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ABSTRACT

Ritonavir is an antiretroviral drug used for the cure of HIV infection. However, according to the medical evidences,
the development of an emerged resistance against ritonavir action is due to the occurrence of various mutations in
HIV protease gene. It highlights the necessity to develop capable inhibitor for the intervention of ritonavir resistance
in HIV protease. In the current research, unique form of lead molecule was recognized using virtual screening,
molecular docking and molecular dynamics technique. The virtual screening analysis was performed using
PubChem database by applying ritonavir as query and refinement of the data was done via molecular docking
approach. The Lipinski rule of five was applied for the investigation of ADMET properties and to evaluate the
bioavailability of the compounds. After that, potential drug candidates emerged from screening was tested for the
toxicity profiles, drug likeness and other physio-chemical properties of drugs by OSIRIS server. Eventually, to
validate the binding property of active compound, molecular dynamics simulation was also implemented. This study
evidently confirms that CID:22863038, surely have the potential to inhibit HIV protease undoubtedly effective to

tackle the drug resistance in HIV.
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1. INTRODUCTION

A Human Immunodeficiency Virus (HIV) is categorized
into two significant types, HIV-1 and HIV-2, with 60%
similarity in genetic homology. Nonetheless, the
virulence level of HIV-2 is less than HIV-1. Since HIV-1
has been discovered, about 84.2 million infections and
42.3 million deaths were reported worldwide. The World
Health Organization (WHO) had put an effort to
minimize the HIV-1 infections from 1.5 million to
335,000 and also the death rate from 680,000 to below
240,000 by 2030 at a substantial rate (1). While,
antiretroviral therapy (ART) worked out well to tackle
the deadly HIV-1 infection by transforming it to
attainable long-term condition, still an effective vaccine
is required for the satisfactory treatment of HIV (2).
India had an approximately >2.5 million individuals
suffering with HIV in the 2023 national survey estimates
indicating a long-term decline in adult occurrence from
the outbreak, nevertheless a notable national
significance; the details and district-level numerical data
is available in 2023 NACO estimations and factsheets
(3). Primarily, adult prevalence was maximum in the late
1990s and early 2000s, and mass prohibition and
remedial initiatives in the past twenty years have

diminished novel infections and ubiquity in many
years(4). However, geographical disproportion still
remains obvious: while national prevalence s
decreasing, some states such as Maharashtra, Karnataka,
Andhra Pradesh, Telangana, and specially the
northeastern area still bear excessive load, need state-
specific epidemiological research and customized
development (5).

HIV is naturally a retrovirus that typically infects CD4+
T cells, macrophages, and dendritic cells. There are
different stages of the replication process- viral entry,
reverse transcription of RNA into DNA, amalgamation
into the host genome, and breakdown of viral
polyproteins by HIV protease. (6). These steps are
considered as an essential therapeutic target, and no
doubt, already available ART procedure comprises
nucleoside/nonnucleoside reverse transcriptase inhibitors
(NRTIS/NNRTIs), protease inhibitors (PIs), integrase
inhibitors, and entry inhibitors. The central most is
protease inhibitor specifically Ritonavir in ART regimen
(7). In starting, Ritonavir was built as an HIV protease
inhibitor, however, these days it is wused as
pharmacokinetic booster due to its convincing inhibition
of cytochrome P450 3A4. There are many side effects
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such as hepatoxicity, gastrointestinal effects, metabolic
difficulties, and resistance of Ritonavir reported even it
was diagnostically effective. One of the major barriers to
rational HIV treatment is resistance of Ritonavir drug
(8). The drug’s affinity gets reduced due to the mutations
occur during continuous viral replication in ART

pressure. ART procedure is a lifelong therapy which
made the disease condition worse, and risk of more side
effects like treatment fatigue, and adherence challenges
has increased.With these challenges, there is a pressing
need of plan that can work to control resistance and
make the patient tolerance ability better (9).
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Figure.1. Life cycle of HIV virus (created with smart PPT)- showing key stages including viral attachment, fusion,
reverse transcription, integration, assembly, and maturation within the host cell.

Drug repurposing and Insilico studies

Drug discovery is a strong approach comes to the true
action for speeding up HIV drug discovery. The process
includes recognizing novel therapeutic uses for approved
drugs or their derivatives, consequently avoiding several
early-phase safety assessments (10). The reference drug
Ritonavir and related protease inhibitors are potent
candidates for derivative repurposing due to their good
safety profiles and well-demonstrated pharmacokinetic.
It is clear that their antiviral potency can be boosted by
just making changes in their structure, also, the toxicity
reduction, efficacy restoration can be done against
resistant HIV strains (11). Present years have shown that
computational methods- from molecular docking and
network/knowledge-graph approaches to Al-powered
pipelines- can quickly recommend medically helpful
repurposed drugs. As an example, expert-amplified in-
silico pipeline by BenevolentAl underscored the JAK
inhibitor baricitinib as a potent candidate for COVID-19
in early 2020; later biochemical and clinical researches

underpinned its anti-inflammatory/antiviral principle and
it developed into randomized trials and therapeutic use
for acute COVID-19 (12). Standardized investigation of
computational repurposing at the time of pandemic
shows various in-silico screens manufactured high-
affinity compounds that were then proceeded to in-vitro
(13), animal, and medical testing, presenting the worth of
computational and aligned initiatives used docking and
cheminformatics to determine HIV-pointed candidates
(for example, in silico screening of protease and
polymerase inhibitors that assisted laboratory follow-up),
elucidating that these approaches are useful beyond viral
disease and therapeutic areas (14).

