Asian Journal of Chemistry; Vol. 34, No. 9 (2022), 2311-2317 €3 ASIAN JOURNAL

ASIAN JOURNAL OF CHEMISTRY

5121 Journa) of Chems

https://doi.org/10.14233/ajchem.2022.23815

b _ OF CHEMISTRY

Editor-in-Chief
DR RK. AGARWAL

Molecular Docking Studies and in silico ADMET Screening of Indazole
Scaffolds as VEGFR and Enoyl-ACP (CoA) Reductase Inhibitors

ANURUDDHA R. CHABUKSWAR!"®, RaJESH B. NANAWARE"®, SwaTI JAGDALE®®, SURAJ B. NANAWARE>® and JAIPRAKASH SANGSHETTI®

'Department of Pharmaceutical Chemistry, School of Pharmacy, Dr. Vishwanath Karad MIT World Peace University, Pune-411038, India
*Department of Pharmaceutics, School of Pharmacy, Dr. Vishwanath Karad MIT World Peace University, Pune-411038, India
*Department of Pharmaceutics, Shri Bhairavnath Nisarg Mandals College of Pharmacy, Osmanabad-413501, India

*Department of Pharmaceutical Chemistry, Y.B. Chavan College of Pharmacy, Aurangabad-431001, India

*Corresponding author: E-mail: anuruddha.chabukswar@mitwpu.edu.in

Received: 3 March 2022; Accepted: 16 June 2022;

INTRODUCTION

After breast cancer, lung cancer is the second most commonly
diagnosed cancer worldwide, and its prevalence is continuously
increasing. Lung cancer is expected to account for 11.4% cancer
burden in 2020, with an estimated 2.2 million new cases diag-
nosed. An estimated 18% (1.8 million) lung cancer death occurred
in 2020 [1]. Non-small cell lung cancer (NSCLC) accounted
for approximately 85% of newly diagnosed lung cancer cases
[2]. Angiogenesis is known to be stimulated by abnormal activ-
ation of vascular endothelial growth factor receptors (VEGFRs),
which causes cell proliferation, migration, survival, and
permeability of blood vessels [3,4]. Since discovering the
critical functions of RTKs (receptor tyrosine kinases) in tumor
development and progression in the last few decades, inhibiting
RTKSs to prevent cancer growth and metastasis has become a
promising method for developing new anticancer drugs [5,6].
Several VEGFR inhibitors, including indol-based sunitinib,
nintedanib, indazole-based pazopanib and axitinib, urea deri-
vative sorafenib and lavatinib, have been approved for cancer
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Lung cancer is expected to account for 11.4 % of the cancer burden in 2020, with an estimated 2.2 million new cases diagnosed and 1.8 |
million deaths occurring. Non-small-cell lung cancer accounted for approximately 85% of newly diagnosed lung cancer cases. In non- |
small cell lung cancer and tuberculosis level of vascular endothelial growth factor was found to be elevated, which induces angiogenesis.
In this study molecular docking analysis along with pharmacokinetic/ADMET and drug likeness prediction were carried out to evaluate |
the newly designed indazole scaffolds as potent VEGFR and Enoyl-ACP (CoA) reductase enzyme inhibitors. Out of 11 screened compounds, |
two compounds having good scores (-7.72 and -7.54 kcal/mol) emerged as effective and potent VEGFR-2 inhibitors and three compounds |
showed highest binding affinities (-8.30, -7.76, -7.62 kcal/mol) with Enoyl-ACP. This study reveals that, newly designed indazole compounds |
could be the potential drug of choice against non-small cell lung cancer and tuberculosis. |
|
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treatment therapy [7,8]. The level of VEGF in tuberculosis
(TB) patients is raised, according to in vitro and in vivo studies.
In active pulmonary tuberculosis lesions, intense angiogenesis
has been seen [9,10]. VEGF levels were thus elevated in both
NSCLC and tuberculosis. However, the efficacy of these anti-
angiogenic drugs has been impaired by resistance and severe
side effects, suggesting that VEGFR domain could be a promi-
sing target for the development of novel anticancer treatments
in NSCLC. In 2019, an estimated 10.0 million individuals
worldwide developed tuberculosis. Drug-resistant tuberculosis
continues to be a public health threat. In 2019, nearly half a
million persons got rifampicin-resistant tuberculosis (RR-TB),
with 78 % having multidrug-resistant tuberculosis (MDR-TB).
In 2019, tuberculosis claimed the lives of 1.4 million indivi-
duals, including 2,08000 HIV-positive people [11]. The indazole
scaffold has been studied extensively for the development of
newer pharmaceutical drugs and numerous indazole derivatives
exhibit their capacity to inhibit VEGFR-2 and mycobacterium
tuberculosis [12-14].
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Anti-angiogenic medicines, when used in conjunction with
anti-tuberculosis medications, have the potential to increase
antimicrobial drug delivery into aberrant vasculature and stim-
ulate sensitivity to drug therapy via oxygen during the window
of normalization [15]. Hence in this context, present research
focuses on the computational design of novel VEGFR-2 and
Enoyl-ACP (CoA) reductase enzyme (InhA) inhibitors with
better inhibitory effects by using docking studies and ADMET
prediction.

