
волумен 59 (1, 2) 2013 / volume 59 (1, 2) 2013

Македонско фармацевтско друштво, ул. Маршал Тито 13б/8, Скопје, Македонија
Macedonian Pharmaceutical Association, Marshal Tito 13b/8, Skopje Macedonia

MRAMFD MRA



Contents

Therapeutic strategies in the treatment of periodontitis 3
Liljana Bogdanovska1, Silvana Kukeska2, Mirjana Popovska3, Rumenka Petkovska1,  Katerina Goracinova2* 3
Терапевтски пристапи во третманот на пародонталната болест 14
Лилјана Богдановска1, Силвана Кукеска2, Мирјана Поповска3, Руменка Петковска1 и Катерина Горачинова2* 

14
Molecular profile of the Lynch Syndrome in the Republic of Macedonia 15
Marija Hiljadnikova-Bajro1, Toni Josifovski 2, Milco Panovski2, Aleksandar J. Dimovski3* 15
Молекуларниот профил на Линч Синдромот во Република Македонија 23
Марија Хиљадникова-Бајро1, Тони Јосифовски2, Милчо Пановски2, Александар Ј. Димовски3* 23
Frequency of the most common CYP3A5 polymorphisms in the healthy population of the Republic of Macedonia 

25
Krume Jakovski1, Aleksandra Kapedanovska Nestorovska 2, Nikola Labacevski1, Aleksandar J. Dimovski2* 25
Фрекфенција на најчестите CYP3A5 полиморфизми во здрава популација во Република Македонија  30
Круме Јаковски 1,Александра Капедановска Несторовска2, Никола Лабачевски1, Александар Ј. Димовски2  30
The influence of duration of the distillation of fresh and dried flowers on the essential oil composition of lavandin culti-

vated in Republic of Macedonia  31
Marija Karapandzova*, Ivana Cvetkovikj, Gjoshe Stefkov, Vlatko Stoimenov, Martin Crvenov, Svetlana Kulevanova 

31
Влијание на времетраењето на дестилацијата на свежи и на суви цветови врз составот на етеричното масло од 

култивиран лавандин од Република Македонија  38
Марија Карапанџова*, Ивана Цветковиќ, Ѓоше Стефков, Влатко Стоименов, Мартин Црвенов, Светлана 

Кулеванова 38
HPLC and UV-spectrophotometry analysis of flavonoids in spray-dried and freez-dried extracts of Teucrium polium L. 

(Lamiaceae) 39
Gjoshe Stefkov1*, Marija Karapandzova1, Marina Stefova2, Vassya Bankova3, Svetlana Kulevanova1 39

HPLC and UV-спектрофотометриска анализа на флавоноиди во суви екстракти од Teucrium polium L. (Lamiace-
ae), добиени со спреј сушење и со лиофилизација 43

Ѓоше Стефков1*, Марија Карапанџова1, Марина Стефова2, Васја Банкова3, Светлана Кулеванова1 43

Effect of prebiotic content on functional and physicochemical properties of Lactobacillus casei loaded chitosan-Ca-algi-
nate microparticles 45

Tanja Petreska Ivanovska1, Kristina Mladenovska1, Zoran Kavrakovski1, Liljana Bogdanovska1, Anita Grozdanov2, Emil 
Popovski3, Lidija Petrushevska-Tozi1* 45

Влијание на содржината на пребиотикот врз функционалните и физичко-хемиските својства на цитозан-Ca-
алгинатните микрочестички со Lactobacillus casei 51

Тања Петреска Ивановска1, Кристина Младеновска1, Зоран Кавраковски1, Лилјана Богдановска1, Анита 
Грозданов2, Емил Поповски3, Лидија Петрушевска-Този1*  51

Legal status of the pharmacy practice in the European Union and the Republic of Macedonia 53
J. Patcheva1*, K. Mladenovska2, L. Petrusevska Tozi2 53

Правната положба на аптекарската дејност во Европската Унија и Република Македонија 63
Ј. Патчева1*, K. Младеновска2, Л. Петрушевска - Този2 63

INSTRUCTIONS FOR AUTHORS 65



Macedonian pharmaceutical bulletin, 59 (1, 2) 3 - 14 (2013)
ISSN 1409 - 8695

UDC: 615.272:616-006.6-084
616-006.6-084:615.272

 Review paper

Natural antioxidants in cancer prevention

Zorica Arsova-Sarafinovska1, Aleksandar J. Dimovski2

1Institute of Public Health of the Republic of Macedonia, Department for Quality Control of Medicine, 50 Divizija 6, 1000 
Skopje, Republic of Macedonia

2Faculty of Pharmacy, Institute of Pharmaceutical Chemistry, Department of Molecular Biology and Genetics, Skopje, 
Vodnjanska 17, 1000 Skopje, Republic of Macedonia

Received: February 2013;  Accepted: May 2013
 

Abstract

It is well known that oxidative stress is an inevitable event in aerobic life. When our cells use oxygen to create energy, a variety of re-
active oxygen (ROS) and nitrogen species (RNS) are generated. These species could attack DNA directly and form mutagenic lesions af-
terwards. According to the oxidative stress hypothesis of aging, the oxidative damage to critical molecules accumulates over the life period 
and could ultimately impair the body’s function. Moreover, severe oxidative stress causes mutations of tumor suppressor genes, known as 
one of the initial events in carcinogenesis. Furthermore, it could also play a crucial role in the promotion of the multi-step carcinogenesis. 
On the other hand, the human body possesses a number of mechanisms that counteract oxidative stress by producing antioxidants in situ, or 
externally supplied them through foods and/or supplements. Indeed, a considerable amount of laboratory evidence from chemical, cell cul-
ture, and animal studies indicates that antioxidants may slow down or possibly prevent the cancer development. Yet, the information from 
recent cohort, case-control and/or ecological studies is less clear. Therefore, the objectives of this review are to compile a compendium of 
studies, and to identify effective and promising natural antioxidant interventions.
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Introduction

It is well known that oxidative stress is an inevitable 
event in aerobic life. When our cells use oxygen to cre-
ate energy, a variety of reactive oxygen (ROS) and nitro-
gen species (RNS) are generated as a consequence of ATP 
(adenosine triphosphate) production by the mitochondria 
(Bahorun et al., 2006; Halliwell and Gutteridge, 2007). 
These reactive species could damage the cell structures, in-
cluding lipids and membranes, proteins and nucleic acids. 
Their destructive effects are balanced by the antioxidant 
action of non-enzymatic antioxidants and antioxidant en-

zymes (Halliwell, 1996). Despite the presence of the cell’s 
defense system, oxidative damage accumulates during the 
life period. Moreover, this radical-related damage to DNA, 
to proteins and to lipids could play a crucial role in the de-
velopment of age-dependent diseases such as cancer, arte-
riosclerosis, arthritis, neurodegenerative disorders and oth-
er conditions (Halliwell and Gutteridge, 2007; Pham-Huy, 
2008). According to the oxidative stress hypothesis of ag-
ing, the oxidative damage to critical molecules accumu-
lates over the life period and could ultimately impair the 
body’s function. Moreover, severe oxidative stress causes 
DNA damage and mutations of tumor suppressor genes, 
known as one of the initial events in carcinogenesis (Chat-
terjee et al., 2007; Valko et al., 2006; Valko et al., 2007).
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The human body possesses a number of mechanisms 
that counteract oxidative stress by producing antioxidants. 
They are either produced in situ, or externally supplied 
through foods and/or supplements. The roles of antioxi-
dants are to act as “free radical scavengers” – to prevent 
and/or repair damages caused by ROS and RNS, and ul-
timately to lower the cancer risk (Chatterjee et al., 2007; 
Valko et al., 2006; Valko et al., 2007; Raj et al., 2011).

Endogenous compounds in cells can be classified as 
enzymatic and non-enzymatic antioxidants. The most im-
portant antioxidant enzymes directly involved in the scav-
enging of reactive species are: superoxide dismutase 
(CuZn-SOD, EC 1.15.1.1), catalase (CAT, EC 1.11.1.6), 
and glutathione peroxidase (GPX, EC 1.11.1.9) (Kenneth, 
2003). CuZn-SOD is the first line of defense against free 
radicals, that catalyzes the dismutation of superoxide an-
ion (O2

•ˉ) into hydrogen peroxide (H2O2). The last further 
transforms into water and oxygen (O2) by another enzymes 
such as catalase (CAT) or glutathione peroxidase (GPX). 
The selenoprotein GPX enzyme removes H2O2 and uses 
it to oxidize reduced form of glutathione (GSH) into oxi-
dized glutathione (GSSG). Besides H2O2, GPX also reduc-
es lipid or non-lipid hydroperoxides while oxidizing gluta-
thione (GSH) (Bahorun et al., 2006; Droge, 2002; Genes-
tra, 2007; Halliwell, 2007; Pacher et al., 2007; Willcox et 
al., 2004; Young and Woodside, 2001).

The non-enzymatic antioxidants are divided into met-
abolic and nutrient antioxidants. Metabolic antioxidants, 
such as lipoid acid, glutathione, L-ariginine, coenzyme 
Q10, melatonin, uric acid, bilirubin, metal-chelating pro-
teins, transferrin, etc., are produced by body metabolism 
(Droge, 2002; Willcox et al., 2004). On the contrary, nutri-
ent antioxidants, such as vitamin E, vitamin C, carotenoids, 
trace metals (selenium, manganese, zinc), flavonoids, ome-
ga-3 and omega-6 fatty acids, must be externally supplied 
through foods and/or supplements.

Dietary antioxidants play a key role in helping endog-
enous compounds to combat oxidative stress. They mini-
mize the deleterious effects of free radicals and fight off tu-
mors (Willcox et al., 2004; Donaldson, 2004; Hercberg et 
al., 2010; Riso et al., 2010; Myung et al, 2011). Vegetables, 
fruits, legumes, nuts, and seeds are sources of a variety of 
those bioactive compounds, such as carotenoids (including 

beta-carotene and lycopene), vitamin C, vitamin E, quer-
cetin, and selenium. Experimental evidence indicates a 
strong connection between oxidative damage, cancer, and 
aging. Epidemiological observations suggest that a diet 
rich in fruits and vegetables is associated with lower in-
cidence of some cancers and longer life expectancy; since 
fruits and vegetables contain natural antioxidants, a con-
siderable effort has been dedicated to understanding their 
effects in experimental studies and in human trials (Dolara 
et al., 2012; Somannavar and Kodliwadmath, 2012).

Most cases of cancer (80–90%) are linked to environ-
mental causes, and of these, 30–40% of cancers are linked 
to the diet.  It is believed that most cancers could be pre-
vented by following the recommendations of the 2007 
World Cancer Research Fund/American Institute for Can-
cer Research (WCRF/AICR) Diet and Cancer Report, by 
not smoking, and by avoiding other types of exposure to 
tobacco as well as by following recommendations on the 
subject of diet, physical activity, and weight. (http://www.
aicr.org/research/research_science_expert_report.html). 
Although many dietary recommendations have been pro-
posed to lower the risk of cancer up to date, only few have 
significant supporting scientific evidence. Therefore, the 
objectives of this review are to compile a compendium of 
studies, and to identify effective and promising natural an-
tioxidant interventions.

Natural antioxidants and lung cancer 

Vegetables and lung cancer 

According to the Second Diet and Cancer Report of the 
World Cancer Research Fund/American Institute for Can-
cer Research (WCRF/AICR) there are 17 cohort studies 
of vegetables consumption and lung cancer risk published 
up to date. 14 cohort studies showed reduced risk associ-
ated with higher levels of vegetable consumption (World 
Cancer Research Fund / American Institute for Cancer Re-
search, DC: AICR, 2007). Out of 27 case-control studies 
of total vegetables consumption and risk of lung cancer, 17 
showed reduced risk associated with higher levels of con-

Table 1. Vegetables and lung cancer 

Type of food studied
Cohort Studies Case-Control Studies

Reduced Risk* Total** Reduced Risk* Total**
Total vegetables 14 17 17 27
Non-starchy vegetables 3 3 n/a n/a
Green-leafy vegetables 5 5 12 17
Carrots 6 6 20 21

*Number of the studies that reported reduced cancer risk with higher levels of consumption
**Total number of studies
n/a: data not available
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sumption (World Cancer Research Fund / American Insti-
tute for Cancer Research., Washington, DC: AICR, 2007).

Three cohort studies investigated the association be-
tween non-starchy vegetables consumption and lung can-
cer risk and reported non-significant reduced risk when 
comparing highest and lowest vegetable intakes (Jansen 
et al., 2001; Knekt et al., 1997; Kvale et al., 1983). Non-
starchy vegetables are a good source of cancer-preventive 
substances (such as carotenoids and vitamin C, flavonoids, 
allylsulphides, and phytoestrogens). Few possible mecha-
nisms of action are proposed: via their antioxidant activ-
ities, induction of detoxification enzymes, stimulation of 
the immunity, antiproliferative potential, and/or modula-
tion of hormone metabolism. 

Five cohort studies of green, leafy vegetables intake 
and risk of lung cancer reported reduced risk when com-
paring high to low intake groups (Stahelin et al., 1991; 
Steinmetz et al., 1993). 

All six cohort studies of the association between car-
rots consumption and risk of lung cancer published up to 
date reported reduced risk (Speizer et al., 1999). Twenty 
out of the 21 case-control studies showed decreased risk 
when comparing high against low carrots intake groups. 

Carrots contain high levels of carotenoids, mostly al-
pha-carotene and beta-carotene, as well as other vitamins 
with protective effects. Tomatoes are a source of vitamin C 
and carotenoids, mainly lycopene. Suggested mechanisms 
of action of carotenoids include the antioxidant proper-
ties and ligand-dependent signaling via retinoid receptors 
(Shardell et al., 2011). 

Fruits and lung cancer 

According to the Second Diet and Cancer Report of 
the World Cancer Research Fund/American Institute for 
Cancer Research (WCRF/AICR) there is convincing evi-
dence that fruits consumption protect against lung cancer. 
Pooled analysis from 8 cohort studies of fruits intake and 
lung cancer showed a statistically significant reduced risk 
for the highest intake group when compared to the low-
est. Similar results were obtained from the 21 case-control 
studies published up to date. Of the seven ecological stud-
ies, four reported non-significant decreased risk in areas of 
higher fruit consumption, one reported no consistent as-
sociation, and two reported non-significant increased risk. 

A few possible mechanisms are proposed to explain 
the antioxidant properties of fruits. Fruits, in particular cit-

rus fruits, are main sources of vitamin C and flavonoids. 
Vitamin C traps ROS and RNS, protecting against free-
radical damage. It also regenerates other antioxidants such 
as vitamin E (Miller, 2002; Padayatty et al., 2003). Some 
fruits (for instance apples and grapefruit) contain high lev-
els of beta-carotene and other carotenoids, or quercetin and 
other flavonoids. They can further inhibit carcinogen-acti-
vating enzymes and reduce oxidative damage generated by 
inflammation. Furthermore, Liu et al. (2005) reported that 
apples given in physiological quantities inhibited carcino-
gen-induced mammary cancer in rodents.

Dietary quercetin and lung cancer 

According to the WCRF/AICR Diet and Cancer Report 
there is limited evidence suggesting that dietary quercetin 
protects against lung cancer.  In fact, there are only two 
cohort studies that investigated foods containing querce-
tin consumption and lung cancer risk and they showed sig-
nificant decreased risk for the highest intake groups when 
compared to the lowest (Hirvonen et al., 2001; Knekt et 
al., 2002). Two case-control studies showed decreased risk 
for the highest intake groups when compared to the low-
est (statistically significant in one), while one study report-
ed non-significant increased risk (World Cancer Research 
Fund / American Institute for Cancer Research. Washing-
ton, DC: AICR, 2007).

The proposed mechanism of action is that quercetin 
inhibits expression of cytochrome P450 enzyme CYP1A1 
that consequently results in reduced formation of DNA ad-
ducts. Indeed, elevated CYP1A1 activity has been linked 
with increased risk of lung cancer, predominantly in smok-
ers. The protective association of flavonoids is related with 
specific CYP1A1 genotypes; the fact that explains hetero-
geneity of the results (Kang et al., 1999; Le Marchand et 
al., 2000).

Dietary carotenoids and lung cancer 

There is a substantial amount of evidence available 
from both cohort and case-control studies that food con-
taining carotenoids probably protect against lung cancer. 
All 11 cohort studies showed decreased risk for the highest 
intake group, which was statistically significant in three. 
Twelve of the case-control studies showed decreased risk 
for the highest intake group when compared to the low-
est, which was statistically significant in seven. Three stud-

Table 2. Fruits and lung cancer 

Type of food 
studied

Cohort Studies Case-Control Studies Ecological Studies
Reduced Risk* Total** Reduced Risk* Total** Reduced Risk* Total**

Fruits 8 8 21 21 4 7
*Number of the studies that reported reduced cancer risk with higher levels of consumption
**Total number of studies
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ies reported increased risk, statistically significant in one, 
while one study reported no effect on risk (World Cancer 
Research Fund / American Institute for Cancer Research. 
DC: AICR, 2007). The similar results were obtained from 
the studies of serum or plasma levels of carotenoids and 
risk of lung cancer - four cohort studies and five case-con-
trol studies reported decreased risk for the highest serum or 
plasma levels when compared to the lowest.

Pooled analysis from 7 cohort studies of dietary beta-
cryptoxanthin consumption and lung cancer risk showed 
a statistically significant decreased risk when comparing 
high against low intake groups (Mannisto et al., 2004). 
On the contrary, the single ecological study reported as-
sociation between increased intake and increased risk (Le 
Marchand et al., 1995).

Interestingly, data on beta-carotene supplements pro-
vide considerable evidence that high-dose supplements 
have a contrasting effect, at least in smokers, increasing 
the risk of lung cancer. Data on dietary beta-carotene (15 
cohort studies, a pooled analysis, 32 case-control studies, 2 
ecological studies) and serum or plasma beta-carotene (13 
cohort studies, 16 case-control studies, 1 ecological study) 
showed no consistent evidence for association (Lin et al., 
2009; Druesne-Pecollo et al., 2010; Jeon et al., 2011).

Dietary selenium and lung cancer 

According to the WCRF/AICR Diet and Cancer Re-
port there is limited evidence to suggest that selenium-
rich foods protect against lung cancer. One cohort study 
showed non-significant increased risk in non-smokers and 
non-significant decreased risk in smokers for the highest 
intake group comparing to the lowest (Schrauzer et al., 
1977). Both case-control studies showed a non-significant 
increased risk for the highest intake group (Cheng et al., 
1996; Hu et al., 1997). Similar results were obtained in the 
studies of plasma or serum selenium and lung cancer - sev-
en cohort studies showed decreased risk for the highest se-
lenium levels, but statistical significance was reached in 
only two of them (Knekt et al., 1998; Salonen et al., 1985). 
Six case-control studies showed decreased risk for the high-
est levels when compared to the lowest. One study inves-
tigated plasma or serum selenium demonstrated non-sig-

nificant increased risk (Tominaga et al., 1992). Two cohort 
studies that investigated selenium levels in nails showed 
decreased risk for the highest selenium levels when com-
pared to the lowest, statistically significant in one (van den 
Brandt et al., 1993; Fritz et al., 2011).

Natural antioxidants and colorectal cancer 

Vegetables and colorectal cancer 

A substantial amount of evidence is available that non-
starchy vegetables protect against colorectal cancer but the 
findings are inconsistent (Papaioannou et al., 2011). 17 co-
hort studies of non-starchy vegetables consumption and 
risk of colorectal cancer reported comparable risk between 
the highest and lowest intake groups, while 11 were in the 
direction of reduced risk (World Cancer Research Fund / 
American Institute for Cancer Research. Washington, DC: 
AICR, 2007).

Additionally, there is consistent evidence, mostly 
from case-control studies, that garlic consumption protects 
against colorectal cancer in a dose-response manner. In-
deed, all six case-control studies showed decreased risk for 
the highest consumers of garlic, statistically significant in 
three (Levi et al., 1999; Yang et al., 1994). Additionally, the 
data obtained from the study with model carcinogens and 
transplantable tumors were in favor of the anticancer effect 
of garlic and some of its allyl sulphur components. Further-
more, the findings from studies with animal models dem-
onstrated that allyl sulphides effectively inhibit tumor for-
mation in the colon (Chu et al., 2007). 

Fruits and colorectal cancer 

There are a number of researchers that studied the asso-
ciation between the fruit consumption and colorectal can-
cer, but the evidence obtained is inconsistent. Twenty co-
hort studies and 57 case-control studies investigated fruits 
and colorectal cancer. Thirteen cohort studies showed de-
creased risk with increased intake, but the statistical sig-
nificance was reached only in two studies (World Cancer 
Research Fund / American Institute for Cancer Research. 
Washington, DC: AICR, 2007).

Table 3. Dietary quercetin, carotenoids, beta-cryptoxanthin and selenium and lung cancer 

Foods containing
Cohort Studies Case-Control Studies

Reduced Risk* Total** Reduced Risk* Total**
Quercetin 2 2 2 3
Carotenoids 11 11 12 16
Beta-cryptoxanthin 7 7 0 1
Selenium 0 1 0 2

*Number of the studies that reported reduced cancer risk with higher levels of consumption
**Total number of studies
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Dietary selenium and colorectal cancer 

A substantial amount of data on the association be-
tween dietary selenium and colorectal cancer (although 
from case-control studies only) suggested that selenium-
rich foods protect against colorectal cancer. Fifteen case-
control studies reported decreased risk, statistically sig-
nificant in four (World Cancer Research Fund / American 
Institute for Cancer Research., Washington, DC: AICR, 
2007).

