Ann Appl Sport Sci 8(s2): e861, 2020.
http://www.aassjournal.com; e-I1SSN: 2322-4479; p-ISSN: 2476-4981.

QlO.Z9252/aassjoumal.861

ORIGINAL ARTICLE @

CrossMark

The Effect of Swimming Training on Serum Levels of Sex
Hormones, Antioxidant Enzymes and Oxidative Damage of DNA
Ovarian Tissue in Rats with Polycyclic Ovarian Syndrome

IMehdi Noura®, ?’Samane Rafie, 1Seyed Ali Hosseini, *Mohammad Amin Edalat Manesh

!Department of Sport Physiology, Marvdasht Branch, Islamic Azad University, Marvdasht, Iran.
2Department of Sport Physiology, Kish International Paradise, University of Tehran, Kish, Iran.
SDepartment of Physiology, Science Faculty, Shiraz Branch, Islamic Azad University, Shiraz, Iran.

Submitted 02 March 2020; Accepted in final form 15 May 2020.

ABSTRACT

Background. Hormone disorders, stress-oxidative and inflammation in ovarian tissue cause no- ovulation in women
with polycyclic ovarian syndrome (PCOS). Several studies have shown the role of exercises in control of sex hormones.
Objectives. The aim of this study was to investigate the effect of 6 weeks of swimming training (ST) on serum levels
of sex hormones, antioxidant enzymes and oxidative damage of DNA ovarian tissue in rats with PCOS. Methods. In
this experimental study, 30 female Wistar rats were divided into 3 groups included control, PCO (letrozole
consumption for 28 days intra- peritoneally) and PCO+ST groups. PCOS was induced with 28 days of peritoneal
injection of 1 mg/kg letrozole. The ST program was included 6 weeks of ST for 20 minutes per day. At the end of the
treatment period, serum levels of LH, FSH, testosterone, estradiol and progesterone, SOD, CAT, GPX, MDA and
HOdG-8 in ovarian tissue were measured by ELISA method. Results. ST significantly decreased serum levels of LH,
estradiol, testosterone, MDA and HOdG-8 levels (p<0.05) as well as increased SOD, CAT, and GPX enzymes of rats
with PCOS (p<0.05). Conclusion. It appears that ST has antioxidant and sex hormone enhancing effects in ovarian
tissue of rats with PCOS model.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a are temporary. PCOS reflects a persistent and

common endocrine disorder which affecting about
5 — 10 % of women with premenopausal women
(1). Endocrine disorders in these women include
no- ovulation or limited ovulation, infertility, and
acne, which increase the biology levels of
testosterone and increase the production of
androgens from the ovaries (2). The polycystic
ovary is the result of a functional disorder (3). A
range of abnormalities that cause no- ovulation is
associated with impaired hypothalamic-pituitary-
gonadal axis. However, many of these disruptions

*. Corresponding Author:
Mehdi Noura, Assistant Professor
E-mail: noora.mehdi@yahoo.com

prolonged ovarian failure which in turn causes a
uniform condition resulting from estrogen
feedback on the secretion of gonadotropin and the
level of follicular stimulatory hormone is reduced
to low levels in the normal range. In addition, there
is no peak of its secretion in the middle of the cycle.
The secretion of the luteinizing hormone is
maintained at an elevated level, but does not have
an appropriate increase in mid-cycle. Initially, the
constant stimulation of gonadotropin secretion
causes follicles to grow and estradiol and estrogen
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increase, but the oocytes is not released. After a
while, the growth of the follicles stops and the
follicles become cystic and atrophic (4). The
increase in androgens affects the formation and
release of oocyte during oviposition and causes the
development of a large number of follicles.
Regarding the fact that in patients with PCOS, the
growth of follicles in the phase of the selection of
dominant follicle is stopped and cystic follicles
formed under the thick capsule of the ovary (5).
Research has shown that oxidative stress is a form
of imbalance between production and inhibition of
free radicals by the antioxidant defense system.
Oxidative stress is effective in increasing the
production of androgens, disrupting the
developmental stages of ovarian follicles and
ovarian tissue damage in patients with PCOS.
Disorders in synthesis of ovarian steroids have also
been reported to be one of the causes of oxidative
stress in these patients (6). Studies have shown that
serum levels of oxidative stress indices such as
reactive oxygen species (ROS) in patients with
PCOS increased and total antioxidant capacity
(TAC) of blood decreases (7). On the other hand,
abnormal increase in lipid peroxidation causes
damage to the membrane and cellular organs.
Malondialdehyde (MDA) is the final product of
peroxidation of fatty acids, and evaluation of the
MDA as lipid peroxidation index has particular
importance in determining the amount of free
radicals (8). Research has shown that guanine is
more potent for oxidation than among purine and
pyrimidine. As a result of the hydroxyl radicals
attacking the eighth position of the guanine
molecule, a compound called the 8-hydroxy-doxy-
guanosine (8-Oxo-2’-deoxyguanosine: 8-OHdG)
is produced. Considering that 8-OHdG shows a
dynamic balance between the oxidative damage of
DNA and its repair speed, the measurement of this
compound is important in evaluating DNA damage
(9). Lifestyle modification through dietary
adjustment and training programs aimed at
normalizing androgen levels and making ovulation
is the first line treatment for PCOS. Exercises
involving the larger muscles can reduce insulin
resistance and is an important part of non-
pharmacological treatments. Even in women who
have a high genetic predisposition for PCOS, they
can control or prevent the onset of the disease
through proper lifestyle (10). Research has shown
that endurance trainings increase the level of the
brain-derived neurotrophic factor (BDNF) of the

