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Abstract 

Polycystic Ovary Syndrome (PCOS) is an important endocrine and metabolic disorder that 

affects women in their reproductive years. It is characterized by the increase in male hormones, 

no ovulation, and the formation of many cysts in the ovaries. Standard treatment consists of 

using oral contraceptives, insulin sensitizers and anti-androgens, among others, which only 

manage the symptoms and not the underlying causes, besides, they usually have negative side 

effects and their long-term efficacy is often limited. Moreover, they usually come up with side 

effects and have limited effectiveness in the long run. On the other hand, the work of bioactive 

phytochemicals, including flavonoids, polyphenols, alkaloids, terpenoids, and saponins, has 

provided the hope in the area of treating the disease because they can restore the endocrine 

system's control, lower the oxidative stress, and enhance the insulin sensitivity. The recent 

developments in nanocarrier systems, such as polymeric nanoparticles and antibody-conjugated 

formulations, are having a beneficial impact on the stability, bioavailability, and targeted 

delivery of the phytochemicals. Furthermore, the understanding of modulation of gut 

microbiota, functional genomics, and proteomic interactions has paved the way for new 

therapeutic pathways in the management of PCOS. This chapter presents a discussion on the 

technical challenges in the usage of nanotechnology and phytochemistry, the translational 

challenges, and the future of PCOS therapies that are safe, effective, and precision-based. 
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1. INTRODUCTION 

There is no permanent cure of polycystic ovary syndrome (PCOS) and the aim of 

treatment is to manage the symptoms by lifestyle changes and pharmacological 

therapy. Loss of weight and exercising become the basis of the treatment, and oral 

contraceptives are frequently used to control menstrual periods, hirsutism, and acne. 

Insulin sensitivity and hormonal balance can also be improved using metformin, which 

may be used in combination with anti-androgens, although other treatments to address 

acne and hair growth are also used as common way of treating the disease. Ovulation 

induction medications that include clomiphene and metformin are vital in enhancing 

success in conception among women with infertility. Poly-cystic ovarian syndrome is a 

frequent endocrine disorder in all women of reproductive age globally, and its 

occurrence is estimated to be between 5-20% based on the diagnostic tool used. It is a 

complicated disorder, and it is defined by hyperandrogenism, menstrual cycle 

disorders, the presence of polycystic ovaries and other metabolic and psychosocial 

issues. PCOS has been a significant contributor to infertility due to anovulatory 

etiology and is also strongly related with type 2 diabetes mellitus (T2DM) at earlier 

ages that is complicated with cardiovascular diseases and psychiatric disorders. Women 

with PCOS also face higher risks of pregnancy such as early miscarriage, gestational 

diabetes, hypertension, preeclampsia and even increased risk of developing 

endometrial cancer. The estimated prevalence of the condition stands at 11-13 percent 

of women worldwide, with a huge financial and medical imposition on the healthcare 

services. Traditionally, management approaches were directed at metabolic 

dysfunction, reproductive health, androgen excess, and mental well-being. It has been 

demonstrated that nanoparticles may assist in the more effective delivery of the 

traditional PCOS therapy, decreasing the inflammatory injury, restoring endocrine 

activity, and surpassing the pathological changes associated with the disease 

development. This gives significant potential of applying the nanomaterial-based 

techniques in the PCOS treatment. Other more recent works emphasize more on the 

high-quality nanocarrier systems with high biocompatibility, controlled discharging 

and targeting due to site specific features. The aim of such innovations is not only to 

improve the therapeutic efficacy but also to reduce the side effects in the system which 

limits the common therapeutic approaches in most cases. New nanostructures, ligand 

conjugated nanoparticles and stimuli-responsive release methods are under 

investigation by the researchers to help identify which combinations of these tools are 

most appropriate that should be employed in the treatment of PCOS. In addition to this, 

some new research indicates the possibility of highly customizable nano-delivery 

platforms, which are more responsive to the heterogeneity of PCOS, which will better 

target its metabolic, reproductive and hormonal manifestations. Diagnostic Diagnosis 

of PCOS is typically made when there are two or three of three generally accepted 

criteria; such as but not limited to polycystic ovarian morphology, irregular or absent 
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ovulation, and biochemical or clinical evidence of hyperandrogenism. Ultrasonography 

is the most prevalent forms of visualization of Ovarian cysts, and it is not still easy to 

interpret because of the spontaneous overlaps with normal ovarian anatomy. Moreover, 

endocrine disorders such as congenital adrenal hyperplasia, hypothyroidism, or 

hyperprolactinemia exist, and some of them affect the presentation of symptoms in a 

manner similar to PCOS, making it more difficult to diagnose it. The intersection 

underlines the significance of intensive profiling of the hormones and careful 

differential diagnosis in case a proper identification and adequate treatment were 

introduced. 

