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ABSTRACT
Background: Polycystic ovary syndrome (PCOS) is a hormonal disorder characterized by elevated androgen levels, 
heightened insulin secretion, and dysregulation of luteinizing hormone and follicle-stimulating hormone. This disorder 
results in metabolic disruptions, while the irregular estrous cycles associated with PCOS impact cellular functions like 
growth, movement, and alterations in cell adhesion within the tissue matrix.
Aim: This study aims to identify the blood tension, serum malondialdehyde (MDA) levels, and serum Metalloproteinase-1 
(MMP-1) in rat models of PCOS. The study was conducted using female Wistar rats aged 6 months weighing between 
130 and 180 g. 
Methods: The rats were divided into three treatment groups: negative control, induction of testosterone propionate 
(TP) at a dose of 100 mg/kg BW IP for 12 days, and induction of estradiol valerate (EV) at a dose of 2 mg/kg BW IP 
for 2 days. Data were analyzed quantitatively using a one-way analysis of variance followed by a Posthoc Test using 
the least significant difference with a confidence level of 95%. 
Results: The research results indicate that the average blood pressure of TP Group and EV Group did not differ 
significantly from the negative control (p > 0.05). Serum MDA levels were significantly different in the TP Group 
compared to the negative control (p < 0.05). On the other hand, MMP-1 levels showed no significant difference (p > 
0.05) among all the treatment groups. 
Conclusion: The findings of this study suggest that TP induction in a rat model of PCOS can potentially contribute to 
oxidative stress and lipid peroxidation, but does not significantly affect blood pressure or serum MMP-1 levels. 
Keywords: PCOS, Blood-pressure, Animal models, MMP-1, Malondialdehyde.

Introduction
Poly cystic ovary syndrome (PCOS) is a globally 
widespread infertility case, affecting 6%–10% of 
women in their reproductive years (Chaudhary et 
al., 2021). The prevalence of PCOS among women 
of reproductive age is particularly high in various 
countries. For example, it reaches up to 33% in 
the UK, 24.6% in Greece, and as high as 45.7% in 
Indonesia (Panghiyangani et al., 2019; Hestiantoro and 
Pamungkas, 2020; Bulsara et al., 2021). As noted by 
Wulandari et al., (2018), insulin resistance (50%–70%) 
and endometrial hyperplasia (35%) are identified as 
common causes of PCOS. Clinical manifestations 
indicate that among a group of 300 women with 
PCOS, approximately 52% experienced amenorrhea, 
while around 28% had oligomenorrhea; hirsutism was 
evident in about 64%, and roughly 35 % were obese. 
In the context of PCOS, dysfunction in ovarian tissue 
remodeling and follicular growth has been identified 
as contributing factors (Smith et al., 2002). In order 
to understand the pathogenesis and progression of 
PCOS, it is crucial to investigate the role of matrix 

