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ABSTRACT
Cancerisa condition marked I. INTRODUCTION

byabnormalcellproliferationthathasthepotentialtoinv
adeorindicate other health issues. Human beings are
affected by more than 100 different types of cancer.
Lung cancer is a malignant neoplasm characterized
by uncontrolled proliferation of abnormal cells in
thelungtissueandremainsoneoftheleadingcausesofca
ncer-relatedmortalityworldwide.Non-small
celllungcancer(NSCLC)accountsfornearly85%ofalll
ungcancercasesandiscommonlyassociated with
genetic alterations such as EGFR mutations and
ALK and ROSI rearrangements, which play a
crucial role in tumor progression and survival.
Therefore the focus of our research is to identify
potential ligands targeting EGFR, ALK, and ROS1
proteinsinvolvedinNSCLC.Indole-
pyrazolederivativeswereusedasligandsinthisstudy. T
hetarget
proteinswereobtainedfromtheProteinDataBank(PDB
)andwereusedforinteractionstudiesbetween designed
ligands and target protein. The selected Indole-
Pyrazole derivatives undergoes in-silico molecular
modelling studies. In docking studies, ligands were
docked against EGFR, ALK and ROSI receptors.
Docking studies and hydrogen bond interaction
were performed using PyRx and Discovery studio
visualizer. All the designed ligands show good
binding affinity toward the targets. Among the
selected targets, compounds PI48, PI38 and PI21
showed the highest docking score against ALK;
compoundPI38exhibitedthebestdockingscoreagainst
ROS1;andcompoundPI28demonstratedthe  highest
docking score against EGFR, indicating their
potential as promising lead molecules for the
treatment of NSCLC.

KEYWORDS:
NSCLC,EGFRinhibitors,ALKinhibitors,ROS1inhib
itors,Moleculardocking, Protein Data Bank, PyRx,
Indole-Pyrazole derivatives.

INDOLE

Indole is a planar bicyclic molecule in
which a benzene ring is fused to 2,3-positions of a
pyrrole ring. According to Huckles rule, indole is
aromatic in nature [1] . Indole was synthesized for
thefirsttimeby Adolf Von Baeyer from the oxidation
of indigo [2] . Various indole derivatives can be
synthesized by substituting the indole ring at the N-
1, C-2 to C-6 or C-7 positions with the goal of
improving its characteristics [3].
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Figurel:StructureofIndolewithpositions

SARof Indole

The indole is planar aromatic structure enables n—mn
stacking interactions and the pyrrolic N—H group
facilitates hydrogen bonding, both essential for
biological activity [4], [5] . The free N-H at N-1 is
important for receptorbinding,whileN-
alkylationmayincreaselipophilicitybutbulkygroupsc
anreduce

activityduetosterichindrance[6],[ 7].SubstitutionatC-
2enhancesmetabolicstabilityandselectivity[8]

, and attachment of a pyrazole ring at C-3 improves
binding affinity and molecular rigidity [9], [10] .
Electron-donating  groups at C-4 enhance
antioxidant and anti-inflammatory activity [11] ,
whereas electron-withdrawing groups at C-5
improve anticancer and antimicrobial effects [12] .
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Substitutions atC-6 and C-7 further influence
receptor affinity, pharmacokinetics, and
lipophilicity, contributing to overall biological
activity[13], [14 ].

PYRAZOLE

Pyrazole is defined as an one of the most important
five-membered heterocyclic ring compound that
contains three carbon atoms and two adjacent
nitrogen atoms
substitutedatOrthoposition.Pyrazolewas firstly
synthesized from acetylene and diazomethane by
the German chemist Hans VonPechmanninthe year
1898[15].

1
Figure2:StructureofPyrazolewithpositions.

SARof Pyrazole
Substitution at different positions of
pyrazole markedly affects biological activity.

Modification at N-1 affects basicity, hydrogen
bonding, metabolic stability, and receptor binding,
where small substituents improve activity while

bulky groups may reduce potency due to steric
hindrance Substitution at N-2, though Iless
common, can influence binding and selectivity, and
rigid groups at this position enhance antimicrobial
and anti-tubercular activity . The C-3 position is a
major site for substitution; phenyl or heteroaryl
groups, particularly mono- or dichloro-substituted
phenyl rings, enhance anticancer activity, whereas
bulky groups decrease activity. Substituents at C-4
affect potency, selectivity, and pharmacokinetics,
with suitable groups improving target binding
.potency . Overall, carefulsubstitution on the indole
ring is essential for optimizing biological activity
Modification at C-5 plays an important role in
lipophilicity and metabolic stability, and substituted
phenyl rings at this position enhance anticancer
activity, while unsubstituted C-5 may lower.