EXPERIMENTAL

This computational work was carried out on a computer
with an Intel Core 15-4570 CPU operating at 3.20 GHz and 4GB
of RAM. Softwares such as Autodock 4.2.6, UCSF Chimera
1.15, ACD/ChemSketch (Freeware-drawing package), Biovia
discovery studio visualizer, Open Babel GUI 3.1.1, an open
chemical toolbox for molecular docking and Swiss ADME: a
free web tool for ADME prediction, were used.

Ligand preparation: Using the ACD/ChemSketch soft-
ware, a set of eleven newly designed compounds with an inda-
zole scaffold was created. All the 3D structures were converted
into PDB file format utilizing Open Babel GUI [16] and then
the energy of all the structures were minimized by assigning
100 steps of steepest descent and 10 steps of conjugate gradient

energy minimization in UCSF-Chimera software [17]. All the
energy minimized structures were converted into PDBQT file
format after detecting root, number of torsions and aromaticity
criteria (< 7.5) with the help of Autodock tools [18,19]. Two
dimensional structures of designed ligands are represented in
Table-1.

Receptor preparation: The 3D crystal structure of
VEGFR-2 (PDB ID: 4AGD) and Enoyl-ACP (CoA) reductase
enzyme (InhA) (PDB ID: 2AQK) were retrieved from the protein
data bank [20,21]. Water molecules, ions and other ligands
present in the protein were removed and the polar hydrogens
and Kollman charges were added to the proteins. The PDB
format files of proteins were converted into PDBQT file format
after assigning AD4 charges. The grid parameter (.gpf) files
were prepared by adjusting the size dimension of grid box as
40 x 40 x 50 and 98 x 98 x 98 (0.5 A spacing) for both 4AGD
and 2AQK proteins respectively. After, the grid log files (.glg)
were prepared by launching Autogrid. By utilizing docking
parameter file (.dpf), docking log file (.dlg) were generated
using ADT. The docking study was performed by using genetic
search Lamarkain algorithm to explore the best conformational
space for the ligand with 10 docking runs for each ligand. The
maximum number of generations and evaluation were set at
27000 and 2500000, respectively. Finally the best-fit comp-

TABLE-1
STRUCTURES OF NEWLY DESIGNED COMPOUNDS AGAINST NON-SMALL CELL LUNG CANCER AND TUBERCULOSIS
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lexes were analyzed manually using ADT. The docked receptor
and ligands interactions were visualized and ranked based on
binding energy using discovery studio visualizer.

Drug-likeness and ADMET properties prediction: In
this present study, a free online web tool of SwissADME was
used to predict the Lipinski’s parameters, pharmacokinetic
properties, synthetic accessibility and toxicity of compounds
[22-25]. The bioavailability and transportation of an effective
compound across the blood-brain barrier were predicted using
topological polar surface area (tPSA)[26]. In some of the
earlier studies, docking interactions of indzaole showed
potential as antibacterial agent [27].

RESULTS AND DISCUSSION

Molecular docking studies of designed compounds: All
the newly designed indazole based inhibitors showed negative
binding energy.

Binding profile of newly designed inhibitors against
4AGD: Out of 11 compounds screened against 4AGD some
of the compounds showed significant binding energies when
compared with standard ligands. Compounds showing
significant interactions are as follows:

Compound AA showed the highest binding energy value
of -7.72 kcal/mol and formed three hydrogen bonds with
LEU840, ASN923, ARG842 amino acid residues and bond
distances were 2.09, 2.17 and 2.17 A, respectively. Followed
by compound AF showed binding energy value of -7. 54 kcal/
mol and two hydrogen bond interactions were observed with
amino acid positions ARG1032 and ASN923 and their bond
distances were 2.25 and 2.57 A, respectively. Besides hydrogen
bonds, it formed halogen bond with ASP1058 amino acid and
n-1 bond with PHE1047. Compound Al showed the binding
energy value of -5.65 kcal/mol, formed 3-hydrogen bond inter-
actions with amino acids ILE1111, ARG1061 and PRO1057
(bond distances 2.24, 2.35 and 2.80 A, respectively). It also
formed carbon-hydrogen bond with amino acid THR1059 and
PRO1057, ©-6 bond with VAL1060 amino acid. Compound
ACF showed the binding energy of -5.65 kcal/mol, formed
one hydrogen bond interaction with amino acid SER1154 (2.48

A). It also formed carbon hydrogen bonds with ASP807 and
ALA1020 and alkyl bond with amino acid ILE1084. Comp-
ound ADC showed binding energy value of -5.57 kcal/mol
and formed 2 hydrogen bonds with amino acid GLU1048 and
SER803 residues with distance 2.16 and 2.27 A. It also formed
carbon hydrogen bonds with amino acid ARG1051, ARG1066
and other hydrophobic bonds with PRO1068, LEU1067, ALA844
and TYR1054 (Table-2). Fig. 1 represent the docking score
and amino acids involved in hydrophobic interactions of newly
designed compounds against 4AGD.

Binding profile of newly designed inhibitors against
2AQK: All 11 newly designed compounds were screened against
2AQK. Compound ADC has the highest binding affinity of
-8.30 kcal/mol, formed 3 hydrogen bonds with GLY96, ILE194
and GLY 14 (bond distances 2.01, 2.18 and 2.36 A, respectively)
amino acid residues. It forms hydrophobic bonds with MET199,
MET147, ILE21, ALA94, VAL6S5, ILE9S and PHE41. The
second best designed compound ACN has binding affinity of
-7.76 kcal/mol and formed three hydrogen bonds with GLY 14
(2.10 A), MET98 (2.12 A) and THR (2.23 A) amino acid
residues. It also forms carbon-hydrogen bond with GLY96
(4.78 A) amino acid and other hydrophobic bonds with PHE97,
PHEA41, ALA198, ILE122, ILE16 and ILE95 amino acid
residues. Compound Al showed binding energy value of -7.62
kcal/mol and it formed one hydrogen bond with MET98 (2.14
A). It also formed carbon hydrogen bond with GLY96 and
other interactions with MET161, MET147, ILE21, ILE 95,
ILE122, ALA94, ALA22, PHE41 and PHE97 amino acid
residues. Compound ADF has binding energy of -7.35 kcal/
mol and formed two hydrogen bonds with ILE194 (1.84A)
and GLY 14 (1.96A). It also formed carbon hydrogen bonds
with ASP148 & ILE95 and halogen bonds with ALA94 and
GLY96. In addition it forms hydrophobic bonds with ALA94,
MET194, MET147,1LE21, PHE149 and ALA22. Compound
ACF has binding affinity of -7.33 kcal/mol and formed two
hydrogen bonds with amino acid GLY96 (1.68 A) and GLY 14
(2.22 A). It forms hydrophobic bonds with ILE122, ILE21
PHE41, GLU810, ILE9S5, ALA194 and MET199 amino acid
residues (Table-3). Fig. 2 indicates the docking score and

TABLE-2
TYPES OF INTERACTIONS OF NEWLY DESIGNED VEGFR-2 INHIBITORS WITH 4AGD

Binding affinities Conventional hydrogen

Entry Ceeallizmal) bond Bond angle (A) Hydrophobic and other interactions
ACF -5.65 SER1154 2.48 ASP807, ALA1020, ILE1084
ACN -5.27 LYS1070, ARG1061 2.41,2.55 ASP1058, PRO1057, VAL1060, ILE1111
AA -1.72 LEU840, ASN923, 2.09,2.17,2.17  ASP1058, ASN923, ARG1032, ARG1051, PHE1047
ARG842
AC -5.15 LEU840, SER930 2.93,2.23 ALAS866, VAL916, VAL848, CYS919, PHE918
ADC -5.57 GLY1048, SER803 2.16,2.27 ARG1066, ARG1051, TYR1054, ALA844, PRO1068, LEU1067
ADF -5.55 CYS919 2.93 LYS868, LEU840, VALS848, VAL916, LEU1035, CYS1045,
ALA866, PHE918
ADM -3.93 - - GLU1146, ASP809, GLU1075, PRO1147, LYS1023, ALA1020,
VALI1081
AF -7.54 ARG1032, ASN923 2.25,2.57 ASP1058, PHE1047
Al -5.65 ILE1111, ARG1061, 2.24,2.35,2.80 TYRI1059, VAL1060
PRO1057
AN -4.82 CYS919 2.06 LYS868, PRO839, LEU840, LEU1035, VALB848, ALAS868,
PHE918
ATM -4.62 TYR1082 2.63 GLUS810, ASP809, PRO808, ALA1020, LYS1023, ILE1084
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Fig. 1. (a) Docked complex of AA, (b) 2D interaction diagram of AA with 4AGD, (c) docked complex of AF, (d) 2D interaction diagram of

