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	 India's rich biodiversity is complemented by its vast knowledge of medicinal plants 
and traditional practices, with plant-based compounds having been harnessed as therapeutic 
agents for centuries. Cancer, a leading cause of global mortality, is fundamentally driven by 
DNA abnormalities that disrupt the function of key metabolic proteins. Ras proteins show 
a vital role in cell signalling, regulating cell proliferation and apoptosis, but mutations in 
these proteins may results in uncontrolled cell growth. This study investigated the anticancer 
potential of phytochemicals against mutated H-RAS, N-RAS, and K-RAS (RAS proteins) using 
molecular docking analysis. Aegle marmelos, rich in over a hundred phytochemicals with 
reported anticancer properties, was the source of 89 molecules screened as ligands. Seventy-
eight molecules exhibited strong binding affinity (?Gbind = -5 kcal/mol) for H-Ras, 74 for 
K-Ras, and 77 for N-Ras, with a-amyrin and lupeol emerging as top leads for H-Ras, betulinic 
acid, ß-amyrin, and lupeol for K-Ras, and ßand a-amyrins for N-Ras. a-Amyrin emerged as a 
promising lead molecule against mutated Ras proteins, showing strong potential against H-Ras 
and N-Ras, and comparable efficacy to top leads against K-Ras. To overcome the challenges 
observed in drug likeness prediction connected with alpha amyrin, nano emulsion formulations 
strategies can improve its bioavailability and efficacy. Further validation of the lead molecules' 
anticancer efficacy requires comprehensive preclinical and clinical studies to confirm their 
biological activity.

Keywords: Aegle marmelos; Anticancer; Auto Dock; Molecular docking;
Phytochemicals; Ras proteins.

	 Cancer is a severe metabolic disorder 
recognized by abnormal proliferation of cells that 
spread all over the body and affect the normal 
functions of the body systems including  nervous, 
circulatory, endocrine, and digestive systems.1 
The World Health Organization data proclaimed 
that cancer is one of the major mortality which 
killed around ten million people in the year, 2020 
(https://www.who.int/news-room/fact-sheets/
detail/cancer) and the number of cancer patients 

will be increased to 21 million by 2030.2 Cancer is 
caused by several factors such as gene mutations, 
disruption of the immune system, and the effect 
of various carcinogens.1 The consequences of this 
diseased condition is driven by both genetic and 
epigenetic changes is the disruption of  signaling 
pathways of cells that controls mitosis, growth, 
and death.3 Consequently, this interruption leads 
to abnormal proliferation of cells as a result of the 
inhibition of the normal events of the cell cycle 
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such as cell cycle arrest and programmed cell 
death.4

	 Ras genes encode for Ras proteins or 
GTPases, function as molecular switches that 
regulate cellular signalling pathways controlling 
cell differentiation, proliferation, and programmed 
cell death. Ras proteins become oncogenes when 
mutated and have a crucial role in human cancer 
which has inspired multiple attempts to find RAS 
inhibitors.5Mutant RAS genes fuel some of the 
deadliest cancers, including pancreatic, colorectal, 
and lung cancers, by sending non-stop signals 
that drive tumor growth and cell proliferation.6 
The oncogenic mutations on the H-Ras, K-Ras, or 
N-Ras genes observed in most human tumors alter 
the normal functioning of those signaling pathways 
there by resulting in the development of tumours.7 

Ras is a protooncogene that becomes an oncogene 
because of a single base change that results in an 
alteration in a single amino acid in the encoded 
protein. The major Ras mutation is the change of 
the amino acid at position 12 in H-Ras and K-Ras 
and at position 61 in and N-Ras.8,9 Only these few, 
very specific mutations can make a Ras proto-
oncogene to an oncogene. These few changes in 
the amino acid residues are directly involved in the 
binding and splitting of the GTP.7 Ras mutations 
are found in around 19% of cancer patients and 
are often linked to unfavorable prognoses. Despite 
extensive research, K-Ras has remained a difficult 
target to tackle, largely due to its molecular 
structure that resists small-molecule binding. 10 
Despite the high similarity between the protein 
products of the three Ras genes, K-Ras mutations 
are significantly more prevalent in cancer and 
RASopathies, and the analysis reveals a correlation 
between RAS protein expression levels (KRAS > 
NRAS > HRAS) and mutation frequencies.11

