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Abstract

Polycystic Ovarian Syndrome (PCOS) is a prevalent endocrine disorder affecting women of reproductive age, 

characterized by hormonal imbalances, insulin resistance, and ovarian dysfunction. Despite its high 

prevalence, current treatment options for PCOS are limited and often focus on symptom management rather 

than addressing the underlying causes. This study aims to explore the therapeutic potential of Guava 

(Psidium guajava L.) leaf, a medicinal plant known for its anti-in�lammatory and antioxidant properties, 

through network analysis to identify potential drug repurposing opportunities for PCOS treatment. Using a 

network pharmacology approach, bioactive compounds present in Guava leaf were identi�ied and their 

interactions with key proteins involved in PCOS were mapped. The network analysis revealed several critical 

pathways and gene targets that are modulated by Guava leaf compounds, particularly those associated with 

insulin resistance, androgen production, and in�lammation— central factors in the pathophysiology of PCOS. 

Additionally, the study highlighted the potential for repurposing existing drugs that target similar pathways, 

thereby offering new therapeutic strategies for PCOS management. Docking studies were carried out to 

predict the molecular mechanism between the target and actives. The �indings suggest that Guava leaf could 

be a promising candidate for further investigation as a natural adjunct therapy in PCOS treatment, 

potentially improving outcomes for patients through a multi-targeted approach. This research underscores 

the importance of integrating traditional medicinal knowledge with modern computational tools to uncover 

novel applications of natural products in the treatment of complex diseases like PCOS.
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1.	INTRODUCTION

Network pharmacology is a holistic approach that 
integrates systems biology and pharmacology to 
understand the complex interactions between 
drugs, targets, and diseases at a network level. 
When applied to natural products like guava leaf, 
network pharmacology can offer insights into the 
multi-target and multi-pathway mechanisms 
through which its bioactive compounds exert 

[1-3]
therapeutic effects. 

Guava leaf (from Psidium guajava) has been 
widely recognized in traditional medicine for its 
diverse therapeutic properties, including 
antimicrobial, anti-in�lammatory, antioxidant, and 
antidiabetic effects. Modern research attributes 
these bene�its to various bioactive compounds 
found in guava leaves, such as �lavonoids (e.g., 

[4-8]
quercetin), tannins, and triterpenoids. 

Network pharmacology allows for the systematic 
analysis of these bioactive compounds to explore 
how they interact with multiple molecular targets 
and biological pathways related to various 

[ 9 - 1 2 ]
diseases.  This approach considers the 
complex, synergistic effects of guava leaf 
components, making it possible to map out the 
molecular mechanisms underlying its medicinal 
properties. Through techniques like molecular 
docking, pathway enrichment analysis, and 
network construction, network pharmacology 
provides a more comprehensive understanding of 
how guava leaf can in�luence biological systems.

By leveraging network pharmacology, researchers 
can identify potential therapeutic targets, 
understand the polypharmacological effects of 
guava leaf compounds, and discover new avenues 
for drug development. This method not only 
validates traditional uses of guava leaf but also 
paves the way for its application in modern 
medicine.

2.	MATERIALS	AND	METHODS

2.1.	Data	preparation

Polycystic Ovarian Syndrome Treatment (PCOS) 
human genes were obtained from Gene card, 
human database (https://www.genecards.org/) 
which provides information related to all the 
a n n o t a te d  a n d  p re d i c te d  h u m a n  g e n e s . 

Information about the actives i.e., α- pinene, 
L i m o n e n e ,  M e n t h o l ,  Te r p h e nyl  Ac e t a te , 
Caryophyllene, Oleanolic Acid, and Longicyclene 
w e r e  o b t a i n e d  t h r o u g h  P u b C h e m 
(https://pubchem.ncbi.nlm.nih.gov/) and Swiss 
T a r g e t  P r e d i c t i o n 
(http://www.swisstargetprediction.ch/).

