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Abstract. – OBJECTIVE: Classification of 
polycystic ovary syndrome (PCOS) according to 
their phenotypes is important in terms of under-
standing which parameter has clinical and labo-
ratory implications. This study was designed to 
measure the follicular fluid total oxidant capaci-
ty (TOC) and total antioxidant capacity (TAC) and 
DNA degradation products of 8-hydroxy-2’-de-
oxyguanosine (8-OHdG) levels in patients with 
different PCOS phenotypes undergoing In-Vi-
tro Fertilization/Intra-Cytoplasmic Sperm Injec-
tion (IVF/ICSI). 

PATIENTS AND METHODS: Thirty women 
who were diagnosed with PCOS and twenty infer-
tile patients who did not have the clinical and lab-
oratory findings of PCOS were included. Women 
carrying at least two of the three parameters be-
low were considered to have PCOS. (1) Biochem-
ical or clinical manifestations of hyperandro-
genism (HA); (2) Ovulatory dysfunction (OD); (3) 
Polycystic ovarian morphology (PCOM). Patients 
were then classified into four different PCOS phe-
notypes: (1) Phenotype A is also known as clas-
sical PCOS and meets all three criteria (HA/OD/
PCOM). (2) Phenotype B has two criteria, HA and 
OD. (3) Phenotype C consists of HA and PCOM 
criteria. (4) Phenotype D is the non-hyperandro-
genic form and consists of OD and PCOM crite-
ria. Antagonist protocol was used in both PCOS 
and control groups. During oocyte pick-up, fol-
licular fluid of the dominant follicle was collect-
ed. TAC and TOC levels, which are redox balance 
markers, and 8-OHdG levels, which are DNA deg-
radation products, were measured in follicular 
fluid samples (FF).

RESULTS: Follicular fluid 8-OHdG levels of 
all four types of phenotypes were significantly 
higher than the control group. When the pheno-
type groups were evaluated among themselves, 
FF-8-OHdG levels of each group were found to 
be similar. Serum TOC levels of each phenotype 
group were found to be significantly higher than 
the control group. TAC levels of the patients 
in the control group were significantly higher 
than the other four phenotype groups. Oxida-
tive stress index (OSI) values were significant-
ly higher in all four phenotype groups compared 

to the control group. OSI values of phenotype B 
and D groups were significantly higher than phe-
notypes A and C.

CONCLUSIONS: In each phenotype of PCOS, 
TOC and OSI increased while TAC decreased. 
Increased OSI leads to DNA degradation and 
an increase in the level of 8-OHdG. The cumula-
tive effect of oxidative stress and DNA degrada-
tion may be the main mechanism of PCOS-relat-
ed subfertility.
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Introduction

Folliculogenesis is a physiological process ac-
companied by oxidative stress from the primordi-
al follicular stage to the dominant follicular stage. 
In the ovulatory process, in addition to the chang-
es made by the luteinizing hormone (LH) peak in 
the target follicle, a significant increase in the pro-
duction of reactive oxygen species (ROS) occurs 
and contributes to follicle rupture1-3. Free radicals 
consist of three different compounds, such as 
superoxide, hydrogen peroxide, and hydroxyl, 
which are unstable and reactive compounds and 
become stable by gaining electrons from outside3. 
As long as it is balanced by antioxidant enzymes 
and ROS scavengers under physiological condi-
tions, ROS does not cause an adverse effect. If the 
ovarian cells have enough antioxidants enzymes, 
the development of ROS-related follicular cell 
damage is prevented. Since redox pathologies due 
to excessive ROS production during follicular de-
velopment will be reflected in the follicular fluid, 
we can have information about the functions of 
the cumulus-oocyte complex by measuring the 
total oxidant capacity (TOC) and total antioxi-
dant capacity (TAC). In addition to superoxide 
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dismutase, glutathione peroxidase, and lipid per-
oxides, the levels of oxidative DNA degradation 
products can be measured in follicular fluid4,5. 
Follicles that do not have a healthy oxidant/an-
tioxidant balance are adversely affected by both 
fertilization, formation of good quality embryos 
and implantation rates6,7. 

