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KEYWORDS Abstract
Polycystic ovary Recent studies have shown that polycystic ovary syndrome (PCOS) affects about 6% of women
syndrome; worldwide. It is associated with reproductive and metabolic dysfunction. Caffeine is naturally found
Ovarian structure; in tea, cocoa, and coffee. It has been shown that caffeine can change hormonal profiles, stimulate
caffeine; ovulation, and enhance fertility. Therefore, in this study, the effects of caffeine on rats with PCOS
apoptosis; were investigated. For this purpose, 40 female rats were divided into five groups: (1) control group
inflammation; (without any intervention), (2) sham group (administration of olive oil as a caffeine solvent), (3)
rat PCOS group (injection of 2 mg of estradiol valerate for each rat), (4) caffeine group (administration

of 37.5 mg/kg caffeine for each rat), and (5) PCOS + caffeine group. After 21 days of treatment,
the ovaries of rats were removed and prepared for further evaluations, including hematoxylin and
eosin staining, TUNEL assay, real-time PCR, and biochemical analysis. Administration of caffeine in
PCOS mice considerably reduced both the volume of the ovary (P < 0.05) and follicular clusters
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(P < 0.01). However, superoxide dismutase and glutathione peroxidase were dramatically active in
the PCOS + caffeine group compared to others (P < 0.05). Besides, caffeine treatment in PCOS mice
led to Bax reduction and increased Bcl-2 expression. On the other hand, the expression of IL-6 and
TNF-a in PCOS + caffeine group was high compared to other groups. We found that caffeine can
reduce apoptosis and inflammation in PCOS ovaries and enhance the unpleasant symptoms of PCOS.

© 2022 Codon Publications. Published by Codon Publications.

Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous endo-
crine disorder that affects about 6% of women worldwide.'?
As a multifactorial syndrome, this is relatively complex
and has unclear mechanisms. Several factors such as
hyperandrogenism, chronic inflammation, and oxidative
damage can cause PCOS.* Besides, activation of inflamma-
tory cytokines, some nutrients, environmental causes, and
some genes are involved in the instigation and progres-
sion of the disease.* Moreover, oxidative stress can affect
ovulation, fertilization, and fetal development. In PCOS
patients, oxidative stress increases significantly.®> The main
diagnostic criteria are hyperandrogenism, ovulatory dys-
function (Anovulation or oligoovulation), and polycystic ova-
ries.®® PCOS can lead to metabolic disorders and increase
the risk of type 2 diabetes, cardiovascular disease, breast
cancer, hypertension, and fatty liver in the long term.5710-2
Treatment strategies include lifestyle changes, physical
activity, weight loss, a low-calorie diet, and medications
such as metformin and oral contraceptives containing estro-
gen and progestin.*’ Some food ingredients can be involved
in the development or aggravation of the syndrome. Tea,
coffee, and other compounds used in most people’s daily
diet contain significant amounts of caffeine.”® Caffeine is a
natural alkaloid that can affect mental alertness and mood."

Caffeine is quickly absorbed by the gastrointesti-
nal tract and affects different body organs. Caffeine can
alter the hormonal profile and affect the menstrual cycle
function.” Some studies have indicated that these events
may be due to the stimulation of ovulation.' The study by
Chavarro et al. signified that caffeine consumption did not
have much effect on ovulation disorders, but more exten-
sive investigations are needed.'” Caffeine has stimulat-
ing effects on the central nervous system, cardiovascular
system, urinary system, adrenaline secretion, gastric acid
secretion, smooth muscle relaxation, fat lipolysis, and tri-
glyceride hydrolysis.” In the study by Caan et al., a signifi-
cant increase in fertility was reported in women who drank
more than half a cup of tea daily.”® Caffeine consumption
also reduced testosterone secretion.'” Exposure to high
doses of caffeine can lead to changes in reproductive hor-
mones and imbalances in the endocrine system.?’ Caffeine
has been reported to increase estradiol production, while
moderate caffeine intake is associated with decreased
estradiol concentrations.? It has been suggested that caf-
feine inhibits egg maturation, steroid production, and
phosphodiesterase activity in animal models or may inter-
fere with estrogen metabolism by inhibiting aromatase, the
enzyme that converts androgen to estrogen.?' On the other
hand, some evidence suggests a link between high caffeine
consumption and apoptosis. These effects seem to depend
on hydrogen oxide, and caffeine consumption in low con-
centrations can have antioxidant possessions.?? A study also

found that high caffeine consumption reduces the length
of the menstrual cycle to less than 25 days.” To the best
of our knowledge, studies on the effects of caffeine on the
ovarian cycle, especially in PCOS, have been performed
sporadically, and conflicting results have been presented.
Here, we attempted to investigate the therapeutic poten-
tials of caffeine on ovarian function in a rat model of PCOS.