CANCER

Cancer is not just one disease, but a generic
term used to encompass a group of more than two
hundred diseases sharing common characteristics.
Cancers (carcinomas) are characterized by their
unregulated growth and spread of cells to other
parts of the body [16],[17]. Cancer can result from
abnormal proliferation of any of the different kinds
of cells in the body, so there are more than a
hundred distinct types of cancer, which can vary
substantially in their behavior and response to
treatment.

Common Types of Cancer
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Figure3:Commontypesofcancer
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LUNGCANCER

Lung cancer remains one of the most frequently
diagnosed malignancies and the leading cause of
cancer-
relatedmortalityworldwide,representingamajorgloba
lhealthburden.Accordingtorecent
internationalcancerstatistics(IARC2022),approximat
ely2.5millionnewcaseswerereportedglobally,
accountingforasignificantproportionoftotalcancerinc
idence.Furthermore,lungcancerisresponsible

Small cell lung
cancer (SCLC)
~15%

Neuroendocrine cells

LUNG CANCER

Non-small cell lung
cancer (NSCLC)
~85%

——

—

fornearlyl.8milliondeathsannually,reflectingitsaggr
essivenatureandthechallengesassociatedwith  early
diagnosis and effective treatment.

Lungcancerisbroadlyclassifiedintotwomajorhistolog

icaltypes:

1. SmallCellLungCancer(SCLC)
2. Non-SmallCellLungCancer(NSCLC).
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Figure4:Typesoflungcancer
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1.SmallCellLungCancer(SCLC)

Small cell lung cancer is a highly aggressive and
rapidly growing type of lung cancer, accounting for
about 20% of all lung cancer cases [18]. It is
strongly associated with cigarette smoking and is
usually diagnosed at an advanced stage because it
spreads quickly to other parts of the body [19].
Microscopically, the cancer cells are smaller than
those of non-small cell lung cancer and have a
characteristic  appearance. SCLC  commonly
originates in the central part of the lung, particularly
along the walls of large bronchi, and forms fast-
growing tumors that metastasize widely [20],[21].

2.Non-SmallCellLungCancer(NSCLC)
Non-small cell Iung cancer is the most
commontypeoflungcancer,representingapproximatel
y80%of all
cases.Itisbroadlyclassifiedintothreemainsubtypes:ad
enocarcinoma,squamouscellcarcinoma,and
largecellcarcinoma.Adenocarcinomaisthemostfrequ
entsubtype,especiallyinwomenand ~ non-smokers,
and
typicallyarisesintheperipheralregionsofthelung[22],[
23]Squamouscellcarcinoma commonly develops in
the central bronchi and accounts for 30—40% of
cases [24],[25]. Large cell carcinoma consists of
poorly differentiated large tumor cells and
istheleastcommonsubtype. TheTNM  classification
system is used to determine the stage of NSCLC
based on tumor size, lymph node involvement, and
distant metastasis, which guides prognosis and
treatment decisions [26],[27].

% StagesofLungCancer

' Stagel:Localizedwithinlung.

'+ Stagell:Spreadtonearbylymphnodesor
multipletumorsinsamelobe.

'+ Stagelll:Spreadtonearbystructures/lym
phnodes.

' StagelV:Metastasistodistantorgans[28]

< SignsandSymptoms 65

Cough, Dyspnoea, Chest pain or Discomfort,
Wheezing, Fatigue, Weight loss,
Haemoptysis,Lossofappetite,Shoulderpain,Superior
venacavasyndrome,Horner’s syndrome.

