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ABSTRACT: Prostate cancer is a multifactorial
disease driven by complex interactions between
androgen signalling and chronic inflammatory
pathways, often leading to therapeutic resistance.
To address this biological complexity, this study
utilized a polypharmacology approach to rationally
design phenyl-benzoheterocyclic hybrids as dual-
acting multi-target-directed ligands (MTDLS)
targeting the androgen receptor (AR) and
cyclooxygenase-2(COX-2). Privileged heterocyclic
scaffolds  including indole,  benzimidazole,
benzoxazole, and benzothiazole were hybridized
with selected cinnamic acid derivatives to generate
a structurally diverse library. In silico
computational analyses were performed to evaluate
drug-likeness, pharmacokinetic properties, toxicity
profiles, and target prediction. Molecular docking
studies assessed binding affinities within the AR
and COX-2 active sites, and the top ligand—protein
complexes were subjected to molecular dynamics
(MD) simulations to evaluate structural stability
and conformational behaviour over time. Docking
results revealed favourable binding interactions
with critical active-site residues of both targets.
Notably, compound BTAC3-C2 demonstrated
superior binding affinity toward AR and COX-2
compared to standard reference drugs. MD
simulations indicated that BTAC3-C2 maintained
high structural stability within the AR binding
pocket, while exhibiting lower stability with COX-
2. Owverall, these findings identify phenyl-
benzoheterocyclic hybrids as promising dual-target
polypharmacological candidates for prostate cancer
therapy, warranting further experimental validation.

KEYWORDS: Prostate cancer, multi-target-
directed ligands, androgen receptor,
cyclooxygenase-2, molecular dynamics
simulations, polypharmacology.

I.INTRODUCTION
Polypharmacology: A Multi-Target Strategy
Polypharmacology refers to the development of
pharmaceutical agents that interact with multiple
targets simultaneously, a concept distinct from
polytherapy, which involves the use of several
different medications prescribed to a single
patient.lPharmacophore Combination Approach
method involves combining pharmacophore groups
from selective compounds into a single molecule,
thus demonstrating the biological effects of these
compounds on various targets. Incorporation of
heterocyclic scaffolds is a key strategy in this
context, as  heteroatoms can  modulate
physicochemical and pharmacokinetic properties,
including solubility, lipophilicity, metabolic
stability, and membrane permeability.
Benzoheterocycles — A potential Scaffold in drug
development
Heterocycles hold functional significance in two
aspects, encompassing both pharmacodynamic and
pharmacokinetic characteristics. From a
pharmacodynamic perspective, heteroatoms and
their associated ring systems offer a diverse range
of functionalities. They can function as donors or
acceptors of hydrogen bonds, act as bioisosteric
substitutions for various groups, participate in 7-
stacking or cation-r interactions, and stabilize the
conformation of flexible side chains. From a
pharmacokinetic standpoint, incorporating
heterocyclic rings is a key strategy for adjusting the
absorption, distribution, metabolism, and excretion
(ADME) profile of a drug candidate. Heteroatoms
can add polarity, changing the solubility and
lipophilicity (log P) of a compound, which
consequently affects its capacity to cross biological
membranes. Additionally, certain heterocycles can
be integrated to prevent metabolic attack (e.g., by
cytochrome P450 enzymes) or, on the other hand,
to act as a metabolically vulnerable site for
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regulated clearance, thereby refining the drug's
half-life.[?

Indole: Indole is an aromatic heterocyclic organic
compound that contains nitrogen, represented by
the formula CgH;N, featuring a bicyclic structure
made up of a six-membered benzene ring fused
with a five-membered pyrrole ring. The indole
framework is a prominent privileged structure
found in the essential amino acid tryptophan and its
derivatives, including the  neurotransmitter
serotonin and the hormone melatonin.Bl The
usefulness of indole arises from the presence of the
N-H group (a vital hydrogen bond donor) and its
aromatic surface (which facilitates m-stacking and
hydrophobic interactions), along with several
synthetically accessible sites (like C; and Cs) that
allow for functionalization. N-H bond in indole is
somewhat acidic, it can undergo N-substitution
reactions when in basic environments./! Indole
derivatives are extensively applied in medicine
because of their wide-ranging biological activities,
including potential uses as anti-cancer and anti-
inflammatory agents. 1!
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Benzimidazole: Benzimidazole is formed by the
fusion of a benzene ring and an imidazole ring at
the 4 and 5 positions. The presence of the free
imino hydrogen atom contributes to the
tautomerism exhibited by benzimidazole.[l There
is a rapid interchange between the -NH- and =N-
nitrogen atoms, allowing for the representation of
two tautomers of the benzimidazole molecule.
Tautomerism can occur via an intermolecular
mechanism that involves two or more
benzimidazole molecules or through interactions
with protic solvents like water. This process makes
the 5- and 6- positions, along with any substituent
at that location in the ring structure, chemically
equivalent.®] The modification of substituents
around the benzimidazole has led to the
development of various therapeutic agents. Notable
examples include anthelmintics (such as
Albendazole and Mebendazole), proton pump
inhibitors (like Omeprazole and Pantoprazole),
antihypertensives  (including Telmisartan and
Candesartan), antihistamines (like Astemizole),