Oxidative stress is accepted as the etiology of 
infertility in many infertile couples. Increased 
ROS production may adversely affect both oocyte 
developmental capacity and implantation rates5,8. 
Polycystic ovary syndrome (PCOS) is one of the 
most common endocrinopathies with subfertil-
ity in women of reproductive age. Although the 
main cause of subfertility due to PCOS is not 
known clearly, ovulatory dysfunction and hy-
perandrogenemia are blamed9,10. There are not 
enough studies on how the follicular fluid redox 
dynamics of PCOS patients change in patients 
undergoing assisted reproductive technology11. 
However, low cumulative pregnancy rates due to 
ovulation dysfunction and hyperandrogenemia 
suggest a problem in follicle development capac-
ity and fertilization. Exogenous gonadotropins 
administered in addition to the syndromic effects 
of PCOS may increase ROS production by caus-
ing intra-follicular iron accumulation12. Increased 
ROS levels during In-Vitro Fertilization/In-
tra-Cytoplasmic Sperm Injection (IVF/ICSI) may 
cause cell damage by disrupting the oxidative 
balance (TOC>TAC) in the developing follicle. 
The indicator of DNA damage due to oxidative 
stress is 8-OHdG. The increase of this marker is 
associated with low fertilization rates13,14.

Classifying PCOS patients according to their 
phenotypes is important in terms of understanding 
which parameter has clinical and laboratory re-
flections. Using the criteria of hyperandrogenemia 
(HA), ovulatory dysfunction (OD), and polycystic 
ovarian morphology, PCOS patients can be divided 
into four different phenotypes15,16. This study was 
designed to measure the levels of TAC, TOC, and 
8-OHdG, which are redox balance and DNA deg-
radation products, in the follicular fluid of patients 
undergoing IVF/ICSI from four different PCOS 
phenotypes. It will be evaluated how each parame-
ter changes according to the PCOS phenotype and 
how they affect the follicular redox balance.

Patients and Methods

Thirty patients who were diagnosed with 
PCOS according to revised Rotterdam criteria15,16 

and decided on IVF/ICSI were included in the 
study. Twenty infertile patients who did not have 
the clinical and laboratory findings of PCOS and 
who decided to undergo IVF/ICSI were accepted 
as the control group. Patients in the control group 
were selected from non-hyperandrogenic infertile 
patients with regular menstrual cycles. Those car-
rying at least two of the three parameters below 
were considered to have PCOS. (1) Biochemical 
or clinical manifestations of hyperandrogenism 
(HA); (2) Ovulatory dysfunction (OD); (3) Poly-
cystic ovarian morphology (PCOM) character-
ized by 12 or more follicles with a diameter of 
2-9 mm in ultrasonographic evaluation. Patients 
were then classified into four different PCOS 
phenotypes according to the National Institutes 
of Health (NIH)’s 2012 phenotypic extension of 
the Rotterdam definition15,16: (1) Phenotype A is 
also known as classical PCOS and meets all three 
criteria (HA/OD/PCOM). (2) Phenotype B has 
two criteria, HA and OD. (3) Phenotype C con-
sists of HA and PCOM criteria. (4) Phenotype D 
is the non-hyperandrogenic form and consists of 
OD and PCOM criteria. Exclusion criteria were 
determined as non-PCOS conditions that cause 
OD and HA. Women with type 2 diabetes, thy-
roid and pituitary diseases, androgen-secreting 
ovarian or adrenal tumors, Cushing’s syndrome, 
adrenal hyperplasia, and cardiovascular diseases 
were excluded from the study. Those who used 
hormonal or lipid-lowering drugs and those who 
used antiandrogen and oral contraceptives in 
the last six months were also excluded from the 
study. Venous blood samples were taken from 
the patients in the ovulatory PCOS and control 
groups on the third day of their spontaneous men-
strual cycle. Blood was collected on the third day 
of the progesterone withdrawal bleeding from the 
anovulatory PCOS patients to evaluate basal hor-
mone and biochemical parameters. Age and body 
mass index (BMI) measurements were recorded. 
Serum luteinizing hormone (LH), follicle-stimu-
lating hormone (FSH), testosterone, and fasting 
insulin levels were measured. The homeostatic 
model assessment (HOMA-IR) formula was used 
for calculating insulin resistance.

