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Polycystic ovary syndrome (PCOS) is a complex endocrine 

and metabolic disorder affecting women of reproductive 

age and is a leading cause of infertility worldwide. It is 

characterized by hyperandrogenism, ovulatory dysfunction, 

insulin resistance, and metabolic abnormalities that 

increase the risk of long-term complications. Conventional 

treatments primarily focus on symptom management and 

often produce undesirable side effects, highlighting the 

need for alternative therapeutic strategies. The present 

study aimed to investigate the therapeutic potential of 

Moringa oleifera aqueous extract (MOE) in alleviating 

reproductive and metabolic disturbances associated with 

PCOS using an experimental rat model. PCOS was induced 

in female rats through testosterone propionate 

administration combined with a high-fat diet, mimicking 

key pathological features of the syndrome. Following 

induction, animals were treated with varying doses of 

MOE over defined time periods. Reproductive, metabolic, 

and hematological parameters were evaluated, along with 

ovarian morphology and renal characteristics, to assess treatment outcomes. The 

PCOS model exhibited hallmark features of the condition, including ovarian cyst 

formation, anovulation, hyperandrogenism, insulin resistance, and altered lipid 

metabolism. Treatment with MOE resulted in notable improvement in ovarian 
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morphology, reduction in PCOS severity, and partial restoration of metabolic balance, 

with more pronounced effects observed at higher doses and longer treatment durations. 

Although dyslipidemia was not fully replicated in the model, MOE demonstrated 

beneficial hypoglycemic and insulin-sensitizing effects. No significant renal damage 

was observed despite increased kidney size in PCOS-induced rats. In conclusion, 

Moringa oleifera shows promising therapeutic potential in mitigating key 

reproductive and metabolic features of PCOS. Further studies are warranted to 

elucidate its mechanisms of action and explore its clinical applicability in PCOS 

management. 

 

Introduction 

A lot of people all over the world can't have kids, which can be bad for their mental 

and emotional health. One-third of infertility instances are linked to women only. 

Tubal diseases, uterine abnormalities, endocrine disorders, and ovulatory disorders are 

the most prevalent reasons why women can't get pregnant. Polycystic ovarian 

syndrome (PCOS) and other ovulatory abnormalities are responsible for as much as 

25% of cases of female infertility [1].  

PCOS is one of the most prevalent reasons why women can't get pregnant. It causes 

70% of anovulatory cycles in adult women [2]. The CDC (2022) says that this mixed-

up syndrome affects up to 5 million women in the United States. The prevalence of 

PCOS among women of reproductive age ranges from 6% to 20%, contingent upon 

the diagnostic definition employed [3]. This syndrome is marked by irregularities in 

both the endocrine and metabolic systems. The clinical manifestations encompass 

amenorrhea, oligomenorrhea, anovulation, hirsutism, acne, obesity, insulin resistance, 

and infertility [4]. PCOS increases the chances of getting type II diabetes, high blood 

pressure, heart attacks, high cholesterol, and other health problems [5]. 

In patients with PCOS, disturbances in the hypothalamic-pituitary-gonadal (HPG) 

axis result in symptoms related to infertility. The HPG axis is very important in 

normal mammal reproduction. Neurons in the hypothalamus emit Gonadotropin 

Releasing Hormone (GnRH) along this axis. This hormone is the fundamental thing 

that makes the reproductive system work. The anterior pituitary makes gonadotropins, 

like Follicle Stimulating Hormone (FSH) and Luteinizing Hormone (LH), based on 

how often and how strong GnRH is released [5]. 

Ggland GnRH is released in bursts when estrogen and progesterone provide positive 

or negative signals.  In healthy women of reproductive age, the pulsatile release 

pattern of GnRH alters in response to steroid feedback, facilitating appropriate 

follicular growth and ovulation. Estrogen levels are low at the start of the follicular 

phase and rise midway through this period of the cycle. During the mid-follicular 

phase, estradiol positive feedback raises the frequency of GnRH pulses, which in turn 

raises the release of LH, which starts ovulation. Following the ovulatory phase, 

elevated progesterone levels from the corpus luteum diminish GnRH pulse frequency 

via progesterone-negative feedback [6]. 