For repurposing process, computational approaches are
playing a key role. For the identification of lead
compounds by interactions with HIV targets, techniques
such as molecular docking, pharmacophore modeling,
molecular dynamics (MD) simulations, and machine
learning can quickly screen thousand numbers of
compounds in one time
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(15). Latest studies established a cultivating role of
artificial intelligence (Al) in drug repurposing. As an
example, to develop HIV inhibiting molecules with
accelerated efficiency in virtual screening, diff4VS
originated a diffusion-based generative model influenced
by classifiers

(16). Identically, K-Paths raising the level of prediction
of drug disease interactions and applications in HIV
therapy by implying knowledge-graph reasoning
integrate with graph neural-network (GNNs) and large
language models (LLMs) (17).

Additionally, improvements are seen in patient
identification in electric health records with modern HIV
research by clinical informatics (18). In 2025 study, HIV
patients are carefully categorized into PrEP, and PEP
users schematize to hasten translational pipelines.
Promptly by the initiation of computational phenotyping
approach, which makes easier to study the drug response
in a sorted form. These advancements describe the big
role of computational techniques significant to HIV-
from developing a drug molecule to real-world
applications (19).

Principle of this study

However, In HIV treatment protease inhibitors are
playing vital role, the ritonavir derivatives are still in the
need of standardized research using advance
computational methods. The previous studies were based
on the identification of novel inhibitors only; less work
has been done on the exploration of optimization of
ritonavir scaffold to tackle the resistance or minimizing
the side effects (20). Current findings indicates that
variants can be formed with upgraded protease binding
and outstrip pharmacological properties through
structure-based design of ritonavir cognate.

This gap undertaken in current study by implying in
silico methods to analyze ritonavir derivatives for potent
drug repurposing opposed to HIV protease. We evaluated
the impact of change in structure on binding interactions
and stability in odds with both wild-type and mutant HIV
protease  through  docking, molecular  dynamic
simulations, and similarity-based screening. In present
research work, focus was on next-generation HIV drug-
design and to enlighten the scientific community
regarding the role of drug repurposing in escalating
antiviral development.

2. MATERIAL AND METHODS

Data collection

The native and mutant three-dimensional (3D) co-
ordinates of Ritonavir were obtained from Brookhaven
Protein Data Bank (PDB) (https://www.rcsb.org/) for the
analysis. The corresponding PDB codes were 4PUO and
7LW6 respectively. The structure was solved with 2.90 A
and 2.38 A resolutions. Ritonavir was selected as a small
molecule for the investigation in this research (21). The
SMILE format of the Ritonavir and its derivatives were
derived from PubChem

(https://pubchem.ncbi.nlm.nih.gov/) and the list of
SMILE strings were prepared. The molecular weight and
other important factors were taken into account before
choosing the SMILE strings for the computational
analysis (22).

Virtual Screening

Virtual screening is a technology supported technique
used to quickly determine potent phytochemical from
vast chemical libraries by anticipating their liability to
bind a target molecule. By sorting compounds for
experimental analysis, it considerably minimizes the
time and cost in early-stage drug discovery (23). In this
study, to identify possible inhibitor against HIV, the
existing approach called ligand-based virtual screening
was applied. To conduct similarity-based screening
against compound libraries obtained from PubChem
database, a proclaimed inhibitor [Ritonavir] was
considered as a query molecule. Lipinski’s rule of five
was employed to filter out the top hits to check drug-
likeness using Swiss ADME (24). Eventually, the chosen
compounds were prepared for molecular docking to
analyses their binding affinities for both the native
(4PUO) and mutant (7LWS) structures of HIV integrase
enzyme. Virtual screening is computational tools-based
technique in which multistep are performed such as
pharmacokinetic profiling, bioactivity prediction, and
toxicity analysis using and OSIRIS (25). After the
completion of this whole process, the lead molecules
with concurring binding profiles, pharmacokinetics, and
safety parameters were identified which are capable for
future docking and simulation studies (26). ADME
(Absorption,  Distribution, Metabolism, Excretion)
properties and toxicity prediction

Molecular properties of drug candidate such as
membrane permeability and bioavailability are analyzed
using Lipinski’s rule of five. These properties relate to
some specific molecular descriptors such as logP
(partition coefficient), molecular weight (MW), or counts
of hydrogen bond acceptors and donors in a molecule.
The “rule of five” were formulated with these properties
(27). The rule specifies that molecular weight of
molecule should be <500, then it can be considered as
molecule with good membrane permeability, calculated
octanol-water partition coefficient, log P<5, hydrogen
bond donors <5, acceptors <10 and van der Waals bumps
polar surface area (PSA) <120 A2. In the current
research, the evaluation of all the molecular properties
for all the key compounds were done by using Swiss
ADME (http://www.swissadme.ch/). The second most
important variable of this study is toxicity prediction
which is crucial factor in the analysis of developmental
compounds. Indeed, toxicity prediction will finalize the
compounds which will pass and ready for further
assessment and, failed ones will get rejected (28). In the
present work, OSIRIS property explorer program
(https://www.organic-chemistry.org/prog/peo/) has been
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used to examine the toxicity of lead compounds. There
were other factors such as drug likeness and drug score
of the lead candidates estimated through OSIRIS. This
program does evaluation of the drug likeness of
compounds in accordance with the list of about 5300
distinct substructure fragments created by 3300 traded
drugs as well as 15,000 publicly available fragments
with the corresponding drug likeness. The drug score
amalgamates drug-likeliness, cLogP, logS, molecular
weight, and toxicity risks. By these factors, we conclude
a total value which can be used to estimate the
compound’s general capability to qualify for a drug (29).
Molecular docking

The process of docking first implicates with defining the
binding site of ligand in a receptor protein and after that,
dock the ligand into framed site. The data collected from
literatures was utilized to analyze the amino acids around
the binding site. The key compounds acquired from
Swiss ADME server were used in docking analysis (30).
To start with, SMILE strings which were used to create
three- dimensional structure of all the lead candidates.
Eventually, docking algorithm was run with the help of
Auto dock Vina server (https://vina.scripps.edu/). The
drug molecules were ranked based on the docking score
with target protein. For the reference, the geometric
score of Ritonavir with the target protein (native and
mutant) was considered for refining the lead compounds