antivirals (such as Enviradene), and numerous lead
compounds across various therapeutic fields. ©!
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Benzoxazole: Benzoxazole is a heterocyclic
compound formed by the fusion of a benzene ring
with the oxazole ring at the 4 and 5 positions. The
presence of a substituent at the second position of
benzoxazole significantly influences its
pharmacological properties, while modifications at
the fifth position can substantially impact the
intensity of specific biological activities.[*"!
Benzoxazoles are significant in  medicinal
chemistry as they exhibit a broad range of
pharmacological effects, including antibacterial,
antifungal, anticancer, anti-inflammatory,
antimycobacterial, antihistamine, antiparkinsonian
activities, inhibition of hepatitis C virus,
antagonism of 5-HT3 receptors, antagonism of
melatonin receptors, prevention of
amyloidogenesis, and inhibition of Rho-kinase.
Various marketed pharmaceuticals  feature
benzoxazole as their core active component, such
as Flunoxaprofen and Benoxaprofen, which are
nonsteroidal anti-inflammatory drugs (NSAIDs),
Calcimycin, an antibiotic, Boxazomycin B, an
antibacterial, and Chlorzoxazone, a muscle
relaxant.*]
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Benzothiazole: Benzothiazole is a bicyclic
heterocyclic compound family, featuring a benzene
ring fused with a five-membered ring that contains
nitrogen and sulphur atoms. The inclusion of
sulphur and nitrogen heteroatoms enhances the
capacity of benzothiazole derivatives to participate
in various non-covalent interactions, such as
hydrogen bonding, as well as semi-covalent
interactions, with significant amino acid residues in
protein binding sites.!?l The planar nature of the
benzothiazole ring system facilitates optimal m—=
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stacking interactions, which are crucial when
engaging with nucleic acids or flat protein
pockets.'sl  The benzothiazole scaffold s
extensively used for its wide range of therapeutic
uses, including its antimicrobial, antifungal,
antitubercular,antimalarial, analgesic,
anticonvulsant, antidiabetic, and neuroprotective
effects. Several medications that have received
clinical approval feature this structure, such as
Riluzole, which is used for treating amyotrophic
lateral sclerosis (ALS), Ethoxzolamide, a type of
diuretic; and Zopolrestat, an aldose reductase
inhibitor used to manage complications related to
diabetes.[*4]

Cinnamic Acid Derivatives: Structural Diversity
and Rationale

Cinnamic acid is a naturally occurring aromatic
carboxylic acid widely distributed in plants
anddietary sources, characterized by a benzene ring
linked to an a, B-unsaturated acrylic acid moiety
that offers multiple sites for structural modification.
cinnamic acid and its derivatives exhibit diverse
pharmacological activities, including anticancer,
anti-inflammatory, antibacterial, antidiabetic, and
antioxidant effects. In this study, six naturally
occurring cinnamic acid derivatives include
cinnamic acid, p-coumaric acid, caffeic acid, ferulic
acid, sinapic acid, and 3,4-dimethoxycinnamic acid
were selected as secondary pharmacophores to
introduce controlled structural and electronic
diversity, enabling systematic evaluation of their
influence on the polypharmacological potential of
the resulting phenyl-benzoheterocyclic hybrids. 5!

I1. PROSTATE CANCER
Prostate cancer is the most prevalent non-cutaneous
malignancy affecting men and predominantly
occurs in older individuals. Its incidence is
expected to increase with global population
aging.*! Androgens, particularly testosterone and
5a-dihydrotestosterone (DHT), are essential for
prostate development and maintenance. These
hormones exert their effects through the

intracellular androgen receptor (AR), and early-
stage prostate cancer growth is largely androgen-
dependent. Prostate cancer risk is influenced by
non-modifiable factors such as advanced age,
African-American ethnicity, and family history, as
well as biological and lifestyle factors.[*”! Elevated
insulin-like growth factor-1 (IGF-1), shorter CAG
repeat lengths in the AR gene, dietary habits,
height, smoking, and occupational exposure also
contribute. High androgen levels or reduced sex
hormone-binding  globulin  (SHBG) increase
cellular proliferation, promoting tumor
development.

Prostate cancer staging is categorized into clinical
and pathological staging.[45] Clinical staging relies
on PSA levels, digital rectal examination (DRE),
and imaging, while pathological staging is based on
histological analysis following biopsy or surgery.
Key determinants include PSA value, DRE
findings, biopsy results, and the Gleason score,
which reflects tumor aggressiveness. Prostate
cancer commonly originates in the peripheral zone
from  mutations in  glandular  epithelial
cells.[*®9Androgens, particularly DHT, bind to AR
in the cytoplasm, translocate to the nucleus, and
activate genes promoting cell survival and
proliferation. In cancer, dysregulated AR signaling
shifts from differentiation to uncontrolled growth.
While androgen deprivation therapy is effective
initially, castration-resistant tumors may synthesize
intracellular  androgens.”  Localized prostate
cancer may be managed with active surveillance,
radical prostatectomy, external beam radiation
therapy, brachytherapy, or cryotherapy, while
advanced disease is primarily treated with androgen
deprivation therapy using LHRH agonists or
antagonists  (leuprolide, goserelin, triptorelin,
histrelin) and  antiandrogens  (bicalutamide,
flutamide, enzalutamide, apalutamide,
darolutamide, abiraterone acetate), with docetaxel
chemotherapy as standard care for metastatic,
hormone-refractory cases; emerging options such
as high-intensity focused ultrasound (HIFU)
provide minimally invasive treatment for selected
low-risk patients.

