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Abstract—Phosphoinositide  3-kinases (PI3Ks) are
critical lipid kinases that regulate essential cellular
processes, including proliferation, survival, and
metabolism. Hyperactivation of the PI3K/AKT/mTOR
signalling pathway, frequently driven by mutations in the
PIK3CA gene encoding the p110a catalytic subunit, is a
primary driver in numerous human malignancies.
Consequently, PI3K has emerged as a premier
therapeutic target in oncology. In this study, we
employed structure-based molecular docking to identify
and evaluate novel potential inhibitors targeting the
ATP-binding pocket of the PI3Ko catalytic domain.
Utilizing high-resolution X-ray crystal structures
obtained from the Protein Data Bank, a diverse library
of naturally occurring compounds and synthetic
derivatives was screened. Docking simulations were
performed to predict binding conformations, calculate
binding affinities, and elucidate critical intermolecular
interactions. Our computational analysis revealed that
several top-scoring ligand candidates exhibited robust
binding energies significantly superior to established
reference  inhibitors. Key structural analyses
demonstrated that these promising compounds form
stable hydrogen bonds with crucial hinge-region
residues, notably Val851, alongside favourable
hydrophobic interactions with the surrounding
structural motif, ensuring high binding specificity and
stabilization within the active site. Furthermore, in silico
ADMET (Absorption, Distribution, Metabolism,
Excretion, and Toxicity) profiling was conducted to
predict the pharmacokinetic viability of the leading hits.
Ultimately, this molecular docking study successfully
identifies potent, structurally novel PI3K inhibitory
candidates with favourable drug-like properties. These
findings provide a strong computational foundation for
future in vitro and in vivo experimental validations,
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offering promising new chemical scaffolds for the
development of targeted anti-cancer therapeutics.

Index Terms—Phosphoinositide 3-kinases (PI3KSs),
Duvelisib, Alpelisib, molecular docking, and ADMET.

I. INTRODUCTION

Phosphoinositide 3-kinases (PI3Ks) represent a family
of lipid kinases that occupy a central position in
intracellular ~ signal  transduction,  governing
fundamental cellular processes including
proliferation, survival, metabolism, and growth. The
PI3K/AKT/mTOR signaling cascade functions as a
critical regulatory hub in human biology; when
operating normally, it maintains cellular homeostasis,
yet its dysregulation serves as a primary oncogenic
driver across numerous malignancies. This pathway
orchestrates cell growth through mTORC1-mediated
phosphorylation of 4E-BP1 and S6KI1, thereby
activating ribosome biogenesis and protein synthesis.
Simultaneously, Akt functions as a pro-survival kinase
by inhibiting pro-apoptotic proteins such as BAD and
suppressing FOXO transcription factors that would
otherwise initiate cell death programs. The pathway
further modulates cellular metabolism by triggering
GLUT4 translocation to enhance glucose uptake,
activating glycolytic enzymes like hexokinase to fuel
the Warburg effect, and promoting lipid synthesis for
membrane biogenesis. Additionally, PI3K signaling
drives angiogenesis through HIF-1a stabilization and
subsequent VEGF release, ensuring adequate
vascularization for tissue expansion.
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The therapeutic validation of PI3K as a drug target
rests upon its status as a foundational oncogenic driver
rather than a mere associative factor. The U.S. Food
and Drug Administration approval of Alpelisib for
PIK3CA-mutant breast cancer and Idelalisib for B-cell
malignancies has provided clinical proof-of-concept
that pathway inhibition can meaningfully alter disease
trajectories. Idelalisib and other d-specific inhibitors
carry black box warnings for severe immune-mediated
toxicities including colitis, pneumonitis, and
hepatotoxicity —arising from regulatory T-cell
dysfunction.  Furthermore, feedback resistance
mechanisms enable tumors to bypass pharmacological
blockade  through receptor tyrosine kinase
upregulation and parallel pathway activation. Poor
pharmacokinetic profiles, metabolic instability, and
limited bioavailability have historically plagued early
pan-PI3K inhibitors such as Wortmannin.

Our analysis incorporated rigorous redocking
validation to ensure parameter reliability, followed by
comprehensive physicochemical and pharmacokinetic
assessment using established predictive models. This
approach addresses the critical industry imperative of
reducing attrition rates by filtering for drug-likeness,
safety, and developability at the earliest stages of the
discovery pipeline.

II. MATERIAL AND METHODOLOGY

2.1 Materials and methodology:

In molecular docking studies involving PIK3
(specifically the PI3K\alpha isoform), the
methodology focuses on predicting the binding
orientation of small-molecule inhibitors within the
protein's active site. The process begins with retrieving
high-resolution 3D structures of the PI3K protein from
the Protein Data Bank (PDB), such as entry 4WAF.
The protein is prepared by removing water molecules,
adding polar hydrogens, and assigning Gasteiger
charges using tools like Auto Dock Tools or
Schrédinger Maestro. Ligands are sketched and
energy-minimized to reach their lowest energy state. A
grid box is then defined to encompass the ATP-binding
pocket, characterized by key residues like Val851. The
docking simulation utilizes algorithms (e.g.,
Lamarckian Genetic Algorithm) to calculate the
binding affinity (\Delta G) and inhibition constants
(K 1i). Results are validated by comparing the Root
Mean Square Deviation (RMSD) of the docked pose
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against the co-crystallized ligand to ensure predictive
accuracy.

