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Abstract

Objectives Management options for PCOS, as the most prevalent endocrine disorder in women of reproductive age, using natural
supplements have a high priority for physicians, especially based on the etiological pathways. Therefore, this study was con-
ducted to describe the effect of resveratrol on the angiogenesis pathway, for management of PCOS through assessing VEGF,
HIF'] gene expression, and laboratory parameters.

Methods In this triple-blind RCT, PCOS was confirmed in ICSI candidates based on the Rotterdam criteria. Sixty-two patients
that met the inclusion criteria were randomly assigned to two groups. All patients took resveratrol 800 mg/day or placebo for
40 days orally from the beginning of their previous menstruation cycle until the oocyte retrieval day. The serum levels of different
hormones were measured, and the expression of HIF! & VEGF genes was quantified by real-time PCR.

Results As for the laboratory hormone assay in 61 PCOS patients, a significant mean difference was seen in the FSH, LH, TSH,
and testosterone between the two groups (P < 0.05). The results showed a reduction in the expression of VEGF & HIF'1 genes
under the effect of resveratrol in the granulosa cells (P =0.0001). The number of mature oocytes, cleavage rate, fertilization rate,
and fertility rate were not significantly different between the two groups (P> 0.05), but the high-quality oocyte rate and high-
quality embryo rate were higher in the resveratrol group (P < 0.05).

Conclusions Based on the results, resveratrol may improve some outcomes of PCOS patients, probably through changing the
serum levels of some sex hormones and expression of VEGF & HIFI genes in the angiogenesis pathway of granulosa cells.
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Introduction

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10815-019-01461-6) contains supplementary
material, which is available to authorized users.

Polycystic ovary syndrome (PCOS) is an important condition
in women characterized by hyperandrogenism, oligo/
anovulation (ovulation abnormality), and polycystic ovaries
54 Fardin Amidi on ultrasound [1]. PCOS affects the quality of life of the patients
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studies have shown angiogenic irregularities in the patients’
ovaries due to hyperandrogenism and hormone impairment
[7, 8]. The most important finding of PCOS research in recent
years is angiogenesis irregularities, especially in the VEGF
involved pathway.

VEGF is an important angiogenic factor and its role in
physiologic and pathologic angiogenesis, especially in
PCOS, is well known [9]. There are two main sources of
VEGF in the female reproductive system: granulosa cells
and macrophages [10]. Some studies have shown a high
VEGF expression level in PCOS women’s hyperechoic ova-
ries [11]. High levels of this factor in the serum and follicular
fluid of PCOS patients have been confirmed in many studies
[9, 12]. VEGF expression is affected by many factors such as
hyperandrogenism, and since hyperandrogenism is the main
feature of PCOS, VEGF expression due to androgen induction
in the ovaries is the main known cause of VEGF overexpres-
sion in PCOS patients [13, 14]. HIF ] is an intermediate factor
in this process. It is a transcription factor whose main target is
the VEGF gene [15]. Alterations in the VEGF concentration in
PCOS ovaries have a negative impact on oocyte maturity [16].

Any treatment option that reduces the level of VEGF in
PCOS could have a direct effect on reducing OHSS (ovarian
hyperstimulation syndrome) as the most important and life-
threatening side effect of the ovulation induction process.
Recognition of VEGF mechanisms in the OHSS process can
provide many diagnostic and treatment options for this dan-
gerous iatrogenic syndrome [10]. For these reasons, we select-
ed resveratrol as a treatment option for PCOS.

Resveratrol (trans-3,5,4'-trihydroxystilbene) is an herbal sup-
plement (phytoalexin) that affects the oocyte quality and matu-
ration because of its main properties like anti-inflammatory, an-
tioxidant, anti-cancer, and anti-aging effects [17-19]. Recent
studies have confirmed the effect of resveratrol as a natural anti-
oxidant, anti-carcinogenic, and anti-inflammatory supplement in
various diseases and as a female hormonal modulator [20-30].
Due to the significant effect of resveratrol on the reduction of
VEGEF in rats and the reduction of HIF1 and VEGF in human
patients [29, 31-36], we performed a clinical trial to determine
the effect of resveratrol on the expression level of the VEGF and
HIF genes in granulosa cells in angiogenesis pathway of PCOS
patients.

Methods
Study design

This interventional, triple-blind, randomized clinical trial
(RCT) was conducted in documented infertile PCOS patients
aged 18-40 years old (ICD-10 code; E28.2) who fulfilled the
Rotterdam criteria [1]. The patients had no endocrinopathy
except PCOS, and all of them were candidates for ICSI
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(intracytoplasmic sperm injection) due to six cycles of ovarian
induction (like Clomid and/or letrozole) with timed inter-
course and three other cycles of [UI that all failed to result in
pregnancy (as relative indication) [37, 38]. There was no his-
tory of male factor infertility.