The proposed mechanism of action is that selenium 
deficiency causes a lack of selenoprotein expression. There 
are twenty-five selenoproteins identified up to date; all of 
them having significant anti-inflammatory and antioxidant 
functions. For example, four selenoproteins belong to glu-
tathione peroxidases family; they protect lipids, lipopro-
teins, and DNA from oxidative damage. Three selenopro-
teins are thioredoxin reductases which regenerate oxidized 
ascorbic acid to its active form. All of them are known to 
be rapidly degraded during selenium deficiency. Moreover, 
it was suggested that supraphysiological amounts of sele-
nium could affect programmed cell death, DNA repair, car-
cinogen metabolism, immune system, and anti-angiogenic 
effects (Ganther, 1999; Higdon, et al., 2007).

Natural antioxidants and prostate cancer

Tomatoes, dietary lycopene and prostate cancer 

Lycopene is the most efficient antioxidant among all 
carotenoids identified up to date. It is most bioavailable 
from cooked and pureed tomatoes. Therefore, the best way 
of measuring the systemic exposure is study on tomato 
sauce, or on serum or plasma lycopene. 

There is a substantial amount of consistent evidence, 
from both cohort and case-control studies that lycopene-
containing foods protect against prostate cancer (Seren et 
al., 2008; Vance et al., 2013).

Three of the cohort studies of tomatoes consumption 
and risk of prostate cancer showed decreased risk for the 
highest intake groups when compared to the lowest (Platz 
et al., 2004). Seven of the case-control studies reported de-
creased risk for the highest intake groups when compared 

to the lowest. Two cohort studies of dietary lycopene con-
sumption and prostate cancer reported non-significant de-
creased risk for the highest intake groups when compared 
to the lowest, while the other study showed non-significant 
increased risk. Nine case-control studies showed decreased 
risk for the highest intake groups when compared to the 
lowest, which was statistically significant in one. 

Five cohort studies of serum or plasma lycopene and 
prostate cancer risk reported a non-significant reduced risk 
for the highest intake groups when compared to the low-
est; the other study showed an increased risk (Gann et al., 
1999). Both case-control studies of serum or plasma lyco-
pene showed a statistically significant reduced risk for the 
highest intake groups (Lu et al., 2001; Dahan et al., 2008). 

Dietary beta-carotene and prostate cancer 

In accordance with the evidence from cohort and case-
control studies it could be concluded that foods containing 
beta-carotene does not have a substantial effect on the risk 
of prostate cancer.

Three cohort studies of dietary beta-carotene consump-
tion and prostate cancer showed non-significant increased 
risk with increased intake, while three studies showed no 
effect on risk. Although fourteen case-control studies re-
ported decreased risk with increased intake, statistical sig-
nificance was reached only in two relatively low quality 
studies. The similar findings were obtained from the cohort 
and case-control studies of serum or plasma beta-carotene 
and prostate cancer risk (Vogt et al., 2002).

Dietary vitamin E and prostate cancer 

It is well known that vitamin E slows down DNA dam-
age, increases DNA repair, reduces lipid peroxidation, and 
prevents activation of some carcinogens. Additionally, it 
protects body’s vitamin A and selenium. While acting as a 
free-radical scavenger, it enhances the immune response in 
the body, which may play a crucial role in cancer defenses 
(Willis and Wians, 2003). Vitamin E has also been shown 
to delay the growth of human prostate tumors induced in 
animal models (Fleshner et al., 1999).

Table 4. Natural antioxidants and colorectal cancer 

Foods/
Foods containing

Cohort Studies Case-Control Studies
Reduced Risk* Total** Reduced Risk* Total**

Non-starchy vegetables 11 17 n/a n/a
Garlic n/a n/a 6 6
Fruits 13 20 30 57
Selenium n/a n/a 15 15

*Number of the studies that reported reduced cancer risk with higher levels of consumption
**Total number of studies
n/a: data not available
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However, there is limited evidence that vitamin E- rich 
foods protect against prostate cancer. Indeed, the evidence, 
obtained mostly from case-control studies, was inconsis-
tent. For example, statistical significant decreased risk for 
the highest intake groups was demonstrated only in one out 
of seven cohort studies of serum or plasma alpha-tocopher-
ol and prostate cancer (Goodman et al., 2003). Most stud-
ies of dietary vitamin E consumption and prostate cancer 
risk showed non-significant decreased risk, although there 
is heterogeneity in the direction of effect reported and ef-
fect estimates are usually very close to 1 (no effect). All six 
cohort studies that investigated serum gamma-tocopher-
ol and prostate cancer reported inverse association (Wein-
stein et al., 2005; Lin et al., 2009; Klein et al., 2011).

Dietary selenium and prostate cancer 

According to the 2007 WCRF/AICR Diet and Cancer 
Report there is a considerable amount of evidence from 
both cohort and case-control studies, that selenium-rich 
foods protect against prostate cancer. Eight cohort studies 
and four case-control studies reported inverse associations 
between serum or plasma selenium and prostate cancer (Li 
et al., 2004). Two cohort studies of selenium levels in nails 
and prostate cancer risk demonstrated non-significant de-
creased risk for the highest intake groups. Two cohort stud-
ies investigated selenium levels in nails for advanced or 
aggressive prostate cancer. Both showed statistically sig-
nificant decreased risk for the highest intake groups (van 
den Brandt et al., 2003; Klein et al., 2011).

Natural antioxidants and breast cancer

Fruits, vegetables and breast cancer

Some epidemiologic studies suggest that fruit and 
vegetable consumption could reduce risk of breast cancer. 
However, most have been case-control studies in which se-
lection bias may strongly influence the results. In 2000, a 
meta-analysis was performed, aimed to summarize exist-

ing data on the relationship between breast cancer, fruit 
and vegetable consumption and/or the intake of beta-caro-
tene and vitamin C. Relative risks were extracted from 26 
studies published in the period from 1982 to 1997. It con-
firms the association between intake of vegetables and, to 
a lesser extent, fruits and breast cancer risk from published 
sources (Gandini et al., 2000).

Smith-Warner et al. (2001) studied the relation be-
tween breast cancer and total and specific fruit and vegeta-
ble group intakes by means of standardized exposure def-
initions. No associations were found for green leafy vege-
tables, 8 botanical groups, and 17 specific fruits and vege-
tables. Therefore, the results suggest that fruit and vegeta-
ble consumption during adulthood is not significantly as-
sociated with reduced breast cancer risk (Smith-Warner et 
al., 2001).

Riboli and Norat (2003) wanted to summarize evi-
dence from case-control and prospective studies on fruit 
and vegetable consumption and cancer risk with a meta-an-
alytic approach. According to their findings, breast cancer 
is associated with vegetables, but not with fruits consump-
tion (Riboli and Norat, 2003).

Furthermore, of the results from the European Prospec-
tive Investigation into Cancer and Nutrition (EPIC) study 
(the largest study of nutrition and health ever undertaken, 
with over half a million people from ten European coun-
tries enrolled) confirmed that the consumption of fruit and 
vegetables is not associated with breast cancer risk. This 
critical finding helped to narrow down the factors involved 
in breast cancer etiology and prevention (http://epic.iarc.fr/
research/cancer.php). 

Natural antioxidants and stomach cancer

Vegetables and stomach cancer

There are a number of researchers that studied the pos-
sible association between the vegetables consumption and 
stomach cancer. On the basis of a substantial amount of ev-
idence available, including on specific subtypes, particu-

Table 5. Natural antioxidants and prostate cancer 

Type of food stud-
ied

Cohort Studies Case-Control Studies Ecological Studies
Reduced Risk* Total** Reduced Risk* Total** Reduced Risk* Total**

Tomatoes 3 5 7 9 n/a n/a
Lycopene 2 2 9 14 n/a n/a
Beta-carotene 4 10 14 21 n/a n/a
Vitamin E 1 7 n/a n/a n/a n/a
Selenium 1 1 2 7 2 2

*Number of the studies that reported reduced cancer risk with higher levels of consumption
**Total number of studies
n/a: data not available
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larly green yellow vegetables, the 2007 WCRF/AICR Diet 
and Cancer Report sums up that vegetables probably pro-
tect against stomach cancer in a dose-response manner. Of 
45 case-control studies that studied non-starchy vegetable 
consumption and stomach cancer, 28 reported statistical-
ly significant decreased risk. Additionally, the majority of 
the 17 remaining studies that reported no significant effect 
on risk were in the direction of decreased risk (Gajalaksh-
mi and Shanta, 1996).

Results from ecological studies on non-starchy vege-
table consumption were inconclusive, with almost as many 
studies reporting increased risk as reported decreased risk 
(Engel et al., 2003). 

Of the 21 case-control studies on green yellow vegeta-
ble consumption and stomach cancer incidence, 16 showed 
decreased risk. This exposure included green-yellow vege-
tables, green vegetables, yellow vegetables, yellow-orange 
vegetables, carrots and pumpkins, and high-carotenoid 
vegetables (Zickute et al., 2005). Nine case-control studies 
that investigated green, leafy vegetables consumption and 
stomach cancer showed decreased risk with increased in-
take (Zickute et al., 2005).

Significant inverse association was found in seven out 
of 12 case-control studies reporting decreased risk with in-
creased intake of lettuce or salad leaves (Ito et al., 2003).

Two cohort studies on tomatoes consumption and 
stomach cancer demonstrated a non-significant increased 
risk with increased intake, while most case-control stud-
ies showed decreased risk with increased intake (Tokui et 
al., 2005). 

One of the proposed mechanisms of action is that bio-
active constituents could protect against H.pylori-induced 
damage, particularly inflammation, the crucial event in the 
development of stomach cancers. It is well known that al-

lium vegetables, especially garlic, are high in flavonols 
and organosulphur compounds. They have antibiotic prop-
erties. Although this may act directly against H pylori, a 
study in humans has not proven this effect. The possible 
mechanism of action is that antibacterial effects of garlic 
might inhibit the colonization of the stomach after H pylo-
ri-induced atrophy. Indeed, a study with animals provided 
evidence that dietary garlic can reduce the severity of H py-
lori-associated gastritis (Iimuro et al., 2002).

According to the findings, allium vegetables-rich diet 
most likely protects against stomach cancer. The data from 
two ecological studies suggested significant decreased in-
cidence of stomach cancer with increased consumption of 
allium vegetables. Similar results were obtained in case 
controls studies that showed reduced risk when comparing 
high with low intake groups (Takezaki et al., 1999). 

Fruits and stomach cancer

On the basis on the substantial amount of evidence on 
association between fruits intake and stomach cancer risk, 
the 2007 WCRF/AICR Diet and Cancer Report summa-
rized that fruits probably protect against stomach cancer in 
a dose-response manner. Forty case-control studies dem-
onstrated decreased risk for the highest intake groups when 
compared to the lowest, being statistically significant in 25 
(López-Carrillo et al., 2004).

Dietary selenium and stomach cancer

There is a substantial amount on the association be-
tween dietary selenium consumption and stomach can-
cer incidence, mostly from case-control studies. However 
there is no strong evidence that selenium-rich foods protect 

Table 6. Natural antioxidants and stomach cancer 

Type of food 
studied

Cohort Studies Case-Control Studies Ecological Studies

Reduced Risk* Total** Reduced Risk* Total** Reduced Risk* Total**

Vegetables n/a n/a 27 45 n/a n/a
Non-starchy 
vegaables n/a n/a 16 21 n/a n/a

Green, leafy 
vegetables n/a n/a 9 12 n/a n/a

Letuce n/a n/a 7 12 n/a n/a
Tomato 2 2 n/a n/a n/a n/a
Allium n/a n/a n/a n/a 2 2
Fruits n/a n/a 30 40 n/a n/a
Selenium n/a n/a 0 1 2 2

*Number of the studies that reported reduced cancer risk with higher levels of consumption
**Total number of studies
n/a: data not available
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against stomach cancer onset (Table 6).
The single case-control study that investigated di-

etary selenium consumption and stomach cancer reported 
that dietary selenium was not significantly associated with 
stomach cancer risk, while most ecological studies showed 
that low selenium levels were associated with increased 
stomach cancer risk (World Cancer Research Fund / Amer-
ican Institute for Cancer Research. Food, Washington, DC: 
AICR, 2007).

Conclusion

The implication of oxidative stress in the promotion 
of carcinogenesis suggests that antioxidant therapy repre-
sents a promising opportunity for cancer prevention. Addi-
tionally, a therapeutic strategy to increase the antioxidant 
capacity of cells may be used to fortify the long term ef-
fective treatment. In the past it was generally believed that 
high-dose dietary supplements can modify the risk of some 
cancers. Although some studies in specific, usually high-
risk, groups have shown evidence of cancer prevention 
from some supplements, this finding may not apply to the 
general population. Their level of benefit may be different, 
and there may be unexpected adverse effects. Therefore it 
is unwise to recommend widespread supplement use as a 
means of cancer prevention. 

The 2007 World Cancer Research Fund/American In-
stitute for Cancer Research (WCRF/AICR) Diet and Can-
cer Report strongly recommend that increasing the con-
sumption of the relevant nutrients through the usual diet is 
preferred and the best source of antioxidants is foods and 
drinks, not dietary supplements.
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Резиме

Природните антиоксиданси во превенција на малигни 
заболувања

Зорица Арсова-Сарафиновска1 и Александар Ј. Димовски2
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1000 Скопје, Република Македонија

2Фармацевтски факултет, Институт за фармацевтска хемија, Катедра за биомолекуларни науки, Водњанска 17, 
1000 Скопје, Република Македонија

Клучни зборови: оксидативен стрес; реактивни кислородни форми; реактивни азотни форми; природни антиоксиданси; 
канцер.

Оксидативниот стрес е неизбежна последица на аеробниот живот. Во тек на клеточната респирација и продукција 
на високоенергетски соединенија во митохондриите се создава широк спектар на реактивни кислородни (РКФ) и 
азотни форми (РАФ) кои можат директно да ја нападнат молекулата на ДНК. Според теоријата на оксидативен стрес, 
стареењето и дегенеративните болести настануваат како резултат на акумулација на оксидативно оштетување на кри-
тични молекули (ДНК, липиди, протеини) во тек на животниот век. Познато е дека тешкиот оксидативен стрес доведу-
ва мутација на тумор супресорните гени (рани настани во процесот на карциногенеза), но се поврзува и со стадиуми-
те на промоција и прогресија. Човечкиот организам развил одбранбен механизам за заштита од оксидативниот стрес, 
кој го сочинуваат систем на антиоксиданси, создадени in situ или обезбедени преку храна или суплементи. Според 
податоците добиени од студии изведени на клеточни култури или со експериментални животни, антиоксидансите 
можат да го забават, дури и спречат развојот на малигните процеси. Меѓутоа, поновите податоци добиени со анализа 
на изведени кохортни студии, студии на случаи, и/или еколошки студии се контрадикторни. Заради тоа, цел на 
овој преглед е да се резимираат податоците од објавените студии и да се идентификуваат ефективни третмани со 
природни антиоксиданси.
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Abstract

Simple, automated SPE procedure combined with fast LC-MS/MS chromatographic separation resulted in obtaining high-throughput 
LC-MS/MS method for determination of indapamide in serum. The SPE procedure was performed on polymeric mixed-mode sorbent and 
the analytes were quantitated using electrospray ionization in positive mode. The recovery of indapamide and internal standard were 89.25-
90.36% and 79.10%, respectively. Experimentally it was confirmed that the matrix effect had a negligible effect of ionization efficiency. 
The validation data showed that the proposed method provides accurate and reproducible results in range of 0.50-50 ng/mL. In addition, 
a comparison was made between the method for determination of indapamide in serum and in blood (develop in our previously work) 
regarding the extraction procedure and matrix effect.
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Introduction

Indapamide is a sulphonamide derivative pharmaco-
logically related to thiazide diuretics. Indapamide is pref-
erentially and reversibly taken up by the red blood cells, 
but it is also highly bound to plasma proteins (Dollery, C. 
1999). The concentration of indapamide, for the needs of 
pharmacokinetic studies, can be estimated from blood or 
plasma/serum. The possibility of lysis of the erythrocytes 
makes its determination from blood more appropriate and 
precise. There are number reports concerning determina-
tion of indapamide in whole blood using high-performance 

liquid chromatography with ultraviolet detection (HPLC-
UV) and liquid chromatography coupled with mass spec-
trometry (LC-MS) (Miller et al., 1993; Zendelovska et al., 
2003; Tang et al., 2005; Hang et al., 2006; Jain et al., 2006; 
Nakov et al., 2013). 

However, the literature data have shown that indap-
amide plasma/serum concentrations can also be used for 
clinical applications. Several HPLC-UV methods for de-
termination of indapamide in plasma have been published 
(Choi et al., 1982; Gaetani et al., 1986; Zendelovska et al., 
2003). In the recent years the number of reported LC-MS 
methods for estimation of indapamide in human plasma/
serum increases, mainly due to the specificity and sensi-
tivity of the MS detector. Albu et al. (2005) and Ding et 
al. (2006) described LC-MS method using liquid-liquid 
extraction (LLE) procedure for determination of indap-



16

Maced. pharm. bull., 59 (1, 2) 15 - 22 (2013)

N. Nakov, K. Mladenovska, D. Zafirov, A. Dimovski, R. Petkovska,  A. Dimitrovska, Z. Kavrakovski

amide in serum under isocratic conditions, within 11min 
and 5min, respectively. Another published LC-MS meth-
od (Chen et al., 2006) employs LLE and gradient elution 
with a runtime of 7.5 min. LC-MS/MS method using auto-
mated 96-well SPE for determination of indapamide in hu-
man serum was described by Morihisa et al (2008). Even 
though the method showed excellent sensitivity, the sepa-
ration was performed under gradient elution within 16 min. 

In our previously work, we have developed an auto-
mated SPE-LC-MS/MS method for determination of inda-
pamide in human whole blood within 3 minutes (Nakov 
et al., 2013). The objective of this work was to develop an 
automated SPE procedure for determination of indapamide 
in serum taking the advantage of the fast chromatograph-
ic separation attained in the previous work. The proposed 
method was validated in order to establish that it will con-
tinue to provide accurate, precise and reproducible results 
during the real study sample analysis. In addition, compar-
ison of the two methods (determination of indapamide in 
serum vs. blood) in terms of extraction procedure and ma-
trix effect was done. 

Experimental

Chemicals and standards

Indapamide (purity 97.6 %) and zolpidem tartarate ref-
erence standards were purchased from EDQM (Strasbourg, 
France). Methanol, acetonitrile, water (MS grade) and am-
monium acetate and potassium hydrogen phosphate diba-
sic (analytical grade) were supplied from Sigma-Aldrich, 
Germany. Formic acid and potassium hydroxide pellets 
(analytical grade) were purchased from Merck, Germany. 

Instrumentation and experimental conditions

The HPLC-MS/MS system consisted of Shimadzu 
LC-30 Nexera coupled to a Shimadzu LCMS 8030 triple 
quadrupole mass spectrometer with an electrospray ion-
ization (ESI) interface. Data were acquired using Shimad-
zu LCMS LabSolution software. Automated SPE was per-
formed on RapidTrace workstation (Biotage AB), con-
trolled by RapidTrace V 2.0 software.

Chromatographic separation was achieved on Kinetex 
C18 column (100 x 2.1 mm, 1.7 µm partical size) using 
acetonitrile and 2 mM ammonium acetate (added 0.5 mL 
formic acid in 1 L buffer) in ratio 90:10 (v/v) as a mobile 
phase. The flow rate was 0.2 mL/min and the injection vol-
ume 10 µL. The column temperature was 30 °C and the au-
tosampler temperature was set at 15 °C. The run time was 
2.5 minutes. Mass spectrometric conditions were as fol-
lows: drying gas 11.0 L/min, nebulizing gas 2.4 L/min, de-
solvation line temperature 280 ºC, heat block temperature 
430 ºC, interface voltage 4.5 kV and collision gas 230 kPa. 
Indapamide and zolpidem tartarate (internal standard, IS) 
were quantitated in multiple reaction monitoring (MRM) 
using the transition of m/z 366.1 → 132.15 and 309.0 → 

236.10 respectively. The collision energy applied was 20V 
for indapamide and 35V for the IS. 

Preparation of calibration standards (CS) and quality 
control (QC) samples

Indapamide and zolpidem tartarate were dissolved in 
methanol to yield a stock solution of 1 mg/mL each. Inda-
pamide working solutions, in concentrations ranging from 
0.50 to 50 ng/mL, were prepared by serial dilution of the 
stock solution. The calibration standards (CS) and quality 
control (QC) samples were prepared by spiking 50 µL of 
each working standard solution with 150 µL blank human 
serum. IS working solution of 600 ng/mL was prepared by 
dilution of IS stock solution in methanol. 

Sample preparation by automated solid-phase extraction 
(SPE) procedure

A volume of 200 µL of a CS or QC samples was placed 
in a testing tube and 20 µl IS working solution and 400 µL 
of 100 mM K2HPO4 (pH 10.5) were added and homog-
enized by vortex-mixed. Phenomenex Strata-X-Drug N 
Polymer RP (60 mg/3 mL) cartridges were used for an-
alyte extraction. The automated SPE was carried out on 
RapidTrace workstation according to following steps: a) 
loading 0.5 mL sample; b) washing with 2 mL mixture of 
methanol and water in ratio 10:90 (v/v); c) drying for 3min 
with N2 gas; d) elution with 1 mL methanol. The eluate was 
transferred to vials and 10 µl was injected into the LC-MS/
MS system. 