Materials and Methods

All animal experiments and informed consent were
approved by the Institutional Ethics Committee of Sabzevar
University of Medical Sciences, Sabzevar, Iran (code no
IR.MEDSAB.REC.1400.033). All materials used in this study
were purchased from Sigma-Aldrich (St. Louis, MO), except
for the cases specified otherwise.

PCOS induction

The induction of PCOS was performed according to our
previous study.? Briefly, the estradiol valerate was used in
a single dose (2 mg/kg), dissolved in olive oil, and admin-
istered via subcutaneous injection. To validate PCOS, the
vagina was examined daily for 60 days using vaginal smears
and persistent vaginal cornification, one of the symptoms
of follicular cysts in the ovary.

Animals and study design

Forty adult female Wistar rats (weighing 200-250 g) were pur-
chased from the Laboratory Animal Research Center, Sabzevar
University of Medical Sciences, Sabzevar, Iran. They were
maintained individually in standard conditions in clean poly-
propylene cages. All animals were divided into five groups (n
= 8 per group): The non-PCOS untreated rats (control group),
non-PCOS treated with olive oil as a solvent (Sham group),
non-PCOS treated with caffeine (Caffeine group), the PCOS
mice not treated with caffeine (PCOS group), and the PCOS
treated with caffeine (PCOS + caffeine group). In the treat-
ment groups, caffeine was administered with drinking bottles
containing 37.5 mg/kg. The caffeine solution was prepared
every 2 days, and the bottles (which are dark to prevent caf-
feine oxidation) were refilled between 7:00 p.m. and 8:00
p.m. The duration of caffeine administration was 21 days.

Histological and stereological analyses

The tissue samples were harvested and processed at the end
of the study. Then, they were embedded in paraffin, and serial
sections with a thickness of 5 pm (to determine the total vol-
umes) or 20 uym (to determine the number of the primordial,
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primary, secondary, and antral follicles) were prepared. For
each sample, 10 sections with equal distances were selected.
The sections were stained using hematoxylin and eosin (H&E)
method. All stereological measurements were done according
to the method reported by Howard and Reedas.*

Estimation of the total volumes of the ovary

For this purpose, the Cavalieri method was used. At first, 10
sections were selected for each sample, and a grid of points
was superimposed on each section. Then, to estimate the total
volumes of the ovary, all the points which overlay on each tis-
sue were counted, and the following equation was used:

vtota[ = ZPXQX t
p

Where, “XP” is the total number of points counted in the
10 sections, “a/p” (mm?) is the area related to each square
formed between four points, and “t” (mm) is recognized as
the distance between the selected sections.

Estimation of the number of the primordial,
primary, secondary, and antral follicles

To determine the number (N,) of the primordial, primary,
secondary, and antral follicles in the ovarian tissue, the
optical disector method and the following equation were
used:

Nv=ixi
Zthx% BA

Where “XQ” is the number of nuclei, “h” (um) is the height
of the disector, “Xp” is the total number of the counted
frames, “a/f” (mm?) is frame area, “BA” (um) is the block
advance microtome (set at 20 pm), and “t” (um) is real sec-
tion thickness.

Immunostaining for apoptosis

To determine the total density of apoptosis, immunohis-
tochemistry was performed against Caspase-3 protein.
Briefly, 10 sections with equal distances from each other
were selected. Sections were incubated in Goat nor-
mal serum (to block nonspecific site) and then exposed
in anti-Caspase-3 rabbit polyclonal antibody (1:100 in
phosphate buffered saline [PBS, v/v], Abcam ab4051)
overnight at 4°C. Then, the samples were washed with
PBS and incubated with a secondary antibody conju-
gated with horseradish peroxidase (goat anti-rabbit IgG,
Abcam ab205718). Finally, in order to detect the posi-
tive reactions, diaminobenzidine tetrahydrochloride was
added for 5 min. The samples were then dehydrated and
mounted. To calculate the average Caspase-3-positive
cells in the ovarian tissue of the 10 evaluated sections,
the total positive cells were counted. Finally, the sum
of positive cells in the studied sections was calculated
and statistically compared between the experimental
groups.

Biochemical analysis

The biochemical analysis was performed according
to Nasiry et al.?> Briefly, the obtained tissue samples
were thoroughly cleaned of blood and immediately
frozen at -80°C and stored for assays. Biochemical mark-
ers measured included malondialdehyde (MDA), glutathione
peroxidase (GPx), and superoxide dismutase (SOD). The
MDA level was determined by measuring thiobarbituric acid
reactive substances, which was determined spectropho-
tometrically by the absorbance at 535 nm. To determine
GPx level, 10% trichloroacetic acid was used, which was
determined spectrophotometrically by the absorbance at
412 nm. The determination of SOD activity was based on
the inhibition of superoxide radical reaction with pyrogal-
lol, which was determined spectrophotometrically by the
absorbance at 420 nm.

