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Introduction
Breast cancer is the most common malignancy across globe. 
WHO reports 2.2 million breast cancer cases in 2020, affecting 
around 1 in 12 women in their life-span. Metastasis stage of 
breast cancer is the main cause of mortality because of breast 
cancer. Unlike initial stage of breast cancer, metastatic breast 
cancer is widely considered irremediable. Chemotherapy is the 
most effective treatment form in practice that kills the cancerous 
cells in multiple locations by travelling through the bloodstream. 
A systemic treatment like chemotherapy often leads to short 
term or long-term adverse events. [1,2] Plant derived anti-cancer 
agents are being recognized as an alternative treatment to 
chemotherapy with prolific benefits.

Traditional herbal medicines have evolved over many years. 
Phytochemicals, the major bioactive constituents obtained from 
plant sources has proved its efficiency in inhibiting carcinogenic 
process at specific stages. [3,4] Various mechanisms are studied 
on the anti-carcinogenic properties of dietary phytochemicals. 
Synergistic effects of phytochemicals from fruits and vegetables 
were found to be associated with potential antioxidant and 
anti-cancer activities. [5] Studies have also shown that no 
single phytochemical is a substitute for the additive effects of 
phytochemicals in fruits and vegetables. [6] Drug discovery from 
medicinal plants have been fruitful in treating various diseases 
such as cancer, HIV/AIDS, alzheimer’s, malaria and pain. [7] 

Various epidemiological studies have proven the beneficial 
effects of vegetables and fruits in reducing the risk of cancers.

India having a rich heritage in the use of plant-derived molecules 
as traditional medicines, scientists at many instances has tried 
to explore the science or molecular impact involved. Similarly, 
traditional medicine across the globe got to evolve, and gained 
huge interests in discovering therapeutic phytochemicals. 
Consolidations of data as phytochemical databases were much 
needed by the scientific community to gain more insights. 
This in turn resulted in the availability wide range of herbal or 
phytochemical databases as a public resource. Indian Medicinal 
Plants, Phytochemistry and Therapeutics (IMPPAT), Duke’s 
phytochemistry and ethnobotanical database, NAPRALERT, 
Phytochemica and MAPS database are some of the databases 
that has information on 3D structure of the phytochemicals, 
ADMET properties, pharmacological activity, chemistry etc.

Computational approaches in identifying small molecules 

Abstract
In this study, druggable phytochemicals from IMPPAT database were subjected to 
docking-based virtual screening against identified targets (S100Z, NAALADL2, 
MYH15 and OR2AK2) in human breast metastatic cancer from our previous exome 
data analysis. The present study clearly showed that this approach positively 
screened out 4-Hydroxysesamin, isoarboreol, Gummadiol and 4,8-Dihydroxysesamin 
fromIMPPAT database depending on various parameters such Lipinski’s rule of five 
(Ro5), oral PhysChem score, Glaxo Smith Kline’s 4/100, Pfizers 3/75, Veber rule and 
Egan rule. Phytochemicals from Gmelina arborea, 4-Hydroxysesamin against S100Z, 
NAALADL2 and OR2AK2 showed high binding affinity with Pyrx binding energy of 
-6.8 Kcal/mol, -9.9 Kcal/mol and -9.1 Kcal/mol, respectively. 4-Hydroxysesamin and 
isoarboreol against MYH15 demonstrated high binding affinity with binding energy 
values of -7.8 Kcal/mol and -9.7 Kcal/mol, respectively. All the phytochemicals that 
showed high binding energy values were from the plant Gmelina arborea. Methanolic 
extracts of Gmelina arborea showed remarkable cytotoxicity and antioxidant activity in 
human metastatic breast cancer cell line, MDA-MB-231. Further studies are needed to 
explore the mechanism involved.
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that effectively interacts with protein targets are now a days 
unavoidable in the discovery of new drugs. Structure based 
design and virtual screening of small molecules are extensively 
used in the identification of lead identification and optimization. 
[8] Application of virtual screening is slowly replacing the 
empirical screening in the discovery of new ligands. [9] This 
involves a computational methodology which helps in reducing 
huge chemical libraries to handful of potentially interacting 
small molecules. [10] Various tools like autodock, dock, gold, pyrx 
are widely used for proteinbased virtual screening of chemical 
compounds. [11] The process of selection of small molecules 
involves identification of a chemical library, prediction of active 
sites in the protein target of interests, docking of each small 
molecule with the target and analysing the interaction based on 
the binding affinity scores. Scoring algorithms that reveals the 
strength of the interactions are vital in the docking process. [12,13]

Constituents from plants play a crucial role in cancer therapy 
today with myriad benefits. Drug discovery from medicinal 
plants have been fruitful in treating various diseases such as 
cancer, HIV/AIDS, alzheimer’s, malaria and pain. [7] Various 
epidemiological studies have proven the beneficial effects of 
vegetables and fruits in reducing the risk of cancers. Globally 
the mortality rate caused by cancer has the increased the 
search for effective anticancer agents to fight cancer. Drug 
discovery from plants have resulted in identification of several 
lead molecules against pharmacological targets. There are 
various drugs from plant origin currently in clinical use such 
as paclitaxel, camptothec in derived analogues, galanthamine, 
triotropium and more drugs in Phase II and Phase III in clinical 
trials. [14] Natural products play a relevant role in cancer therapy 
today with substantial numbers of anticancer agents used in the 
clinic being either natural or derived from natural products from 
various sources such as plants, animals and microorganisms 
(also of marine origin). Pharmacological and phytochemical 
characterization contributes to both the safe use of herbal 
medicines and the identification of leads for drug development. 
Worldwide herbal medicine market is expected to reach around 
US$ 60 billion. [15] Pharmaceutical industries have started 
investing millions of dollars on research and development of 
traditional herbal medicines. The surge in the use of herbal 
medicines is mainly for its non-toxic properties.