Bioanalytical method validation 

A validation according to the EMA guideline was per-
formed for the determination of indapamide in human se-
rum (EMA 2011).

For selectivity assessment, blank samples from six dif-
ferent subjects were tested using the proposed method. The 
obtained results were compared with the lower limit QC 
samples  (0.50 ng/mL). 

The effect of serum constituents over the ionization ef-
ficinecy of indapamide and IS was determined by compar-
ing the responses of the post-extracted blank serum (ob-
tained from 6 different donors) spiked with analyte and IS 
with response of analyte from neat standard samples (ana-
lyte and IS spiked with methanol instead of blank serum). 
The matrix factor (MF) for indapamide was determined at 
low QC and high QC, whereas the MF for IS was determi-
nate at single concentration of 20 ng/mL. The IS normal-
ized MF was obtained by dividing the indapamide MF by 
the MF of IS.

A calibration curve was constructed from blank sam-
ple (serum sample without analyte and IS), a zero sam-
ple (serum with IS) and seven non-zero samples covering 
the range from 0.50-50 ng/mL. The calibration curves ob-
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tained from six days were fitted to the ordinary linear re-
gression through the measurement of the peak area ratio of 
the analyte to IS. The accuracy and precision of the meth-
od were evaluated by within-run (n=5) and between-run 
(n=30) assay using QC samples at concentrations of 0.50 
ng/mL (lower limit QC); 1 ng/mL (low QC),   25 ng/mL 
(medium QC) and 40 ng/mL (high QC). For within-run ac-
curacy and precision, five samples per concentration were 
prepared and analyzed in the same day. For between-run 
accuracy and precision, five determinations per concentra-
tion per run from three runs were analyzed on two differ-
ent days.

Stability of indapamide in human serum was evaluated 
by analyzing replicates (n=3) that were exposed to differ-
ent conditions (24 h at room temperature, 12 h in autosam-
pler, three freeze-thaw cycles and 1 month stored at -20 ºC) 
at two concentrations (1 ng/mL and 40 ng/mL). The QC 
samples are analyzed against calibration curve and com-
pared to the nominal concentrations. The stability of stock 
solutions of the analytes which were stored at room tem-
perature for 24 h and one month at 2-8 ºC was also tested.

Results and discussion

Method development

The strategy for obtaining high-throughput bioanalyti-
cal method is composed of fast chromatographic separation 
on one hand and automated; fast and simple sample clean-
up procedure on the other hand. The fast chromatograph-

ic separation is the first segment, which plays an important 
role in obtaining high sample throughput. The existing lit-
erature data have shown that the use of fully-porous parti-
cles (Chen et al., 2006; Ding et al., 2006 and Morihisa et al., 
2008) or monolithic columns (Albu et al., 2005) did not pro-
vide separation of indapamide within short runtime. In our 
previous work, method for determination of indapamide in 
human whole blood using core-shell stationary phase was 
developed (Nakov et al., 2013). These particles are not ful-
ly porous; analytes spend less time diffusing into and out of 
the pores, resulting in faster mass transfer and shorter run 
time. It was observed that under the optimized chromato-
graphic conditions indapamide and IS eluted in less than 3 
minutes. Prompted by these results, the reported chromato-
graphic conditions were applied in the new method for de-
termination of indapamide in human serum. The retention 
time of indapamide and IS extracted from human serum was 
1.55 min and 1.66 min, respectively (Fig.1), in contrast to 11 
min reported by Albu et al. (2005) and 16 min reported by 
Morihisa et al. (2008). The benefit from short analysis time 
is not only in the increased sample throughput, but also in 
dramatically decreased solvent consumption. 

One of the important factors in a qual ity quantitative 
method is the availability of a quality IS that plays an im-
portant role in nor malizing (and therefore reducing) vari-
ability (Mulvana 2010). Zolpidem tartarate was chosen as 
internal standard because it not only posses similar phys-
icochemical properties as the analyte, but it also coelute 
with the analyte and, thus, will experience the same ioniza-
tion suppression/enhancement as the analyte.

Fig. 1 MRM chromatograms for indapamide (A) and internal standard (B) from medium CS. Conditions: Kinetex C18 
column, mobile phase consisting of acetonitrile:2 mM ammonium acetate (90:10 v/v), containing 0.5mL formic acid 
in 1L buffer; flow rate of 0.2 mL/min
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The indapamide molecule contains NH2 group, which 
could be ionized efficiently using ESI+ mode. The chemi-
cal structure and the Q3 (+) mass scan spectrum of indap-
amide are presented in Figure 2. The molecular weight of 
indapamide is 365 g/mol, so m/z 366.0 correspond to pro-
tonated molecular ion [M+H]+ of indapamide and ion with 
m/z 132.1 correspond to the major fragment. The ion mass 
of m/z 407.1 probably comes from the adduct ion of inda-
pamide with acetonitrile; m/z 64.1 derives from ammoni-
um formate cluster [CHOONH4+H]+ and the possible ori-
gin of the ion with m/z 105.0 is from acetonitrile/ ammoni-
um formate cluster. 

The second part from obtaining high-throughput bio-
analytical method, as stated above, is having an automated, 
fast and simple sample clean-up procedure. For that pur-
pose our research was towards developing SPE which as 
a technique has number of advantages over LLE. The SPE 
procedure was performed on polymeric mixed-mode sor-
bent which can retain analytes by several different sorbent-
analyte interactions. Indapamide is weak basic compound 
(pKa 8.3, Dollery, C. 1999), so its retention on the sor-
bent can be achieved as ionic or as neutral form. In that 
direction experiments were made using buffer at pH two 
units below and two units above its pKa value. The best 
results were obtained using buffer (100 mM KH2PO4) at 
pH 10.5. In comparison, the extraction of indapamide from 
blood using buffer at pH 6.8, which is close to physiolog-

ical pH, was performed. Optimization of the washing step 
of the SPE is crucial, in one hand to remove matrix com-
ponents which otherwise may impose ionization suppres-
sion/enhancement of the analytes and to obtain satisfactory 
recovery on the other hand. The use of methanol and wa-
ter in ratio 20:80 (v/v, %) as a washing solvent resulted in 
low recovery (around 60%). To avoid washing of the ana-
lyte from the cartridge, methanol and water in ratio 10:90 
(v/v) was used, but this led to unsatisfactory removal of 
the matrix components. The matrix effect observed under 
these conditions, in term of suppression of ionization was 
around 25%. This problem was solved when larger vol-
ume of washing solvent was used (2 mL instead of 1 mL). 
In comparison, removal of matrix effect from whole blood, 
due to its complexity, was accomplished using 4 mL wash-
ing solvent.

The extraction yield under the optimized conditions 
is presented in Table 1. Recovery was calculated by com-
paring mean peak areas obtained from extraction of QC 
samples and extracted blank serum spiked with the corre-
sponding concentrations of indapamide and IS. The opti-
mized SPE procedures for extraction of indapamide from 
serum and blood gave similar recovery values. The mean 
recovery for indapamide from serum was around 90% and 
from blood was around 92%. The mean recovery for IS 
was around 80% in either case. 

Fig. 2 Chemical structure and Q3 (+) mass scan spectrum of indapamide.

Table 1. Absolute recovery of indapamide and internal standard from spiked serum samples

Compound Concentration (ng/mL) Recovery (%) Variability (CV, %)

Indapamide
1 ng/mL (low QC)
25 ng/mL (medium QC)
40 ng/mL (high QC)

89.25 (n=3)
90.36 (n=3)
89.75 (n=3)

2.45
1.87
1.13

Internal standard 20 ng/mL 79.10 (n=9) 1.56
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 Method validation 

The selectivity met the acceptance criteria that the 
mean response obtained from the blank samples was less 
than 20% of the lower limit quantification for indapamide 
and less than 5% for IS. Representative chromatograms of 
lower limit QC and blank human serum are presented in 
Figure 3.

Matrix effects are the alteration (suppression or en-
hancement) of the ionization efficiency by the presence 
of coeluting substances. These effects are not seen in the 
chromatogram but have deleterious impact on the method 

accuracy, precision and sensitivity (Taylor 2005). In this 
study, the matrix effect was assessed through determina-
tion of the IS normalized MF (EMA 2011). For that pur-
pose six different sources of matrices were used. It was 
found that the coefficient of variation (CV %) of the IS 
normalized MF at two concentration levels were within the 
acceptance criteria of 15% (2.87% for LQC and 3.15% for 
high QC). The matrix effect assessment has demonstrated 
that the inter-subject variability does not affect the repro-
ducibility of the assay.

The indapamide MF obtained from serum was around 
97%, which means that the ionization suppresion was 
almost 3%. For comparison, the indapamide MF obtained 
from blood indicates that the matrix effect is almost 8%, 
resulting in higher suppression of the ionization efficiency 
(Table 2). 

Table 2. Comparison of indapamide MF (%) obtained 
from serum and from blood

Indapamide MF (%)
Low QC High QC

Serum (n=6) 96.45 97.84 
Blood (n=6) 91.60 92.26

The calibration curve for indapamide was establish in 
the range from 0.50-50 ng/mL using seven-point calibra-
tion curve from six different days. The regression equa-
tion was y = 0.321389x + 0.00106751 with a coefficient 
of determination 0.9997. The % accuracy observed for the 
back-calculated concentrations for the calibration curves 
was within 94.80- 107.91; while the % precision values 
ranged from 0.31-6.60. 

The results for accuracy and precision are presented in 
Table 3. The accuracy was expressed as the % deviation for 
the lower limit QC, low QC, medium QC and high QC. The 
within-run accuracy ranged between -3.46% and 9.15%; 
while between-run ranged from -4.73% and 10.12%. The 
precision was expressed as CV%. The within-run precision 
ranged between 2.45% and 4.23%. The between-run preci-
sion was between 2.87% and 5.14%. The method met the 
recommended acceptance criteria (%Deviation and %CV 
±20% for lower limit QC and ±15% for low QC, medium 
QC and high QC). 

Fig. 3 MRM chromatogram for: a) indapamide m/z 
366.1>132.15 in blank human serum (top); blank 
serum spiked with indapamide (0.50 ng/mL, bot-
tom); b) internal standard m/z 309>236.10 in 
blank human serum (top); blank serum spiked 
with IS (20 ng/mL, bottom)

Table 3. Accuracy and precision of indapamide in human serum

Quality control 
samples

Nominal conc. 
(ng/mL)

Within-run assay (n=5) Between-run assays (n=30)

Deviation (%) Precision 
(CV %) Deviation (%) Precision 

(CV %)
Low limit QC 0.50 9.15 4.23 10.12 5.14
Low QC 1 -3.46 4.04 -4.73 4.40
Medium QC 25 1.22 2.45 1.65 2.87
High QC 40 -1.24 2.62 -2.74 3.03
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The stability of indapamide in human serum under 
various conditions is presented in Table 4. The results were 
found to be within the acceptable limits (±15% of the nom-
inal concentration). The stability data of indapamide indi-
cated that the analyte is stable in serum at room tempera-
ture for 24 h, after 12 h in autosampler, three freeze-thaw 
cycles and after 3 month stored at -20 ºC. The stock solu-
tions of indapamide and IS were stable at room tempera-
ture for 24 h and at 2-8 ºC for one month.

Conclusions

In this research we have developed an automated SPE 
procedure which in combination with fast chromatograph-
ic separation resulted in obtaining high-throughput LC-
MS/MS method for determination of indapamide in hu-
man serum. The benefit from automated SPE procedure 
is in its simplicity, good recovery and low variability val-
ues. The results of all validation parameters have shown 
that the present method will generate reliable bioanalytical 
data during the real study sample analysis. All the above-
mentioned makes the proposed method suitable for ana-
lyzing large number of samples involved in pharmacoki-
netic studies.
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Резиме

Високо-продуктивен LC-MS/MS метод за определување на 
индапамид во серум

Наталија Наков1*, Kристина Mладеновска1, Димче Зафиров2,  
Aлександар Димовски1, Руменка Петковска1,  Aнета Димитровска1  

и Зоран Кавраковски1

1 Фармацевтски факултет, Универзитет „Св. Кирил и Методиј“, 1000 Скопје, Република Македонија
2Институт за предклиничка и клиничка фармакологија си токсикологија, Медицински факултет,  

Универзитет „Св. Кирил и Методиј“, 1000 Скопје, Република Македонија

Клучни зборови:  индапамид, серум, цврсто-фазна екстракција, течна хроматографија спрегната со тандем масена спектрометрија

Едноставната, автоматизирана постапка на цврсто-фазна екстракција (solid-phase extraction, SPE) комбинирана со течна 
хроматографија спрегната со тандем масена спектрометрија (liquid chromatography-tandem mass spectrometry, LC-MS/MS) 
резултираше со добивање на високо-продуктивен метод за определување на индапамид во серум. За SPE користен е полимерен 
сорбент, додека пак за квантитативното определување на аналитите користена е електроспреј јонизација во позитивен мод. 
Добиените вредности за приносот на екстрактивната постапка се движат од 89,25-90,36% за индапамид и 79,10% за внатрешениот 
стандард. Експериментално беше потврдено дека матрикс ефектот има незначително влијание врз ефикасноста на јонизацијата. 
Валидацијата на методот покажа дека предложениот метод обезбедува точни, прецизни и репродуцибилни резултати во опсег од 
0,50-50 ng/mL. Дополнително, направена е споредба на овој методот со методот за определување на индапамид во крв (развиен во 
наше претходно истражување) по однос на постапката за екстракција и матрикс ефектот.
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Abstract

Chemical composition and antimicrobial activity of essential oils isolated from leaves of three different samples of wild growing Juni-
perus communis L. (Cupressaceae) from R. Macedonia was investigated. Essential oil yield ranged from 7.3 to 9.0 ml/kg. Performing GC/
FID/MS analysis, ninety components were identified, representing 86.07-93.31% of the oil. The major components of the leaves essential 
oil (LEO) were α-pinene (21.37-28.68%) and sabinene (2.29-16.27%), followed by limonene, terpinen-4-ol, β-elemene, trans-(E)-caryo-
phyllene, germacrene D and δ-cadinene. Antimicrobial screening of the LEO was made by disc diffusion and broth dilution method against 
16 bacterial isolates of Gram positive and Gram negative bacteria and one strain of Candida albicans. Two bacteria, Staphylococcus au-
reus and Streptococcus pyogenes were sensitive to antimicrobial activity of LEO (MIC = 125 µl/ml). Additionally, LEO showed moderate 
antimicrobial activity against Streptococcus agalactiae, Haemophilus influnzae, Corynebacterium spp. and Campylobacter jejuni (MIC > 
500 µl/ml). Candida albicans, Staphylococcus epidermidis, Acinetobacter spp., Salmonella enteritidis, Shigella flexneri, Klebsiella pneu-
monia, Pseudomonas aeruginosa and Proteus mirabilis were completely resistant to the antimicrobial effects of this.

Keywords: Juniperus communis, leaves essential oil, oil composition, GC/FID/MS analysis, antimicrobial activity
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Introduction

The common juniper, Juniperus communis L. (Cu-
pressaceae), is an evergreen shrub or small coniferous tree, 
wide spread through the cool temperate Northern Hemi-
sphere. The above-ground parts, especially leaves and ber-
ries of juniper are rich in essential oil that has characteris-
tic aromatic flavour and bitter taste. Due to its diuretic and 
gastrointestinal properties, common juniper is used as me-

dicinal plant for centuries. Juniper oil is used in the phar-
maceutical, food and cosmetic industries, as well as for the 
production of perfumes. Certain beverages (gin) are made 
with distillation from fermented juniper berries.

According to the literature data, juniper essential oil 
can be obtained from berries, leaves, wood and seeds by 
hydrodistillation (Orav et al., 2010a; Chatzopoulou and 
Katsiotis, 1993; Kumar et al., 2007). The average oil yield 
varies from 0.5 to 2.5% (for berries) and from 0.2 to 1.0% 
(for needles) (Orav et al., 2010a). Dissimilarities in the oil’s 
yield and the chemical composition can vary from the geo-
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graphical location, age and degree of plant ripeness, har-
vesting methods, distillation techniques and other factors.

There are many publications reporting the essential 
oil composition of juniper berries and leaves (Orav et al., 
2010a; Chatzopoulou and Katsiotis, 1993; Kumar et al., 
2007, Ottavioli et al., 2009; Filipowicz et al., 2009; Shah-
mir et al., 2003; Orav et al., 2010b). Considerable varia-
tions in the oil composition were observed depending on 
the plant origin but often the essential oils were rich in 
α-pinene, sabinene and myrcene, followed by trans-(E)-
caryophyllene, muurolene, germacrene D and B and hu-
mulene (Orav et al., 2010a). As major oxygen contain-
ing terpene were terpinen-4-ol (Chatzopoulou and Katsi-
otis, 1993), rarely citronellol (Koukos and Papadopoulou, 
1997) and terpenyl acetate (Angioni et al., 2003). 

In vitro antimicrobial (antibacterial and antifungal) ac-
tivity of the berries essential oil was studied and the results 
showed strong to moderate antimicrobial activity (Filipow-
itz et al. 2003; Stassi et al. 1995). Other results from the 
antimicrobial assessment of the leaves essential oil (LEO) 
demonstrate no or weak antimicrobial activity against var-
ious tested microbial strains (Asili et al., 2008; Angioni et 
al., 2003).

Common juniper, Juniperus communis, is wide-
ly spread shrub throughout the territory of Republic of 
Macedonia (Micevski, 1998). The berries of this plant 
are extensively utilized in production of blended teas and  
other herbal medicinal products, in food industry, as a 
spice, in production of alcoholic beverages, etc. For years, 
the juniper berries and the juniper essential oil are exported 
from R. Macedonia. On the other hand the juniper leaves 
are used in folk medicine for various purposes. Up to date 
there is no information of the composition and antimicrobi-
al activity of the leaves’ essential oil from Macedonian ju-
niper. Therefore the aim of the present study was to investi-
gate the chemical composition and the antimicrobial activ-
ity of the leaves essential oil of Juniperus communis grown 
wild in R. Macedonia.

Material and methods
Plant materials

The terminal twigs of Juniperus communis were col-
lected from tree different localities in R. Macedonia in late 
autumn 2010 and 2011. Plant identity was verified as Juni-

perus communis L. and herbarium voucher specimen were 
deposited at the Department of Pharmaceutical Botany, In-
stitute of Pharmacognosy, Faculty of Pharmacy, Skopje, R. 
Macedonia (Table 1). 

The plant material was dried at room temperature. Just 
before essential oil isolation, the juniper leaves were sepa-
rated and minced properly.

Chemicals

Dimethylsulfoxide was purchased from Sigma-Al-
drich (Steinheim, Germany), sodium chloride and anhy-
drous sodium sulfate from Merck (Darmstadt, Germany) 
and from Kemica (Zagreb, Croatia), respectively, while 
xylene was purchased from Alkaloid (Skopje, R. Macedo-
nia).

Essential oil isolation

The essential oils were obtained from dried plant ma-
terial through steam distillation using all glass Cleveng-
er-type apparatus. For that purpose, 20 g of minced plant 
material was distilled for 4 hours. After isolation, anhy-
drous sodium sulfate was added to remove residual wa-
ter from the oil. The essential oil yield was calculated on 
dried plant material and was expressed in ml/kg. For GC/
FID/MS analysis, the essential oil was dissolved in xylene 
to obtain 1 ml/ml oil solution.

Gas chromatography (GC) and gas chromatography/mass 
spectrometry (GC/MS)

Essential oil samples were analyzed on Agilent 7890А 
Gas Chromatography system equipped with FID detec-
tor and Agilent 5975C Mass Quadrupole detector as well 
as capillary flow technology which enables simultaneous 
analysis of the samples on both detectors. For that purpose, 
HP-5ms capillary column (30 m x 0.25 mm, film thick-
ness 0.25 mm) was used. Operating conditions were as fol-
lows: oven temperature at 60 °C (5 min), 1 °C/min to 80 
°C (2 min) and 5 °C/min to 280 °C (5 min); helium as car-
rier gas at a flow rate of 1ml/min; injector temperature 260 
°C and that of the FID 270 °C. 1ml of each sample was in-
jected at split ratio 1:1. The mass spectrometry conditions 
were: ionization voltage 70 eV, ion source temperature 230 

Table 1. Plant samples of Juniperus communis from R. Macedonia

Species Locality Altitude Herbarium voucher 
specimen

Sample 
abbreviation

Juniperus communis L. Jelak (Shara Mtn.) 1800 m NoJC-16/10 JcS/10

Juniperus communis L. Velestovo (Galichica Mtn.) 1000 m No JC-5.1./11 JcG/11

Juniperus communis L. Kicevo (Bistra Mtn) 600 m No JC-1/11 JcB/11
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°C, transfer line temperature 280 °C and mass range from 
50 - 500 Da. The MS was operated in scan mode. 

Identification of the components

Identification of the components present in essential 
oils was made by comparing mass spectra of components 
in essential oils with those from Nist, Wiley and Adams 
mass spectra libraries, by AMDIS (Automated Mass Spec-
tral Deconvolution and Identification System) and by com-
paring literature and estimated Kovat’s (retention) indices 
that were determined using mixture of homologous series 
of normal alkanes from C9 to C25 in hexane, under the same 
above mentioned conditions. 

