added to methanol-

d4 as internal standard. 

 
Liquid chromatographic analysis (LC-PDA & LC-HRMS) 

- Quantitative determination of target cannabinoids was 

carried out by UPLC-PDA using an Acquity UPLC system, 

under the control of Empower 3 software. A C18-PFP 

column was employed, while the mobile phase consisted 

of a gradient of ACN/water both containing 0.1% formic 

acid (FA). Selective chromatograms were obtained at 210 

and 225 nm, acoording to the λmax of analytes. 

The LC-HRMS analysis was conducted on an Acquity 

UPLC system coupled to Velos Pro-Orbitrap Elite hybrid 

mass spectrometer, using a heated electrospray ionization 

source (HESI). The samples were analyzed under both 

negative and positive ESI modes. The chromatographic 

separation was also performed on a C18 column using a 

gradient of ACN/acidified (0.1% FA) water. Data 

acquisition and analysis were performed using Thermo 

Xcalibur software, Version 2.2. 

 

Multivariate data analysis (MVDA) - Proton NMR data 

were binned, aligned and IS-normalized before import to 

SIMCA software (version 14.1) for multivariate analysis. 

LC-HRMS raw data were firstly processed using MZmine 

software (version 2.53), including steps for deconvolution, 

alignment and grouping of isotope patterns. The final 

feature list was imported to SIMCA.  Principal component 

analysis (PCA), partial least squares discriminant analysis 

(PLS-DA) and orthogonal projection to latent structures-

discriminant analysis (OPLS-DA) were mainly used for 

model generation.  

 

Results and discussion 

 
Exploration of the NMR data highlighted the different 

compounds classes present in the samples. It was evident 

that the samples from the two harvesting years (2019 and 

2020) showed different chemical profiles. Resonance 

signals for fatty acids mainly linoleic and linolenic were 

observed in 2019 while the concentration of minor 

phenolics was higher in 2020 samples. CBD and CBDA 

were the cannabinoids most easily detected, with CBD 

content being higher in 2019. So, the above could be 

tentative biomarkers for the harvesting year. 

UPLC-PDA analysis enabled the accurate and high-

throughput determination of cannabinoid contents and 

exploration of some basic patterns in the samples.  The LC-

HRMS based dereplication allowed the identification of 

 

many minor cannabinoids, belonging to various subclasses, 

in addition to other metabolites. These subclasses include 

CBE, CBC, CBG, THC, and CBN-types, among others. 

The multivariate analysis on the LC-MS datasets also led 

to the classification of hemp inflorescences according to 

important parameters and the identification of possible 

biomarkers.  

 

Conclusion 

 
1H-NMR proved to be a quick and informative tool, 

providing a holistic view of metabolite classes present in 

hemp inflorescences, including lipids and minor phenolics. 

Analysis of target cannabinoids by UPLC-PDA provided 

useful quantitative results, which was expanded by an LC-

HRMS based untargeted workflow with focus on minor 

cannabinoids. Multivariate techniques, such as PCA, PLS-

DA and OPLS-DA revealed underlying patterns and class 

structure within the samples. The class-determining 

metabolites as pointed out by each platform were explored 

in search of efficient biomarker identification. Overall, the 

proposed strategy offered comprehensive characterization 

of C. sativa inflorescences and classification according to 

important parameters, a first of its kind for Greek samples. 
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Introduction 

 

Throughout history, cannabis has been used as an 

analgesic and sedative. Today is the most widely 

cultivated, most trafficked and most exploitable narcotic 

drug in the world. The major and most researched 

phytocannabinoids are delta-9-tetrahydrocannabinol 

(THC) and cannabidiol (CBD). THC has psychoactive 

effects, while CBD does not affect perception and 

consciousness.  

In February 2016, the Law on Control of narcotic 

drugs and Psychotropic substances was amended and the 

use of cannabis and cannabis preparations for medicinal 

purposes were allowed by the provision of Law in the 

Republic of North Macedonia. This regulatory framework 

permits access to unregistered cannabis extracts for 

medicinal use, manufactured by licensed pharmaceutical 

companies. Therefore, borderline products, as well as 

prescribed preparations for medicinal use, oil solutions 

with different proportions of CBD and THC approved by 

the Agency for drugs and medical devices, become 

available on the market. Consequently, the number of 

consumers using cannabis and cannabis-based products for 

medicinal purposes is increasing constantly. Pharmacists, 

as most available healthcare professionals (HCP) play a 

pivotal role in providing, advising and giving the pharmacy 

care for patient when dispensing cannabis-based products.  
Hence, the aim of our study was the evaluation of 

knowledge, attitudes and experiences of consumers as well 

as community pharmacists when dispensing cannabis and 

cannabis-based preparations for medical use in the 

Republic of North Macedonia. 

 

Materials and methods  

 

In a period of three mounts, survey questionaries for 

medical use of cannabis and cannabis-based preparation 

with multiple choice answers scored from 1-5 by Likert 

scale (19 questions for pharmacists and 15 questions for 

users) were prepared and distributed among the mentioned 

target groups randomly selected on the territory of the 

Republic of North Macedonia.  

The survey questions distributed among community 

pharmacist provided the demographic information (age, 

education and occupation), evidence for the number of 

consumers asking information related to cannabis and 

cannabis-based products, types of available products, 

frequency of prescriptions for a certain indication, number 

of dispensed products on a weekly base as well as dosing 

approaches. The questionary also contained questions for 

the level of pharmacist knowledge on this topic, their 

awareness for the necessity for further education, as well 

as the obstacles they are facing when dispensing this type 

of products. 

On the other hand, the questionary intended for 

consumers of cannabis-based preparations provided the 

demographic information (gender, age and place of 

residence). In addition, the survey contained questions for 

the reason for treatment initiation with cannabis 

preparations and sources used to provide appropriate 

mailto:*ivana_josifovska@hotmail.com


136                                                360° Cannabis 

Maced. pharm. bull., 68 (Suppl 2) 135 - 136 (2022) 

information in decision making process, the diagnosis, the 

most prominent symptoms to be treated, frequently used 

dosage form of this products, and whether they are 

provided from the pharmacy. This study is also focused on 

the perception of the consumer regarding the quality of 

obtained information from the community pharmacist and 

other HCP.  

 

Results and discussion 

 

The overall survey in this study included a total of 277 

respondents from all over the territory of the Republic of 

North Macedonia (133 community pharmacists and 144 

consumers of different cannabis preparations).  

Both pharmacists and patients increasingly believe in 

cannabis-based preparations and they are often a therapy of 

choice for certain medical conditions. Pharmacists mainly 

indicate that the number of patients who are interested in 

these kinds of preparations is increasing weekly and that 

many of them decide to take the preparation by their 

recommendation. 

The most common way of users obtaining cannabis 

preparations from a pharmacy is recommended or 

prescribed by doctor (83%), while only 17% provide them 

in other ways. 77% of the evaluated pharmacist responded 

that between 1 to 10 patients ask for cannabis-based 

preparations on a weekly basis and 57% of them decide to 

take this preparation after consulting with the pharmacist. 

Consumers with different medical condition, especially 

those with cancer (30%) and chronic pain (13%), use 

cannabis products more often, due to the increased public 

perception for cannabis. 40% of the users in evaluated 

group were over 50 years old. According to the results 

obtained by respondents, the most common way of 

defining the dosage regime (52%) was according to the 

instructions in the patient information leaflet, which is 

officially approved by the regulatory body and only 8% of 

the users take the preparations according to their 

perception. 

Consumers are most often informed about cannabis-

based preparations by their doctors (31%) or friends (22%), 

20% of respondents obtain information from pharmacists 

at a community pharmacy, and only 6% of respondents 

receive information by attending seminars. The prize of the 

available products on the market are the most common 

reason for discontinuing the use of these preparations 

(44%). On the other hand, only 2% of the respondents 

believe that use of preparations has no effect. More than 

43% of the consumers were counseled by the pharmacists 

for the method of application and additional 8% of the 

patients were informed that usage of cannabis is not 

appropriate for their condition. The results of the 

conducted survey confirmed that 51% of the consumers 

knew the exact preparation they want to provide from 

pharmacy contrary to the 49% that ask for 

recommendation. The most commonly reported side 

effects by the pharmacists from the use of cannabis-based 

preparations are increased sleepiness (32%), lack of 

effectiveness (lack of reduction of pain (19%)), as well as 

increased nausea and vomiting (10%). Additionally, other 

effects, such as low blood pressure, tachycardia, anxiety, 

depression, panic attacks or hallucinations were also 

reported.  

The general attitude of the community pharmacists 

involved in this survey is that education on cannabis and 

cannabis-based preparations is needed. About 18% of the 

pharmacist identified the need for further education related 

to the indications of preparations containing different ratio 

of THC and CBD, potential side effects of their use and 

interactions with other drugs, while 14% confirmed the 

need for additional education related to the way of 

administration or dosing recommendations. The obtained 

results showed that pharmacists provide information for 

consumers in terms of dosage and method of 

administration (31%), product selection (29%), followed 

by giving advice for possible interactions with other 

therapy (20%) and expected adverse reactions (20%). 

 

Conclusion 

 

Both pharmacists and patients increasingly believe in 

the cannabis-based preparations and they even are offered 

as therapy of choice for certain medical conditions. Many 

consumers use cannabis-based preparations outside the 

approved indications accepted and recommended by the 

scientific communities and regulatory bodies. The users of 

cannabis products receive necessary information by the 

HCP; however, the role of community pharmacist is 

essential in arising the awareness of indicated, rational and 

safe use of these preparations. Therefore, there is inevitable 

need for further education of the HCP, that will be actively 

involved in the process of consumer cancelling for the risks 

and benefits of using cannabis for medical purposes.  
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Introduction 

 

Pesticides use during cannabis cultivation increase the 

likelihood of successful harvest significantly. However, 

they remain in the herbal material and are either inhaled 

together with their pyrolysis products formed as a result of 

high combustion temperatures (160-480°C) through 

smoking, vaping or dabbing using water/glass/paper pipes 

without filters. Alternatively, they are 

extracted/concentrated in cannabis-based products such as 

oils, waxes and cannabis-infused edibles.  

The discrepancies in cannabis regulations disable 

establishment of strict worldwide and national regulations 

regarding pesticide use and mandatory testing. Instead, 

some of the countries and US states that legalized 

medicinal cannabis establish list of approved pesticides 

and testing lists of pesticides residues, but most of the 

countries remain in “regulatory silence”, such that no use 

of any available pesticide is illegal.  

The aim of this review is to provide summary of the 

regulatory status of pesticide residues in cannabis and 

cannabis based products as potential risk for human health 

in North and South America 

 

Pesticide use regulations in USA  

 

According to EPA’s Federal Insecticide, Fungicide 

and Rodenticide Act (FIFRA), for cannabis, which is 

classified as Schedule I controlled substance under the 

Controlled Substances Act, no use of registered pesticide 

is allowed and such would violate the federal law (7 U.S. 

Code Subchapter II - Environmental Pesticide Control, 

§ 136-§ 136y, 2020). Out of the 33 states, two permanently 

inhabited territories (Puerto Rico and Virginia Islands) and 

the District of Columbia legalized cannabis use for medical 

purposes and 11 states and two permanently inhabited 

territories (Northern Mariana Islands and Guam) legalized 

both recreational and medical use. Of them, only 22 states 

have adopted policies or rules governing pesticide use in 

cannabis cultivation and pesticide residue testing.  

Tested pesticides are selected according to their 

general (human) toxicity, availability, analytical 

amenability and detection frequency in cannabis. Other 

states use already established lists; e.g. Massachusetts tests 

for prohibited pesticides identified by AHP (Upton et al., 

2013), New Jersey’s selection is based on the EPA 

pesticide testing method 507 (Determination of Nitrogen 

and Phosphorous-Containing Pesticides in Water by Gas 

Chromatography with a Nitrogen-Phosphorus Detector, 

1995), while New York requires testing on any 

pesticide/growth regulator that can be used.  

Allowed levels of pesticide residues are state-specific. 

Five states (Connecticut, Illinois, Louisiana, Ohio and 

Nevada) allow presence of any federally registered 

pesticide up to a level lower than the lowest legal pesticide 

residue in any food item as set forth in Subpart C 40 CFR 

180 (40 CFR Subpart C - Specific Tolerances, 2022). In 

California, residue limits for cannabis are based on 

guidance residue levels (GRLs) published for tobacco by 

the French agency CORESTA in 2016 (Bureau of 

Cannabis Control Text of Regulations, California Code of 

Regulations Title 16, 2018). In Oregon, action levels are 

based on method’s limits of quantification (LOQs), set to 

0.1 mg/kg for all tested pesticides or arbitrary to 0.01 

mg/kg in New Hampshire and 1 mg/kg in Hawaii. In 

Washington, action levels for all pesticides not allowed is 

0.1 mg/kg (Chapter 314-55 WAC. Marijuana Licenses, 
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Application Process, Requirements and Reporting, 2018). 

For many other states, methodology of action limit 

determination is unknown (Arkansas, Michigan, Ohio, 

Oklahoma etc.).  

 

Pesticides regulations in Canada 

 

According to Marihuana for Medical Purposes 

Regulations (MMPR) of Canada, only the 28 pest control 

products approved by The Pest Management Regulatory 

Agency (PMRA) can be used during medical cannabis 

cultivation (Pest Control Product Act, 2020). Health 

Canada implemented mandatory cannabis testing for 96 

pesticides in all cannabis products: cannabis (indoor, 

outdoor, fresh and dried plants and seeds), cannabis oils, 

edibles and any industrial hemp-derived products before 

sold on the market, for every production batch, either on 

the final form or at the final step of production process 

during which the contaminants could be concentrated (i.e. 

on the “input” cannabis, cannabis extract infused in 

cannabis topical formulations) (Canada & Health Canada, 

2019). The list includes pesticides that are part of historical 

and/or current pesticide residues used in Canada and: were 

detected on cannabis in Canada or US states that have 

regulated its production; are used against pests that can be 

found on C. sativa; were observed by inspectors of Health 

Canada or the Canada Border Services Agency or were 

identified because of the risk of health or the environment 

or other factors. 

 

Pesticides regulations in South America 

 
Latin America is currently the world’s leader in 

promotion and adoption of policies allowing access to 

cannabis for therapeutic uses (Aguilar et al., 2018). In 

2014, Uruguay became the first country in the world to 

legalize cannabis cultivation and use for medical, 

recreational, industrial and scientific purposes. Brazil 

legalizes medical cannabis only for terminally ill and 

patients that have exhausted other treatment options 

(Senado Federal, Projeto de Lei N.5295, n.d.), while Peru 

(Bedoya, n.d.), Chile (Ley No 20.000, 2021), Mexico (Ley 

general de salud, 2022) and Columbia (Ley 1787 de 2016, 

2016) regulate medical and scientific access to cannabis. 

However, no data is available regarding pesticide use and 

testing regulations in any of the aforementioned countries. 

Only Columbia’s Resolution 1816 (Resolución 1816, 

2016) requires measurement of “pesticide residues that the 

raw material can have”, but without explicit details. 
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Introduction 

 

Diabetes mellitus (DM) is a chronic metabolic 

disorder with multifactorial complex etiology. It is 

characterized by a failure of glucose homeostasis and 

disturbances of carbohydrate, protein and lipid 

metabolism, attributed to defects in insulin secretion and/or 

insulin effect. Standard antidiabetic therapy comprises 

exogenous insulin and/or various oral antidiabetic 

medications, which are contraindicated in certain 

subpopulations of patients and frequently associated with 

serious adverse effects (Jadoon et al., 2016). Therefore, 

prompt research for novel hypoglycemic agents is urgently 

required.    

 The most abundant non-psychotropic cannabinoid 

from Cannabis sativa is cannabidiol (CBD), which gained 

increased attention regarding its extensive spectrum of 

biological activities and favorable safety profile (Lim et al., 

2021). Previously conducted studies disclosed that CBD 

administration is related to great therapeutic potential for 

treatment of streptozotocin (STZ)-induced DM, mostly 

affecting the oxidative stress, inflammation, and cell death 

(Jadoon et al., 2016). However, there are some 

discrepancies in the literature concerning whether or not 

CBD has a direct effect on blood glucose levels, both, in 

animal models (Frisher et al., 2010) and in humans (Jadoon 

et al., 2016; Mattes et al., 2021). These inconsistencies are 

likely due to the different doses and administration routes 

of CBD used in distinctive studies. 

Thus, the objective of this study was to investigate the

potential hypoglycemic effects of different doses of CBD 

in healthy rats. Moreover, we aimed to compare the 

effectiveness of the same doses of CBD given both orally 

and via intraperitoneal route of administration in rats.  

Finally, further investigations will be made in diabetic rats, 

for estimation of the potential antihyperglycemic effects of 

CBD oil. 

 

Materials and methods 

 

CBD oil preparation 
 

CBD extract was obtained by CO2 extraction of 

Cannabis flos (decarboxylated), diluted with olive oil to 

25% (w/w).  

 

Animals and treatment 
 

Healthy female Wistar rats (weighted 250±10 g, aged 

14-16 weeks) obtained from the Vivarium of the Faculty of 

Natural Sciences and Mathematics, Skopje were used. The 

animals were kept under standard environmental 

conditions (12-h light and 12-h dark cycle; 20 ± 2°C), fed 

with standard rat pellet diet and provided water ad libitum. 

The animals were divided into 8 groups (n=4): control 

group, metformin-receiving group (75 mg/kg body 

weight), three groups receiving different CBD doses via 

oral route (0.5, 5 or 50 mg/kg body weight) and three 

groups receiving different CBD doses via intraperitoneal 

route (0.5, 5 or 50 mg/kg body weight).  
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Oral glucose tolerance test (OGTT) 
 

After an overnight fast (8h), basal glycaemia was 

measured from the tail vein using a glucose oxidase-

peroxidase reactive strips (and a glucometer (Plusmed, 

Istanbul, Turkey). Water as a control, metformin or CBD 

oil in previously defined doses and administration routes 

were given to each animal according to which group it was 

randomized. Thirty minutes later, animals received glucose 

solution (2 g/kg), using a gavage. Blood samples were 

collected immediately after glucose administration and 

then after 15, 30, 45, 60, 90 and 120 min. respectively, in 

order to obtain the glycemic area under the curve (AUC).  

 

Statistical analysis 
 

Statistical analysis was performed by one-way 

analysis of variance (AN OVA) followed by Tukey’s post 

hoc test. The results were considered statistically 

significant at p < 0.05. GraphPad Prism (ver. 9) software 

was used for statistical analysis. 

 

Results and discussion 

 

The results obtained from the OGTT showed that all 

three groups that were given CBD intraperitoneally, as well 

as the metformin-receiving group, have overall similar 

dynamics towards blood glucose levels during the 120 

minute time period. Namely, glucose levels in 

aforementioned groups peaked at similar levels 15 minutes 

after glucose administration, declined after 30 minutes, and 

reached values observed in the control group after 60 

minutes. However, there was no significant difference in 

the overall response between the different doses of CBD 

regarding the AUC.  

Throughout the OGTT measurements in the CBD-

receiving groups via oral route, glucose levels in all three 

groups peaked at similar levels 15 minutes after the glucose 

administration. It is noteworthy that the group treated with 

50 mg/kg CBD showed a significantly lower increase in 

glucose levels over the first 15 min after glucose 

administration, compared to the control and metformin-

treated groups. Similarly to the metformin-treated group, 

the CBD-treated groups with doses of 0.5 mg/kg and 50 

mg/kg reached the values obtained in the control group 60 

minutes after glucose administration, while the rats treated 

with 5 mg/kg CBD reached control values after 90 minutes. 

Furthermore, the glycemic AUC value for the treatment 

with 50 mg/kg CBD was approximately 10% lower than 

the AUC value for the metformin-treated group (p<0.05). 

In addition, when compared with the rats treated with 0.5 

mg/kg and 5 mg/kg CBD, the AUC values were lower by 

10% and 15% lower respectively. Moreover, orally given 

CBD at the dose of 50 mg/kg had the best overall glucose 

response. 

 

Conclusion 

 

In conclusion, we have demonstrated that oral and 

intraperitoneal application of CBD generates 

hypoglycemic effects in healthy rats subjected to OGTT. 

Moreover, the dose of 50 mg/kg, administered via oral 

route, was more effective than the standard hypoglycemic 

agent metformin. These findings raise the possibility that 

potential mechanisms underlying these effects could have 

novel application in therapeutics for diabetes. 
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Introduction 

 
Olive products are chemically characterized by 

characteristic secoiridoids and phenylalcohols 

(biophenols), widely known for their significant health 

beneficial effects (Bulotta et al., 2014). Their bioactivity is 

directly related to their metabolism and biotransformations 

in human gastrointestinal system, demonstrating their 

mechanism of action, efficacy and safety. Additionally, it 

is evident that gut microbiome is one of the major factors 

affecting the metabolic fate and final bioavailability of 

orally administered compounds, and therefore its 

investigation is in the center of scientific research.  

So far limited and scattered data exist for the 

metabolism of olive biophenols and further exploration is 

required to associate their bioactivity with their metabolites 

and ultimately the true active entities. Commonly, LC-MS 

platforms are incorporated for the analysis of human 

biofluids, while chemometrics and metabolomics 

approaches have been proven as powerful tools suggesting 

a holistic mining and identification of biomarkers and/or 

biosynthetic pathways for the investigation of metabolic 

patterns (Piroddi et al., 2017). 

Aiming towards a holistic experimental workflow for the 

exploration of olive products metabolism, pure 

hydroxytyrosol, tyrosol, oleacein, oleocanthal and 

oleuropein were investigated in vitro using a continues 

GastroIntestinal Dialysis Model with colon phase (GIDM-

colon). The model approximates the metabolism of orally 

administered compounds simulating gastric, small 

intestine and colon phase (Sakavitsi et al., 2022).  

In parallel, hydroxytyrosol was supplemented for a 

six-months period in the form of soft capsule (15 mg 

HT/day) in a randomized double-blind prospective human 

study and urine samples were collected in three-time points 

(Fytili et al., 2022). In vitro and human samples were 

analysed using LC-HRMS & HRMS/MS and 

metabolomics analyses to unravel the metabolism of olive 

bioactives, map their metabolic pathways and discover 

their biotransformation reactions and metabolites in human 

organism. 

 

Materials and methods 

 
In vitro GIDM-colon metabolism 
 

Hydroxytyrosol, tyrosol, oleacein, oleocanthal and 

oleuropein after isolation and purification were subjected 

to GIDM-colon model in the amount of 15 mg per 

compound. The model was consisted of chambers-cells 

mimicking the human gastrontesinal digestion and the 

respective conditions (gastric phase, small intestine and 

large intestine) in terms of the pH, temperature, oxygen 

availability, enzymes and human mictrobiota. In each 

chamber, solutions were incubated for the appropriate time 

range depending on the respective metabolic stage (1 h for 

gastric; 2 h for small intestine phase and 24 h for colonic 

phase) and samples were collected in different time points. 

 

Human intervention study 
 

Hydroxytyrosol was administered as a soft capsule to
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28 momen in the dose of 15 mg/day. Participants were 

randomized in two study groups (HT group and placebo) 

and urine samples were colected in three time points (T = 

1 month, T = 3 months and T = 6 months). Samples were 

analyzed with LC-HRMS. 

 

LC-HRMS based profiling and dereplication 
 

In vitro and human urine samples were analyzed via 

UPLC-IT-Orbitrap MS. Acetonitrile and acidified water 

with formic acid were used as mobile phase and a C-18 

column was incorpoarated for the chromatographic 

preparation. Sampes were analyzed in negative ionization 

and mass spectrometric parameters were optimized and 

applied as follows: sheath gas 40 ard; aux gas 10 arb; 

capillary temperature 350oC; capillary voltage: -30 V, tube 

lens: -100 V; scan range 115-100 m/z. 

 

Multivariate data analysis (MVA) and metabolomics 
 

LC-HRMS data were recorded with Xcalibur 2.2 and 

then imported to MZmine software for data processing. All 

the appropriate modules were employed for the peak lists 

generation. A detailed dereplication methodology was 

applied for the identification of metabolites. The final lists 

were imported into SIMCA software for statistical 

analysis. Mainly principal component analysis (PCA) and 

orthogonal partial least squares (OPLS) methods were 

implemented for model generation a. 

 

Results and discussion 

 
Initially, MVA analysis of GIDM-colon model data 

revealed classification trends for each metabolism phase 

(gastric, intestine, colon) per tested compound revealing 

significant information about their absorption and 

metabolic biotranformation and therefore bioavailability. 

Dereplication and suspect analysis in all samples also 

enabled the identification and putative annotation of new 

metabolites of the respective precursor compounds. 

Chemical biotrasformations of each compound and 

gastrointestinal phase were correlated with the respective 

chemical structure of the parent compounds, revealing 

interesting data for secoiridoids and phenylalcohols 

metabolism. Finally, the comparative study across the 

tested compounds and based on their structural motifs 

allowed the generation of reasonable hypotheses regarding 

the chemical scaffolds ranking for optimum 

bioavailability. Regarding the human study similar 

workflow was followed for the visualization of data and 

annotation of metabolites. the respective peak lists were 

generated. MVA analyses revealed certain biomarker 

compounds found as statistically significant of 

hydroxytyrosol and placebo group, respectively. The 

identified compounds gave better insight into metabolic 

changes of urine metabolome and exposed the preferred 

metabolic pathways of compounds after hydroxytyrosol 

administration as well as their final bioavailability in 

human organism. 

 

Conclusion 

 

LC-HRMS & HRMS/MS metabolomic and 

dereplication approaches on in vitro and human data 

revealed key metabolites and biomarkers of 

hydroxytyrosol metabolism and its derivatives. Significant 

insight was given into the bioavailability of olive 

bioactives in human body focusing on metabolism while 

biomarker compounds associated with consumption of 

olive products facilitate the elucidation of their mechanism 

of action. This approach could serve as a model workflow 

for the study of food bioactive compounds underlining 

their role in diet as well as their beneficial effect on health. 

Finally, it could be used as an inspiration for drug 

development towards the discovery of new actives agents.  

 

Acknowledgements 

 
The present work was co-funded by the European 

Regional Development Fund (ERDF) and Greek national 

funds through the Operational Program "Competitiveness, 

Entrepreneurship and Innovation", under the call 

“RESEARCH – CREATE - INNOVATE” (OliveHeart, 

project code: 5048539). 

 

References 

 
Bulotta, S., Celano, M., Lepore, S.M., Montalcini, T., Pujia, A., 

Russo, D., 2014. ‘Beneficial effects of the olive oil phenolic 

components oleuropein and hydroxytyrosol: focus on protection 

against cardiovascular and metabolic diseases’, J Transl Med. 

BioMed Central, 12, p. 219. doi: 10.1186/s12967-014-0219-9. 

Fytili, C., Nikou, T., Tentolouris, N., Tseti, I.K., Dimosthenopoulos, 

C., Sfikakis, P.P., Simos, D., Kokkinos, A., Skaltsounis, A.L., 

Katsilambros, N., Halabalaki, M., 2022. ‘Effect of Long-Term 

Hydroxytyrosol Administration on Body Weight, Fat Mass and 

Urine Metabolomics: A Randomized Double-Blind Prospective 

Human Study’. Nutrients . doi: 10.3390/nu14071525. 

