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ABSTRACT

Glypican-3(GPC3), a heparan sulfate is a membrane bound proteoglycan which has emerged
as a promising therapeutic target because of its expression in various cancers including ovarian
cancer. In this study, five phytochemicals were selected and Molecular Docking technique was
used in order evaluate the binding affinity of these phytochemicals with GPC3. For
benchmarking the efficiency of these phytochemicals, a control compounds which is a known
inhibitor of GPC3 was also used for comparative evaluation as a reference compound. The
docking was performed using PyRx platform which have an integrated AutoDock Vina. Post
docking visualization and analysis was done using BIOVIA Discovery Studio Visualizer. To
assess the efficiency of these phytochemicals and to predict the drug likeliness of these
phytochemicals’ pharmacokinetic properties of all these compounds were analyzed using a
online tool called SwissADME in which Absorption, Digestion, Metabolism, Excretion and
Toxicity was assessed. The aim was to identify among the phytochemicals which is superior in
binding affinity as compared to control compound and it was observed that Berbamine was
having the highest binding affinity even surpassing the reference compound. Limonin and
Liquoric acid were also promising compounds in terms of binding affinity. Also, they had
balanced pharmacokinetic properties. The integrated docking and Pharmacokinetic analysis
suggest that Berbamine holds potential as a lead compound for the development of novel

therapeutics which can help in the treatment of ovarian cancer.

Keywords-GPC3, Ovarian Cancer, Wnt/ - catenin, SwissADME, Binding affinity,
Molecular Docking
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CHAPTER 1

INTRODUCTION

Ovarian cancer is one of the most lethal gynecological malignancies affecting women
worldwide. Ovarian cancer is heterogenous in nature and this disease progresses through
several molecular level changes and have a very limited targeted therapeutic option. Ovarian
cancer is a serious cause of public health concern. The disease burden varies significantly by
geography, developed countries in Eastern and Central Europe, North America and Australia
have higher incidence and mortality rates, while Asia and Africa have relatively lower
incidence but still faces challenges in early diagnosis and also limited access to care[1]. The
incidence of ovarian cancer generally increases with age; it predominantly affects
postmenopausal women with median age of around 63 years.

Ovarian cancer development is influenced by a complex interplay of genetic, hormonal,
reproductive and environmental factors. Familial history and inherited mutations in genes such
as BRCA1 and BRCA2 is one of the most significant risk factors. BRCA1 and BRCA2 are
tumor suppressor genes which are involved in DNA repair, Women who carry mutations in
BRCAT1 have up to a 40-60% lifetime risk while those who carry BRCA?2 mutations face a 10-
25% risk[2].

Glypican-3(GPC3) is a cell surface heparan sulfate proteoglycan is overexpressed in ovarian
cancer. GPC3 have been extensively studied in Hepatocellular Carcinoma[3]. GPC3
contributes to ovarian cancer by enhancing Wnt/f- catenin signalling. GPC3 plays a significant
role in cell growth, differentiation and migration. While GPC3 is silenced in most adult tissues,
it becomes re-expressed in several cancers making it an oncofoetal antigen and a promising
therapeutic target. Its aberrant expression has been observed in ovarian clear cell carcinomas
and other ovarian cancer subtypes, where it promotes tumorigenesis by enhancing cell
proliferation, angiogenesis and resistance to apoptosis[4]. GPC3 facilitates binding of Wnt
ligand to frizzled receptors and activate - catenin signalling pathway which ultimately leads
to transcription of genes involved in proliferation and invasion. It inhibits apoptotic pathways

and promotes epithelial to mesenchymal transition which leads to increase in cancer cell




motility and invasiveness which facilitates metastasis[5]. Targeting GPC3 has emerged as a
rational strategy for immunotherapy and molecular targeted therapy in GPC3 expressing
tumors.

Phytochemicals are bioactive compounds derived from plants; they are anti-proliferative, pro-
apoptotic, anti-inflammatory, antioxidant, and anti-angiogenic due to which they have immense
scope of utilization in oncology[6]. These compounds are naturally occurring in nature and
target multiple cancer associated pathways which makes them ideal for managing several
heterogenous and drug-resistant cancers like ovarian cancer. There are different classes of
phytochemicals such as flavonoids, alkaloids, terpenoids, saponins and polyphenols and all
these classes exhibit potential cancer activity by modulating signalling pathways including
P13K/Akt, MAPK, Wnt/B- catenin and NF- «B.

In ovarian cancer phytochemicals have demonstrated immense potential and have been proven
to inhibit cell proliferation, induce apoptosis, suppress metastasis and enhance sensitivity to
chemotherapy[7]. Phytochemicals have demonstrated immense ability to inhibit cell
proliferation, induce apoptosis, suppress metastasis and enhance sensitivity to chemotherapy.
Some promising phytochemicals which have shown in silico affinity for GPC3 are Curcumin,
Ginsenosides. Their low toxicity, broad spectrum activity makes them attractive candidates for
drug development and complementary therapy.

In this study we aimed to explore the therapeutic potential of naturally occurring
phytochemicals against Glypican-3(GPC3), that is overexpressed in ovarian cancer. It is a
heparan sulfate and plays a critical role in tumor growth, metastasis and chemoresistance. It
activates the Wnt/B- catenin signalling pathway. We employed in silico molecular docking
techniques to overcome limitations of current treatment strategies for example
chemoresistance, adverse effects, high costs. Using the in silico molecular docking technique
we evaluated the binding affinity and interaction profiles of five structurally diverse
phytochemicals — Berbamine, Limonin, Liquoric acid, Piperlongumine and Mimosine against
GPC3 protein. To assess their comparative efficacy a known GPC3 inhibitor 20(S) Ginsenoside
Rh2 was used a reference compound. PyRx platform was used to perform Molecular docking
and interaction analysis were carried out using BIOVIA Discovery Studio. Additionally, we
performed pharmacokinetic and drug likeness evaluations using SwissADME to assess their
suitability as oral therapeutic candidates. This study highlights the promise of phytochemicals

as safe, accessible, efficient and biologically active agents.




CHAPTER 2

REVIEW OF LITERATURE

2.1. OVARIAN CANCER

Ovarian cancer is one of the most lethal gynecologic malignancies among women. Ovarian
cancer is the 18" most common cancer worldwide and 8" most common cancer in women. In
2024, Approximately 19680 women were diagnosed with ovarian cancer and about 12740
women were projected to die from this disease in the same year. Patients with this fatal disease
have only 45.6% five-year survival rate[8]. The survival rate generally increases if effective
early-stage detection is possible. Ovarian cancer is a heterogenous disease which develops
through a complex interplay of genetic mutations, disrupted signaling pathways, epigenetic
alterations, tumor microenvironmental changes. There are certain types of ovarian cancers in
which germ cell tumors are more common in younger women. Around 90% of ovarian cancers
are epithelial in origin of which high grade serous carcinoma (HGSC) is the most prevalent and
most aggressive subtype. The other types of Ovarian cancers include Germ cell tumors which
arise from primordial germ cells of ovary and constitutes 5% of ovarian cancer[9]. The other
type of Ovarian cancer is Sex-cord stromal tumors which originate from the stromal or
connective tissue of the ovaries. This type contributes to about 5-8% of ovarian cancers. Other
rare types of cancers include Primary Peritoneal Carcinoma and Small Cell Carcinoma of
ovary. Each type of ovarian cancer differs in prognosis, clinical presentation and treatment

responsiveness.

2.1.1 Molecular Pathogenesis and Mechanisms

Most high-grade ovarian cancer follow the dualistic model of ovarian carcinogenesis with
distinct genetic alterations and origins. The development of ovarian cancer is by genomic
instability, defective DNA repair, oncogene activation, tumor suppressor gene inactivation.
These molecular mechanisms interact with tumor microenvironment to support progression,
metastasis. The treatment strategies for ovarian cancer includes surgical cytoreduction which

can be followed by platinum-based chemotherapy[10]. Chemoresistance and relapse can also




be used as treatment strategies. In recent years targeted therapies such as PARP inhibitors have
also been introduced. Additionally anti-angiogenic agents lie bevacizumab have been
incorporated into treatment regimens. Understanding the mechanisms, role of molecular targets
opens new avenues for targeted therapy. Among the most common molecular targets for
Ovarian Cancer treatment are BRCA1 and BRCA2 which are essential for DNA repair and
serve as predictive markers for PARP inhibitor therapy[11]. Another central target is TP53
mutated in over 95% of high grade serious ovarian carcinomas leading to genomic instability
and resistance to apoptosis. Also, VEGF which promotes angiogenesis and tumor growth can
be very beneficial target and its inhibition by agents like bevacizumab has already shown
several clinical benefits[12]. Another signaling pathways which can be used for targeting
include PI13K/AKT/mTOR, EGFR, and HER2 which contributes to proliferation and

chemoresistance.

