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Abstract

NSCLC is still one of the leading causes of cancer mortality around the world, and there is a need for new
therapeutic agents to overcome the limitations of existing targeted therapies, including the development of
resistance to the drugs and significant side effects. In this study, several 1,2,3-triazole hybrids based on
cabotegravir were assessed in an integrated computational methodology for their potential as anticancer agents
by targeting a lung cancer-associated protein (PDB ID: 2ITY). Molecular docking was performed using PyRx 0.8
to assess binding affinities. The pharmaceutical properties of the compounds were evaluated for pharmacokinetic
properties and the likelihood of toxicity, using SwissADME and pkCSM, respectively, and Gefitinib was used as
the reference drug. Many of the compounds had statistically superior binding energies than Gefitinib (—7.5
kcal/mol); among the compounds studied, compounds 5Se, 5h, and 6d showed the best binding energies [—10.2
kcal/mol].

Keywords: ADMET; Cabotegravir derivatives; Drug-likeness.; Lung cancer; Molecular docking; Non-small
cell lung cancer; 1,2,3-Triazole hybrids.

Introduction

Lung cancer is one of the most serious public health issues around the world. It is also the
number one cause of cancer-related death among both men and women (Thandra et al., 2021).
Because of the aggressive nature of lung cancer, including late-stage diagnosis and high
metastatic potential, it continues to account for a large proportion of cancer deaths in the world
despite many advances in diagnosing and treating the disease. Non-small Cell Lung Cancer
(NSCLC) is about 85 percent of all lung cancers. Patients with this type of lung cancer typically
have a poor prognosis with limited long-term survival (Khalvati et al., 2026). While targeted
and immunotherapies have improved clinical outcomes for some patients, there are multiple
barriers preventing a successful outcome, including the development of resistance to the drug
or treatment, side effects from the drug or treatment and recurrence of the disease (Aldea et al.
2021).Thus, new and more efficient drugs for lung cancer treatment continue to be an
important research focus (Bao & Chan, 2011) .

The identification, development, and screening of new and improved anti-cancer drugs is a
lengthy, costly, and complicated process (Cui et al., 2020). The conventional method of drug
discovery involves extensive experimental screening and huge investment of money, where
many of the drug candidate molecules fail during preclinical/clinical development, mainly
because of poor efficacy and undesirable pharmacokinetic properties (Sinha & VVohora, 2018).
Computational drug discovery methods have gained tremendous significance in the last couple
of years to aid the process of discovery and optimization of possible lead compounds. The
molecular docking, virtual screening and in silico drug-likeness prediction methods allow the
assessment of the biological activity and binding affinity of the compounds in the virtual
screening before experimental testing, which helps to save time and cost in the drug
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development process (Naithani & Guleria, 2024). Molecular docking is among the
computational methods with the widest acceptance to predict the interaction between small
molecules and biological targets (Rao et al., 2019). Docking studies can estimate binding
affinities and identify important interactions between the ligand and protein which can give
insights into the molecular mechanism of therapeutic activity. Additionally, the inclusion of
ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) prediction and drug-
likeness evaluation are indispensable parts of contemporary drug discovery, thus enabling the
identification of compounds at an early stage to have desirable ADMET properties and safety
attributes (Zhou & Wang, 2012),(Mohapatra et al., 2023), (Bultum et al., 2022). Comparable
to the other classes of heterocyclic compounds investigated for their anticancer properties,
1,2,3-triazole derivatives have received much interest because of their wide range of biological
activities, such as anticancer, antimicrobial, antiviral, anti-inflammatory and enzyme
inhibitory activity (Alam, 2022). The triazole ring has distinct structural and electronic
properties that enable it to form highly favorable hydrogen bond, m—m stacking and
hydrophobic interactions with biological targets. Furthermore, triazoles are usually more
metabolically stable and have more desirable pharmacokinetic properties, which makes them
attractive scaffolds for medicinal chemistry applications (Guan et al., 2024). The main
application of cabotegravir is to treat and prevent human immunodeficiency virus (HIV)
infection (Cattaneo & Gervasoni, 2019). In recent years, some medicinal chemistry work has
shown that structural modifications of the cabotegravir scaffold can result in derivatives with
a wide range of biological activities other than those of anti-viral action (Starosotnikov &
Bastrakov, 2023). Moreover, the use of 1,2,3-triazole moiety in cabotegravir-based structures
has been described to increase the biological activity and increase the interactions between the
molecules and the therapeutic targets (Dembo et al., 2024). A few 1,2,3-triazole hybrids of
cabotegravir have exhibited favorable cytotoxic activity against lung cancer cell lines and are
promising new cancer drugs (Guo et al., 2023). The main objective of the present study was to
gain insight into the molecular interactions and pharmacokinetic properties of selected 1,2,3-
triazole hybrids of cabotegravir derivatives against a protein target, associated with lung cancer
(PDB ID: 2ITY) via computational methods. The binding ability and interaction patterns of
the compounds within the active site of the target protein were assessed using molecular
docking analysis. Furthermore, ADMET prediction, drug-likeness based on Lipinski's Rule of
Five and toxicity assessment were performed to select compounds with desirable
pharmacological properties. The results of this study can be used to find potential lead
molecules for the development of new anti-lung cancer drugs and act as a basis for further
experiments.