2. PATHOPHYSIOLOGY OF PCOS AND THERAPEUTIC CHALLENGES 

2.1. Pathophysiology 

PCOS occurs due to a combination of various factors, and it is difficult to cure. There 

is no single cause but a combination of hormone changes, ovarian changes, and 

metabolic changes that result in the syndrome having multiple problems in nature. One 

of the contributing factors is the insulin resistance whereby the body tissues fail to 

respond appropriately to insulin. The pancreas responds to this by producing an 

excessive amount of insulin resulting in a high level of insulin (hyperinsulinemia). This 

pathway is a connection of PCOS and obesity and is widespread among many women. 

Excess weight raises insulin resistance, aggravates PCOS symptoms, and predisposes 

to type 2 diabetes and cardiac disease. Over-secretion of luteinizing hormone (LH) is a 

hallmark symptom of PCOS and broken balance of LH against follicle-stimulating 

hormone (FSH). This hormonal disorder disrupts ovulotropic events leading to 

anovulation and abnormal release of eggs. Consequently, ovarian follicles will not 

optimally mature and multiple cyst-like structures are formed and can be seen under 

ultrasonography. These cystic follicles, though not necessarily cysts, are one of the 

characteristic observations of the syndrome. Androgen excess-especially high 

testosterone-is another key mechanism in PCOS. It plays a role in this hormone 

imbalance and is associated with hirsutism, acne and androgenic alopecia as 

characteristic clinical manifestations of the syndrome.  The super-androgens agonize 

the pilosebaceous units of the skin. This leads to growth of hair in undesired places, 

and occurrence of sebaceous glands and acne.  High androgen production in PCOS 

women is primarily promoted by elevated luteinizing hormone (LH). LH triggers 

adrenal glands and ovaries to make additional androgens. Despite the fact that this 

hormonal imbalance is going to constitute a significant factor in PCOS, it is merely a 

segment of a much broader puzzle.  The pathophysiology of PCOS is complicated. It is 

a combination of dysfunction of the hypothalamic pituitary ovarian (HPO) axis, 

malfunction of ovarian steroids, insulin resistance, and other metabolism problems.  

They are connected problems. The cycle that is created therefore further deteriorates 

the condition.  An example is, the resistance of insulin compels the body to generate 
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additional insulin. This additional insulin stimulates ovaries to synthesize over 

androgens.  Increased the androgen levels interfere with the follicle formation 

inhibiting ovulation and leading to distorted cycles.  Synchronously, an uncivilized 

HPO axis continues to secrete more LH into an already super-androgenic milieu.  Such 

endocrine coupled with the metabolic disturbances determine why PCOS manifests 

differently in every woman and includes hirsutism and acne to obesity, high cholesterol 

and high probability of developing type 2 diabetes.  PCOS is a multifactorial, 

integrative disorder, so it ought to be considered a systemic condition and not 

necessarily as a single, reproductive disorder.  The diagnosis and treatment of PCOS 

requires a holistic approach. Hormone levels, metabolism and mental health should be 

treated to control the symptoms and long-term hazards. 

2.2. Therapeutic challenges for PCOS 

Poor treatment projections are rife when trying to treat PCOS.  

1. Protracted Diagnosis and Treatment Deficiencies - There is a high rate of 

significant delays in diagnosing PCOS and many women are not satisfied with 

existing therapies. Clinicians do not maintain current information on the aspects of 

diagnosis and management plans.  

2. Complex and Multifactorial Pathophysiology - The pathophysiology behind 

PCOS includes genetic factors, influences of the environment and the effects of 

transgeneration thus complicating specific treatment.  

3. Variability in Manifestation and Diagnosis - PCOS is characterized by different 

symptoms and phenotypes, with malign age- and ethnicity-related differences in the 

enabling diagnostic criteria, making it difficult to diagnose and treat.  

4. Limited Effectiveness of Lifestyle Interventions - Although lifestyle 

modifications have been shown as the first-line intervention, compliance is low, and 

the availability of evidence-based materials to support the association between the 

changes and a range of the reproductive outcomes is limited.  

5. Disadvantages of Pharmacological Treatment - There is no drug dealing with all 

PCOS symptoms. The primary contraceptive method in the case of 

hyperandrogenism and irregular cycles is oral contraceptives, whereas metformin 

does not provide significant improvement in the prevention of metabolic 

dysfunction and weight. Combinations of therapies are in research.  

6. Mental Health and Quality of Life - It is associated with higher levels of 

psychological distress, but mental health support tends to be an inadequately 

developed treatment strategy that is not prioritized.  

7. Uncertain Long-Term Consequences - The enduring consequences of PCOS have 

not been fully comprehended and therefore, impeding in-depth risk counselling.  

8. Obesity and Reactive Prevention - Morbidity is compounded by the high levels of 

occurrence of obesity in PCOS. The present condition of early intervention strategy 
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with at-risk individuals is unsatisfactory, and suggests the necessity of 

multidisciplinary attention to each individual and additional research. 

