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Abstract Objective: The antineoplastic agent Pazopanib is effective for treating renal cell cancer and soft tissue
sarcoma. The aim of this study was to elucidate the anticancer mechanism of Pazopanib by exploring its
molecular interactions with vascular endothelial growth factor receptors (VEGFRs). For this purpose, the
most stable structure was determined, and molecular docking and molecular dynamics calculations of
Pazopanib with VEGFR1 and VEGFR2 receptors were performed.

Materials and Methods: Conformational analysis of Pazopanib was performed using VegaZZ software.
Pazopanib was docked to the active sites of the VEGFRT and VEGR2 receptors (PDB IDs: 3HNG; 3VHE) using
Autodock Vina software. The molecular dynamics (MD) simulations were carried out using the YASARA
v22.9.24 program with the AMBER14 force field. The anticancer, antibacterial, antifungal, and antiviral
activities of the compounds were predicted using PaccMann, AntiBac-Pred, AntiFun-Pred, and AntiVir-Pred.

Results: The molecular docking analysis of the Pazopanib molecule with the VEGFR1 and VEGFR2 receptors
revealed a strong binding affinity of the investigated molecule towards the targets. The MD simulations,
performed for Pazopanib-VEGFR1 and Pazopanib-VEGFR2 complexes showed that each docking complex
and intermolecular interactions were stable throughout the simulations.

Conclusion: Molecular docking simulations revealed a strong binding affinity of Pazopanib towards VEGFR1
(-8.6 kcal/mol) and VEGFR2 (-9.9 kcal/mol), indicating its efficacy in cancer treatment. During the 40-
ns MD simulation of the Pazopanib-3hng and Pazopanib-3vhe complexes, we validated the stability of
Pazopanib in the active sites of the receptors. The predicted anticancer, antibacterial, antifungal, and
antiviral activities of Pazopanib revealed its versatile bioactivity.
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INTRODUCTION

Pazopanib, the third tyrosine kinase inhibitor approved by the
Food and Drug Administration (FDA), has been authorised for
the treatment of advanced or metastatic renal cell carcinoma,
targeting the sixth molecular pathway. The mechanism of
action involves the inhibition of intracellular tyrosine kinase
activity of the vascular endothelial growth factor receptor
(VEGFR), thereby exerting its therapeutic effect against renal
cell carcinoma. The antiangiogenic properties of Pazopanib
are responsible for its mechanism of action against advanced
renal cell carcinoma. Pazopanib inhibits the intracellular
tyrosine kinase portion of three VEGFR subtypes and two
platelet-derived growth factor receptor (PDGFR) subtypes on
endothelial cells." Pazopanib has proven to be effective at
slowing down tumour growth across different types of cancers.
It's like @ multitasking pro when it comes to targeting tumors.?
Vascular endothelial growth factor (VEGF) positively regulates
vascular endothelial cells, and the activity of VEGF is regulated
by VEGFR1, VEGFR2, and VEGFR3.3 VEGFR inhibitors are used
for the therapy of many cancer types, especially metastatic
renal cell carcinoma, and it was found in high concentrations
in various cancers.” In a study conducted by Demirtas
in 2013, it was observed that it showed antiproliferative
and antiangiogenic effects with an increase in Pazopanib
concentration in A549 and HUVEC cell lines® Pazopanib is
an inhibitor used in the treatment of metastatic sarcoma.
It has been observed that the success rate is increased in
patients with low tumour grade and especially in those with
few metastatic foci. It was also found that it would be more
appropriate to apply the treatment as a 2nd or 3rd line. The
applicability of pazopanib should be evaluated in the patient
group that has these factors.?

