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Polycystic ovarian syndrome (PCOS) is a complex endocrine and metabolic disorder.
Chlorogenic acid (CGA) bears antioxidant properties with protective effects on different tissues.
This study was conducted to evaluate the effect of CGA on follicular development, hormonal
status and biomarkers of oxidative stress in a rat model of PCOS. In this experimental study, 18
rats were divided into three equal groups including: control, non-treated PCOS [(estradiol
valerate (EV): 40.00 mg kg! intramuscularly)], and PCOS-CGA (EV: 40.00 mg kgt
intramuscularly and CGA: 100 mg kg! intraperitoneally once a week for eight consecutive
weeks). At the end of treatment period, all rats were anesthetized. Then 5.00 mL blood samples
of rats in the three groups were taken and prepared for hormonal analyses and their ovaries
were isolated and dissected mechanically free of fat and mesentery. The ovaries underwent the
following analyses: Morphological study with Hematoxylin and Eosin staining and biochemical
study using the malondialdehyde (MDA) level and total antioxidant activity. Data were analyzed
using one-way ANOVA and post hoc Tukey’s test. The serum level of luteinizing hormone,
estrogen, testosterone, antioxidant capacity, glutathione and the number of cystic follicles in the
PCOS group treated with 100 mg kg! Chlorogenic acid compared to the non-treated PCOS
group were significantly decreased, however, the serum level of follicle stimulating hormone,
progesterone, MDA and the number of secondary, graafian follicles and corpus luteum were
significantly increased. Chlorogenic acid could be effective in ameliorating follicular
development as well as hormonal and biochemical disorders in rats with PCOS.

© 2022 Urmia University. All rights reserved.

Introduction

concentration is higher, but the estrogen concentration is
lower than normal concentration and luteinizing hormone

Polycystic ovary syndrome (PCOS) is the most
common endocrinopathy disorder that affects 15.00 -
20.00% of women worldwide in reproductive age
(between the ages of 18 and 44 years)! and can affect their
health-related quality of life even after menopause. It has
been reported that between 7.10 and 14.60% of Iranian
women are suffering from this syndrome.2 The clinical
manifestations of PCOS include menstrual irregularity,
impaired fertility, high circulating levels of testosterone,
multiple small cysts in ovaries and anovulation.? The
histological appearance of PCOS under the light
microscope is characterized by multiple small antral
follicles arrested in their development.* Additionally, the
pathogenesis of PCOS is frequently associated with
abnormal concentrations of hormones. Progesterone
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(LH)/follicle stimulating hormone (FSH) is three times
more than the normal concentration.!4¢ It is mentioned
that, a systemic low-grade inflammation in women
diagnosed with PCOS is closely linked with the oxidative
stress.” Oxidative stress, one of the most common forms of
metal toxicity, is defined as an imbalance between
oxidants and antioxidants in the living organisms.
Oxidative stress causes increase in the amount of lipid
peroxidation products and other highly toxic products
such as malondialdehyde (MDA).8 Research indicates that
oxidative stress is generally present in the women with
PCOS and may play an important role in infertility.>-11
Many researchers have also been committed to trigger the
alternative treatment strategies that help reduce oxidative
stress and improve ovarian reserve and developmental
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competence of PCOS patients.!13 Antioxidant defense
systems can suppress oxidative stress and scavenge free
radicals or disaccord their functions and relieve the toxic
effects.1114 Chlorogenic acid (CGA) is one of the most
widely available phenolic acids which has a wide range of
sources (e.g. different foods and coffee), easy to extract
and of high content. In addition, it has important physio-
logical and biological (anti-oxidative and anti-inflammatory)
effects. Different scientific pieces of evidences clarify
several important biological and therapeutic functions of
CGA including antioxidant activity, antibacterial, hepato
protective, cardio protective, anti-inflammatory, anti-
pyretic, neuroprotective, anti-obesity, antiviral, anti-
microbial, anti-hypertension and a central nervous system
stimulator.’> Some studies have also confirmed the
significant antioxidant potential of CGA. Moreover, it is
speculated that CGA can scavenge the free radicals.1617

The PCOS is a reproductive hormonal abnormality and
causes infertility among women, accordingly, highlighting
the potential clinical application of CGA in PCOS patients is
thought to be useful for public health. In addition, in view
of the critical role of oxidative stress in PCOS, we sought to
evaluate, for the first time, the potential therapeutic
benefit of CGA on follicular development, hormonal status
and biomarkers of oxidative stress by employing a rat
model of Estradiol Valerate-induced disease.