Antagonist protocol was used in both PCOS 
and control groups of patients. On the third day 
of spontaneous or induced cycles, all patients 
were started on recombinant follicle-stimulat-
ing hormone, taking into account age, ovarian 
reserve, and previous doses. Initial rFSH doses 
differed in PCOS and control groups. Follicular 
development was followed by both ultrasonog-
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raphy and serum estrogen level measurements. 
Gonadotropin releasing hormone (GnRH) an-
tagonist treatment was started when the leading 
follicle was 14 mm or on the 7th day of rFSH 
treatment. When the diameter of at least two 
leading follicles reached 17 mm, or more, trip-
toreline acetate (Gonapeptyl 0.1 mg/ml, Ferring, 
Istanbul, Turkey) was administered in the PCOS 
group, and a single dose of recombinant human 
chorionic gonadotropin (hCG) injection was ad-
ministered in the control group to trigger ovula-
tion. Oocyte pick-up was performed in patients 
in both groups 36 hours after ovulation trigger-
ing. The follicular fluids of the dominant follicle 
of both groups were frozen in RNA-later until 
analysis. Total embryo freezing was performed 
in some patients due to the risk of ovarian hy-
perstimulation syndrome. For this reason, the 
reproductive outcomes of the groups were not 
included in the study.

Follicular Fluid Sampling and 8-OHdG, 
TAC and TOC Analysis

Samples collected from a dominant follicle 
were analyzed to assess follicular fluid 8-OHdG 
levels. Follicles with a diameter of 17 mm or 
more in the right or left ovary and contain-
ing metaphase II (MII) oocytes were considered 
dominant. If the first aspirated follicle contained 
a large amount of blood or contained MI/ germi-
nal vesicle (GV) oocyte, follicular fluid of other 
follicles was collected. No follicular flushing was 
performed before aspiration. Debris, blood clot, 
and cumulus cells in the collected fluid were re-
moved with a hyaluronidase solution. The follicu-
lar contents were centrifuged at 3,500 g for 5 min. 
Clean samples remaining on the centrifuge tube 
were frozen and stored. After the frozen follicular 
fluid samples were thawed, 8-OHdG, TAC, and 
TOC levels were measured. 

TAC and TOC levels were measured by us-
ing TAC or TOC kits (Rel Assay, Mega Medi-
cine Industry, Gaziantep, Turkey). Follicular fluid 
(FF)-TAC and FF-TOC levels were measured as 
previously described. TAC results were given as 
mmol/L and TOC results as µmol/L. TOC/TAC 
value was taken as oxidative stress index (OSI) 
and the result was given as arbitrary unit17. Fol-
licular fluid 8-OHdG levels were measured using 
the human ELISA kit and according to the manu-
facturer’s recommendations (Sunred Bioscience, 
Shanghai, China). The measuring range of the kit 
was 1-100 ng/mL. Intra- and inter-assay coeffi-
cients of variability (CV) values of the 8-OHdG 
kit were 10% and 12%, respectively. The mini-
mum measurable limit was 0.55 ng/mL. 

Statistical Analysis
Analysis of DNA degradation, TAC, and TOC 

results obtained from FF measurements was per-
formed with SPSS 21 (IBM Corp., Armonk, NY, 
USA) program. The Shapiro-Wilk test was used to 
determine data distribution patterns. One-way ANO-
VA test was used to compare ELISA, TAC, TOC, 
laboratory, hormonal and metabolic parameters of 
four different phenotypes and control groups. The 
correlation between parameters was evaluated by 
Pearson’s correlation analysis. Results are presented 
as mean±standard deviation. p<0.05 was considered 
statistically significant in all comparisons.

