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Background: Polycystic ovary syndrome (PCOS) is associated with infertility or subfertility due to impaired ovulation. Clomiphene
citrate is a first-line treatment option for the induction of ovulation in women with PCOS. The study aimed to
compare markers of oxidative stress or the total oxidative status (TOS), total antioxidant status (TAS), and lev-
els of paraoxonase-1 (PON-1) before and after day 21 of the menstrual cycle in women with PCOS treated with
clomiphene citrate to induce ovulation.

Material/Methods: The study included 75 women who were divided into a control group (n=25) that included healthy untreated
women, untreated women with PCOS (n=24) who had spontaneous ovulation, and women with PCOS who were
treated with clomiphene citrate for subfertility or infertility (n=26) (the PCOS-CC group). The study group was
treated for five days with clomiphene citrate (50 mg/day). Peripheral venous blood was sampled on day 3 and
day 21 of the menstrual cycle from women in all three groups, and TAS, TOS, and PON-1 levels were measured.

Results: In all three groups, TAS and PON levels were significantly reduced and TOS values were significantly increased
on day 21 of the menstrual cycle. Comparison of TAS, TOS, and PON-1 levels between the three study groups
on day 3 and day 21 of the menstrual cycle showed no significant difference (p=0.600, p=0.223, p=0.956,
respectively).

Conclusions: This study showed that spontaneous ovulation occurs in association with an oxidative state in healthy women
and women with PCOS, and women with PCOS following treatment with clomiphene citrate.
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Background

Polycystic ovary syndrome (PCOS), or Stein-Leventhal syndrome,
is a syndrome that includes amenorrhea, menometrorrhagia,
hirsutism, and infertility, and the ovaries contain multiple cysts
and have a thickened capsule [1]. The clinical features of PCOS
include hirsutism (69%), infertility (74%), amenorrhea (51%),
obesity (41%), functional bleeding (29%), and irregular men-
strual cycles (12%) [2]. Endocrinological studies have shown
that plasma levels of luteinizing hormone (LH) and androgens
in the early follicular phase are increased in women with PCOS
when compared with normal women [3,4]. PCOS is also asso-
ciated with metabolic disorders including obesity, insulin re-
sistance, and diabetes mellitus [5,6]. These metabolic disor-
ders can affect many tissues and organ systems. In women
with PCOS, the prevalence of obesity is between 30-78% [7,8].
Exposure to androgens, derived from ovarian and adrenal tis-
sue, results in low plasma adiponectin levels and adipose tis-
sue dysfunction [9]. Clomiphene citrate induces ovulation by
blocking estrogen receptors.

Oxidative stress results from a lack of antioxidant production
or exposure to excess oxidants [10]. Dysfunction of adipocytes
causes a local and systemic increase in the release of cyto-
kines, resulting in oxidative stress [11,12]. Free radicals that
result in oxidative stress are derived from oxygen or nitrogen
and can be classified as reactive oxygen species (ROS) and re-
active nitrogen species (RNS). While low and medium levels
of ROS and RNS can act as a defense against infection, they
sometimes serve in intracellular signaling systems. When ROS
and RNS levels exceed physiological limits, they can damage
DNA, intracellular lipids, and proteins. There are physiologi-
cal mechanisms, repair mechanisms, and preventive mecha-
nisms for defense against ROS [13]. Antioxidants include the
enzymes superoxide dismutase (SOD), catalase, glutathione
peroxidase (GPx), non-enzymatic macromolecules (albumin
and ferritin), small molecules (ascorbic acid, glutathione, and
vitamin E) and paraoxonase-1 (PON-1) [14,15].

The total oxidative status (TOS) and total antioxidant status
(TAS) can be measured biochemically [16]. Previously published
studies have investigated the oxidative status of patients with
PCOS and have demonstrated increased TOS values in women
with PCOS [17]. The enzyme PON-1 is composed of 354 amino
acids and is secreted from the liver and has been shown to
have anti-inflammatory and anti-oxidative roles. PON-1 pro-
tects low-density lipoprotein (LDL) from oxidation [18].