The pazopanib molecule is the first and only tyrosine kinase
inhibitor currently confirmed as the second-step treatment
for multiple subtypes of soft tissue sarcoma after determining
the insufficiency of standard chemotherapy.®™ A preclinical
study, originally improved as a small-molecule inhibitor of
VEGFRs, demonstrated that the Pazopanib molecule has an
anticancer effect.’” Renal cell carcinoma is the most common
type of kidney cancer. Africa and the Pacific islands have
lower incidences of renal cell carcinoma than advanced
nations, except for advanced countries in North America and
Europe. Australia has a higher prevalence than other advanced
countries.’ Renal cell carcinoma cytotoxic therapy is naturally
radiation-resistant or hormone therapy.”®> Pazopanib was
approved by the FDA for the treatment of renal cell carcinoma
and is one of the small molecules that inhibits three VEGFRs,
which are named VEGFR1, VEGFR2, and VEGFR3, which are
members of the receptor type tyrosine kinase. VEGFR1
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regulates monocyte and macrophage migration, and VEGFR2 is
the based on receptor of blood vascular endothelial cells.™®
VEGF, a key proangiogenic molecule, plays a critical role in
tumour angiogenesis and lymphangiogenesis, processes that
are closely associated with tumour growth and metastasis."’
First, the most stable conformer of the Pazopanib molecule
was found, and second, in molecular docking calculations
of the Pazopanib molecule, the conformer was taken as the
initial geometry, and molecular docking calculations were
performed with VEGFR1 and VEGFR2 receptors separately in
the present study.

MATERIALS AND METHODS
Compound Selection and Preparation

The Protein Data Bank provided the 3D molecular structures
of VEGFR1 (3HNG) and VEGFR2 (3VHE).

Conformational Analysis

Conformational analysis of the Pazopanib molecule (PubChem
CID 10113978) was performed using VegaZZ 311 software.’s20
This molecule's structure is optimised using AMMP with
Gasteiger charges and an OPLS force field. A conjugate
gradient optimiser model with 3000 steps, 0.01 Toler, and
0 steepest steps was used for the optimisation process.
Then, five flexible torsion and a 1000-step Boltzmann jump
conformation were selected. The parameters and their values
used for conformation analysis are as follows: temperature =
29815 K, dielectric constant = 1, long-range cutoff 15 A, short-
range cutoff 6 A, and torsion root square difference = 60°.

Molecular Docking

The likely receptor surface binding sites were identified
using CAVER software?' The selected active sites were
subjected to molecular docking simulations using AutoDock-
Vina software? By removing water molecules and adding
polar hydrogens, VEGFR1 and VEGFR2 were prepared for
docking. The Kollman charges of the receptors were also
calculated. The gas-phase optimised Pazopanib molecule was
adapted for molecular docking. Furthermore, the active sites
of the enzymes were determined within the 40 A x 40 A x 40
A grid size, and the partial charges of the Pazopanib molecule
were computed using the Geistenger technique.

Molecular Dynamics (MD)

MD simulations of the Pazopanib-3hng and Pazopanib-3vhe
complexes determined by molecular docking were performed
using the YASARA v22.9.24 program?3 through the AMBER14
force field?* by docking into a water box. Periodic boundary
conditions were applied, and the partial atomic charges of
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the ligands were calculated using the AM1-BCC model in the
YASARA program.?> Na* and Cl" ions were added to the system
to neutralise the charges. The equilibrium system was created
under the conditions of 0.9% NacCl, 1 bar pressure, pH 7.4, and
water solvent (0.997 g/mL) at 300 K. Berendsen26 and Particle
Mesh Ewald thermostats?’” were chosen to regulate the
system's pressure and temperature. Following MD simulation,
the radius of gyration, root mean square deviation (RMSD),
root mean square fluctuation (RMSF), and three-dimensional
structural data were collected for additional analysis.

RESULTS
Conformational Analysis

After examining the conformation of Pazopanib in detail
and identifying its configuration, as depicted in Figure 1; the
optimised geometry parameters are presented in Table 1.
The C-C bond lengths of the phenyl group of Pazopanib
and the chromene derivative?® were calculated in the
range of 13411495 A and 1.394-1400 A, respectively. In
the crystal structures of the hisbenzylisoquinoline alkaloid
methylwariftein?® and benzene3®, the bond lengths of the
phenyl groups were in the range of 1.360-1412 A, and 1.374-1.382
A, respectively.

:

W

&

Figure 1. Conformational analysis of the Pazopanib molecule revealed the
molecular structure of its most stable conformer.
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Table 1. The optimised geometry parameters of Pazopanib were determined
by conformational analysis (bond lengths in A).