metalloproteinases (MMP) in this condition (Zhou 
et al., 2017).
PCOS is a reproductive disorder affecting the endocrine 
system in women of reproductive age. It is marked by 
anovulation and high androgen levels. Polycystic ovary 
syndrome (PCOS) is associated with increased androgen 
levels and oxidative stress. The elevated androgens can 
negatively affect the cardiovascular system, leading 
to conditions such as hypertension by activating the 
vasoconstrictor Endothelin-1. This process starts 
with androgens binding to the α1-androgen receptor, 
stimulating endothelial cells in blood vessels to produce 
Endothelin-1 as a vasoconstrictor. The presence of 
Endothelin-1 causes constriction of blood vessels, 
which hinders blood flow and consequently elevates 
blood pressure. Constriction of blood vessels can 
also lead to oxidative stress (Lilyasari, 2007). PCOS 
can lead to long-term reproductive health issues and 
cardiovascular problems like increased blood pressure 
(Chaudhary et al., 2021). 
Polycystic ovarian syndrome is a common endocrine 
disorder characterized by chronic hyperandrogenic 
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anovulation, resulting in symptoms such as hirsutism, 
acne, irregular menstrual cycles, and infertility (Panico 
et al., 2017). One of the potential mechanisms involved 
in the pathogenesis of PCOS is an imbalance in MMP 
activity. MMPs are enzyme molecules involved in the 
breakdown of extracellular matrix (ECM) components 
(Rodgers et al., 1994). These enzymes have been 
found to be dysregulated in women with PCOS, 
leading to abnormalities in ovarian tissue remodeling 
and follicular growth (Goldman and Shalev, 2003). 
Metalloproteinase-1 (MMP-1’s) activity on the 
ECM affects fundamental cellular processes such as 
proliferation, differentiation, migration, and changes in 
cell-matrix adhesion (Gaffney et al., 2015). Therefore, 
understanding the regulation and activity of MMP-
1 in PCOS can provide valuable insights into the 
pathogenesis of the disease and potential therapeutic 
targets.
Furthermore, hyperandrogenism in PCOS condition 
causes cardiovascular system disturbances such as 
hypertension through the activation of the androgen 
vasoconstrictor, Endothelin-1 (Chistiakov et al., 2018). 
The active mechanism of Endothelin-1 begins with 
androgens binding to the androgen receptor, specifically 
the α1-androgen receptor. Androgen binding to the 
α1-androgen receptor stimulates endothelial cells to 
activate Endothelin-1 as an androgen vasoconstrictor. 
The presence of Endothelin-1 vasoconstrictors leads to 
blood vessel constriction, which hampers blood flow 
and results in increased blood pressure (Pecci et al., 
1993). Blood vessel constriction can cause oxidative 
stress conditions to occur (Sena et al., 2018). Oxidative 
stress arises from an imbalance between reactive oxygen 
species (ROS) production and antioxidants in the body. 
ROS are free radicals and have toxic properties to cells. 
Free radicals cause lipid peroxidation processes in the 
body. Lipid peroxidation happens in cell membranes, 
especially in unsaturated fatty acids, and MDA can be 
determined as the end product of lipid peroxidation. 
Therefore, measuring MDA levels can be used as an 
indicator of oxidative stress.
Animal models play a crucial role in studying various 
aspects of reproductive diseases, including their 
etiology, pathogenesis, and potential treatments. These 
models offer valuable perspectives on the mechanisms 
that drive reproductive diseases, enable the evaluation 
of potential treatments, and aid researchers in gaining a 
deeper comprehension of disease advancement and its 
effect on fertility and reproductive results. 

Materials and Methods
This research has been approved by the research ethics 
commission of Brawijaya University with ethics 
number 090-KEP-UB-2022. The work was carried out 
in several laboratories at Brawijaya University: the 
Animal Experimentation Laboratory for maintaining 
and inducing animal models, the Veterinary Anatomy 
Laboratory for conducting necropsies and serum 