2.2.3. Global Prevalence Trends of PCOS 

It is estimated that 1.55 million new cases emerged among women of reproductive age 

in the world in 2017 alone and women aged 21 to 30 years in the category contributed 

to 17.23% of the new cases. Asian-based data, especially in the past three decades, 

emphasize significant age-standardized incidence rate growths. Indicatively, based on 

the 2003 criteria used by Rotterdam, China reported that prevalence stood at 10.01 in 

2003, which marked one of the highest rates of increase with age-standardized 

incidence of 73.53 per 100,000 persons that year. The global rates of PCOS prevalence 

are not equal (6-21), significantly influenced by differences in definitions of the 

disease, ethnicity, and geography. In addition to reproductive health, there is a high 

likelihood of co-occurring serious metabolic disturbances with PCOS. About 50 

percent of all affected women are obese, and 31.1 percent exhibit impaired glucose 

metabolism, and 7.5 percent have type 2 diabetes (T2DM). Women with PCOS have 

more than three times the risk of impaired glucose tolerance (IGT), and approximately 

three times the risk of T2DM. These are further worsened by obesity where obese 

PCOS patients exhibit increased occurrence of metabolic syndrome (47.9% vs. 15.9%) 

and insulin resistance (27.8% vs. 7.1%) than their non-obese counterparts. Subgroup 

analysis shows that Asian PCOS women are disproportionately at risk as compared to 

other groups, as they have a 5.2-fold higher risk of IGT and a 4.4-fold increased risk of 

developing T2DM compared to healthy women. A combination of these results 

highlights the two-fold issue of increasing prevalence of PCOS and its strong 

correlation with metabolic dysfunctions, which leaves the urgent concern of 

developing effective prevention and management interventions in diverse populations. 

3. PHYTOCHEMICALS IN PCOS MANAGEMENT 

Eighteen studies including seventeen randomized controlled trials (RCTs) and one 

matched clinical study were included in this review. The main findings of the twelve 

studies, which focused on the phytochemical-based research, are summarized in Table 

1. Supplemental analysis in polycystic ovary syndrome (PCOS) [9]. 
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Table 3.1: Impacts of phytochemical-based supplements on PCOS in females (Clinical 

Trials) [10-13]. 

Phytoch

emical 

Compou

nd 

Author/year PCOS Duration, Sample Size, and 

Treatment Plan 

Significant finding 

EGCG  

 

 

(Tehrani, 

2017) 

(Mombaini, 

2017) 

(Farhadian, 

2020) 

3 months 

Overweight and obese women 

20–40 years old (n = 60) 

Tx: One 500 mg green tea tablet per 

day 

45 days 

Women aged 18–55 years with BMI 

20–35 kg/m2 (n = 45) 

Tx: One 500 mg green tea leaf powder 

tablet per day 

3 months 

Overweight women 18–35 years old 

(n = 15) 

Tx: One 500 mg green tea leaf powder 

tablet per day 

weight reduction 

decrease in fasting 

insulin 

decrease in free 

testosterone levels 

significant reduction 

in weight, BMI, 

WC, and body fat 

significant reduction 

in anthropometric 

indices such as 

weight, BMI, and 

waist 

and hip circumference 

Curcum

in 

(Jamilian, 

2020) 

(Heshmati, 

2020) 

(Sohaei, 

2019) 

(Gupta et al., 

2025) 

3 months 

Women aged 18–40 (n = 60) 

Tx: 500 mg/day curcumin 

3 months 

Women aged 18–49 (n = 67) 

Tx: 500 mg curcumin powder in a 

capsule 3 times/day 

6 weeks 

Women aged 18–40 years old (n = 27) 

Tx: 500 mg curcumin 2 times/day 

significant weight and 

BMI reduction 

decrease in fasting 

glucose 

decrease in serum 

insulin 

improved HOMA-IR 

(insulin 

resistance) 

decrease in total 

cholesterol and LDL-c 

Decreased fasting 

plasma glucose (FPG) 

Quantitative Insulin 

Sensitivity Check 

Index (QUICKI) 

improved significantly 

Homeostatic Model 

Assessment for 

Insulin Resistance 

(HOMA-IR) 

improved marginally 
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Querceti

n 

Khorshidi, 

2018) 

Rezvan, 

2018) 

 

3 months 

Women with BMI 25–40 kg/m2, aged 

20–40 (n = 27) 

Tx: 1000 mg quercetin per day 

3 months 

Overweight or obese women, mean 

age 29 (n = 42) 

Tx: Two 500 mg capsules 

Decreased resistin 

plasma levels and 

gene expression 

Decreased 

testosterone and LH 

concentrations 

FBG, fasting insulin, 

and insulin 

The resistance was 

improved significantly 

Increased adiponectin 

receptors 

(ADIPOR1 and 

ADIPOR2) 

_ Enhanced AMPK 

levels 

Resvera

trol 

(Banaszewsk

a, 2016) 

 

(Mansour, 

2021) 

3 months 

Overweight women (n = 15) 

Tx: micronized transresveratrol; 

1500 mg/day 

3 months 

Women aged 18–40 (n = 39) 

Tx: 1000 mg resveratrol/day 

significant reduction 

in ovarian and 

adrenal androgens, 

testosterone 

and DHEAS. 

improved menstrual 

cyclicity and 

hair loss. 