Cytotoxic agents as targeted therapies are in the mainstay of 
treatment of patients affected with metastatic breast cancer. 
Herceptin (trastuzumab) targeting HER2 is one of the successful 
immune targeted therapies in practice. Several concepts have 
evolved in the identification of effective targets for the treatment 
of cancer. Exome sequencing is one of the promising techniques 
in the recent years that have proven records in the identification 
of candidate genes for specific diseases or phenotypes. It is a 
genomic technique coupled with multidisciplinary interpretation 
that efficiently detects secondary highly clinically significant 
mutations in cancer susceptibility genes without a family history 
of disease. [16] Mutations and its impact on the protein structure 
has revealed various insights in the identification protein targets 
for diseases. In our previous analysis of exome data from 
paired primary and metastatic breast cases led to identification 
of causative mutations in S100Z, NAALADL2, MYH15 and 
OR2AK2 genes that also has an impact on the protein structure. [1]

S100Z is dimeric, predominantly alpha helical proteins that 
have demonstrated its ability to bind to calcium ions. [17,18] 

S100Z was found to be involved in different stages of breast 
cancer development. [19] Abnormal expression of S100Z was 
previously found to be associated with gastric cancer and oral 
squamous cell carcinoma in two different studies, and S100Z 
rs7712957 significantly associated with ulcerative colitis in a 
Dutch study. [20-22]

N-acetyl-L-aspartyl-L-glutamate-peptidase-like 2 (NAALADL2) 
is a member of the glutamate carboxy peptidase II family that 
was first identified in a patient with mild mental retardation. 

[23,24] Pathogenic variants in NAALADL2 loci was found to be 
associated with breast cancer risk. [25] Significant association of 
NAALADL2 rs1870740 with Kawasaki disease was detected 
in a genome wide association study, whereas no NAALADL2 
mutation was detected in Cornelia de Lange syndrome. [26,27] Two 
other genome-wide association studies demonstrated significant 
association of rs78943174 at 3q26.31 (NAALADL2) with 
prostate cancer aggressiveness, and NAALADL2 (rs3914502 
and rs2222447) with autism spectrum disorder. [28,29]

Myosin heavy chain 15 (MYH15) protein is detected widely in 
skeletal muscle, more specifically in fibres of the orbital layer 
of extraocular muscles and in the extracapsular region of bag 
fibres. [30,31] A study in chicken breeds demonstrates involvement 
of MYH15 in the regulation of muscle growth. [32] MYH15 
rs3900940 associated with coronary heart disease and coronary 
microvascular dysfunction, whereas MYH15 rs9288876, 
rs7635009 and rs1454197 were associated with asthma. [33-

36] MYH15 was also identified as a causative gene for carotid 
paragangliomas. [37]

OR2AK2 belongs to the olfactory receptor gene family, which 
constitute the largest gene family of the mammalian genomes. 
[38] Nominal association of OR2AK2 mutations with obesity 
and diabetic and non-diabetic nephropathy has been observed 
previously. [39,40] No direct association of OR2AK2 with 
oncolytic diseases was published till date.

In this study, phytochemicals that has the properties of therapeutic 
drugs were selected from IMPPAT database and is explored for 
interaction against the protein targets, S100Z, NAALADL2, 
MYH15 and OR2AK2. Interestingly, phytochemicals from 
Gmelinaarborea demonstrated best interaction with the studied 
protein targets. Crude methanolic extract of Gmelinaarborea 
exhibited significant inhibition of tumour cell growth and radical 
scavenging activity in human breast cancer metastatic cell line.

Materials and Methods
IMPPAT
Indian Medicinal Plants Phytochemistry and Therapeutics 
(IMPPAT) is a manually curated phytochemicals library that 
comprises 9596 phytochemicals. Physiochemical properties 
of the phytochemicals along with the Absorption Distribution 
Metabolism Excretion Toxicity (ADMET) and drug likeliness 
properties calculated using cheminformatics approach is also 
presented in the database. ADMET properties were predicted 
using admetSAR open source tool. Drug likeliness properties of 
the phytochemicals were based on the various scoring systems 
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database, which holds a humongous collection of biologically 
meaningful signatures. amino acid signatures in PROSITE 
database are described as patterns, short motifs and generalized 
profiles of larger domains. All the signatures available are based 
on manually curated annotation template called prorule, an 
internal rule followed by Swissprot group. [48]