COX-2 and Prostate Cancer

Cyclooxygenase-2 (COX-2) is overexpressed in
prostate cancer and contributes to tumor survival,
proliferation, and angiogenesis.?'] Both androgen-
sensitive and androgen-independent prostate cancer
cell lines express COX-2 and secrete prostaglandin
E2 (PGE2). COX-2 inhibition induces apoptosis by
suppressing anti-apoptotic proteins and Akt
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signaling. Celecoxib is a moderately selective
COX-2 inhibitor with lower gastrointestinal
toxicity and a relatively safer cardiovascular
profile, whereas etoricoxib shows higher selectivity
but increased cardiovascular risk, and rofecoxib
was withdrawn due to elevated risks of myocardial
infarction and stroke.[?-2°]

I1. MATERIALS AND METHODS

Protein Targets:

Androgen Receptors: The androgen receptor (AR)
isa protein that acts as a ligand-dependent
transcription factor, binding to male sex hormones
(androgens like testosterone) to control gene
activity, essential for male development,
muscle/bone growth, and reproduction in both
sexes. The AR is an important therapeutic target
in prostate cancer.

Figure 1: 3D Crystal Structure of the Androgen
Receptor Ligand Binding Domain in Complex
With R-3

PDB ID: 2AX9: The androgen receptor ligand-
binding domain (AR-LBD) exhibits a conserved
three-layer  antiparallel  a-helical ~ sandwich
architecture composed of 11 a-helices (H1-H12,
excluding H2) along with two pB-sheets.?IThese
structural elements create a hydrophobic ligand-
binding pocket (LBP), primarily enclosed by
helices H3, H5, and H11l. Helix 12 (H12)
functions as a movable lid that seals the LBP
in the agonist-bound state and forms part of the
activation function-2 (AF-2) surface together with
helices H3 and H4, enabling coactivator binding.
Nonsteroidal ligands such as R-3 induce
conformational rearrangements of critical residues,
including Trp741, Thr877, and Met895, facilitating
their accommodation within the wild-type AR
LBP.

COX-2: COX-2 (Cycloxoxygenase-2) is an
enzyme crucial for producing substances that cause

inflammation, pain, and fever, and it is also in
normal body functions like kidney health and brain
activity, but its overactivity is linked to cancer.

Figure 2: 3D Structure of Vioxx Bound to Human
COX-2

PDB ID: B5KIR: In the B5KIR structure,
cyclooxygenase-2 (COX-2) exists as a homodimer,
with each subunit displaying an L-shaped
configuration composed of three domains: an N-
terminal epidermal growth factor (EGF)-like
domain, a membrane-association helical domain,
and a C-terminal catalytic domain that contains the
cyclooxygenase (COX) channel. The COX channel
forms a long, narrow hydrophobic passage
approximately 25 A in length, extending from the
protein surface to the catalytic residue Tyr385 at its
distal end. This channel is bordered by helices A-D
and F-G, as well as the EG loop. Solved at a
resolution of 2.7 A, the structure reveals that COX-
2 possesses a larger active site than COX-1,
notably featuring an additional side pocket that
becomes accessible due to the presence of
Val523.1%8

COX-1: Cyclooxygenase-1 (COX-1) is an enzyme,
a housekeeping enzyme protecting the stomach and
aiding blood clotting. Crucial for managing
prostaglandins for basic physiological needs.

Figure 3: 3D Structure of Human COX-1 Crystal
Structure
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PDB ID: 6Y3C: Human cyclooxygenase-1
(hCOX-1) exhibits the conserved L-shaped
monomeric architecture typical of the COX enzyme
family and assembles as a homodimer. Each
monomer is organized into an N-terminal
epidermal growth factor (EGF)-like domain, a
membrane-association helical domain, and an
extensive C-terminal catalytic domain. The
cyclooxygenase active site is formed by a long,
narrow hydrophobic channel approximately 25 A in
depth that extends from the membrane-facing
surface to the catalytic residue Tyr385 at its distal
end. This channel is delineated by helices A-D and
F-G, along with the EG loop. Relative to ovine
COX-1, the human enzyme displays subtle
conformational variations within the substrate-
binding region, including residual electron density
consistent with partial occupancy by arachidonic
acid.

Methods:

Design of proposed ligands: ACD/Chemsketch
Software is used for drawing the structures of the
proposed benzo heterocyclic enamides and to
determine chemical properties of the molecules for
our study. After drawing the molecule, it is selected
and clean-up is carried out. The designed molecules
are saved in sdf format.

In Silico Drug Design: In Silico design of the
proposed ligands are carried out using
Molinispiration, SwissADME, ProTox 3.0.

° Molinspiration Software is used to find
whether the designed molecules obeyed
the Lipinski’s Rule of Five and Drug
Likeness (Bioactivity score).

o SwissADME is used to calculate the
physiochemical and pharmacokinetic
properties, Boiled egg model to predict
gastrointestinal or Blood Brain Barrier
permeation, Bioavailability Radar to
determine whether the proposed ligands
are orally bioavailable.

e  ProTox 3.0 webserver to predict the
toxicity, toxicity endpoints, organ toxicity

Molecular Docking:

e  Target structure selection: Download the
protein from RCSB PDB in PDB format
and open the structure in Biovia Discovery
Studio, then prepare the protein.

e Ligand selection: Download the standard
ligand from PubChem in SDF format and
ChemSketch Software is used for drawing
thestructures of the proposed Phenyl-
Benzoheterocyclic Hybrids.

e Docking is a computer simulation
technique used to predict the preferred
orientation of twointeracting chemical
species. The molecular interaction analysis
of the target and ligand molecule is
performed using PyRX-0.8 software.

. Receptor ligand interactions are analysed
by using Biovia Discovery Studio.