The patients with the following conditions were excluded
from the study:

—  FSH> 10 mg/ml

—  Severe endometriosis (stages III and IV based on the re-
vised AFS-rAFS classification of endometriosis)

—  Cushing’s disease

—  Hyperprolactinemia

—  Thyroid disease

—  Ovary tumors

— Severe male factor infertility (especially non-obstructive
azoospermia)

—  Other female infertility factors (except tubal and cervical
factors)

—  History of using drugs affecting ovarian function like the
use of steroids and OCP in the past 3 months

— Any autoimmune disease like SLE (systemic lupus
erythematosus)

— Malnutrition and severe obesity (BMI over 35)

—  Systemic disorders like metabolic syndrome, hyperlipid-
emia, diabetes, and cardiovascular disease

As exclusion criteria, patients with FSH above 10 mg/dl were
excluded because it indicated the presence of central factors of
female infertility. Moreover, severe endometriosis, autoimmune
factors, systemic disorders, and malnutrition/obesity could affect
the results and outcomes as confounding factors. Some diseases
like Cushing’s disease, hyperprolactinemia, thyroid disease, and
ovarian tumors may cause PCOS or PCO-like features for which
other treatment and management protocols have been defined.
Severe male factor infertility and other female factors of infertility
were excluded because of their confounding effects on all fertility
outcomes, except tubal and cervical factors that could be
bypassed by the ICSIL.

All patients were referred from Omid Clinic from July 2016
to December 2017 and were candidates for the ICSI protocol.
The project was approved by the Ethics Committee of Tehran
University of Medical Sciences (Ethics committee reference
number IR.TUMS.REC.1394.1690 dated January 19, 2016).
The study was registered in the Iranian Registry of Clinical
Trials (IRCT-ID: IRCT2016030126860N1, date: March 15,
2016, available at www.IRCT.ir). Informed consent was
obtained from all participants.

Randomization

Sixty-two women were initially included in the study. Using
blocked randomization, the participants were randomly
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assigned to intervention (resveratrol) and control (placebo)
groups. Figure 1 shows the study map.

Blinding

The investigator, patients, and statistical analyzer were blind
to grouping.

Intervention and ovulation stimulation protocol

The patients in the intervention (resveratrol) group received
resveratrol 800 mg/day (2 x 400 mg capsules) orally (Mega
resveratrol, 99% pure trans-resveratrol, Southampton, UK) for
40 days (from the beginning of the previous cycle before ovar-
ian stimulation until oocyte pick-up). Patients in the placebo
group received oral placebo capsules that were identical in
shape with resveratrol and provided by the same company at
the same time. The dose of resveratrol (800 mg/day orally) was
selected based on previous studies of the effective dose of res-
veratrol for achieving anti-inflammatory and anti-oxidant ef-
fects in other medical conditions [20-23, 27, 39—44]. All pa-
tients in both groups underwent the same ovulation induction
protocol (flexible antagonist regime). All patients received oral
contraception (OCP-Ovocept LD®, Abureihan, Iran) for
21 days in the cycle before ovarian stimulation. On the second
day of LD discontinuation, a pituitary gland desensitization
drug (150-225 IU, Gonal-F®, Merck Serono SA,
Switzerland) was started and continued until HCG administra-
tion. A GnRH antagonist (cetrorelix acetate Cetrotide 0.25 mg,
Merck Serono SA, Switzerland) was administered when at least
two follicles reached 13—14 mm in size and continued until
HCG administration. In both groups, HCG (10,000 IU) was
prescribed for patients who had at least two follicles > 18 mm
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Fig. 1 The study flow diagram as a randomized clinical trial

or endometrial thickness >8 mm on ultrasound. The follicular
puncture was done 36 h after HCG administration. Embryos
were transferred in the cleavage state and luteal phase support
was provided by intramuscular progesterone (50 mg/ml, Iran
Hormone, Iran) 1 day after oocyte pick-up. All participants
underwent the standard ICSI protocol.

Laboratory tests for serum hormone levels

Blood samples were taken from patients twice: the first one
was before OCP administration and the second sample was
taken on the oocyte retrieval day. The levels of serum
AMH (anti-Mullerian hormone), estradiol, progesterone,
testosterone, FSH, LH, TSH, and prolactin were measured
using the electrochemiluminescent immunoassay (ECLIA)
method.