Atoms Atoms Atoms Atoms

$1-02 1501 C26-H45  1.088  (C24-H41 M4 CG3-Cn 1.317

51-03 1502 (C27-H46  1.088 (C24-H42 1115  C11-C12 1443

S1-N10 1593  (C25-H44  1.092  C24-H43 1115 N4-C21 1.456

N10-H53 0993 (C23-N7 1377 N5-Cl4 1386 C21-H38 1114

N10-H54  0.99 N7-H&47 0.999 (C14-C15 1354  C21-H39 1113

$1-C20 2.8126 N7-C28 1376  C15-H32  1.088 (C21-H40 1113

C20-C22 1356 (C28-N9 1303 (15-C12 1473 (13-C18 15

C22-C26 1488 N9-C31 1437 C12-Cn 1443 C18-H35 1113

C26-C27 1341  C31-H52  1.089 C11-Cl6 1473 C18-H36 1112

C27-C23 1481 (C31-C29 1341  C16-C17 1348 (C18-H37 1113

C23-C25 1349 (29-H48 1.086 C17-Cl4 1.501

C20-C25 1495 (C29-C19 1492 (C16-H33  1.088

(€22-C30  1.8629 (C19-N8 1311 C17-H34  1.089

C30-H49 1113 N8-C28 1439 C12-N6 1.31

C30-H50 1113 N5-C19 1399  N6-N4 1407

C30-H51 113 N5-C24 1477 N4-C13 1435

Molecular Docking Calculations

Pazopanib showed strong efficacy against all human VEGFRs
and exhibited anticancer activity in a range of human tumour
xenografts, such as lung, breast, and renal cell carcinoma.?=
Using molecular docking calculations, the binding of
Pazopanib to VEGFR1 and VEGFR2 was examined to elucidate
the drug's mechanism of action. AutoDockVina was used to
perform the molecular docking computations.?2?2 Docking was
possible with the crystal structures of VEGFR1 and VEGFR2,
which were obtained from the Protein Data Bank (PDB ID:
3HNG, 3VHE).3% After removing the H,0 molecules and placing
the polar hydrogens, the Kollman charges of VEGFR1 and
VEGFR2 were determined. The partial charges of pazopanib
were calculated using the Geistenger approach, and the active
sites of VEGFR1 and VEGFR2 were derived in grid size 40 Ax40
Ax40 A,

Because of the calculations, the binding affinity of Pazopanib
docked with VEGFR1 was -86 kcal/mol. 3D docking
representations of Pazopanib in the active site of VEGFR1
are presented in Figure 2. Interactions between VEGFR1 and
Pazopanib are as follows: Pi-alkyl with a length of 4.72 A
between Pazopanib and 1le881; pi-alkyl with a length of 4.97
A and alkyl with a length of 528 A with Leu882; alkyl with a
length of 5.28 A with 11e885; alkyl with a length of 517 A with
Valg891; alkyl with a length of 4.77 A with Leu1013; pi-sulfur with
a length of 5.38 A with Cys1018; H bond with a length of 2.48 A
with His1020; pi-alkyl with lengths of 5.46 A, 5.50 A and H bond
with length of 2.58 A with Arg1021; H bond with a length of
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2.55 A and pi-anion with lengths of 4.52 A, 4.99 A with Asp1040;
carbon hydrogen bond with a length of 3.3 A with Pro1062 and
H bond with length of 2.87 A with Tyr1076.

Pazopanib docked with VEGFR2 has a binding affinity of -9.9
kcal/mol, as determined from the calculations. 3D docking
representations of Pazopanib in the active site of VEGFR2
are presented in Figure 3. Interactions between VEGFR2 and
Pazopanib are as follows: Alkyl with length of 4.88 A and pi-
alkyl with length of 5.03 A between Pazopanib and Leu840;
pi-sigma with lengths of 3.8 A, 3.89 A with Val84s; alkyl with
length of 3.36 A and pi-alkyl with lengths of 4.6 A, 4.7 A with
Ala866; pi-alkyl with length of 4.91 A and pi-cation with length
of 445 A and H bond with length of 2.88 A with Lys868; pi-

ILE

A:885

s
A:1020
Interactions

I Conventional Hydrogen Bond

Acceptor [

(@)

VAL
A:891
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anion with length of 3.58 A with Glug8s; alkyl with length of
512 A with 11e888; pi-alkyl with length of 519 A with Leu889; pi-
alkyl with length of 4.25 A with Val899; pi-alkyl with length of
515 A with val916; pi-alkyl with length of 4.92 A with Phe918;
alkyl with length of 4.67 A with Cys919; pi-sigma with lengths of
3.86 A, 3.93 A with Leu1035; pi-sulfur with length of 5.62 A with
Cys1045: unfavourable acceptor-acceptor with length of 2.92 A
and pi-anion with length of 4.75 A and carbon hydrogen bond
with length of 3.46 A with Asp1046; pi-pi t-shaped with length
of 514 A with Phe1047.

