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This comprehensive study integrated in silico molecular docking and pharmacokinetic profiling to elucidate the
interactions and properties of eight bioactive compounds (nimbin, azadirachtin, betasitosterol, nimbidinin, chavicol,
chavibetol, curcumin, and zingiberene) from natural sources with protein 6Y6D. SwissADME and SwissTargetPrediction
are used for pharmacokinetic screening, whereas, autodock vina is used for molecular docking and virtual screening.
Protox3 software was used to establish each phytoconstituent's specific toxicity profile. According to the results, nimbidinin
and nimbin exhibit extraordinary binding affinity without toxicity and have the potential to be further screened as lead
compounds. Azadirachtin, on the other hand, exhibits the highest binding affinity with a moderate toxicity profile.
Furthermore, zingiberene and chavicol exhibit low binding affinities. A detailed investigation reveals the binding modes and
molecular interactions with different amino acids. Our findings may facilitate the development of novel drugs and provide a

foundation for further experimental validation.
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Molecular docking is a computational technique used
to predict the preferred orientation of a small
molecule, or ligand, when bound to a specific protein.
This method has become a crucial tool in drug
discovery and development, allowing researchers to
identify potential lead compounds and understand
their binding mechanisms. Protein-ligand interactions
play a vital role in various biological processes, and
deciphering these interactions is essential for
understanding disease mechanisms and developing
effective treatments'>. The PDB (protein data bank)
ID: 6Y6D represents the Tubulin-7-Aminonoscapine
complex, providing valuable information about the
binding site and molecular interactions. Noscapine, a
natural alkaloid and FDA approved anti-tussive agent.
This drug also possesses weak anticancer potential.
As per the report 7A-aminonoscapine binds to
tubulin's colchicine site which ultimately causes
mitotic arrest’. In this study, we utilize molecular
docking techniques to investigate the binding modes
of selected ligands, including nimbin, azadirachtin,
betasitosterol, nimbidinin, chavicol, chavibetol,
curcumin, and zingiberene, to the protein structure
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6Y6D. These ligands, derived from natural products,
have shown promising biological activities and
potential therapeutic applications. Nimbin and
nimbidinin, isolated from Azadirachta indica, possess
anti-inflammatory and antimicrobial properties.
Azadirachtin, also from Azadirachta indica, exhibits
insecticidal and anticancer activities’. Betasitosterol, a
phytosterol, has been shown to have anti-
inflammatory and antitumor effects’. Chavicol and
chavibetol, found in Piper betle, exhibit antioxidant
and antimicrobial properties’. Curcumin, a polyphenol
from Curcuma longa, has potent anti-inflammatory,
antioxidant, and anticancer activities. Zingiberene, a
sesquiterpene from Zingiber officinale, displays
anti-inflammatory and antimicrobial properties®.

In silico SwissTargeting computational method
used to predict the bioactivity of small molecules
against specific targets, such as proteins or enzymes.
It has become a powerful tool in the field of
cheminformatics and drug discovery, enabling
researchers to efficiently identify promising lead
compounds and accelerate the development of new
treatments’. Additionally in silico approach for
absorption, distribution, metabolism, excretion, and
toxicity (ADMET) predictions to evaluate the
potential of selected ligands as therapeutic agents.
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This integrated approach streamlines the drug
discovery process, reducing the need for costly and
time-consuming experimental assays, and identifies
promising candidates for further validation'’. By
analysing the protein-ligand interactions and binding
affinities of these selected ligands, we aim to gain
insights into the molecular mechanisms underlying
their biological activities and identify potential
therapeutic applications. This research contributes to
the growing field of structural biology and drug
discovery, highlighting the importance of molecular
docking and protein-ligand interactions in
understanding biological systems and developing
novel treatments''. The  current  research
work emphasized on screening of selected
phytoconstituents against Tubulin-7-Aminonoscapine
complex and highlighting the importance of
in silico screening and its pharmacophore.

Materials and Methods
Network pharmacology

Target prediction

Based upon literature search from pubchem, google
scholar, springer link, science direct, and web of
science data eight potential constituents from natural
sources were selected such asnimbin, nimbidinin,
azadirachtin, and betasitosterol from Azadirachta
indica. Chavibetol and chavicol from Piper betle
while, curcumin, zingiberene from curcuma longa
and Zingiber officinale, respectively.