Clinical data and patient outcome records

Demographic and physical characteristics, past medical
history, drug history, menstrual history, and sperm quality
of the husband were recorded in a questionnaire on the first
day. On the puncture day, the oocyte data such as the num-
ber of retrieved oocytes, number of M-II (mature) oocytes,
quality of oocytes, and the rate of high-quality oocytes
were recorded. The high-quality oocyte rate was defined
as the number of good quality oocytes divided by the total
number of retrieved oocytes (within a subject) x 100. A
high-quality oocyte (Fig. 2a) was defined as a round,
normal-sized oocyte with one regular polar body in the
perivitelline space (neither too big nor too small), homo-
geneous ooplasm without irregularities, and appropriate
thickness of the zona pellucida [45, 46] (Fig. 2b shows a
comparison with low/bad quality oocyte). Within 16—-18 h
after ICSI, oocyte fertilization was evaluated to calculate
the fertilization rate. Two to three days after ICSI, data
related to the embryo development like the percentage of
embryos, quality of embryos, number of cleavage embryos
(cleavage rate), and high-quality embryo rate were record-
ed. The high-quality embryo rate was defined as the num-
ber of high-quality embryos divided by the number of suc-
cessful fertilizations (within a subject) x 100 [47]. Grade A
and B cleavage embryos were defined as high-quality em-
bryos based on the ASEBIR criteria (Fig. 3a) including the
number of cells (blastomeres), percentage of embryo frag-
mentation, cell symmetry, and presence of multi-nucle-
ation, vacuoles, and pitting [48] (compare it with low-
quality embryo, Fig. 3b).

In the follow-up of the patients, the chemical (using the f3-
HCG test) and clinical pregnancy rate (by visualization of the
gestational sac on ultrasound) were calculated.
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Fig. 2 Morphological
comparison of a high-quality
oocyte (a) with low-quality
oocyte (b)—(Nikon, x 200). Note
the shape and size of the oocyte,
regularity of polar body,
perivitelline space, and regularity
of ooplasm

Cellular and molecular processes

The punctured oocytes denudated with hyaluronidase and the
remaining granulosa cells around the oocyte were collected
from the dissect dish and centrifuged at 2500 rpm for 5 min.
The cell plaques were washed with RBC lysis buffer
(SinaClon®) and centrifugation was repeated (2500 rpm,
5 min), if they were contaminated with blood. The obtained
plaques were completely dissolved in 500 to 700 pl TRIzol®
Reagent (Ambion - Life Technologies) and kept at — 20 °C
until RNA extraction.

RNA extraction and cDNA synthesis

The RNA of granulosa cells was extracted by the phenol-
chloroform extraction method using the TRIzol® Reagent
protocol. Then, RNA extraction control was done by
Agarose gel electrophoresis and Colibri Microvolume
Spectrometer (Titertek® Berthold) to make sure of the
quality and quantity (purity and concentration) of the
extracted RNA. cDNA was synthesized in the RT-PCR pro-
cess using the QuantiTect® Reverse Transcription Kit
(QIAGEN). It should be noted that a mixture of Oligo(dt)
and random hexamer was used for total RNA ¢cDNA
synthesis. The product of this process was used as a
template for real-time PCR.

Fig. 3 Morphological
comparison of high quality (a)
and low-quality embryo (day 3)
(b)—(Nikon, x 200). Note the
blastomere number, percentage of
embryo fragmentation, cell
symmetry, multi-nucleation,
vacuole, and pitting
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Real-time PCR and primer design

The real-time protocol for relative quantification of the ex-
pression of two target genes (VEGF and HIFI with internal
control of GAPDH as a housekeeping gene) was applied to a
final volume of 10 pl, containing real-time SYBR Green mas-
ter mix Ampliqon® (5 pl), primer mix (including forward and
reverse primer) (0.3 ul), target cDNA (1 pl, 80—-100 ng/ul
concentration), and D.D. water (3.7 ul). The primers used in
this study are shown in Table 1. Using the reference databases
(Genatlas, Genecard & AceView), the primers were designed
based on the expressed variant of the target organ (ovary). All
primers were designed from exon-exon junctions for specific
and unique target amplification.

The running PCR method for all genes included the
following:

* Pre-amplification/holding stage
— 95°C for 15 min

» Amplification/cycling stage (for 40 cycles)

—  Denaturation 95 °C for 15 s
— Annealing 60.5 °C for 30 s
—  Extension 72 °C for 30 s
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Table 1 Primer sequences for
HIF1 & VEGF genes and their Gene Forward oligo sequence 5'—> 3’ Reverse oligo sequence 5'—> 3’ Amplicon length
target lengths (target) (bp)

VEGF GCACCCATGGCAGAAGG CTCGATTGGATGGCAGTAGCT 90

HIF1 CATCAGCTATTTGCGTGTGA  AGCAATTCATCTGTGCTTTC 89

GGA ATGTC
GAPDH AGAAGGCTGGCGCTCATT CCCATTGCTGATGATCTTGA 134

*  Melt curve stage

—  From 60 to 95 °C (fluorescent emission detection at +
0.3 °C increments)

Real-time PCR was done by the Real-Time ABI® Step
One thermocycler. All genes were designed and set up at
60.5 °C as the annealing temperature. In the real-time setup
for the genes, a standard curve was achieved in the appropriate
efficiency percentage range (90—110%) with controlling the
template size without any non-specific amplification template
or dimer primer formation in the melting curve view. The
amplification curves, standard curves, and melting curves of
the target genes and housekeeping gene and their efficiency
data are presented in Figs. 4, 5, and 6 as a supplement file.