< PathogenesisofLungCancer

Lung cancer develops through a multistep process
involving genetic mutations, epigenetic alterations,
and abnormal cell signaling that lead to uncontrolled

cell growth [29]. Long-term exposure to
carcinogens such as tobacco smoke and pollutants
causes DNAdamageinbronchial epithelial
cells[30].MutationsinoncogeneslikeKRAS ,EGFR,an
dALKactivatepathwayssuch as  MAPK  and
PI3K/AKT, promoting cell proliferation and
survival[31]. Inactivation of tumor suppressor genes
including TP53 and RBI removes normal growth
control mechanisms [32]. In NSCLC, EGFR
mutations and ALK/ROS1 rearrangements are
common [33], while SCLC is strongly associated
with  TP53 and RB1 loss [34]. Chronic
inflammation, oxidative stress, and epigenetic
changes further enhance tumor progression,
angiogenesis, and metastasis, which are key
hallmarks of lung cancer [35],[36],[37].

% Treatmentoflungcancer

The treatment
oflungcancerdependsonthetypeofcancerandthestage
ofthedisease.Themain treatment options include
surgery, chemotherapy, and radiotherapy, either
alone or in combination. Surgery involves
removalofthetumorandmayincludewedgeresection,s
egmental resection, lobectomy, or pneumonectomy.
Chemotherapyusesanticancerdrugssuchasalkylating
agents, antimetabolites, plant alkaloids, and
antitumor antibiotics to destroy cancer cells;itisthe
primary treatment for small cell lung cancer and
isalsousedinnon-smallcelllungcancerbefore or after
surgery
oralongwithradiotherapy[38][39].Radiotherapyusesh
igh-energyX-raystokill cancer cells and may be
given externally (external beam radiation) or
internally  (brachytherapy) [40]. Combination
therapy (chemoradiation) is often used to improve
treatment outcomes.

Materialsandmethods
In-SilicoMolecularModelling
Molecularmodellingisacomputationalapproachusedt
odesignanddiscovernewdrugsfor different diseases.
Softwareused

The software
usedincludesChemsketch,Molinspiration,SwissAD
ME,ProTox-3.0,PyRxAutodock,Vina and
Discovery studio visualizer.

Methodologyofmoleculardocking
Liganddesigningandoptimization
Based on literature review, Indole and pyrazole
were selected. A total 30 ligands were designed by
introducing different substituents at 2", 3™ or 4
position of the phenyl ring attached to
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the3™positionof the pyrazole ring. 2D and 3D
structures were
drawnusingchemsketch.Ligandswereoptimizedbase
d on Molecular weight, Lipophilicity, size and
shape.

LipinskiRuleof five

Drug-likeness of ligands was evaluated using
Molinspiration. Open Molinspiration website and
select calculation of molecular properties. Draw the
molecule in the JME window and calculate save
properties.

ADMEparameterprediction

Absorption, Distribution, Metabolism and Excretion
properties were predicted using SwissADME.
Molecules were submitted in SMILES format or
drawn using molecular sketch. Calculations were
initiated by clicking the Run button. Results were
displayed onthesamewebpageand ADMEproperties
were grouped for each molecule.

TargetIdentificationandRetrieval
ProteincrystalstructureswereobtainedfromtheProtein
DataBank(PDB)

SL NO TARGETS PDB ID
1 AnaplasticLymphomaKinaseinhibitor 2XP2
2 ROS proto-oncogene 1, receptor 9QEK
tyrosine kinase inhibitor
3 Epidermal Growth Factor Receptor 4WQK
inhibitor

Tablel:selectedtargetsanditsPDBID

Target therapy is effective in treatingNon-
SmallLungCancer(NSCLC).Theselectedtargetswere
ALK,
ROS1,EGFR.ALKinhibitorsblockabnormal ALK pro
teinsinvolvedintumourgrowthbybindingtothe ATP-
binding site,
preventingcancercellproliferation. EGFRisatyrosine
kinasereceptorinvolvedincell growth. EGFR
inhibitors block ATP binding and inhibit tumour
growth in EGFR-mutated lung cancer. ROS1 gene
rearrangements cause cancer progression. ROSI
inhibitors suppress tumour growth and induce
apoptosis.
ActivesiteldentificationandPreparation

Proteins were loaded into Discovery studio
Visualizer.Single protein chain was selected and
cleaned.Active site residues were identified using
co-crystallized ligands.Residues
wereconfirmedusing data.Missing
hydrogen
atomswereadded. ATOM listofactivesiteresidueswer
epreparedusing Discovery studio visualizer.
Energyminimization

literature

Proteins were minimized using PyRxAutodockvina.
Hydrogen-added proteins were optimized. Energy
minimization corrected unfavourable
conformations. Ensured stable protein structures for

docking.
MolecularDocking
Docking  studies were  performed  using

PyRxAutoDockVina. Docking steps are involved
by Download PyRxsoftware.Load protein and
ligand files.Convert files to PDBQT format.Define
docking grid box around active site.Run docking
calculations and binding affinity  values
obtained(kcal/mol). Morenegative values can be
better binding affinity. Docked complexes were
analyzed usingDiscoveryStudio Visualizer. Binding
orientation and interactions were visually inspected.