(31). In this research, rigid receptor-flexible ligand
docking analysis was conducted according to working of
Auto dock Vina program. The protein file obtained from
PDB and energy minimization was done, along with the
ligand file submitted as input for the docking (32). The
Vina algorithm enlist three bioinformatics tools like
Swiss ADME, Molinspiration, fundamental steps for
docking- (1) Protein and Ligandpreparation using Auto
dock tools (2) Grid formation with target protein (3)
Collecting all the files required in one folder as PDB and
Pdbqt files of protein and ligand, Vina files, also grid box
file as well. (4) Running the command

Molecular dynamics simulation

A computational method known as Molecular Dynamics
Simulations is used to examine how protein-ligand
complex interactions behave at atomic level. Molecular
Dynamics  Simulations were  conducted using
GROMACS Package 2023.3-11.8 with AMBER99SB-
ILDN force field and TIP3P water model (33). The
complex was packed in cubic periodic box of size 13 x
13 x 13 nm3, verifying a minimum distance of 1.0 nm
between the solute and the box edges. Specific water
molecules were employed to solvate the system after 9
NA+ ions neutralized it. Steepest descent algorithm was
used to perform the energy minimization with a
maximum of 5000 steps (34). Under NVT (Canonical
Ensemble) and NPT (Isothermal Isobaric Ensemble)
circumstances, the system was equilibrated at 300 K and
1.0 bar, categorically, using the V-rescale thermostat (0.1
ps) and the Parrinello-Rahman barostat (2.0 ps) with a
4.5 x 10-5 bar-1 compressive force. To evaluate long-
range electrostatics, The Particle Mesh Ewald (PME)
method was implemented with cut-off of 10.0 nm for
both and filtering the lead compounds on the basis of
good geometric score along with the RMSD scores (35).
electrostatic and van der Waals interactions. The Leap-
frog integrator was applied with a 2-fs time step for a
total of 100 ns. The LINCS approach was used to restrict
all covalent interactions including hydrogen bonds,
establishing numerical stability of the molecular system.
The trajectories were examined using XMGRACE tool
to calculate RMSD (Root Mean Square Deviation),
RMSF (Root Mean Square Fluctuations), SASA (Solvent
Accessible Surface Area), Radius of Gyration for
analyzing the stability and compactness of the protein
ligand complex (36). As you know, RMSD is used to
assess the structure stability of a protein-ligand complex
throughout molecular dynamics simulations since it
calculates the average atomic deviation numerically over
time. It constructively demonstrates the fluctuations from
its primary conformation. Additional techniques may
measure flexibility or compactness, however RMSD
promptly exhibit the general stability and convergence of
the system (37).
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Figure. 2. Overall workflow of the study, including virtual screening, pharmacophore modeling, molecular docking
and molecular dynamics simulations, Visualization of graphs via XMgrace for identifying potent HIV inhibitors

(created with PowerPoint and Napkin tool)

On the other hand, RMSF is conducted to analyze the
flexibility of discrete residues within the protein during
the simulation. High mobility regions, such as loops or
terminal ends, and stable regions with low fluctuations
can be determined with the help of RMSF. The ability to
predict the amino acids that are primarily responsible for
the dynamic behavior of the protein and its interactions
with ligands is thus presented (38). Moreover, Radius of
gyration is used to evaluate the tightness and folding
stability of the protein structure over the simulation time.
A complex with stable Rg value signifies that the protein
keeps its structural integrity, whilst higher variations
indicate unfolding or conformational changes. Therefore,
Rg helps to ensure the overall structural stability of the
complex (39). Lastly, SASA investigation evaluates the
surface area of the protein attainable to the solvent,
bestowing information on protein folding and
hydrophobic or hydrophilic disclosure. Variations in
SASA during the simulation specifying the
conformational rearrangements or ligand binding effects.
A stable SASA profile indicates that the protein-ligand
complex stayed correctly folded and stable throughout
the simulation (40).

3. RESULTS AND DISCUSSION

Virtual screening and bioavailability interpretation
This study started with obtaining the similar structures to
ritonavir from the PubChem database. The ritonavir was
chosen as the query molecule (41). The correlation cut
off was retained up to 99% in the analysis. The total 91
compounds were relinquished. For the further research,

these compounds were exploited. SWISS ADME server
was used to forecast the bioavailability of ritonavir and
the lead candidates. Firstly, the properties of ritonavir
were studied through SWISS ADME and managed as
control to screen other lead molecules (42). The results
are given in Table no.land 2. It is clear from the table
that some of the compounds are violating the rule of five
strategy due to difference in molecular weight and
increased number of rotatable bonds. This observation
does not certainly disqualify the compounds or question
their therapeutic relevance. In particular, various
approved HIV protease inhibitors, encompassing
ritonavir and lopinavir, also contradict the restrained
Lipinski rules still keep better clinical potency (43). So,
this shows all these compounds may have capability to
become the lead drug compound. Nonetheless, toxicity is
also one of the vital issues needed to buckle down before
choosing the hit compound.

Toxicity analysis

The fundamental point backing the non-success of
variety of compounds in drug discovery approach is the
problem associated with pharmacokinetics and toxicity.
In the current research, OSIRIS property explorer was
used to resolve these issues. The variables such as clogP
and logS were employed to examine the pharmacokinetic
properties of lead compound (44). The result is shown in
Table 3. clogP is a fixed value of hydrophilicity of the
compound. The increase in logP value may affect the
control level due to decreased hydrophilicity of the
compound. The value of logP must not be higher than
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5.0, for compound to have a rational probability of being
fully absorbed. It is clear from the table 3 that logP value
of all the 91 compounds established at benchmark.