AF with 4AGD
TABLE-3
TYPES OF INTERACTIONS OF NEWLY DESIGNED TUBERCULOSIS INHIBITORS WITH 2AQK
Binding Conventional F . . .
Entry affinitics hydrogen bonds Bond angle (A) Hydrophobic and other interactions
ACF -7.33 GLY96, GLY14 1.68, 2.22 GLUS10, ILE9S, 194, & 21, MET199, 1LE122, ALA94, PHE41,
ASP809
ACN 7.76 GLY14, MET98, THR39 2.10,2.12,2.23  PHE97, ALA198, ILE16, ILE122, ILE95, GLY96, PHE41.
AA -7.25 LYS165 2.20 MET161, ILE94, ILE195, ASP148, ALA191, 94 &22, ILE21,
MET147
AC -7.15 ILE194, GLY14, GLY96 1.84,2.13,2.35 ILE21, MET199, ILE9S, ILE122, PHE41, VAL65
ADC -8.30 GLY96, ILE194, GLY 14 2.01,2.18,2.36  MET147, ILE21, MET199, ALA94, ILE95, VAL65, PHE41
ADF -7.35 ILE194, GLY 14 1.84, 1.96 PHE149, MET199, GLY96, ILE95, ALA22 &94, ASP148, ILE21,
MET147
ADM -6.13 GLY14 2.33 ASP148, MET147, MET161, ALA94, ALA22, ILE21, 95 &122,
GLY9%6
AF -7.09 ILE194, GLY96 1.80, 2.22 ALA22,94 & 191, ILE21, GLY14, SER20, MET147&161, TYR158,
PHE149
Al -7.62 MET98 2.14 METI161, MET147, ILE21, 95 & 122, ALA22 & 94, PHE41, PHE97,
GLY96
AN -7.01 SER20, ASP148, MET98 1.97,2.13,2.14  GLY96, PRO193, PHE97 &149, ALA191, MET147, 161&199,
TYRI158, ILE21
ATM -6.13 PHE108, ALA157, MET155  2.18,2.19.2.30 VAL163, ALA154, PRO107, ILE105, GLY104, GLN214, PRO156
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Fig. 2. (a) Docked complex of ADC, (b) 2D interaction diagram of ADC with 2AQK, (c¢) docked complex of ACN, (d) 2D interaction diagram

of ACN with 2AQK

amino acid involved in hydrophobic interactions of newly
designed compounds against 2AQK. Docking calculations
were validated by redocking ligand that was co-crystallized
in the receptor structure of 4AGD and docking standard isoniazid
with 2AQK. In case of receptor 4AGD, most of the indazole
based compounds display significant docking score as compared
to the standard drug sunitinib which has the binding energy
-9.10 kcal/mol. When it came to 2AQK, all of the newly
designed indazole based compounds surpassed the standard
drug isoniazid, which has a binding energy of -5.26 kcal/mol.

Drug-likeness and ADME properties prediction: The
drug-likeness properties of the designed compounds were pred-
icted following Lipinski's Rule of Five. All the tested compound
passes Lipinski's Rule of Five with O violation except
compound-3 (Al) passes with one violation MW > 500 and
compound-11 (ADM) passes with one violation rotatable bonds
>10. The number of hydrogen bond donors and acceptors for

all was less than 5 and 10, respectively. The passive molecular
transport over membranes as well as the blood-brain barrier
was correlated with the property topological polar surface are
(tPSA).The molecules having tPSA value < 140 A2 passes the
standard for GI absorption. In contrast, all tested compounds
except compound 7 and 9 (tPSA 117.46A2) and compound-
10 (tPSA 99.33 10\2) have a low BBB penetration (tPSA > 90.00
A?), that indicates the side effects of CNS are compact or inatt-
entive but not in case of other compounds. All the tested comp-
ounds were found to have WLOGp values (which predicts
whether a molecule has low toxicity level or not) less than 5.
The synthetic accessibility score of these newly designed
compounds on the scale were in the easy portion (< 5). It means
these compounds can be easily synthesizable in the laboratory
(Table-4). Bioavailability of the tested compounds was found
to be 0.55. On that basis, the newly designed compounds pred-
icted to be drug-like compounds, orally bioavailable and active.
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TABLE-4
DRUG-LIKENESS PROPERTIES OF THE NEWLY DESIGNED COMPOUNDS

