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Abstract

Ovarian Cancer is the most lethal gynecological malignancy and is ranked asthe seventh leading cause
of cancer deaths in females. Wnt signaling is an evolutionarily conserved regulatory pathway that
governs numerous normal cellular and developmental processes such as cell fate determination, cell
proliferation and migration. However, aberrant Wnt signaling has also been identified as a key
mechanism in cancer biology. B -catenin is the key mediator of the Canonical Wnt pathway. In the
absence of a Wnt ligand, B-catenin is degraded by a destruction complex. The main components of
this complex include AXIN, adenomatous polyposis coli (APC), casein kinase 1 (CK1), and glycogen
synthase kinase 38 (GSK38), as well as the E3 ligase, BTrCP. Protein phosphatase 2A (PP2A) is also
associated with the B-catenin destruction complex. AXIN is a scaffolding protein that has interaction
sites for multiple proteins including PP2A, APC, GSK38, and CK1. The most common genetic
alteration in the Wnt/B-catenin pathway involved in EOC is in the 3-catenin gene, CTNNBI1. In EOCs
a missense mutation in CTNNBI1 was always found within the amino terminal domain. Soybeans
(Glycine max L.), a functional food widely consumed in Asia, has been reported as the main source
of isoflavones. Phytoestrogen properties of soy isoflavones showed their activity as ligands for
estrogen receptors and exhibited the estrogenic potency as reported in the previous in vitro and in
vivo studies. The major functional components include Carbohydrates, fats, Proteins, Saponins,
Lecithin, Linolenic acid, Linoleic acid, Phytosterols and Isoflavones. Due to these valuable
constituents, it possesses multiple therapeutic activities. Current in-silico study showed that Daidzein
from G. max L. has maximum binding affinity with beta catenin, which may be ultimately inhibited
followed by the inactivation of Wnt/p -Catenin pathway. Moreover, it has been shown to relive sleep
disorders, may help managing diabetes, prevents osteoporosis, improves blood circulation and
provide good care of pregnancy.
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INTRODUCTION

According to the estimates by The American Cancer Society regarding incidence of ovarian cancer
in the United States for 2023 about 19,710 women will receive a new diagnosis of ovarian cancer and
about 13,270 women will die from ovarian cancer.The deadliest among gynecologic malignancies

Vol.31 No.1 (2024): JPTCP (1840-1861) Page | 1840


https://jptcp.com/index.php/jptcp/issue/view/79
mailto:asma.ahmed@imbb.uol.edu.pk

Integrating Computitonal Method For Druggable Beta Catenin Inhibitory Phytocompound From Glycine Max L. Seeds
To Treat Ovarian Cancer

Epithelial ovarian cancer (EOC) is ranked as the 5"leading cause of cancer deaths in females (Siegel
RL, Miller KD, Jemal A (2019) accounting for more deaths than any other cancer of the female
reproductive system. Ovarian cancer stages range from stage I (1) through IV (4). As a rule, the lower
the number, the less the cancer has spread. A higher number, such as stage IV, means cancer has
spread more (1). The most commonly adopted ovarian cancer staging system is the FIGO staging
system. On the basis of its cellular origins, clinical characteristics, morphological findings, and
several other molecular epigenetic/ genetic alterations, epithelial ovarian cancer (EOC) has been
subdivided into five main types (Table 1) (2, 3).

Table 1Major types of EOC
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As noted, EOC is found to be an extremely heterogeneous disease. Multiple genetic/ epigenetic
alterations are observed at a broad spectrum of oncogenes and tumor suppressor genes leading to
deregulation and aberrant activity of signal transduction pathways whose functions ranges from cell
proliferation, cell adhesion,DNA repair, apoptosisand motility (4). Type I lesions frequently carry
mutations in KRAS, BRAF, PTEN, and CTNNBI1 (B-catenin), and often show a relatively stable
karyotype (5,6).Type II ovarian cancers include undifferentiated carcinomas and high-grade serous
(HGS). The vast majority of which characterized by TP53 alterations and pronounced genomic
instability (7). Inherited and somatic BRCA1 and BRCA2 mutations are commonly found in type 11
tumors (8).

Vol.31 No.1 (2024): JPTCP (1840-1861) Page | 1841


https://jptcp.com/index.php/jptcp/issue/view/79
https://radiopaedia.org/articles/figo-staging-system?lang=us
https://radiopaedia.org/articles/figo-staging-system?lang=us

Integrating Computitonal Method For Druggable Beta Catenin Inhibitory Phytocompound From Glycine Max L. Seeds
To Treat Ovarian Cancer

1. Genetic alteration of the Wnt/p-catenin pathway in ovarian cancer

The most common genetic alteration in the Wnt/B-catenin pathway involved in EOC is in the -
catenin gene, CTNNB1 [21]. Mutations in this gene often result in an increased nuclear accumulation
of B-catenin and, subsequently, an increase in transcription of its target genes [30] (Figure 1). The
Wnt/B-catenin pathway regulates cell proliferation, polarity, survival, and stem cell fate in embryonic
and adult tissue homeostasis (9, 10).The proper activity of this pathway is tightly regulated. It is well
documented now that aberrant Wnt signaling or any deregulation is associated with the development
of so many pathologies, including cancer (11) (Figure 2).
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Figure 2 Proposed mechanisms of Wnt/p-catenin dysregulation in ovarian cancer
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Green arrows indicate proteins whose expression is upregulated in EOC, while red arrows indicate
downregulation. DKK1 and SFRP2 inhibit the dimerization of FZD and LRP5/6 and directly prevent
FZD activation, respectively, are downregulated in EOC tumors. In contrast, Wnt ligands activate the
pathway by forming a receptor complex with FZD and LRP5/6, while R-spondins bind LGRs and
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prevent the sequestration of the FZD. Both ligands and LGRs are overexpressed EOC. CCNY and
CDK14 are also upregulated in EOC and have been suggested to work together to promote LRP5/6
phosphorylation and therefore activation. CCNG2, which is downregulated in EOC, decreases LPR6
and DVL levels. It may also interact with DACT1, also downregulated in EOC tumors, to promote
DVL degradation. TNKS destabilizes AXIN to increase f-catenin activity and TNKS1 is known to
be up-regulated in EOC. RAB14 inhibits the activity of GSK-3f and its upregulation contributes to
higher B-catenin activity in EOC. FLIP1L, whose expression is negatively correlated with EOC
progression, enhances GSK-3[ activation in the destruction complex and is downregulated in EOC.
This inhibition of the destruction complex results in the accumulation of B-catenin within the cytosol
and its translocation into the nucleus. In addition, TG2, which is overexpressed in EOC, binds to
integrin and fibronectin. This results in the recruitment of c-Src and disruption of E-cadherin/f-
catenin complex on the membrane, which contributes to the accumulation of B-catenin within the
cytoplasm. Finally, within the nucleus, higher expression of several co-activators of B-catenin/TCF,
such as PYGO, JRK, and FOXMI1, and lowerexpression of SOX7, which is known to inhibit the
interaction between [-catenin and TCF, lead to the higher transcriptional activity of this
complex(Naeema et al. , 2021).

