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ABSTRACT 
Growth factor receptors belong to the receptor tyrosine kinase superfamily and are known to control a variety of 
biological processes such as proliferation, apoptosis, cell growth, differentiation and survival. Since evidence suggests 
that these receptors are over-expressed in cancer cells, they have recently captured the attention of researchers as a 
promising target for cancer treatment. In recent years, computational databases and methods have been shown to be an 
invaluable resource for anticancer research in the field of oncology. The structural diversity of plant-derived 
phytomolecules with anticancer properties against receptor proteins involved in cancer signalling pathways is 
facilitated by molecular docking studies. Hence, in the present study the authors have made an effort to evaluate the 
anticancer activity of various phytocompounds against the predominant proteins of cancer, p38-α MAPK and  EGFR 
Kinase. Among all the identified phytocompounds, saccharopine  showed the highest binding affinity with the most non-
bonded interactions and least binding energy score (Kcal/mol) with the binding residues of the receptors in reference to 
a standard drug, abemaciclib. Further research is required to isolate this phytochemical and subject it to in vitro and in 
vivo studies for anticancer activity to prove it as safe and potential targeted therapy in the field of oncology. 
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INTRODUCTION 
Cancer has established itself to be the greatest biological enemy to mankind. Past three decades, it has 
been the major cause of mortality worldwide and hence has become the serious issue in the health care 
industry.  For the year 2017, American Cancer Society estimated that about 318,420 in males and 282,500 
in females will die after suffering from cancer[1]. Above mentioned is the enumeration of only United 
States of America in the year 2017. If we study the statistics of fast developing country like India, the 
trend of death rate is analogous to that of USA [2]. The fatality rate ascribable to cancer in India is nearly 
to 200,100 males and 195,300 women. The number quoted cancer accounts for all types of cancer [3]. It is 
a dreadful disease in which cells undergo several genetic and epigenetic changes and lose control over 
their multiplication. Henceforth, they divide in an undisciplined manner forming an indefinite mass of 
cells called neoplasm or tumor [4]. Cancer can crop up to almost all types of cells/tissues of the body say 
in oral squamous, cervix epithelial cells, breast connective tissue, etc. Depending on organs exhibiting the 
tumorigenesis, cancer has been noted by about hundreds of terms [5].Ayurveda has blessed us with 
innumerable plants which can be used to prevent breast cancer and heal the patients who have already 
contracted this adenocarcinoma [6]. The need is to evaluate their anti-proliferative properties and then 
identify the biologically active compounds which impart them this property. Once the plant is confirmed 
to have anti-cancer property, it can be used in the dried form to treat patients. These therapeutically 
important molecules have to be separated from the bulk and should be formulated to treat cancer [7]. 
Efficiency of these compounds can also be increased by modifying them. Proper analysis has to be done in 
order to get the drug which is highly potent to treat breast cancer patients [8]. 
Molecular Docking is a computational in-silico approach that helps in anticipating the favored orientation 
of a particle (ligand) when it is made to interact at the limiting pocket of a macromolecule 
(compound/protein) [9]. This information on direction expectation may thusly help in anticipating the 
limiting fondness or the strength of association between the protein and ligand. The in-silico molecular 
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docking has become a proficient procedure in the field of drug discovery revelation for structure-based 
medication exposure. The most famous and generally utilized programming for molecular docking 
purpose is AutoDock (v.4.0) [10]. It is uninhibitedly accessible open-source programming for virtual 
screening of small molecules to receptors and computational docking [11]. Docking contemplates was 
performed to get the starter information utilizing the screened phytomolecules as ligands and p38-α 
MAPK (p38-α mitogen-initiated protein kinase) (4FA2) and EGFR Kinase space (3W2S) as the target 
macromolecules. p38 mitogen-initiated protein kinase otherwise called cytokinin explicit restricting 
protein are serine/threonine protein kinases [12]. The human p38 MAP kinase is partitioned into four 
isoforms p38α, p38β, p38γ and p38δ, among which p38α is discovered to be the best-portrayed isoforms. 
p38 MAP kinase is dependable to phosphorylate atomic just as cytoplasmic targets. p38 MAP kinase is a 
signaling pathway that is capable to direct a confounded network of proteins that are associated with 
different capacities like cell activities, cell-differentiation, apoptosis, cell cycle capture, tumor 
concealment, cell senescence and cytokine synthesis [13]. In the present investigation, we have aimed to 
evaluate the in-silico anti-carcinogenic properties of Arachis hypogea, Rhizomapolygoniand Anacyclus 
pyrethrum against cancer. 
 
