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Abstract: Polycystic Ovary Syndrome (PCOS) is a complex endocrine disorder that af-
fects millions of women worldwide and is characterized by ovarian dysfunction, hy-
perandrogenism, and metabolic abnormalities. The traditional diagnostic and therapeutic
approaches often fail to address the multifaceted nature of PCOS. Recent advancements
in next-generation sequencing (NGS), bioinformatics, and precision medicine have
paved the way for innovative research and therapeutic strategies that promise to revolu-
tionize PCOS management. This review focuses on exploring the genetic and molecular
mechanisms of PCOS using innovative methodologies, such as genome-wide associa-
tion studies (GWAS), transcriptomics, and computational approaches. Integrating big da-
ta analytics and machine learning algorithms enhances the predictive accuracy of PCOS
diagnoses and treatment outcomes. In addition, the emergence of personalized medicine
has enabled tailored therapeutic interventions based on individual genetic profiles and
phenotypic expression. Furthermore, we explored the development of novel pharmaco-
logical agents and combinational therapies to enhance the understanding of PCOS patho-
physiology. These approaches also focus on reducing inflammation, improving insulin
sensitivity, and optimizing hormonal balance to achieve optimal health outcomes. The
potential of digital health tools, including mobile applications and wearable technolo-
gies, to support self-monitoring and patient engagement in PCOS management is also
highlighted. In conclusion, the integration of next-generation technologies and innova-
tive research is necessary to transform the field of PCOS diagnosis and treatment, offer-
ing hope for more effective and individualized care. These underscore the importance of
continued investment in advanced research methodologies and the adoption of personal-
ized therapeutic strategies to address the complexities of PCOS.

Keywords: Bioinformatics, innovative research, machine learning, polycystic ovarian syndrome, therapeutic strate-

gies, molecular docking.

1. INTRODUCTION

Polycystic ovary syndrome (PCOS) is a major
public health issue and one of the most prevalent hor-
monal disturbances affecting women of reproductive
age. PCOS is a hyperandrogenic disorder characterized
by chronic oligo-anovulation and polycystic ovarian
morphology [1]. This condition affects an estimated
8-13% of women of reproductive age, with up to 70%
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of cases remaining undiagnosed [2,3]. In India, PCOS
affects one in five women [4]. According to the NIH di-
agnostic criteria, the prevalence of PCOS in the US,
UK, Spain, Greece, Australia, Asia, and Mexico in-
creased from 6% to 9%. Obesity and overweight are
linked to PCOS where observational data shows that
33-88% of women with PCOS are overweight or obese
and about 75% of PCOS patients develop insulin resis-
tance [5]. Furthermore, a comprehensive survey con-
ducted across India in 2020 indicated that approximate-
ly 16% of women aged 20 to 29 years are afflicted
with PCOS [6, 7]. PCOS was first described by Stein
and Leventhal as a syndrome characterized by oligo-a-
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menorrhea and is therefore also known as Stein-Leven-
thal Syndrome [8]. It is commonly associated with hir-
sutism, acne, and obesity with psychological impair-
ments, including depression and other mood disorders,
as well as metabolic abnormalities, primarily insulin re-
sistance and compensatory hyperinsulinemia (Fig. 1).
These metabolic disturbances are recognized as signifi-
cant contributors to altered androgen production and
metabolism.

The precise cause of PCOS is currently unknown,
but there are associations with insulin resistance, low--
grade inflammation, and genetic factors. Insulin, a hor-
mone produced by the pancreas, regulates blood sugar
levels by facilitating the movement of glucose from
the blood into cells, where it is metabolized for energy.
Insulin resistance occurs when body tissues do not re-
spond effectively to insulin, necessitating increased in-
sulin production. This excess insulin can stimulate the
ovaries to produce higher levels of testosterone, dis-
rupting follicle development and inhibiting normal ovu-
lation [9, 10]. Hormonal imbalances are also signifi-
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cant contributors to PCOS. Elevated levels of testos-
terone, luteinizing hormone (LH), and in rare cases,
prolactin, along with decreased levels of sex hor-
mone-binding globulin (SHBG), can lead to the devel-
opment of PCOS [11, 12]. Genetic predisposition may
also play a role. A familial history of PCOS, such as in
a mother, sister, or aunt, increases the likelihood of de-
veloping the condition, indicating a potential genetic
component [13]. However, no specific gene linked di-
rectly to PCOS has been identified. Thyroid condi-
tions, notably hypothyroidism, and Hashimoto's thy-
roiditis, have been related to PCOS. Hypothyroidism
can lead to the development of polycystic ovarian mor-
phology, which affects ovulation and hormone balance
[14].

The pathogenesis of PCOS began to be understood
with a 1958 report that found elevated urinary luteiniz-
ing hormone (LH) levels in the four cases studied [15].
Existing studies on the pathogenesis of PCOS have lim-
itations, particularly when considering its multifacto-
rial etiology, including ethnic and regional factors. Be-
ing born small for gestational age (SGA) or being the

Symptoms

of PCOS

Fig. (1). Illustration depicting the major symptoms of PCOS which affects the self-esteem and confidence of the affected wom-
en in the entire population. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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child of a hyperandrogenic mother might be consid-
ered clinical markers for developmental programming
related to steroids. However, individuals not exposed
to excess steroids and offspring of non-hyperandro-
genic mothers can also develop PCOS [16]. This
suggests that both postnatal environmental factors and
genetic predispositions may contribute to the origin of
this disorder. Healthcare providers typically assess
three primary characteristics before diagnosing PCOS:
anovulation, elevated androgen levels, and ovarian
cysts [17]. The presence of one of these features may
indicate PCOS. Due to the lack of comprehensive un-
derstanding of PCOS, various expert groups use differ-
ent criteria for diagnosis.

Generally, they consider menstrual irregularities,
high androgen levels, and the presence of multiple
cysts of a specific size on one or both ovaries as detect-
ed by ultrasound. PCOS does not have a specific cure
and is typically managed based on its symptoms, result-
ing in varied treatment approaches. Major treatments
include planning a proper diet and weight loss, which
can improve the condition. Irregular or absent menstru-
ation and fertility-related issues can be treated with
medication. Anti-androgens may be used to address ex-
cessive hair growth. A few other classes of drugs like
oral contraceptives, ovulating agents, anti-diabetic
drugs, anti-inflammatory agents, and a few nutritional
supplements are administered for combating the symp-
toms of PCOS. For fertility problems associated with
PCOS that do not respond to medication, laparoscopic
ovarian drilling may be an option [18]. Synthetic medi-
cations have demonstrated significant efficacy in man-
aging PCOS. However, their prolonged use is compli-
cated by adverse drug reactions. In contrast, regular
herbal use is deemed safer and more effective for treat-
ment [19]. Due to higher recovery rates and patient ac-
ceptance, individuals increasingly rely on herbal thera-
pies as alternatives to synthetic medications for con-
trolling and treating PCOS [20].

The research in the field of PCOS remains critical
in the current scenario as a major population of women
is getting affected by the disorder. Since the exact
pathophysiology of PCOS remains unknown, the util-
ization of recent techniques like computational meth-
ods and Al tools helps in the determination of the opti-
mal target and scrutinization of the potential lead [21,
22]. One significant gap lies in the multifaceted nature
of PCOS, fails to capture the traditional diagnostic and
therapeutic methods. The Rotterdam, NIH, and Andro-
gen Excess Society guidelines are among the common-
ly used diagnostic criteria that place a strong emphasis
on phenotypic signs such as polycystic ovarian mor-
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phology, hyperandrogenism, and ovulatory dysfunc-
tion. These standards, however, frequently ignore the
variety of PCOS, especially its metabolic and psycho-
logical aspects, which are essential for comprehensive
care. Additionally, new research indicates that biomark-
ers including gut microbiome changes, inflammatory
markers, and anti-Miillerian hormone (AMH) may of-
fer more information about the complexity of disease,
although they are still not widely used in clinical prac-
tice. On the therapeutic front, the reliance on generic in-
terventions, such as oral contraceptives, insulin sensi-
tizers, and lifestyle modifications, fails to account for
the diverse phenotypic and genetic profiles of patients.
These one-size-fits-all approaches often yield subopti-
mal outcomes and do not address the underlying patho-
physiology of PCOS. Moreover, the lack of integration
between therapeutic modalities, such as pharmacologi-
cal treatments, dietary interventions, and mental health
support, further limits the effectiveness of current
strategies. To tackle this, researchers are leveraging
next-generation technologies such as genome-wide as-
sociation studies (GWAS), transcriptomics, and compu-
tational approaches to better understand the genetic
and molecular mechanisms underlying the condition.
Another gap is the limited predictive accuracy of cur-
rent diagnostic models and treatment outcomes, which
is being addressed through the integration of big data
analytics and machine learning algorithms to improve
precision. Additionally, there is a lack of personalized
therapeutic options, which researchers are overcoming
by developing tailored interventions based on individu-
al genetic profiles and phenotypic expressions [23, 24].
The absence of comprehensive and effective pharmaco-
logical solutions is being tackled through the explora-
tion of novel drugs and combinational therapies aimed
at reducing inflammation, enhancing insulin sensitivi-
ty, and optimizing hormonal balance. Finally, while
digital health tools have the potential to transform
PCOS management, their widespread adoption faces
challenges related to user engagement and accessibili-
ty, which researchers are attempting to resolve by de-
signing more intuitive and inclusive technologies. Th-
ese efforts collectively aim to bridge existing knowl-
edge gaps and pave the way for more effective and in-
dividualized approaches to PCOS care. Thus, the cur-
rent piece of work majorly discusses recent innova-
tions in the field of medicine for the diagnosis and
monitoring of PCOS conditions followed by the discus-
sion on next-generation research through a series of
computational techniques which stay as a strong base-
ment for the drug discovery process.
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2. INNOVATIVE DIAGNOSTIC TOOLS FOR
PCOS

In recent years, the integration of artificial intelli-
gence (Al) and machine learning (ML) in medical diag-
nostics has enabled physicians to personalize treatment
plans for patients with PCOS, considering individual
patient characteristics, such as age, weight, and medi-
cal history [25-27]. This personalized approach has
shown promising results in improving the overall
health and well-being of patients with PCOS, as well
as reducing the risk of long-term health complications
associated with the condition [28]. Additionally, with
the use of newly developed PCOS tracker applications,
women can proactively monitor their lifestyle patterns
and symptoms related to PCOS, leading to better man-
agement of the condition even before being diagnosed
by physicians [29]. Furthermore, these applications al-
low women to track their menstrual cycles, blood su-
gar levels, and insulin resistance, which can help them
identify the early signs of PCOS and seek medical ad-
vice promptly. The list of innovative diagnostic tools
that can significantly benefit patients with PCOS is dis-
cussed in Table 1.

3. INSILICO GENOMIC AND MOLECULAR RE-
SEARCH

3.1. Gene Sequencing and Identification

Gene sequencing in polycystic ovary syndrome (P-
COS) is crucial for understanding the genetic basis of
the disorder. By identifying specific genetic variants as-
sociated with PCOS, researchers can uncover the un-
derlying molecular mechanisms that contribute to its
development. The Genetic underpinnings of polycystic
ovarian syndrome (PCOS) were performed by focus-
ing on single nucleotide polymorphisms (SNPs).
Genome-wide association studies (GWAS) were used
to identify relevant genes various bioinformatics tools
were employed to analyze the SNPs. The methodology
involves collecting DNA samples, genotyping single
nucleotide polymorphisms (SNPs), and comparing al-
lele frequencies between cases and controls. Statistical
tests identify significant associations, often visualized
as Manhattan plots. The results elucidate genetic risk
factors and probable biochemical mechanisms associat-
ed with the illness. The study identified 25 PCOS-relat-
ed genes and conducted pathway analysis to unders-
tand their biological roles. A total of 16,71,896 SNPs
were initially identified, which were then filtered to fo-
cus on missense variants and other functional SNPs.
Seven deleterious SNPs were highlighted using six dif-
ferent pathogenicity prediction tools. The identified
deleterious SNPs in genes such as ERBB4, GATAA4,
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INSR, LHCGR, SUOX, and YAP1 were discussed for
their potential roles in disease progression. The study
also highlighted the impact of these SNPs on protein
stability and function, as well as their regulatory roles
through miRNA binding and transcription factor bind-
ing sites. The findings suggest that these genetic varia-
tions could significantly influence the pathophysiology
of PCOS and contribute to its heritability [30]. Sarkar
et al. [31] emphasize the importance of understanding
the regulatory networks controlled by transcription fac-
tor binding sites (TFBS) in PCOS. Using in silico
tools, the study identified four over-represented TFBS
like Staf, E47, CCAAT, and CRE-BP1/c-jun in genes
co-expressed in ovarian theca cells of PCOS patients.
Staf, a zinc finger protein known for activating RNA
polymerase II and III promoters in small RNA genes
has human homologs ZNF76 and ZNF143. These ho-
mologs recognize similar response elements and play
roles in transcriptional activation and repression.