Materials and Methods

Animals. In this original study, 8-week-old albino
female rats (250 + 10.00 g) were used. The rats were bred
in standard conditions and subjected to controlled room
temperature (23.00 + 2.00 °C) with constant humidity
(40.00 - 50.00%) under a 12-hr light/dark cycle (with
lights on at 7:00 a.m.). Animal procedures and protocols
were conducted in accordance with the Principles of
Laboratory Animal Care - ethically approved by the Animal
Care and Use Committee in Urmia University of Medical
Sciences (Ethical code number: IR.UMSU.REC.1398.117,
Urmia, Iran).

Experimental design. The female rats were randomly
divided into three groups (n = 18): I: Control, II: PCOS-
Control [40.00 mg kg! estradiol valerate (EV; Aboureihan
Pharmaceutical Co., Tehran, Iran), intramuscularly], and
[1I: PCOS-CGA [(40.00 mg kg EV, intramuscularly and 100
mg kg! CGA (Sigma-Aldrich, St. Louis, USA), intra-
peritoneally for eight consecutive weeks]. At the end of the
8th week of the study, the rats (n = 45) were anesthetized
with a combination of 100 mg kg! ketamine (Bremer
Pharma GmbH, Warburg, Germany) and 10.00 mg kg!
xylazine (Serva Feinbiochemica, Heidelberg, USA) intra-
peritoneally injected to the rats.!®8 The ovaries were
isolated and dissected mechanically free of fat and
mesentery after blood was taken from the heart. The
ovaries underwent the following analyses: Morphological

study with Hematoxylin and Eosin staining (H&E) and
biochemical study using the MDA level and total
antioxidant activity. In addition, 5.00 mL blood samples of
rats in all the three groups were obtained and prepared for
hormonal analyses.

Administration of estradiol valerate and
chlorogenic acid. The PCOS was induced by a single
intramuscular injection of EV as described previously with
minor modification.’ Next day after the single EV
injection, rats were intraperitoneally injected with 100 mg
kg of CGA in 0.10 mL of ethanol solution (Sigma-Aldrich)
weekly for eight weeks. The dose of CGA was chosen
following the previous studies.'¢17 Rats injected with only
ethanol (0.10 mL) were served as control.

Measurement of body weight. The weights of rats
were measured and Lee’s index (= body weight 1/3) was
estimated every week to calculate drug doses.?® After each
weighting, the CGA was injected intraperitoneally
according to the amount of gained weight. Measurements
lasted until the rats were humanely sacrificed.

Tissue sample collection. Blood samples were
obtained transcardially and placed into tubes and
centrifuged at 1,000 g for 10 min. The obtained serum of
each rat was kept at - 20.00 °C for subsequent analyses.
Following the collection of blood samples, both ovaries of
rats were quickly isolated and dissected mechanically free
of fat and mesentery. Right ovarian tissues were fixed in
10.00% neutral buffered formalin solution for light
microscopic histological evaluations, whereas, the left
ovarian tissues were thoroughly homogenized (with a
tissue homogenizer in 1/10; w/v phosphate-buffered
saline (Gibco, Grand Island, USA) and centrifuged for 10
min at 3000 rpm. Following -centrifugation, the
supernatants were collected carefully and kept at - 20.00
°C for biochemical analyses.

Histological evaluation. Whole ovarian tissues (n = 5
from each group) were randomly fixed in 10.00% neutral
buffered formalin solution (pH = 7.40) for 48 hr at room
temperature and dehydrated through ascending grades of
ethanol (30.00%, 50.00%, 70.00%, 90.00% and 100%) for
1 hr each, and subsequently immersed in xylene. For
embedding, the dehydrated samples were processed in
paraffin blocks and manually sectioned at 5.00 pm.
Then, sections were mounted on glass slide with five
intervals. Then, deparaffination, rehydration (in
descending series of ethanol), and the H&E staining
were done and slides were assayed. Finally, we
evaluated tissue morphology including hyperemia,
percentage of cysts and number of large antral follicle
under a light microscope (Nikon, Tokyo, Japan). In each
section to prevent the repetition of a follicle count only
follicles with distinct nucleoli were counted.

