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Polycystic ovary syndrome (PCOS) is one of the most common endocrine and metabolic disorders . This study
aimed to investigate the effects of high-intensity interval training (HIIT) on insulin resistance, oxidative stress,
soleus muscle function, and myokine levels in a PCOS rat model. Female rats were assigned to four groups:
Control, PCOS, PCOS+Exercise, and Exercise (n=15 each). PCOS was induced by subcutaneous administration of
dehydroepiandrosterone (DHEA) for 3 weeks, and exercise groups underwent HIIT for 12 weeks. Insulin resis-
tance (HOMA-IR), serum oxidative stress markers, hormone levels (FSH, LH), soleus myokine expression, and
muscle function were analyzed. Results showed that the PCOS group exhibited increased blood pressure and
insulin resistance compared to controls, with a significant reduction in FSH and LH levels in the PCOS+Exercise
group. Exercise improved insulin sensitivity and reduced insulin resistance in the PCOS+Exercise group. Serum
oxidative stress markers did not differ significantly between groups. Soleus muscle IL-6 levels were significantly
reduced in the PCOS+Exercise group. Histological analysis revealed a larger cross-sectional area of the soleus
muscle in the PCOS+Exercise group compared to the PCOS group, suggesting improved muscle morphology.
Furthermore, exercise improved the functional capacity of soleus muscles, as evidenced by weightlifting per-
formance. These findings indicate that HIIT has beneficial effects on insulin resistance, reproductive hormone
levels in PCOS. Exercise also shows potential in slowing oocyte loss and improving follicle health, highlighting its
role as a therapeutic intervention for reproductive health in PCOS. This study suggests that HIIT could be a
beneficial approach for managing PCOS, and further research is needed to better understand its underlying
mechanisms and potential long-term benefits.

1. Introduction

Polycystic ovary syndrome (PCOS) is a metabolic and endocrine
condition that affects women throughout their lives [1]. In PCOS, not
only many organs but also skeletal muscle is affected [2]. Insulin resis-
tance and hyperinsulinemia are observed in 65-95 % of women with
PCOS, regardless of whether they are overweight or have a normal
weight [3]. Therefore, insulin resistance plays a crucial role in the
pathophysiology of PCOS. Physical activity can increase skeletal muscle
insulin sensitivity [4], and there is ongoing research on the relationship
between skeletal muscle dysfunction associated with insulin resistance
in PCOS and the potential benefits of high-intensity interval training

(HIIT) in improving insulin sensitivity in PCOS patients [5].

About two-thirds of postprandial peripheral glucose uptake occurs in
skeletal muscle. Various mechanisms underlie insulin resistance in
skeletal muscle, including decreased glucose uptake in muscle tissue and
target tissues [6]. Women with PCOS often experience postprandial
dysglycemia, which reflects skeletal muscle insulin resistance [3].
Furthermore, fat accumulation in skeletal muscle [7] increased inflam-
matory cytokines [8], or disruptions in the insulin signaling pathway
may [9] also contribute to the development of skeletal muscle insulin
resistance in PCOS.

Exercise is a low-cost and accessible treatment option for people.
Health professionals have reached a consensus on exercise that is
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beneficial [10]. HIIT, is characterized by short, repeated periods of
intense submaximal and supramaximal exercise with rest or active re-
covery intervals [11]. HIIT protocols have been applied on different
disorders [12]. Studies have shown that ten weeks of HIIT increased
antioxidant parameters and improved insulin sensitivity in patients with
type 2 diabetes [13]. In PCOS patients, HIIT has led to cardiovascular
and hormonal improvements, including reduced insulin resistance,
low-density lipoprotein (LDL) cholesterol levels, atherogenic index, and
testosterone levels [14]. Colombo et al. displayed that menstrual regu-
larity was improved by HIIT compared to moderate-intensity continuous
training (MICT) in their meta-analysis [15]. Moreover, in a 12-week
study by Aktas et al., HIIT increased serum adiponectin levels more
than MICT [16]. Anxiety, depression and stress scores were lower in the
HIIT group compared to the MICT group in a 12-week mental health
study by Patten et al. [17]. However, studies specifically investigating
the effects of HIIT on skeletal muscle in PCOS patients are limited. Some
researchers suggest that improving insulin sensitivity in slow-oxidative
muscle fibers may have a more significant impact on metabolic health
[18].

Recent research has focused on the role of skeletal muscles in the
preventive and therapeutic effects of exercise on metabolic diseases.
Skeletal muscle, as an active organ, releases cytokine-like molecules
called myokines [19]. Myokines have diverse effects on muscle devel-
opment, angiogenesis, and metabolism, and they can also influence
other organs and systems [20]. For example, IL-6 is considered a myo-
kine/cytokine and can indicate chronic inflammation, which generally
has negative effects on glucose homeostasis [19]. Meteorin like peptid
(METRNL) is a protein-structured myokine that plays a role in physio-
logical and pathological processes, and its levels in serum and muscle
have shown conflicting results in previous studies [21,22]. Serum
Metrnl levels were elevated in patients with T2DM. Consequently,
increased serum Metrnl concentrations may contribute to a heightened
risk of T2DM by promoting insulin resistance, a finding consistent with
the results reported by Wang et al. [21]. In contrast, the study by Dad-
manesh et al. [22] found significantly lower serum Metrnl levels in
patients with T2DM compared to the control group. Fibroblast Growth
Factor 21 (FGF21) is another myokine that is secreted by the liver,
pancreas, and adipose tissue. There are limited studies examining serum
FGF21 levels in PCOS. While serum FGF21 levels were high in the study
by Bednarska et al. [23], serum FGF21 levels were similar to controls in
the study by Sahin et al. [24].

Angiopoietin-like 4 (ANGPTL4) is a myokine that affects insulin
sensitivity, lipid metabolism, and adipogenesis pathways. The impact of
ANGPTLA4 overexpression on glucose metabolism remains controversial
[25,26].While some studies have shown increased serum ANGPTL4
levels in both obese and non-obese PCOS patients [27], others have
found no difference in serum ANGPTL4 levels between PCOS patients
with a normal body mass index and healthy subjects [28]. Surprisingly,
despite the previously mentioned studies exploring the roles of
METRNL, FGF21, and ANGPTL4 in other contexts, there are no studies
investigating their roles as myokines in PCOS.

In this study, we aimed to investigate the effects of 12 weeks of HIIT
exercise on endocrine and metabolic changes and impaired skeletal
muscle mechanisms in a PCOS rat model. Additionally, we planned to
observe changes in muscle function and myokines in PCOS. We hy-
pothesize that HIIT will positively impact PCOS metabolic parameters
and soleus muscle parameters.

2. Methods
2.1. Animals

Sixty female Wistar albino rats (Rattus norvegicus) aged 21 days and
weighing 40-50 g were used in this study. The rats were obtained from

Ankara University, Medical Faculty Experimental Animal Breeding and
Supply Laboratory. The study was approved by the Ankara University
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Experimental Animals Ethics Committee (approval number:
2020-12-106). Before commencing the experiments, they were brought
to the Physiology Department of the Faculty of Medicine, where the
exercise program would be applied, and they were given time to adapt.
The rats were housed in a standard animal chamber with a 12-hour light
- 12-hour dark cycle (lights on at 08:00AM at a controlled temperature of
23.5 £ 0,5 °C. They were provided with polycarbonate cages and had ad
libitum access to food.

All treatments, grouping of animals, and behavioral tests were per-
formed in a blinded manner. The rats were randomly divided into four
groups: control group (control, n = 15), the exercise group (EX, n = 15),
the PCOS group (PCOS, n = 15), and the PCOS + exercise group
(PCOSEX, n = 15).

2.2. PCOS model

In the planned study, to induce PCOS, 21 days old female Wistar
albino rats were administered a subcutaneous injection of 6 mg/100 g
body weight of DHEA dissolved in 0.2 mL sesame oil for 3 weeks. The
same amount of sesame oil was given subcutaneously to the control and
exercise groups as a control [29]. To diagnose PCOS, a microscopic
evaluation of the cell types found in the animals’ vaginal smears was
performed. Vaginal smears were performed daily to confirm the estrous
stages of the rats, ensuring accurate phase identification before the
experimental procedures. Starting from the 7th day of model prepara-
tion, vaginal swabs were taken for 2 weeks and evaluated every morning
between 9.00 and 10.00 based on cell type and number. If an estrous
phase lasts for 4-5 days, the rat is diagnosed with PCOS. In our study, we
observed rats in a constant diestrous phase, as all animals were moni-
tored for regular estrous cycles prior to the experiments.Female rats
showing irregular cycles were excluded from the study to maintain
consistency after applying DHEA.

