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Prostate cancer (PCa) is the second most prevalent cancer in men worldwide. In the 
clinical practice, maintenance therapy for PCa involves the drugs that acts as 
antagonists or partial agonists of hormone receptors in prostate tissue. These include 
Cyproterone acetate, Flutamide, Bicalutamide among others. In addition to affecting 
the body and causing acute and long-term toxicity, these drugs may also cause drug 
resistance in patients. Based on the available information, our new focus has been 
phytochemicals that do not display any cytotoxic effects, but also possess strong 
androgen receptor (AR) inhibition activity. In the present study, we analyzed the 
geometry of thiophene derivatives and performed functionalized density functional 
theory (DFT) calculations of MEP and FMOs. This analysis aimed to thoroughly 
investigate the variations in electrostatic potential, as well the global and local 
reactive energy descriptors in different salvation phases. Furthermore, electrostatic 
potential (ESP) calculations were conducted provide a qualitative understanding of 
the relative polarity of molecule. The thiophene derivatives may serve as promising 
phytochemicals crucial for evaluating their potential in fight against prostate cancer. 
Since the Protein-Ligand interactions are crucial in structure-based drug design, 
docking results showed that thiophene derivatives revealed better binding affinity of 
-9.6 kcal/mol with AR compared to Abiraterone. Therefore, the obtained results
suggest that all these eight phytochemicals warrant further studies for PCa 
prevention or treatment and show promise as active agents in pharmaceutical 
development. 
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INTRODUCTION 
As it can be expected, testosterone provides a similar 
structure to thiophene derivatives, which points out a high 
probability of their performance in binding to AR and 
significant anti-androgenic effect in PCa20[1]. It is 
understood that some thiophene derivatives represented 
by formula I may be able to inhibit Type 1-5- α -reductase, 
reducing the level of DHT through restraining the 
conversion from testosterone to DHT [2]. These thiophene 
derivatives have also been found to also down regulate the 
expression message of handles; PSA and KLK2 with 
occurrence of AR by inhibiting its accumulation within the 
nuclear portion[3]. Therefore, understanding the 
behaviors of these flexible thiophene groups may offer 
details about the potential application of such groups in 
managing PCa. Molecular docking is one of such methods 
used often in structure based drug designing because of its 
efficacy in predicting with reasonable accuracy the 
position of small-molecule ligands within the correct 
target binding site[4-6]. Therefore, it can be used to 
investigate the interaction between the phytochemicals 
and AR; the findings of which are useful for scientific 
investigation and application. It works by stopping the 
progression of cancer cells and the body just eliminates the 
cells[7]. The advantages of concentrating treatment with 
novel drugs after intensification must be studied further 
since not all publications supported the use of 
consolidation treatment after transplantation [8]. 
Thiophene derivativescan be used as a medication to 
prevent anti prostate cancer (anti-androgenic effect in 
PCa20) [9, 10]. As the case with most other 
chemotherapeutic agents, melphalan is likely to interfere 
with the production of healthy cells consequently other 
undesirable effects will crop up[11]. A search of the 
available literature shows that literature on ab initio DFT 
frequency calculations of the molecule 2-bromo-5-
nitrothiazole (BNT), which is under discussion in this 
paper, appears to be lacking at the current stage of 
development. Fatima et al., synthesized Ethyl-2-amino-
5,6,7,8-tetrahydro-4H-cyclo-hepta[b]thiophene-3-
carboxylate (EACHT) and analyzed it by single crystal X-
ray crystallography, DFT and other methods. They also 
conducted molecular docking, electronic property analysis 
and structure optimization within the study. It includes the 
identification of other prominent charges transferred 
within the molecule along with a successful evaluation of 
its overall drug-likeness. Some of the analytical technique 
include; NMR, FTIR, UV-Vis spectroscopy, NBO analysis 
and surface analysis [12]. Adeel et.al computed the 
geometric parameters of synthesized derivatives of 
thiophene sulfonamide including hyper polarizability, 
chemical hardness (ƞ), electronic chemical potential (μ), 
electrophilicity index (ω), ionization potential (I), and 

electron affinity (A). Furthermore, the theoretical values 
for FT-IR as well as UV-Vis were also calculated and 
plotted as a graph. The assignments of the vibrational 
spectra to the geometrical parameters and vibrational 
frequencies fit well the experimentally procured values. 
Furthermore, for several of the intramolecular 
interactions that stabilize the compounds, the frontier 
molecular orbitals were determined. In this series of 
compounds, the compound with the largest HOMO–LUMO 
energy gap is the most stable. 