2.1.2 Stages of Ovarian cancer

Ovarian cancer classifies into four stages that is Stage I, Stage II, Stage III, Stage I'V. This
classification is based on how far the cancer has spread from the ovaries. In Stage I cancer is
mostly confined to one or both the ovaries and early detection at this stage is possible with
prognosis. Stage 11 is called when cancer has spread to nearby pelvic organs for example uterus,
fallopian tubes or bladder. In Stage III this disease extends beyond pelvis and spreads to
abdominal cavity which can possibly affect the lining of the abdomen or nearby lymph nodes.
Stage IV, the most advanced stage and in this stage the cancer metastases to distant organs such
as lungs, liver etc[13]. The stage of cancer is detected by imaging and surgical evaluation and

staging is necessary for determining prognosis and for selecting the treatment strategy.

o . N ‘ !
Cancer celis are Cancer cells Cancer cells Cancer has
found in one or has spread have spread in spread way
both Ovaries from Owvaries to the outer area beyond the
Fallopian tube of the pelvis like abdomen like
or Uterus Liver and Lungs

Lymph nodes.

e ] [

Fig 2.1 Stages of Ovarian Cancer




2.1.3 Symptoms of Ovarian Cancer

Ovarian cancer often known as a silent killer is one of the most lethal diseases because its early
symptoms are subtle and are often not detected. The early symptoms are mistaken for common
urinary issues and hence can go unnoticed. Common early symptoms of Ovarian cancer include
pelvic or abdominal pain, abdominal bleeding, persistent feeling of fullness, frequent or urgent
urination. As and when disease progress more symptoms develop for example unexplained
weight loss, fatigue, change in bowel habits, back pain and menstrual irregularities. These
symptoms develop at benign conditions due to which this cancer is often diagnosed at an
advanced stage[14]. Early prognosis and clinical evaluation play a major role for timely

diagnosis and good outcomes.

OVARIAN CANCER
SYMPTOMS

BLOATING MENSTRUAL
CHANGES
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Fig 2.2 Symptoms of Ovarian Cancer




2.2 Introduction to Phytochemicals and its potential Therapeutic Properties
Phytochemicals, naturally occurring bioactive compounds which are found in plants are not
essential nutrients like vitamins or minerals but serves significant health promoting benefits.
The phytochemicals are secondary metabolites produced by plants as a part of their defense
mechanisms against environmental stress, pests and pathogens. Apart from these benefits they
also exert beneficial effects in humans. Phytochemicals broadly classify in major categories of
Flavonoids, alkaloids, terpenoids, phenolic acids, saponins, lignans[15]. Each class contains
numerous compounds having distinct mechanisms of action and different therapeutic effects.
Phytochemicals have a vast therapeutic potential. The phytochemicals are anti-inflammatory,
antioxidant, anticancer, antimicrobial, antidiabetic and cardioprotective. For example,
Flavonoids such as quercetin are oxidants that have the capability to scavenge free radicals and
protect cells from oxidative stress and hence, they can play a very important role in prevention
of chronic diseases like cancer and cardiovascular disorders[16]. Similarly, Alkaloids such as
vincristine and vinblastine prevent microtubule polymerization which ultimately triggers
apoptosis in rapidly dividing cancer cells and hence, they are well established
chemotherapeutic agents used in treatment of cancers. In cancer therapy, phytochemicals have
shown promise to prevent tumor initiation and progression. In this study, five phytochemicals
—Berbamine, Limonin, Liquoric acid, Piperlongumine and Mimosine were selected for in silico
evaluation against GPC3.

Berbamine is a bisbenzylisoquinoline alkaloid which is derived from Berberis species,
Berbamine is known for its potent anticancer, anti-inflammatory and antioxidant activities[17].
It has the ability to interfere with key oncogenic pathways such as Wnt/ - catenin.

Limonin is a triterpenoid limonoid derived from citrus fruits which is extensively studied for
its antiproliferative and pro-apoptotic effects in cancer[18].

Liquoric acid is a flavonoid compound which is extracted from the root of Glycyrrhiza glabra
demonstrates strong anti-inflammatory and anticancer effects. Liquoric acid also have the
capacity to modulate molecular signalling pathways and to regulate oxidative stress[19].
Piperlongumine is an alkaloid which is obtained from long pepper, it is widely recognized for
promoting apoptosis and inducing oxidative stress in cancer cells which makes it a promising
agent in cancer therapeutics[20].

Mimeosine, a non-protein amino acid found in non-protein amino acid found in members of
Mimosoideae family. Mimosine is known for its ability to arrest cell cycle progression and the

ability to inhibit DNA replication[21].




The selection of these phytochemicals aims to explore a range of bioactive scaffolds for their

potential inhibitory interactions with GPC3 for potential treatment of ovarian cancer.

2.3 Molecular Biology of GPC3

Glypican-3(GPC3), a member of glypican family which comprises heparan sulfate
proteoglycans which are attached to the cell surface via a glycosylphosphatidylinositol (GPI)
anchor. The GPC3 gene is located on X chromosome (Xq26), this gene encodes a core protein
of approximately 70 kDa which then undergoes post-translational modifications including
cleavage by furin-like convertases and addition of heparan sulfate side chains at its C terminal
region. GPC3 is functionally involved in the regulation of cell proliferation, differentiation and
apoptosis during embryogenesis with its expression being downregulated in most tissues[22].
Aberrant reexpression of GPC3 is observed in various cancers such as hepatocellular
carcinoma, melanoma, ovarian cancer. It plays a major role in tumor progression. The key
mechanism of GPC3 is its interaction with Wnt/ - catenin signalling pathway. GPC3 serves
as a co-receptor which enhances Wnt ligand binding to the Frizzled receptor and LRP5/6 which
leads to the stabilization and nuclear translocation of B- catenin, which then activates the
transcription of genes and promote cell proliferation and survival[23]. Also, GPC3 can bind to
growth factors such as Fibroblast growth factor (FGFs), Bone morphogenetic proteins (BMPs)
and modulate their signalling. GPC3 expression leads to increased invasiveness, epithelial to
mesenchymal transition (EMT) and resistance to chemotherapy by inhibiting apoptotic
pathways and by enhancing drug efflux transporters. The most critical component of GPC3 is
the heparan sulfate chains which plays a major role in binding capability and also influence the
spatial orientation of signalling complexes. GPC3 has emerged as a very valuable therapeutic
target due to its membrane bound nature and tumor specific overexpression. Monoclonal
antibodies, peptide vaccines, chimeric antigen receptor (CAR) T cells and small molecule
inhibitors are the strategies being explored[24]. Understanding the molecular biology of GPC3

provides insights into its role in cancer and also aids in rational design of targeted therapies.
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Fig 2.3 Role of GPC3 in multiple signalling pathways

2.4 Mechanism of GPC3

GPC3 a heparan sulfate whose overexpression causes cell proliferation follows different
pathways which include WNT signalling pathway which regulates tumorigenesis and leads to
tumor. Also, another pathway followed by GPC3 is Hedgehog pathway which leads to tumor
progression.

2.4.1 WNT signalling pathway

It directly regulates embryonic development, cell differentiation, tumorigenesis and metastasis.
The WNT signalling pathway is composed of ligand WNT’s protein family, membrane receptor
protein, cytoplasmic signal transduction protein and the downstream transcription pathway. 18
WNT family members have been identified in humans and all these different WNT members
activate different signalling pathway. When WNT1,2,3,3a, and 8 activate the receptors and then
the downstream signal - catenin and hence it is called as canonical WNT signalling pathway
(WNT/ B- catenin pathway)[25]. LRP5/6 is a single transmembrane protein, consists of 1600
amino acids and have a extracellular domains which is composed of four tandem - propeller
domains which can bind with different WNT and form a complex with FZD protein. The
membrane complex then transmits signals and activates the dishevelled in cytoplasm which
then mediates WNT pathway activation. GPC3 help in activation of WNT signalling by
promoting formation of membrane surface complexes in cancers, it plays a role of signal
recruiter in initial activation of WNT signalling[26]. Also, GPC3 stabilize the bindings of
WNTs to FZD and positively regulate WNTs downstream signal transduction.
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Fig 2.4 WNT/ B- catenin signalling pathway

2.4.2 Hedgehog signalling pathway

This pathway plays a key role in embryo morphogenesis, the abnormal activation of this
pathway in adults can lead to progression of tumors. Three Hhs have been identified win
mammals which include Sonic (Shh), Indian (Ihh) and Desert (Dhh). The Hh signalling is
triggered by ligand binding to cell surface receptor called Patched which is transmembrane
protein , after the binding it will abrogate its inhibitory effect on G protein coupled receptor
Smo which further triggers signalling cascade and cause accumulation of transcription factors
and regulate the expression of genes for cell proliferation, migration and differentiation[27].
GPC3 is a potent negative regulator in this pathway, there is a GPC3 loss of function mutation
which leads to excessive activation of Hh signalling pathway. GPC3 inhibit Hh downstream
signalling by binding to Shh and Ihh with high affinity. The binding causes endocytosis and
degradation of GPC3-Hh complex.