Berberi

ne 

(Orio, 2013) 

(An, 2014) 

6 months 

Obese women (n = 50) 

Tx: 588 mg Berberis aristata and 105 

mg 

of Silybum marianum-1 tablet, 

2 times/day 

3 months 

Overweight women (n = 41) 

Tx: Berberine tablets 

500 mg, 3 times/day 

improved HOMA-IR 

and 

hormonal profiles 

improved metabolic 

profile 

improved HOMA-IR 

improved response to 

ovarian 

stimulation 

WC: waist circumference, a measure commonly referred to as a measure of abdominal fat 

distribution; LH: luteinizing hormone, a key regulator in reproductive function; mg: 

milligrams, a standard unit of measurement for mass in the metric system; n: sample size, which 

depicts the number of participants or data points in a study; PCOS: polycystic ovarian 

syndrome is a hormonal disorder that is marked by irregular cycles, ovarian cysts, and 

metabolic abnormalities; QUICKI: quantitative insulin sensitivity check index, a formula-

based assessment of insulin sensitivity; Tx: treatment, the intervention or treatment in question; 

AMPK: AMP-activated protein kinase, enzyme, which is central to energy balance and cellular 

metabolism; DHEAS: dehydroepiandrosterone sulfate: a hormone secreted by the adrenal 

glands which has functions in androgen and estrogen production; EGCG: epigallocatechin-3-

gallate, a polyphenol abundant in green tea with antioxidant and metabolic benefits; FBG: 
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fasting blood glucose, the amount of glucose in the lab following some time of fasting, which is 

used to assess metabolic health; FPG: fasting plasma glucose, the other standard test to 

measure the level of glucose and identify diabetes; 

Research indicates that quercetin demonstrates significant therapeutic advantages in 

the management of PCOS. Quercetin exerts diverse effects by influencing many 

pathways, thereby regulating metabolic, endocrine, and molecular processes, which 

eventually alleviates symptoms and enhances quality of life (Jyoti *, Sonia, Chennu M. 

M. Prasada Rao, 2025). Another study thoroughly records the development of 

bioactive phytochemicals, including flavonoids, polyphenols, and alkaloids, from TCM 

and medicinal plants in the treatment of PCOS. The literature claims that these 

beneficial phytochemicals showed anti-inflammatory, anti-oxidative, hormone-disorder 

and insulin-resistant (IR)-improving, and hyperinsulinemia-relieving therapeutic 

actions in PCOS, which were backed by in vitro and in vivo studies (E. D. Luo et al., 

2023). Nowadays, drugs used to treat PCOS can have negative side effects, like 

impairing fertility and raising the risk of venous thrombosis. PCOS is now being 

treated with drug delivery methods that include nanomaterials, which are distinguished 

by their extended half-life, precise distribution, improved bioavailability, and decreased 

toxicity. Many medicinal plants are deemed especially useful in relieving the 

complication of PCOS since they have therapeutic benefits and in many cases, have 

hypoglycemic effects which aid in the regulation of blood sugar and facilitate the 

balance of hormones [16]. In conjunction with these remedies, lifestyle changes, such 

as dietary and general health care changes are very important in ensuring stable levels 

of PCOS. Some new approaches are also being considered--one of them is an 

innovative nanotechnology-based approach that is becoming increasingly popular as an 

improved and dependable way of improving drug performance in treatment [3]. 

4. NANO CARRIER SYSTEM FOR PHYTOCHEMICAL DELIVERY 

4.1.1 Using nanomedicine to diagnose PCOS: Henry Rhodes: 4.1.1. Nanomedicine 

to diagnose PCOS: Early and accurate diagnosis of polycystic ovary syndrome (PCOS) 

is essential in a way that patients will access faithful preventive care early and keep 

alive their fertility levels as well as reduce chances of cardiovascular, metabolic and 

reproductive complications later in life. Conventional PCOS testing, which primarily 

includes imaging, hormonal testing, and biochemistry screening, commonly has high 

cost, long turnaround time, little sensitivity, and unreliable accuracy across the 

different populations [17]. FSH-LH-testosterone hormone test can provide helpful 

information, but most often fails to capture the free, active form of androgens. The role 

of sex hormone-binding globulin (SHBG) has gained increased significance, since 

fluctuations of SHBG better reflect the quantities of the functional testosterone and 

enhance the accuracy of the diagnosis of PCOS-related hyperandrogenism. 

Nanotechnology can remedy these. Researchers can detect SHBG and other markers 
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using biosensors or diagnostic tools constructed with nanomaterials with greater 

sensitivity, reduced results, and reduced cost than other labs. The optical and electrical 

properties of gold nanoparticles, quantum dots and polymer-based nanosystems can be 

bound to biomolecules in a highly specific manner. Such properties enhance signal-

strength, decrease the detection-limits, and reduce cross-reactivity thus they are the 

best candidates of next-generation PCOS diagnostics [18]. Hence, nanomedicine 

application to the diagnostics of PCOS could transform the way people detect it early 

and facilitate point-of care tests that are inexpensive, fast, and precise, which will 

eventually result in better patient outcomes and decision-making by making the system 

less overloaded. 