2.3. Female rat incremental load exercise program

The animals in the exercise groups were included in the adaptation
program for two weeks on the treadmill, following the 21-day DHEA
application. Then, exercise groups were trained for 12 weeks according
to the individual exercise protocol determined. The age at which exer-
cise is initiated corresponds to the adolescent period (42-44 days) in
rats. The animals in the sedentary groups were kept in their cages during
this period. The training protocol was carried out between 09:00-15:00
on the small experimental animal treadmill, which was manufactured by
the Department of Electrical and Electronic engineering of Ankara
University, allowing speed, incline, and electricity control.

Our incremental exercise protocol was based on Wisloff’s test model
on maximal oxygen uptake in rats [30]. Protocols were performed with
maintaining a slope of 25° Before starting the exercise program, incre-
mental load testing was performed to determine the maximum exercise
capacity (MEC) of the rats. It starts with 5 m/min and 0° incline for each
rat, the speed is increased by 3 m/min, and the slope is increased by 2°
every three minutes. The workload that the rat could no longer continue
even if mechanically or electrically stimulated was considered that an-
imal’s MEC. Rat-specific maximum exercise capacities were determined
by applying the incremental load test at the 1st, 2nd, 5th, 8th, and 11th
weeks to determine the training protocol to be applied.

In the training program, HIIT exercises were started with a 6-minute
warm-up at a 25° incline, at a speed corresponding to 50 % of the MEC,
followed by a run for 4 min at a speed of 85-90 % on an incline of 25°,
then continued at a speed of 50 % at 25° for 2 min. The defined cycle was
repeated 5 times, and the last active rest period was completed for 10
min. The total exercise time was determined as 38 min. The duration of
the exercise protocol was modified according to other studies in the
literature [31,32].
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Fig. 1. Body weights of DHEA-induced PCOS rats and other groups. The rats’ weights were monitored 15 days interval from beginning of all experiments. Data are

presented as mean+ standart derivation.

2.4. Muscle function in vivo tests

Neuroscore tests, Kondziela inverted screen tests, and weight tests
were performed before, one month after, and at the end of the exercise
protocol. The walking track analysis test was evaluated only at the end
of the training program to define the tibial nerve function index [33].
Neuroscore tests consist of the forelimb flexion test, hindlimb flexion
test, a hind paw grasping reflex test, visually triggered placing test, and
contact triggered placing test sections.

The forelimb flexion test was used to evaluate the presence/absence
of flexion in the forelimb. The hindlimb flexion test was applied to
evaluate the presence/absence of flexion in the hindlimb. The visually
triggered placing test was used to evaluate whether the front paws of the
rat were extended, while the hind paw grasping reflex test was used to
evaluate the grip of the hind paws. The contact-triggered placing test
measures the tactile response of the rat’s whiskers.

The Kondziela Invert Screen test is a muscle strength test in which
rats use their four limbs [34]. The rat is stopped upside down on the wire
40-50 cm above the ground surface on four limbs, and time is kept with
a stopwatch. The attachment times of the animals are recorded in
seconds.

In the weight test, forefoot muscle strength is measured [34]. When
the rat grasped a wire ball with its front paws, the stopwatch was started,
and the rat was lifted. The total weight-lifting times of each rat were
recorded. The nerve that innervates the soleus muscle is the tibial nerve.
The Tibial nerve function index was calculated by walking track anal-
ysis, which evaluates the temporal and spatial relationship of one foot-
print to another during walking. It is evaluated with the data obtained
from the numeric values placed in the formula

2.5. Measurement of hemodynamic parameters of rats

As a result of the 12-week exercises of the experimental animals,
blood pressure measurement in all groups was carried out by the tail-cuff
plethysmography method (MAY NIBP250, Ankara, Turkey). To reduce
sensitivity in the rats’ tails and help them become accustomed to the
experimental environment, our rats underwent daily handling and
training for a week for blood pressure measurements. The rats were
exposed to heat for 32 °C in cabin related with heater. Once the tail
reached a temperature of 32 °C, the cuff was inflated 5 times at 1-minute
intervals to help the rat adjust to the cuff pressure. Once the tail tem-
perature reached 32 °C, a pressure of 250 mm Hg was applied to the tail
by inflating the cuff, after which the systolic blood pressure was
measured. Five measurements were taken from each animal at one-
minute intervals. The average of the remaining three values was

calculated by subtracting the highest and lowest values. Systolic, dia-
stolic, mean arterial pressure and heart rate parameters were calculated
for each rat. Mean Arterial Pressure was obtained using the formula:
Mean Arterial Pressure = Diastolic Pressure + (Systolic Pressure - Dia-
stolic Pressure)/3.

2.6. Collection of tissue and blood samples

In vivo experiments were completed 24 h after the rats’ last running
training. Then, a thoracotomy was performed under deep anesthesia of
50 mg/kg thiopental, the aorta was cut, and samples were taken from
the blood filling the thorax. We removed 8-10 ml of blood and put itina
tube with a gold lid to separate serum. Blood samples were centrifuged
at 5000 g and +4 °C for 10 min. The pellet was discarded, while the
supernatant was preserved. For further examination, the collected serum
was aliquoted and kept at —80 °C. The fasting glucose and insulin levels
were also measured. HOMA-IR was calculated from the fasting glucose
and insulin levels [35].

The muscle and ovary samples used in our study were stored in fix-
ation solutions for histological examination, and the left soleus muscles
were stored in a deep freezer at —80 °C for molecular examinations. For
in vitro functional studies of the muscles, they were placed in the organ
bath system.

2.7. Myokine analysis

Bilateral removals of soleus muscles were performed for functional,
histological, and biochemical analysis. Each soleus muscle was weighed,
and a digital caliper was used to measure the muscles’ length and radius
for organ bath system data. We used the right soleus muscle for isolated
skeletal muscle function tests. The left pairs of soleus muscles were
separated into two pieces. One part was used for histological analysis,
while the other part was used for myokine analysis.

Specific enzyme-linked immunosorbent assay (ELISA) kits (Elabs-
cience, Houston, Texas, USA) were utilized for quantifying Interleukin-6
(IL-6), Fibroblast growth factor 21 (FGF21), Angiopoietin like 4
(ANGPTL4), and Meteorin like peptid (METRNL) of soleus muscles
following the manufacturer’s instructions.

2.8. Oxidative stress parameters analysis

ELISA kits (Rel Assay Diagnostics, Gaziantep, Tiirkiye) were used to
evaluate the levels of Total oxidant status (TOS), Total antioxidant status
(TAS), Follicle stimulatig hormone (FSH), Luteinizing hormone (LH),
fasting insulin, Native Thiol, Total Thiol, and disulfide in rat serum.
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Fig. 2. A: Sistolic blood pressure of all groups B: Diastolic Blood pressure of all groups C: Mean arterial blood pressure of all groups D: Heart rate of all groups. Data

are presented as mean+ standart derivation. (*p < 0.05, *** p < 0.001).

2.9. Skeletal muscle function in vitro analysis

2.9.1. Soleus dissection

Cutting the Achilles tendon initiated the dissection of the soleus
muscle, which is followed by the proximal lift of the gastrocnemius
muscle. Under gastrocnemius, the red soleus muscle was seen. The
proximal tendon enters close to the backside of the knee joint, while the
distal tendon of soleus is a portion of the Achilles tendon. We cut the
tendon at the knee joint after gently separating the distal soleus tendon
from the Achilles tendon bundle and removed it.