Pyrx
Structure based virtual screening of ligands against protein 
targets are effectively used to drug discovery to identify the 
most potential binding ligand from a library. Pyrx is an open 
source tool developed using Python language that is compatible 
with windows, linux and mac operating systems. This docking 
algorithm keeps the target molecule static and the ligand 
molecule flexible. Steps involve loading of macromolecule and 
the library of the molecules, preparation of the molecules to 
docking through conversion of PDB coordinate files to PDBQT 
format, pyrx uses autodockvina is used to dock the molecules, 
active sites are marked in the macromolecule, make a grid 
around the active sites to do effective interaction followed by 
docking. Pyrx provides 9 conformations of the ligand with the 
top binding affinity scores. [49]

PyMol
PyMol is a molecular visualization tool being maintained by 
Schrodinger. It is known by the scientists worldwide for its high 
quality, speed and versatility. PyMol allows the user to upload 
more than one coordinate files and visualize 3D model, and each 
object can be controlled separately. This visualization tool is 
also supported by a command line window, which helps the user 
to control the display using scripts. It also helps in visualizing 
the different conformations of single structure mostly derived 
from docking or interaction studies, professional graphics in 
both windows and unix and produces quality images. [50]

Ligplot
Ligplot is a bio-software that automatically generates 2D 
images of proteins interaction with ligand. PDB format 
coordinate files are compatible with Ligplot. It also provides 
the strengths, hydrogen bonds, hydrophobic interactions and 
atom accessibilities. This tool is widely used in plotting multiple 
conformations of ligands binding to the protein target. [51]

Collection and identification of plant material
The leaves of Gmelina arborea is collected from south India, 
Kanya Kumari district during the month of January and 
February. The plants were identified and authenticated by a 
plant taxonomist. 

Extract preparation
The freshly collected leaves were cleaned with water and dried 
in the shade, then coarsely powdered using a mortar and pestle. 
The powdered leaf was measured for 250 grams and taken 
separately. Soxhlet extraction used in a successive manner 
using the solvent water, methanol and petroleum ether. Soxhlet 
extraction is a hot continuous process of extraction that requires 
minimum amount of solvent for extraction. The extract was 
then filtered through Whatman no 1 filter paper. The filtrates 
obtained were dried at a temperature of 40 ± 2 to haven gummy 

such as Lipinski’s rule of five (Ro5), oral PhysChem score, 
Glaxo Smith Kline’s: 4/100, Pfizers: 3/75, Veber rule and Egan 
rule.

CASTp
Computed Atlas of Surface Topography of proteins (CASTp) 
developed by University of Minnesota is one of the widely 
used tool to predict the active site of target molecules. CASTp 
finds the probable active sites of proteins and pockets based on 
the alpha shape and a specific algorithm to find the pockets on 
the surface of the protein. It also identifies the void region that 
is buried vacuum inside the proteins that cannot interact with 
water molecules since the hetero atoms are removed. CASTp 
provides a detailed delineation of the atoms that participates 
in the interactions. PDB coordinate files of the proteins should 
be submitted. CASTp is also mapped to the annotations from 
Protein Data Bank (PDB), Swiss-Prot, Online Mendelian 
Inheritance in Man (OMIM), there by the function of the active 
sites can also be explored. [41,42]

Prankweb
Prankweb is a web based server that incorporates a machine 
learning based method to identify the binding sites of the 
protein structure. It uses a P2 rank, a template free machine 
learning method based on the identification of nearest potential 
ligandabilitycentre placed in a solvent accessible protein surface. 
Ligand bind sites were predicted based on the combination of 
amino acids with high ligandability scores. [43]

Metapocket
Metapocket is also a web based server that is used to identify 
the appropriate binding sites of target molecules. This algorithm 
finds the potential probable binding pockets on a protein surface 
based on the consensus of results from LIGESITE(cs), PASS, 
Q-SiteFinder and SURFnet. Metapocket calculates z-score by 
comparing the ranking scores predicted by the four algorithms. 
Twelve sites i.e, the top three pockets from each algorithm are 
clustered using a simple hierarchical clustering algorithm based 
on their spatial similarity. This is followed by ranking each 
cluster by metaz-score, which is the sum of the z-scores of the 
identified pocket sites in a cluster (http://metapocket.eml.org). [44]

Pfam
Domain analysis of the target proteins were performed 
by comparing against the Pfam data warehouse of protein 
families, which is classified into manually curated Pfam-Aand 
automatically generated Pfam-B families. [45] Each family 
consists of two multiple sequence alignments and two profile 
hidden Markov models. [46] Pfam 32.0 (September 2018 release) 
holding 17929 entries was used in this study. As the number of 
families in Pfam started growing, protein families were further 
grouped based on the common evolutionary origin termed as 
Clans. [47]