MATERIAL AND METHODS 
Protein preparation 
The three-dimensional crystal structures of the target proteins, P38 alpha Mitogen-Activated Kinase and 
EGFR kinase domain involved in various cancer pathways were retrieved from RCSB Protein Data Bank 
[14]. The p38-α MAPK structure stored in the data bank had a resolution of 2.00 Å and that of EGFR 
kinase was reported to be of 1.90 Å. All the water molecules and pre-existing small molecules bound to 
the proteins were removed in prior to the molecular docking analysis. The structures of the target 
proteins were cleaned and energy minimized, followed by computation of Gasteiger charges and addition 
of polar hydrogens using PyRx 0.8 virtual screening software [15]. 
Protein validation 
The above retrieved protein structures were further validated using software based on the conformation 
of the protein backbone which describes the phi, psi angles per residue. The Ramachandran plot of 
protein backbone determines the number of residues falling under favoured and allowed regions that 
include approximately 98% and 99.5% residues respectively [16]. The protein structures are considered 
as unsuitable if higher percentage of residues fall in outlier region of the Ramachandran plot. 
Protein binding site prediction 
The possible binding pockets of the proteins were obtained from CASTp 3.0 (computed atlas of surface 
topography of proteins) server that provides surface pockets and interior cavities of the given protein 
pdb file [17]. This server also measures the area and volume of the binding pockets. The residues 
highlighted in the sequence of the selected pocket is chosen and specified in the docking software. 
Ligand optimization and ADMET studies 
The 2D structure of the screened phyto constituents (ligands) of all the three plants were sketched using 
ChemSketch software, further these 2D format files were converted into 3D i.e. the .pdb structure files 
through OpenBabel 2.4.1 software by clicking on 3D coordinates option [18]. Abemaciclib is the standard 
drug which is already available in the market and is used to treat breast cancer is consider in our present 
study to compare if the ligand molecules taken from plants are showing the best activity when compared 
to the standard drug. The sdf file of the drug was taken from PubChem database and was converted to 3D 
format using OpenBabel [19]. Now the obtained ligand files are used for molecular docking studies. 
ADMET studies of the ligands 
The chemical absorption, distribution, metabolism, excretion and toxicity (ADMET) plays a very 
important role in the drug development and discovery field [20]. Any molecule to be considered as the 
drug should not only have the ability to inhibit the target, but must show appropriate ADMET properties. 
In this study, freely accessible ADMETlab web platform http://admet.scbdd.com/ is used to evaluate the 
drug-likeness of the selected ligands [21].  
Molecular Docking 
Molecular docking was performed to determine which plant compound showed the best interaction with 
the selected cancer targets based on their binding free energies and binding affinity and those reflecting 
high hydrophobic interactions and hydrogen bonds. PyRx 0.8 software was used to carry out the 
molecular docking analysis of the phytocompounds targeting the cancer proteins. A grid box was 
generated surrounding the selected binding residues of the protein to which the ligands were docked 
[22]. Nine poses of each ligand docked to the active site of the cancer target protein were generated and 
ranked based on the negative binding energy value in descending order. These compounds were further 

Pruthvish et al 

http://admet.scbdd.com/


BEPLS Vol  10 [4] March 2021             107 | P a g e            ©2021 AELS, INDIA 

analyzed using the visualization software, PyMOL 2.4 by Schrödinger and BIOVIA discovery studio 
visualizer tools [23]. 
Molecular Dynamic Simulation  
The protein-ligand docked complexes were further analyzed in silico by molecular dynamic simulations 
using the GROMACS 2021 package [24]. To determine the conformational stability of the complex, 
simulations were performed for 50ns on each docked complex. The parameter and topology files for the 
input ligand files were generated by Prodrug server [25]. Charmm27 forcefield was applied which uses 
empirical and semi-empirical energy functions. The energies and coordinates were saved every 50ps for 
analysis. Steepest descent minimization process was utilized for energy minimization for 50,000 steps. 
The plots were generated and visualized by Xmgrace tool [26]. 
 
RESULTS  
Protein preparation and validation  
The P38 alpha Mitogen-Activated Kinase and EGFR kinase domain proteins with PDB ID 3W2S and 4FA2 
respectively were visualized using UCSF Chimera a visualization software and is represented in the 
Figure 1. 
The selected proteins were edited as mentioned in 2.1. section and their validation was done using 
PROCHECK web tool to obtain the Ramachandran Plot of favoured, allowed and disallowed regions of the 
proteins as shown in Figure 2.  