Women with PCOS have difficulty with ovulation that results
in subfertility and infertility. Clomiphene citrate is a nonste-
roidal triphenylethylene compound that is used as the first-
line treatment for induction of ovulation and is administered
orally, with a half-life of approximately five days. However,
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despite the high ovulation rates in patients who use clomi-
phene citrate, pregnancy rates are low [19]. The mechanism
of the low pregnancy rate in patients undergoing induction of
ovulation with clomiphene citrate remains poorly understood.
However, several studies have reported that this failure rate
was associated with the anti-estrogenic effect of clomiphene
citrate on the endometrium and cervical mucus. A preclinical
study in a rat model of PCOS showed an increase in hydro-
gen peroxide levels and a decrease in catalase activity in the
rat ovaries following clomiphene citrate administration [20].
Following melatonin treatment, hydrogen peroxide levels de-
creased, and catalase activity increased in the rat ovaries [20].

Therefore, this study aimed to compare markers of oxidative
stress, the levels of TOS, TAS, and paraoxonase-1 (PON-1) be-
fore and after day 21 of the menstrual cycle in women with
PCOS treated with clomiphene citrate to induce ovulation.

Material and Methods

Patients and study groups

The patients studied were selected from women who attended
the Hitit University Faculty of Medicine, Gynecology and
Obstetrics Clinic. Before the start of the study, approval was ob-
tained from the Ethics Committee of the Hitit University Medical
Faculty, and all procedures were undertaken in accordance with
the Helsinki Declaration (Study Approval Number: 2017-87).

A case-control included women who were aged between
21-36 years who were evaluated between November 2017
and April 2018. The diagnosis of polycystic ovary syndrome
(PCOS) was made according to the European Society of Human
Reproduction and Embryology (ESHRE) and the American Society
of Reproductive Medicine (ASRM) consensus PCOS criteria [21].

The study included 75 women who were divided into a con-
trol group (n=25) that included healthy untreated women,
untreated women with PCOS (n=24) who had spontaneous
ovulation, and women with PCOS who were treated with clo-
miphene citrate for subfertility or infertility (n=26) (the PCOS-
CC group). The study group was treated for five days with clo-
miphene citrate (50 mg/day). Informed consent was obtained
from the patients included in the study.

Physical examination, homeostatic model assessment
(HOMA), and insulin resistance index (IRI)

Physical examination of the patients was performed. Body hair
was scored and recorded using the Ferriman—-Gallwey scoring
system [22]. The body mass index (BMI) was calculated by mea-
suring height and weight in the clinic. After a three-day diet
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Table 1. Fertility status of the three study groups, the control group, the untreated group with polycystic ovary syndrome (PCOS), and

the PCOS group treated with clomiphene citrate (PCOS-CC).

Number of children

Control I .
group %
. . PCOS n
Biegnesics 00 T
group %
pcoscc  nh
group %
n
Total
%

6 7 1 25
""""""""" 240%  280%  40%  1000%
s 1 s o 24
""""""""" 500%  167%  00%  100.0%
7 7 2 o 26
""""""""" 269%  77%  00%  1000%
6 25 13175
""""""""" 333%  173%  13%  1000%

that included >150 gm carbohydrate, the homeostatic model
assessment (HOMA) and insulin resistance index (IRI) were cal-
culated based on the fasting glucose and insulin values. The
IRI calculation was performed using the formula: fasting glu-
cose (mmol/1)xfasting insulin (uIU/mL)/22.5 [23].

Exclusion criteria

Women who had diabetes mellitus, renal disease, or cardio-
vascular disease, liver dysfunction, oral contraceptive use in
their medical history, and anti-inflammatory or anti-oxidant
use within the previous six months were excluded from the
study. None of the patients had an ovarian cyst, unexplained
vaginal bleeding, or pregnancy.