Materials and Methods

Selection and Preparation of Protein

The crystal structure of the protein that is a diagnostic target for lung cancer (PDB ID: 2ITY)
was obtained from the RCSB PDB database in complex with the small molecule compound
IRE. (https://www.rcsh.org/) in .pdb format with resolution 3.42 A (Akash et al., 2024) . The
co-crystallized small molecule (IRE), along with heteroatoms and water molecules were
extracted with BIOVIA Discovery Studio Visualizer (version 2021) (Dassault Systémes,

ISSN 2661-6114 78 PEER-REVIEWED JOURNAL



AMC JOURNAL (DHANGADHI)
Year 9; July, 2026; Vol. 8; Issue 2; PP. (77-92) DOI: https://doi.org/10.3126/amcjd.v8i2.98405

2021). The processed protein structure was then converted to PDBQT format with PyRx
version 0.8, with the addition of polar hydrogens and Kollman charges added by Autodock
vina. Finally, molecular docking were carried out using PyRx 0.8. The parameters of the
docking were all kept at their default values (Kondapuram, Sarvagalla, & Coumar, 2021).

Selection and Preparation of Ligand

The present study was conducted on the ligands of the 1,2,3-triazole hybrid derivatives of
cabotegravir, which have been reported to show promising anticancer activity against lung
cancer cells (Guo et al., 2024). Based on the above, compounds 5a—5s and 6a—6i were chosen
for molecular modelling and structural analysis among the synthesized derivatives.
Substituents including CF3, OCF3, CH3, Br, Cl and F were selected for attachment to the
scaffolds due to their ability to impart improved cytotoxic activity, particularly compound 5i
which demonstrated the greatest anti-cancer activity against H460 lung cancer cells. The
chemical structures of all the selected ligands were taken from the published research article
entitled "Synthesis and biological evaluation of novel 1,2,3-triazole hybrids of cabotegravir:
identification of potent antitumor activity against lung cancer. The 2D structures of the
derivatives were manually drawn in ACD/ChemSketch software. Molecular structures were
drawn and geometry optimized using the ChemSketch software and the compounds saved in
appropriate formats for further computational studies (Li et al., 2004). To attain a stable 3D
structure of the molecules and to remove any structural strain, energy minimization of the 3D
structure of the ligand was performed with the UFF force field. After that, the ligands were
further prepared by optimizing their geometry and checking their chirality using AutoDock
Tools (version 1.5.7) in the PyRx virtual screening platform, running on Ubuntu 20.04.6 LTS
(Issahaku et al., 2023), (Forli et al., 2016) .

Selection of reference drug for docking studies

The molecular docking was done with the reference compound Gefitinib in this study.
Gefitinib is an FDA approved anti-cancer medicine which was first approved for the treatment
of non small cell lung cancer (NSCLC) in 2003 (U.S. Food and Drug Administration, 2003;
Verma et al., 2016). The structure 3D (PubChem CID: 123631) was obtained from the
PubChem database, N-(3-chloro-4-fluorophenyl)-7-methoxy-6-(3-morpholinopropoxy), 4-
quinazolinamine. The same grid parameters as used for the test compounds were used to
prepare and dock the reference ligand into the 2ITY active site.
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Figure 1: 2D structure of top 8 best 1,2,3-triazole hybrids of cabotegravir derivatives. .