	 Cancer treatment comprises surgery, 
chemotherapy, immunotherapy, radiotherapy, 
photodynamic therapy, cancer vaccinations, and 
stem cell transformation as individually or in 
combination are effective but results in severe side 
effects such as limited bioavailability, toxicity, 
fast clearance, non-specificity, and restriction in 
metastasis. Current anticancer drugs often affect 
rapidly dividing normal cells, such as those 
in bone marrow and hair follicles, leading to 
significant side effects. The extensive investigation 
for the alternative treatment proposes the use of 

phytochemicals and their derived analogs will be 
the most possible option for the better and nontoxic 
cancer treatment.12

	 Aegle marmelos(L.) Correa., Bael, 
a member of the Rutaceae family, is widely 
recognized for its medicinal properties and 
has been utilized in traditional medicine 
systems.13 Previous investigations on the 
ethnopharmacological properties of the plant 
showed that the phytochemicals in the plant possess 
radio-protective,anti-neoplastic, chemoprotective, 
and chemopreventive effects, effective in cancer 
prevention and treatment.14 Present scenario, 
computer-aided drug discovery approaches 
significantly contribute to drug discovery 
experiments and their interpretation to expedite 
the entire process. The current study was designed 
to validate the anticancerous activity and to identify 
the lead phytochemicals against mutated Ras 
proteins in Aegle marmelos (L.) Correa, by in silico 
method.

Materials and Methods

Target molecule preparation
	 The three Ras proteins viz., H-Ras (1P2U), 
K-Ras (5UFE) and N-Ras (5UHV) were used 
for docking simulations. The three-dimensional 
structures of these proteins were sourced from 
RCSB Protein Data Bank. The oncogenic mutations 
reported by Pierotti et al., (2003)8 were done in the 
three dimensionalmolecular structures of these Ras 
proteins using Swiss PDB Viewer 4.0.115 (Fig. 1). 
The glycine residue at the 12 position of 1P2U 
and 5UFE was mutated to valine and aspartic acid 
respectively. In 5UHV, the glutamine residue at 
the 61 position was mutated to lysine. The mutated 
1P2U, 5UFE and 5UHV were used as the receptor 
molecules for docking and the mutated residues 
were taken as active residues for the detection of 
active sites.
Preparation of ligand molecules
	 The literature survey revealed that more 
than 100 phytochemicals have been so far reported 
from A. marmelos. Out of these, 89 molecules with 
molecular weights under 700 g/mol were selected 
for docking studies. The Canonical Simplified 
Molecular Input Line Entry Systems (Canonical 
SMILES) of the ligands were obtained from 
PubChem and 3D structures were created with 
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CORINA.16The ligands chosen for docking are 
shown in Table 1.
Docking
	 Docking studies were performed using 
AutoDock 4.2, with the selected phytochemicals 
docked into the Ras protein’s binding site according 
to Morris et al., (2009).17 This tool leverages Monte 
Carlo Simulated Annealing and Lamarckian genetic 
algorithm for possible orientations of ligands at the 
Ras protein binding site. The active site residues of 
the proteins 1P2U, 5UFE and 5UHV were VAL12, 
ASP12 and LYS61 respectively. Grid dimensions 
of 60×60×60 points with 0.375Å spacing were 
specified for each protein. The active site was 
centered in the grid, with XYZ coordinates defined 
as: 1P2U - 24.721Å, 7.378Å, 38.718Å, 5UFE-
10.117Å, 6.296Å, 3.87Å and 5UHV - 5.423Å, 
24.44Å, 11.983Å respectively. All remaining 
parameters were maintained at their default values. 
After docking, the binding affinity and possible 
orientations of the ligand-protein complexes were 
analyzed and ranked by their binding energies 
using cluster analysis. Molecules with a binding 
energy d™ -5 kcal/mol were considered potential 
hit compounds.16 The docked structures were 
visualized and images were created using PyMol 
visualization software.18

