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ABSTRACT

Background: It is now evident that there is a strong association between oxidative stress and chronic low grade
inflammation in polycystic ovary syndrome (PCOS) pathogenesis. Therefore, simultaneous targeting of these
pathways by eugenol which has dual anti-inflammatory and anti-oxidant potential might be a therapeutic
alternative approach to the current treatment. This study was designed to evaluate the dual targeting effects of
eugenol against oxidative stress and inflammatory aspects of PCOS in rats. Methods: Female albino rats were
administered letrozole (1 mg kg™ daily) orally for 21 days for the induction of PCOS, followed by administration
of eugenol (100 mg kg™ and 250 mg kg™, oral) for 15 days. Body and ovary weight were measured. Estrous cycle
assessment. C-reactive protein (CRP), prostaglandin E2 (PGE2), tumor necrosis factor oo (TNF-a), serum insulin,
estradiol, progesterone and testosterone were evaluated. Furthermore, antioxidant activity was tested using
Malondialdehyde (MDA), catalase and superoxide dismutase (SOD). Results: administration of eugenol
significantly decrease the elevated weight of body and ovary and normal sexual cycle. Eugenol treatment
significantly decreased levels of inflammatory response markers CRP, TNF-o. and PGE2 in PCOS rats. In
addition, eugenol significantly reduced oxidative stress. Insulin and sex hormones were detected more or less near
normal control levels after eugenol administration in PCOS rats. Conclusion: The study provides evidence for the
potential ameliorative effects of eugenol against the biochemical and inflammatory aspects of PCOS.
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al., 2017), there is ample evidence suggesting that
uncontrolled steroidogenesis might be the primary
abnormality in this disorder. Furthermore, increased
oxidative stress and inflammatory cytokines in the blood
and histological samples of women with PCOS directed

Abbreviations

CAT: catalase

CRP: C-reactive protein

MDA: Malondialdehyde

PCOS: polycystic ovary syndrome

PGEZ2: prostaglandin E2
SOD: superoxide dismutase
TNF-o: tumor necrosis factor —a

1. INTRODUCTION

Polycystic ovary syndrome is the most frequent
endocrinological disorder that affects women of
childbearing age, leading to metabolic alterations, such
as hyperandrogenism, obesity, menstrual irregularities,
insulin resistance and polycystic ovaries. Several genetic
and environmental factors have been correlated with
manifestations of this syndrome ( Reis et al., 2017).
While PCOS is the core pathology, it has contributory
complications such as hyperinsulinemia, abdominal
obesity, hypertension, and metabolic syndrome which
are associated with increased risk of type 2 diabetes and
cardio-vascular disease in later life (Moran et al., 2010).
Although the etiology of PCOS remains unclear ( Reis et
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investigators to suspect that inflammatory responses,
oxidative and nitrosative stress might play pivotal roles
in the pathogenesis of PCOS (Escobar-Morreale et al.,
2011;Murri et al., 2013; Showell et al., 2013).

In PCOS patients, the elevated oxidative stress causes
disturbance in antioxidants balance leading to harmful
effects of reactive oxygen species including
endometriosis, infertility, abortion, birth defects,
preeclampsia, injury to ovarian epithelium’s DNA,
excessive apoptosis and alteration in cell signaling
process (Agarwal et al., 2005). PCOS is associated with
increased systemic inflammation. This is evidenced by
elevated CRP and TNF-a (Kelly et al., 2001).

In this regard, ovarian cystogenesis and follicular atresia

leading to ovarian dysfunction in PCO rats might
correlate with higher concentration of the serum TNF-a
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and the interplay between oxidative stress and pro-
inflammatory cytokines, particularly TNF-o (Rezvanfar
et al., 2012a,b, 2014, 2015). Therefore, their specific
involvement in the pathogenesis of PCOS provides
invaluable opportunity to block the disease progression
using pharmacological agents with dual antioxidant and
anti-TNF- a activities (Rezvanfar et al., 2012a,b).