The free energy of binding to biological macromolecules of
small ligands is estimated using the MM/GBSA and MM/
PBSA methods. 3 Wang38 created software that combines

LEU

e A1013

A:1021

] Carbon Hydrogen Bond

1 Pi-Anion

(b)

[ Pi-Sulfur
1 Alkyl
1 Pi-Alkyl

Figure 2. Pazopanib molecular docked model with VEGFR1 (a) Pazopanib and VEGFRT interactions are indicated by coloured dashed lines (b) (AG = -8.6 kcal/mol).

Acceptor 1l
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H-Bonds

Donor

PHE
Aw018

LEU
A:889

i
Ttase
Ar104,

LYS v, Ai88s

cys
Ac1045

cys LEU
A:919 A40

AsB685:899

Interactions

9 Conventional Hydrogen Bond
] Carbon Hydrogen Bond
M Unfavorable Acceptor-Acceptor

[ Pi-Cation
0 Pi-Anion

(b)

VAL
A916

ALA
A:866

i VAL
iy A:848
' As1035

A:1047

= Pi-Sigma
1 Pi-Sulfur

9 Pi-Pi T-shaped
1 Alkyl

1 Pi-Alkyl

Figure 3. Pazopanib’s molecular docked model with VEGFR2 (a) Pazopanib and VEGFR2 interactions are indicated by coloured dashed lines (b) (AG = -9.9 kcal/mol).
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both methodologies, known as the MM/PB(GB)SA approach,
due to the importance of these two approaches. The present
study used Wang's38 software, which is based on the MM/
PB(GB)SA method, to compute the free energy of binding
between Pazopanib and VEGFR1 and VEGFR2. By utilising the
MM/PB(GB)SA methods with the GAFF2 and ff14SB force field
combination and the GB6 process, the anticipated binding
free energy of Pazopanib with VEGFR1 and with VEGFR2 were
found to be 29.82 and 43.44 kcal/mol, respectively.3®

Molecular Dynamics Calculations

RMSD graphs of the Pazopanib-3hng and Pazopanib-3vhe
complexes are shown in Figure 4a and Figure 4b, respectively.
These figures show the RMSD values for the a-carbon atom,
the backbone, and all heavy atoms in the Pazopanib-3hng and
Pazopanib-3vhe complexes, respectively, across a 40 ns MD
simulation. At 1442 A, the average Ca RMSD ranged from 0477
A to 2.742 A for Pazopanib-3hng, and at 1438 A, the average
Co RMSD ranged from 0.38 A to 2.044 A for Pazopanib-3vhe. At
1.516 A, the average backbone RMSD ranged from 0.54 A to 2.831
A for Pazopanib-3hng, and at 1485 A, the average backbone
RMSD ranged from 043 A to 2.075 A for Pazopanib-3vhe. The
all-heavy atom RMSD ranged from 0.62 A to 3.262 A, with an
average of 2.037 A for Pazopanib-3hng, and the all-heavy atom
RMSD ranged from 0.506 A to 2.65 A, with an average of 2.026
A for Pazopanib-3vhe.

Solute RMSD from the starting structure

=RMSDCa
[[=RMSDBb
[ =RMSDAIl

RMSD in Angstrom

a

o
o
3
LT T T T

P S R S T S S T S S R R T R S N S S T
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Simulation time in nanoseconds

Solute RMSD from the starting structure

2.4 |-=RMSDCa
=RMSDBb
2.2 FaRMSDAI

RMSD in Angstrom

0.6 H b

0.4

!

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Simulation time in nanoseconds

Figure 4 MD trajectory analysis of the Pazopanib-3hng (a) and
Pazopanib-3vhe (b) complexes during 40 ns simulation. Protein root mean
square deviation (RMSD) plot as a function of simulation time {RMSD of a-
carbon atom = blue; backbone = red; and all heavy atom = green}.
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The stability of the ligand-protein complex was determined by
the RMSD graph deviation being less than 4 A. RMSD graphs
of the ligand in the Pazopanib-3hng and Pazopanib-3vhe
complexes (Figure 5a and Figure 5b) display the degree
of structural deviation of the ligand atoms during 40 ns
simulations.