The attributes of a compound such as absorption and
distribution generally get affected by drug solubility. In
spite of the fact, compound might be absorbed badly due
to inadequate solubility of drug (45). The compound’s
dissolvability evaluated as log S which is a unit stripped
logarithm (base 10) measured in mol/liter. The log S
value (forecasted) of more than 80% of the drug which
are attainable in the market is more than -4. It is clear
from the table 3 that the all the drug molecules are
obtained in the equivalent zone with that of specified
drugs attaining the acquired solubility.

Drug likeness

The drug likeness is imperious criteria to consider in
drug design because compounds retrospect conducive
parameters such as absorption, distribution, metabolism,
excretion, toxicity (46). The OSIRIS property explorer
was practiced to predict the drug-likeness and toxicity
profiles of the chosen compounds (47). It was observed
that most of the lead compounds showed drug-likeness
values more than -10, demonstrate their structural
components, which are not well established in present
marketed drugs, however still under a considerable range
for the lead recognition. These values propose that all the
drug molecules might not finely align with standard
drug-like fragment patterns, but we cannot firmly
disapprove them either.

Drug score and toxicity

Significantly, total 91 compounds were put through
toxicity test, and the result signified that 80 compounds
were non- tumorigenic, hon-mutagenic, and not bound to
reproductive or irritant effects. The non-appearance of
consequential toxicity problems, in conjunction with
approving ADME properties and optimistic docking
scores, advices that these compounds hold great potential
as hit compounds for advance optimization (48). The
compounds such as CID:66832101, CID: 66832099,
CID:11350398, CID:66832357, ClD:68062464,
CID:68973507,CID:69258143 were unsuccessful to pass
through the OSIRIS program and exhibit mutagenic and
tumorigenic effects. The overall drug score (DS) for all
the lead compounds was also evaluated and compared
with ritonavir. The result is showed in Table 3. In
comparison with standard drug ritonavir, the outlined hits
exhibit average to good DS. In current set of data, 3 lead
compounds appeared with drug score close to ritonavir.
Total 71 compounds selected for further investigation
having drug score more than 0.6.

Molecular docking

Molecular docking approach was applied to predict the
binding affinity of lead compounds with the target
protein. The prediction of active site and grid box setting
of native and mutant form of protein was done using
BIOVIA and Auto Dock tools based on their 3D

structures from PDB database (49). The binding site
position of 4PUO was recognized by picking the amino
acid residues: LEU100, LYS101, VAL179, TYR181,
TYR188, PHE227, TRP229, LEU234, TYR318 and the
X, ¥, z coordinates were calculated to be 28.734, 44.145
and 38.605 and dimensions were set to 40x40x52A (50).
For 7LW6, amino acid residues are: TYR24, HIS41,
PHE105, and TYR130, and also the X, vy, z, coordinates
for mutant form of protein were measured to be 40.470,
15.887, 15.844 and also, grid dimensions were set to
40x40x46A (51). Docking was performed using 9
binding modes (num_modes = 9) to analyses various
possible conformations, and an energy range of 4 k/Cal
was implied to obtain poses within a favorable energetic
window of the best binding affinity. The docking results
are illustrated in Table 4. Both mutant and native forms
of protein docked with ritonavir and docking-score of
native-type 4PUO-ritonavir complex was -7.5 and for the
mutant-type 7LW6-ritonavir, the score was -7.4. The
I138T mutant effects the binding of ritonavir with 7LW6
(mutant -type protein) and showed the lesser docking
scores. The potent lead compound will be considered as
the one with higher docking scores than reference drug
molecule, ritonavir. Total 71 lead compounds were
docked and out of 41 with unique binding affinity are
shown in table. Especially, 16 hit compounds from our
data set showed higher docking scores in native- type
and with mutant-type and four compounds in mutant-
type showed docking scores close to ritonavir. As a case
in point, CID:22863038 showed the higher docking
scores among the 16 hits in our data repository. The
docking score of native-type 4PUO- CID:22863038
complex was determined to be -12.4 kcal/mol and
mutant-type 7LW6- CID:22863038 complex was -9.8
kcal/mol. This result demonstrates that CID:22863038
has a good binding affinity with both native and mutant
type target protein in comparison with ritonavir.
Molecular dynamics simulation

The atomic level analysis of solvent conditions and
stability was performed for the new best hit compound
complex with the native and mutant forms of protein.
The ligand showed up with convenient binding energy
through Molecular Docking approach (52). Molecular
Dynamics Simulations were performed at 100 ns for the
CID- 22863038 (Hit2) (protein-ligand complex) and
compared to CID:59603338 (Hitl), Apo-protein (native
and mutant- protein structures without the bound ligand)
and also with Ritonavir-protein-complex (control drug
and protein (native and mutant) complex).

Both the Apo-protein structures and Hit-2 complex
structures  showed  almost comparable  stable
conformations up to 100 ns but Hit 1 not, according to
the results of RMSD analysis (fig. Aand B). The average
RMSD values for Hit_2 complex with native protein is
0.34 A and with mutant protein is 0.22 A, and value of
Hit_1 complex with native is 0.44 A and mutant is
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0.13A. B comparing these values with the acceptable
range 3 K the structures are found stable to proceed
further for the selection of best hit. The RMSF
investigation (fig. C and D) was done for the flexibility
check-up of the complexes, which framed the RMS
fluctuations of the protein and complex during the 100 ns
simulation trajectory. The RMSF figure displayed the
loop-like structures that revealed the stability of the
Hit_2 complex and Apo protein (Native/Mutant) after~80
ns. At 140 ns, one loop appeared again in both the
graphs, but it remained still after. Significantly, positive
fluctuations were reported of Hit_2 compared to Hit_1

complex structure. Additionally, the Radius of Gyration
(RoG) (fig. E and F) analysis directed that Hit 2
complex was stable after 60 ns. The drop in the curve
over 100 ns was seen in the solvent accessible surface
area graph specifying the positive result for the selection
of Hit_2 as a lead compound (fig. G and H). The similar
curves of the RoG and SASA established the validation
of the simulation results. Evidently, these results proved
the closeness and stability of the protein-ligand complex
and approving the authenticity of molecular dynamics
simulation.