Many studies have indicated the implication of
secondary metabolites from medicinal plants on the
regulation of reproductive functions (Telefo et al., 2004;
Jha et al., 2010). These metabolites act on main organs of
the reproductive system to inhibit or induce ovarian
folliculogenesis. Their biological activities are often
evaluated on reproductive organs of female rats which
have long been used as a model system for studying, in
vivo, the inducing effect of pharmacological compounds
(Tohei et al., 2000) and medicinal plants (Butterstein et
al., 1985) on ovarian folliculogenesis. Unfortunately,
there is minimal evidence that complementary and
alternative therapy is safe and efficacious. Therefore,
new treatment strategies including complementary and
alternative therapy need to be evaluated to alleviate
PCOS, regulate hormones, and improve quality of life in
PCOS patients (Minhee et al., 2014).

Eugenol, an active principle of cloves, is also widely
distributed in various other plants (eg. basil, cinnamon,
etc). Eugenol has attracted considerable attention
because of its potential for many pharmaceutical
applications  including  anti-inflammatory,  anti-
tumorigenic and anti-oxidant properties (Prasad et al.,
2016; Dubey et al., 2017). The radical-scavenging and
anti-inflammatory activities of eugenol have been shown
to modulate chronic diseases in vitro and in vivo
(Fujisawa and Murakami, 2016). Dimers of eugenol and
its related compounds showed large antioxidant activities
and high electrophilicity values and also exerted efficient
anti-inflammatory activities (Fujisawa and Murakami,
2016). Eugenol is known to interact with different
proteins as well as DNA molecules and to influence their
functional properties (Bi et al., 2012). Recently, the
inhibition effect of eugenol on key enzymes related to
diabetes and hypertension was reported in vitro and in
vivo model system (Mnafgui et al., 2015).

This study aimed to investigate the possible effects of
eugenol in rat PCO after hyperandro-genization with
letrozole using  biochemical and inflammatory
parameters.

3. MATERIALS AND METHODS

Animals

Female albino rats weighing180-200 g and exhibiting
normal estrous cycle were taken from Animal house,
Faculty of Medicine, Assiut University. Animals were
housed in animal place with room temperature being
maintained at 25+2°C. Animals were fed on a
commercial pellet diet and kept under normal light/dark
cycle. Animals were given food and water ad libitum.
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Induction of PCOS

PCOS was induced by oral administration of aromatase
inhibitor, letrozole (1 mg kg™) dissolved in 0.9% NaCl
once daily for 21 days (Kafali et al., 2004 and Rezvanfar
et al., 2012). During the experiment, the estrous cycle
phases were monitored by the analyses of relative
proportion of leukocytes, epithelial and cornified cells in
vaginal smear. A vaginal smear was taken daily to
determine the phase of the estrous cycle throughout the
entire treatment up to the day of the autopsy. The
eugenol doses (100 mg kg™ and 250 mg kg, oral) were
administered from day 22 to the day 36 of the
experiment (15 days).

Animals randomly divided into the following groups
consisting of six rats in each group.

Group I: Normal control group (0.9% NaCl once daily,
orally) (1.0 mi/rat).

Group II: PCOS group + sesame oil (1.0 ml/rat)

Group Ill: PCOS + eugenol group (100 mg kg™/day,
orally) (Abraham, 2001).

Group 1V:PCOS + eugenol group (250 mg kg*/day,
orally). (Abraham, 2001).

Rats were weighed on 37" day, 24 h later the termination
of the experiment, blood samples were collected from the
heart and serum was separated by centrifugation and
stored at — 80°C until biochemical and hormonal
analysis. The animals were sacrificed by cervical
dislocation. The abdomen was then rapidly dissected and
ovaries were removed, cleansed gently with normal
saline and weighed. Ovaries were homogenized in 10-
volume ice cold potassium phosphate buffer (50 mM, pH
7.4), sonicated, and centrifuged. The supernatants were
then transformed into several Eppendorf tubes for
biochemical assays and all were kept at -80 °c until
analyses (Rezvanfar et al., 2012a,b).

Assay of oxidative stress

SOD was determined by a colorimetric method as
described by Nishikimi et al., (1972) using a diagnostic
kit supplied by Biodiagnostic Company (Cairo-Egypt).