2.5 Expression and Function of GPC3 in Ovarian Cancer

Glypican-3(GPC3) is being extensively studied as a critical oncogenic factor in ovarian cancer.
It is normally expressed during embryonic development and is largely silenced in adult tissues
but becomes aberrantly re-expressed in several malignancies like in a subset of ovarian cancer
particularly clear cell and endometrioid subtypes. GPC3 expression is significantly elevated in
malignant ovarian tissues as compared to normal ovarian epithelium when compared using
Immunohistochemical studies[28]. The restricted expression in tumor cells with virtually no
expression in other normal adult tissues and localization in membrane make GPC3 a very
interesting target in Endometrial-associated ovarian clear cell carcinoma (OCCC) which is the

second most common histotype of ovarian carcinoma[29].
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2.6 Existing Studies Targeting GPC3 in Silico

There are several in silico studies which explore GPC3 as a molecular target due to its
overexpression in various cancers. 20(S)- Ginsenoside Rh2 is a bioactive compound has
already shown significant therapeutic potential and have efficiency against GPC3. In a study
by Zhang et al.(2022) 20(S)-Ginsenoside Rh2 was docked using molecular docking with
GPC3[30]. It demonstrated strong binding affinity and have stable interactions within the
protein’s active site and this suggests its role as a promising GPC3 inhibitor. The compound
forms Hydrogen bonds and hydrophobic interactions with key residues which are responsible
for GPC2’s functional activity which indicates its potential that it can interfere with GPC3
mediated signalling pathways[31]. The binding affinity was formulated using molecular
docking and visualized using visualization tools and the computational findings supported
further investigation of Ginsenoside Rh2 as a therapeutic agent and hence can be used in drug

development strategies targeting GPC3- positive malignancies[32].

2.7 Molecular Docking

Molecular Docking, an essential bioinformatics based theoretical modelling technique used to
investigate the profiles of ligand-protein interactions, determine affinity and forecast binding
conformers. Developed in 1980s these computational techniques have been proven to be
essential in transforming the drug development process[33]. Early molecular modelling
methods provided a strict interpretation of ligand-protein interactions due to their limited
computational power. However, with the advancements in Computational techniques it is now
feasible to model dynamic interactions between proteins and ligands. This approach entails
examination of arrangement and direction of molecules which is called pose inside a
macromolecular target binding site[34]. There are several possibilities generated by a variety
of searching algorithms which are then assessed and then ranked using scoring methods.
Molecular docking developments include creation of scoring functions which is essential for
grading the ligand poses that are created to assess the binding energy and contact stability
between the ligand and the protein target. Researcher are trying to raise the predictability of
molecular docking simulations by increasing the accuracy and consistency of scoring
functions. A number of softwares are available for molecular docking like GOLD, PyRx, Auto
Dock, Instadock[35].

Furthermore, molecular docking has been used for purposes other than conventional drug

development it has also been used in various fields like virtual compounds library screening,
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structure-based medication creation, and comprehending the molecular underpinnings of

ligand selectivity and specificity[36]. It has been included into more extensive computational

workflows that include pharmacophore modelling and molecular dynamics simulations. This

has made it possible to investigate ligand-protein interactions in greater details and in several

dimensions. Thus, molecular docking remains a fundamental component of contemporary

computational biology and drug discovery. Molecular docking is becoming more relevant day

by day as the technology progress speeding up drug discovery initiatives.

Protein

Fig 2.5. Elements involved in Molecular Docking: Proteins and Ligands

Ligand

Protein -ligand Molecular docked
complex
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2.8 Visualization

BIOVIA Discovery Studio a widely used computational platform is designed for simulation,
molecular modelling and visualization in drug discovery and structural biology. It is developed
by Dassault Systems and integrates a variety of tools that help in accomplishing various tasks
such as protein-ligand interaction analysis, pharmacophore modelling and ADMET prediction.
This platform has become a very important component of in silico workflows in academic and
industrial research settings[37]. Visualization of docking results is a essential component in
structure-based drug designing. In order to understand the nature and quality of ligand binding
the visualization of docking results play a very important role.\

Discovery Studio helps researchers to visualize and interpret docking poses through both 2D
and 3D interaction maps by highlighting non covalent bonds like Hydrogen bonds, van der
Waals interactions, salt bridges, hydrophobic contacts. This mapping of interactions enables
researchers to identify amino acid residues which are responsible for stabilizing ligand within
the binding pocket.

BIOVIA Discovery Studio also provides researchers with the tools which assist them in
receptor preparation, binding pocket analysis, molecular dynamics simulations, active site
identification[38]. The versatile nature of BIOVIA Discovery studio helps in exploring
molecular behaviour at atomic level. This platform also allows to analyse the structural
compatibility of ligands post docking and to refine models by minimizing energy and also helps
to visually validate binding conformations. The most important role played by this platform is
Lead optimization, it helps in identifying regions of molecular interactions. Discovery studio
is mostly used as a follow-up tool for visualization and interpretation of docking results
obtained from docking software like PyRx, AutoDock. Interactive interface and detailed

analytical capabilities of this software have made the software used extensively[39].

2.9 Pharmacokinetics Parameters
The pharmacokinetic properties are the properties which describes how a compound behaves
in a body how it is absorbed, distributed, metabolized and excreted in the body. These
properties allow researchers to predict a molecule’s bioavailability, toxicity and overall
suitability as a drug candidate[40]. The properties which are analysed are
¢ Gastrointestinal (GI) Absorption- It predicts if a compound is well absorbed through
the intestinal lining when the drug is taken orally, High GI absorption is very important

for orally administered drugs.
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e Lipinski’s Rule of five- there is a set of rules which predict bioavailability, LogP, H
bond donors, H bond acceptors. If compounds violate mor ethan one rule they are less
preferred as a candidate for drug

e Distribution- This assessment is very important in order to identify how the drug is
distributed in the body

¢ Blood Brain Barrier Permeability- It estimates the ability of a compound to cross the
blood-brain barrier which is important for Central nervous system

e Toxicity- To measure hepatotoxicity, mutagenicity, cardiotoxicity

2.9.1 SWISS- ADME(T) analysis

A drug needs to be at its target concentration in the body and in a bioactive state for a long
enough interval of time which causes desired biological reaction in order to be effective.
ADMET analysis include Absorption, distribution, metabolism, excretion and toxicity of a
drug[41]. This is the most important evaluation done early in drug development process. In
order to guarantee that only promising candidates proceed through the development pipeline,
ADMET property analysis is essential. It helps in predicting the drug’s pharmacokinetic and
toxicological profile. Computer simulations provide a detailed explanation for ADMET
analysis. SwissADME is a free analysis tool which provides a variety of fast and precise
predictive models for pharmacokinetic and physiochemical properties of drugs[42]. The tool
incorporates cutting edge criteria like Bioavailability Radar. Absorption, Digestion Metabolism
of the drug, Lipinski Rules of drug. We can access SwissADME through SwissADME, This
tool makes it simple for experts and novices in computational biology to analyse the drug
effectivity during drug development process. By facilitating the assessment of ADMET
features, the tool enables scientists to spot any challenges due to drug during drug discovery
process, this boosts overall effectiveness and also increases success rate of creating new drugs

for treating more diseases[43].



http://www.swissadme.ch/
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CHAPTER 3

METHODOLOGY

3.1 Computational Resources

Databases Utilized: Several databases were used for the In silico study. For various purposes

like Literature Review, Protein Target acquisition, small molecules(ligands) library acquisition,

data retrieval and analysis different databases were referred.