hippocampus in the tri-methyltine chloride
poisoning model (11). Regarding the effects of
immune and hormone-modifying effects of
physical trainings, the aim of this study was to
determine the effect of swimming training (ST) on
serum levels of sex hormones, antioxidant
enzymes and oxidative damage of DNA ovarian
tissue in rats with POCS.

MATERIALS AND METHODS

In this experimental study, 30 female Sprague
Dawley rats were used with an average weight of
200 £ 10 g. The animals were cultivated at the
Shiraz Islamic Azad University and maintained
under standard temperature (25 £ 2 ° C) and
humidity (50 + 10%) and 12 hours light and dark
cycle (11). Experiments were carried out at least
10 days after the establishment of the animals in
order to obtain a compromise with the
environment. All stages of animal work were
carried out according to the rules of animal
protection and supervised by the Ethics
Committee of Islamic Azad University of Shiraz
with code of IR.IAUSHIRAZ.2543.95.464. All
surgical procedures and sampling were performed
under full anesthesia and also tried to use the
lowest number of acceptable samples.

Animals were randomly divided into 3 groups
including: 1) Healthy control (animals of this
group did not have any treatment and were used for
biochemical studies with other groups), 2) PCO
(animals of this group received intra- peritoneal
injection of daily 1 mg/kg letrozole (Letrax, Abu-
Aryhan Pharmaceutical Company, Iran) for 28
days) and 3) PCO + ST (this group performed ST
for 6 weeks after induction of PCOS).

To conduct this study, initially animals were
selected from 2 to 3 regular courses of estrus
during 12 to 14 days of visit of vaginal smear.
Vaginal smear was used to determine the regularity
of the estrus cycle. First, 0.3 ml of physiological
serum was injected slowly into the vagina by the
sampler (Brand, Germany). Then take 1 to 2 drops
of fluid and smear applied. The samples were
examined by optical microscope CX21FS1
(Olympus, Japan). Rats that were in the estrus
period of reproductive cycle were selected for the
next stages of the study. The vaginal smear in the
estrus stage has more horn cells than the epithelial
cells and does not have leukocyte (12). Intra-
peritoneal injection of letrozole for 28 days induces
PCOS in rats (11). At the onset of letrozole



injection, regular ovarian cycles were observed,
but gradually estrous cycles became irregular. The
irregularity of estrus cycles and the occurrence of
a persistent vaginal cornification phase (PVC) is
one of the symptoms of follicular cysts in the
ovaries (8). The presence of horn cells and the lack
of cellular changes (spherical and congested cells)
indicate irregularity of ovarian cycles that occurred
28 days after the administration of Letrozole in
randomly selected samples. After the end of 28
days of daily administration of 1 mg of Letrozole,
several animals were randomly selected and, after
being sacrificed with a lethal dose of chloroform
(Merck, Germany), the ovaries were removed.
After fixation with 10% formalin, tissue sections
from different parts of the ovary were prepared.
Colorimetry was performed using hematoxylin-
eosin, and then the ovarian cysts were examined
under an optic microscope.

In the PCO + ST group, the training protocol
included 6 weeks of ST at a rodent pool with 1
meter diameter and with a water temperature of
25 + 2 ° C for 20 minutes per session and three
sessions per week. After completing the training
sessions all rats dried and transferred to the cage.