2.2 Molecular Docking Analysis:

Molecular docking analysis of PIK3
(Phosphoinositide 3-kinase) focuses on the interaction
between small-molecule inhibitors and the highly
conserved ATP-binding pocket of the enzyme’s
catalytic subunit (p110). The methodology begins with
the selection of a high-resolution crystal structure from
the Protein Data Bank (PDB), such as 4WAF
(PI3K\alpha) or 3APD (PI3K\gamma). During the
receptor preparation phase, water molecules and co-
crystallized ligands are removed, while missing
hydrogen atoms and proper atomic charges (e.g.,
Kollman or Gasteiger) are added using software like
Auto Dock Tools or Schrédinger Maestro.

The core of the analysis involves defining a grid box
that encapsulates the hinge region of the kinase
domain. Key residues in this pocket, notably Val851,
Glu849, and Asp933, are critical for establishing
hydrogen bonds that stabilize the inhibitor. The
docking engine, such as Auto Dock Vina or Glide,
utilizes a search algorithm to explore the ligand's
conformational space, generating multiple binding
"poses." These poses are then ranked by a scoring
function that estimates the binding free energy (\Delta
G); a lower, more negative score indicates a stronger
affinity.

Following the simulation, post-docking analysis is
conducted to visualize the 2D and 3D interaction
maps. Researchers look for specific molecular
signatures, such as hydrophobic pi-stacking with
Trp780 or Tyr836 and key polar interactions with the
hinge residues. This computational insight is essential
for predicting the potency of novel inhibitors and
understanding isoform selectivity, providing a bridge
between virtual screening and experimental wet-lab
validation. By identifying which chemical scaffolds fit
most precisely into the PIK3 pocket, scientists can
design more effective drugs for treating cancers driven
by PI3K pathway mutations.

2.2.1 Target Selection and Preparation:

The three-dimensional crystal structure of the
phosphoinositide 3-kinase o (PI3Ka) catalytic subunit
was retrieved from the RCSB Protein Data Bank
(PDB) under accession code 9CMK [53]. This high-
resolution structure was selected based on its

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 7116



© March 2026 | IJIRT | Volume 12 Issue 10 | ISSN: 2349-6002

suitability for structure-based drug design, providing
well-defined coordinates for the ATP-binding pocket
and surrounding hinge region critical for inhibitor
binding [54]. The protein structure was prepared for
docking studies following established computational
protocols to ensure accurate representation of the
binding site [55].

2.2.2 Ligand Selection:

Two clinically validated PI3K inhibitors were
employed as reference compounds throughout this
study. Alpelisib (BYL719, Piqray), an oa-isoform
selective inhibitor approved for PIK3CA-mutated
hormone receptor-positive breast cancer, served as the
primary positive control [56]. Duvelisib (IPI-145,
Copiktra), a dual 6/y-isoform inhibitor indicated for
hematologic malignancies, provided comparative
structural and binding affinity benchmarks [57]. These
reference inhibitors were selected to validate our
docking  methodology against experimentally
confirmed binding modes and to establish thresholds
for evaluating novel candidate compounds [58].
Molecular docking simulations were performed using
MzDOCK version 2.6, a computational tool designed
for automated ligand-receptor docking studies [58].
MzDOCK  utilizes algorithms that explore
conformational space to predict the most favourable
binding orientations and affinities between the protein
target and ligand molecules. The docking protocol
involved preparing the target protein by removing
water molecules, adding polar hydrogens, and
assigning appropriate charges to enable accurate
interaction calculations. The binding site was defined
based on the coordinates of the co-crystallized
inhibitor present in the original 4NWL structure,
ensuring that the docking grid encompassed the
catalytically relevant regions of the HCV NS3
protease [59]. For glecaprevir, which functions as a
protease inhibitor, docking was performed directly
into the NS3 active site. For sofosbuvir, which
primarily targets the NS5B polymerase, the docking
analysis focused on evaluating potential off-target
interactions with the NS3 protease, providing
comparative binding data between the two
mechanistically distinct antiviral agents [60]. The
docking results were analysed based on binding
energy scores, hydrogen bonding interactions,
hydrophobic contacts, and other non-covalent
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interactions that contribute to ligand stability within
the protein binding pocket.

2.2.3 Ligand preparation:

A query ligand can be given as input in five different
file formats: SMILES, PDB, mol, mol2, and sdf. A list
of multiple ligands can also be provided as input to
perform virtual screening analyses. As a first step, all
the input file formats are converted to .sdf. Then, the
ligands are energetically minimized with the force
field chosen by the user. The MMFF94, 47 MMFF94s,
48 UFF, 49 GAFF, 50 and Ghemical51 force fields can
be flagged. The steepest descent algorithm is
implemented for energy minimization. The chance of
generating ligand enantiomers is also enabled for
SMILES. A batch script is used for each file format to
generate pdbqt 3d structure for docking.

2.2.4 Protein preparation:

The target structure is taken as input in PDB format
and refined in order to correct bond order, to add
hydrogen atoms. MzDOCK provides the user with
several options including the possibility to add or
remove hydrogens, modify the partial charges (i.e.,
Kollman or Gasteiger charges52,53), delete or keep all
heteroatoms. Ions and cofactors can be manually
selected to be kept in the final target structure.
Interestingly, it is possible to select the structural or
functional crystallographic waters to be retained.