Serum hormone levels. The levels of Anti-Mullerian
hormone (AMH), LH, FSH, 17 beta-estradiol, progesterone
and testosterone were established in the collected serum
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samples obtained from each group (each experimental
data point consisted of 15 samples for three repeats) using
an ELISA kit according to the provider’s instruction. The
analytical sensitivity of the assay was expressed as ng mL!
for 17 beta-estradiol (MyBioSource Inc., San Diego, USA),
testosterone (IBL International GmbH, Hamburg, Germany),
progesterone (Antibodies-online, Aachen, Germany) and
AMH (Antibodies-online), and as mIU mL! for FSH (Anti-
bodies-online) and LH (Antibodies-online), respectively.

Assays for oxidative stress markers. Biochemical
assays were carried out for evaluating oxidative stress
markers of MDA, glutathione (GSH) and Total Antioxidant
Capacity (TAC) in the experimental groups by ELISA kit
according to the provider’s instruction (ZellBio GmbH,
Lonsee, Germany). For this purpose, ovarian tissue was
homogenized in phosphate buffer (pH = 7.40) or 1.15% of
1:9, w/v KCl buffer (Sigma-Aldrich, Chemie GmbH,
Eschenstrasse, Germany) using a manual glass
homogenizer with a tissue homogenizer in 1/10; w/v
phosphate-buffered saline and centrifuged for 10 min at
3,000 rpm. Then, the supernatant was separated and
stored at - 80.00 °C until analysis.

Statistical analysis. Statistical Package for Social
Sciences (version 16.0; SPSS Inc. Chicago, USA) software
was applied for data analysis. One-way analysis of variance
(ANOVA) was used to test the hypotheses. Furthermore,
follow up Tukey’s test analysis was used for pairwise
comparisons across the groups to locate the possible
differences between pairs. The results of all stages of this
study were expressed by mean #* standard deviation.20
Differences with a p-values of < 0.05 were considered as
significant at the 95.00% confidence level.

Results

Assessment of animal body weight. Body weights
were monitored and measured within 8 weeks of PCOS
model induction in all experimental groups. As shown in
Figure 1, in the PCOS-control group, body-weight mean
was significantly higher (p < 0.05) which indicated the
successful induction of PCOS. However, no significant
difference was observed between PCOS-CAG and control
group (p > 0.05). Intraperitoneal injection of CGA inhibited
the weight gain in the PCOS rats and significantly
decreased the body weights compared to the PCOS-
Control group (p < 0.05).

Light microscopy observation. The histological
morphology of the ovarian tissues stained with H&E is
presented in Figure 2. Ovarian sections of the control
group exhibited a normal morphology with a central
medulla composed of fibromuscular stroma. Besides, a
number of blood vessels and a cortical part containing
abundant follicles at different stages of maturation were
observed. Also, the outcome showed corpus luteum which
is an indicator of ovulation. Regular organization was seen

between the granulosa and theca cells infollicles at different
developmental stages. Oocyte and surrounding zona
pellucida turned out intact (Fig. 2A). In sharp contrast,
general morphology of the PCOS had a swollen appearance,
with lots of cystic and atretic follicles a few corpus luteum,
and well-developed theca interna cells, supporting fully
developed PCOS. Granulosa cell layers were decreased and
loosely arranged. Moreover, many granulosa cells in cystic
follicles full-filled antrum (Fig. 2B) were especially seen.
The damaged follicles with pyknotic nuclei oocytes and
irregularly shaped granulosa cells, indicating atresia of
follicle, were prominent in this group. In the PCOS-CGA
group, oocyte and surrounded zona pellucida of follicles
were intact and ovarian architecture was ameliorated to
comparable levels with the control group (Fig. 2C).
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Fig. 1. The mean changes in body weight of rats weekly for eight
weeks. Data are expressed as means # SD.
* indicates significant difference compared to control group.