2.10. Muscle force measurement

The setup for isometric force measurement had a chamber to hold the
muscle bathed in physiological solution. The solution is normally
bubbled with oxygen or a gas mixture of CO2/02 (5/95 %) when using a
Krebs-Henseleit solution, force transducer, bi-phasic stimulator, A/D
converter, and computerized acquisition and analysis of data (Biopac
Systems Inc., CA, USA). The muscles were stored in Krebs-Henseleit
solution ((mM: 118 NaCl, 4.7 KCl, 1.2 MgS0O4, 1.2 KH2PO4, 25
NaHCO3, 2.5 CaCl2, and 11 Glucose; pH: 7.2-7.4) during and after
dissection. 4-0 silk suture was used to bind isolated muscles to stainless
steel hooks. One tendon of the muscle is connected to the force
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Table 1
Oxidative stress parameters between groups.
CONTROL PCOS (Mean  PCOSEX EX (Mean
(Mean +SD) (n +SD) (n = (Mean +SD) +SD) (n =
=15) 15) (n=15) 15)
TOS (pmol/ 7,13 + 2,54 8,62 + 5,05 7,70 + 4,82 6,42 + 2,47
ml)
TAS (mmol/ 1,94 £ 0,14 1,87 £ 0,16 1,87 £ 0,13 1,93 + 0,75
L)
0SI 0,36 + 0,14 0,45 + 0,23 0,41 + 0,25 0,35 + 0,17
Total Thiol 6.461+ 328,11 6.343+ 6.264+ 6.149+
(pmol/L) 326,82 290,65 939,68
Native Thiol 193,66 + 50,39 297,93 + 391,93 + 206,93 +
(pmol/L) 401,64 558,62 63,76
Disulphide 3.133+ 167,81 3.022+ 2.922+ 2.971 +
234,71 322,06 473,36

transducer, while the other tendon is connected to an adjustable hook.
The muscle is then placed in the chamber. The muscle is electrically
stimulated via electrodes made of platinum that are placed along the
long axis of the muscle.

Isolated skeletal muscle bath features a jacketed construction that
enables the physiological solution’s temperature to be adjusted by
pumping pre-heated water into the jacket. We optimized the muscle
force-length relationship for each muscle such that the muscle length
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(LO) was set to produce the highest force for a particular stimulus.
Maximum tension responses of the muscle were obtained when the
stimulus was supramaximal. The mean time to reach peak tension and
half relaxation time was calculated by averaging ten consecutive iso-
metric tension responses at maximum isometric tension strength. soleus
force-frequency response was determined using the following parame-
ters: 0.5 ms pulses at 5, 10, 15, 20, 30, 50, 75, 100, and 120 Hz. A rest
period of one minute was given between each contraction to avoid fa-
tigue. After the last tetanic contraction, the fatigue protocol was applied
to the muscles that were kept in a ten-minute rest period. According to
this protocol, soleus muscles were stimulated with 0.5 ms square wave
pulses at 10 Hz at five-second intervals for fifteen minutes. This stimu-
lation frequency produces a partially coupled tetanic contraction when
it reaches ~50 % of the Pt in the test. This protocol was designed to
induce significant voltage loss over a relatively long period to allow
aerobic metabolism to kick in and, therefore, increase CO2 production
[36,37].

The force-frequency response was calculated with the following
formula: Force (N)/cm2 = [force (N) x skeletal muscle density (1.06 g/
cm3) x muscle length (cm)] / muscle weight (g). Fatigue was calculated
in grams.
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Fig. 3. Serum FSH and LH levels of all groups (* p < 0.05). Data are presented as mean+ standart derivation.
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Fig. 4. Serum fasting insulin, fasting glucose and HOMA-IR levels of all groups (* p < 0.05, *** p < 0.001). Data are presented as mean=+ standart derivation.



S. Kogak et al.

N
o
|

-
oo
1

-
(2]
1

-
IS
1

Running speed (m/sec)
3

Physiology & Behavior 291 (2025) 114794

-~ PCOSEX
= EX

-
o

T
N
o

<&
o o

N

4@
(b.

oY

oF

T
-
& o

S
N

Fig. 5. Maximum exercise capacity levels of PCOS-induced and exercise- treated (PCOSEX) and only exercise- treated (EX) groups. Data are presented as mean+

standart derivation.

100
-o- CONTROL
-= PCOS

=5 50 -+ PCOSEX

3 - EX

-

2]

X 0+

-50 T T T
4 week 8 week 12 week
Fig. 6. Kondziela Invert screen test scores of all groups.
ok k *
0- e =
* -~ A = CONTROL . v L B3 CONTROL
5 i H = PCOS = H o = PCOS
E 20 i =3 PCOSEX E 20 &= PCOSEX
8 O EX 2 0 EX
E kS
© 104 S 104
[ Q
= 2
0_
OQ\‘"\O(\“'(;(\QQ 063\00‘?006\ O‘\‘Qo‘sooo\? O‘\‘QO'&QO&Q 1.month 2.month 3.month
LEE FEE PP PP
RYSUE R DS SR VS DRI U D

Fig. 7. Time course of weights test of all groups (* p < 0.05, ** p < 0.01, *** p < 0.001). Data are presented as mean+ standart derivation.

2.11. Histological analysis of ovary and muscle

Soleus muscles and ovarian tissue samples taken from the experi-
mental groups were fixed in 10 % buffered neutral formalin solution,
washed in tap water, and dehydrated by passing through 75 %, 96 %,
and 100 % alcohol series, respectively. After the procedure, the tissues
cleared with xylene were incubated with liquid paraffin in an oven at 60
°C for 3 h and embedded in paraffin blocks.

Once 5 pm thick sections of paraffin blocks were taken on the slide
with the Leica RM 2125RT model sliding microtome, the sections were
prepared for histological staining following the deparaffinization and

rehydration stages and stained with Hematoxylin-Eosin (HE) stain for
light microscopy examination. Stained sections of both tissues were
examined under the Axio-scope Al light microscope, and their photo-
graphs were taken. The cross-sectional surface measurements made
using the Axiovision software program in 5 different areas from the
cross-sections obtained from the muscle tissue were evaluated
statistically.

2.12. Statistical analysis

Statistical Package for Social Sciences (SPSS) version 26 was used for
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the statistical analysis of research data. GraphPad Prism was preferred
for drawing graphics. In our study, the Shapiro-Wilk test was used to test
whether the data were normally distributed. Parametric tests were
preferred if the data showed a normal distribution. In descriptive sta-
tistics, 'mean =+ standard deviation (SD)’ was used for variables with a
normal distribution, and median (min; max)’ for variables with a non-
normal distribution. Since the number of groups was more than two, the
’ANOVA analysis of variance test’ was used as the parametric test, and
the *Kruskal-Wallis test’ was used as the non-parametric test. The change
according to time before and after exercise in continuous variables was
evaluated with Two-way ANOVA if the distribution was normal, and
with the Mann-Whitney U and Wilcoxon test if the distribution was
abnormal. P-values of <0.05 were considered statistically significant.

3. Results
3.1. Changes in weight values of rats

When the rat weight measurement results at 15-day intervals after
DHEA administration were examined, the PCOS and PCOS+EX groups
were heavier than the control group on the 30th,60th and 75th days of
experiments (p < 0.0001). Considering the general average of all days,
the PCOS and PCOS+EX groups were heavier than the Control group (p
< 0.05) (Fig. 1).

3.2. Changes in hemodynamic values of rats

The systolic, diastolic, mean arterial pressure and heart rate values of
the groups in our study were analyzed at the end of the exercise ex-
periments. Systolic, diastolic, and mean arterial pressures were higher in
the PCOS (133,0 + 8,04; 111,7 + 5,82;117,5 + 5,81) and PCOSEX
(129,9 + 8,34; 116,6 + 6,75; 117,7 + 6,97) groups compared to the
Control group (109,60 + 6,86;101,5 + 4,23; 107,6 + 4,92).When the
heart rate is examined, the heart rate of the PCOSEX (380,8 + 36,25)
group is slower than the PCOS (451,2 + 59,44) group (p = 0.019). The
differences in systolic, diastolic and mean arterial pressure between
PCOS and Control were p < 0.001, p = 0.016 and p = 0.023, respec-
tively. The differences in systolic, diastolic and mean arterial pressure
between Control and PCOS+EX were p < 0.001, p = 0.017 and p =
0.019, respectively. (Fig. 2)

3.3. Changes in oxidant and antioxidant parameters in serum of rats

When the TOS, TAS, OSI, Total Thiol, Native Thiol, and disulfide
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values of the groups in our study were analyzed at the end of the exercise
experiements, no significant difference was observed between the
groups. Oxidant and antioxidant parameter values are given in the
Table 1. Exercise did not affect oxidant and antioxidant parameters (p >
0.05).