Results

The distribution of demographic, metabolic, and 
hormonal parameters of both groups is presented 
in Table I. Although there was an increasing trend 
in the PCOS group in terms of age and BMI, 
the difference was not significant. When PCOS 
patients were classified according to phenotypes, 

Table I. Demographic and hormonal parameters of PCOS and control groups.

	 PCOS 	 Non-PCOS control	 p-value

N	 30	 20	
Age (y)	 27.5 ± 3.22	 26.8 ± 2.81	 > 0.33
BMI (Kg/m2)	 26.2 ± 2.30	 25.7 ± 3.65	 > 0.07
LH (mIU/mL)	 11.2 ± 2.54	 5.87 ± 1.33	 < 0.02
FSH (mIU/mL)	 4.99 ± 1.02	 5.11 ± 2.09	 > 0.40
Testosterone (ng/dL)	 55.1 ± 6.43	 37.5 ± 4.07	 < 0.01
HOMA-IR	 9.54 ± 3.20	 3.83 ± 1.07	 < 0.03

Polycystic ovary syndrome (PCOS), body mass index (BMI), luteinizing hormone (LH), follicle-stimulating hormone (FSH), 
homeostatic model assessment (HOMA-IR).
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the number of patients in the phenotype A group 
was significantly higher than the other groups 
(36.6%). The total number of patients for pheno-
types A (36.6%) and B (23.3%) was higher than 
the sum of phenotypes C (23.3%) and D (16.6%). 
The total number of patients in phenotypes A and 
B comprised more than half of all patients (n=18 
vs. n=12). Serum LH and testosterone levels of the 
PCOS group were significantly higher than the 
control group. Similarly, the HOMA-IR values ​​of 
the patients in the PCOS group were significantly 
higher than the control group. Serum FSH values ​​
were recorded as similar between the two groups. 
When subgroup analysis of PCOS patients was 
performed according to phenotypes, no significant 
change was found in metabolic, hormonal and 
demographic findings. The increase in androgen 
levels was more pronounced in phenotype A than 
in other phenotypes. However, this upward trend 
in androgens did not reach statistical significance.

FF-8-OHdG levels of all four phenotypes were 
significantly higher than the control group. When 
the phenotype groups were evaluated among 
themselves, FF-8-OHdG levels of each group 
were found to be similar. Serum TOC levels 
of each phenotype group were found to be sig-
nificantly higher than the control group. TAC 
levels of the patients in the control group were 
significantly higher than the other four pheno-
type groups. OSI values were significantly higher 
in all four phenotype groups compared to the 
control group. OSI values of phenotype B and D 
groups were significantly higher than phenotypes 
A and C (Table II).

Discussion

Polycystic ovarian syndrome is the most com-
mon cause of subfertility and endocrine anom-
aly in women of reproductive age. The term 

polycystic ovarian syndrome is not sufficient to 
reflect the complex nature of the disease. PCO 
has a wide laboratory and clinical spectrum with 
endocrine and metabolic problems on the one 
hand and menstrual irregularity and subfertility 
on the other18,19. The fact that different organiza-
tions are not in a clear consensus on the PCOS 
diagnostic criteria causes difficulties in reveal-
ing the main causes of the disease. Clinical or 
biochemical hyperandrogenism and chronic oli-
go-anovulation are essential components of the 
disease pattern. Polycystic ovarian morphology 
is another parameter used in the classification of 
the disease. In the 2012 NIH consensus panel, 
PCOS was divided into the following four pheno-
types using three different criteria. Phenotype A 
(HA+OD+PCOM), phenotype B (HA+OD), phe-
notype C (HA+PCOM) and phenotype D (OD+P-
COM). The phenotypic classification made the 
disease groups clearer and available for clinical 
research15,16.