Statistical analysis

The student ¢ test, paired ¢ test, chi-square test, and Fisher’s
exact test were applied for analysis. The data were analyzed
with the SPSS software version 23, and the graphs were de-
signed by the GraphPad Prism version 6.

Results

The data of 30 PCOS patients in the resveratrol group
(intervention) and 31 patients in the placebo group (control) were
analyzed in this study (the data of one subject in the placebo
group were not included in the analysis due to missing data
and follow-up error, Fig. 1). Table 2 shows demographic, per-
sonal, clinical, and laboratory data of the subjects in the resvera-
trol and placebo groups before intervention. Among 61 subjects,
35 (57.4%) were over 30 years old. Thirty-three (54.1%) subjects
were from Tehran, and others were from other cities of Iran.
Thirty-three patients (54.1%) had a BMI below 24.9, 18
(29.5%) were overweight (BMI=25-29.9), and 10 (16.4%)
were obese (BMI 30-34.9). The frequency of the BMI class
below 24.9, 25-29.9, and 30-34.5 was 15, 10, and 5 subjects
in the intervention group and 18, 8, and 5 subjects in the control
group, respectively (chi-square test, P value =0.7871).
Twenty-five subjects (41%) had a history of at least one
previous ICSI, 32 (52.5%) had hirsutism, 45 (73.8%) had irreg-
ular menstruation cycles, and 19 (31.1%) suffered from

dysmenorrhea. Twenty-one patients (34.4%) had a normal
menstruation, 33 (54.1%) had oligomenorrhea, and 7 (11.5%)
had hypomenorrhea. All of the patients had primary infertility.
There was no history of alcohol use, smoking, chronic diseases,
and the use of specific drugs in the participants. All of the
husbands had normal spermograms. None of the patients had
galactorrhea. All of the patients underwent the flexible antago-
nist ovarian stimulation protocol.

Table 3 presents the laboratory parameters before and after
administration of resveratrol/placebo and stimulation protocol.
There was a significant change in all parameters in the resver-
atrol group after the intervention compared to before the inter-
vention. However, despite other parameters, the serum levels of
total testosterone and TSH did not change significantly in the
control group (paired 7 test). Comparison of the second labora-
tory evaluation (after treatment) in the study groups showed that
serum levels of total testosterone and LH were significantly
lower, and the serum levels of FSH and TSH were significantly
higher in the resveratrol group compared to the control group.

Table 4 shows the difference in the hormonal profile of the
patients in both groups. Testosterone, FSH, LH, and TSH differ-
ence levels significantly changed in the resveratrol group com-
pared to the placebo group (levels of testosterone and LH de-
creased and the levels of FSH and TSH increased—see Table 4).

The ovulation induction outcomes (number of retrieved
follicles, number of M-II (mature) oocytes, number of high-
quality oocytes, and high-quality oocyte rate), ICSI, and fer-
tility indices (number of embryos, fertilization rate, number of
cleavage embryos, cleavage rate, number of high-quality em-
bryos, and high-quality embryo rate) were compared between
the two groups. Two indices (high-quality oocyte rate and
high-quality embryo rate) were significantly different between
the two groups (P =0.002 and 0.024, respectively) (Table 5).
It should be noted that only 17.4% of all patients had below 10
follicles retrieved (6.5% <5 follicles). The embryo transfer
was canceled in 11 subjects (4 (13.3%) in resveratrol and 7
(22.58%) in control group) because of the excessive number
of oocytes achieved resulting in OHSS symptoms like abdom-
inal distension and apparent pelvic fluid (as moderate to se-
vere OHSS based on Rizk and Aboulghar OHSS classifica-
tion) [49]. Frozen embryo transfer was performed immediate-
ly in the next cycle in canceled cycles. As the final outcomes
of the study (Fig. 7), the chemical pregnancy rate (chemical
pregnancy per ET or embryo transfer) was 22.58% (7/31) in
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Table2 Comparison of baseline parameters between resveratrol and placebo groups

Variable Total patients Case (intervention) Control (placebo) Statistical test P value (intervention vs

mean (SD) mean (SD) mean (SD) characteristics (¢ test) placebo)

Age (year) 30.08 (3.95) 29.30 (4.44) 30.84 (3.30) t=—1.540, df=59 0.129

BMI (kg/m?) 25.56 (4.23) 25.92 (4.22) 25.21(4.28) t=0.653, df=59 0.516

Infertility duration (year)  4.88 (2.58) 438 (2.49) 5.352.61) t=—1.485,df=59 0.143

Mean menstruation 6.77 (2.41) 6.43 (2.03) 7.10 2.72) t=—1.076, df=59 0.286
duration (day)

Mean menstrual cycle 44.21 (11.86) 45.80 (12.26) 42.68 (11.46) t=1.028, df=59 0.308
duration (day)