3.4. Changes in FSH and LH values in serum of rats

When the FSH and LH values in the serum of the groups in our study
were analyzed, a significant decrease of FSH was observed in the PCO-
SEX (74. 29+ 12.53) group compared to the PCOS (107.5 + 12.86)
group (p = 0.033). In addition, FSH showed a significant increase in the
Exercise group compared to the PCOSEX group (p = 0.013). LH levels
were also decreased in PCOSEX (12.48+6.73) group compared to PCOS
group (23.56+ 6.33) (p = 0.036). Exercise affected FSH and LH values
(Fig. 3).

3.5. Fasting insulin, fasting glucose, and HOMA-IR changes in serum of
rats

When glucose values in the serum of the groups were analyzed,
glucose values were found to be higher in the PCOS group (171.9 +
25.32) compared to the PCOSEX (144.4 + 11.25) group (p = 0.046).
PCOS glucose levels were also higher than Control group (143.7 +
14.65) (p = 0.040). When we analyzed HOMA-IR, PCOS HOMA-IR index
was higher than Control group and PCOSEX group (p< 0,001 p = 0.012).
A high HOMA-IR value is an indicator of insulin resistance, and exercise
has affected this situation. Insulin levels were similar among groups
(Fig. 4).

3.6. Changes in maximum exercise capacity (MEC)

1st, 2nd, 5th, 8th, and 11th-week MEC measurements were exam-
ined within the framework of the 12-week HIIT program. A significant
decrease was observed in the PCOSEX group values only in the 1st week
and 2nd week.(p = 0.010 p = 0.011). There is no significant difference
between the groups when all means are examined (p = 0.478) (Fig. 5)

3.7. Kondgziela invert screen test

When the 3-month Kondziela Invert Screen Test was applied to
experimental animals, no significant difference was observed in the time
spent between the groups (p > 0.05) (Fig. 6)

3.8. Weight test

When the 3-month weight tests of experimental animals were
examined, a significant difference was found. At 2 months, a decrease in
weightlifting minutes was observed in the PCOS group compared to the
Control group (p < 0.05) and PCOSEX group (p < 0.01). At 3 months, a
decrease was observed in the PCOS group compared to the Control (p <
0.05) and PCOSEX (p < 0.001) groups. In addition, the weightlifting
minutes in the EX group were higher than in the Control group (p <
0.05) (Fig. 7).

3.9. Tibial function index

When the exercise processes were finished, the tibial function index
was examined in the groups. No significant difference was observed
between the groups (p > 0.05) (Fig. 8).
3.10. Soleus muscle myokine analysis

When the FGF21, METRNL, IL-6, and ANGPTL4 ELISA values of the

groups in our study were examined, a difference was observed in IL-6
and ANGPTL4 values. A decrease in the IL-6 level was observed in the
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Fig. 9. Soleus muscle myokines of all groups. A: soleus IL-6 levels B: soleus ANGPTL4 levels C: soleus FGF21 levels D: soleus METRNL levels. (* p < 0.05, ** p

< 0.01).

PCOSEX group (488.2 + 83.04) compared to the PCOS group (812.3 +
29.87) (p = 0.007). There was a significant increase in ANGPTL4 levels
in the PCOS group (13.09+1.29) compared to the Control group (11.25
+1.35) (p = 0.022). No difference was observed between the groups in
FGF21 and METRNL levels (p > 0.05) (Fig. 9)

3.11. Soleus muscle contractility parameters

When the soleus muscle contractility parameters were examined, no

difference was observed between the groups in the Time-To-Peak ten-
sion, Half Relaxation Time, and Contraction Amplitude values. Consid-
ering the fatigue values, the soleus muscle of the PCOS group got tired
more quickly in the initial minutes (p < 0.05). At the 10th minute, the
PCOSEX group got tired later than the Control group (p < 0.05). No
difference was observed at other times (p > 0.05) (Fig. 10)
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3.12. Soleus muscle histological cross-sectional area analysis

Upon examining the histological cross-sectional area values, the
PCOS group exhibited the smallest muscle cross-sectional area, indi-
cating muscle atrophy. The cross-sectional area in the PCOS group was
significantly lower (2.287+0.92) compared to both the Control (3.272
+0.70) and PCOSEX (2.982+0.64) groups (p < 0.001). In contrast, hy-
pertrophy was observed in the EX group, with a significantly larger
cross-sectional area (5.076+0.81) compared to the Control group (3.272
+0.70) (p < 0.001). Histological analysis revealed that both the Control
and Exercise groups showed normal muscle structure, with muscle fibers
and surrounding connective tissue sheaths appearing intact and healthy.
However, in the PCOS group, muscle sections displayed signs of edema
and muscle fiber atrophy, indicating muscle degeneration. These find-
ings are illustrated in Fig. 11.

3.13. Histological evaluation of the ovary

In the light microscopy examination of ovarian tissue samples, the
control and exercise groups were observed to have a normal appearance.
Primordial follicles were seen under the germinal epithelium. Graafian
follicles and corpus luteum structures were observed in addition to
primary and secondary follicles in the ovarian cortex. The ovarian me-
dulla had a normal appearance and was rich in loose connective tissue
and blood vessels.

In contrast, primordial follicles under the germinal epithelium were
observed very little in the ovarian tissue belonging to the PCOS groups.
Follicles in the form of cystic structures were observed in the cortex.
Primary and secondary follicle structures were rare. Corpus luteum
formations were seen. Additionally, in the PCOS+exercise groups, be-
sides the cortex appearance similar to the PCOS groups, an increased
blood supply and vascular structure in the medulla were noted. Ovarian
tissue histology examinations are shown in Figs. 11 and Fig. 12.

3.14. Follicle morpological classification and count

The number of primordial, primary, secondary, graafian, atretic/
cystic follicles, and corpora lutea were counted in all groups (Fig. 13).
The number of primordial and primary follicles was significantly lower
in the PCOS group (11.83+1.94, 7.66+1.83) compared to the Control
group (24.67+1.21, 24.83+1.16) (p < 0.001). In the PCOS-induced and
exercise-treated group, the number of primordial (17.17+1.16) and
primary (13.33+0.81) follicles was statistically higher due to exercise.
The number of secondary follicles was lower in the PCOS group (2.0 +
0.89) compared to the Control group (3.0 & 0.63), but this decrease was
not statistically significant. With exercise, the number of secondary
follicles was slightly higher in the PCOS+Exercise group (2.16+0.40)
compared to the PCOS group (p > 0.05). When evaluating the graafian
follicle, there was a decrease in the PCOS group (1.33+0.51) compared
to the Control group (2.334+0.51) (p = 0.015). However, the exercise
program did not lead to a positive change in this number. The number of
atretic/cystic follicles was significantly higher in the PCOS group (6.66
+0.81) compared to the Control group (1.33+0.51) (p < 0.001).
Regarding the corpus luteum, the number was significantly reduced in
the PCOS group (2.66+0.51) (p < 0.001). The exercise program did not
improve this number.

4. Discussion

The current study focused on the effects of HIIT on insulin resistance,
oxidative stress, muscle contractility, and myokines in rats with poly-
cystic ovary syndrome. According to the results, HIIT showed a signifi-
cant improvement in glucose homeostasis, oxidative stress, muscle
contractility, and ovarian histopathology. Furthermore, myokines,
especially IL-6 and ANGPTL4, seem to have a key role in the underlying
mechanism.

We have monitored metabolic parameters such as body weight,
blood glucose, insulin level, and blood pressure. Body weight values
have fluctuated between days. Although there was no statistical
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difference between groups at the end, PCOS (both sedentary and exer-
cise groups) animals had significantly higher body weight in the 30th,
60th, and 75th days. Similarly, Lim et al. reported that exercise leads to
an improvement in insulin resistance in PCOS patients regardless of
body weight [38]. Insulin resistance was prominent in the PCOS group
and was reflected in elevations in blood glucose, insulin, and HOMA-IR
whereas insulin resistance was significantly alleviated by HIIT applica-
tion to PCOS groups. The insulin-sensitizing effect of training was re-
ported similarly in different animal studies [39,40].