When we separated PCOS patients according 
to phenotypes, the groups with the highest OSI 
were phenotypes D and B. Oxidative damage 
was significantly higher in both phenotypes com-
pared to phenotypes A and C. While TOC levels 
increased, TAC levels decreased, resulting in an 
increase in the OSI values of these two pheno-
types. Phenotype D consisted of OD and PCOM 
criteria. The absence of HA in the phenotype may 
explain the high OSI values. In phenotypes A and 
C, the common criterion is the presence of HA. 
Therefore, high oxidative damage in phenotype 
D may be associated with the absence of HA. 
However, this needs to be clarified by detailed 
experimental and clinical studies.

Ovulatory dysfunction has long been recog-
nized as the main cause of PCOS-related subfer-
tility. However, the fact that pregnancy rates did 
not increase significantly despite medical treat-
ment of OD brought up the idea that the endome-

Table II. Follicular fluid 8-OHdG, TAC, TOC and OSI values of each phenotype and control groups.

	 Phenotype A	 Phenotype B 	 Phenotype C 	 Phenotype D 	 Control

N (%)	 11 (36.6)	 7 (23.3)	 7 (23.3)	 5 (16.6)	 20
8-OHdG (ng/mL)	 33.4 ± 5.09	 35.9 ± 4.87	 33.6 ± 3.22	 39.7 ± 11.8	 13.9 ± 2.09*
TOC (μmol/L)	 56.7 ± 5.12	 61.2 ± 6.88	 59.5 ± 2.90	 63.6 ± 6.30	 28.7 ± 2.01*
TAC (mmol /L)	 1.20 ± 0.01	 0.97 ± 0.23	 1.49 ± 0.20	 0.87 ± 0.58	 3.22 ± 1.50*
OSI (TOC/TAC) 	 4.72 ± 3.55	 6.30 ± 5.60	 3.99 ± 3.90	 7.31 ± 5.77	 0.89 ± 1.20*
(arbitrary unit)

*Shows statistical signicance between each phenotype group vs. control group. Data are presented Mean ± SD. Total oxidant 
capacity (TOC), total antioxidant capacity (TAC), 8-hydroxy-2’-deoxyguanosine (8-OHdG), oxidative stress index (OSI).
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trium of PCOS patients is also defective. Indeed, 
the PCOS endometrium has both a progesterone 
receptor defect and resistance to the physiological 
effects of progesterone. Since adequate progester-
one cannot be produced, estrogen dominance is 
present in the endometrium20,21. Estrogen receptor 
alpha (ERα) and androgen receptor (AR) ex-
pression are increased in PCOS endometriums21. 
There is no significant increase in circulating 
estrogen levels.

Although the term ovulatory dysfunction of-
ten describes chronic oligo or anovulation, the 
idea that PCOS patients have a disorder in the 
dynamics of follicular development has gained 
weight11. Oxidative stress and increased ROS 
production are important factors that impair the 
developmental capacity of the follicle. If the 
developing follicle has sufficient antioxidant and 
ROS-scavenging enzymes, it can be protected 
from oxidative stress. Follicular fluid is an im-
portant biological fluid because it reflects the 
total metabolic activity and redox balance of the 
cumulus-oocyte complex22. Our study, which in-
vestigated intrafollicular redox balance in PCOS 
patients for the first time, is of critical importance 
in terms of opening up the idea that ovulatory 
dysfunction may be related to redox balance 
disorder and DNA damage. Follicular fluid levels 
of TOC, which is an oxidative stress indicator of 
four different PCOS phenotypes, were found to 
be significantly higher than the control group. 
However, when the phenotypes were classified 
among themselves, TOC levels were found to 
be similar. This finding is evidence of impaired 
redox balance in the follicle, independent of the 
PCOS phenotype.