Gene expression analyses

The harvested tissues were homogenized using the Lyser
device, and then the total RNA was extracted using TRIzol
(Invitrogen®, US). The cDNA was reverse transcribed based
on the Takara Bio cDNA synthesis kit protocol (Takara Bio,
Inc., Kusatsu-Shi, Japan). To determine the gene expressions
of Bax, Bcl-2, Caspase-3, IL1-a, IL-6, and Tumor necrosis
factor-alpha (TNF-a), gRT-PCR in three biological replicates
was performed using a real-time PCR system (Applied
Biosystems StepOne instrument), SYBR Green Master Mix,
and sets of primers (Table 1). The StepOne software (Applied
Biosystems; version 2.1) was used to analyze the results. The
expression levels of each target gene were normalized to its
internal control, B-actin, and the final analyses were per-
formed using the comparative CT method (2:24<).

Statistical analysis

The statistical analyses were performed using SPSS soft-
ware (IBM SPSS Statistics, version 23), and the graphs were
plotted using Prism software (GraphPad Prism 8.0.2.263).
Results were presented as mean + SD. The K-S test was
used to evaluate the normality. One-way ANOVA followed
by Dunnett’s post-hoc test was used to compare the groups.
P < 0.05 was considered statistically significant.

Results
Histomorphometric findings

In this experimental study, we conducted H&E staining to
determine the effects of caffeine on ovarian volume and
the number of different types of ovarian follicles (Figure 1).

Effects of administration of caffeine on the volume
of ovary

Figure 2 represents the ovarian volume in different groups.
As shown, the total volume of the ovary in the PCOS group
was notably high compared to the control, sham, and
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Table 1 Real-time PCR primers list.

Gene Sequence Primer sequence T™ (°C) Accession

IL-1a F TCCCCAACTGGTACATCAGC 59.35 NM_031512.2
R GGTGAAGTCAACTATGTCCCG

TNF-a F CCTCACACTCACAAACCACCA 55 NM_012675.3
R ACAAGGTACAACCCATCGGC

IL-6 F GCCTTCTTGGGACTGATGCT 55 NM_012589.2
R TGCCATTGCACAACTCTTTTCT

Bcl-2 F CAAGCCTTCTTCCTCCTGGTGA 55 NM_012963.2
R CGCTCTCGTACACTTCAGAGA

Caspase-3 F GATGAGGCAGACTTTCTGCT 60 NM_173837.2
R CATAGTTCACGCCAGTCAGGAT

Bax F TTCCGAGTGGCAGCTGAGATGTTT 60.28 NM_171988.2
R TGCTGGCAAAGTAGAAGAGGGCAA

GAPDH F ATCTGACATGCTGCCTGGAG 60.25 NR_046237.1
R AAGGTTGGAAGATGGGAGTTGC

Figure 1 Photomicrograph of the ovary stained with H&E, 40X. (A) Control group; (B) Sham group; (C) PCOS group; (D) Caffeine
group; (E) PCOS + caffeine group.
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Figure 2 Comparing the mean total volume of ovary (mm?3). Effects of administration of caffeine on volume of ovary (mmd)
of rats with PCOS. **P < 0.01 implies the significant differences, in comparison to control, sham, and caffeine groups. *P < 0.05
represents the significant difference in comparison with the PCOS group.

4000
3500
3000
2500

2000
1500
1000
500
0

>

S
c,°°\

*

Q& S
«° &

Number of Primordial Follicles

Number of Secondary Follicles
w
o
)

(;b

o

>
L

#
&

(2
¢

& 1600 *
= 1400
£ 1200 #
g 1000
e 800
> 600
[e]
5 400
£ 200
Z o
> S e e
<© & Q X RN
& &£ L& @& @
C (J'b ("b
d
&
& 180 .
= 160
S 140 #
T 120
E 100
< 8
e 60
2 40
E 20 |
zZ 0
N S (4] (4
O <& Q RS &
I R S
X
&
]

Figure 3 Effects of caffeine on the number of follicles in different groups. A significant increase in all follicular clusters is
detected in the PCOS group compared to the caffeine-treated group. *P < 0.01 implies the significant differences, in comparison to
control, sham, and caffeine groups. P < 0.05 represents the significant difference in comparison with the PCOS group.

caffeine groups (P < 0.01), while it was considerably low in the
PCOS + caffeine group compared to the PCOS group (P < 0.05).