2. Phytocompounds and Epithelial Ovarian Cancer

In recent years, a growing number of studies have uncovered a plethora of potential applications for
phytochemicals in signalingpathways related to cancer [16]. Bioactive compounds that can inhibit or
antagonize factors that are dysregulated in malignant cells have the potential to enhance the effectsof
conventional therapy or be developed into a stand-alone therapeutic in their own right. One major
advantage for the use of phytochemicals over synthetic compounds, in many cases, is their historical
presence in the human diet.Due to this evolutionary exposure, severe adverse events are conceivably
less likely to arise in therapeutic settings when compared to synthetic compounds that are entering
the human body for the first time. Modern high-throughputscreening techniques can also facilitate
the screening of fractionatedseparations of plant extracts containing thousands of phytochemicals,
while synthetic libraries require each candidate to be engineered separately. Some phytochemicals
(Table 2) also exert influences on multiple targets within a commononcogenic signaling pathway
[17].Many oncogenic signaling pathways are shared by malignant cells across different tissue types,
due to common functional requirements for sustained survival and proliferation. Therefore,
phytochemicals that exhibit anticancer activity in one cell typemay have potential for application in
treating a wider range of cancers(18).

Table 2Phytocompounds with their rich sources in food

Categories of Sub-categories of Compounds Food source Citations
Phytocompounds phytocompounds

Polyphenols Flavonoids Quercitin, Kaempferol Onions, leeks, broccoli, buckwheat, red Rehman et al. ,

grapes Tea and apples 2023
Flavan-3-ols Catechins, Epicatechins, Tea, chocolate and grapes Gul etal., 2022

(Tannins): Epigallocatechin gallate

Dihydrochalcones Phloridzin, Aspalathin Apples and rooibos tea Shinwari et al. ,

2022

Flavanolols Silymarin, Silibinin, Milk thisle and red onions Asma et al. , 2023
Aromadedrin
Flavones Apigenin, Luteolin Celery, herbs, parsley, chamomile, rooibos Naeema et al. ,
tea, Capsicum and pepper 2021
Isoflavones Genistein, Daidzein, Soya, beans, chickpeas alfalfa and peanuts | Asmaetal. , 2023,
Glycitein Ghazalaet al. ,
2023
Flavanones Naringenin, Hesperidin Citrus fruit Zhang etal., 2018
Anthocyanidin Red grapes, blueberries, cherries, Naeema et al. ,

strawberries, blackberries and Raspberries
and tea

2021; Asmaet al. ,
2021
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Phenolic Acids Hydrobenzoic acid Gallic acid Rhubarb, grape seed, raspberries, Farah et al. , 2023;
blackberries, pomegranate Vanilla and tea | Ghazalaetal. ,
2023
Ellagic acid Pinus roxburgii, onion, tea, garlic Hasan et al. , 2023
Vanillic acid Cereals, fruits, flaxseed, Sweet potato Hasan et al. , 2023
Hydroxycinnamic Ferulic acid Wheat bran , cinnamon, coffee, kiwi fruit, | Hasan et al. , 2023;
acid plums , blueberries Asma et al. , 2023,
Ghazalaetal. ,
2023
P-coumaric acid peanuts, navy beans, tomatoes, carrots, Ferreiraetal. , 2019
basil and garlic
Caffeic acid Tea, Coffee Hasan et al. , 2023;
Asma et al. , 2023,
Ghazalaetal. ,
2023
Sinapic acid oranges, grapefruits, and cranberries and Pandi et al. , 2021
in herbs like canola, mustard seed and
rapeseed.
Other non - Tannins Tannic acid Cereals, fruits, berries, beans, nuts. wine, | Jing et al. , 2018
flavonoids cocoa
polyphenols Curcuminoids Curcumin Turmeric Pandi et al. , 2021
Cinnamic acid Grapes, wine, blueberries, peanuts, Hasan et al. , 2023;
raspberries Asma et al. , 2023,
Ghazalaet al. ,
2023
Resveratrol Pistachios, Grapes, Red wine, peanuts, Fogacci et al. , 2018
knotweeds, pine trees including Scots pine
and Eastern white pine, grape vines,
raspberries, mulberries, peanut plants,
cocoa bushes, and Vaccinium
Lignans Secoisolariciresinol Grains, flaxseed, sesame seeds Asma et al. , 2023,
Ghazalaet al. ,
2023
enterolactone Sweet potato, sesame seeds Pandi et al. , 2021
Sesamin sesame seeds Pandi et al. , 2021,
Fogacci et al. , 2018
Terpenoids Carotenoids Alpha, beta and gamma Sweet potato, carrots, pumpkin, kale Wu et al. , 2021
Carotene
Lutein Corn, eggs, kale, spinach, red pepper, Cooney et al. , 2019
pumpkin, oranges
Zeaxanthin Corn, eggs, kale, spinach, red pepper, Kimetal. , 2020
pumpkin, oranges
Lycopene Tomatoes, water- melon, pink grapefruit, Timlin et al. , 2021
guava, papaya
Astaxanthin Salmon, shrimps. Krill, crab Powers et al. , 2021
Non-carotenoids Saponins Chickpeas, soyabeans Tatli et al. , 2021
terpenoids Limonene The rind of citrus fruits Khadija et al. , 2023
Perillyl Alcohol Cherries, caraway seeds,mint Chenetal., 2015
Phytosterols Vegetable oils, cereal grains,nuts,shoots, Lietal., 2022
seeds and their oil, whole grains,legumes
Urosolic acid Apples, cranberries,prunes, peppermint Zhang et al. , 2020;
Oregano, thyme Cargnin and
Gnoatto. (2017)
Ginkgolide and Ginkgo biloba Forman et al. , 2022
bilobalide
Thiols Glucosinolate Isothiocyanates cruciferous vegetables such as broccoli, Palliyaguru et al. ,
(Sulforaphane) asparagus, brussel sprouts, cauliflower, 2018; Asif et al. ,

horseradish, radish and mustard

2023

Dithiolthiones

raw and fresh vegetables, leafy green
vegetables, Cruciferae, carrots, broccoli,
cabbage, lettuce, and raw and fresh fruit