Swimming Training in Polycyclic Ovarian Syndrome

Forty- eight hours after last training session rats
were anesthetized with diethyl ether and blood
samples gathered (13) also the ovary was
removed from the body of rats.

Serum levels of LH, FSH, beta- estradiol,
testosterone and progesterone measured by
ELISA methods with ELISA reader machine
model 2100 (Stat Fax, USA) and ELISA Kits
(Abcam, China). Ovarian levels of superoxide
dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPX), MDA, and 8-OHdG measured
by ELISA methods with ELISA reader machine
model 2100 (Stat Fax, USA) and ELISA Kits
(Fine Test Co., China). For statistical analysis of
data Shapiro-Wilk, one-way ANOVA and
Tukey’s post- hoc tests were used (p<0.05).

RESULTS

Proof of the Model. Histopathological studies
revealed the presence of cystic follicles in ovarian
samples following 28 days of letrozole
administration in the PCO group compared to the
control and PCO+ST groups (Figure 1).
Pathological examinations in this study were
performed to examine the PCO syndrome model.

Antioxidant Activity Analysis. The results
showed that the levels of SOD, CAT, GPX
enzymes of ovarian tissue in PCO group
significantly decreased compare to control group
nevertheless the levels of MDA and 8-OHdG
significantly increased (p<0.05). Also levels of
SOD, CAT, and GPX in ovarian tissue of PCO+ST
group significantly increased as well as levels of
MDA and 8-OHdG significantly decreased
compared to PCO group (p<0.05) (Table 1).

Figure 1. The Photomicrographs of Ovarian Tissue in the Groups. Ovaries in the Control Group Had Normal Phenotype
with Normal Primary Follicles. The Cystic Follicles Were Seen in the PCO Group. Increasing Number of Corpus Luteum
Was Seen in the PCO+ST Group Compared to the PCO Group. Dark Star, Pre- Antral Follicles; Red Star, Cystic
Follicles; Yellow Star, Corpus Luteum. Hematoxylin-Eosin (H&E) Staining, 40X Magnification

Serum Levels of Sex Hormones. Results
showed that serum levels of LH, FSH, beta-
estradiol and testosterone significantly
increased and  progesterone  hormone
significantly decreased in PCO group
compared to the control group (p<0.05); also
serum levels of LH, beta-estradiol and
progesterone significantly decreased in the
PCO + ST group compared to the PCO group
(p<0.05) (Table 2).
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Table 1. Antioxidant Enzymes, MDA and 8-OHdG Levels of Ovarian Tissue in Research Groups

Variable Group SOD (pg/ml) CAT (mIU/ml) GPX (pg/ml) MDA (ng/ml) 8-OHdG (ng/ml)
Control 69.35 + 2.68 138.36 £9.73 95.32 £ 7.57 3254 +£4.14 5.11+0.73
PCO 21.73+£2093¢ 5457 £8.45¢4 4148 £6.454 81.46 £8.43¢% 2546 £2.43¢%
PCO+EX 46.32+4.86" 68.94 +9.60 2P 51.48 +6.402° 65.71 +7.052b 10.27 +2.63°P

Data are presented as Mean + SEM; 2P < 0.05 compared with the control group, °P < 0.05 compared to the PCO group.
SOD, Superoxide Dismutase; CAT, Catalase; GPX, Glutathione Peroxidase; MDA, Malondialdehyde; 8-OHdG, 8-
Hydroxy-Doxy Guanosine.

Table 2. Serum Levels of Sex Hormones in Research Groups

Variable LH (mIU/) FSH beta-estradiol Progesterone (pg/ml) Testosterone (pg/ml)
Group (mIU/l) (pg/ml)
Control 2.01+042 3.47+1.25 22.18+2.21 20.43+2.21 0.66 +0.02
PCO 723+1512% 578+1.30 28.03+2.23¢% 12.74 +1.232 1.42 +0.23°

a
PCO+EX 3.35+1.87° 4.06+1.19 17.89+2.51° 20.80 £3.51° 0.74£0.05°

Data are presented as Mean + SEM; 2P < 0.05 compared with the control group, °P < 0.05 compared to the PCO group.

