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Abstract

Polycystic ovary syndrome (PCOS) is a health complication that often leads to infertility in women.
PCOS, as a reproductive-metabolic disorder, is also related to breast cancer and other diseases.
Nevertheless, there is no universal drug for PCOS treatment. Hence, exploring a new candidate’s drugs
is crucial. Estrogen receptor beta (ESR2) has become a significant marker for PCOS and has the potential
to be used as a target for PCOS treatment. This study aims to explore the potential use of moringa as a
nutraceutical. This study provides in silico data of selected compounds (naringenin, gallic acid, quinic
acid, quercetin, apigenin, and kaempferol) in moringa leaves as a candidate drug for PCOS treatment
targeting ESR2. Naringenin and apigenin showed a noteworthy calculated binding affinity score from
docking into ESR2 (<- 7kcal/mol). Protein-protein analysis and gene analysis showed that ESR2 is
expressed in varying tissues. It strengthens the potential use of moringa as a nutraceutical. This study
showed that Moringa leaves have the potential to be used as a complement to PCOS treatment.
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Introduction

Polycystic ovary syndrome (PCOS) is a
health complication associated with infertility,
metabolic syndromes, and gynecological
disorders. PCOS emerged as the most severe
reproductive-metabolic disorder and became a
global public health concern (1,2). Although
there is an oral drug for treatment, there is no
universal treatment available for PCOS (3).
Clomiphene has been used for ovulation
induction in women with PCOS and for
improving fertility, but it is reported to have
anti-estrogenic effects on the endometrium,
cervical mucus, and an increased risk of
multiple pregnancies. Hence, exploring new
drug candidates and targets is crucial (1,3).

Nowadays, some investigations have
focused on the potential association of PCOS
with estrogen receptor alpha (ESR1) and
estrogen receptor beta (ESR2) (4,5). Both ESR1
and ESR2 are expressed throughout the brain,
but ESR2 is more widely distributed in the brain

than ESR1. Some diseases, such as Ovarian
dysgenesis 8 and Thyroid carcinoma Familial
Medullary, are associated with ESR2 (6,7).
Estrogen receptor beta (ESR2) is also known for
inhibiting breast, endometrial, and ovarian
cancer cell proliferation. Studying the potential
of ESR2 as a target for treatment could provide
the next candidate for symptom relief for
women with PCOS, including for menopausal
people (8—12).

Natural compounds from plants are
attracting attention to phytomedicines and are
becoming popular for various health issues due
to their low toxicity and affordability (2,13).
Moringa oleifera is a plant that is known as an
herb for women's supplements and for other
health purposes. Moringa leaves are consumed
either fresh, cooked, or dried powder to treat
msulin resistance, cardiovascular disease, and
as a galactagogue (14-16). Although the data
about the consumption of moringa for treating
PCOS patients is limited, Moringa oleifera
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leaves combined with hormone supplements
could improve the rate of maturation of sheep
oocytes (17).

Molecular docking has become an
essential aspect of in silico drug development,
which involves predicting the interaction
between a small molecule and a protein target.
Molecular docking is a wuseful tool for
identifying the molecular targets of
nutraceuticals in the management of disease.
Further research on bioactive substances in
Moringa oleifera for PCOS treatment can
elaborate on its potential as a nutraceutical
(food source) and be used in the management of
diseases. Finding their molecular mechanism
using molecular docking to predict the binding
affinity of ligands to estrogen receptor beta can
provide crucial information (18,19).

This study aims to explore the potential
use of moringa for PCOS treatment using in
silico analysis and to contribute to the new
demands for functional food and the exploration
of regional biodiversity for the global market.
Exploring novel medicinal plants and
discovering the molecular mechanisms of target
proteins accelerated pharmacological research
(20). Biological processes give ideas about the
molecular activities working inside the cellular
environment  (12). Recently, scientific
databases have made it possible for us to share
information about genes, proteins, and
medicinal plant data for research work. The
increasing data on protein structure-function
relationships makes it possible to screen
virtually all new drug candidates (21-23).

Material and Methods
Identifying of bioactive compound

Identify the chemical content of
moringa leaves by the literature review method.
The 3D structure of molecules was retrieved
from PubChem
(https://pubchem.ncbi.nlm.nih.gov/), the
screening of drug research status of the
compounds was retrieved from ChEMBL
(https://www.ebi.ac.uk/chembl/).