LigandseriescanbeDesigned
Thedesignedcompoundswerelndole-
Pyrazolehybridswithdifferentelectron-donatingor
electron-withdrawing substituents at the 2nd, 3rd or
4th position of the phenyl ring.

N
Figure5:Generalstructureat2"@positionofphenylring
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SL NO COMPOUNDS R
1 PI21 OH
2 PI22 cl
3 PI23 Br
4 PI24 F
5 PI25 I
6 PI26 CH3
7 P27 OCH3
8 PI28 NO2
9 PI29 NH2
10 PI210 N(CH3)2

Table2:Targetedanaloguesat2™@position

R

NH
D
N—NH
N
Figure6:Generalstructureat3 position
SL NO COMPOUNDS R

1 P31 OH
2 P132 Cl
3 PI33 Br
4 PI34 F
5 PI3S I
6 P136 CH3
7 P137 OCH3
8 P138 NO2
9 PI139 NH2

Table3: Targetedanaloguesat3™position

/NH
\\

N—NH

\\N
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Figure7:Generalstructureat4™position

SLNO COMPOUNDS R
1 P41 OH
2 PI42 cl
3 PI43 Br
4 P44 F
5 PI45 I
6 P46 CH3
7 PI47 OCH3
8 PI48 NO2
9 PI49 NH2
10 PI410 N(CH3)2

II.

Table4:targetedanaloguesat4™position

INSILICOMOLECULAR MODELING
Computational analysis was done to compute ligand protein binding affinity of the compound. The interactions
showed efficient docking score which was considered as a good score ligand protein interactions. This study
explored action of indole — pyrazole derivatives against their target proteins. In-silico molecular modelling
helped to get the preliminary findings about the lead compound. This information led to develop theuseful

compounds of simple structure exhibiting anti- lung cancer activity.

Drug-likenessassessment
The derived analogues were evaluated for their drug-likeness. It was done by calculating the parameters like
Lipinski-rule of 5 and some of their extension parameters likenumber of rotatable bonds and TPSA. The drug-
likeness assessments of the compounds were shown in the following table 5:

RESULTSANDDISCUSSION

Compoun | CLogP | Molecular nON nOHNH| nrotb TPSA nviolations
d Code Weight

Pl41 3.07 300.32 5 3 2 88.49 0
PI42 4.22 318.77 4 2 2 68.27 0
PI43 4.36 363.22 4 2 2 68.27 0
PI44 3.71 302.31 4 2 2 68.27 0
PI45 4.63 410.22 4 2 2 68.27 0
P146 3.99 298.35 4 2 2 68.27 0
P147 3.60 314.35 5 2 3 77.50 0
P148 3.50 329.32 7 2 3 114.09 0
PI49 2.62 299.34 5 4 2 94.29 0
P1410 3.65 327.39 5 2 3 71.50 0
P31 3.04 300.32 5 3 2 88.49 0
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PI32 4.20 318.77 4 2 2 68.27 0
PI33 4.33 363.22 4 2 2 68.27 0
P134 3.69 302.31 4 2 2 68.27 0
P135 4.61 410.22 4 2 2 68.27 0
P136 3.97 298.35 4 2 2 68.27 0
P137 3.58 314.35 5 2 3 77.50 0
PI138 3.48 329.32 7 2 3 114.09 0
PI139 2.60 299.34 5 4 2 94.29 0
PI1310 3.62 327.39 5 2 3 71.50 0
PI21 3.28 300.32 5 3 2 88.49 0
P122 4.18 318.77 4 2 2 68.27 0
P123 4.31 363.22 4 2 2 68.27 0
P124 3.66 302.31 4 2 2 68.27 0
PI125 4.58 410.22 4 2 2 68.27 0
PI126 3.95 298.35 4 2 2 68.27 0
P127 3.56 314.35 5 2 3 77.50 0
PI28 3.46 329.32 7 2 3 114.09 0
PI29 2.98 299.34 5 4 2 94.29 0
P1210 3.60 327.39 5 2 3 71.50 0

Table 5: Drug-likeness assessment of the Indole-Pyrazole derivatives

These results showed that value of all derivatives relied within the optimal range.all

thecompoundshavemolecularweightlessthan500daltons andpossessednumberof
hydrogenbonddonorsandhydrogenbondacceptorsofall theanalogues<5and<10
respectively.Allthevaluesofpartitioncoefficient andnumber of rotable bonds were coming under the limit of
5 and 10.