Grid Box Generation

The molecular docking grid box was generated within the PyRx 0.8 environment to define the
docking parameters (Azmal et al., 2024)(Siam et al., 2017). The docking grid was centered on
the active site of the target protein at coordinates x = 43.9469, y = 8.0021, and z = 24.5547,
with a grid size of 25 A in each dimension. This preparation guaranteed complete coverage of
the binding pocket and enabled effective investigation of ligand conformations, leading to
dependable ligand—protein interaction predictions.

Docking Protocol

By using PyRx 0.8 platform molecular docking was conducted (Thapa et al., 2023a). While
preparing 2ITY protein, water molecules and unrelated heteroatoms were removed but polar
hydrogens, Gasteiger charges were included and simultaneously changed into the PDBQT
format For making stable conformation energy minimization was performed on the 1,2,3-
triazole hybrids of cabotegravir derivatives. Then, partial charges were then assigned, and
rotatable bonds defined, before converting the ligands to PDBQT format for import into PyRx
along with the prepared 2ITY protein. A number of docking simulations were accepted out for
each ligand and the resulting docked poses were ranked according to predicted binding
energies (kcal/mol). The lowest energy structure with the best interaction patterns was chosen
for complete analysis.

Visualization

The docked complexes of 2ITY with 1,2,3-triazole hybrids of cabotegravir derivatives were
analysed and visualised in BIOVIA Discovery Studio Visualizer 2021. The key interactions of
the 1,2,3-triazole hybrids of Cabotegravir derivatives with 2ITY were studied using BIOVIA
Discovery Studio Visualizer 2021. Four types of interactions, namely, hydrogen bonds,
hydrophobic contacts, n— stacking, and van der Waals interactions were found to give insight
into the binding modes and stability of the docked complexes. The use of 2D interaction
diagram, together with the visual representation of the structure in 3D, allowed the
interpretation of the docking result and a precise visualization of the interaction between ligand
and receptor (Syriopoulou, Markopoulos, Tzakos, & Mavromoustakos, 2021).

ISSN 2661-6114 81 PEER-REVIEWED JOURNAL



AMC JOURNAL (DHANGADHI)
Year 9; July, 2026; Vol. 8; Issue 2; PP. (77-92) DOI: https://doi.org/10.3126/amcjd.v8i2.98405

ADMET Prediction

In silico ADMET analysis of the selected 1,2,3-triazole hybrids of cabotegir derivatives was
carried out to assess their pharmacokinetic properties and drug-likeness (Chandrasekaran et
al., 2018) (Mathakiya et al., 2026) . Computation prediction of these properties is a crucial and
indispensable part of computational drug discovery, because it can identify compounds that
have desirable drug-likeness properties before experimental studies are performed. The
potential of these selected quinazolinone compounds to possess ADMET properties and drug-
likeness were predicted using the SwissADME web server (http://www.swissadme.ch/).
SwissADME provides a comprehensive analysis of key pharmacokinetic properties such as
lipophilicity, solubility, gastrointestinal absorption, permeability to the blood-brain barrier and
compliance with popular ADME criteria. The pharmacokinetics behavior, toxicity and
clearance properties of the quinazolinone derivatives were also predicted using the pkCSM
web server (https://biosig.lab.ug.edu.au/pkcsm/), to further assess the pharmacokinetic
behavior. pkCSM applies a computational approach based on a graph to estimate potential
toxicity risks and pharmacokinetic parameters of small molecules. The quinazolinone
compounds were evaluated using SwissADME and pkCSM together, to provide a
comprehensive and reliable evaluation of the ADMET profile, supporting their possible use as
promising drug candidates (Alamri et al., 2024; Alsibaee et al., 2023).