Target prediction for ligand

We used SwissTargetPrediction, binding DB and
Puchem for screening the other potential ligand target,
in silico. We developed this tool to identify targets of
bioactive compounds in different species. We
retrieved the conical smile data from Pubchem for the
purpose of ligand target prediction '*'*.

Moreover the disease gene was screened using
MalaCards (https://www.malacards.org) and
GeneCards Version 5.21 softwares'”.

Network analysis

The STRING (https://string-db.org) and EnrichR
(https://maayanlab.cloud/Enrichr) tools are used for
the protein—protein interaction, enrichment analysis,
and gene ontology enrichment analysis. The
functional gene network is built using the Cytoscape
interface (https://cytoscape.org)'®. Additionally
cytoNCA software was utilized to investigate

closeness, degree and betweenness. Several disease

association genes with ligand were calculated
considering the p-value significance. Cancer,
COVID-19, asthma, respiratory disease,

anti-bacterial, and hormonal diseases gene were
considered during screening.

Molecular docking analysis

Computerized tools, such as iterative molecular
docking, estimate the binding affinity of ligands to
receptor proteins. While it may have applications in
pharmacological research, it has evolved into a
powerful tool for pharmaceutical development. To
achieve this, we employ virtual screening using
extensive collections of compounds™'""’.

Software and database systems

We conducted a computational analysis using
MGL tools 1.5.6 and 4.2.6 of Autodock Vina,
available at https://vina.scripps.edu®. We use this
software to predict the interaction between selected
ligands and proteins, naming the tubulin-7-
aminonoscapine complex. We converted the ligand
from SDF to PDB wusing OpenBabel 3.1.1
(http://openbabel.org) and used BIOVIA Discovery
Studio  (https://discover.3ds.com)  for  protein
preparation and visualization. We conducted docking
sessions on the Windows 10 operating system®' .

Protein Selection

Based on the literature from PubMed, Springer
Link, and Science Direct Services, we selected the
protein PDB ID: 6Y6D. The 3D structure of selected
protein PDB ID: 6Y6D was extruded from protein
data bank in PDB format accessible at
http://www.rcsb.org.its chains and structure was
observed in (Fig. 1).

Protein preparation

We introduced the Kollman charges, performed
polar hydrogen atom addition, and eliminated water
molecules and files saved in PDB format using the
software BIOVIA Discovery Studio.

Selection of ligands

We picked out the three-dimensional shapes of
ligands  from  Pubchem  (https://pubchem.ncbi.
nlm.nih.gov), such asnimbin, zingiberene, azadirachtin,
betasitosterol, chavibetol, chavicol, curcumin, and
nimbidinin (Table 1). We converted the ligand from
SDF to PDB using open babel 4, and then docked these
8 ligands against proteins™.



KASHID et al.: TUBULIN-7-AMINONOSCAPINE COMPLEX (6Y6D) 119
Fig. 1 — Chain A, B, C, D, E, and F of PDB ID: 6Y6D
Table 1 — In silico Pharmacokinetic profile of selected compounds

Compound . Metabolism CYP Inhibitors for Membrane Transporters . LDy,

GI absorption Drug likeness merke

1A2 2C19 2C9 2D6 3A4 BBB  P-gp Substrate

Azadirachtin Low No No No No No No Yes No 2000
Beta-sitosterol Low No No No No No No No Yes 890
Chavibetol High Yes No No No No Yes No Yes 1230
Chavicol High Yes No No No No Yes No Yes 870
Curcumin High No No Yes No Yes No No Yes 2000
Zingiberene Low No No No Yes Yes No No Yes 1680
Nimbidinin High No No No Yes No No Yes Yes 600
Nimbin High Yes No No No No Yes No Yes 1000
Docking Procedures Toxicity profiling

Autodock Vina is a commonly used molecular
docking computer program. We established a PDBQT
format for both the ligand and the protein elements.
The command prompt is an essential stage subsequent
to grid setting in the docking procedure. The XYZ
coordinates for Protein PDB ID: 6Y6D are
15.751136, 38.857401, and 19.220014, respectively,
with a radius of 90. We set the exhaustiveness level at
8, which is widely accepted. BIOVIA Discovery
Studio achieves the graphical representation of the
protein-ligand binding interaction".