2.1.	Construction	of	PPI	of	selected	genes

Protein- protein interaction (PPI) is an important 
aspect in order to study the involvement of 
proteins in various biochemical processes as well 
as to understand the cellular organization, 
bioprocess, and functions. The genes of the 
selected active components were uploaded to 
STING (https://string-db.org/cgi/) to get the 
detailed information about the PPIs. The setting 
for generating the PPI network was in accordance 
with 'Homo Sapiens' and the con�idence in the 
interaction between the target protein was set to 
the highest con�idence data >0.9.

The compound–target  network helps  to 
understand and analyse the mechanism of the 
components with target as well as the pathways 
involved. Basically, networks of important active of 
Psidium guajava L was constructed to understand 
the in–depth of the genes involved in treatment 
regime which helps us to �ind the correlation of the 
drug and hormonal disorder. In order to �ind the 
ontology terms associated with molecular, cellular, 
biological, and KEGG pathway enrichment 
analysis was carried out. The analysis was 
performed by Cytoscape plug–in called ClueGO 
and Cluepedia. Pathways and networks were 
ranked according to the amounts of the molecules 
participating in pathways and networks, 
respectively. Pathways and networks shared by 
targets related to PCOS and the potential actives as 
α- pinene, Limonene, Menthol, Terphenyl Acetate, 
Caryophyllene, Oleanolic Acid, and Longicyclene 
targets were identi�ied.

2.4.	Molecular	docking	of	selected	genes

Docking was carried out to �ind the binding af�inity 
as well as orientation of the selected active 
components by docking the compounds of the 
selected class. Docking was performed on using 

2.3.Construction	of	compound–target–pathway–
disease	network	and	enrichment	analysis	of	PCOS	
targets	and	gene	ontology
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Glide v_7.6 program interfaced with Maestro 
v_11.3 of Schrodinger ¨ (2017) (Schrodinger, LLC, 
New York, NY, USA) of actives with their respective 
targets which are screened down relating to PCOS. 
The structures of compounds were built using 
Maestro build panel and optimized to lower 
energy conformers using Ligprep v_3.3. Molecular 
docking helps us to narrow down the search of 
target proteins to which our actives has more 
binding af�inity which can prove the potential 
targets for the disease.

3.	RESULTS

1.1.	Data	mining

A total of 5,935 human genes associated with PCOS 
were identi�ied in the Gene Bank database. Genes 
obtained from Swiss target prediction was found 
to be 100 for α- pinene, Menthol, Terphenyl 
Acetate, Oleanolic Acid; whereas 93 genes for 
Limonene, 81 genes for Caryophyllene and 18 
genes for Longicyclene. After �iltering out the 
common genes between the compounds and 
disease, 30 genes were used for constructing the 
network of α- pinene, Limonene, Menthol, 