The over-representation of Staf binding sites in
PCOS-related genes might contribute to the regulatory
mechanisms of the syndrome. Similarly, the transcrip-
tion factor, E47, and related bHLH factors were associ-
ated with the regulation of FSH and its receptor (F-
SHR), making it critical for ovarian follicular develop-
ment and estrogen biosynthesis. The presence of E-box
sequences in the FSHR promoter region indicated that
E47 may regulate FSHR gene expression, an essential
element for follicular maturation and ovulation. The
CCAAT Bog, its associated transcription factors, and
CRE-BP1 (cAMP-Response Element Binding Protein
1) play an integral part in the regulation of genes in-
volved in key pathways affected in PCOS, including
steroidogenesis, insulin signalling, and follicular devel-
opment thus providing a major impact on the PCOS
functioning. These findings suggest that these TFBS
might be involved in the regulatory mechanisms under-
lying PCOS. The findings from [32] explore the im-
pact of single-nucleotide polymorphisms (SNPs) in the
CYPI11A1 gene, associated with polycystic ovary syn-
drome (PCOS), on the properties of the encoded pro-
teins. On analysis of 78 SNPs, the research identified
17 significant mutations that alter the structure, sub-cel-
lular localization, and physicochemical properties of
the mutated proteins. The study by Dhar et al. [33] in-
vestigates the genetic basis of obesity-mediated PCOS
by comparing obese and lean phenotypes using a bioin-
formatics-driven approach. Biological samples were
collected from two participants selected based on an-
thropometric parameters and confirmed PCOS diagno-
sis. DNA extraction was followed by clinical-exome se-
quencing using the Next-generation Illumina platform,
identifying 26,550 variants. Of these, 5,170 were com-
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mon, while 2,232 and 2,322 variants were unique to
lean and obese PCOS phenotypes, respectively. Key
genes, including CYP1A1, CYP19A1, ESRI1, AR,
AMH, PTEN, and AdipoR1, were associated with
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leptin signalling impairment, insulin resistance, and es-
trogen resistance. The study highlights distinct genetic
mechanisms between lean and obese PCOS, suggest-
ing that these variations contribute to different molecu-
lar signalling pathways and disease complexity.

Table 1. Al tools used for the diagnosis and monitoring of PCOS conditions.

NS(') PCOS Diagnostic Tools Description
APPS
1 Clue A menstrual and ovulation tracker app designed to monitor cycles, predict fertility windows, and log PCOS-
specific symptoms such as irregular periods, anovulation, and hyperandrogenism.
’ Flo A period tracker app that offers symptom tracking, personalized health insights, and reminders. Flo includes
a specific PCOS management mode to help track related symptoms.
3 HealthifyMe The HealthifyMe PCOS tracker app provides ff':gtures and. tools to help women manage and monitor their
condition effectively.
4 My PCOS Tracker Designed specifically for women with PCOS, this app tracks periods, symptoms, medications, and lifestyle
Y changes, offering insights to identify potential PCOS indicators and support healthcare consultations.
A comprehensive health app that tracks menstrual cycles, ovulation, and symptoms. It includes community
5 Glow .
support and resources for women with PCOS.
Focuses on period tracking, symptom logging, and sexual health. It provides insights and community sup-
6 Eve (by Glow) port for women dealing with PCOS.
7 Kindara A fertility tracker app that helps monitor menstrual cycles, basal body temperature, and cervical fluid. It of-
fers charting features that can be useful for women with PCOS.
] Period Tracker (by GP | A simple app for tracking menstrual cycles, symptoms, and moods. It includes features for logging PCOS-
Apps) specific symptoms.
PCOS Tracker
. Ovia Fertility is particularly useful for tracking menstrual cycles, symptoms, and lifestyle factors, with a fo-
9 Ovia Health .
cus on women with PCOS.
10 Mira An advanced fertility tracker that uses a smart analyzer and test wands to measure hormone levels. It pro-
vides personalized insights, which can be particularly useful for women with PCOS.
Al and Machine Learning Models
A statistical model using a logistic function to analyze binary outcomes, commonly applied in classification
11 Logistic Regression |tasks like medical diagnoses. It estimates probabilities of conditions such as PCOS, offering clear and inter-
pretable results.
Support Vector Support Vector Machines (SVMs) are supervised learning models used for classification and regression
12 PP tasks. They are effective in distinguishing patients with and without PCOS based on clinical features and ex-
Machines (SVM) . . ; . . .
cel in handling high-dimensional, complex medical datasets.
.. Easy to interpret and visualize, providing clear decision paths based on clinical features of PCOS like ultra-
13 Decision Trees .
sound findings and hormone levels.
Random forests are an ensemble learning method that constructs multiple decision trees during training and
14 Random Forests . .
outputs the mode of the classes for classification tasks.
Neural networks are a set of algorithms designed to imitate the functioning of the human brain in identify-
15 Neural Networks . s . .
ing patterns within a dataset. They are composed of input, hidden, and output layers.
. Convolutional Neural Networks (CNNs) are a type of deep neural network primarily used for analyzing vi-
Convolutional Neural . o ) . - . . . ;
16 sual images. Effective in analyzing ultrasound images to identify polycystic ovaries and can be combined
Networks (CNNs) . e Ry .
with clinical data for a more comprehensive diagnostic model.
RNNs are a type of neural network designed to recognize patterns in sequences of data such as time series
Recurrent Neural Net- . N -
17 or text. It is useful for analyzing time-series data, such as menstrual cycle patterns, and can capture temporal
works (RNNs) . .
dependencies in patient data.
Grgdlent Boosting GBMs are a family of machine learning algorithms that build models in a stage-wise fashion, optimizing for
Machines (GBM) (Eg. O . . - . .
18 . the best fit by minimizing loss functions. It has high predictive accuracy for structured data and is effective
XGBoost, LightGBM, . . . .
in handling heterogeneous data and feature interactions.
and CatBoost)
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Various bioinformatics tools such as CELLO2GO,
ProtParam, PHYRE2, I-Mutant, SIFT, and PolyPhen,
were employed to assess these changes. The results in-
dicated that most missense mutations negatively im-
pacted protein stability and function, suggesting their
potential as biomarkers for assessing PCOS risk in wo-
men. The research findings of [34] suggest the role of
angiogenesis-related genes and their regulatory miR-
NAs in the pathophysiology of polycystic ovary syn-
drome (PCOS). Through an extensive literature search
and reanalysis of ovarian gene expression datasets, the
study identified angiogenesis-related genes that are dif-
ferentially expressed in the ovaries of women with
PCOS. These genes were then used to predict their reg-
ulating miRNAs, leading to the development of a miR-
NA-mRNA network. The research discovered that
miR-218-5p, miR-214-3p, miR-20a-5p, and
miR-140-3p were upregulated in granulosa cells of wo-
men with PCOS, targeting genes within the PI3K/Akt
signalling pathway, which is vital for angiogenesis.
The study conducted by Butler ef al. [35] explored the
differential expression of microRNAs (miRNAs) in the
follicular fluid of 29 anovulatory women with PCOS
and 30 controls undergoing in vitro fertilization (IVF).
Among 176 detected miRNAs, 29 showed significant
differences, with seven prominently linked to clinical
features of PCOS such as insulin resistance (IR), in-
flammation, and hormonal imbalances. Correlations
were observed between miR-199b-5p and AMH,
miR-382-5p and free androgen index (FAI), and
miR-93-3p and CRP in PCOS patients. Functional anal-
ysis revealed miRNAs involved in reproductive path-
ways, inflammation, and metabolic processes. The
study highlighted miRNAs like miR-127-3p,
miR-382-5p, and miR-425-3p correlating with fertiliza-
tion rates in controls. While findings confirm miRNAs
as potential regulators of ovulatory dysfunction and IR
in PCOS, the inhibitory mechanisms and population
differences require further research. The findings indi-
cate that these miRNAs and their interactions with an-
giogenesis-related genes play a significant role in the
impaired follicular angiogenesis seen in PCOS, con-
tributing to its pathophysiology. The list of tools, on-
line software and web servers used in the computation-
al research for combating the symptoms of PCOS are
listed in Table 2.

3.2. Network Pharmacology

Network Pharmacology plays a vital role in the
identification of core pathways and PPI involved in the
pathophysiology of the disease or disorder. As the
pathophysiology of PCOS remains unknown, it is es-
sential in the determination of core targets to process
the research in drug discovery. The findings of Tiwari
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et al. [36] suggest that four prominent targets AKT1,
MAPKI1, MAPK3, and STAT3, were identified
through PPI and network analysis with the help of
tools mentioned in Table 3. The network analysis of
Begum et al. [37] highlighted targets like AKT1, PT-
GS2, PPARG, PPARA, ESR1, LDLR, GSK3B, CNR1,
ACE, and ESR2 for their contributions towards PCOS.
Thus, these findings give a clear picture of the impor-
tant targets responsible for the potential pathophysiolo-
gy of PCOS and pave the way for future research into
1t.

3.3. Molecular Docking and Molecular Dynamics Si-
mulations

Molecular docking studies involve the determining
of binding affinity of the ligand with the targeted pro-
teins and molecular dynamics studies determine the
complex stability of ligands and proteins in the environ-
ment. Studies for determination of potential phytocon-
stituent was majorly carried out in a series of natural
herbs as they act as the beneficial therapy for PCOS.
Docking analysis predicts the interaction between a li-
gand and a target protein, aiding drug discovery. The
procedure entails the preparation of the protein and li-
gand, the identification of the binding site, and the opti-
mization of the ligand. The docking algorithm pro-
duces many ligand conformations in the binding site,
which are evaluated according to binding affinity. Ulti-
mately, the highest-scoring poses are examined for crit-
ical interactions like as hydrogen bonds and hydropho-
bic contacts, yielding insights into binding mech-
anisms for additional confirmation [38]. A study per-
formed on Parquetina nigrescens leaves identified 44
compounds from the extract, and the docking results re-
vealed that the compound glutaric acid, 2-ethylbutyl
heptyl ester (CID 91705405), showed the highest bind-
ing affinity to these proteins compared to standard
drugs like spironolactone, clomiphene, and metformin.
Specifically, CID 91705405 exhibited binding affini-
ties of -8.4 Kcal/mol for AR, -8.1 Kcal/mol for ER,
-8.0 Kcal/mol for FBP, and -8.1 Kcal/mol for PEPCK
surpassing the affinities of reference drugs and they al-
so had ideal RMSD and RMSF values making it more
ideal and stable through molecular dynamics studies
for a 100 ns run [39]. Similarly, a study on binding en-
ergies of the flaxseed-protein complexes was calculat-
ed, revealing values of -2.30 Kcal/mol for CCDC28b,
-2.05 Kcal/mol for PDCD6IP, and -4.52 Kcal/mol for
USP34, indicating stable interactions. These docked
structures were further subjected to molecular dynam-
ics (MD) simulations using the Galaxy platform with
GROMACS tools to evaluate the stability and confor-
mational changes of the protein-ligand complexes over
time [40].
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Table 2. In silico tools and servers aiding research related to gene identification and analysis for the management of
PCOS symptoms.