Molecular Dynamic Simulation: The molecular
interaction analysis of the target (PDB: 2AX9,
5KIR) and ligand molecule (BTAC3-2) is
performed using Autodock vina software (v.1.2.0.).
The MD simulations were performed using
GROMACS version 2022.1 MD package running
on Ubuntu 22.04.1 (AMD® Ryzen 9 3900 x 12
core processor x 24).

The process was initiated by removing crystal
water from the structures, followed by generating
topology. For the docked complex, the topology
file for protein was generated using the Charmm36
force field (Charmm 36 july 2021.ff).

IV.RESULTS AND DISCUSSION

Design of proposed ligands and Lipinski’s Rule
Analysis

Cinnamic acid derivatives which are conjugated
with  Indole, Benzimidazole, = Benzoxazole,
Benzothiazole using Amide linkage were designed
using ACD/ Chemsketch FREEWARE and smiles
notation were found out for further in silico studies.
General structure of Phenyl-Indole Hybrids

of the proposed ligands. Rs
N NH R,
NH
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Table 1: Smile notation and Lipinski’s Rule Analysis of Proposed Phenyl-Indole Hybrids.

Ligand Substituen | SMILES Log p MW HAC HDO Rot
Code ts notation b
INDC1 Ri=H O=C(C=Cclccc | 3.81 262.31 3 2 3
Ro-H cc1)Nc3cc2ceee
Rs=H c2[nH]3
INDC2 R:=OH O=C(C=Cclccc | 3.33 278.31 4 3 3
Ro-H (O)ccl)Nc3cec2e
Rs-H ccce2[nH]3
INDC3 R:=OH O=C(C=Cclcc | 2.85 294.31 5 4 3
R,-OH ¢(O)c(O)c1)Nc
Ra=H 3cc2cecec2[nH
13
INDC4 R:-OH COc3cc(C=CC | 3.15 308.34 5 3 4
R,-OCHj3 (=O)Nc2ccicc
Rs=H cccl[nH]2)cce
30
INDC5 R:=OH COc3cc(C=CC | 3.17 338.36 6 3 5
R,-OCHj3 (=O)Nc2cclcc
R3-OCHj3 cccl[nH]2)cc(
0C)c30
INDC6 R:=OCHa COc3ccc(C=C | 3.46 322.36 5 2 5
R,-OCHj3 C(=0O)Nc2cclc
Rs-H ccccl[nH]2)ce
30C

General structure of Phenyl-Benzimidazole Hybrids

General structure of Phenyl-Benzoxazole Hybrids

Rs3 R
(@] R Q R
" / 1 N / 1
Iy ||
NH o
Table 2: Smile notation and Lipinski’s Rule Analysis of Proposed Phenyl-Imidazole Hybrids.
Ligand Substituen | SMILES notation Log MW HAC | HDO | Roth
Code ts p
BIAC1 Ri-H O=C(C=Cclcccccl)Ne3nc2cecee | 3.28 | 263.3 4 2 3
R2-H c2[nH]3
Rs-H
BIAC2 R1=OH O=C(C=Cclccc(O)ccl)Nc3nc2 | 2.8 279.3 5 3 3
Ro-H cceec2[nH]3
Rs-H
BIAC3 R:=OH O=C(C=Cclccc(O)c(O)c1)Ne3 | 2.31 | 295.3 6 4 3
R,-OH nc2ccecec2[nH]3
Rs-H
BIAC4 R;-OH COc3cc(C=CC(=0O)Nc2nclcece | 2.62 | 309.32 6 3 4
R2-OCHs c1[nH]2)ccc30
Rs-H
| BIAC5 R,;-OH COc3cc(C=CC(=0)Nc2nclcece | 2.63 | 339.35 7 3 5
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R2-OCHj3 c1[nH]2)cc(OC)C30
R3-OCHs
BIAC6 R1-OCHs COc3ccc(C=CC(=0)Nc2nclcce | 2.93 | 323.35 6 2 5
R2-OCHj3 ccl[nH]2)cc30C
Rs-H
Table 3: Smile notation and Lipinski’s Rule Analysis of Proposed Phenyl-Benzoxazole Hybrids.
Ligand Substituen | SMILES notation Log MW HAC | HDO | Rot
Code ts p b
BOXC1 Ri-H O=C(C=Cclcccccl)Ne3nc2cecee | 3.38 264.28 4 1 3
R,-H c203
Rs-H
BOXC2 R1-OH 0O=C(C=Cclccc(O)ccl)Ne3nc2 | 2.9 280.28 5 2 3
R2-H cceec203
Rs-H
BOXC3 R:-OH O=C(C=Cclccc(O)c(O)cl)Ne3 | 2.41 | 296.28 6 3 3
R.-OH nc2ccccc203
Rs-H
BOXC4 R1-OH COc3cc(C=CC(=0)Nc2nclccee | 2.72 | 310.31 6 2 4
R2-OCHj3 clo2)ccc30
R3:H
BOXC5 R1-OH COc3cc(C=CC(=0O)Nc2nclccce | 2.74 | 340.33 7 2 5
R2-OCHj3 c102)cc(0OC)c30
R3:OCH3
BOXC6 R1-OCHjs COc3ccc(C=CC(=0O)Nc2nclcee | 3.03 | 324.34 6 1 5
R2-OCHj3 cclo2)cc30C
R3:H
General structure of Phenyl-Benzothiazole Hybrids
R3
Q R,
. /
\>7NH R,
S
Table 4: Smile notation and Lipinski’s Rule Analysis of Proposed Phenyl-Benzothiazole Hybrids.
Ligand Substituen | SMILES notation Log MW HAC | HDO | Rot
Code ts p b
BTAC1 Ri=H O=C(C=Cclcccccl)Ne3nc2ceeee | 4.02 | 280.35 3 1 3
Ro-H €2s3
RS: H
BTAC2 R:-OH O=C(C=Cclccc(O)ccl)Nc3nc2 | 3.54 | 296.35 4 2 3
R>-H cceec2s3
Rs-H
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BTAC3 R:-OH 0O=C(C=Cclccc(O)c(O)cl)Nc3 | 3.06 | 312.35 5 3 3
R,-OH nc2ccccc2s3
Rs-H