4.1.2 Using nanomedicine to treat PCOS 

Nanotechnology is a field of rapid growth in the context of diagnosis and treatment of 

polycystic ovarian syndrome (PCOS) (Fig. 1). The conventional drugs are not very 

effective and are accompanied by numerous side effects and that has led the 

researchers to consider even better methods. Nanomedicine has come out as one of 

these promising ones. Herbal-derived nanosystems, lipid-based nanocarriers, and 

metallic nanoparticles, including selenium and silver, are under trial as possible 

treatments, as either alone or in combination with standard medicines. As an example, 

silver nanoparticles obtained by extraction of Cinnamomum zeylanicum have been 

shown to be effective in lowering inflammatory markers in animal models and can be 

effectively used in the treatment of PCOS-induced inflammation. The other interesting 

bioactive substance being studied is curcumin, which is an antioxidant and anti-

inflammatory agent. Curcumin supplementation has been associated with better insulin 

resistance, hyperlipidemia, hyperglycemia and hyperandrogenism in women with 

PCOS. Regrettably, its clinical potential is still restricted due to low bioavailability and 

low solubility in physiological pH. In order to address these obstacles, nano-formulated 

curcumin has been designed. The biocompatible variant is more polar, orally absorbed, 

has an increased uptake rate by the system orally, and is more bioavailable, making it a 

better choice in the treatment of PCOS. This suggests that nano-delivery of curcumin 

may present a viable treatment avenue to PCOS patients. Besides these new tactics, 

metformin remains among the most commonly prescribed medications used in PCOS. 

Its advantages are it can restore ovulation, decrease body weight, reduce circulating 

testosterone levels, and reduce the risk of miscarriage and type 2 diabetes. Metformin 

is not perfect, however. It has a short half-life, has limited oral bioavailability, and its 

side effects are worsened by the need to use high doses regularly, and since it has some 

adverse effects on the gastrointestinal tract, these effects include nausea, bloating, 

abdominal pain, diarrhoea, and a lingering metallic taste. This is an indication of the 

importance of selecting delivery systems that are specific to nanomedicine. They may 
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provide a better method to take medicine, but more significantly, they can relax the 

restrictions of the current treatments of PCOS. 

 

Figure 3.1: Nanotechnology for the treatment of PCOS 

4.1.3 Polymeric Nanoparticles (PNs) 

Current research lists using bioactive phytochemicals in pragmatic relationship with 

clomiphene citrate to treat polycystic ovary syndrome (PCOS) as adjuvant therapy. 

This is a promising combination to restore hormonal balance and improve the structure 

of the ovarian. These results indicate the diversified therapeutic application of 

phytochemical-carried delivery systems in contemporary medicine. Plastic 

nanoparticles (PNs) are already becoming popular in the biomedical sector. Their 

benefits, such as low toxicity, great biocompatibility, an easy method of production, 

and easy functionalization of surfaces rank them as the best drug delivery vehicles. 

Adding phytonutrients to PNs is an extensive debate in the field of breast cancer 

treatment, a tactic that proposes patient-centered and targeted therapy. The 

phytochemicals may get covalently attached to the backbone of the polymer, or be 

enclosed in the nanoparticle core, based on the formulation design. Artificial polymers 

(PLA, PGA, PLGA, poly anhydride and PSBMA) play a crucial role in the 

construction of polymeric nanostructures. They offer better control of the material 

breaking down process and strength.   

Researchers employ various traditional methods of fabrication to prepare 

phytochemical-integrated polymeric nanoparticles (PNs). These consist of 



59 
 

nanoprecipitation, ionic gelation, layerbylayer assembly and evaporation by emulsions. 

All of them have their own advantages when it comes to particle size, stability, and 

encapsulation efficiency. This enables PNs to be tailored to therapeutic requirements. 

A promising development has been the addition of bioactive phytochemicals to these 

nanosystems. It does not only enhance the therapeutic effect, but also forms synergies 

with several compounds. Indicatively, when co-encapsulated antioxidants and anti-

inflammatory phytochemicals have the potential to interact with each other to enhance 

overall effects. A notable area of use is in reproductive health. Phytochemical mixtures 

in PNs have been able to balance hormones, stabilizing estradiol and progesterone. 

This proves that phytochemical-integrated PNs are not mere carriers. They can be used 

as a sophisticated multi-faceted platform that has the ability to deliver drugs in a 

controlled, sustained and targeted manner that can open new possibilities of managing 

the complex disease such as PCOS. 

4.1.4 Nanomaterials in PCOS Treatment 

Nanomedicines have advanced over the past three decades in the field of 

pharmacology. They have contributed greatly to the utility of certain medicines. There 

were many useful nano therapies developed in different human diseases. In PCOS 

treatment, recently, nanotechnology has been observed to make progress. These 

processes can be intervened by nanomaterial-based therapy in several ways. To treat 

these diseases, nano carriers are used as vehicles to deliver drugs in the body. 

Currently, we are using several Nano carriers in PCOS related conditions. They are 

nanoparticles, liposomes, carbon nanotubes, quantum dots and micelles. Their 

advantages, difficulties related to PCOS, and mechanisms of drug administration are as 

follows. 