S.No Name Mode Purpose
Gene Identification and Sequencing
GWAS catal G - . . . . . .
1 . cata .Og.ue ( enf)me Database Identification of causative gene involved in the pathogenesis of PCOS.
wide association studies)
2 ClueGO Cytoscape plugin Functional and biological interpretation of genes to constitute a network.
3 Ensembl Genome browser Genome browser comprising of vertebrae genomes.
4 PolyPhen 2 Online tool Helps in the prediction of the irnpact. of single amino ac_id substitution in the
structure and function of human proteins.
5 SIFT (Sorting Intolerant from Online tool It analyzes sequence homology and the physical properties of amino acids to de-
Tolerant) termine the potential effects of mutations on protein stability and function.
CADD (Combined To predict the deleteriousness of genetic variants by integrating multiple annota-
6 | Annotation-Dependent Deple- Online tool tions into a single score, helping to identify variants that are likely to impact hu-
tion) man health and disease.
Revel (Rare exome variant . To predlhct the path0g§n101ty of ra}re mlss.ense variants by combmn.lg .score.s
7 Website from multiple computational tools into a single ensemble score and in identify-
ensemble learner) . . . . . . .
ing potentially disease-causing mutations in exome sequencing data.
Iterative Threading ASSEmbl . . - . .
8 er[ielf\jliemzii (1;_1;{ AS SEII{I; Y Online server For protein structure prediction and function annotation.
To analyze the impact of single-nucleotide polymorphisms (SNPs) in microR-
9 MirSNP Database NA (miRNA) target sites, enabling researchers to understand how genetic varia-
tions influence miRNA binding, gene regulation, and disease susceptibility.
10 PolymiRTS Database In understanding the genetic basis of disea.ses and Fraits by ex.ploring the impact
of polymorphisms on gene regulation mediated by microRNAs.
It provides insights into how genetic variations can impact miRNA binding, ex-
11 miRNASNP 3 Online tool pression, and regulatory networks, aiding in the study of genetic contributions
to diseases and phenotypic traits.
12 SNP2TFBS Web Interface Analyze the impact of SNPs on TFBS
13 EnhancerDB Database Provide .detalled mform?ttlon on enha{lcer elements 1n.the human genome, aid-
ing researchers in understanding gene regulation mechanisms.
14 HaploReg Online tool Explore the non-coding regions of the human' genqme, focusing on the regulato-
ry potential of genetic variants.
Analyze promoter regions and their interaction networks to identify transcrip-
PAINT (Promoter Analysis and . tion factor binding sites, uncover gene regulation mechanisms, and visualize in-
15 . Computational tool . . . . .
Interaction Network Tool) teractions with regulatory proteins, supporting the study of gene expression and
regulatory pathways.
16 TRANSFAC-Public Database Analyze transcription factor binding sites and their regulatory regions in the
genome.
Predicting the 3D structure of proteins based on their amino acid sequences. It
17 PHYRE2 Online server employs advanced homology modelling techniques to identify structural tem-
plates and generate high-accuracy models.
Predict the sub-cellular localization and functional annotation of proteins by in-
18 CELLO2GO Web server tegrating protein sequence data with Gene Ontology (GO) terms, offering in-
sights into cellular localization and potential biological roles.
19 ProtParam Scientific database Compute various physical and chemical properties of a protein sequence
and online tool P Py Prop P d '
20 miRTarBase Web server It provides a comprehensive datajbase of mlRNA targets supported by strong ex-
perimental evidence.

(Table 2) contd....
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S.No Name Mode Purpose
21 DIANA-TarBase V8 Online tool Exploring experimentally validated microRNA (miRNA) interactions with their
target genes.
Enrichment analysis of miRNA targets, providing functional insights and facili-
22 miEAA 2.0 Web server tating the understanding of miRNA roles in various biological processes and
diseases.
2 Gene Expression Omnibus Public repository Storing and accessing high-throughqu gene expression and other functional ge-
(GEO) nomics data.
24 HGDP-CEPH ﬂuman Genome Database and panel F Qr stu(.iyl.ng human gen.etlc d1v§rs1ty, prov1d1n.g a resource for‘ analyzing g.enet-
Diversity Panel ic variation and evolutionary history across different populations worldwide.
Network Pharmacology
Visualize and analyse molecular interaction networks and biological pathways
25 Cvtoscae Open-source soft- | by integrating diverse data types to construct complex network models, uncov-
Y P ware platform er relationships between genes and proteins, and identify key regulatory compo-
nents in biological systems.
It provides various topological analysis methods to detect key nodes, such as
26 Cyto-Hubba plugin Plugin bottlenecks and high-connectivity proteins, helping researchers understand criti-
cal components and interactions in complex biological systems.
Knowledge base specifically designed for polycystic ovary syndrome (PCOS).
27 PCOSKB Database It compiles comprehensive information on genes, proteins, pathways, and other
molecular entities associated with PCOS.
Comprehensive resource for protein sequence and functional information. It pro-
28 Uniprot Database vides detailed, curated data on protein sequences, structures, functions, and in-
teractions.
It combines established and predicted interactions from a variety of sources,
29 STRING Data resource such as experimental data, computational prediction techniques, and public text
databases.
Combines detailed drug data with drug target information. It provides informa-
30 DrugBank Database tion on drug interactions, mechanisms, chemical structures, pharmacology, and
target proteins.
STITCH (Search Tool for Inter- . . .. . .
31 . . Database It integrates data on chemical-protein interactions from various sources.
acting Chemicals)
32 DAVID Database Functional annotation and enrichment analysis of gene lists.
3 DisGeNet Web Interface Integrates informa.tion o'n géne-éisease associations from various sources, in-
cluding scientific literature and curated databases.
34 GeneCard Database Detailed information on all annotated and predicted human genes.
35 Metascape Web-based tool For ger.le annotation an-d ar}al}./sis, i.ntegrating Vari9us bioinf.orma.tics resources
to provide comprehensive insights into gene function and biological pathways.
36 ChEMBL Database of small |It provides information on compound properties, targets, mechanisms of action,
compounds and pharmacology.

The study on isoquinoline alkaloids from the stem
of Tinospora cardifolia revealed that the four alkaloids
namely Palmatine (PAL), jatrorrhizine (JAT), mag-
noflorine (MAG), and berberine (BBR) were taken in-
to the studies and docking was carried out by Auto-
dockVina 4.2.6. and molecular dynamics by GRO-
MACS. The findings emphasize that among the four
constituents, two namely BER and PAL had an ideal
binding energy of —8.23 Kcal/mol and —6.71 Kcal/mol
and possessed a prominent complex stability in molecu-

lar dynamic environment against androgen receptors
[41]. Our findings suggest that on analyzation of a se-
ries of 20 major phytoconstituents from the herbs, Se-
samin from Sesamum indicum and Lanosterol from Fi-
cus religiosa had high binding scores and interactions
of —9.37 KJ/mol and —9.23 KJ/mol with androgen re-
ceptor and —9.63 KJ/mol and d —9.14 KJ/mol for pro-
gesterone receptor. Thus, the further experimental eval-
uation of these identified phytoconstituents is expected
to yield promising results [42].
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Table 3. In silico tools and servers aiding research related to medicinal chemistry aspects for the drug discovery process

of PCOS.
S.No Name Mode Purpose
Molecular Docking
37 PubChem Chemical Database It provides comprehens.lv.e.1nf0rmat10n on the., (fhernlcal structures, properties, biologi-
cal activities, safety, and toxicity of small molecules.
38 RCSB PDB Repository A repository for 3D structural data of blolo'glcal. macromolecules, including proteins
and nucleic acids.
39 Autodock Software A suite of automated dockm.g tools Qe51gned to predict .how small molecules, such as
substrates or drug candidates, bind to a receptor with a known 3D structure.
40 PYRx Open-source virtual [It integrates several docking programs, including AutoDock and AutoDock Vina, to fa-
y screening software cilitate the screening of large libraries of compounds against biological targets.
41 Swiss PDB viewer Online tool It provides tools for viewing, modelling, and refining protein structures.

42 Open babel Tool/ software Used to interconvert data
It provides advanced capabilities for molecular modelling, protein-ligand docking,
43 | Biovia Discovery studio Software pharmacophore modelling, and simulation, in visualizing, analyzing, and predicting
the behaviour of biological and chemical systems.
44 Moleg\rl?er\ilqzrlecular Software Visualization tool used for analyzing molecular structures and docking results.
45 PyMol Software It is extensively ut'lhzeq in struc.ture.ﬂ biology, drng de§1gn, and computational chem-
istry for generating high-quality images and animations of molecular structures.
Pharmacokinetics
46 pkCSM Online tool Predicting the ph.armacokinetic. and toxicity properties of small molect.ﬂes. It integrates
various computational models to assess ADMET properties.
47 admetSAR Web interface Predicting the ADMET characteristics of chemical compounds.
43 Swiss ADME Web-based tool Evaluating the pharmacokinetics, drug-likeness, and medicinal chemistry friendliness
of small molecules.
49 Mol Inspiration Web-based tool It provides insights into various mf)lecul'ar descriptors .and predicts the bioactivity of
compounds against different biological targets.
Toxicity Prediction
OSIRIS Property Ex- ‘ Evaluating the.drug-hke.:ne.ss, tox101ty,. and overaH‘ safety profile of ch.erplcal com-
50 lorer Online tool pounds. It provides predictions for various properties such as mutagenicity, tumori-
P genicity, irritation, and reproductive effects.
Predict the cardiotoxicity of small molecules. It leverages computational models to as-
51 CardioToxCSM Web server sess the potential for a compound to cause adverse effects on the cardiovascular sys-
tem.
5 embryoTox Online tool Predict the embryotoxicity of chemical compougds, assessing their potential to cause
adverse effects on embryonic development.
53 Pro Tox II Webserver Predict the toxicity of cher}nf:al compounds, 1.nclud1.ng acute t9x101ty, hepatotoxicity,
cytotoxicity, and other toxicological endpoints.
Biological Activity Prediction
PASS (Prediction of Ac- Predict the biological activity spectrum of chemical compounds. It employs computa-
54 | tivity Spectra for Subs- Online tool tional models to assess the potential pharmacological effects, mechanisms of action,
tances) online and possible side effects of compounds based on their chemical structure.
Molecular Dynamics and Free Energy Calculations
55 GROMACS Software Molecular dynamics simulation software used for simulating the motion of atoms and
molecules.
56 Schrodinger suite Software It provides tools for molecular visualization, structure-based drug design, molecular dy-

namics simulations, quantum mechanics calculations, and cheminformatics.
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3.4. Pharmacokinetic and Toxicity Analysis

Determination of pharmacokinetic and toxicity pa-
rameters of the compounds in the early stages of Drug
Discovery helps in saving a quantum of time. Various
online tools and software available to perform the
study are listed in Table 3. The methodology typically
starts with compound input, where the molecular struc-
ture or SMILES format is uploaded to the tool. ADME
properties, such as solubility, permeability, and
metabolic stability, are predicted based on computation-
al models. A study conducted on vitamin E as a poten-
tial agent for PCOS explains that the compound
showed ideal pharmacokinetic values within the range
for parameters like absorption, metabolism, distribu-
tion, elimination, and toxicity performed by SWISS
ADME and pkCSM online tools. The toxicity determi-
nation through OSIRIS property explorer explained
that Vitamin E was non-toxic to all the four calculated
parameters like mutagenicity, tumorigenicity, eye and
skin irritation, and reproductive toxicity. Similarly, our
findings involving 20 constituents provided data repre-
senting four compounds lanosterol, sesamin, alantolac-
tone, and nimbolide possessed good drug-likeliness
properties while sesamin and lanosterol were found to
be safe and non-toxic through toxicity prediction [42,
43].