ADME profiling

We determined the absorption, distribution,
metabolism, and excretion of each ligand in
silico using the software SwissADME

(http://www.swissadme.ch/index.php). We retrieved
the conical smile data from Pubchem to predict the
pharmacokinetic properties of phytoconstituents™>’.

The selected ligands were screened for in silico
toxicity prediction using the ProToxIl obtain
from https://tox.charite.de/protox3. The various
toxicities were predicted such as hepatotoxicity,
respiratory toxicity, nephrotoxicity, cardio-toxicity,
carcinogenicity, immuno-toxicity,  mutagenicity,
cytotoxicity along with LDsy™ (Table 2).

Results and Discussion
Network pharmacology

Total eight phytoconstituents were extracted from
pubchem and the common genes were found via
screening the compound through SwissTargetPrediction
and gene disease from genecard and malacard.
Curcumin showing (71) highest common gene while
azadirachtin shows only eight common genes. Most of
the phytoconstituents shows common gene with cancer
disease gene and hence further screening was carried out
considering disease gene data.
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The network between the genes was generated
using STRING and the figures were observed below
in (Fig. 2A-Q).

Prime target detected via closeness and found
several target gene amongst them top five genes for
Azadirachtin are PPARD, ESRRA, PKM, NR3Cl,
GLI1. For betasitosterol ESR1, CYP19A1, CYP17A1,
HMGCR, NR3C1 genes were found. In case of
chavibetol SRC, KDR, PARP1, MAPK14, and PGR
gene were found as prime target. For Chavicol single
gene (ACACA) was found as target. In case of
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curcumin more than 15 targets were observed but
AKT1, EGFR, STAT3, BCL2 and GSK3B are
showing highest closeness. Nimbidinin shows target
gene STAT3, IL6, EGFR, HSP90AA1 and MMP9
while nimbin shows PARP1, HSP90AA1l, FASN,
HDACI, and HDAC4 as target gene.

Molecular docking

Selected protein
Using computational tool naming molecular
docking, the 4D structure of a chosen protein was

Table 2 — In silico Toxicity prediction of selected compounds

compound Hepatotoxicity Respiratory Nephrotoxicity Cardiotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity
toxicity
Azadirachtin No Yes Yes No No Yes No No
Betasitosterol No Yes No No No Yes No No
Chavibetol No No No No No No No No
Chavicol No No No No No No No No
Curcumin No No Yes Yes No Yes No No
Zingiberene No No No No No No No No
Nimbidinin No Yes No No No Yes No No
Nimbin No Yes No No Yes Yes No No
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Fig. 2 — Network of (A) Azadirachtin; (B) Beta-sitosterol; (C) Chavicol; (D) Chavibetol; (contd.)
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Fig. 2 — (E) Nimbin; (F) Curcumin; and (G) Nimbidinin generated by STRING (contd.)

PDB and  its anti-cancer

from
potential investigated. In current study PDB ID: 6Y6D
(Tubulin-7-Aminonoscapine complex) was targeted
against eight ligands. This protein shows 6 chains

obtained

(A to F) amongst them all chain

chain E possesses active sites.

except

Selection of ligand

Eight ligands were retrieved from pubchem and its
CID number, conical smiles and 2D structure were given
in (Table 3).
Docking interaction

The molecular docking interaction of protein 6Y6D
against selected 8 bioactive compounds was presented
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Table 3 — List of selected compounds and their details

2D structure

Compound name Compound CID Conical smiles

Azadirachtin 5281303 CC=C(C)C(=0)0C1CC(C2(Ccoc3c2ec14coc

(C4C(C30)(C)C56CTCC(C5(06)C)C8(C=CO
C807)0)(C(=0)0OC)0)C(=0)OC)OC(=0)C

CCC(CCC(o)ciceezcceescece=c4acs( N

Beta-sitosterol 222284
CCC(C4)0)0)O)Cc(O)C

Chavibetol 596375 COC1=C(C=C(C=C1)CC=C)O o
AN
Chavicol 68148 C=CCC1=CC=C(C=C1)O I
Curcumin 969516 COC1=C(C=CC(=C1)C=CC(=0)CC(=0)C=C <
C2=CC(=C(C=C2)0)0C)0
Zingiberene 92776 CC1=CCC(C=C1)C(C)CCC=C(C)C
Nimbidinin 169088 CC12COC3C1C(C(CC20)0)(C4CC(=0)CS5(C(

CC=C5C4(C30)C)C6=COC=C6)C)C

(contd.)
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Table 3 — List of selected compounds and their details (contd.)