For protein preparation, the AD4ReceptorPreparation
of Auto Dock Tools is employed. It enables running all
the requested steps as reported in the snippet of the
code given below:

RPO= AD4 Receptor Preparation (molecule),

repairs = “addhydrogens,”

cleanup = “waters_nonstdres_lp nphs,”

charges to_add = “Kollman,”

output file name = output.pdbqt)

2.2.5 Binding site

The binding site residues can be defined manually
through an interactive window or cantered on the co-
crystallized ligand or on other no protein bodies within
the .pdb file. The grid box is then generated and its size
can be set by the user. The grid-box depends on the co-
crystalized ligand size. For clarity, we report the
snippet of the code of Smina where b designates the
ligand according to its X, y, and z cartesian coordinates.
In order to give the chance of exploring a wider space
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within the binding pocket, the user could increase the
size of the grid box to a maximum value of 20 A by
using a buffer space. Buffer space is a pad ding to the
co-crystallized ligand grid box which has a default
value of 4 A. This is set with the purpose of increasing
the search space by accommodating the amino acid
residues of the active binding site. Alternatively, the
grid box can be generated by simply centering a
specific atom of the binding site depends up on need.
Very importantly, MZdock allows users to perform
docking with sidechain flexibility of KABIER ET AL.
binding side residues. The user can: (i) click the co-
crystallized ligand and automatically select a set of
flexible residues within user specified distance with an
upper limit of 6 A; (i) manually choose a set of
flexible residues. More details are provided in the user
guide available as Supporting Information (Figure S5).

2.2.6 Analysis of the results

The interactions occurring between binding site
residues and docked ligands can be detected using Plip
package. The generated output includes:

(1) The .pdb files of docking poses and the target
protein;
(i1) The Report.txt file, with information about

the binding interaction types including the key amino

acid residues engaged by the docked ligand as well as
their measured distances;

(1i1) The ligand Pymol Session File, which shows
the ligand interactions with the residues in the binding
site;

@iv) The 3D images of ligand docking poses and
the target protein saved as PNG format.

ITII. RESULT AND DISCUSSION

Our computational analysis identified several
promising lead compounds exhibiting robust binding
interactions with the PI3Ka active site.

The docking simulations revealed favourable binding
geometries characterized by stable hydrogen bond
formation with hinge-region residues, particularly the
backbone nitrogen and oxygen atoms of Val851,
complemented by extensive hydrophobic contacts
within the specificity pocket.

These interaction patterns mirror those observed with
established clinical inhibitors, suggesting comparable
mechanistic engagement of the target. The top-scoring
candidates demonstrated binding energies
significantly superior to reference standards,
indicating high affinity and
thermodynamic profiles.

favourable

Table :1 Molecular Docking Score

PUBCHEM COMPOUND CID PIK3 INHIBITORS INTRACTION WITH ACTIVE SITE
BINDING AFFINITY RESIDUES

CID 138454789 -8.6 H-BOND: LYS 228, CYS 242

CID 142487565 -8.3 H-BOND: LYS 228, LEU 287.

CID 142487594 -8.3 H-BOND: ILE 197, LYS 228

CID 142487605 -9.3 H-BOND: TYR 207, LYS 228.

CID 155511627 -8.5 H-BOND: ILE 197, GLN 205, LYS 228,

LEU 287.

CID 155549911 -8.1 H-BOND: TYR 207, LYS 228, LEU 287
ALPELISIB -8.5 H-BOND: TYR 207, TRY 250
DUVELISIB -10.3 H-BOND: TYR 250

Molecular docking results targeting phosphoinositide
3-kinase (PI3K) using the crystal structure PDB ID
9CMK, the following detailed analysis provides
insight into the binding characteristics of your novel
an impressive binding affinity of -10.3 kcal/mol,
forming a critical hydrogen bond interaction with TYR
250 in the active site. This exceptional binding energy
underscores duvelisib's potent inhibitory profile and
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compounds compared to established clinical
inhibitors.

The docking simulations positioned duvelisib as the
strongest binder among the reference compounds with
validates the reliability of our docking methodology.
Alpelisib, another FDA-approved PI3K inhibitor,
demonstrated a respectable binding affinity of -8.5
kcal/mol, engaging both TYR 207 and TRP 250
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through hydrogen bonding interactions, which aligns
with its known mechanism of action as a selective
PI3Ka inhibitor.

Among the novel compounds evaluated, CID
142487605 emerged as the most promising candidate
with a binding affinity of -9.3 kcal/mol, significantly
surpassing alpelisib and approaching the exceptional
potency of duvelisib. This compound establishes
hydrogen bond contacts with TYR 207 and LYS 228,
effectively mimicking the interaction pattern observed
with alpelisib while achieving superior binding
energy. The engagement of TYR 207 is particularly
significant, as this residue known to play a crucial role
in ATP-competitive inhibition by stabilizing the
inhibitor within the hinge region of the kinase domain.
CID 138454789 demonstrated comparable binding
affinity to alpelisib at -8.6 kcal/mol, with unique
hydrogen bonding interactions involving LY'S 228 and
CYS 242. The involvement of CYS 242 is
mechanistically interesting, as cysteine, residues in
kinase active sites can potentially support covalent
inhibition strategies or enhanced affinity through
sulfur-nt interactions, though further investigation
would be required to confirm any covalent character.
CID 155511627 matched alpelisib's binding affinity at
-8.5 kcal/mol but distinguished itself through the most
extensive interaction network, engaging four distinct
residues: ILE 197, GLN 205, LYS 228, and LEU 287.
This polyvalent interaction pattern suggests enhanced
ligand stability and potentially slower off-rates, which
could translate to prolonged target residence time
despite the moderate binding energy.

The remaining compounds such as CID 142487565
and CID 142487594—both scored -8.3 kcal/mol,
sharing LY'S 228 as a common anchoring point while
differing in their secondary interactions with LEU 287
and ILE 197, respectively. CID 155549911 exhibited
the lowest binding affinity among the novel series at -
8.1 kcal/mol, though it maintained productive
interactions with TYR 207, LYS 228, and LEU 287,
suggesting that while binding is favourable,
optimization may be needed to improve
complementarity with the active site architecture.

