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Abstract
Introduction: More than 186 million people suffer to infertility worldwide. Polycystic ovary
syndrome (PCOS) is the most common cause of chronic anovulation and infertility. PCOS is
known as an endocrine disorder in women of marriageable age and is associated with metabolic
disorders and dysfunction of the reproductive system. There is also a clear link between fertility
and hypothyroidism, which is often associated with ovulation disorders. In recent years, an
increasing zest has been witnessed in conducting more research into PCOS and hypothyroidism.
So, recognizing the relationship between these two diseases can help for a better understanding
of infertility.
Methods: In line with such calls for more research, the present study is aimed at investigating the
levels of oxidants and antioxidants in the blood of rats with PCOS induced by estradiol valerate
(2 mg/kg of body weight) for 60 days and then received oral propylthiouracil in different doses
(1,2 and 4 mg/kg of body weight) to induce hypothyroidism.
Results: Results showed an increase in catalase (CAT), superoxide dismutase (SOD) and nitric
oxide (NO) in PCOS rats. The results also indicated a significant increase in NO (P < 0.05) and
a significant decrease in SOD and CAT (P < 0.05) after hypothyroidism in rats with PCOS. That
is, as the severity of the disease increased, these indicators also showed significant alterations.
Conclusion: Hence, hypothyroidism following PCOS exacerbates oxidant and antioxidant
imbalances in the body, which can eventually result in tissue damage.
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Introduction
Polycystic ovary syndrome (PCOS) is
the most prevailing cause of infertility in
women of reproductive age,1 the prevalence
of which varies from 4% to 21% based
on diagnostic criteria worldwide.2 The
pathophysiology of this disease is yet to be
known precisely, but PCOS appears to be
due to abnormal production of steroids,
leading to the sensitivity of ovarian to
luteinizing hormone (LH).3 Lack of
ovulation, hyperandrogenism, weight
gain, hirsutism, insulin resistance (IR) and
truncal (or abdominal) obesity appear to be
the most pivotal features of PCOS.4
In recent years, many studies have been
published on the increased incidence of
hypothyroidism in people with PCOS.5 The
pathophysiology pathway that links the
two diseases has not yet been determined

however. The most obvious association is
the increase in body mass index (BMI) and
IR witnessed in both diseases. Singla et al
contended that the two diseases are linked
through inflammatory factors.6
Oxidative stress seems to play a pivotal
role in the pathogenesis of infertility in
both men and women by upsetting the
balance of pro-oxidant molecules including
reactive oxygen species (ROS) and reactive
nitrogen species (RNS) and defense
antioxidants.7 Disruption of this balance
causes instability of cells and reproductive
tissues.8 There is ample evidence that
an increase in inflammatory factors is
associated with an increase in the ROS
production, and that the two are strongly
related to each other and ultimately lead to
damage to body tissues by affecting each
other.9 Unstable radicals are highly reactive
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and supply their required electrons from intracellular
biological molecules, namely, lipids, proteins, nucleic
acids, and carbohydrates, thereby damaging the cells.10
Nowadays, research into the association between
PCOS and hypothyroidism has been growing. In 2020,
Alahmadi et al, for example, conducted research on rats
with PCOS and hypothyroidism and demonstrated the
effect of Matricaria chamomilla on improving thyroid
function.11 Better identifications and understanding of
these pathways, it can be argued, not only help impede
their occurrences, but also pave the way for treating
patients and improving their conditions.
Materials and Methods
Animals
Twenty-five female Wistar rats weighing about 170 g and
having the age of approximately 6 weeks were exposed to
a temperature of 22 ± 2ºC and a humidity of 50 ± 5. The
rodents were maintained at alternating periods of 12
hours of light and 12 hours of darkness.
Materials
For implementing this experiment, estradiol valerate
(EV) and propylthiouracil (PTU) (Iranian Hormone
Pharmacy) were used. Nitric oxide (NO), superoxide
dismutase (SOD), and catalase (CAT) (Navand Salamat
Co., Iran) assay kits were used to measure oxidants and
antioxidants, respectively.
Methods
These 25 rats were randomly divided into five groups
(n  =  5 for each group), namely control group which
received nothing, PCOS group which just received EV
and PCOS and hypothyroid groups that respectively
received 1,2 and 4mg of PTU (Table 1). First utilized to
induce PCOS; that is, 2 mg of EV per kg of body weight
dissolved in olive oil was injected intramuscularly once
during the estrus phase.12 The animals were then given
about 60 days to fully induce PCOS. After this period, the
animals received oral PTU proportional to their weight
for 7 days.13
At the end of the treatment period and after
anesthetizing the animals, blood samples were taken and
serum samples were prepared; oxidant and antioxidant