Results

Molecular Docking Analysis

To assess the binding affinity and interaction pattern of selected 1,2,3-triazole hybrid of
cabotegravir derivatives, molecular docking studies were done against the target protein (PDB
ID: 2ITY) for the lung cancer. The docking results showed that all the compounds selected
have good docking score of -7.4 to -10.2 kcal/mol that means strong interaction in the target
protein's active binding site. The binding energies of the selected drugs Gefitinib and several
synthesized derivatives were found to be —7.5 and —11.7, —12.1, —12.4, and —12.6 kcal/mol
respectively, indicating that the synthesized drugs have higher binding affinity and thus are
better potential candidate drugs to combat cancer. Derivatives 5e, 5h and 6d showed the best
binding affinity with docking score of —10.2 kcal/mol, followed by the compounds 5k and 51
with docking score of —9.8 kcal/mol, compound 5a with docking score of —9.7 kcal/mol and
compound 51 with docking score of —9.4 kcal/mol. The compound 5b exhibited the weakest
binding affinity among the derivatives studied (—7.4 kcal/mol). The results show that the
introduction of halogens and electron withdrawing functional groups could be crucial for
receptor binding. On detailed analysis of the interaction, it was found that the compounds in
the top ranks had several stabilizing interactions with important amino acid residues residing
in the active site of the target protein. The conventional hydrogen bond interactions were found
between compound 5e and Leu844 and Lys745, whereas other nonclassical hydrogen bond
interactions were found with Val726, Ala743, Met793, Cys797, Arg841, Glu758, and Asn842
(along with alkyl and m-alkyl, n-sulfur, n-sigma, and halogen interactions). The interactions in
totality result in the compound's high binding affinity. Likewise, compound 5h formed
traditional hydrogen bonds, n-sigma, n-alkyl, alkyl, and halogen interactions with Leu844,
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Val726, Ala743, Cys797, Asp855, and Arg841. The compound 6d showed a large number of
interactions such as hydrogen bonds, carbon-hydrogen bonds, n-sulfur, n-sigma, and halogen
interactions with Leu788, Leu844, Lys745, Ala743, Glu758, Asp837, Asp855, and Arg841,
which contributed to its high docking score. Leu844, Lys745, Val726, Ala743, Asp855,
Cys797, Glu758 and Arg841 were found to play critical roles in the ligand recognition and
stabilization in the top performing compounds within the binding cavity. Remarkably,
compounds 5k and 5l showed significant contacts with these critical residues through
conventional hydrogen bonding, n-sulfur, n-sigma, alkyl and halogen interactions with binding
energies of —9.8 kcal/mol.The reference drug Gefitinib formed predominant n-alkyl, Leu844,
Leu718, Lys745, and Val726, and n-sigma interactions with the protein with a binding energy
of -7.5 kcal/mol. In most of the synthesized derivatives, the binding energies are stronger than
that of the standard drug, indicating that the synthesized derivatives have better binding affinity
towards the target protein. Overall, the molecular docking results suggest that compounds 5e,
5h and 6d show the best binding properties and interaction profiles with the active site of the
target protein, making them promising candidates for further investigation. The various
hydrogen bond, hydrophobic interactions, halogen mediated contacts are involved in
stabilizing the ligand—protein complexes and might make the complexes more effective against
lung cancer. The results, therefore, offer a solid foundation for continued experimental testing
and optimization of these derivatives as therapeutic agents for the treatment of lung cancer.

Table 1: Molecular docking studies, binding energy, types of interaction, interacting amino
acids, for the top 8 compounds.

Compou  Binding energy Interacting amino

SN nd Code (Kcal/mol) Types of interaction acids

1 5a -9.7 C-H bond, pi-alkyl bond,  Leu 858, Val 726, Lys
alkyl bond, conventional 748, Glu 758,Ala
H- bond 743,Leu 844

2 5b -7.4 Conventional H bond C-H Leu 844,Cys 797, Val
bond, Pi-alkyl, Pi-sigma 726, Asp 855,Glu 758,

Arg 841 ,Cys 797

3 Se -10.2 Conventional H bond, Leu 844 Lys 745, Val
carbon-H bond, alkyl 726, Ala 743 , Met 793
bond, Pi-alkyl bond, Pi- ,Cys 797,Arg 841,Glu
sulfur, Pi-sigma, Halogen  758,Asn 842.