On the other hand, the overlap of the initiation week of training and
the onset of the disease is as important as the training protocol. In the
present study, training was started in the adolescence period of animals
(42-44 days) immediately after the onset of PCOS. Fischer et al.
demonstrated the protective effects of early-life swimming exercise
against obesity and glucose metabolism diseases in rats [41]. Current
results are consistent with the literature.

Low-grade chronic inflammation, insulin resistance, and cardiovas-
cular complications are present in PCOS patients [42]. Hypertension is
one of the cardinal features of the metabolic syndrome ergo PCOS. PCOS
patients displayed >40 % likely to have high blood pressure compared
to healthy women, regardless of age, body mass index, diabetes, or
dyslipidemia [43]. We measured the systolic and diastolic blood pres-
sure of the animals and calculated mean arterial pressure according to
these values. All hemodynamic parameters point out a prominent hy-
pertensive phenotype in PCOS groups.
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Furthermore, HIIT did not alleviate the aforementioned hypertensive
phenotype. Therefore, we may conclude the current protocol did not
induce a marked atheroprotection. On the other hand, we could not
evaluate the lipid profile of the animals which would give an important
insight about vascular health. That was one of the limitations of the
current study. Nevertheless, some authors have reported that 12-24
weeks of exercise did not cause any significant alteration in systolic and
diastolic blood pressure parameters in PCOS patients [44,45].

As for the heart rate, there was no significant difference between the
control and PCOS groups. Kilit et al. showed that the reactivity of the
cardiac sympathovagal balance did not change in PCOS, which may
explain the current result [46] The bradycardic effect of chronic training
is a well-known fact, demonstrated in various studies [44,47]. Parallelly,
heart rate was lower in the PCOS-+Exercise group compared to the
sedentary PCOS animals, whereas we could not see the same tendency in
the Control+exercise group.

In addition to insulin resistance, various alterations in gonadotropic
hormones are common in PCOS. The normal gonadotropin axis is dis-
rupted in women with PCOS. LH levels increase and FSH levels decrease,
resulting in a reversal of the LH/FSH ratio [48]. We observed an increase
in LH levels of the PCOS animals that were normalized with HIIT. On the
other hand, FSH levels did not differ between control and PCOS animals
whereas exercise significantly lowered the FSH levels. Pawar et al. re-
ported that FSH values decreased after exercise in HIIT for 6 weeks [49].
Thus, we may suggest that HIIT may restore hormonal imbalances
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Fig. 12. Light micrographs of ovarian tissue are observed in H-E stained sections. A: Control B: Ex C: PCOS D: PCOSEX |: Germinal epithelium; p: primordial follicles;
|: primary follicle; s: secondary follicle; *: Graafian follicle; CL: Corpus Luteum, m: medulla, AF: atretic follicle red |: blood vessel,.

associated with PCOS.

Cystic structures and scarce follicles were observed in the ovaries of
the PCOS group that can be characterized as polycystic changes. Addi-
tionally, corpus luteum formations were observed in the PCOS group.
Pathological manifestations associated with PCOS were less prominent
in the PCOS+Exercise group. Although the cortical appearance was
indifferent, increased blood supply due to strong vascularization was
noted in the medullar region of the PCOS+Exercise group. Cao et al.
reported that high-intensity exercise can lead to the development of
various follicles, including primary, secondary, and antral follicles, in
the ovary [50]. In the present study, it can be argued that hormonal
imbalance and histopathological alterations in ovarian tissue affect each
other reciprocally and HIIT alleviates ovarian pathology by restoring
hormonal balance.

In the present study, we examined muscle function both in vivo and
in vitro. Our study is the first to examine motor performance with the
weight test and Kondziela reverse screen test in the PCOS model.
Although Kondziela inverted screen test and tibial nerve function index
did not differ among groups, a significant deterioration in motor per-
formance was noted in the weight test in PCOS group, especially at the
end of the third month, compared to the controls. In the PCOS+Exercise
group, motor performance was significantly improved compared to the
PCOS group. On the other hand, we could not observe any appreciable
functional differences among groups in isolated soleus muscle samples.
There was no difference in contraction and relaxation times and specific
power production. The discrepancy between in vivo and in vitro models
is apparent. Naturally, isolated muscle functions without the contribu-
tion of other bodily systems and it was not limited to antagonist muscles
and margins of the body. An antagonist muscle or a muscle with a
different dominant fiber type (like extensor digitorum longus) could be
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isolated and analyzed to gain a different perspective. Unfortunately,
only soleus samples were analyzed due to technical restriction which
was a major limitation of the current study.

Muscular atrophy was observed in soleus samples of the animals with
PCOS and HIIT reversed PCOS-induced muscular atrophy. The histo-
logical analysis showed that HIIT increased the soleus muscle’s histo-
logical cross-sectional area in the PCOS+Exercise group compared to the
PCOS group, indicating that it had a beneficial effect on the soleus
muscle.

Angiopoietin-like peptides are myokines secreted by skeletal muscle,
adipose tissue, intestine, and liver [51]. ANGPTL4 plays a role in insulin
sensitivity, lipid metabolism, and adipogenesis [52]. ANGPTL4 inhibits
lipoprotein lipase [53] Lipoprotein lipase gene expression is impaired in
skeletal muscle in PCOS patients. The impairment of LPL activity in
skeletal muscle further disrupts normal lipid metabolism [7,54]. The
main function of ANGPTL-4 is to protect the cell from excessive adipo-
genesis ergo lipotoxicity [55]. In the present study, muscle-derived
ANGPTL-4 was significantly higher in the PCOS group and it was
normalized by training. We hypothesize that ANGPTL-4-induced meta-
bolic alterations may cause muscular atrophy and functional impair-
ments that were observed in vivo evaluations. A tendency to weaken the
thigh muscle was observed in overweight PCOS patients in the evalua-
tions with computed tomography. Furthermore, in PCOS patients who
undergo 12 weeks of moderate and vigorous exercise thigh muscle
weakening was significantly reduced. Authors have argued that muscle
lipid content was lower in PCOS patients but increased with exercise
[56]. Stejskal et al. demonstrated a correlation between ANGPTL-4
levels and serum triglyceride levels in metabolic syndrome patients
[57].

Although there is no evidence related to the effects of ANGPTL-4 on
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Fig. 13. Folliculogenesis in all groups. A: Primordial follicles number B: Primary follicles number C: Secondary follicles number D: Graffian follicles number E:
Atretic/cystic follicles number F: Corpus luteum number. * p < 0.05, ** p < 0.01, *** p < 0.001.

the gonadotropin axis, ANGPTL-4 molecules that enter the bloodstream
may affect the hormonal imbalance. Further studies are needed to shed
light on muscle gonadotropin crosstalk.

IL-6 levels were elevated in the PCOS group,indicating the proin-
flammatory effect of PCOS on soleus muscle. Furthermore, training
lowered IL-6 levels which could be interpreted as the anti-inflammatory
effect of HIIT. On the other hand, there are various studies in the liter-
ature that report an IL-6 increase after HIIT and argue that this increase
has an anti-inflammatory effect [58]. However, there are some pitfalls
related to IL-6 homeostasis [59]. The effects of IL-6 are bidirectional and
dose-dependent. This peptide can have anti-inflammatory effects but at
the same time, proinflammatory effects could be observed in different
plasma or tissue levels which is tightly related to the intensity, type, and
duration of the training. Moreover, its effect is also modified by
accompanying inflammatory cytokines. A detailed analysis of the cyto-
kine panel is needed for a certain conclusion. Fix et al. stated that the
level of gp130, which inhibits IL-6 in muscles, increases with exercise
[60]. The decrease in IL-6 level in the PCOS+Exercise group may be
because gp130 inhibited IL-6 with exercise. Dantas et al. reported an
IL-6 decrease both in plasma and skeletal muscle with exercise in a study
of PCOS patients [8]. seems to be compatible with the results of our
observation.