Clomiphene citrate treatment (the PCOS-CC group)

Following the exclusion of other causes of infertility, apart from
PCOS, the PCOS-CC patients underwent five days of treatment
with 50 mg/day of oral clomiphene citrate treatment (sero-
phene, 50 mg) for ovarian stimulation. The patients were ex-
amined by transvaginal ultrasound using the Logiq P5 2015
(GE Healthcare Life Sciences, Logan, UT, USA) following treat-
ment with clomiphene citrate.

Serum measurements of hormones and oxidation factors

Peripheral venous blood was taken on day 3 and day 21 of the
menstrual cycle from all 75 women in the three study groups.
Ovulation was demonstrated by measurement of the progester-
one values obtained on day 21 of the menstrual cycle. Follicle
stimulating hormone (FSH), luteinizing hormone (LH), thyroid
stimulating hormone (TSH), and estradiol (E2) levels were mea-
sured on the 3rd day of the cycle. Approximately 2 ml of se-
rum was used from each study participant to measure the to-
tal oxidative status (TOS) and total antioxidant status (TAS)

values using an automated method as described by Erel [16,24].
Serum levels of paraoxonase-1 (PON-1) were measured using
a colorimetric method [25]. On day 21 of the menstrual cycle,
progesterone TAS, TOS, PON-1 and high-density lipoprotein
(HDL) and low-density lipoprotein (LDL) levels were measured.

Statistical analysis

Statistical analysis was performed using SPSS version 22.0
(SPSS Inc., Chicago, IL, USA). Data were presented as the mean
+ standard deviation (SD) and the median values. According
to distribution assumptions for continuous variables, cate-
gorical data were presented using numbers and percentages.
Normally distributed data were analyzed using the Kolmogorov-
Smirnov, and Shapiro-Wilk tests. Homogeneity of the variables
was analyzed using the Levene test. Mauchly’s sphericity test
for repeated measures of analysis of variance (ANOVA) and
comparison between groups of the continuous variables was
performed using ANOVA or the Kruskal-Wallis variance anal-
ysis test, according to the normal distribution of the data.
Bonferroni pairwise comparisons were used. A paired t-test
was performed as parametric distributions were enhanced in
the comparison of the mean of two dependent samples. Repeat
ANOVA was performed to compare the mean TAS, TOS, and
PON-1 values in the three study groups. A P-value <0.05 was
considered to be statistically significant.

Results

There were 25 patients in the control group, 24 patients in
the polycystic ovary syndrome (PCOS) group, and 26 patients
in the group with PCOS who were treated with clomiphene
citrate for subfertility or infertility (the PCOS-CC group). The
average age of the patients was 27.4+3.4 years (range, 21-32
years) in the control group, 27.5+3.4 years (21-36 years) in the
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Table 2. Comparison of biochemical values in the three study groups, the control group, the untreated group with polycystic ovary
syndrome (PCOS), and the PCOS group treated with clomiphene citrate (PCOS-CC).

Diagnosis N Mean +SD
Control 25 2.46%0.60
TSH
P 24 2.7 .
(1u/L) COS 5+0.69

HDL
.1946.
(mgay P> # °719x6.37
PCOS-CC 26 56.86+5.04
Control 25 111.21+13.00
oL
.0249.
(mgdy PO 125.0249.77
PCOS-CC 26 127.04+9.24
Control 25 2.05+0.25
HOMA PCOS 24 2.36+0.29

P-value Post-hoc p-value

2.44 (1.22-3.67)

0.2472 =

56.96 (44.00-6.00) 0.627° =
S677  (49.69-6687)
1121 @sss-13000 1-2:0.002"
12534 (9625-14125) <0001 1-3: <0.001*
""" 12852 (100.33-141.00) 231000
""""" 200 (34245 120000
""""" 236 (154287 <0001  1-3:0.001%

FER-GAL

PCOS-CC 26 10.15+2.43

<0.001*" 1-3: <0.001*

(5.00-14.00) 2-3:0.725

2 ANOVA, analysis of variance; *Kruskall-Wallis test; TSH — thyroid stimulating hormone; FSH — follicular stimulating hormone;
LH — luteinizing hormone; E2 — estradiol; BMI — body mass index; FERGAL — Ferriman-Gallwey score.