4 5h -10.2 Conventional H bond, Leu 844, Val 726, Ala

Alkyl bond, Pi-Sigma, Pi- 743, Cys 797 , Arg 481
Alkyl,Halogen (fluorine ) ,Asp 855,

5 5i -9.4 Conventional H bond, Leu 858, Glu 762, Asp
Alkyl; bond, Pi- alkyl, Pi 855, Lys 745,
— sigma, Halogen
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Compou  Binding energy . . Interacting amino

SN nd Code (Kcal/mol) Types of interaction acids

6 5k -9.8 Conventional H bond Leu (718 ,844) Lys
Alkyl bond, Pi-alkyl, Pi- 745, Asp 855, Ala 743
sulfur Pi-sigma, Halogen, ,Val 745 ,Asp 855 ,Cys

797

7 5 -9.8 Conventional Hydrogen Leu (844,718), Lys 745,
bond, Alkyl bond, Pi — Val 726 , Ala 743,Asp
alkyl, Halogen (fluorine),  855,Arg 841, Pro
Pi —sigma 794,Met 793,

8 6d -10.2 Conventional H bond, Leu (788,844), Lys
Alkyl bond carbon H 745,Ala 743 ,Glu 758
bond , Pi-sigma, Pi- sulfur ,Asp (855, 837) , Arg
,Halogen 841,

9 Gifitinib  -7.5 alkyl ,pi sigma , pi-alkyl Leu (1844 ,718) lys 745,

Val 726, Ala 743
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Figure 2: 2D interaction of 5e (A) and 5h (B) with 2ITY
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ADME Profiling and Drug-Likeness Assessment

SwissADME and pkCSM were used to determine the pharmacokinetic profiles of the top eight
1, 2, 3-triazole-cabotegravir hybrids (5a, 5b, 5e, 5h, 5i, 5k, 5l, and 6d) to evaluate their ADMET
properties (Vondom et al., 2018). The solubility of all the compounds in water was in the range
of —3.769 to —3.330 log mol/L, which is considered moderate; and the gastrointestinal
absorption was high, suggesting favorable oral bioavailability. These were also suspected to
be substrates and inhibitors of P-glycoprotein, indicating participation in an active transport
system. The predicted volume of distribution (VDss) values of the compounds were in the
range of —0.375 to 0.442 log L/kg; compounds 5I, 5k, 5h, and 6d had higher tissue distribution
potential. All the derivatives were all predicted to pass through the blood—brain barrier. All
compounds were found to be substrates of CYP3A4 and CYP1A2, but not inhibitors of
CYP3A4, to suggest a low risk of CYP3A4-mediated drug—drug interactions. The predicted
total clearance values were between —0.295 and —0.026 log mL/min/kg; compounds 5i, Sa and
5h had relatively high clearance values. All of them, in general, possessed good absorption and
distribution, predictable metabolic fate, Lipinski's rule compliance, and low toxicity, with
compounds 5e, 5h, 5i, 5k, 5, and 6d showing the most desirable pharmacokinetic properties.
These compounds have shown excellent molecular docking and are potential lead compounds
for further development for lung cancer. Other ADME properties such as lipophilicity,
solubility, and pharmacokinetic descriptors are listed in Table 2.

Table 2: ADME profiling of 8 compounds.

Absorption Distribution Metabolism Excretion

. _— Al = < s <o —

cC = B 2 o S22 £ s O
= 7 g gt o &) m o2 a2 aB =

. . > m ><c >c >2 o

o o O 0OEs LB [

5a -3.769 -2.735 yes yes High -0.214 Yes No Yes vyes  -0.039
5b -3.579 -2.735 Yes Yes High -0.375 Yes No yes Yes -0.295

5e -3.434 -2.735 Yes Yes High -0.287 Yes No Yes Yes -0.257
5h  -3.421 -2.736 Yes Yes High 0.261 Yes No Yes Yes -0.044
51 -3.485 -2.735 Yes Yes High 0.155 Yes No Yes Yes -0.026
5k -3.434 -2.735 Yes yes High 0.287 Yes No Yes Yes -0.244
5 -3.33 -2.736 Yes Yes High 0.442 Yes No Yes Yes -0.278
6d -3.629 -2.737 yes Yes High 0.197 Yes NO Yes Yes -0.063