Figure 6a and Figure 6b display the RMSF graphs of the
Pazopanib-3hng and Pazopanib-3vhe complexes. The RMSF
values of the Pazopanib-3hng and Pazopanib-3vhe complexes
vary in the ranges of 0.4 A-7.36 A and 0.39 A-5.09 A, respectively.
For Pazopanib-3hng, Glug03 (7.36 A), Lys991 (7.29 A), Glu992
(5.05 A), Valg0s (4.74 A), Pro805 (444 A), Glus11 (418 A), Arg812
(3.83 A), Glugos (3.81 A), Pro993 (353 A), GIng09 (3.04 A),
and Asp807 (3.03 A) and for Pazopanib-3vhe, Gln1169 (5.09 A),
Leu995 (4.39 A), Asp994 (418 A), Lys997 (3.37 A), Arg819 (3.34
A), Tyro96 (317 A), and Lys939 (31 A) all showed somewhat
greater fluctuations throughout the simulation. During the 40-
ns MD simulation of the Pazopanib-3hng and Pazopanib-3vhe
complexes, the radius of gyration (Rg) graphs is displayed
in Figure 7a and Figure 7b. On average, the Rg of the
Pazopanib-3hng complex is 19.571 A and of the Pazopanib-3hng
complex is 20172 A.

Ligand conformation RMSD after superposing on the ligand

26F

24}

22F

20F

RMSD in Angstrom

A T T T T T SO T S S SO SN SO ST WA S S W S
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
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Figure 5. RMSD plots of the ligand for 3hng (a) and 3vhe (b).
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Antibacterial, Antifungal, and Antiviral Activities

The antibacterial, antifungal, and antiviral activities of the
compound were predicted using AntiBac-Pred, AntiFun-
Pred, and AntiVir-Pred.*#> The probability scores of
Pazopanib are presented in Table 2. According to these
findings, Pazopanib may be effective against Prevotella
intermedia (confidence: 0.1898), Shigella flexneri (confidence:
0.1221), Fusobacterium nucleatum (confidence: 0.0633), and
Staphylococcus intermedius (confidence: 0.0320). Zaidi et al.
reported the antibacterial activity of 2-(4-allylpiperazin-1-
y1)-1-(1-(4-nitrophenyl)-1Htetrazol-5-yl) methanone using
AntiBac-Pred.>" For the activity against Shigella flexneri, the
confidence value of the investigated compound was 0.0296.
However, the confidence value of our molecule against
Shigella flexneri was predicted to be 01221, indicating that
Pazopanib should be more effective than 2-(4-allylpiperazin-1-
y1)-1-(1-(4-nitrophenyl)-1Htetrazol-5-yl) ethenone.

Table 2. Probability scores of the Pazopanib.

Predicted antibacterial targets

Name ChEMBL ID Confidence
RESISTANT Prevotella intermedia CHEMBL613261 0.1898
Shigella flexneri CHEMBL614396 01221
RESISTANT Fusobacterium nucleatum CHEMBL614609 0.0633
Staphylococcus intermedius CHEMBL614422 0.0320
Predicted antifungal activity
Galactomyces geotrichum CHEMBL613775 0.0780
Predicted inhibition of viral proteins
Virus Protein target Confidence
Human immunodeficiency virus 1 Human 0.2777
immunodeficiency
virus type 1 reverse
transcription
Vaccinia virus (strain Western Reserve) DNA polymerase 0.0616

(VACV) (Vaccinia virus (strainWR))

Anticancer Sensitivity Prediction

The PaccMann database was used to search for Pazopanib's
anti-cancer activity against various chondrosarcoma cell
lines>? Table 3 lists Pazopanib's anticipated anticancer
properties against different cell lines. In particular, Pazopanib
exhibits the highest efficacy against breast cancer (ICs, =
4.871).
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Table 3. Anticancer activity of the compounds based on their molecular
structure.