sampling on experimental animals, and the Animal 
Disease Diagnostic Laboratory for measuring blood 
pressure, serum MDA, and ELISA MMP-1.
Preparing and generating animal model of PCOS
18 female Wistar strain rats aged 6–8 months and 
weighing between 130–180 g were acclimatized for 
about 7 days prior to the treatment, allowing them to 
adjust to their new surroundings. Throughout the study, 
the rats had unrestricted access to food and water, 
with feeding taking place twice daily in the morning 
and evening. The housing of the animals was arranged 
according to their respective treatment groups.
Testosterone propionate (TP) was administered at a 
dosage of 100 mg/kg BW, with a volume of 0.13 ml per 
tail, for a duration of 12 days. Estradiol valerate (EV) 
was administered at a dosage of 2 mg/kg BW, with a 
volume of 0.13 ml per head, over the course of 2 days. 
TP was administered at 100 mg/kg BW in group P1 
for 12 days. EV was administered at 2 mg/kg BW in 
group P2 for 2 days. This method is also mentioned in 
Oktanella et al, (2023). EV is employed to induce PCOS 
in animal models through a modification of the method 
described by Venegas et al. (2019) where 2 mg of EV 
diluted with sesame oil is administered for a period of 
60 days. Similarly, the induction of PCOS using TP 
follows a modified protocol based on Siahaan et al. 
(2022) involving the intraperitoneal administration of 
100 mg/kg BW TP for 21 days. 
The vaginal swab method was used to examine the 
estrous cycle. A cotton swab moistened with NaCl 
0.9% was inserted into the vulva up to the part of the 
vagina adjacent to the cervix and then moved in a 
circular motion to collect epithelial cells. The collected 
cells were applied onto a glass slide, stained with 
methylene blue dye, and observed under a microscope 
at 400x–1,000x magnification to identify different 
stages of the estrous cycle.
Blood pressure measurement
Blood pressure was measured using the Tail cuff 
method and the CODA™ Non-invasive blood pressure 
system, USA. The device was activated 30 minutes 
prior to use, and a medium-sized cuff was chosen 
and connected to the occlusion cuff and VPR cuff. 
Subsequently, the rat was placed in a handling and 
restraint device equipped for rats weighing between 
75 g and 200 g. After measuring the rat’s temperature, 
the occlusion cuff and VPR cuff were fastened to its 
tail for blood pressure measurements on the last day of 
TP and EV induction.
Euthanizing experimental animals and obtaining blood 
samples
The rats were first given a combination of Ketamine-
Xylazine for anesthesia, with a dose of 70 mg/kg 
BW Ketamine and 15 mg/kg BW Xylazine. This was 
injected intramuscularly (i.m.) at a volume of 0.2 ml 
per rat. The anesthetized rats were then euthanized 
using the cervical dislocation method, which involved 
placing each rat dorsal side down on a surgical board 
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and making an incision to expose the thoracic and 
abdominal areas before collecting blood samples 
intracardially using a syringe, totaling 3 ml.
Serum preparation
The blood specimens were gathered and preserved 
in crimson Vacutainer tubes. Following collection, 
the blood samples underwent centrifugation at a 
speed of 6,000 rpm for 15 minutes to partition the 
liquid component from the solid part of the blood 
cells, yielding serum samples. Subsequently, the 
obtained serum specimens were transferred into 1.5 ml 
microtubes, with each sample receiving 100 µl. These 
samples were then frozen at −20°C prior to performing 
the MDA assay and ELISA.
The measurement of MDA levels was conducted using 
the Thiobarbituric Acid (TBA) method
The serum samples were extracted from the 1.5 ml 
microtubes using a micropipette to draw out 100 µl of 
each. Afterward, 1 ml of cold 0.9% NaCl solution was 
introduced into every serum sample. Subsequently, the 
samples underwent centrifugation at 8,000 rpm for a 
duration of 20 minutes. Following this process, 100 µl 
of the supernatant from each specimen was moved to a 
fresh microtube and combined with 550 µl of aquades 
and then mixed with an addition of 100 µl of 10% 
Trichloroacetic acid through homogenization using a 
vortex agitator. Subsequently, 250 µl of 1 N HCl and 
100 µl of 1% Na-Thio were added to each sample, and 
the serum samples were homogenized again using a 
vortex. The samples were centrifuged for 10 minutes at 
500 rpm, and the supernatant was transferred to a new 
microtube using a micropipette. The serum samples 
were heated in a water bath at 100°C for 20–30 minutes 
and then cooled to room temperature. The absorbance 
of the serum samples was measured using a microplate 
reader (iMark™ Microplate Absorbance Reader, USA) 
at a wavelength of 532 nm. 
The measurement of MMP-1 serum using ELISA
The MMP-1 analysis was conducted utilizing the 
sandwich ELISA technique with the Rat MMP-1 
ELISA Kit from Bioassay Technology Laboratory, 
Shanghai Korain Biotech Co Ltd, China. The necessary 
number of strips was prepared and placed in the frame. 
Next, 40 µl of serum sample was added to each well 
along with 10 µl of anti-MMP-1 antibody. Then, 50 
µl of streptavidin-HRP was added to each well, mixed 
thoroughly, and incubated for 60 minutes at 37°C. 
After the incubation period, the sealer was removed 
and the wells were washed five times using a wash 
buffer. Subsequently, each well was soaked with 300 µl 
of wash buffer for a duration ranging from 30 seconds 
to 1 minute per washing cycle. Following this step, 
both substrate solutions A (50 µl) and B (50 µl) were 
added to each well and left to incubate for 10 minutes 
at 37°C in darkness. Finally, 50 µl of stop solution was 
added to each well, and the OD value was read using 
a microplate reader at a wavelength of 450 nm after 10 
minutes. 

Data analysis
The study examined the parameters of blood pressure, 
MDA levels, and serum MMP-1 using a one-way 
analysis of variance at a 95% confidence level (α = 
0.05) to identify variations between treatment groups. 
A Post Hoc Test with the Least Significant Difference 
was then conducted to ascertain the most effective 
treatment. The Statistical Program for Social Science 
Version 2.9 for Windows was employed for quantitative 
data analysis.