The presence or absence of hyperandrogen-
emia or ovulatory dysfunction did not cause a 
significant change in TOC levels. Similarly, the 
presence of PCOM did not significantly affect 
oxidative stress23,24. The oxidant capacity indi-
cator TAC levels, located at the other end of the 
redox balance, were found to be significantly 
lower in all four phenotype groups compared to 
the control group. When subgroup analysis was 
performed according to phenotypes, it was deter-
mined that TAC levels did not change. In summa-
ry, while TOC levels increased in all four PCOS 
phenotypes, TAC levels decreased significantly. 
For the redox balance to be restored, ROS and 
scavenging enzymes must remain in balance25,26. 
The shift of the redox balance towards TOC in 
each phenotype suggests that decreased antiox-
idant capacity is responsible for the decreased 

fertility in PCOS. The fact that TAC and TOC 
ratios are similar in all phenotypes supports the 
fact that PCOS is a syndrome that stimulates ox-
idative stress regardless of the underlying cause. 
In the presence of oxidative stress, decreased 
intrafollicular oxygenation may impair oocyte 
development and lead to cleavage and chromo-
somal segregation defects27,28. In addition, oxida-
tive stress impairs follicular vascularization. For 
all these reasons, increased oxidative stress index 
(OSI=TOC/TAC) in PCOS patients may cause 
a decrease in embryo quality and implantation 
rates by impairing oocyte developmental capaci-
ty. The presence of increased OSI in each pheno-
type group suggests that phenotypic variables do 
not have a significant effect on the formation of 
oxidative stress.

We do not know the mechanism cause of im-
paired redox balance in PCOS patients. However, 
as the increased number of follicles occupies a 
large part of the ovarian cortex, it may lead to 
oxidative stress by causing a decrease in food and 
oxygenation. Minimal oxidative stress is neces-
sary for follicular development and fertilization. 
Overproduction of ROS negatively affects both 
follicular development and embryo formation29. 
Increased ROS can cause DNA damage in gran-
ulosa cells and oocytes. The biomarker of DNA 
damage in biological fluids is 8-OH-2dG. An 
increase in this marker may lead to poor fertil-
ization and poor embryo quality30. The fact that 
8-OH-2dG levels are higher in all four PCOS phe-
notypes compared to the control group is import-
ant evidence that oxidative stress due to PCOS 
causes DNA damage. DNA damage in granulosa 
cells adversely affects the developmental poten-
tial of oocytes. Contrary to the increase in TOC, 
the increase in fertilization rates in proportion 
to the increasing TAC levels is evidence of the 
importance of antioxidant pathways in embryo 
development. Decreased TAC, increased TOC, 
and increased 8-OH-2dG levels in PCOS patients, 
regardless of phenotype, may explain the cumu-
latively reduced pregnancy rates. Since increased 
oxidative stress will impair DNA integrity, the 
subsequent development of oocytes may be dis-
rupted even if they are at the MII stage.

Conclusions

Most of the drugs administered during an-
tiretroviral therapy (ART) cause changes in the 
redox balance of the follicular fluid. Increased 
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iron ratios due to exogenous gonadotropins may 
cause an increase in ROS production in the folli-
cle12. Since the antagonist protocol was applied to 
all PCOS and control group patients included in 
the study, it would not be correct to attribute the 
redox balance disorder to ART drugs. Despite the 
small number of cases, it is the first study show-
ing that intrafollicular redox balance is impaired 
in PCOS classified according to phenotypes. We 
found that while TOC and OSI increased, TAC 
decreased in each phenotype of PCOS patients. 
Increased OSI leads to DNA degradation and an 
increase in the level of 8-OH-2dG. The cumula-
tive effect of oxidative stress and DNA degrada-
tion may be the main mechanism of PCOS-related 
subfertility. A clearer conclusion can be reached 
with comprehensive studies evaluating the rela-
tionship between intrafollicular redox markers 
and embryological parameters and reproductive 
outcomes.
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