ADMETparametersbymeansofSwissADME&ProTox3.0

SwissADME was a computer software system for predictive modeling of absorption, distribution,
metabolism and elimination of chemical substances in the human body. ProTox 3.0 is an advanced, web-
based virtual toxicity lab used by toxicologists and medicinal chemists to predict how small molecules and
chemical compounds will affect the human body. The results for the ADMET parameters by means of
SwissADME were shown in the table 6:

SL Compound [Absorption level Solubilityy Metabolism Toxicity
NO Code Level
1 PI41 High Soluble Yes No
2 P142 High Soluble Yes No
3 PI43 High Soluble Yes No
4 Pl44 High Soluble Yes No
5 PI45 High Soluble Yes No
6 Pl46 High Soluble Yes No
7 P147 High Soluble Yes No
8 P148 High Soluble Yes No
9 PI49 High Soluble Yes No
10 PI410 High Soluble Yes No
11 PI31 High Soluble Yes No
12 PI32 High Soluble Yes No
13 PI33 High Soluble Yes No
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14 PI34 High Soluble Yes No
15 PI35 High Soluble Yes No
16 PI36 High Soluble Yes No
17 P137 High Soluble Yes No
18 PI38 High Soluble Yes No
19 PI39 High Soluble Yes No
20 PI310 High Soluble Yes No
21 PI21 High Soluble Yes No
22 P122 High Soluble Yes No
23 P123 High Soluble Yes No
24 P124 High Soluble Yes No
25 P125 High Soluble Yes No
26 PI126 High Soluble Yes No
27 P127 High Soluble Yes No
28 PI28 High Soluble Yes No
29 PI29 High Soluble Yes No
30 PI1210 High Soluble Yes No
Table6:ResultsofADMET parameter
Moleculardocking

Indole-pyrazole derivatives were subjected to molecular docking against ALK, ROS 1 and EGFR
receptors. In-silico studies were done by using different softwares like PyRx, Chemsketch, Molinspiration,
SwissADME and Discovery studiovisualizer.PyRx serves asprimarydockingtool. Thepreparedligandswere
validated by docking operation using PyRx and Discovery studio visualizer. The docking score of the
ligands were compared with reference standard.
Docking scores of Indole-pyrazole derivatives targeting ALK as anti-lung cancer agents

The docking scores obtained from the preliminary docking program by using PyRxwere listed in table 7:

SL NO COMPOUND CODE DOCKINGSCOREOF
ALK(kcal/mol)

1 PI41 -8.2
2 PI42 -8.2
3 PI43 -8.3
4 Pl44 -8.0
5 PI45 -8.1
6 PI46 -8.3
7 PI47 -1.9
8 PI48 -8.5
9 PI49 -8.1
10 PI410 -84
11 PI31 -84
12 PI32 -8.1
13 PI33 -8.1

14 PI34 -1.9

15 PI35 -8.2
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16 P136 -8.3
17 P137 =19
18 PI138 -8.5
19 P139 -84
20 PI310 -8.1
21 PI21 -8.5
22 PI122 -84
23 P123 -8.2
24 PI24 -8.3
25 P25 -19
26 P126 -8.2
27 P127 -7.8
28 P128 -84
29 P129 -8.0
30 P1210 -8.0
31 CRIZOTINIB -8.0

Table 7: PyRx docking for the designed Indole-Pyrazole derivative targeting ALK as anti-lung cancer
agents

All the compounds were docked against known target. ALK receptor (2XP2) was the NSCLCprotein target. In
caseofbindinginteractionsofproteintargets, allthe generated ligands showed higher dockingscore. This can be
assured bythe pre-screeningprogram of PyRx.