 
Figure 1: The 3D structure of 3WAS and 4FA2 

 
Figure 2:Ramachandran plot of psi and phi angles 
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Ligand Optimization and ADMET analysis 
The screened phytoconstituents structures are shown in the Figure 3 and the ADMET study graph with 
the upper and lower limits of all the ligands including the standard drug are represented in the Figure 4. 
 
 
 

 
Figure 3: The structure of the screened phytoconstituents and the standard drug 
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Figure 4: The ADMET analysis graphs (dark pink indicating the lower limit and light pink indicating the 
upper limit values) of the ligands obtained using ADMETlab 
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Protein Binding site prediction 
The binding pocket residues of both the proteins which are responsible for the protein-ligand 
interactions were obtained using CASTp 3.0. Figure 5a and 6a shows the protein pockets and the 
highlighted part of Figure 5b and 6b shows the amino acid sequences. 
 

 
Figure 5:A: Red color indicating the binding pocket of 3W2S and B: Highlighted sequence represents the 

amino acid residues forming the pocket in the protein 3W2S 

 
Figure 6:A: Red color indicating the binding pocket of 4FA2 and B: Highlighted sequence represents the 

amino acid residues forming the pocket in the protein 4FA2 

A 

B 

A 

B 

Pruthvish et al 



BEPLS Vol  10 [4] March 2021             111 | P a g e            ©2021 AELS, INDIA 

 
Analysing Molecular Docking interactions 
Molecular docking interaction studies were done to check the binding interactionsof the screened ligands 
with the selected cancer target proteins. Among the nine poses of each ligand obtained, one pose with 
least binding energy was selected and was visualized using PyMOL 2.4 to check its binding affinity and 
interaction with both the selected target proteins. The more number of hydrogen bonds and hydrophobic 
interactions (Table 1) formed with the selected amino acid residues given during the docking process 
confirms the more binding affinity between the protein-ligand complex. In the present study, all the 
screened ligands have interacted very well with the selected binding site residues of the respective 
proteins with good binding affinity. The Saccharopine ligand from Arachis hypogeawith least binding 
affinity of -9.7 and -9.3 has shown the best binding affinity and interactions towards both the targets 
when compared to the standard drug Abemaciclib and other ligand molecules selected. 
The 2D interactions including the amino acid residues forming both bonded and non-bonded interactions 
represented in different colors were taken using BIOVIA discovery studio visualizer. (Figure 7 and 
Figure 8) 
 
Table 1: The details of bonded (hydrogen bonds) and non-bonded (hydrophobic interactions) between 
the respective protein and ligand  
Sl 
No 

Protein 
ID 

Plant Name Ligand Name Binding 
affinity 

N0. of  
H- 

bonds 

H-bond 
forming  

amino acid 
residues 

Hydrophobic interactions 
forming amino acid 

residues 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3W2S 

Standard 
drug 

 
Abemaciclib 

-6.2 3 MET-793, 
ASP-855 

LEU-718, ALA-722, LYS-745, 
VAL-726, ALA-743, LEU-844, 

PHE-997 
Arachis hypogea Carbetamide -7.1 1 THR-854 LEU-718, VAL-726, ALA-743, 

LYS-745, MET-766, CYS-775, 
LEU-777, LEU-788, THR-790, 
LEU-844, ASP-855, PHE-856  

Saccharopine -9.7 8 GLN-791, 
MET-793, 
CYS-797, 
THR-854, 
ASP-855 

VAL-726, ALA-743, LEU-844 

Captopril -5.9 3 LYS-745, 
ASP-855, 
PHE-856 

VAL-726, ALA-743, MET-
766, CYS-775, ARG-776, 
LEU-777, LEU-788, THR-790, 
LEU-844, THR-854 

Rhizomapolygoni Mauritianin -8.4 5 MET-793, 
CYS-797, 
THR-854, 
ASP-855 

LEU-718, GLY-719, SER-720, 
GLY-721, ALA-722, PHE-723, 
VAL-726, ALA-743, LYS-745, 
THR-790, GLN-791, LEU-
792, GLY-796, CYS-797, ASP-
800, ARG-841, ASN-842, 
LEU-844, LEU-1001 

Porphobilinogen -6.0 3 LYS-745, 
MET-793 

LEU-718, VAL-726, ALA-743, 
ILE-744, LEU-788, THR-790, 
GLN-791, LEU-792, GLY-796, 
CYS-797, LEU-844, THR-854, 
LEU-788, PHE-997 