PCOS group, and 27.743.7 years (22-36 years) in the PCOS-
CC group. No significant differences were found between the
groups in terms of their average age (p=0.965). From the three
patient groups, 44% of the control group (n=11), 33.3% of the
PCOS group, and 65.4% (n=17) of the PCOS-CC group did not
have children (Table 1).
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NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Comparison of the biochemical values between the groups showed
that levels of luteinizing hormone (LH) were significantly differ-
ent between the control, the PCO, and the PCO-CC groups on the
34 day of the cycle, and were significantly lower in the control
group. No significant differences were found between the PCOS
and PCOS-CC groups (p<0.001, p=0.835). The homeostatic model
assessment (HOMA) index, the body mass index (BMI), and the
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Table 3. Comparison of the total oxidative status (TOS), total antioxidant status (TAS), and levels of paraoxonase (PON) before and
after day 21 of the menstrual cycle in women with polycystic ovary syndrome (PCOS) treated with clomiphene citrate to

induce ovulation.

Diagnosis | Mean +SD p-Value
TAS -3 25 1.40+0.07
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" <0.001*
TAS -21 25 1.31+0.09
TOS-3 25 18.99+3.20
Control <0.001*
TOS-21 25 21.23+3.69
PON-3 25 138.55+17.80
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" <0.001*
PON-21 25 132.52+17.74
TAS-3 24 1.15+0.06
************************************************************************************ <0.001*
TAS-21 24 1.06+0.06
TOS-3 24 33.78+5.35
PCOS <0.001*
TOS-21 24 37.22+5.08
PON-3 24 79.01+17.24
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" <0.001*
PON-21 24 73.12+15.27
TAS-3 26 1.18+0.06
************************************************************************************ <0.001*
TAS-21 26 1.08+0.078
TOS-3 26 35.47+5.21
PCOS-CC oo oo <0.001*
TOS-21 26 38.76+4.40
PON-3 26 73.62+15.94
************************************************************************************ <0.001*
PON-21 26 67.24+1,26

* Paired t-test. PCOS - polycystic ovary syndrome (untreated); TOS — total oxidative status; TAS — total antioxidant status;

PCOS-CC - patients with PCOS treated with clomiphene citrate; PON — paraoxonase; TAS-3 — TAS value on the day 3 of the menstrual
cycle; TAS-21 — TAS value on day 21 of the menstrual cycle; TOS-3 — TOS value on day 3 of the menstrual cycle; TOS-21 — TOS value on day
21 of the menstrual cycle; PON-3 — PON-1 value on day 3 of the menstrual cycle; PON-21 — PON-1 value on day 21 of the menstrual cycle.

Ferriman-Gallwey scores were increased in the PCOS and PCO-CC
groups, but these indices and scores were not significantly differ-
ent between the PCOS and PCOS-CC groups (Table 2).

The mean scores on day 3 and day 21 of the menstrual cy-
cle were compared between the groups. The total antioxidant
status (TAS), and levels of paraoxonase-1 (PON-1) values were
found to decrease significantly on the 21 day of the menstrual
cycle in all groups, and TOS values were found to increase on
day 21 of the menstrual cycle (p<0.001) (Table 3). Study partici-
pants in the PCOS group had hyperandrogenism and polycystic
ovary morphology. Patients in the PCOS-CC group had irregu-
lar menstruation and polycystic ovarian morphology. When the
TAS, TOS, and PON values of these groups were compared for
the TAS cycle between day 3 to day 21 (p=0.192, 0.414), the
TOS cycle between day 3 to day 21 (p=0.605, 0.593), and the
PON cycle between day 3 to day 21 (p=0. 592, 0.396), there
were no significant differences.

The results of the repeated analysis of variance (ANOVA)
showed that the interaction on day 3 and day 21 of the men-
strual cycle of the TAS, TOS, and PON measures were not sig-
nificant between the groups (p=0.600, p=0.223, p=0.956 re-
spectively), indicating that the changes in the TAS, TOS, and
PON values were similar on day 3 to day 21 of the menstrual
cycle in the control, PCOS, and PCOS-CC groups (Figure 1).