TABLE	1:	COMBINED	COMMON	GENE	LIST	OF	COMPOUNDS	AND	DISEASE

Sr.	No Gene Gene	Description UniProt	ID

1 ACHE Acetylcholinesterase P22302

2 ACP1 Acyl carrier protein P24666

3 ADORA1 Adenosine receptor A1 P30542

4 ADRA2B Alpha-2B adrenergic receptor P18089

5 BACE1 Beta-secretase 1 P56817

6 BCHE Cholinesterase P06276

7 CCR5 C-C chemokine receptor type 5 P51681

8 CDC25A M-phase inducer phosphatase 1 P30304

9 HTR2B 5-hydroxytryptamine receptor 2B P41595

10 ESR1 Estrogen receptor P03372

1 GPBAR1 G-protein coupled bile acid receptor 1 Q8TDU6

12 HSD11B1 Corticosteroid 11-beta-dehydrogenase isozyme 1 P28845

13 NR1H4 Bile acid receptor Q96RI1

14 AKR1C3 Aldo-keto reductase family 1 member C3 P42330

15 CYSLTR1 Cysteinyl leukotriene receptor 1 Q9Y271

16 EDNRA Endothelin-1 receptor P25101

17 TERT Telomerase reverse transcriptase O14746

18 TOP2A DNA topoisomerase 2-alpha P11388

19 TRPV1 Transient receptor potential cation channel V Q8NER1

20 ABL1 Tyrosine-protein kinase ABL1 P00519

21 APOB Apolipoprotein B P04114

22 AURKA Aurora kinase A O14965

23 CDK1 Cyclin-dependent kinase 1 P06493

24 CES1 Liver carboxylesterase 1 P23141

25 CLK1 Dual specificity protein kinase P49759

26 EGFR Epidermal growth factor receptor P00533

27 EIF2AK3 Eukaryotic translation initiation factor 2-alpha kinase 3 Q9NZJ5

28 PTGS2, COX2 Prostaglandin-endoperoxide synthase 2 Q68DD2

29 SCARB1, 2 Scavenger Receptor Class B Member 2 Q14108

30 PLA2G4 Phospholipase A2 Group IVA P47712
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Terphenyl Acetate, Caryophyllene, Oleanolic Acid, 
and Longicyclene with respect to PCOS (Table 1).

3.2.	Protein–protein	interaction

PPI network was conducted in order to analyse 
and understand the mechanisms of PCOS based 
on the study of protein–protein interactions by 
u s i n g  S T R I N G  s o f t w a r e .  A  t o t a l  o f  5 5 
interrelations, as well as 29 related targets, are 
obtained in PPI network after setting the 
con�idence level greater than 0.9 and rejecting 
the target protein independent of the network. 
The importance prioritization of key proteins is 
analysed according to the degree of the node 
exported from STRING database. Among them, 
the AKR1C3 value (degree = 21), PTGS2 value 
(degree= 22), SCARB1 value (degree= 25) and 
PLA2G4 value (degree = 28) is much higher than 
that of other protein nodes, which indicates that 
this protein might play a role of bridge to connect 
other nodes in PPI network. So, PPI network 
analysis and pathway analysis of novel genes 
were carried out for the recognition of critical 
genes related to the PCOS.

Fig	 1:	 Protein-	 Protein	 interaction	 of	 genes	

related	to	PCOS

3.3.	 Compound–target	 network	 and	 network-

based	drug	re–purposing	for	PCOS

3.3.1.	 Construction	of	compound–target	network

The actives and disorder interaction network were 

constructed which elucidate the mechanisms of 

action of actives in the treatment of PCOS. The 

connectivity of a drug in the networks represents the 

active's effects, either therapeutic, in the context of 

the pathway networks, or toxic, in the case of the ADR 

network. As far as active–target network is 

considered the important genes which correlates 

with PCOS are AKR1C3,PTGS2, EGFR, SCARB1, and 

PLA2G4. Inhibition of these targets may turn out to 

be an important aspect of network regulation of PCOS 

as it involves regulation, inhibition and modulation 

of the proteins which are important to overcome 

PCOS.

Fig.	2:	Compound-	target	network	(the	network	of	

α-	pinene,	Limonene,

Menthol,	 Terphenyl	 Acetate,	 Caryophyllene,	

Oleanolic	Acid,	and	Longicyclene	with	respect	to	

PCOS)

1.1.1.	 Gene	 onto logy	 and	 KEGG	 pathway	
enrichment	analysis

KEGG pathway enrichment analysis revealed 
multiple signi� icant biological pathways 
(adjusted P value < 0.05), including PPAR 
signaling, RNA transport, GnRH secretion, 
re g u l a t i o n o f  b l o o d p re s s u re ,  c h e m i c a l 
carcinogenesis, and in�luenza. Gene ontology 
(GO) biological process enrichment analysis 
f u r t h e r  c o n � i r m e d  m u l t i p l e  v i r a l 
infection–related processes (adjusted P value < 
0 . 0 0 1 ) ,  s t e r o i d  h o r m o n e b i o s y n t h e s i s , 
regulation of cholesterol storage, and prostate 
gland development.

Fig.	3:	KEGG	pathway	enrichment	analysis
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3.4.	Molecular	docking	analysis

The mechanism of the selected actives were studied 

by the interaction of the actives and the target 

through molecular docking. The crystal structures 

were taken from RCSB protein data bank. The 

docking score is as mentioned in the table 2; whereas 

3D and 2D interactions are given in the �igure 4.