BTAC4 R:-OH COc3cc(C=CC(=0O)Nc2nclccce | 3.36 | 326.38 5 2 4
R,-OCHjs cls2)ccc30
Rs-H

BTAC5 R:-OH COc3cc(C=CC(=0O)Nc2nclcece | 3.38 | 356.4 6 2 5
R,-OCHj3 c1s2)cc(0C)c30
R3-OCHjs

BTACS6 R1=OCHs; | COc3ccc(C=CC(=0O)Nc2nclccc | 3.67 | 340.4 5 1 5
R2-OCHjs ccls2)cc30C
Rs-H

Lipinski’s Rule of Five Analysis: Lipinski's rule
of five is a rule of thumb to evaluate drug likeness,
or to determine if a chemical compound with a
certain pharmacological activity has properties that
would make it a likely orally active drug in
humans. Compounds violating more than one of
these rules may have problems with their
bioavailability. These descriptors are calculated by
using Molinspiration software.

In general, an orally active drug has:

* Not more than 5 hydrogen bond donors

* Not more than 10 hydrogen bond acceptors

» Molecular weight not higher than 500

* Calculated octanol/water partition (log P) not
higher than 5

* Number of rotatable bonds in a given molecule
should be kept below 10

All the proposed ligands followed Lipinski’s Rule
of Five with no violations.

Drug Likeness Analysis: In drug design, drug
likeness is a qualitative notion used to describe the
relative "drug like" nature of a material, estimated
by using SwissADME Software. It is estimated
from the molecular structure before the substance is
even synthesized and tested. Drug likeness may be
defined as a complex balance of various molecular
properties and the structural features, which
determine whether a particular compound is similar
to the known drugs. These properties mainly
hydrophobicity. electronic distribution, hydrogen
bonding  characteristics, molecular  weight,
flexibility and the presence of various
pharmacophoric features influences the behaviour
of the molecules in a living organism, including
bicavailability, transport properties, affinity to

DOI: 10.5281/zen0do.22128132 | Impact Factor value 7.429 1SO 9001: 2008 Certified Journal

proteins, reactivity, toxicity, metabolic stability and
many others.

The drug likeness Analysis of the standard drugs
and the proposed Phenyl-Benzoheterocyclic
Hybrids were conducted. The bioavailability scores
of standards drugs like Bicalutamide and Rofecoxib
were compared to that of the proposed ligands
under study. They have good oral absorption and
they were found to be drug like compounds.
ADME Evaluation: In drug discovery, absorption,
distribution, metabolism, and excretion (ADME)
evaluation determines the pharmacokinetic fate of a
drug candidate in the body and its suitability as a
potential therapeutic agent. ADME properties of
the proposed Phenyl-Benzoheterocyclic Hybrids
were predicted using SwissADME and compared
with standard drugs.

The proposed phenyl-Benzoheterocyclic Hybrids
exhibit  favourable =~ ADME  profiles  with
predominantly high GI absorption and acceptable
solubility, comparable or superior to the standard
drugs. Although some compounds show
CYPenzyme inhibition, several candidates
demonstrate minimal CYP liability.

Predicting common targets for prostate cancer:
Targets for Prostate cancer is selected from
GeneCards and Open Targets databases. Venn
diagram is created by combining these targets and
common targets are identified by using
InteractiVenn.

Androgen Receptor (AR) were confirmed as a
target for Prostate Cancer.

Molecular docking results: Molecular docking of
the Phenyl-Benzoheterocyclic Hybrids (Table 5)
against Androgen Receptor (PDB ID:2AX9),
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COX2 receptor (PDB ID:5KIR) and COX1 (PDB