Compound name Compound CID Conical smiles 2D structure
Nimbin 108058 CC1=C2C(CC1C3=COC=C3)0C4C2(C(C5(C( 7o
C40C(=0)C)C(C=CC5=0)(C)C(=0)0C)C)CC Q
(=0)0C)C N

S
e

T R
0

=g
/

o

in (Table 4). This table comprises 2D and 3D
interactions of ligands against protein. The protein
possesses six chains; among them, ligands frequently
bind to chains A, B, C, and E. Chain C residue of
protein 6Y6D was bound to chavibetol and
zingiberene via hydrophobic bond and shows binding
affinity of -6.6 kcal/mol and -5.3 kcal/mol,
respectively. Additionally, betasitosterol binds to
chain C via hydrogen and hydrophobic bond, showing
a binding affinity of -10.6 kcal/mol. Chain B residue
of protein binds to chavicol and curcumin via
hydrophobic and electrostatic bond, showing binding
affinity of -4.8 kcal/mol and -7.8 kcal/mol,
respectively. Azadirachtin binds to multiple chain
residues such as A, B, and E via electrostatic bond
and hydrogen bond with excellent binding affinity
(-13.5). Nimbin binds to chain A and E residue via
hydrophobic and electrostatic bonds and possesses a
binding affinity of -11.8 kcal/mol, while
nimbidinin binds with A and B chain residue via
electrostatic bond and shows a binding affinity of
-12.3 kcal/mol. Chavicol possesses weak binding
affinity, while azadirachtin shows the highest binding
affinity.

Moreover previously, the research on the
anticancer potential of new amido-thiadiazol-coupled
noscapine derivatives was screened against PDB 1D
6Y6D. The findings suggested that the synthesised
compounds show binding affinity in between -5.418
to -9.679 kcal/mol, while noscapine shows binding
affinity-5.304 kcal/mol®. The 2D and 3D interaction
data were represented in (Table 2) while the
comparison between several binding affinities were
observed in (Fig. 3).

Several amino acids were involved in this protein
ligand interaction such as GLU65, GLU411, GLUSS,
ASP163, ARG61, ASN206, ALA12, ILE171, VALTS,
TYRS83, LYS402, LEU405, LYS105, TYR262,
ASP98, and LEU248 represented in (Table 5).

ADME and target prediction

The in silico ADME and target prediction were
carried out using conical smiles of selected
compounds. All compounds show versatile targets
and can be screened further for several
pharmacological actions via in silico, in vitro, and
in vivo approaches. The predicted target and ADME
profile of selected compounds was represented in
(Table 6).

The pharmacokinetic profiles of eight bioactive
compounds from natural sources were evaluated,
revealing diverse absorption, metabolism, and
transport characteristics. Azadirachtin, Beta-sitosterol
and Zingiberene showed low absorption while others
show high absorption. CYP inhibition assays revealed
that Chavibetol and Nimbin were potential inhibitors
of CYP1A2, while Curcumin inhibited CYP2C9.
These findings suggest potential  drug-herb
interactions and motivate further investigation.
Membrane transporter interactions were observed for
several compounds, with Azadirachtin, Beta-
sitosterol, and Zingiberene identified as P-gp
substrates. This highlights the importance of
considering transporter-mediated efflux in the
pharmacokinetics of these compounds. The LD50
values revealed varying toxicity profiles, with
Azadirachtin and curcumin exhibiting the lowest
toxicity (2000 mg/kg) and Nimbidinin showing the
highest toxicity (600 mg/kg). Overall, this study
provides valuable insights into the pharmacokinetic
properties of bioactive compounds from natural
sources, highlighting their potential for drug
development and herb-drug interactions.