Table	2:	Molecular	Docking	Score	of	compounds	

against	screened	targets.

4.	DISCUSSION

The origin for the proposed network–based drug 

repurposing methodologies is based on the concepts 

that the proteins associated functionally govern the 

hormonal disorder which are localized in the within 

the comprehensive protein–protein interaction 

network in human cells. For actives with multiple 

targets to be effective against PCOS, its target 

proteins should be within or in the corresponding 

s u b n e t wo r k i n t h e h u m a n p ro t e i n – p ro t e i n 

interactome, as we demonstrated using natural 

source i.e., through network–based strategy. To 

improve the quality and completeness of the human 

protein interactome network, we integrated PPIs and 

further constructed out the active– target– pathway– 

disease network. In this study, we presented a 

network–based methodology for systematic 

identi�ication of repurposable actives in order to 

predict the molecular mechanism for potential 

treatment of PCOS. Integration of compound–target– 

p a t h w a y – d i s e a s e  n e t w o r k s ,  a n d  h u m a n 

protein–protein network is essential for such 

identi�ication. Based on comprehensive evaluation, 

we prioritized 7 candidate repurposable actives for 

targeting PCOS. According to the stated output, 

AKR1C3, PTGS2, COX2, SCARB1, and PLA2G4 are 

found to be essentially related and involvement in 

PCOS. AKR1C3 plays a dual role in PCOS: i t 

contributes to hyperandrogenism by promoting the 

formation of potent androgens in adipocytes, and it 

induces FASN by stabilizing the androgen receptor 

(AR) even in the absence of androgens. Targeting 

AKR1C3 with bifunctional inhibitors may offer a 

therapeutic approach to reduce cardiometabolic 

r i s ks i n wo m e n w i t h P C O S .  P ro s t a gl a n d i n - 

endoperoxide synthase (PTGS), commonly referred 

to as cyclooxygenase, is the crucial enzyme 

responsible for prostaglandin biosynthesis , 

functioning both as a dioxygenase and a peroxidase. 

PTGS ex ist s in t wo form s: PTGS 1, whic h is 

constitutively expressed, and PTGS2, which is 

inducible. This gene encodes the inducible isozyme, 

PTGS2. Its expression is triggered by speci�ic 

stimulatory events, indicating its key role in driving 

prostanoid production related to in�lammation and 

cell growth. The SR-B1 (SCARB1) gene encodes a 

membrane protein responsible for extracting 

cholesterol from spherical HDL particles. According 

to the Reverse Cholesterol Transport (RCT) 

hypothesis, SR- B1 is crucial in facilitating the 

transfer of cholesterol from HDL to the liver for 

excretion. Mutations in this receptor would 

theoretically lead to elevated serum HDL cholesterol 

levels and a reduced cholesterol �lux through RCT, 

potentially increasing the risk of Atherosclerotic 

cardiovascular disease (ASCVD). However, a family 

with a functional mutation in SR-B1, despite having 

higher serum HDL cholesterol, exhibitedaltered 

p l a t e l e t  f u n c t i o n ,  a n d  r e d u c e d  a d r e n a l 

steroidogenesis without an associated increase in 

ASCVD risk.

5.	CONCLUSION

In conclusion, this study offers a powerful , 

integrative network–based systems pharmacology 

m e t h o d o l o g y  f o r  r a p i d  i d e n t i � i c a t i o n  o f 

repurposable drugs and drug combinations for the 

potential treatment of PCOS. Our approach can 

minimize the translational gap between preclinical 

testing results and clinical outcomes, which is a 

signi�icant problem in the rapid development of 

ef�icient treatment strategies for the emerging PCOS 

outbreak. From the current outlook, if broadly 

Sr.	no Tyrosine	kinase Actives Docking	score

1 AKR1C3 Terpinyl acetate -7.273

2 PTGS2 Terpinyl acetate -6.404

3 SCARB Oleanolic acid -5.379

4 PLA2GH Menthol -6.399
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applied, the network tools developed here could help 

develop effective treatment strategies for other 

emerging PCOS and other human complex diseases 

and disorders as well.
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