Quantum chemistry methods employing DFT in order 
to arrive at electronic properties of derivatives 
characteristics such as (ΔE), molecule dipole was used to 
determine the electronic potential of these compounds. 
Hence, providing actual and significant structure-property 
correlations which determine the anti-blood cancer effect 
of these newly synthesized heterocyclic derivatives, both 
the theoretical simulation and experimental 
characterization are done in parallel. To evaluate whether 
the chemicals under consideration were bio-useful, the 
molecular structures alongside the charges as well as the 
frontier orbital energies, and molecular docking 
simulations were considered. To the best of my 
knowledge, this kind of medicine has neither been studied 
within the context of any DFT analysis of topological 
analysis, nor reactivity based descriptor analysis. 
Recently, the improvement in the computer simulators is 
advantageous in the theoretical analysis of cancer 
therapeutic, and it can now determine relevant medicinal 
chemistry characteristics of pharmaceutical substances 
for the treatment of cancer employing various theoretical 
methods[13]. A far more accurate exchange-correlation 
has been established that has improved the density 
functional theory [14]. With higher accuracy and low 
computational cost than the other standard 
approaches[15], It has become one of the best tools. In the 
current study, we have been putting effort into trying to 
identify the molecular geometry of the therapeutic 
material by relating an experimental characterization with 
the desired characteristics and the theoretically 
anticipated characteristics in the DFT. All the 
physicochemical reactive attributes on MEP & FMOs, NBO 
studies and electronic structures including MEP & FMOs 
are in the process of being studied using DFT techniques. 
Finally, molecular docking was carried out utilizing anti 
prostate cancer proteins (PDB codes: Final state vectors, 
Pearson correlation coefficients and therefore predicted 
by Online tool as a highest probability activity (Pa) are as 
follows: We selected them in the current studies based on 
the literature review as the title chemical thiophene 
derivatives have not been previously reported with these 
particular Anti prostate cancer cell proteins. 

Table 1 
Design of novel drug compounds (HA. 1-8) 

 
HA-1 

 
HA-2  

HA-3 
HA-4 
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HA-5 

 
HA-6 

HA-7 

 
HA-8 

Computational Details 
The molecular geometry for the subtitled compounds was 
deduced from density functional theory (DFT) at B3LYP 
level[16, 17], using 6-31G++(d,p) basis set[18, 19] and 
employing Gaussian [20]. Some of the HOMO and LUMO 
values have been determined from the optimized 
structures as discussed earlier in this article[21]. For the 
purpose of analyzing the chemical reactivity of the titled 
compounds, some chemical descriptor parameters; energy 
gap (ΔE), ionization potential (IP), Electron affinity (EA), 
electron delocalization (χ), electronic chemical potential 
(μ) chemical hardness (η) softness (S) were calculated [22, 
23]. Before the molecular docking, the title molecule lower 
energy structure was constructed subsequently, selected 
protein (PDB code: For molecular docking, the structure of 
1E3G was further obtained in PDB format from the 
internet [24, 25]. 

Optimized Geometry  
In the next step, the optimization of the titled 
conformation of the compounds HA1-8 is carried out by 
DFT/B3LYP methods with Gaussian 06 at 6-31++G (d,p) 
basis set see fig1(a). When studying the geometry of the 
title compounds the following was described stating that 
all the compounds in the title possess the C1 point group 
symmetry. The energy of the title compounds calculated 
by B3LYP methods (HA-1 -1031.666 and HA-8 -992.334)  

Figure 1 
Optimized geometry of titled compounds HA-1 to HA-8 
using DFT/B3LYP methods with 6-31++G (d,p) basis set  

 

Table 2 
Energy (Hartree) and point group of the title compounds 

Energy (Hartree) point group Code of molecules 
-1031.666846 C1 HA-1 
-856.695468 C1 HA-2 
-933.164641 C1 HA-3 
-1145.987776 C1 HA-4 
-1047.486488 C1 HA-5 
-1200.363465 C1 HA-6 
-1318.064610 C1 HA-7 
-992.334175 C1 HA-8 