ID:6Y3C) were done. The binding affinities of the INDC2 0 9419 -8.9
compounds were analysed using PyRx software. l L/\@
NHWH
Table 5: Protein targets and their PDB ID o
Sl Receptor PDB ID
INDC3 -9.11-95|-9.3
No 1
OH
1 | Androgen Receptor 2AX9 " N”L/A@
2 | Ccox-2 5KIR "
INDC4 -8.1]-95|-83
3 | CoxX1 6v3C Ql .
On analysis of the results, it was found that INDC2, NV o
INDC3, INDC4, INDCG6, BIAC2, BIAC3, BOXC1, ‘
BOXC2, BOXC4, BTAC3, and BTAC4 have oH
greater binding affinity than the standard dr.ug INDCS 7492 |92
toward the androgen receptor and show selective 16
COX-2 affinity. . L/A@
Table 6: Structure & binding affinities of O,
theStandard Drugs against 2AX9, 5KIR and 6Y3C INDCG YR 87
Compounds | Structure Docking Score 1
2AX9 | 5KIR W N
Bicalutamide A\ -7.8 .
F@ N J:HZ
F ““Q CHy
) BIACL 8.7 | -8.8 | -8.2
° N 0
|
NHJ\NH 7
Rofecoxib Y -10.0
ONah BIAC2 85 | 94 | 83
N 0
= \
=N, NHJ\NH /
OH
Table 7: Structure & binding affinities of the
Phenyl-Benzoheterocyclic Hybrids BIAC3 o -89 192 | -83
Comp | Structure Docking Score NHJ\NH 7 o
ounds 2A | 5KI | 6Y3 ot
X9 | R C
INDCL Qj\ 97 8 Y BIAC4 .“L . -79 | -94 | -8.3
0
\ NH 7 &
W ) NH CH,
OH
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BIACS | (O b@{ 02|94 182 | rETAC Q 76 |75 |76
NH WK “CHy N 0
OH \
% SJ\NH /
BIAC6 e -75 |-94 | -8.6 o
|
NHLNH 4 BTAC3 QN . -89 |-95 |-9.1
\
(\J S*NH 7 o
0 CHy
CHy
OH
BOXC1 -94 |-9.0 | -8.6 " B B
Q\/\NL 0 BTAC4 Q\N . . 8.1 [-94 |-9.0
0 NH% S/LNH V4 0
OH
BOXC2 Q -93 | -89 | -86 BTACS Q 79 | -89 | -80
N 0 NQ CHy ' ' '
/\k b\@\ S/\LNHJVQO
0" "M
o L OH
BOXC3 91 |91 |91 3
o BTAC6 Q . -75 | -89 |-8.6
J\ Jk/\@ SJ\NH Z
Y OH
0" W :
OH 3
BOXC4 -88 | -9.6 | -89 Pharmacokinetic Evaluation: In addition to
\N 0 predicting ADME parameters, pharmacokinetic
O*NH / O\CH features, drug nature, and medicinal chemistry
‘ friendliness of one or more small compounds,
oH SwissADME software is a web server that
facilitates drug discovery. The fate of a therapeutic
BOXC5 QN 0 1.5 193 |90 chemical in the body is explained by its
ANH 7 N pharmacokinetics. These ADME (Absorption,
3 Distribution, Metabolism, and Exertion) factors can
o then be assessed independently using specific
Nay techniques. In order to anticipate ADME, computer
models have been promoted as a viable substitute
BOXC6 QN 0 7|93 | -86 for experimental methods.
Oﬁ Y Boiled- Egg Model Analysis: The two significant
" N pharmacokinetic behaviours that are essential to
o estimate at different phases of the drug discovery
process are intestine absorption and brain
penetration. This precise prediction model
BTAC1 -91 (-82 | -89 calculates the polarity and lipophilicity of tiny

oy
SJ\NHL/\Q

compounds. Each coloured region yellow, white,
and grey in the egg model. The highest likelihood
of permeating the brain is indicated by a yellow
region, the maximum Gl tract absorption is
indicated by a white region, and the lowest
likelihood of permeating the brain is indicated by a
grey zone.
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Graphical output (boiled egg) of the proposed
Phenyl-Benzoheterocyclic Hybrids

s,

Figure 4: Boiled Egg diagram of the propoéed
Phenyl- Indole Hybrids

The compounds INDC2, INDC4, INDCS lies inside
the yolk region, thus showed BBB permeation,
while INDC3 lies in the white portion are likely to
be absorbed by the GIT. The results are depicted in
the above Figure 4

e

Figure 5: Boiled Egg diagram of the proposed
Phenyl- Benzimidazole Hybrids
The compounds BIAC?2 lies inside the yolk region,
thus showed BBB permeation, while BIAC3 lies in
the white portion are likely to be absorbed by the
GIT. The results are depicted in the above Figure 5.

Figure 6 Boiled Egg diagramvof tﬁe pf:bpoéed ”
Phenyl- Benzoxazole Hybrids

The compounds BOXC1, BOXC2 lies inside the
yolk region, thus showed BBB permeation, while
BOXCH4 lies in the white portion are likely to be
absorbed by the GIT. The results are depicted in the
above Figure 6.

nnnnn

Figure 7: Boiled Egg diagram of the proposed
Phenyl- Benzothiazole Hybrids
The compounds BTAC3, BTACA4 lies in the white
portion are likely to be absorbed by the GIT. The
results are depicted in the above Figure 7.
The compounds INDC3, BIAC3, BOXC4, BTACS3,
and BTACH4 lie in the white region and are likely to
be absorbed through the gastrointestinal tract;
therefore, they were selected for further studies.
Bioavailability Radar Analysis: The SwissADME
bioavailability radar analysis is an efficient way to
determine whether a chemical molecule is orally
bioavailable. It is influenced by various
physicochemical properties like lipophilicity, size,
polarity, solubility, flexibility and saturation. (03
The proposed molecules which fell into the white
region of the boiled egg model were analysed for
oral bioavailability using Bioavailability radar.

HeO& =

FLEX SIZE

HeOe=

SMILES O=C{Ncinc2c({[nH]1)cccc2)C=Ceclcceic(c1 )00

Figure 8: Bioavailability Radar of INDC3, BIAC3
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BOXC4
HoO&PZ
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NSATU POLAR

INSOLU
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BTAC3

HeoeCe =
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Figure 9: Bioavailability Radar of BOXCA4,
BTAC3

BTAC4
o0&

NSATU POLAR

MSOLU

SMILES COc1cc{C=CC{=0)Nc2nc3c(s2)ccce3d)ccct1O

Figure 10: Bioavailability Radar of BTAC4
The bioavailability radar plots show that INDC3,
BIAC3, BOXC4, BTAC3, and BTAC4 fall within
the optimal physicochemical space, indicating
favourable drug-like properties and good potential
for oral bioavailability.