Assessment of the numbers of primordial, primary,

secondary, and antral follicles

The number of follicles in various stages was counted
(Figure 3). According to the data, there was a significant

increase in all follicular clusters in the PCOS group com-
pared to the other groups (P < 0.01). The administration
of caffeine in PCOS rats reduced different types of ovar-
ian follicles. However, there was a significant difference
in the numbers of follicular clusters in the PCOS + caf-
feine group compared to the control, sham, and caffeine
groups (P < 0.05).
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Figure 4 The effect of caffeine on changes in MDA and antioxidant enzymes in rats. Activities of SOD and GPX in ovary study
groups. Values are illustrated in mean + S.D; n = 6. **P < 0.01 indicates significant differences compared to the control, sham, and
caffeine groups. *P < 0.05 indicates significant differences compared to the PCOS group.
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Figure 5 PCOS noticeably induced several genes related to apoptosis. Fold change of apoptosis gene expression were detected
by gPCR after 3 weeks. Caffeine administration induced a significant increase in Bcl-2, while the expression levels of Bax and
Caspase-3 declined. The values are expressed as mean + SD (n = 6); **P < 0.01 indicates significant differences compared to the
control, sham, and caffeine groups. *P < 0.05 indicates significant differences compared to the PCOS group. #P < 0.05 refers to the
considerable differences in comparison with the control, sham, and caffeine groups

The effect of caffeine on MDA and antioxidant
enzymes

As shown in Figure 4, PCOS rats had high levels of MDA
activity compared to the control, sham, caffeine (P < 0.01),
and PCOS + caffeine groups (P < 0.05). The activity of anti-
oxidant enzymes, including SOD and GP,, was evaluated,
and the data showed that these enzymes were dramatically
active in the ovaries of the PCOS + caffeine group (P < 0.05),
while the levels of SOD and GP, were notably low in the
PCOS group (P < 0.01). According to these results, caffeine
can significantly increase antioxidant activity in PCOS rats.

The effects of caffeine on the expressions of
apoptotic genes and Caspase-3 protein

According to the gPCR analysis, the level of apoptosis genes
such as Bax was low in the control, sham, and caffeine groups,
while Bcl-2 was significantly high (P < 0.001). On the other
hand, a high level of Bax and a low level of Bcl-2 were seen in
the ovaries of PCOS rats compared to the control, sham, and
caffeine groups (P < 0.001) (Figure 5). Three weeks of caffeine
treatment in PCOS rats led to a severe reduction in the expres-
sion of Bax (P < 0.01), while Bcl-2 expression in their ovarian
tissues had been considerably increased (P < 0.05) (Figure 5).
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Apoptotic Cells %

Figure 6 Caspase-3 detection of apoptotic cells in the ovary of (A) Control group; (B) Sham group; (C) PCOS group; (D) Caffeine
group; (E) PCOS + caffeine group. The effect of caffeine on percent of apoptotic cells in ovary of PCOS-induced rats. Mean + SD
of the percent of apoptotic cells of ovary in different groups. ***P < 0.001 demonstrates significant differences compared to the
control, sham, and caffeine groups. **P < 0.01 implies the significant differences in comparison to control, sham, and caffeine
groups, and #P < 0.05 represents the significant difference in comparison with the PCOS group (n = 6 rat per group).

By immunohistochemistry, the expression of the
Caspase-3 protein was assessed. According to the results,
Caspase-3 considerably increased in the PCOS group
compared to the control, sham, and caffeine groups,
while it remarkably declined in the caffeine treated group
(Figure 6).

The effect of caffeine on mRNA expression of IL-1a,
IL-6, and TNF-a in PCOS-induced rats

The relative expression level of mRNA in IL-1a, TNF-a, and
IL-6 was quantified in control, sham, caffeine, PCOS, and
PCOS + caffeine groups. According to the results, IL-1q,
TNF-a, and IL-6 expression levels were remarkably high in
the PCOS group compared to the control, sham, and caf-
feine groups (P < 0.05). The expression of IL-6 and TNF-a

in the PCOS + caffeine group was higher than in the con-
trol, sham, and caffeine groups. However, the differences
between the levels of IL-1a in PCOS + caffeine compared to
the control, sham, and caffeine groups were insignificant
(Figure 7).

Discussion

In this study, the mRNA expression levels of several genes
related to apoptosis, including Bax, Bcl-2, and Caspase-3,
and several genes associated with inflammation, includ-
ing IL-1a, IL-6, and TNF-q, in the ovary of all study groups
were investigated. Based on our results, we reported that
the gene expression of Bax and Caspase-3 along with IL-1q,
IL-6, and TNF-a in the ovaries of rats with PCOS increased
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Figure 7 The effect of caffeine on mRNA expression levels of IL-1a, IL-6, and TNF-a in PCOS-induced rats. Mean + SD of the mRNA
expression levels of IL-1a, IL-6, and TNF-a of ovary in different groups. ***P < 0.001 indicates significant differences compared to
the control, sham, and caffeine groups. **P < 0.01 indicates significant differences compared to the PCOS group. #P < 0.05 refers to
the considerable differences in comparison with the control, sham, and caffeine groups (n = 6 rat per group).