Drug likeliness prediction
	 The drug-likeness properties of the 
lead molecules were assessed by submitting 
each molecule on Molinspiration property 
prediction (https://www.molinspiration.com) and 
SWISSADME (http://www.swissadme.ch/index.
php) tools. The tool analyzes molecular properties 
in line with Lipinski’s rule of five, highlighting 
potential issues highlighted.20Octanol/water 
partition coefficient (MiLogP) was computed to 
predict membrane permeability. It was determined 
by summing fragment contributions and applying 
correction factors, as per Molinspiration’s 
fragment-based method. The miLogP was derived 
by correlating calculated logP with experimental 
logP values for a set of drug-like molecules, which 
predicts oral bioavailability.21

	 Besides, the tool predicts other molecular 
properties (TPSA, MW, ON, OHNH, ROTB, and 
volume) were calculated based on the molecule’s 
three-dimensional conformation. Topological polar 
surface area (TPSA) is used to predict various 
aspects of drug absorption, including intestinal 

absorption, bioavailability, and penetration of 
the blood-brain barrier. TPSA is computed by 
summing the fragment-based contributions of 
polar fragments centered on oxygen and nitrogen 
atoms, as well as the surface areas of hydrogen-
bonded oxygen and nitrogen atoms.The number of 
rotatable bonds (nrotb) is a topological descriptor 
that quantifies molecular flexibility and is a strong 
predictor of oral bioavailability. The volume of a 
molecule influences its transport characteristics, 
such as passage through the blood-brain barrier 
and intestinal absorption.22

Bioactivity Prediction
	 Bioactivity scores for each lead molecule 
were predicted based on properties such as GPCR 
ligand activity, ion channel modulation, kinase 
inhibition, and nuclear receptor binding using 
Molinspiration.22

Results

	 Docking studies revealed that 89 
phytochemicals from A. marmelos exhibit 
inhibitory activity against three mutated Ras 
proteins. The docking scores calculated using 
AutoDock 4.2 indicated that there are several hit 
molecules on each Ras protein. Hit molecules 
with the lowest free energy of bindingon the three 
mutated Ras proteins were selected as potential 
lead molecules. The selected leads are listed in 
Table 2.
	 As mentioned above, the docked results of 
88 molecules on mutated H-Ras (1P2U) revealed 
that about 78 molecules possessed free energy of 
binding d-5 kcal/mol. Similarly, 74 molecules on 
K-Ras (5UFE) and 77 molecules on N-Ras (5UHV) 
were selected as hit molecules respectively. The 
selected lead molecules on each Ras protein such 
asá-amyrin and Lupeol on H-Ras, betulinic acid, 
â-amyrin and lupeol on K-Ras, â-amyrin and 
á-amyrin on N-Ras were depicted in Fig. 2. The 
molecule á-amyrin was selected as lead molecule 
on mutated H-Ras and N-R as according to the lead 
selection criteria. For mutated K-Ras, it showed 
only a negligible difference with the lead molecules 
selected. Therefore, á-amyrin can be considered as 
the lead molecule for mutated Ras proteins.
	 The binding interactions between the 
docked ligand and protein are as follows (Fig.3, 
Table3). H-Ras and á-amyrin formed a single 
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Fig. 1. Mutated Ras Proteins  a) H-Ras, b) K-Ras, c) N-Ras

Fig. 2. Docking conformations of lead compounds with mutated Ras proteins, a)H-Ras and á-amyrin, b) H-Ras 
and Lupeol, c) K-Ras and Betulinic acid, d) K-Ras and â-amyrin) K-Ras and Lupeol, f)K-Ras and á-amyrin, g) 