Table-1-Calculation of molecular properties of lead compound using SWISS ADME
Sr.no. | PubChem CID MW TPSA miLogP | nON | nOHNH nviolations Volume

1. | Ritonavir 720.94 202.26 5.18 7 4 2 197.82
2. | CID:157500168 636.7 182.91 4.04 11 3 1 158.84
3. | C1D:22858342 525.66 | 138.02 | 4.38 6 3 1 143.89
4. | CID:22892060 607.76 161.13 4.03 6 4 1 173.35
5. | C1D:22878494 508.68 | 145.58 | 3.39 5 4 1 143.61
6. | CID:25097768 511.63 138.02 3.72 6 3 1 139.04
7. | CI1D:25097237 511.63 129.23 4.0 6 2 1 139.18
8. | C1D:18939520 566.69 | 179.15 | 4.03 7 3 1 149.59
9. | CI1D:142994930 599.67 161.13 3.35 9 4 1 154.12
10.| CID:18759043 525.66 | 138.02 | 4.18 6 3 1 143.89
11.| CID:18939781 594.74 | 179.15 | 4.7 7 3 1 159.52
12.| CID:10218714 599.78 | 128.79 | 4.62 5 3 1 171.83
13.| CID:130275237 638.7 196.56 | 3.92 10 4 1 158.09
14.| CID:66832101 525.66 | 149.02 | 3.26 6 4 1 144.08
15.| CID:66832842 576.66 | 146.38 | 4.16 7 1 1 163.6

16.| CID:171382710 595.75 | 161.13 | 4.26 6 4 1 163.08
17.| CID:11250237 585.64 | 161.13 | 2.93 9 4 1 149.31
18.| CID:118875359 620.68 | 160.88 | 4.25 10 3 1 155.01
19.| CID:46781213 585.83 | 148.82 | 4.95 5 4 1 166.28
20.| CID:11467322 579.8 148.82 | 49 5 4 1 166.28
21.| CID:10196984 627.84 | 128.79 | 5.7 5 3 1 181.44
22.| CID:168450660 596.74 | 167.12 | 4.44 7 4 1 161.27
23.| CID:57414227 595.75 | 161.13 | 4.65 6 4 1 163.08
24.| CID:22863039 561.14 | 154.81 | 0.0 6 4 1 152.05
25.| CID:22869461 624.79 | 167.12 | 3.61 7 4 1 170.93
26.| CID:57192617 525.66 | 138.02 | 3.97 6 3 1 143.89
27.| CID:53959563 524.67 154.81 4.23 6 4 1 145.08
28.| CID:124562639 581.73 | 169.92 | 3.14 6 5 1 158.18
29.| CID:72941970 525.66 | 138.02 | 451 6 3 1 143.85
30.| CID:18758936 525.66 | 138.02 | 3.45 6 3 1 143.89
31.| CID:66832180 596.74 | 167.12 | 3.83 7 4 1 161.01
32.| CID:169502032 595.8 169.05 | 3.93 6 5 1 167.33
33.| CID:22892061 607.76 | 161.13 | 3.57 6 4 1 173.35
34.| CID:57404271 595.75 161.13 3.56 6 4 1 163.08
35.| CID:60115174 594.76 157.89 3.88 6 4 1 164.61
36.| C1D:22892062 593.74 | 161.13 | 3.33 6 4 1 168.8
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37.| CID:66832582 581.73 | 169.92 | 2.56 6 5 1 158.18
38.| CID:10152645 524.71 | 108.92 | 4.78 5 2 1 150.27
39.| CID:66832099 525.66 | 140.23 | 3.54 6 3 1 144.47
40.| CID:22863037 624.79 | 167.12 | 48 7 4 1 170.93
41.| CID:456512 607.76 | 161.13 | 3.85 6 4 1 173.61
42.| CID:71315688 576.66 | 146.38 | 4.08 7 1 1 163.6

43.| CID:57212162 566.69 | 179.15 | 3.3 7 3 1 149.59
44.| CI1D:25096989 524.67 | 140.82 | 3.66 5 4 1 145.61
45.| CID:56975859 573.75 | 161.13 | 2.95 6 4 1 163.54
46.| CID:72941971 550.67 | 149.1 3.62 6 3 1 156.39
47.| CI1D:25096498 596.74 | 167.12 | 3.61 7 4 1 161.01
48.| CID:456602 595.75 | 161.13 | 3.85 6 4 1 163.08
49.| CID:22863324 594.74 | 179.15 | 4.29 7 3 1 159.52
50.| C1D:22863038 524.67 | 15481 | 3.55 6 4 1 145.08
51.| CID:25096501 503.63 | 154.24 | 2.84 7 3 1 131.91
52.| CID:25097766 607.76 | 161.13 | 4.02 6 4 1 173.61
53.| CID:57167325 410.53 | 99.69 3.58 4 2 0 115.34
54.| C1D:9845335 42554 | 125.71 | 2.72 5 3 0 118.05
55.| CID:18759209 439.57 | 125.71 | 3.08 5 3 0 123.01
56.| C1D:9818282 313.42 | 110.77 | 2.47 4 2 0 83.37