Piroddi, M., Albini, A., Fabiani, R., Giovannelli, L., Luceri, C., 

Natella, F., Rosignoli, P., Rossi, T., Taticchi, A., Servili, M. and 

Galli, F. (2017) ‘Nutrigenomics of extra-virgin olive oil: A 

review’, BioFactors. Blackwell Publishing Inc., pp. 17–41. doi: 

10.1002/biof.1318. 

Sakavitsi, M. E., Breynaert, A., Nikou, T., Lauwers, S., Pieters, L., 

Hermans, N. and Halabalaki, M. (2022) ‘Availability and 

Metabolic Fate of Olive Phenolic Alcohols Hydroxytyrosol and 

Tyrosol in the Human GI Tract Simulated by the In Vitro 

GIDM&ndash;Colon Model’, Metabolites 2022, Vol. 12, Page 

391. Multidisciplinary Digital Publishing Institute, 12(5), p. 

391. doi: 10.3390/METABO12050391. 



 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 2) 145 - 145 (2022)  

ISSN: 1857 - 8969  

DOI: 10.33320/maced.pharm.bull.2022.68.04.065 

Short communication 

 

 

 
 

*xiexin-2004@163.com                                                                                                                         S3 OP 02 

 

GPCRs in Oligodendrocyte Differentiation and Myelin 

Regeneration 

 

Xin Xie 
  

The National Center for Drug Screening, Shanghai Institute of Materia Medica, 189 Guo Shou Jing Rd, 201203, 

Shanghai, China 

 

Introduction 

 
Multiple sclerosis (MS) is an autoimmune disease 

that results in inflammatory damage to the central nervous 

system and causes disability in young adults. The 

pathogenesis of MS is characterized by a cascade of 

pathological events, involving the activation of the 

immune system, infiltration of lymphocytes, activation of 

microglia, focal inflammatory demyelination and axonal 

damage. Currently available treatments for MS all target 

the immune system with mechanisms of action including 

general immunosuppression/immunomodulation and 

blockade of immune cell infiltration into the CNS. 

Although effective in reducing the relapse rate and the 

formation of new lesions, these drugs, however, have very 

limited effects in preventing the progression of disability. 

Promoting oligodendrocyte progenitor cell (OPC) 

differentiation, remyelination and subsequent functional 

recovery of the neurons have been proposed to be the new 

direction of MS therapy. To identify targets and pathways 

that regulate myelin regeneration is of great interest. 

 

GPCRs in Oligodendrocyte Differentiation and 

Myelin Regeneration 

 
In our early studies, we’ve discovered that two G 

protein-coupled receptors (GPCRs), CysLT1 and A2B 

(Wang et al., 2011; Wei et al., 2013), are critically 

involved in the development of MS by regulating the 

differentiation or function of immune cells. Blocking 

these receptors alleviates clinical symptoms of EAE, a 

mouse model of MS, indicating these receptors are 

potential drug targets for MS. Recently, we screened a 

number of GPCRs in OPC to oligodendrocytes 

differentiation, and demonstrated that several GPCRs, 

including KOR and GPR149, are important for 

oligodendrocyte-mediated remyelination in demyelinating 

disease models, suggesting KOR and GPR149 (Du et al., 

2016; Suo et al., 2022) might be a target to develop new 

MS therapies from a regenerative point of view. 

 

Conclusion 

 

GPCR may regulate OPC differentiation and myelin 

formation, they might be useful targets to develop drugs 

in treating MS from a regenerative point of view. 
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Abstract 

 
The road of drug discovery and development is 

tortuous and full of risk. Thanks for its long-history 

practice as folk medicine, TCM afford us a lot clue to 

develop a new drug more efficiently and less costly, 

compared with developing from scratch. Salvia 

miltiorrhiza Bunge, known as "Danshen", is a typical TCM 

for promoting blood circulation and removing blood stasis. 

Its preparations were widely applied clinically for the 

treatment of cardiovascular and cerebrovascular disease. 

However, most of them cannot keep consistent efficacy and 

safety because of its obscure constituents and 

uncontrollable quality.  

Based on the investigation of hydrophilic constituents 

of Salvia miltiorrhiza, magnesium lithospermate B (MLB) 

and other depsides salts were identified as the most 

effective components for ameliorating ischemic 

myocardial injury. Fortunately, MLB is also abundant in 

the herb even though it is mixed with other salt forms and 

derivatives. This finding inspired us to use MLB as the key 

quality control marker for innovative drug of Salvia 

miltiorrhiza, differentiating from other traditional 

 preparation. A quality standard including fingerprinting, as 

well as preparation process was elaborated to enrich MLB 

and afforded consistent and identified constituents and 

controllable quality. Mode of action investigation indicated 

depsides salts can protect cardiovascular system by 

selectively modulating L-type calcium current in 

ventricular myocytes, modulating intracellular calcium 

concentration in vascular smooth muscle cells, inhibiting 

migration and proliferation of VSMC, antioxidation, anti-

platelet aggregation and anti-inflammation, respectively.  

After 13 years R&D, Salvia Miltiorrhiza Depsides 

Salts (SMDS) has been confirmed to be safe and effective 

for the treatment of patients with coronary artery disease 

and chronic angina pectoris in multi-centre clinical trials. 

It was licensed by CFDA in 2005. After launching the 

market, another 13 years passed. Series of post-marketing 

investigation including Phase IV clinical trial, efficacy and 

safety in real world and several RCT study of SMDS were 

conducted to afford more evidence supporting its 

application in clinic effectively and safely. Till now, more 

than 20 million patients were benefited from SMDS. A 

blockbuster with billions of RMB in annual sales is rising. 

mailto:*ljxuan@simm.ac.cn


 

 
 

 

 



 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 2) 149 - 150 (2022)  

ISSN: 1857 - 8969  

DOI: 10.33320/maced.pharm.bull.2022.68.04.067 

Short communication 

 

 

 
 

*dajic@agrif.bg.ac.rs                                                                                                                          S3 OP 04 

 

Bioactivity of carotenoids and their role in skin disorders: from 

tradition to application 

   

Zora Dajić Stevanović*1, Nektarios Aligiannis2, Konstantia Graikou2,  

Anna Rita Bilia3, Stefan Kolašinac1, Sofija Kilibarda1 
  

1 University of Belgrade Faculty of Agriculture, Nemanjina 6, 11080, Belgrade, Serbia  
2 National and Kapodistrian University of Athens Faculty of Pharmacy,  

Panepistimiopolis of Zographou, 157 71, Athens, Greece  
3 University of Florence Tuscany Department of Chemistry, P.zza S.Marco, 4 – 50121, Florence, Italy 

 

Abstract 

 

Carotenoids, also known as tetraterpenoids, comprise 

a class of natural fat-soluble plant pigments which consist 

of a hydrocarbon skeleton with two terminal rings 

determining the yellow, orange or red coloration of 

different products. There are currently described near 

1000 of different carotenoid compounds, of about 40 are 

regularly consumed in the human diet (Saini et al., 2020). 

Carotenoids include the non oxygenated carotenes (e.g. 

lycopene, β-carotene, α-carotene) and the oxygen 

containing xanthophylls (e.g. lutein, astaxanthin and 

zeaxanthin). Apart from role in the photosynthesis, they 

are involved in range of signalling pathways in plant cells, 

especially related to environmental stress responses and 

establishment of symbiotic relations (Sun and Li, 2020). 

In recent years, carotenoids have been researched for their 

health benefits and thus are extensively used in food, 

pharmaceutical, cosmetic and nutraceutical industries 

(Khalil et al., 2019).  

Carotenoids express high antioxidant, anti-cancer and 

anti-aging properties (Rivera-Madrid et al., 2020). The 

main reason for fortification the food stuff with 

carotenoids is to reduce dietary deficiency in these 

nutrients and to avoid malnourishment in developing 

countries. The actual global carotenoids’ market of 1.55 

billion USD is projected to reach 2,0 billion by 2026 

(https://www.marketsandmarkets.com/Market-

Reports/carotenoid-market-158421566.html). 

Carotenoids’ bioavailability varies greatly on endogenous 

(product-related) and exogenous (process-related) factors, 

due to their high sensitivity to light, temperature and other 

impacts. Therefore, different biotechnologies focusing on 

encapsulation of carotenoids are developed, including 

extrusion, homogenization, electrospinning, nano spray 

drying, and emulsification (Rehman et al., 2020). The 

food grade biopolymers are used as a wall material or 

carriers, enabling stability of physiochemical properties of 

capsulated carotenoids for their projected release and safe 

targeted delivery.  

Our paper aims to highlight the recent approaches of 

bioactivity of carotenoids, especially linked to their role 

in prevention and mitigation of dermatological disorders. 

The photoprotective effects of carotenoids have been well 

documented, in addition to their prophylactic role in 

various diseases by supplementing the skin (systemically 

or topically) with different carotenoids. Two original data 

bases, one referring to carotenoid rich sources and the 

second to the traditional use of the Balkan plants for skin 

related problems were matched to identify the most 

promising carotenoids-containing herbal drugs (e.g. 

Calendula officinalis, Rosa canina, Crataegus ssp., 

Cornus mas, C. sanguinea, Vaccinium vitis idaea, etc.). 

Ethnobotanical data were linked to phytochemical 

composition of skin affecting plant drugs, whereas 

specific activity and role of main carotenoids compounds 

is further discussed. Additionally, best encapsulation 

techniques and mechanisms of bioaccessibility of
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carotenoids particles are pointed out. Special attention is 

paid to application of vibrational spectroscopy techniques, 

such as FTIR and Raman in qualitative and quantitative 

characterization of carotenoids, using advanced 

chemometric modelling approaches.   

Key words: natural pigments, traditional medicine, 

dermatological conditions, bioccessibility, encapsulation, 

vibrational spectroscopy. 
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Introduction 

 

Allium sativum L. has long been used in folk medicine 

in many countries to treat various ailments (Majewski et 

al., 2014; El-Saber Batiha et al., 2020). Garlic was also 

found to exert virucidal activity against herpes simplex 

virus type 1 (HSV-1), herpes simplex virus type 2 (HSV-

2), parainfluenza virus type 3 (HPIV-3), vaccinia virus 

(VV), vesicular stomatitis virus (VSV), and human 

rhinovirus type 2 (HRV-2). Unfortunately, concentrations 

that were virucidal were also toxic to HeLa and VERO 

cells (Weber, 1992). The constituents responsible for the 

virucidal effect of garlic in the order of decreasing activity 

were found to be: ajoene, allicin, allyl methyl thiosulfinate, 

and methyl allyl thiosulfinate (Weber et al., 1992). 

Fresh garlic bulbs extract was shown to inhibit 

influenza virus A/H1N1 propagated in MDCK cells, 

reducing hemagglutinin (HA) titer, CPE induction, and 

viral RNA (Mehrbod, 2009). Ajoene was shown to inhibit 

early events of viral replication, particularly virus 

adsorption, of HIV-1 (Walder et al., 1997). However, 

garlic and garlic supplements require special attention 

when used in HIV-infected patients, since serious 

interactions were reported with anti-HIV drugs, ex. 

saquinavir (James, 2001).  

As it was mentioned above, garlic was found to exert 

virucidal activity against Herpesviruses, but little is known 

about the influence of garlic on the replication of those 

viruses inside the infected cells. That is why the purpose of 

our research was to evaluate the antiviral potential of garlic 

essential oil against HSV-1 replicating in VERO cells. The

cytotoxicity was evaluated against VERO (ECACC, No. 

84113001) cells and for comparison, the human 

hypopharyngeal cancer cell line FaDu (ATCC, HTB-43). 

 

Materials and methods 

 

Chemical characterization of extracts 
 

The phytochemical profile of garlic essential oil 

(commercially available) was examined by means of gas 

chromatography-mass spectrometry, performed with a 

Shimadzu GC-2010 Plus coupled to a Shimadzu QP2010 

Ultra mass spectrometer. A fused-silica capillary column 

ZB-5 MS (30 m, 0.25 mm i.d.) with a film thickness of 0.25 

mm (Phenomenex) was used. GC-MS conditions followed 

Sawicki et al. (2018). The retention indices were 

determined in relation to a homologous series of n-alkanes 

(C8–C24) under the same operating conditions. 

Compounds were identified using a computer-supported 

spectral library (http://webbook.nist.gov), mass spectra of 

reference compounds, as well as MS data from the 

literature. 

 

Cytotoxicity determination 
 

Cytotoxicity was evaluated using microculture 

tetrazolium-based assay (MTT) as described previously 

(Świątek et al., 2021). Data were analyzed using GraphPad 

Prism software, and the CC50 values (50% cytotoxic 

concentration) and non-toxic concentrations were 

evaluated. 
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Antiviral experiments 
 

Assessment of antiviral activity was based on the 

observation of the influence of tested samples in non-toxic 

concentration on the occurrence of cytopathic effect (CPE) 

in HSV-1 (ATCC, Cat. No. VR-260) infected VERO cells. 

Subsequently, plates with antiviral experiments were thrice 

frozen (-72°C) and thawed, and samples were collected for 

viral DNA isolation (QIAamp DNA Mini Kit, QIAGEN 

GmbH, Hilden, Germany). Afterwards, the viral titer was 

assessed using Real-Time PCR. The amplification was 

performed with HOT FIREPol EvaGreen qPCR Mix (Solis 

BioDyne, Tartu, Estonia) and primers (UL54F – 5’ 

CGCCAAGAAAATTTCATCGAG 3’, UL54R – 5’ 

ACATCTTGCACCACGCCAG 3’) on the CFX96 thermal 

cycler (Bio-Rad Laboratories, Inc., California, USA). The 

quantitative analysis was performed using a calibration 

curve comprised of tenfold dilutions of HHV-1 DNA 

isolate, which were previously quantitatively analysed 

using IVD certified GeneProof Herpes Simplex Virus 

(HSV-1/2) PCR Kit (GeneProof a.s., Czech Republic) 

(Świątek et al., 2021). 

 

Results and discussion 

 

The main components of the studied essential oil were 

diallyl sulfides and methylated diallyl sulfides, which are 

typical volatiles of garlic tubers. As previously reported, 

garlic essential oils can differ in their main constituents 

depending on the origin and distillation process (Satyal et 

al., 2017), however, the qualitative profile obtained in this 

study is in agreement with literature data. 

The studied garlic essential oil showed similar CC50 

values on VERO and FaDu, with 57.87 ± 5,79 and 60.3 ± 

4.14 µg/mL, respectively, indicating no anticancer 

selectivity. However, at 32 µg/mL the cellular viability of 

VERO cells was above 90%, whereas, for FaDu it was 

approx. 65%. At the concentration of 5.38 µg/mL garlic 

essential oil, the viability of FaDu cells was 90%. The 

HSV-1 infected VERO cells were incubated with garlic oil 

in decreasing concentrations: 30, 15, 10 and 5 µg/mL until 

the CPE was observed in the virus control (VC, infected, 

untreated cells). Subsequently, the CPE in the tested 

samples was compared with the VC. It was observed that 

garlic essential oil didn’t inhibit the formation of CPE. This 

observation was supported by the Real-Time analysis 

which indicated that the HSV-1 viral load was comparable 

in the garlic essential oil-treated samples and the virus 

control. 

 

Conclusion 

 

The results of the study show that garlic oil shows high 

toxicity both toward normal and cancer cells. Moreover, 

garlic essential oil shows no antiviral effects on the 

replication of HSV-1 in the virus-infected VERO cells.  
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Introduction 

 

The most influential ancient physician, pharmaco-

botanist and the first pharmacognosist was Dioscorides (c. 

AD 60) (Sonnedecker 1976). Dioscorides’ recipes and use 

of medicinal plants can also be found in Croatian 

medieval monastic medicine recorded in ljekaruše. 

Preliminarily, recipes with drugs of plant and animal 

origin from Dioscorides' De materia medica and recipes 

in two Croatian books of folk recipes from the 17th and 

18th centuries in Latin transliteration and transcription 

were compared. These are recipes with herbal drugs 

which are most often mentioned in Croatian books of folk 

recipes and which grow in the region as well as the use of 

some animals and drugs of animal origin which were part 

of folk medicine at the time. Special attention was also 

given to some particularities of the analysed books of folk 

recipes.  

 

Croatian books of folk recipes 

 

The tradition of Croatian folk medicine has been 

preserved in special manuscripts called ljekaruše. 

Ljekaruše are recipe collections with instructions for the 

treatment of humans and animals. They were written by 

priests who were the most educated portion of the 

population in rural areas where these textbooks provided 

the only form of treatment (Šušnić-Fliker 1986). They 

were written mostly in the Glagolitic, Latin and Croatian 

Cyrilic script and often supplemented by several authors. 

The oldest Croatian books of folk recipes date from the 

14th and 15th centuries and contain various mystical and 

religious records for the treatment and prevention of 

diseases. Books of folk recipes are usually named after 

the compiler, transcriber or place where they were written 

or found (Dürrigl and Fatović-Ferenčić 2009).  

 

Karlobag books of folk recipes 

 

The first Karlobag (Pribimnić’s) book of folk recipes 

from 1603 was written in Karlobag, on 16 pages in Latin 

handwriting and contains 106 simple instructions for the 

treatment of humans and animals. The writer of this book 

of folk recipes is known, so it was named Pribimnić’s 

book of folk recipes after him. Chronologically, this is the 

third oldest preserved book of folk recipes in Croatia, and 

its value is in the fact that most recipes in it appear for the 

first time. (Derossi et al. 1984). In The first Karlobag 

book of folk recipes predominates empirical medicine 

based on recipes involving medicinal plants (Poljak 

2009). Most of these plants find similar use in 

Dioscorides’ work. One of the recipes describes the use of 

sage (Salvia officinalis L.) to treat dysentery: To treat 

dysentery, take sage juice and drink it with white wine – it 

is a medicine (Poljak 2009, p. 82). A similar recipe for the 

use of sage is found in Dioscorides where it is used as a 

diuretic, abortifacient, to treat cough, to treat ulcers, but 

also for painful spleen and dysentery: Taken as a drink 

with white wine it cures a painful spleen and dysentery 

(Dioscorides (tr. Osbaldeston) 2000, p. 408). In modern 

phytotheraphy, sage leaf is used for rinsing and gargling 

for the treatment of inflammations of mouth and 

pharyngeal mucosa, for the treatment of dyspeptic 

complaints and as an antihydrotic (Schaffner et al. 1999). 

In this book of folk recipes we also find recipes that use 

animals, their organs and secretions for healing purposes, 

which was common in folk medicine at the time. For 

example, for the treatment of eye diseases, the ashes of 

young swallows are mixed with honey and placed on a 

clean scarf to cover sore eyes (Poljak 2009, p. 88). We 

find similarities in Dioscorides’ recipe with swallows: … 

the ashes of them and of their female parents burnt in a 

ceramic pot and rubbed on with honey cause sharpness of 

sight. (Dioscorides (tr. Osbaldeston) 2000, p. 203). In the 
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recipe When a wound cannot heal, black snail flesh is 

applied to the wound so it can heal immediately (Poljak 

2009, p. 84). In the second book of his De materia medica 

Dioscorides mentions recipe with snail flesh… pounded 

into small pieces and applied as a poultice with myrrh 

and frankincense heals wounds, especially those around 

the tendons (Dioscorides (tr. Osbaldeston) 2000, p. 187). 

Both recipes have the same indication. Drug dosage in the 

recipes of The first Karlobag book of folk recipes is 

greatly simplified (only small pot, one bowl and as much 

as one can take with three fingers). Such a simple 

approach is typical of folk medicine.  

The second Karlobag book of folk recipes was 

written at the beginning of the 18th century (1707) in 

Latin handwriting, on 18 pages following The first 

Karlobag book of folk recipes, and its author is not 

known. It is one of the first twenty such books of folk 

recipes preserved in Croatia, which adds value to this 

book. The second Karlobag book of folk recipes contains 

56 recipes, 46 of which are for human treatment, while 10 

recipes are for veterinary use. Unlike in The first 

Karlobag book of folk recipes, remedies of animal origin 

predominate in this book of folk recipes but the use of this 

recipes is different from that in Dioscorides’ work, which 

suggests that the recipes were taken from other sources. 

Recipes with medicinal plants are less represented. Nettle 

(Urtica dioica L.) is listed in this book of folk recipes as a 

cough remedy: A cough remedy. Good for a cough. Cook 

nettle seeds with honey and drink that soup as warm as 

possible before going to bed – the cough will go away. 

(Poljak 2009, p. 101). We find similarities in Dioscorides’ 

nettle recipes: … Licked in with honey it helps asthma, 

pleurisy and pneumonia, and fetches up stuff out of the 

chest. (Dioscorides (tr. Osbaldeston) 2000, p. 644). Nettle 

herba is used as a herbal diuretic in modern 

phytotheraphy, and has anti-inflammatory and anti-

rheumatic effects (Wichtl 2001). Rosemary (Rosmarinus 

officinalis L.) has a very important place in recipes with 

medicinal plants and had become a universal remedy for 

all diseases: The healing power of rosemary. Tie its flower 

in a clean handkerchief, put the flower in a jug of fresh 

water, leave it until midnight, then drain it and drink that 

water on an empty stomach. It is a remedy for every 

disease (Poljak 2009, p. 102).  

Dioscorides writes for the rosemary the following: … 

It is warming and cures jaundice. It is boiled in water and 

given to drink before exercises, and then he who exercises 

bathes and is drenched with wine. It is also mixed with 

remedies for the removal of fatigue… (Dioscorides (tr. 

Osbaldeston) 2000, p. 467). Today we know that 

rosemary leaf is used as a carminative, stimulates the 

secretion of gastric juices, improves blood circulation and 

helps treat rheumatic diseases (Willfort 1978).  

 

Conclusion 

 

Croatian ethnomedicine has been preserved in books 

of folk recipes called ljekaruše. They have simple 

instructions for the preparation of medicines and their use 

in the treatment of humans and animals. The oldest 

known Croatian books of folk recipes date back to the 

14th and 15th centuries. Many herbal and animal drugs 

from Dioscorides’ De materia medica found similar use 

in the recipes of two published and described Croatian 

books of folk recipes from the 17th and 18th centuries. 

Many of herbal drugs mentioned in Dioscorides’ work, as 

well as Croatian books of folk recipes, are used in modern 

phytotheraphy. Due to the linguistic and cultural 

specificities of these books, they should be studied 

multidisciplinary, including medicinal and pharmaceutical 

historians, philologists and ethnologists.  
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Introduction 

 

Obesity is among the leading health problems of the 

human population during the last decades. Its complex 

etiology obscures obesity management (Savova et al., 

2021). 

Nature and its plant diversity provide thousands of 

bioactive compounds with (un)known medicinal 

properties. For centuries, people have used folk remedies 

as singe plant or plant combinations for different diseases 

including obesity. 

Polygonum aviculare L. and P. hydropiper L. both 

from Polygonaceae are plants used in 

ethnopharmacological herbal combinations for obesity, 

hypertension and atherosclerosis treatment (Lee et al., 

2011; Park et al., 2014). 

The human Simpson-Golabi-Behmel syndrome 

(SGBS) preadipocyte cell strain is a relevant model for 

studying adipogenesis (Fischer-Posovszky et al., 2008). 

The present study aimed to elucidate whether the 

extracts of P. aviculare and P. hydropiper areal parts 

affect human SGBS adipogenic differentiation and 

suggest their potential molecular mechanism of action. 

 

Materials and methods 

 
Plant material and extraction 
 

Aerial parts of investigated plants were collected in 

September 2019 from the following locations: P. 

hydropiper - Zvanichevo village, Bulgaria, latitude 

42.1908 N, longitude 24.2416 E; and P. aviculare - 

Sandanski, Bulgaria, latitude 41.5785 N; longitude 

23.2869 E. Plant samples lyophilized and grounded were 

subjected to ultrasound-assisted extraction in 50% 

methanol, at room temperature for 20 minutes. The 

filtered extracts were concentrated on rotary evaporator, 

then lyophilized and stored at -20 °C prior to use. 

 

Cell culture and treatment 
 

The human SGBS cells were kindly provided by 

Prof. Wabitsch from the Ulm University (Ulm, Germany) 

and were cultured according to the optimal conditions 

described detailly by Tews et al. (2019). From first day of 

differentiation and on every fourth day with change of the 

media, extracts were added at concentrations of 5, 10 and 

25 μg/mL. Extracts effect were compared to vehicle 

treatment of 0.02% DMSO. 

 

Cell viability 
 

The influence of plant extracts on cell viability was 

assessed by MTT assay on confluent SGBS 

preadipocytes. 

 

Oil red O (ORO) adipogenesis assay 
 

Differentiated SGBS adipocytes were fixed with 10% 

formalin for 10 min at room temperature, then washed 

twice with phosphate buffered saline and stained with the 

fresh filtered ORO dye solution for 15 min. 

Photomicrographs of the stained cells were captured using 

an Oxion Inverso OX.2053-PLPH inverted microscope 
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and DC.10000-Pro CMEX camera (Euromex, The 

Netherlands). Estimation of the total lipid content was 

done by extraction of the ORO dye from the cells with 

isopropanol, followed by reading the absorbance at 495 

nm. 

 

Free glycerol assay 
 

Concentration of the free glycerol, released in the 

culture media was measured with Adipolysis Assay Kit 

(MilliporeSigma) according to the manufacturer’s 

instructions. 

 

Quantitative real-time polymerase chain reaction (RT-

qPCR) 
 

Total RNA was isolated and reverse transcribed to 

cDNA. Expression of the major adipogenic genes was 

detected with RT-qPCR as described by Savova et al. 

(2021). 

 

Western blot analysis 
 

Protein isolation and Western blotting were 

performed as described previously (Savova et al., 2021). 

 

Results and discussion 

 

Plant extracts from P. aviculare and P. hydropiper 

did not affect cell viability of SGBS cells. 

Polygonum aviculare anti-atherosclerotic effect has 

been evaluated in vivo in ApoE knockout model on high-

fat diet fed mice (Park et al., 2014). The anti-obesity 

effect of P. hydropiper has been assessed in vitro in 

murine 3T3-L1 adipocytes. It was suggested that the 

flavonoids - isoquercitrin and isorhamnetin - are 

responsible for activation of Wnt/β-catenin pathway and 

inhibition of adipocyte differentiation (Lee et al., 2011). 

Consistently, our data suggest that both plants from 

Polygonaceae family modulate adipogenesis.  

Treatment with both P. aviculare and P. hydropiper 

extracts showed significant dose-dependent decrease in 

lipid accumulation in human SGBS adipocytes. 

Moreover, decrease in basal lipolysis as reduction of 

released glycerol in the culture media was observed. 

Analysis of relative mRNA expression revealed 

significant downregulation of CEBPA.  

Decrease in protein abundance of PI3K was observed 

upon all treatments, while PPARγ protein expression was

decreased by both extracts in the highest concentration. 

 

Conclusion 

 

Polygonum hydropiper and P. aviculare modulate 

adipogenesis and could be employed as natural sources of 

bioactive molecules or in combination with plant-derived 

compounds with anti-obesogenic activity. 
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Introduction 

 
Obesity is one of the leading causes for cardiovascular 

diseases, certain types of cancer, diabetes and reproductive 

failure (Loos and Yeo, 2022). There are currently few 

medications approved for obesity, while most people still 

rely on exercise and diet for weight control (Aaseth et al., 

2021). 

In recent years C. elegans has become a reasonable 

and easily manipulated model organism for obesity 

research due to the numerous advantages such as 

completely sequenced genome, short-life span, affordable 

mutant strains, 65% similarity to the human genome and 

conserved pathways for fat synthesis and lipolysis (Shen et 

al., 2018). 