N-Ras and â-amyrin, h) N-Ras and á–amyrin

hydrogen bond (VAL29:H64) with a bond length 
of 2.13 Å and O..H-O bond type. H-Ras and 
lupeol interacted through a single hydrogen bond 
(ASP119:H75) with a distance of 2.01Å and 
O..H-O bond type. Likewise, single H-bonds 
were observed between K-Ras and â-amyrin 
(GLN61:H63, 2.09Å, O..H-O) and between K-Ras 
and lupeol (GLU31:HN1, 2.07Å, N-H..O). K-Ras 
and á-amyrin interacted through a single hydrogen 
bond (ASP30:H64) with a distance of 2.194 Å 
and O..H-O bond type. Betulinic acid formed two 
H-bonds with K-Ras, specifically at GLY13:HN 
(1.8 Å) and LYS16:HZ1 (1.77 Å), both of N-H..O 
type.N-Ras interacted with â-amyrin through one 
H-bond (THR35:H63, 2.03 Å, O..H-O), but no 
interactions were seen with á-amyrin. The analysis 
revealed that the lead molecules generally formed 
robust H-bonds with Ras proteins, with bond 
lengths ranging from 1.7Å to 2.2Å and N-H..O 
and O-H..O bond types.

	 Molinspiration property prediction tool 
and SWISSADME was used to evaluate the drug-
likeness of the lead molecules (Table 4).
	 The bioactivity profiles of the lead 
molecules were predicted using Molinspiration, 
covering GPCR ligands, ion channel modulators, 
kinase inhibitors, nuclear receptor ligands, protease 
inhibitors, and enzymes shown in Table 5. The 
bioavailability radar of each lead molecule is 
created using SWISSADME and in which the pink 
zone describes appropriate physic-chemical space 
for oral bioavailability. In bioavailability radar 
(Fig. 4), LIPO represents lipophilicity (XLOGP3), 
SIZE indicates molecular weight, POLAR denotes 
polarity (topological polar surface area), INSOLU 
signifies water insolubility (log S scale), INSATU 
reflects unsaturation (sp3 hybridization), and FLEX 
represents flexibility (rotatable bonds).
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Table 1. The list of prioritized phytochemicals in Aegle marmelos