The inhibition of ALK receptors help to stop the constitutive signaling of the EML4-ALK fusion protein, which
drives cancer cell proliferation. So the docking score of the compounds targeted ALK were evaluated against the
docking score of standard (Crizotinib).

As we go through the docking score of each compound which are the combination of Indole-Pyrazol derivative,
almost all the derivatives showed higher docking score than the corresponding drug. PI48, PI38 and PI21 have
high docking score (-8.5 kcal/mol) . Among them PI27 is having the least score (-7.8 kcal/mol).

If we compare the score between the ligands obtained by the combination of Indole-Pyrazole derivatives, the
highest score (-8.5 kcal/mol) was found to be on PI48, PI38, PI21. Whereas, the standard drug which has been
available in market is Crizotinib used for NSCLC, whose docking score is -8.0. Therefore, while we compare
the score betweenthe compoundsPI48,PI38, P12 1andCrizotinib, it
seemsPI48,PI138andPI2 1 hasmorescorethanCrizotinib. Therefore,P148, PI38 and PI21 are best drug for NSCLC.
Someoftheligand-targetcomplexinteractionsbyDiscoverystudiovisualizer were shown in the figure 8:

DOI: 10.35629/4494-1102527555 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal =~ Page 536



International Journal of Pharmaceutical research and Applications
J Volume 11, Issue 2, Mar-Apr 2026, pp:527-555 www.ijprajournal.com
L\

IJPRA Journal

DOI: 10.35629/4494-1102527555 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal =~ Page 537



International Journal of Pharmaceutical research and Applications
J Volume 11, Issue 2, Mar-Apr 2026, pp:527-555 www.ijprajournal.com

N
IJPRA Journal

Figure8:Ligand-TargetcomplexinteractionbyDiscoverystudio visualizer

3Dand2Dstructuresofligand-targetcomplexinteractionbydiscoverystudiovisualizer are shown in figure 9:
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Figure 9 : 3D and 2D structure of ligand-target complex interactions by Discovery studio visualizer.

Number of hydrogen bonding will considerably increase the affinity of ligand- target interaction. PyRx
results showed that most of the Indole-Pyrazole derivatives have hydrogen bonding between the ligand-
target interactions. Some of the derivatives have more than 1 hydrogen bond for ALK targeted derivatives,
commonly LEU:1122. PI21 complex have the highest docking score (-8.5 kcal/mol) as well as highest
ligand-target interactions. These hydrogen bond interactions helped to increase the binding energy of
ligand-protein interactions .

Some of the ligand-target complexes with hydrogen bond interactions by Discovery studio visualizer were
shown in the figure 10:

H-Bonds

Donor

Donor

Acceptor PI41'2XP2

Acceptor I PI48-2XP2
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H-Bonds

Donor

W PI31-2XP2 P PI38-2XP2

PI21-2XP2 PI28-2XP2

Acceptor

Figurel0:Ligand-targethydrogenbondinteractionsbyDiscoverystudio visualizer.
DockingscoresofIndole-pyrazolederivativestargetingROS1asantilungcancer agents
ThedockingscoresobtainedfromthepreliminarydockingprogrambyusingPyRx were listed in the table 8:

SLNO COMPOUND CODE DOCKINGSCORE
OFROS1(kcal/mol)

1 PI41 9.1

2 PI42 -9.0

3 PI43 -8.9

4 PI44 -8.5

DOI: 10.35629/4494-1102527555 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal =~ Page 541



International Journal of Pharmaceutical research and Applications
) Volume 11, Issue 2, Mar-Apr 2026, pp:527-555 www.ijprajournal.com

IJPRA Journal

5 PI145 -9.0

6 P46 -9.0

7 P147 -8.3

8 P148 -9.2

9 P149 -8.7
10 P1410 -8.8
11 PI31 -9.0
12 P132 -8.6
13 PI33 -8.8
14 PI34 -8.7
15 PI35 -9.2
16 PI36 -9.0
17 PI37 -84
18 PI38 94
19 PI39 -8.9
20 PI310 -8.7
21 PI121 -9.2
22 P122 -8.1
23 P123 -8.7
24 PI24 -84
25 PI25 9.1
26 PI26 -13
27 P127 -8.6
28 P128 -9.1
29 P129 -8.8
30 PI1210 -8.3
31 TALETRECTINIB -8.1

Table 8: PyRx docking for the designed Indole-Pyrazole derivatives targeting ROS1 as anti-lung
cancer agent.