Results
PCOS induction using TP and EV
The rats in the TP group exhibited irregular estrous 
cycles, characterized by persistent phases of both estrus 
and diestrus upon vaginal swabbing. The persistent 
estrus phase lasted for more than 12 hours, while the 
persistent diestrus phase lasted for more than 57 hours. 
These findings are consistent with the study conducted 
by Santoso et al., (2013), which stated that PCOS 
model rats induced with 100 mg/kg BW TP on day 15 
exhibited all rats in the diestrus phase. Stener-Victorin 
et al. (2000) found that irregular estrous cycles in PCOS 
model rats can disrupt ovulation, resulting in inhibited 
ovulation processes.
Meanwhile, the rats in the EV group showed 
continued estrus when vaginal swabs were performed. 
The findings align with the research of Osuka et al., 
(2019) which demonstrated that PCOS model rats, 
when induced with 2 mg/kg BW EV after 2 days, 
exhibited continuous estrus in all subjects. This 
supports the conclusions of Mardika et al., (2018) 
who described how elevated estrogen levels during 
the estrus phase lead to reduced FSH and increased 
LH levels. 
The ELISA levels of testosterone in rats from the group 
induced with propionate were measured at 423.09 ng/l, 
whereas rats from the group induced with valerate 
showed a level of 482.32 ng/l. Typically, normal ELISA 
testosterone levels in female white rats fall within the 
range of 200–400 ng/l. The data obtained from vaginal 
swabs and ELISA testosterone levels indicate that rats 
subjected to propionate induction display symptoms 
consistent with PCOS, such as irregular estrous cycles 
and elevated testosterone levels, while those exposed 
to valerate exhibit persistent estrus and increased 
testosterone levels. Overall, the data suggests that 
the administration of TP and EV in rats can induce 
symptoms of PCOS, including irregular estrous cycles 
and elevated testosterone levels.
Blood pressure
Figure 1 shows that induction with TP and EV does 
not lead to a significant increase in blood pressure. 
The systolic and diastolic blood pressure in the TP and 
EV induction groups remains within the normal range 
based on data from white rat blood pressure, which is 
reported to have a systolic value of 129 mmHg and a 
diastolic value of 90 mmHg.
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Serum MDA levels using ELISA
Based on Table 1, it appears that there are significant 
differences in serum MDA levels between the treatment 
groups, as indicated by the various notations (a, b) in 
the Table. These notations suggest that the differences 
in MDA levels between certain treatment groups are 
statistically significant (p < 0.05). The TP group has 
significantly higher MDA levels compared to the 
control group (p < 0.05), nonetheless, the EV group has 
significantly lower MDA levels compared to both the 
Control and TP group.
The results of serum MMP-1 level measurements 
indicate that the TP groups and EV group show no 
significant difference (p > 0.05) compared to the 
control group (Table 2). All the treatment groups have 
an average serum MMP-1 level ranging from 2,89–3,61 
ng/ml, which is still within the normal range. According 
to Masuhara et al., (2002), the normal serum MMP-1 
levels range from 2,2 to 22,9 ng/ml. The presence of 
MMP-1 in control rats is related to the active regulation 
of MMP function by globulin and Tissue Inhibitors of 
Metalloproteinase (TIMP). Physiologically, MMP-1 
activity is inhibited by TIMP and modulated by various 
hormones, growth factors, and cytokines. Loss of 
MMP activity control can lead to abnormalities such 
as cyst formation, inflammation, and cancer (Visse and 
Nagase, 2003).

Discussion
In patients with PCOS, increased blood pressure is 
influenced by factors such as genetics and high levels of 
androgens. Genetic factors play a crucial role in elevated 
blood pressure in these individuals (Scicchitano et al., 

2012). Patients with inherited hypertension are at a 
greater risk of elevated blood pressure in comparison 
to individuals without hereditary hypertension (Duică 
et al., 2021). Additionally, factors such as high 
levels of androgens or hyperandrogenism result in 
increased blood pressure through the mechanism of 
vasoconstriction of blood vessels. Hyperandrogenism 
leads to increased blood pressure through the activation 
of the androgen vasoconstrictor, Endothelin-1 (Dubey 
et al., 2002). The active mechanism of Endothelin-1 

Fig. 1 The average systolic and diastolic blood pressure in several treatment groups. 

Table 1. Average serum MDA levels in several treatment 
groups. 