No.	 Phytochemicals	 Molecular	 Molecular
		  Weight (g/mol)	 Formula

1	 3,5-octadiene-2-one	 124.18	 C8H12O
2	 3-Phenylacrylamide	 147.17	 C9H9NO
3	 Acetoin	 88.11	 C4H8O2
4	 Alloimperatorin	 270.28	 C16H14O4
5	 Ascorbicacid	 176.12	 C6H8O6
6	 Aurapten	 298.4	 C19H22O3
7	 Betulinicacid	 456.7	 C30H48O3
8	 Carvone	 150.22	 C10H14O
9	 Carvylacetate	 194.27	 C12H18O2
10	 Caryophylleneoxide	 220.35	 C15H24O
11	 Cineole	 154.25	 C10H18O
12	 Cis-carveol	 152.23	 C10H16O
13	 Citral	 152.23	 C10H16O
14	 Citronellal	 154.25	 C10H18O
15	 Cuminaldehyde	 148.2	 C10H12O
16	 Decursinol	 246.26	 C14H14O
17	 Dictamine	 199.2	 C12H9NO2
18	 Elemol	 222.37	 C15H26O
19	 Emodin	 270.24	 C15H10O5
20	 Eugenol	 164.2	 C10H12O2
21	 Fagarine	 229.23	 C13H11NO3
22	 Farnesol	 222.37	 C15H26O
23	 Flavone	 222.24	 C15H10O2
24	 Furoquinoline	 169.18	 C11H7NO
25	 Geraniol	 154.25	 C10H18O
26	 Haplopine	 245.23	 C13H11NO4
27	 Limonene	 136.23	 C10H16
28	 Linalool	 154.25	 C10H18O
29	 Lupeol	 426.7	 C30H50O
30	 Luvangetin	 258.27	 C15H14O4
31	 Marmeline	 335.44	 C22H25NO2
32	 Marmelosin	 270.28	 C16H14O4
33	 Marmesin	 246.26	 C14H14O4
34	 Marmesinin	 408.4	 C20H24O9
35	 Marmin	 332.4	 C19H24O5
36	 Methylcinnamate	 162.18	 C10H10O2
37	 Methylether	 46.07	 C2H6O
38	 Methylpalmitate	 270.5	 C17H34O2
39	 Methylperillate	 180.24	 C11H16O2
40	 Myristicacid	 228.37	 C14H28O2
41	 Myrtenol	 152.23	 C10H16O
42	 o-isopentenyl-halfordinol	 306.4	 C19H18N2O2
43	 p-cymene	 134.22	 C10H14
44	 Phytol	 296.5	 C20H40O
45	 Piperitone	 152.23	 C10H16O
46	 Plumbagin	 188.18	 C11H8O3
47	 Psoralen	 186.16	 C11H6O3
48	 Pulegone	 152.23	 C10H16O
49	 Quercetin	 302.23	 C15H26O
50	 Rutaretin	 262.26	 C14H14O5
51	 Rutin	 610.5	 C27H30O16
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52	 Sabinene	 136.23	 C10H16
53	 Sabinol	 152.23	 C10H16O
54	 Scoparone	 206.19	 C11H10O4
55	 Scopoletin	 192.17	 C10H8O4
56	 Shahidine	 279.3	 C18H17NO2
57	 Skimmianine	 259.26	 C14H13NO4
58	 Skimmin	 324.28	 C15H16O8
59	 Tembamide	 271.31	 C16H17NO3
60	 Trans-carveol	 152.23	 C10H16O
61	 Umbelliferone	 162.14	 C9H6O3
62	 Valencicacid	 206.24	 C12H14O3
63	 Vanillin	 152.15	 C8H8O3
64	 Verbenone	 150.22	 C10H14O
65	 Xanthotoxin	 216.19	 C12H8O4
66	 α-amyrin	 426.7	 C30H50O
67	 α-cedrene	 204.35	 C15H24
68	 α-copaene	 204.35	 C15H24
69	 α-cubebene	 204.35	 C15H24
70	 α-elemene	 204.35	 C15H24
71	 α-humulene	 220.35	 C15H24O
72	 α-phellandrene	 136.23	 C10H16
73	 α-pinene	 136.23	 C10H16
74	 α-zingiberine	 204.35	 C15H24
75	 β-amyrin	 426.72	 C30H50O
76	 β-elemene	 204.35	 C15H24
78	 β-eudesmol	 222.37	 C15H26O
79	 β-funebrene	 204.35	 C15H24
80	 β-ionone	 192.3	 C13H20O
81	 β-myrcene	 142.27	 C10H16
82	 β-ocimene	 136.23	 C10H16
83	 β-phellandrene	 136.23	 C10H16
84	 β-pinene	 136.23	 C10H16
85	 β-selinene	 204.35	 C15H24
86	 β-sitosterol	 414.7	 C29H50O
87	 β-sitosterol β-D-glucoside	 576.85	 C35H60O6
88	 γ-sitosterol	 432.7	 C29H52O2
89	 γ-terpinene	 136.23	 C10H16

Table 2. Potential Ras inhibitors identified from Aegle marmelos

Lead molecules	 Ras proteins	 ∆Gbind	 Inhibition 
		  (kcal/mol)	 constant (KI)

α-amyrin	 H-Ras	 -9.94	 51.69 nM
Lupeol	 H-Ras	 -9.62	 89.46 nM
Betulinic acid	 K-Ras	 -8.51	 577.15 nM
β-amyrin	 K-Ras	 -8.41	 684.60 nM
Lupeol	 K-Ras	 -8.40	 695.44 nM
α-amyrin	 K-Ras	 -8.28	 850.02 nM
β-amyrin	 N-Ras	 -9.49	 110.73 nM
α-amyrin	 N-Ras	 -8.78	 367.60 nM
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Fig. 3. Molecular interaction of mutated Ras proteins and lead molecules, a) H-Ras and á-amyrin, b) H-Ras and 
Lupeol, c) K-Ras and Betulinic acid, d) K-Ras and â-amyrin e) K-Ras and Lupeol, f) K-Ras and á-amyrin g) 

N-Ras and â-amyrin, h) N-Ras and á –amyrin.