3.5. Statistical Analysis

The study of polycystic ovarian syndrome (PCOS)
in bioinformatics relies on various statistical tools to
analyze and interpret complex datasets. Principal com-
ponent analysis (PCA), which summarises the varia-
tion in datasets, such as genetic or transcriptomic data,
into principal components, is one often used technique
that aids in reducing dimensionality and discovering
patterns. Regression analysis, particularly logistic and
linear regression, is another crucial technique for ex-
amining correlations between variables, such as the
link between genetic variations and PCOS clinical fea-
tures. Similar biological entities, such as genes or pro-
teins, are grouped according to their expression pro-
files using hierarchical clustering and k-means cluster-
ing, which reveal underlying biochemical pathways
[44, 45]. Machine learning algorithms, including sup-
port vector machines (SVM) and random forests, are in-
creasingly applied to predict PCOS diagnosis and iden-
tify biomarkers by learning patterns from high-dimen-
sional datasets. To identify genetic variations linked to
PCOS, genome-wide association studies (GWAS) use
statistical methods such as mixed-model analysis and
the chi-square test [46]. Relationships between hor-
mone levels, metabolic indices, and other clinical as-
pects are frequently investigated using correlation anal-
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yses, such as Pearson or Spearman correlation coeffi-
cients. Additionally, bioinformatics analysis uses survi-
val analysis methods like Cox proportional hazards
models and Kaplan-Meier curves to assess how differ-
ent factors affect long-term outcomes in PCOS. By
identifying gene-gene and protein-protein interactions,
network analysis methods and statistical significance
tests provide insights into the regulatory networks un-
derlying PCOS [47]. When used properly, these statisti-
cal tools offer a strong framework for understanding
the intricate biology and clinical features of PCOS, re-
sulting in better diagnosis and treatment strategies.

4. EMERGING THERAPEUTIC APPROACHES

Historically, the management of PCOS has primari-
ly focused on symptom control and the mitigation of as-
sociated risks, such as infertility and metabolic compli-
cations. Standard treatment regimens for PCOS typical-
ly include lifestyle modifications, hormonal contracep-
tives, insulin-sensitizing agents, and ovulation induc-
tion therapies. Although these approaches have been
beneficial for many patients, they often do not provide
comprehensive and long-term relief. Consequently,
there is a growing demand for more effective and per-
sonalized therapeutic options. This chapter explores
the most recent advances in therapeutic approaches for
PCOS, emphasizing the latest research and clinical
trials that are expected to enhance treatment efficacy
and improve patient outcomes.

4.1. Genetic Applications of Gene Editing Technolo-
gies for PCOS

4.1.1. Gene Correction

PCOS is characterized by a variety of symptoms, in-
cluding disrupted follicular development and ovula-
tion. Genetic variants, including those in FSHR, have
been associated with this condition [48]. FSHR en-
codes the receptor for FSH, which is crucial for follicu-
lar growth and maturation; thus, mutations in this gene
could potentially affect these processes. The correction
of gene mutations and restoration of normal follicular
development and ovulation through gene correction is
a promising approach for the treatment of PCOS.

4.1.2. Gene Knockout

Targeting and knocking out genes contributing to
hyperandrogenism, or insulin resistance can mitigate
key features of PCOS. Hyperandrogenism is central to
the pathophysiology of PCOS, and insulin resistance
plays a significant role in exacerbating clinical manifes-
tations of the syndrome [49-51]. The interplay between
hyperandrogenism and insulin resistance is complex,
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with evidence suggesting that hyperandrogenism may
contribute to insulin resistance, and vice versa [52].

4.1.3. Gene Activation/Repression

CRISPR activation (CRISPRa) and CRISPR inter-
ference (CRISPRi) are gene regulatory technologies
that can modulate gene expression without altering the
DNA sequence. CRISPRa facilitates the upregulation
of gene expression, while CRISPRI is used to downreg-
ulate or silence genes [53, 54]. The application of
CRISPRa and CRISPRI in the context of Polycystic
Ovary Syndrome (PCOS) pathogenesis, can upregulate
or downregulate the expression of specific genes in-
volved in PCOS pathogenesis.

4.2. Targeted Drug Therapies Based on Molecular
Pathways

PCOS involves various molecular pathways related
to insulin signalling, androgen production, and inflam-
mation. Understanding these pathways has led to the
development of targeted drug therapies that address
specific aspects of PCOS pathophysiology.

4.2.1. Inositol and Other Nutraceuticals

Inositols, particularly myo-inositol (MI) and D-chi-
ro-inositol (DCI), have garnered attention for their role
in insulin signalling and ovarian function. Studies
suggest that inositol supplementation can improve in-
sulin sensitivity, reduce hyperandrogenism, and restore
menstrual cyclicity in women with PCOS [55]. The
combination of MI and DCI in a physiological ratio ap-
pears to offer the most benefit, enhancing ovulatory
function and metabolic profiles.

Other nutraceuticals, such as N-acetylcysteine
(NAC), omega-3 fatty acids, and vitamin D, also show
promise in managing PCOS symptoms [56]. NAC, an
antioxidant and insulin sensitizer, has been found to im-
prove insulin resistance and ovulation rates. Omega-3
fatty acids, with their anti-inflammatory properties,
may help reduce hyperandrogenism and improve lipid
profiles [57]. Vitamin D supplementation, particularly
in women with deficiency, can enhance insulin sensitiv-
ity and reproductive outcomes [58, 59]

4.2.2. Gut Microbiota Modulation

Emerging evidence suggests a link between gut mi-
crobiota dysbiosis and PCOS pathogenesis. The gut mi-
crobiota influences metabolic homeostasis, inflamma-
tion, and androgen levels, all of which are relevant to
PCOS [60, 61]. Probiotics, prebiotics, and synbiotics
(a combination of both) are being explored to modu-
late the gut microbiota and improve metabolic and re-
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productive outcomes in PCOS patients [62, 63]. Clini-
cal trials have demonstrated that specific probiotic
strains can reduce body weight, insulin resistance, and
androgen levels, highlighting the potential of gut micro-
biota modulation as a therapeutic strategy [64, 65].
The study of Zeng et al. [66] examines gut microbial
dysbiosis in women with insulin-resistant PCOS (IR-P-
COS), non-insulin-resistant PCOS (NIR-PCOS), and
healthy controls. Using 16S rRNA gene sequencing,
significant differences in gut microbial composition
were identified among the groups. Bacteroidaceae
abundance increased notably in IR-PCOS, correlating
positively with insulin resistance, inflammation, and
hormonal imbalances. In contrast, Prevotellaceae,
known for its anti-inflammatory properties, was signifi-
cantly reduced in PCOS patients, particularly in the
IR-PCOS group, and negatively associated with inflam-
mation and insulin resistance. Functional predictions re-
vealed altered metabolic pathways in PCOS, with IR-P-
COS showing increased pathways linked to
lipopolysaccharide biosynthesis, exacerbating inflam-
mation. Reduced alpha diversity and suppressed SCFA
production were also observed, highlighting impaired
gut function. These findings emphasize the distinct gut
microbial profiles in IR-PCOS and NIR-PCOS and
suggest targeting gut dysbiosis, particularly Bacteroi-
daceae and Prevotellaceae, for developing tailored
treatments and drug strategies to mitigate inflamma-
tion and metabolic complications in PCOS patients.

4.2.3. Anti-Miillerian Hormone (AMH) Modulation

AMH, produced by ovarian follicles, is elevated in
women with PCOS and correlates with the severity of
anovulation and hyperandrogenism [67]. Targeting
AMH pathways is a novel approach being investigated
for PCOS management [68]. AMH antagonists or in-
hibitors could potentially reduce follicular excess and
restore normal ovarian function. While still in the early
stages, this approach holds promise for addressing the
ovarian dysfunction characteristic of PCOS [69].

4.2.4. Advanced Reproductive Technologies

For women with PCOS seeking fertility, advanced
reproductive technologies (ART) offer promising solu-
tions [70]. Letrozole, an aromatase inhibitor, has
emerged as a first-line ovulation induction agent, show-
ing superior efficacy compared to clomiphene citrate.
in vitro maturation (IVM) of oocytes, a technique that
involves harvesting immature oocytes and maturing
them in the laboratory, is particularly beneficial for
PCOS patients at risk of ovarian hyperstimulation syn-
drome (OHSS) [71]. Additionally, personalized ART
protocols, including tailored ovarian stimulation and
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embryo selection, are improving success rates and re-
ducing complications.

4.2.5. Anti-androgenic Therapies

Androgen receptor (AR) antagonists and 5-alpha-re-
ductase inhibitors are being explored as more targeted
therapies for hyperandrogenism in PCOS [72]. Spirono-
lactone, an AR antagonist, and finasteride, a 5-alpha-re-
ductase inhibitor, have shown efficacy in reducing hir-
sutism and acne. Novel agents with fewer side effects
and higher specificity for androgen receptors are under
investigation, offering the potential for improved man-
agement of androgenic symptoms in PCOS [73].

4.2.6. Inflammatory Pathway Modulators

Chronic low-grade inflammation is implicated in
PCOS pathogenesis [74]. Targeting inflammatory path-
ways with agents like anti-inflammatory cytokines or
immune modulators can reduce inflammation and im-
prove metabolic and reproductive outcomes [75, 76].
These therapies are in the early stages of development
but hold promise for comprehensive management of
PCOS [77, 78].

4.3. Regenerative Medicine and Stem Cell Therapy
for Tissue Repair

4.3.1. Stem Cell Therapy in PCOS

Regenerative medicine, specifically stem cell thera-
py, is posited as a promising avenue for addressing
ovarian dysfunction in PCOS [79]. It underscores the
potential of regenerative medicine, including stem cell
therapy, as an alternative treatment for PCOS, given
the limitations and risks associated with long-term
pharmacological treatments and surgical options [80].

4.3.2. Ovarian Tissue Regeneration

Stem cell therapy aims to regenerate ovarian tissue
and restore normal folliculogenesis and hormone pro-
duction. Mesenchymal stem cells (MSCs) and induced
pluripotent stem cells (iPSCs) are being explored for
their therapeutic potential in various medical condi-
tions, including PCOS. The use of iPSCs derived from
patients with PCOS to model the disease in vitro has
been reported, providing a novel approach to studying
the pathogenesis of PCOS and to screen for potential
treatments [81, 82].

5. PREVENTION AND AWARENESS FOR PCOS

Preventative measures for PCOS are centered on
lifestyle modifications, including diet, exercise, and be-
havioural changes, which are crucial along with main-
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taining a healthy weight to enhance insulin sensitivity
and hormonal balance. These measures are not only es-
sential for managing the condition but also for prevent-
ing the occurrence of associated complications. Regu-
lar medical check-ups are essential for early symptom
detection and management to prevent complications.

Awareness efforts can be enhanced through educa-
tional programs such as workshops, seminars, and on-
line resources, as well as support groups where individ-
uals can share experiences and coping strategies. Sever-
al organizations have been dedicated to raising aware-
ness about PCOS, such as the PCOS Awareness Asso-
ciation (https://www.pcosaa.org/), the PCOS Chal-
lenge: The National Polycystic Ovary Syndrome Asso-
ciation (https://pcoschallenge.org/) and the PCOS Soci-
ety, India (pcosindia.org). Furthermore, public cam-
paigns can significantly increase awareness and advo-
cacy for better research and healthcare policies. Educa-
tional platforms like the PCOS Hub (The PCOS Hub |
By Health & Balance Vitamins (handbvitamins.com)),
the PCOS Collective (https://pcoscollective.com/) and
also distributing educational materials such as pamph-
lets, brochures, articles, and podcasts and encouraging
healthcare providers to undergo specialized training in
PCOS management ensures that patients receive the
best care based on updated clinical guidelines.

6. DISCUSSION

Research on polycystic ovary syndrome (PCOS) is
critically important due to its high prevalence, affect-
ing 8-13% of women worldwide, with even higher
rates in certain regions like India. Effective and timely
research is essential to develop better diagnostic and
treatment options, improve fertility outcomes, and re-
duce the economic burden associated with managing
PCOS and its complications. Thus, the utilization of re-
cent innovations in research is to be done in an effec-
tive and precise manner. As discussed above, various
innovations like trackers and applications are remotely
available to all for self-diagnosis and monitoring of
menstrual cycle patterns in women, ovulation stream-
lining and several algorithms assisting the practitioners
in medical diagnosis of the disorder. These innovations
should not be left unnoticed and utilized effectively.

A variety of computational methods, including on-
line tools, web servers, and free software, are easily ac-
cessible for conducting bench research, significantly re-
ducing both time and costs. Some discoveries, such as
the role of single nucleotide polymorphisms (SNPs),
particularly the CYP11A1 gene, have been identified
as playing a key role in the pathophysiology of PCOS.
Other studies have explored the impact of Staf overex-
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pression and the involvement of E47 in regulating
FSH, along with the role of transcription factor binding
sites in the disorder's pathophysiology. Additionally,
the results from network pharmacology offer signifi-
cant insights into the connection between the AKT1
pathway and PCOS. The AKT1 pathway, a vital part
of the PI3K/AKT signalling cascade, plays a signifi-
cant role in folliculogenesis and ovarian function,
while also mediating insulin's metabolic effects. Its dys-
regulation contributes to increased insulin resistance
and androgen production. Therefore, further research
into this specific pathway is anticipated to produce
promising outcomes. Molecular docking, dynamics,
and pharmacokinetic studies have significantly ad-
vanced the drug discovery process for Polycystic
Ovarian Syndrome (PCOS) by enabling the design and
evaluation of targeted therapeutics with higher preci-
sion and efficacy.