PubMed (https://pubmed.ncbi.nlm.nih.gov/) : Several medical sources are cited

extensively in PubMed which can be referred for literature review. Medline, scientific
publications, digital books are some of the examples which can be accessed on PubMed

Drug bank (https://go.drugbank.com/): it is an indispensable tool for all the

biopharmaceutical research. It has comprehensive and trustworthy drug data arranged
for easy access.

PubChem(https://pubchem.ncbi.nlm.nih.gov/): PubChem is world’s largest

collection of chemical information. It is an open access chemistry database run by
National Institute of Health(NIH) which allows people to submit and share the scientific
data. Several informational entries is regularly given by PubChem periodically since its
founding which solidify its position further as an indispensable tool for researchers.

PDB (https://www.rcsb.org/)- it is a platform which contains experimentally determined

3D structures for important biological molecules including proteins, genetic material. Its US
data centre is RCSB PDB. The major goals of RCSB PDB is undertaking research and offering
instructions in the domains of basic biological sciences, wellness, power and biotechnology

Swiss ADME(http://www.swissadme.ch/) — During drug development process

ADME analysis is the most important process and this is the online free accessible
platform which helps users predict ADME variables, pharmacokinetic profiles,

medicinal chemistry, drug likeliness



https://pubmed.ncbi.nlm.nih.gov/
https://go.drugbank.com/
https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/)-
http://www.swissadme.ch/
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Software Utilized:

e PyRx- It is an open-source program which operates on every main operating
system. It has an easy-to-use interface and is available for free use online. It
provides a GUI and enables users to perform molecular docking using AutoDock
and AutoDock Vina. Also, it helps in assisting in preparation of ligands and
receptors by converting the files into PDBQT format which is required for
molecular docking and this minimizes the energy. It also provides advantage of
batch docking of multiple ligands against one target protein.

¢ BIOVIA Discovery Studio- This software provides a comprehensive set of reliable
tools that help computational chemists, structural biologists to create innovative
biotherapeutics and small molecule medications which are stable, optimum and

have attractive safety profiles.

3.2 Workflow

A comprehensive analysis and survey of the literature revealed a correlation between GPC3
overexpression and Endometrial associated ovarian cell carcinoma (OCCC) which indicates
GPC3 as a promising target in Ovarian cancer treatment. To find drugs for the treatment of
Ovarian cancer natural compounds such as Phytochemicals were selected from library and Five
phytochemicals were selected for the comparison along with a reference compound which was
a known inhibitor of GPC3 selected through literature survey. Ligand structures were created
using platform called PubChem and Open Babel in PyRx was used to convert them to. pdbqt
format. Similarly, protein structure was downloaded from RCSB PDB and was prepared for
utilization in molecular docking. PyRx was used for molecular docking. The best affinity
compounds were then visualized using BIOVIA Discovery Studio Visualizer. After the
visualization and interaction analysis, the compounds were assessed using Swiss-ADME for
assessing their pharmacokinetic properties which play a very important role in drug discovery
process. The best candidates were then selected and this opens new avenues for further
evaluation using experimental studies so that they can be used in treatment of ovarian cancers.
Molecular docking provided a comprehensive analysis of binding and visualization provided
key residues by which molecules were interacting with each other. This structured in silico
workflow ensured the identification of potential lead compounds based on their binding

efficiency and pharmacokinetic property analysis.
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3.2.1 Ligand Selection

For this study. a list of phytochemical compounds was selected based on their anti-cancer
properties and based on their potential to interact with GPC3 which is overexpressed in ovarian
cancer. The selection was made by an extensive literature survey of natural compounds with
known cytotoxic, anti-proliferative or apoptotic effects[44].

After an extensive literature survey five phytochemicals were shortlisted that were Berbamine,
Limonin, Liquoric acid, Piperlongumine and Mimosine. A reference compound was also
included that is 20(S)-Ginsenoside Rh2 which is known for its anti-cancer properties with prior
in silico evidence of GPC3 inhibition. PubChem database was used to retrieve 2D structures of
these ligands. The filed were obtained in SDF format and their 3D structures were generated
or optimized using Open Babel and ligand preparation tool within the PyRX software. Prior to

docking all ligands were prepared by energy minimization to obtain stable conformations.

3.2.2 Target Protein Preparation

Glypican-3(GPC3) is the target protein which is selected for this study. It is a membrane bound
heparan sulfate proteoglycan which is known to play a significant role in cell proliferation and
tumor progression in ovarian and liver cancers. The three-dimensional structure of Glypican-3
was retrieved from the RCSB Protein Databank (PDB) with PDB Id [
7ZA1]. The selected structure was evaluated for resolution, chain completeness and biological
relevance. The protein file which was downloaded from RCSB PDB is in PCB format and is
subjected to preparation prior to docking. The protein structure preparation includes the
following steps:

e Removal of non-essential compounds- cleaning all non-essential components which
can include water molecules co crystallized ligands and the ions that could interfere
with docking simulations. This cleaning step was done by BIOVIA Discovery Studio
Visualizer.

e Addition of Hydrogen bonds- The next step in the protein preparation is to add
Hydrogen atoms in order to stabilize the protein structures and then incomplete
residues or missing side chains were corrected if necessary.

e Energy Minimization — Energy minimization of structure is done to reduce steric

clashes and in order to improve the geometry of structure.
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The optimized GPC3 model was then saved in a docking compatible format that is PDBQT

format.

Fig 3.1 Prepared Structure of Target protein (GPC3)

3.2.3 Molecular Docking

Molecular docking was done to predict the binding affinity of selected test phytochemical
ligands and reference compounds with the target Glypican-3(GPC3) using the platform known
as PyRx (Python Prescription) Virtual Screening tool. It is an open source platform which have
an integrated AutoDock Vina for an efficient ligand-protein docking[45]. Molecular docking
plays a major role in allowing researchers to identify the potential inhibitors by stimulating the
best binding orientation of a ligand within the active site of a target protein.

The steps followed in Molecular docking were:

1) The prepared 3D structure of GPC3 which was cleaned and optimized was imported into
PyRx, using the in build AutoDock tool it was converted into PDBQT format. All non-polar
Hydrogens ere merged and in order to ensure the compatibility with docking algorithms
Gasteiger charges were added.

2) Ligands which were retrieved from PubChem in SDF format were also converted into
PDBQT format and also, they underwent energy minimization using UFF that is Universal
Force Field in PyRx so that stable conformations can be achieved for docking

3) Defining grid box was the next step, grid box was of maximum size so that it can contain

the active or binding site of GPC3. The dimensions of grid box was X:90.99, Y: 105.07, Z:25.
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4) AutoDock Vina was then used to perform the docking simulations and exhaustiveness was
set to a standard value in order to balance speed and thoroughness

5) Each ligand was docked independently and the binding affinities were recorded. The best
pose for each ligand was selected on the basis of lowest binding energy for post docking

analysis

3.2.4 Visualization
PyRx provided preliminary visualization, in order to get detailed analysis the best scoring poses

were exported to BIOVIA Discovery studio Visualizer (https://discover.3ds.com/discovery-

studio-visualizer). This software was used for detailed interaction analysis and provided

automated identification and classification of non-covalent interactions which included
Hydrogen bonds, Hydrophobic interactions, m-n stacking and salt bridges. This software
facilitated generating 2D interaction diagrams which clearly depicted the network of
interactions between each phytochemical and GPC3 residues. It also allowed researchers to
explore the distance measurements and interaction types were color coded for clarity[46]. The
interactions analysis focused on identifying key protein residues within 4A of docking ligands
Hydrophobic interactions were identified between non polar atoms with a cutoff of 4A.

Hydrogen bonds were defined with a distance cutoff of 3.5A.