The percentage ratio of essential oils components was 
computed by the normalization method of the GC/FID 
peak areas without any correction factors.

Antimicrobial activity: мicrobial strains and cultures

16 bacterial isolates representing both Gram positive 
and Gram negative bacteria and one strain of Candida al-
bicans were used for antimicrobial screening. Five iso-
lates were standard strains (Staphylococcus aureus ATCC 
29213, Escherichia coli 25927, Klebsiella pneumoniae 
ATCC 700603, Pseudomonas aeruginosa ATCC 27853 
and Candida albicans ATCC 10231). The remaining 12 
bacterial strains (Staphylococcus epidermidis, Enterococ-
cus, Streptococcus pyogenes, Streptococcus agalactiae, 
Streptococcus pneumoniae, Haemophilus influenzae, Pro-
teus mirabilis, Salmonella enteritidis, Corynebacterium 
spp., Salmonella enteritidis, Shigella flexneri, Campylo-
bacter jejuni and Acinetobacter spp.) were clinical isolates 
provided from the Institute of Microbiology and Parasitol-
ogy, Faculty of Medicine, Skopje, R. Macedonia. 

A nutrient (Mueller Hinton) agar (Merck, Darmstadt, 
Germany), blood agar (Oxoid, Basingstoke, UK) and Sa-
bouraud agar (bioMerieux, Durham, NC) were used for 
growing of the microbes. 

Disc diffusion method

Disc diffusion method was used for screening the anti-
microbial activity of all essential oils in order to determine 
the growth inhibition zones of studied microorganisms that 
occur around certain essential oil. In this regard, microor-
ganisms were suspended in sterile broth with turbidity cor-
responding to 0.5 and 1 Mc Farland (approximate by 107-
108 CFU/ml) for all bacteria and for Candida albicans, re-
spectively. The microbial suspensions were streaked over 
the surface of the agar media using a sterile cotton swabs 
to ensure uniform inoculation. After inoculation of micro-
organisms, discs of 6 mm in diameter were made at well-
spaced intervals. They were filled with 85 ml of 50% solu-
tions of essential oils in dimethylsulfoxide (DMSO, Sig-
ma-Aldrich, Germany) and one disc was filled only with 

DMSO as a control. The plates were incubated at 37 0C, 
aerobically for 24 hours. The growth inhibition zones were 
measured after incubation of the isolates under their opti-
mal growth conditions and were ranged between 6 mm and 
30 mm in diameter. The antimicrobial activity was deter-
mined according to the diameters of the inhibition zones 
(0-14 mm resistant - R, 14-19 mm moderate susceptible - 
M and 19-30 susceptible - S microorganisms). 

Broth dilution method

This method was used in order to determine minimal 
inhibitory concentration (MIC) of the particular essential 
oil prepared as 50% solution in DMSO). For that purposes, 
25 ml of those essential oils were diluted in equal quantities 
of 0.9 % sodium chloride solution, to make them with the 
concentration of 25%. This concentration was decreased 
five times, subsequently, by adding 25 ml of each bacteri-
al or fungal suspension, thus the final concentrations were: 
12.5%, 6.2%, 3.1%, 1.5% and 0.7% or 125 ml/ml, 62 ml/ml, 
31 ml/ml, 15 ml/ml and 7ml/ml, respectively.15 ml of each 
bacterial or fungal suspensions with these particular con-
centrations were inoculated on solid media (Miller-Hin-
ton agar, blood agar, Sabouraud agar), depending on the 
type of microorganism. The growth of any microorganism 
was evaluated after its incubation under the optimal growth 
conditions. The lowest concentration of essential oil which 
was able to inhibit the growth of the particular microor-
ganism was considered as its minimal inhibitory concen-
tration (MIC). 

Results and discussion

The yields of the leaves essential oil were: 7.3, 7.3 
and 9.0 ml/kg for JcS/10, JcB/11 and JcG/11 respective-
ly. Percentage presence with Kovat’s retention indices of 
ninety identified components representing 86.07-93.31% 
of the oil are presented in Table 2. Data analysis of the 
chemical composition revealed four main classes of com-
ponents: monoterpene hydrocarbons (MH), oxygen-con-
taining monoterpenes (OM), sesquiterpene hydrocarbons 
(SH) and oxygen-containing sesquiterpenes (OS). Diter-
penes (D) were present in small amounts as well as some 
non-terpene components (NT). Monoterpene hydrocar-
bons were the most abundant fraction in all investigated 
oils (39.97%, 52.32% and 53.39%, for the samples from 
Shara Mtn., Galicica Mtn. and Bistra Mtn., respectively), 
followed by SH (28.64%, 20.66% and 12.27%, respective-
ly) (Table 2). Oxygen-containing monoterpenes were pres-
ent in much smaller amounts (3.89% in samples from Sha-
ra Mtn., 6.69% in samples from Galicica Mtn. and 12.16% 
in samples from Bistra Mtn.) as well as the oxygen-con-
taining sesquiterpenes (13.57%, 11.53% and 5.98%, re-
spectively). The ratios between monoterpenes (M) and ses-
quiterpenes (S) were 1:1, 2:1 and 3:1 for LEO from Shara 
Mtn., Galicica Mtn. and Bistra Mtn., respectively (Fig. 1). 
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Fig. 1.  The monoterpenes (M) / sesquiterpenes (S) ratio 
of leaves essential oil from Macedonian juniper

Fig. 2.  Predominant components in the leaves essential 
oil from wild growing J. communis in R. Mace-
donia

GC/FID/MS analysis of the juniper leaves essential oil 
showed presence of two main components in the samples 
from Galicica Mtn. and Bistra Mtn.: α-pinene (28.68% and 
21.27%, respectively) and sabinene (15.5% and 16.27%, 
respectively). Additionally, limonene was identified with 
2.82% and 6.95%, respectively, while terpinene-4-ol 
was the most abundant oxygen-containing monoterpenes 
(3.98% and 12.16%, respectively). Concerning the ses-
quiterpene fraction, b-elemene, trans-(E)-caryophyllene, 
α-humulene, germacrene D, d-cadinene and a-cadinol 
were present in amounts between 1.37 and 3.45%. Like-
wise LEO from Shara Mtn. contained α-pinene (26.05%) 
as predominant component, followed by smaller amounts 
of d-3-carene (3.15%), β-phellandrene (4.37%) and sabi-
nene (2.29%). Terpinene-4-ol was present with 0.55%. The 
sesquiterpene components (b-elemene, d-cadinene and a-
cadinol) were present in amounts up to 7.98%. Evaluation 
of the occurrence of the main components that character-
ized the leaves essential oil of Macedonian juniper (Fig.2), 
showed that sabinene was found in Bistra Mtn. and Galic-
ica Mtn., terpinen-4-ol only in Bistra Mtn., while the ses-
quiterpenes, d-cadinene and a-cadinol were characteristic 
for the LEO from Shara Mtn. 

Similarity in the composition of the leaves essential 
oil was found with the Greek J. communis where α-pinene 
(41.25%) and sabinene (17.4%) have been predomi-
nant constituents followed by smaller amounts of limo-
nene (4.2%), terpinen-4-ol (2.7%), β-myrcene (2.6%) and 
β-pinene (2.0%) (Chatzopoulou et al., 1993). Further, the 
Estonian J. communis LEO has been also rich in α-pinene 
(33.3-45.6%) and sabinene (0.2-15.4%) while limonene, 
trans-(E)-caryophyllene, α-humulene and germacrene 
D were present in smaller amounts (Orav et al., 2010a, 
2010b). Raal et al. (2010) reported similar composition for 
the essential oil obtained from branches of J. communis 
from Estonia comparing to the leaves essential oil where 
α-pinene (40.4-62%) and limonene (4.2-10%) were dom-
inant components, followed by a-cadinol, d-cadinene, g-
muurolene and germacrene. LEO from J. communis from 
Lithuania was rich in α-pinene (38.5-59.9%), accompanied 
by β-phellandrene (4.1-11.4%) or a-cadinol (one sample of 
tested essential oil contained 8.7%) (Butkine et al., 2005). 
Butkine et al. (2005) have identified 143 components in the 
juniper LEO which were divided in two groups according 
to the monoterpenes/sesquiterpenes ratio: M:S = 5:1 and 
M:S = 2:1. Filipowicz et al. (2009) have reported that pop-
ulations of J. communis from Northern Poland have essen-
tial oils with different α-pinene/sabinene ratio. Iranian au-
thors found that juniper leaves essential oil was rich in sa-
binene (40.7%), than a-pinene (12.5%) and terpinen-4-ol 
(12.3%) (Shahmir et al., 2003). Asili et al. (2008), con-
firmed α-pinene as predominant component in the Irani-
an J. communis subsp. hemisphaerica LEO, while Ottav-
ioli et al. (2009) for French J. communis subsp. alpina re-
ported limonene (9.2-53.9%), β-phellandrene (3.7-25.2%), 
α-pinene (1.4-33.7%) and sabinene (0.1-33.6%) as major 
constituents. The LEO from Indian J. communis contained 
predominantly sabinene (22.8%), b-pinene (10.7%), trans-
sabinene hydrate (6.0%) and g-cadinene (10.6%) (Kumar 
et al., 2007). 

Antimicrobial activity

Antimicrobial screening of the essential oils was made 
by disc diffusion and broth dilution method against 16 bac-
terial isolates of Gram positive and Gram negative bacte-
ria and one strain of Candida albicans (Table 3). The high-
est MIC (125 µl/ml) of LEOs were towards Staphylococ-
cus aureus and Streptococcus pyogenes, and moderate an-
timicrobial activity against Streptococcus agalactiae, Hae-
mophillus influnzae, Corynebacterium spp. and  Campylo-
bacter jejuni (MIC > 500 µl/ml). Candida albicans, Staph-
ylococcus epidermidis, Acinetobacter spp., Salmonella en-
teritidis, Shigella flexneri, Klebsiella pneumonia, Pseudo-
monas aeruginosa and Proteus mirabilis were completely 
resistant to the antimicrobial activity of juniper oil.

Antimicrobial activity of juniper essential oils was 
previously investigated so the available literature pointed 
out no activity to some antimicrobial effects against vari-
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Table 2. The chemical composition of the leaves essential oil (LEO) of Juniperus communis from R. Macedonia

No. Components KIL KIE JcS/10 JcG/11 JcB/11

1 Tricyclene 921 930.5 - 0.04 -
2 α-Thujene 924 933.3 - 0.79 2.43
3 α-Pinene 932 937.5 26.05 28.68 21.27
4 Camphene 946 946.3 0.18 0.91 -
5 n-Heptanol 959 946.5 - - 5.69
6 Sabinene 969 962.6 2.29 15.05 16.27
7 β-Pinene 974 964.2 2.28 tr -
8 β-Myrcene 988 975.7 0.55 1.69 2.12
9 δ-2-Carene 1001 982.1 0.16 0.17 -
10 α-Phellandrene 1002 995.2 0.38 - -
11 δ-3-Carene 1008 989.7 3.15 0.22 -
12 α-Terpinene 1014 995.3 - 0.12 -
13 p-Cymene 1020 1002 0.56 1.43 tr
14 o-Cymene 1022 1003 - - 4.35
15 Limonene 1024 1005 - 2.82 6.95
16 β-Phellandrene 1025 1016 4.37 - -
17 γ-Terpinene 1054 1033 - 0.23 -
18 Terpinolene 1086 1062 - 0.21 -
19 Isopentyl 2-methylbutanoate 1100 1083 - 0.1 -
20 α-Campholenal 1122 1102 - 0.16 -
21 trans-Pinocarveol 1135 1118 0.47 0.18 -
22 trans-Verbenol 1140 1128 1.16 0.37 -
23 3-methyl-2-butenyl 3-methyl-Butanoate 1147 1138 - 0.02 -
24 Borneol 1165 1150 0.28 0.09 -
25 Terpinen-4-ol 1174 1161 0.55 3.96 12.16
26 p-Cymene-8-ol 1179 1170 - 0.24 -
27 α-Terpineol 1186 1174 0.37 0.33 -
28 Myrtenol 1194 1178 - 0.29 -
29 Verbenone 1204 1187 tr 0.27 -
30 trans-Carveol 1215 1195 - 0.08 -
31 β-Citronellol 1223 1205 - 0.1 -
32 Thymol methyl ether 1232 1210 - 0.05 -
33 cis-Myrtanol 1249 1248 0.15 - -
34 Bornyl acetate 1284 1260 0.78 0.42 -
35 trans-Sabinyl acetate 1289 1280 0.13 - -
36 Terpinen-7-al 1290 1268 - 0.03 -
37 δ-Elemene 1335 1305 0.14 0.07 -
38 α-Cubebene 1345 1319 0.12 0.09 -
39 α-Ylangene 1373 1341 - 0.04 -
40 α-Copaene 1374 1345 - 0.62 0.67
41 β-Bourbonene 1387 1354 - 0.32 -
42 β-Elemene 1389 1362 4.17 2.62 1.37
43 Sibirene 1400 1384 2.31 0.39 0.31
44 2-epi-Funebrene 1411 1394 0.08 - -
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No. Components KIL KIE JcS/10 JcG/11 JcB/11

45 trans-(E)-Caryophyllene 1417 1387 0.81 3.45 1.52
46 β-Copaene 1430 1396 0.13 0.2 -
47 γ-Elemene 1434 1400 2.95 0.58 0.67
48 Sesquterpene*1 / 1405 - 0.04 -
49 Sesquterpene*2 / 1411 - 0.11 -
50 trans-Muurola-3,5-diene 1451 1418 0.1 tr -
51 α-Humulene 1452 1421 1.07 2.89 1.37
52 cis-Muurola-4(14),5-diene 1465 1431 0.26 0.21 -
53 Germacrene D 1484 1450 2.45 3.23 1.43
54 β-Selinene 1489 1455 0.1 0.53 0.64
55 α-Selinene 1498 1463 1.07 0.88 0.7
56 α-Muurolene 1500 1468 1.32 0.61 0.45
57 δ-Amorphene 1511 1487 0.21 - -
58 γ-Cadinene 1513 1481 2.26 0.9 0.6
59 δ-Cadinene 1522 1490 7.98 2.15 2.05
60 trans-Cadina-1.4-diene 1533 1498 0.31 0.1 -
61 α-Cadinene 1537 1517 0.5 - -
62 α-Calacorene 1544 1510 0.2 0.22 -
63 Elemol 1548 1516 0.31 0.16 -
64 Germacrene B 1559 1525 - 0.41 0.49
65 Nerolidol E 1561 1528 - 0.5 -
66 Germacrene D-4-ol 1574 1544 -  tr -
67 Spathulenol 1577 1546 - 1.67 1.06
68 Caryophyllene oxide 1582 1552 - 1.73 0.78
69 Viridiflorol 1592 1563 - 0.29 -
70 Humulene epoxide II 1608 1578 0.77 1.17 0.71
71 1,10-di-epi 1-epi-Cubenol 1618 1582 tr tr -
72 1-epi-Cubenol 1627 1595 2.31 0.51 0.39
73 τ-Murolol (epi-α-Muurolol) 1640 1609 4.13 1.32 1.07
74 α-Muurolol 1644 1613 - 0.44 0.3
75 α-Cadinol 1652 1622 6.05 2.04 1.67
76 Cadalene 1675 1624 - tr -
77 Sesquterpene*3 / 1654 - 0.34 -
78 Shyobunol 1685 1659 - 0.31 -
79 8-Cedren-13- ol 1688 1676 - 0.26 -
80 Sesquterpene*4 / 1690 - 0.21 -
81 Oplopanone 1739 1705 - 0.23 -
82 Sesquterpene*5 / 1778 - 0.23 -
83 (Z)-Lanceol 1760 1790 - 0.12 -
84 Pimaradiene 1948 1934 - 0.06 -
85 Manool oxide 1987 1962 - 0.27 -
86 Abietatriene 2055 2025 - 0.62 0.32
87 Abietadiene 2087 2052 - 0.12 -
88 dehydro-Abietal 2274 2238 - 0.03 -
89 Abietal 2313 2278 - 0.04 -
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No. Components KIL KIE JcS/10 JcG/11 JcB/11

90 Octacosane 2800 2822 - 0.93 -

Non-terpene components (NT) - 0.97 5.69
Monoterpene hydrocarbons (MH) 39.97 52.32 53.39
Oxygen-containing monoterpenes (OM) 3.89 6.69 12.16
Sesquiterpene hydrocarbons (SH) 28.64 20.66 12.27
Oxygen-containing sesquiterpenes (OS) 13.57 11.53 5.98
Diterpenes (D) - 1.14 0.32

 Total (%) 86.07 93.31 89.81

KIL - Kovat’s (retention) index - literature data (Adams, 2007); KIE – Kovat’s (retention) index experimentally determined (AMDIS); (-) - not found,  
tr – traces < 0.02, *1, 2, 3, 4, 5 -  tentative identification.

Table 3. Antimicrobial activity of the leaves essential oil of Juniperus communis 

No. Microorganism  JcS/10 JcG/11 JcB/11

1 Streptococcus pneumoniae DD R R R
MIC n.m. n.m. n.m.

2 Staphylococcus aureus DD S S S
MIC 125 125 125

3 Staphylococcus epidermidis DD R R R
MIC n.m. n.m. n.m.

4 Streptococcus agalactiae DD M R R
MIC >500 n.m. n.m.

5 Streptococcus pyogenes DD S M M
MIC 125 >500 >500

6 Enterococcus DD R R R
MIC n.m. n.m. n.m.

7 Corynebacterium spp. DD M R R
MIC >500 n.m. n.m.

8 Haemophilus influenzae DD M M M
MIC >500 >500 >500

9 Acinetobacter spp. DD R R R
MIC n.m. n.m. n.m.

10 Escherichia coli DD R R R
MIC n.m. n.m. n.m.

11 Salmonella enteritidis DD R R R
MIC n.m. n.m. n.m.

12 Shigella flexneri DD R R R
MIC n.m. n.m. n.m.

13 Campylobacter jejuni DD M M M
MIC >500 >500 >500

14 Klebsiella pneumoniae DD R R R
MIC n.m. n.m. n.m.

15 Pseudomonas aeruginosa DD R R R
MIC n.m. n.m. n.m.

16 Proteus mirabilis DD R R R
MIC n.m. n.m. n.m.

17 Candida albicans DD R R R
MIC n.m. n.m. n.m.

DD – Disc diffusion (zone of inhibition including the diameter of disc 6 mm), R - resistant with zone of inhibition 0 - 14 mm, M - moderate susceptible 
with zone of inhibition 14 - 19 mm and S - susceptible microorganism with  zone of inhibition 19 - 30 mm); MIC – minimum inhibitory concentration (µl/
ml);  n.m. – not measured.
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ous tested microbial strains. Essential oil (Juniperi aethero-
leum) obtained from the juniper (J. communis) berries was 
evaluated for the antimicrobial activity against sixteen bac-
teria, seven yeast-like fungi, three yeasts and four derma-
tophyte strains. Juniper essential oil showed similar bac-
tericidal activities against Gram-positive and Gram-nega-
tive bacterial strains, with MIC values between 8 and 70% 
(V/V), as well as a strong fungicidal activity against yeasts, 
yeast-like fungi and dermatophytes, with MIC values below 
10% (V/V). The strongest fungicidal activity was recorded 
against Candida spp. (MIC from 0.78 to 2%, V/V) and der-
matophytes (MIC from 0.39 to 2%, V/V). GC/MS analysis 
of the essential oil showed that predominant constituents in 
this oil were α-pinene (29.17%), β-pinene (17.84%), sabi-
nene (13.55%), limonene (5.52%) and β-myrcene (0.33%) 
(Pepelnjak et al., 2005). The essential oil of J. communis 
growing wild in Kosovo, showed moderate to high activ-
ities against Staphylococcus aureus, Escherichia coli and 
Hafnia alvei, while Pseudomonas aeruginosa was resistant 
to the antimicrobial effects of the oil (Haziri et al., 2013). 
The leaves essential oils of J. communis subsp. hemi-
sphaerica and J. oblonga from Iran did not show notice-
able activity against Bacillus subtilis, Staphylococcus aure-
us, Escherichia coli, Pseudomonas aeruginosa and Candi-
da albicans (Asili et al., 2008). Angioni et al. reported sim-
ilar results concerning the antimicrobial activity of the es-
sential oils from ripe and unripe berries and leaves of Ital-
ian J. communis against the most of the above mentioned 
microbial.

 Conclusion

The essential oil (LEO) isolated from tree differ-
ent leaves samples of wild growing Juniperus commu-
nis L. (Cupressaceae), from R. Macedonia was character-
ized with presence of α-pinene (21.37-28.68%) and sabi-
nene (2.29-16.27%), followed by limonene, terpinen-4-ol, 
β-elemene, trans (E)-caryophyllene, germacrene D and d-
cadinene. Antimicrobial screening of the LEOs against 16 
bacterial isolates of Gram positive and Gram negative bac-
teria and one strain of Candida albicans, showed the stron-
gest antimicrobial activity towards Staphylococcus aureus 
and Streptococcus pyogenes (MIC = 125 µl/ml) and mod-
erate antimicrobial activity against Streptococcus agalac-
tiae, Haemophillus influnzae, Corynebacterium spp. and 
Campylobacter jejuni (MIC > 500 µl/ml). On the other 
hand, Candida albicans, Staphylococcus epidermidis, Aci-
netobacter spp., Salmonella enteritidis, Shigella flexneri, 
Klebsiella pneumonia, Pseudomonas aeruginosa and Pro-
teus mirabilis were completely resistant to the antimicrobi-
al effects of J. communis LEO.
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Резиме

Хемиски состав и антимикробната активност на етерично 
масло изолирано од листовите на Juniperus communis L. 