Table 3. Molecular interaction between lead molecules and mutated Ras proteins

Lead	 RAS	 H-bond	 Bond	 Bond	 Energy	 Phi (π)	 Theta(θ)
molecules	 proteins		  Type	 length	 (kcal/mol)

α-amyrin	 H-Ras	 VAL29:H64	 O..H-O	 2.13	 -2.27	 129.66	 177.48
Lupeol	 H-Ras	 ASP119:H75	 O..H-O	 2.01	 -1.31	 121.43	 143.66
Betulinicacid	 K-Ras	 GLY13:HN	 N-H..O	 1.8	 -7.379	 174.3	 168.56
		  LYS16:HZ1	 N-H..O	 1.77	 0.674	 138.82	 122.76
β-amyrin	 K-Ras	 GLN61:H63	 O..H-O	 2.09	 -0.28	 138.79	 120.13
Lupeol	 K-Ras	 GLU31:HN1	 N-H..O	 2.07	 -4.47	 93.21	 157.53
β-amyrene	 N-Ras	 THR35:H631	 O..H-O	 2.03	 1.4	 130.17	 136.78
α-amyrin	 N-Ras	 No H-bonds					   

Discussion

	 Ras proteins are proto-oncogenes that 
are commonly mutated in many human cancers. 
Functional anomaly of Ras function ended 
up with the hyperproliferative developmental 
disorders and cancer and is correlated with a 
single amino acid substitution resulting from 
a mutation at specific codons 12, 13 or 61. In 
colon cancer (adenocarcinoma), lymphomas 
(Hodgekins lymphoma), leukemias (AML), thyroid 
and (anaplastic and follicular carcinoma) high 
frequencies of Ras mutations (>10%) are found in 
lung cancers, particularly large-cell and non-small-
cell carcinomas.The K-Ras locus is predominantly 
affected by oncogenic mutations.12Although 
the protein products of the three Ras genes are 
identical, K-Ras is the more predominantly mutated 
Ras in cancer.14

	 The evolution of human civilization and 
the use of plant resources for healing have been 
closely linked, ultimately giving rise to modern 

medicine.23 A. marmelosis an important medicinal 
plant which has enormous ethnomedicinal 
applications and used in different traditional 
and folk medicines.24The plant is enriched with 
various classes of active chemical constituents 
such as alkaloids, steroids, coumarins, terpenoids, 
flavonoids and many other polyphenols that are 
responsible for the multifaceted pharmacological 
and biological activities.
	 Earlier investigations revealed that the 
hydroalcoholic extract of A. marmelos leaves 
possesses anticancer properties, inhibiting the 
growth of various cancer cells, such as K562, 
Raji, Jurkat, and MCF714. The antiproliferative and 
antioxidant activity assay on ethanolic extract of 
A. marmelosleaves in Dalton’s Lymphoma Ascites 
(DLA)-bearing mice demonstrated promising 
result.25

	 The previous investigations on the 
hydroalcoholic extract of A. marmelosleaves have 
shown anticancer effect in the animal model of 
Ehrlich ascites carcinoma, growth of leukemic 
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Table 4. Drug likeness properties predicted by Molinspiration and SWISSADME tools

Drug likeness properties	 α-amyrin	 Betulinic acid	 lupeol	 β-amyrin

MiLogP	 8.08	 7.04	 8.29	 8.02
TPSA	 20.23	 57.53	 20.23	 20.23
Number of atoms	 31	 33	 31	 31
Molecular weight	 426.7	 456.7	 426.7	 421.73
H-bond acceptor	 1	 3	 1	 1
H-bond donor	 1	 2	 1	 1
Number of violations	 1	 1	 1	 1
Number of rotational bonds	 0	 2	 1	 1
Volume	 461.05	 472.04	 461.6	 460.7
Bioavailability	 0.55	 0.85	 0.55	 0.55
Water solubility	 Low solubility	 Low solubility	 Low solubility	 Low solubility
Synthetic accessibility	 6.17	 6.04	 5.49	 6.17