(including tomatoes and citrus fruit)

Ansari et al. , 2018;
Zhang and Munday,
2008

Allylic sulphide

Allicin

Garlic, leeks, onion

Asmaetal. , 2018

S-allyl cysteine

Garlic

Yudhistira et al. ,
2022; Asmaetal. ,
2018

Indole-3-carbinol

Broccoli, brussel sprouts

Kundu et al. , 2017
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non-sulphur
containing indols

Betaines

Beetroots

Arumugam et al., 2021

Chlorophylls

Green leafy vegetables

Yudhistira et al. ,
2022; Ansari et al. ,
2018; Zhang and
Munday, 2008

Capsaicin

Chilli

Kim et al. , 2020;
Cooney et al. , 2019

Peperine

Black pepper

Kim et al. , 2020;
Cooney et al. , 2019

Soybeans (Glycine max L.), a functional food widely consumed in Asia, has been reported as the
main source of isoflavones. Phytoestrogen properties of soy isoflavones showed their activity as
ligands for estrogen receptors and exhibited the estrogenic potency as reported in the previous in vitro
and in vivo studies. Soy foods became most popular due to their benefits to human health and body
function. The utilization of chemometrics in soybean isoflavones extraction and authentication was
reported along with the increasing trends of computational analytical chemistry.

MATERIALS AND METHODS

1. Selection of ligand

To investigate the potential anticancer properties of glycine max seeds out of 44 ligands 12 were
selected namely 2 Pentylfuran, Ascorbic acid, Quercetin, Coumesterol, Daidzein, Formononetin,
Genistein, Genistin Isoflavones, Gibberellin A1, Glycitein, Glycitin and N6 Methylagmatine. These
ligands were chosen on the basis of their ability to interact with the selected protein beta catenin and
were subjected to compound screening for drug development before advancing to costly clinical
trials. The ADMET properties of the drug candidates were evaluated through the server of
SwissADME (jamkhedkar 2023) to ensure their safety and efficacywhich are necessary for
regulatory approval .Following the Lipinski’s rule of five , which takes into account things like a
molecular weight of less than 500, a logPof less than 5 , under than five H- bond donors and fewerthan
ten H- bond acceptors , the selected compounds were evaluated and hence screened present in
glycine maxseeds and finally selected the best among all following it.

All selected compounds were then docked with receptors using CB dock(Liu et al,2020). COACH
server (Yang et al,2023) and SPPIDER (Porollo & Miller,2007) were used to find interacting residues.
Docked complexes were then corelated with ligplt (Laskowski & Swindells,2011) to find actual
binding residues of ligand with receptor protein.

2. Preparation of ligand

SDF files of compound from Glycine Max seeds were obtained from the IMPPAT (Indian Medicinal
Plant Phytochemistry and Therapeutics)with their respective ID. IMPPAT 2.0 is the largest digital
database on phytochemicals of Indian medicinal plants todate which is manually curated database
and has been constructed via digitalization of informations from more than 100 books on traditional
Indian medicine .

3. Target/protein identification

For structure of targeted protein, (beta catenin) FASTA sequences of beta catenin was obtained from
UniProt of Homo sapiens(the Uniprot Consortium 2019) and their 3D structures was obtained from
Swiss model (Waterhouse et al 2018). Best model obtained was selected on the basis of GMQE
(Global Model Quality Estimation) and QMEAN (Qualitative Model Energy Analysis) and coverage
and sequence identity (Waterhouse et al 2018). Model was protonated, tethered, and all the water
molecules were removed by using Discovery Studio and Chimera 1.15 (Pettersen et al 2004). Only a
single chain of protein was selected on the basis of the homology pattern using Discovery Studio.
Then the energy of PDB structure of the receptor was minimized by Yasara and Chiron(
Ramachandran et al 2011).
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4. Prediction of active sites

Active sites provide required microenvironment for catalysis and allow substrate to form enough
contact points for strong binding. If the binding site is identified, docking calculates the binding
affinity and stability. To predict the active sites of targeted protein, online tools eF-seek, CB-Dock2
and Coach were use.

5. Molecular docking

Molecular docking analysis was done by PyRx (working on principle of Auto Dock Vina 4)
considering the protein as macromolecule and the ligand as phyto-Compounds. All ligands were given
as an input. Parameter and protocol were run. The different protein ligand binding patterns were
obtained, their binding energy and patterns were analyzed and their 2d and 3d dimensional graphics
were also produced.

6. Interaction analysis
Interaction of protein and ligand was analyzed for interacting residues, bond type, bond length and
bond distance by Discovery Studio.

7. Post-Trajactory Anlaysis

CPTRAJ module of AMBER 2.0 was adopted for analysis of hydrogen bond formation and root mean
square deviation (RMSD) values acquired after MD simulations (Burmogluet al 2022) .Mass
weighted RMSD was utilized in the current study and in order to comprehend the extent of deviation
of structure from its primary configuration the input coordinate file received following minimization
process, was employed as areference .Hydrogen bond arrangement of 10 complexwas evaluated for
10 ns between 80-90ns of trajectories in the trajectory file s(Burmaoglu et alm 2022)