(Cupressaceae) од Република Македонија
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Ивана Цветковиќ1*, Елена Трајковска-Доќиќ2, Ана Кафтанџиева2, 

Светлана Кулеванова1

1Институт за Фармакогнозија, Фармацевтски Факултет, Универзитет „Св. Кирил и Методиј“, Ул. Мајка Тереза 
47, 1000 Скопје, Република Македонија

2Институт за Микробиологија и Паразитологија, Медицински факултет, Универзитет „Св. Кирил и Методиј“, 
Ул. 50 Дивизија бр. 6, 1000 Скопје, Република Македонија

Клучни зборови: Juniperus communis, етерично масло од листови, состав на масло, GC/FID/MS анализа, антимикробно дејство

Главна цел на студијата беше испитување на хемискиот состав и антимикробната активност на етеричното масло изолира-
но од листовите на три различни популации на диво растечки Juniperus communis L. ( Cupressaceae ) од Република Македонија. 
Приносот на дестилираните етерични масла се движи од 7.3 до 9.0 ml/kg. Со GC/FID/MS анализа беа идентификувани вкупно де-
ведесет компоненти што претставуваат 86.07-93.31 % од маслото. Најзастапени компоненти во етеричното масло од листовите 
беа: α-пинен ( 21.37-28.68 %) и сабинен ( 2.29-16.27 %), проследени со помали количества на лимонен, терпинен-4-ол, β-елемен, 
Е-кариофилен, гермакрен D и δ-кадинен. Антимикробната активност на маслото беше определена со диск дифузиона и агар ди-
луциона метода на 16 бактериски изолати на грам позитивни и грам негативни бактерии и еден вид на Candida albicans. Две бак-
терии, Staphylococcus aureus и Streptococcus pyogenes беа чувствителни на маслото од смрека, со MIC=125 µl/ml. Етеричното мас-
ло од листови покажа умерено антимикробно дејство против Streptococcus agalactiae, Haemophilus influnzae, Corynebacterium spp. 
и Campylobacter jejuni (MIC> 50 %). Candida albicans, Staphylococcus epidermidis, Acinetobacter spp., Salmonella enteritidis, Shigel-
la flexneri, Klebsiella pneumonia, Pseudomonas aeruginosa и Proteus mirabilis беа потполно резистентни на маслото изолирано од 
иглички на J. communis.
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Abstract

Polymer hybrid composites for propolis vaginal delivery were developed and optimized in term of gelling temperature (Tg) using ex-
perimental design studies. Formulation of intelligent delivery system, with in situ gelling and controlled release properties, was carried out 
by bioartificial blending of chitosan and poloxamers, Lutrol F127 and Lutrol F68.

Response-surface, Box-Behnken, experimental design was applied for determination of key factors influencing Tg. Influence of 
Lutrol F127 concentration, Lutrol  F68/Lutrol F127 mass ratio and volume of simulated vaginal fluid was evaluated. Derived correla-
tions enabled formulation optimization in term of Tg (32 °C). The model was cross-validated. Confirmation report and relative error per-
cent of predicted and experimental values were obtained.

Key words: bioinspired polymer hybrid composites, propolis, vaginal delivery, experimental design
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Introduction

Bacterial vaginosis and vulvovaginal candidiasis are 
the most common causes of vaginal infections and they are 
often referred as symptomatic vaginitis. Conventional ap-
proach encompasses use of antibiotics and antimycotics 
delivered in form of solutions, foams, tablets and pessas-
ries as well as rings, creams and gels (Morlion, 2009). The 
choice of the most appropriate delivery system will depend 
on different considerations: required effect (local or sys-
temic), drug release (immediate or controlled) and patient 
acceptability (Woolfson et al., 2007).

Conventional vaginal drug delivery systems are asso-
ciated with multiple days of dosing, dripping, leakage and 
messiness, causing discomfort to users and expulsion due 
to the self-cleansing action of the vaginal tract (Yenkar et 
al., 2013), hence leading to poor patient compliance and 
unfulfilled desired therapeutic efficacy. Having in mind 
previous, bioinspired vaginal delivery system should be 
developed thus offering the advantages of easy adminis-
tration and spreading in the vagina, slow clearance from 
local sites allowing prolonged drug release at the desired 
site of action and hence resulting with better therapeutic 
efficacy. The rational approach would comprise bioartifi-
cal blending of natural and synthetic polymers conferring 
to unique structural and mechanical properties of the de-
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signed delivery system. By bioartificial blending the con-
cept of biomimicry of several materials can be developed 
leading to new generation of intelligent vaginal delivery 
systems (Sionkowska, 2011). Efficient bioresponsive sys-
tem for vaginal delivery could be formulated using ther-
mo sensitive, pH responsive and/or ion activated polymer 
along with mucoadhesive polymers in order to accomplish 
the desired physico-chemical and biopharmaceutical prop-
erties required for efficacious and safe therapy.

One of the most commonly used thermosensitive ma-
terials are poloxamers i.e. polyethylene oxide - propylene 
oxide - polyethylene oxide block copolymers (PEO-PPO-
PEO) recognized under the proprietary name of Lutrol, 
especially Lutrol F127 and Lutrol F68 characterized 
by biocompatibility and good compatibility with various 
drugs and pharmaceutical excipients. The additional ad-
vantages are easy availability and simple method for gel 
preparation and drug loading (Koffi et al., 2006). Addition 
of bio/mucoadhesive macromolecules to the PEO-PPO-
PEO based delivery system would result with prolonged 
residence time along with sustained drug release at the site 
of action. Blending of PEO-PPO-PEO based polymer sys-
tems with other bio/mucoadhesive polymers would result 
in substantially improved bio/mucoadhesive properties and 
at the same time surmounting possible rapid gel erosion 
due to weak mechanical strength (Varshosaz et al., 2008; 
Yuan et al., 2012). Therefore chitosan is a promising adju-
vant, especially due to its additional antimicrobial and an-
tifungal activity (Peña et al., 2013; Tikhonov et al., 2006).

Having in mind that propolis biological and pharma-
cological properties as antimicrobial and antifungal agent 
are well known and documented (Sforcin and Bankova, 
2011), propolis thermosensitive gel with bio/mucoadhe-
sive properties was developed with rationale of efficacious 
treatment of vaginal infections. Experimental design stud-
ies were used for development and optimization of propo-
lis vaginal delivery system with in situ gelling properties. 
Lutrol F127, LutrolF68 and chitosan (low viscous, 
95% deacetilation) were used for polymer hybrid compos-
ites with desired, thermoresponsive, bio/mucoadesive and 
prolonged local drug release features. Having in mind that 
in vivo, designed formulations will be subjected to the di-
lution with vaginal fluids, the volume of vaginal fluid (usu-
ally ~ up to 0.75 ml) (Owen and Katz, 1999) was also con-
sidered as one of the parameters affecting their properties.

Material and methods

Materials

Chitosan (low viscous, 95% deacetilation) (CTS) was 
obtained from Sigma-Aldrich, USA. Lutrol F127 and 
Lutrol F68 were purchased from BASF (Ludwigshaften, 
Germany). 20% propylene-glycolic extract of propolis was 
kindly donated by Galafarm, Macedonia. All other chemi-
cals were with analytical grade and used as received.

Preparation of thermosensitive gels

Cold method (Schmolka, 1972) with minor modifica-
tion was used for preparation of in situ gels. Briefly, 1.5% 
CTS solution was prepared by dissolving CTS powder in 
1% lactic acid under gentle stirring (300 rpm). Afterwards, 
propylene-glycolic extract of propolis as active agent and 
hence, potassium sorbate as preservative were added. Vari-
ous amounts of Lutrol F127 and Lutrol F68 were added 
gradually under continuous agitation (200 rpm) until total 
dissolution. Obtained viscous solutions were kept for 24h 
at 4 °C to eliminate foam and air bubbles. The final concen-
tration of propolis in prepared formulations was 3% (w/w).

Experimental design

Response surface method (RSM) is empirical statisti-
cal technique that uses quantitative data derived from de-
signed experiments in order to determine the regression 
pattern and working conditions (Alam et al., 2007; Garg 
et al., 2008; Ricou-Hoeffer et al., 2001; Tan et al., 2008). 
Graphical display of their dependence is called response 
surface and applying this approach, description of the indi-
vidual and cumulative effects of the studied variables and 
their impact on appropriate responses could be done. The 
main objective of RSM is determining the optimal values   
of variables in order to obtain the desired values   of respons-
es (Myers and Montgomery, 1971). Application of statisti-
cal experimental design during the development of the for-
mulation may reduce the variability of the procedure, the 
time of performing the experiments and the total cost, thus 
resulting with better overall results (Annadurai, 2000). 

Response-surface, Box-Behnken design is an indepen-
dent quadratic design where designed combinations are at 
the midpoints of edges of the deigned space and at the cen-
ter. This design is rotatable and requires 3 levels of each 
factor. Compared to response surface, central composite 
design it requires fewer designed combinations in cases in-
volving same number of factors. Its “missing corners” may 
be useful when the experimenter should avoid combined 
factor extremes thus preventing a potential loss of data in 
those cases (Chopra et al., 2007a). The quadratic-model 
could be described by the Eq. 1:

Y = bo + b1X1 + b2X2 + b3X3 + b12X1X2 + b13X1X3 + 
b23X2X3 + b11X1

2+ b22X2
2+ b33X3

2               (Eq. 1)

where Y is the measured response associated with each 
factor level combination; b0 is an intercept; b1 to b33 are re-
gression coefficients computed from the observed experi-
mental values of Y; and X1, X2 and X3 are the coded levels 
of independent variables. The terms X1X2 and X2i (i = 1, 2 
or 3) represent the interaction and quadratic terms, respec-
tively (Box and Behnken, 1960; Chopra et al., 2007a; Cho-
pra et al., 2007b). 

Having in mind the previous, response-surface, Box-
Behnken experimental design (Design Expert® V8; Stat-
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Fig.1. Estimated surface plots ilustrating the dependence of the response from selected model terms.
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Fig. 2. Desirability graph for Tg response.
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Ease Inc., Minneapolis, MN) was applied for determina-
tion of the influence of concentration of Lutrol F127 
(factor A), Lutrol F68/ Lutrol F127 mass ratio (factor 
B ) and volume of simulated vaginal fluid (SVF) (factor C) 
upon the gelation temperature (Tg) of the designed system 
with in situ gelling properties. The design matrix was con-
structed in one block where all factors were varied at 3 lev-
els, with 5 central points and the total of 17 experiments 
were carried out.

Low and high level values, coded and actual, of var-
ied variables are presented in Table 1, while designed ex-
periments are presented in Table 2. Experiments were car-
ried out at random. 

Determination of gelation temperature (Tg)

Gelation temperature (Tg) of the designed formula-
tions was determined using “Visual Tube Inversion Meth-
od” (Ur-Rehman et al., 2010) with minor modifications. 
Briefly, 2 ml of prepared samples were placed in glass 
tubes, designated amount of SVF was added and tubes 
were put in a horizontal shaker water bath (50 strokes/ 
min). The temperature of the water bath was gradually in-
creased (1 оC/ min) and the temperature at which the solu-
tion in the sample containing tube stopped flowing upon 
inverting the tube was recorded. Similarly, the temperature 
was decreased and the temperature, at which the gel started 
flowing, was recorded. The average of both temperatures 
was calculated as the critical Tg. 

Results and discussion

Experimental design

In the formulation development stage, response-sur-
face, Box-Behnken, experimental design (Design Expert® 
V8; Stat-Ease Inc., Minneapolis, MN) was applied for de-
termination of key factors affecting the Tg (Table 2) of the 
in situ mucoadhesive vaginal hydrogels. The concentration 
of Lutrol F127 (15-20%), Lutrol F68/ Lutrol F127 
mass ratio (0-0.2) and the volume of SVF (0-0.75 ml) were 
investigated as study variables and all factors were varied 
at 3 levels. 2FI model was suggested for describing the in-
fluence of variables upon the Tg. ANOVA for response sur-
face 2FI model indicated that concentration of Lutrol 
F127, Lutrol F68/ Lutrol F127 mass ratio and their in-
teraction are significant model terms that goverend Tg. 

Estimated surface plots ilustrating the dependance of 
the Tg response from selected model terms is presneted on 
Fig.1

Final equation (Eq. 2) for Tg in terms of coded fac-
tors is:

Geling Temperature = +32.82–13.11 • A+15.36 • B 
+0.25 • C–9.6 • A • B – 0.12  • A • C–0.12 • B • C (Eq.2)

Negative value of A indicated its inverse correla-
tion influence on the followed response i.e. its increament 
would result with lower Tg while positive value of B sug-
gested that by increasing the amount of Lutrol F68 in the 
Lutrol F68/ Lutrol F127 ratio, the Tg would be higher. 
The positive correlation influence was determined for SVF 
influence. Interaction terms  (AB, AC and BC) were found 
to have negative influence upon Tg, where only AB inter-
action therm has significant Tg influence.

Albiet, Tg of specific polymer system depends on the 
molecules behaviour in the solution. Temperature-revers-
ible polymer hybrid composites are consisted of molecule 
agregates physically juncted at specific polymer concetra-
tion and enviroment temperature, preceded by coiling of 
biopolymer chains and forming of double helices (Guenet, 
1992). As, Lutrol F68 and Lutrol F127 are three block 
copolymers consisted of hydrophilic PEO and hydropho-
bic PPO blocks at given concentration and temperature, 
molecules self association occurs and most likely driv-
ing force for gel formation is creation of micelles order-
ing into lattices. Presumably, PPO blocks are forming hy-
drophobic central core while PEO blocks are part of hy-
drophilic outer shell, thus interacting very strongly with it-
self and forming temporary crosslinks trough hydrophobic 
interaction, van-der Waals and hydrogen bonding (Brom-
berg and Ron, 1998; Escobar-Chávez et al., 2006). The ob-
servation for inverse relation of Tg with concentration of 
Lutrol F127 are in accordance with literature data about 
stability regions of ordered micelle strucutres of Lutrol 
and especially cubic three-dimensional lattices (gels) that 
moves towered lower temperatures at higher concentration 
(Bromberg and Ron, 1998) i.e. higher concentration would 
result with micelles packaging at lower temperatures. 

Obtained results for Tg (Table 2) were in favor of the 
rationale behind Lutrol F127 and Lutrol F68 blending 
that resulted in Tg modulation. The findings about influ-
ence of Lutrol F68 amount in the Lutrol F68/ Lutrol 
F127 ratio upon Tg (higher amount of Lutrol F68 result-
ed with increased Tg), are correlated with the work of oth-
ers (Ibrahim et al., 2012; Jeong et al., 2012; Radivojša et 
al., 2013). It is generally accepted that the PPO, which is 
hydrophobic, has lowered Tg and the PEO, which is hy-
drophilic, has increased Tg. According to findings of Ibra-
him et al. (Ibrahim et al., 2012) addition of Lutrol F68 
to Lutrol F127 leads to increased Tg most likely due to 
changes of PEO/PPO ratio. Namely, the ratio of PEO/PPO 
in Lutrol F127 is 7:3, while in Lutrol F68 it is 8:2 thus 
when a certain amount of Lutrol F68 is added to Lutrol 
F127 the proportion of PEO increases leading to an in-
crease in Tg. Similar were the findings of Radivojša and 
co. and Jeong and co. (Jeong et al., 2012; Radivojša et al., 
2013). As they suggest, this observation could be explained 
by the dehydration of PPO. Having in mind that proportion 
of PPO in Lutrol F68 is lower than in Lutrol F127, ge-
lation would occur at higher concentration and/ or higher 
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Table 1. Coded and actual values of independent experimental variables

Factor

Level

Low High

Coded 
values

Actual 
values

Coded 
values

Actual 
values

А: concentration of Lutrol F127(%) -1 15 +1 20

B: Lutrol F68/ Lutrol F127(w/w) -1 0 +1 0.2

C: volume of simulated vaginal fluid (ml) -1 0 +1 0.75

Table 2. Experimental design points for studied independent experimental variables in coded values and obtained response 
for designed formulations, ANOVA output statistics for measured response and optimized batches with predicted Tg 
and cross validation of the model

Factor 1 Factor 2 Factor 3 Response

Std Run Block A:
F127*

B:
F68 / F127*

C:
SVF

Tg (°C) ANOVA output statistics

15 1 { 1 } 0 0 0 32.5 Suggested model 2FI

6 2 { 1 } 1 0 -1 19

17 3 { 1 } 0 0 0 32.5 Sum of Square 2091.91

16 4 { 1 } 0 0 0 32,5

1 5 { 1 } -1 -1 0 19.5 Degrees of freedom 6

14 6 { 1 } 0 0 0 32.5

8 7 { 1 } 1 0 1 19 Mean square 348.65

4 8 { 1 } 1 1 0 29 F-value 62.72

9 9 { 1 } 0 -1 -1 16 Prob>F < 0.0001

2 10 { 1 } 1 -1 0 16 SD 2.36

11 11 { 1 } 0 -1 1 17 Mean 30.44

7 12 { 1 } -1 0 1 49 CV% 7.75

3 13 { 1 } -1 1 0 / PRESS 361.53

12 14 { 1 } 0 1 1 46 R2 0.9766

10 15 { 1 } 0 1 -1 45.5 Adj-R2 0.9611

13 16 { 1 } 0 0 0 32.5 Pred-R2 0.8312

5 17 { 1 } -1 0 -1 48.5 Adequate precision 22.034

Optimized batches with predicted Tg and cross validation of the model

 Factors  Response

Run F127* (%) F68 / F127* 
(w/w)

SVF
(ml)

Pred. 
Tg (°C)

Experimental 
Tg (°C)

1- Bias 
(%)

1 16.39 0.06 0.75 32 31 3.125

2 17.36 0.09 0.75 32 31.8 0.625

3 18.24 0.12 0.75 32 31.9 0.313

* F68 – Lutrol F68;  F127 – Lutrol F127
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temperatures.
Having in mind that the main objective of the this 

work was to develop bioresponsive system for vaginal de-
livery Tg of polymer hybrid composites was investigated 
in the presence of different amounts of SVF thus biomim-
icring in vivo conditions. Although SVF influence upon Tg 
was not considered statistically significant, a positive in-
fluence was noticed. SVF dilution of formulations resulted 
with slight increase in Tg. This could be attributed not only 
to the decrease in polymers concentration but also to the 
possible modification of physicochemical properties of the 
polymer hybrid composites (Aka-Any-Grah et al., 2010). 
Presumably, the Tg increase is related to the increase of the 
critical micelle concentration or a increase of the critical 
micelle temperature, or both.

ANOVA statistics for the fitted model for the followed 
response is presented in Table 2. The predicted R2 (Pred-
R2) and the adjusted R2 (Adj-R2) should be within 0.20 of 
each other. Otherwise there may be a problem with either 
the data or the model. Adj-R2 and Pred-R2 values were in 
a reasonable agreement, signifying excellent model fit. R 
squeared values are higher than 0.95 and adequat precison 
values are greater than 4 indicating that all suggested mod-
els can be used to navigate the design space (Makraduli et 
al., 2013).

The derived correlations enabled further formulation 
optimization in term of required temperature for in situ 
gelling (32 oC). Optimized batches with predicted Tg of 32 
oC were identified (Table 2).

Desirability value is dependent on how the lower and 
upper limits are set relative to the actual optimum. The 
goal of optimization is to find a good set of conditions that 
will meet all the goals, not to get to a desirability value of 
1.0. Desirability is simply a mathematical method to find 
the optimum. The numerical optimization finds a point that 
maximizes the desirability function. The characteristics of 
a goal may be altered by adjusting the weight or impor-
tance. For several responses and factors, all goals get com-
bined into one desirability function. Desirability graph for 
Tg responses is presented on Fig. 2.

Cross-validation of the model was carried out. Confir-
mation report and the per-cent of relative error of the pre-
dicted and experimental values were obtained (Table 2).