Molecular Docking facilitates the identification of
potential drug candidates by predicting their binding
affinity and interaction patterns with specific targets,
such as androgen receptors, insulin receptors, or inflam-
matory mediators involved in PCOS. By modelling the
interactions between ligands and receptor active sites,
docking studies provide insights into the structural re-
quirements for binding, helping in the rational design
of compounds with enhanced specificity and potency.
Molecular Dynamics (MD) simulations go a step fur-
ther by assessing the stability and behaviour of drug--
target complexes over time in a simulated biological
environment. This aids in understanding the functional
implications of drug binding and optimizing lead com-
pounds to enhance their effectiveness under physiologi-
cal conditions. Pharmacokinetic analysis complements
the in silico approaches by predicting the absorption,
distribution, metabolism, and excretion (ADME) pro-
files of potential drug candidates. Computational tools
can evaluate properties like bioavailability, half-life,
and potential toxicity, enabling the selection of com-
pounds with favourable pharmacokinetic profiles. This
reduces the risk of late-stage failures in drug develop-
ment and accelerates the pipeline for bringing effective
treatments to clinical trials. Together, these techniques
enable a cost-effective and efficient exploration of nov-
el therapeutic agents for PCOS, offering a pathway to
develop drugs that target the underlying molecular
mechanisms of the disorder with precision. By integrat-
ing docking, dynamics, and pharmacokinetics, re-
searchers can design innovative solutions to address
the multifactorial nature of PCOS, ultimately improv-
ing treatment outcomes and patient quality of life. The
above findings from in silico docking and molecular
dynamics techniques demonstrated that compounds
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such as Glutaric acid, 2-ethylbutyl heptyl ester, Palma-
tine, Berberine, Sesamin, and Lanosterol exhibit high
binding affinity and strong complex stability without
toxic effects, highlighting their potential in combating
PCOS symptoms. Additionally, findings from various
conventional targeted therapies underscore the effec-
tiveness of MI and DCI combinations, the role of gut
microbiota through probiotics and prebiotics, and the
use of advanced reproductive technologies in address-
ing the symptoms and key pathways associated with
PCOS [83]. These findings suggest that the integration
of diagnostic applications and devices, followed by
computational analysis of potential constituents target-
ing specific genes, and the application of emerging tar-
geted therapy technologies, could lead to the develop-
ment of potent treatments to combat PCOS symptoms

(Fig. 2).
7. LIMITATIONS

The review underscores the significance of innova-
tive strategies in addressing polycystic ovary syn-
drome (PCOS) for the upcoming generation but ac-
knowledges several limitations that must be addressed
for future advancements. One of the primary chal-
lenges lies in the translation of next-generation tech-
nologies, such as genome-wide association studies (G-
WAS), transcriptomics, and computational approaches,
into routine clinical practice. These technologies are of-
ten constrained by their high cost, limited accessibility,
and the need for specialized expertise, which restricts
their widespread adoption. Furthermore, while the inte-
gration of big data analytics and machine learning of-
fers immense potential in PCOS management, these ap-
proaches require extensive validation to ensure their re-
liability and applicability across diverse populations
and clinical settings. The promise of personalized
medicine and novel pharmacological interventions is
another highlight however, these approaches face unre-
solved issues regarding their long-term safety, effica-
cy, and scalability. Without robust evidence, these
promising strategies cannot be universally applied.
Moreover, the multifactorial nature of PCOS, which in-
volves a complex interplay of genetic, environmental,
and lifestyle factors, necessitates comprehensive longi-
tudinal studies to deepen understanding. Unfortunate-
ly, this aspect remains insufficiently addressed in cur-
rent explorations. These limitations underscore the criti-
cal need for multidisciplinary collaboration and sus-
tained research efforts. By bridging the gap between in-
novation and real-world application, these endeavors
can help translate cutting-edge strategies into accessi-
ble, effective, and sustainable solutions for manage-
ment of PCOS.
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Fig. (2). A complete workflow of recent innovations pertaining to the list of applications and techniques available for diagnosis
of the disorder and several research strategies and methods used in targeting the symptoms for management of PCOS. (4 high-
er resolution / colour version of this figure is available in the electronic copy of the article).

CONCLUSION

Thus, the overall information obtained through vari-
ous studies emphasizes that the incorporation of ad-
vanced technologies and innovative strategies marks a
transformative phase in PCOS research and manage-
ment. Emerging approaches such as genome-wide asso-
ciation studies (GWAS), transcrip- tomics, and
metabolomics are expected to unravel novel genetic
and molecular markers, enabling earlier and more pre-
cise diagnosis. The integration of artificial intelligence
and machine learning into big data analytics holds
promise for developing predictive models that facili-
tate individualized treatment plans tailored to the com-
plex pathophysiology of PCOS. Additionally, advance-
ments in pharmacology and the identification of specif-
ic molecular targets could lead to therapies that ad-
dress root causes, including inflammation, insulin resis-
tance, and hormonal imbalances, rather than merely

managing symptoms. The adoption of digital health
tools, such as wearable devices and mobile applica-
tions, is anticipated to play a pivotal role in real-time
patient monitoring, education, and self-management,
potentially improving accessibility and equity in health-
care delivery. Furthermore, a holistic understanding of
the interplay between genetic, environmental, and
lifestyle factors is critical for achieving improved pa-
tient outcomes and enhancing the quality of life for
those affected by PCOS. Over the next five years, a
multidisciplinary approach combining next-generation
research, technological innovations, and real-world ap-
plications will likely redefine the landscape of PCOS
management. However, challenges such as ethical con-
siderations, cost barriers, and the need for global stan-
dardization of protocols must be addressed. By critical-
ly analyzing and effectively applying these advance-
ments, researchers and clinicians can drive significant
progress, paving the way for more comprehensive,
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equitable, and effective care for PCOS patients. Chal-
lenges such as the lack of standardized diagnostic crite-
ria, disparities in access to healthcare, and the limited
representation of diverse populations in research must
also be addressed. Bridging these gaps will require
global collaboration and the development of cost-effec-
tive and scalable diagnostic and treatment protocols.
By embracing a multidisciplinary approach that lever-
ages technological advancements and emphasizes holis-
tic patient care, future research can make significant
strides in understanding and managing PCOS. Thus,
this review will provide a comprehensive overview of
how next-generation research is transforming the un-
derstanding, diagnosis, and treatment of polycystic dis-
eases, supported by current advancements, technologi-
cal innovations, and real-world applications, while also
addressing the challenges and ethical considerations in-
volved.

AUTHOR’S CONTRIBUTIONS

PLN, SS, and RR are responsible for the experimen-
tal design, data acquisition, data analysis, and prepar-
ing drafts of the manuscript. CV contributed to the re-
view of manuscript and supervision.

LIST OF ABBREVIATIONS
SHBG

LH = Luteinizing Hormone

GWAS = Genome-wide Association Studies

Sex Hormone-binding Globulin

NGS = Next-generation Sequencing

PCOS = Polycystic Ovary Syndrome

CONSENT FOR PUBLICATION
Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial
or otherwise.

ACKNOWLEDGEMENTS

The authors are thankful to SRM College of Phar-
macy, SRM Institute of Science and Technology for
providing continuous support for performing the work.

REFERENCES

[1]  Azziz, R.; Carmina, E.; Chen, Z.; Dunaif, A.; Laven,
J.S.E.; Legro, R.S.; Lizneva, D.; Natterson-Horowtiz, B.;

(6]

(8]

(9]

[12]

[13]

Current Medicinal Chemistry, XXXX, Vol. XX, No. XX 15

Teede, H.J.; Yildiz, B.O. Polycystic ovary syndrome. Nat.
Rev. Dis. Primers, 2016, 2(1), 16057.
http://dx.doi.org/10.1038/nrdp.2016.57 PMID: 27510637
Sarawad, S.S. Polycystic ovary syndrome (PCOS): A com-
prehensive review. Int. J. Adv. Nurs. Manag., 2023, 11(4),
264-265.
http://dx.doi.org/10.52711/2454-2652.2023.00059

Hoeger, K.M.; Dokras, A.; Piltonen, T. Update on PCOS:
Consequences, challenges, and guiding treatment. J. Clin.
Endocrinol. Metab., 2021, 106(3), €1071-e1083.
http://dx.doi.org/10.1210/clinem/dgaa839
33211867

Bharathi, R.V.; Swetha, S.; Neerajaa, J.; Madhavica, J.V_;
Janani, D.M.; Rekha, S.N.; Sanya, R.; Usha, B. An epi-
demiological survey: Effect of predisposing factors for
PCOS in Indian urban and rural population. Middle East
Fertil. Soc. J., 2017, 22(4), 313-316.
http://dx.doi.org/10.1016/j.mefs.2017.05.007

Dobbie, L.J.; Pittam, B.; Zhao, S.S.; Alam, U.; Hydes,
T.J.; Barber, T.M.; Cuthbertson, D.J. Childhood, adoles-
cent, and adulthood adiposity are associated with risk of
PCOS: A Mendelian randomization study with meta-analy-
sis. Hum. Reprod., 2023, 38(6), 1168-1182.
http://dx.doi.org/10.1093/humrep/dead053
37015099

Bharali, M.D.; Rajendran, R.; Goswami, J.; Singal, K.; Ra-
jendran, V. Prevalence of polycystic ovarian syndrome in
india: A systematic review and meta-analysis. Cureus,
2022, 14(12), €32351.
http://dx.doi.org/10.7759/cureus.32351 PMID: 36628015
Ding, T.; Hardiman, P.J.; Petersen, I.; Wang, F.F.; Qu, F.;
Baio, G. The prevalence of polycystic ovary syndrome in
reproductive-aged women of different ethnicity: A system-
atic review and meta-analysis. Oncotarget, 2017, 8(56),
96351-96358.
http://dx.doi.org/10.18632/oncotarget.19180
29221211

Kirby, J. Polycystic ovary syndrome In: Acneiform Erup-
tions in Dermatology; Zeichner, J. Ed.; Springer, New
York, NY,, 2013, 149-154.
http://dx.doi.org/10.1007/978-1-4614-8344-1_21

Johra, T.H.; Akther, N.; Rabeya, S.; Khan, M.A.H.K_;
Amanullah, M. Observing the use of insulin sensitizers for
ovulation induction among PCOS women. Schol. J. Appl.
Med. Sci., 2023, 11(1), 236-241.
http://dx.doi.org/10.36347/sjams.2023.v11i01.036

Dason, E.S.; Koshkina, O.; Chan, C.; Sobel, M. Diagnosis
and management of polycystic ovarian syndrome. CMAJ,
2024, 196(3), E85-E%4.
http://dx.doi.org/10.1503/cmaj.231251 PMID: 38286488
Inan, C.; Karadag, C. Correlation between ovarian mor-
phology and biochemical and hormonal parameters in poly-
cystic ovary syndrome. Pak. J. Med. Sci., 2016, 32(3),
742-745.
http://dx.doi.org/10.12669/pjms.323.10082
27375725

Revathi, R.; Julius, A. A biological effect of sex hormone
binding globulin and testosterone in polycystic ovary syn-
drome (PCOS) Obese Women. Res. J. Pharm. Tech., 2017,
10(7), 2143-2145.
http://dx.doi.org/10.5958/0974-360X.2017.00377.8

Ajmal, N.; Khan, S.Z.; Shaikh, R. Polycystic ovary syn-
drome (PCOS) and genetic predisposition: A review arti-
cle. Eur. J. Obstet. Gynecol. Reprod. Biol. X, 2019, 3,
100060.