assays were performed according to the kits’ protocol.
Statistical analysis
The results were analyzed using GraphPad Prism 8
software. ANOVA was used for comparing the groups.
Next, post-hoc Tukey test was used to identify and compare
significantly different means. Data were presented as
Mean ± SEM and all P values were considered significant
at 0.05 (P < 0.05).
Results
CAT Levels in the Different Treatment Groups
CAT levels vary from group to group. The PCOS group
showed an increase compared to the control group, but
this increase is not significant. The groups that received
PTU showed a decrease compared to the control group,
which was significant only in the group that received
the lowest amount of PTU (P < 0.05); moreover, these
reductions were significant (P < 0.05) in all groups
receiving PTU compared to the PCOS group (Figure 1).
SOD levels in the Different Treatment Groups
Changes in SOD levels in different groups increased
compared to the control group, but this increase was
not significant in all groups. The PCOS group showed
a significant increase (P < 0.05) in SOD compared to
the control group. The groups receiving PTU showed a
decrease (P < 0.05) only in the group receiving the highest
amount of PTU compared to the PCOS group (Figure 2).
NO Levels in the Different Treatment Groups
NO levels increased in all groups compared to the control
group, but this increase was not statistically significant in
all groups. A significant increase (P < 0.05) was observed
in the group that received PCOS along with the second

Table 1. Groups and Dosage of EV and PTU

Groups

EVa

PTUb

Group 1

-

-

Group 2

+

-

Group 3

+

1 mg

Group 4

+

2 mg

Group 5

+

4 mg

EV was injected intramuscularly once during the estrus phase (2mg per kg
of body weight).
b
PTU was given for 7 days based on group’s dose.
a
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Figure 1. Changes in CAT Levels in Different Groups. Values are signaled
as mean ± SEM. * P < 0.05 versus control; ## P < 0.01 versus PCOS.
Abbreviations: CAT, catalase; PCOS, polycystic ovarian syndrome; PTU,
6-n-propylthiouracil.
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Figure 2. Changes in SOD Levels in Different Groups. Values are
mean ± SEM. ** P < 0.01 versus control. ## P < 0.01 versus PCOS.
Abbreviations: SOD, Superoxide dismutase; PCOS, polycystic ovarian
syndrome; PTU, 6-n-propylthiouracil.

Figure 3. Changes in NO Levels in Different Groups. Values are displayed
as mean ± SEM. *P < 0.05, *** P < 0.001 versus control. ## P < 0.01
versus PCOS. Abbreviations: NO, nitric oxide; PCOS, polycystic ovarian
syndrome; PTU, 6-n-propylthiouracil.

dose of PTU compared to the control group. Moreover,
the PCOS group that received 4 mg of PTU showed
a significant increase (P < 0.05) compared to both the
control group and the group that was only PCOS (i.e.,
without receiving anything extra) (Figure 3).
Correlation Between Data
The correlation between CAT and NO was negative
and significant (P < 0.05), indicating a perfect reverse
relationship between them (Figure 4a). Nevertheless, no
significant correlation was observed between SOD and
NO (Figure 4b).
Discussion
What stands out from the result is that CAT, SOD and
NO increased in PCOS rats compared with control
group, which it was significant only in SOD. On the
other hand, CAT and SOD illustrated a gradual decrease
in hypothyroid rats in a dose-dependent process. In
contrast NO showed a considerable rise in hypothyroid
rats. It should be noted that a significant correlation only
demonstrated between NO and CAT.
The results of this study demonstrate that the prevalence
of hypothyroidism in people with PCOS augments the
imbalance between antioxidants and oxidants, increasing
oxidative stress in these patients. This imbalance can also
eventually lead to damage to the reproductive and thyroid
tissues. Therefore, early detection of hypothyroidism
in these people can prevent further complications that
hamper the exacerbation of the disease and further
damage.
As noted, in recent years, several studies have
documented an increase in hypothyroidism in women with
PCOS. Singla et al., for instance, explained the decrease
in thyroid hormone levels that lead to hypothyroidism
in people with PCOS. They believed that the increase in
TSH secretion in people with PCOS is due to obesity and

Figure 4. Diagrams of the Correlation Between Oxidants (NO) and
Antioxidants (SOD & CAT). Diagram an exhibit the correlation of NO vs.
CAT and diagram b displays NO vs. SOD. Abbreviations: NO, nitric oxide;
CAT, catalase; SOD, superoxide dismutase.