Conclusion

In this study, a novel approach based on thermosensi-
tive bio/mucoadhesive hydrogel system for prolonged re-
lease of propolis was developed. Based on the results ob-
tained it can be concluded that chitosan-Lutrol® based sys-
tems seem as an attractive candidates for local vaginal de-
livery of propolis. This attractive approach will be evaluat-
ed in further in vitro and in vivo studies carried out on the 
optimized batches.
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Определувањето на факторите што влијаат на температурата на гелирање на дизајнираниот систем и оптимизацијата на 
формулацијата беше направено со примена на методите засновани на моделирање на површината на одговорот, Box-Behnken 
експерименталниот дизајн. При тоа беше евалуирано влијанието на концентрацијата на Lutrol F127, масениот однос на Lutrol 
F68 / Lutrol F127 и волуменот на симулирана вагинална течност врз температурата на гелирање. Сите фактори беа варирани на 
3 нивоа и беа направени вкупно 17 формулации што беа карактеризирани од аспект на температурата на гелирање. Влијанието 
на испитуваните варијабли најдобро може да се опише со помош на 2FI моделот. Еднонасочната ANOVA за овој модел укажа 
дека статистички значајно влијание имаат концентрацијата на Lutrol F127, масениот однос на Lutrol F68 / Lutrol F127 и 
нивната интеракција.  Добиените резултати укажаа на  негативна корелација меѓу температурата на гелирање и концентрацијата 
на Lutrol F127, позитивна корелација со масениот однос на Lutrol F68 / Lutrol F127 и негативна корелација со нивното 
взаемно влијание. Утврдените зависности овозможија оптмизиација на формулацијата од аспект на потребната температура за 
in situ гелирање (32 oC). Моделот беше потврден со вкрстена валидација и беше определен процентот на релативна грешка на 
предвидените и експериментално добиените вредности.
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Abstract

Chemical composition and antimicrobial activity of essential oil isolated from berries from 2 different samples of Juniperus oxycedrus 
L. (Cupressaceae), growing wild in Republic of Macedonia was investigated. Performing GC/FID/MS analysis, one hundred components 
were identified, representing 96.0-98.95% of the oil. The major components were α-pinene (22.54- 27.12%), myrcene (11.26- 15.13%) 
and limonene (2.78-18.06%). Antimicrobial screening of the J. oxycedrus essential oils was made by disc diffusion and broth dilution 
method against 16 bacterial isolates of Gram positive and Gram negative bacteria and one strain of Candida albicans. The most sensitive 
bacteria was Haemophilus influenzae (MIC = 125 ml/ml). The essential oils showed moderate antimicrobial activity against Streptococcus 
pneumoniae, Staphylococcus aureus, Streptococcus agalactiae, Streptococcus pyogenes, Corynebacterium spp., Escherichia coli and  
Campilobacter jejuni (MIC > 500 ml/ml) and no activity against Candida albicans, Staphylococcus epidermidis, Acinetobacter spp., 
Salmonella enteritidis, Shigella flexnery, Klebsiella pneumonia, Pseudomonas aeruginosa, Enterococcus and Proteus mirabilis.

Keywords: Juniperus oxycedrus, berry essential oil, oil composition, GC/FID/MS, antimicrobial activity.
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Introduction

Juniperus oxycedrus L. (Cupressaceae) is a hardy 
spreading plant, that vary in size from a low shrub to a tree 
of about 6 m. The leaves are tiny, narrow and prickly and 
are reason for people’ name of the plant:“Prickly Juniper”. 
The cones are yellow and rounded, and the fruits are ber-
ry-like, growing in clusters, and black when ripe. The plant 
is known as Cade juniper as well, mainly because of the 
oil that is obtained through destructive distillation of the 
wood. Cade oil is dark, aromatic oil with a strong smoky 

smell which is used in some cosmetics and traditional skin 
treatment drugs, as well as аn incense (Lamnauer, 2005). 

J. oxycedrus is known as Mediterranean equivalent 
of the common juniper, native across the Mediterranean 
region from Morocco and Portugal, southern France and 
east to Iran, Lebanon and Israel. It grows on rocky sites 
from sea level up to 1600 m altitude. Among J. oxycedrus 
interesting subspecies are J. oxycedrus var. badia H.Gay 
(syn. J. oxycedrus subsp. badia (H.Gay) Debeaux), distin-
guished on the basis of larger cones and described from 
northern Algeria, but also reported for Portugal and Spain 
(Salido et al., 2002; Velasco-Negueruela et al., 2003) and J. 
oxycedrus subsp. macrocarpa (S. et Sm.) Ball., confined to 
Mediterranean coastal sands, which differs in the broader 
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leaves 2-3 mm wide and larger cones (Stassi et al., 1995). 
Aromatical oils from different parts of J. oxycedrus 

have been used since antiquity for fragrance, flavoring, 
medicinal, antibacterial, insecticidal, and cosmetic pur-
poses. In folk medicine, they have been recommended as 
a mouth analgesic and for stomach disorders. Berries of 
this plant are used as a spice, particularly in European cui-
sine, and essential oil is used for production of beverages 
such as gin, to which the oil gave distinguishing flavor. The 
composition of leaf essential oil of J. oxycedrus from Mo-
rocco (Derwich and Chabir, 2011), Tunisia (Medini et al., 
2010), Greece (Adams et al., 1999), Corsica (Boti et al., 
2006), and Allgeria (Dob et al., 2006) has been reported in 
varying details. The oil is characterized by large amount of 
α-pinene followed by smaller amounts of sabinene, lim-
onene, β-pinene, caryophyllene oxide and myrcene (Der-
wich et al., 2010; Derwich and Chabir, 2011; Adams et al., 
1999). Berry essential oil of J. oxycedrus was examined in 
Italy and similar composition to that of the leaf essential 
oil was found with predominant amounts of α-pinene fol-
lowed by smaller amounts of β-pinene, δ-3-carene, sabi-
nene, myrcene, α-phellandrene, limonene and germacrene 
D (Angioni et al., 2003). Additionally, authors found that 
ripeness of the berries does not have large influence on the 
oil composition. Boti et al. (2006) found a-pinene, b-phel-
landrene and d-3-carene as the most abundant constituents 
in the berry essential oil from Corsica. The berry essential 
oil of J. oxycedrus ssp. badia from Spain contained a-pi-
nene and myrcene as the predominant components (Velas-
co-Negueruela et al., 2003), while the oil of J. oxycedrus 
ssp. macrocarpa contained α-pinene, germacrene D, myr-
cene, abietadiene and cis-calamenene as major constituents 
(Medini et al., 2012).  

J. oxycedrus essential oil possess broad spectrum of 
biological activities: antioxidant (Loizzo et al. 2007), anti-
microbial (Angioni et al., 2003; Medini et al., 2012), anti-
fungal (Cavaleiro et al., 2006), wound healing (Tumen et 
al., 2012), insecticidal (Athanassiou et al., 2013), herbicid-
al (Ismail et al., 2011), etc. The oil with predominated con-
tent of a-pinene and b-myrcene possesses antiviral activi-
ty against HIV-1 (Loizzo, 2008). Antibacterial and antifun-
gal activity against different pathological strains that grow 
on food makes possible use of J. oxycedrus essential oil as 
food preservative (Stassi at al. 1996).

In Macedonian flora, only J. oxycedrus L. subsp. oxy-
cedrus is present (Micevski, 1989). This species is spread 
throughout the whole territory of Republic of Macedonia, 
except on very high altitudes on mountains in the continen-
tal part. Up to now, J. oxycedrus was not chemically inves-
tigated and no testing of possible biological and pharmaco-
logical activities was performed. Therefore the aim of the 
present study was analysis of chemical composition of ber-
ry essential oil of this plant and evaluation of its antimicro-
bial activity.

Material and methods

Plant materials

The terminal twigs with berries were collected from 
two different localities in R. Macedonia: Velestovo village 
near Ohrid Lake and Vodno Mtn., near Skopje, in late au-
tumn 2010 and 2012. Plant identity was verified as Juni-
perus oxycedrus L., and herbarium voucher specimen No 

JO-1/10, No JO-1/12, were deposited at the Department of 
Pharmaceutical Botany, Institute of Pharmacognosy, Fac-
ulty of Pharmacy, Skopje, R. Macedonia.

The plant material was dried at room temperature. Just 
before essential oil isolation, the berries were separated 
from leaves and branches and minced properly. 

Chemicals

Dimethylsulfoxide was purchased from Sigma-Al-
drich (Steinheim, Germany), sodium chloride and anhy-
drous sodium sulfate from Merck (Darmstadt, Germany) 
and from Kemica (Zagreb, Croatia), respectively, while 
xylene was purchased from Alkaloid (Skopje, R. Macedo-
nia).

Essential oil isolation

Essential oil isolation from plant material was made by 
steam distillation in special all-glass Clevenger type appa-
ratus. For that purpose, 20 g of minced plant material was 
distilled for 4 hours. After isolation, anhydrous sodium sul-
fate was added to remove residual water from the oil. The 
essential oil yield was calculated on dried plant material 
and was expressed in ml/kg. For GC/FID/MS analysis, the 
essential oil was dissolved in xylene to obtain 1 ml/ml oil 
solution.

Gas chromatography (GC) and gas chromatography/mass 
spectrometry (GC/MS)

Essential oil samples were analyzed on Agilent 7890А 
Gas Chromatography system equipped with FID detec-
tor and Agilent 5975C Mass Quadrupole detector as well 
as capillary flow technology which enables simultaneous 
analysis of the samples on both detectors. For that purpose, 
HP-5ms capillary column (30 m x 0.25 mm, film thick-
ness 0.25 mm) was used. Operating conditions were as fol-
lows: oven temperature at 60 °C (5 min), 1 °C/min to 80 
°C (2 min) and 5 °C/min to 280 °C (5 min); helium as car-
rier gas at a flow rate of 1ml/min; injector temperature 260 
°C and that of the FID 270 °C. 1ml of each sample was in-
jected at split ratio 1:1. The mass spectrometry conditions 
were: ionization voltage 70 eV, ion source temperature 230 
°C, transfer line temperature 280 °C and mass range from 
50 - 500 Da. The MS was operated in scan mode. 
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Identification of the components

Identification of the components present in essential 
oils was made by comparing mass spectra of components 
in essential oils with those from Nist, Wiley and Adams 
mass spectra libraries, by AMDIS (Automated Mass Spec-
tral Deconvolution and Identification System) and by com-
paring literature and estimated Kovat’s (retention) indices 
that were determined using mixture of homologous series 
of normal alkanes from C9 to C25 in hexane, under the same 
above mentioned conditions. 

The percentage ratio of essential oils components was 
computed by the normalization method of the GC/FID 
peak areas without any correction factors.

Antimicrobial activity: microbial strains and cultures

16 bacterial isolates representing both Gram positive 
and Gram negative bacteria and one strain of Candida al-
bicans were used for antimicrobial screening. Five iso-
lates were standard strains (Staphylococcus aureus ATCC 
29213, Escherichia coli 25927, Klebsiella pneumoniae 
ATCC 700603, Pseudomonas aeruginosa ATCC 27853 
and Candida albicans ATCC 10231). The remaining 12 
bacterial strains (Staphylococcus epidermidis, Enterococ-
cus, Streptococcus pyogenes, Streptococcus agalactiae, 
Streptococcus pneumoniae, Haemophylus influenzae, Pro-
teus mirabilis, Salmonella enteritidis, Salmonella enteriti-
dis, Shigella flexneri, Campylobacter jejuni, and Acineto-
bacter spp.) were clinical isolates provided from the Insti-
tute of Microbiology and Parasitology, Faculty of Medi-
cine, Skopje, R. Macedonia. 

A nutrient (Mueller Hinton) agar from Merck (Darm-
stadt, Germany), blood agar (Oxoid, Basingstoke, UK) and 
Sabouraund agar (bioMerieux, Durham, NC) were used for 
growing of the microbial strains. 

Disc diffusion method

Disc diffusion method was used for screening the anti-
microbial activity of all essential oils in order to determine 
the growth inhibition zones of studied microorganisms that 
occur around certain essential oil. In this regard, microor-
ganisms were suspended in sterile broth with turbidity cor-
responding to 0.5 and 1 Mc Farland (approximate by 107-
108 CFU/ml) for all bacteria and for Candida albicans, re-
spectively. The microbial suspensions were streaked over 
the surface of the agar media using a sterile cotton swabs 
to ensure uniform inoculation. After inoculation of micro-
organisms, discs of 6 mm in diameter were made at well-
spaced intervals. They were filled with 85 ml of 50% solu-
tions of essential oils in dimethylsulfoxide (DMSO, Sig-
ma-Aldrich, Germany) and one disc was filled only with 
DMSO as a control. The plates were incubated at 37 0C, 
aerobically for 24 hours. The growth inhibition zones were 
measured after incubation of the isolates under their opti-
mal growth conditions and were ranged between 6 mm and 

30 mm in diameter. The antimicrobial activity was deter-
mined according to the diameters of the inhibition zones 
(0-14 mm resistant - R, 14-19 mm moderate susceptible - 
M and 19-30 susceptible microorganisms - S). 

Broth dilution method

This method was used in order to determine minimal 
inhibitory concentration (MIC) of the particular essential 
oil (50% solution in DMSO) that had revealed antimicro-
bial activity by disc diffusion method. For that purposes, 
25 ml of those essential oils were diluted in equal quantities 
of 0.9 % sodium chloride solution, to make them with the 
concentration of 25%. This concentration was decreased 
five times, subsequently, by adding 25 ml of each bacteri-
al or fungal suspension, thus the final concentrations were: 
12.5%, 6.2%, 3.1%, 1.5% and 0.7% or 125 ml/ml, 62 ml/ml, 
31 ml/ml, 15 ml/ml and 7ml/ml, respectively.15 ml of each 
bacterial or fungal suspensions with these particular con-
centrations were inoculated on solid media (Mueller-Hin-
ton agar, blood agar, Sabouraund agar), depending on the 
type of microorganism. The growth of any microorganism 
was evaluated after its incubation under the optimal growth 
conditions. The lowest concentration of essential oil which 
was able to inhibit the growth of the particular microor-
ganism was considered as its minimal inhibitory concen-
tration (MIC). 

Results and discussion

The obtained essential oils of J. oxycedrus were trans-
parent, agile, light yellowish liquids with specific and very 
strong turpentine odor. Using GC/FID/MS a total of 100 
components were identified, representing 96.01-98.95% of 
the oils. Among different classes of components, the most 
abundant fraction for Velestovo and Vodno oils were the 
monoterpene hydrocarbons (MH) (59.23% and 60.43%, 
respectively), followed by the sesquiterpene hydrocarbons 
(SH) (21.58% and 28.72%, respectively)  (Table 1). Both 
samples of essential oils, contained smaller amounts of ox-
ygen-containing monoterpenes (OM) (5.63% and 3.67%, 
respectively) as well as oxygen-containing sesquiterpenes 
(OS) (9.13% and 5.75%, respectively) (Table 1). 

Chemical analysis of the berry essential oil of J. oxyce-
drus showed presence of tree main components: α-pinene 
(22.54% and 27.12%), b-myrcene (11.26% and 15.13%) 
and limonene (18.06% and 2.78%). Additionally, b-pi-
nene (2.60% and 3.14%), trans-caryophyllene (6.18% and 
2.67%), a-humulene (4.65% and 2.68%), and d-cadinene 
(4.16% and 2.23% for Velestovo and Vodno, respective-
ly) were determined in smaller amounts. Larger amounts 
of germacrene D (11.50%) were found only in the sample 
from Vodno.
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Table 1. Chemical composition (%) of Juniperus oxycedrus berry essential oils

No. Components KIL KIE Velestovo 2010 Vodno 2012
1 Tricyclene 921 938.9 0.02 0.03
2 a-Thujene 931 940.8 0.26 0.75
3 a-Pinene 932 949.4 22.54 27.12
4 Camphene 946 955.6 0.45 0.26
5 Verbenene 961 966.9 - 0.04
6 Sabinene 969 975.1 1.15 9.17
7 b-Pinene 974 976.2 2.60 3.14
8 b-Myrcene 988 990.6 11.26 15.13
9 a-Phellandrene 1002 997.1 - 0.05

10 δ3-Carene 1008 1001.5 - 0.13
11 a-Terpinene 1014 1007.2 0.61 0.27
12 p-Cymene 1020 1014.3 0.13 0.09
13 Limonene 1024 1018.6 18.06 2.78
14 b-Phellandrene 1025 1019.9 - -
15 Z-b-Ocimene 1032 1037.1 - 0.02
16 E-b-Ocimene 1044 1037.3 - 0.04
17 g-Terpinene 1054 1046.4 1.14 0.54
18 cis-Sabinene hydrate 1065 1054.2 - 0.13
19 Terpinolene 1086 1076.3 1.03 0.94
20 Linalool 1095 1091.2 0.69 0.77
21 2-Methyl butyl isovalerate 1103 1095.6 0.22 -
22 cis-p-Menth-2-en-1-ol 1118 1114.2 - 0.05
23 a-Campholenal 1122 1121.0 - 0.03
24 trans-Pinocarveol 1135 1135.4 - 0.03
25 trans-p-Menth-2-en-1-ol 1136 1138.2 - 0.05
26 trans-Verbenol 1140 1143.9 - 0.06
27 Citronelall 1148 1155.0 - 0.02
28 b-Pinene oxide 1154 1159.4 - 0.03
29 Borneol 1165 1163.2 0.14 0.04
30 p- Menth-1,5-dien-8-ol 1166 1166.2 - 0.02
31 Terpinen-4-ol 1174 1162.3 1.60 1.13
32 p-Cymene-8-ol 1179 1184.4 - 0.04
33 a-Terpineol 1186 1184.6 0.60 0.18
34 Myrtenol 1194 1188.5 - 0.05
35 Methyl chavicol 1195 1190.4 - 0.03
36 Verbenone 1204 1197.4 - 0.04
37 endo-Fenchyl acetate 1218 1207.5 - 0.02
38 b-Citronellol 1223 1220.1 0.30 0.15
39 trans -Chrysanthenyl acetate 1235 1224.6 - 0.05
40 Thymol methyl ether 1232 1225.3 - -
41 Neral 1235 1232.2 - 0.08
42 Hexyl isovalerate 1241 1232.6 0.05 -
43 Isoamyl hexanoate 1246 1240.9 0.08 -
44 Geraniol 1249 1247.3 - 0.06
45 cis-Myrtanol 1250 1249.2 - tr
46 Methyl citronellate 1257 1252.7 - 0.05
47 Geranial 1264 1261.8 - 0.07
48 Bornyl acetate 1284 1261.6 0.09 0.25
49 trans-Sabinyl acetate 1289 1279.6 1.29 -
50 2-Undecanone 1293 1282.3 - 0.07
51 Terpinen-4-ol-acetate 1299 1286.9 - 0.02
52 Myrtenil acetate 1324 1310.6 - 0.12
53 d-Elemene 1335 1322.4 0.04 0.22
54 α-Cubebene 1345 1335.3 0.09 0.59
55 Citronellyl acetate 1350 1339.2 - 0.08
56 Dihydro carveol acetate 1356 1350.0 - 0.03
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No. Components KIL KIE Velestovo 2010 Vodno 2012
57 a-Ylangene 1373 1356.7 - 0.02
58 a-Copaene 1374 1361.5 0.20 0.58
59 Geranyl acetate 1379 1368.9 - 0.23
60 b-Bourbonene 1387 1369.9 0.03 -
61 b-Elemene 1389 1378.2 0.23 2.09
62 Longipinene 1400 1384.6 - -
63 Sibirene 1400 1386.8 - 0.31
64 b-Longifolene 1407 1390.2 - tr
65 a-cis-Bergamotene 1411 1397.9 - 0.01
66 trans-(E)-Caryophyllene 1417 1404.0 6.18 2.67
67 b-Copaene 1430 1413.0 0.11 0.35
68 g-Elemene 1434 1418.3 0.45 2.08
69 a-Guaiene 1437 1419.2 0.07 -
70 6,9-Guaidiene 1442 1424.6 0.08
71 Unknown / 1435.6 - 0.19
72 a-Humulene 1454 1439.3 4.65 2.68
73 cis-Muurola-4,(14),5-diene 1465 1448.0 tr 0.14
74 Germacrene D 1484 1471.5 1.89 11.50
75 b-Selinene 1485 1473.8 0.11 tr
76 Bicyclogermacrene 1494 1501.7 0.20 -
77 a-Muurolene 1500 1483.7 1.07 1.71
78 g-Cadinene 1513 1496.9 1.16 0.69
79 d-Cadinene 1522 1506.8 4.16 2.23
80 trans-Cadina-1,4-diene 1533 1514.7 0.15 0.12
81 a-Cadinene 1537 1519.9 - 1.71
82 Elemol 1549 1532.1 0.10 0.19
83 Unknown / 1537.4 0.42 0.09
84 Germacrene B 1559 1543.3 0.41 1.73
85 Germacrene D-4-ol 1574 1560.7 - 1.37
86 Spathulenol 1577 1563.0 0.06 tr
87 Caryophyllene oxide 1581 1593.2 1.63 0.17
88 Humulene epoxide  II 1608 1593.6 1.80 0.17
89 1,10-di-epi- Cubenol 1618 1596.5 tr tr
90 Junenol 1618 1602.4 0.17 tr
91 1-epi-Cubenol 1627 1610.7 0.26 0.25
92 g-Eudesmol 1630 1613.9 0.17 -
93 t-Murolol 1640 1624.7 1.55 0.88
94 a-Muurolol 1645 1613.4 0.38 tr
95 a-Cadinol 1653 1638.8 2.60 1.16
96 Cadalene 1675 1657.1 tr -
97 Abieta-8,12-diene 2022 2004.0 tr tr
98 Abietatriene 2054 2024.8 tr tr
99 Abietadiene 2080 2172.8 tr tr

100 Sandarocopimarinal 2184 2172.5 tr tr

Total 96.01 98.95

Monoterpene hydrocarbons (MH) 59.23 60.43
Oxygen containing monoterpenes (OM) 5.63 3.67
Sesquiterpene hydrocarbons (SH) 21.58 28.72
Oxygen containing sesquiterpenes (OS) 9.13 5.75

KIL - Kovat’s (retention) index - literature data (Adams, 2007); KIE – Kovat’s (retention) index experimentally determined (AMDIS);  
(-) - not found, tr – traces < 0.02. 
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Table 2. Antimicrobial activity of the berry essential oil of 
Juniperus oxycedrus.

Microorganism Velestovo
2010

Vodno
2012

Streptococcus 
pneumoniae

DD
MIC

M
> 500

R
n.m.

Staphylococcus 
aureus

DD
MIC

M
> 500

R
n.m.