ADMET Profile using ProTox 3.0: The toxicity
profile of the standard drugs and the 5 molecules
screened from the total were assessed using the
ProTox-3.0 web server. From the ADMET profile,
BTAC3, BTAC4 had comparable profile with the
Standard Drugs.

Ligand Interaction Analysis: Interaction studies
of the five screened compounds were carried out
using BIOVIA. Among them, BTAC3 showed
interactions similar to those of bicalutamide with
the androgen receptor (AR) and exhibited more
comparable interactions with the standard than the
other compounds.

Interactions

I:I van der Waals I:I Pi-Sulfur

- Conventional Hydrogen Bond I:I Pi-Pi T-shaped

I:I Halogen (Fluoring) I:I Alkyl
- Fi-Sigma |:| Pi-Alkyl

Figure 11: Ligand Interaction Diagram of
Bicalutamide- 2AX9 docked complex

LEU
A873

PHE MET LELH
A764 A:749 A:704
VAL e THR.
MET
£:746 s / \ A742  ABTZ
MET o BT /7N e
AT7IS / \ // . MET
y 4 =t ASS
q/ \0
MET . *e
A787 . Sl
o . LEU A705
s G A707 6Ly \LE
% A71L A 708 TRP A:g99
A741
Interactions
I:I van der Waals I:I Pi-Sulfur
- Conventional Hydrogen Bond I:I Pi-Pi T-shaped
- Pi-Sigma |:| Pi-Alkyl

Figure 12: Ligand Interaction Diagram of BTAC3-
2AX9 docked complex

BTAC3 showed interactions with residues such as
GLY 708, MET 742, THR 877, PHE 764, MET
745, and LEU 704 similar to Bicalutamide.
Structural  Optimisation:  Toxicity  studies
conducted using ProTox 3.0, it was observed that
BTAC3 exhibited carcinogenicity. Therefore,
further structural optimization is required to
improve its safety profile.

Structural optimization of BTAC3 was carried out
by removing the double bond near the amide group,
followed by the introduction of substituents such as
CHs; and OH at that position. These functional
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groups were selected due to their involvement in
the structure—activity relationship (SAR) of
Bicalutamide.

Table 8: Docking Score of Optimised Structure

Substitu Structure Docking Score
ents 2A | 5KI | 6Y3
(Ligand X9 | R C
code)

CHs; -8.8 | -8.8 |-9.3

(BTAC3- Qio
OH
1) 5 M
o
OH

OH Q 85 | -9.3 | -9.1
N0

BTAC3-

(BTAC3 1 .

2) S

OH
OH

On analysis of the results, it was found that
BTAC3-2 have greater binding affinity than the
standard drug toward the androgen receptor and
show selective COX-2 affinity.

ADMET Profile of Optimised compound:
BTAC3 showed active Hepatotoxicity
andCarcinogenicity, whereas the optimized
compound BTAC3-2 was predicted to be inactive
for both Hepatotoxicity and Carcinogenicity.
Optimized compound interaction analysis: The
optimized compound BTAC3-2 demonstrated
enhanced interaction with the androgen receptor
(AR) relative to BTAC3 and displayed
COXbinding interactions comparable to the
standard drug Rofecoxib.

Asn i
: A0 aLy . ;
il F AL

Interactions

D van der Waals D Pi-sulfur
- Conventional Hydrogen Bond I:I Pi-Pi T-shaped
- Pi-Sigma |:| Pi-Alkyl

Figure 13: Ligand Interaction Diagram of BTAC3-
2 2AX9 (AR) docked complex

BTAC3-2 exhibited interactions with residues such
as LEU 701 and GLN 711, along with GLY 708,
MET 742, THR 877, PHE 764, MET 745, and LEU
704, comparable to those of Bicalutamide.

ILE ALs, MET
2517 2527 A522

GLM
2132

SER
£:530

Ty
e WAL
~ >17 %40 £:343
P /
. - d

= LEU
SER WL S
£:353 523

HIS
290

ARG
2513

TVR
2:255

Interactions

I:I van der Waals - Pi-Sigma
- Conventional Hydrogen Bond I:I Pi-Pi Stacked
I:I Carbon Hydrogen Bond I:I Pi-alkyl

Figure 14: Ligand Interaction Diagram of
Rofecoxib- 5KIR (COX-2) docked complex
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a513 His
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N g
v S
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4531
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Interactions
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- Conventional Hydrogen Bond

- Unfavarable Donor-Donar D Pi-alkyl

|:| Pi-Doner Hydrogen Bond

Figure 15: Ligand Interaction Diagram of BTAC3-2
5KIR docked complex

BTACS3-2 exhibited interactions with residues such
as Met522, Arg513, Leu531, Ser530, Pheb518,
Val523, Ala527 similar to Rofecoxib.
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Structure of Optimised Compound (BTAC3-2):
R3

Q R,

\ \
\>7NH Ry R,
s

Table 9: Smile notation and Lipinski’s Rule
Analysis of BTAC3-2

Liga | Sub | SMILES | Log | M | H H R
nd stit | notation | p W | A Do
Code | uen ClOt

ts b
BTA | Ri- | O=C(Nc2 | 1.8 | 330 | 6| 4|4

C3-2 | OH | nclcceece | 6 37
Ro- | 1s2)C(O)

OH | Cc3ccec(
Rs- | O)c(O)c3
OH

The present study demonstrates that BTAC3-2
exhibits favourable drug-like properties and
interaction patterns comparable to those of
Bicalutamide. Moreover, unlike Bicalutamide,
BTACS3-2 also possesses notable anti-inflammatory
activity.