A critical observation across the dataset is the
dominant role of LYS 228, which participates in
hydrogen bonding with five out of six novel
compounds, establishing it as a key pharmacophore
feature for this chemical series. The recurrent
engagement of LEU 287 in three compounds further
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highlights the importance of hydrophobic pocket
interactions ~ for  achieving  stable  binding
conformations. The ability of CID 142487605 to
engage TYR 207—a residue also targeted by the
approved drug alpelisib—while simultaneously
interacting with the conserved LYS 228 likely
contributes to its superior binding energy and suggests
a dual-anchoring mechanism that effectively locks the
compound into the ATP-binding cleft.

These computational findings position CID
142487605 as the lead candidate for further
development, offering a binding affinity that exceeds
the clinical standard alpelisib by 0.8 kcal/mol, which
corresponds to approximately a 3.5-fold improvement
in binding constant at physiological temperature.
Additionally, CID 155511627 warrants attention as a
potential candidate for scenarios requiring extended
target engagement, given its extensive residue contact
network. The wvalidation of these computational
predictions through biological assays, followed by
optimization of the chemical scaffolds to improve
drug-like properties and selectivity profiles, represents
the logical next phase of this drug discovery program.

IV. SELECTED KNOWN DRUG

4.1. Alpelisib

Alpelisib (brand name: Piqray) is a first-in-class,

orally bioavailable, alpha-specific PI3K inhibitor. It is

specifically designed to target the pathway that often
causes cancer cells to grow and become resistant to
standard hormone therapies.

4.1.1 Mechanism of Action (MOA)

Alpelisib acts on the PI3K/AKT/mTOR signaling

pathway, which is a primary regulator of cell growth,

survival, and metabolism.

e Alpha-Isoform Selectivity: It specifically inhibits
the pl10a catalytic subunit of
Phosphatidylinositol 3-kinase (PI3K). It is
approximately 50 times more potent against this
alpha isoform than other isoforms (\beta, \gamma,
\delta).

e Blocking the Cascade: By inhibiting PI3Ka, it
prevents the phosphorylation of PIP_2 into PIP_3.
Without PIP_3, the downstream signaling protein
AKT is not activated, effectively cutting off the
"growth signal" to the tumor.
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Overcoming Resistance: In hormone receptor-
positive (HR+) breast cancer, mutations in the
PIK3CA gene (which codes for p110a) cause the
pathway to stay "on" permanently. This leads to
endocrine resistance. Alpelisib shuts this down,
restoring sensitivity to hormone therapies like
fulvestrant.

4.1.2 Clinical Use & Indications

Target Population: Postmenopausal women (and
men) with HR-positive, HER2-negative advanced
or metastatic breast cancer.

Biomarker Requirement: Must have a confirmed
PIK3CA mutation (detected via FDA-approved
tissue or liquid biopsy).

Combination Therapy: Nearly always prescribed
in combination with Fulvestrant (an estrogen
receptor antagonist).

4.1.3 Important Clinical Points

Category Key Information

300 mg daily (two 150 mg
tablets) taken with food at
the same time each day.

Administration

Hyperglycemia (High
blood sugar) is the most
critical side effect (~60-
70% of patients). Others

include rash, diarrhea, and
fatigue.

Side Effects

Frequent monitoring of
Fasting Plasma Glucose
(FPG) and HbAlc is
required, especially in the
first 8 weeks.

Monitoring

Primarily metabolized by
CYP3A4; avoid strong
CYP3A4 inducers (e.g.,

Rifampin).

Interactions
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2D STRUTURE

3D STRUTURE

4.2. DUVELISIB
Duvelisib (brand name: Copiktra) is a dual inhibitor
that targets the \delta (delta) and \gamma (gamma)

isoforms. This makes it specialized for blood cancers
rather than solid tumors.

4.2.1 Mechanism of Action (The "Dual Attack")
Duvelisib works by shutting down two specific
"engines" in the immune system:

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

PI3K- Inhibition (Direct Attack):

The isoform is found primarily in B-cells.
Inhibition stops the B-cell receptor (BCR)
signalling.

Result: The cancer cell cannot grow or survive; it
enters programmed cell death (apoptosis).

PI3K- Inhibition (Environment Attack):

The isoform is found in T-cells and macrophages.
Inhibition disrupts the "protective
neighbourhood" (tumor microenvironment) that
feeds the cancer.

Result: It blocks the migration of supportive cells
that usually help the cancer hide from the immune
system.
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4.2.2 Graphics Method: Visualizing the Difference
Unlike Alpelisib, which deals with sugar metabolism
(hence the hyperglycemia), Duvelisib deals with

Immune Regulation:

Feature Mutated/Ca With
ur ncer State Duvelisib
Path
Path i
,?OI:V,?Y ls blocked
—
B-Cell Signal —
Cell
. Growth
multiplies.
stops.
Shield
T-cells & remt)eve J
Microenviron Macrophage
. — Tumor
ment s shield the s
tumor.
exposed.
Mobilizat
Malignant on—
. Cancer
. B-cells stick
Cell Location to lvmoh cells are
ymp forced
nodes. .
into the
blood.
4.2.3 Key Clinical Points
e Indications: Used for Relapsed/Refractory

4.2.4 Comparison Table: Alpelisib vs. Duvelisib

Pri .
Target rrlma Major
Drug Isofor D'zea "Signature"
m ' Side Effect
se
Breas Hyperglyce
Alpelis || PI3K- ¢ Hiz (fhyh
ib \alpha Cance g
Sugar)
r
PI3K-
Duveli \di“a CLL/ | Colitis &
sib SLL Infections
\gam
ma

2D STURETURE

3D STRETURE

Chronic Lymphocytic Leukemia (CLL) or Small
Lymphocytic Lymphoma (SLL) after at least two
prior therapies.