Scanprosite
Scanprosite is a well-established web based tool developed 
using scripting language perl running on a unix operating 
system that presents in the results in a HTML page. Scanprosite 
identify the matching amino acid sequences against PROSITE 
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(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 
assay developed by Mossman was used to measure the efficacy 
of different concentrations of Gmelina arborea in human breast 
carcinoma MDA-MB-231 cell lines. [53] Water soluble dye MTT 
is converted into an insoluble purple formazan by mitochondrial 
reductase followed by the solubilization of formazan and 
analysis of the concentration by 540 nm optical density. Cultured 
cells were plated in 96 well plates at a concentration of 100 μL/
well and subjected to incubation overnight thereby allowing 
the cells to attach. The diluted extracts of Gmelinaarborea were 
added to each wells with different serial concentrations (20 µg/
ml, 50 µg/ml, 100 µg/ml, 200 µg/ml, 400 µg/ml, and 800 µg/
ml). After 72 hours of incubation at 37°C in a 5% CO2 incubator, 
MTT solution was added to each well and further incubated for 
4 hours followed by the addition of 100 μL of DMSO to all 
the wells. DMSO solubilizes formazan crystals, and the optical 
density was measured at a wavelength of 540 nm. Cytotoxicity 
was measured by the concentration of Gmelina arborea extract 
causing 50% growth inhibition of the tumor cells and a dose 
dependent. Graphs 1 and 2 was plotted to determine the IC50 
value. The image of the cells before and after treatment were 
recorded by inverted microscope attached to a camera system. 
IC50 value was calculated from the equation y=mx+C.

   %  100
 

Absorbance control Absorbance test sampleof reduction
Absorbance Control

−
= ×

concentrate of the crude extracts. The yield of extract using 
every solvent was calculated using the below formula.

Percentage of Yield=Weight of the dry extract ×100

Weight of the dried leaf powder and the obtained extract was 
protected against light and humidity.

Cell lines
MDA-MB-231 (human breast carcinoma, ER, tumorigenic, and 
invasive) cell lines were obtained from the National Centre for 
Cell Science (NCCS), Pune, India, and as such, were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM), supplemented 
with 10% FCS and pencillin (100 units/ml), streptomycin (100 
mg/ml) in a humified incubator at 37°C. The cells were grown 
until 80%-90% confluence is reached. Confluency is measured 
based on 80% surface of the culture vessel is covered with cells. 
A single scratch was made in the cell monolayer using a 100 µl 
pipette tip and the image was captured using a light microscope.

Cytotoxicity assay
Cytotoxicity assay is the most widely utilized method to 
measure the potential of a test material against a tumor cell 
population. [52] The process involves exposure of the tumor cells 
to test material, incubated for a period of time and the viable 
cells are analyzed by measuring a marker. In this study, MTT 

Graph 1: In vitro cytoxicity activity of menthanolic extract of Gmelina arborea against MDA-MB-231 cell line.

Graph 2: Antioxidant activity of Gmelina arborea.
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druggable phytochemicals from Indian medicinal plants, out of 
which 29 phytochemicals were selected in this study [Table 1]. 
These 29 phytochemicals has ‘zero violation’ of Lipinski’s role 
of five, ‘0’ Oral PhysChem score, Quantitative Estimate of Drug 
likeness (QED) between 0.75 to 1, along with best categorization 
of Veber rule, Egan rule, GSK 4/400 and Pfizer 3/75. [54]

Active site prediction
Active sites in protein structures S100Z, NAALADL2, MYH15 
and OR2AK2 were predicted using CASTp, Prankweb and 
Metapocket servers. CASTp and Metapocket detected 9 
common amino acids active sites in S100Z. PDB sum and 
ScanProsite shows the interaction between S100Z protein and 
calcium ions, but these calcium binding amino acids were not 
matching with the list of selected amino acids. Twelve amino 
acids (338, 363, 364, 367, 373, 375, 408, 409, 410, 425, 427 and 
428) in the M28 domain of NAALAD2 were selected as active 
site residues. Active site and functional analysis of MYH15 
suggested ‘GESGAGKT’ (Pos. 196 to 203) as a nucleotide 
binding site, and the fragment was found to be present in 
one of the cavity. OR2AK2 active site analysis showed 49 
common residues by the three servers used. Functional analysis 
using Pfam and ScanProsite did not reveal any active sites for 
OR2AK2, and literature search also confirmed that active sites 
for OR2AK2 has not been explored before.

Interaction studies
In molecular docking process, validation of a docking protocol 

DPPH (2,2-Diphenyl-1-Picryl-Hydrazyl-Hydrate) assay
DPPH assay, the free radical scavenging is a widely accepted 
technique to evaluate the antioxidant activity of plant extracts. 
It is considered as an effective, accurate, easy and cost effective 
method to estimate the free radical scavenging activity of 
antioxidants. The mechanism involves reduction of odd electron 
of nitrogen atom in DPPH by accepting a hydrogen atom 
from the antioxidants and convert DPPH into 1-1,Diphenyl-
2-Picrylhydrazyl. This reaction causes discoloration of purple 
coloured DPPH to yellow pale colour demonstrating the 
scavenging activity. The absorbance was measured at 517 nm, 
and lower absorbance specifies a higher radical scavenging 
activity. Antioxidant activity of methanolic extract of Gmelina 
arborea was estimated. Antioxidant L-ascorbic acid was used as 
a positive control.

Statistical analysis
Results were collected, analysed, and mentioned as averages 
and standard deviation from three independent experiments 
performed. The data are expressed as mean ± standard deviation. 
IC50 value was calculated using linear regression analysis. 