Catalase was determined by a colorimetric method as
described by Aebi (1984) using diagnostic kit supplied
by Biodiagnostic Company (Cairo-Egypt).

Malondialdehyde, the oxidative stress product of lipid
peroxidation, reacts with thiobarbituric

acid under acidic conditions at 95°C to form a pink-
colored complex with an absorbance at

532 nm (Ohkawa et al., 1979).

Evaluation  of metabolic
parameters

-The level of CRP was determined using ELISA kit
catalog No. 557825 for the quantitative measurement of
rat CRP in serum.

- Ovarian PGE2 was quantified using a rabbit antiserum
and results were expressed as pg mg™ protein. To report

inflammatory  and
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the concentrations of PGE per protein, Bradford method
was used to measure protein content using concentrated
Comassie blue as reagent and BSA as the standard.
-Tumor necrosis factor-a was measured, using a
sandwich enzyme immunoassay kit protocol

supplied by the manufacturer of the antibodies
(Multisciences Biologic Company, Hangzhou,

China) and resultant optical density determined, using a
microplate reader (Thermo Multiskan

MK3) at 450 nm.

-Serum insulin concentration as a metabolic biomarker
determined by ELISA Kit as described previously
(Pakzad et al., 2013). According to the manufacturer’s
instructions, after 8 h fasting for all the studied rats, the
ferum insulin level was measured and reported as ng ml

-Sex steroid evaluation: The levels of steroid hormones
were measured in all groups by competitive ELISA Kits.
Assay sensitivity was 0.008 ng ml™ for estradiol, 0.04 ng
ml™* for progesterone and 0.07 ng ml™ for testosterone.
For each hormone, intra- and inter-assay CV% were
<10%.

Chemicals

1. Eugenol (Sigma Aldrich Company, England).
Eugenol in pure oily solution, bottle contain100 ml
and freshly diluted with sesame oil.
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2. Letrozole Sigma Aldrich Company, England.

3. Sesame oil (Nile Co. for pharmaceuticals, Cairo,
Egypt). It will be used for dilution of eugenol, 1.0 ml/
rat/day.

Statistical analysis

Statistics was performed using the statistical graph pad
prism 5. One way analysis of variables (ANOVA) was
used. Significant differences between the groups were
determined using a Newman-keuls test. Data were
expressed as means * standard deviation of the mean
(SD) and the level of significance between groups were
considered significant (*) at p<0.05

RESULTS

The body and ovary weights (g)

The PCO rats gained significantly more body and
ovarian weights in comparison with the control group
whereas treatment of PCO rats with eugenol (100 and
250 mg kg) caused significant reduction in body and
ovarian weights near results as the control group (Table
1).

Table (1): Effect of eugenol (100 and 250 mg kg*) on the body and ovary weights.

Normal PCOS + eugenol PCOS + eugenol
parameters control PCOS (100 mg kg'12 (250 mg kg'l*)
Body weight(g) 221.13+3.16 | 256.37+3.56" 232.50+2.44 230.58+3.16
Ovarian weight(g) | 0.042+0.004 | 0.059+0.003" 0.044+0.001" 0.043+0.002"

Values are expressed as mean + S.D., n = 6 animals in
each group * Significant result at p<0.05 from normal
control * Significant result at p<0.05 from PCOS control
group.

Sexual cycle

All rats in control group exhibited regular estrous cycles
with an expected time of 4-5 d. However, in the PCO
control group were completely acyclic and exhibited
constant estrous state as compared to normal control
group. Data indicated that when the PCO rats were
concurrently treated with eugenol (100 and 250 mg kg™),
they exhibited a normal sexual cycle to a large extent as
seen in the normal control group.

Effect of eugenol on oxidative stress biomarkers:
Activities of antioxidant enzymes were significantly
reduced in PCOS group as compared to normal control
group. This reduction in enzymes activity was significant
in the values of catalase and SOD. Alteration in the
ovarian enzyme activities with the treatment of eugenol
(100 and 250 mg kg™) showed statistically significant
increase (P <0.05) as compared to PCOS control group.
Compared with control, higher levels of serum MDA of
PCOS rats were found. Eugenol treated PCOS rats
showed significant decrease in serum MDA. (Table 2)

Table (2): Effect of eugenol (100 and 250 mg kg*) on antioxidant profile.