AMH (ng/mL-baseline) 8.76 (4.50) 9.09 (4.03) 8.44 (4.95) t=0.562, df=59 0.576

Estradiol or E2 63.12 (51.71) 63.76 (35.98) 62.50 (63.99) t=0.94, df=59 0.925

(pg/mL-baseline)

Progesterone 0.99 (0.57) 1.01 (0.61) 0.98 (0.53) t=0217,df=59 0.829
(ng/mL-baseline)

Total testosterone 1.08 (0.44) 1.02 (0.39) 1.13 (0.49) t=—0.977, df=59 0.333
(ng/mL-baseline)

FSH (mIU/mL-baseline) 4.15 (1.53) 3.89 (1.55) 4.41(1.49) t=-1.318,df=59 0.193

LH (mIU/mL-baseline) 10.06 (4.35) 10.65 (4.05) 9.49 (4.62) t=1.042, df=59 0.302

Prolactin (ng/mL-baseline) 12.65 (5.03) 11.61 (3.61) 13.64 (5.99) t=—1.611,df=49.58 0.114

TSH (mIU/mL-baseline)  2.08 (1.15) 2.04 (1.15) 2.13 (1.17) t=—0.295, df=59 0.769

SD standard deviation, df degree of freedom

the placebo group and 43.3% (13/30) in the resveratrol group
(Fisher’s exact test; one-sided P=0.073, two-sided P =
0.106). Moreover, the clinical pregnancy/ET rate was
19.35% (6/31) in the placebo group and 36.67% (11/30) in
the resveratrol group (Fisher’s exact test, one-sided P =0.161,
two-sided P=0.111—see Fig. 7). Relative quantification

Table 3

(RQ) of the expression of VEGF & HIFI genes in the granu-
losa cells in two groups are given in Fig. 8 and Table 6.
According to Fig. 8 and Table 6, the expression of both
VEGF and HIF1 genes was significantly lower in the resver-
atrol (intervention) group compared to the placebo (control)
group (P value =0.0001 for both genes).

Comparison of laboratory tests intragroup (before and after treatment) and intergroup (after treatment between resveratrol and placebo groups)

Laboratory parameter Intervention mean (SD) Before vs after Placebo mean (SD) Before vs after Resveratrol
resveratrol; paired ¢ placebo; paired #  compare
Before After test Before After test with placebo
(baseline) P value (baseline) P value after treatment
(t test) P value
AMH (ng/mL) 9.09 (4.03) 5.27 (3.01) 0.0001 8.44 (4.95) 6.31 (3.53) 0.004 (t=—1.243,
df=59)
0.219
Estradiol (pg/mL) 63.76 (35.98)  2381.70 0.0001 62.50 (63.99)  2452.61 0.0001 (t=-0.305,
(938.46) (876.08) df=59)
0.761
Progesterone (ng/mL)  1.01 (0.61) 1.70 (1.00) 0.001 0.98 (0.53) 1.69 (1.13) 0.003 (t=0.048, df=59)
0.962
Total testosterone 1.02 (0.39) 0.77 (0.39) 0.011 1.13 (0.49) 1.11 (0.50) 0.695 (t=—3.003,
(nmol/L) df=59)
0.004
FSH (mIU/mL) 3.89 (1.55) 9.73 (2.36) 0.0001 4.41 (1.49) 8.33 (3.00) 0.0001 (t=2.02, df=59)
0.048
LH (mIU/mL) 10.65 (4.05) 2.78 (2.21) 0.0001 9.49 (4.62) 4.33 (2.15) 0.0001 (t=—2.793,
df=59)
0.007
Prolactin (ng/mL) 11.61 (3.61) 26.83 (16.36)  0.0001 13.64 (5.99) 23.61 (12.98) 0.001 (t=0.853, df=59)
0.397
TSH (mIU/mL) 2.04 (1.15) 3.15(2.73) 0.030 2.13 (1.17) 2.02 (1.51) 0.517 (t=2.099,
df=38.739)
0.042
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Discussion

It is already known that ovarian angiogenesis irregularity is one
of the main pathogeneses of PCOS. As mentioned earlier, the
main purpose of this study was to discover whether resveratrol
can affect ovarian angiogenesis in PCOS by its effects on the
expression of the main targeted genes (VEGF & HIF1) in the
granulosa cells. Therefore, we tried to answer this question in a
triple blind RCT and the following analyses and interpretations.

Due to the blocked randomization method, the demograph-
ic and baseline parameters of the subjects were distributed
equally (without significant statistical differences) in both
groups as shown in Table 2.

In the intra-group analysis presented in Table 3, the results
were obtained as the effect of ovarian induction intervention
plus supplement/placebo administration. Statistical tests
showed a significant difference in laboratory parameters be-
fore and after the intervention. Serum estradiol levels in-
creased not only in the intervention group, but also in the
placebo group after the intervention because of the direct ef-
fect of ovulation induction on increasing the number of the
grown follicles. In the ovulation induction cycle, administra-
tion of GnRH antagonist led to hypophyseal suppression,
resulting in decreased levels of FSH and LH. Increased levels
of FSH on the oocyte retrieval day were logical, due to exog-
enous FSH administration [50].