dramatically. On the other hand, the histological examina-
tion of our study confirmed the significant positive apop-
totic cells in the ovary of PCOS animals compared to the
healthy groups. Additionally, the stereological assessments
showed a substantial decrease in the mean total volume
of the ovary and the mean number of primordial, primary,
secondary, and antral follicles in the ovaries of rats with
PCOS. Based on the statistics obtained from the biochemi-
cal analysis, a significant increase in oxidative stress and
a decrease in antioxidant status in the PCOS group were
identified. Eventually, it turned out that caffeine was able
to recover histopathological damages, cell death, inflam-
mation, and antioxidant status in rats with PCOS.

While the etiology of PCOS rests a secret, some con-
firmations support the manifestation of chronic low-grade
inflammation in females.?® The appearance of this chronic
condition is demonstrated by upsurges of several factors,
including pro-inflammatory cytokines, oxidative stress, and
endothelial inflammation. Chronic inflammatory progres-
sions are usually related to a rise in cytokines and chemo-
kines such as interleukins (ILs), and PCOS is also associated
with an increase in these agents.??8

On the other hand, oxidative stress and inflammation
processes are strictly related, and there is ample evidence
that inflammation persuades the production of reactive
oxygen species (ROS), and oxidative stress also exacerbates
inflammation.? It has been reported that lipid peroxida-
tion and the amount of MDA have increased significantly
in PCOS.*° These findings complemented succeeding probes
for assessing different oxidative stress markers contain-
ing lipid peroxidation and protein carbonyl content.?"3 In
contrast to the elevation of oxidative stress, females with
PCOS have a declined total antioxidant capacity,* reduced
glutathione,* and decreased content of haptoglobin as an
antioxidant protein.>* In addition to the declared biomark-
ers, additional pro-inflammatory cytokines are not raised
in the peripheral circulation in patients with PCOS. For

example, a recent investigation by Escobar-Morreale et al.
revealed no alteration in the serum level of IL-6 in women
with PCOS compared to the controls.3® Tumor necrosis fac-
tor-alpha (TNF-a) is an important inflammatory cytokine,
mainly secreted by the visceral adipocytes. According to
the above study, it was found that there was no significant
change in TNF-a levels in women with PCOS compared to
the controls.®

Besides, it was found that the Bax/Bcl-2 ratio was sig-
nificantly greater in the rats with PCOS than in the control
ones.* On the other side, Tilly et al. (1995) and Tilly (1996)
have publicized that follicular atresia is closely linked to
an imbalance among members of the Bcl-2 family.?”® As a
result, perhaps it can be said that amplification in ovarian
apoptosis through disparity among the Bcl-2 family mem-
bers may be associated with the alterations of developing
cystic follicles in PCOS.

In the study of Shah et al., the histological evaluation
showed ovaries with large antral follicles and thickened
theca internal and shrunken granulosa cells in PCOS ani-
mals,*® which was similar to the previous findings.* This
study also displayed the lack of corpus luteum formation
in female rats with PCOS. The number of healthy follicles
in different growing stages diminutioned, and the absence
of oocyte or corona radiate cells was observed in the PCOS
group. Besides, reduction in granulosa cells and atrophy
of interstitial cells were detected, but quercetin usage
improved normal follicles and declined cystic follicles in
ovaries.®

Caffeine is a relatively high-consumption psychostimu-
lant in different nations, with antioxidant, antiapoptotic,
and anti-inflammatory properties that endorses our present
results.* It has also been presented that caffeine has prom-
ising effects on some neuroimmune disorders.*? Caffeine is
able to impede lipid peroxidation, ROS production, and oxi-
dative stress pathways,*** which are consistent with the
results of our study. Additionally, several experiments in
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line with our outcomes indicated that caffeine is able to
reduce inflammatory and apoptosis symptoms in humans
and animals by improving antioxidant capacity.-

Conclusion

The results of the present study regarding the rela-
tive improvement of unpleasant symptoms caused by
PCOS showed that caffeine consumption could be help-
ful as a complementary strategy and core therapeutic
approaches. However, caffeine’s exact mechanism of
action in reducing inflammatory symptoms and amending
ovarian histological aspects during PCOS still needs fur-
ther research.

Authors’ Contributions

AR and MJR helped in the conception and design of the
study. SAHG, DN, PHS and SHM were involved in supervi-
sion and data analyses. AR and VE contributed to the draft-
ing the article. AD, VE, and AMK were involved in the final
approval of the version to be submitted.

Conflict of Interest

No potential conflict of interest was reported by the authors.