Orlistat is one of the drugs prescribed for obesity 

management, which acts as a pancreatic lipase inhibitor 

and reduces fat absorption in the intestine, although side 

effects of the treatment include gastro-intestinal 

dysfunction and diarrhea (Aaseth et al., 2021). 

In order to study the molecular mechanisms associated 

with the treatment of orlistat we employed the in vivo 

system of C. elegans in high-glucose and non-glucose diet 

by applying lipid staining techniques, quantification of 

triglycerides and RT-qPCR for specific mRNAs and 

miRNAs associated with lipid metabolism. 

 

Materials and methods 

 

C. elegans maintenance and treatment 
 

The wild type N2 Bristol was purchased by the 

Caenorhabditis Genetic Centre. The nematodes were 

grown at 20 °C according to standard procedures on 

Nematode Growth Medium (NGM) plates seeded with E. 

coli strain OP50 as a food source. 

For the following experiments, standard hypochlorite 

bleaching was used to obtain age-synchronized worms. 

Nematodes were maintained on NGM plates (3000-4000 

worms per plate) with glucose (2%). Normal E. coli OP50 

was used as a food source until reaching L2 phase. Then 

worms were transferred to new NGM plates with glucose, 

previously treated with Orlistat (12 μm) and seeded with 

heat-inactivated E. coli OP50 as a food source.   

The nematodes were treated for 24 hours, until they 

reach L4 larvae stage, then they were collected with M9 

buffer and used for following assays. 

 

Oil red O staining 
 

Lipid staining assay was performed as previously 

described (Wang et al., 2021). The worms (around 1000-

1500 per plate) were collected and washed with M9 buffer,
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followed by fixation in 60% solution of isopropanol for 5 

min. Oil red O was added to each sample and incubated for 

6 hours at room temperature. The quantification of the 

stained lipid droplets was measured as an average pixel 

intensity using Image J software.  

 

Nile red staining 
 

Around 1000-1500 nematodes were fixed with 40% 

isopropanol for 3 mins at RT (room temperature), then 

stained according to (Stuhr et al., 2022). The nematodes 

were imaged on confocal system Leica Stellaris 5 with 

inverted microscope Leica dmi8. Quantification of 

fluorescence density was performed via Image J software.   

 

Triglyceride quantification  
 

The quantification of triglycerides was performed 

following the manufacturer instructions of Triglyceride 

Quantification kit (MAK266, MilliporeSigma). 

 

Quantative real-time polymerase chain reaction (RT-

qPCR) 
 

Total RNA was extracted via PureZol (Bio-Rad) from 

3000-4000 nematodes per group. Reverse transcription for 

mRNAs was performed using First strand cDNA synthesis 

kit (Canvax) and for microRNAs Revert Aid H Minus First 

Strand cDNA Synthesis kit (ThermoFisher) with the use of 

stem-loop primers (Chen et al., 2005). Expression of 

mRNAs and microRNAs associated with lipolysis and 

lipogenesis were quantified by ΔΔCT method on the CFX 

Maestro software (Bio-Rad). Iscu-1 and mdh-11 were used 

for endogenous control for mRNAs and u18 was used for 

reference gene for the miRNAs as well as the exogenous 

control ath-miR-159a.  

 

Results and discussion 

 

Our results show that orlistat decreases lipid 

accumulation in both non-glucose and glucose 

supplemented groups. Glucose supplementation 

upregulated atgl-2, hlh-11, nhr-49, fasn-1 and pod-2, while 

lipl-3 was downregulated compared to the non-glucose 

group. Relative mRNA expression of acs-2, atgl-2, hlh-11, 

pod-2, fasn-1 and nhr-49 was decreased in high-glucose 

orlistat treated group, compared to vehicle. 

We performed screening of microRNAs associated 

with lipid metabolism and differential expression of miR-

34 and miR-2 was observed in the non-glucose orlistat 

treated group compared to the vehicle.  

 

Conclusion 

 

Our findings confirm lipid-reducing effect of orlistat 

independently of glucose supplementation. Results from 

RT-qPCR of selected mRNAs and microRNAs suggest 

possible broader mechanism than lipase inhibition by 

orlistat.  
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Introduction 

 

Medicinal plants and herbal remedies have been used 

since antiquity for the treatment of numerous skin ailments, 

inextricably linked to obstinate pathological skin 

conditions (Jarić et al., 2017). Considering that traditional 

practices and ethnobotanical knowledge represent a key 

element for the discovery of new bioactive natural 

compounds, a profound literature study on ethnobotanical 

surveys conducted in areas of the Balkan Peninsula and the 

Mediterranean Sea, as well as on ancient herbal 

manuscripts, such as Dioscorides “De Materia Medica”, 

has been effectuated (Tsioutsiou et al., 2022). 

Εthnopharmacological data on uses of medicinal plants 

against skin disorders were collected through the 

conduction of two ethnopharmacological studies. The plant 

species cited were collected, extracted and the extracts 

were evaluated for their biological properties such as 

antioxidant and bleaching, as well as for their total 

flavonoid and phenolic content. Finally, extensive 

phytochemical analysis was performed for the most 

promising ones.  

 

Materials and methods 

 

The literature search was realized by browsing 

Scopus, PubMed, Google scholar etc., while the 

exploitation of the traditional medicinal uses for the 

treatment of various skin diseases, was enriched by the 

accurate study of Dioscorides’ manuscript “De Materia 

Medica” and by the conduction of two ethnobotanical 

studies in two small cities of Central Macedonia (Northern 

Greece), Edessa and Naoussa, as well as in mountain 

Pelion (Central Greece). In respect to the EU project 

“EthnoHERBS, the 27 taxa selected for further analysis, 

were collected, grinded and extracted by Ultrasound 

Assisted Extraction (UAE) using three solvents 

successively, dichloromethane, methanol and methanol : 

water 50 : 50. 

The chemical profiling of extracts was evaluated using 

High Performance Thin Layer Chromatography (HPTLC) 

and High Performance Liquid Chromatography coupled 

with a Diode Array Detector (HPLC-DAD). The 

antioxidant activity of the plant extracts was evaluated 

through the DPPH assay (Stagos et al., 2012) and screening 

was performed using a concentration of 200 μg/ml. The 

total phenolic content (TPC) and the total flavonoid content 

(TFC) were determined using the Folin-Ciocalteau method 

(Singleton et al., 1999) and the aluminium chloride 

colorimetric method, respectively (Karapetsas et al., 2019). 

The tyrosinase inhibitory activity was estimated in vitro 

based on the protocol by Chaita et al., 2017. Screening was 

performed at 300 μg/mL and 100 μg/mL. Finally, two of 

the most promising herbal preparations were studied for the 

identification of bioactive secondary metabolites. 

 

Results and discussion  

 

DPPH Assay-Antioxidant Activity – The extracts that 

demonstrated high antioxidant activity are mainly 

represented by plant species extracted with methanol and 

methanol:water 50:50. On the other hand, those extracted 

with dichloromethane showed a low free radical 

scavenging capacity. More specifically the methanolic and 
 

the hydroalcoholic extracts of Cistus creticus subsp. 

creticus L., Cistus creticus subsp. eriocephalus (Viv.) 
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Greuter & Burdet, Cistus salviifolius L., Hypericum 

empetrifolium Willd., Hypericum triquetrifolium Turra, 

Origanum dictamnus L., Prunus avium (L.) L., Sambucus 

nigra L. (inflorescences), Quercus cerris L., Quercus 

coccifera L., Quercus petraea (Matt.) Liebl. (leaves), 

Quercus petraea (Matt.) Liebl. (bark) and the 

hydroalcoholic extracts of Dittrichia viscosa (L.) Greuter 

and Clematis flammula L., demonstrated the highest 

antioxidant activity. The IC50 values were calculated for 

the most potent extracts. 

 

Tyrosinase Inhibitory Activity - In the concentration of 300 

μg/mL the screening revealed 31 extracts with weak 

tyrosinase inhibitory properties (0%–40% inhibition), 15 

extracts with moderate (40%–70% inhibition), and 8 

extracts with promising anti-melanogenic potential (>70% 

inhibition). In the concentration of 100 μg/mL the 

screening revealed 45 extracts with weak tyrosinase 

inhibitory properties (0%–40% inhibition), 4 extracts with 

moderate (40%–70% inhibition), and 5 extracts with 

promising anti-melanogenic potential (>70% inhibition). 
Finally, the IC50 values for the most potent agents were 

calculated. 

 

Momordica charantia L. - The fruit of M. charantia L. 

immersed in seed oil is an herbal preparation mentioned for 

its wound healing properties by most of the informants in 

the ethnobotanical study conducted in Northern Greece 

(Tsioutsiou et al., 2019). For the study of the traditional 

preparation, the fruit was separated from the oil and 

extracted via UAE using c-hexane, EtOAc, MeOH and 

MeOH:H₂O 50:50 consecutively. The chemical 

composition of the remaining oil and the hexane extract 

was analyzed using GC-MS and Headspace Solid Phase 

Microextraction (HS-SPME) -GC-MS (Aligiannis et al., 

2001). Using seed oil as control, the analysis demonstrated 

that the composition of the preparation oil, hexane extract, 

and control oil is almost identical. Moreover, the EtOAc 

and the MeOH extracts were free from remaining oil by 

liquid-liquid extraction. The methanolic extract was further 

fractionated employing FCPC (Fast Centrifugal Partition 

Chromatography) and secondary metabolites were further 

isolated by Sephadex column chromatography. Structure 

elucidation of isolated compounds was facilitated by 

1D&2D NMR experiments. 

 

Conclusion  

 

Phytochemical and biological screening of 81 plant 

extracts was performed, resulting to the characterization of 

their chemical profile and the antioxidant and bleaching 

properties. The most promising species for the treatment of 

skin problematic conditions were revealed, prospecting to

the discovery of new bioactive natural compounds. 
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Introduction 

 

Obesity is a persistent and expanding social health 

concern. Excessive fat mass is associated with increased 

risk for chronic diseases including diabetes, 

atherosclerosis, non-alcoholic steatohepatitis, reproductive 

dysfunctions and certain types of cancer (Vasileva et al., 

2020). 

Medicinal plants have centuries of exploitation in 

management of weight control, mainly based on empirical 

ethnopharmacological knowledge. Deciphering the 

mechanism of action of such plants with the contemporary 

“-omics” approaches such as metabolomics, 

transcriptomics and proteomics could lead to the discovery 

of new bioactive leads with anti-obesity potential (Vasileva 

et al., 2020). 

Alchemilla monticola Opiz (Rosaceae) is a perennial 

plant traditionally used to treat inflammatory conditions, 

wounds and burns. Additionally, when administered as 

infusion from the aerial parts weight loss effect is 

described. Phytochemically Alchemilla species are known 

as sources of flavonoids, flavonoid glycosides, phenolic 

acids and tannins (Mandrone et al., 2018). Our preliminary 

findings suggested that A. monticola inhibits adipogenesis 

in vitro in human Simson-Golabi-Behmel syndrome 

(SGBS) preadipocyte cell strain. 

In the search of the mechanism for a potential anti-

adipogenic effect of A. monticola extract, we have 

employed the human SGBS preadipocytes as obesity 

model system and performed gene and protein expression 

analysis. Furthermore, nuclear magnetic resonance (NMR) 

based metabolomics was used to obtain data for the actual 

phytochemical profile of the extract.  

 

Materials and methods 

 
Plant material and extraction 
 

Aerial parts from A. monticola were collected in 2018 

from Rhodope Mountain, Bulgaria. Following freeze-

drying and grounding, the plant material was extracted in 

50% aqueous methanol (1:30 w/v) with ultrasound at 35 

kHz frequency for 20 min, at room temperature. The 

extract was filtrated, evaporated to dryness under vacuum 

at 40 °C and stored at -20 °C prior to analysis. 

 

NMR-based metabolomics 
 

The NMR analysis was performed according to the 

protocol described by Mladenova et al. (2021). 

 

Cell culture and treatment 
 

The human SGBS cells were kindly provided by Prof. 

Wabitsch from the University of Ulm, Germany and were 

maintained and differentiation under the described optimal 

conditions (Tews et al., 2019). From first day of 

differentiation and on every fourth day with media 

replacement the cells were exposed to either A. monticola 

extract at final concentrations of 5, 10 and 25 μg/mL or 

0.02% DMSO as vehicle. 
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Oil red O (ORO) staining and free glycerol measurement 
 

Lipid staining was performed as described by 

Mladenova et al. (2021). Briefly, fixed differentiated 

SGBS adipocytes were stained with ORO dye solution for 

15 min. Microphotographs of the stained cells were 

captured. Total accumulated lipids were quantified by 

measuring the absorbance of the extracted ORO staining at 

495 nm. 

Released in the culture media free glycerol as a 

product from hydrolysis of triglycerides was determined 

using Adipolysis Assay Kit (MilliporeSigma) following 

the manufacturer’s instructions. 

 

Quantitative real-time polymerase chain reaction (RT-

qPCR) 
 

Total RNA extraction, cDNA synthesis and real-time 

qPCR were performed as described (Mladenova et al., 

2021). RPL13A and TUBB were used as reference genes. 

 

Western blotting 
 

Total protein lysates were prepared and analyzed 

through Western blotting as previously described 

(Mladenova et al., 2021). 

 

Results and discussion 

 

Phytochemical profiling of A. monticola 
 

The metabolite characterization of A. monticola 

extract was performed by 1H NMR and HSQC profiling. 

According to the 1H NMR spectral data the most abundant 

signals corresponded to quercetin, isoquercetin, quercetin-

3-O-β-glucuronide, rutin, catechin, vitexin and vanillic 

acid.  

 

Antiadipogenic and lipolytic effect of A. monticola 
 

Adipose tissue expansion is characterized by both 

increase in adipocytes size (hypertrophy) and cell numbers 

(hyperplasia or adipogenesis, Arner et al., 2019). Further, 

the tandem of the transcription factors CAAT/enhancer-

binding protein alpha (C/EBPα) and peroxisome 

proliferator-activated receptor gamma (PPARγ) 

orchestrates adipogenesis (Vasileva et al., 2018).  

Lipid staining revealed anti-adipogenic activity of the 

A. monticola extract and increased glycerol concentration 

suggests its lipolytic potential.  

Expression of CEBPA and PPARG was dose-

dependently decreased upon A. monticola treatment in 

human SGBS adipocytes. The similar effect was observed

with the protein abundance of C/EBPα and PPARγ. These 

results suggest that the studied plant extract worth further 

exploration as source of bioactive leads with anti-obesity 

effect. 

 

Conclusion 

 

In the present study, we demonstrate antiadipogenic 

effect of A. monticola on human SGBS adipocytes. 

Furthermore, PPARγ is identified as potential target for its 

mechanism of action. Additionally, we provide a broader 

insight of the phytochemical composition of A. monticola. 

Hence, the identified metabolites worth further exploration 

as potentially active in obesity management. 
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Introduction  

  

The use of herbal, traditional herbal medicines and 

phytonutrients continues to spread rapidly on global level 

and many people are resorting to the use of these products 

to treat various health conditions. The past decades have 

witnessed a huge wave of acceptance and public interest in 

natural therapies in both developing and developed 

countries, and this is due to the fact that herbal and 

traditional herbal medicines are available not only in 

pharmacies, but also in health food stores and 

supermarkets. It is estimated that up to four billion people 

(representing 80% of the world's population) living in 

developing countries rely on herbal medicine as their 

primary source of health care, and traditional medical 

practice involving the use of herbs is considered an integral 

part of their culture. Studies have shown that 14% - 31% of 

patients who take prescription drugs, take herbal medicines 

as a dietary supplement as well (Ekor, 2014).  

Different traditional medical practices have been 

developed in different cultures and regions, without 

appropriate development of international standards and 

safety assessment methods for their control. Countries face 

major challenges in developing and enforcing traditional, 

complementary / alternative and herbal medicines. These 

challenges are related to regulatory status, safety and 

efficacy assessment, quality control, safety monitoring and 

lack of scientific knowledge for this type of products 

within national drug regulatory bodies (Mukherjee, 2019). 

Unlike conventional medicines, herbal medicines are 

chemically rich compound that can contain several 

hundred constituents. For many herbal medicines, their 

constituents are unknown, and even in those with well-

documented phytochemistry, the ingredients responsible 

for pharmacological activity may not be precisely defined. 

Therefore, the chemical complexity of herbal medicines 

makes it difficult to determine their clinical 

pharmacokinetics, pharmacodynamics and toxicology, so 

in cases where safety concerns have been identified while 

taking an herbal medicine, there are difficulties in 

determining which constituent or combination caused the 

problem (Barnes, 2003). 

Many herbal derived drug-preparations on the market 

do not have detailed pharmacology and toxicology, so 

pharmacovigilance is essential in detecting their side 

effects. In addition, there is a persistent problem of 

unexpected toxicity of herbal medicines due to problems 

with their quality (poor quality herbal material, incorrect or 

misidentified plants, and incorrect processing methods, as 

well as use of counterfeit or contaminated plants or 

products). These quality problems can be overcome to 

some extent with improved regulation requiring GMP 

production standards. However, herbal remedies come 

from many countries with different production standards 

and regulations, so poor-quality products are likely to 

remain a problem. 
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Materials and methods   

  
Relevant European, American and Macedonian 

legislation has been revised, in particular Directive 

2010/84/EU, Regulation (EU) 1235/2010, other 

regulations, as well as PubMed, Medline and 

supplementary relevant empirical analysis article websites, 

assessing the impact of European and non-European 

regulatory activities. 

 

Results and discussion  

  
The safety of herbal medicines is a serious problem for 

regulatory bodies, and in this regard, in 2005, the WHO 

published a report on national policies for traditional 

medicine and herbal medicine regulation, based on the first 

global study on traditional and complementary medicine. 

WHO conducted a second global survey during 2010-2012 

and a follow-up survey during 2016-2018 (updated 

survey). In 2019, the WHO issued the Global Report on 

Traditional and Complementary Medicine, as part of the 

WHO Strategy for Traditional Medicine 2014-2023. In 

accordance with the two WHO Strategies for Traditional 

Medicine 2002-2005 and 2014-2023, and relevant World 

Health Assembly resolutions, Member States are taking 

steps to promote the safety, quality and efficacy of 

traditional and complementary medicine.  

In 2013, the Global Coalition for Regulatory Science 

Research (GCRSR) was formed under the leadership of the 

US Food and Drug Administration (FDA). This coalition 

is joint body from 10 countries, including the European 

Union (EU), which aims to improve regulatory scientific 

research on the safety and efficacy of food and medicine. 

To achieve these goals, annual GSRS conferences have 

been established (so far 10 conference were held) and the 

topic of the last GSRS21 conference was "Food / Drug 

Safety Regulatory Sciences with real-world data and 

artificial intelligence”. 

To better address quality issues, pharmacopoeias 

around the world (United States Pharmacopoeia, the 

European Pharmacopoeia, and the Pharmacopoeia of the 

People's Republic of China) are setting quality standards 

for a growing number of herbal medicines and dietary 

supplements. 

The main challenges related to safety monitoring of 

herbal and traditional herbal medicines are the non-

compliance of the regulatory framework worldwide and 

the insufficient education of healthcare professionals for 

the side effects and toxic effects related to their use, the 

possibility of induction / inhibition of CYP enzymes, as 

well as interaction with conventional medicines. The 

primary challenge to start any discussion related to the 

regulation in this area is the lack of a global consensus on 

product definition and categorization. Depending on the 

regulations, a medicinal plant can be categorized as food, 

functional food, dietary supplement or herbal medicine. 

This introduces serious difficulties in defining the concept 

of herbal medicines for the purposes of national drug 

regulation, and at the same time confuses patients and 

consumers. An additional problem in R. N. Macedonia are 

the "borderline products", a category that does not exist in 

any country worldwide, and usually includes products that 

are classified as dietary supplements in other countries. 

To overcome the challenges associated with the safe 

use of herbal and traditional herbal remedies requires 

proper education of health professionals, especially the 

pharmacist, encouragement of the patients and healthcare 

professionals to report adverse events and continuous 

improvement of the pharmacovigilance system. 

 

Conclusion 

 

Collaborative approach among global regulatory 

agencies is inevitable in order to improve and harmonize 

the regulatory framework for guiding the safe utilization of 

herbal and traditional herbal medicines. Most of the herbal 

and traditional herbal medicines are available without 

prescriptions at the community pharmacies and could be 

obtained even in the supermarkets.  Lack of awareness and 

knowledge for the potential of these medicines to cause 

toxic or side effects as well as interactions with 

conventional drugs is identified for both, consumers and 

healthcare professionals. In this direction, pharmacists play 

pivotal role in patents consulting when dispensing of herbal 

medicines, as well as in identification of potential risks for 

interactions, toxicity and reporting of adverse events in 

national pharmacovigilance systems. Well established 

pharmacovigilance system, appropriate education, 

communication skills and high level of awareness among 

healthcare professional for potential hazards of herbal 

medicines is important in order to maintain a positive 

benefit-risk ratio of herbal drugs and safety of public 

health. 
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Introduction 

 

Inhalation of plant extracts has proven to treat chronic 

or acute diseases of the respiratory tract, due to the 

presence of bioactive compounds with antioxidant, 

antimicrobial and anti-inflammatory activity that heal the 

bronchial epithelium (Santana et al., 2016). However, the 

protective role of inhalation of extracts derived from plants 

of the Greek flora in pulmonary inflammation is largely 

unknown. The purpose of “ANASA” is the development of 

an innovative inhaling device for the administration of 

extracts from Medicinal and Aromatic Plants (MAPs) 

cultivated based on organic farming practices and are 

included among the phytotherapeutic drugs of the 

European Medicines Agency (EMA). Specifically, we 

selected Eucalyptus globulus, Calendula officinalis, 

Matricaria chamomilla, Mentha X piperita Sm., Rosa 

damascena, and Salvia triloba and we hypothesized that 

inhalation of their extracts would exert anti-inflammatory 

effects on cigarette smoke-induced lung inflammation. 

 

Materials and Methods 

 

Organic Cultivation of MAPs 
 

MAPs of Greek flora with an EU monograph by the 

Committee on Herbal Medicinal Products in the 

therapeutic areas of “cough and cold” and “pain and 

inflammation” were selected, and crops were established 

according to the organic farming practices. The quality 

production of the medicinal plants was ensured by the ideal 

location of “Aromafarms” farm in Peloponnese. The crops 

were grown under the supervision of the Organization for 

the Control and Certification of Organic Products. 

 

Hydrodistillation and Extraction of Plant Material 
 

For the quality control of the plant material, protocols 

for the receipt of volatile components (hydrodistillation 

(HD) of essential oils (EO)) and non-volatile components 

(extracts) were developed. The plants after drying were 

subjected to HD with a Clevenger apparatus. In parallel, 

the plant material was grinded and extracted by Ultrasound 

Assisted Extraction (UAE) and Microwave Assisted 

Extraction (MAE) using water. To obtain enriched in 

phenols extracts, all the aqueous extracts that occurred 

after HD, UAE and MAE extraction were processed with 

adsorption macroporous resin FPX66. 

 

GC-MS and HPTLC Analysis 
 

Quality control of the plant material was carried out in 

two ways, for the volatile components a methodology was 

developed using GC-MS, while for the non-volatile 
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components the chemical profile of extracts was 

characterized by HPTLC. 

 

Antioxidant Capacity (TPC, DPPH) 
 

The antioxidant activity of the extracts was evaluated 

by the DPPH assay while the total phenolic content (TPC) 

was determined using Folin-Ciocalteau method. 

 

In-vivo model 
 

Adult male C57BL/6 mice (n=10 per group) were 

exposed to cigarette smoke (CS, 3R4F) 4 times per day 

with 30 minutes intervals, for 3 consecutive days. Control 

animals inhaled atmospheric air. Aerosol from plant 

extracts (sage or rose) was administered to the mice 30 

minutes prior to smoke exposure. Following 24 hours after 

the last smoke exposure, the mechanics of the respiratory 

system were measured, bronchoalveolar lavage (BAL) was 

performed to measure total cell count and protein levels in 

BAL fluid. Protein levels of Surfactant protein (Sp)-D, IL-

6 and TNF-a were measured in BAL fluid by ELISA. 

Peribronchovascular and lung peripheral inflammation was 

also evaluated in lung tissue sections by histology. 

 

Results and discussion  

 

Quality Control of Plant Material - Characterization of 

Volatile and Non-volatile Content 
 

To ensure superior plant quality to prepare extracts 

that are safe and effective, organic cultivations were 

established. One of the objectives was the comparative 

study of extracts from two growing seasons to ensure the 

supply of plant material of stable quality and quantity. The 

results from GC-MS were similar between the two crops 

and the EO contained, according to bibliography, the main 

constituents. The HPTLC analysis revealed the compound 

categories, mainly flavonoids and phenolic constituents 

(UV abs. and brown-yellow spots after spraying with the 

sulfuric vanillin), phenylethanoid derivatives (UV abs. and 

red staining spots after spraying). Terpene derivatives (blue 

spots with the appearance reagent) were also detected. 

 

Total Phenolic Content (TPC) and DPPH Assay 
 

The highest phenolic load was presented by mint, 

sage, rose and eucalyptus. Chamomile and calendula did 

not appear to contain rich phenolic content. Moreover, it 

was revealed that enriched extracts after treatment with 

resin (HD-XAD), gave extracts with richer phenolic 

content than the preparation of infusions with HD. The 

highest antioxidant capacity was shown by sage, mint, rose 

and eucalyptus while chamomile and calendula were 

characterized by moderate and low activity, respectively. 

This is in line with the higher phenolic load of the respected 

extracts. Comparing the antioxidant capacity of plants, it 

was observed that sage and rose have high antioxidant 

activity, while comparing the various extracts with each 

other, it was revealed that HD decoctions and enriched HD-

XAD extracts showed strong antioxidant capacity as well. 

 

In-vivo Model 
 

Following cigarette smoke (CS) exposure, total cell 

count in BAL fluid was significantly increased (p<0.05 to 

control). Inhalation of rose extract did not affect BAL 

cellularity. In contrast, sage extract inhalation ameliorated 

the increase in BAL cell count (p=0.006 to CS). 

Interestingly, both rose and sage inhalation inhibited IL-6 

and TNF-a increase in BAL fluid after CS exposure. CS 

caused only a modest increase in respiratory system 

compliance (p<0.05 to control), an effect that was not 

influenced by sage or rose inhalation. Total protein in BAL 

fluid, SpD protein levels in BAL fluid and histology were 

not affected by CS exposure. 

 

Conclusion  

 

Selected MAPs were cultivated, extracted and their 

chemical content was characterized. Moreover, their TPC 

content was evaluated along with their scavenging capacity 

against the free radical DPPH. The most promising 

extracts, R. damascena and S. triloba, were further studied 

in in-vivo models to evaluate whether they exert anti-

inflammatory effects on cigarette smoke-induced lung 

inflammation. Results revealed that a short course of CS 

inhalation induces pulmonary inflammation that is mainly 

prevented by sage extract inhalation.  
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Introduction 

 

The genus Stachys includes more than 300 species 

distributed worldwide and it is considered as one of the 

largest genera from Lamiaceae family. There are 22 

species in Bulgaria, 5 of which are under the protection of 

the Bulgarian biodiversity law. Stachys thracica Davdov, 

Stachys bulgarica Degen & Neic and Stachys scardica 

Griseb. are Balkan endemic species included in The Red 

Data Book of Bulgaria with conservation status 

“endangered”. The natural populations of the species are 

comprised of few individuals and are located in regions 

under high anthropogenic impact.  