METRNL is a peptide that activates different intracellular signaling
pathways with various physiological effects. It has various functions
such as the browning of white adipose tissue, insulin sensitivity,
inflammation regulation, skeletal muscle regeneration, and tissue, pro-
tection [61]. Fouani et al. reported lower serum METRNL levels in
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patients with PCOS and the lowest METRNL values were observed in
obese infertile women [62]. In another study, obese mice were exercised
and METRNL levels were measured in the soleus muscle and blood.
There was no change in the soleus muscle METRNL level, but serum
METRNL levels increased in the exercised groups [63]. We could not
observe any significant alterations in the tissue levels of METRNL in the
current study. In the literature, it is seen that METRNL levels vary ac-
cording to duration, type, and intensity of exercise and also muscle type
examined.Therefore, different muscle types (muscles with different
types of fibers) should be examined in both HIIT protocol and PCOS
animal models in forthcoming studies. Unfortunately, we could not
measure the serum levels of myokines which is also a limitation of the
current study.

FGF21 is a myokine secreted from the liver, pancreas, adipose tissue,
and skeletal muscle [64]. According to preclinical studies, FGF21 has
displayed physiological effects such as enhancing insulin sensitivity,
decreasing triglyceride concentrations, and causing weight loss in obese
rodents and primates [65]. FGF21 protein level was not altered in the
presented study. Like METRNL, the change in FGF21 levels may be
influenced by the type/intensity of exercise and the tissue examined.
Thus, in PCOS animal models and HITT protocols, it can be analyzed in a
different muscle and organs.

Oxidative stress is an important factor contributing to the physio-
pathology of diseases. No change was observed in serum levels in the
present study. Rodent studies reported that exercise causes an increase,
decrease, and no change in oxidative stress [66]

In our study, the maximum exercise capacity values of the
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PCOS+Exercise group were found to be lower than those of the Exercise
group at the beginning of the exercise program and in the second week.
However, no significant difference was observed in the measurements
made in the following weeks. It has been reported that there is endo-
thelial dysfunction in PCOS, which reduces oxygen distribution and use
in peripheral tissues, ultimately decreasing exercise capacity This in-
crease in endothelial dysfunction was especially higher in the PCOS
group. In a meta-analysis study, it was reported that PeakVO2 values
increased after exercise in PCOS patients [67]. Our study’s findings also
suggest that exercise capacity increased with HIIT.

There are some limitations in our study. The fact that muscle myosin
isoforms were not examined with special histological staining tech-
niques did not allow for further elaboration of the results. Additionally,
subcutaneous adipose tissue and muscle fat content of the animals were
not observed. The examination of adipose tissue in the muscle would
have added value to our study.

CRediT authorship contribution statement

Seda Kocak: Writing — original draft, Visualization, Validation, Su-
pervision, Software, Resources, Project administration, Methodology,
Investigation, Funding acquisition, Formal analysis, Data curation,
Conceptualization. Hasan Caliskan: Visualization, Resources, Meth-
odology, Conceptualization. Goktug Omercioglu: Methodology,
Investigation. Firat Akat: Methodology, Investigation. Deniz Billur:
Writing — original draft, Methodology, Investigation. Irem Inang:
Visualization, Methodology, Investigation. Hakan Ficgicilar: Method-
ology, Investigation. Metin Bastug: Writing — original draft, Visualiza-
tion, Validation, Supervision, Software, Resources, Project
administration, Methodology, Investigation, Funding acquisition,
Formal analysis, Data curation, Conceptualization.

Conflict of interest statement

The authors declare no conflict of interest.

Funding

This research was supported by Ankara University Scientific
Research Projects Directorate with project number 21L0230006.

Acknowledgements

The authors would like to thank Davut Yolcu for his technical
support

Data availability

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References
[1] Y.V. Louwers, J.S. Laven, Characteristics of polycystic ovary syndrome throughout

life, Therapeutic Adv. Reprod. Health 14 (2020) 2633494120911038.

T. Mcdonnell, L. Cussen, M. Mcilroy, O’reilly MW, Characterizing skeletal muscle

dysfunction in women with polycystic ovary syndrome, Ther. Adv. Endocrinol.

Metab 13 (2022) 20420188221113140.

D.A. Dumesic, D.H. Abbott, S. Sanchita, G.D. Chazenbalk, Endocrine-metabolic

dysfunction in polycystic ovary syndrome: an evolutionary perspective, Current

Opinion in Endocr. Metab. Res. 12 (2020) 41-48.

S.R. Bird, J.A. Hawley, Update on the effects of physical activity on insulin

sensitivity in humans, BMJ Open Sport Exerc. Med. 2 (2017) e000143.

Santos IKd, Nunes FASdS, V.S. Queiros, R.N. Cobucci, P.B. Dantas, G.M. Soares, et

al., Effect of high-intensity interval training on metabolic parameters in women

with polycystic ovary syndrome: a systematic review and meta-analysis of

randomized controlled trials, PLoS One 16 (2021) e0245023.

L. Norton, C. Shannon, A. Gastaldelli, R.A. Defronzo, Insulin: the master regulator

of glucose metabolism, Metabolism 129 (2022) 155142.

[2]

[3]

[4]

[5]

[6]

13

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Physiology & Behavior 291 (2025) 114794

Stener-Victorin E., Eriksson G., Shrestha M.M., Paris V.R., Lu H., Banks J., et al.
(2023) Type I fiber decrease and ectopic fat accumulation in skeletal muscle from
women with PCOS. eLife.12.

W.S. Dantas, W. Das Neves, S. Gil, C.R.G. Barcellos, M.P. Rocha, A.L. De Sa-Pinto,
et al., Exercise-induced anti-inflammatory effects in overweight/obese women with
polycystic ovary syndrome, Cytokine 120 (2019) 66-70.

A. Corbould, Y.B. Kim, J.F. Youngren, C. Pender, B.B. Kahn, A. Lee, et al., Insulin
resistance in the skeletal muscle of women with PCOS involves intrinsic and
acquired defects in insulin signaling, Am. J. Physiol. Endocrinol. Metab. 288
(2005) E1047-E1054.

G.L. Stonerock, B.M. Hoffman, P.J. Smith, J.A. Blumenthal, Exercise as treatment
for anxiety: systematic review and analysis, Ann. Behav. Med. 49 (2015) 542-556.
Laursen P., Buchheit M. Science and application of high-intensity interval training:
human kinetics; 2019.

H. Caliskan, F. Akat, Y. Tatar, N. Zaloglu, A.D. Dursun, M. Bastug, et al., Effects of
exercise training on anxiety in diabetic rats, Behav. Brain Res. 376 (2019) 112084.
J.B. Farinha, T.R. Ramis, A.F. Vieira, R.C. Macedo, J. Rodrigues-Krause, F.

P. Boeno, et al., Glycemic, inflammatory and oxidative stress responses to different
high-intensity training protocols in type 1 diabetes: a randomized clinical trial,

J. Diabetes Complicat. 32 (2018) 1124-1132.

S. Mohammadi, A. Monazzami, S. Alavimilani, Effects of eight-week high-intensity
interval training on some metabolic, hormonal and cardiovascular indices in
women with PCOS: a randomized controlled trail. BMC Sports Science, Med.
Rehabil 15 (2023) 47.

G.E. Colombo, X.D. Bouzo, R.K. Patten, A. Mousa, C.T. Tay, L. Pattuwage, et al.,
Comparison of selected exercise training modalities in the management of PCOS: a
systematic review and meta-analysis to inform evidence-based guidelines, JSAMS
Plus 2 (2023) 100024.

H. Aktas, Y. Uzun, O. Kutlu, H. Pence, F. Ozcelik, E. Gil, et al., The effects of high
intensity-interval training on vaspin, adiponectin and leptin levels in women with
polycystic ovary syndrome, Arch. Physiol. Biochem. 128 (2022) 37-42.

R.K. Patten, L.C. Mcilvenna, A. Moreno-Asso, D. Hiam, N.K. Stepto, S. Rosenbaum,
et al., Efficacy of high-intensity interval training for improving mental health and
health-related quality of life in women with polycystic ovary syndrome, Sci. Rep.
13 (2023) 3025.