All the compounds were docked against known target ROS1 receptor SWQK was the NSCLC protein
target. In case of binding interaction of protein targets, all the ligands showed high docking score. This can
be assured by the pre-screening programme of PyRx.

ROS1 inhibition helps manage and prevent the progression of ROSI-positive NSCLCby targeting
abnormal proteins that drive tumor growth. So the docking score of the compounds targeted ROS1 were
evaluated against docking score of the standard (Taletrectinib).

As we go through the docking score of each compound which are the combination of Indole-Pyrazole
derivative, almost all the derivatives showed higher docking score than the corresponding drug .PI38 have
high docking score (-9.4 kcal/mol). Among themPI22 is having the least score (-8.1 kcal/mol).
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If we compare the score between the ligands obtained by the combination of Indole-pyrazole derivatives,
the highest score (-9.4 kcal/mol) was found to be on PI38 were as the standard drug which has been
available in market is Taletrectinib used for NSCLC, whose docking score is -8.1. Therefore, while we
compare the score between the compound PI38 and Taletrectinib, it seems PI38 has more score than
Taletrectinib. Therefore PI38 are best drug for NSCLC.

Some of the ligand-target complex interactions by Discovery studio visualizer were shown in the figure
11:

PI41-9QEK PI48-9QEK

PI21-9QEK ~ PI28-9QEK
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TALETRECTINIBYQEK

Figurell:Ligand-TargetcomplexinteractionbyDiscoverystudio
visualizer.

3Dand2Dstructureofligand-targetcomplexinteractionbyDiscoverystudio visualizer are shown in figure 12:
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Figure 12: 3D and 2D structure of ligand-target complex interaction by Discovery studio visualizer.
Number of hydrogen bonds will considerably increase the affinity of ligand — target interaction. PyRx
results showed that most of the Indole-Pyrazole derivatives have hydrogen bond between ligand-target
interactions. Some of the derivatives have more than two or three hydrogen bonds for ROSI targeted
derivatives, commonly MET:98, LYS:49, GLU:30. PI48 complex showed 4 hydrogen bond interactions
while PI38 complex had the highest docking score (- 9.4 kcal/mol) with 4 hydrogen bond interactions
.These hydrogen bond interactions helped to increase the binding energy of ligand protein interactions.

Some of the ligand-target complex with hydrogen bonding interactions by Discovery studio visualizer
were shown in figure 13:

H-Bonds
Donor
Donor

Acceptor PI41-9QEK N— l PI48-9QEK
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Figurel3:Ligand-targethydrogenbondinteractionbyDiscoverystudio visualizer.
DockingscoresofIndole-pyrazolederivativetargetingEGFRasanti-lung cancer agent
Thedockingscoresobtainedfromthepreliminarydockingprogrammebyusing PyRx were listed in the table 9:

SL.NO COMPOUND CODE DOCKING SCORE
OFEGFR((kcal/mol)
P41 -8.5
2 PI42 -1.8
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3 PI43 -8.2

4 PI44 -9.2

5 PI45 -1.3

6 P146 -83

7 P147 -8.0

8 P148 -8.7

9 P149 -8.2
10 PI410 -8.1
11 PI31 93
12 PI32 -8.1
13 PI33 -8.3
14 PI34 -9.2
15 PI35 -8.0
16 P136 -8.5
17 P137 -84
18 P138 -8.8
19 P139 -9.2
20 PI1310 -7.6
21 P121 93
22 P122 -8.0
23 P123 -8.0
24 P124 -8.1
25 PI25 -8.1
26 PI126 -8.1
27 P127 -7.0
28 P128 -9.8
29 P129 9.3
30 P1210 -19
31 GEFITINIB -1.9

Table 9:PyRx docking forthedesigned Indole-Pyrazole derivativetargeting EGFR as anti-lung
cancer agents.

All the compounds were docked against known target. EGFR receptor 4WKQ was the NSCLC protein target. In
case of binding interaction of protein targets, all the ligands showed high docking score. This can be assured by
the prescreening programme of PyRx.

EGFR inhibition is a primary targeted therapy for NSCLC patients with EGFR mutations, significantly
improving survival by inhibiting tumor proliferation, inducing apoptosis, and blocking cell signaling. So the
docking score of the compounds targeted EGFR were evaluated against the docking score of standard
(Gefitinib).