Since ages many species from Stachys genus had been 

widely used for the treatment of inflammatory diseases 

such sclerosis of the spleen, coughs, genital tumors, ulcers 

and infected wounds (Conforti et. al., 2007).  

Nowadays the antibiotic resistance is a global problem 

due to inefficiency of the current medicaments and their 

excessive usage. Overcoming this problem requires the 

research of alternative sources with antimicrobial activity.  

The biotechnological approaches are successfully 

applied for ex situ conservation of rare and endangered 

plants species. The in vitro micropropagation allows the 

cultivation of plants in controlled environment, regardless 

of seasons and climatic changes and allows isolation of 

valuable secondary metabolites without disturbing the 

plants natural populations. 

The aim of the present work is ex situ conservation of 

the endemic species S. thracica, S. bulgarica, S. scardica 

and comparative study of antimicrobial activity of extracts

isolated from in situ, in vitro cultivated and ex vitro adapted 

plants.  

 

Material and methods  

 

In vitro shoot cultures from S. thracica, S. bulgarica, 

S. scardica were induced from ripe dried seed collected 

from their natural habitat with the permission of the 

Ministry of Environment and Water of Bulgaria. The seeds 

were sterilized with 70 % ethanol for 5 min. then washed 

with 96 % ethanol for 1 min. and inoculated on half-

strength MS medium and on 0.7 % agar for germination. 

The seedlings were transferred on basal MS medium 

supplemented with 3 % sucrose and 0.7 % agar. Then the 

effect of different concentrations of BA (0.1 mg/L, 0.5 

mg/L, 1 mg/L, 1.5 mg/L) on the growth of S. bulgarica and 

S. scardica was examined.  

Ex vitro adaptation was carried out in phytotron 

chamber with controlled environmental conditions and 

then in greenhouse and experimental field.  

The antimicrobial activity of the methanolic extracts 

obtained from in situ, in vitro cultivated and ex vitro 

adapted plants from the three species was tested against 

three gram-positive bacteria Staphylococcus aureus, 

Staphylococcus epidermitis, Enterococcus faecalis, seven 

gram-negative bacteria Pseudomonas aeruginosa, Proteus 

mirabilis, Proteus vulgaris, Acinetobacter calcoaceticus, 

Enterobacter cloacae, Escherichia coli, Klebsiella 

pneumoniae and Candida albicans. The determination of 

antimicrobial activity was accomplished by agar disk 

diffusion method. The minimum inhibitory concentration 
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(MIC) was determined by micro-well dilution assay.  

 

Results and discussion 

 

In vitro cultures from the endangered species S. 

thracica, S. bulgarica and S. scardica were successfully 

induced by sterilized ripe dried seeds. The regenerated S. 

thracica plants had vigorous growth and well-developed 

root system, but still S. bulgarica and S. scardica had poor 

growth index. All tested concentrations of the cytokinin 

BA (0.1 mg/L, 0.5 mg/L, 1 mg/L, 1.5 mg/L) stimulated 

shoot development in both S. bulgarica and S. scardica but 

most effective were 1 mg/L BA and 1.5 mg/L BA 

respectively. Ex vitro adaptation was successfully 

accomplished in phytotron chamber, greenhouse and 

experimental field with 100 % survival for S. thracica, 

96% for S. bulgarica and 92% for S. scardica. Successful 

initiation of in vitro cultures of endangered species S. 

maritime and S. leucoglossa was also reported (Panayotova 

et al., 2008; Mantovska et al., 2019). 

It has been established that most of the tested extracts 

from Stachys species showed low antimicrobial activity 

(Ebrahimabadi et. al., 2009; Shakeri et. al., 2019). In our 

pilot study the methanolic extracts from in situ grown, in 

vitro cultivated and ex vitro adapted S. thracica, S. 

bulgarica and S. scardica plants were more active against 

gram “-“bacteria rather than gram “+” and the most 

sensitive strains were A. calcoaceticus and K. pneumoniae.  

 

Conclusion 

 

The successful initiation of in vitro cultures from the 

endangered species S. thracica, S. bulgarica and S. 

scardica is an alternative biotechnological approach for the 

preservation of the species. The obtained methanolic 

extracts exhibit low to moderate antimicrobial activity 

against the tested microorganisms which is a prerequisite 

for further research on metabolite profiles and expanding 

the range of test microorganisms to obtain a clear 

assessment of the antibacterial potential of Stachys species. 
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Introduction 

 

Olive oil is the basis of the Mediterranean diet, which 

is considered one of the best diets in terms of preventing 

modern-day diseases (high blood pressure, increased 

triglycerides, cholesterol, obesity and diabetes). Olive oil 

consists primarily of triacylglycerols and about 0.5%-1.0% 

nonglyceridic constituents (Pierfrancesco et al., 2021; Kelli 

et al, 2002) but it is also a valuable source of different 

phenolic compounds (Rodríguez-López et al, 2021). Many 

of phenolic compounds contribute to the resistance of olive 

oil to oxidative rancidity and is also beneficial for human 

health (Rodríguez-López et al, 2021; Suvarna and Sharma., 

2021). Numerous reports have shown that olive oil phenols 

are potent inhibitors of LDL oxidation in vitro (Visioli et 

al., 1995) and it is known that the oxidation of LDL is 

linked to the formation of atherosclerotic plaques (Visioli 

et al., 1995). In human randomized controlled trials, olive 

oils rich in phenolic compounds have shown to protect 

against oxidative damage and inflammation and to improve 

the quantity of cholesterol transported by high-density 

lipoprotein and also the lipoprotein quality (Torre et al., 

2021). The olive leaves are also rich source of bioactive 

compounds such as oleuropein, verbascoside, apigenin, 

luteolin and the triterpenoids i.e., oleanolic and maslinic 

acids (Nenadis et al., 2021). Regarding bioactivities, 

effects related to cardiovascular and respiratory diseases, 

cancers or diabetes are pointed for olive leaf extracts 

(Nenadis et al., 2021; Manna et al., 1997). 
 

Materials and methods  

 
The survey was conducted in the period of May to 

August 2021 in Novi Sad, Serbia, on a sample of 233 

respondents (25 - 65 years old; 78.1% female and 21.9% 

male). As for the level of education, the majority of 

respondents are highly educated (50.6%), 38.6% have 

secondary education, 9.4% of respondents possesses 

specialization, master or doctoral degree. Only 1.3% have 

primary education. Respondents who suffer from a chronic 

disease were in a significantly smaller percentage (24%) 

than respondents who answered on the same question 

negatively (76%). Additionally, the questionnaire included 

the following questions: Is the diet important for the 

respondents? What type of diet do they use dominantly? 

Which oil do they use the most in their diet? Do the 

respondents use olive oil and in what quantity? How 

familiar are the respondents with the positive effects of 

olive oil on human health? Did the respondents apply olive 

oil for therapeutic/health purposes?  

  

Results and discussion 

 

Our survey confirmed that the diet habits are very 

important for our respondents and they connect it with 

health. The traditional way of eating is mostly represented 

(76.8%), followed by the Mediterranean (14.6%), while 

vegetarian (6.4%) and fast food (1.7%) are represented in 

a smaller percentage. As expected, the consumption of fast 

food is most common among the younger population, but 

the trend of switching to better quality food is already 

noticeable in the 30 to 35-year-old group, which was the 

most numerous in the survey. Based on the respondents' 

answers, the highest consumption is recorded for sunflower 

oil (60.1%), followed by olive oil 36.1%, grape seed oil 3% 

and coconut oil 0.9%. This trend is probably largely 

influenced by economic reasons as well as eating habits in 

our region. Most respondents answered that they use olive 
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oil in their diet (85.8%), while only 14.2% do not use olive 

oil at all. The majority stated that olive oil should be used 

regularly in the diet (94.4%). The quantities used by 

respondents is mostly less than 500 mL per month (38.9%), 

while 31.7% of respondents use 500 mL per month, 14.4% 

use more than 500 mL per month, and 14.9% use 1 L or 

more. In this research, 91.8% of respondents were aware of 

the positive effects of olive oil. Of the health benefits that 

they know, respondents stated that olive oil contains 

unsaturated fatty acids, has a preventive effect on 

cardiovascular diseases, that it is strong antioxidant, that 

lowers the level of LDL cholesterol in the blood, as well as 

that it is an elixir of youth and has beneficial effects on 

skin. As many as 73.8% of respondents believe that with 

the continuous use of olive oil and the Mediterranean diet, 

it is possible to reduce the risk of CVD while 25.3% of 

them are not convinced in that. On the other hand, only 

32.2% of respondents had the opportunity to use olive oil 

for therapeutic purposes, locally in the form of skin care 

preparations or orally in combination with St. John's wort. 

As for the olive leaf, it was observed that respondents 

(61.4%) have the information that olive leaves are used for 

preventive and therapeutic purposes, as well as that olive 

leaf extracts are ingredients of some herbal products and 

nutritional supplements. Only 19.3% respondents 

answered that they have more detailed knowledge about 

health effects of olive leaf and its extract and preparations 

while 19.3% answered that they did not know about olive 

leaf preparations. Of our respondents, 86.7% never used 

olive leaf or preparations with olive leaf extract, while 

13.3% of participants answered that they used a dietary 

supplement with the olive leaves extract for the purpose of 

lowering slightly elevated blood pressure. 

 

Conclusion  

 

Olive oil is a rich source of nutrients that have a 

beneficial effect on human health, while epidemiological 

studies pointed out that the Mediterranean way of eating 

can reduce the risk of cardiovascular diseases, from which 

a significant number of people suffer today. During our 

survey we collected data about consumption of olive oil 

and dietary habits of our respondents together with their 

knowledge about other beneficial olive parts i.e., olive leaf. 

A higher consumption of sunflower then olive oil in the 

diet of our respondents was observed. this could be due to 

economic reasons as the sunflower oil is much more 

affordable. On the other hand, most respondents agreed 

that the consumption of olive oil should be increased in the 

diet as well as for therapeutic purposes due to its 

beneficialeffects on the human body. As for the olive leaf, 

(61.4%) respondents have the information that olive leaves 

are used for preventive and therapeutic purposes. In 

addition, it is necessary to work on further education of the 

population about the importance of healthy nutrition and 

the benefits that plant products can provide to human 

health. 
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Introduction 

 
Glioblastoma is the most common and malignant 

brain tumor in adults and also frequently occurs in 

children, with median overall survival of 14.6 months 

(Dong et al. 2019). Over the past 10+ years, hundreds of 

clinical trials have ended without any clinical benefit, due 

to the remarkable cellular heterogeneity and complexity 

of the disease, as well as some limitations due to technical 

issues and ethical restrictions (Dirks et al. 2020). Studies 

in humanized mice models can circumvent some of these 

limitations. Immunodeficient SCID mice are perfect 

recipients and reconstituted with human tumor cells 

developing symptoms specific for human diseases (Bleau 

et al. 2009). 

Regarding this, many investigations have been 

focused on multi-target botanical agents such as Rhodiola 

rosea L., considering them as the nature’s answer and 

simultaneous impact over multiple functional networks 

during disease treatment with fewer side effects over the 

human body (Marchev et al. 2016). 

The aim of this study was to evaluate the anti-

proliferative and apoptotic activity of 70% methanolic 

extract of R. rosea rhizomes, as well as its major 

compounds in vitro, towards human glioblastoma cell line 

U87 MG and in vivo, in humanized murine glioblastoma 

model. 

 

 

Materials and methods 

 

Cell culture 
 

The human glioblastoma cell line U87 MG was 

maintained in Eagle's Minimum Essential Medium 

supplemented with 10% FBS and 1% streptomycin. 

 

Cell proliferation/viability assay 
 

Colorimetric MTT assay was used for this test. The 

cells were seeded at a density of 1x105 cells/well in 96-

well plates and treated after 24 h with different 

concentrations of R. rosea extract and pure compounds. 

The absorption at 490 nm was measured after 48 h. 

 

Apoptosis detection 
 

Cells were grown at a density of 1x105 cells/well in 

6-well plates. Following 24 h of incubation, cells were 

treated with different concentrations of R. rosea rhizome 

extract and pure compounds. After 72 h staining for 

annexin-V and propidium iodide was carried out using the 

Annexin V-FITC Apoptosis Detection Kit. 

 
Generation of humanized murine glioblastoma model 
 

       Cells at concentration of 1x105 cells/µL were slowly
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deposited in the SCID mice at a rate of 1 µL/min in the 

right striatum at a depth of -3 mm from dura with a 10-µl 

syringe. 

 

Results and discussion 

 

In vitro studies 
 

Rhodiola rosea rhizome extract and its major 

compounds (the phenylethanoids salidroside and p-

tyrosol and the phenylpropanoids rosarin, rosavin 

and rosin) were previously identified in the rhizomes 

and their respective amounts were 2.67, 0.02, 0.37, 

1.92 and 0.04% (Marchev et al. 2020). The extract 

and the pure molecules were applied at 

concentrations in the range of 25 to 200 μg/mL. The 

level of cell proliferation was evaluated on the last 

four hours after a three-day culture period. The most 

prominent activity was observed by the rhizomes 

extract at 100 μg/mL with approximately 30% 

decrease of the cells proliferation. Among the 

identified metabolites the most active appeared to be 

rosarin and salidroside at 25 μg/mL with 20.30% 

and 16.39% inhibition of the cell proliferation. 

Rosin, p-tyrosol and rosavin had an anti-proliferative 

activity in the same range, but at concentrations of 

100 or 200 μg/mL. The analysis of the cell apoptosis 

showed that incubation with the extract and the pure 

molecules influenced in a non-dose dependent 

manner this process. Further the cell apoptosis of the 

extract and the combined formulation of the 

identified molecules in a ratio corresponding to that 

in the rhizomes were evaluated on U87 MG 

glioblastoma cell line. At the doses investigated, the 

combined formulation of the pure substances 

decreased the cell proliferation with 17.3% at 300 

μg/mL. In comparison the extract inhibited the cell 

growth with 22.6% and 36.0% at 300 and 500 

μg/mL, respectively. 

 

In vivo studies 
 

For mice treatment two therapies were 

developed: an intensive (simultaneous treatment 

with the extract and salidroside after injection of the 

glioblastoma cells in the mice) and normal (the 

treatment starts after tumor formation, which usually 

occurs after 2-3 weeks) therapy. The dose applied 

was 500 mg/day for human, calculated for mice with 

an average body weight of 25 g. The results showed 

that the intensive treatment with the extract 

suppressed the tumor growth at the 10th week. The 

same treatment increased the life span of the mice 

with two weeks as well. 

 

Conclusion 

 

Based on these results it can be concluded that 

the extract from R. rosea L. rhizomes its pure 

compounds can influence directly the cell 

proliferation and the cellular metabolism. The 

research in mice was conducted in immunodeficient 

animals and there was a direct increase effect on the 

life span of the treated groups, which reveals the 

positive effect of the extract, itself, even though no 

immune cells were involved. 
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Introduction 

 
Plants still have significant role in nowdays life. 

Collecting knowledge about plant species and their use in 

various segments of human life is of great importance for 

the cultural heritage preservation and conservation of 

plant diversity. However, traditional knowledge regarding 

usage of plants is decreasing in many parts of the world.  

Serbia is located in the north-central region of the 

Balkan Peninsula. Some recent data indicated the 

existence of 4246 taxa in Serbian flora (Niketić et al., 

2018) of which 1000–1500 species are used as foodstuffs, 

spices, food preservatives, medicinal plants, natural dyes 

or additives (Dajić Stevanović et al., 2014).  

Lately, ethnobotanical investigations in Serbia were 

intensified (e.g., Janaćković et al., 2019; Matejić et al., 

2020; Marković et al., 2021). However, there are still 

ethnobotanically unexplored regions in Serbia. Therefore, 

our intention was to perform the survey on traditional use 

of plants at Mt. Tara, lacking in previous ethnobotanical 

reports. Herein, we present only data regarding usage of 

common cultivated plant species. 

 

Materials and methods 

 
Study area 
 

Tara Mt. is located in the very west of Serbia and 

coverage area confined by the Drina river between 

Višegrad and Bajina Bašta cities. Area of the National 

park (proclaimed in 1981.) covers around 19200 ha and 

coverage most of the Tara Mt. The investigated area 

covers 8 settlements, 4 villages and 1 city. 

Ethnobotanical survey 
 

The survey was conducted in 2015 during spring and 

summer. The group of local inhabitans (56) was 

interviewed by semi-structured questionnaires. For 

recording permission from the respondents were obtained. 

All used plants cited by respondents have been taken into 

account, even when mentioned just once. Nationality of 

the informants is assumed to be Serbian. Informants are 

mostly engaged in cattle-breeding and agriculture. The 

plants collected were determined using professional 

literature (Josifović, 1970–1986). Different local names 

were establish according to Simonović (1959). Voucher 

specimens were deposited in the Herbarium of the 

University of Belgrade - Faculty of Biology (BEOU). 

 

Results and discussion 

 

There are 19 cultivated plant species recorded, 
primarily used for medicinal purposes. Infusion was the 

most common type of preparation. Leaves of 

Petroselinum crispum Nym. (Apiaceae) are used for 

kidney disorders, which was also documented by 

Živković et al. (2020, 2021). Also, this plant is used in 

diabetes treatment (Jarić et al., 2015), for gynecological 

infections (Živković et al., 2021) and prostate problems 

(Matejić et al., 2020). We documented usage of leaves 

and flowers of Ribes nigrum L. (Grossulariaceae) for 

better kidney filtration and in treatment of rheumatism. It 

was shown that fruits of this plant is used for respiratory 

diseases (Šavikin et al., 2013) and leaves for 

detoxification (Jarić et. al., 2015). Leaves and flowers of 

Callendula officinalis L. (Asteraceae) are used for skin 
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disorders (eczema, wounds, burns), for the treatment of 

hemorrhoids, peripheral circulation, lung diseases and for 

the heart. Some similar data was obtained by Šavikin et 

al. (2013) and Živković et al. (2020). Aerial parts of 

Foeniculum vulgare Mill. (Apiaceae) are used to treat 

urinary tract disorders as well as for nerves. Živković et 

al. (2020) and Matejić et al. (2020) documented usage of 

this plant for digestive complaints. We found that roots of 

Helianthus tuberosus L. (Asteraceae) are used in 

treatment of lung diseases, diabetes (also documented 

Jarić et al., 2015), intestines and blood vessels. Seeds of 

Linum usitatissimum L. (Linaceae) are used for stomach 

ulcer, while Živković et al. (2020) documented usage of 

this plant in treatment of cough. Seeds of Avena sativa L. 

(Poaceae) are used in treatment of prostate and bladder 

diseases as well as against Escherichia coli, while Matejić 

et al. (2020) documeted its usage for digestive system 

disorders. Fruits of Fagopyrum esculentum Moench. 

(Polygonaceae) are used in lowering the blood sugar 

level, which is a new data for Balkan. Tubers of Solanum 

tuberosum L. (Solanaceae) are used as compresses to 

reduce swelling (joint inflammation, fractures), while 

Živković et al. (2021) documeted its usage as antypiretic. 

Roots of Beta vulgaris L. (Amaranthaceae) are used for 

treatment of anemia which is in accordance with Živković 

et al. (2020). Fruits and leaves of Cydonia oblonga 

(Rosaceae) are used for kidney disorders and diarrhea. 

Bulb of Allium cepa L. (Amaryllidaceae) are used against 

cough. Fruits of Phaseolus vulgaris L. (Fabaceae) are 

used in kidney disorders as well as for treatment of 

diabetes. Documented usage for all three abovementioned 

plants are in agreement with Matejić et al. (2020). We 

found that seeds of Cucurbita pepo L. (Cucurbitaceae) 

stimulates serotonin production. Matejić et al. (2020) 

have shown that fruits and seeds of this species are used 

for treatment of digestive system disorders and against 

parasites, while Šavikin et al. (2013) have shown usage 

for treatment of benign prostate hyperplasia. Prunus 

cerasus L. (Rosaceae) leaves are used for better eyesight 

and for the heart, while Jarić et al. (2015) documented 

usage of this plant as aperitif and diuretic. We found that 

seeds of Prunus domestica L., P. armeniaca L., and P. 

amygdalus Stokes (Rosaceae) are used for strengthening 

the immune system. 

Other recorded purposes include usage of fruits of F. 

esculentum to make bread, and Capsicum annuum L. 

(Solanaceae), C. oblonga and A. cepa for dyeing. 

 

Conclusion 

 

We documented new data regarding usage of 

cultivated plants. The ethnobotanical heritage of the Mt. 

Tara needs to be documented and preserved. 
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Introduction 

 

Asparagus genus, which belongs to the Asparagaceae 

family, is represented by 10 species, 3 of which are 

endemic in Turkey, and it is distributed in Europe, North 

Africa, and Asia. Asparagus spears (especially Asparagus 

officinalis L.) which are widely consumed all over the 

world either as nutrient or with medicinal purposes, has 

been cultivated for hundreds of years.  

Asparagus taxa are highly valued for their abundance of 

bioactive compounds such as saponins, flavonoids, 

hydroxycinnamic acids, sterols, fructans, carotenoids, and 

amino acids (Lee et al., 2010; Chitrakar et al., 2019). 

According to the literature data, Asparagus taxa are 

traditionally used for the treatment of hemorrhoids and 

infertility problems as well as stomach, urinary system, 

liver, kidney, and heart diseases (Zhang et al., 2018; 

Mashele, 2019).  

The effects of the extracts prepared from Asparagus 

taxa, were previously evaluated on the experimental animal 

model of carbon tetrachloride-induced hepatotoxicity and 

the life span of Caenorhabditis elegans, by us. 

In our previous studies, in vitro antioxidant capacity of 

all extracts was also determined.  

Therefore, the aim of thise study is to evaluate the in 

vitro anti-proliferative activity of some Asparagus taxa 

(Asparagus officinalis, Asparagus acutifolius, Asparagus 

verticillatus, Asparagus aphyllus subsp. orientalis) in 

colon carcinoma cell line as a model. 

 

 

Materials and methods  

 
Materials 
 

The dried radix parts of Asparagus officinalis, 

Asparagus acutifolius, Asparagus verticillatus, Asparagus 

aphyllus subsp. orientalis were extracted with 70% 

ethanolic solution in water. The extracts prepared of these 

four plants were used as samples for the MTT test. 

Within the scope of this study aquaeus-ethanolic 

extracts of radix of 4 different Asparagus taxa (Asparagus 

officinalis (AOR), Asparagus acutifolius (AAR), 

Asparagus verticillatus (AVR), Asparagus aphyllus subsp. 

orientalis (AAOR))were evaluated with MTT assay for 

determination of the anti-proliferative effect of CaCO2 on 

colon cancer. The MTT assay has been widely applied in 

the assessment of anti-proliferative activity. The extract 

groups were compared with the control group consisting of 

cells without any substance applied. 

 

Method  
 

In this study, the cytotoxic effect of hydroalcoholic 

extract of Asparagus taxa on the CaCO2 cancer cell line 

was determined using MTT assay at doses of 0.1 mg, 0.25 

mg, 0.5 mg, 0.75 mg, 1 mg, 1.5 mg and 2 mg for each 

sample after 24 h and 48 h of treatment.  
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Results and discussion 

 

The analyzed samples in this study, did not show an 

anti-proliferative effect after 24 h. It has been determined 

that 1 and 2 mg samples of AAOR have an anti-

proliferative effect of 63.41% and 78.6% on colon cancer 

in 48 h, respectively. 

 In addition, the AAR sample showed an inhibitory 

effect on cancer cells in 48 h as much as AAOR sample. A 

2 mg sample of AOR has been found to have an anti-cancer 

effect of 58.7% in approximately 48 h.  

However, AVR did not show an anti-proliferative 

effect on colon cancer cells neither at 24 nor at 48 h. 

Finally, AAOR, AAR and AOR can be used as candidate 

material in the treatment of colon cancer and used for 

performing further studies. 

 

Conclusion 

 

The investigated aqueous ethanolic extract of AAOR, 

AAR and AOR exhibited effective anti-proliferative 

properties. This is the first study presenting the anti- 

proliferative effect of CaCO2 on colon cancer potential of 

these taxa from Turkey.  
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The challenge of treating epilepsy 

 

People with epilepsy (PWE) comprise 1% of the 

population, and one third of PWE have treatment-resistant 

seizures. Over 80,000 PWE are lost worldwide each year 

to sudden unexpected death in epilepsy (SUDEP). Many 

epilepsy patients of all ages have additional – often 

untreated – cognitive, affective, and behavioral disorders.  

Over 25 anti-seizure medications (ASMs) are 

currently available, but these function through a limited 

number of mechanisms (primarily GABA, glutamate, 

calcium, and sodium). Most major pharmaceutical 

companies have given up their epilepsy R&D programs, 

and compared to other major neurological diseases (e.g. 

Alzheimer's and Parkinson's disease), there is much less 

R&D funding for epilepsy despite a much larger number of 

patients. Another challenge is the limited utility of a 

classical, single-target approach for epilepsy drug 

discovery in an organ as complex as the human brain.  

For these reasons, new approaches are needed to 

discover novel drugs for epilepsy, particularly medicines 

for patients with treatment-resistant seizures. 

 

Natural products as a source of epilepsy drugs 

 

Medicinal plants are an underutilized resource for 

developing new therapies for epilepsy that may have novel 

mechanisms of action. Other natural products (NPs), such 

as fungal, microbial, and human metabolites, are also 

attractive sources of neuroactive small molecules with 

potential for epilepsy drug discovery. 

Several recently approved epilepsy drugs, and drug 

candidates in clinical development, are NPs or NP 

derivatives. Cannabidiol (Epidiolex®), the primary non-

psychoactive metabolite of cannabis, was approved in 2018 

as a treatment for three childhood epilepsy syndromes – 

Dravet syndrome, Lennox-Gastaut syndrome, and tuberus 

sclerosis complex (TSC). Ganaxolone (Ztalmy®), a 

derivative of the human metabolite allopregnanolone, was 

approved in 2022 for the treatment of CDKL5 deficiency 

disorder. Sirolimus (Rapamune®), a derivative of the 

microbial metabolite rapamycin, originally isolated from 

the soil bacterium Streptomyces hygroscopicus, has shown 

anti-seizure efficacy in clinical trials with TSC and other 

treatment-resistant epilepsy patients. Huperzine, derived 

from the Chinese medicinal plant Huperzia serrata, and 

ivermectin, derived from the soil bacterium Streptomyces 

avermitilis, are both in clinical development for epilepsy.  

 

Zebrafish as an in vivo model for biodiscovery  

 

Over the past 15 years, we and others have established 

zebrafish as an in vivo, microscale biodiscovery platform 

for the systematic identification of bioactive NPs from 

medicinal plants, marine microbes, and other NP sources 

(Crawford et al., 2008; Challal et al., 2012). Because of 

their high genetic, physiological and pharmacological 

similarity to humans, zebrafish are well-suited for the 

identification of bioactive NPs with therapeutic potential. 

Key advantages of zebrafish include the small size, optical 

transparency, and rapid development of their embyros and 

larvae, enabling high-throughput screening in 96-well 

format. Zebrafish disease models have been established for 

most indication areas, and many of these models can be 

used for in vivo screening of NP extracts, as well as for in 

vivo bioassay-guided fractionation. 
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The larval zebrafish brain encompasses the major 

neuronal and non-neuronal cell types and neurotransmitters 

found in the human brain, and can also experience epileptic 

seizures. Several zebrafish models of epilepsy have been 

generated using both pharmacological and genetic 

perturbations (Gawel et al., 2020), and these exhibit 

seizures that can be quantified by behavioral or 

electrophysiological analysis. 