The numbers of follicles at different
developmental stages. In addition to morphological
findings, the numbers of normal follicles at different
developmental stages were analyzed in the study groups
(Fig. 3). The percentage of unilaminar primary,
multilaminar primary, secondary and graafian follicles
significantly (p < 0.05) was decreased in the PCOS-control
group (18.60 * 2.00%, 3.75 * 2.20%, 9.87 = 2.00%, and
2.63 + 2.20%, respectively) compared to those of the
control group (24.65 * 2.10%, 9.26 * 2.40%, 16.20% =*
1.98, and 7.64 * 2.00%, respectively), however, these
numbers in the PCOS-CGA group (18.18 * 2.20%, 9.35 *
1.87%, 13.78 = 2.00%, and 5.75 * 2.20%) were
significantly (p < 0.05) higher than those of the PCOS-
control group. However, no significant difference was
observed between CGA-PCOS and the control group.
Further analysis indicated that the number of primary
follicles was statistically (p < 0.001) diminished in all
groups in comparison with the control group. No
significant difference was seen between PCOS-CGA and
PCOS-control groups. Results showed that the accumulation
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Fig. 2. Histological analy51s of ovarian tlssue in A) control B) PCOS and Q) PCO CGA groups. A lot of cysts were seen in the tissue of the
ovary in PCOS group compared to the other groups (yellow arrowheads). Many granulosa cells in cystic follicles full-filled antrum were
especially seen. In the PCOS-CGA group, oocyte and surrounded zona pellucida of follicles were intact and ovarian architecture was
ameliorated to comparable levels with the control group (black arrowhead), (H&E staining, 40x).

of cystic follicles in PCOS-control group (59.75 + 2.20%)
was significantly higher compared to the control group
(22.15 £ 2.00%). CGA treatment decreased pre-antral
and atretic follicles counts (p < 0.05) and remarkably
elevated the number of graafian follicles and corpus
luteum (18.43 + 2.20%), (p < 0.05). Administration of
CGA significantly decreased the size and number of
follicular cysts (36.52 + 2.10%) indicating the inhibitory
effect of CGA on the development of follicular cysts (Fig.
3). The highest percentage of corpus luteum was
observed in the control group (20.18 * 2.20%) that
indicated the normal sexual cycle (Fig. 3).

Evaluation of the biochemical parameters. The data
of the biochemical parameters are presented in Table 1.
The highest and the lowest level of concentration of
antioxidant were observed in the control group and PCOS-
control groups, respectively. In this test, administration of
CGA significantly increased the concentration of antioxidant.
The tissue concentration of MDA (lipid peroxidation

70
= Control

60 -

Number of follicles (%)

0 = 1
Unilaminar
primary

Multilaminar
primary

Secondary

marker) was significantly (p < 0.05) higher in the PCOS-
control group compare to the other groups which in turn
contributes to the incidence of PCOS. However, the same
parameter concentrations were significantly (p < 0.001)
decreased in CGA treatment group.

Hormonal assay. The serum concentration of AMH,
LH, FSH, estrogen (E2), progesterone and testosterone
were compared between the groups (Table 1). Our results
indicated that serum concentration of AMH, LH, E2 was
significantly (p < 0.05) higher in the PCOS-control group.
Furthermore, because of the excess in AMH accumulation,
testosterone concentration was significantly (p < 0.05)
higher in this group compared to the control group. These
parameters were significantly reduced by CGA treatments
when compared to the PCOS-control group (p < 0.05). In
addition, the concentration of FSHand progesterone
production was significantly (p < 0.05) increased in CGA-
supplemented group in comparison with non-
supplemented groups.

“PCOS = PCOS-CGA

H®

Graafian  Corpus luteum Cystic

Types of normal and cystic follicles

Fig. 3. The number of ovarian follicles in control, PCOS and PCOS-CGA groups. Values are expressed as mean * SD.
ab indicate significant differences versus control and PCOS groups, respectively at p < 0.05.
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Table 1. The comparison of the biochemical markers and hormonal assay values among the groups. Values are expressed as mean + SD.