Staphylococcus 
epidermidis

DD
MIC

R
n.m.

R
n.m.

Streptococcus 
agalactiae

DD
MIC

M
> 500

R
n.m.

Streptococcus 
pyogenes

DD
MIC

M
> 500

M
> 500

Enterococcus DD
MIC

R
n.m.

R
n.m.

Corynebacterium spp. DD
MIC

M
> 500

R
n.m.

Haemophilus 
influenzae 

DD
MIC

S
125

S
125

Acinetobacter spp. DD
MIC

R
n.m.

R
n.m.

Escherichia coli DD
MIC

R
n.m.

M
> 500

Salmonella enteritidis DD
MIC

R
n.m.

R
n.m.

Shigella flexneri DD
MIC

R
n.m.

R
n.m.

Campylobacter jejuni DD
MIC

M
> 500

M
> 500

Klebsiella 
pneumoniae 

DD
MIC

R
n.m.

R
n.m.

Pseudomonas 
aeruginosa

DD
MIC

R
n.m.

R
n.m.

Proteus mirabilis DD
MIC

R
n.m.

R
n.m.

Candida albicans DD
MIC

R
n.m.

R
n.m.

DD – Disc diffusion (zone of inhibition including the diameter 
of disc 6 mm), R = resistant with zone of inhibition 0-14 mm, M 
= moderate susceptible with zone of inhibition 14-19 mm and S 
= susceptible microorganism with zone of inhibition 19-30 mm); 
MIC – minimum inhibitory concentration (ml/ml); n.m. – not 
measured.

Similar composition of the berry essential oil was 
found for the Spanish J. oxycedrus ssp. badia with a-pi-
nene (59.8-61.5%) and myrcene (18.5-18.6%) as major 
constituents of the oil (Velasco-Negueruela et al., 2003). 
Furthermore, in unripe berries, Salido et al. (2002) found 
essential oil rich with a-pinene (65%) and smaller amounts 
of myrcene, limonene, germacrene D and g-muurolene.  
Medini et al. (2011) reported that the amounts of a-pi-

nene, germacrene D, myrcene, abietadiene and cis-calam-
enene vary according to the phonological stage of J. oxy-
cedrus ssp. macrocarpa. Berry essential oil of J. oxyce-
drus ssp. macrocarpa from Greece contained 63.03% of 
a-pinene (Stassi et al., 1995). Comparing to the leaf es-
sential oil composition of J. oxycedrus, similarities could 
be found as the leaf essential oil contain a-pinene as the 
most abundant constituent (Derwich et al., 2010; Derwich 
et al., 2011; Boti et al., 2006; Salido et al., 2002; Adams et 
al., 1999; Stassi et al., 1995; Medini et al., 2010; Angioni 
et al., 2003).    

Antimicrobial screening of the essential oils was made 
by disc diffusion and broth dilution method against 16 bac-
terial isolates of Gram positive and Gram negative bacte-
ria and one strain of Candida albicans. The most sensi-
tive bacteria to antimicrobial effects of Juniperus oxyce-
drus berry essential oils was Haemophilus influnzae (MIC 
= 125 ml/ml) (Table 2). 

The berry essential oil showed moderate antimicrobial 
activity against Streptococcus pneumoniae, Staphylococ-
cus aureus, Streptococcus agalactiae, Streptococcus pyo-
genes, Corynebacterium spp., Escherichia coli and  Campi-
lobacter jejuni with MIC > 500 ml/ml. No activity against 
Candida albicans, Staphylococcus epidermidis, Acine-
bacter spp., Salmonella enteritidis, Shigella flexnery, Kleb-
siella pneumonia, Pseudomonas aeruginosa, Enterococcus 
and Proteus mirabilis was found.

According to literature data, essential oils of J. oxyc-
erdrus, J. phoenicea and J. communis were tested against 
Candida albicans, Staphylococcus aureus, Escherichia 
coli and Pseudomonas aeruginosa. The results obtained 
led to a non-significant inhibitory effect, although essen-
tial oil of J. phoenicea and leaf oil of J. oxycerdrus ex-
hibited rather good or weak activity against Candida al-
bicans and Staphylococcus aureus (Angioni et al., 2003). 
The study of the antimicrobial activity of leaf essential oil 
of J. oxycedrus from Tunisia showed that  Escherichia coli 
was found to be extremely resistant to this oil while Staph-
ylococcus aureus was the most sensitive strain with MIC 
ranged from 600 to 650 mg/ml (Medini et al., 2012). J. oxy-
cerdrus leaf essential oil provided to be an emergent al-
ternative as antifungal agent against dermatophyte strains. 
d-3-carene was shown to be a fundamental compound for 
this activity (Cavaliero et al., 2006). 

Conclusion

The major components in the essential oil of two sam-
ples of berries of Juniperus oxycedrus L. (Cupressace-
ae), growing wild in R. Macedonia were α-pinene, myr-
cene and limonene. β-pinene, caryophyllene, a-humulene 
and d-cadinene were determinate in smaller amounts while 
larger amount of germacrene D was found only in one sam-
ple of the oil. Antimicrobial screening of the essential oils 
showed that the most sensitive bacteria was Haemophilus 
influenzae (MIC = 125 ml/ml). The J. oxycedrus essential 
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oil showed moderate antimicrobial activity against Strep-
tococcus pneumoniae, Staphylococcus aureus, Streptococ-
cus agalactiae, Streptococcus pyogenes, Corynebacterium 
spp., Escherichia coli and Campilobacter jejuni (MIC > 
500 ml/ml) and no activity against other investigated bacte-
ria and Candida albicans. 
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Резиме

Хемиски состав и антимикробнa активност на етерично 
масло од бобинки од диворастечка црвена смрека Juniperus 

oxycedrus L. (Cupressaceae) од Р. Македонија
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Клучни зборови: Juniperus oxycedrus, етерично масло од бобинки, состав на етерично масло, GC/FID/MS, антимикробна 
активност.

Хемискиот состав и антимикробната активност се испитувани на 2 различни примероци на етерично масло од бобинки 
од диворастечкиот Juniperus oxycedrus L. (Cupressaceae) од Република Македонија. Со GC/FID/MS анализа, идентификувани се 
100 компоненти и истите сочинуваат 96,00-98,95 % од маслото. Најзастапените компоненти во маслото се α-пинен (22,54-27,12 
%), мирцен (11,26-15,13 %) и лимонен (2,78-18,06 %). Антимикробната активност на етеричните масла е испитувана со диск 
дифузиона и диск дилуциона метода на 16 бактериски изолати на Грам позитивни и Грам негативни бактерии и еден изолат на 
габата Candida albicans. Најголема осетливост на дејството на маслата покажа бактеријата Haemophilus influenzae (MIC=125 ml/
ml). Етеричните масла покажаa умеренa антимикробнa активност кон Streptococcus pneumoniae, Staphylococcus aureus, Streptococ-
cus agalactiae, Streptococcus pyogenes, Corynebacterium spp., Escherichia coli и Campilobacter jejuni (MIC> 500 ml/ml). Етеричните 
масла не покажаа активност кон Candida albicans, Staphylococcus epidermidis, Acinetobacter spp., Salmonella enteritidis, Shigella 
flexnery, Klebsiella pneumonia, Pseudomonas aeruginosa, Enterococcus и Proteus mirabilis.
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Abstract

The importance of medical devices in everyday users/patients lives is imensse. This is the reason why emphasis must be put on safety 
during their use. Satisfactory safety level can be achived by implementation of quality and risk management standards. Medical device 
manufacturers must learn to deal with the potential risks by using theoretical and practical examples and measures in order to protect their 
users/patients and themselves from suffering huge losses arising from adverse events or recall of their products. The best moment for 
implementation of risk management methods and analysis begins from the device design and development through manufacturing, sales 
and distribution. These way medical device manufacturers will succseed in protecting their users/patients from serious adverse events and 
at the same time protect their brand and society status, while minimizing economic losses.
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Introduction

Medical devices are vital and integral part of the 
healthcare system. They have an enormous impact on 
everyday life quality of all users/patients. Because of this, 
their safety, quality and efficacy must be assured.  

Medical device safety can be viewed by using relative 
terms. All devices carry certain risk level and during 
certain circumstances can cause a problem/adverse event. 
Most of the problems that appear cannot be detected until 
the medical device is placed on the market and actually 
used by a patient/user. For example, an implant can 
show a problem that was not predicted at the moment of 
implantation. The problem can represent a state that appears 
only in certain special patients. Some medical devices can 
experience problem with its consisting components.  Yet, 
some of the problems that appear can be detected so early, 
for example, during the design phase. Because of this, it is 

recommended that risk management processes are applied 
during the entire life-cycle of the medical device.

Risk and medical device risk management

The term risk, as defined in WebFinance Bussiness 
dictionary (Webfinance, 2014), represents a probability 
or a threat by a hazard, loss or other negative occurrence 
triggered by external or internal vulnerabilities that can be 
neutralized by forward taken activities.

The medical device safety approach is consisted of; 
assessing the potential of the medical device to cause 
a hazard resulting in safety problems and danger to the 
patient/user. This is referred to the term risk assessment.

By other means, the term hazard represents the 
potential for a medical device to show certain adverse event 
or to represent a source of danger. The term risk refers to 
a measure for the combination of hazard, the possibility 
for occurrence of adverse event and the seriousness of the 
entire event.
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Medical devices cause hazard only if there is sequenced 
occurrence of events that result in hazard situation. The 
event sequence may include one event or a combination 
of events. Hazard situation appears when users/patients 
or the environment are exposed to hazard. But it must be 
underlined that a hazard situation may appear even when 
no visible mistakes exist. In cases when hazard situations 
occur because of a mistake, the probability of the mistake 
is not the same as the probability of a hazard occurrence. 
Mistakes may not always result in hazard situations, and 
the hazard situations may not always result in hazard.

The risk management goal is to maximize the benefit 
of the medical device use and minimize the risk occurrence 
during their use.

In everyday practice, medical device manufacturers 
have to strive for obliged incorporation and proper use 
of the Quality Management System (QMS) and Risk 
Management System (RMS). This is to be done for one 
and only reason and that is insuring safer products for the 
patients/users. During the last few years we are witnessing 
more and more medical device recalls. This is the reason 
why authorities strive for more demanding requests 
on incorporation of these standards in the processes of 
development, design, manufacturing, distribution (the 
whole life cycle of the medical device). These two systems 
can exist on their own, but they can be incorporated one 
into another and this way they would reduce expenses and 
improve efficacy.

The international standard ISO 13485:2012 represents 
a system that specifies the requirements on the quality 
management where the organization demonstrates its 
ability to assure medical devices that encounter both the 
regulatory and customer needs. Effective QMS is essential 
for assuring safety and good performance of the medical 
devices. Good defined QMS includes safety issues on 
different specific areas. Knowing the importance of device 
safety is useful to identify some safety activities that 
specially imply on safety issues and assure proper input 
and fitback from the unique activities to QMS. 

The degree that the safety issues are analyzed should 
be adequate to the degree of the risk and the nature of the 
medical device. Some of the medical devices have low 
risks or well known risks, and eventually some of the 
devices represent the state of the art and their risks are still 
not known and are about to be discovered.

The risk management principles should apply during 
the entire medical device life-cycle and they should be 
used identifying and addressing the safety issues. Risk 
management represents an important part of effective 
system for assuring quality and safety, and the reason for 
this is that decision making should be documented on the 
risk basis. The risk is usually evaluated in two perspectives: 
safety risks and business risks.

ISO 14971:2007 represents a second edition and it 
substitutes the edition issued in year 2000 ISO 14971:2000. 
At the same time it substitudes Annex 1 from this edition 

(ISO 14971:2000/Amd 1:2003). The second edition was 
issued in 2007, and in 2012 was issued ISO 14971:2012 
that serves as updated 2007 edition. 

This international standard provides system where the 
experience, clear point of view and judgement are applied 
systematically in order to manage the risks related to 
medical device use. This system was specially developed 
for medical device manufacturers that use principles 
based on risk management. For all other participants for 
example, the ones from the health industry, this standard 
can be used as informative guidance in the development 
and maintenance of the system and the risk management 
processes. This standard manages the risk management 
processes primarily to patient/user, but also to the operator, 
other equipment and the environment.

Generally, in all activities where the organization or 
the individual are included they can expose themselves 
or the other stakeholders to hazard that can cause a loss 
or harm of their values. Risk management is a complex 
matter because every stakeholder sets different value on 
the opportunity to the harm occurring and its seriousness.

All stakeholders, must understand, that medical device 
use involves certain degree of risk. Risk acceptability 
depents on various components important for the 
stakeholder. To make a decision for a medical device to be 
used in certain clinical procedure needs all residual risks 
to be balanced against expected benefits. These decisions 
can be made only by qualified medical personal that has 
abundant knowledge of the patient’s health or the patient 
himself.

As part of all stakeholders, the manufacturer makes 
decisions about the medial device safety, including the risk 
acceptability. The only goal of these complex decisions is 
to put a safe medical device on the market, with a proper 
use. ISO 14971 has specific procees that provide every 
manyfacturer with techniques to identify all hazards 
related to the medical device. These processes also help 
to asses and evaluate the risks related to these hazards, to 
control and monitor the effectiveness of these hazards. The 
requirements from this standard have their own application 
in every stage of the medical device life cycle.

The risk management is defined as the probability for 
the harm to arise and the concequences from this harm, or 
how dangerous can it be. The manufacturer must consider 
this definition and than apply the processes of:

– Analysis
– Evaluation
– Risk control
– Evaluation of the residual risk
– Risk management report
– Monitoring

In this way manufacturers identify the possible hazards 
and hazard situations and demonstrate that the exsisting 
risk is minimized and brought to an exceptable level.

Once the characteristics of the medical device are 
identified, the risk assessment process can begin. At first 
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hazard identification is made and then evaluation and 
other actions are taken to make the risks acceptable. All 
action taken need to be re-evaluated to assure that the risk 
is minimized to a certain level and no additional risks are 
created (Dumbrique, 2010).

From above can be concluded that ISO 14971 standard 
provides manufacturers with risk management frame 
procedures that are related to the medical device usage. 
This way the manufacturer can easily identify, asses, 
evaluate and control the risks and monitor its effectiveness.

Medical device market

The main reason for medical device growth (both 
manufacturing and sales) is the incrised requirements 
and needs by the population that reaches its 50 and 60 (so 
called baby boomers). This population wants to maintain 
its vitality as long as possible. So, manufacturers continue 
to research new ways for growth, development and 
satisfaction of the needs pointed by the potential buyers.
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Fig. 1. Medical device market revenue history (USD) 
(adapted from http://www.slideshare.net/
FrostandSullivan/european-medical-devices-
industry-assessment-a-symptomatic-evaluation).

The Gross Domestic Product (GDP) in Europe is 
aproximatly 1 trilion euros. Every year, 8.7 % of the 
European GDP are spent for health care, and 6.3 % (63 
bilion euros) from this amount are spent on medical devices 
that derive from the European market. This represents 0.5-
0.6% from the entire European GDP. Medical devices 
global sales are shown on Table 1.

According to the Frost and Sulivan report (Praveen, 
S.M., 2012), which demonstrates hronological review of 
the world medical device market (Fig. 1), conclusion can 
be easily reached. It can be seen the continous growth of 
the rewenues that companies made in this field.

As it can be seen, in 2013 global sales of medical devices 
is expected to be 286 billion dollars. Approximatelly 123 
billion dollars originate from USA market, approximately 
100 billion dollars originate from European market 
(western European and central/eastern European), while 
60 billion dollars from the Asia/Pacific (Japanise) market. 

In the near future it is expected that the medical 
device market will continue to grow above average. It is 
expected that by 2015 the medical device market will have 
annual growth of 7% (Reportlinker, 2014). However, the 
USA medical device market remains to be the lider with 
greater volume, and the reason for this is the presence of 
the innovation and foreward technology. The main driving 
force for this above average growth is the increased 
number of the population in the development countries that 
reaches deep ages and the strong position for export of the 
medical devices in the European industry. USA, Europe, 
Japan and Canada markets are exteremely big markets, 
but at the same time they are ripe markets that have stable 
and relatively low yearly growth rate of the demand and 
compsumption of medical devices. This is the reason why 
medical device manufacturers have to seek new alternative 
markets to ensure its further growth. So, in the near future 
out of great importance will be the export of the medical 
devices in the fast growing and over populated countries 
like China and India, where cheap work force is available 
(Zimmermann, 2008).

Table 1. Medical device global sales per year (in billion dollars)* 

Region 2009 2010 2011 2012 2013
America 102.4 107.1 112.1 117.4 122.8
Western Europe 62.3 66.7 71.6 76.9 82.5
Asia/Pacific 42.5 46.1 49.9 54.3 58.9
Central/Eastern Europe 10.3 11.3 12.4 13.6 14.8
Africa/Middle East 5.7 6.0 6.3 6.7 7.0
Total 223.2 237.2 252.3 268.9 286.0

*Source: Medical Market Fact Book, 2008
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Adverse event trend and medical device recalls

Reacently, more and more patients/users experience 
adverse events that arise from the medical device use. 
Investigations are made for better understanding the reasons 
for the gaps in quality and safety. These investigations 
reveal exsistence of systematic gaps in the manufacturer 
and industry quality approach. 

In the last 10 to 20 years, medical device industry 
enjoys great growth both in revenues and technology 
complexity. It was noted that serious adverse event reports 
associated with the use of medical devices exceeds the 
growth of 8% per annum calculated from 2001 until today. 
Thereby provided ‘root cause’ analysis reveals that failures 
in the product design and production process control itself 
constitute the main reason for more than half market 
withdrawals. Results have not met the common thought 
that the main reason for product withdrawal is found in the 
therapeutic area range.

Between 2001 and 2009, reported side effects have 
increased approximatelly 15% per year, i.e. from 57,000 
report adverse effects in 2001 to more than 207,000 reported 
side effects in 2009. From 2005 to 2009 the rate of reported 
side effects has significantly risen to 19% annually. The 
emerge of serious side effects with the obtained results-
death, life-threatening, disability or hospitalization rose 
17%, from 8000 in 2002 to 28,000 in 2009. During this 
period the USA medical devices market profit doubled in 
size. Although the extent of this growth and the occurrence 
of adverse events are controlled, adverse event reports 
grew at a rate of 8% per year, with a sharp increase of 14% 
per year starting from 2005 till 2009.

Several factors contribute to the growth of the adverse 
events. These factors include increased requirements 
for reporting adverse events which are given on the 
recommendation of the FDA, which is accompanied by 
increased sensitivity of producers to these requirements. 
Part of this growth is a result of the growth in the number 
of medical devices that are used.

Growth of the number of recalls increases at a lower 
rate than the growth in the number of adverse events, but 
also it is determined that their growth is in line with the 
growing industry of medical devices. In 2003 540 recalls 
were registered, and by 2009 this number increased to 
763, at an annual rate of 6%. Divided by classes, Class 
2 medical take up to 80%, followed by Class 3 devices 
taking around 15% of recalls.                                                                                        

The increased growth of the adverse events carried 
out by the devices is attributed to the medical devices that 
are responsible for life sustaining, but the same it does not 
refer to the increased number of recalls. In 2003, 27%   of 
the adverse events accounted for Class III medical devices, 
by 2009 this figure increased to 40%. Consequently, 
class III medical device recalls are reduced from 17% of 
total withdrawal in 2003, to 7% in 2009. The decreased 
number of medical device recalls in class III devices is a 

direct result from implementation of the risk management 
proceses by the manufacturers of medical devices. 

The risk of adverse events is not uniformly distributed 
within the industry of medical devices. Certain therapeutic 
areas show a larger share of appearance of adverse events. 
The research adopted the conclusion that the medical 
devices in the areas: cardiovascular, IVD, surgical 
instruments (in comparison with 13 other therapeutic 
areas) make usp the largest number of reported adverse 
events. These three therapeutic areas make up the majority 
of total reported adverse events - and that share is 6%.

With systematic root causes analysis of the medical 
device quality, it has been established that there are 36 
main reasons for beginning a recall procedure. The reason 
for recall can be found in the area of design, supply, 
manufacturing, production and change, and the cause 
for the recall might be the hardware, software, labelling, 
packaging, procees or regulation. During this surway it was 
determined that almost one third of total recall (N=4391) 
was due to errors in the design area (around 31% of all 
recalls), and the remaining quarter is a result of problems 
in the manufacturing process (around 24% of all recalls). 
As a surprise was the fact that only 12% of all recalls was 
in the postproduction area (FDA, 2011).

Quality economy

It must be emphasized that the quality economy changes 
through the years. In the past, when the products were 
placed on the market in the early stages of development, it 
meant that the use of the medical device in its early stages 
is much more cost approved, than the costs ocurred as a 
result of a high level of quality and reliability absence. But 
this is no longer the case and there are three major reasons 
for that:

– Increase of  the risk for failure deriving from 
the product quality– the increased complexity 
of medical devices and the complexity of the 
user environment, simultaneously increased the 
likelihood of significant adverse events in terms 
of quality

– Increasing costs as a result of failure in the quality 
- costs resulting from adverse events in the field 
of quality in medical devices have increased as a 
result of increased attention by regulatory, legal 
bodies and the media. Fig. 2 shows the average 
drop in the share price of companies which can 
be seen to be quite significant and increased in the 
last decade. Fig. 3 shows a few recent examples of 
events in the area of   quality that quite raised the 
costs (exspences) for the manufacturers.