57.| CI1D:23367282 410.53 | 99.69 3.55 4 2 0 115.34
58.| C1D:11350398 41049 | 137.15 | 3.0 6 1 0 107.21
59.| CID:53488159 462.0 125.71 | 0.0 5 3 0 125.01
60.| CID:25096499 467.58 | 128.79 | 2.69 5 3 0 127.96
61.| CID:10812974 439.57 | 125.71 | 3.08 5 3 0 123.01
62.| C1D:57312003 439.57 | 125.71 | 3.01 5 3 0 122.85
63.| CID:18759041 42554 | 125.71 | 3.1 5 3 0 118.05
64.| CID:10812314 42554 | 125.71 | 3.25 5 3 0 118.05
65.| CID:59603312 377.5 111.72 | 3.08 5 3 0 103.27
66.| CID:11101978 42554 | 125.71 | 2.61 5 3 0 118.05
67.| CID:53638041 42554 | 125.71 | 3.69 5 3 0 118.05
68.| CID:76967449 369.52 | 99.77 3.74 4 1 0 102.11
69.| CID:59603338 477.62 | 129.23 | 4.09 6 2 0 129.11
70.| CID:71752515 467.58 | 128.79 | 2.77 5 3 0 127.96
71.| CID:22866454 439.57 | 125.71 | 3.45 5 3 0 123.01
72.| CID:66832357 42151 | 140.23 | 2.25 6 3 0 110.33
73.| CID:66832557 45553 | 152.01 | 2.38 6 3 0 119.72
74.| CID:67709217 483.58 | 140.23 | 3.07 6 3 0 130.01
75.| CID:67748541 469.55 | 149.02 | 2.72 6 4 0 125.11
76.| CID:67764268 44154 | 145.94 | 2.82 6 4 0 119.21
77.| CID:67764269 496.62 | 154.81 | 3.31 6 4 0 135.47
78.| CID:67764359 439.57 | 125.71 | 3.43 5 3 0 123.01
79.| CID:67977544 45553 | 152.01 | 3.04 6 3 0 119.72
80.| CID:68062464 477.62 | 140.23 | 3.02 6 3 0 129.3

81.| CID:68972859 439.57 | 125.71 | 3.68 5 3 0 123.01
82.| CID:68973506 42554 | 125.71 | 3.1 5 3 0 118.05
83.| CID:68973507 42151 | 140.23 | 2.82 6 3 0 110.33
84.| CID:69256175 42554 | 125.71 | 2.99 5 3 0 118.05
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85.| CID:69257637 467.58 | 120 3.38 5 2 0 128.05
86.| CID:69257642 466.64 | 99.69 4.04 4 2 0 134.31
87.| CID:69258143 469.55 | 149.02 | 2.25 6 4 0 125.11
88.| CID:69962921 440.56 | 151.73 | 3.58 6 4 0 120.64
89.| CID:70019471 439.57 | 125.71 | 3.08 5 3 0 123.01
90.| CID:70075584 498.47 | 12571 | O 5 3 0 131.98
91.| CID:86621137 483.58 | 138.02 | 3.72 6 3 0 129.43

Molecule 1

o0&

LIPO

FLEX

INSATU

INSOLU

O=C(N[C@H([C@H](CI[C@H](Cc1ccccc1)NC(=0)[C@H]

SMILES  (c(c)C)N)O)Ceteceee1)OCetenest
Physicochemical Properties

Formula C28H36N404S

Molecular weight 524 67 g/mol

Num. heavy atoms 37

Num. arom. heavy atoms 17

Fraction Csp3 0.39

Num. rotatable bonds 16

Num. H-bond acceptors 6

Num. H-bond donors -

Molar Refractivity 145.08

TPSA 154.81 Az

SIZE

POLAR

Figure.3: Schematic representation of evaluation of molecular properties of CID-22863038 by using SWISS ADME
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Table-2- Details of number of rotatable bonds

Sr.no. Compound CID Number of
rotatable bonds
1. Ritonavir 22
2. CID:157500168 17
3. ClID:22858342 16
4, CID:22892060 17
5. ClID:22878494 15
6. CID:25097768 16
7. CID:25097237 15
8. CID:18939520 17
9. CID:142994930 17
10. CID:18759043 16
11. CID:18939781 17
12. CID:10218714 18
13. CID:130275237 17
14. CID:66832101 15
15. ClID:66832842 12
16. CID:171382710 19
17. CID:11250237 16
18. CID:118875359 19
19. ClID:46781213 17
20. CID:11467322 17
21. CID:10196984 19
22. CID:168450660 20
23. CID:57414227 20
24, CID:22863039 16
25. CID:22869461 20
26. CID:57192617 16
27. CID:53959563 16
28. CID:124562639 19
29. CID:72941970 17
30. CID:18758936 16
3L CID:66832180 19
32. CID:169502032 17
33. CID:22892061 17
34. CID:57404271 20
35. CID:60115174 19
36. CID:22892062 17
37. CID:66832582 19
38. CID:10152645 15
39. CID:66832099 15
40. CID:22863037 20
41. CID:456512 17
42. CID:71315688 12
43. CID:57212162 17
44, CID:25096989 16
45. CID:56975859 18
46. CID:72941971 14
47. CID:25096498 19
48. CID:456602 19
49. CID:22863324 17
50. CID:22863038 16
51 CID:25096501 14
52. CID:25097766 17
53. CID:57167325 12
54, CID:9845335 12
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55. C1D:18759209 12

56. C1D:9818282 8

57. C1D:23367282 12

58. C1D:11350398 10

59. CID:53488159 12

60. CID:25096499 14

61. C1D:10812974 12

62. CI1D:57312003 12

63. C1D:18759041 12

64. Cl1D:10812314 12

65. CID:59603312 12

66. CID:11101978 12

67. C1D:53638041 12

68. CID:76967449 11

69. CID:59603338 15

70. CID:71752515 14

71. C1D:22866454 12

72. C1D:66832357 13

73. CID:66832557 13

74. CID:67709217 14

75. CID:67748541 14

76. CID:67764268 12

77. CID:67764269 16

78. CID:67764359 11

79. CID:67977544 13

80. C1D:68062464 14

81. C1D:68972859 11

82. CID:68973506 12

83. CID:68973507 13

84. CID:69256175 12

85. CID:69257637 14

86. CID:69257642 13

87. C1D:69258143 14

88. CID:69962921 12

89. CID:70019471 12

90. CID:70075584 12

91. CID:86621137 15

Table-3- Tabular representation of toxicity test results obtained from OSIRIS program