Molecular simulation results: From the docking
results, the compound BTAC3-2, with the highest
binding affinity was subjected to Molecular
Dynamic  Simulation. The compound was
againdocked using Autodock vina software
(v.1.1.2.). The ligand "BTAC3-2" demonstrated the
strongest binding affinity (-8.5 kcal/mol) exhibit
hydrogen bond interaction.

Interaction analysis of the receptor-ligand complex
was performed using Discovery Studio Biovia
2025. Poses with the best binding affinity were
selected and subjected to Molecular Dynamic
Simulation to validate the interaction stability.

Hydrophobicity

3.00 Interactions

200

1.00 - Conventional Hydrogen Bond I:I Pi-Pi T-shaped
0.00 Pi-Sigma Pi-Alkyl
e W (|

.2.00 [ pisufr

-3.00

Figure 16: 2D and 3D interaction diagram of
selected BTAC3-2-2AX9 docked complex

Hydrophobicity

3.00 .

2.00 . Interactions

1.00 I:I van der Waals - Pi-Sigma

0.00 - Conventional Hydrogen Bond D Amide-Pi Stacked
-1.00 )

.2.00 - Unfavorable Danor-Denor D Pi-alkyl

-3.00 D Pi-Donor Hydrogen Bond

o5 1 \

Figure 17: 2D and 3D interaction diagram of
selected BTAC3-2-5KIR docked complex
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After interaction analysis, the complexes with a

binding affinity of -8.5 kcal/mol

forming a

hydrogen bond with THR 877 in the BTAC3-2—
2AX9 docked complex and two hydrogen bonds
with PHE 518 and GLN 192 in the BTAC3-2—
5KIR docked complex were subjected to molecular
dynamics simulation.

Interactions

D van der Waals

- Conventional Hydrogen Bond

D Pi-Pi T-shaped
|:| Fi-Alkyl

Figure 18: 2D and 3D interaction diagram of
BTAC3-2-2AX9 MD simulated complex

RN

Interactions

|:| Pi-Pi T-shaped

|:| Pi-Alkyl

Figure 19: 2D and 3D interaction diagram of
BTAC3-2 — 5KIR MD simulated complex

Table 10: H-bond analysis after MD simulation

Protein Ligand H-Bond MD
Interaction
2AX9 BTAC3- | THR 877 LEU 704
2
5KIR BTAC3- | PHE 518, No H-
2 GLN 192 bond
interaction

RMSD, RMSF, Radius of gyration, Number of
hydrogen bonds, and SASA plots were retrieved
from the trajectory files to estimate the stability of
the complexes.The trajectory plots of the BTAC3-
2-2AX9, BTAC3-2-5KIR complexes are given

below

RMSD

RMSD(4)
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Figure 20: RMSD, RMSF, Radius of gyration,
Hydrogen Bond and SASA plot
- BTAC3-2-2AX9 MD simulated
complex
- - BTAC3-2-5KIR MD simulated
complex

Molecular dynamics (MD) simulations were
carried out for 100 ns to examine the structural
stability and dynamic behaviour of the 5KIR and
2AX9 complexes. 2AX9 rapidly reached
equilibrium and remained stable throughout the
simulation, with RMSD values confined to ~1.2—
1.4 A, indicating minimal structural deviation. In
contrast, 5KIR exhibited a progressive increase in
RMSD from ~1.0 A to ~3.2 A, particularly after 70
ns, suggesting notable conformational changes and
reduced stability.Residue-level flexibility analysis

(Figure  5.25b)  further  supported  these
observations, with 2AX9 displaying low RMSF
values (<1.8 A) across most residues, reflecting
structural rigidity. Conversely, 5KIR showed
pronounced fluctuations (up to ~3.8 A), especially
in loop and terminal regions, indicating enhanced
local flexibility.Hydrogen bond analysis revealed
that 2AX9 maintained a stable interaction network,
typically sustaining one to two hydrogen bonds
during the simulation. In comparison, 5KIR
demonstrated highly variable hydrogen bonding
(04 bonds), suggesting transient and unstable
interactions.Consistent with these findings, the
radius of gyration (Figure 5.26d) showed that
2AX9 retained a compact structure with stable Rg
values (~1.75-1.80 A), whereas 5KIR exhibited
higher Rg values (~2.45-2.50 A) and slight
expansion toward the end of the simulation.
Finally, SASA analysis indicated lower and stable
solvent exposure for 2AX9 (~115-125 nm?), while
5KIR showed substantially higher SASA values
(~250-260 nm?), reflecting increased solvent
exposure and conformational mobility.

V. SUMMARY AND CONCLUSION

This research work was focused on the integration
of cinnamic acid and Benzoheterocyclic scaffolds
has successfully produced a promising lead
candidate that simultaneously targets hormonal and
inflammatory drivers of Prostate Cancer. In in
silico modelling revealed that the designed hybrid
BTAC3-2 possesses both anticancer and anti-
inflammatory activities.

The compound BTAC3-2 exhibited high binding
affinity toward both targets, 2AX9 and 5KIR;
however, molecular dynamics simulations over 100
ns revealed a stable hydrogen bond only in the
BTAC3-2-2AX9 complex, whereas no stable
hydrogen bond was observed in the BTAC3-2—
5KIR complex. Future work should focus on
strengthening 5KIR complex stability through
optimized protein—ligand interactions and reduced
structural flexibility in highly mobile regions.
Longer MD simulations under physiologically
relevant conditions will be essential to confirm
long-term stability and support BTAC3-2 as a
viable dual-target candidate for prostate cancer and
inflammation.
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