Parameters Control Polycystic ovarian syndrome Chlorogenic acid
Luteinizing hormone (IU L1) 0.47 +0.02 1.15+0.01a 0.52+0.01b
Follicle stimulating hormone (IU L-1) 4.80 +0.02 247 £0.042 5.12 £ 0.08b
Anti-mullerian hormone (ng mL-1) 3.45+0.03 5.74 £ 0.042 3.52+0.02b
Estrogen (ng mL-1) 2.85+0.01 4.73£0.01a 3.12 £ 0.02b
Progesterone (ng mL-1) 10.56 £ 0.02 3.75+0.02a 10.15+0.02b
Testosterone (ng mL-1) 3.75+0.01 9.05+0.03a 2.01£0.01b
Malondialdehyde (nmol mg-1) 0.33 £0.04 0.85 +0.052 0.38 £ 0.05P
Glutathione (mIU mg1) 2.63+0.03 1.23+£0.052 2.35 £ 0.04b
Total antioxidant capacity (umol L-1) 0.67 £ 0.02 0.32 +0.052 0.55 + 0.03b

ab indicate significant differences versus control and polycystic ovarian syndrome groups, respectively at p < 0.05.

Discussion

In the current study, we systematically investigated the
potential benefits of CGA on the follicular development,
biomarkers of oxidative stress and hormonal status in a rat
model of PCOS. At the first stage, the continuous
monitoring of body weight during 8 weeks revealed that
the average weight of body was significantly increased in
the PCO-control group, however, CGA could reduce the
augmented body weight in the treatment group. This
finding was in agreement with the studies that considered
obesity and overweight as two symptoms of PC0.2! Similar
studies reported that CGA could significantly decrease the
body weight and was associated with its reducing effect on
messenger RNA expression of stearoyl-CoA desaturase 1,
acetyl-CoA carboxylase 1 (ACC1), and ACC2 involved in
oxidative phosphorylation, fatty-acid oxidation and
lipolysis and could promote weight loss.2223 One of the
main objectives of the present investigation was to
evaluate the histological morphology of the ovarian
tissues. Our morphometric study of ovarian sections
indicated significant changes in the PCO-control group in
comparison with the control group. Moreover, the results
demonstrated that EV single injection caused the
polycystic changes in the rat ovary, increased the
development of cystic follicles and the number of atretic
follicles in the PCO-control group. In addition, abundant
secondary follicles were observed in this group,
however, primordial follicle pool and Graafian follicles
were significantly diminished. No corpus luteum was seen
indicating lack of ovulation and attributing to the cessation
of folliculogenesis.2* On the other hand, the evaluation of
preventive effects of CGA on PCOS revealed that the
intraperitoneal injection of 100 mg/kg CGA improved
ovarian architecture and led to (a) increase in the number
of primordial follicle pool and graafian follicles,? growth of
antral follicles from the pre-antral stage,? lack of formation
of large cysts in cortex, and reduced number of small cysts
in the medullary region. Moreover, in the presence of CGA,
a small number of corpus luteum was observed. However,
the number of corpus luteum was significantly higher in
control ovaries in comparison with both other groups as a
sign of normal sexual cycle. Accordingly, it seems that the

injection of 100 mg/kg CGA extract to a rat model of PCO
could improve the ovarian follicular cell architecture and
reduce the number of cysts. In parallel with our study,
many researchers evaluated the beneficial effects of
different substances on PCOS.2526 Furat Rencber et al
colleagues studied the effects of resveratrol and metformin
on ovarian reserve in PCOS rat model. They expressed that
combined therapy of metformin and resveratrol might
improve weight gain, hormone profile and ovarian
follicular cell architecture by inducing antioxidant and
anti-inflammatory systems.!! Similarly, Tahmasebi et al
investigated the antioxidant effects of calligonum extract
on ovarian tissue in rats subjected to PCO induction with
EV. In PCO group treated with calligonum extract, similar
to our study, the number of ovary cysts was significantly
decreased compared to PCO without treatment.2”

Our study could be considered a pioneer work, so that
it evaluated the effect of CGA on improving folliculo-
genesis. Parallel to the histological results, our hormonal
assessment data demonstrated that AMH concentration
was significantly increased in the PCOS group. Similar
studies confirmed that high serum and intrafollicular
concentration of AMH played an important role in the
characteristic follicular arrest, and caused increased
number of small antral follicles in PCO patient. This excess
of AMH inhibited aromatase expression and FSH action
that resulted in follicular atresia due to lower conversion
of androgen to estrogen.28 Besides, our results indicated
that administration of CGA significantly decreased the
concentration of AMH consistent with decrease in the
number of secondary follicles which supported the
maintenance of folliculogenesis. Some recent studies
demonstrated that antioxidants could act through their
AMH decreasing effects and might activate aromatase
expression which eventually improved folliculo-
genesis.2%30 [t seems that CGA might stimulate granulosa
and theca cells to express cytochrome P450 aromatase
genes that convert the androgens to 17-B-estradiol and
promote ovarian follicular development.