3.2.5 ADMET analysis and Drug- Likeness Prediction

Pharmacokinetic properties play a major role in determining the efficacy of selected
phytochemical ligands. In order to identify the drug likeness of the phytochemical compounds
SwissADME software was used which is a widely recognized free online tool developed by
Swiss Institute of Bioinformatics. The canonical SMILES of each selected compound was
taken from PubChem database and was entered in the SwissADME portal to get a detailed
report on parameters like Lipophilicity (LogP), water solubility, gastrointestinal absorption,
blood- brain barrier permeability, bioavailability score, Gastrointestinal absorption,
cytochrome P450 interactions. Also, Lipinski’s rule of five were used to assess drug likeness.
This in silico analysis of ADME helped in prioritizing phytochemicals with favourable
pharmacokinetic behaviour and to assess bioavailability of the phytochemical and also to
predict the drug likeness of phytochemicals which aids in reducing the risk of failure in later
stages of drug development as they indicate if there are any challenges in the initial phase of

drug development process[47].



https://discover.3ds.com/discovery-studio-visualizer-download
https://discover.3ds.com/discovery-studio-visualizer-download
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Molecular docking based virtual screening

Virtual screening is a process in computational biology to find possible drugs against
predetermined biological targets. To minimize empirical effort and in order to save time , this
approach has become very important. Using molecular docking based virtual screening we aim
to reduce the amount of in vitro work which is required, compounds were molecular docked
and binding affinity of each compound was analysed[48]. The reference compound 20(S)-
Ginsenoside Rh2 has a binding affinity of -7.0 kcal/mol which was found to be lower than
Berbamine that have binding affinity with GPC3 as -7.5 kcal/mol. This suggests than
Berbamine possess a stronger potential to inhibit GPC3 as compared to standard reference
compound which is taken as a control in this study. Limonin and Liquoric acid which had
binding affinity of -7.1 kcal/mol. Piperlongumine and Mimosine which were also docked
against GPC3 showed binding affinity of -6.2 kcal/mol and -4.7 kcal/mol which is lower than
other compounds. The results indicate the potential of Berbamine as a superior candidate to
interact with and inhibit GPC3 in ovarian cancer. Berbamine binding affinity was better than
control compound and out of all five phytochemicals Berbamine showed the most promising

results.
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S. No. | PubChem | Name of Structure of Ligands Binding
ID ligands affinity
(kcal/mol)
1 275182 Berbamine -7.5
2 179651 Limonin -7.1
3 131751571 | Liquoric acid -7.1
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4 119307 20(S)- -7.0
Ginsenoside
Rh2(Control)
5 637858 Piperlongumine -6.2
6 440473 Mimosine -4.7
0
N
20

Table 4.1 Binding affinity of Five phytochemical compounds and Control compound




Fig 4.1 (c) Molecular docked complex GPC3-Limonin
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Fig 4.1 (f) Molecular docked complex GPC3-Liquoric acid
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4.2 Interaction Analysis

The analysis of interactions of docked phytochemicals with GPC3 was performed using
BIOVIA Discovery Studio Visualizer which provided insights into the nature of molecular
binding. Among all the tested and control compounds Berbamine demonstrated most stable and
extensive interaction analysis, It formed strong hydrogen bonds with polar residues GLN A 145,
THR A120, ASP A350. It also engages in key hydrophobic interactions with residues like PHE
A144, LEU A351 which contributes to stabilization of aromatic ring of the ligand within the
GPC3 binding cavity. The control compound 20(S)- Ginsenoside Rh2 exhibited several
interactions notably with GLN A145, GLU A149, ARG A325 which suggests its effective
anchoring. Limonin showed an extensive network of interactions including hydrogen binding
with ASN A 195, also it formed hydrophobic contacts with PHE A144, PRO A374, GLN A145
which indicate strong receptor engagement. Liquouric acid similarly showed binding within a
pocket comprising residues like THR A152, LEU A400, SER A403 which contributes to both
polar and hydrophobic contacts. Piperlongumine exhibit unique n-n stacking interactions with
PHE A130 and conventional hydrogen bonds with PHEA 142

Mimosine shows least binding affinity displayed minimal interactions limited to GLU A251,
SER A 234, CYS A232. These interaction profiles shows that these compounds have potential
as lead compounds for further experimental validation. The interaction analysis was done using
BIOVIA Discovery studio Visualizer which provided with the 2D and 3D interaction diagrams

for detailed analysis.
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Amino acids are involved in different types

S.No. | PubChem | Name of ligands of binding interactions
ID Hydrogen bonds Other interactions
1. 275182 Berbamine GLNA145, THR | PHE 144, LEU A351
A120, ASP A350
2. 179651 Limonin ASN A195 PHE A144, GLN A145,
THR A150, PRO A374,
VALA 177
3. 131751571 Liquoric acid ASN A195 THR A152, SER A403,
LEU A400, ALA A404
4. 119307 20(S)- ARG A 325, GLN | THR A152, SER A403,
Ginsenoside Rh2 | A145, GLU A149 THR A150 , PRO
(Control) A374, VAL A177
5. 637858 Piperlongumine PHE A142, PHE | VAL A145, ALA A122,
A130 ALA A128
6. 440473 Mimosine SER A234 GLU A251, CYS
A323(minimal
contacts)

Table 4.2 Interaction Analysis
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4.3 ADMET Property Analysis

SwissADME software is the software used to evaluate their pharmacokinetic behaviour and
drug likeness properties. The ADMET analysis include Absorption, Distribution, Metabolism,
Excretion, Toxicity profiling of the phytochemicals. All the five test compounds that are
Berbamine, Limonin, Liquoric acid, Piperlongumine and Mimosine along with the control
20(S)-Ginsenoside Rh2 were analysed using SwissADME tool. They exhibited high
gastrointestinal (GI) absorption and also indicated good oral bioavailability potential. Notably,
Piperlongumine was the only compound which is predicted to have blood- brain barrier (BBB)
permeability which suggests its potential to be used in CNS related cancers. On the other hand,
Berbamine did not cross the BBB which makes them advantageous for non-CNS targeted
therapies in cancers such as ovarian cancer.

Moreover, All the compounds adhered well tov Lipinski’s Rule of Five with only one minor
violation in Berbamine which is acceptable and does not rule it out. Also, Bioavailability scores
of all the compounds were within the acceptable limits which supported their potential as orally
active agents. Next property which was analysed was metabolism and none of the compounds
inhibited major cytochrome P450 enzymes such as CYP1A2 and CYP3A4 which indicates a
low risk of drug-drug interactions and favours the metabolic profiles. Additionally, all
compounds showed low hepatotoxicity and mutagenicity which suggests good safety profiles.
All compounds showed low predicted hepatotoxicity and mutagenicity and this suggests that
they have good safety profiles. ADMET analysis revealed that Berbamine had a highly
favourable pharmacokinetic profile despite one Lipinski violation and hence it is a good
candidate as a lead compound. Strong GPC3 binding affinity and favourable ADMET
parameters makes Berbamine a very promising therapeutic molecule for further in vitro and in
vivo evaluation. Limonin and liquoric acid also demonstrate balanced ADMET properties

which opens gate for further experimental studies.
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S.No. Name of ADMET Properties Bioavailability radar Illustration
Ligands GI Lipinski | BBB
Absorption | Rule of | permeability
Five
1. 20(S)- Low 2 No o
Ginsenoside violations
Rh2(Control)
2. Berbamine High Only 1 No o
violation
FLEX SIZE
INSATU POLAR
INSOLU
3. Limonin High Yes, 0 No Lo
violation
INSOLU
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4. Liquoric acid High Yes, 0 No
LIPO
violation
FLEX SIZE
INSATU POLAR
INSOLU
5. Piperlongumine | High Yes, 0 Yes
LIPO
violation
FLEX SIZE
INSATU POLAR
INSOLU
6. Mimosine High Yes, 0 No
LIPO
violation
FLEX SIZE
A
INSATU POLAR
INSOLU

Table 4.3 Pharmacokinetic (ADMET) Analysis

Hence, Among the compounds, Berbamine exhibited most desirable properties and with its
strong binding affinity against GPC3 it becomes a strong candidate for becoming a drug. The
compound has shown a high Gastrointestinal absorption and moderate solubility and a high
bioavailability score of 0.55. Followed by Limonin and Liquoric acid , they also show
balanced pharmacokinetic properties and have a high binding affinity for GPC3 and with
further experimental studies they can also be proven as good candidates for a drug against

GPC3 for the treatment of ovarian cancer.
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4.4 Discussion

The analysis of interactions of docked phytochemicals with GPC3 was gave insightful insights
regarding the nature of molecular binding. Among all the tested compounds Berbamine was
the most promising candidate which demonstrated the most stable and extensive interaction
profile it formed very strong Hydrogen bonds and had the binding affinity higher than that of
the control compound which is already proven to inhibit GPC3. Berbamine have surpassed the
known GPC3 inhibitor with a binding affinity of -7.5 kcal/mol and have Hydrogen bonds and
significant hydrophobic interactions which indicate a robust binding conformation with active
site of GPC3. Moreover, Limonin and Liquoric acid also have high binding affinity of -7.1
kcal/mol and interactions included hydrogen bonds and hydrophobic interactions. Structural
compatibility of the compounds with the GPC3 active site plays a very important role in
affinity. Also, the ability of compounds to mimic or disrupt the interactions which are necessary
for Wnt/ B- catenin signalling which is the mechanism responsible for cancer promotion. The
interaction of Berbamine suggests a possible inhibitory role in GPC3 mediated signalling
which helps in curbing ovarian cancer progression. The structures of Berbamine, Limonin and
Liquoric acid indicate potential for lead optimization and derivatization in order to enhance
their potential in drug development. Furthermore, ADME analysis which was done using
SwissADME helped in validating the suitability of these compounds in terms of
pharmacokinetics. All three compounds exhibited high gastrointestinal absorption which
indicates their feasibility for oral administration and none of these compounds showed
inhibitory effects on major cytochrome P450 enzymes which imply that there is a lower risk of
metabolic complications and drug- drug interactions. They also showed a good drug likeness
score. Only Berbamine showed one violation in Lipinski’s rules which is acceptable in drug
discovery process. Piperlongumine had a slightly lower binding affinity but showed excellent
pharmacokinetic parameters including the Blood brain barrier permeability which makes it a
perfect candidate for further investigation on other cancer types for example CNS related
cancers.