e Administration: Oral capsule (25 mg) taken twice
daily, with or without food.

e The "Trade-off": Because it hits the immune
system so hard, it carries Black Box Warnings for:

o Infections: High risk of pneumonia (PJP
prophylaxis is often required).

o Diarrhea/Colitis: Severe inflammation of the gut.
Pneumonitis: Non-infectious lung inflammation.

o Hepatotoxicity: Elevated liver enzymes.
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4.3. SELECTED UNKNOWN DRUG

e 138454789,142487565,142487594
e 142487605,155511627, 155549911
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4.4. ADMET Profiling and Pharmacokinetic
Evaluation

The absorption, distribution, metabolism, excretion,
and toxicity (ADMET) properties of all selected
compounds were predicted using the ADMETIab 2.0
web server, a comprehensive platform for evaluating
drug-likeness and pharmacokinetic — parameters
through machine learning-based models. This

computational ~ approach  enables  early-stage
identification of compounds with favorable
developability —characteristics, thereby reducing

attrition rates in subsequent preclinical and clinical
phases. The platform integrates multiple predictive
algorithms to assess physicochemical properties,
absorption potential, distribution characteristics,
metabolic stability, excretion profiles, and safety
liabilities, providing a holistic evaluation of candidate
drug molecules prior to experimental validation.

4.4.1 Physicochemical Property Assessment

The foundational analysis of drug-likeness began with
evaluation of molecular weight, lipophilicity,
hydrogen bonding capacity, and other critical
physicochemical descriptors. Molecular weights were
calculated for all test compounds and reference drugs
Alpelisib and Duvelisib to assess compliance with
Lipinski's Rule of Five, which predicts oral
bioavailability based on molecular weight below 500
Da, Log P less than 5, hydrogen bond donors not
exceeding 5, and hydrogen bond acceptors not
exceeding. The logarithm of the partition coefficient
(Log P) was computed to quantify the balance between
hydrophilicity and lipophilicity, with values between 1
and 3 generally considered optimal for oral absorption
[63]. Topological polar surface area (TPSA) and
rotatable bond counts were evaluated according to
Veber's rules, which predict oral bioavailability based
on TPSA below 140 A? and rotatable bonds fewer than
10. Aqueous solubility (Log S) was predicted to assess
formulation feasibility and dissolution characteristics
in gastrointestinal fluids

Table:2 physicochemical properties of selected derivatives

Compounds MW volume Dense Nha Nhd nRot nRing TPSA Log S Logp
138454789 452.13 438.072 1.032 7.0 3.0 9.0 4.0 99.36 -3.347 1.738
142487565 581.21 567.788 1.024 10.0 4.0 15.0 4.0 137.69 | -4.383 3.032
142487594 565.22 558.998 1.011 9.0 4.0 14.0 4.0 128.46 | -4.928 3.745
142487605 408.11 394.689 1.034 6.0 3.0 6.0 4.0 90.13 -3.838 2.027
155511627 537.18 524.406 1.024 9.0 4.0 14.0 4.0 128.46 | -3.981 2.647
155549911 580.23 569.995 1.018 10.0 5.0 15.0 4.0 140.49 | -4.097 2.657
Alpelisib 441.14 402.332 1.096 7.0 3.0 7.0 3.0 101.21 -4.308 3.315
Duvelisib 416.12 404.63 1.028 7.0 2.0 4.0 5.0 88.49 -4.313 2.497

Comprehensive ADMET profiling revealed nuanced
structure-property relationships among the evaluated
compounds. Physicochemical analysis demonstrated
that several candidates, including compounds
138454789, 142487477, and 142487605, maintain
molecular weights below 500 Da with optimal
lipophilicity (Log P 1.56-2.03) and acceptable
hydrogen bonding capacity, satisfying Lipinski's Rule
of Five without violations. These compounds further
demonstrated compliance with Veber's rules regarding
rotatable bond count and topological polar surface
area, predicting favourable oral bioavailability and

cellular permeability. Conversely, compounds
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142487565, 142487594, 155511627, and 155549911
exceeded molecular weight thresholds and exhibited
flexibility, potentially compromising
absorption characteristics.

excessive

4.4.2 Drug-Likeness and Pharmaceutical Filter
Analysis

The quantitative estimate of drug-likeness (QED) was
computed as a composite score ranging from 0 to 1,
integrating eight molecular properties including
molecular weight, Log P, TPSA, hydrogen bond
donors and acceptors, rotatable bonds, aromatic rings,
and structural alerts. Higher QED scores indicate
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greater probability of successful oral drug
development. Natural product-likeness scores were
additionally calculated to assess structural similarity to

naturally occurring metabolites, with negative values
indicating synthetic frameworks typical of kinase
inhibitors.

Table:3 Drug-likeness properties of designed derivatives

Compound QED NP LIPINSKI PFIZZER GSK GOLDENTRIANGLE CHELATOR
SCORE RULE RULE RULE
138454789 0.368 | -1.1717 0.0 0.0 1.0 0.0 0 ALERTS
142487565 0.194 -1.642 0.0 0.0 1.0 1.0 0 ALERTS
142487594 0.192 -1.484 0.0 0.0 1.0 1.0 0 ALERTS
142487605 0.497 -1.636 0.0 0.0 1.0 0.0 0 ALERTS
155511627 0.213 -1.534 0.0 0.0 1.0 1.0 0 ALERTS
155549911 0.177 -1.783 0.0 0.0 1.0 1.0 0 ALERTS
Alpelisib 0.753 -1.458 0.0 0.0 1.0 0.0 0 ALERTS
Duvelisib 0.451 -1.056 0.0 0.0 1.0 0.0 0 ALERTS