supported this by counting two mechanisms. The argued
that these mechanisms eventually result in an increase in
the pro-inflammatory factors of adipose tissue. Obesity is
also associated with increased pro-inflammatory factors.6
Increased pro-inflammatory factors are associated with
increased ROS-related oxidative stress.14
Oxidative stress is caused by upsetting the balance
between prooxidants and antioxidants. Overproduction
of ROS or RNS or reduction of antioxidant defense
mechanisms are two mechanisms that often upset this
balance.7 PCOS is thought to be due to a decrease in the
antioxidants and creation of oxidative state.15 On the
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other hand, hypothyroidism is associated with increased
ROS and RNS.16
The NO molecule is a free radical that acts as a cellular
messenger molecule. However, its considerable portion is
toxic.17 This molecule is produced from the conversion of
L-citrulline to L-arginine by enzyme NO synthase.18 It is
also produced by the immune system through phagocytes
such as monocytes, macrophages and neutrophils.17
In healthy humans, insulin sensitivity and the rate of
endothelial NO synthesis are correlated, and diseases such
as PCOS—which cause insulin resistance—affect the NO
production.19 Erdogan et al, after measuring NO in women
with PCOS and in the control group, did not observe
any significant difference between the two groups.20
Conversely, in 2012, another study was conducted on
the relationship between PCOS and oxidative stress. The
results of the mentioned study showed that the amount
of NO in people with PCOS increased significantly; the
results in the mentioned study were consistent with the
report provided by Karabulut et al.21 In a meta-analysis
conducted in 2019, no significant relationship was found
between PCOS and NO. The findings of the present
study also unveiled an increase in NO in the PCOS group
compared to the control group. This increase did not
seem to be significant.
In 2001, a study was performed on Behçet’s disease
or the Silk Road disease and reported that NO levels
increased in the immune-inflammatory phase of the
disease.22 Inhibition of NO synthesis was also found to
help improve inflammatory joint disease.23 On the other
hand, in 2004, it was found that in hypothyroidism,
inflammatory cytokines increase.24 Baskol et al
documented an elevation in the NO levels in patients
with hypothyroidism compared to the control group
and considered it as a result of increased inflammatory
processes.25 The results of the present study also showed
an increase in NO after induction of hypothyroidism;
however, this increase was significant in the groups that
received the highest amount of PTU (PTU2, PTU4) visà-vis the control group and in the group that received the
highest amount of PTU, namely PTU4, compared to the
PCOS group.
SOD is an important enzyme that rapidly converts
superoxide (O2-) to hydrogen peroxide (H2O2); eventually
also hydrogen peroxide is converted to water by
glutathione peroxidase. Superoxide anion is the result of
incomplete reduction of oxygen and the addition of an
electron to molecular oxygen.26,27
SOD activity in PCOS has been studied in various
studies. In 2001, Sabuncu et al, for instance, demonstrated
that SOD was higher in patients with PCOS than in that of
the control groups, counting compensation for oxidative
damage as the cause.28 Giving credence to our findings
in the present study, Kuşçu & Var29 and Mohammadi17
also documented an increase in SOD. In a meta-analysis
108

conducted in 2013, it was found that 34% of the average
SOD activity in the PCOS group was higher than that of
the control group.30 However, there are studies that show
a decrease in SOD.31,32 The results of the present study
showed a significant increase in the amount of SOD,
and since the amount of NO did not show a significant
increase, it is suggested that increasing the amount of
SOD inhibits the oxidative activities of NO.
Hypothyroidism is associated with impaired lipid
metabolism and causes ramifications by increasing LDL
levels.33,34 Increased LDL oxidation has been reported
in hypothyroidism.35 The body produces antioxidant
enzymes to protect tissues.36 One of them is SOD, which,
as mentioned, eliminates O2.
Santi et al, by examining the relationship between
thyroid hormones and oxidative stress, showed that
in people with hypothyroidism, SOD levels increase
significantly.37 However, there are other studies that
have not reported significant changes in the levels
of antioxidant enzymes.38,39 Baskol et al did not see a
significant increase in hypothyroidism compared to the
control group, but after treatment with thyroxine (T4), an
increase in SOD was observed. In the present study, an
increase in SOD is discernable compared to the control
group, but this increase is not significant in any of the
groups receiving PTU. The results of this study also show
a decrease in SOD after receiving PTU; the increase,
however, was significant only in the group that received
the highest amount of PTU compared to the PCOS group.
Alahmadi et al in a similar study showed a reduction in
some other antioxidant factors.11 According to the results
on SOD and NO levels, similar to what was stated by
Baskol et al,25 SOD is not effective in inactivating NO after
hypothyroidism.
Another antioxidant enzyme is CAT. Various studies
have been conducted on its extent in PCOS. However,
the results seem to have been incomprehensive or vague.
Some studies have reported its increase,40,41 some have
reported its decrease42 and even some have documented
its similarity43 in the PCOS group compared to the
control one, which confuses researchers in interpreting
these results. At any rate, the present study also showed a
significant increase in CAT.
In a somewhat similar study, Alahmadi and
colleagues examined CAT levels in rats with PCOS and
hypothyroidism and reported a significant reduction for
CAT.11 In the present study, a significant decrease in CAT
was observed in all groups compared to the PCOS group
and in the group that received the highest amount of
PTU compared to the control group, which confirms the
results of Alahmadi et al.11
Conclusion
Overall, it can be concluded that while hypothyroidism
in rats with polycystic ovaries leads to an increase in
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the NO oxidants, it leads to a decrease in the CAT and
SOD antioxidants. This imbalance affects the damage to
reproductive tissues and even thyroid tissue. Moreover,
as it was specified, the increase in the severity of
hypothyroidism in the dose-dependent process leads
to the deterioration of organs. Thus, measuring these
indicators in the early stages of hypothyroidism and
PCOS as well as early diagnosing or detecting can impede
further damage to the tissues and other organs of the
body, especially the reproductive system.
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