Note: CC= Compound Code, WS = Water Solubility, SP =Skin Permeability, P-g sub =P-
glycoprotein substrate, P-g inh-I= P-glycoprotein inhibitor -1, GlA=Gastrointestinal
absorption, VDss =Volume Distribution, BBB = Blood Brain Barrier
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Drug-Likeness and Lipinski’s Rule of Five

Selected 1,2,3-triazole-cabotegravir hybrids (5a, 5b, 5e, 5h, 5i, 5k, 51 and 6d) were assessed
for their drug-likeness property by Lipinski’s Rule of Five. All the compounds were compliant
with the rule, suggesting good properties for oral drug development. The molecular weights of
the compounds were in the range 554.61-648.52 Da, and the LogP values were 2.60-4.60,
which was considered to be a good balance between lipophilicity and membrane permeability.
The number of hydrogen bond donors was 1, and the number of hydrogen bond acceptors was
9-11, which indicated moderate molecular flexibility. The topological polar surface area
(TPSA) was between 233.40 A2 and 254.48 A2, suggesting that there are several polar
functional groups that can interact with the target. Overall, it is noted that these compounds do
not seem to contain any Lipinski rule violations, which indicates that these compounds have
good drug-like properties and can be used as orally active anticancer agents. Of these,
compounds 5e, 5h, 5i, 5k, 5I, and 6d showed the most favorable compromise between
physicochemical properties and molecular docking score, and hence are attractive leads for
further development against lung cancer (Daina, Michielin, & Zoete, 2017).

Drug-likeness and Lipinski’s Rule of Five

Compound Drug likeness/ Lipinski’s rule of five Violation
Code MolWt. LogP  HBD HBA RB TSA

5a 580.523 35763 1 9 5 235.618 No

5b 575.513 2.6048 1 11 6 235.575 No

5e 648.52 45951 1 9 5 254.480 No

5h 580.523 3576 1 9 5 235.618 No

5i 596.522 3.456 1 10 6 240.732  No

5k 64852 4595 1 9 5 254.480 No

5l 554.607 3.482 1 9 6 233.4 No

6d 59455 3635 1 9 6 24198 No

Note: Mol.Wt =Molecular weight, HBD =Hydrogen Bond Donor, HBA =Hydrogen Bond
Acceptor, RB =Rotatable Bond, TSA =Total Surface Area

Toxicity Analysis

The pkCSM web server was used to predict the toxicity profiles for the triazole-cabotegravir
hybrids selected for this study, as a way to assess their safety as anticancer agents. This is an
important step in the process of drug discovery, because compounds that show promise for
their biological activity can fail due to unwanted toxic effects (Blomme & Will, 2016). The
predicted oral acute toxicity values of these hybrids (LD50) in rats ranged between 2.507 and
2.992 moles per kg; the hybrid with the highest LD50 value was 6d, indicating that this
compound has the lowest predicted acute toxicity, while the compound with the lowest LD50
value was 5b, meaning it has a higher prediction of acute toxicity. The predicted chronic
toxicity values of these hybrids (LOAEL) ranged from -0.115 to 0.940 log mg/kg/day, with
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hybrids 5e and 5k having the lowest predicted LOAEL values, indicating greater potential for
chronic toxicity compared with hybrid 51, which had the highest predicted LOAEL.

Toxicity study of top 8 compounds

Toxicity Score

Compound Code i ici
P Oral Rat Acute toxicity (LD50) Oral Rat Chronic toxicity

(LOAEL)

5a 2.907 0.376
5b 2.507 0.553
5e 2.928 -0.115
5h 2.895 0.388
5 2.927 0.283
5K 2.928 -0.115
51 2.893 0.94

6d 2.992 0.525

Note: LD50 = lethal dose 50, LOAEL = Lowest dose observed adverse effect level.