In silico toxicity prediction suggests that
zingiberene, chavibetol, and chavicol were relatively
non-toxic. Although curcumin exhibits slight toxicity,
particularly to the immune system and kidneys, it was
generally regarded as harmless. Nimbin and
azadirachtin, however, had wide toxicity profiles.
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Table 4 — 2D and 3D interaction of ligand against PDB ID: 6Y6D

Compound 2D Interaction 3D Interaction
Azadirachtin

‘6lu
(Ess)
b

H-Bonds
Dorior

Acceptor

Beta-sitosterol

TYR
C:224 THR
£:179

ASN ILE FiBonds V
T206 c:171 P IA
SER
C:140
Acceptor L
Chavibetol
PHE
C:87 ﬁz
GLU
= C:22
VAL TYR
C:78 Y C:83
C:18
H-Bonds
Donor
Acceptor B
Chavicol
GLU THR
B:415 B:409

TYR - o)
C:262 \

HBonds
Donor
HIS ]
B:406
(1743

B:403 Acceptor I (COntd)
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Table 4 — 2D and 3D interaction of ligand against PDB ID: 6Y6D (contd.)

Compound 2D Interaction
Curcumin
LYS
C:163
SER
C:165 GLN
/) C:133
Gingiberene
HIS
B:406
LYS
B:402
LEU
B:405 PRO
C:263
Nimbidinin -
- A:10
A:146
THR
A:145 SER
ASP GIN Ad40
A:98 GLY A:ll LEU
. A:143 B:248
MG
A:502 —
GlY 3
Al44 alZ
\
\
Lvs \
B:254 .
2+
ASN TYR
A:101

A:224

3D Interaction

H-Bonds
Donor

Acceptor .

H-Bonds

Donor

Acceptor .

H-Bonds
Donor

Acceptor B

(contd.)
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Table 4 — 2D and 3D interaction of ligand against PDB ID: 6Y6D (contd.)

Compound
Nimbin

2D Interaction

H-Bonds

Donor

Acceptor L

3D Interaction

Table 5 — Binding affinity and amino acid residue of selected compound

Sr.no Compound Name Binding affinity
(kcal/mol)

1 Azadirachtin -13.5

2 Beta-sitosterol -10.6

3 Chavibetol -6.6
Chavicol -4.8

5 Curcumin -7.8

6 Zingiberene -5.3

7 Nimbidinin -12.3

8 Nimbin -11.8

Bond

Electrostatic
Hydrogen Bond
Hydrogen Bond

Hydrophobic

Hydrophobic

Hydrophobic
Hydrogen Bond,

Electrostatic

Hydrophobic

Electrostatic,
Hydrophobic
Electrostatic

Type

Hydrogen Bond

Pi-Donor Hydrogen Bond,

Pi-Alkyl
Alkyl, Pi-Alkyl
Alkyl
Pi-Cation

Pi-Pi T-shaped,
Alkyl
Attractive Charge,
Alkyl
Attractive Charge

Amino acid residues

Attractive Charge, Conventional GLU65, GLU411, GLUSS,

ASP163, ARG61
ASN206, ALA12,ILE171

VAL78, TYRS3
LYS402, LEU405
LYS105

Pi-Donor Hydrogen Bond

TYR262, LYS402, LEU405

ASP98, LEU248

GLU6S, GLU411

 Binding affinity (kcal/mol)

Fig. 3 — Comparative binding affinity of selected ligands against PDB ID: 6Y6D
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Table 6 — Target prediction and ADME of selected compounds
Compound name

Target prediction ADME
Azadirachtin

LPO
6.7% 13.3%
6.7%

FLEX - ‘ SIZE
6.7%

13.3%

13.3%

INSATU POLAR

6.7% INSOLU
33.3%

B FamilyA G proteincoupled receptor [l Kinase [ Ligand-gated ion channel
[ Transcription factor

[0 Enzyme [ Oxidoreductase
1 Isomerase W Protease

Beta-sitosterol

26.7% =

FLEX SIZE

6.7%
33.3%

6 7 0/ INSATU
. 0

POLAR

6 7% INSOLU

6.7%
6.7% 6.7%
B Cytochrome P450 [ Nuclear receptor
[l Secreted protein
B Hydrolase

B Oxidoreductase

[l Other membrane protein

[ Unclassified protein
[ Electrochemical transporter

Chavibetol

LIPO
20.0%
6.7%

FLEX SIZE

6.7%

26.7%

13.3% INSATU

POLAR

67% 70 6.7% INSOLU
B secsted protein

[ Oxidoreductase [T Family & G protein-coupled eceplor
[0 Eraser [0 Enzyme [0 Kinase
[0 Family C G protein-coupled recaptor M Nuclear receptor [ Ligand-gated ion channal

(contd.)
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Table 6 — Target prediction and ADME of selected compounds (contd.)