Site CosmicID  CellLine Dataset IC;,
No. (log(pmol))
Breast 949093 949093 GDSC 4.871
Lung_NSCLC 908463 908463 GDSC 2.0180
Urogenital_system 930297 930297 GDSC 4.386
soft_tissue 909754 909754 GDSC 4.264
Breast 1290905 1290905 GDSC 4.241
DISCUSSION

VEGFR inhibitors are used for the therapy of many cancer
types, especially metastatic renal cell carcinoma, and it was
found in high concentrations in various cancers.®’ In vitro,
Pazopanib showed strong efficacy against all human VEGFRs
and closely related tyrosine receptor kinases. It also exhibited
anticancer activity in a range of human tumour xenografts,
such as lung, breast, and renal cell carcinoma’ Using
molecular docking calculations, the binding of Pazopanib
to VEGFR1 and VEGFR2 is examined to elucidate the drug's
mechanism of action. Kuzu et al. performed molecular docking
calculations using the VEGFR1 (PDB ID: 3HNG) receptor and
Lenvatinib, Polydatin, Beta-Caryophyllene, and plasmotide M
molecules. As a result of the calculation, Lenvatinib was
assigned to ASP1040, ILE1038, LEU1013, CYS1018, HIS1020,
CYS1039, LYS861, LEU882, VAL909, VAL892; Polydatin to ILE1019,
VAL892, GLU878, ASP1040, CYS1018, ILE881, VAL892, ILE88T,
PHE1041; Beta-Caryophyllene was found to interact with
LEU882, CYS1039, VAL841, LYS861, ALA861, VAL909, ALAS859,
VAL907; Plakortide M was obtained to interact with ARG1021,
ILE1019, CYS1018, VAL909, CYS1039, VAL892, LEU882, LEU1013,
ILE881, HIS1020 amino acids.>® As a result of molecular docking
calculation performed by Bharathi et al. with VEGFR1 (PDB ID:
3HNG) receptor, it was found that 5-fluorouracil interacts with
VAL 892, LEU 882, GLU 878, LEU 833, TYR 914, GLY 915, LEU 1029,
VAL 841, LYS 913, TYR 911, CYS 912, VAL 860, ALA 859, PHE 1041,
GLY 1042, ASP 1040, CYS 1039, ILE 1038, LYS 861, VAL 907, ILE 908,
VAL 909, GLU 910; Hexadecane with PHE 1041, CYS 1039, ASP
1040, ILE 1038, HIS 1020, CYS 1018, LEU 1013, ILE 885, ILE 881, LEU
882, GLU 878, ARG 1026, ARG 1045, VAL 841, VAL 891, VAL 892,
LEU 833, GLY 915, ASN 916, LEU 1029, LYS 861, VAL 860, ALA 859,
LYS, 913, CYS 912, TYR 911, GLU 910, VAL 909, ILE 908, VAL 907;
Hexadecanoic acid, methyl ester with GLU 910, ALA 859, VAL
909, VAL 892, VAL 891, ILE 1038, TYR 911, CYS 912, ARG 835, VAL
841, LEU 833, GLY 834, ASN 919, ILE 885, LEU 1013, CYS 1018, LEU
1029, ASN 916, GLY 915, ARG 1026, GLU 811, GLU 808, ASP 807, LYS
873, ALA 874, LEU 875, THR 877, LYS 861, GLU 878, ILE 881, LEU
882, ILE 1019, ARG 1021, ASP 1046, ARG 1045, HIS 1020, CYS 1039,
ASP 1040, PHE 1041, LEU1043, ALA 1044, GLY 1042; Quinoline,
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1,2-dihydro-2,2,4-trimethyl- with LEU 1013, VAL 891, VAL 892, ILE
885, LEU 882, ILE 881, HIS 1020, ARG 1021, ILE 1019, CYS 1018,
ASP 807, GLU 878, THR 877, LEU 875, ALA 874, LEU 1043, GLY 1042,
PHE 1041, ASP 1040, CYS 1039, ILE 1038, LYS 861, VAL 841, ALA
859, SER 832, LEU 833, GLY 834, ASN 1034, TYR 1002, ASP 998,
TYR 920, LYS 924, ILE 994, PRO 993, GLU 992, LYS 991, ASN 916,
GLY 915, TYR 914, LYS 913, CYS 912, TYR 911, LEU 1029, LEU 1030,
SER 1031 amino acids.>* Kouassi et al. studied on the VEGFR2
(PDB ID: 3VHE) receptor found that the interacts with amino
acids Glu 885, Phe 918, Cys 919, Asp 1046, Leu 840, Val 848, Ala
866, Leu 889, Val 898, Val 899, Val 916, Leu 1019, Leu 1035, Ile
1044, Cys 1045, Phe 1047 of molecule with code 72121011596
with amino acids Glu 885, Cys 919, Asp 1046, Leu 840, Val 848,
Ala 866, Ile 888, Leu 889, Val 898, Val 899, Val 916, Leu 1019,
Leu 1035, Cys 1045, Phe 1047, Val 916 Phe 1047 of molecule with
code PV-002089512142; and with amino acids Glu 885, Asp 1046,
Leu 840, Val 848, Val 898, Val 899, Val 914, Phe 918, Cys 919,
Leu 1019, Leu 1035, Ile 1044, Cys 1045, Phe 1047, Hie 1026, Asp
1046, Phe 1047 of molecule with code PV-002342843731.55 In a
study by Mendie et al. in 2022, molecular docking analysis was
performed using the VEGFR2 (PDB ID: 3VHE) receptors® As a
result of the calculation, it was determined that H bonds with
the indicated amino acids; oleanolic acid with ARG 1027 and
1LE 1044 amino acids; Panaxadiol with ARG 1027, HIS 1026, and
ILE 1044 amino acids; Panaxatriol with ARG 1027, HIS 1026, and
1LE 1044 amino acids; Ursolic acid with amino acids ASP 814,
ARG 1027, and ILE 1044; Hecogenin with amino acids ARG 1027,
GLU 818; Dovitinib with GLU 917; Gefitinib with amino acids ASP
1046, CYS 919.5¢ Based on the molecular docking data obtained
in the present study and the data previously published in
the literature in related studies, we concluded that the amino
acids with which the Pazopanib ligand interacts with VEGFR1
(3HNG) and VEGFR2 (3VHE) are similar in our study, as can be
seen in Figure 2 and Figure 3.