 

Zebrafish-based identification of anti-seizure NPs  

 

Using zebrafish as a biodiscovery platform, we have 

identified several novel anti-seizure NPs to date that could 

also be validated in rodent epilepsy models.  

Several of these molecules were isolated from 

medicinal plants used in traditional medicine for the 

treatment of epileptic seizures, including (1) spirostane 

glyocosides identified from the Philippine medicinal plant 

Solanum torvum (tandang-aso), structurally similar to the 

recently approved epilepsy drug ganaxolone (Challal et al., 

2014); (2) tanshinones, identified from the Chinese 

medicinal plant Salvia miltiorrhiza (dan shen) (Buenafe et 

al., 2013); (3) indirubin, a known inhibitor of the kinase 

GSK-3, identified from the Congolese medicinal plant 

Indigofera arrecta (kasholoza) (Aourz et al., 2018); (4) 

turmerones, identified from the Ayurvedic medicinal plant 

Curcuma longa (turmeric) (Orellana Paucar et al., 2012), 

and (5) β-boswellic acid, identified from the East African 

medicinal plant Boswellia sacra (frankincense) (Brillatz et 

al., 2021). 

In addition, large-scale zebrafish-based screening of 

marine extracts, carried out as part of the EU project 

PharmaSea, has yielded several anti-seizure NPs to date, 

including isoquinoline alkaloids from the marine fungus 

Aspergillus insuetus (Copmans et al., 2019). 

  

Perspective 

 
Of the multiple anti-seizure NPs we have identified to 

date using zebrafish, turmerones have already been 

advanced into clinical development for treatment-resistant 

epilepsy. By using a target-agnostic, phenotypic screening 

approach, combined with the advantages of using a 

functioning vertebrate brain as an in vivo bioassay, our 

zebrafish-based biodiscovery platform will continue to 

deliver multiple novel drug leads that have the potential to 

help patients with treatment-resistant epilepsy. 
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Introduction 

 

Natural products are the fundamental unit of 

traditional medicine system in Republic of North 

Macedonia. Macedonian people are rich in traditional 

medicine (Dervendzi, 1992) especially in folk medicine 

(ethnomedicine), and this system is gaining much attention 

after 1991year (Stojanova et al., 2010). 

Corona viruses are important animal and human 

pathogens. Towards the end of 2019 year, the novel corona 

virus was identified in Wuhan, China, presented as a 

cluster of symptoms of pneumonia. Its quick spread 

resulted in a global pandemic. The dissemination of 

COVID-19 around the globe has been followed by an 

increased consumption of antibiotics. This is related to the 

concern for bacterial super infection in COVID-19 

patients. The wrong consumption of antibiotics during the 

COVID-19 pandemic will raise disastrous effects on 

antimicrobial resistance (Lucien et al., 2021; Ghosh et al., 

2021). Therefore there has been high interest in the use of 

traditional medicines for COVID-19 from early in the 

course of pandemic (Yimer et al., 2021). 

This research documents detailed ethno 

pharmacological information on the natural products usage 

by respondents against corona virus disease in Republic of 

North Macedonia compared with the literature data. 

 

Materials and methods  

 

The study was conducted from March 10th 2020 to 

March 31st2022. The investigation was conducted in two 

stages on the subject above by using electronic databases, 

such as Web of Science, Scopus, Medline, PubMed, 

Google Scholar and face to face interviews were held with 

respondents and collected the names of local species and 

traditional remedies being used in this period. 

 

Results and discussion 

 

Corona virus disease is a worldwide pandemic 

resulting in a severe acute respiratory syndrome. The study 

found that the use of natural products has increased during 

COVID-19 and most of respondents recommended natural 

products to prevent and treatment. 

Functional foods could have co-therapeutic and 

protective effects against COVID-19 infection (Brown, 

2020; Mosleh, 2021). Traditional medicine, has 

recommended potential functional foods candidates to 

manage such a global pandemic. Ten traditional medicine 

functional foods were found in Republic of North 

Macedonia including a soup and syrup. They are 

combinations of two to seven ingredients, such as onion, 

garlic, apple vinegar, honey, pollen, propolis, Zingiber 

officinale, Cochlearia armoracia, Inula helenium etc. 

Natural compounds of mentioned formulations have the 

main pharmacological mechanisms including antiviral, 

anti-inflammatory, antioxidant, antihistamine, 

bronchodilator, immunomodulatory, and mucoactive 

effects as well as central or peripheral antitussive activities. 

Respondents focused more on an immunity-boosting 

diet. Fruits, vegetables, spices, herbs, seeds, nuts, cereals, 

millets, and superfoods like chlorella and spirulina are 

good sources of vitamin-C, A, E and D, iron, zinc, folic 

acid, probiotics and prebiotics. Some studies 
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(Vishwakarma et al., 2022) have shown reduction in the 

severity of COVID-19 patients with functional foods with 

bioactive compounds and plant-based foods.  
The study found that the use of medicinal plants has 

increased during COVID-19 and most of the respondents 

recommended medicinal plants to prevent COVID-19. 

This study recorded a total of 50 plants belonging to 30 

families. The leaves of the plants were the most frequently 

used. Most of the people were getting medicinal plants 

from herbal pharmacies. 

The consumption of herbal medicine such as Origano 

vulgare, Urtica dioica, Echinacea purpurea, Nigella 

sativa, Matricaria chamomilla, Salvia officinalis, Plantago 

major, Tussilago farfara, Sambucus nigra, has increased 

during the global pandemia. We could notice that the 

respondents are well informed and the use of Geranium 

robertianum increased after the literature data (Kuman et 

al. 2020) suggest that geranium is valuable natural anti-

viral agents that may contribute to the prevention of the 

invasion of COVID-19 into the human body. Also, the use 

of Glycyrrhiza glabra, increased when studies (Abraham 

et al. 2021) have suggested licorice to be necessary for 

COVID-19 treatment.  

 Significant advances in the science of 

ethnopharmacology have helped to introduce chemical 

entities identified from natural sources into modern 

medicine. However, the wider integration of natural 

products into the modern drug discovery process will 

require enhanced collaboration amongst the 

pharmaceutical industry, academic research units and 

regulatory bodies. Revisiting this topic holds promise of 

benefit for both the current and future pandemics. 

 

Conclusion 

 

Functional foods are cost-effective, easily accessible, 

and safe options for both treatment and prevention of 

COVID-19. They might have positive psychological 

effects along with their pharmacological effects and 

nutritional virtues. They could also manage persistent 

respiratory discomforts after recovery from COVID-19. 
People were using more medicinal plants during 

COVID-19 claiming that they can prevent or cure COVID-

19. 
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Introduction 

 

People use medicinal and aromatic plants in 

traditional medicine since ancient times, and there has 

been a modern revival of medicinal plant use (Kiringe, 

2006). These knowledge is preserved in rural areas among 

elder population and it needs to be noted for future 

records. Great number of plant species has a healing 

potential and is used to treat many different skin diseases 

(Tucakov, 1997). 

Atopic dermatitis or eczema is skin disorder affecting 

up to 20% of children and up to 3% of adults people of all 

the age groups (Asher et al., 2006) and it is characterized 

by chronic inflammatory, pruritic, relapsing skin 

condition evidenced by the appearance of dry patches on 

skin that may turn red and itchy with the passage of time 

(Poonam et al., 2022). Eczema is a complex genetic 

disease arising from several gene-gene and gene-

environment interactions (Thomsen, 2014). Standard 

medical treatment of eczema includes topical medication, 

mostly used are topical glucocorticoids and topical 

calcinerium inhibitors, then, antihistamines, anti-infection 

agents, phototherapy, etc, (Lee et al., 2016). 

There has been no cure for the disease so in addition 

to official pharmaceutical treatment, a great number of 

plants with abundance of bioactive compounds, 

homeopathic medicines, special diets and herbal 

treatments can be applied (Jong et al., 2013), although no 

clinical trial has completely established the efficacy of the 

herbal preparations.  

The aim of this paper is to give an overview of 

medicinal plant species used to treat eczema by the people 

of central and western Balkans. 

 

Materials and methods 

 
The literature research was performed using Scopus 

and Google Academic sources.  

 

Results and discussion 

 

In last decade, the entire Balkan region has become 

the focus of numerous ethnobotanical studies. Large 

number of medicinal plant species is used in all countries 

of Central and Western Balkans, and the whole region is 

rich in plant biodiversity. For example in Serbia around 

700 species are used, which represents 10.7% of total 

plant taxa and in Croatia 21% of total of 5000 taxa is used 

(Džamić and Matejić, 2017; Mustafa et al, 2012; 

Menković et al, 2011). Many of the Balkans species are 

used for treatment of different dermatological conditions. 

A study of traditional use of medicinal plants in Zlatibor 

district (South-western Serbia) showed that 29.6% of 

species used are for dermatologic diseases (Šavikin et al., 

2013). Other studies recorded traditional use of medicinal 

plants especially for treatment of eczema in central and 

western Balkans (Janaćković et al., 2019; Savić et al., 

2019; Varga et al., 2019; Hajdari et al., 2018; Popović et 

al., 2014; Rexhepi et al., 2007). A total of 31 plant species 

was recorded. The most often used family of plants for 

eczema treatment is Asteraceae (25.81%), followed by 

Pinaceae, Rosaceae and Fabaceae (6.45% each) and other 

families with 3.23% each (Araliaceae, Aristolochiaceae, 

Brasicaceae, Caprifoliaceae, Cornaceae, Fagaceae, 

Geraniaceae, Hypericaceae, Juglandaceae, Melanthiaceae, 

Papaveraceae, Plantaginaceae, Rannunculaceae,
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Rhamnaceae, Scrophulariaceae, Urticaceae and 

Violaceae). Ethnobotanical study in Güce district reported 

that 128 plant taxa are used to treat a total of 101 different 

aliment categories, and 6 taxa are used to treat eczema 

(Karakose, In Press). 

Considering plant parts that are used, most used are 

aerial parts, followed by underground parts and flowers, 

while fruits, bark, saps and resin are used from smaller 

number of species. A study carried in Rif region of 

Morocco showed that most used plant parts for treatment 

of skin diseases are levees, followed by whole plant, bark, 

fruit and flower, respectively (Chaachouay et al., 2022). 

 

Conclusion 

 

Many plant species around the World are used to 

treat eczema. However, although, many of them showed 

excellent results, insufficient number of clinical studies 

was carried to investigate real effect of such treatments. 

Additional effort should be put towards better 

understanding of plant compounds that affect eczema and 

further ethnobotanical studies should be carried to 

document even more plant species with these properties. 
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Introduction 

 

Diabetes mellitus is a group of metabolic diseases 

characterized by hyperglycemia, which further generates 

reactive oxygen species (ROS) and increased oxidative 

stress in the organism. This hyperglycemia-induced 

oxidative stress in diabetes mellitus causes several adverse 

effects on the cellular physiology, associated with 

dysfunction of normal functioning of various tissues, 

including kidneys (Jha et al., 2016). 

 Hypericum perforatum L. is one of the most important 

medicinal plants widely used in herbal medicine as a 

source of bioactive metabolites (Nahrstedt and Butterweck, 

2010), related to its antidepressant, antioxidant, analgesic, 

anti-inflammatory, cytotoxic and antidiabetic effects 

(Nahrstedt and Butterweck, 2010; Arokiyaraj et al., 2011, 

Rafailovska et al., 2021). 

In order to increase the production of phenolic 

compounds in H. perforatum, models of genetic 

transformation using Agrobacterium rhizogenes are 

employed (Tusevski et al., 2013). Among these, 

predominant phenolic compounds in the HR cultures are 

xanthones (Tusevski et al., 2013). We have previously 

reported the antihyperglycemic effects of Hypericum 

perforatum hairy roots extracts (HR) in STZ - induced 

diabetic rats (Rafailovska et al, 2021). 

The kidney is an organ that is very sensitive to damage 

caused by ROS, probably due to the abundance of 

polyunsaturated fatty acids in the renal composition (Jha et 

al., 2016). Thus, the aim of this study was to investigate the 

antioxidant activity of both wild growing Hyperici herba 

(HH) and transgenic hairy roots (HR) extracts form H. 

perforatum in the kidney of STZ-diabetic rats. 

Materials and Methods 

 

We used adult male Wistar rats (200 - 250 g) for the 

experimental purposes. Experimental diabetes was induced 

by single intraperitoneal injection of streptozotocitn (45 

mg/kg) freshly dissolved in citrate buffer (pH 4.5). The rats 

were divided into healthy (control) and diabetic groups, 

which were further treated with both HH and HR extracts. 

For the extraction of the bioactive compounds from HH 

and HR powder, 80% (v/v) CH3OH was used (Gadzovska 

et al., 2005). The obtained dry HH and HR extracts were 

dissolved in 0.3% CMC and administrated via feeding 

needle,  daily as a single dose (200 mg/kg/b.w.), in a 14 

days treatment. Standard hypoglycemic drug 

Glibenclamide was used as positive control. 

We estimated the activity of antioxidative enzymes 

superoxide dismutase (SOD), catalase (CAT), glutathione 

reductase (GR), glutathione peroxidase (GPx) as well as 

total glutathione (GSH) and malondialdehyde (MDA) 

concertation in the kidney tissue homogenate. 

 

Results and discussion 

 

Our results show that experimental diabetes caused a 

significant decrease in GSH concentration, CAT and SOD 

activity in the kidney.  This reduction is an indicator of 

tissue degeneration (Andersen, 2004). On the other hand, 

our results showed that the experimental diabetes caused 

significant increase in GR and GPx activity. Increased GR 

activity indicates that intensive reduction of oxidized 

glutathione occurs in the kidney of diabetic rats, which in 
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turn indicates that intensive consumption of reduced 

glutathione occurs at the same time.  Namely, the increased 

activity of GPx confirms that diabetic state induce 

oxidative stress in the kidneys of diabetic animals, 

followed by overproduction of free radicals. Furthermore, 

there was significant increase in renal MDA concentration, 

which indicates intensive lipid peroxidation, resulting from 

overproduction of ROS in hyperglycemic conditions.   

The treatment of diabetic animals with HH and HR 

caused normalization of the estimated parameters. Namely, 

both HH and HR extracts increased the GSH concentration. 

Additionally, both treatments caused significant increase 

and normalization of CAT and SOD activity.  Both 

treatments with HH and HR extracts caused significant 

decrease and normalization of GR activity and MDA 

content in the kidney. According to Silva et al. (2008), the 

antioxidant action of H. perforatum extract is due to the 

high content of polyphenolic compounds, primarily 

flavonoids and phenolic acids. Flavonoids are particularly 

interesting because of their antioxidant properties, and their 

excellent ability to scavenge free radicals, as well as their 

antidiabetic potential (Coskun et al., 2005). This finally 

which leads to a significant improvement in antioxidant 

defense and reduction in oxidative stress in the kidney of 

STZ-diabetic rats. 

Concerning effects of hairy roots extracts, to the best 

of our knowledge there are no data about the antioxidant 

properties of HR extracts in vivo. However, aaccording to 

a study by Gondi and Rao (2015), ethanoic extract of 

Mangifera indica and its active component mangiferin 

increases the activity of SOD, CAT, and GR in the kidney, 

liver, and serum of STZ-diabetic rats.  This is probably due 

to the extract's ability to neutralize free radicals, which 

further improves the activities of antioxidant enzymes and 

the diabetic condition of rats. In the study of Mahendran et 

al. (2014), the authors found that the extract of Swertia 

corymbosa (rich in xanthones), leads to an increase and 

normalization of the concentration of GSH in the kidney 

and liver of STZ-diabetic rats. Our assumption is that the 

increased GSH concentrations and normalization of GR 

activity are clear indications that xanthones present in HR 

extract might have stabilized the renal glutathione redox 

cycle in STZ-diabetic animals, indicating a general 

improvement in redox potential in diabetic animal’s 

kidney.  

 

Conclusion 

 

Based on the obtained results, the general conclusion is 

that both extracts regulate and normalize the activity of 

endogenous antioxidant enzymes and substrates, which 

generally reduce the oxidative stress in renal tissue caused 

by the diabetic condition. HR extract has more pronounced

antioxidant effects in kidney of diabetic rats. 
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Introduction 

 

Pomegranate (Punica granatum L.) is a deciduous 

shrub or a small tree with perennial rootstock, belonging 

to the Punicaceae family (Holland et al., 2009). The 

edible part of pomegranate is about 57-85% of the whole 

fruit, among which juice accounts for 36-63% (Ge et al., 

2021). This would mean that 25-43% of the fruit consists 

of peel and seeds.  

Pomegranate is rich in bioactive compounds, both in 

the edible part and in the part that represents waste 

material. Previous findings have shown that pomegranate 

peel (PP) contains ellagic acid, ellagitannins such as 

punicalagin and punicalin, as well as proanthocyanidins 

and flavonoids (Jain et al., 2012). These secondary 

metabolites of pomegranate possess substantial health-

promoting properties, including antidiabetic, antioxidant, 

immunomodulatory as well as anticarcinogenic effects 

(Jain et al., 2012). In addition, some compounds were 

found to have potential to prevent cardiovascular diseases 

(Hamoud et al., 2014).  

In this research, the active components from 

pomegranate peel (wild and cultivated) were isolated 

using maceration as an extraction technique. Thereafter, 

the quantification of the most dominant compounds in the 

obtained extracts and juice was performed using HPLC 

analysis. The objective of this study was to determine and 

compare the content of the main bioactive compounds 

obtained from the peel and juice of wild and cultivated 

pomegranates from different locations. 

 

Materials and methods  

 

Plant materials 
 

The ripe fruits of 10 wild and cultivated pomegranate 

plants were collected from three different localities in 

Montenegro (Daljam, Martinici, and Gornji Kokot) in 

November 2019. Peels were manually separated from the 

seeds and cut into small pieces. Prepared material was air-

dried at room temperature for 4-6 days and grounded 

using a laboratory mill to obtain PP pulvis.  

 

Preparation of samples 
 

Maceration process was employed for the extraction 

(1:10, w/v) of PP pulvis (200 g) with 70% ethanol. The 

experiment was performed at room temperature with 

continuous stirring (100 rpm) during 24h. Additionally, 

fresh fruits were used to prepare juice using a 

pomegranate juicer. 

 

HPLC analysis 
 

The HPLC method was used for the identification 

and quantification of bioactive compounds in the 

pomegranate peel extracts and juice of both wild and 

cultivated pomegranates. Analysis was performed on 

Agilent Technologies 1200 Series (Agilent, Waldbronn, 

Germany), equipped with a DAD detector. Reverse phase 

Zorbax SB-C18 (Agilent) analytical column (150 mm ×
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4.6 mm), with particle size 5 μm, was used for 

chromatographic analysis at 25°C. The mobile phase 

consisted of solvent A (1% v/v solution of 

orthophosphoric acid in water) and solvent B 

(acetonitrile). The following scheme was applied for 

gradient elution: 0-5 min, 98-90% A; 5-15 min, 90% A; 

15-20 min, 90-85% A; 20-25 min, 85-70% A; 25-30 min, 

70-40% A; 30-34 min, 40-0% A. The injection volume 

was 3 μL, while the flow rate was set to 1 mL/min. The 

UV detection was carried out at 260, 320 and 520 nm. 

The individual components were quantified using 

reference standards, and the results are presented as 

milligrams per gram of dry extract (mg/g) for PP powder 

as well as milligrams per liter (mg/L) for juice. 

 

Results and discussion 

 

In this study, individual phenolic compounds were 

quantified from PP pulvis extract and juice. Totally, seven 

compounds were found in the juice of fresh fruits, among 

which four were anthocyanins (delphinidin  

3,5-diglucoside, delphinidin 3-glucoside, cyanidin 3,5-

diglucoside and cyanidin 3-glucoside). Results obtained 

from HPLC analysis revealed that cyanidin 3-glycoside 

was dominant in both, wild (287.1-592.9 mg/L) and 

cultivated (124.9-220.7 mg/L) pomegranate juice samples 

of pomegranate. Moreover, the average value of total 

anthocyanins calculated by HPLC in cultivated 

pomegranate populations (232.7 mg/L juice) was 

significantly lower compared to wild populations (531.9 

mg/L juice).  

The ellagitannins were identified to be predominant 

phenolic compounds in all studied samples, including 

juice and peel extract. Among them, the most abundant in 

the juice were punicalin and punicalagin. The content of 

punicalin in the juice was ranging from 7.4 to 38.2 mg/L 

as well as 8.1-904.0 mg/L in cultivated and wild 

pomegranates, respectively. Similarly, higher levels of 

punicalagin were observed in juice of wild populations 

containing in average 94.6 mg/L, while the average value 

for cultivated populations was 31.9 mg/L. Considering the 

content of ellagitannins in PP pulvis extract, it could be 

concluded that punicalagin was the most dominant 

compound varying from 19.8 to 33.1 mg/g dry weight 

(DW) of the peel in cultivated pomegranates, while 

slightly higher values were observed for wild populations 

(17.5-49.7 mg/g DW). Gullon et al. (2016) also found that 

punicalagin is the most dominant in PP pulvis. 

Furthermore, peel extract of wild pomegranates was also

found to have higher levels of punicalin (2.3-7.3 mg/g 

DW) and ellagic acid (1.7-3.4 mg/g DW) compared to 

cultivated pomegranates (punicalin: 1.6-2.2; ellagic acid: 

1.1-2.3). By analyzing the results of the quantified 7 

compounds from the PP pulvis and juice, higher 

concentrations of all compounds were observed in the 

products obtained from wild species.  

 

Conclusion  

 

Based on the obtained results it could be concluded 

that wild pomegranate contains a higher content of 

bioactive compounds than cultivated ones, which is in 

accordance with previous studies (Singh et al., 2019). 

Considering the significant difference in the 

phytochemical composition of wild and cultivated 

pomegranate fruit, in order to cultivate the highest quality 

raw materials, it is necessary to determine which factors 

affect the synthesis of the mentioned secondary 

metabolites. 
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Introduction 

 

Herbal products of St. John's wort (Hypericum 

perforatum L.) are popular in complementary and 

alternative medicine and used to treat mild to moderate 

depression, but have a much wider traditional use. These 

products play an important role in primary health care, and 

their popularity is in line with consumer health and cultural 

habits and the belief that they are natural and therefore safe. 

In poor countries, herbal supplements are the primary 

therapy, due to the high cost and limited availability or 

complete unavailability of medicines 

 

Materials and methods  

 

Literature review has been done on different data from 

relevant scientific resources.  

 

Results and discussion 

 

Food supplements status 
 

Food supplements are defined as food products that are 

intended to supplement normal nutrition. They represent 

concentrated sources of nutrients or other substances with 

a nutritional or physiological effect, alone or in 

combination, released in dosage form. They can be found 

in the form of capsules, lozenges, tablets, powders, vials 

and other similar forms designed to be used in measurable 

quantities. single quantities. Their use, conditions to be 

fulfilled, as well as their safety are under the responsibility 

of the Food and Veterinary Agency of the Republic of 

North Macedonia. These products are regulated by the 

Food Safety Act, harmonized with Directive 2002/46/EC 

of the European Parliament and of the Council of June the 

10th 2002, with a view to approximating the laws of the 

Member States relating to the dietary supplements. The 

food operator may produce and market nutritional 

supplements that meet the specific safety requirements 

only after a previously issued opinion on the product by the 

Food and Veterinary Agency (FVA). 

The European Commission has established 

harmonized rules to ensure the quality of nutritional 

supplements in terms of their safe and appropriate labeling. 

In the EU, nutritional supplements are regulated as food, 

with the legislation focusing on vitamins and minerals, 

which are used as food ingredients in the daily diet. 

Because of the potential for adverse effects that may 

interfere with physiological parameters in the human body, 

control over the process of their use is required. 

 

Hypericum perforatum as food supplement 
 

Hypericum perforatum belongs to the group of best-

selling herbs and is available on the market as an OTC 

product (prescription medicine), in pharmacies, 

supermarkets, health food stores, but also through e-

commerce and nutritional supplements, and claims about 

their possible health benefits are stated in the declarations 

or in the advertising materials. 
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In the Republic of North Macedonia, the legislator 

envisaged control of maximum doses of St. John's wort 

preparations as dietary supplements, in order to ensure 

their safe use. Each approved product is entered in the 

Product Register, maintained by the FVA, and includes 

products that meet specific safety requirements as food 

supplements. Consumer information is regulated by the 

Rulebook on Nutrition and Health Claims for Commercial 

Purposes in Food Labeling, Presentation and Advertising. 

Nutritional and health claims are based on and supported 

by generally accepted scientific data. 

Research shows the effectiveness of this plant in 

treatment of: 

Depression - St. John's wort is a natural remedy against 

depression. Studies show that hypericin is the main 

ingredient in St. John's wort, which acts as an 

antidepressant.  

Antibacterial and antiviral properties - H. perforatum 

extracts have been used for thousands of years to treat cuts, 

scratches and other wounds. Recent research suggests that 

it is useful in the fight against viruses and that alcoholic 

extracts (methanolic / ethanolic) are characterized by 

greater activity than aqueous. 

Anticancer effect - hypericin inhibits the growth of 

cells derived from various neoplastic tissues, including 

glioma, neuroblastoma, adenoma, mesothelioma, 

melanoma, carcinoma, sarcoma and leukemia. 

Antioxidant and neuroprotective properties - St.           

John's wort extract reduces oxidative stress thus preventing 

neurotoxicity, gastrointestinal problems and inflammation, 

and can be used as an effective treatment for oxidative 

stress associated with neurodegenerative disorders such as 

Parkinson's and Alzheimer's disease. 

Anti-inflammatory effect - After fractionation with 

ethanol of St. John's wort extract, four main components 

were detected: chlorogenic acid, amentoflavone, quercetin 

and pseudohypericin, which when combined together 

reduce the inflammatory processes caused by PGE 2. This 

four-component system shows activity when 

pseudohypericin is activated in the presence of light. 

Analgesic properties - In vivo and in vitro studies have 

shown that the active components (hyperforin and 

hypericin) are responsible for the activity of St. John's wort 

to relieve pain.

Conclusion 

 

Pharmacoeconomic analyses support research into the 

growing use of St. John's wort as a dietary supplement. Its 

wide and popular use, and the possibility of obtaining it in 

pharmacies, supermarkets, health food stores, as well as 

through websites leads to the dilemma how natural, safe, 

effective and quality ascertain are St. John's wort 

preparations when the responsibility for quality is 

obligation of the manufacturer himself. Therefore, in the 

future, it is imperative for health authorities and regulatory 

bodies to monitor the quality of preparations through 

analysis of qualitative and quantitative composition, 

toxicological analysis, and the data on the declaration of St. 