Although the personal, demographical, clinical, and labora-
tory characteristics did not show any differences between the
two groups at the beginning of the study as a result of random-
ization (Table 2), some parameters, such as the hormonal profile
(testosterone, FSH, LH, and TSH), were significantly different
in the Resveratrol group compared to the placebo group after
the intervention (Tables 3 and 4). Our findings of the serum
level of testosterone were consistent with the results of studies
by Banaszewska et al. [27] and Duleba et al. [51], in which
resveratrol caused a significant decrease in the testosterone lev-
el. The decrease in the androgen level may be due to the lower

levels of LH secretion in the resveratrol group that is concordant
with the feedback control mechanism of the ovarian source
androgen by LH. It should be noted that Kjaer et al. did not
report any changes of the serum testosterone level in men in the
resveratrol group [52], which could be due to the mechanism of
action of resveratrol in different hormonal conditions (PCOS
women versus men).

The serum level of AMH did not show a significant differ-
ence between the two groups, which was in contrast to the
results of a study by Ergenoglu et al. [53] in which PCOS
was induced by dihydrotestosterone in a rat model and the
authors concluded that AMH reduced because of the antioxi-
dant effect of resveratrol. The reason for the difference be-
tween these two studies could be the non-etiologically full-
matched rat model compared to PCOS women.

The results of a study by Banaszewska et al. are not con-
sistent with our finding regarding the significant difference in
the FSH and LH serum levels [27]. However, decreased levels
of LH in the resveratrol group were in agreement with the
results of a study by Furat Rencber at al. [20]. Since LH
hypersecretion is one of the main hallmarks of PCOS and
considering the decreased levels of LH in the resveratrol
group in a study by Farut Rencber and our study, it can be
concluded that resveratrol can be used to control high levels of
LH in PCOS patients. Even though the level of LH decreased
in both groups because of the GnRH antagonist ovulation
induction protocol, the decrease was more prominent in the
resveratrol group than in the placebo group. This difference
may be due to the effect of Resveratrol as a modulator of the
LH level in PCOS women. The greater reduction of the serum
LH level in our study may be due to the central effect of
resveratrol on the hypothalamus by reducing the GnRH secre-
tion pulse frequency and/or the peripheral effect through the
negative feedback of LH secretion. However, it is required to
design other studies to evaluate the effect of resveratrol on the
LH level in PCOS women that have not received ovulation
induction agents.

Table 4 Mean difference

comparison of laboratory Laboratory parameter Mean difference (SD) (after minus be- Statistical test characteristics P value

parameters between two groups fore) (¢ test)

(change of parameters after

treatment compared with baseline Resveratrol Placebo

values)
AMH (Dif.) —3.82(3.42) —2.12 (3.83) =—1.823,df=59 0.073
Estradiol (Dif.) 2317.94 (935.94)  2390.11 (865.35)  t=—0.313,df=59 0.755
Progesterone (Dif.) 0.694 (1.05) 0.71 (1.21) t=0.065, df=59 0.949
Total testosterone (Dif.)  —0.26 (0.53) —0.003 (0.36) =—2.054, df=59 0.044
FSH (Dif) 5.84 (2.30) 3.93 (3.00) t=2.786, df=59 0.007
LH (Dif.) —7.87 (3.82) —5.15 (4.56) t=—2518,df=59 0.015
Prolactin (Dif.) 15.22 (16.56) 9.97 (14.25) t=1.329, df=59 0.189
TSH (Dif)) 1.11 (2.66) —0.11 (0.91) t=2.409, df=59 0.019

Dif. difference value
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Table 5 Comparison of clinical

outcomes between resveratrol and Variable Total patients’  Intervention Placebo Statistical test P value
placebo groups mean (SD) mean (SD) mean (SD)  characteristics (intervention vs
placebo)

Number of 19.33 (9.83) 19.10 (9.66) 19.55 =—0.177, 0.860
retrieved (10.13) df=59
follicles

Number of M-II 15.36 (8.09) 15.73 (7.46) 15.00 t=0.351, 0.726
(mature) (8.76) df=59
oocytes

Number of 14.29 (7.24) 15.47 (7.44) 13.16 t=1.248, 0.217
high-quality (6.98) df=59
oocytes

High quality 75.43 (16.53)  81.93(10.81) 69.13 t=3.257, 0.002
oocyte rate (18.71) df=59

Number of 12.08 (7.18) 13.00 (7.00) 11.19 t=0.982, 0.330
embryos (7.35) df=59

Fertilization rate 81.11 (22.93) 83.15(16.97)  79.11 t=0.671, 0.505

(27.80) df=47.986

Number of 10.64 (6.34) 11.93 (6.55) 9.39(5.96) t=1.588, 0.118
cleavage df=59
embryos