8. Binding free energy analysis

MM-GBSA (Molecular Mechanics -Generalized Born Surface Area) and Molecular Mechanics
Poisson Boltzmann Surface Area (MM _PBAA) module of AMBER v.20were employed for
computations of binding energies of ligands in complex with acetyl cholinesterase enzyme
(Burmaoglu et al 2022) Poisson Boltzmann and generalized Born procedures were adopted for
MM _PBSA calculations (igb=5) with salt concentration being 0.15 M .Fill ration of ionic strength
values are calculated as 4.0 and 0.15 respectively . Interior dielectric constant was set at default value
of 1.0. Evaluation of energy constituents of 10 complex was done for 50ns between 80-90 ns of
trajectories . Binding energy has been expressed as AGuyinding TEMM+AGsory —TS and AG vpinding-
AGgs+AGsorvHere Guinding = Alteration in the free energyof every individual system, EMM=
Molecular mechanics energyof the system, AGgas =Energy in gaseous phase {internal energy (Eint ) +
van der waals energy (Evaw) + electroststic energy (Eeciec) }, S= Entropy, AGsov=Molecular mechanics
energy [ {Total of non-electrostatic free energy of solvation (Gnonpot)+ dispersion energy (Gudisperse) +
electrostatic energy of solvation (Gpo)} at a particularized temperature (T)], TS= Entropic
contribution in a vacuum. These energies emanate as a result of dihedral bond and angle interactions.
Eint determined zero when single trajectory approach was adopted.

9. Molecular dynamics (MD) simulations

MD simulations were performed on the top hits containing high binding energies. Over the simulation
period, the projected conformational changes from the initial structure were presented in terms of root
mean square deviation (RMSD). Moreover, structural stability, atomic mobility, and residue
flexibility at times of interaction of protein-hit were expressed with root mean square fluctuation
(RMSF) values. To determine the dynamic binding behavior and binding stability of protein-ligand
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complexes in their docked pose, MD simulations were performed using the Desmond. Simulation
was run for 100 ns at 1 atm and 300k with NPT ensembles.

RESULTS

1. Evaluation of selected protein structure

Gene encoding for beta catenin was CTNNB1 which downstream component of canonical Wnt
signaling pathway and is made up of 781 amino acids (Accession Number is P35222) (Figure 3)

Figure 3 Chemical structure of beta-catenin. Crystal structure of Beta-catenin Armadillo
repeats domain in complex with the inhibitor RS6452

There were mulltiple active binding site residues of three pockets of targeted proteins (Table 2).

Table 2Active side residues in different pockets of beta catenin

Pocket No. | Active side residues Servers for prediction
1 E07, D109, S110, L112, F113, K148, N150, K152, F153 eF-seek
2 T53, K254,Q255, E256, G257, M258, N290, N291, K293, N294, M297
3 H120, L124, K130, M131 R134, D159, Q162, 1163, L164, Y166, N168, | CB-Dock2
E194, K195, W198, T199, R202, K205, V206, R236, 240

Where: A: Alanine, R: Arginine, N: Asparagine, D: Aspartic acid; C: Cysteine: E: Glutamic acid;
Q: Glutamine; G: Glycine; H: Histidine, I: Isoleucine, L: Leucine; K: Lysine; M: Methionine; F:
Phenylalanine, P: Proline; S: Serine; T: Threonine; W: Tryptophan, Y: Tyrosine; V: Valine.

2. Evaluation of different features of selected ligands

Binding affinity, interacting residues, molecular formulas and molecular weight of selected
phytocompounds showed a range of variations which have been shown with their IMPPAT ID (Table
3, Figure 4).

Table 3Features of selected phytocompounds of G. max (Seed)

Binding Affinity . . Molecular Molecular weight

Phytocompounds IMPPAT ID (Kcal/mol) with Interzctlon res@ues of Formula of (g/mol) of Figures 4
. eta catenin

beta catenin phytocompound phytocompound
2 Pentylfuran IMPHY005811 -4 Phel13, Try114, Phel53 CyH1,0 138.21 A (i, ii, iii)
Ascorbic acid IMPHY006362 4.5 Lys254, Asn291, Tyr292 CeHsOs 176.12 B (i, ii, iii)
. -6.2 GIn162, Arg202, Lys205, S
Quercetin IMPHY004619 Asn240, Trp243 Ci5H1007 302.24 C (i, i, iii)
Coumesterol IMPHY004565 -6.8 Arg202, Lys205 Ci5HsOs 268.22 D (i, ii, iii)
Daidzein IMPHY000611 -7.9 Ser110, Phell3, Tyrl14 C21H200s 416.38 E (i, ii, iii)
. -6.6 Aspl09, Ser110, Phell3, A
Formononetin IMPHY009035 Lys148, Phe153 Ci6H1204 268.26 F (i, ii, iii)
Genistein IMPHY 004643 -6.5 Tyrl66, Arg202, Asn240 Ci5H100s 270.24 G (i, ii, iii)
Genistinlsoflavones | IMPHY004138 -7.5 Serl110, Phel13, Tyrl14 C21H20010 432.38 H (i, ii, iii)
Gibberellin A1 IMPHY004629 -6.4 Arg202, Tyr166 CigH2405 348.39 1 (i, ii, iii)
Glycitein IMPHY012790 6.7 Asp109, %?1113 Phe113, CeHiz0s 284.26 3G, i, i)
o, -1.5 His79, Asn80, Ser110, S
Glycitin IMPHY008537 Phe113, Tyrl14 C2H2,010 446.4 K (i, i, iii)
N6 Methylagmatine IMPHY005789 -3.8 Gly227, Gly257, Thr264 CeH1sN4 144.22 L (i, ii, iii)
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Where:Ala: Alanine, Arg: Arginine, Asn: Asparagine, Asp: Aspartic acid; Cys: Cysteine; Glu:
Glutamic acid, GIn: Glutamine; Gly: Glycine, His: Histidine; Tle: Isoleucine. Leu: Leucine; Lys:
Lysine; Met: Methionine; Phe: Phenylalanine: Pro: Proline: Ser: Serine: Thr: Threonine; Trp:
Tryptophan: Tyr: Tyrosine: Val: Valine.
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Figure 4(i) Molecular structures of selected ligands, (ii) Molecular docking complexes of
ligand with targeted proteins and (iii) 2D view of hydrogen and hydrophobic bond interaction
between ligands and target proteins

Where:Ala: Alanine, Arg: Arginine, Asn: Asparagine, Asp: Aspartic acid; Cys: Cysteine; Glu:
Glutamic acid, GIn: Glutamine; Gly: Glycine, His: Histidine; Tle: Isoleucine. Leu: Leucine; Lys:
Lysine; Met: Methionine; Phe: Phenylalanine: Pro: Proline: Ser: Serine: Thr: Threonine; Trp:
Tryptophan: Tyr: Tyrosine: Val: Valine.