John's wort dietary supplements. 
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Introduction 

  

The skin is the main organ to protect human body 

from the harmful effects of the environmental stimuli, 

such as chemicals and ultraviolet (UV) radiation. Solar 

UV light is the most common hazard associated with skin 

impairment, causing oxidative stress, skin burns, 

inflammation, erythema and breakdown of the 

extracellular matrix. Extensive UV exposure may induce 

photoaging and skin cancer (Li et al., 2020; Natarajan et 

al., 2014). Research and development of effective, 

ecological safety, non-toxic topical sunscreens remains a 

challenge for the pharmaceutical and cosmetics industries, 

despite growing knowledge of mechanisms of 

photoaging. Natural photoprotective substances 

(secondary plant metabolites biosynthesized in response 

to solar simulated UV radiation) with high photostability 

and low phototoxicity are able to absorb UVA/UVB 

radiation, decreasing free radicals and loss of endogenous 

antioxidants, reducing UV-induced cytotoxicity in 

primary human epidermal keratinocytes and immortalized 

human  keratinocytes (Kostyuk et al., 2018). 

Haberlea rhodopensis Friv. (family Gesneriaceae), 

commonly known as Rhodope silivriak or Orpheus’ 

flower, is a resurrection plant species endemic for 

Bulgaria, with therapeutic potential due their antioxidant 

or redox activity. Its biologically active phenylethanoid 

glycosides calceolarioside E (CAL) and myconoside 

(MYC) might regulate the cellular redox homeostasis 

oxidative stress-associated pathologies (Amirova et al., 

2021), but their photoprotective potential has not yet been 

elucidated. 

 

Aim 

 

Here, we aim to investigate the potential effect of H. 

rhodopensis extract (HRE) and its constituents CAL and 

MYC on exposure of UVA/UVB radiation. 

 

Materials and methods  

 

Cell culture 
 

An immortalized human keratinocyte (HaCaT) cell 

line was obtained from Cell Line Service GmbH 

(Eppelheim, Germany). Cells was cultured following the 

previously described conditions (Koycheva et al., 2021). 

 

UV source, dosimetry and irradiation  
 

BS02 UV/VIS irradiation chamber (#860902) 

purchased from Opsytec Dr. Grobel. GmbH (Ettlingen, 

Germany), equipped with UVA and UVB lamps and UV-

MAT irradiation controller (#820920) was used to 

irradiate HaCaT (in PBS), and non-irradiated cells were 

used as a background control. The UV-MAT continuously 

measures irradiances, calculates doses, and stops 

irradiation at the set target dose. The two spectral ranges 

were separately controlled, ensuring a constant dose, 

measuring range: 0–200 mW/cm². The output was
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quantified using radiometric sensors for UVA (315–400 

nm, peak 352 nm) and for UVB (280–315 nm, peak 312 

nm), respectively. To mimic solar simulated UV radiation 

the lamps’ emission was filtered by UV-MAT and area 

attenuator, resulting an intensity which equivalent to a 

spectrum of 95% UVA and 5% UVB.  

Keratinocytes were washed in PBS and then were 

exposed to either UVA (5–20 J/cm2) or UVB (10–100 

mJ/cm2) or UVA/UVB ratio (4.75/0.25–19.0/1.0 J/cm2) 

radiation at a distance of 20 cm from the source. After UV 

exposure, PBS was discarded and serum-free medium was 

applied. 

 

Cytotoxicity and phototoxicity of the extract and test 

compounds 
 

The HaCaT cells (1.5 x 104 cells/well) were seeded in 

96-well plates and were cultured for 48 h to reach 

confluence. Then cells were treated with HRE (1, 5, 10, 

20, 50, 100 µg/mL), CAL and MYC both (1, 5, 10, 20, 

50, 100 µM) or methanol (0.05%, v/v). On the 24th hour of 

treatment MTT assay was conducted as previously 

described by Koycheva et al. (2021). 

 To determine phototoxicity keratinocytes were pre-

treated with the above concentrations of HRE, CAL, 

MYC and with vehicle alone in DMEM for 1 h. Then 

cells were exposed to UVA/UVB radiation (4.75 J/cm2 

for UVA and 0.25 J/cm2 for UVB). After 24 h incubation 

(37 oC, 5% CO2), cell damage was evaluated by MTT 

incorporation into viable cells.  

 

Results and discussion  

 

To support HRE, CAL and MYC topical 

applications, an in vitro dermatological study of 

cytotoxic, phototoxic and UVA/UVB photoprotective 

effects using HaCaT was done. The MTT assay, which 

measures mitochondrial dehydrogenase enzyme activity, 

was employed to determine the cell viability. 

A dose-dependent reduction of HaCaT cell viability 

up to 32.0% and 2.34% was observed under UVB- and 

UVA/UVB-induced cytotoxicity, respectively. While the 

cell viability was not influenced remarkably to UVA 

radiation, decreasing with 7.82%. 

Exposure to different concentrations of HRE, CAL 

and MYC for 24 h did not affect significantly the cell 

viability up to 100 μg/mL for the extract and 100 μM for 

the pure compounds, respectively. The HRE and MYC

demonstrated photoprotective potential on UVA/UVB 

irradiation. 

 

Conclusion 

 

The results obtained could be used for further biology 

studies on HRE, CAL and MYC and evaluations of their 

molecular mechanism of action. Furthermore, the 

UVA/UVB photoprotection of HRE and MYC could also 

be utilized in the development of new MYC-based 

products for topical application. 
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Introduction 

 

Transcription factor nuclear factor erythroid 2 p45-

related factor 2 (Nrf2) is a main regulator of cellular 

antioxidant defense. The KEAP-Nrf2-ARE pathway plays 

important role on cellular homeostasis via modulation of 

cytoprotective enzymes, inflammatory cytokines and 

metabolic factors (Marchev et al., 2017). 

Modulation of the Nrf2 activity is achieved through 

interactions with specific regions and is hence targeted by 

several types of modulators. The synthetic triterpenoid 

compound 2-cyano-3,12-dioxo-oleana-1,9(11)-dien-28-

oic acid methyl ester (CDDO-Me) has been recently 

described as strong Nrf2 activator (Wong et al., 2020). 

Neutrophils have a short live in circulation and 

accelerate greatly the local immune responses via 

increased granulopoiesis and migration at high numbers to 

infected or inflamed tissue (Dimitrova et al., 2019).  

Plant metabolite profiles could be revealed with 

nuclear magnetic resonance (NMR) based metabolomics 

(Marchev et al., 2020). Different modes for NMR-based 

analysis, such as 1H and 2D permit the identification of 

compounds in a complex mixture such as natural extracts 

(Salem et al., 2019). 

The widespread perennial plant Ballota nigra L. has 

been extensively employed in traditional medicine for 

wound healing and as sedative for different nervous 

disorders (Pieroni, 2000). Among its major secondary 

metabolites are ballonigrine, ballotetroside, verbascoside 

and forsythoside (Vrchovska et al., 2007). 

In the present study we have exploited NMR-based 

metabolomics to investigate the phytochemical profile of 

B. nigra extract. Furthermore, we have evaluated the 

potential modulation of the KEAP-Nrf2-ARE pathway in 

human neutrophils, treated with B. nigra extract, by 

performing NRF2 expression analysis. 

 

Materials and methods 

 
Plant material and extraction 
 

Aerial parts from B. nigra were collected in 2018 from 

Plovdiv, Bulgaria. Following freeze-drying, the plant 

material was grounded and extracted with 50% aqueous 

methanol (1:30 w/v), in an ultrasonic bath at 35 kHz 

frequency for 20 min, at room temperature. The extract was 

filtrated and evaporated to dryness and stored at -20 °C 

further used for analysis. 

 

NMR-based metabolite profiling 
 

The NMR analysis followed the protocol, described by 

Amirova et al. (2021). 

 

Human neutrophil culture 
 

Human HL-60 cell line (kind gift from Dr. Giovanni 

Bernaridini, La Sapienza University Rome) was 

differentiated to human neutrophils incubated with 1% 

DMSO for 7 days. Differentiated neutrophils were then 
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cultured in the presence of increasing concentrations of the 

extract and the pure substances. Cell viability was 

monitored using MTT reagent.  

On the first hour after treatment, RNA isolation was 

performed to evaluate the expression of the gene encoding 

Nrf2, namely NFE2L2. 

 

Quantitative real-time polymerase chain reaction (RT-

qPCR) 
 

Total RNA was isolated with RNAzol RT reagent and 

reverse transcribed using FirstStrand cDNA kit (Canvax). 

Gene expression was detected with RT-qPCR using Sso 

EvaGreen SuperMix (Bio-Rad) on CFX96 system (Bio-

Rad). ACTB and RLP13A were used as reference genes. 

 

Results and discussion 

 

Metabolite profiling of B. nigra 
 

According to the 1H NMR spectral data the most 

abundant signals appeared to correspond to ballonigrine, 

verbascoside and forsythoside B. 

 

Nrf2 expression in neutrophils 
 

Plant extracts, as valuable source of bioactive 

molecules, could act as modulators of the function of 

neutrophils. The most abundant compound in B. nigra 

extract is verbascoside, which is reported to be activator of 

Nrf2 (Li et al., 2018a; Li et al., 2018b). In respect to 

immune cells, verbascoside decreases murine neutrophil 

respiratory burst, chemotaxis in vitro and migration to 

inflammatory sites (Li et al., 2018a; Li et al., 2018b). The 

strength and selectivity of verbascoside depended on the 

degree of activation and functional state of neutrophils, and 

could have a potential to affect neutrophil-related 

pathologies/conditions in heterogenic populations 

(Dimitrova et al., 2019). 

The regulation of neutrophil function in the context of 

Nrf2-KEAP1 axis, via forsythoside B and ballonigrine, 

which are also present in crude extract, are described for 

the first time. We have performed a screening of 

compounds from B. nigra extract for potent modulation of 

Nrf2 expression in human neutrophils. 

 

Conclusion 

 

In the present study, we provide a broader insight of 

the biochemical status and Nrf2 expression in neutrophils, 

treated with extract of B. nigra and its secondary 

metabolites. 
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Introduction 

 

Skin disease treatment is a global concern, especially 

in the case of chronic wounds where despite scientific 

progress, their comprehensive treatment remains still a 

challenge (Posnett et al, 2009). The proven wound healing 

properties of several traditionally used plant species (eg 

Alkana tinctoria, Pistacia lentiscus) is a strong evidence 

of their dynamics in wound management. Due to their 

multitargeted biological activities, natural products are 

increasingly gaining scientific interest as the perfect 

candidates for dealing with the multifunctional and 

complex process of wound healing pathophysiology. 

Traditional practices and ethnopharmacological 

information regarding the use of plants for treating several 

diseases by mankind, have often been used as a useful tool 

for the discovery of potent and novel therapeutical agents 

(Fabricant et al., 2001). 

To this direction, the aim of our study was the 

discovery of new natural agents with potent wound 

healing activity, through the utilization of 

ethnopharmacological data and the application of analytical 

and biological evaluations. An extensive recording of 

ethnopharmacological data referring to the use herbs for 

the treatment of several skin conditions was realized, using 

ancient medical texts and ethnobotanical / 

ethnopharmacological studies conducted in Greece. The 

area of focus was mostly the region of Crete, due to high 

biodiversity and long-term and frequent use of herbs by 

its inhabitants. The selected plant species were extracted in 

order to evaluate their chemical content as well as their 

wound healing capacity by assessing their phenolic / 

flavonoid content, antioxidant activities and collagenase 

inhibition properties related to skin elasticity and

moisture. Finally, the most promising extract was subjected 

to further phytochemical analysis. 

 

Material and methods 

 
The recording of the ethnopharmacological data was 

realized through: a) an extensive literature research via 

Scopus, PubMed, Reaxys, Google scholar etc., regarding 

the traditional uses of herbs in the wider region of Greece 

for the treatment of wounds. Various keywords were used 

such as “plants”, “herbs”, “traditional remedies”, 

“wounds”, “burns”, “scars” and similar skin diseases and 

also “ethnobotany”, “ethnopharmacology”, 

“ethnomedicine”, “Greece”, “Crete” etc. 216 plant species 

were recorded. b) an extensive study of Dioscorides’ 

manuscript “De Materia Medica” extracting information 

about 112 plants used for their healing ability along with 

the way of their preparation for their respective indication 

of use. The majority of the recorded plants were answered 

in both lists. 

The selected species were collected following the 

good botanical practices and subsequently they were 

extracted using the ultrasound assistant extraction (UAE). 

The pulverized plant material was extracted using 

dichloromethane, methanol and methanol:water 50:50, 

successively. Their chemical profile was determined using 

High Performance Thin Layer Chromatography (HPTLC) 

and High Performance Liquid Chromatography coupled 

with a Diode Array Detector (HPLC-DAD). 

The total phenolic content (TPC) and the total 

flavonoid content (TFC) of the plant extracts, were 

determined using the Folin-Ciocalteau method (Singleton 

et al., 1999) and the aluminium chloride colorimetric 

method, respectively (Karapetsas et al., 2019). Their 
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antioxidant activity was evaluated through the DPPH assay 

(Stagos et al., 2012) at 200µg/mL cocncentration and IC50 

values were calculated for the most potent extracts. The 

anti-collagenase activity of crude extracts, was determined 

based on a previously described spectrofluorimetric 

method (Hartmann et al., 2015) with slight modifications. 

Extracts were evaluated at concentrations of 100 and 

50µg/mL and for the most potent extracts IC50 values were 

calculated. 

Centrifugal Partition Chromatography (CPC) was 

performed for the fractionation of the most promising 

extract using a stepwise gradient elution-extrusion 

methodology and classic chromatographic techniques (Gel 

exclusion chromatography, HPTLC preparative) were 

used for the isolation of the secondary metabolites. 

 

Results and discussion 

 
Taking into consideration that the area of Crete was 

the focus of the current study, we emphasized on species 

characteristic or endemic of the Cretan flora such as Cistus 

creticus or Origanum dictamus, leading us to the selection 

of 10 species from the genus Asphodeline, Dittrichia, 

Hypericum, Origanum and Cistus, for further evaluation. 

The chemical profiling of the extracts revealed the 

presence of several bioactive compounds, such as terpenes 

in the case of extracts of Origanum and Cistus species and 

phloroglucinol derivatives and flavonoids in extracts of 

Hypericum species, along with small qualitative 

differences. 

As expected, methanol and methanol:water extracts 

demonstrated higher TPC / TFC content and antioxidant 

capacity compared to dichloromethane extracts. As most 

potent antioxidant agents were characterized the 

methanolic and hydroalcoholic extracts of Cistus creticus 

subsp. creticus L., Cistus creticus subsp. eriocephalus 

(Viv.) Greuter & Burdet, Cistus salviifolius L., Hypericum 

empetrifolium Willd., Hypericum triquetrifolium Turra, 

Origanum dictamnus L., and Dittrichia viscosa (L.) 

Greuter. 

Regarding the collagenase inhibition assay, 

hydroalcoholic extracts exhibited slightly higher inhibition 

values than the methanolic ones. Cistus extracts were 

characterized as the most potent inhibitors with the 

hydroalcoholic extract of Cistus creticus subsp. creticus 

L. exhibiting > 80% inhibition at 50 µg/mL 

concentration. Potent inhibitors were also characterized the 

hydroalcoholic and methanolic extracts of Origanum, 

Dittrichia and Hypericum species. 

The CPC fractionation of the hydroalcohol extract of 

Cistus creticus subsp. creticus provided 48 fractions. A 

primary phytochemical screening of the obtained fractions 

revealed the presence of flavonoids, phenolics and tanins. 

Subsequently, selected fractions were subjected to further 

chromatographic analyses for the isolation of the major 

secondary metabolites 

 

Conclusion 

 

Phytochemical and biological screening of 10 plant 

extracts was performed, resulting to the characterization of 

their chemical profile and wound healing potent activities. 

Extracts from Cistus species are among the most 

promising candidates. 
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Introduction 

 

The herbal medical products can be used to alleviate 

the disease or as a useful adjunction therapy to a modern 

pharmacotherapy. Their safety and efficacy can be 

expected from the experience gained in many years of use 

in traditional medicine. In this regard, an 

ethnopharmacological study was conducted in 

Southeastern Serbia, Pirot County.  

Medicinal plants of the Caprifoliaceae family, which 

are part of Serbian flora, and which was noticed in the 

Pirot County according to Marković et al. (2010) are 

Sambucus ebulus, Sambucus nigra, Sambucus racemosa, 

Viburnum lantana and Viburnum opulus. 

 

Methods 

 

Research about the knowledge and usage of 

medicinal plants in the Pirot County was conducted 

during the year 2017 by interviewing the population 

living in one of four municipalities of this county: Pirot, 

Babušnica, Bela Palanka, and Dimitrovgrad. The rural 

population in the mentioned municipalities completed a 

questionnaire containing questions about general 

information about mentioned species and specific 

questions, related to the knowledge and the way of usage 

and application of medicinal herbs. The population of 144 

villages of the Pirot County was included. 631 persons, of 

which 337 were male and 294 were female, were 

interviewed (Stankov Jovanović et al, 2018; Marković, 

2019). 

The results of interviews are presented in a tabular 

manner in alphabetical order of villages in four 

municipality. The data were entered in the columns: 

municipality, village or the name of the place of 

residence, gender, age, form in which the medicinal plant 

has usage and medicinal use. 

 

Results and discussion 

 

During the interviewing the local population of Pirot 

County, two species of Caprifoliaceae family were the 

subject matter of questions: Sambucus ebulus L. and 

Sambucus nigra L. Of the total number of the interviewed 

population about two species of genus Sambucus, 124 

persons knew about them, which 109 of them were 

Serbian nationality and 15 were Bulgarian nationality. 

Among respondents, total of 66 were male, and 58 were 

female. In Pirot municipality, species of genus Sambucus 

were known to 69 respondents, in municipality Babušnica 

14, in municipality Bela Palanka 26 and municipality 

Dimitrovrgad 15 interviewed people. The usage of fresh 
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leaves of dwarf elder (Sambucus ebulus L.) as repellent 

was mentioned only by 70 years old Serbian nationality 

interviewed male, he was living in a municipality in Pirot 

County. 

Elder (Sambucus nigra L.)  is also known as „baz“ or 

„bazovka“ to the local population of Pirot County. A total 

of 123 interviewed persons mentioned the elder and its 

medicinal usage (Table 1). The majority of interviewed 

persons mentioned the use of the flower of the elder 

(Sambuci flos) in the form of tea in the treatment of 

common cold (65 persons), in treatment of cough (30 

persons) and treatment of bronchitis (7 persons). In the 

treatment of lung diseases in the form of tea, elder leaves 

(Sambuci folium) were mentioned by 3 persons, and the 

same number of people were familiar with its perspiration 

effect. In the treatment of respiratory organs, the usage of 

elder leaves was known to 2 persons, and the same 

number of persons was familiar with its treatment of 

stomach problems, bronchial diseases, and sedative 

effects. One respondent interviewed person mentioned 

usage of elder flower in the form of tea for secretory 

glands, one for treatment of influenza and one was 

familiar with usage in the treatment of high blood 

pressure.  The usage of oil obtained from elder flowers for 

the treatment of skin wounds was mentioned by one 

person. The usage of oil obtained from elder bark 

(Sambuci cortex) in the treatment of skin burns was 

mentioned also by one interviewed person.  

Similar results were obtained by Jarić et al. (2017), 

who did a similar ethnobotanical study about the usage of 

wild medicinal plants of Kopaonik mountain (central area 

of Republic of Serbia). They mention the following 

effects: diuretic, antiseptic and anticatarrhal properties 

effects, pungent, reduction of inflammation, fever-

reducing, internal usage for various colds, influenza and 

perspiration (tea), expectorant, for pertussis (tea made 

from equal amounts of elder). Zlatković and 

Bogosavljević (2014) studied the taxonomic and 

pharmacological valorization of medicinal plants of the 

Svrljiški Timok gorge in eastern Serbia. They emphasize 

the following effects of Sambucus ebulus L.: diuretic, 

diaphoretic, purgative, in treatment of neuralgia, in 

treatment of rheumatism, in treatment of gout, and that 

Sambucus nigra L. shows following effects: diaphoretic, 

diuretic, laxative, anti-inflammatory, in treatment of 

colds, in treatment of influenza. Tasić (2012) mentions 

the usage of flowers and fruits of Sambucus nigra L. for 

treatments of colds and influenza. 

 

Conclusion 

 

Based on the results of interviews of the local

population in Pirot County done in this study, it can be 

concluded that elder (Sambucus nigra L., Caprifoliaceae) 

is well known to people living in the rural area and that is 

frequently used for the treatment of various medical 

indications. The elder flower has been most frequently 

used in the form of tea in the treatment of cold, cough and 

bronchitis, while some minor application has been 

reported in the treatment of respiratory and 

gastrointestinal issues. Other sporadically reported 

treatments were sedative, diaphoretic, secretion of glands 

stimulation, treatment of influenza and regulation of high 

blood pressure. Furthermore, the usage of elder flower 

and cortex in the form of oil macerate was reported in the 

treatment of skin wounds and skin burns. Only one 

respondent reported usage of fresh leaves dwarf elder 

(Sambucus ebulusL.), but not for the treatment of health 

issues. 
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Introduction 

 

Plant derived compounds have been an important 

source of several clinically useful anti-cancer agents 

(Cragg and Newman, 2005). Many researchers have 

focused attention on traditional herbal treatments, since it 

is an area from which a possible new antitumoral 

compound might emerge. Investigators search often in 

local folk medicinal plant treatments of different regions, 

in order to identify possible anticancer activity of the 

plants (Kojičić et al., 2019).  

The subject of this study was the research of 

traditional knowledge of the use of antitumoral plants in 

the Pirot County in southeastern Serbia. Based on our 

data, it appears that unrelated medicinal use of the source 

plants may serve as an initial guide to the selection of 

plants for anticancer screening. 

 

Materials and methods 

 

Survey on participants' knowledge and use of 

medicinal plants in the Pirot County was carried in the 

form of interviews in four municipalities: Pirot, 

Babušnica, Bela Palanka, and Dimitrovgrad. The 

questionnaire included inhabitants of 144 villages of the 

Pirot County. A total of 631 participants were surveyed, 

of which 337 were male, and 294 female (Stankov 

Jovanović et al., 2018; Marković, 2019). The results were 

systematized and presented in a tabular manner including 

information on species, plant part used, pharmaceutical 

form, antitumor indication and number of reports. 

 

Results and Discussion 

 

Of the 631 persons who completed the questionnaire 

in the Pirot County, 50 respondents stated that they knew 

the use of plants against cancerous diseases, of which 47 

were Serbian nationality (35 respondents in Pirot 

municipality, 4 in Babušnica municipality and 8 in Bela 

Palanka municipality), and 3 respondents were Bulgarian 

nationality (Dimitrovgrad municipality). Females were 

more familiar with anticancer plants (28) than males (22). 

The majority of respondents mentioned the general use of 

plants against cancerous diseases (41). Two individuals 

mentioned the specific use of herbs against breast 

carcinoma: the fresh fruit of the scallop (Physalis 

alkekengi) and the compress of the parsley lining 

(Petroselinum crispum). They mentioned also the use of 

the above-ground part of the celandine (Chelidonium 

majus) against cervical carcinoma. One person mentioned 

one specific use of the plant against throat carcinoma: 

above-ground part of the celandine (C.majus), liver and 
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bile: above-ground part of the celandine (C.majus), lymph 

glands: the root of the butcher's-broom (Ruscus aculeatus) 

lungs: the flower of the "spotted" mullein (Verbascum 

sp.diversa) as well as against leukemia: the root of the 

butcher's-broom (Ruscus aculeatus).  

The majority of respondents in the Pirot district are 

aware of the use of the above-ground part of the plant 

during the flowering of the species Chelidonium majus 

(16 subjects), known to the locals as a “lišaivac”, 

“rosomača” or “lišavica” as well as the above-ground part 

of the plant during the flowering of the species Gentiana 

cruciata (13 subjects), with the folk name “plava lincura” 

or “otodovka” which means that with the use of the plant 

the disease “goes away”. A total of 4 respondents said 

they knew bistort (Polygonum bistorta) as an anticancer 

plant. Two respondents mentioned butcher's-broom, 

(Ruscus aculeatus), and houseleeks (Sempervivum 

tectorum) as anticancer plants. One respondent mentioned 

the anticancer use of the following plants: sweet flag 

(Acorus calamus), burdock (Arctium lappa), European 

centaury (Centaurium erythraea), autumn crocus 

(Colchicum autumnale), field horsetail (Equisetum 

arvense), cleavers (Galium aparine), gentian (Gentiana 

lutea), lavender (Lavandula officinalis), parsley 

(Petroselinum crispum), bladder cherry (Physalis 

alkekengi), apricot (Prunus armeniaca), Seselirigidum, 

and "spotted" mullein (Verbascum sp.diversa). 

A similar study on the use of wild plants in Serbia 

was done by Jarić et al. (2017), at Kopaonik (Central 

Serbia), but authors did not report the use of any plant 

against cancerous diseases .Zlatković and Bogosavljević 

(2014) studied the taxonomic and pharmacological 

valorization of medicinal plants of the Svrljiški Timok 

gorge (Eastern Serbia), where they observed only the 

traditional knowledge about the application of plant 

species Colchicum autumnale against cancer. Besides, in 

the most recent ethnobotanical study of Janaćković et al. 

(2019) in Negotinska Krajina (Eastern Serbia) only the 

use of Chelidonium majus in the treatment of skin cancer 

(melanoma) has been reported. 

 

Conclusion  

 

Based on the population survey in the Pirot County, it 

has been found that the rural population in this area is 

proficient in the use of medicinal plants against cancerous 

diseases compared to other regions in Serbia based on

currently available literature results. We found that 

Chelidonium majus and Gentiana cruciata are the best 

known antitumor plant species in Pirot County. 

Furthermore, we believe that there is currently very weak 

public disclosure of data on the traditional use of anti-

cancer plants in Serbia. Therefore,further research in this 

direction would berequired. The data could be categorized 

as a basis for chemical and pharmacological research, 

such as antimicrobial, cytotoxic or antioxidant 

activity.From conducted in vitro or/and in vivo studies on 

herbal extracts efficient antitumor medicinal product 

could be revealed. 
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Introduction 

 

Plant food supplements (PFS) are gaining popularity 

in the western world due to the general trend of returning 

to natural and traditional products, but also the evolution 

towards self-medication, the questioning of allopathic 

medicines and the misperception that “natural” and 

“herbal” stand synonym for “safe” play a role (Rocha et al, 

2016).  

The popularity of PFS resulted in the development of 

a market offering a wide range of products, representing 

high profits. Unfortunately, this made these products also 

vulnerable for fraud and adulteration, especially when 

purchased via internet, an interesting platform for the trade 

in fraudulent products (Mosihuzzaman and Choudhary, 

2008). In this context two possible health threats may 

occur: (a) the PFS does not contain the plant or herb 

declared on the packaging. This can be either due to 

falsification or fraud, or confounding. (b) adulteration, with 

the distinction between chemical adulteration and herbal 

adulteration. In the first case the PFS contains an active 

pharmaceutical ingredient (API), not claimed on the 

package, representing a serious health risk. In the second 

case the product contains active plants or herbs which are 

not claimed on the packaging, and are regulated or toxic.  

This paper deals with the problem of herbal 

adulteration and herbal fraud, i.e. the absence of the 

claimed medicinal plant. Polymeric Chain Reaction (PCR) 

analysis is the golden standard for the detection and 

identification of a specific plant, but in case of adulteration, 

complex mixtures or the necessity of screening for a series 

of plants it can become more tedious (Ichim, 2019). Here 

an approach is presented based on chromatographic 

fingerprinting and chemometrics to perform a targeted 

screening for three and two regulated plants, often found in 

PFS for potency enhancement and slimming respectively.   