Groups Serum MDA (mg/ml) ± St Dev
Control 29.25 ± 2.81a

Testosteron propionate 56.89 ± 5.35b

Estradiol valerate 22.01 ± 2.12a

Note: Various notations (a,b) indicate significant treatment 
differences (p < 0.05).

Table 2. Serum MMP-1 levels in treatment groups.

Groups MMP-1 serum  
(ng/mL) ± St Dev

Control 2.89 ± 0.842a

Testosteron propionate 3.14 ± 0.802a

Estradiol valerate 3.61 ± 0.405a

Note: The same notation (a) indicates no significant 
difference between treatment groups (p > 0.05).
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starts with androgens binding to the androgen receptor, 
α1-Androgen Receptor. The binding of androgens to the 
α1-Androgen Receptor stimulates endothelial cells of 
blood vessels to activate Endothelin-1 as an androgen 
vasoconstrictor. The presence of the vasoconstrictor 
Endothelin-1 causes the narrowing of blood vessels, 
resulting in inhibited blood flow and increased blood 
pressure (Lilyasari, 2007).
However, our research findings regarding the induction 
of PCOS animal models with TP and EV show that both 
compounds do not affect the increase in blood pressure. 
This is evidenced by the average blood pressure 
measurements in all groups remaining within normal 
limits. Additionally, further analysis revealed no 
significant changes in other cardiovascular parameters 
such as heart rate and arterial stiffness.
The induction group administered with TP at a dosage 
of 100 mg/kg BW exhibited a significant difference (p 
< 0.05) compared to the negative control group, leading 
to an increase in MDA levels attributed to oxidative 
stress induced by exposure to TP. According to Zhang 
et al., (2009), TP induction can increase MDA levels by 
inducing lipid peroxidation and reducing antioxidant 
activity. Based on Serrano et al., (2018), TP induction 
at a dose of 100 mg/kg BW causes glucose intolerance, 
dyslipidemia, and increased oxidative stress levels, 
which potentially lead to lipid peroxidation, ROS 
toxicity, and decreased antioxidant function. TP has 
a half-life of about 33 hours, allowing it to reach the 
required therapeutic concentration. It can remain in the 
body for up to 5 days. The longer ester group structure 
in TP leads to a longer half-life, allowing TP to remain 
in the bloodstream for an extended period (Turza et al., 
2022).
The EV induction group at a dose of 2 mg/kg BW 
showed no significant difference (p > 0.05) compared 
to the negative control group. EV has a short half-life 
of about 11–14 hours (Ndefo and Mosely, 2010). Fatty 
acids containing longer ester groups exhibit higher 
reactivity to lipid peroxidation compared to those with 
shorter carbon chains. This is due to the presence of a 
greater number of double bonds in fatty acids, which 
can promote the generation of free radicals within cell 
membranes and enhance their susceptibility to oxidation 
(Wu et al., 2015). High levels of free radicals in the body 
can be indicated by low antioxidant enzyme activity 
and high MDA levels. The higher the MDA level, the 
more tissue damage and free radical production occur 
(Mulianto, 2020). Serum MDA concentrations rose in 
the group that received TP induction at a dosage of 100 
mg/kg BW, as a result of its extended half-life, which 
enables TP to persist in the bloodstream for an extended 
period.
MMPs are a group of zinc-dependent endopeptidases that 
play a crucial role in proteolytic activity towards ECM 
components. They are involved in ovarian component 
division, growth factor release, ECM degradation, 
and tissue remodeling. MMP-1, specifically, is a 