Number of heavy metals ranging from 10 to 32 with aromatic heavy atoms numbers from 0-16,
while fraction Csp range of 0.00 to 0.83 . The number of rotatable bonds present in the selected
compounds ranges minimum 0 to maximum 5 and number of hydrogen bond acceptor range from 1
to 10 whereas number of hydrogen bond donor range from 0 to 6. The molar refractivity values starts
minimum from 42.9 to maximum 110.5 with TPSA range from 13.14 t0170.05 (Table 4).
Lipophilicity is a key property in transport processes, including intestinal absorption, membrane
permeability, protein binding, and distribution to different tissues and organs, including the brain
Lipophilicity is one of the key properties of a potential drug that determines the solubility, the ability
to penetrate through cell barriers, and transport to the molecular target. It affects pharmacokinetic
processes such as adsorption, distribution, metabolism, excretion (ADME). In this respect, absorption
is faster in lipophilic drugs, whereas the ease for renal excretion is greater in hydrophilic medications.
Lipophilic properties of selected compounds reveal that iLog P (pan assay interference) ranges from
-0.31 to 2.49, the XLog P (the octanol -water partition coefficient ) value ranges from -1.64 to 3.66 .
The WLog P( the water partition coefficient ) ranges from minimum -1.41 to maximum 3.17 where
asMLogP(Moriguchi Octanol-water partition coefficient) values fall between the range of -2.6 to
1.76. (N-Octanol/water partition )Log Po/w (SILICOS-IT) range varies between -1.15 to 3.52and
consensus LogPo/w ranges minimum -1.42 to maximum 2.83 (Table 5).

The Log S (logarithm of molar solulibilty in water indicates the range from -3.878 to 0.288. The
E.SOL( estimated solubility) represented in mg/ml ranges between minimum of 1.08 to maximum
of 7.63 and in mol/ 1 its range is from 1.06 t08.89. All these compunds are moderate to highly soluble
in water (Table 6).

Pharmacokinetic property of selected compounds reveals that all of them are low to highly absorbable
from GIT . Two of them can cross blood brain barrier while the remaining cannot cross BBB Two of
them are P glycoprotein substrates while the others are not . Half of them inhibits Cytochrome
P450CYP1A2 and CYP2D6family, none of the inhibits CYP2C 19 and CYP2C9 family Five of the
selected compounds inhibit CYP3A4 family while others donot. Regarding their skin permeation
(Log Kp) measured in cm/s the range varies from -8.33 to- 4.54 (Table 7).

The drug likeliness of all the selected compounds shows that all of them follow Lipinski Rule of
Swith No violation except one with just 1 violation . Two of the do not follow Ghse while rest of the
other follow it . Three of them do not follow Veber and Eggans rule with 1 violation each while
remaining do follow it . Mugge’s rule is followed by seven of the while five of the compounds don’t
follow it with lor 2 violations where molecular weight (MW) is less than 200 and Topological Polar
Surface Area (TPSA) of more than 150.The Bioavailability score achieved by all the compounds
ranges from)0.55 to 0.56 (Table 8).

Medicinal chemistry of all the selected compounds reveals that all them do not alter the Pan Assay
Interference (PAINS) number except 1 of them while four of them alters Brenk number >Lead
Likeliness is shown by half i.e., six of them and synthetic accessibility is achieved in the range
minimum of 2.32 to maximum of 5.96 (Table 9).

Table 4Physicochemical Properties of selected phytocompounds

Heavy | Aromatic Fraction | Rotatable | H-bond H-bond | Molar TPSA
atoms | Heavy atoms | of Csp3 bonds acceptors | donors Refractivity | (A2