 

Materials and methods  

 
Materials 
 

Reference standards of Aristolochia Fanghi roots, Ilex 

Paraguariensisis leaves, Epimedium Spp. leaves, 

Pausinystalia Yohimbe bark and Tribulus Terrestris fruits 

were purchased from the American Herbal Pharmacopoeia 

(Scotts Valey, California, USA).  
All samples used in this study where plant food 

supplements, previously analyzed in our laboratory for the 

presence of pharmaceutical ingredients.  

 

Chromatographic fingerprints 
 

Test samples were prepared as a series of triturations  

of the reference plants with, respectively, lactose and six 

herbal matrices (negative PFS). 

All chromatographic fingerprints were recorded using 

a Diode Array Detector at wavelength 254 nm. 

To record the fingerprints, the extraction solvents and 

the chromatographic parameters were optimized to obtain 

a specific fingerprint for each of the targeted plants 

(Custers et al.,2017; Deconinck et al.,2019) 

The real samples were divided into two groups 

according to their indication.  
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After the screening, the results were confirmed using 

mass spectrometry (MS) by comparing the presence of 

identical signals in sample and reference, based on 

retention times and MS² spectra.  

 

Data processing and modelling 
 

The recorded fingerprints were used as such to create 

binary models. This means that for each targeted plant a 

model is created to distinguish between positive and 

negative samples. 

The models are constructed using the triturations. 

Duplex algorithm was used to select a test set in order to 

validate the models. The best performing binary models 

were obtained with k-Nearest Neighbours, except for ilex 

paraguariensis, for which the model obtained with partial 

least squares-discriminant analysis was used.  

 

Results and discussion 

 

For each of the five targeted plants a specific 

chromatographic fingerprint was developed. The obtained 

method was used to record the fingerprints for the pure 

plant, the blank matrices, the triturations and the real 

samples.  

The chromatographic fingerprints recorded for the 

plant references and the triturations were then used to build 

and validate a binary model, capable of distinguishing 

positive and negative samples for each of the targeted 

plants.  

The validated models for Aristolochia Fanghi and Ilex 

Paraguariensisis were consequently used for targeted 

screening of 35 PFS with slimming as indication. In the 

same way the 34 samples classified as “potency enhancers” 

were screened for Epimedium Spp, Pausinystalia Yohimbe 

and Tribulus Terrestris using the respective models.  

The screening resulted in one of the 35 slimming aids 

testing positive for Aristolochia Fanghi and 11 for Ilex 

paraguariensis. The former plant is forbidden in PFS, due 

to its nephrotoxicity. The latter is allowed, but should be 

labelled on the packaging, however none of the 11 positive 

samples claimed its presence on their packaging. Of the 34 

potency enhancers the screening revealed one sample 

positive for Epimedium spp., six for Pausinystalia Yohimbe 

and two for Tribulus Terrestris. Apart from Pausinystalia 

Yohimbe (forbidden), these plants have to be notified and 

claimed in the ingredient list. Three of the six samples 

found positive for Pausinystalia Yohimbe, claimed its 

presence on the packaging. Except of these three, none of 

the samples in the set claimed it. The sample found positive 

for Tribulus Terrestris mentions it, though 4 other samples 

claimed its presence, but were found to be negative based 

on the screening approach (Deconinck et al.,2019). 

Except for one sample found positive for Ilex 

paraguariensis and the sample found positive for 

Epimedium spp. these results were confirmed using mass 

spectrometry detection.  

 

Conclusion 

 

This paper presents an approach to screen PFS for the 

presence of toxic and/or regulated plants based on a 

combination of chromatographic fingerprinting and 

chemometric modelling. 

From a technical point of view the screening approach 

performs very well, though a small number of false 

negatives were detected during validation of the models, 

pointing at some lack of specificity. Off course errors are 

part of any modelling approach, but some possibilities exist 

to improve this specificity. The first is the systematic 

inclusion of samples in the models to incorporate matrix 

variability. A second is to increase the specificity of the 

fingerprints by using ultra high pressure liquid 

chromatography and taking more detection wavelengths 

into account. Preliminary results in this context showed 

promising results. Also the use of MS detection to record 

fingerprints could be explored.  

The results of a small survey of suspicious plant food 

supplements proved that herbal adulteration and herbal 

fraud with plant food supplements is a real issue and that 

surveillance by competent authorities is necessary, 

especially for products purchased via Internet. It also 

showed that controls should not be limited to chemical 

adulteration, but also include its herbal version.  

 

References 

 
Custers, D., Van Praag, N., Courselle, P., Apers, S., Deconinck, E. 

2017. Chromatographic fingerprinting as a strategy to identify 

regulated plants in illegal herbal supplements. Talanta 164, 490-

502. https://doi.org/10.1016/j.talanta.2016.12.008.  

Deconinck, E., Vanhamme, M., Bothy, J.L., Courselle, P. 2019. A 

strategy based on fingerprinting and chemometrics for the 

detection of regulated plants in plant food supplements from the 

Belgian Market: Two case studies. J. Pharm. Biomed. Anal. 166, 

189-196. https://doi.org/10.1016/j.jpba.2019.01.015.  

Ichim, M.C. 2019. The DNA-based authentication of commercial 

herbal products reveals their globally widespread adulteration. 

Front. Pharmacol. 10, 1227. 

https://doi.org/10.3389/fphar.2019.01227.  

Mosihuzzaman, M., Choudhary. M.I. 2008. Protocols on safety, 

efficacy, standardization, and documentation of herbal medicine 

(IUPAC technical report). Pure Appl. Chem. 80, 2195-2230. 

https://doi.org/10.1351/pac200880102195.  
Rocha, T., Amaral, J.S., Oliveira, M.P.P. 2016. Adulteration of 

Dietary Supplements by the llegal Addition of Synthetic Drugs: 

A Review. Compr. Rev. Food Sci. Food Saf. 15, 43-61. 

https://doi.org/10.1111/1541-4337.12173.  

https://doi.org/10.1016/j.talanta.2016.12.008
https://doi.org/10.1016/j.jpba.2019.01.015
https://doi.org/10.3389/fphar.2019.01227
https://doi.org/10.1351/pac200880102195
https://doi.org/10.1111/1541-4337.12173


 

 
Macedonian pharmaceutical bulletin, 68 (Suppl 2) 203 -204 (2022) 

Online ISSN 1857 - 8969 

DOI: 10.33320/maced.pharm.bull.2022.68.04.093 

Short communication 

 

 

 
 

*ivan.salamon@unipo.sk                                                                                                                              S4 OP 02 

 

The Importance of Medicinal and Aromatic Plant Cultivation  

in Sustainable Development of the Agricultural Landscape 

 

Ivan Salamon* 
  

Department of Ecology, Faculty of Humanities and Natural Sciences, University of Presov,  

01, 17th November St., SK-081 01 Presov, Slovakia 

 

Introduction 

 

The landscape, its healthy soil, water and the genetic 

resources of medicinal plants are key inputs into the 

pharmaceutical, cosmetics and food industries, and their 

growing scarcity in our countries requires their 

sustainable use and management. 

The number of medicinal plant species, their sources, 

and knowledge of their use must be recorded, as these 

herbs can be a renewable source of new products and 

medicines. As a result, all scientific programs for the 

discovery of natural drug substances must be a concept of 

sustainability (Pešić, 2015). 

Sustainable harvesting of wild plants can provide an 

incentive to maintain the habitats for the benefits of other 

species, supporting whole ecosystems. Sustainable 

collection practices of wild botanicals impact entire 

ecosystems, far beyond an herb itself.  On the other hand, 

it is very important that the cultivation of these special 

crops be introduced into small-scale and large-scale 

cultivation (Chen et al., 2016). 

 

The importance of medicinal & aromatic plants 

 

Medicinal & aromatic plants in regard to the 

sustainable development of agricultural country have 

additive functions: ecological, decorative and sanitary-

hygienic and positive influence on water system, soil 

conservation and plant pasture for bees. The cultivation of 

medicinal & aromatic plants belongs to the special crop 

cultivation.  It is   only one way of supply the contracted 

volume and quality of these crops.  This cultivation is of 

great importance from several points of view in the 

specialized agricultural farms: * rational (offering 

appropriate occasion for unemployed people), * 

production (better exploitation of problematic land 

resources /salty soil, lower quality soils in sub-

mountainous or mountainous areas/ ) and  * economic 

(from the viewpoint of market value the medicinal and 

aromatic plants belong to the most effective agricultural 

crops) (Salamon et al., 2021). 

 

Background in Slovak Republic 

 

Slovakian herb cultivation, essential oils and plant 

extracts industries are diverse in nature, often quite small 

and typically fragmented. The commercially most 

significant enterprises are based in the Eastern Slovakia. 

The plant extracts and essential oils industry ranging from 

medical herbal extracts for over-the-counter use, though 

the growing of poppies for the pharmaceuticals to the 

production of clear natural substances. 

At this point of commercial interest in the chemical 

products from the other special crops and new breeding 

varieties is still rather marginal or else in an early stage of 

development. As such these special crops do not yet 

warrant major R&D expenditure (Salamon et al., 2018).  
Boosting yields on existing agricultural lands, 

including restoration of degraded lands, through 

sustainable agricultural practices would also relieve 

pressure to collect herbal plants in the wild, protected 

areas and national parks for agricultural production 

(Shekhar et al., 2000). 

Finally, future leads for new agricultural and 

industrial opportunities likely to come from intensified 

activity in screening plant material for pharmacologically 

active substances with the antiviral, antibacterial, 

antitumor, …. activities (Cordell, 2011). 
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Vision and mission statements 

 

The Slovak special crop cultivation, essential oil and 

plant extract industry that has established international 

leadership in production, value quality adding and 

marketing.  The obtain efficiency in production by: -

increasing productivity (trough breeding, agronomy and 

crop protection by organically methods); - improving 

harvesting and post-harvest technologies and innovations; 

- improving extraction, distillation and value adding; - 

establishing a stable grower base; - implementing quality 

assurance and control programs to guarantee of high 

quality. 

 

Key challenges for all industries  

 

        SWOT analysis of the Slovakian herb cultivation, 

essential oils and extract industry recognized that the 

industry has the following strengths, weaknesses and 

opportunities and faces the following threats:  
      Strengths:  - clean and green, natural products,  -

product consistency and quality assurance capability and 

image, - good technology and R&D base to support 

innovation, - a great diversity genetic resources 

supporting the development of new and unique, - offering 

appropriate job opportunities for unemployed people.    
     Weaknesses: - lack of collaboration within the industry 

and disaggregation of government and organizational 

resources, - market information (projections particularly 

world trends) largely lacking and generic planning poor, -

domestic and export market controlled by a few European 

and North American interests.  
    Opportunities: - value adding – particularly for niche 

markets, - applying improved technology in production 

and in post-harvest processing, - creating markets for new 

products, - better utilization of marginal land resources.    

     Threats: - low cost overseas competitors, - actually 

declining government support for the rural sector, 

including R&D that is driven by short time horizons, - 

loss of control over genetic resources, low activity of the 

Slovak Gene Bank. 

 

Specific objectives for special crop groups 

 

       Several hundred plant species are used as medicinal, 

aromatic and spice herbs. The key commercial species in 

Slovakia are currently chamomile, milk thistle, plantain, 

yarrow, but a larger areas and wider range of species 

could be grown. Great opportunities exist for the 
production and processing of a wide range of herbs in 

Slovakia for both domestic and export markets. 

 

 

 

Conclusion  

 
         Strategy: - in liaison with the industry, to determine 

which herbs offer the best commercial opportunity for 

Slovakian growers, - to gain access to and to evaluate 

high yielding and good quality lines of herbs, - to research 

and establish improved nutrition and irrigation practices, - 

derive and introduce more effective disease and weed 

control methods by bio pesticides, - provide cost-

effective, mechanized production, harvest and post-

harvest systems, - to devise and establish improved 

processing procedures, - to meet the needs of medicinal 

and registration authorities for quality and safety.  
        Target: - to increase proportion of medicinal, 

aromatic and spice herbs grown locally, - to provide cost-

effective production systems for a range of key and new 

special crops, - to provide information packages for 

growers.  

        Performance indicators: - levels of local produc-

tion/impact substitutions, - areas under key herbs and 

introduction of new special crops, - availability of 

information and support for grower use, - yield levels per 

ha (the breeding of new plant varieties, optimization of 

agrotechnict's methods, and number of key bio-pesticides 

(pesticides) registered.  
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Introduction 

 

Collecting and cultivating medicinal plants has a long 

tradition in Serbia, but the quantities of wild-crafted 

plants are in constant decline thanks mostly to 

demographic changes, while to a lesser extent to market 

quality demands, as well as restrictive measures to protect 

biodiversity (Živković et al., 2020). The cultivation of 

medicinal plants provides standardized plant raw 

materials for the demands of the pharmaceutical industry 

(Chen et al., 2016). This raw material is obtained from 

botanically identified plants grown in an environment 

where they achieve the maximum content of specialized 

metabolites and are harvested at the optimal stage of 

development (Dajic Stevanovic and Pljevljakušić, 2015). 

The profitability of medicinal plant cultivation is 

often seductive in media reports, but answers to the 

questions of real costs are often overlooked (Pljevljakušić 

and Brkić, 2020). Therefore, this manuscript aims to 

review the current state of collection and production of 

medicinal plants in Serbia and to present recent market 

data and most of the main costs that follow this type of 

plant production, using the example of growing artichoke 

and ribwort plantain. 

 

Materials and methods 

 

Data collection 
 

For the purpose of collecting data on the quantities 

and number of medicinal plants on the market, as well as 

the area under cultivated medicinal plants, the data of the 

Chamber of Commerce of Serbia, the reports of the 

Statistical Office of the Republic of Serbia (SORS, 2021), 

and the data of the Association of growers of medicinal 

plants from the village of Bavanište were used. 

Cultivation calculation cost data collection 
 

Basic data for calculating the profitability of the 

cultivation of medicinal plants were collected from the 

multi-year history database of plant production of the 

Institute for Medicinal Plants Research “Dr. Josif Pančić” 

(production fields located in Pančevo) as well as by 

interviewing producers from the village of Bavanište 

(South Banat). In the calculation, the fixed costs of 

production were neglected, where it was assumed that the 

producer owns the land, agricultural machinery, and 

facilities for post-harvest processing and drying. The costs 

of packaging, handling, and transportation are also 

neglected. Essentially, the costs of seeds, fertilizers, fuel, 

and labor were taken into account. Data on the most 

common costs associated with the cultivation of 

medicinal plants were presented descriptively, while for 

the purposes of this report, the cases of artichoke and 

ribwort plantain cultivation costs were separately 

processed. Commercial prices of plant raw materials are 

taken from the official price list of the Institute "Dr. Josif 

Pančić".  

 

Results and discussion 

 

Cultivation area and market 
 

In 2020, the estimated area under medicinal plants in 

Serbia was about 2,207 hectares or 1% of arable land, 

while it is also estimated that it could be grown on three 

times the area without running into the risk of a surplus of 

raw materials on the market.  In the same year, about 

3,695 tons of medicinal plant species were wild-crafted, 

while the approved contingent quota was 5,275 tons. 
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According to the data of the Republic Institute of 

Statistics (SORS, 2021), the value of the total foreign 

trade exchange of medicinal plants in 2021 was realized 

in the amount of 24.0 million euros (5,668 tons), of which 

the export value was 14.8 million euros (3,091 tons) and 

imports 9.2 million euros (2,576 tons). Total foreign trade 

exchange of medicinal plants was realized in the amount 

of 24.0 million euros (5,668 tons), of which the export 

value was 14.8 million euros (3,091 tons) and imports 9.2 

million euros (2,576 tons). The average export price was 

4.8 euro/kg, while the average import price was 3.6 

euro/kg. Interviews with producers and wholesalers of 

medicinal plants showed that the most commonly 

cultivated plant species in Serbia are peppermint, 

chamomile, lemon balm, and marshmallow. The 

remaining plants for which there is a great demand, and 

which are less often cultivated, are mainly root-drug 

species of yellow gentian, comfrey, angelica, and 

valerian. Artichoke (Cynara scolymus) is a perennial 

cultivated medicinal plant species, of which leaf (Cynarae 

folium) is most often used in the pharmaceutical industry. 

It is grown from direct sowing and can be mechanically 

harvested. In the first year, multiple leaf harvests are 

possible, while in the second year only a few harvests are 

possible due to the early formation of the flower-bearing 

stem. At the current price of 3 euro/kg and a yield of 2 t, 

the expected gross income is 6000 euro, but 60 % of that 

is cost, so the estimated profit per hectare is somewhere 

around 2400 euro. The cost structure is such that energy 

consumption for drying is about 42 %, while the share of 

labor and material costs (seeds, fertilizer) ranges from 25-

27 %. Despite the rising price of fuel, the working 

operations of agricultural machines in the total cost 

structure of artichoke cultivation take the smallest share, 

which is about 6 %. Ribwort plantain (Plantago 

lanceolata) is a perennial medicinal plant that is 

cultivated for its leaves (Plantaginis folium), which are 

used in phytopreparations for various indications. 

Plantation establishment of ribwort plantain is done by 

direct sowing in spring in well-prepared and pulverized 

soil. Although the seeds are very small, they have very 

good germination and the plant itself is very resistant to 

both the lack of moisture in the soil and its surplus. 

Similar to artichoke cultivation, in the first year, multiple 

harvests of leaves could be done, while in consecutive 

years plants will bring up the flowering stalk, which 

complicates the harvest process and reduces the yield. At 

the current price of 3 euro/kg and a yield of 2.5 t, the 

expected gross income is 6250 euro, but 54 % of that is 

cost, so the estimated profit per hectare is somewhere 

around 2900 euro. The cost structure is such that energy 

consumption for drying is about 37 %, while the share of 

labor and material costs (seeds, fertilizer) ranges from 27-

29 %. The working operations of agricultural machines in 

the total cost structure of artichoke cultivation take the 

smallest share, which is about 7 %. 

Conclusion 

 

Although Serbia is a large exporter of medicinal 

plants and it has been shown that the profit per unit area 

in its cultivation is higher than in conventional 

agricultural crops, the area under cultivated medicinal 

plants is still around 1%. This is a consequence of the 

specificity of medicinal plant production, which requires 

the hiring of specialized agricultural machinery, extensive 

labor, and drying facilities. It is estimated that the 

cultivation of the current assortment can be expanded to 

three times this area without the risk of a surplus of raw 

materials, but considering the cultivation of root-drug 

plant species (i.e. yellow gentian, comfrey, angelica, and 

valerian), for which there is a great demand from 

wholesalers, could even more significantly expand the 

area under cultivated medicinal plants. This research has 

shown that 50-60% of the total profit of cultivating 

medicinal plants (i.e. artichoke and ribwort plantain) 

belongs to the costs, which in their structure are about 37-

42 % for drying energy, about 27-29 % for fertilizer and 

seeds, 25-27 % for labor, and only about 6-7% for 

agricultural machine operations. This information is 

useful for planning the future cultivation of medicinal 

plants where costs and availability of labor and energy for 

drying must be taken into account in order to produce 

quality medicinal plant raw material. 
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Introduction 

 

Peppermint (Mentha x piperita L.) is a well known 

rhizomatous perennial herb belonging to the Lamiaceae 

plant family with significant medicinal and aromatic 

attributes. The most important parts of the plant are the 

leaves (Menthae piperitae folium) where essential oil 

containing glandular trichomes are present along with 

many other active substances. The main aim of this study 

was to find the best preservation methods in order to 

conserve the colour characteristics and the most important 

active substances present in peppermint leaves.  

 

Materials and methods 

 

Plant material 
 

This study was conducted on a Hungarian peppermint 

variety named “Mexián”. The plant stand was established 

in the Experimental Field of the Department in Soroksár, 

Hungary in 2021. In full flowering stage (in late July), 

approximately 5 kg of leaves were harvested. The 

homogeneous plant material was divided into ten parts for 

the different treatments.  

 

Preservation methods 
 

In our experiment, nine preservation methods (sun 

drying, shade drying, oven drying at 40 and 60ºC, 

lyophilization, microwave drying at 250 and 700 W, slow 

freezing and fast freezing) were investigated in 

comparison to the freshly harvested plant material 

(control). The time span of drying for the different drying 

methods was as follows: 

Sun drying: 3 days (Day temp.: 38-41ºC, Night temp.: 25-

27ºC ) 

Shade drying: 8 days (Day temp.: 24-27ºC, Night temp.: 

18-20ºC) 

Oven drying at 40ºC: 30 hours 

Oven drying at 60ºC: 5 hours 

Microwave drying at 250W: 15 minutes 

Microwave drying at 700W: 6 minutes 

 

Chemical analyses 
 

      In order to determine the essential oil content of 

peppermint leaves, 60 g fresh and frozen (slow and fast) 

leaves, furthermore 20 g of each dried samples were 

hydro distilled for 1 hr in a Clevenger-type apparatus in 3 

replications. For GC-MS analysis, an Agilent 

Technologies 6890 N chromatograph equipped with HP-5 

and HP-5ms capillary columns was used. Measurements 

were taken in three replications. The total phenolic 

content (TPC) was determined from the aqueous extracts 

prepared from peppermint samples by using the modified 

method of Singleton and Rossi (1965). The total 

antioxidant capacity (TAC) of the same extracts was 

measured using FRAP method according to the modified 

method of Benzie and Strain (1996). The extracts were 

prepared in three replications for each treatment. Three 

parallel measurements were carried out from every 

biological replicates. Values obtained in each chemical 

analysis were referenced to the dry matter content of the 

samples. 
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Colour measurement 
 

Colour of peppermint leaves was measured in six 

replications using a Konica Minolta CR-410 tristimulus 

colorimeter. L* (lightness), a* (±red/ green) and b* (± 

yellow/ blue) values were recorded and a*/b* data was 

calculated.  

 

Results and discussion 

 

Essential oil content 
 

In fresh sample 3.58 ml/100 g EO content was found. 

Oven drying at 40ºC and freezing treatments could 

preserve the EO content the most (3.10-3.35 ml/100 g), 

but natural drying methods (sun and shade drying) and 

lyophilization also resulted in rather high values (3.06, 

2.90 and 2.69ml/100 g, respectively). However, in oven 

dried sample at 60ºC the EO content significantly 

decreased (1.82 ml/100 g), and the volatiles were almost 

completely lost during microwave drying (at 250W 0.14 

ml/100 g, while at 700W only 0.09 ml/100 g EO content 

remained). 

 

Essential oil composition 
 

The EO composition of fresh and samples conserved 

by different preservation methods were quite similar, 

except in microwave dried (at 250 and 700W) peppermint 

leaves.  

The major EO compounds were menthone (35.5-

43.5%), menthol (30.2-35.0%), methofuran + 

isomenthone (5.9-6.7%), 1,8–cineol (4.5-6.7%), limonene 

(2.7-7.6%) and menthyl acetate (2.6-3.6%). 

In microwave dried samples significant changes were 

observed: the limonene (0.1-0.3%), 1,8-cineol (0.2-0.3%), 

menthone (9.7-14.9%) and methofuran + isomenthone 

(3.9-4.0%) ratio significantly decreased (these compounds 

presumably evaporated during microwave drying), while 

in parallel with this the ratio of menthol (49.2-40.2%), 

methyl acetate (8.2-9.9%) and the proportion of 

sesquiterpenes present (germacrene D, bicyclogermacrene 

and viridiflorol) considerably increased in the EO. 

 

Total Phenolic Content (TPC) 
 

The highest TPC was measured in the fresh sample 

(292.4 mg GAE/g). Every treatment significantly reduced 

the TPC, but peppermint leaves dried in shade, at 40C, in 

microwave at 700W or by lyophilization could preserve a 

relatively lot of phenolic compounds (145.4-166.8 mg 

GAE/g). The lowest TPC was recorded in samples dried 

at 60ºC and microwaved at 250W (70.2 and 68.7 mg 

GAE/g, respectively). 

Total antioxidant capacity (TAC) 
 

In case of TAC a trend similar to TPC could be 

observed. The significantly highest antioxidant capacity 

was found in the fresh sample (314.3mg AAE/g), while 

the lowest values were measured in the leaves oven dried 

at 60ºC and microwaved at 250W (95.8 and 97.1mg 

AAE/g, respectively). In lyophilized, oven dried at 40ºC, 

shade dried and microwave dried (700 W) samples, a 

relatively higher TAC could be detected (231.7, 211.9, 

210.2 and 203.9 mg AAE/g, respectively).  

 

Colour measurement 
 

Freezing and lyophilization proved to be the best 

methods in preserving the original colour of fresh 

peppermint leaves. Although lyophilized sample was pale 

green in colour. During oven drying at 60ºC and 

microwave drying at 250W, the green colour of leaves is 

almost completely lost. 

 

Conclusion 

 

According to the results it can be concluded that the 

gentle methods (shade drying, oven drying at 40ºC, 

lyophilization and freezing) proved to be the most 

effective preservation methods among the applied 

treatments. The fastest and cheapest drying technique, 

microwave drying at 700W can also preserve the colour, 

TPC and TAC of peppermint leaves very well, but it 

causes a significant EO loss. 
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Introduction 

 

The species of genus Gypsophila L. 

(Caryophyllaceae) are a very rich source of triterpenoid 

saponins (roots) and flavonoids (aerial parts), responsible 

for their cytotoxic, enzyme inhibitory and antioxidant 

effect (Gevrenova et al., 2014; 2018; Jakimiuk et al., 

2021). However, some Bulgarian species of the genus 

needs further research. In Bulgarian flora, Gypsophila 

trichotoma Wend. and G. tekirae Stef. are presented as 

two separate species, and their conservation status is 

endangered and critically endangered species, 

respectively. In the European flora (Barkoudah et al., 

1993) and The Plant List (www.theplantlist.org), taxa 

refer to G. perfoliata L. sensu lato. According to Flora 

Bulgaricae, G. tekirae was registered in one locality (the 

Rhodope foothills of Tekira, Pazardzhik region) (Valev, 

1966). Although there are studies on the chemical 

composition of G. trichotoma and G. tekirae (Gevrenova 

et al., 2018, 2021; Zheleva-Dimitrova et al., 2018), the 

taxonomic position of both species is indistinct. The 

object of this study is an insight into the C, O – glycosyl 

flavones of G. trichotoma and G. tekirae. Thus, the 

chemotaxonomic examination will clarify and help into 

their taxonomic categorization and relationship.  

 

Materials and methods 

 

Plant material and sample extraction 
 

Aerial parts of G. tekirae were collected at 

Ognyanovo village, Pazardzhik region, Bulgaria in July 

2020. G. trichotoma aerial parts were collected at the 

Black Sea coast (Kavarna region), Bulgaria in August 

2004. 

Air-dried aerial parts were extracted with 80% 

MeOH (1:20 w/v) by sonication (100 kHz) for 15 min 

(×2) at room temperature. Subsequently, the extracts were 

concentrated in vacuo and lyophilized. 

 

UHPLC-HRMS and spectrophotometric analyses  
 

Mass analyses were carried out on a Q Exactive Plus 

mass spectrometer (ThermoFisher Scientific, Inc.) 

equipped with a heated electrospray ionization (HESI-II) 

probe (ThermoScientific). Acquisition was acquired at 

Full-scan MS and Data Dependent-MS2 modes. Full-scan 

spectra over the m/z range 100 to 1 500 were acquired in 

negative ionization mode at a resolution of 70,000. For 

DD-MS2 mode, resolution was set to 17,500, isolation 

window 2.0 m/z, stepped collision energy (NCE) 20, 40, 

70 eV. Data acquisition and processing were carried out 

with Xcalibur 4.2 software (ThermoScientific). 