SRS MDA | CAT SOD
(nmol ml™) U/mg protein U/mg protein
Group-I 33.42+3.03 30.87+4.02 7.680.49
Group-I1 47.86+1.98° 10.93+1.01" 2.92+0.16"
Group-III 37.71+2.50* 26.14+3.11* 6.48+0.15*
Group-1V 36.11+1.33* 29.95+1.66* 7.32+0.41*

Values are expressed as mean + S.D., n = 6 animals in
each group * Significant result at p<0.05 from normal
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control * Significant result at p<0.05 from PCOS control
group.
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Effect of eugenol on inflammatory biomarkers

As shown in table (3), serum CRP and TNF-a was
significantly higher in letrozol induced PCO rats as
compared with normal control. However, treatment with
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PCOS rats. The concentrations of ovarian PGE2
significantly increased in PCOS rats. Treatment with
eugenol significantly decreased the concentration of
PGE2 compared with PCOS rats.

eugenol significantly reduced CRP concentration in

Table (3): Effect of eugenol (100 and 250 mg kg™) on inflammatory biomarkers.

SRl CRP PGE2 TNF-o
(mg L) Pg/mg protein (pg ml™)
Group- 0.213+0.018 98.01+12.07 14.76+1.21
Group-I1 2.89+0.23" 316.55+40.91" | 51.24+3.99°
Group-III 1.65+0.13* 125.2145.17* | 26.95+1.34*
Group-1V 1.59+0.12* 99.23+6.04* 22.69+1.27*

Values are expressed as mean = S.D., n = 6 animals in
each group * Significant result at p<0.05 from normal
control * Significant result at p<0.05 from PCOS control
group.

Effect of eugenol on serum insulin

Serum insulin concentration was detected significantly
higher in hyperandrogenized PCO rats when compared
with normal control. In contrast, treatment of PCO rats
with eugenol decrease the elevation of insulin
significantly and retained it close to that of normal
control as shown in figure (1).

1.4 #
1.2
1
0.8
0.6
04

0.2

Group-l  Group-ll  Group-lll  Group-IV

W serum insulin (ng ml-1)

Figure (1): Effect of eugenol (100 and 250 mg kg™) on
serum insulin.

Values are expressed as mean + S.D., n = 6 animals in
each group * Significant result at p<0.05 from normal
control * Significant result at p<0.05 from PCOS control
group.

Effect of eugenol on sex steroid concentration

The serum concentrations of testosterone, progesterone
and estradiol are shown in figures (2-4). In comparison
with  controls, rats of PCO group exhibited
hyperandrogenization due to significant increase in
serum testosterone concentration. In contrast, letrozole-
induced PCO rats showed significant decrease in serum
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progesterone and estradiol when compared with the
control group. However, comparable to the control
group, normal serum concentrations of testosterone,
progesterone and estradiol were detected in PCO rats
after treated with eugenol.

450

400

H

350
300
250
200
150
100
-
1]

Group-l

* *

Group-Il Group-lll Group-1V
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Figure (2): Effect of eugenol (100 and 250 mg kg™) on
serum testosterone.

Values are expressed as mean = S.D., n =6 animals in
each group ¥ Significant result at p<0.05 from normal
control * Significant result at p<0.05 from PCQOS control
group.

25

Group-I Group-I Group-1lI Group-1V

m serum progesteron (ng ml-1)

Figure (3):Effect of eugenol (100 and 250 mg kg™) on
serum progesterone
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Values are expressed as mean = S.D., n = 6 animals in
each group * Significant result at p<0.05 from normal
control * Significant result at p<0.05 from PCOS control
group.
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Figure (4):Effect of eugenol (100 and 250 mg kg™) on
serum estradiol

Values are expressed as mean = S.D., n = 6 animals in
each group * Significant result at p<0.05 from normal
control * Significant result at p<0.05 from PCOS control
group.