Penciclovir -6.8 5 CYS-775, 
ARG-776, 
THR-790, 
THR-854, 
ASP-855 

VAL-726, ALA-743, ILE-744, 
LYS-745, MET-766, VAL-769, 
LEU-777, LEU-788, ILE-789, 
LEU-844, PHE-856 

Anacyclus 
pyrethrum 

Corilagin -8.3 5 GLY-724, 
LYS-745, 
CYS-797, 
ASP-800, 
ASP-855 

LEU-718, GLY-719, SER-720, 
GLY-721, PHE-723, THR-
725, VAL-726, ALA-743, 
GLY-796, LEU-799, ARG-803, 
ARG-841, ASN-842, LEU-844, 
THR-854,  
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Silibinin -9.3 2 SER-720, 
ARG-841 

LEU-718, GLY-719, GLY-721, 
PHE-723, VAL-726, ALA-743, 
LYS-745, THR-790, GLN-791, 
LEU-792, MET-793, GLY-
796, ARG-841, LEU-844, 
ASP-855,  

Phthalamic acid -9.2 5 LYS-745, 
THR-854, 
ASP-855, 
LEU-788, 
MET-793 

LEU-718, VAL-726, ALA-743, 
ILE-744, LEU-777, ILE-789, 
THR-790, LEU-792, PRO-
794, GLY-796, CYS-797, LEU-
844, LEU-1001   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4FA2 

Standard 
drug 

Abemaciclib -6.8 5 LYS-53, ASP-
112, SER-
154, ASN-
155, LEU-
171 

VAL-30, TYR-35, VAL-38, 
ALA-51, ILE-84, THR-106, 
MET-109, ASP-150, LYS-152, 
PHE-169, GLY-170, ALA-184, 
THR-185,  

Arachis hypogea Carbetamide -6.0 2 MET-78, 
LYS-165 

LEU-75, LYS-76, LYS-79, HIS-
80, GLU-81, LEU-86, LEU-87, 
PHE-348, VAL-349, PRO-351  

Saccharopine -9.3 5 ALA-51, 
LYS-53, 
PHE-169, 
GLY-170, 
LEU-171 

VAL-38, VAL-52, GLU-71, 
LEU-75, ILE-84, LEU-86, 
LEU-104, VAL-105, THR-106, 
LEU-167, ASP-168 

Captopril -5.4 4 HIS-80, VAL-
83, GLY-85, 
LYS-165 

LEU-48, MET-78, LYS-79, 
ILE-84, LEU-86, LEU-87, 
THR-106, PRO-351 

Rhizomapolygoni Mauritianin -7.3 4 ARG-5, ASP-
88, THR-91 
PHE-348 

PRO-6, PHE-8, PRO-21, ARG-
23, VAL-89, PHE-90, PRO-92, 
ALA-93, TYR-342, VAL-345, 
PHE-348, VAL-349, PRO-350 

Porphobilinogen -5.3 4 ASP-88, 
VAL-89, 
VAL-345 

ARG-5, PRO-6, PHE-8, PRO-
21, ARG-23, PHE-90, THR-
91, ALA-93, ILE-346, PHE-
348,  

Penciclovir -6.4 4 ASP-88, 
THR-91, 
TYR-342, 
VAL-345 

ARG-5, PRO-6, PHE-8, PRO-
21, ARG-23, VAL-89, PHE-90, 
PRO-92, ALA-93, ARG-94, 
ILE-346,  PHE-348, PRO-350,  

Anacyclus 
pyrethrum 

Corilagin -8.6 6 PRO-6, LYS-
45, THR-91, 
ALA-93, 
PHE-90, 
PHE-348 

GLU-4, ARG-5, PHE-8, PRO-
21, ARG-23, ASP-88, VAL-89, 
PRO-92, ARG-94, TYR-342, 
VAL-345, ILE-346, VAL-349, 
PRO-350 

Silibinin -7.8 3 THR-91, 
TYR-342, 
PHE-348 

GLU-4, ARG-5, PRO-6, PHE-8, 
LYS-45, ASP-88, VAL-89, 
PHE-90, ALA-93, ARG-94, 
VAL-345, ILE-346, VAL-349, 
PRO-350 

Phthalamc acid -8.0 4 ASP-88, 
VAL-89, 
VAL-345 

ARG-5, PRO-6, PHE-8, PHE-
90, PHR-91, ALA-93, ARG-94, 
SER-95, TYR-342, ILE-346, 
SER-347 
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Figure 7: The 2D interactions between 3W2S with all the ligandswereanalysedusing BIOVIA discovery 
studio visualizer  
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Figure 8: The 2D interactions between 4FA2 with all the ligands were analysed using BIOVIA discovery 
studio visualizer  
 