Thus, the integration of molecular docking process using PyRx software and visualization
using BIOVIA Discovery Studio Visualizer and ADMET analysis using SwissADME supports

the potential of Berbamine as a lead compound in order to target GPC3 in ovarian cancer.
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CHAPTER 5

CONCULSION AND FUTURE PROSPECTS

Cancer is one of the leading causes of mortality worldwide. It is one of the most lethal diseases
with a complex etiology which involves genetic mutations, epigenetic alterations,
dysregulation in signaling pathways, uncontrolled cell proliferation, apoptosis resistance,
metastasis. Among different types of cancers, ovarian cancer remains one of the most lethal
gynecological cancers which is often diagnosed at an advanced stage due to lack of early
symptoms. Ovarian cancers fall under the category of solid tumors and hence the treatment of
this cancer is difficult[49]. The disease also exhibits a high degree of heterogeneity which is
also associated with resistance to standard chemotherapy which calls for the need of targeted
and personalized therapeutic strategies.

A molecular target Glypican -3 which is a cell surface heparan sulfate proteoglycan is a target
which is very less explored in cancers but have a significant effect as it is overexpressed in
several cancers such as HCC and ovarian cancer. It plays a major role in tumor growth and
progression by enhancing the Wnt/ B- catenin signalling pathway, also it inhibits apoptosis and
promote epithelial to mesenchymal transition which helps in metastasis. It is selectively
expressed in cancer cells and have no or minimal expression in normal adult tissues and this
makes GPC3 a very promising candidate for therapeutic intervention.

Also, if we talk about the treatment opportunity using natural compounds, great amount of
research has been going on around phytochemicals which are natural compounds which are
bioactive in nature and is used in cancer treatment due to their multi targeting capabilities and
relative low toxicity. These phytochemicals modulate various molecular targets and can target
pathways which are involved in carcinogenesis. For this study we chose five phytochemicals
namely — Berbamine, Limonin, Liquoric acid, Piperlongumine, Mimosine. Also, a control
compound was chosen by literature review which is a known inhibitor of GPC3.

To investigate the binding affinity of these compounds against GPC3, Molecular docking was
conducted using the PyRx platform which have an integrated AutoDock Vina engine which
provides high throughput virtual screening. The protein and ligand preparation were done using

Protein data bank and PubChem. The docking predicted binding affinities conformations. Post
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docking analysis was done using BIOVIA Discovery Studio Visualizer which is a molecular
modelling tool and enables in depth visualization. The visualization shown the crucial non
covalent interactions such as Hydrogen bonds, hydrophobic contacts and n-n stacking between
the ligands and specific amino acid residues within the GPC3 binding pocket. Berbamine
demonstrated the strongest binding affinity and formed stable interactions. To further evaluate
drug like potential of the phytochemicals, ADME analysis was done using SwissADME.
Berbamine despite one minor rule violation exhibited a well-balanced pharmacokinetic profile
which makes it potential to be a drug like candidate. The integration of docking scores,
interaction analysis and ADME profiling led to identification of Berbamine as lead compound
and this showed superior binding to GPC3 compared to control compound. Limonin and
liquoric acid also proved to be promising candidates. This study demonstrates power of in silico
approaches in drug discovery and enables rapid and cost-effective screening of phytochemical
compounds to explore their therapeutic potential. The combination of molecular docking,
visualization and ADME analysis provides opportunities for exploring natural compounds for
process of lead identification and optimization.

In Conclusion, this work supports the potential of phytochemical based therapeutics in
targeting GPC3 for the treatment of ovarian cancer. Berbamine stand out as a promising
candidate for further investigation and development and findings of this study suggests that
these phytochemicals can be key candidates for future research in the area of natural product
based targeted cancer therapies[50].

Several directions for future research emerge from this study like we can experimentally
validate the predicted binding of Berbamine, Limonin and Liquoric acid to GPC3 through
techniques such as surface plasmon resonance. Also, Investigation of effects of these
phytochemicals on GPC3 mediated signalling pathways in ovarian cancer cell lines can be
done. One of the most efficient moves in future can be of using combination strategies in which
investigation can be done for the potential synergistic effects of GPC3 targeting
phytochemicals with conventional chemotherapeutic agents for treatment of ovarian cancer.
Furthermore, structural optimization or derivatization of Berbamine can be done to improve its
drug likeliness without compromising its binding efficacy. These findings open new avenues
for developing Berbamine-based analogs as novel therapeutic strategies for ovarian cancer

treatment.




[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

34

REFERENCES:

I. N. G. Budiana, M. Angelina, and T. G. A. Pemayun, “Ovarian cancer: Pathogenesis
and current recommendations for prophylactic surgery,” J. Turkish-German Gynecol.
Assoc., vol. 20, no. 1, pp. 47-54, 2019, doi: 10.4274/jtgga.galenos.2018.2018.0119.
S. Lavanya J M and S. P, “Innovative approach towards early prediction of ovarian
cancer: Machine learning- enabled XAI techniques,” Heliyon, vol. 10, no. 9, p.
€29197, 2024, doi: 10.1016/j.heliyon.2024.¢29197.

A. R. Devan et al., “The role of glypican-3 in hepatocellular carcinoma: Insights into
diagnosis and therapeutic potential,” Eur. J. Med. Res., vol. 29, no. 1, p. 490, 2024,
doi: 10.1186/s40001-024-02073-2.

O. Iravani, R. Yazdani, and F. S. Forootan, “Glypican 3 (GPC 3) In Cancer
Pathogenesis and Progression,” Ann. Med. Clin. Oncol., vol. 4, no. 3, 2022, doi:
10.29011/amco-130.000138.

K. Wiedemeyer, M. Kdbel, H. Koelkebeck, Z. Xiao, and K. Vashisht, “High glypican-
3 expression characterizes a distinct subset of ovarian clear cell carcinomas in
Canadian patients: an opportunity for targeted therapy,” Hum. Pathol., vol. 98, pp. 56—
63, 2020, doi: 10.1016/j.humpath.2020.01.002.

A. Kumar et al., “Major Phytochemicals: Recent Advances in Health Benefits and
Extraction Method,” Molecules, vol. 28, no. 2, pp. 1-41, 2023, doi:
10.3390/molecules28020887.

A. G. Kurmukov, “Phytochemistry of medicinal plants,” Med. Plants Cent. Asia Uzb.
Kyrg., vol. 1, no. 6, pp. 13—14, 2013, doi: 10.1007/978-1-4614-3912-7 4.

C. Stewart, C. Ralyea, and S. Lockwood, “Ovarian Cancer: An Integrated Review,”
Semin. Oncol. Nurs., vol. 35, no. 2, pp. 151-156, 2019, doi:
10.1016/j.s0ncn.2019.02.001.

M. Koshiyama, N. Matsumura, and I. Konishi, “Subtypes of Ovarian Cancer and
Ovarian Cancer Screening,” Diagnostics, vol. 7, no. 1, pp. 1-10, 2017, doi:
10.3390/diagnostics7010012.

I. Vergote et al., “Treatment algorithm in patients with ovarian cancer.,” Facts, views

Vis. ObGyn, vol. 12, no. 3, pp. 227-239, 2020.




[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

35

K. Ksiazek, “Molecular biology of ovarian cancer: From mechanisms of
intraperitoneal metastasis to therapeutic opportunities,” Cancers (Basel)., vol. 13, no.
7, pp. 11-14, 2021, doi: 10.3390/cancers13071661.