collagenase enzyme responsible for degrading the 
ECM in endothelial cells (Kessenbrock et al., 2010). 
In ovarian follicles, MMP-1 is localized in granulosa 
and theca cells, while in the kidneys, it can be found in 
the glomerulus. MMP-1 influences the pathogenesis of 
diseases, particularly through inflammatory processes 
(Wang and Khalil, 2018). PCOS causes irregularities 
in the reproductive estrous cycle of women, affecting 
ovarian organs and tissue remodeling during follicle 
growth, maturation, and ovulation. 
According to Masuhara et al. (2002), the normal serum 
MMP-1 level ranges from 2.2 to 22.9 ng/ml. The normal 
serum MMP-1 levels found in all treatment groups are 
related to the physiological function of MMP regulated 
by globulin and TIMP. Physiologically, MMP-1 
activity is inhibited by TIMP and modulated by various 
hormones, growth factors, and cytokines. Loss of MMP 
activity control can lead to abnormalities such as the 
formation of cysts, inflammation, and cancer (Visse 
and Nagase, 2003).
Androgen-stimulated collagenase activity (in this case, 
TP) can release Vascular Endothelial Growth Factor 
(VEGF) bound to the matrix and angiogenesis factors. 
According to Eisermann et al. (2013), the angiogenic 
release process in stimulated tissue production of 
VEGF is followed by MMP release. MMP mediates 
to accelerate and provide potential angiogenic 
responses to testosterone (Kim et al., 2008). Increased 
MMP-1 levels can be caused by several hormonal 
profiles including progesterone, glucocorticoids, and 
androgenic activity.
Hormonal imbalance is one of the factors increasing 
MMP levels in the body (Mardika et al., 2018). The 
role of ECM enzymes begins after a surge in LH in 
response to the accumulation of estrogen increases, 
initiating changes in a number of intraovarian regulatory 
systems that react, leading to ECM degradation in 
follicles, increased permeability, and increased blood 
flow. Increased permeability and blood flow stimulate 
vascular changes and increase intrafollicular pressure. 
LH plays a role as the final trigger after the follicle wall 
degradation process that occurs since the early estrus 
phase (Shaherawal and Jadav, 2023).
PCOS is also characterized by persistent estrus for 
more than 12 hours and an increase in estrogen 
hormones. Estradiol plays a crucial role in regulating 
collagen metabolism. Estrogen increases fibroblast 
proliferation, expression of Fibroblast associated 
protein, ECM, and growth factors (Luo et al., 2014). 
This affects collagen metabolism by stimulating 
collagen degradation and activating increased Matrix 
MMP-1 activity. The increase in MMP and the 
decrease in TIMP by estrogen also result in increased 
ECM damage (Moalli et al., 2004). Additionally, 
several factors can cause an increase in MMP-1 levels 
including hormonal imbalance in the body, oxidative 
stress, ROS, proinflammatory cytokines, and increased 
TGF-β (Tency et al., 2012).
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EV is utilized to induce hormonal alterations from 
typical conditions in order to generate PCOS animal 
models. Exposure to EV in rats leads to disruptions 
in the reproductive cycle, lack of ovulation, and the 
presence of polycystic ovaries, suggesting a rise in 
atretic follicles (Mirabolghasemi and Kamyab, 2017). 
The PCOS condition induced by EV in rats is similar 
to cases of PCOS in humans. This similarity is also 
supported by the consistent reproductive cycle with 
persistent estrus phases and uric acid being one of the 
metabolic disorder indicators in PCOS (Oktanella et 
al., 2023). EV has a half-life of about 11–14 hours and 
also provides a faster onset of PCOS conditions (Ndefo 
and Mosely, 2010).
In conclusion, the findings discussed highlight the 
intricate interplay between hormonal imbalances, 
oxidative stress, and the pathogenesis of PCOS. 
The induction of PCOS animal models using TP and 
EV demonstrated distinct effects on serum markers 
such as MMP-1 and malondialdehyde (MDA). TP 
induction resulted in a significant rise in MDA levels, 
indicating increased oxidative stress possibly caused 
by testosterone-induced lipid peroxidation and reduced 
antioxidant activity. The extended half-life of TP may 
also contribute to prolonged oxidative stress and tissue 
damage. EV induction did not significantly affect MDA 
levels, indicating potential compensatory mechanisms 
by renal cells to combat ROS formation. Despite 
the lack of a significant increase in MDA, the EV-
induced PCOS model showed irregular reproductive 
cycles and polycystic ovaries similar to human 
PCOS manifestations, highlighting its efficacy as an 
experimental model.
Moreover, the dysregulation of MMP-1 levels observed 
in both induction models underscores the involvement 
of ECM remodeling in PCOS pathogenesis. Hormonal 
fluctuations, particularly estrogen and androgen 
levels, play pivotal roles in modulating MMP-1 
activity, which in turn impacts follicular development 
and tissue integrity. Overall, these findings shed 
light on the multifaceted mechanisms underlying 
PCOS development and provide valuable insights 
into potential therapeutic targets for managing 
this complex endocrine disorder. Further research 
elucidating the intricate molecular pathways involved 
in PCOS pathophysiology is warranted to advance 
our understanding and improve clinical management 
strategies for affected individuals.
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