Discussion

This research used an integrated computational method to investigate the use of cabotegravir
1,2,3-triazole hybrids as anticancer therapies that target lung cancer protein (2ITY). The results
of docking analysis showed the majority of compounds exhibited greater binding affinities
than the standard chemotherapy agent, gefitinib (compound 5e: -10.2 kcal/mole; 5h: -10.2
kcal/mole; 6d: -10.2 kcal/mole). The compounds strongly interacted with several key active-
site residues (Leu844, Lys745, Val726, Ala743, Asp855, Cys797), indicating strong potential
to inhibit the target protein. ADMET analysis showed that all compounds have favorable
pharmacokinetic properties (high GI absorption, acceptable solubility and lipophilicity) and
very low probability for CYP3A4-mediated Drug-Drug Interactions, suggesting an appropriate
route of administration (i.e., oral) (Bhandare & Nannor, 2024). Finally, drug-likeness
assessments confirmed that all of the selected derivatives meet the criteria for drug likeness.

Molecular Docking Result Analysis

The molecular docking study was performed to check the interaction of 1,2,3-triazole hybrids
of cabotegravir with the target protein (PDB ID: 2ITY) of lung cancer. The results indicated
higher binding affinity for most derivatives compared to the reference drug Gefitinib (—7.5
kcal/mol) suggesting that they could be used efficiently to inhibit the target. The docking score
for compounds Se, 5h and 6d were found to be highest as —10.2 kcal/mol, followed by 5k (-
9.8 kcal/mol), 51 (-9.7 kcal/mol), 5a (-9.7 kcal/mol) and 5i (-9.4 kcal/mol) and 5b had the lowest
score as —7.4 kcal/mol. The best compounds were identified to have multiple stabilizing
interactions such as conventional hydrogen bond, m-alkyl, n-sigma, m-sulfur, halogen and
ISSN 2661-6114 87 PEER-REVIEWED JOURNAL



AMC JOURNAL (DHANGADHI)
Year 9; July, 2026; Vol. 8; Issue 2; PP. (77-92) DOI: https://doi.org/10.3126/amcjd.v8i2.98405

hydrophobic interactions with key active site residues through analysis of their interactions.
Residues Leu844, Lys745, Val726, Ala743, Asp855, Cys797, Glu758, and Arg841 were found
to be consistently involved in the interactions with the ligand, which are important for target
inhibition. The synthesized derivatives showed higher and broader interacting networks
compared with Gefitinib, which may be responsible for their enhanced binding affinities. In
summary, compounds 5e, 5h and 6d were found to be the most promising lead compounds,
with excellent receptor binding and favourable interaction patterns and should be further
validated using molecular dynamics and experimental studies.

ADME and Pharmacokinetic Analysis

The PK properties of the 1,2,3-triazole hybrids of cabotegravir selected for ADME analysis
showed good drug development potential. The gastrointestinal absorption was high and the
water solubility was moderate for all compounds, suggesting good oral bioavailability. The
acceptable VDss values that were obtained from the distribution studies revealed that
compounds 51, 5k, 5h and 6d had improved tissue penetration. All the derivatives were
predicted to have good membrane permeability. Metabolic studies revealed that all of the
compounds were CYP3A4 substrates but not inhibitors, suggesting potential for drug—drug
interactions and predictable hepatic metabolism with a lower risk of drug—drug interactions,
though some inhibition of CYP1A2 was noted (Andrade et al., 2016). Balanced clearance
values were evident in excretion profiles, with compound 5i having the highest predicted
clearance (Fagerholm, 2007). In general, compounds 5e, 5h, 5i, 5k, 51 and 6d exhibited the
most positive ADME properties, hence their potential as orally active anticancer agents, and
are promising candidates to be subjected to further experimental testing.

Lipinski’s Rule of Five Analysis

All the 1,2,3-triazole hybrids of Cabotegravir selected were found to have favorable
physicochemical properties by using drug-likeness evaluation based on Lipinski's Rule of Five
and showed no violation of the 5 drug-likeness rules. The compounds exhibited good levels of
lipophilicity (LogP 2.60-4.60), hydrogen bonding and molecular flexibility, which is
indicative of potential oral bioavailability (Caminero Gomes Soares et al., 2023) . Some of the
derivatives had a molecular weight greater than 500 Da, but it was still within the acceptable
drug-likeness. The presence of polar functional groups, which could increase the target
interaction, was suggested by TPSA values (Luo et al., 2020). In conclusion, these compounds
have good drug-likeness, docking, and ADME properties and are potential anticancer agents,
with compounds 5e, 5h, 5k, 5I, and 6d being the most promising for further development.