Further analysis of the findings indicated that FSH,
17-B-estradiol (functional marker) and progesterone
concentrations were significantly decreased in the PCO-
control. In contrast LH and testosterone concentration
were significantly elevated in this group. However, these
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parameters were significantly ameliorated by CGA
treatments. The low levels of LH in serum of PCOS-CGA
group could be attributed to the inhibitory effects of CGA
on the activity of nitric oxide synthase.3! Reducing the level
of LH is necessary in order to balance LH/FSH ratio and
exert a stimulatory effect of FSH on follicle growth,32
therefore, it seems that the low level of LH in mice with
CGA-treated PCOS has helped to initiate the development
of follicular groups and ovulation. The increase in the
number of secondary follicles, graafian follicles and corpus
luteum is a good explanation for the results. In addition,
evidence demonstrated that CGA could decrease cholesterol
levels. Low cholesterol levels are associated with low
production of gonadal steroids.3?® It seems that CGA
reduces the synthesis of gonadal steroids including
testosterone by decreasing the level of cholesterol. This
finding was in agreement with Zhou et al. who postulated
that CGA exerted estrogenic activity and prevented estrogen
deficiency-induced osteoporosis in ovariectomized rats.3*
Also, Wang et al. indicated that CGA exhibited an estrogen-
stimulating effect onovarian granulosa cells. They
expressed that CGA might have the therapeutic potential
for the treatment of postmenopausal syndrome.3> In this
study, in addition to stimulatory effects of CGA on folliculo-
genesis and hormonal status, antioxidant properties of
CGA supported these improvements. In this regard, some
studies proved that OS contributes to the incidence of PCO.
It was also demonstrated that the markers of oxidative
status such as MDA and glutathione peroxidase (GPx)
could be altered in patients with PCOS.3¢ Likewise,
antioxidant effects of CGA in different tissues (not in
ovary) have been reported previously.373° Our findings
indicated that CGA could recover the concentrations of
both TAC and GSH involved in the reduction of lipid hydro
peroxides which in turn induced cell death.

Moreover, the findings indicated that high
concentrations of MDA observed in the PCOS group were
decreased by CGA. This suggested that the reduction of
serum MDA concentrations were due to the antioxidant
and ROS production reducing the properties of CGA.40

Our results were in accordance with those of Ali et al.
who confirmed that CGA could significantly increase
activities of anti-oxidant armory such as SOD (scavenges
the superoxide anion to form H202), CAT (convertor of
H202 to H20) and GSH content.38 Koriem et al. showed that
caffeic acid enhanced GSH concentrations while it reduced
MDA and catalyzed concentrations in brain, liver, and
kidney tissues.#! It has been discerned that hydroxyl
groups (OH) on phenolic acids act as positive moieties for
their antioxidant properties which is associated with the
number of hydroxyl groups as follows: Tri-hydroxy
phenolic acids > di-hydroxy (catechol) > mono-
hydroxy.1542  These morphological, hormonal and
biochemical findings showed developmental ability and
functional potential of CGA in PCOS.

In conclusion, whereas PCOS is the most common
endocrine-metabolic disorder and causes infertility among
women, focusing on the CGA potential therapeutic effects
on ovary will be useful for public health. This was the first
study to reveal the effects of CGA in a rat model of PCOS.
Based on the biochemical and morphological results of this
study, CGA could reduce cysts in PCO model and eliminate
oxidative stress in PCOS. Hence, we proposed that CGA
might be used to improve ovarian functions in PCOS in
human being. Thus, before clinical application, it is
necessary to precisely evaluate the effectiveness and
molecular mechanism of CGA in PCOS.
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