Results
Selection of therapeutically eligible phytochemicals
Virtual screening plays a key role in the evolution of drug 
discovery. IMPPAT database was found to contain 960 potential 

Table 1: Phytochemicals selected for interaction studies against breast cancer metastatic candidates.
Physiochemical Name Plant IMPPAT Identifier

(+)-arborone Gmelina arborea CASID:108069-03-0
1,5-dihydroxy-3,8-dimethoxyxanthone Swertiachirayita CASID:134779-25-2

O-desmethyl-N-formyl-desacetyl-beta-lumicolchicine Gloriosasuperba CASID:18172-25-3

Eupatin Mucunapruriens/ 
Pterocarpusmarsupium CASID:19587-65-6

Gummadiol Gmelina arborea CHEMSPIDER:10308017
Cornigerine Gloriosasuperba CID:100188

3-O-Demethyl-N-formyldesacetyl-beta-lumicolchicine Gloriosasuperba CID:101609250
Syringicacid Catharanthusroseus CID:10742

Thiamine Crocus sativus CID:1130
Carpusin Pterocarpusmarsupium CID:134369

3-Acetyl-7-O-methylaromadendrin Eucalyptus citriodora CID:15139424
Tinosponone Tinosporacordifolia CID:15215479

4-Hydroxysesamin Gmelina arborea CID:16745513
Pinoresinol Valerianajatamansi CID:17750970

Colchiceinamid Gloriosasuperba CID:18397
Isoarboreol Gmelina arborea CID:21722929

2-Demethylcolchicine Gloriosasuperba CID:23757
Gloriosine Gloriosasuperba CID:23890
Paulownin Gmelina arborea CID:3084131

Medioresinol Solanumnigrum CID:332425
3,5-Dihydroxy-7,3',4',5'-tetramethoxyflavone Artemisia annua CID:44259639

biochanin A Oroxylumindicum CID:5280373
1,8-Dihydroxy-2,6-dimethoxy-9H-xanthen-9-one Swertiachirayita CID:5281653

Swerchirin Swertiachirayita CID:5281660
Folerogenin Eucalyptus citriodora CID:5319509

Skullcapflavone I Andrographispaniculata CID:5320399
Colchicine Gloriosasuperba CID:6167

Sinapic acid Catharanthusroseus CID:637775
4,8-Dihydroxysesamin Gmelina arborea CID:73067510
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is a critical step in order to make sure the potential ligands bind 
within the targets cavity in the correct conformation. Docking 
in this study was performed using Pyrx, interactions were 
visualized using PyMol and LIGPLOT was used to plot the 2D 
representations of the protein ligand complexes. S100Z structure 
was retrieved from Protein Data Bank (PDB), whereas modelled 
structures of NAALADL2, MYH15 and OR2AK2 were used 
from our previous study. [1] Active site analysis of MYH15 
and OR2AK2 suggested 42 aminoacids and 49 aminoacids, 
respectively. Since, the numbers predicted were high, blind 
docking was performed for MYH15 and OR2AK2, and 
interestingly the amino acids predicted by the servers exhibited 
H-bond interaction with the phytochemicals. The docking 
process generated ten conformers for each phytochemical with 
targets studied, and interactions exhibiting high binding affinities 
were tabulated. 4-hydroxysesamin, isoarboreal, gummadiol and 
4,8-dihydroxysesamin from Gmelina arborea exhibited highest 

binding affinity towards the candidate targets studied [Tables 2-5]. 

The compound 4-hydroxysesamin has-6.8 Kcal/mol binding 
energy against S100Z, where ARG 13, SER 19 and ARG 25 
amino acid residues exhibited H-bond interaction. Similarly, 
4-hydroxysesamin exhibited binding energy values of -9.9 Kcal/
mol and -9.1 Kcal/mol with NAALADL2 and OR2AK2 through 
the formation of H-bond interaction with SER 364, THR 107, 
and THR 276, respectively. MYH15 demonstrated high binding 
affinity towards 4-Hydroxysesamin and isoarboreol in focused 
and blind docking approach with binding energy values of -7.8 
Kcal/mol and -9.7 Kcal/mol, respectively. Interestingly, all the 
phytochemicals that showed high binding energy values were 
from the plant Gmelina arborea.

Collection of plant and extraction
The leaves of Gmelina arboreawere collected in a moderate 

Table 2: Results of virtual screening performed from IMPPAT database against breast cancer metastatic candidates.

Target Ligand Binding 
affinity H Bonds Phytochemical name Plant source

S100Z CID: 16745513 -6.8 ARG 13, SER 19, ARG 25 4-Hydroxysesamin Gmelina arborea

NAALADL2
CID: 16745513 -9.9 SER 364 4-Hydroxysesamin Gmelina arborea
CID: 21722929 -9.8 GLN 425 Isoarboreol Gmelina arborea

MYH15

CID: 10308017 -7.8 GLY 96, LYS 97 Gummadiol Gmelina arborea
CID: 73067510 -7.8 GLU 92, SER 93, GLY 96 4,8-Dihydroxysesamin Gmelina arborea
CID: 10308017 -7.7 GLY 96 Gummadiol Gmelina arborea
CID: 21722929 -7.7 GLY 96 Isoarboreol Gmelina arborea

MYH15*

CID: 21722929 -9.7 LYS 178, SER 179, HIS 558 Isoarboreol Gmelina arborea
CID: 21722929 -9.7 SER 149, GLU 177, THR 370 Isoarboreol Gmelina arborea
CID: 73067510 -9.6 LEU 176, GLU 381, HIS 558 4,8-Dihydroxysesamin Gmelina arborea