Sr.no. Compound Mutagenic | Tumorigenic | Reproductive | cLogP | Solubility | Drug Drug
CID effective likeness | score
1 Ritonavir No No No 4.72 -6.07 -8.93 0.13
2. | CID:157500168 No No No 391 -5.28 -19.72 | 0.22
3.| CID:22858342 No No No 4.46 -5.53 -58.62 0.2
4. | CID:22892060 No No No 3.85 -5.14 -15.44 0.2
5.| CID:22878494 No No No 2.64 -4.3 -1.77 0.34
6.| CID:25097768 No No No 4.08 -5.42 -11.7 0.22
7.| CID:25097237 No No No 3.89 -4.71 -41.0 0.25
8.| CID:18939520 No No No 3.6 -5.17 -1319 | 0.22
9.| CID:142994930 No No No 3.12 -5.11 -14.23 0.17
10| CID:18759043 No No No 4.46 -5.53 -58.62 0.2
11| CID:18939781 No No No 4.39 -5.93 -12.61 0.16
12| CID:10218714 No No No 6.25 -6.74 -27.83 0.11
13| CID:130275237 No No No 2.82 -4.8 -18.04 | 0.26
14f CID:66832101 Yes Yes Yes 4.56 -5.59 -12.86 0.06
15| CID:66832842 No No No 4.29 -5.77 1.78 0.33
16| CID:171382710 No No No 3.23 -4.82 -11.18 | 0.22
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17| CID:11250237 No No Yes 2.66 -4.84 -12.94 | 0.19
18| CID:118875359 No No No 3.79 -5.95 -55.03 0.13
19 CID:46781213 No No No 2.85 -4.67 -5.29 0.24
20| CID:11467322 No No No 3.83 -5.13 8.47 0.41
21| CID:10196984 No No No 6.92 -1.17 -32.36 0.09
22| CID:168450660 No No No 3.84 -5.62 -17.72 0.18
23| CID:57414227 No No No 341 -4.96 -11.46 0.21
241 CID:22863039 No No No 2.82 -4.8 -18.04 | 0.26
25| CID:22869461 No No No 4.58 -6.1 -63.72 0.15
26| CID:57192617 No No No 4.46 -5.53 -74.84 0.2
27| CID:53959563 No No No 2.82 -4.8 -18.04 | 0.26
28| CI1D:124562639 No No No 2.96 -5.18 -9.36 0.22
29| CID:72941970 No No No 44 -5.47 -13.23 0.12
30| CID:18758936 No No No 4.46 -5.53 -74.84 0.2
31| CID:66832180 No No No 4.0 -5.49 -24.96 0.19
32| C1D:169502032 No No No 2.92 -4.62 7.48 0.47
33| CID:22892061 No No No 3.85 -5.14 -15.44 0.2
34| CID:57404271 No No No 341 -4.96 -1145 | 0.21
35 CID:60115174 No No No 3.9 -5.43 -10.35 0.19
36| CID:22892062 No No No 3.28 -4.96 -1.8 0.22
37| CID:66832582 No No No 2.96 -5.18 -9.36 0.22
38| CID:10152645 No No No 5.89 -5.64 -57.69 0.16
39| CID:66832099 Yes Yes Yes 43 -5.04 -12.69 0.11
40, CID:22863037 No No No 4.58 -6.1 -63.72 0.15
41 CID:456512 No No No 3.62 -5.23 -8.02 0.2
42| CID:71315688 No No No 4.29 -5.77 1.78 0.33
43| CID:57212162 No No No 3.6 -5.17 -13.19 0.22
44, CID:25096989 No No No 3.99 -5.39 -12.78 0.22
45/ CID:56975859 No No No 3.56 -4.88 -15.62 0.22
46| CID:72941971 No No No 3.59 -5.18 -10.02 0.22
47| CID:25096498 No No No 4.0 -5.49 -24.96 0.19
48| CID:456602 No No No 3.23 -4.82 -11.18 0.22
49| CID:22863324 No No No 4.39 -5.93 -12.61 0.16
50| CID:22863038 No No No 2.82 -4.8 -18.04 | 0.26
51 CID:25096501 No No No 2.99 -4.9 -11.24 | 0.27
52| CID:25097766 No No No 3.62 -5.23 -8.02 0.2
53 CID:57167325 No No No 4.13 -4.55 -13.26 0.3
54| CID:9845335 No No No 2.71 -4.23 -13.09 0.34
55 CID:18759209 No No No 3.1 -4.61 -11.12 0.31
56| ClID:9818282 No No No 13 -2.1 -5.17 0.46
57| CID:23367282 No No No 4.13 -4.55 -17.4 0.3
58 CID:11350398 Yes Yes No 0.47 -2.52 -14.1 0.15
59| CID:53488159 No No No 271 -4.23 -13.09 0.34
60| CID:25096499 No No No 311 -4.43 -14.04 | 031
61 ClD:10812974 No No No 31 -4.61 -11.12 0.31
62| CID:57312003 No No No 2.99 -4.3 -18.74 | 0.33
63 CID:18759041 No No No 2.71 -4.23 -11.68 0.34
64 Cl1D:10812314 No No No 2.71 -4.23 -11.68 0.34
65 CID:59603312 No No No 1.88 -3.09 -13.0 0.42
66| C1D:11101978 No No No 2.71 -4.23 -13.09 0.34
67| CID:53638041 No No No 2.66 -4.08 -15.64 | 0.35
68 CID:76967449 No No No 2.81 -2.96 5.24 0.49
69 CID:59603338 No No No 3.55 -4.11 -46.73 0.3
70| CID:71752515 No No No 311 -4.43 -14.04 | 031
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71 CID:22866454 No No No 31 -4.61 -1251 0.31
72| CID:66832357 Yes Yes Yes 1.98 -3.2 -4.35 0.12
73] CID:66832557 No No No 251 -4.55 -12.26 0.32
74/ CID:67709217 Yes Yes Yes 3.16 -4.25 -11.41 0.16
75| CID:67748541 Yes Yes Yes 2.89 -4.61 -12.90 0.09
76| CID:67764268 No No No 1.68 -3.83 -12.78 0.36
77| CID:67764269 No No No 2.24 -4.26 -17.14 0.31
78| CID:67764359 No No No 3.19 -4.62 -6.76 0.31
79 CID:67977544 No No No 2.58 -4.54 -9.12 0.32
80| CID:68062464 Yes Yes Yes 3.58 -4.18 -9.69 0.09
81 CID:68972859 No No No 3.19 -4.62 -8.14 0.31
82| CID:68973506 No No No 2.71 -4.23 -11.68 0.34
83 CID:68973507 Yes Yes Yes 1.98 -3.2 -4.35 0.12
84 CID:69256175 No No No 2.66 -4.08 -15.43 0.35
85 CID:69257637 No No No 3.0 -3.87 1.35 0.59
86| CID:69257642 No No No 5.79 -5.53 -17.98 0.18
87| CID:69258143 Yes Yes Yes 2.89 -4.61 -12.99 0.09
88 CID:69962921 No No No 2.08 -3.38 -15.62 0.37
89| CID:70019471 No No No 31 -4.61 -11.12 0.31
90| CID:70075584 No No No 2.71 -4.23 -13.09 0.34
91| CID:86621137 No No No 3.32 -4.74 -13.49 0.28
SMILES or CAS-no: [C@@HKIC@HNCC2=CC=CC=C2)NC(=0)OCC3=CN=CS3)O)N Toxicity Risks
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Figure 4: OSIRIS property explorer showing drug likeness properties of CID-22863038