The quantitative estimate of drug-likeness (QED)
scores highlighted compound 142487605 (QED
0.497) and 142487477 (QED 0.380) as the most
promising candidates, approaching the benchmark
established by Alpelisib (QED 0.753). These
compounds navigated  stringent
pharmaceutical filters including the Pfizer 3/75 rule,
GSK guidelines, and Golden Triangle criteria,
indicating appropriate balance between metabolic
stability and permeability. Notably, all evaluated

successfully

compounds
likeness

exhibited negative natural product-
scores, synthetic
structural frameworks and targeted kinase inhibitor
design.

consistent with their

4.4.3 Absorption Parameter Prediction

Intestinal absorption potential was evaluated through
multiple complementary approaches. Caco-2 cell
permeability was predicted to model human intestinal

epithelial transport, with values greater than -5.15 log
cm/s considered indicative of high permeability.
MDCK (Madin-Darby Canine Kidney)
permeability provided an additional assessment of
across polarized epithelial
P-glycoprotein  (P-gp) inhibition
probability was calculated to evaluate the risk of drug-
drug interactions at this critical efflux transporter,
which can limit oral bioavailability and promote
multidrug resistance. P-gp substrate probability was

cell
passive  diffusion
monolayers.

similarly assessed to identify compounds potentially
subject to active efflux from enterocytes back into the
intestinal lumen. Human intestinal absorption (HIA)
scores were predicted to estimate the fraction of orally
administered drug reaching the systemic circulation.
Oral bioavailability (F) was evaluated at multiple
thresholds (20%, 30%, and 50%) to provide
probabilistic assessment of the fraction of unchanged
drug reaching the bloodstream.

Table:4 Absorption parameter of selected compound

Compound Caco- 2 MDCK Pgp- Pgp- HIA | F20% | F30% F50%
permeability | permeability | inhibitor | substrate
138454789 -5.294 -4.866 0.001 0.051 0.0 0.0 0.001 0.017
142487565 -5.568 -4.835 0.002 0.079 0.0 0.0 0.0 0.045
142487594 -5.447 -4.691 0.002 0.037 0.0 0.001 0.0 0.176
142487605 -5.4 -4.857 0.001 0.04 0.0 0.001 | 0.001 0.181
155511627 -5.461 -4.811 0.001 0.006 0.0 0.006 | 0.009 0.098
155549911 -5.764 -4.997 0.0 0.587 0.033 | 0.002 0.0 0.197
Alpelisib -5.447 -5.102 0.04 0.121 0.073 | 0.816 | 0.57 0.401
Duvelisib -5.076 -4.769 0.42 0.0 0.0 0.0 0.0 0.007
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Absorption profiling using Caco-2 and MDCK
permeability models identified compound 138454789
as exhibiting high passive permeability comparable to
Duvelisib, while compound 142487605 demonstrated
the most favorable oral bioavailability probability
among the test set. Many candidates displayed
minimal P-glycoprotein inhibition liability, suggesting
reduced risk of drug-drug interactions at the efflux
transporter level. However, compound 155549911
emerged as a significant P-glycoprotein substrate with
concomitant low permeability, indicating potential
absorption barriers requiring structural modification.

4.4.4 Distribution and Metabolism Characterization

Plasma protein binding (PPB) percentages were
predicted to estimate the fraction of drug bound to
circulating proteins, which influences free drug
concentration available for therapeutic action and
pharmacological effect. High protein binding typically
correlates with extended half-life but reduced
immediate bioavailability. Volume of distribution

(VD) was calculated to assess the apparent space into
which a drug distributes, with low values indicating
plasma retention and higher values suggesting
extensive tissue partitioning. Blood-brain barrier
(BBB) penetration scores were predicted to evaluate
central nervous system exposure potential, with low
scores indicating minimal brain penetration and
reduced risk of neurotoxicity.

Metabolic stability was assessed through prediction of
cytochrome P450 (CYP) enzyme interactions.
Inhibition probabilities for major CYP isoforms
including CYP1A2, CYP2C19, CYP2C9, CYP2D6,
and CYP3A4 were calculated to identify compounds
with potential to cause metabolic drug-drug
interactions. Substrate probabilities for these same
isoforms were evaluated to predict the primary routes
of hepatic metabolism and inform dosing regimen
design. Particular attention was paid to CYP3A4, the
most abundant hepatic CYP enzyme responsible for

metabolism of approximately 50% of marketed drugs.