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1038/nrdp.2016.57
http://www.ncbi.nlm.nih.gov/pubmed/27510637
http://dx.doi.org/10.52711/2454-2652.2023.00059
http://dx.doi.org/10.1210/clinem/dgaa839
http://www.ncbi.nlm.nih.gov/pubmed/33211867
http://dx.doi.org/10.1016/j.mefs.2017.05.007
http://dx.doi.org/10.1093/humrep/dead053
http://www.ncbi.nlm.nih.gov/pubmed/37015099
http://dx.doi.org/10.7759/cureus.32351
http://www.ncbi.nlm.nih.gov/pubmed/36628015
http://dx.doi.org/10.18632/oncotarget.19180
http://www.ncbi.nlm.nih.gov/pubmed/29221211
http://dx.doi.org/10.1007/978-1-4614-8344-1_21
http://dx.doi.org/10.36347/sjams.2023.v11i01.036
http://dx.doi.org/10.1503/cmaj.231251
http://www.ncbi.nlm.nih.gov/pubmed/38286488
http://dx.doi.org/10.12669/pjms.323.10082
http://www.ncbi.nlm.nih.gov/pubmed/27375725
http://dx.doi.org/10.5958/0974-360X.2017.00377.8

16 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[15]

[16]

[19]

(20]

(21]

[23]

http://dx.doi.org/10.1016/j.eurox.2019.100060 PMID:
31403134

Mukherjee, P.; Sanyal, S.; Chadha, S.; Mukherjee, S. The
impact of polycystic ovary syndrome (PCOS) on the risk
of developing ovarian cancer and thyroid disorders: A com-
prehensive review. Endocr. Metab. Disord., 2024, 24(5),
562-572.

Deswal, R.; Nanda, S.; Dang, A.S. Association of Luteiniz-
ing hormone and LH receptor gene polymorphism with sus-
ceptibility of polycystic ovary syndrome. Syst. Biol. Re-
prod. Med., 2019, 65(5), 400-408.
http://dx.doi.org/10.1080/19396368.2019.1595217 PMID:
30958034

Witchel, S.F.; Plant, T.M. Intertwined reproductive en-
docrinology: Puberty and polycystic ovary syndrome.
Curr. Opin. Endocr. Metab. Res., 2020, 14, 127-136.
http://dx.doi.org/10.1016/j.coemr.2020.07.004 PMID:
33102929

Lobo, R.A.; Carmina, E. The importance of diagnosing the
polycystic ovary syndrome. Ann. Intern. Med., 2000,
132(12), 989-993.
http://dx.doi.org/10.7326/0003-4819-132-12-200006200-0
0010 PMID: 10858183

Seow, K.M.; Chang, Y.W.; Chen, K.H.; Juan, C.C;
Huang, C.Y.; Lin, L.T.; Tsui, K.H.; Chen, Y.J.; Lee, W.L.;
Wang, P.H. Molecular mechanisms of laparoscopic
ovarian drilling and its therapeutic effects in polycystic
ovary syndrome. Int. J. Mol. Sci., 2020, 21(21), 8147.
http://dx.doi.org/10.3390/ijms21218147 PMID: 33142702
Arentz, S.; Smith, C.A.; Abbott, J.; Fahey, P.; Cheema,
B.S.; Bensoussan, A. Combined lifestyle and herbal
medicine in overweight women with polycystic ovary syn-
drome (PCOS): A randomized controlled trial. Phytother.
Res., 2017, 31(9), 1330-1340.
http://dx.doi.org/10.1002/ptr.5858 PMID: 28685911

Joshi, M.; Shankar, R.; Pathak, K.; Yadav, R. Polycystic
ovarian syndrome: A review covering phytoconstituents
for its outstrip management. Pharmacolog. Res. - Mod.
Chin. Med., 2021, 1, 100011.
http://dx.doi.org/10.1016/j.prmcm.2021.100011

Sahin, T.K.; Ayasun, R.; Rizzo, A.; Guven, D.C. Prognos-
tic value of neutrophil-to-eosinophil ratio (NER) in cancer:
A systematic review and meta-analysis. Cancers (Basel),
2024, 16(21), 3689.
http://dx.doi.org/10.3390/cancers16213689
39518127

Guven, D.C.; Erul, E.; Kaygusuz, Y.; Akagunduz, B.; Kil-
ickap, S.; De Luca, R.; Rizzo, A. Immune checkpoint in-
hibitor-related hearing loss: A systematic review and analy-
sis of individual patient data. Support. Care Cancer, 2023,
31(11), 624.
http://dx.doi.org/10.1007/s00520-023-08083-w
37819422

Yao, X.; Wang, X. Bioinformatics searching of diagnostic
markers and immune infiltration in polycystic ovary syn-
drome. Front. Genet., 2022, 13, 937309.
http://dx.doi.org/10.3389/fgene.2022.937309
36118901

Barrera, F.J.; Brown, E.D.L.; Rojo, A.; Obeso, J.; Plata,
H.; Lincango, E.P.; Terry, N.; Rodriguez-Gutiérrez, R.;
Hall, J.E.; Shekhar, S. Application of machine learning
and artificial intelligence in the diagnosis and classifica-
tion of polycystic ovarian syndrome: A systematic review.
Front. Endocrinol. (Lausanne), 2023, 14, 1106625.
http://dx.doi.org/10.3389/fendo.2023.1106625

PMID:

PMID:

PMID:

PMID:

[25]

[27]

[28]

[34]

[35]

Narayanan et al.

37790605
Moral, P.; Mustafi, D.; Sahana, S.K. PODBoost: An ex-
plainable Al model for polycystic ovarian syndrome detec-
tion using grey wolf-based feature selection approach. Neu-
ral Comput. Appl., 2024, 36(30), 18627-18644.
http://dx.doi.org/10.1007/s00521-024-10171-9

Khanna, V.V.; Chadaga, K.; Sampathila, N.; Prabhu, S.;
Bhandage, V.; Hegde, G.K. A distinctive explainable ma-
chine learning framework for detection of polycystic ovary
syndrome. Appl. Sys. Innova., 2023, 6(2), 32.
http://dx.doi.org/10.3390/asi6020032

Adla, Y.A.A.; Raydan, D.G.; Charaf, M-Z.J.; Saad, R.A.;
Nasreddine, J.; Diab, M.O. Automated Detection of Poly-
cystic Ovary Syndrome Using Machine Learning Tech-
niques. 2021 Sixth International Conference on Advances
in Biomedical Engineering, Alaska, 2021, pp. 208-212.
http://dx.doi.org/10.1109/ICABMES53305.2021.9604905
Subha, R.; Nayana, B.R.; Radhakrishnan, R.; Sumalatha,
P. Computerized diagnosis of polycystic ovary syndrome
using machine learning and swarm intelligence techniques.
Res. Squa., 2023, 2, 27767.
http://dx.doi.org/10.21203/rs.3.rs-2027767/v2

Tsaliki, K.C. Al-driven hormonal profiling: A game-chang-
er in polycystic ovary syndrome prevention. J. Res. Appl.
Sci. Enginee. Tech., 2024, 12,364-371.
http://dx.doi.org/10.22214/ijraset.2024.61001

Prabhu, B.N.; Kanchamreddy, S.H.; Sharma, A.R.; Bhat,
S.K.; Bhat, P.V.; Kabekkodu, S.P.; Satyamoorthy, K.; Rai,
P.S. Conceptualization of functional single nucleotide poly-
morphisms of polycystic ovarian syndrome genes: An in
silico approach. J. Endocrinol. Invest., 2021, 44(8),
1783-1793.
http://dx.doi.org/10.1007/s40618-021-01498-4
33506367

Sarkar, C.; Maitra, A. Deciphering the cis-regulatory ele-
ments of co-expressed genes in PCOS by in silico analysis.
Gene, 2008, 408(1-2), 72-84.
http://dx.doi.org/10.1016/j.gene.2007.10.026
18055135

Muccee, F.; Bijou, O.; Harakeh, S.; Adawiyah, R.; Sayyed,
R.Z.; Haghshenas, L.; Alshehri, D.; Ansari, M.J.; Ghazan-
far, S. In-silico investigation of effects of single-nucleotide
polymorphisms in pcos-associated cypllal gene on mutat-
ed proteins. Genes (Basel), 2022, 13(7), 1231.
http://dx.doi.org/10.3390/genes13071231
35886014

Dhar, S.; Bhattacharjee, P. Clinical-exome sequencing un-
veils the genetic landscape of polycystic ovarian syndrome
(PCOS) focusing on lean and obese phenotypes: Implica-
tions for cost-effective diagnosis and personalized treat-
ment. Sci. Rep., 2024, 14(1), 24468.
http://dx.doi.org/10.1038/s41598-024-75719-0
39424910

Patil, K.; Joseph, S.; Shah, J.; Mukherjee, S. An integrated
in silico analysis highlighted angiogenesis regulating miR-
NA-mRNA network in PCOS pathophysiology. J. Assist.
Reprod. Genet., 2022, 39(2), 427-440.
http://dx.doi.org/10.1007/s10815-022-02396-1
35032287

Butler, A.E.; Ramachandran, V.; Hayat, S.; Dargham,
S.R.; Cunningham, T.K.; Benurwar, M.; Sathyapalan, T.;
Najafi-Shoushtari, S.H.; Atkin, S.L. Expression of microR-
NA in follicular fluid in women with and without PCOS.
Sci. Rep., 2019, 9(1), 16306.
http://dx.doi.org/10.1038/s41598-019-52856-5

PMID:

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.1016/j.eurox.2019.100060
http://www.ncbi.nlm.nih.gov/pubmed/31403134
http://dx.doi.org/10.1080/19396368.2019.1595217
http://www.ncbi.nlm.nih.gov/pubmed/30958034
http://dx.doi.org/10.1016/j.coemr.2020.07.004
http://www.ncbi.nlm.nih.gov/pubmed/33102929
http://dx.doi.org/10.7326/0003-4819-132-12-200006200-00010
http://dx.doi.org/10.7326/0003-4819-132-12-200006200-00010
http://www.ncbi.nlm.nih.gov/pubmed/10858183
http://dx.doi.org/10.3390/ijms21218147
http://www.ncbi.nlm.nih.gov/pubmed/33142702
http://dx.doi.org/10.1002/ptr.5858
http://www.ncbi.nlm.nih.gov/pubmed/28685911
http://dx.doi.org/10.1016/j.prmcm.2021.100011
http://dx.doi.org/10.3390/cancers16213689
http://www.ncbi.nlm.nih.gov/pubmed/39518127
http://dx.doi.org/10.1007/s00520-023-08083-w
http://www.ncbi.nlm.nih.gov/pubmed/37819422
http://dx.doi.org/10.3389/fgene.2022.937309
http://www.ncbi.nlm.nih.gov/pubmed/36118901
http://dx.doi.org/10.3389/fendo.2023.1106625
http://www.ncbi.nlm.nih.gov/pubmed/37790605
http://dx.doi.org/10.1007/s00521-024-10171-9
http://dx.doi.org/10.3390/asi6020032
http://dx.doi.org/10.1109/ICABME53305.2021.9604905
http://dx.doi.org/10.21203/rs.3.rs-2027767/v2
http://dx.doi.org/10.22214/ijraset.2024.61001
http://dx.doi.org/10.1007/s40618-021-01498-4
http://www.ncbi.nlm.nih.gov/pubmed/33506367
http://dx.doi.org/10.1016/j.gene.2007.10.026
http://www.ncbi.nlm.nih.gov/pubmed/18055135
http://dx.doi.org/10.3390/genes13071231
http://www.ncbi.nlm.nih.gov/pubmed/35886014
http://dx.doi.org/10.1038/s41598-024-75719-0
http://www.ncbi.nlm.nih.gov/pubmed/39424910
http://dx.doi.org/10.1007/s10815-022-02396-1
http://www.ncbi.nlm.nih.gov/pubmed/35032287
http://dx.doi.org/10.1038/s41598-019-52856-5

Next-generation Approaches in Targeting Polycystic Ovarian Syndrome

[36]

[37]

[38]

[40]

[44]

[45]

31705013

Tiwari, A.; Modi, S.J.; Girme, A.; Hingorani, L. Network
pharmacology-based strategic prediction and target identifi-
cation of apocarotenoids and carotenoids from stan-
dardized Kashmir saffron (Crocus sativus L.) extract
against polycystic ovary syndrome. Medicine (Baltimore),
2023, 102(32), e34514.
http://dx.doi.org/10.1097/MD.0000000000034514 PMID:
37565925

Begum, R.F.; Mohan, S. Systematic exploration of net-
work pharmacology, in silico modeling and pharmacokinet-
ic profiling for vitamin E in polycystic ovarian syndrome.
Futur. Sci. OA4, 2024, 10(1), FS0952.