Table 3.2: List of nanocarriers with key drugs and their research objectives  

Nano carrier Key Ingredient Therapeutic Agent Research 

Objective 

Reference 

Chitosan 

nanoparticles 

Chitosan Curcumin Rat (Raja et al., 

2021) 

Ginger 

nanoparticles 

Lipid 

 

Ginger Mice (A. Kumar 

et al., 

2022) 

Silver 

nanoparticles 

Silver Cinnamomum cassia Rat (Kouame 

et al., 

2019) 

Silver 

nanoparticles 

Silver Cinnamomum 

zeylanicum 

 

Rat (Alwan & 

Al-Saeed, 

2023) 

Iron nanoparticles Iron oxide Curcumin Mice (Fatemi 
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 Abhari et 

al., 2020) 

Selenium 

nanoparticles 

Chitosan Selenium dioxide 

 

Rat (Abdallah 

et al., 

2023) 

Selenium 

nanoparticles 

Chitosan Selenium dioxide Rat (Rabah et 

al., 2023) 

Liposomes Glycerol 

phospholipid 

Methoxy derivatives 

of 

resveratrol (DMU-

212) 

Ovarian 

Granulosa cells 

(Józkowiak 

et al., 

2023) 

Carbon nanotubes Silkworm 

powder 

Nitrogen-doped 

carbon 

nanorods (N-CNR) 

Mice (M. Park et 

al., 2022) 

Quantum dot Polyethylene 

glycol 

(PEG) 

Metformin Hepg2 cells (Sarkar et 

al., 2024) 

 

4.1.5 Enhanced Phytochemical Administration Techniques: Numerous plant-

derived secondary metabolites demonstrate poor solubility and inadequate stability, 

hence limiting their application in medicinal research. Phenolic phytoconstituents 

exhibit significant antioxidant properties; nonetheless, they are unstable in 

experimental conditions. Moreover, despite their significant potential efficacy, 

bioactive substances like paclitaxel and curcumin exhibit poor solubility and 

bioavailability, necessitating the employment of toxic solvents. Fig. 3.2 illustrates 

diverse categories of nanocarriers along with their characteristics. 

 

Figure 3.2:  Categories of nanocarriers together with their attributes. 

4.1.6 Natural-Based Drug Nanoparticles: 
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Such clinical studies as that conducted by Javad Heshmati et al. have noted that 

curcumin supplementation may serve as a safe and effective adjunctive treatment to 

diminish hyperandrogenism and high blood sugar levels typically linked to PCOS. 

Such like other experiments also have shown the benefit of herbal extracts in PCOS 

therapy- as in Aloe barbadensis gel giving restorative effects to the letrozole-induced 

animal models, with chamomile extract stimulating normal follicular development 

among the rats used. Though this is encouraging, the standard PCOS medication has 

side effects and not all people can respond to these medications. There has been 

increased interest in herbal medicines since plant compounds are able to interrelate and 

enhance the actions of others. Most plants have compounds that enhance insulin 

pampering, aid in the management of weight, control hormones and aid in ovulation. 

This has led to a lot of consideration being attributed to herbs as an alternative or 

complementary alternative or therapy. Natural therapy incorporates botanical, mineral 

or animal sources whose particular biological actions have been demonstrated 

scientifically. Plant-based medicine is employed in contemporary health care, 

particularly rehabilitation, prevention and treatment. According to a survey by Arentz 

et al, over 70 percent of PCOS women treated by conventional medicine transition to 

complementary medicines due to lack of satisfaction with conventional medicine. This 

continues to imply that less invasive and all-encompassing interventions are required. 

Doxorubicin is a working drug in breast-cancer are administered which produces SOS. 

Doxorubicin-induced cardiotoxicity is caused by these toxic molecules that damage 

heart tissue. A way is to add the doxorubicin to quercetin, which is a flavonoid, which 

is natural and exists in a large number of fruits and vegetables. Quercetin is an active 

antioxidant, which has the ability of neutralizing excess ROS and protecting heart 

tissue. This synergistic alternative is a ray of hope since it is determining a better future 

through better cancer treatment and lesser heart side effects which makes the treatment 

more promising and worth retaining by lesser heart effects and side effects which are 

otherwise fatal to patients. Natural drug nanoparticles have attracted a great interest 

during the past years. Their surface charge is comparable and they have a size similar 

to mammalian extracellular microbubbles. Such biomimetic nanocarriers carry drugs in 

vesicle-like constructs and conform to biological structures and functions, and are 

applicable in clinical practice. This similarity causes them to be potent rivals to the 

next generation biomedical technological procedures especially on the drug delivery 

platforms that they can tailor ad-hoc based on urgent clinical demands. An example of 

these natural molecules is curcumin, the plant-based phenolic compound which has 

been successfully identified as an antioxidant and anti-inflammatory agent and has 

been found to reduce the insulin resistance, hyperglycemia, and high levels of 

androgens in PCOS patients. However, low solubility of water and stability in various 

PHs undermine its therapeutic effect. To overcome these challenges scientists have 

turned to biocompatible polymeric nanoparticles such as chitosan (CS) that is a 

polysaccharide that has the characteristic to dissolve easily and is fairly easy to 
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manipulate and is relatively simple to manipulate that is a naturally occurring 

polysaccharide. CS can be dissolved heavily in water, though functionalisation by 

chemistry can be performed to allow it to trap a wide set of active agents to improve 

their pharmacokinetics. The cationic nature of its nanoparticles also makes the use of 

CS nanoparticles ideal in loading antimicrobials, analgesics and anti-inflammatory 

drugs. Raja et al. ready made curcumin-conjugated CS nanoparticles through a one-

novie study, and were alkylated with coccobacillus arginine and N-acetylhistidine. 