S. Masoumi Moghaddam, A. Amini, D. L. Morris, and M. H. Pourgholami,
“Significance of vascular endothelial growth factor in growth and peritoneal
dissemination of ovarian cancer,” Cancer Metastasis Rev., vol. 31, no. 1-2, pp. 143—
162, 2012, doi: 10.1007/s10555-011-9337-5.

V. Tavares, I. S. Marques, I. G. de Melo, J. Assis, D. Pereira, and R. Medeiros,
“Paradigm Shift: A Comprehensive Review of Ovarian Cancer Management in an Era
of Advancements,” Int. J. Mol. Sci., vol. 25, no. 3, 2024, doi: 10.3390/ijms25031845.
M. H. Ebell, M. B. Culp, and T. J. Radke, “A Systematic Review of Symptoms for the
Diagnosis of Ovarian Cancer,” Am. J. Prev. Med., vol. 50, no. 3, pp. 384-394, 2016,
doi: https://doi.org/10.1016/j.amepre.2015.09.023.

D. Koche, R. Shirsat, and M. Kawale, “An Overerview of Major Classes of
Phytochemicals: Their Types and Role in Disease Prevention,” Hislopia J., vol. 9, no.
1/2, pp. 1-11, 2016.

H. Thacker and V. Ram, “Medicinal properties of phytochemicals: A review,” J.
Pharmacogn. Phytochem., vol. 13, no. 2, pp. 78-82, 2024, doi:
10.22271/phyto.2024.v13.i2a.14873.

A. A. Farooqi, R. Wen, R. Attar, S. Taverna, G. Butt, and B. Xu, “Regulation of Cell-
Signaling Pathways by Berbamine in Different Cancers,” Int. J. Mol. Sci., vol. 23, no.
5, 2022, doi: 10.3390/ijms23052758.

S. Fan et al., “Limonin: A review of its pharmacology, toxicity, and
pharmacokinetics,” Molecules, vol. 24, no. 20, pp. 1-22, 2019, doi:
10.3390/molecules24203679.

G. Pastorino, L. Cornara, S. Soares, F. Rodrigues, and M. B. P. P. Oliveira, “Liquorice
(Glycyrrhiza glabra): A phytochemical and pharmacological review,” Phyther. Res.,
vol. 32, no. 12, pp. 2323-2339, 2018, doi: 10.1002/ptr.6178.

D. P. Bezerra, C. Pessoa, M. O. De Moraes, N. Saker-Neto, E. R. Silveira, and L. V.
Costa-Lotufo, “Overview of the therapeutic potential of piplartine (piperlongumine),”
Eur. J. Pharm. Sci., vol. 48, no. 3, pp. 453—463, 2013, doi: 10.1016/j.ejps.2012.12.003.
B. C. Q. Nguyen and S. Tawata, “The Chemistry and Biological Activities of
Mimosine: A Review,” Phyther. Res., no. April, pp. 1230-1242, 2016, doi:
10.1002/ptr.5636.




[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

36

M. Ho and H. Kim, “Glypican-3: A new target for cancer immunotherapy,” Eur. J.
Cancer, vol. 47, no. 3, pp. 333-338, 2011, doi: 10.1016/j.ejca.2010.10.024.

J. Liu et al., “Wnt/B-catenin signalling: function, biological mechanisms, and
therapeutic opportunities,” Signal Transduct. Target. Ther., vol. 7, no. 1, 2022, doi:
10.1038/s41392-021-00762-6.

A. Daei Sorkhabi et al., “The current landscape of CAR T-cell therapy for solid
tumors: Mechanisms, research progress, challenges, and counterstrategies.,” Front.
Immunol., vol. 14, p. 1113882, 2023, doi: 10.3389/fimmu.2023.1113882.

B. T. MacDonald, K. Tamai, and X. He, “Wnt/B-Catenin Signaling: Components,
Mechanisms, and Diseases,” Dev. Cell, vol. 17, no. 1, pp. 9-26, 2009, doi:
10.1016/j.devcel.2009.06.016.

R. Hayat, M. Manzoor, and A. Hussain, “Wnt signaling pathway: A comprehensive
review.,” Cell Biol. Int., vol. 46, no. 6, pp. 863—877, Jun. 2022, doi:
10.1002/cbin.11797.

J. Briscoe and P. P. Thérond, “The mechanisms of Hedgehog signalling and its roles in
development and disease,” Nat. Rev. Mol. Cell Biol., vol. 14, no. 7, pp. 418431, 2013,
doi: 10.1038/nrm3598.

Q. Piao, X. Bian, Q. Zhao, and L. Sun, “Unraveling Glypican-3: From Structural to
Pathophysiological Roles and Mechanisms-An Integrative Perspective.,” Cells, vol.
14, no. 10, May 2025, doi: 10.3390/cells14100726.

S. Sambasivan, “Epithelial ovarian cancer: Review article,” Cancer Treat. Res.
Commun., vol. 33, p. 100629, 2022, doi: https://doi.org/10.1016/j.ctarc.2022.100629.
Y. Liu et al., “Downregulation of glypican-3 expression increases migration, invasion,
and tumorigenicity of human ovarian cancer cells,” Tumor Biol., vol. 36, no. 10, pp.
7997-8006, 2015, doi: 10.1007/s13277-015-3528-6.

L. Xu, J. Li, N. Hou, F. Han, X. Sun, and Q. Li, “20(S)-Ginsenoside Rh2 inhibits
hepatocellular carcinoma by suppressing angiogenesis and the GPC3-mediated Wnt/[3-
catenin signaling pathway,” Acta Biochim. Biophys. Sin. (Shanghai)., vol. 56, no. 5,
pp. 688—696, 2024, doi: 10.3724/abbs.2024038.

S. Xiaodan and C. Ying, “Role of ginsenoside Rh2 in tumor therapy and tumor
microenvironment immunomodulation,” Biomed. Pharmacother., vol. 156, p. 113912,
2022, doi: https://doi.org/10.1016/j.biopha.2022.113912.

D. . Astalakshmi et al., “Over View on Molecular Docking: A Powerful Approach for
Structure Based Drug Discovery,” Int. J. Pharm. Sci. Rev. Res., vol. 77, no. 2, pp. 146—




[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

37

157, 2022, doi: 10.47583/ijpsrr.2022.v77i02.029.

A. Vidal-Limon, J. E. Aguilar-Toala, and A. M. Liceaga, “Integration of Molecular
Docking Analysis and Molecular Dynamics Simulations for Studying Food Proteins
and Bioactive Peptides,” J. Agric. Food Chem., vol. 70, no. 4, pp. 934-943, 2022, doi:
10.1021/acs.jafc.1c06110.

N. S. Pagadala, K. Syed, and J. Tuszynski, “Software for molecular docking: a
review,” Biophys. Rev., vol. 9, no. 2, pp. 91-102, 2017, doi: 10.1007/s12551-016-
0247-1.

P. C. Agu et al., “Molecular docking as a tool for the discovery of molecular targets of
nutraceuticals in diseases management,” Sci. Rep., vol. 13, no. 1, pp. 1-18, 2023, doi:
10.1038/s41598-023-40160-2.

U. Baroroh, S.Si., M.Biotek., Z. S. Muscifa, W. Destiarani, F. G. Rohmatullah, and M.
Yusuf, “Molecular interaction analysis and visualization of protein-ligand docking
using Biovia Discovery Studio Visualizer,” Indones. J. Comput. Biol., vol. 2, no. 1, p.
22,2023, doi: 10.24198/ijcb.v2i1.46322.

D. Studio, “Molecular simulations with discovery studio®,” pp. 1-2.

D. N. Minovski, “Molecular Docking Calculations Utilizing Discovery Studio &
Pipeline Pilot,” Natl. Inst. Chem., p. 22, 2021.

J. Fan and I. A. M. De Lannoy, “Pharmacokinetics,” Biochem. Pharmacol., vol. 87,
no. 1, pp. 93-120, 2014, doi: 10.1016/j.bcp.2013.09.007.

T.D. Y. Chung, D. B. Terry, and L. H. Smith, “In Vitro and In Vivo Assessment of
ADME and PK Properties During Lead Selection and Lead Optimization — Guidelines,
Benchmarks and Rules of Thumb,” Assay Guid. Man., no. Md, pp. 1-14, 2004.