Protein data and bioactive molecules structures
retrieval

The amino acid sequence of ESR2
(Q62986) was retrieved from  Uniprot
(https://www.uniprot.org/). This study uses the
ESR2 sequence from Rattus norvegicus as a
consideration for future research. Rattus
norvegicus has been used as a model for
physiology, behavior, and complex human
disease (24). The 3D structure was retrieved
from the Protein Data Bank (RSCB PDB)

(https://www.rcsb.org/) (PDB ID: 1HJ1) (25).
The protein structures were visualized using
Chimera 1.19 (26). Screening ESR2 mRNA
expression location summary in normal human
tissues from GTEx using the Genecards
database (https://genecards.org/) (27).

Molecular docking analysis

The target proteins and small molecule
compounds were processed using Chimera 1.19
(26). The processed PDB-format and the
molecular compound were imported into
Swissdock  (https://www.swissdock.ch/) for
molecular docking with AutoDock Vina
(28,29). The protein is being designed as a
target. Biovia Discovery Studio 2025 was
employed for visualizing the docking results.

Protein-protein  association network and
functional analysis

Analyze protein-protein interaction
using STRING (https://string-db.org/) (30). The
protein for PCOS target was imported into the
Metascape database
(https://metascape.org/egp/index.html#/) for
enrichment analysis.

Pharmacokinetics toxicity prediction analysis
The selected compounds underwent
physicochemical properties and drug-likeness
analysis using SwissADME
(https://www.swissadme.ch/) (31-33). The
biological activity prediction of ligands
employed the PASS (Prediction of Activity
Spectra for Substances) Server
(http:// www.way2drug.com/passonline) (34).

Results and Discussion

Polycystic ovary syndrome, as a
reproductive-metabolic  disorder, is also
associated with the estrogen receptor beta gene
(ESR2). Virtually screening the substances in
moringa into ESR2 can optimize the early
stages of discovery of nutraceuticals. The
mRNA of ESR2 can be expressed throughout
the varied organs in the body (Table 1), thus
consumption of moringa leaves not only affects
the reproductive system but also nutritional
needs and affects other systems in the body.
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Table 1. The mRNA expression of ESR2 in
human normal tissue.

Tissue System affected
Whole blood Immune
White blood cells Immune
Lymph node Immune
Brain Nervous
Cortex Nervous
Cerebellum Nervous
Spinal cord Nervous
Tibial nerve Nervous
Heart Muscle
Artery Muscle
Skeletal muscle Muscle
Small intestine Internal
Colon Internal
Adipocyte Internal
Kidney Internal
Liver Internal
lung Internal
Spleen Internal
Stomach Internal
Esophagus Internal
Bladder Internal
Pankreas Secretory
Thyroid Secretory
Salivary gland Secretory
Adrenal gland Secretory
Pituitary Secretory
Breast Secretory
Skin Secretory
Ovary Reproductive
Uterus Reproductive
Placenta Reproductive
Testis Reproductive
Prostate Reproductive

Based on a previous study, Moringa
oleifera leaves notably contain apigenin,
quercetin, naringenin, gallic acid, quinic acid,
and kaempferol (35-37). The drug research of
those compounds from ChEMBL shows that
those compounds are increasingly being
researched until 2024. Exploring the potential
of moringa leaves that contain those compounds
will reveal another benefit of moringa leaves.
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Figure 1. Docking result of ESR2 and
naringenin  (binding interaction residues:
Ala435, Met439, Phel73, Tyr161, His190, and
Serl65).
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Figure 2. Docking result of ESR2 and gallic
acid (binding interaction residues: His477 and
Ser388).
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Figure 3. Docking result of ESR2 and quinic
acid (binding interaction residues: Glu453,
Met452, and ASN449).
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Figure 4. Docking result of ESR2 and quercetin
(binding interaction residues: Val53, Met54,
Cysl169, Vall51, Phe, 173, and Leu438).
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Figure 5. Docking result of ESR2 and apigenin
(binding interaction residues: Met54, Val53,
Leu438, Vall51, and Cys169).
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Figure 6. Docking result of ESR2 and
kaempferol (binding interaction residues:
Met54, Leu438, Phel73, Vall51, and Cys169).
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Table 2. Calculate the affinity of ligands.