They showed that serum insulin, LH, prolactin, and testosterone in a PCOS rat model 

were reduced significantly, which shows nanoparticles as a potent system to deliver 

curcumin. Another plant that has significant therapeutic relevance is Zingiber 

officinale, better known as ginger. The rhizome of it possesses a large range of 

bioactive molecules, such as phenolic derivatives, terpenes, and essential oils. Among 

all these, the primary bioactive ingredient is 6-gingerol that not only gives ginger its 

typical pungent taste but also has a metabolic impact. It is also discovered that 6-

gingerol decreases insulin concentration in blood and improves their insulin potential, 

and due to this reason, it is an ideal material that one can contemplate in treating 

insulin-departing metabolic syndrome and PCOS. This was also confirmed in a report 

by Anil Kumar et al. who concluded that nanoparticles of ginger also inhibit insulin 

resistance by potentially promoting the expression of Foxa2 and interfering with 

insulin resistance signaling through exosome delivery by intestinal epithelial cells 

(IECs). The synergistic roles of ginger claim and its nanoparticles increase its 

application in usage as a food supplement and nanorice as an agent of delivery of 

nanomedicines. Light-brown cinnamon was used worldwide as a food additive, as a 

medication, and presented its virtues in aromatherapy over centuries. It belongs to the 

genus of spices, with numerous bioactive compounds: cinnamaldehyde, eugenol, iron, 

manganese, calcium, dietary fiber, among other trace elements, which has 

preconditioned the involvement of this product in the role of therapeutics. Recent 

scientific researches have analyzed the usefulness of cinnamon in the treatment process 

of PCOS in animal models and win clinical therapies. Findings indicate that cinnamon 

supplementation was able to re-establish normal estrous cycles in mice, reduce insulin 

and testosterone, and elevate luteinizing hormone(LH). The results complement the use 

cinnamon has throughout history as a natural medicine, and its position as a 

complementary medication to treat endocrine and metabolic diseases associated with 

PCOS. 
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5. ITS APPLICATIONS IN PCOS: CURRENT EVIDENCE 

The effectiveness of treating PCOS patients has improved due to the elusive delivery 

of drugs in a more controlled manner. Scientists say that the development of delivery 

systems targeted to specific locations can be of immense benefit. To achieve this, the 

selective ligands can be subdivided into two broad categories including those, which 

bind receptors on the oocytes and those, which bind to receptors on the granulosa cells. 

This division assists scientists in creating drugs that get to the specific place of work. 

The unique feature of nanoparticle drug carriers is that targeting ligands can be coated 

on the surfaces. This coating allows the drug to go directly to the target cell, enhancing 

precision and reducing undesired side effects. This targeting option is not implemented 

at traditional carriers, which typically provide less efficient treatment and increase their 

risk of side effects. Through the advantages of nanoparticle systems researchers are 

able to produce more selective and effective drugs and present new possibilities to 

better manage PCOS. Nanomaterials enhance gastrointestinal absorption and 

dissolution of drug, causing higher absorption into the systemic circulation. We 

increase bioavailability by covering drugs with nanoparticles: the drugs become more 

stable and have lower chances of being digested by enzymes, as well as more visible to 

the immune system. Nanoparticles also affect vital Vital pharmacokinetic processes, 

which include absorption, distribution, metabolism, and excretion processes. Because 

of this, drugs remain in the body longer and are eliminated slower. The extended 

circulation both enhances therapeutic effect and reduces unwanted side effects. Cell 

membranes and tissue barriers permeated more easily by nanoparticles as they are very 

small. It enables a greater amount of drug to be delivered to the area of action and 

avoids healthy tissue. Some of the experimental results emphasize these advantages. 

An example is the popular metformin that is used to treat insulin resistance in PCOS, 

which has demonstrated a prolonged half-life and enhanced accessibility when encased 

in nanoparticles. Similarly, first-line ovulation inducing medication, such as 

clomiphene citrate (CC), frequently impairs endometrial receptivity, which can impair 

fertility. A lean carried out by Marziyeh Ajdary and others revealed that a new 

formulation (Phosal-based formulation PBF) containing CC and released through 

nanoparticles enhanced the targeted delivery of the drug and reduced the adverse effect 

of the drug on the endometrium.  

Enhancing Comprehension of the Etiological Mechanism of Polycystic Ovary 

Syndrome 

More often, genetic, epigenetic, gut microbiota, corticolimbic brain activity, and 

metabolomic factors associated with PCOS have been identified (Figure 3) [32]. This 

development has been catalyzed by recent developments in molecular genetics, next-

generation sequencing, transcriptomics, and proteomics. 