Phytocompounds
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2 Pentylfuran 10 5 0.56 4 1 0 429 13.14
Ascorbic acid 12 0 0.5 2 6 4 35.12 107.22
Quercetin 22 16 0 1 7 5 78.04 131.36
Coumesterol 20 17 0 0 5 2 73.81 83.81
Daidzein 30 16 0.29 4 9 5 104.09 149.82
Formononetin 20 16 0.06 2 4 1 76.44 59.67
Genistein 20 16 0 1 5 3 73.99 90.9
Genistin Isoflavones | 31 16 0.29 4 10 6 106.11 170.05
Gibberellin A1 25 0 0.79 1 6 3 87.34 104.06
Glycitein 21 16 0.06 2 5 2 78.46 79.9
Glycitin 32 16 0.32 5 10 5 110.58 159.05
N6 Methylagmatine | 10 0 0.83 5 2 3 42.86 76.43
Table SLipophilic properties of selected phytocompounds
Phvtocompounds Log Po/w | Log Po/w | Log Po/w | Log Po/w | Log Po/w Consensus
y P (iLogP) (XLogP3) (WLogP) (MLogP) (SILICOS-IT) | Log Polw
3 pentylfuran 2.63 3.66 3.01 1.84 3.01 2.83
Ascorbic acid -0.31 -1.64 -1.41 -2.6 -1.15 -1.42
Quercetin 1.63 1.54 1.99 -0.56 1.54 1.23
Coumesterol 1.8 2.76 3.1 1.76 2.88 2.46
Daidzin 2.42 0.67 0.34 -1.11 0.82 0.63
Formononetin 2.49 2.8 3.17 1.33 3.52 2.66
Genistein 1.91 2.67 2.58 0.52 2.52 2.04
Genistinlsoflavones 2.44 0.86 0.05 -1.61 0.35 0.42
Gibberellin A2 1.74 0.23 1.25 1.75 1.72 1.34
Glycitein 2.36 2.44 2.88 0.77 3.03 2.3
Glycitin Blank 2.29 0.64 0.35 -1.39 0.89 0.56
N6 Methylagmatine 1.03 -1.08 -0.74 -0.05 -0.41 -0.25
Table 6Water Solubility of selected phytocompounds
Log S | ESOL ESOL Al Ali Log S | Silicos-IT | Silicos-IT | wor:
Phytocompounds | (ESO | Solubility | Solubility EISOL (LA"I?)S Solubility | Solubility | Ali Class (SILIC | Solubility | Solubility SI"'COS"T
L) (mg/mL) (mol/L) ass (mg/mL) (mol/L) 0S-1T) | (mgimL) | (mol/L) class
3 pentylfuran 311 | 1.08E-01 779E-04 | Soluble | -363 | 3.28E-02 2.37E-04 Soluble -3.59 357E-02 | 2.58E-04 | Soluble
Ascorbic acid 0.23 3.01E+02 | 1.71E+00 'S"o'ﬁﬂ)'é 0.1 1.40E+02 | 7.93E-01 ;ﬁ%le 1.49 5.46E+03 | 3.10E+01 | Soluble
Quercetin- 316 | 2.11E-01 6.98E-04 | Soluble | -391 | 3.74E-02 1.24E-04 Soluble 3.24 1.73E-0L | 5.73E-04 | Soluble
Coum.represesterol | 3.87 3.61E-02 135604 | Soluble | -418 | 1.79E-02 6.68E-05 xff;lfte'y -5.03 251E-03 | 9.38E-06 's\gff;reate'y
Daidzin 297 | 4.42E-01 1.06E-03 | Soluble | -3.39 | L.69E-01 4.05E-04 Soluble -3.28 2.18E-0L | 5.22E-04 | Soluble
Formononetin -373 | 5.03E-02 | 1.87E-04 | Soluble | -371 | 523E-02 | 1.95E-04 | Soluble -5.68 5.58E-04 | 2.08E-06 's\gff;reate'y
Genistein 372 | 5.11E-02 189E-04 | Soluble | -4.23 | 1.59E-02 5.88E-05 Moderately |, , 107602 | 3.94g05 | Moderately
soluble soluble
?e”'s“” 318 | 2.85E-01 6.60E-04 | Soluble | -401 | 4.18E-02 9.67E-05 Moderately |, gq 877E01 | 2.03E-03 | Soluble
soflavones soluble
Gibberellin A2 208 | 2.91E+00 | 8.34E-03 | Soluble | -1.98 | 3.69E+00 1.06E-02 ;ﬁ%le -1.93 4.09E+00 | 1.17E-02 | Soluble
Glycitein 357 | 7.63E-02 2.68E-04 | Soluble | -3.76 | 4.93E-02 1.73E-04 Soluble 5.1 2.25E-03 | 7.91E-06 S'f{')ffkflfte'y
Glycitin Blank -3.05 gbil?g}:rgm 8.89E-04 | Soluble | -356 | 1.24E-01 2.78E-04 Soluble -3.38 1.85E-01 | 4.15E-04 | Soluble
,\Nf . 0.28 2.72E+02 189E+00 | O 04 | 1338402 9.21E-01 Very -1.29 7.40E+00 | 5.13E-02 | Soluble
ethylagmatine soluble soluble
Table 7Pharmacokinetics of selected phytocompounds
Dhviocomoounds Gl BBB pgp | Cypiaz | TP | cypace | cypaps | cvpaas L‘e’gn'fef;t(fo‘f];‘
y P absorption | permeant | substrate | inhibitor inhibitor inhibitor | inhibitor | inhibitor P (cmis)
3 pentylfuran High Yes No Yes No No Yes No -4.54
Ascorbic acid High No No No No No No No -8.54
Quercetin- High No No Yes No No Yes Yes -7.05
Coumesterol High No No Yes No No Yes No -5.98
Daidzin Low No No No No No No No -8.36
Formononetin High Yes No Yes No No Yes Yes -5.95
Genistein High No No Yes No No Yes Yes -6.05
Genistinlsoflavones Low No Yes No No No No No -8.33
Gibberellin A2 High No Yes No No No No No -8.26
Glycitein High No No Yes No No Yes Yes -6.3
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Glycitin Low No No No No No No Yes -8.57
N6 Methylagmatine High No No No No No No No -7.95
Table 8Drug likeness of selected phytocompounds
Phytocompounds Lipinski Ghose Veber Egan Muegge Bma;:g?f'"ty
No: 1 violation: No; 2 violations:
2 Pentylfuran Yes; 0 violation ' ’ Yes Yes MW<200, 0.55
MW<160
Heteroatoms<2
. PSR No; 2 violations: No; 1 violation:
Ascorbic acid Yes; 0 violation WLOGP<-0.4, MR<40 Yes Yes MW<200 0.56
Quercetin- Yes; 0 violation Yes Yes Yes Yes 0.55
Coumesterol Yes; 0 violation Yes Yes Yes Yes 0.55
- P No; 1 violation: No; 1 violation:
Daidzin Yes; 0 violation Yes TPSA>140 TPSA>131.6 Yes 0.55
Formononetin Yes; 0 violation Yes Yes Yes Yes 0.55
Genistein Yes; 0 violation Yes Yes Yes Yes 0.55
L L L I No; 2 violations:
Genistin Yes; lviolation: No; 1 violation: No; 1 violation: !
Isoflavones NHorOH>5 Yes TPSA>140 TPSA>131.6 Tpsﬁgnlfg' H- 0.55
Gibberellin A2 Yes; 0 violation Yes Yes Yes Yes 0.56
Glycitein Yes; 0 violation Yes Yes Yes Yes 0.55
. PSR No; 1 violation: No; 1 violation: No; 1 violation:
Glycitin Yes; 0 violation Yes TPSA>140 TPSA>131.6 TPSA>150 0.55
N6 No; 2 violations: No: 1 violation:
Methylagmatine Yes; 0 violation MW<1606\2VLOGP<- Yes Yes MW<200 0.55
Table 9Medicinal chemistry of selected phytocompounds
PAINS Brenk Num. . Synthetic
Phytocompounds Num. Alters Alters Lead likeness accessibility
3 pentylfuran 0 0 No; 2 violations: MW<250, XLOGP3>3.5 2.32
Ascorbic acid 0 0 No; 1 violation: MW<250 3.47
Quercetin- 1 1 Yes 3.23
Coumesterol 0 1 Yes 3.16
Daidzin 0 0 No; 1 violation: MW>350 5.01
Formononetin 0 0 Yes 2.81
Genistein 0 0 Yes 2.87
Genistin Isoflavones 0 0 No; 1 violation: MW>350 5.12
Gibberellin A2 0 _ Lalert Yes 5.96
isolated_alkene
Glycitein 0 0 Yes 2.95
Glycitin 0 0 No; 1 violation: MW>350 5.2
N6 Methylagmatine 0 . 2 ale_rts_: No; 1 violation: MW<250 2.33
imine_1,imine_2