This hormonal imbalance leads to the characteristic condition of anovulation or 

oligoovulation in women with PCOS. Anovulation, characterized by the lack of 

normal ovulatory cycles, or oligoovulation, marked by irregular ovulation, are 

common indications of the reproductive dysfunction linked to PCOS. The increased 

amounts of androgens, including testosterone, plus the fact that the body is resistant to 

insulin make the imbalance in the Hypothalamus-Pituitary-Gonad (HPG) axis even 

worse. These abnormalities affect the regulation of GnRH pulsatility, which in turn 

disrupts the coordinated release of FSH and LH. Consequently, the typical cyclical 

alterations in ovarian follicular growth and the subsequent release of mature oocytes 
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are obstructed, leading to the ovulatory difficulties encountered by women with PCOS 

[7]. 

Because of these problems, women with PCOS often have menstrual periods that are 

not regular or normal. Other models of PCOS, including non-primate mammals, 

exhibit disturbed cycles known as estrous cycle disturbances. These disturbances are 

symptomatic of atypical ovulation as observed in women with PCOS. To tackle the 

pathophysiology of PCOS, contemporary therapeutic approaches focus on mitigating 

the syndrome's symptoms through the use of insulin sensitizers, anti-androgen 

medicines, and hormonal contraceptives.  Moringa oleifera (HU) is a plant frequently 

utilized in traditional medicine to enhance insulin sensitivity [8]. Insulin sensitizers 

like metformin are used to treat PCOS. An ethnobotanical that lowers blood sugar 

levels might have effects similar to those of insulin sensitizers used to treat PCOS. 

The objective of this study is to examine the potential therapeutic effects of Moringa 

oleifera aqueous extract (MOE) in alleviating PCOS in rats [8]. 

A woman may be more likely to get PCOS if she has a number of risk factors. These 

include having a first-degree relative with the condition, being overweight before 

puberty, having a congenital virilizing disorder, and being born with a birth weight 

that is higher or lower than typical for the gestational age. Other risk factors are early 

adrenarche (when adrenal hormones start working) and using valproic acid, an 

antiepileptic drug that is known to change androgen levels [9].  

Epidemiological studies have also shown that the frequency and symptoms of PCOS 

vary by ethnicity and location. For example, Mexican American women have been 

found to have a higher prevalence than non-Hispanic White and African American 

women. These differences show how complicated the relationship is between genetics, 

environment, and lifestyle in deciding how PCOS shows up in different groups of 

people. Longitudinal studies indicate that the phenotypic manifestation of PCOS may 

evolve with time. In a five-year follow-up research, numerous women who initially 

exhibited the typical form of PCOS (Type A phenotype) no longer satisfied the whole 

diagnostic criteria after several years, indicating that symptoms may vary or decrease 

due to hormonal, metabolic, or lifestyle modifications [10]. 

In general, our results show that PCOS is a dynamic and diverse condition, which 

emphasizes the need for personalized assessment and management techniques that 

consider genetic background, environmental factors, and differences in diagnosis. The 

pathogenesis of polycystic ovarian syndrome (PCOS) is exceedingly intricate, 

encompassing various overlapping hormonal, metabolic, and molecular disruptions. It 

is now commonly recognized that PCOS is not merely a reproductive issue but also a 

metabolic condition, significantly associated with insulin resistance and chronic 

inflammation [11]. 

The core of this disorder is a malfunction of the hypothalamic–pituitary–ovarian 

(HPO) axis, which causes important hormones including luteinizing hormone (LH), 

follicle-stimulating hormone (FSH), and antimüllerian hormone (AMH) to be out of 

balance. These hormonal imbalances interfere with ovarian steroidogenesis, the 

mechanism of sex hormone synthesis, leading to irregular ovulation and excessive 

androgen production [12].  

The bidirectional link between insulin resistance and hyperandrogenism is a key 

characteristic of PCOS. Around 70% of women with PCOS have some form of insulin 

resistance, which leads to high insulin levels (hyperinsulinemia). High insulin not 

only messes up regular glucose metabolism, but it also directly stimulates ovarian 

theca cells, which makes more androgens. Insulin also makes the ovary more sensitive 

to LH by messing up its regular process of becoming less sensitive during the 

ovulatory cycle. This makes a loop that keeps going: high insulin levels cause too 
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many androgens, and too many androgens make insulin signaling worse, making the 

metabolic imbalance worse [13].  

Within the ovary, theca cells in PCOS patients overexpress many steroidogenic 

enzymes, including P450c17, which plays a crucial role in androgen production. 