64 
 

 

Figure 3.3: The causes of PCOS have been substantially identified, and insights have been 

found in the fields of genetics, epigenetics, the microbiome, corticolimbic brain activity, and 

metabolomics. The pathophysiology of the polycystic ovary syndrome is multifactorial. 

BCCA- branched -chain amino acid; DNA -deoxyribonucleic acid; DNMT3A -DNA 

methyltransferase 3A; FFA -free fatty acid, FSHR -follicle-stimulating hormone receptor; 

INSR -insulin receptor ;PCOS -polycystic ovary syndrome; TET -ten-eleven translocation 

methylcytosine dioxygenases.  

5. THERAPEUTIC CONUNDRUM IN POLYCYSTIC OVARY SYNDROME 

The challenge to healthcare and population intervention in the future is that it would 

eliminate the intergenerational health risks associated with PCOS. Transmission of 

metabolic health issues to a series of generations presents a threat not only to the long-

term health of a specific family unit, but also that of the entire society. This is the 

reason why it is a medical and socio-economic issue. In animal and human studies, 

there are numerous studies which consistently demonstrate that children on women 

with PCOS tend to develop a range of metabolic issues.As an example, mice subjected 

to prenatal androgen excess have been found to exhibit impaired glucose tolerance, 

abnormal accumulation of visceral fat, increased triglyceride in the circulation, 

structural cardiac changes including left ventricular hypertrophy, impaired liver fat 

production and exaggerated hepatic fat accumulation. These results are reflective of the 

increased health hazards in human populations. The risk of PCOS being passed on to 

daughters of PCOS women is significantly high. According to Risal and colleagues, 
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they had nearly five times the risk of developing PCOS. Large Swedish registry studies 

and Chilean case-control studies have confirmed this finding. The Finnish national 

birth registry demonstrated evident correlations between maternal PCOS and long-term 

health risks of children. Young children were 1.58 times more predisposed to become 

obese in childhood and 1.37 times to become obese in adolescence and greater than 

twice as likely to become type 2 diabetic when they were young adults. The research 

done by Zhang and the colleagues reported that a prospective study of the Ningbo birth 

cohort in China demonstrated comparable growth and metabolism patterns when the 

Ningbo birth cohort generation was matched to those of children born to PCOS 

mothers. Combined, these results suggest that the children of PCOS women have a 

higher risk of early metabolic complications. They have also significant risks to their 

reproduction, and that reflects an enormous intergenerational transmission of risks 

associated with PCOS. The implication is clear: not only are metabolic and 

reproductive dysfunctions inherited by members of the same generation, but survivors 

of one generation propagate them, which, correspondingly, preconditions the existence 

of a vicious circle of diseases that spread (Fig. 3.4). 

 

Figure 3.4: Timing in (a) One of the most pressing problems of the future is to eliminate this 

ongoing cycle. PCOS still has several diagnostic and treatment complications that pose the risk 

of missing timely intervention in people of reproductive age who have this medical condition. 

Besides the reproduction challenges, multimorphic metabolic derangements linked to PCOS 

also puts both the expectant mother and her infant at risk of health complications, therefore 

reinforcing the multigenerational-influencing effects.  

(b) The therapeutic interventions involved in changing lifestyle, including metformin, are 

available and they remain safe in conception and pregnancy in most instances. The promise of 
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such interventions remains unrewarded, but requires more detailed research in the future, which 

will determine how effective they are over the long run, particularly in the area of ensuring that 

the transmission of the metabolic vulnerability has been prevented to descend the children of 

PCOS mothers. More studies in the area are required to inform the clinical practice and 

community health responses. 

(c) According to the DOHaD ( developments origins of health and disease) framework, a 

maladapted uterine environment during maternal PCOS (aged at conception) is potentially the 

causal factor in later, non-communicable disease outcomes. Children of mothers who have 

PCOs have a higher likelihood of getting metabolic disorders in early adulthood and this may 

jeopardise the health of their own children.  The importance of preventing the spread of PCOS 

to protect future generations can be demonstrated by the level of this intergenerational burden. 
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CONCLUSION 

Nanoparticles' therapeutic potential for PCOS is a largely untouched area of research, 

which calls for dedicated studies to determine their toxicity, clearance, and 

effectiveness. One way that nanotechnology can solve the problem is through, as it 

were, drug absorption and circulation that is prolonged and targeted organs getting the 

exact delivery of the drugs which thus, improves efficacy and minimizes side effects. 

Several types of nanocarriers, which include liposomes, micelles, carbon nanotubes, 

quantum dots, and the use of bioactive or metallic nanoparticles, in combination with 

targeting ligands, have all shown the capability of optimizing drug efficacy and patient 

adherence. The use of novel systems such as nanocrystals and nano-emulsions 

significantly enhances both solubility and stability, the case of liposomal doxorubicin 

and albumin-bound paclitaxel, revealing the potential of nanomedicine to increase the 

safety and effectiveness of therapies. On the other hand, clinical translation involves 

thorough assessment of the long-term effects, toxicity and excretion pathways in PCOS 

patients. 
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