Where PAINS: Pan Assay Interference Compounds, XLogP: Octanol-Water Partition Coefficient;
MLogP: Moriguchi octanol-water partition coefficient; WLogP: water partition coefficient, CYP3:
Cytochrome P450, family 3; CYP2: Cytochrome P450, family 2; CYP1: Cytochrome P450, family
1; MW: molecular weight, BBB: Blood Brian barrier, P-gp: P-glycoprotein; LogS: logarithm of the
molar solubility in water, Log Po/w: n-octanol/water partition coefficient; K,: skin permeation
coefficient, TPSA: topological polar surface area; ESOL: Estimated SOLubility, g/mol: molar mass;

A°:Angstrom101°

3. Molecular Dynamics Simulation
The peaks of RMSF graph represent the fluctuation portion of the protein through the simulation. The
N- and C-terminal show more changes than any other portion of the protein. Alpha helices and beta
strands show less fluctuation, as they are stiffer than the unstructured part of protein, than loop
portion. All protein frames are first aligned on the reference frame backbone, and then the RMSD is
calculated based on the atom selection. Monitoring the RMSD of the protein can give insights into its
structural conformation throughout the simulation. The RMSD of -complex showed consistency from
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almost 4 to 5 A till 45 ns after that there was a small deviation from 45 to almost 60 ns and then the
simulation was converged and stable till 100 ns (Figure 5).

After looking the trajectories, it was found that the both systems were stable and ligands remained
inside the binding pockets and made important interactions and the backbones were consistent.
Similarly, estimated RMSF values less than 3 A indicated high stability of the complex and there was
fluctuation from 2.4 to almost 4.8. There was no huge fluctuation where ligand made interaction with

the receptor showed in green lines (Figure 6).
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Figure 6Root Mean Square Fluctuation (RMSF) plot of Disentanglement -Complex

The ligand in Disentangle-complex was studied in order to find out the influence of the ligand on
over all protein. Six properties were examined to illustrate the stabilities of the selected ligands in the
binding pocket during the simulation of 100 ns (1) Ligand RMSD: Root mean square deviation of a
ligand with respect to the reference conformation (typically the first frame is used as the reference
and it is regarded as time t = 0); (2) Radius of gyration (rGyr): It is used to measure the ‘extendedness’
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of a ligand, and is equivalent to its principal moment of inertia; (3) intramolecular hydrogen bond
(intraHB): Number of internal hydrogen bonds (HB) within a ligand molecule. (4) Molecular surface
area (MolSA): Molecular surface was calculated with 1.4 A probe radius; (5) Solvent accessible
surface area (SASA): Molecular surface area of accessible by a water molecule; (6) Polar surface area
(PSA): Solvent accessible surface area in a molecule contributed only by oxygen and nitrogen atoms
(Figure 7).
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Figure 7Variation in the ligand’s properties in Disentanglement-Complex with respect to time
during the course of 100 ns simulation

As shown in figure 8 the RMSD of the ligand was nearly 1.5 A and it was stabilized at till 100 ns.
The rGyr value of ligand in the binding was 5.6 A till 15 ns and then it was at 5.4 till almost 60 ns
after that it was again at 5.6 till almost 75 ns and then it was stabilized at 5.4 till the end of simulation.
The MolSA was at 360 A? throughout the simulation. The SASA and PSA were at 320 and 290 A2
respectively throughout the end of simulation of 100 ns. In the MolSA, SASA and PSA plots for the
ligand, there was no much fluctuations observed and they were consistent throughout the simulation.

DISCUSSION

The main reason for the poor survival rate of ovarian cancer patients is due to the lack of screening
methods at the early stages and the lack of effective treatments for advanced stages of the disease.
Despite of all this variability, mostly advance staged EOCs are treated with a standard combination
of surgery and platinum-based chemotherapy like cisplatin or carboplatin, with taxane like paclitaxel
or docetaxel but unfortunately most of the patients develop either resistance or relapse to these
therapies (20-23).

Although most patients respond favorably to primary therapy but approximately 75% of advanced
EOC patients recur within 3 years of diagnosis and remain incurable unfortunately (24). Hence more
efficacious new therapeutic strategies for advanced disease are urgently needed. The standard
chemotherapy for EOC patients is a combination of a platinum product, such as cisplatin or
carboplatin, with a taxane, such as paclitaxel or docetaxel [3]. However, many patients develop
resistance to these therapies and relapse. Recent research has introduced several therapeutic agents
that target specific cancer-driven factors to inhibit ovarian cancer development. For example,
bevacizumab, an antibody against vascular endothelial growth factor (VEGF)- A, has been approved
by the FDA to be used in combination with carboplatin and paclitaxel. Moreover, several Poly (ADP-
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Ribose) Polymerase (PARP) inhibitors have been approved for the treatment of recurrent BRCA-
mutated EOC

Soy products have been widely consumed in several Asian countries and are served as various kinds
of food, such as tempeh, tofu, soymilk, miso, soy nuts, and many more (Messina et al., 2006), which
have broad spectrum biological impacts and nutrient values. Multiple phytocompounds of G. max L.
seed are used as therapeutic agents (Table 10).

Table 10 Functional components of soy and their impact

Phytocompounds of soy Amount Biological impacts

Oils out of which ~55% linoleic acid and ~8% a-linolenic | 19% Hypotriglyceridemic, Improves heart health

acid of total, lecithin, as well as phytosterols, and

tocopherols.

Phospholipids of which ~35% phosphatidyl choline, | 1-3% Structural roles

~25% phosphatidyl ethanolamine, ~15% phosphatidyl

inositol, ~5-10% phosphatidic acid.