Table 5. Predicted bioactivity scores for the lead molecules

Lead 	 GPCR	 Ion channel	 Kinase 	 Nuclear 	 Protease 	 Enzyme 
molecules	 ligand	 modulator	 inhibitor	 receptor	 inhibitor	 inhibitor
				    ligand

α-amyrin	 0.22	 -0.02	 -0.41	 0.79	 0.19	 0.6
Betulinic acid	 0.31	 0.03	 -0.5	 0.93	 0.14	 0.55
Lupeol	 0.27	 0.11	 -0.42	 0.85	 0.15	 0.52
β-amyrin	 0.22	 -0.05	 -0.31	 0.67	 0.11	 0.56

Fig. 4. Bioavailability radar of the lead molecules: a) α-amyrin, b) Betulinic acid, c) Lupeol, d) β-amyrin

K562, B-lymphoid Raji, T-lymphoid Jurkat, 
erythroleukemic HEL, melanoma Colo 38, and 
breast cancer cell lines MCF7 and MDA-MB-23114. 
The antiproliferative and antioxidant activity 
assay on ethanolic extract of A. marmelosleaves in 

mice bearing Dalton’s Lymphoma Ascites (DLA) 
demonstrated promising result.25

	 The potential anticancerous activity 
of the plant A. marmelosbestowed by the 
diverse phytoconstituents and analysis of these 
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phytomolecules against mutated three Ras proteins 
were seldom investigated. Computer aided drug 
discovery is an indispensable technique to bring 
down the far-reaching experimentation mandatory 
for the unearthing of lead molecules. Hence, virtual 
screening through in silico molecular docking 
of 89 phytochemicals from A. marmelosagainst 
three mutated Ras proteins were carried out to 
determine effective lead molecules against various 
Ras proteins. The analysis of the overall results 
proclaimed that the molecule á-amyrin showed 
promising free energy of binding on all the three 
mutated Ras proteins even though betulinic acid 
and â-amyrin were identified as potential lead 
candidates on K-Ras and N-Ras respectively.
	 Theoretically, ideal drug-like molecules 
usually possess logP values between -0.4 and 
5.6, molecular weights between 160-480 g/mol, 
molar refractivity between 40-130, and 20-70 
atoms, following Lipinski’s rule of five, whereas 
natural compounds frequently deviate from these 
parameters.25 The drug likeness prediction of all 
the lead molecules showed violation in miLogP 
(>4.15) and by making derivatives or by changing 
slight alteration in the chemical structure through 
combinatorial techniques may enhance the 
property. Many researchers reported that aplenty 
of existing drugs violate theoretical prediction of 
drug likeness26 specifically naturalproducts.27 In 
light of this, more extensive study is required for 
the development of these lead molecules as drugs 
against mutated Ras proteins mediated tumors.

Conclusion

	 The overall results of the virtual screening 
of phytochemicals in A. marmelos on three mutated 
Ras proteins revealed that the plant has inhibitory 
effects on the three mutated Ras proteins. Among 
the 89 phytochemicals screened, most of the 
molecules showed moderate inhibitory activity (d”-
5kcal/mol) on all the three mutated Ras proteins. 
In silico drug-likeness and bioactivity prediction 
of the lead molecules showed that they are within 
the range of values except miLogP. Hence, it 
can be concluded that by applying combinatorial 
chemical approach the lead molecules will enhance 
the violated property and ensure them as drug 
molecules. The identified lead molecules exhibit 

anti-inflammatory and antioxidant properties, 
which may help in reducing neuroinflammation and 
neurodegeneration. Alpha amyrin, betulinic acid, 
lupeol, and beta-amyrins are pentacyclic triterpene 
compounds that exhibit a range of pharmacological 
properties, particularly anticancer activity, making 
them promising candidates for drug development. 
A combinatorial approach and novel formulation 
strategies, such as nanoemulsionscan improve 
the lead molecule’s bioavailability and efficacy. 
Moreover, pharmacological validation of these 
lead molecules in a relevant biological system is 
mandatory for the development as drug molecules. 
Hence, further preclinical in vitro and in vivo 
evaluations are essential for the development of 
the lead molecules as drugs against the mutated 
Ras proteins.
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