Cleavage rate 88.06 (15.75)  91.74 (11.26)  84.37 t=1.851, 0.070

(18.70) df=47.599

Number of 10.20 (6.37) 11.63 (6.44) 8.81(6.08) ¢=1.763, 0.083
high-quality df=59
embryos

High quality 84.32(18.89)  89.80 (11.53) 78.83 t=2333, 0.024
embryo rate (23.04) df=42.680

In our study, the level of FSH was significantly higher in
the resveratrol group compared to the control group, which it
could be explained by the effect of resveratrol on the reduction
of serum androgen level, because hyperandrogenism is one of
the reasons for the lower level of FSH in PCOS patients by
higher peripheral transformation of androgens into steroids.
Therefore, resveratrol may be effective in increasing the level
of FSH through reducing the level of steroids derived from
androgens. The secondary effect of these mechanisms is im-
proved oocyte quality and better pregnancy outcomes, be-
cause FSH is a major factor in follicular maturity and growth.

In this study, the mean difference of serum TSH level
was significantly higher in the intervention group com-
pared to the control group. This finding also confirms the
results of previous studies by Duntas and Giuliani et al.

Fig. 7 Comparison of pregnancy
occurrence (chemical/clinical)
between two groups

Clinical Pregnancy- Pos.

Clinical Pregnancy- Neg.

that showed anti-thyroid and goitrogenic effects of resver-
atrol in their studies [54, 55]. L. H. Duntas explained that
resveratrol increased TSH secretion by activation of
sirtuins and the phosphatidylinositol-4-phosphate 5 kinase
v (PIP5Ky) pathway [55]. As mentioned earlier, a safe
dose of resveratrol without significant side effects was se-
lected for this study. Increased levels of TSH in the resver-
atrol group compared to the control group were an inciden-
tal finding during a hormonal profile assessment in our
study. Elevated levels of TSH in most of the patients were
in the normal range, and confirmation with serum T3 and
T4 levels and clinical symptoms is necessary for a diagno-
sis of goiter. Moreover, the probability of the goitrogenic
effect of resveratrol should be considered in future studies
of resveratrol.

Fisher Exact test;
P-value=0.111

B- HCG (Chemical Preg.) Neg.

B_HCG (Chemical Preg.) Pos.

Fisher Exact test;
P-value=0.106
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Regarding the ART (ICSI) outcomes, the mean number
of M-II oocytes as an oocyte maturation index and the
mean number of the high-quality oocytes as an index of
overall oocyte quality were minimally higher than the
placebo group, but the difference was not significant
(P >0.05). Moreover, the cleavage rate and the mean
number of high-quality embryos were not statistically dif-
ferent between the two groups (P =0.07 and 0.083, re-
spectively). The results showed a significant difference in
two indices between the two groups: The “high-quality
oocyte rate” (as an oocyte quality index) and the “high-
quality embryo rate” (as an embryo quality index). These
indices are important for the overall effect of resveratrol
on the ICSI protocol quality improvement. Considering
the small sample size of this study and the formula used
to discuss the high-quality oocyte rate and the high-
quality embryo rate, it can be discussed that the high-
quality oocyte rate is a more sensitive index compared
to the “mean number of high-quality oocyte” for the oo-
cyte quality assessment, because high-quality oocyte rate
can change easily following a little change in the numer-
ator and/or denominator of the fraction. In our case, the
number of high-quality oocytes (in the numerator of the
fraction) was a little larger and the total number of re-
trieved oocytes (in the denominator of the fraction) was
a little smaller in the resveratrol group compare to the
control group. This also applies to the “high-quality em-
bryo rate” compared to the “mean number of the high-
quality embryos” (both as embryo quality indices).
Another point is the larger difference in high-quality oo-
cyte rate compare to high-quality embryo rate. This shows

*** t-student test; P-Value=0.0001

that, resveratrol may have an effect on the promotion of
the oocyte function and its potential for better embryo
production. In other words, the better the embryo quality
on day 3 might be the result of the better oocyte quality
under the effect of resveratrol. The fertility rate, as a crit-
ical index of oocyte quality, was not significantly higher
in the resveratrol group compared to the placebo group
(P =0.073). The chemical pregnancy rate increased from
22.58% in the placebo group to 43.3% in the resveratrol
group. Similarly, the clinical pregnancy rate also im-
proved from 19.35% in the placebo group to 36.67% in
the resveratrol group. The pregnancy rate, as the main
IVF outcome, which is an index of the quality control of
all the processes and an exclusive index of uterine recep-
tivity, did not improved significantly following resveratrol
administration in the interventional group versus the pla-
cebo group (P >0.05, Fisher’s exact test), probably be-
cause of the small sample size for fertility rate calculation.
We did not find any studies evaluating fertility and ICSI
outcomes of resveratrol administration in humans.
However, it has been shown that resveratrol improves
the overall fertility and in vitro maturation of the oocytes
(as medium culture supplement) in rat and mice [18, 56,
57]. The differences between our finding and the results
of these studies could arise from resveratrol metabolism
and its pharmacokinetics in the body, resveratrol dosage,
exposure duration, and exposure phase (in the follicle or
denuded oocyte).