Discussion

Polycystic ovary syndrome (PCOS) is the most common cause
of anovulatory infertility. The arrest of folliculogenesis that
occurs in PCOS is associated with an abnormal ovarian mi-
cro-environment. Clomiphene citrate induces ovulation by
blocking estrogen receptors, is effective, well-tolerated, safe,
and cost-effective and has been recommended as a first-
line treatment for women with PCOS who plan for future
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Figure 1. Changes in total oxidative status (TOS), total antioxidant status (TAS), and levels of paraoxonase-1 (PON-1) from day 3 to
day 21 of the menstrual cycle. Slopes of the regression lines are equal. The regression lines are parallel.

pregnancy [26-28]. Clomiphene citrate use is recommended
at a dose of 100 mg/day or less, but can be increased to up
to 250 mg/day if required [29]. In the present study, a 5-day
dose of 50 mg/day of clomiphene citrate was used. The study
included women who were divided into a control group that
included healthy untreated women, untreated women with
PCOS who had spontaneous ovulation, and women with PCOS
who were treated with clomiphene citrate for subfertility or
infertility (the PCOS-CC group)

This study compared the levels of total oxidative status (TOS),
total antioxidant status (TAS), and levels of paraoxonase-1
(PON-1) before and after day 21 of the menstrual cycle in
women with PCOS treated with clomiphene citrate to induce
ovulation. The findings showed an increased level of TOS from
day 3 to day 21, and a decrease in the levels of TAS and PON-1
from day 3 to day 21 of the menstrual cycle. As all the patients
in the three study groups experienced spontaneous ovulation,
it is likely that this situation is physiological.

In a previously published study, plasma markers of oxidative
stress were present during two-thirds of the menstrual cy-
cle [30]. In a previous study that compared patients with pre-
menstrual syndrome with healthy volunteers, oxidative stress
markers were found to be increased on day 21 of the menstrual
cycle [31]. Previous studies have also shown that high levels of
oxidative stress in patients with PCOS is associated with an in-
creased risk of cardiovascular disease [32]. These findings have
resulted in studies that have investigated the effects of regu-
lating the reduced oxidative state of PCOS. In a previously pub-
lished study that investigated the effects of antioxidant sup-
plementation in patients with PCOS, fertility rates of women
were shown to improve [33]. In another study, vitamin D and
omega-3 supplementation were shown to increase plasma to-
tal antioxidant levels in women with PCOS [34].

Proteolytic enzymes within the ovarian follicle during spontane-
ous ovulation are responsible for degrading the follicle wall [35].
The increase in gonadotropin before ovulation results in a peak
increase in prostaglandin in the follicle fluid [36]. Prostaglandins
and proteolytic enzymes are reported to be necessary for the
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success of the ovulation. Therefore, the findings of the pres-
ent study support the presence of an oxidative environment
in the ovary. The findings of a previously published study that
included a 41 in-vitro fertilization (IVF) cycle showed a positive
correlation between positive pregnancy outcomes and lipid
peroxidation of the fluid in the ovarian follicle [37].

In the present study, the increased Ferriman—Gallwey scores
for body hair of the PCOS and PCOS-CC groups, when com-
pared with the control group, were associated with hyperan-
drogenism. Between 70-80% of women with PCOS have in-
creased free serum testosterone levels [38]. in this study, an
increased homeostatic model assessment (HOMA) index, body
mass index (BMI), and low-density lipoprotein (LDL) values
when compared with the control group showed that PCOS is
associated with metabolic syndrome. The prevalence of met-
abolic syndrome in women with PCOS has previously been re-
ported to be 45% [39].

In the present study, clomiphene citrate treatment was found
to have no effects on TOS, TAS and PON-1 levels when com-
pared with the other study groups. However, starting clomi-
phene citrate treatment on day 5 of the menstrual cycle, finish-
ing treatment on day 10 of the menstrual cycle, and measuring
the control levels on day 21 of the menstrual cycle indicated
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