CID: 73067510 -9.6 SER149, ARG 151, LEU 176, THR 
370 4,8-Dihydroxysesamin Gmelina arborea

CID: 73067510 -9.6 SER149, ARG 151, GLU 177, ARG 
180 Isoarboreol Gmelina arborea

CID: 10308017 -9.5 ARG 151, LEU 176, LYS 178 Gummadiol Gmelina arborea
CID: 73067510 -9.5 LYS 178, HIS 558 4,8-Dihydroxysesamin Gmelina arborea

OR2AK2*

CID: 16745513 -9.1 THR 107, THR 276 4-Hydroxysesamin Gmelina arborea
CID: 10308017 -8.9 SER 148 Gummadiol Gmelina arborea
CID: 10308017 -8.8 ARG 169, TYR 192 Gummadiol Gmelina arborea
CID: 134369 -8.7 ARG 169 carpusin Pterocarpusmarsupium

CID: 17750970 -8.7 VAL 185, THR 276 Pinoresinol Valerianajatamansi
CID: 23890 -8.7 SER 148 Gloriosine Gloriosasuperba

*Blind docking / Bold indicates predicted active sites

Table 3: Total yield obtained from different extracts of Gmelina arborea.
S. No Extracts Yield (gms) % of yield (w/w)

1 Aqueous 25.2 10.08
2 Methanol 18.4 7.36
3 Petroleum ether 37.5 9.38

Table 4: Percentage inhibition of MDA-MB-231 cell line treated with different concentrations of aqueous, methanol and petroleum ether 
extracts of Gmelina arborea.

Concentration µg/ml Aqueous extract ± SEM Methanol extract ± SEM Petroleum ether extract ± SEM 
20 30.52 ± 0.84 34.33 ± 0.52 29.88 ± 0.55
50 38.62 ± 0.57 47.94 ± 0.43 36.57 ± 0.31

100 65.1 ± 0.65 64.07 ± 0.19 55.06 ± 0.73
200 68.98 ± 0.78 69.96 ± 0.61 64.02 ± 0.21
400 77.19 ± 0.22 77.43 ± 1.05 68.91 ± 0.46
800 87.56 ± 0.51 87.02 ± 1.28 89.27 ± 0.59
IC50 79.4 ± 3.72 18.25 ± 1.06 153.51 ± 1.75
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weather condition and subjected to soxhlet extraction using 
aqueous, methanol and petroleum ether solvents. The yield 
and yield percentage of lyophilized aqueous, methanol and 
petroleum ether Gmelina arborea leaves extracts were recorded. 
The yield obtained from Gmelina arborea leaves using water, 
methanol and petroleum ether was 25.2 g, 18.4 g and 37.5 g 
respectively.

Effects of Gmelina arborea extracts on cytotoxicity 
and proliferation
The cytotoxicity of aqueous, methanolic and petroleum ether 
extracts from Gmelinaarboreawere initially screened on human 
breast carcinoma MDA-MB-231 cell line. Cells were placed 
in a 96 well plates. After 24 hrs, cells were introduced with 
different concentrations (20 µg/ml, 50 µg/ml, 100 µg/ml, 200 
µg/ml, 400 µg/ml and 800 µg/ml) of Gmelina arborea extracts 
and then viable cells were measured using MTT assay followed 
by calculation of inhibitory concentration (IC50) value. 
Among the extracts evaluated, methanol extract of Gmelina 
arboreaexhibited maximum inhibition with an IC50 value of 
18.25 ± 1.06 in human breast carcinoma MDA-MB-231 cell 
line, followed by water and petroleum ether extracts at 79.4 ± 
3.72 and 153.51 ± 1.75, respectively. All the extracts studied 
inhibited cell viability in a dose dependent manner. Gmelina 
arborea extract at 20 μg/ml to 100 μg/ml concentration did 
not demonstrate significant inhibitory effects, whereas extracts 
at 200 μg/ml to 800 μg/ml exhibited notable decreased cell 
viability. In all the three times tested, MTT assay of different 
concentrations of the methanolic extract exhibited highly 
cytotoxic activity against MDA-MB-231 cells, and aqueous and 
petroleum ether extracts showed moderate cytotoxic activity 
with reference to the NCI criteria and Geran protocol (extracts 
with IC50 ≤ 20 µg/mL=highly cytotoxic, IC50 ranged between 
21 and 200 µg/mL=moderately cytotoxic, IC50 ranged between 
201 µg/mL and 500 µg/mL=weakly cytotoxic, and IC50>501 
µg/mL=no cytotoxicity). [55]

In vitro antioxidant assay
The stable organic free radical DPPH exhibits absorbance band 
between 515 nm to 528 nm. The DPPH radical scavenging 
activity (IC50) of the methanolic extract of Gmelina arborea at 
different concentrations were evaluated. Absorbance value was 
tabulated for the sample and the standard. Methanolic extract of 
DPPH was capable to neutralize the DPPH free radicals through 
hydrogen donating activity. The IC50 values for scavenging of 
free radicals were 41.14 ± 2.2 and 2.92 ± 1.19 for methanolic 
extract of Gmelina arborea and ascorbic acid, respectively. 