Ethics Disclosures

The protocol of this study was reviewed and confirmed by
the Institutional Ethics Committee of Sabzevar University
of Medical Sciences, Sabzevar, Iran (code no IR.MEDSAB.
REC.1400.033).

Consent for Publication

Consent for publishing the resulting draft of the present
research has been confirmed by all coauthors.
Acknowledgment

This work was performed at the School of Medicine,
Sabzevar University of Medical Science.

Funding

This work was supported by a grant from the Vice
Chancellor for Research, Sabzevar University of Medical
Sciences, Sabzevar, Iran.

Availability of Supporting Data

The authors have stated that supporting data will be made
available to others upon request.

References

1. Ely BR, Clayton ZS, McCurdy CE, Pfeiffer J, Needham KW,
Comrada LN, et al. Heat therapy improves glucose tolerance
and adipose tissue insulin signaling in polycystic ovary syn-
drome. Am J Physiol Endocrinol Metab. 2019;317(1):E172-82.
https://doi.org/10.1152/ajpendo.00549.2018

2. Sanchez-Garrido MA, Tena-Sempere M. Metabolic dys-
function in polycystic ovary syndrome: Pathogenic role of
androgen excess and potential therapeutic strategies. Mol
Metab. 2020;35:100937. https://doi.org/10.1016/j.molmet.
2020.01.001

3. Norman RJ, Dewailly D, Legro RS, Hickey TE. Polycystic
ovary syndrome. Lancet. 2007;370(9588):685-97. https://doi.
org/10.1016/50140-6736(07)61345-2

4. Rothenberg SS, Beverley R, Barnard E, Baradaran-Shoraka M,
Sanfilippo JS. Polycystic ovary syndrome in adolescents. Best
Pract Res Clin Obstet Gynaecol. 2018;48:103-14. https://doi.
org/10.1016/j.bpobgyn.2017.08.008

5. Ainehchi N, Khaki A, Farshbaf-Khalili A, Hammadeh M,
Ouladsahebmadarek E. The effectiveness of herbal mixture
supplements with and without clomiphene citrate in compari-
son to clomiphene citrate on serum antioxidants and glycemic
biomarkers in women with polycystic ovary syndrome will-
ing to be rregnant: A randomized clinical trial. Biomolecules.
2019;9(6):215. https://doi.org/10.3390/biom9060215

6. Hadi A, Moradi S, Ghavami A, Khalesi S, Kafeshani M. Effect of
probiotics and synbiotics on selected anthropometric and bio-
chemical measures in women with polycystic ovary syndrome:
A systematic review and meta-analysis. Eur J Clin Nutr.
2020;74(4):1-5. https://doi.org/10.1038/5s41430-019-0434-9

7. Heidari B, Lerman A, Lalia AZ, Lerman LO, Chang AY. Effect of
metformin on microvascular endothelial function in polycystic
ovary syndrome. Mayo Clin Proc. 2019;94(12):2455-66. https://
doi.org/10.1016/j.mayocp.2019.06.015

8. Lingaiah S, Morin-Papunen L, Risteli J, Tapanainen JS. Metformin
decreases bone turnover markers in polycystic ovary syn-
drome: A post hoc study. Fertil Steril. 2019;112(2):362-70.
https://doi.org/10.1016/j.fertnstert.2019.04.013

9. Meier RK. Polycystic ovary syndrome. Nurs Clin North Am.
2018;53(3):407-20. https://doi.org/10.1016/j.cnur.2018.04.008

10. Dumesic D, Hoyos LR, Chazenbalk GD, Naik R, Padmanabhan V,
Abbott DH. Mechanisms of intergenerational transmission of
polycystic ovary syndrome. Reproduction. 2020;159(1):R1-R13.
https://doi.org/10.1530/REP-19-0197

11. OstadmohammadiV, Jamilian M, Bahmani M, Asemi Z. Vitamin D
and probiotic co-supplementation affects mental health,
hormonal, inflammatory and oxidative stress parameters
in women with polycystic ovary syndrome. J Ovarian Res.
2019;12(1):5. https://doi.org/10.1186/s13048-019-0480-x

12. Wu PF, Li RZ, Zhang W, Hu HY, Wang W, Lin Y. Polycystic
ovary syndrome is causally associated with estrogen receptor-
positive instead of negative breast cancer: A Mendelian ran-
domization study. Am J Obstet Gynecol. 2020;223(4):583-5.
https://doi.org/10.1016/j.ajog.2020.05.016

13. Fett CA, Aquino NM, Junior JS, Brandao CF, Cavalcanti JDD,
Fett WC. Performance of muscle strength and fatigue toler-
ance in young trained women supplemented with caffeine.
J Sports Med Phys Fitness. 2018;58(3):249-55. https://doi.
org/10.23736/50022-4707.17.06615-4