Granulosa cells, conversely, experience premature luteinization attributed to elevated 

androgen and insulin levels, hence impeding follicular growth and maturation. Insulin 

also lowers the amount of sex hormone–binding globulin (SHBG) made in the liver, 

which raises the amounts of free circulating androgens. It also changes the signaling 

of insulin-like growth factor (IGF), which is very important for the proliferation of 

follicles. Low amounts of IGF-1 binding protein and variations in IGF-1 activity 

make it hard for follicles to mature normally, which can lead to oligo-ovulation or 

anovulation. Insulin resistance in PCOS can manifest irrespective of body weight, as 

even slim women with PCOS frequently exhibit indications of metabolic dysfunction. 

In these patients, high levels of C-reactive protein (CRP) show that they have low-

grade chronic inflammation, which is now recognized to be a significant part of the 

development of PCOS [14].  

Approximately two-thirds of women with PCOS present with functional ovarian 

hyperandrogenism (FOH), which is marked by an excessive synthesis of androgens, 

including testosterone and 17-hydroxyprogesterone (17-OHP), in response to 

gonadotropin stimulation. A smaller group of women have functional adrenal 

hyperandrogenism, which means that their adrenal glands make too many androgens 

instead of their ovaries. While such testing has limited clinical utility currently, it 

elucidates the hormonal heterogeneity of PCOS [15]. 

An excess of androgens also has an effect on the growth of ovarian follicles. It 

enhances the recruitment of primordial follicles while inhibiting the selection of a 

dominant follicle, resulting in the buildup of immature follicles, a characteristic 

feature of polycystic ovarian morphology (PCOM). In PCOS, LH levels are generally 

too high. LH is necessary for the proper production of steroid hormones, but too much 

LH causes ovarian theca cells to keep making androgens. This hormonal imbalance 

keeps the cycle of hyperandrogenism and anovulation going. The imbalance between 

LH and FSH stops the hypothalamus from generating gonadotropin-releasing 

hormone (GnRH), which makes the hormonal environment even more aberrant. 

Elevated LH levels promote androgen synthesis, whereas diminished FSH levels 

inhibit the conversion of androgens into estrogens via aromatase activity in granulosa 

cells. This causes too many androgens to be made and not enough estradiol to be 

made, which leads to a non-cyclic hormonal rhythm [16]. 

In obese women with PCOS, surplus androgens are transformed into estrogens 

(predominantly estrone) within adipose tissue, resulting in a perpetual state of 

estrogen exposure. This unopposed estrogen stimulation can lead to endometrial 

hyperplasia, which raises the risk of endometrial abnormalities. New studies also 

suggest that immunological reactions and long-term inflammation may be involved in 

the ovarian problems that come with PCOS [17].  

Pathogenesis of PCOS 

Hypothalamic neuroendocrine dysfunctions characterize the etiology of PCOS. 

Individuals diagnosed with PCOS exhibit elevated or accelerated GnRH pulse 

frequency. This then makes LH levels go up and FSH levels go down. The unequal 

amounts of LH and FSH being made is because cells that make LH are more sensitive 

to a faster GnRH pulsatile frequency [18]. Due to the low levels of FSH in women 

with PCOS, follicles do not mature, which means that ovulation does not happen. 

These immature follicles then come together on the ovaries to form what are known 

as cysts in PCOS. Decreased FSH levels impede the standard conversion of androgens 

to estrogen, while raised LH levels promote the excessive production of androgens, 
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leading to heightened testosterone levels in affected women. Hyperandrogenism, the 

clinical characteristic of PCOS, is present in up to 90% of people with the condition 

[19]. 

Metabolic dysfunction in PCOS 

PCOS is linked to metabolic problems as well as neuroendocrine dysfunctions. These 

metabolic dysfunctions arise from excessive androgen production, which is the 

primary characteristic of PCOS. Hyperandrogenism has been demonstrated to affect 

multiple metabolic tissues, including adipose tissue, liver, pancreas, and muscle. 

Research indicates that hyperandrogenism contributes to metabolic disorders, such as 

obesity and insulin resistance, frequently observed in PCOS. Insulin resistance is the 

most common metabolic problem in PCOS, affecting up to 70% of all patients. This 

underscores the critical influence of hyperandrogenism in the manifestation of 

metabolic disorders in individuals with PCOS [19]. 