Compd. code MW tPSA WLOGP HBD HBA ROS violation RB SA
ACF 434.89 71.64 4.25 2 6 0 8 3.29
ACN 461.90 117.46 3.60 2 7 0 9 3.47
AA 382.46 71.64 2.19 2 5 0 8 3.19

AC 416.90 71.64 3.69 2 5 0 8 3.20
ADC 451.34 71.64 4.34 2 5 0 8 3.27
ADF 418.44 71.64 4.15 2 7 0 8 3.34
ADM 442.51 90.10 1.32 2 7 0 10 3.56
AF 400.45 71.64 3.69 2 6 0 8 3.21

Al 508.35 71.64 2.89 2 5 1 8 3.39

AN 427.45 117.46 2.94 2 7 0 9 3.37
ATM 472.53 99.33 3.06 2 8 0 11 3.74

MW: molecular weight; tPSA: total polar surface area; HBD: hydrogen bond donars; HBA: hydrogen bond acceptors; RB: rotatable bonds; SA:

synthetic accessibility.

TABLE-5
ADME PROPERTIES OF NEWLY DESIGNED COMPOUNDS
Compd. code c . LE1E)E) Pgp substrate ]‘:‘sioavil— CYI.)I. £ C.YP.2 .C19 CYP2 & CYP2 —
absorption permeant ability score inhibitor inhibitor inhibitor inhibitor
ACF High Yes Yes 0.55 Yes Yes Yes Yes
ACN High No No 0.55 No Yes Yes Yes
AA High Yes Yes 0.55 Yes Yes Yes Yes
AC High Yes Yes 0.55 Yes Yes Yes Yes
ADC High Yes No 0.55 No Yes Yes Yes
ADF High Yes Yes 0.55 Yes Yes Yes Yes
ADM High No Yes 0.55 No Yes Yes Yes
AF High Yes Yes 0.55 Yes Yes Yes Yes
Al High Yes No 0.55 Yes Yes Yes Yes
AN High No Yes 0.55 No Yes Yes Yes
ATM High No No 0.55 No Yes Yes Yes

All of the compounds examined exhibited high GI absorption
values and passed the 30% criterion, indicating that these newly
developed compounds have high human intestine absorption
capabilities. All the tested compounds showed moderate water
solubility. Out of 11, compounds ACN, AN, ADM and ATM
were non-permeant of BBB and ACF, AA, AC, ADC, ADF,
AF and AI were the permeant of BBB. Except ACN, ADC, Al
and ATM all tested compounds served as Pgp substrate. Also
all the tested newly designed indazole scaffolds were observed
to inhibit the CYP isoforms except CYP1A2. ACN, ADC, ADM,
AN and ATM were found to be non-inhibitors of CYP1A2 and
compound ACF, AA, AC, ACF, AF and Al observed to inhibit
the CYP1AZ2. The predicted ADME properties of these newly
designed compounds are represented in Table-5.

Conclusion

The molecular docking simulation carried out on indazole
based newly designed compounds as VEGFR-2 and InhA
inhibitors. In this study, compounds AA (-7.72 kcal/mol) and
AF (-7.54 kcal/mol) has highest binding affinity when docked
with 4AGD and compounds ADC (-8.30 kcal/mol), ACN (-7.76
kcal/mol) and Al (-7.62 kcal/mol) showed highest binding
energy when docked with 2AQK. A significant binding affinity
score was found in the majority of newly designed compounds.
Drug-likeness and ADME prediction suggest that these comp-
ounds are orally bioavailable with good absorption, low toxicity
level, and permeable properties and follow Lipinski’s Rule of

Five, except compound Al passes with one violation. Further-
more, these indazole scaffolds were discovered to have good
synthetic accessibility (< 5) indicating that they are easy to
synthesize in the lab. The results observed in the present study
demonstrated that after further refinement, the newly designed
indazole based compounds could be the potential drug of choice
for the treatment of non-small cell lung cancer as well as myco-
bacterium tuberculosis.
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