P. H. Riyadi et al., “SwissADME predictions of pharmacokinetics and drug-likeness
properties of small molecules present in Spirulina platensis,” IOP Conf. Ser. Earth
Environ. Sci., vol. 890, no. 1, 2021, doi: 10.1088/1755-1315/890/1/012021.

A. Daina, O. Michielin, and V. Zoete, “SwissADME: A free web tool to evaluate
pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small
molecules,” Sci. Rep., vol. 7, no. January, pp. 1-13, 2017, doi: 10.1038/srep42717.

B. K. Shoichet, A. R. Leach, and I. D. Kuntz, “Ligand solvation in molecular
docking,” Proteins Struct. Funct. Genet., vol. 34, no. 1, pp. 4-16, 1999, doi:
10.1002/(SICI)1097-0134(19990101)34:1<4::AID-PROT2>3.0.CO;2-6.

P. F. Ayodele ef al., “Illustrated Procedure to Perform Molecular Docking Using PyRx
and Biovia Discovery Studio Visualizer: A Case Study of 10kt With Atropine,” Prog.




[46]

[47]

[48]

[49]

[50]

38

Drug Discov. Biomed. Sci., vol. 6, no. 1, 2023, doi: 10.36877/pddbs.a0000424.

A. Vidal-Limon, J. E. Aguilar-Toala, and A. M. Liceaga, “Integration of Molecular
Docking Analysis and Molecular Dynamics Simulations for Studying Food Proteins
and Bioactive Peptides,” J. Agric. Food Chem., vol. 70, no. 4, pp. 934-943, Feb. 2022,
doi: 10.1021/acs.jafc.1c06110.

C. Agoni, F. A. Olotu, P. Ramharack, and M. E. Soliman, “Druggability and drug-
likeness concepts in drug design: are biomodelling and predictive tools having their
say?,” J. Mol. Model., vol. 26, no. 6, 2020, doi: 10.1007/s00894-020-04385-6.

M. Kontoyianni, “Docking and Virtual Screening in Drug Discovery.,” Methods Mol.
Biol., vol. 1647, pp. 255-266, 2017, doi: 10.1007/978-1-4939-7201-2_18.

Z. Momenimovahed, A. Tiznobaik, S. Taheri, and H. Salehiniya, “Ovarian cancer in
the world: Epidemiology and risk factors,” Int. J. Womens. Health, vol. 11, pp. 287—
299, 2019, doi: 10.2147/1IJWH.S197604.

Y. Liang, R. Z. Xu, L. Zhang, and X. Y. Zhao, “Berbamine, a novel nuclear factor B
inhibitor, inhibits growth and induces apoptosis in human myeloma cells,” Acta

Pharmacol. Sin., vol. 30, no. 12, pp. 1659-1665, 2009, doi: 10.1038/aps.2009.167.




LIST OF PUBLICATIONS AND THEIR PROOFS

39

Title of the Paper: In silico analysis of Phytochemical Compounds for targeting GPC3 for

Ovarian Cancer Treatment

Author Name: Vaishnavi Juneja, Dr. Asmita Das

Name of the Conference: 2™ International Conference on Advances in Engineering and

Medical Sciences 2025

Date and Venue: 14" and 15" April 2025 at International School of Science for Women,

Rajhamundry East Godavri, India

Indexing: Scopus Indexed

Registration: Done

Status of Paper: Acceptance Received

Date of Paper Communication: 11" April 2025
Paper Acceptance Date: 12 April 2025




ZNI)
INTERNATIONAL CONFERENCE ON
ADVANCES IN ENGINEERING AND MEDICAL SCIENCES 2025

ORGANIZED BY

INTERNATIONAL SCHOOL OF TECHNOLOGY AND SCIENCES FOR WOMEN (AUTONOMOUS)
NH-16, East Gonagudem Rajanagaram, Rajhamundry East Godavari - 533294
IN ASSOCIATION WITH
OSIET & OCTE, Chennai, India
SAMARKAND STATE UNIVERSITY, SAMARKAND, UZBEKISTAN
UNIVERSITY OF TECHNOLOGY AND APPLIED SCIENCES, SULTANATE OF OMAN, OMAN

Certi

This is to Certify that the paper entitied

In Silico analysis of Phytechemical compounds for targeting GPC3 for Ovarian
Cancer Treatment

Authored By
Vaishnavi Juneja , Delhi Technelegical University, New Delhi
has been presented at

4—-,—(

e o ]\ljh tation

“2nd International Conference on “Advances In Engineering And Medical Sciences— 2025”
held on 14th < 15th April 2025 at
International School of Technology and Sciences for Women (Autonomous)
NH-16, East Gonagudem Rajanagaram, Rajhamundry East Godavari, India

Dr. Y.Rajasree Rao K. Janani Dr.Christo Ananth Dr. Akhatov Akmal Rustamovich
Principal & Conference Chair CEO Professor Vice Rector (International Cooperation)
o) B o . AMAROAN AMAROAND

=7 &

40




41

In silico analysis of Phytochemical compound for targeting GPC3 for Ovarian Cancer Treatment inbox = e d
SCOpUS scie <icaemconference@gmail.coms @ sat2apr 950 @ @
tome «
Dear Author/s,
We are happy to inform you that your paper, submitted for the ICAEM 2025 conference has been Accepted based on the re dations provided by the Technical Review Committee. By this

mail you are requested to proceed with Registration for the Conference. Most notable is that the Conference must be registered on or before APRIL 15th, 2025 from the date of acceptance.
* Refer page No 9 in Registration form (refer attachment)

https://icaem.in/

Kindly fill the Registration form, Declaration form (journal details) which is attached with the mail and it should reach us on above mentioned days.
Instructions to fill the forms:
Ensure to send payment screenshots and send all the details once the payment has been done to the account.

All the above completed details should be mailed to icaemconference@gmail.com
Please send a soft copy of the RESEARCH PAPER in word format only.

NOTE: - Send Abstract and Full paper separately in word format only.

We reserve the right to reject your paper if the registration is not done within the above said number of days.

Paper id: ICAEM250634

ICAEM 2025
www.icaem.in

+91 73974 66539




42

DELHI TECHNOLOGICAL UNIVERSITY
(Formerly Delhi College of Engineering)

Shahbad Daulatpur, Main Bawana Road, Delhi-42

DS T x

9~ 4
Va1 o

*(DELTECH)

s

PLAGIARISM VERIFICATION

Title of the Thesis: Exploring Phytochemical Compounds against GPC3 for Ovarian Cancer
treatment: An In-Silico Approach

Total Pages: 36

Name of the Student: Vaishnavi Juneja
Supervisor: Dr. Asmita Das

Department: Department of Biotechnology

This is to report that the above thesis was scanned for similarity detection. Process and outcome
are given below:

Software used: Turnitin
Similarity Index: 9%

Total Word Count: 7375 words

Date: 31% May 2025

Candidate's Signature Signature of Supervisor




Thesis By Vaishnavi Juneja.docx

# Delhi Technalogecal University

Document Details

Submission 1D
trn:oid: ZT535: 8542245

Submitssion Dace

May 31, 2005, B:5E AM GMT=5:30

Download Date
May 31, 2005, B:55 AM GAMT=5:30

File Mame

Thesis By Vaishnavi juneja.docs

Fibe Size

2.0 M

';q turnitin Page 1 of 42 - Cover Page

5-] turmitin Page I of 42 - Imegrity Dovareies

9% Overall Similarity

The combined meal of all matdhes, induding cwerlapping sources, Tor each database

Match Groups
80 Mot Cieed or Quoted ¥4 I
Fdatchies with naithar in-tean Citation nor quataton marks s
) 0 Missing Quotations % -

Pdatchies that are sl very similar 1o soUnce materia

= 0 Missing Chation 1%
Fdatchies that hawe quascatian mmarks

W0 iN-LENL CILAtIon

# 0 Ciedand Quoted 0%

Fdatchies withs in-oext citaton prassnt, B no o o ks

Integrity Flags
D Integricy Flags for Review

M suspidous test manipulaiens found,

35 Pages
7375 Words

43,795 Characters

Swhmiadon 1D tmokd -2 TSI 98842245

Swhmiadon D tmod -2 TSI S8R 2245

Top Sources

o Internat scurces
Wl Publications

L submitted works [Student Papers)

‘Our wyaterm's agarithms look desply ata decument for amy nesmiviencies that
vk aert 1t apart from a mormal wbshaion B owe notics snmething vranga, we flag
ot o o b rewiee

& Flaxg % ok ety an ingicrior of 8 problem. Howsver, we'd recmmand you
dzein pour atinmion thereder fusthar redes

43