Women with hyperandrogenism tend to accumulate more visceral fat than women 

with normal androgen levels, who mostly store fat in subcutaneous adipose tissues. 

This disease also causes adipocyte hypertrophy, which is seen in both women and 

rodents with high androgen levels. This could cause problems with adipose tissue. 

This malfunction, marked by compromised adipocyte activity, may lead to metabolic 

disorders, including insulin resistance [20]. Furthermore, adipose tissue is vital for fat 

storage and controlling the release of adipokines like leptin and adiponectin, which 

are necessary for keeping insulin sensitivity and glucose levels stable. Dysfunction or 

absence of adipose tissue, as seen in women with hyperandrogenism, might increase 

circulating triglycerides and fatty acids, hence worsening insulin resistance and 

disturbing metabolic equilibrium. Moreover, hyperandrogenism has been linked to 

reduced concentrations of insulin-sensitizing adipokines, including adiponectin and 

omentin-1, in patients and animal models of PCOS [21] 

Prior research has established a correlation between hyperandrogenism and non-

alcoholic fatty liver disease (NAFLD) as well as other hepatic disorders. Elevated 

levels of Alanine aminotransferase (ALT), a marker of hepatic injury, have been 

demonstrated to correlate positively with heightened androgen levels. Other research 

that caused hyperandrogenism in mice led to increased hepatic fat storage. 

Hyperandrogenism impacts skeletal muscles, chiefly influencing insulin sensitivity 

and glucose uptake. Women with PCOS exhibit decreased insulin-stimulated glucose 

uptake, which is linked to skeletal muscle insulin resistance. Changes in insulin 

receptors and the phosphorylation patterns of intracellular insulin pathways have been 

demonstrated to play a role in skeletal muscle insulin resistance. Furthermore, insulin-

facilitated glucose transport in muscles has been demonstrated to be diminished, 

resulting in compensatory hyperinsulinemia, which is another sign of PCOS.  

Excessive androgens are believed to directly and indirectly cause β-cell dysfunction in 

the pancreas since these cells have androgen receptors. Hyperandrogenism leads to 

the excessive activation of androgen receptors in β pancreatic cells, potentially 

inducing mitochondrial dysfunction, oxidative damage, and insulin hypersecretion 

[17].  

Consequently, individuals or animal models of PCOS exhibit clinical characteristics 

of metabolic syndrome, including but not limited to obesity, dyslipidemia, and insulin 

resistance. Polycystic ovary syndrome (PCOS) increases the risk of type II diabetes 

mellitus (T2DM), hypertension, myocardial infarction, and various other disorders. 

Insulin resistance and hyperandrogenism are interlinked in the etiology of PCOS and 

both facilitate the emergence of additional symptoms associated with the condition. 

Current data indicates that heightened levels of compensatory insulin further enhance 

ovarian steroidogenesis, hence affecting the endocrine system [18].  

 



 Page 2118  

 

Multiple systems and comorbidities interact in PCOS, showing how varied it is 

and how hard it is to figure out what causes it (Baillargeon & Nestler, 2006). 

The numerous metabolic changes linked to this condition elevate the chance of 

acquiring additional problems, including chronic kidney disease (CKD). Insulin 

resistance, specifically, is a major factor in the onset of metabolic issues in PCOS, 

including those that impact the kidneys. Insulin resistance and oxidative stress have 

been identified as potential contributors to renal damage. Insulin resistance is 

frequently linked to persistent low-grade inflammation and heightened oxidative 

stress, which may impair kidney cells and facilitate the onset of kidney disease [19]. 

Elevated synthesis of proinflammatory cytokines, connective tissue growth factors, 

and profibrotic factors, coupled with microvascular injury and renal ischemia, may 

constitute the underlying causes of severe renal impairment (Prasad, 2014). Also, high 

levels of insulin (another condition that often goes along with PCOS) can directly 

affect the kidneys by making them hold onto sodium and boosting the production of 

several growth hormones that can harm the kidneys. Androgen excess in PCOS 

exacerbates renal impairment by promoting increased visceral fat accumulation. 

Hyperandrogenism is also associated with endothelial dysfunction, which can worsen 

kidney injury [20]. 

PCOS is a metabolic and reproductive endocrine condition, and its treatments focus 

on the symptoms of these systems either alone or in combination. Presently 

recognized therapy utilizes insulin sensitizers, such metformin or clomiphene citrate. 