Compound name Target prediction
Chavicol 13.3%
20.0%
6.7%
FLEX
6.7%
6.7%
20.0% INSATU
6.7%
6.7% 7% L
B Oxidoreductase B Nuclear receptor H Lyase
2 Family A G protein-coupled receptor [ Enzyme [ Cytochrome P450
B Eraser M Ligand-gated ion channel ] Hydrolase
[l Structural protein
Curcumin
6.7% 6.7%
20.0% e
20.0%
6_7% INSATU
6.7%
6.7% 13.3%
87% 67%
[ Oxidoreductase [ Membrane receptor [ writer
£ Enzyme [ Toll-like and II-1 receptors ] Protease
[ Isomerase B Unclassified protein [ Kinase
[C1 Transeription factor
Zingiberene -
FLEX
INSATU
Nimbidinin
FLEX
33.3%
INSATU
6.7% 6.7%
B Other cytosolic protein [ Membrane receptor [ Phosphodiesterase
[ Reader [ Writer [ Kinase
[ Nuclear receptor M Other nuclear potein [ Protease
[] Secreted protein B Enzyme

ADME

uPo

INSOLU

uPO

INSOLU

INSOLU

INSOLU

SIZE

POLAR

SIZE

- sizE

~ POLAR

(contd.)
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Table 6 — Target prediction and ADME of selected compounds (contd.)

Compound name Target prediction ADME
Nimbin
26.7”/0 LIPO
6.7%
FLEX SIZE
6.7%
6.7%
6.7%
20.0% INSATU POLAR
26 7 u/o INSOLU
I Other cytosolic protein [ Family A G protein-coupled receptor [ Transferase
[ Unclassified protein [ Enzyme [0 Protease
[ Other nuclear protein
Nimbidinin and betasitosterol demonstrate the  compounds that have been chosen, in particular

immune and respiratory systems.

Conclusion

From network pharmacology and target prediction,
it was found that several anticancer genes are
common in all the constituents. Additionally, NR3C1
is a common gene found in azadirachtin and
betasitosterol, which is a glucocorticoid receptor.
STAT3, EGFR are common genes found in curcumin
and nimbidinin, which are signal transducer and
activator of transcription 3 receptor and epidermal
growth factor receptor, respectively. HSP90AAL,
which is the heat shock protein HSP 90-alpha receptor
common gene found in Nimbidinin and nimbin.
While PARP1 is a poly [ADP-ribose] polymerase 1
receptor common gene observed in nimbin and
chavibetol. Considering network pharmacology
analysis, all the constituents were further screened for
their anticancer potential via in silico molecular
docking studies.

Strong binding affinities were found by molecular
docking, particularly for azadirachtin, nimbidinin, and
nimbin, suggesting potential anticancer action.
Significant interactions involving various binding
affinities between protein 6Y6D and the chosen
bioactive substances were found in the investigation.
The maximum binding affinity was shown by
azadirachtin (-13.5 kcal/mol), which was followed by
nimbin (-11.8 kcal/mol) and nimbidinin
(-12.3 kcal/mol). Significantly, the protein's chain
C exhibited significant binding to betasitosterol,
zingiberene, and chavibetol, suggesting a possible
binding site. According to these results, the bioactive

azadirachtin, nimbidinin, and nimbin, may be useful as
lead compounds for further research into developing
anticancer medicines that target protein 6Y6D.

Further experimental validation and optimization
are necessary to explore their therapeutic potential.