It should be noted that the critical molecular pathway
in the pathogenesis of PCOS selected in this study was
angiogenesis. Angiogenesis is one of the important
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Table 6 Mean (SD) of gene

expression between two groups Gene Intervention (resveratrol) RQ  Control (placebo) RQ Statistical test P
expression mean (SD) mean (SD) characteristics (7 test) value
VEGF 2,63 (2.17) 6.46 (3.63) t=—4.939, df=47.587 0.0001
HIFI 1.98 (1.99) 4.61 (3.11) t=—23.874,df=49.516 0.0001

RQ relative quantification

findings of recent studies in PCO research as an etiolog-
ical pathway. The main molecule in this pathway that
plays a basic role is VEGF or vascular endothelial growth
factor. As mentioned in the GeneCards® (human genes
database), this growth factor induces proliferation and mi-
gration of vascular endothelial cells, and is essential to
both physiological and pathological angiogenesis, espe-
cially under hypoxic conditions, by induction of other
genes like HIFI [58].

One of the most important sources of VEGF secretion in
the ovary is granulosa cells, and LH is an important factor
in the stimulation of VEGF expression in ovarian cells
[10]. In PCOS patients, the LH secretion level is higher
than normal, so it leads to higher VEGF expression in
granulosa and theca cells around the follicles [9]. High
levels of VEGF increase vascular permeability and shift
fluids from the vessels to the extravascular space.
Increased ovarian stroma blood flow can result in the loss
of the ovarian auto-regulatory mechanism causing uni-
follicular ovulation in the normal ovary. Irregularity in
the ovarian environment leads to disruption of follicle mat-
uration, which has negative effects on the oocyte nutrition-
al conditions and maturation and decreases fertility out-
comes [9]. Intense vascularization may lead to abnormal
growth of the theca interna in PCOS ovaries (which is one
of the main sites of androgen steroidogenesis). This
hyperandrogenism condition is another mechanism of in-
fertility in PCOS [9]. The findings of some studies indicate
that elevated serum and follicular VEGF levels on the oo-
cyte pick-up day could be considered a predictive marker
to identify patients at risk for OHSS [10].

Based on our findings, resveratrol can decrease
(modify) the expression of the VEGF gene in the granulosa
cells of the follicles after 40 days of administration (P =
0.0001). This finding is supported by the results of an
in vitro experimental study conducted by Ortega et al. in
rat granulosa cells in which resveratrol decreased the
VEGF expression, too [29]. The findings of these studies
are similar despite differences in the study setting (in vitro
vs. in vivo), condition (normal vs. PCOS), and organism
(rats vs. humans). According to these results, resveratrol
acts as a modulator of the gene expression and optimizes
the overall condition of the cells and tissues in a system
biology manner in a network of interactions. Based on this

@ Springer

effect of resveratrol, it can be used not only to improve the
infertility problems of PCOS women, but also to decrease
the chance of OHSS in ovarian induction cycles Table 6.

Since hyperandrogenism is the most prevalent sign of
PCOS, high androgen levels may be the most important
reason for increased VEGF levels in these women.
Androgen activates hypoxia-inducible factor (HIFI), a
known activator of VEGF. HIFI increases the expression
of VEGF in steroid-processing cells [14]. In our study, the
expression of the HIFI gene decreased significantly in
granulosa cells following the use of resveratrol as a sup-
plement therapy for PCOS patients (P =0.0001). This ef-
fect of resveratrol on the HIFI level is supported by other
studies in other human body organs. No similar studies
were found in PCOS patients; however, it has been shown
that resveratrol affects the hypoxia-inducible factor in
some other diseases [33, 35, 59, 60]. For example, resver-
atrol has suppressive effects on HIF/a in ischemic liver
cells in rats [60]. Decreased HIFI expression is consistent
with decreased expression of VEGF (in the resveratrol
group) and confirms the role of the androgen-induced path-
way in controlling the expression of VEGF, as also shown
by previous studies [14].

Conclusion

Based on our results, it can be concluded that resveratrol,
as a natural supplement with anti-inflammatory and anti-
oxidant effects, can modify the molecular pathways of an-
giogenesis by reducing the expression of VEGF and HIF1
genes in the granulosa cells of follicles and can improve
the high-quality oocyte rate and the high-quality embryo
rate as the clinical outcomes. Resveratrol may decrease the
serum total testosterone and LH levels and increase the
TSH and FSH levels. Therefore, PCOS patients may ben-
efit from resveratrol administration; however, attention
should be paid to possible goitrogenic effects of resvera-
trol, especially in long-term administration.
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