14. Lane J, Steege JF, Rupp SL, Kuhn CM. Menstrual cycle
effects on caffeine elimination in the human female. Eur J
Clin Pharmacol. 1992;43(5):543-46. https://doi.org/10.1007/
BF02285099

15. FensterL, Quale C, Waller K, Windham GC, Elkin EP, BenowitzN,
et al. Caffeine consumption and menstrual function. Am J


IR.MEDSAB.REC
IR.MEDSAB.REC

146

Raoofi A et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Epidemiol. 1999;149(6):550-7. https://doi.org/10.1093/oxford-
journals.aje.a009851

Wesselink AK, Wise LA, Rothman KJ, Hahn KA, Mikkelsen EM,
Mahalingaiah S, et al. Caffeine and caffeinated beverage
consumption and fecundability in a preconception cohort.
Reprod Toxicol. 2016;62:39-45. https://doi.org/10.1016/j.
reprotox.2016.04.022

Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC.
Caffeinated and alcoholic beverage intake in relation to ovu-
latory disorder infertility. Epidemiology. 2009;20(3):374-81.
https://doi.org/10.1097/EDE.0b013e31819d68cc

Caan B, Quesenberry CP, Jr, Coates AO. Differences in fer-
tility associated with caffeinated beverage consumption. Am
J Public Health. 1998;88(2):270-4. https://doi.org/10.2105/
ajph.88.2.270.

Schliep KC, Schisterman EF, Wactawski-Wende J, Perkins NJ,
Radin RG, Zarek SM, et al. Serum caffeine and paraxanthine
concentrations and menstrual cycle function: Correlations
with beverage intakes and associations with race, reproduc-
tive hormones, and anovulation in the BioCycle Study. Am J
Clin Nutrition. 2016;104(1):155-63. https://doi.org/10.3945/
ajcn.115.118430

Kwak Y, Choi H, Bae J, Choi YY, Roh J. Peri-pubertal high
caffeine exposure increases ovarian estradiol production in
immature rats. Reprod Toxicol. 2017;69:43-52. https://doi.
org/10.1016/j.reprotox.2017.01.007

Schliep KC, Schisterman EF, Mumford SL, Pollack AZ, Zhang C,
Ye A, et al. Caffeinated beverage intake and reproductive hor-
mones among premenopausal women in the BioCycle Study.
Am J Clin Nutr. 2012;95(2):488-97. https://doi.org/10.3945/
ajcn.111.021287

Fernandez M, Lopez A, Santa-Maria A. Apoptosis induced by
different doses of caffeine on Chinese hamster ovary cells.
J Appl Toxicol. 2003;23(4):221-4. https://doi.org/10.1002/
jat.910

Raoofi A, Amini A, Farahani RM. The synergistic effect of
curcumin and ziziphora extract due to their anti-inflam-
matory and antioxidant properties on ovarian tissue fol-
licles. J Pharmaceutical Res Int. 2018;24(3):1-11. https://doi.
org/10.9734/JPRI1/2018/45124

Howard V, Reed M. Unbiased stereology: Three-dimensional
measurement in microscopy. 2nd ed. London, UK: Garland
Science; 2004. 277 p.

Nasiry D, Khalatbary AR, Ahmadvand H, Amiri FBT. Effects of
Juglans regia L. leaf extract supplementation on testicular
functions in diabetic rats. Biotech Histochem. 2020;96(1):1-7.
https://doi.org/10.1080/10520295.2020.1755893

Duleba AJ, Dokras A. Is PCOS an inflammatory process? Fertil
Steril.  2012;97(1):7-12. https://doi.org/10.1016/j.fertnstert.
2011.11.023

Zirlik A, Abdullah SM, Gerdes N, MacFarlane L, Schonbeck U,
Khera A, et al. Interleukin-18, the metabolic syndrome, and
subclinical atherosclerosis: Results from the Dallas Heart
Study. Arterioscler Thromb Vasc Biol. 2007;27(9):2043-9.
https://doi.org/10.1161/ATVBAHA.107.149484

Furtado MV, Rossini APW, Campani RB, Meotti C, Segatto M,
Vietta G, et al. Interleukin-18: An independent predictor of car-
diovascular events in patients with acute coronary syndrome
after 6 months of follow-up. Coron Artery Dis. 2009;20(5):327-31.
https://doi.org/10.1097/mca.0b013e32832e5¢c73

Hulsmans M, Holvoet P. The vicious circle between oxida-
tive stress and inflammation in atherosclerosis. J Cell Mol
Med. 2010;14(1-2):70-8. https://doi.org/10.1111/j.1582-4934.
2009.00978.x

Sabuncu T, Vural H, Harma M. Oxidative stress in polycystic
ovary syndrome and its contribution to the risk of cardiovas-
cular disease. Clin Biochem. 2001;34(5):407-13. https://doi.
org/10.1016/s0009-9120(01)00245-4

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

44,

45.