M. Gueugneau, C. Coudy-Gandilhon, L. Théron, B. Meunier, C. Barboiron,

L. Combaret, et al., Skeletal muscle lipid content and oxidative activity in relation
to muscle fiber type in aging and metabolic syndrome, J. Gerontol. Series A:
Biomed. Sci. Med. Sci. 70 (2015) 566-576.

B.K. Pedersen, M.A. Febbraio, Muscles, exercise and obesity: skeletal muscle as a
secretory organ, Nat. Rev. Endocrinol. 8 (2012) 457-465.

M.A. Febbraio, B.K. Pedersen, Contraction-induced myokine production and
release: is skeletal muscle an endocrine organ? Exerc. Sport Sci. Rev. 33 (2005)
114-119.

K. Wang, F. Li, C. Wang, Y. Deng, Z. Cao, Y. Cui, et al., Serum levels of meteorin-
like (Metrnl) are increased in patients with newly diagnosed type 2 diabetes
mellitus and are associated with insulin resistance, Med. Sci. Monit. 25 (2019)
2337.

M. Dadmanesh, H. Aghajani, R. Fadaei, K. Ghorban, Lower serum levels of
Meteorin-like/Subfatin in patients with coronary artery disease and type 2 diabetes
mellitus are negatively associated with insulin resistance and inflammatory
cytokines, PLoS One 13 (2018) e0204180.

S. Bednarska, J. Fryczak, A. Siejka, Serum p-Klotho concentrations are increased in
women with polycystic ovary syndrome, Cytokine 134 (2020) 155188.

S.B. Sahin, T. Ayaz, M.C. Cure, H. Sezgin, U.M. Ural, G. Balik, et al., Fibroblast
growth factor 21 and its relation to metabolic parameters in women with
polycystic ovary syndrome, Scand. J. Clin. Lab. Invest. 74 (2014) 465-469.

H. Okamoto, K. Cavino, E. Na, E. Krumm, S. Kim, P.E. Stevis, et al., Angptl4 does
not control hyperglucagonemia or a-cell hyperplasia following glucagon receptor
inhibition, Proc. Natl. Acad. Sci. 114 (2017) 2747-2752.

Xu A., Lam M.C., Chan K.W., Wang Y., Zhang J., Hoo R.L., et al.(2005)
Angiopoietin-like protein 4 decreases blood glucose and improves glucose
tolerance but induces hyperlipidemia and hepatic steatosis in mice. Proceedings of
the National Academy of Sciences.102:6086-6091.

M. Giines, N. Bukan, Examination of angiopoietin-like protein 4, neuropeptide Y,
omentin-1 levels of obese and non-obese patients with polycystic ovary syndrome,
Gynecol. Endocrinol. 31 (2015) 903-906.

E. Rahmani, S. Akbarzadeh, A. Nazari, N. Motamed, S. Ghodrati, A. Abasi Fard, et
al., Serum levels of angiopoietin-like protein 4 in polycystic ovary syndrome
women with normal body mass index, Iranian J. Obstetrics, Gynecol. Infertility 21
(2018) 1-8.

E. Anderson, M.T. Lee, G.Y. Lee, Cystogenesis of the ovarian antral follicle of the
rat: ultrastructural changes and hormonal profile following the administration of
dehydroepiandrosterone, Anat. Rec. 234 (1992) 359-382.

Wislgff U., Helgerud J., Kemi O.J., Ellingsen ©.(2001) Intensity-controlled
treadmill running in rats: V o 2 max and cardiac hypertrophy. American journal of
physiology-heart and circulatory physiology.280:H1301-H1310.

C. Groussard, F. Maillard, E. Vazeille, N. Barnich, P. Sirvent, Y.F. Otero, et al.,
Tissue-specific oxidative stress modulation by exercise: a comparison between
MICT and HIIT in an obese rat model, Oxid. Med. Cell. Longev (2019), 2019:
1965364.

M. Ramez, F. Ramezani, F. Nasirinezhad, H. Rajabi, High-intensity interval training
increases myocardial levels of Klotho and protects the heart against
ischaemia-reperfusion injury, Exp. Physiol. 105 (2020) 652-665.


http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0001
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0001
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0002
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0002
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0002
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0003
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0003
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0003
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0004
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0004
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0005
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0005
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0005
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0005
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0006
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0006
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0008
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0008
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0008
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0009
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0009
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0009
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0009
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0010
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0010
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0012
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0012
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0013
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0013
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0013
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0013
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0014
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0014
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0014
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0014
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0015
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0015
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0015
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0015
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0016
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0016
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0016
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0017
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0017
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0017
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0017
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0018
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0018
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0018
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0018
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0019
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0019
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0020
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0020
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0020
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0021
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0021
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0021
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0021
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0022
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0022
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0022
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0022
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0023
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0023
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0024
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0024
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0024
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0025
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0025
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0025
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0027
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0027
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0027
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0028
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0028
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0028
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0028
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0029
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0029
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0029
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0031
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0031
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0031
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0031
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0032
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0032
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0032

S. Kogak et al.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

L. Sarikcioglu, B. Demirel, A. Utuk, Walking track analysis: an assessment method
for functional recovery after sciatic nerve injury in the rat, Folia. Morphol. (Praha)
68 (2009) 1-7.

Deacon R.M. (2013) Measuring the strength of mice. JoVE (Journal of Visualized
Experiments).e2610.

S. Yamazaki, H. Satoh, T. Watanabe, Liraglutide enhances insulin sensitivity by
activating AMP-activated protein kinase in male Wistar rats, Endocrinology 155
(2014) 3288-3301.

C. Coté, H. Riverin, M.J. Barras, R.R. Tremblay, P. Frémont, J. Frenette, Effect of
carbonic anhydrase III inhibition on substrate utilization and fatigue in rat soleus,
Can. J. Physiol. Pharmacol. 71 (1993) 277-283.

C.H. Coté, G. Perreault, J. Frenette, Carbohydrate utilization in rat soleus muscle is
influenced by carbonic anhydrase III activity, Am. J. Physiol. 273 (1997)
R1211-R1218.

S. Lim, C.A. Smith, M.F. Costello, F. Macmillan, L. Moran, C. Ee, Barriers and
facilitators to weight management in overweight and obese women living in
Australia with PCOS: a qualitative study, BMC Endocr Disord 19 (2019) 1-9.

A. Ghanbari-Niaki, F. Hosseini, D.R. Broom, B. Tejenjari, S. Rahmati-Ahmadabad,
Combined effects of high-intensity aerobic exercise training and Ziziphus jujuba
extract on tissue Nesfatin-1 in rats, Front Endocrinol (Lausanne) 13 (2022) 845014.
Y. Zhang, T. Ye, P. Zhou, R. Li, Z. Liu, J. Xie, et al., Exercise ameliorates insulin
resistance and improves ASK1-mediated insulin signalling in obese rats, J. Cell.
Mol. Med. 25 (2021) 10930-10938.

S. Fischer, M. Appel, K. Naliwaiko, D. Pagliosa, D. Aratjo, A. Capote, et al., Early
introduction of exercise prevents insulin resistance in postnatal overfed rats, Braz.
J. Med. Biol. Res. 55 (2022) e11987.

Z.Peng, Y. Sun, X. Lv, H. Zhang, C. Liu, S. Dai, Interleukin-6 levels in women with
polycystic ovary syndrome: a systematic review and meta-analysis, PLoS One 11
(2016) e0148531.

J.C. Lo, S.L. Feigenbaum, J. Yang, A.R. Pressman, J.V. Selby, A.S. Go,
Epidemiology and adverse cardiovascular risk profile of diagnosed polycystic ovary
syndrome, J. Clin. Endocrinol. Metabol 91 (2006) 1357-1363.

F. Giallauria, S. Palomba, L. Maresca, L. Vuolo, D. Tafuri, G. Lombardi, et al.,
Exercise training improves autonomic function and inflammatory pattern in
women with polycystic ovary syndrome (PCOS), Clin. Endocrinol. (Oxf) 69 (2008)
792-798.

A.J. Brown, T.L. Setji, L.L. Sanders, K.P. Lowry, J.D. Otvos, W.E. Kraus, et al.,
Effects of exercise on lipoprotein particles in women with polycystic ovary
syndrome, Med. Sci. Sports Exerc. 41 (2009) 497.