. Calculated Affinity
Ligand (keal/mol)
Naringenin -7.764
Gallic acid -5.009
Quinic acid -4.770
Quercetin -7.520
Apigenin -7.754
Kaempferol -7.611
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Figure 7. Protein-protein interaction analysis.
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Figure 8. Summary of enrichment analysis in
DisGeNET.

Table 4. The predicted ADMET (Absorption,
Distribution, Metabolism, Excretion, and
Toxicity) properties of ligands.

Gl CYP2C19

Ligand Solubility Absorption  Inhibitor
Naringenin ~ Soluble High No
L Very .
Gallic acid soluble High No
L Highly
Quinic acid soluble Low No
Quercetin Soluble High No
Apigenin Soluble High No
Kaempferol  Soluble High No




Table 5. Biological activity prediction

Ligand Pa Pi Biological Activity
Naringenin 0.964 0.003 Membrane integrity agonist
0.956 0.002 HMOX1 expression enhancer
0.949 0.003 CYP1A1 substrate
0.944 0.004 CYPI1A substrate
0.934 0.002 CYPIB substrate
0.928 0.002 UGT1A10 substrate
0.918 0.004 CYP1A2 substrate
0.918 0.004 Chlordecone reductase inhibitor
0.911 0.005 HIF1A expression inhibitor
0.892 0.002 Histidine kinase inhibitor
Gallic acid 0.955 0.002 Arylacetonitrilase inhibitor
0.954 0.002 Chlordecone reductase inhibitor
0.950 0.002 Dehydro-L-gulonate decarboxylase inhibitor
0.950 0.003 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.944 0.002 Glutathione thiolesterase inhibitor
0.943 0.002 Alkane 1-monooxygenase inhibitor
0.941 0.003 Sugar-phosphatase inhibitor
0.938 0.002 NADPH-cytochrome-c2 reductase inhibitor
0.934 0.001 Threonine aldolase inhibitor
Quinic acid 0.936 0.003 Sugar-phosphatase inhibitor
0.929 0.004 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.916 0.003 Glucan endo-1,6-beta-glucosidase inhibitor
0.915 0.004 Alkenylglycerophosphocholine hydrolase inhibitor
0.907 0.003 Ribulose-phosphate 3-epimerase inhibitor
0.904 0.000 Quinate 5-dehydrogenase inhibitor
0.895 0.003 Pullulanase inhibitor
0.882 0.003 Exoribonuclease II inhibitor
0.876 0.003 UDP-N-acetylglucosamine 4-epimerase inhibitor
0.855 0.002 Phosphatase inhibitor
Quercetin 0.973 0.002 Membrane integrity agonist
0.969 0.002 HIF1A expression inhibitor
0.962 0.001 Peroxidase inhibitor
0.957 0.002 HMOXI1 expression enhancer
0.951 0.001 CYPI1A inducer
0.944 0.002 UGT1AG6 substrate
0.945 0.004 CYPI1A substrate
0.940 0.001 Antimutagenic
0.940 0.003 CYP1A1 substrate
0.939 0.002 UGT1A10 substrate
Apigenin 0.973 0.001 Chlordecone reductase inhibitor
0.967 0.002 Membrane integrity agonist
0.946 0.002 Membrane permeability inhibitor
0.946 0.004 CYP2CI12 substrate
0.942 0.002 2-Dehydropantoate 2-reductase inhibitor
0.941 0.002 Kinase inhibitor
0.936 0.001 Aryl-alcohol dehydrogenase (NADP+) inhibitor
0.937 0.003 Aldehyde oxidase inhibitor
0.931 0.001 P-benzoquinone reductase (NADPH) inhibitor
0.931 0.003 Anaphylatoxin receptor antagonist
Kaempferol 0.983 0.001 Chlordecone reductase inhibitor
0.974 0.002 Membrane integrity agonist
0.969 0.002 HIF1A expression inhibitor
0.965 0.001 2-Dehydropantoate 2-reductase inhibitor
0.961 0.001 Aryl-alcohol dehydrogenase (NADP+) inhibitor
0.959 0.001 Kinase inhibitor
0.959 0.001 P-benzoquinone reductase (NADPH) inhibitor
0.957 0.002 Membrane permeability inhibitor
0.956 0.001 Peroxidase inhibitor