In a prior clinical investigation, metformin demonstrated efficacy in restoring and 

inducing ovulation in women with PCOS, whilst reducing androgen production. Other 

therapy options are estrogen-progestin drugs, anti-androgen receptor blockers, and 

modifications to one's lifestyle, like exercising to lose weight if someone is 

overweight [21]. 
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Phenotypes of PCOS 

PCOS is a complex condition, and its tendency has been linked to specific genes, 

gene-gene interactions, and gene-environment interactions. Twin studies corroborated 

these findings by demonstrating that 72% of the variance in PCOS is attributable to 

genetic factors. There are four forms of PCOS: A, B, C, and D. Phenotype A includes 

women who have cystic ovaries, don't ovulate or only ovulate a little, and have high 

levels of androgens. Phenotype B includes women who have normal ovaries, do not 

ovulate regularly, and have too much testosterone. Phenotype C encompasses women 

exhibiting cystic ovaries, regular ovulatory cycles, and hyperandrogenism. Phenotype 

D includes women who have cystic ovaries, don't ovulate very often or at all, and 

have normal amounts of androgens. Phenotypes A and B are categorized as typical 

PCOS, characterized by the most severe symptoms, including heightened risks of 

metabolic syndrome, insulin resistance, and compensatory hyperinsulinemia, 

accompanied by higher menstrual disruptions [21].  

Phenotype C is known as the ovulatory PCOS. It causes higher amounts of insulin 

resistance and androgens, which leads to increased hirsutism. This phenotype is 

predominantly seen in affluent socioeconomic groups relative to other phenotypes. 

Phenotype D, or non-hyperandrogenic PCOS, leads to the least metabolic problems 

and ovulatory cycles that are better or almost normal. The prevalence of PCOS 

phenotypes varies, with Phenotype A being the most prevalent, comprising 45-66% of 

cases, followed by Phenotype B at 8-33%, Phenotype C at 3-29%, and Phenotype D at 

merely 0-23% [22].  

 

Genotypes associated with PCOS  
Because PCOS changes the normal shape and function of the ovaries and the 

production of androgens, various genes that are involved in ovarian and adrenal 

steroidogenesis can be linked to PCOS. The Cyp11A gene makes an enzyme that the 

ovaries need to turn cholesterol into progesterone. Cyp21 is another gene that codes 

for an enzyme that helps the ovaries make steroids and is linked to PCOS. Cyp17, a 

gene encoding an enzyme involved in steroidogenesis, is linked to increased androgen 

levels, while polymorphisms in the promoter region of this gene are connected with 

patients with PCOS. CYP19 encodes the aromatase enzyme, which is responsible for 

estrogen conversion and has reduced activity in women with PCOS.  

The Androgen Receptor (AR) Gene and the Sex Hormone Binding Globulin (SHBG) 

gene are two other genes that can be linked to PCOS. The AR gene, located on the 

arm of an X chromosome, has been associated with PCOS. It has been demonstrated 

that any mutation in the AR gene, along with the inactivation of the X chromosome, 

can lead to PCOS. The SHBG gene makes the SHBG protein in the liver. SHBG is 

much lower in women with PCOS, which causes hyperandrogenism because SHBG  

regulates blood androgen levels by attaching to androgens. Research indicates that 

diminished SHBG levels correlate with single nucleotide polymorphisms in the 

SHBG gene [22].    

Genes implicated in the control and function of gonadotropins, including the LH 

receptor gene, the follicle-stimulating hormone receptor (FSHR) gene, and the AMH 

gene, are connected with the etiology of PCOS. Researchers have discovered that 

variations in the LH gene are linked to PCOS. The AMH gene typically encodes a 

protein associated with infertility. Subsequent exon sequencing and genome-wide 

association studies (GWAS) identified numerous polymorphisms in the AMH gene as 

indicators or predictors of polycystic ovary syndrome (PCOS) development in women 

[23]. 

Insulin plays a role in producing androgens, and many women with PCOS have 

insulin resistance. This is why genes that affect insulin synthesis and activity are 
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linked to PCOS. Women with PCOS have higher levels of insulin receptor substrate 

genes that make insulin receptors. Calpain10 is another gene that is linked to both 

Type I diabetes and PCOS. Changes in the Calpain10 gene have been linked to PCOS. 