46.

Kuscu NK, Var A. Oxidative stress but not endothelial dys-
function exists in non-obese, young group of patients with
polycystic ovary syndrome. Acta Obstet Gynecol Scand.
2009;88(5):612-7. https://doi.org/10.1080/00016340902859315
Fenkci V, Fenkci S, Yilmazer M, Serteser M. Decreased total
antioxidant status and increased oxidative stress in women
with polycystic ovary syndrome may contribute to the risk of
cardiovascular disease. Fertil Steril. 2003;80(1):123-7. https://
doi.org/10.1016/s0015-0282(03)00571-5

Dinger Y, Akcay T, Erdem T, Saygili El, Gundogdu S. DNA
damage, DNA susceptibility to oxidation and glutathione
level in women with polycystic ovary syndrome. Scand J
Clin Lab Invest. 2005;65(8):721-8. https://doi.org/10.1080/
00365510500375263

Insenser M, Martinez-Garcia MA, Montes R, San-Millan JL,
Escobar-Morreale HF. Proteomic analysis of plasma in the
polycystic ovary syndrome identifies novel markers involved
in iron metabolism, acute-phase response, and inflamma-
tion. J Clin Endocrinol Metab. 2010;95(8):3863-70. https://doi.
org/10.1210/jc.2010-0220

Escobar-Morreale HF, Luque-Ramirez M, Gonzalez F.
Circulating inflammatory markers in polycystic ovary syn-
drome: A systematic review and metaanalysis. Fertil Steril.
2011;95(3):1048-58. https://doi.org/10.1016/j.fertnstert.2010.
11.036

Bas D, Abramovich D, Hernandez F, Tesone M. Altered
expression of Bcl-2 and Bax in follicles within dehydroepian-
drosterone-induced polycystic ovaries in rats. Cell Biol Int.
2011;35(5):423-29. https://doi.org/10.1042/CBI20100542

Tilly JL, Tilly K. Inhibitors of oxidative stress mimic the ability
of follicle-stimulating hormone to suppress apoptosis in cul-
tured rat ovarian follicles. Endocrinology. 1995;136(1):242-52.
https://doi.org/10.1210/endo.136.1.7828537

Tilly JL. Apoptosis and ovarian function. Rev Reproduction.
1996;1(3):162-72. https://doi.org/10.1530/ror.0.0010162

Shah KN, Patel SS. Phosphatidylinositide 3-kinase inhibition: A
new potential target for the treatment of polycystic ovarian
syndrome. Pharm Biol. 2016;54(6):975-83. https://doi.org/10.
3109/13880209.2015.1091482

Kafali H, Iriadam M, Ozardali I, Demir N. Letrozole-induced
polycystic ovaries in the rat: A new model for cystic ovar-
ian disease. Arch Med Res. 2004;35(2):103-8. https://doi.
org/10.1016/j.arcmed.2003.10.005

Xu F, Liu P, Pekar JJ, Lu H. Does acute caffeine ingestion alter
brain metabolism in young adults? Neuroimage. 2015;110:39-47.
https://doi.org/10.1016/j.neuroimage.2015.01.046
Kolahdouzan M, Hamadeh MJ. The neuroprotective effects of
caffeine in neurodegenerative diseases. CNS Neurosci Ther.
2017;23(4):272-90. https://doi.org/10.1111/cns. 12684
Devasagayam T, Kamat JP, Mohan H, Kesavan PC. Caffeine as
an antioxidant: Inhibition of lipid peroxidation induced by reac-
tive oxygen species. Biochim Biophys Acta. 1996;1282(1):63-70.
https://doi.org/10.1016/0005-2736(96)00040-5

Mishra J, Kumar A. Improvement of mitochondrial NAD+/
FAD+-linked state-3 respiration by caffeine attenuates quino-
linic acid-induced motor impairment in rats: Implications in
Huntington’s disease. Pharmacol Rep. 2014;66(6):1148-55.
https://doi.org/10.1016/j.pharep.2014.07.006

Carelli-Alinovi C, Ficarra S, Russo AM, Giunta E, Barreca D,
Galtieri A, et al. Involvement of acetylcholinesterase and
protein kinase C in the protective effect of caffeine against
B-amyloid-induced alterations in red blood cells. Biochimie.
2016;121:52-9. https://doi.org/10.1016/j.biochi.2015.11.022
Ullah F, Ali T, Ullah N, Kim MO. Caffeine prevents d-galactose-
induced cognitive deficits, oxidative stress, neuroinflammation
and neurodegeneration in the adult rat brain. Neurochem Int.
2015;90:114-24. https://doi.org/10.1016/j.neuint.2015.07.001