In 2022, a study on VEGF suggested that VEGF strengthens
the endothelium's intracellular defense system by providing
a strong blood vessel barrier to prevent bacterial invasion.®’
A Phase Il study on Pazopanib showed anti-cancer activity in
patients with previously treated metastatic breast cancer.>®
In 2015, Zhao et al. observed that Pazopanib reduced
growth and survival in all NSCLC cell lines tested, including
A549, YTLMC-90 and 19981 cells3® A study demonstrated
that the combination of Sorafenib/Pazopanib with sildenafil
exhibited significantly greater efficacy in preventing infection
and the development of Adenovirus, Mumps, Chikungunya
virus, Dengue virus, Rabies virus, West Nile virus, Yellow
Fever virus, and Enterovirus 71 compared to sorafenib/
pazopanib alone. Furthermore, Rafenib drugs and Pazopanib

independently eradicated laboratory-cultured antibiotic-
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resistant Escherichia coli, an effect correlated with a
reduction in DNAK and RecA expression.®® Pyrimidine-based
compounds play a crucial role in drug discovery across
various therapeutic areas, including anti-infective, anticancer,
antiviral, antibacterial, and antifungal applications.”” Given
that Pazopanib is a substituted pyrimidine derivative, the
findings from existing literature (as presented in Table 2 and
Table 3) align with the observations reported in this study.

CONCLUSION

One antitumor drug used to treat advanced renal cell
carcinoma is Pazopanib, which is an inhibitor of several
receptor tyrosine kinases. The most stable conformation of
Pazopanib against VEGFR1 and VEGFR2 was identified using
molecular docking simulations to examine its mode of action.
With binding affinities of 8.6 and 9.9 kcal/mol, respectively,
Pazopanib was shown to bind to VEGFRT and VEGFR2. Binding
affinity is a critical parameter in drug design that quantifies
the strength of the interaction between a ligand and its target
protein. This reflects the stability and specificity of the ligand-
protein complex. The effectiveness of Pazopanib in cancer
treatment was demonstrated by its affinity to both VEGFR1 and
VEGFR2 receptors, as predicted. Rg quantitatively describes
the compactness of a protein structure. The root mean square
distance of all atoms in the protein from its centre of mass.
This metric provides an overall measure of the protein's
spatial dimensions and structural conformation. The Rg
values for the Pazopanib-3hng and Pazopanib-3vhe complexes
was, on average, 19.571 A and 20172 A throughout the 40-ns
MD simulation. The ranges of 0.4 A-7.36 A and 0.39 A-5.09 A are
the RMSF values for the Pazopanib-3hng and Pazopanib-3vhe
complexes, respectively. Based on computational analyses of
antibacterial and anticancer activity, Pazopanib demonstrates
maximal potency against resistant Prevotella intermedia
(confidence score: 0.1898) and breast cancer.
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