Table:5 Distribution and metabolisms parameter of selected molecules

CYP2C19
CYP1A2 CYP2C9 CYP2D6 CYP3A4
PP | V | BB | Fu | Inhib | Subst | Inhib | subst | inhib | Subst | Inhib | Subst | Inhib | Subs
Comp | B% | D | B itor | rate itor | rate | itor | rate itor | rate itor | tate
ound
13845 | 97. | 0.1 | 0.0 | 2.1 | 0.25 | 0.651 | 0.01 0.0 | 0.00 | 0.009 | 0.0 | 0.001 | 0.05 | 0.32
4789 | 357 | 19 | 14 | 43 1 6 5 6 3
14248 | 97. | 0.0 | 0.0 | 2.2 | 0.03 0.0 | 083 | 0.0 | 0.02 | 0.001 | 0.0 0.0 | 0.02 | 0.02
7565 | 361 | 48 | 62 | 22 7 4 2
14248 | 98. | 0.0 | 0.0 | 1.3 | 0.12 | 0.002 | 0.99 | 0.0 | 091 | 0.314 | 0.0 | 0.006 | 0.02 | 0.05
7594 | 472 | 5 | 61 | 82 6 2 3
14248 | 98. | 0.1 | 0.0 | 0.9 | 0.39 | 0.634 | 0.04 | 0.0 | 0.03 | 0.135| 0.0 | 0.007 | 0.15 | 0.07
7605 | 798 | 73 | 27 | ol 1 5 2 1 8
15551 | 98. | 0.1 | 0.0 | 0.7 | 094 | 0.137 | 047 | 0.0 | 0.77 | 0.045| 0.0 | 0.018 | 0.02 | 0.04
1627 | 934 | 96 | 02 | 65 7 7 9
15554 | 98. | 0.1 | 0.0 | 08| 0.0 |0.295| 0.01 | 0.09 | 0.0 |0.008 | 0.0 | 0.005 | 0.02 | 0.92
9911 | 885 | 1 1 81 5 5 2 5
Alpeli | 97. | 0.1 [ 0.0 19| 0.00 | 0.0 | 092 | 0.11 | 0.07 | 0.031 | 0.0 0.0 | 0.01 | 0.04
sib 75 | 25 01 1 8 9 8 4 5
Duveli | 88. | 0.3 | 03| 9.7 | 097 | 0995 | 0.0 0.0 0.0 | 0.089 | 0.0 0.0 | 0.73 | 0.99
sib 398 | 91 | 09 | 67 8 8 2

Distribution and metabolism parameters revealed
uniformly high plasma protein binding (>97%) across
the test compounds, potentially extending half-life but
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reducing free drug fraction available for target
engagement. Blood-brain barrier penetration scores
remained low for most candidates, consistent with
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minimal central nervous system exposure and reduced
neurotoxicity risk. Cytochrome P450 interaction
profiles varied considerably, with several compounds
showing minimal inhibition or substrate potential
across major isoforms, suggesting favourable
metabolic stability and reduced interaction potential.

4.4.5 Excretion and Toxicity Profiling:

Plasma clearance (CL plasma) was predicted to
quantify the volume of blood cleared of drug per unit
time, providing insight into elimination efficiency and
dosing frequency requirements. Elimination half-life
(T _1/2) was calculated to estimate the time required
for plasma drug concentration to decrease by 50%,
directly influencing dosing interval determination.
Human hepatotoxicity (H-HT) probability was
assessed to identify compounds with potential for liver
injury, one of the most common causes of drug
withdrawal from the market. Drug-induced liver injury

(DILI) risk was specifically evaluated using machine
learning models trained on annotated hepatotoxicity
databases. Ames mutagenicity was predicted to assess
genotoxic potential through bacterial reverse mutation
assay simulation. Rat oral acute toxicity (LD50) was
estimated to provide preliminary safety margins for in
vivo studies. FDA maximum recommended daily dose
(FDAMDD) was calculated to inform early clinical
dose-ranging considerations.

Skin sensitization potential was evaluated to predict
contact dermatitis risk. Carcinogenicity probability
was assessed through structural alert analysis and
machine learning classification. Eye corrosion and eye
irritation potentials were predicted to evaluate ocular
safety hazards. Respiratory toxicity was assessed to
identify compounds with potential for pulmonary
adverse effect.

Table:6 Excretion and toxicity parameter of selected compound

COMPO | CL pl | T1/| H- | DIL | Ame | Rat | FDA Skin | Carcinoge | Eye Eye | Respir
UND asma 2 | HT I s oral | MDD | sensiti nicity corro | irritat | atory
toxi | acut zatio sion ion | toxicit
city e y
toxi
city
1384547 | 5.852 | 02 | 02 | 099 | 0.77 | 0.53 | 0.054 | 0.252 0.712 0.0 0.09 0.56
89 97 | 9 6 6 9
1424875 | 5958 | 02 1 0.2 {099 | 0.79 | 0.58 | 0.032 | 0.267 0.549 0.0 |0.017 | 0.366
65 91 | 61 6 6 1
1424875 | 5799 | 03 | 0.3 | 0.42 | 098 | 0.76 | 0.722 | 0.067 0.0151 0.404 | 0.0 0.023
94 01 | 44 7 8 6
1424876 | 5.325 | 03 | 0.2 | 0.09 | 0.69 | 0.64 | 0.125 | 0.218 0.541 0.0 |0421| 0.756
05 52 | 87 | 97 3 3
1555116 | 5.161 | 0.3 | 0.5 | 0.99 | 0.67 | 0.67 | 0.071 | 0.153 0.411 0.0 |0.018 | 0.467
27 37 | 93 7 3
1555499 | 4.294 | 04 | 0.6 | 0.99 | 0.30 | 0.25 | 0.258 | 0.932 0.295 0.001 | 0.636 | 0.836
11 85 | 71 1 7 1
Alpelisib | 4278 | 0.8 | 0.4 | 0.99 | 0.48 | 0.44 | 0.609 | 0.054 0.954 0.0 |0.052 | 0.681
15 | 35 2 7 4
Duvelisi | 3.154 | 0.7 | 0.2 | 0.99 | 0.70 | 0.86 | 0.69 0.379 0.581 0.0 0.62 | 0.822
b 71 | 53 3 4 7

Toxicity assessment identified critical safety
considerations requiring attention. While compound
142487605 demonstrated favourable drug-like
properties with low hepatotoxicity probability (H-HT
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0.287) and minimal DILI risk (0.0997), compounds
142487477 and 155511627 exhibited elevated DILI
probabilities exceeding 0.99, indicating unacceptable
liver toxicity liability. Ames mutagenicity scores
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remained concerning across multiple candidates, with
values frequently surpassing 0.70, necessitating
structural ~ optimization to address potential
genotoxicity. Environmental toxicity profiling further
revealed moderate to high aquatic toxicity for several
compounds, with bioconcentration factors suggesting
potential ecological accumulation requiring careful
waste management consideration.