Pharmacokinetic ~ evaluation = showed  diverse
absorption, metabolism, and transport
characteristics, highlighting potential drug-herb

interactions and the importance of considering
transporter-mediated  efflux. The compounds
exhibited  varying  toxicity  profiles,  with
Azadirachtin and Curcumin showing the lowest
toxicity. Overall, this study provides a holistic
understanding of the selected bioactive compounds,
underscoring their potential for drug development
and highlighting the need for further investigation
into their therapeutic applications and safety profiles.
The findings of this study can inform the
development of mnovel anticancer agents and
highlight the  importance  of  considering
pharmacokinetic properties in the development of
herbal-based therapies.

Acknowledgement
The authors acknowledge College of Pharmacy,
Akluj for providing laboratory facilities and support.

Conflict of interests
All authors declare no conflict of interest.

References

1  Stanzione F, Giangreco I & Cole JC, Use of molecular
docking computational tools in drug discovery. Prog Med
Chem, 60 (2021) 273.



130

10

11

12

13

14

15

INDIAN J. BIOCHEM. BIOPHYS., VOL. 62, FEBRUARY 2025

Agu PC, Afiukwa CA, Orji OU, Ezeh EM, Ofoke IH,
Ogbu CO, Ugwuja EI & Aja PM, Molecular docking as a
tool for the discovery of molecular targets of nutraceuticals
in diseases management. Sci Rep, 13 (2023) 13398.
Salo-Ahen, OMH, Alanko I, Bhadane R, Bonvin AMJJ,
Honorato RV, Hossain S, Juffer A H,
Kabedev A, Lahtela-Kakkonen M, Larsen A S, Lescrinier E,
Marimuthu P, Mirza M U, Mustafa G, Nunes-Alves A,
Pantsar T, Saadabadi A, Singaravelu K & Vanmeert M,
Molecular Dynamics Simulations in Drug Discovery and
Pharmaceutical Development. Processes, 9 (2020) 71.

Oliva MA, Prota AE, Rodriguez-Salarichs J,
Bennani YL, Jimenez-Barbero J, Bargsten K, Canales A,
Steinmetz MO & Diaz JF, Structural basis of noscapine
activation for tubulin binding. J Med Chem, 63 (2020) 8495.
Sarkar S, Singh RP & Bhattacharya G, Exploring the role of
Azadirachta indica (neem) and its active compounds in the
regulation of biological pathways: an update on molecular
approach. Biotech, 11 (2021) 178.

Bao X, Zhang Y, Zhang H & Xia L, Molecular mechanism
of B-sitosterol and its derivatives in tumor progression. Front
Oncol, 12 (2022) 926975.

Das S, Sandeep IS, Mohapatra P, Kar B, Sahoo RK,
Subudhi E, Nayak S & Mohanty S, A comparative study
of essential oil profile, antibacterial and antioxidant activities
of thirty Piper betle landraces towards selection of
industrially important chemotypes. Ind Crops Prod, 187
(2022) 115289.

Azeez TB & Lunghar J, Anti-inflammatory effects of
turmeric (Curcuma longa) and ginger (Zingiber officinale).
Inflamm Natural Prod, (2021) 83.

Guo W, Liu YE, Chen B & Fan L, Target prediction and
potential application of dihydroartemisinin on hepatocarcinoma
treatment. Naunyn Schmiedebergs Arch, 7 (2024) 1.

Marques L, Costa B, Pereira M, Silva A, Santos J,
Saldanha L, Silva I, Magalhaes P, Schmidt S & Vale N,
Advancing precision medicine: A review of innovative
in silico approaches for drug development, -clinical
pharmacology and personalized healthcare. Pharmaceutics,
16 (2024) 332.

Nandi S, Bhaduri S, Das D, Ghosh P, Mandal M & Mitra P,
Deciphering the lexicon of protein targets: a review on
multifaceted drug discovery in the era of artificial
intelligence. Mol Pharm, 11 (2024) 1563.

Daina A, Michielin O & Zoete V, SwissTargetPrediction:
updated data and new features for efficient prediction of
protein targets of small molecules. Nucleic Acids Res, 47
(2019) W357.

Swetha S, Manivannan HP, Francis AP, Veeraraghavan VP,
Gayathri R & Sankaran K, Identification of potential lead
compound from Thuja occidentalis as an inhibitor of FMS-
like tyrosine kinase 3 (FLT3) in acute myeloid leukemia
through virtual screening. Indian J Biochem Biophys, 61
(2024) 472.