– Increased transparency and its conversion 
into quality- Trend leading to research on the 
comparative effectiveness of medical devices 
will provide increased visibility of their quality 
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and performance. Comparisons of therapeutic 
opportunities in medical devices will raise the 
quality and safety of specific medical devices. 
The formation of databases that would gather 
data on adverse effects through public-private 
collaboration is expected to lead into increased 
alertness and awareness of adverse effects and 
defects in medical devices.

Overcomming risks by using experience analysis

Medical device manufacturers are faced daily with 
enormous risks deriving from regulatory, legal and 
financial nature. It was determined that risks result from the 
manufacturers’ production line and operational processes 

that were used in the manufacturing process. Risks may 
have a wide range. They may represent small disturbances 
in the operational functions, up to loss of consumer trust 
and the brand confidence.

It was concluded that companies that enjoy growth 
in profits and turnover, understand that their success 
is conceived on the base of things that their customers 
appreciate, such as:

– Product quality and innovation,
– Brand and reputation,
– User support and
– Flexibility.

These types of companies have more formal processes 
that foster teamwork between departments and colleagues. 

Fig. 2. Size and trends in medical device company share price drops following specific major quality events (FDA, 2011).

Fig. 3. Examples about the financial impact on the selected quality event incidents.
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That way they can easily overcome potential risks.
The survey (http://www.ptc.com, 2008) found out 

that although nearly all companies are focused on risk 
management processes and analysis, implemented 
processes and practices may be incomplete. Some of the 
weaknesses of risk management processes include poorly 
managed product development, poor cooperation between 
sectors, incomplete risk analysis, incomplete or lack of 
root cause analysis, inconsistent information and manually 
processed documents. From here it becomes clear how 
risks are created for users/patients and business success.

Risk management can take many forms. The most 
obvious view of the risk management process includes 
risk for patients who use the medical device and from 
this point of view the risk to the business. Theoreticaly 
the risk management process ensures patient safety and it 
is supposed to reduce the overall risk and contribute to a 
greater likelihood of profit.

Many of the medical device manufacturers made clear 
that the processes used to meet regulatory requirements 
and validation cause constraints in the business. In fact 
many of the manufacturers feel pressured by regulatory 
bodies. Manufacturers stated that they constantly needed 
to teach the latest technologies and regulatory bodies have 
the impression that they constantly play the role of police. 
Working under pressure leads to more opportunities for 
oversight.

The biggest challenge for the large number of 
manufacturers is the ability to see the overall picture 
of the company and linking factors through products, 
departments and premises to the actual risks and thus 
effectively overcoming the risks for patients and business. 
Manufacturers describe some strengths and weaknesses in 
their approaches to risk management (Table 2).

It is also believed that the competitiveness and volume 
growth represent areas that can contribute to occurrence 
of potentially increased levels of risk. Adopting new 
technologies and innovation can also represent a source of 
risk. However, it must be noted that risks lead to increased 
profits, but also can lead to a huge loss if not controlled, 
especially in the early stages of design and development.

The question is where the manufacturer of medical 
device should invest in order to overcome the risks. On 
one side, it is believed that special attention should be 
paid to research and development approaches focused on 
innovation, and on the other hand attention should be paid 
to the risk management and all the necessary analysis, as 
well.  Also it is agreed that the timely planning, design and 
similar efforts contribute to reducing the risk, rather than 
actions taken when a problem arises.

So, it can be concluded that out of enormous 
importance is the cooperation and information flow between 
departments within the companies. Lack of cooperation 
can lead to increased overall risk. Most of the companies 
store the informations and data in paper form, eventhough 
they believe that these data are difficult to obtain. The data 
can be inaccurate and its reassessment can only slow down 
the overall process. For this reason most helpful is the 
implementation of software systems as a program resource 
planning, electronic document management system, 
supply chain management system, supplier relationship 
management. In order to fully use the software companies 
need to integrate applications that provide data stream. 
As they experience greater growth and complexity of the 
products, the explosion of information management will 
be more difficult without the use of appropriate software.

Medical device manufacturers have a huge opportunity 
for growth and profit. But this growth contributes to 
increasing complexity and risk. It can be concluded that 
risk management is a critical issue for manufacturers of 
medical devices. Manufacturers increasingly understand 
that reducing the risk to patients, assists in reducing the 
business risk (FDA, 2011).

Risk-benefit analysis

The risk-benefit analysis is not necessary to be 
performed by the manufacturer for each and every risk. 
This analysis is used to justify a particular risk in case when 
all practical risk reduction measures were applied. If the 
risk has not been judged as acceptable after the application 
of these measures,, it is necessary to obtain risk-benefit 

Table 2. Areas of strengths and weaknesess amnog manufacturers of medical devices

Strenghts Weeknesses
Consistent and aligned risk-based analysis for all areas with 
lifecycle approach

Isolated departments working with piecemeal software that does 
not foster teamwork

Constantly improving standards Cant justify six sigma

Sound process&mindset at early concept phase to stop or push 
projects by analysis Postmarket surveillance does not feed prevention at concept stage

Root cause analysis&trending for re-occurence Incomplete FMEA focused on process, not design

sit on standards committeesto stay in front of practices Regulatory affairs views all change as risk

Clinician staff & QMS software for complaints Design validation often complaint but inadequate
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analysis in order to determine whether a medical device 
will provide more benefit than harm.

Generally, if all practical control measures are 
insufficient to meet the criteria for acceptability of risk in 
the risk management plan, the design of the medical devices 
needs to be abandoned. But, in some cases the major risks 
can be justified if they exceed the expected benefits from 
the use of the device. The decision whether the risks 
outweigh the use is essential work decision by experienced 
individuals with greater knowledge. Further risk reduction 
is necessary to take into account before evaluating the 
benefits. Unfortunately, there is no standardized approach 
for assessing benefits, and it should be done usin case by 
case approach.  

Benefits Assessments

The benefits of the medical device use are related to 
the probability of emergence and continuous improvement 
of health which is expected. The benefits can be estimated 
from the following:

– The performance expected during clinical use
– Expected result from the clinical performance 
– Factors that are out of importance to the risks 

and benefits from other possible treatments

The assessment of usefulness is heavily dependent on 
the reliability of the evidence relating to these factors.

This includes recognizing the possibility of the 
existence of possible outcomes and factors, as listed below, 
which is necessary to take into account:

– It is difficult to compare different results, 
such as what is worse, the pain or the loss of 
mobility? From the side effects you can get 
different results which can greatly differ from 
the initial problem.

– It also involves not stable outcomes. They may 
arise from the time it takes for recovery and 
long-term effects.

Due to difficulty of having a rigorous approach, it is 
generally acquired compsumptions to be simplified. For 
this reason, most effective way is to put focus on the most 
common results for each option.

Assessment of the clinical benefit may vary at different 
stages of the design cycle of a medical device. If available 
clinical data show constant performance and effectiveness 
of the product, the clinical benefit can be estimated. In cases 
where clinical data are with limited quality and quantity, 
benefits are estimated with greater uncertainty.

For example, sometimes it is necessary to estimate the 
expected level of health improvement in early stages, but 
in apsense of relevant clinical data likelihood of achieving 

the required performance and the desired clinical effect 
will have to be provided by reference measures for 
ensuring quality as well as in vitro and in vivo performance 
characteristics.

Where significant risks are present and there is a high 
degree of uncertainty in the assessment of the benefits, the 
expected performance or efficiency may soon be confirmed 
by surrogate study or clinical trial.

All of this is necessary to determine that the risk-
benefit balance is as expected and prevents unwanted 
exposure of patients to a residual risk.

Criteria for assessing the risk-benefit

Those who are involved in risk-benefit decision 
making have a responsibility to understand and take into 
account the technical, clinical, regulatory, economic, social 
and political influences that relate to their decisions. This 
may include interpretation of the requirements set out in 
regulations and standards applicable to the product under 
expected conditions of use. Since this type of analysis is 
highly product-specific, a general guide for further use 
is impossible. Instead, the safety requirements specified 
by the standards relating to specific products or risks are 
considered to be coexistent with a certain acceptable level 
of risk. It should be noted that sometimes clinical trials, in 
accordance with the legally recognized procedures, could 
be required, in order to verify that the balance between 
medical benefit and residual risk is acceptable.

Risk-benefit comparision

Direct comparison of risks and benefits is valid 
only if a common scale for comparison is used. When 
using this type of comparative scale for risk-benefits, 
quantitative evaluation can be made. Indirect risk-benefit 
comparison does not use a general scale and and is not 
evaluated qualitatively. Whether qualitative or quantitative 
comparisons are made, it is necessary to take into account 
the following facts:

– Initial literature survey for potential hazard 
class of the product can provide significant 
insight into the risk-benefit.

– Medical devices with high risk-high benefit 
ratio usually represent the best access 
technology that provides medical benefits, 
but does not eliminate completely the risk of 
injury or illness. For this reason, understanding 
the current technology that relates to medical 
practice is required to perform an accurate risk-
benefit analysis.

– In order to perform validation for acceptable 
risk-benefit criteria, it is necessary to perform 
clinical testing. Clinical testing can quantify 
the use and risks. Also, through clinical trials 
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the acceptability to the society (patients, 
consumers and medical staff) can be examined.

– Labels for devices with high risk-high benefit  
should contain relevant information for users, 
patients and medical staff in order to provide 
risk-benefit to individuals immediately prior to 
use of the device

– Medical devices with high risk-high benefit 
have additional regulatory requirements that 
need to be met before being placed on the 
market

– Prior to launch a new or revised product 
that required a risk-benefit analysis, the 
manufacturer should summarize the available 
information related to the determination of 
risk-benefit and to document these findings.

As a summary, if the residual risk is found to 
be unacceptable using the criteria set out in the risk 
management plan and if further risk control measures are 
not applicable, the manufacturer has to collect and review 
data and literature to determine whether the medical 
device use overweights the remaining risks. If these data 
do not support the conclusion that the medical device use 
overweight residual risks, the risk remains unacceptable. 
For the risks that is demonstrated that overcome the benefits 
of use, the manufacturer has to decide which security 

information is necessary to be given for the purpose of 
revealing the residual risk.

Duty to warn (labeling)

Duty to warn applies to all reasonably foreseeable 
risks of use and abuse of the medical device, the method 
of storage, storage/cleaning and disposal of the product. 
Liability arises if warning marks are unsuccessful or 
inadequate.

Warning labeling covers specific risks and provides 
instructions that describe how to avoid risks or how to 
facilitate other ways to overcome the risk. The purpose of 
the warning is to inform the user how to behave in a way 
to avoid injury. 

Adequate warning (position labeling/leaflet, specificity 
of risk, intensity language) should be noticeable, understood 
and with the appropriate intensity level. Detectable 
designations are very important because the product can 
be properly designed and manufactured, but will pose a 
risk in the absence of warning or absence of proper risk 
communication.

The duty to warn can be defined as: a reasonable 
person would want to be warned.

The manufacturer has an obligation for post-sale duty 
to warn because some hidden risks become apparent after 
the distribution and market sale. Post-sale duty to warn 
includes a duty to monitor the changes in technology 
complaints and post production risks monitoring.

It is generally accepted that the manufacturer knows 

Table 3. Review to the manufacturers quality and values* 

Value stream steps
Quality

Operating system Management infrastructure Mindset & behaviours
Product/process 
design

“The way value streams and 
resouces are configured and 
optimized for safe and timely 
delivery of customer demand at 
lowest lifecycle cost” 

- Continuous flow of materal and 
information throughout value stream 
- Institution of standard operating 
procedures for each process stop 
focusing on value-added 
- Scheduling of capacity to meet 
demand 

- Focus is on eliminating waste, 
variability, and inflexibility 

- Implementating learnings from 
market feedback

“The formal structure processes, 
and systems through which the 
operating system is managed to 
deliver the business objectives” 

- Performance management 
including Key Performance 
Indicators (KPIs), metrics, target 
setting, reporting, and monitoring 
- Talent management/HR including 
clear roles, responsibilities, and 
accountabilities 

- Organization design (e.g. aligning 
the organization with the value 
stream) 

- Monitoring market feedback

“The way people think, feel, 
and conduct themselves in the 
workplace, both individually 
and collectively” 

- Leadership alignment and role-
modeling 
- Clear direction and compelling 
purpose 
-Discipline, collaboration, and 
trust 

- Conformance to internal 
quality guidelines (e.g. SOPs) 

- Continuous-improvement and 
quality mindset

Supplier management

Manufacturing

Post-production 
activities

*adapted from http://www.ptc.com/WCMS/files/141876/en/RiskManagementMedDevStudyReporFinal.pdf



Макед. фарм. билт., 59 (1, 2) 49 - 60 (2013)

57 Medical device risk management and its economic impact

or should have known the potential or existing risks, but 
sometitemes there is not need to warn if the danger was 
obvious or generally known by the general public.

Opportunities and recommendations for 
improving the quality within the industry of 
medical devices

Within the medical device industry there are several 
areas that have potential to improve quality assurance and 
risk reduction. These steps in the system of values   are 
divided into three domains operating system, infrastructure 
and management thinking and behavior.

Operating systems include the ways for configurating 
product performance and optimize systems in an efficient 
manner. Infrastructure refers to the formal management 
structures, processes and systems through which operating 
system is mannaged to achieve the business goals. The 
way of thinking and behavior, describe how the employees 
think, feel and behave on their jobs (Table 3).

There are several best practises that can be used by the 
manufacturers in order appropriately to design and validate 
the requests for the medical device use. Some companies 
use formal statistcs tools for translating the user requests 
in excact technical specifications. Other companies use 
discusions, advises, expert recommendations and leading 
clinical experts to achieve the same goal.

Many manufacturers use software programs that do not 
follow the latest trends, while these programs are used by 
different users in different applications and environments. 
Software manufacturers often use inheritance which 
in some parts is inadequate. The recommendation to 
manufacturers would be that it is more effective to deal 
with the design and validation of the software system.

Manufacturers that have mechanisms for monitoring 
and feedback of the use of medical devices after they are put 
on the market, are more able to define critical performance 
parameters in the design of a device that supports the 
processes and controls of the supplier. Mechanisms also 
serve as the basis of continuously refining the estimates 
for the baseline risk assessment of medical devices. 
Manufacturers can use predictive analysis to build a 
model to predict the performance of medical devices that 
will be used prior to its production and marketing, which 
would additionally be refined on the basis on the actual 
performance of the medical device.

Companies that manage well their suppliers use several 
good practices. They carefully select and contact suppliers, 
with involvement of the internal quality of the organization. 
That is the way to identify vendors who work with the most 
critical aspect of their products.These vendors invest in the 
training of the perssonel and monitoring of the devices. 
Medical devices companies managing with their suppliers 
this way are able to stop the cooperation with the suppliers 
if the quality of the performance decreases.

Manufacturers that have defined quality measures 

related to medical device design phase, enjoy many 
benefits. Quality is measured during the design phase, 
enabling manufacturers to focus their resources on the most 
critical elements in the value chain especially in the supply 
quality management. Others indicated that the percaution 
measures were a key factor in directing effective thoughts 
to quality in the organization.

Some manufacturers have separated instead of 
integrating the quality features. So, as a recommendation 
to the manufacturers would be anyone who is involved in 
the value chain of the production quality to be obliged to 
accept ownership.

Integration of a strong culture of quality within the 
organization is a recommendation for all the manufacurers. 
All employees need to be bound to respect and promote the 
quality culture.

Usefull practices and learned lessons as advice for 
successful medical device risk management

All described obligations that manufacturer has to 
carry out during manufacture, distribution and sale of 
medical devices. Show that risk management is a huge 
area that must be carefully implemented. Manufacturers 
can use some of the following practices in the everyday 
production in order to protect themselves and still manage 
the risk successfully.

Learning form the contractual and already closed trials

Practice proved that companies that are divided 
into sectors and departments, have bad communication 
between production and quality assurance and very rarely 
mutually exchange information. In order to oppose this 
practice it was given an interesting idea; performing the 
‘root cause’ analysis. The root cause analisis presents a 
thechique of reconstruction of the event that happened, a 
kind of “autopsy”.

Common causes of defects in products, problems or 
complaints include:

– Giving preference to the finances before the 
quality of the product (overlooking hidden 
costs or poor quality)

– Giving priority to scheduled considerations 
insted to quality considerations 

– Raising the level of political considerations 
over quality matters (internal policies and 
external marketing)

The purpose of this practice is to learn from past 
events. It is known from experience that companies often 
invest in the risk management when serious event occured. 
But, this should not be the practice if the manufacturers 
want to protect themselves from unforeseen risks and legal 
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proceedings. Therefore, manufacturers should carry out 
a risk assessment early in the phase of development and 
design of the product itself) and that obligation must never 
evade (Quinley, 2007).

Compliance with regulatory requirements as a beginning 
of the risk management processs - but not as highest level 
of achievement

Compliance with the regulatory requirements is 
necessary and obligatory, but not sufficient for good risk 
management. Companies that have outsourced activities 
must have strong program compliance in order to protect 
themselves from fines, jail sentences or lawsuits. Simply 
following the regulatory rules will not protect the company 
from product liability. So, even though the manufacturer 
follows all regulatory rules remains extra duty to take care 
of the safety of the products - to have products free from 
errors in design, manufacture and labeling. Manufacturers 
should implement GMP, but they should serve only as a 
foundation for further work. Companies need always to 
strive to overcome and improve all regulatory requirements 
(Quinley, 2007).

Manufacturers should not make confusion between risk 
management and purchase of liability insurance

Possession of liability insurance is part of the risk 
management process. But, good risk management must 
go beyond purchasing insurance. Some organizations try 
to delegate the risk management by purchasing premium 
insurance. They believe that this way they will resolve the 
risk, but acctualy they are actting short sighted. Although 
the purpose of the liability insurance is to recover the losses 
they had, the company rarely achieves it. Insurance almost 
always fails to regain the lost business opportunities, 
reputation, users/patients, staff morale, etc. In fact there is 
no such insurance that could bear all these costs. Hence, 
insurance only provides a false sense of security. For this 
reason, manufacturers need better risk management and 
they should use liability insurance only as a protection 
from genuine catastrophic losses (Quinley, 2007).

Conclusion

From the overall analysis, it can be concluded that 
the medical device risk management process is not an 
instantaneous or one-time project. It is an ongoing process, 
constantly reviewed and assessed over the medical device 
life-time. Manufacturing companies with serious approach 
to the process, face fewer defects, as well as increased 
patient safety.

By reviewing the implementation of safety and quality 
standards and also the risk management system, greater 
confidence in the use of the medical device is provided. 
The introduction of traceability and identification systems 

also promotes their safety and quality.
But, reacently it was observed that a growing number 

of patients/users experience adverse effects arising from 
the medical device use. Surveys showed the existence of 
systemic gaps in the quality assurance process within the 
medical device industry.

The ‘root cause’ analysis revealed that the main reason 
for more than the half of the market recalls are triggered 
by failures in product design and process control during 
production itself, and not, as it was often thought, in the 
range of the therapeutic area.

The quality economy changed significantly. In the 
past, when the products were put on market in the early 
stages of development, it meant that their use is much more 
profitable than the costs incurred as a result of the absence 
of a high level quality and reliability.

The risk-benefit analysis is out of great importance 
since it searves as a warning to the manufacturers about 
possible risk/benefit issues during device usage. Also it 
contributes to the completion of the product liability.

The manufacturer is required to promote the post-
production duty to warn, because some hidden risks 
become visible after the medical device distribution. Post-
production duty to warn also includes the duty to monitor 
the changes in technology and post-production monitoring 
of risks.

Furthermore, through practical examples of the ways 
manufacturers overcome the potential risks to protect 
their users/patients, some suggestions were given how 
the manufacturers should learn through personal and 
competitiors experience.

Finally, it was concluded that the best time to 
implement the risk management methods and analysis, 
ranging from the development and design of the device 
through the production, sales and distribution, in order 
manufacturers to protect their users/patients of serious side 
effects and also protect its brand and status in the society 
while minimizing their economic losses, is the early stage 
of the medical device design and development.
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Резиме

Управување со ризик кај медицински помагала и неговото 
економско влијание
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Сузана Трајковиќ-Јолевска2
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2Фармацевтски факултет, Универзитет Св. „Кирил и Методиј“, Скопје, Македонија

Клучни зборови: Медицинско помагало, управување со ризик, несакани ефекти, пазар на медицински помагала, ризик-корист.

Медицинските помагала имаат огромно значење во секојдневниот живот на корисниците/пациентите. Тоа е основната 
причина поради која посебно значење се дава на безбедноста при нивната употреба. Задоволително ниво на безбедност при 
употребата на медицинските помагала може да се постигне со имплементација на стандардите за квалитет и управување со 
ризик. Производителите на медицински помагала мораат да научат да се справуваат со појавата на потенцијални ризици 
преку користење на теоретски и практични примери и мерки, а сето тоа да го направат со една единствена цел, да ги заштитат 
потенцијалните корисници/пациенти,  како и себе,од огромни загуби кои би можеле да се појават како резултат на несакани ефекти 
или отповикувања на нивните производи. Најдобар момент за имплементација на методите и анализите за управување со ризик 
започнува од моментот на дизајн и развој на медицинското помагало, преку производството, продажбата и дистрибуцијата. На 
овој начин, производителите на медицински помагала ќе успеат да ги заштитат своите корисници/пациенти од сериозни несакани 
ефекти и истовремено да го заштитат својот бренд и општествен статус, притоа намалувајќи ги потенцијалните економски загуби.
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