As we go through the docking score of each compound which are the combination of Indole-Pyrazole
derivative, almost all the derivatives showed higher docking score than the corresponding drug. PI28 have high
docking score (-9.8 kcal/mol).Among them PI27 is having the least score (-7.0 kcal/mol).

If we compare the score between the ligands obtained by the combination of Indole-Pyrazole derivative, the
highest score (-9.8 kcal/mol) was found to be on PI28 were as the standard drug which has been available in
market is Gefitinib used for NSCLC, whose docking score is -7.9. Therefore, while we compare the score
between the compound PI28 and Gefitinib, it seems PI28 has more score than Gefitinib. Therefore PI28 are the
best drug for NSCLC.

Some of the ligand-target complex interactions by Discovery studio visualizer were shown in the figure 14:
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Figurel4:Ligand-TargetcomplexinteractionbyDiscoverystudio
visualizer.

3Dand2DstructureofLigand-TargetcomplexinteractionbyDiscoverystudio
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Figure 15: 3D and 2D structure of Ligand-Target complex interaction by Discovery studio visualizer
Numberothydrogenbondwillconsiderablyincreasetheaffinityofligand-target
interaction.PyRxresultsshowedthatmostofthelndole-Pyrazolederivativeshave
hydrogenbondbetweentheligandtargetinteractions.Someof thederivatives havemore
than2or3hydrogenbondsforEGFRtargetedderivatives,commonlyMET:793,ASP:855, THR:854,1.YS:745.P1
28complexhavethehighestdockingscore(-9.8kcal/mol) as well as highest ligand-target hydrogen bond
interactions. These hydrogenbond interactions helped toincrease the binding energyof ligand- protein
interactions. some of the Ligand-Target complexes with hydrogen bonding interactions by Discovery
studio visualizer were shown in figure 16:
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1. SUMMARY

The study explores the In-silico molecular
modelling and docking studies of Indole-Pyrazole
derivatives, aiming to assess their potential as anti-
lung cancer agents. The study involves the use of
severalcomputationaltoolsincludingChemsketch,Mo
linspiration,SwissADME,PyRxandDiscovery
Studiovisualizer,ProTox3.0toevaluateligand-
proteinbindingaffinities, drug- likeness,toxicityand
ADME (Absorption, Distribution, Metabolism and
Excretion) properties. The compounds are
differentiated by the presence of electron—donating
and electron- withdrawing groups at the 2nd, 3rd,
4th position of the phenyl ring substituted at the 3rd
position of the Pyrazole ring.

The docking is done by PyRx. PI48, PI38
and PI21 demonstrated the highest docking scores
against ALK with —8.5 kcal/mol, outperforming the
standard drug Crizotinib (-8.0 kcal/mol). Against
ROSI1, PI38 had the highest docking score of —9.4
kcal/mol, outperforming the standard drug
Taletrectinib (-8.1 kcal/mol). PI128 demonstrated the
highest docking score against EGFR with —9.8
kcal/mol, outperforming the standard drug Gefitinib
(-7.9 kcal/mol).

Hydrogen bonding significantly enhanced
ligand-target interactions. PI48 exhibited one
hydrogen bond interaction with ALK, while PI21
showed 3 interactions, indicating strong binding
affinity. For ROS1, PI38 showed 4 hydrogen bonds.
PI28 exhibited 4 hydrogen bond interactions with
EGFR, contributing to its high docking score.

All derivatives adhered to Lipinski's rule of
five, suggesting good drug-likeness. The
compounds displayed favorable ADME properties,
with high solubility and no toxicity.

IV. CONCLUSION

The In-silico analysis of Indole-Pyrazole
derivatives indicates that these compounds have
strong potential as therapeutic agents for NSCLC
disease. The docking studies reveal that compounds
PI48 and PI21 as ALK and PI38 as ROS1 and PI28
as EGFR exhibit excellent binding
affinities,suggesting their efficacy as inhibitors. The
combination of the Indole- Pyrazole derivatives
demonstrated promising drug-like properties and
favorable ADME profiles. These findings suggest
their potential as effective drug candidates with the
ability to be highly absorbed and distributedwithin
the human body. Further studies and clinical trials
are recommended to validate these findings and
explore their therapeutic applications.
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