Non-starch  Polysaccharides, oligosaccharides (4% | Variable Structural roles

stachyose and 1.1 % raffinose) and Polysaccharides

(insoluble dietary fiber)

Isoflavones and flavonoids(flavones, flavonols, flavanols, | 3 mg/g dry weight Estrogenic, hypocholesterolemic, improves digestive

aurones, red and blue anthocynin pigments, tract function, prevents breast, prostate, and colon

and chalcones) cancer, bone health, improve lipid metabolism

Lecithins - Improve lipid metabolism, improve memory and
learning abilities

Lectins - Anti-carcinogenic, immunostimulator

Linoleic acid - Hypocholesterolemic

Peptides - Readily absorbed, reduce body fat, anticancer

Phytosterols - Hypocholesterolemic, improves prostate cancer

Protein (two storage globulins, 11S glycinin and 7S B- | 35-40 % Hypocholesterolemic, antiatherogenic, reduces body

conglycinin, hemagglutinin, trypsin inhibitors,
a-amylase, lipoxygenases, ferritin)

fat

Saponin (triterpene glycosides)

2%

Regulates lipid metabolism, antioxidant

Vitamins (All vitamin except B12 and vitamin C),
tocopherols (a, B, y and &-tocopherols), thiamine and
riboflavin

in trace amount
(mgrkg)

Co-enzymes and Co-factors

Minerals (K, P, Ca, Mg, and Fe) 5% Transmemebrane regulations

Sterols e.g.B-sitosterol (53 to 56%), campesterol (20 to | 300 to 400 mg of | Structural roles

23%), and stigmasterol (17 to 21%) sterols per 100 g

Moisture 8.1gm Part of cytosole which is site for biochemical
reactions

Protein 43.2gm Enzymes, structural role

Fat 19.5gm Hormones, Enzymes, Transmemebrane regulations

Minerals 4.6gm Co-enzymes and Co-factors

Crude fiber 3.7gm Structural roles

Carbohydrate 209 gm Structural and metabolic roles

Energy 432 Kcal Metabolic role

Calcium 240 mg Transmemebrane regulations

Phosphorus 690 mg Transmemebrane regulations and Metabolic roles

Iron 10.4 mg Co-enzymes and Co-factors

Due to the distinct biology of ovarian cancer, the selection of treatment options and effective drug
combinations remain limited (4). Therefore, there is an urgent requirement to examine noveland more
effective drugs for the treatment of ovarian cancer. Consistently, natural products have shown a
diverse range of human health-promoting properties since times immemorial(5). Severalstudies have
reported that the consumption of isoflavonoids isinversely proportional to the risk of cancer (14,15).
It has been estimated by Fu et al. , (2018) that Daidzein(7,4-dihydroxyisoflavone), a flavone of plant
origin, has beenreported to exhibit anticancer activity against several types of cancer, including breast
and ovarian cancer perhaps due to phytoestrogenic nature . However, the anticancer effect of daidzein
has not been thoroughly investigated and the detailed mechanisms remain to be elucidated. Daidzein
exerts antiproliferative effects on SKOV3 cells.Theantiproliferative effect of daidzein against a panel
of humanovarian cancer cells and normal (Moody) ovarian cells wasevaluated using a CCK-8 assay.
The results indicatedthat, of all ovarian cancer cell lines, daidzein exerted the
mostmarkeddose-dependent antiproliferative effects on SKVO3cells. However, daidzein was found
to be less cytotoxic againstthe normal cells. The ICso of daidzein against theSKOV3 cells was 20 uM,
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compared with the ICso of 100 uMfor the normal ovarian cells. In addition, daidzein affectedthe
morphology of the SKOV3 cells. As daidzeinexhibited the lowest IC50 against SKOV3 cells,
subsequentexperiments were performed using only this cell line. Asthe concentration of daidzein was
increased, the SKOV3cancer cells became rounder, shrunken and detached fromthe substratum, which
are important morphologicalchanges associated with apoptosis. More over Daidzein triggers
mitochondrial apoptosis.As daidzein induced morphological changes in the SKOV3 cells
characteristic of apoptosis, DAPI and AO/EB staining were performed. Daidzein also induced
apoptosis of the SKOV3 cells, as evident from the increasing number of nuclei stained white in the
case of DAPI staining and showing orange fluorescence in the case of AO/EB staining. In addition to
Daidzein induces G2/M cell cycle arrest. Cell cycle arrest is one of the important mechanisms by
which anticancer agents exert their inhibitory effects. Therefore, the present study also determined the
effect of daidzein treatment on cell cycle phase dissemination of the SKOV3 cells. The results
indicated that the number of SKOV3 cells was significantly enhanced in the G2 phase at doses of 0-40
puMdaidzein, leading to G2/M cell cycle phase arrest. Daidzein inhibits cell migration.The present
study also examined whether daidzein can inhibit the migration of SKOV3 cancer cells at the different
concentrations using a wound-healing assay.The results of the wound-healing assay showed that
daidzein reduced the migratory capability of the SKOV3 cells in a dose-dependent manner. In the
control group, the cells exhibited the capacity to migrate, whereas treatment led to cells showing
reduced potential to migrate Daidzein inhibits the RAF/MEK/ERK signaling pathway.

The RAF/MEK/ERK signaling pathway has been shown to be important in the tumorigenesis
and progression of several types of cancer, including ovarian cancer. Daidzein inhibits tumor growth
in vivo. SKOV3 tumor growth was significantly suppressed by daidzein administration, compared
with that in the control group. At the end of the 4-week period of daidzein treatment, the average
tumor growth and volume in the untreated control group were considerably higher than those in the
treated groups.

Diadzein has multiple pharmacological effects on vital organs of human body like it is anti-
hypertensive and anti-cardiovascular as it reduced platelet aggregation and nitric oxide production
and is anti-inflammatory because it increases level of peroxisome proliferator-activated receptors
gamma (PPARY) and adiponectin. It is neuroprotective as it inhibits glutamate induced apoptosis and
neurtoxicity and has anti-alzheimer effects. It also have antiaging effects as it is anti-inflammatory,
photo-protective and also interfere with melanin synthesis pathway by inhibiting melanin
production.Diadzein is also responsible for antiosteoporosis by maintaining bone density of women
specially in post-menopausal conditions. It also reduces the expression of human epidermal growth
factor receptor-2 (HER2/neu) and proliferating-cell nuclear antigen thus reduces breast, colon and
prostate cancers. It is antidiabetic as it increases in activity of glucose transporter type 4 (GLUT4)
transporters through AMP-activated protein kinase activation. It also activates superoxide dismutase
(SOD), glutathione peroxidase (GPx) and catalase (CAT) enzymes which eliminates reactive oxygen
species (Cortez et al., 2018).
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