C. Kilit, T Pasali Kilit, Heart rate variability in normal-weight patients with
polycystic ovary syndrome, Anatol. J. Cardiol 17 (2017) 404-409.

C. Kite, .M. Lahart, I. Afzal, D.R. Broom, H. Randeva, I. Kyrou, et al., Exercise, or
exercise and diet for the management of polycystic ovary syndrome: a systematic
review and meta-analysis, Syst. Rev 8 (2019) 1-28.

A.H. Balen, J.S. Laven, S.L. Tan, D. Dewailly, Ultrasound assessment of the
polycystic ovary: international consensus definitions, Hum. Reprod. Update 9
(2003) 505-514.

S. Pawar, A. Mahajan, Comparison of effects of high intensity interval training and
circuit training on hormonal imbalance and cardiopulmonary fitness in women
with polycystic ovarian syndrome, Int. J. Res. Social Sci. 9 (2019) 437-453.

14

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]
[59]

[60]

[61]

[62]

[63]

[64]

[65]
[66]

[67]

Physiology & Behavior 291 (2025) 114794

S.-F. Cao, W.-L. Hu, M.-M. Wu, -L-Y. Jiang, Effects of exercise intervention on
preventing letrozole-exposed rats from polycystic ovary syndrome, Reproduct. Sci.
24 (2017) 456-462.

B. Ingerslev, J.S. Hansen, C. Hoffmann, J.O. Clemmesen, N.H. Secher, M. Scheler,
et al., Angiopoietin-like protein 4 is an exercise-induced hepatokine in humans,
regulated by glucagon and cAMP, Mol. Metab 6 (2017) 1286-1295.

AK. Singh, B. Aryal, B. Chaube, N. Rotllan, L. Varela, T.L. Horvath, et al., Brown
adipose tissue derived ANGPTL4 controls glucose and lipid metabolism and
regulates thermogenesis, Mol. Metab 11 (2018) 59-69.

W. Dijk, S. Kersten, Regulation of lipoprotein lipase by Angptl4, Trends in
Endocrinol. Metabolism 25 (2014) 146-155.

M. Manti, E. Stener-Victorin, A. Benrick, Skeletal muscle immunometabolism in
women with polycystic ovary syndrome: a meta-analysis, Front Physiol 11 (2020)
573505.

A. Georgiadi, L. Lichtenstein, T. Degenhardt, M.V. Boekschoten, M. Van Bilsen,
B. Desvergne, et al., Induction of cardiac Angptl4 by dietary fatty acids is mediated
by peroxisome proliferator-activated receptor /6 and protects against fatty
acid-induced oxidative stress, Circ. Res. 106 (2010) 1712-1721.

S.K. Hutchison, H.J. Teede, D. Rachon, C.L. Harrison, B.J. Strauss, N.K. Stepto,
Effect of exercise training on insulin sensitivity, mitochondria and computed
tomography muscle attenuation in overweight women with and without polycystic
ovary syndrome, Diabetologia 55 (2012) 1424-1434.

D. Stejskal, M. Karpisek, H. Reutova, V. Humenanska, M. Petzel, P. Kusnierova, et
al., Angiopoietin-like protein 4: development, analytical characterization, and
clinical testing of a new ELISA, Gen. Physiol. Biophys. 27 (2008) 59.

A. Petersen, B. Pedersen, The role of IL-6 in mediating the anti inflammatory,

J. Physiol. Pharmacol. 57 (2006) 43-51.

A.M.W. Petersen, B.K. Pedersen, The anti-inflammatory effect of exercise, J. Appl.
Physiol. 98 (2005) 1154-1162.

D.K. Fix, J.P. Hardee, S. Gao, B.N. Vanderveen, K.T. Veldzquez, J.A. Carson, Role of
gp130 in basal and exercise-trained skeletal muscle mitochondrial quality control,
J. Appl. Physiol. 124 (2018) 1456-1470.

H. Alizadeh, Meteorin-like protein (Metrnl): a metabolic syndrome biomarker and
an exercise mediator, Cytokine 157 (2022) 155952.

F.Z. Fouani, R. Fadaei, N. Moradi, Z. Zandieh, S. Ansaripour, M.S. Yekaninejad, et
al., Circulating levels of Meteorin-like protein in polycystic ovary syndrome: a case-
control study, PLoS One 15 (2020) e0231943.

J.Y. Bae, Aerobic exercise increases meteorin-like protein in muscle and adipose
tissue of chronic high-fat diet-induced obese mice, BioMed. Res. Int. (2018)
6283932, 2018.

R. Patel, A.L. Bookout, L. Magomedova, B.M. Owen, G.P. Consiglio, M. Shimizu, et
al., Glucocorticoids regulate the metabolic hormone FGF21 in a feed-forward loop,
Mol. Endocrinol. 29 (2015) 213-223.

S.A. Kliewer, D.J. Mangelsdorf, Fibroblast growth factor 21: from pharmacology to
physiology, Am. J. Clin. Nutr. 91 (2010) 254S-2578S.

J. Finaud, G. Lac, E. Filaire, Oxidative stress: relationship with exercise and
training, Sports Med 36 (2006) 327-358.

R.K. Patten, R.A. Boyle, T. Moholdt, I. Kiel, W.G. Hopkins, C.L. Harrison, et al.,
Exercise interventions in polycystic ovary syndrome: a systematic review and
meta-analysis, Front. Physiol 11 (2020) 606.


http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0033
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0033
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0033
http://refhub.elsevier.com/S0031-9384(24)00342-1/optWJOGMjofJy
http://refhub.elsevier.com/S0031-9384(24)00342-1/optWJOGMjofJy
http://refhub.elsevier.com/S0031-9384(24)00342-1/optWJOGMjofJy
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0035
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0035
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0035
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0036
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0036
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0036
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0037
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0037
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0037
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0038
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0038
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0038
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0039
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0039
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0039
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0040
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0040
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0040
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0041
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0041
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0041
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0042
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0042
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0042
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0043
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0043
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0043
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0043
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0044
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0044
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0044
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0045
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0045
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0046
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0046
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0046
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0047
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0047
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0047
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0048
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0048
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0048
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0049
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0049
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0049
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0050
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0050
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0050
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0051
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0051
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0051
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0052
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0052
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0053
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0053
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0053
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0054
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0054
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0054
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0054
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0055
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0055
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0055
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0055
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0056
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0056
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0056
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0057
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0057
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0058
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0058
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0059
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0059
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0059
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0060
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0060
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0061
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0061
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0061
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0062
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0062
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0062
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0063
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0063
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0063
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0064
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0064
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0065
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0065
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0066
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0066
http://refhub.elsevier.com/S0031-9384(24)00342-1/sbref0066

	The impact of high-intensity interval training on insulin resistance, oxidative stress, and muscle function in a PCOS rat model
	1 Introduction
	2 Methods
	2.1 Animals
	2.2 PCOS model
	2.3 Female rat incremental load exercise program
	2.4 Muscle function in vivo tests
	2.5 Measurement of hemodynamic parameters of rats
	2.6 Collection of tissue and blood samples
	2.7 Myokine analysis
	2.8 Oxidative stress parameters analysis
	2.9 Skeletal muscle function in vitro analysis
	2.9.1 Soleus dissection

	2.10 Muscle force measurement
	2.11 Histological analysis of ovary and muscle
	2.12 Statistical analysis

	3 Results
	3.1 Changes in weight values of rats
	3.2 Changes in hemodynamic values of rats
	3.3 Changes in oxidant and antioxidant parameters in serum of rats
	3.4 Changes in FSH and LH values in serum of rats
	3.5 Fasting insulin, fasting glucose, and HOMA-IR changes in serum of rats
	3.6 Changes in maximum exercise capacity (MEC)
	3.7 Kondziela invert screen test
	3.8 Weight test
	3.9 Tibial function index
	3.10 Soleus muscle myokine analysis
	3.11 Soleus muscle contractility parameters
	3.12 Soleus muscle histological cross-sectional area analysis
	3.13 Histological evaluation of the ovary
	3.14 Follicle morpological classification and count

	4 Discussion
	CRediT authorship contribution statement
	Conflict of interest statement
	Funding
	Acknowledgements
	Data availability
	References