The results indicate DPPH scavenging efficiency of Gmelina 
arborea.

Discussion
Exploration of phytochemicals from plants with anti-cancer 
activities have recently received huge attention because of 
their probability of usage as functional foods and for being 
an important source of therapeutic medicines. A plethora of 
research is happening on the medicinal properties of herbs across 
the globe. This study focussed on the identification of potential 
phytochemicals that could be used to inhibit the expression of 
mutated targets, S100Z, NAALADL2, MYH15 and OR2AK2 
identified through exome data analysis previously. Active 
site prediction of the targets followed by virtual screening of 
phytochemicals targeting the targets of interest, and cytotoxicity 
and antioxidant studies of the plant extract with multiple 
solvents were performed in this study.

Computational approach in the field of drug discovery, has not 
only expedited the process but also have created huge impact 
in the funds being spend. In silico active site prediction tools 
such as CASTp, PrankWeb and Metapocket servers were used 
in this study to identify most potential active sites. Active sites 
for interaction studies were selected based on the consensus of 
results from all three servers. Visualization of the active sites 
by PyMol confirmed the involvement of selected active sites 
forming a groove or pocket to accommodate the ligand molecule. 
IMPPAT database is utilized for the selection of druggable 
compounds because of the scientifically curated content on 
phytochemicals from Indian herbs. The most frequently used 
virtual screening software for computational drug discovery, 
PyRx is used in this study.

Collectively, 7 phytochemicals were found to have effective 
interaction with the targets studied. Out of these phytochemicals, 
Gummadiol (5), Isoarboreal (5), 4,8-dihydroxysesamin (4) and 
4-hydroxysesamin (3) were the most common. Interestingly, 
all these phytochemicals were from the same source, Gmelina 
arborea. 4-hydroxysesamin against S100Z, NAALADL2 
and OR2AK2 showed high binding affinity with Pyrxbinding 
energy of -6.8 Kcal/mol, -9.9 Kcal/mol and -9.1 Kcal/mol, 
respectively. Literature studies confirms the potential medicinal 
uses of Gmelina arborea which possess lots of therapeutic 
components. [56] Gmelina arborea commonly known as gamhar 
is a deciduous large sized bush which grows about 4 m to 8 m. 
[57] Arborea is native of north-eastern India, comprising Assam, 
Arunachal Pradesh and Mizoram, and is widely distributed 
across South Asia, Pakistan, Bangladesh, China, Japan, 
Myanmar, Nepal, Pakistan, Sri Lanka, Thailand and India. [58,59] 

A study exploring the biophysical performance of Arborea in 
Jharkhand, Indiastates that the plant canopy characteristics of 
Arborea was found to be 10.2 m ± 0.33 m tree height, 70.3 cm 
± 4.17 cm trunk circumference at breast height, 2.5 m ± 0.07 m, 
and also the foliar characteristics include the leaf area of 170.80 
cm2 ± 4.03 cm2 and leaf area index of 0.53 ± 0.03. [60] arborea G 
has its presence in the ayurvedic pharmacopoeia of India, and 
states it has medicinal properties that can be used against fever, 
breathing disorders and swelling. [61]

4-hydoxysesamin is one of the lignans that are isolated from the 

Table 5: Percentage inhibition of cell line. 
Concentration 

µg/ml
Gmelina arborea 

(Methanolic extract) Ascorbic acid (Standard)

20 34.68 ± 0.44 42.15 ± 0.53
40 45.26 ± 0.61 51.08 ± 0.20
60 52.71 ± 0.55 55.59 ± 0.49
80 61.32 ± 0.87 66.42 ± 0.92
100 67.72 ± 0.57 71.53 ± 0.55
200 75.02 ± 0.41 78.73 ± 0.50
400 88.29 ± 1.02 95.84 ± 0.88
IC50 41.14 ± 2.2 2.92 ± 1.19
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heartwoods of Arborea [62] Pelter et al. solved the proposed the 
structure of 4-hydroxysesamin through HNMR spectra. [63] QEDw 
score of 4,8-dihydoxysesamin is 0.868 with good solubility and 
‘0’ violations of Lipinski’s rule. This phytochemical is also found 

to be a biological constituent of Antrodiacinnamomea, which is 
also referred as Taiwan mushroom and Cinnamomumcamphora 
commonly called as Karpura [Figures 1-3]. [64,65]

Figure 1: Visualization of active sites using PyMol.

Figure 2: Top five interactions with phytochemicals.
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US20170189417A1 patent mentions that 4-hydroxysesamin 
could be used as an effective treatment for cancer. [66] Cytotoxicity 
studies on 4-hydroxysesamin in human medullablastoma, MCF-
7 and HeLa cell lines demonstrated to be inactive [Figure 4]. [67]

Gummadiol (1,4-dihyroxy-2,6-diperonyl-3,7-dioxabicyclo-
(3,3,0)-octane) was the first member identified from Gmelina 
arborea. [68] IMPPAT states the QEDw score of gummadiol 
as 0.792 with good solubility and ‘0’ violations of Lipinski’s 
rule. ADMET properties predicted using admetSAR shows that 
Gummadial is a non-carcinogen [Figure 5].