DISCUSSION

Present study investigated the effect of 6 weeks
of ST on sex hormones, antioxidant enzymes of
SOD, CAT, GPX in ovarian tissue, the amount of
DNA oxidative damage and lipid peroxidation in
rats with PCOS model. Tissue examination showed
that 28 days of 1 mg/kg letrozole administration
could produce ovarian cysts with different
dimensions. This finding has been confirmed in
previous studies (11). The present study showed that
the activity of the antioxidant enzymes of ovarian
tissue in rats with PCOS was significantly decreased
and the lipid peroxidation as well as oxidative
damage of DNA significantly increased in
comparison with the control group. It has shown that
induction of PCOS induces oxidative stress in
ovarian tissue of rats. Also, induction of PCOS by
estradiol valerate can increase ovarian cysts by
increasing the reactive oxygen species and
decreasing the activity of the antioxidant enzymes
of the ovary tissue (14). In patients with PCOS,
serum levels of oxidative stress indices such as total
antioxidant capacity, ROS and radical hydroxyl
species are abnormal, and over expression of
oxidative stress can lead to reduction of oocyte by
mesenchymal hyperplasia of ovary and impairment
of its function. (15). Scientific evidences suggest
that activity of antioxidant enzymes of ovary tissue
decrease in patients with PCOS, and resulting in
increased oxidative stress conditions, ovarian
androgens increase, and disruption occurs in the
process of development of follicular bands (16).
Another study found that levels of blood lipids such
as triglyceride and oxidized lipid levels in patients
with PCOS are high. It has also been reported that
as a result of weakening of the antioxidant defense

system in these patients, body lipids are not
protected against oxidation. Therefore, due to
increased blood lipids concentration and weakening
of the antioxidant defense system, the chance of
oxidative lipid damage has increased and an
increase in serum levels of MDA appears (16). It
showed that increasing oxidative stress in the
ovaries of rats with PCOS causes ovary epithelium
DNA damage and granulosic cell apoptosis by
increased oxidative stress caused by ROS (17),
which is consistent with the results of present study.
Women with PCOS have metabolic abnormalities
in controlling the production of androgens (18). The
high concentrations of androgenic hormones such
as testosterone, androstenedione, and
dehydroepiandrosterone sulfate have been observed
in these patients (19). In PCOS, regular reproductive
cycles may be seen without any indication of
hyperandrogenism. Although this happens very
rarely, most scientists believe that
hyperandrogenism should be considered as one of
the criteria for defining this syndrome (20).

Studies have shown that exercises can be useful
in treating patients with PCOS. Increased physical
activities are recommended for people with PCOS.
However, there is still insufficient understanding
of the amount of exercise, type, and duration of
these activities in relation to these patients (21). It
has been shown that quality of life is effective on
endocrine parameters and Freeman Galvay (FG)
scoring scale (22). Combined and interactive
effects of exercise and diet improve the level of
FSH, sexually transmitted globulin (SHBG), total
testosterone, androstenedione and free androgens
(23). Wu et al. (2014) studied the effect of exercise
in rats with PCOS and showed that serum levels of
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estrogen and testosterone in rats with PCOS were concluded that ST can be useful for decreasing
significantly higher than healthy rats (24). Like some complications of PCOS.

present study, in Wu et al. study the trainings have APPLICABLE REMARKS

been able to improve the serum levels of Accordi lts of dv it i
androgenic hormones. Another study has shown * According 10 results of present study It Is
suggested that in PCO situation, use

that metformin consumption and a period of I . . h

trainings can reduce testosterone, reduce the ratio SW|mm|ng trammg t_o IMprove sex ormongs.

of hormone luteinizing to follicular stimulatory * Regarding to antioxidant effect of swimming
training in present study it is supposed that use

hormone and improve the metabolic status by L > o ;
weight loss and reducing body mass index; and swimming training to minimize PCO- induced

prevent increase of prolactin, as well as protect oxidative stress.
from harmful effects of hyperandrogenism (25). ETHICAL AND LEGAL
Due to changes in weight and sex hormones (free CONSIDERATIONS
testosterone and  androstenedione),  trainings Researchers received introduction letters from
especially with low intensity, may improve the Ethical Committee of Shiraz Branch of Islamic
symptoms of PCOS (26). Azad University.
CONCLUSION _ CONFLICTS OF INTEREST
According to results of present study it appears The authors declare that there is no conflict of
that ST alters the serum levels of sex hormones in interest.
the rats with PCOS. Also, ST increases the
activity of antioxidant enzymes, decrease the AUTHORS’ CONTRIBUTIONS
oxidative damage of DNA and lipid peroxidation All authors equally contributed to the writing
in ovary tissue in rats with PCOS; so, can and revision of this paper.
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