DISCUSSION

This study demonstrated the effects of eugenol in
hyperandrogenism induced PCO rats by endocrine
profiles, steroidogenesis and alteration of selected
markers involved in oxidative stress and inflammation.
The present data showed that eugenol significantly
decrease selected inflammatory biomarkers and oxidative
stress biomarker, in addition to preserved antioxidant
potential in letrozole-induced PCO rats. Interestingly,
these effects were consistent with the maintenance of
physiological ovarian steroidogenesis and normal sexual
cycling activity when compared with the PCO group.

Letrozole, a non-steroidal aromatase inhibitor, was used
to induce PCOS in the rats. Subsequently the increased
weights of rats and irregular estrous cycle in the positive
control substantiated the induction of PCOS and also
signified that the rat model is anestrous, as it imitated
anovulatory characteristic (Manneras et al., 2007). The
biochemical and histological characteristics of letrozole-
induced PCO in rats have been extensively discussed in
previous studies (Rezvanfar et al., 2012a,b, 2014, 2015).
It was found that cystogenesis in the letrozole-induced
hyperandrogenemia was associated with several
alterations in biochemical factors. Those measured
alterations included: an increase in MDA and
peroxynitrite production, over-activity of inflammatory
cytokines like TNF-a and PGE and reduced activity of
enzymatic antioxidants like SOD and CAT (Rezvanfar et
al., 2012a,b).
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Letrozole reduces conversion of androgens to estrogens
in the ovary and results in a condition termed
hyperandrogenemia, in  which  serum estradiol
concentration significantly decreases and consequently
non-aromatizable androgens such as testosterone
increase. Hyperandrogenism as a key regulator in the
pathogenesis of a majority of PCOS cases developed
cystogenesis by impairing maturation of developing
follicles in the ovaries (Goodarzi et al., 2011).
Experimental models and clinical studies data suggest
that hyperandrogenism is progenitor of chronic low-
grade inflammation that in turn directly stimulates excess
ovarian androgen production (Gonzalez, 2012). It can
arrest follicular development via apoptosis in granulosa
cells resulting in poor oocyte quality and ultimately
progressive follicular atresia (Sasson et al., 2002; Jonard
& Dewailly, 2004) through higher serum TNF-a
concentrations (Escobar-Morreale et al., 2011; Murri et
al., 2013) and oxidative stress (Belgorosky et al., 2010).

The present results indicate that eugenol treatment can
inhibit increased body and ovarian weight in letrozole
induced PCOS. Eugenol seems to be one of the effective
components in cinnamon extract (Nagababu et al., 2010).
Administration of eugenol exhibited normal estrous
cycle like that obtained with cinnamon supplementation
which improves menstrual cyclicity in women with
PCOS (Kort and Lobo, 2014).

In recent decades, more studies have shown that
oxidative stress and low grade inflammation are the two
main pathways in the pathogenesis of PCOS (Rezvanfar
et al., 2016). Elevated serum MDA levels in PCO rats
suggest enhanced lipid peroxidation leading to tissue
damage and inability of antioxidant defense mechanisms
to prevent free radical attack. This peroxidative damage
to membranes may lead to the leakage of enzymes and
metabolites into the blood circulation (Adefegha et al.,
2014). Eugenol completely inhibits both iron and Fenton
reagent-mediated lipid peroxidation (Nagababu et al.,
2010). The present results show that administration of
eugenol increases CAT and SOD of letrozole induced
PCO in rats. It was observed that eugenol specifically
exhibited higher inhibitory effect on hydrogen peroxide
than other reactive oxygen species, and also blocked
DNA oxidation and lipid peroxidation induced by
hydroxyl radical (Hyang and Moon-Moo 2013).