Toxicity Profiling

The designed 1,2,3-triazole hybrids of cabotegravir were shown to be safe using in silico
toxicity assessment. From the predicted oral rat acute toxicity (LD50) values, it is clear that
the compounds are not toxic in low levels as the values are ranging between 2.507 and 2.992
mol/kg, with compound 6d having the highest of these values which is the least toxic. Chronic
toxicity evaluation using LOAEL values was also performed, and most compounds were found
to be safe for long-term use, especially 5e and 5k. After molecular docking, ADME and drug-
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likeness calculations (EI Fadili et al., 2024), compounds 5e, 5h, 5k and 6d were found to be
the most promising compounds. On a general level, the toxicity predictions are in favor of the
potential of these derivatives as anticancer lead compounds, but additional in vitro and in vivo
testing is needed to prove their safety and therapeutic effectiveness.

Reference Compound (Gefitinib) Docking Analysis

In the molecular docking study, gefitinib (NSCLCT approved EGFR inhibitor) was taken as a
reference compound against the target protein (PDB ID: 2ITY). Gefitinib had a binding energy
of —7.5 kcal/mol, and bound to the important residues of the active site such as Leu844,
Leu718, Lys745, Val726, and Ala743. Seven out of the eight derivatives of 1,2,3-triazole
(compounds) selected in this comparative analysis exhibited higher binding affinity than that
of Gefitinib. Compounds 5e, 5h, and 6d demonstrated the highest binding energies (—10.2
kcal/mol), followed by 5k and 51 (—9.8 kcal/mol), 5a (9.7 kcal/mol), and 5i (—9.4 kcal/mol).
These increased binding affinities were largely attributed to hydrogen, halogen bond, -sulfur
contact, and hydrophobic interaction(s) with key residues, namely Lys745, Asp855, Cys797,
Glu758 and Arg841. Based on these results, the synthesized derivatives, especially 5e, 5h and
6d, have better binding potential than Gefitinib and should be further studied using molecular
dynamics simulation and biological experiments as therapeutic agents for lung cancer.

Conclusion

In the present study, a series of 1,2,3-triazole cabinets analogues of cabotegravir were explored
for their anticancer activity against lung cancer by applying an integrated computational
approach including the molecular docking study, ADMET prediction, drug-likeness
assessment and toxicity study. Molecular docking study showed that majority of selected
derivatives showed higher binding affinity towards the target protein (PDB ID: 2ITY) than
Gefitinib (reference drug). The derivatives 5e, 5h, and 6d had the highest binding affinities
(—=10.2 kcal/mol) and these compounds formed stable interactions with the key active-site
residues, suggesting good inhibitory potential. The selected compounds showed good
gastrointestinal absorption, acceptable distribution and predicted metabolic disposition, and
appropriate clearance properties in the ADMET analysis. Additionally, drug-likeness
evaluation was carried out for all the derivatives investigated; none of them showed any
violation of Lipinski's Rule of 5, thus indicating their potential as orally active drug candidates.
In addition, these compounds showed acceptable toxicity properties according to the toxicity
profiling: compounds 5e, 5k and 6d showed particularly favourable toxicity properties.Based
on the analysis of all the compounds evaluated, 5e, 5h and 6d were identified as the most
promising lead candidates, showing good binding affinity, favourable interaction pattern,
desirable pharmacokinetic properties, compliance with drug-likeness criteria and acceptable
predicted toxicity. The results suggest that the 1,2,3-triazole structural motif could be a useful
strategy for designing new anticancer drugs for lung cancer. The outcome of this study is very
promising, but computation is based on predictions, which have to be validated by
experimental investigations. Thus, in vitro cytotoxicity, molecular dynamics simulations,
enzyme inhibition and in vivo pharmacological tests are suggested in order to validate the
biological activity and safety of the selected lead compounds. The findings of the present study
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suggest that the compounds 5e, 5h and 6d are prospective candidates for further development
in the context of drug discovery for lung cancer and further optimization of the triazole-based
anticancer agents is warranted on the basis of their strong structural features.
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