Rushendran, R.; Chitra, V. Antimigraine activity of
Asarinin by OPRM1 pathway with multifaceted impacts
through network analysis. Sci. Rep., 2024, 14(1), 20207.
http://dx.doi.org/10.1038/s41598-024-70933-2  PMID:
39215033

Femi-Olabisi, J.F.; Ishola, A.A.; Olujimi, F.O. Effect of
Parquetina nigrescens (Afzel.) Leaves on Letrozole-In-
duced PCOS in Rats: A Molecular Insight into its phyto-
constituents. Appl. Biochem. Biotechnol., 2023, 195(8),
4744-4774.
http://dx.doi.org/10.1007/s12010-023-04537-3
37171758

Joshi, S.; Srivastava, R. Tracing the pathways and mech-
anisms involved in medicinal uses of flaxseed with compu-
tational methods and bioinformatics tools. Front Chem.,
2024, 11, 1276052.
http://dx.doi.org/10.3389/fchem.2023.1276052
38283897

Moka, M.K. Computational investigation of four isoquino-
line alkaloids against polycystic ovarian syndrome. J. Bio-
mol. Struct. Dyn., 2023, 42(2), 1-13.

PMID: 37315995

Pavithra, L.; Ilango, K. Identification of phytoconstituents
for combating polycystic ovarian syndrome through in sil-
ico techniques. Indian J. Biochem. Biophys., 2023, 60(2),
99-107.

Begum, R.F.; Mohan, S. Insights into vitamin E with com-
bined oral contraceptive on insr gene in pcos by integrat-
ing in silico and in vivo approaches. Appl. Biochem.
Biotechnol., 2024, 196(6), 2990-3009.
http://dx.doi.org/10.1007/s12010-023-04710-8
37610513

Zou, J.; Li, Y.; Liao, N.; Liu, J.; Zhang, Q.; Luo, M.; Xiao,
J.; Chen, Y.; Wang, M.; Chen, K.; Zeng, J.; Mo, Z. Identifi-
cation of key genes associated with polycystic ovary syn-
drome (PCOS) and ovarian cancer using an integrated
bioinformatics analysis. J. Ovarian Res., 2022, 15(1), 30.
http://dx.doi.org/10.1186/s13048-022-00962-w  PMID:
35227296

Zou, L.; Feng, Q.; Xia, W.; Zhu, C. Bioinformatics analy-
sis of the common targets of miR-223-3p, miR-122-5p,
and miR-93-5p in polycystic ovarian syndrome. Front.
Genet., 2023, 14, 1097706.
http://dx.doi.org/10.3389/fgene.2023.1097706
36873932

Liu, Q.; Zhu, Z.; Kraft, P.; Deng, Q.; Stener-Victorin, E.;
Jiang, X. Genomic correlation, shared loci, and causal rela-
tionship between obesity and polycystic ovary syndrome:
A large-scale genome-wide cross-trait analysis. BMC
Med., 2022, 20(1), 66.
http://dx.doi.org/10.1186/s12916-022-02238-y
35144605

PMID:

PMID:

PMID:

PMID:

PMID:

[47]

[51]

[52]

[53]

[58]

Current Medicinal Chemistry, XXXX, Vol. XX, No. XX 17

Alur, V.; Vastrad, B.; Raju, V.; Vastrad, C.; Kotturshetti,
S. The identification of key genes and pathways in polycys-
tic ovary syndrome by bioinformatics analysis of next-gen-
eration sequencing data. Middle East Fertil. Soc. J., 2024,
29(1), 53.

http://dx.doi.org/10.1186/543043-024-00212-7

Laven, J.S.E. Follicle stimulating hormone receptor (F-
SHR) polymorphisms and polycystic ovary syndrome (P-
COS). Front. Endocrinol. (Lausanne), 2019, 10, 23.
http://dx.doi.org/10.3389/fendo.2019.00023
30809190

Homburg, R. Androgen circle of polycystic ovary syn-
drome. Hum. Reprod., 2009, 24(7), 1548-1555.
http://dx.doi.org/10.1093/humrep/dep049
19279033

Abbott, D.H.; Barnett, D.K.; Bruns, C.M.; Dumesic, D.A.
Androgen excess fetal programming of female reproduc-
tion: A developmental aetiology for polycystic ovary syn-
drome? Hum. Reprod. Update, 2005, 11(4), 357-374.
http://dx.doi.org/10.1093/humupd/dmi013 PMID:
15941725

Magbool, M.; Dar, M.A.; Gani, L.; Geer, M.1. Insulin resis-
tance and polycystic ovary syndrome: A review. J. Drug
Deliv. Ther., 2019, 9(1-s), 433-436.
http://dx.doi.org/10.22270/jddt.v9i1-5.2275

Giallauria, F.; Palomba, S.; Vigorito, C.; Tafuri, M.G.; Co-
lao, A.; Lombardi, G.; Orio, F. Androgens in polycystic
ovary syndrome: The role of exercise and diet. Semin. Re-
prod. Med., 2009, 27, 306-315.

Larson, M.H.; Gilbert, L.A.; Wang, X.; Lim, W.A.; Weiss-
man, J.S.; Qi, L.S. CRISPR interference (CRISPRi) for se-
quence-specific control of gene expression. Nat. Protoc.,
2013, 8(11), 2180-2196.
http://dx.doi.org/10.1038/nprot.2013.132 PMID: 24136345
Kazi, T.A.; Biswas, S.R. CRISPR/dCas system as the mod-
ulator of gene expression. Prog. Mol. Biol. Transl. Sci.,
2021, 178, 99-122.
http://dx.doi.org/10.1016/bs.pmbts.2020.12.002 PMID:
33685602

Merviel, P.; James, P.; Bouée, S.; Le Guillou, M.; Rince,
C.; Nachtergaele, C.; Kerlan, V. Impact of myo-inositol
treatment in women with polycystic ovary syndrome in as-
sisted reproductive technologies. Reprod. Health, 2021,
18(1), 13.
http://dx.doi.org/10.1186/s12978-021-01073-3
33468143

Yifu, P. A review of antioxidant N-acetylcysteine in ad-
dressing  polycystic ~ ovary  syndrome. Gynecol.
Endocrinol., 2024, 40(1), 2381498.
http://dx.doi.org/10.1080/09513590.2024.2381498 PMID:
39039898

Maarouf, T.; Mohamed, D.; Tantawy, A.; Eid, P.M. Effect
of omega-3 fatty acids on hormonal profile and ovarian
stromal blood flow in patients with polycystic ovary syn-
drome. Evid. Bas. Women’s Heal. J., 2019, 9(4), 542-548.
http://dx.doi.org/10.21608/ebwh;j.2019.64357

Scannell, N.; Mantzioris, E.; Rao, V.; Pandey, C.; Ee, C;
Mousa, A; Moran, L; Villani, A. Use of nutraceuticals and
micronutrient supplementation for the management of poly-
cystic ovary syndrome: A scoping review. Nutrit. Soci.,
2024, 83, E176.
http://dx.doi.org/10.1017/S0029665124001940

Zhang, N.; Liao, Y.; Zhao, H.; Chen, T.; Jia, F.; Yu, Y.;
Zhu, S.; Wang, C.; Zhang, W.; Liu, X. Polycystic ovary
syndrome and 25-hydroxyvitamin D: A bidirectional two-

PMID:

PMID:

PMID:


http://www.ncbi.nlm.nih.gov/pubmed/31705013
http://dx.doi.org/10.1097/MD.0000000000034514
http://www.ncbi.nlm.nih.gov/pubmed/37565925
http://dx.doi.org/10.1038/s41598-024-70933-2
http://www.ncbi.nlm.nih.gov/pubmed/39215033
http://dx.doi.org/10.1007/s12010-023-04537-3
http://www.ncbi.nlm.nih.gov/pubmed/37171758
http://dx.doi.org/10.3389/fchem.2023.1276052
http://www.ncbi.nlm.nih.gov/pubmed/38283897
http://www.ncbi.nlm.nih.gov/pubmed/37315995
http://dx.doi.org/10.1007/s12010-023-04710-8
http://www.ncbi.nlm.nih.gov/pubmed/37610513
http://dx.doi.org/10.1186/s13048-022-00962-w
http://www.ncbi.nlm.nih.gov/pubmed/35227296
http://dx.doi.org/10.3389/fgene.2023.1097706
http://www.ncbi.nlm.nih.gov/pubmed/36873932
http://dx.doi.org/10.1186/s12916-022-02238-y
http://www.ncbi.nlm.nih.gov/pubmed/35144605
http://dx.doi.org/10.1186/s43043-024-00212-7
http://dx.doi.org/10.3389/fendo.2019.00023
http://www.ncbi.nlm.nih.gov/pubmed/30809190
http://dx.doi.org/10.1093/humrep/dep049
http://www.ncbi.nlm.nih.gov/pubmed/19279033
http://dx.doi.org/10.1093/humupd/dmi013
http://www.ncbi.nlm.nih.gov/pubmed/15941725
http://dx.doi.org/10.22270/jddt.v9i1-s.2275
http://dx.doi.org/10.1038/nprot.2013.132
http://www.ncbi.nlm.nih.gov/pubmed/24136345
http://dx.doi.org/10.1016/bs.pmbts.2020.12.002
http://www.ncbi.nlm.nih.gov/pubmed/33685602
http://dx.doi.org/10.1186/s12978-021-01073-3
http://www.ncbi.nlm.nih.gov/pubmed/33468143
http://dx.doi.org/10.1080/09513590.2024.2381498
http://www.ncbi.nlm.nih.gov/pubmed/39039898
http://dx.doi.org/10.21608/ebwhj.2019.64357
http://dx.doi.org/10.1017/S0029665124001940

18 Current Medicinal Chemistry, XXXX, Vol. XX, No. XX

[60]

[61]

[62]

[66]

[67]

[69]

sample Mendelian randomization study. Front. Endocri-
nol. (Lausanne), 2023, 14, 1110341.
http://dx.doi.org/10.3389/fendo.2023.1110341
36967791

Yurtdas, G.; Akdevelioglu, Y. A new approach to polycys-
tic ovary syndrome: The gut microbiota. J. Am. Coll.
Nutr., 2020, 39(4), 371-382.
http://dx.doi.org/10.1080/07315724.2019.1657515 PMID:
31513473

Salehi, S.; Allahverdy, J.; Pourjafar, H.; Sarabandi, K.; Ja-
fari, S.M. Gut microbiota and polycystic ovary syndrome
(PCOS): Understanding the pathogenesis and the role of
probiotics as a therapeutic strategy. Probio. Antimicrob.
Prot., 2024, 16(5), 1553-1565.
http://dx.doi.org/10.1007/s12602-024-10223-5
38421576

Li, Y.; Tan, Y.; Xia, G.; Shuai, J. Effects of probiotics, pre-
biotics, and synbiotics on polycystic ovary syndrome: A
systematic review and meta-analysis. Crit. Rev. Food Sci.
Nutr., 2023, 63(4), 522-538.
http://dx.doi.org/10.1080/10408398.2021.1951155 PMID:
34287081

Wesotowska, Z.; Zdun, S.; Walczak, K.; Gawel, W.; Je-
druszczak, P. The impact of using probiotics on metabolic
disorders of women with polycystic ovary syndrome.
Qual. Spor., 2023, 9(2), 18-22.
http://dx.doi.org/10.12775/QS.2023.09.02.002

Rizzo, A.; Santoni, M.; Mollica, V.; Fiorentino, M.; Bran-
di, G.; Massari, F. Microbiota and prostate cancer. Semin
Canc. Biol., 2022, 86(Pt 3), 1058-1065.
http://dx.doi.org/10.1016/j.semcancer.2021.09.007

Ravat, F.K.; Goswami, J.R.; Nair, S.M.; Thummar, K.N. A
review of metabolic and microbial influences on women
with polycystic ovarian syndrome. Steroids, 2024, 212,
109512.