Eugenol has an interesting structure in which an aromatic
moiety is linked to a hydrocarbon chain, a hydroxyl
group and a methoxy group. A molecule with such a
unique structure is predicted to participate in multiple
non-covalent interactions with globular proteins,
provided that it finds an appropriate binding domain
within the protein molecule. Both methoxy and hydroxyl
groups are known to be vital for eugenol’s antioxidant
property. It has been proposed the hypothesis that
eugenol reduces two or more 1,1-diphenyl-2-picryl
hydroxyl radicals, despite the availability of only one
hydrogen from a hydroxyl group. The formation of
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dimers of eugenol (dehydrodieugenol) with two phenolic
hydroxyl groups originated from eugenyl intermediate
radicals has also been proposed as mechanism between
eugenol and 1,1-diphenyl-2-picryl hydroxyl radicals.
(Gulgin, 2011). According to the results of Gulgin (2011)
study, eugenol has the most powerful antioxidant and
radical scavenging activity. Eugenol appears to possess
multiple antioxidant activities (dimerization, recycling,
and chelating effect) in one molecule, thus having the
potential to alleviate and prevent chronic diseases
(Fujisawa and Murakami, 2016).

The present study demonstrated that eugenol treatment
decrease serum CRP and TNF- o compared to the PCOS
control. Ovarian PGE2 levels in PCOS rats was
evaluated as a measure of inflammatory process. C-
reactive protein is an inflammatory marker, which is a
member of the group of acute phase proteins and the
level of CRP increases in response to inflammation
(Rhodes et al., 2011). Cyclooxygenase-2 is a major
contributor to increase the level of PGE2. Prostaglandins
is known to be associated with the oxidative stress as
overexpression of COX-2 induces generation of free
radicals and lipid peroxides. Nuclear factor kappa-B is a
signaling molecule acting upstream of cyclooxy-genase-
2 expression and also regulates the production of pro-
inflammatory cytokines TNF-o. and PGE2. Eugenol
inhibits cyclooxy-genase-2 and nuclear factor kappa-B
(Murakami et al., 2003; Okada et al., 2005; Fujisawa and
Murakami, 2016).

Results of the present study show significant decrease in
serum insulin level in PCOS rats after eugenol
administration. Excess insulin can cause disruption of
folliculogenesis through stimulating androgen production
by theca cells and elevating serum testosterone levels
(Dumesic & Richards, 2013). Eugenol exerts insulin
sensitizing effects via phosphorylation of phospho-
glycogen synthase kinase-3 and AKT (Ser473) (Sartorius
et al., 2014). Eugenol has been associated with improved
glucose homeostasis in a wide array of studies; this
demonstrates the ability of eugenol to influence key
endocrine parameters (Sartorius et al., 2014;Srinivasan
etal., 2014).

It was observed decreased serum testosterone and
elevated estradiol level in eugenol treated PCOS rats.
These findings are in harmony with results obtained by
Farzaneh et al.,(2012).

In previous studies, letrozole-treated rats exhibited lower
serum Progesterone (Baravalle et al., 2006), indicating
possible luteal phase defects like those found in some
PCOS women (Joseph-Horne et al., 2002; Meenakumari
et al., 2004). In the present study, eugenol corrected
serum Progesterone level might be through increasing
the number of corpus luteum and a direct stimulatory
effect on corpus luteum function. Therefore,
maintenance of normal estrus cyclicity, following
eugenol treatment of PCO rats could be attributed to
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preserving of steroid status and enabling ovarian function
to be normalized.

There is a potential relationship between oxidative/
nitrosative stress and inflammatory response in letrozole-
induced hyperandrogenic PCO rats (Rezvanfar et al.,
2012a). Therefore, the beneficial effects of eugenol in
PCO are probably returned to its strong antioxidant
potential and down regulation of inflammatory
responses.

Another hypothesis for the beneficial effect of eugenol to
protect the follicles from being cyst is eugenol might
decrease the levels of matrix metalloproteinase-9 via
inactivation of ERK (Hyang and Moon-Moo, 2013) and
matrix metalloproteinase-2 (Manikandan et al., 2010)
which are enzymes involved in the pathogenesis of PCO
(Lewandowski et al., 2006; Rezvanfar et al., 2014).

CONCLUSION

The current results suggest that application of eugenol
with dual antioxidant and anti-inflammatory effects
might be effective in the management of PCOS. So that
it can be used as an adjunct therapy sideways to currently
used drugs in PCOS management.
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