 

Chromatographic separation  

 

Separation was achieved on a reversed phase column 

Kromasil EternityXT C18 (1.8 µm, 2.1 × 100 mm, 

AkzoNobel, Sweden) maintained at 40°C. The binary 

mobile phase consisted of A: 0.1% formic acid in water 

and B: 0.1% formic acid in acetonitrile. 

The following step gradient profile was used: 5 % B for 

1.0 min, increased linearly to 25 % B in 14 min, held 

isocratic at 25 % B for 2.0 min, increased linearly to 50 % 

B in 1.0 min, held isocratic at 50 % B for 2.0 min, 

increased linearly to 95 % B in 2.0 min, held isocratic for 
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2.0 min, finally brought back down to 5 % B over  

0.5 min. The flow was 0.3 mL min–1. Data were 

processed with Xcalibur software ver. 3.0 (Thermo 

Scientific).  

The total phenolic and flavonoid content was determined 

by classical spectrophotometric methods expressed as 

gallic acid (mgGAE/g extract) and rutin (mgRE/g 

extract), respectively. 

 

Results and discussion 

 

Based on the retention times, MS and MS/MS 

accurate measurements, fragmentation patterns and 

comparison with reference standards and literature data, 

14 C, O – glycosyl flavones were tentatively 

identified/dereplicated. A variety of 2′′-O-glycosyl-C-

hexosyl-flavones was evidenced in G. tekirae including 

2′′-O-pentosyl/deoxyhexosyl/hexosyl-C-hexosyl-flavones. 

It should be noted that both Gypsophila species shared 

saponarin (6-C-7-O-diglucosyl-apigenin) and 2′′-O-

pentosyl-6-C-hexosyl-luteolin. The chromatographic 

profile of G. trichotoma was dominated by saponarin, 

while the main flavonoids in G. tekirae were 2′′-O-

deoxyhexosyl-6-C-hexosyl-apigenin and 2′′-O-

acetyldeoxyhexosyl-6-C-hexosyl-apigenin. Moreover, 2′′-

O-deoxyhexosyl-6-C-hexosyl-luteolin was found as well. 

The aforementioned compounds could be associated with 

2"-O-rhamnosyl-isovitexin/homoorientin, previously 

isolated from G. pacifica (Jakimiuk et al., 2021). In 

addition, 2′′-O-hexosyl-6-C-hexosyl-luteolin/apigenin 

were evidenced in G. tekirae; the former flavonoid was 

previously found in G. perfoliata (Zheleva-Dimitrova et 

al., 2018). O-hexosyl-(2′′-O-pentosyl-6-C-hexosyl)-

apigenin from G. tekirae was also annotated in G. 

glomerata and G. paniculata (Ferreres et al., 2007; 

Zheleva-Dimitrova et al., 2018). For the first time, three 

acetylated derivatives of 2′′-O-deoxyhexosyl-6-C-

hexosyl-flavones along with 2′′-O-diacetylhexosyl-6-C-

hexosyl-apigenin were tentatively identified in the genus.  

The occurrence of 2′′-O-glycosyl-C-hexosyl-flavones 

in Gypsophila species has chemophenetic significance, 

especially 2′′-O-pentosyl/deoxyhexosyl/hexosyl-6-C-

hexosyl-flavones (Ferreres et al., 2007; Zheleva-

Dimitrova et al., 2018).  

Commonly, the presence of acetylated C, O-glycosyl 

flavones is considered as a valuable chemophenetic 

marker. The literature survey of Jakimiuk et al. (2021) 

showed a general homogeneity of C- and C, O - flavonoid 

glycosides composition of aerial parts of Caryophyllaceae 

taxa. 

The data revealed that the total phenolic and 

flavonoid content of G. tekirae was 27.29 mgGAE/g and 

44.73 mgRE/g, respectively. 

 

Conclusion 

 

The identified C, O –glycosyl flavones favor the 

release of G. tekirae as a distinct species.  
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Introduction 

 

Cannabis sativa L. (Cannabaceae) is well-known 

medicinal plant for its pharmacological and therapeutic 

properties. Secondary metabolites found in C. sativa 

include cannabinoids, flavonoids, stilbenes, terpenoids, 

alkaloids, and lignans. Cannabinoids are class of natural 

compounds, with over 70 distinct cannabinoids discovered 

so far (ElSohly and Slade, 2005). The conventional 

methods for cannabis propagation by seeds or stem cuttings 

are not efficient, safe or scalable and could lead to complete 

crop loss as a result of uncontrollable pathogen outbreak. 

Micropropagation is an effective propagation tool for 

scale-up cannabis production with consistent plants and 

predictable cannabinoid profile. Other significant benefits 

of cannabis micropropagation include constant supply of 

biochemicals and improved compound production. 

Biotechnological approaches, particularly plant tissue 

culture, are crucial in the search for alternative methods for 

production of useful therapeutic molecules from plants. 

The main objective of this study was to develop an 

effective in vitro protocol for callus induction from C. 

sativa explants in the presence of various concentrations of 

cytokinins and auxins. During this study, the following 

parameters were examined: 

• Quantitative determination of biomass production; 

• Microscopic analysis of trichomes; 

• Identification of cannabinoids using high-performance 

liquid chromatography coupled with diode array detector 

(HPLC-DAD). 

Materials and methods 

 

The seeds from C. sativa were sterilized with 70% 

ethanol for 1 min and 1% Ca(OCl)2 for 30 min, then rinsed 

three times with sterile deionized water. Thereafter seeds 

were cultured on MS macro and oligoelements (Murashige 

and Skoog 1962), B5 vitamin solution (Gamborg et al. 

1968) supplemented with 3% sucrose and solidified with 

0.7% agar.  Cotyledons as primary explants were excised 

from seedlings and cultured on MS/B5 medium, 

supplemented with plant growth regulators such as 1.0 

mg/L thidiazuron (TDZ) and 0.5 mg/L 1-naphthaleneacetic 

acid (NAA) for induction of callogenesis. Callus cultures 

were maintained in a growth chamber at 25±1°C under a 

photoperiod of 16 h light, irradiance at 50 μmol m2 s-1 and 

50-60% relative humidity. After three weeks, calli were 

transferred onto MS/B5 medium supplemented with 

various concentrations (0.5, 1.0, 1.5 and 2.0 mg/L) of 

cytokinins N6-benzyladenine (BA), kinetin (KIN) and 

thidiazuron (TDZ). Calli were subcultured on 1.0 mg/L 

TDZ and several concentrations (0.1, 0.5 and 1.0 mg/L) of 

auxins 1-naphthaleneacetic acid (NAA), indole-3-butyric 

acid (IBA) and 2,4-dichlorophenoxyacetic acid (2,4-D). 

Biomass production, trichome development and 

cannabinoid accumulation were analyzed in callus 

cultures. 

Calli were lyophilized and used for cannabinoid 

extraction. DAB Pharmacopoeial method for assay of 

cannabis flos was used to determine cannabinoid content. 

The chromatographic analyses were performed using an 
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Agilent 1200 Model HPLC outfitted with a DAD, 

quaternary pump, column thermostat and autosampler 

(Agilent Technologies, USA). The InfinityLab Poroshell 

120 EC-C 18 chromatographic column (150 mm x 3 mm 

ID, 2.7 m, Agilent Technologies, USA) was used for 

separation. The mobile phase consisted of an o-phosphoric 

acid aqueous solution (8.64 g/L) as solvent A and 

acetonitrile as solvent B. The identification of 

cannabinoids was performed using a gradient method with 

a flow rate of 0.7 mL/min and temperature of 40°C. DAD 

measurements were taken at 225 nm for neutral 

cannabinoids and 306 nm for acidic cannabinoids. 

 

Results and Discussion 

 

The biomass production in callus cultures was 

increased from 2.5 to 4.1 g in the presence of high 

concentrations (up to 2.0 mg/L) of BA in the medium. 

According to morphological characteristics, cultures 

showed a light yellow to green color and a compact and 

nodular structure. The presence of KIN in the medium 

decreased the biomass of calli from 3.8 to 2.5 g. The 

cytokinin KIN in the medium induced the appearance of 

yellow-brown callus with friable consistency. Exogenous 

application of TDZ in the medium induced the highest 

callus biomass yield from 11.3 to 18.8 g. In the presence of 

TDZ, callus cultures have compact consistency and light 

green color. Based on the outcomes, it can be considered 

that TDZ significantly increases biomass production in 

callus cultures when compared to BA and KIN.  

The biomass of calluses cultured on medium with 1.0 

mg/L TDZ and NAA was reduced from 6.9 to 3.4 g. The 

callus cultures changed color from green to light yellow as 

the concentration of NAA in the medium increased. The 

calluses had a compact and nodular structure. Biomass 

production of callus cultures containing 1.0 mg/L TDZ and 

IBA was also reduced from 13.9 to 8.0 g. The callus 

cultures were dark green in color with friable and nodular 

structure. When calluses were cultured in the presence of 

1.0 mg/L TDZ and 2,4-D, biomass production was not 

significantly altered. These calluses showed compact 

structure and color range from green to yellow. In 

comparison to the presence of NAA and 2,4-D in the 

medium, the auxin IBA significantly induced biomass 

production of cannabis calluses. 

Results from this study showed that phytohormones 

significantly influenced the compactness, consistency and 

color of callus cultures. Callogenesis was successfully 

induced from cotyledons isolated from cannabis seedlings 

which is in accordance with previous data (Lata et al., 

2010, Chaohua et al., 2015). These authors reported that 

cotyledons are the best primary explants for induction of 

green calluses with compact structure. Our results showed 

that combination of 1.0 mg/L TDZ and 0.5 mg/L IBA in 

the medium significantly increased biomass production of 

calluses. 

Microscopic analysis showed the formation of 

trichome-like structures on the surface of cannabis calli 

cultured on MS/B5 medium with 1.0 mg/L TDZ and 0.5 

mg/L NAA. These trichomes had similar structure like 

trichomes found on the intact cannabis plant. Outgoing 

results showed that TDZ is probably a key factor in the 

differentiation of trichomes in cannabis callus cultures. 

Cannabidiolic acid (CBDA) and Δ9-

tetrahydrocannabinolic acid (Δ9-THCA) were found in 

callus extracts using chromatographic analysis. The 9-

THCA was noted as the dominant compound. The presence 

of Δ9-THCA in callus cultures could be due to the 

regulation role of glandular trichomes in cannabinoid 

metabolism.  

 

Conclusion 

 

This study presented for the first time the production 

of biomass and cannabinoids in callus cultures of C. sativa 

depending of exogenously applied cytokines and auxins. 

The presence of trichomes on the callus surface confirms 

their ability to produce cannabinoids. The relationship 

between biomass and cannabinoid production is a vital first 

step toward understanding the potential mechanisms for 

usage of C. sativa callus cultures as an effective source of 

bioactive compounds in pharmaceutical industry. Future 

perspectives should be focused on development of various 

strategies for stimulation of biomass production and 

cannabinoid biosynthesis in cannabis callus cultures. 
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Introduction 

 

Arctostaphylos uva-ursi (L.) Spreng. (bearberry) and 

Vaccinium vitis-idaea L. (lingonberry) are medicinal 

shrubs from Ericaceae family, both included in the List of 

species of medicinal plants under special regime of 

conservation and use in Bulgaria, based on MPA (2000). 

Both species take part in the endangered habitat type 

09F2 High-mountain communities of Bearberry 

(Arctostaphylos uva-ursi) (Genova and Russakova, 2015) 

which is protected by BDA, Annex 1 (2002). They are 

forbidden to be collected for commercial purposes from 

the natural habitats throughout the country, A. uva-ursi 

being protected by the Convention on International Trade 

with Endangered Species of Wild Fauna and Flora.  

Bearberry is widely used for treating inflammatory 

diseases of kidney and urinary tract (Shamilov et al., 

2021). Fruits of lingonberry are used as food (jelly or 

syrup) to treat fever, gastrointestinal tract, kidney and 

urinary tract (Vogl et al., 2013). 

Both species have slow growth and development 

rates, and hydroponics could be a good alternative for 

their propagation, as the main advantage of these 

techniques is growth acceleration (Texier, 2013). Soilless 

cultivation does not depend on weather, precipitations, 

soil type, pests etc., moreover, water use is minimized 

owing to solution recycling.  

The aim of our study was to test the opportunities for 

propagation of these valuable protected species by means 

of hydroponic technologies. 

 

Materials and methods 

 
The initial plant material of both species: A. uva-ursi 

and V. vitis-idaea, was gathered in 2019 from the 

populations on Vitosha Mountain, near Sofia. Cuttings of 

10 to 15 cm length were used: young green tips, semi-

woody, and woody shoots. 

 

Hydroponic propagation 
 

Flood and Drain (F&D) type hydroponic system was 

used, with perlite as inert substrate, wetted periodically 

(15 min every 6 h) with nutrient solution consisting of 

distilled water, supplemented with Flora Micro, Flora 

Grow, and Flora Bloom (GHE) in proportion 1:1:1. The 

pH was maintained between 5.5 and 6.5, and the electrical 

conductivity between 0.40 and 0.80 mS.cm-1. 

Temperature, light, and air humidity in the room 

phytotron were controlled as follow: 23±4ºC; 16/8 h 

photoperiod; air humidity varying around-the-clock 

between 45% and 75%. A total of 60 cuttings per species 

were used: 20 per each type for V. vitis-idaea, half of 

them treated with auxin by dipping their basis into 25% 

powdered indole-3-butyric acid (IBA) prior to their 

embedding in the substrate, while for A. uva-ursi 30 

young green tips were IBA-treated in the same way and 

30 semi-woody were non-treated. The duration of the 

experiments was 3 months and a half for lingonberry, and 

4 months and a half for bearberry. All survival cuttings 

were potted in light mix substrate and after 6 weeks in the 

phytotron they were transferred to a greenhouse. In 

addition, controls of 20 cuttings per species were potted in 

soil substrate light mix and agrolava (2:1) for rooting in 

the phytotron. Criteria for successful hydroponic 

propagation were: the survival rate of the cuttings and the 

percentage of acclimatized potted plants after their 

wintering in the greenhouse. 

 

mailto:marina.stanilova@gmail.com


214                              Production of herbal substances and preparations (cultivation, breeding, biotechnology and processing) 

Maced. pharm. bull., 68 (Suppl 2) 213 - 214 (2022) 

Results and discussion 

 

The effectiveness of the hydroponic propagation of 

lingonberry depended on both their type and treatment 

with IBA. Rooting and survival on the F&D system was 

100% only for IBA-treated semi-woody cuttings, while 

the survival of the untreated cuttings of this type was 

60%. Cutting type was more important as 50% of the 

woody cuttings and only 30% of the young cuttings 

survived whether or not they were IBA-treated. Almost 

all rooted cuttings formed new shoots, which number 

varied between 1.7 ± 0.6 (for young untreated) and 3.0 ± 

1.0 (for young treated) per cutting. None of the control 

cuttings rooted in the soil substrate.  

From a total of 32 potted plants, 62.5% were 

successfully acclimatized and survived wintering in the 

greenhouse. Woody cuttings were the most suitable ones 

for hydroponic propagation of this species, as 50% of the 

initial cuttings successfully acclimatized and survived the 

wintering in the greenhouse. In comparison, these 

percentages for the plants deriving from young and semi-

woody initial cuttings were 15% and 35%, respectively. 

After 2 years plants reached flowering stage in the 

greenhouse. 

Bearberry seemed to be more recalcitrant species for 

hydroponic propagation. First trials resulted in only few 

rooted and survival cuttings: 3.3% for young IBA-treated 

cuttings, and 10% for semi-woody untreated ones. This 

could be due to the seasonal particularities, as the 

experiment began in October, instead of June. There are 

results for other species referring to the importance of the 

phenophase on the plant growth and development, despite 

the controlled constant ambient conditions at laboratory 

level (Stanilova et al., 2010). It is worth to mention that 

on the F&D system, IBA-treated cuttings developed up to 

4 adventive shoots at the cutting base as well as between 

the internodes, while the untreated ones only grew in 

height. Control cuttings in the soil substrate did not 

survive.  

Composition of the essential oils of both species and the 

most abundant classes of their compounds were reported 

to be highly similar (Radulović et al. 2010), which 

suggests possible medicinal use of V. vitis-idaea instead 

of A. uva-ursi. 

 

Conclusion 

 

First trials to propagate lingonberry by F&D 

hydroponic system using woody cuttings as initial plant 

material were successful. Experiments with bearberry 

should be repeated starting in summer. In both species, 

pre-treatment with powdered IBA led to formation of new 

shoots at the base of the young cuttings and in their 

internodes. The best results were obtained starting with 

woody cuttings of V. vitis-idaea due to their more 

successful acclimation in the greenhouse. 
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Introduction 

 

The presence of biologically active secondary 

metabolites in medicinal and aromatic plants makes them 

a good raw material for the food, cosmetic and 

pharmaceutical industries. Of great importance is the 

collection of knowledge about the level of antioxidant 

activity and accumulation of secondary metabolites in 

plants, produced by in vitro micropropagation using the 

genetically determined biosynthetic potential of species, 

without applying genetic manipulations. 

Due to the increasing number of people who cannot or 

do not want to consume sucrose, the food industry is 

focusing on replacing artificial sweeteners with natural 

sugars. Stevia rebaudiana Bertoni leaves accumulate 

diterpenoid steviol glycosides, which are 300 times sweeter 

than ordinary table sugar and has zero calories and 

carbohydrates, does not cause spikes in blood sugar levels, 

and maintains thermal stability at 100 ° C (Geuns, 2003). 

Several studies have represented data that AgNO3 

possessed a beneficial effect on various plant species 

regeneration (Hyde and Phillips 1996; Tamimi 2015). 

Because the ethylene and the polyamines use the same 

precursor for their biosynthesis inhibiting the ethylene 

action by AgNO3 will lead to enhancing polyamine 

biosynthesis, which has been shown to enhance plant 

growth and development (Bais and Ravishankar 2002; 

Kumar and Rajam 2004). On the other hand, there are 

hypotheses that AgNO3 inhibits ethylene action because 

the Ag ions replace Cu ions, located in the ethylene 

receptors leading to the reducing the capacity to bind 

ethylene (Jakubowicz et al. 2010). 

Nanomaterials have a range of specific chemical, 

physical, and optical properties, which are not found in 

macromolecules (Tsekova et al., 2009). Silver 

nanoparticles have a highly developed surface area, which 

leads to some special characteristics and properties like 

high catalytic activity, reactivity, adsorption ability, and 

antimicrobial activity (Anchev et al., 2019). There are a 

number of studies in the literature about the effect of amino 

acids on plant propagation in vitro, but there is no 

information about their effect if they are bound in a 

polypeptide chain with a diameter in the nano scale, which 

to be a carrier of biologically active agents. 

The objective of the present study was to use 

nanofibers, formed from a derivative of amino acid valine 

as a carrier of the biologically active agent silver particles 

(NF-2%Ag) and their impact on the antioxidant activity of 

S. rebaudiana plantlets propagated by direct 

organogenesis.  
 

Materials and methods 

 

Plant materials 
 

For in vitro seed germination of Stevia rebaudiana 

Bert. surface-sterilized seeds were cultured on an MS 

medium supplemented with 3.0% sucrose, 7.0 g L-1 agar 

and 0.4 mg L-1 GA and 1.0 mg L-1 CaCl2 for three weeks 

of culture. Nodal segments were aseptically excised and 
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cultured on MS media with vitamins containing 1, 10, 50 

and 100 mg L-1 NF-2%Ag for shoot multiplication. There 

were two controls - plants, in vitro propagated without 6-

benzylaminopurine (BAP) added to the MS medium and 

plants, in vitro propagated with BAP.  

 

Antioxidant capacity  
 

The extraction and determination of superoxide 

dismutase (SOD), catalase (CAT), ascorbate peroxidase 

(APX) and guaiacol peroxidase (GPX) activities were 

described by Zayova et al. (2019). Total phenolic 

compounds, total flavonoid content, free radical-

scavenging activity (DPPH method), the ferric reducing 

antioxidant power (FRAP method), water-soluble (WS-

AOM) and lipid-soluble (LS-AOM) metabolites with 

antioxidant capacity, expressed as equivalents of ascorbate 

and α-tocopherol were determined by Zayova et al. (2019).  

 

Results and discussion 

 

The level of the activity of the enzymes possessed 

antioxidant capacity (SOD, CAT, APX, GPX) increased 

when plants, were in vitro propagated at MS nutrient media 

with BAP adding, in comparison with control plants, 

cultured without BAP. The presence of nanofibers enriched 

with Ag, formed by low molecular weight peptidomimetics 

in the MS medium causes the amplification of the level of 

the activity of the enzymes with antioxidant capacity. 

Therefore, this activity increase to 50 mg L-1 NF-Ag 

concentration was observed. At the higher tested 

concentration of 100 mg L-1, the enzymes activities 

decreased. A similar trend was observed in the content of 

the metabolites with antioxidant activity total phenols, total 

flavonoids, water soluble and lipide soluble metabolites 

with antioxidant power in the S. rebaudiana plantlets 

extracts. Fazal et al. (2016), also reported enhanced total 

protein content and the activity of superoxide dismutase 

and peroxidase in callus cultures of Prunella vulgaris L 

when MS has been supplied with AgAu (1:3) or Au 

nanoparticles. 

 

Conclusion 

 

This study provides the first evidence of the hermetic 

effect of the nanofibers enriched with Ag on the culture by 

direct organogenesis on the development and production of 

natural antioxidants in S. rebaudiana. The activity of 

enzymes with antioxidant capacity increased from 0 to  

50 mg L-1, concentration, after that it decreased.   
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Introduction 

 

Over 1300 medicinal plants are being used in Europe, 

90 % of them sourcing from Nature (Chen et al. 2016). 

Although widely studied throughout the years medicinal 

plant Hypericum perforatum still remains a source of 

scientific research due to the richness of its 

pharmacological activities, determined by the complexity 

of the phytochemical composition of Hyperici herba. 

Research has led to elucidation of the most important 

biologically active substances in the plant – polyphenolic 

compounds, flavonoids, naphthodianthrones and 

phloroglucinols, terpenes, possessing antidepressive, 

antitumor, antiviral and antibiotic activity (Danova 2015). 

The Balkan flora holds a priceless natural resource with a 

vast and still unexplored potential in the search of new 

sources of biologically active compounds.  

The aim of the present work was to compare the 

flavonoids productivity of three Hypericum species (H. 

perforatum, H. tetrapterum and H. richeri) collected from 

the wild with plant material derived from their 

biotechnological development.  

 

Materials and methods  

 

Plant material 
 

Hypericum species were collected from their natural 

habitats in Bulgaria as follows: H. perforatum and H. 

tetrapterum - Western Balkan region, H. richeri - from two 

different accessions - at the Vitosha and Rila mountains.  

 

Tissue culture initiation 
 

Shoot segments of the wild growing species (the 

samples of Vitosha Mountain for H. richeri) were surface 

sterilized by 30 sec. immersion in 70 % ethanol, followed 

by 5 min sterilization in 0.1 % HgCl2 and triplicate washing 

in sterile distilled water. For axillary shoot formation the 

following medium formulation was used: the basic 

Murashige and Skoog (MS) medium (1962), supplemented 

with Gamborg vitamins (Gamborg et al. 1968), 6.5 g/l agar, 

20 g/l sucrose and 0.5 mg/l N6-benzyladenine (BA), at 25 

± 0.2 °C and 16/8 hours photoperiod. The obtained axillary 

shoots were transferred to the basic MS culture medium, 

supplemented with 30 g/l sucrose (with addition of 0.2 mg/l 

BA and 0.1 mg/l indole-3-butyric acid (IBA) for H. 

richeri).  

 

Shoot culture experiment 
 

The tissue culture experiment included the following 

plant growth regulator (PGR) treatments: Hyp_M0 - PGR-

free control and Hyp_M2 - 0.2 mg/l BA + 0.1 mg/l IBA.   
 

Extraction of the plant material 
 

Dry plant material of the wild collected and shoot 

cultures derived Hypericum representatives (100 mg) was 

defatted by maceration in chloroform (3x10 ml) and further 

on extracted by methanol (3 x 10 ml). The extraction steps 

were 1 for 24 hr at room temperature, and 2 for 15 min in 

an ultrasonic bath at 25 °C. 

 

Total flavonoids determination 
 

Total flavonoids were assayed spectrophotometrically 

by the method of Zhishen et al. (1999) and the results were 

expressed as mg catechin equivalents per 1g DM. 
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HPTLC characterization of individual components 
 

HPTLC analysis was done with pre-coated HPTLC 

glass plates (20 × 10 cm, Si G60 F254, Merck) using a 

Camag HPTLC system (Switzerland). Еthyl 

acetate:CHеCl2:acetic acid: formic acid: water 

(100:25:10:10:11 v/v/v/v/v) was used as a mobile phase. 

The chromatographic spots were visualized by UV light at 

366 nm before and after spraying with NP reagent. Rutin, 

hyperoside and chlorogenic acid were used as standards. 

 

Results and discussion 

 

The three species showed a good response to the PGR 

supplementation applied, as multiplication rate increased 

up to 50 axillary shoots formed per explant within the 

culture period of 12 weeks in Hyp_M2 culture medium as 

compared to up to 4-5 shoots per explant formed in the 

Hyp_M0 supplementation. Noteworthy, long-term 

cultivation in the PGR-free medium was not possible for 

H. richeri, due to its slow growth and subsequent necrosis 

and decay in the Hyp_M0 medium.     

The highest levels of total flavonoid compounds were 

established for H. richeri collected from the Rila Mountain, 

followed by the ones of H. perforatum. H. tetrapterum 

showed intermediate levels and the samples of H. richeri 

obtained from the Vitosha Mountain had the lowest 

flavonoid levels.   

The highest in vitro flavonoid production was 

established for H. tetrapterum in the PGR-free medium 

supplementation. Noteworthy, flavonoid levels in H. 

tetrapterum dropped more than two times with the addition 

of PGRs.  For H. perforatum, the PGR treatment slightly 

increased the flavonoid content up to levels almost 

reaching the ones of the PGR-free H. tetrapterum. H. 

richeri showed intermediate flavonoid production in the 

Hyp_M2 medium, being higher than H. tetrapterum lower 

than H. perforatum, grown in the same medium 

formulation.  

The HPTLC comparison of the methanol extracts of 

the samples in the presence of the referent chlorogenic 

acid, rutin, hyperoside and hypericin showed both 

similarity and differences between samples. Thus, the wild 

collected samples were shown to be richer in individual 

flavonoid components. Noteworthy, H. tetrapterum 

samples did not contain rutin, with the most prevailing 

components in them being mono-glycosides such as 

hyperoside and isoquercetin, while H. perforatum and H. 

richeri produced both rutin and hyperoside. Previous 

research on H. perforatum has evidenced the presence of 

rutin, hyperoside, isoquercitrin, avicularin, quercitrin, and 

quercetin as major constituents of a flavonoid-rich extract 

of the species. Research showed the potent free radical 

scavenging activity and antioxidant activity of the 

preparation (Zou et al. 2004).     

 

Conclusion 

 

Although not so widely studied as H. perforatum, 

other representatives of the genus, characteristic for the 

Balkan flora are prospective candidates for phytochemical 

investigation and biotechnological development.  
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