Kumar P, Ansari K & Jhala D, Deciphering the therapeutic
potential of bergenin in breast cancer: In silico insights into
HSP90AA1 and HRAS interaction mediated inhibition of
PI3K-Akt and MAPK signaling pathway. Indian J Biochem
Biophys, 61 (2024):639.

Rappaport N, Nativ N, Stelzer G, Twik M, Guan-Golan Y,
Iny Stein T, Bahir I, Belinky F, Morrey CP, Safran M &

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Lancet D, Mala Cards: an integrated compendium for
diseases and their annotation. Database, 1 (2013) 1.

Sekaran K, Karthik A, Varghese RP, Sathiyarajeswaran P,
Devi MS, Siva R & Doss CG, In silico network
pharmacology study on Glycyrrhiza glabra: Analyzing the
immune-boosting phytochemical properties of Siddha
medicinal plant against COVID-19. Adv Protein Chem Struct
Biol, 138 (2024) 233.

Pinzi L & Rastelli G, Molecular Docking: Shifting
Paradigms in Drug Discovery. Int J Mol Sci, 20 (2019) 4331.
Asokan K & Paranthaman S, Investigation of cholinergic
inhibition by donepezil-rimegepant hybrids in alzheimer’s
disease: An in silico study. Indian J Biochem Biophys, 61
(2024) 788.

Agarwal T, Manivannan HP, Gayathri R, Veeraraghavan VP,
Sankaran K & Francis AP, Selective plant alkaloids as
potential inhibitors of PARP in pancreatic cancer- An
in silico study. Indian J Biochem Biophys, 60 (2023) 555.
Trott O & Olson AJ, AutoDock Vina: improving the speed
and accuracy of docking with a new scoring function,
efficient optimization and multithreading. J Comput Chem,
31(2010) 455.
https://www.3ds.com/products-services/BIOVIA/products/
molecular-modeling. (as assessed august 2024).

O'Boyle NM, Banck M, James CA, Morley C,
Vandermeersch T & Hutchison GR, Open Babel: An open
chemical toolbox. J Cheminform, 3 (2011) 33.

Noymi B, Nerswn B, Baruah D, Sarma PK & Sarmah J,
Structural analysis of Glucose-6-Phosphate Dehydrogenase
(G6PD) variants from Northeast India and natural
antioxidants as a pharmacological agent to alleviate G6PD
deficiency associated challenges- An in silico approach.
Indian J Biochem Biophys, 62 (2025) 25.

Mishra T, Singh S & Kulshreshtha A, Binding interaction of
laccases and Peroxidases from Bacillus Subtilis after
Industrial dyes exposure: Molecular docking and Molecular
dynamics simulation studies. Indian J Biochem Biophys, 61
(2024) 48.

Daina A, Michielin O & Zoete V, Swiss ADME: a
free web tool to evaluate pharmacokinetics, drug-likeness
and medicinal chemistry friendliness of small molecules.
Sci Rep, 7 (2017) 42717.

Aathira KK & Kariyil BJ, Inhibition of NF-kB signalling
pathway by methanol extract of fruit pericarp of Garcinia
gummi-gutta in inflammatory breast cancer with triple
negative phenotype. Indian J Biochem Biophys, 61 (2024)
589.

Ranade PB, Navale DN, Negi DM, Anware UA, Jajoriya CC
& Mane PP, In silico study of 4-amino substituted-7-
chloroquinoline derivatives as Plasmodium falciparum
lactate dehydrogenase inhibitors. /ndian J Biochem Biophys,
61 (2024) 443.

Banerjee P, Kemmler E, Dunkel M, Preissner R,
ProTox 3.0: a webserver for the prediction of toxicity of
chemicals. Nucleic Acids Res, 52 (2024) 513.

Pedapati RK, Pragyandipta P, Abburi NP,
Chirra N, Kantevari S & Naik PK, Antiproliferative
noscapinoids bearing an amidothiadiazole scaffold as

apoptosis inducers: design, synthesis and molecular docking.
Chem Biodivers, 20 (2023) ¢202201089.