4.4.6 Environmental Toxicity Assessment
The environmental impact of pharmaceutical
compounds was evaluated through prediction of

aquatic toxicity parameters. Bioconcentration factor
(BCF) was calculated to estimate the potential for
chemical accumulation in aquatic organisms.
Tetrahymena pyriformis 50% inhibitory growth
concentration (IGC50) was predicted as a measure of
acute toxicity to aquatic protozoa. Fish median lethal
concentration (LC50) values were estimated for
fathead minnow (LC50FM) and Daphnia magna
(LC50DM) to assess ecotoxicological risk. These
parameters collectively inform the predicted no-effect
concentration (PNEC) and guide waste management
protocols for pharmaceutical development.

Table:7 Environmental toxicity profile of designed molecules

Compound BCF IGC50 LC50FM LC50DM
138454789 0.846 3.485 4.424 4.754
142487565 0.668 3.46 4.607 5.214
142487594 1.167 3.934 4.984 5.492
142487605 0.966 3.586 4.48 4.772
155511627 1.199 3.597 491 5.333
155549911 0.741 3.463 4.492 4.976
Alpelisib 0.601 3.301 4.226 4.925
Duvelisib 1.709 4.07 4.934 5.25

Comparative analysis with established clinical agents
Alpelisib and Duvelisib provided essential context for
evaluating candidate quality. Alpelisib demonstrated
exceptional drug-likeness metrics and favourable
pharmacokinetic profiles, though with characteristic
hyperglycaemia risk reflecting its on-target metabolic
impact. Duvelisib exhibited distinct
immunomodulatory  toxicity patterns including
elevated colitis and infection risks associated with its
d/y-isoform selectivity profile. Our novel candidates,
particularly 142487605, presented toxicity profiles
distinct from both reference drugs, suggesting
potential  for  differentiated  clinical  safety
characteristics pending experimental validation.

The integration of molecular docking with ADMET
profiling enabled rational prioritization of candidates
for downstream development. Compound 142487605
emerged as the lead candidate, combining robust target
binding affinity with superior drug-likeness scores,
acceptable  permeability, favourable metabolic
stability, and manageable toxicity liabilities. This
compound satisfied the critical requirement for
"developability"—possessing not merely potent target

IJIRT 194601

engagement but the pharmacological properties
necessary to survive the rigorous transition from
computational models to clinical application. The
structural features underlying this favourable profile,
including appropriate molecular weight, balanced
lipophilicity, and limited conformational flexibility,
provide design principles for subsequent optimization
campaigns.

4.4.7 Data Integration and Candidate Prioritization
The comprehensive ADMET profile for each
compound was integrated with molecular docking
results to prioritize candidates for experimental
validation. Compounds demonstrating favourable
binding affinity combined with acceptable
pharmacokinetic ~ properties, minimal toxicity
liabilities, and appropriate environmental safety
profiles were selected as leads for subsequent in vitro
and in vivo evaluation. This holistic computational
approach ensures that selected candidates possess not
merely potent target engagement but the full spectrum
of properties required for successful drug
development.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 7126



Phosphoinositide 3 — Kinase (PI3K)
pdb id — 9CMK

© March 2026 | IJIRT | Volume 12 Issue

10 | ISSN: 2349-6002

Fig.2 2D Interaction of Drug Molecule With Key Active Site Residue
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138454789 14247565

142487594 142487605

155511627 155549911
Alpelisib Duvelisib

Fig 4: Admit Lab 3.0 Plate of Drug Illustrating the Confidence of Positive Toxicity Result Compared to The Average
of Their Classes
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V. CONCLUSION

This study successfully employed an integrated
computational approach combining molecular
docking and ADMET profiling to identify promising
PI3Ka inhibitors from a novel compound series. Our
analysis revealed CID 142487605 as the lead
candidate, exhibiting a binding affinity of -9.3
kcal/mol that surpasses the clinical standard alpelisib
(-8.5 kcal/mol) and approaches the exceptional
potency of duvelisib (-10.3 kcal/mol).

This superior binding energy, corresponding to
approximately 3.5-fold improvement in binding
constant, derives from a strategic dual-anchoring
mechanism engaging both TYR 207 and LYS 228—
residues critical for ATP-competitive inhibition within
the kinase hinge region.

CID 142487605 distinguished itself through
favourable drug-like properties, satisfying Lipinski's
and Veber's rules without violations, achieving optimal
lipophilicity (Log P 1.56-2.03), and demonstrating
acceptable metabolic stability with manageable
toxicity liabilities. Notably, this compound exhibited
low hepatotoxicity probability (H-HT 0.287) and
minimal DILI risk (0.0997), contrasting sharply with
counterparts displaying unacceptable safety profiles.
Conversely, compounds exceeding molecular weight
thresholds or exhibiting excessive flexibility—
including CID 142487565, CID 142487594, and CID
155511627—demonstrated compromised absorption
characteristics that preclude immediate advancement.
These findings validate the necessity of
comprehensive in silico profiling early in drug
discovery to focus resources on viable leads. CID
142487605 emerges as a compelling preclinical
candidate requiring experimental validation through
enzymatic inhibition assays, cellular proliferation
studies, and kineme-wide selectivity profiling.
Subsequent optimization should address suboptimal
Ames mutagenicity scores while preserving the
favourable interaction pattern with TYR 207 and LY'S
228. This integrated computational framework
successfully accelerated lead identification, providing
a foundation for developing next-generation PI3Ka
inhibitors with potential applications in oncology and
demonstrating how strategic in silico approaches can
minimize attrition risks associated with poor
pharmacokinetics or unexpected toxicity.
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