0.951 0.001 Quercetin 2,3-dioxygenase inhibitor




Molecular docking results provide
insight into the potential binding interaction
between selected moringa compounds and
ESR2. Naringenin and apigenin demonstrated a
strong affinity for ESR2, indicating potentially
more effective interaction. Quinic acid exhibits
the lowest affinity (-4.770 kcal/mol) for ESR2
rather than other compounds (Table 2). The
strong affinity of quercetin, apigenin, and
kaempferol is noteworthy. Molecular docking
visualization demonstrated ligand interaction
with ESR2, exhibiting van der Waals,
conventional hydrogen bond, carbon hydrogen
bond, Py-Alkil, and Pi-Pi T-shaped. The
binding interaction involves residues Leu-
A:405, Leu-A:385, Ser-A:402, Ser-A:388, Glu-
A:453, Asn-A:449, Val-A:53, Met-A:54, Leu-
A:436, Cys-A:169, Phe-A:173, Val-A:151,
Leu-A:438, and Phe-A:172. Hydrogen bonding
acts as a protein stability factor and depends on
the polarity of its environment. Naringenin
showed a Pi-sulfur bond that contributed to
enzyme activity and stability, which often
affects drug design (38). The docking result also
shows Pi-alkyl interaction and Pi-Pi T-shaped
between the aromatic ring of the ligand and the
residues such as Leu-A:405, Val-A:151, Met-
A:54, Leu-A:438, and Cys-A:169 (Figure 2a,
2d, 2e, and 2f). This non-covalent interaction
stabilizes the binding of the compound within
the ESR2 active site. Protein interaction is one
of the aspects of predicting the protein function
of target proteins and the drug ability of
molecules. The ESR2 is related to Ncoa3
(Figure 7). This gene was known as a breast
cancer target for chemotherapy (39).

The ESR2 is related to thyroid hormone
resistance, endometrioma, mammary
neoplasms, and mammary carcinoma (Figure
8). These results provide insight into the idea
that treatment targeting ESR2 can also be used
to treat other diseases. All the ligands are
soluble and showed no CYP2CI19 inhibitor
activity, which is a lower risk of DDIs to ensure
drug safety and efficacy (40). Computational
drug  development involves  predicting
biological activity to evaluate the therapeutic
effect. The results showed that Pa (Probability
active) and Pi (Probability inactive). All ligands
showed a high Pa score. Naringenin, quercetin,
and kaempferol showed HIF1A expression
inhibitor activity (Table 5). Hypoxia-inducible
factor-la. (HIF-1A) is widely distributed in
human cells and is expected to have potential
clinical applications for tumors and diabetes
disease (41). Naringenin, quercetin, apigenin,
and kaempferol are related to membrane

integrity agonists. Membrane integrity is crucial
for cell survival and signaling pathways and is
involved in metabolic disease (42). Naringenin
and quercetin can act as a CYP1A substrate.
The CYP1A substrate (Human Cytochrome
P450 1A1) is involved in the metabolism of
drugs, activation of certain toxins, and
environmental pollutants (43). This study's
results strengthen the previous studies'
information: quercetin, naringenin, apigenin,
and gallic acid affect LH, FSH, estrogen, and
androgen (44-48). The docking results also
highlight the potential use of moringa for PCOS
treatment and the necessity for further research.

Conclusion

Polycystic ovary syndrome (PCOS)
emerged as the most severe reproductive-
metabolic disorder and became a global public
health concern. Estrogen receptor beta (ESR2)
is considered the most significant marker of
PCOS. The Moringa leaves are already known
as a herb for women’s supplements and for
other health purposes. Discovering the potential
of bioactive substances in Moringa oleifera
leaves needs strong proof of their molecular
mechanism. Molecular docking is a useful tool
to predict the ligand-receptor interaction
through computer-based methods. Molecular
docking enables researchers to study the
nutraceuticals within moringa bioactive
substances in a target protein. This study
provides insight into selected compounds
(naringenin, gallic acid, quinic acid, quercetin,
apigenin, and kaempferol) in Moringa oleifera
leaves for PCOS treatment. Docking results
showed naringenin and apigenin have the
highest calculated affinity among other
compounds.  All ligands have drug-like
characteristics and low toxicity. This study's
results can be a foundation for further research
on moringa's potential as a nutrient that supports
women’s health.
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