http://dx.doi.org/10.1016/j.steroids.2024.109512 PMID:
39278517

Zeng, B.; Lai, Z.; Sun, L.; Zhang, Z.; Yang, J.; Li, Z.; Lin,
J.; Zhang, Z. Structural and functional profiles of the gut
microbial community in polycystic ovary syndrome with
insulin resistance (IR-PCOS): A pilot study. Res. Microbi-
ol, 2019, 170(1), 43-52.
http://dx.doi.org/10.1016/j.resmic.2018.09.002
30292647

Somunkiran, A.; Yavuz, T.; Yucel, O.; Ozdemir, I. An-
ti-Miillerian hormone levels during hormonal contracep-
tion in women with polycystic ovary syndrome. Eur. J. Ob-
stet. Gynecol. Reprod. Biol., 2007, 134(2), 196-201.
http://dx.doi.org/10.1016/j.ejogrb.2007.01.012
17335955

Sova, H.; Unkila-Kallio, L.; Tiitinen, A.; Hippeldinen, M.;
Perheentupa, A.; Tinkanen, H.; Puukka, K.; Bloigu, R.; Pil-
tonen, T.; Tapanainen, J.S.; Morin-Papunen, L. Hormone
profiling, including anti-Miillerian hormone (AMH), for
the diagnosis of polycystic ovary syndrome (PCOS) and
characterization of PCOS phenotypes. Gynecol. Endocri-
nol., 2019, 35(7), 595-600.
http://dx.doi.org/10.1080/09513590.2018.1559807 PMID:
30668196

Vosnakis, C.; Georgopoulos, N.A.; Rousso, D.; Mavroma-
tidis, G.; Katsikis, I.; Roupas, N.D.; Mamali, I.; Panidis, D.
Diet, physical exercise and orlistat administration increase
serum anti-miillerian hormone (AMH) levels in women
with polycystic ovary syndrome (PCOS). Gynecol. En-
docrinol., 2013, 29(3), 242-245.

PMID:

PMID:

PMID:

PMID:

[71]

[72]

[73]

[75]

[76]

[77]

[78]

[79]

[80]

Narayanan et al.

http://dx.doi.org/10.3109/09513590.2012.736557 PMID:
23194076

Singh, R.; Kaur, S.; Yadav, S.; Bhatia, S. Gonadotropins
as pharmacological agents in assisted reproductive technol-
ogy and polycystic ovary syndrome. Trends Endocrinol.
Metab., 2023, 34(4), 194-215.
http://dx.doi.org/10.1016/j.tem.2023.02.002
36863888

Palomba, S.; Daolio, J.; La Sala, G.B. Oocyte competence
in women with polycystic ovary syndrome. Trends En-
docrinol. Metab., 2017, 28(3), 186-198.
http://dx.doi.org/10.1016/j.tem.2016.11.008
27988256

Walters, K.A. Polycystic ovary syndrome: Is it androgen
or estrogen receptor? Curr. Opin. Endocr. Metab. Res.,
2020, 72, 1-7.
http://dx.doi.org/10.1016/j.coemr.2020.01.003

Wang, K.; Li, Y.; Chen, Y. Androgen excess: A hallmark
of polycystic ovary syndrome. Front. Endocrinol. (Lau-
sanne), 2023, 14, 1273542.
http://dx.doi.org/10.3389/fendo.2023.1273542
38152131

Ojeda-Ojeda, M.; Murri, M.; Insenser, M.; Escobar-Mor-
reale, H. Mediators of low-grade chronic inflammation in
polycystic ovary syndrome (PCOS). Curr. Pharm. Des.,
2013, 719(32), 5775-5791.
http://dx.doi.org/10.2174/1381612811319320012 PMID:
23448487

Velez, L.M.; Seldin, M.; Motta, A.B. Inflammation and re-
productive function in women with polycystic ovary syn-
drome. Biol. Reprod., 2021, 104(6), 1205-1217.
http://dx.doi.org/10.1093/biolre/ioab050 PMID: 33739372
Ye, Z.; Zhao, J.; Li, R. Effects of immune cells and cy-
tokines on the endometrial immune microenvironment in
polycystic ovary syndrome. Gynecol. Obstet. Clini. Med.,
2022, 2(4), 181-185.
http://dx.doi.org/10.1016/j.gocm.2022.10.001

Rizzo, A.; Santoni, M.; Mollica, V.; Logullo, F.; Rosellini,
M.; Marchetti, A.; Faloppi, L.; Battelli, N.; Massari, F. Pe-
ripheral neuropathy and headache in cancer patients treat-
ed with immunotherapy and immuno-oncology combina-
tions: The MOUSEION-02 study. Expert Opin. Drug
Metab. Toxicol., 2021, 17(12), 1455-1466.
http://dx.doi.org/10.1080/17425255.2021.2029405 PMID:
35029519

Di Federico, A.; Mosca, M.; Pagani, R.; Carloni, R.; Frega,
G.; De Giglio, A.; Rizzo, A.; Ricci, D.; Tavolari, S.; Di
Marco, M.; Palloni, A.; Brandi, G. Inmunotherapy in pan-
creatic cancer: Why do we keep failing? a focus on tumor
immune microenvironment, predictive biomarkers and
treatment outcomes. Cancers (Basel), 2022, 14(10), 2429.
http://dx.doi.org/10.3390/cancers14102429 PMID:
35626033

Arjmand, B.; Alaei, S.; Heravani, NF.; Alavi-Moghadam,
S.; Payab, M.; Ebrahimpour, M.; Aghayan, H.R.; Goo-
darzi, P.; Larijani, B. Regenerative medicine perspectives
in polycystic ovary syndrome. Adv. Exp. Med. Biol., 2021,
1341, 125-141.
http://dx.doi.org/10.1007/5584 2021 623
33748932

Karam, M.; Najjar, H.; El Sabban, M.; Hamade, A.; Najjar,
F. Regenerative medicine for polycystic ovary syndrome:
Stem cell-based therapies and brown adipose tissue activa-
tion. Stem Cell Rev. Rep., 2023, 19(4), 853-865.
http://dx.doi.org/10.1007/s12015-023-10505-5

PMID:

PMID:

PMID:

PMID:

PMID:


http://dx.doi.org/10.3389/fendo.2023.1110341
http://www.ncbi.nlm.nih.gov/pubmed/36967791
http://dx.doi.org/10.1080/07315724.2019.1657515
http://www.ncbi.nlm.nih.gov/pubmed/31513473
http://dx.doi.org/10.1007/s12602-024-10223-5
http://www.ncbi.nlm.nih.gov/pubmed/38421576
http://dx.doi.org/10.1080/10408398.2021.1951155
http://www.ncbi.nlm.nih.gov/pubmed/34287081
http://dx.doi.org/10.12775/QS.2023.09.02.002
http://dx.doi.org/10.1016/j.semcancer.2021.09.007
http://dx.doi.org/10.1016/j.steroids.2024.109512
http://www.ncbi.nlm.nih.gov/pubmed/39278517
http://dx.doi.org/10.1016/j.resmic.2018.09.002
http://www.ncbi.nlm.nih.gov/pubmed/30292647
http://dx.doi.org/10.1016/j.ejogrb.2007.01.012
http://www.ncbi.nlm.nih.gov/pubmed/17335955
http://dx.doi.org/10.1080/09513590.2018.1559807
http://www.ncbi.nlm.nih.gov/pubmed/30668196
http://dx.doi.org/10.3109/09513590.2012.736557
http://www.ncbi.nlm.nih.gov/pubmed/23194076
http://dx.doi.org/10.1016/j.tem.2023.02.002
http://www.ncbi.nlm.nih.gov/pubmed/36863888
http://dx.doi.org/10.1016/j.tem.2016.11.008
http://www.ncbi.nlm.nih.gov/pubmed/27988256
http://dx.doi.org/10.1016/j.coemr.2020.01.003
http://dx.doi.org/10.3389/fendo.2023.1273542
http://www.ncbi.nlm.nih.gov/pubmed/38152131
http://dx.doi.org/10.2174/1381612811319320012
http://www.ncbi.nlm.nih.gov/pubmed/23448487
http://dx.doi.org/10.1093/biolre/ioab050
http://www.ncbi.nlm.nih.gov/pubmed/33739372
http://dx.doi.org/10.1016/j.gocm.2022.10.001
http://dx.doi.org/10.1080/17425255.2021.2029405
http://www.ncbi.nlm.nih.gov/pubmed/35029519
http://dx.doi.org/10.3390/cancers14102429
http://www.ncbi.nlm.nih.gov/pubmed/35626033
http://dx.doi.org/10.1007/5584_2021_623
http://www.ncbi.nlm.nih.gov/pubmed/33748932
http://dx.doi.org/10.1007/s12015-023-10505-5

Next-generation Approaches in Targeting Polycystic Ovarian Syndrome

[81]

36633783

Yang, S.; Ding, S.; Jiang, X.; Sun, B.; Xu, Q. Establish-
ment and adipocyte differentiation of polycystic ovary syn-
drome-derived induced pluripotent stem cells. Cell Prolif.,
2016, 49(3), 352-361.

http://dx.doi.org/10.1111/cpr.12258 PMID: 27108524
Young, H.E. Fresh isolate adult telomerase positive stem
cells: An addition to embryonic stem cells (ESCs), induced
pluripotent stem cells (iPSCs), and/or mesenchymal stem

Current Medicinal Chemistry, XXXX, Vol. XX, No. XX 19

cells (MSCs) for regenerative medicine. GSC Adv. Res. Re-
vi., 2023, 16(1), 066-081.
http://dx.doi.org/10.30574/gscarr.2023.16.1.0301

Sun, Y.; Gao, S.; Ye, C.; Zhao, W. Gut microbiota dysbio-
sis in polycystic ovary syndrome: Mechanisms of progres-
sion and clinical applications. Front. Cell. Infect. Microbi-
ol, 2023, 13, 1142041.
http://dx.doi.org/10.3389/fcimb.2023.1142041
36909735

PMID:

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the
final version. Major publication processes like copyediting, proofing, typesetting and further review are still to be
done and may lead to changes in the final published version, if it is eventually published. All legal disclaimers that
apply to the final published article also apply to this ahead-of-print version.


http://www.ncbi.nlm.nih.gov/pubmed/36633783
http://dx.doi.org/10.1111/cpr.12258
http://www.ncbi.nlm.nih.gov/pubmed/27108524
http://dx.doi.org/10.30574/gscarr.2023.16.1.0301
http://dx.doi.org/10.3389/fcimb.2023.1142041
http://www.ncbi.nlm.nih.gov/pubmed/36909735

	Next-generation   Approaches   in   Targeting   Polycystic   Ovarian Syndrome: Innovative Strategies 
	1. INTRODUCTION
	2. INNOVATIVE DIAGNOSTIC TOOLS FOR PCOS
	3. IN SILICO GENOMIC AND MOLECULAR RESEARCH
	3.1. Gene Sequencing and Identification
	3.2. Network Pharmacology
	3.3. Molecular Docking and Molecular Dynamics Simulations
	3.4. Pharmacokinetic and Toxicity Analysis
	3.5. Statistical Analysis

	4. EMERGING THERAPEUTIC APPROACHES
	4.1. Genetic Applications of Gene Editing Technologies for PCOS
	4.1.1. Gene Correction
	4.1.2. Gene Knockout
	4.1.3. Gene Activation/Repression

	4.2. Targeted Drug Therapies Based on Molecular Pathways
	4.2.1. Inositol and Other Nutraceuticals
	4.2.2. Gut Microbiota Modulation
	4.2.3. Anti-Müllerian Hormone (AMH) Modulation
	4.2.4. Advanced Reproductive Technologies
	4.2.5. Anti-androgenic Therapies
	4.2.6. Inflammatory Pathway Modulators

	4.3. Regenerative Medicine and Stem Cell Therapy for Tissue Repair
	4.3.1. Stem Cell Therapy in PCOS
	4.3.2. Ovarian Tissue Regeneration


	5. PREVENTION AND AWARENESS FOR PCOS
	6. DISCUSSION
	7. LIMITATIONS
	CONCLUSION
	AUTHOR’S CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