Analysing Molecular Dynamics studies 
After completing the docking studies, the molecular dynamics simulation was carried out to confirm if the 
bonded and non-bonded interactions formed between the protein-ligand complex are stable enoughwhen 
given different temperature, pressure and volume conditions. It was performed individually for to two 
different proteins, for Abemaciclib (standard drug) and Saccharopine ligand complexed with 3W2S and 
4FA2. The simulation was carried out for 50 ns to ensure if the complex have confirmational stability. The 
movement of ligands were withing the binding pocket residues for 50 ns with comparatively less 
fluctuations when compared to the protein alone. The values obtained as the result of dynamics studies 
were analysed using XMGRACE software(Figure 9 and 10)to obtain the required Root Mean Square 
Deviation (RMSD), Solvent Accessible Surface Area (SASA) and Hydrogen bonds plots. 
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The RMSD plots of the proteins and docked complexes were analysed to check the deviations of the 
molecules and residues for about 50 ns of MD simulation. The RMSD ranges from 0.1 to 0.5 nm and 0.1 to 
0.3for 3W2S and 4FA2 alone, 0.05 to 0.35 nm 0.05 to 0.35 nm for Abemaciclib-3W2S and Abemaciclib-
4FA2 complex, 0.1 to 0.2 nm and 0.1 to 0.25 nm for Saccharopine-3W2S and Saccharopine-4FA2 complex 
which was comparatively lower (Figure 9aand 10a). The RMSD of Saccharopine complexed with both the 
proteins appeared to be more stable when compared with rest of the two protein and complexes.   
The radius of gyration (Rg) of proteins and the complexes fluctuated up to 35000 ps and then attained 
equilibrium until the end of the simulation (Figure 9b and 10b). 
The surface area of molecules in solvent (water) condition were analysed usingSolvent Accessible Surface 
Area (SASA) plots. The fluctuations of Saccharopine complexed with 3W2S and 4FA2 were least with the 
range of 150 to 170 nm2 and 90 to 98 nm2 respectively (Figure 9c and 10c).  
The Hydrogen bond interactions observed during molecular docking studies between the Saccharopine 
complexed with both the proteins is confirmed through the simulation studies and is shown in the Figure 
9d and 10d. 
Figure 9: A: RMSD plot, B: Rg plot, C: SASA plot and H-bonds confirmation plot of protein 3W2S alone 
(black color), Abemaciclib-3W2S (green color) and Saccharopine-3W2S complex (red color).  
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Figure 10: A: RMSD plot, B: Rg plot, C: SASA plot and H-bonds confirmation plot of protein 4FA2 alone 
(black color), Abemaciclib-4FA2 (green color) and Saccharopine-4FA2 complex (red color).  
 
DISCUSSION 
Cancer has established itself to be the greatest biological enemy to mankind. Past three decades, it has 
been the major cause of mortality worldwide and hence has become the serious issue in the health care 
industry [27]. The purpose of the present study is to provide an insight of how the phytoconstituents 
present in the plants help in inhibiting the main target proteins involved in the cancer progression. The 
usage of bioinformatics tools and software has laid to the development and discovery of several novel 
compounds having the capacity to inhibit the selected target proteins [28].  
In this study, the in silico approaches were used to check the activity of 9 screened phytoconstituents 
against p38-α MAPK and EGFR Kinase proteins. Interestingly, the molecular docking results proved that 
the screened ligands of the plants showed extremely great binding interactions and affinity towards the 
target when compared to the standard drug,abemaciclib. Further, simulation of these docked protein-
ligand complexes determined how stability of it in solvent system.  
 
CONCLUSION 
This study was carried out to compare and analyze the anti-cancer activity of different phytoconstituents 
to inhibit the predominant proteins involved in the cancer progression. All the ligands showed good 
binding affinity when compared to abemaciclib. Saccharopine molecule showed the least binding energy 
with highest binding affinity with all the active site residues of the two protein targets and thus, were 
considered for the molecular dynamics simulation using GROMACS. The different plots obtained after 50 
ns simulation of each protein and its complexes concluded its equilibrium and stability throughout the 
simulations. The complete study concludes that the Saccharopine ligand taken from the Arachis 
hypogeacould be used as a good alternative to the standard drugs.  
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