IJIDDT, Volume 16 Issue 6s, 2026 Page 518



Identification Of Potential HIV Inhibitors Using Virtual Screening and Molecular Modeling Approaches

Figure 5: Structure comparison Ritonavir and CID-22863038
Table-4-Tabular representation of lead compounds and native/mutant proteins molecular docking analysis performed

with Auto dock Vina
Sr.no. Compound CID 2D structures Binding Mutant

affinity (7LW6)
kcal\mol
(Native-
4PUO)

1 Ritonavir -15 -1.4

2. CI1D:22858342 -14.0 -10.5
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3. C1D:118875359 -13.5 -10.0
4, CID:25096498 -13.4 -12.4
5. CID:56975859 -12.8 -10.0
6. CID:57414227 -12.7 -11.4
flo oﬁI
Ny
S -
H r‘ql o OY O\A>N
: Ny
7. CI1D:59603338 -12.6 -10.2
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8. C1D:18939520 -12.5 -10.9
9. C1D:22863038 -12.4 -9.8
10. CID:57212162 -11.9 -10.3
11. CID:71315688 e -11.8 -10.9

oa\N /qo
o A T o
12. Cl1D:22869461 -11.7 -10.1

IJIDDT, Volume 16 Issue 6s, 2026

Page 521



Identification Of Potential HIV Inhibitors Using Virtual Screening and Molecular Modeling Approaches

13. C1D:456602 -11.6 -10.7

14. CID:171382710 -115 -10.7

15. C1D:22863037 -10.9 -10.1
LY

16. C1D:168450660 -10.2 -10.0
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Figure 6: Schematic representation of best-hit compound CID:22863038 complex with native protein 4PUO
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Figure 7: Schematic representation of best-hit compound CID:22863038 complex with mutant protein 7LW6
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Figure 8: (A) and (B)Root-mean-square-deviation of the
Apo-protein-native and Ritonavir control drug, Hit-1 and
Hit-2 protein-ligand complexes, (B) and (C) Root-mean-
square fluctuation comparison of protein-ligand
complexes with control,(D) and (E) Radius of Gyration
representing the tightness of protein-ligand complexes,
(G) and (H) Solvent Accessible Surface Comparison

4. CONCLUSION
This study revealed possible ritonavir-derived inhibitors
that are efficacious against HIV-drug resistant variations

utilizing the virtual screening approach. An extensive
library of ritonavir analogs was obtained from the
PubChem database and analyzed for drug-likeness,
pharmacokinetic ~ behavior, and toxicity  using
SwissADME and OSIRIS Property Explorer. The
compounds which passed all the parameter were further
exposed to molecular docking analysis using Auto Dock
Vina, which disclosed various candidates with strong
binding affinities and remarkable interactions with the
binding sites of both native and mutant forms of proteins.
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This procedure allowed express filtration of thousands of
compounds, particularly minimizing the time and cost
incorporated with standard experimental screening.
Amidst the selected candidates, Hit-1 and Hit-2 exhibited
the favorable docking score by interacting with both the
proteins. The stability and compactness of best hit were
next examined with molecular dynamics simulation
approach at 100 ns using GROMACS package 2023.2.
CID-22863038 was able to retain the highest level of
stability, firmness and favorable interactions when
compared to Hit-1 (CID-56975859) and the control
(Ritonavir), corresponding to the analysis of RMSD,
RMSF, SASA and radius of gyration trajectories.
Overall, these findings underscore CID-22863038 as a
promising lead molecule with potential effectiveness
against HIV drug resistance. The discoveries from this
phase entrenched a robust foundation for succeeding
computational validation, including pharmacophore
modeling and molecular dynamics simulations.
Moreover, our research correlates with experimental
findings.
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