Other genes associated with diseases such as obesity are also connected to PCOS. The 

Fat mass obesity gene is linked to type II diabetes, and variations of this gene are also 

associated with PCOS [23]. 

 

Moringa oleifera  
In many regions of the world, people still use ethnobotanicals as medicine. Numerous 

medicinal plants exhibit pharmacological effects akin to those of medicines. In many 

countries, folk medicine uses ethnobotanicals to treat a number of metabolic illnesses. 

Moringa oleifera (HU), (K. Schum.) is a medicinal plant that is utilized as such. The 

family Apocynaceae includes the tropical rainforest tree HU, which is prevalent in the 

western sub-Saharan regions of Africa. The ethnomedicinal applications of  MOE  is 

used to treat diabetic mellitus, sexually transmitted illnesses, dysmenorrhea obesity, 

and anemia [24]. 

Previous studies demonstrate that dose-dependent administration of MOE solution has 

hypoglycemic effects. Other research indicates the antihyperglycemic properties of 

MOE in rats, proposing that these benefits arise from the inhibition of intestinal 

glucose absorption, a mechanism recognized in plants with elevated saponin content 

such as MOE. MOE may potentially facilitate its effects via other mechanisms to 

enhance hepatic glucose uptake. Research examined the phytochemical content of 

MOE, revealing that the crude plant extract had saponins, glycosides, steroids, tannins, 

phenols, and alkaloids. Erinidine, a bisindole alkaloid extracted from HU, may serve 

as the antihyperglycemic agent responsible for the hypoglycemic effects of HU by 

blocking intestinal glucose absorption [25]. 

 

Moringa oleifera and polycystic ovary syndrome  

As previously noted, contemporary therapy strategies for PCOS include insulin 

sensitizers, like metformin, to manage insulin resistance and alleviate other symptoms 

of PCOS, hence facilitating ovulation. Insulin sensitizers or euglycemic medicines 

lower blood sugar levels by making the body's tissues more sensitive to insulin and 

stopping the liver from making glucose [26]. Recently, herbal therapy has become a 

viable way to treat PCOS by focusing on these symptoms. For example, 

Cinnamomum verum has been shown to help in PCOS by lowering insulin resistance. 

Other research has demonstrated that a mixture of flaxseed and spearmint enhanced 

ovarian and endocrine characteristics in rat models of PCOS [27]. Another herbal 

method for treating PCOS, using Berberine, which is an active part of Rhizoma 

coptidis, was found to work better. Compared to the widely utilized insulin sensitizer 

metformin by improving insulin sensitivity and lowering testosterone levels and 

LH/FSH ratios [28-29]. While the application of MOE in diabetic treatment has been 

previously examined, no research have been conducted to explore the impact of HU 

on PCOS. This study aims to examine the metabolic and hematological changes 

generated by oral administration of MOE in testosterone propionate-induced PCOS 

mice, to evaluate the efficacy of its hypoglycemic effects in the therapy of PCOS [30]. 

 

CONCLUSIONS 

In summary, our research elucidates the intricate characteristics of polycystic ovarian 

syndrome (PCOS) and the prospective therapeutic benefits of Moringa oleifera in a rat 

model. Our PCOS model displayed clinical symptoms of the illness, including ovarian 

cysts, hyperandrogenism, ovulatory dysfunction, and metabolic abnormalities, 

mimicking characteristics of the real condition. Our results indicate that MOE 
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treatment may result in a decrease in PCOS morphology, with the most significant 

therapeutic effects noted at extended treatment periods and elevated dosages.  

Although it produced metabolic characteristics akin to those observed in PCOS 

patients, including insulin resistance and modified lipid profiles, our model did not 

entirely recreate the dyslipidemia commonly associated with PCOS. This 

inconsistency highlights the necessity for additional research to clarify the processes 

driving these metabolic alterations in the context of PCOS. Our study also sheds light 

on the renal consequences of PCOS induction, revealing larger kidneys in rats 

subjected to PCOS. Nonetheless, no substantial renal impairment was seen, indicating 

that the provided testosterone dosages and high-fat diet did not cause kidney damage.  

In general, our work adds to what is already known about the pathophysiology of 

PCOS and shows that MOE could be a useful addition to other treatments for 

regulating symptoms and the severity of the disease. Further investigation is necessary 

to clarify the specific mechanisms of action of MOE and its prospective clinical 

implications in the management of PCOS. 
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