Isoarboreol is a stereoisomer of arboreol based on 1H NMR and 
13C NMR spectra that is found rich in the roots of Arborea . 
[69,70] This phytochemical belongs to the Furnoidlignans class. 
QEDw score of isoarboreol is 0.785 with good solubility and 
0 violations of Lipinski’s rule. Isoarboreol is also isolated from 
heartwoods of Arborea [Figure 6]. [71]

4,8-dihyroxysesamin was isolated in lesser quantities in 
the purification process of gummadiol from the heartwood 
of Gmelina arborea. [62] Vitexnegundo seeds also possess 
4,8-dihyroxysesamin. [72] Pelter et al. have explored the 
synthesis of 4,8-dihyroxysesamin. [73] QEDw score of 
4,8-dihydoxysesamin is 0.804 with good solubility and ‘0’ 
violations of Lipinski’s rule.

Chemical constituents of Gmelina arborea includes lignans, 

iridoid glycoside, flavonoids, flavons, flavone glycoside and 
sterols. [74] Anjaneyulu et al. reported 6-hydroxy lignans from 
the heartwood of Gmelina arborea, 6-bromo-isoarboreol, 
4-hydroxysesamin, 4,8-diydroxysesamin, 1,4-dihydroxysesamin 
(gummadiol), 2-piperonyl-3-hydroxymethyl-4-(α-hydroxy-
3,4-methylenedioxybenzyl)-4-hydroxytetrahydrofuran, and 
4-0-glucoside of 4-epigummadiol. [62,63] Hentriacontanol-1, a 
sesquiterpene, ceryl alcohol, β-sitosterol and n-octacosanol 
were isolated from the light petroleum extract, and gmelinol 
in aqueous extract. [75] Arborone and 7-oxo-dihydrogmelinol 
are the two keto-lignans identified. [76] 5,7-dihydroxy-4-
methoxy flavone was isolated from fruit extract and found 
to exhibit diuretic activity. [77] Four lignans (+)-7-O-ethyl 
arboreol, (+)-paulownin, (+)-gmelinol, (+)-epieudesmin and 
(−)-β-sitosterol isolated from Gmelina arborea exhibited anti-
fungal activity against Trametes versicolor and Fomitopsis 
palustris. [78] Two known compounds, 2,6-dimethoxy-p-
benzoquinone (5) and 3,4,5-trimethoxyphenol were identified 
in methanolic extract. [79]

In the present study, the effect of aqueous, methanolic and 
petroleum ether extracts of Gmelina arborea was determined by 
using the MTT assay. The MTT assay helps in the quantification 
of metabolically viable tumour cells by their capability to 
decrease MTT. The results from the MTT assay in 72 hours 
incubation of MDA-MBA-231 cells with methanolic extract of 
Gmelina arborea leaves demonstrated best inhibition with an 
IC50 value of 18.25 ± 1.06. Aqueous and petroleum extracts 
showed low and moderate inhibition with an IC50 value of 79.4 
± 3.72 and 153.51 ± 1.75, respectively. Difference in inhibitory 
activity of the extracts may be due to the different capability 
of solvents in the extraction of chemical constituents. A wide 
variety of studies have proved the cytotoxic effects of plant 
extracts.

Medicinal effects specifically anti-cancer properties of Gmelina 
arborea has been explored and proved in various studies. 
Treatment of carrageenan induced inflammation albino rats with 
aqueous and methanolic stem bark extracts of Gmelina arborea 
exhibited maximum inhibition. [80] Methanolic extracts of 
Gmelina arborea leaves demonstrated high anticancer activity 
in hepatocellular carcinoma cell line. [81] Hydroacetonic crude 
leaf extract of Gmelina arborea with 75.50% of flavonoids 
and 24.49% of cinnamic acid derivatives exhibited anti-cancer 
potential against different cancerous cell lines. [82] Methanolic, 
n-butanol and ethyl acetate extracts exhibited cytotoxic activity 
in shrimp larvae with the IC50 values within the standards 
of American Cancer Institute criteria. [83] Methanolic bark 
extract exhibited significant anti-tumor activity in an ascites 
tumor mouse model. [84] Various compounds isolated from 

Figure 3: Structure of 4-Hydroxysesamin.

Figure 4: Structure of Gummadiol.

Figure 5: Structure of isoarboreol.

Figure 6: Structure of 4, 8-dihydoxysesamin.
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different parts of Gmelina arborea have proved its efficiency 
in demonstrating significant radical scavenging activity. [79,85] 

Previous studies have also proved the antioxidant activities of 
Gmelina arborea leaves extract. [86] Seed, stem bark and fruit 
extracts have demonstrated efficient scavenging activity. [59,86,87]

Conclusion
In conclusion, the results of the current study indicate that 
methanolic extract of Gmelina arborea possess potential 
cytotoxicity and antioxidant activity against metastatic breast 
cancer cells. There are very few herbal drugs explored for their 
anticancer activities against metastatic breast cancer. Albeit 
the exact inhibitory mechanism of Gmelina arborea was not 
explored, results show optimistic evidence of involvement of 
active components of the extracts in the regulation of apoptosis. 
It may also due to interference of active components with cell 
signaling. Although further research is needed, a result of this 
study demonstrates that leaves of Gmelina arborea may have 
chemo-preventive or anti-metastatic properties. 
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