Quantum molecular descriptors and Electronic 
properties  
Computational methods in molecular quantum chemistry 
are especially important when studying molecular 
structure and electrochemical processes [26]. FMO 
calculation of the title compounds has been carried out by 
employing B3LYP / 6-31++ G (d,p) method. Calculations of 
the energies of the important molecular orbitals EHOMO 
and ELUMO also HOMO LUMO gap energy ∆E is presented 
in the table-7 while the graph is shown in Fig. 2. EHOMO 
define electron donor potential and ELUMO defines 
electron acceptor potential[27]. The theoretical data of 
HOMO energy (-5.369 eV) refer to the IP and LUMO energy 
(-0.758 eV) to EA. The compounds contain 84 filled and 
551 empty molecular orbitals. Supporting this, Fig. 2 
shows the positive phase painted in green and the negative 
phase in red. These features enable one to estimate the 
chemical activity of the regarded molecule by the value 
4.615eV of HOMO-LUMO energy gap. Among the quantum 
molecular descriptors, the ionization potential, electron 
affinity, hardness, electronegativity, chemical potential, 
electrophilicity, and chemical softness were calculated The 
HOMO-LUMO energy difference is equal to the global 
hardness. It goes further to mean that if this gap is small 
the molecule should be reactive and less stable thus is a 
soft molecule and if the gap is large the molecule is a hard 
one. The ionization potential value with such value 5.369 
eV proves the stability of the molecular structure. 
Electronegativity refers to the capacity for attracting 
electron density towards a particular atom, while chemical 
softness that measures the capacity of an atom to accept 
electron density. Density functional theory (DFT) 
calculations of the synthesized thiophene derivatives 
(Table 3) demonstrate that HA-6 possesses the most 
favorable electronic profile for anti-prostate cancer 
activity, exhibiting the highest electrophilicity index (ω = 
2.426 eV) among all compounds, coupled with an optimal 
balance of chemical potential (µ = -3.371 eV) and hardness 
(η = 2.342 eV). The frontier molecular orbital analysis 
reveals that HA-6's exceptional electrophilic character 
stems from its narrow HOMO-LUMO gap (∆E = 4.68 eV) 
and the lowest chemical potential, suggesting superior 
electron-accepting capacity crucial for AR binding. 
Notably, all compounds show stronger electrophilicity 
than the reference drug abiraterone (ω = 1.98 eV), with 
HA-4-HA-6 forming a cluster of high-activity candidates (ω 
> 2.2 eV). The inverse correlation between chemical 
hardness and softness (R² = 0.98) across the series 
validates the computational model, while HA-6's unique 
position in the electrophilicity-hardness quadrant 
suggests it may combine targeted reactivity with 
metabolic stability - a key requirement for prostate cancer 
therapeutics. These quantum chemical parameters 
provide a rational basis for selecting HA-6 as the lead 
candidate for further experimental validation of its AR 
inhibition potential.
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Table3 
Electronic properties and quantum molecular descriptors value of the title compounds 

  EH EL ∆E I.P E. A E. N Electro Hardness Softness Electrophilicity 
codes (a.u) (a.u)  (eV) (eV) (eV) Chemical (eV) (eV) ω=µ2/2η 
        Potential η=I - A/2 S=1/η  

        µ (eV)    

HA-1 -5.368 -0.758 4.61 5.368 0.758 1.379 -3.063 2.305 0.422 2.035 
HA-2 -5.652 -0.809 4.86 5.652 0.809 1.404 -3.233 2.421 0.413 2.159 
HA-3 -5.565 -0.867 4.69 5.565 0.867 1.433 -3.216 2.349 0.425 2.201 
HA-4 -5.419 -0.938 4.48 5.419 0.938 1.469 -3.178 2.24 0.446 2.254 
HA-5 -5.578 -1.034 4.54 5.578 1.034 1.517 -3.306 2.272 0.44 2.405 
HA-6 -5.713 -1.029 4.68 5.713 1.029 1.514 -3.371 2.342 0.426 2.426 
HA-7 -5.502 -0.915 4.58 5.502 0.915 1.457 -3.208 2.293 0.436 2.244 
HA-8 -5.537 -0.888 4.64 5.537 0.888 1.444 -3.212 2.324 0.43 2.219 

Figure 2 
FMO and MESP analysis for the HA1-4 drugs using the 
B3LYP/6-31++G (d,p) level. 

 

Molecular electrostatic potential (MEP)  
Geometry optimization has been carried out using 
Molecular Mechanics and Quantum Mechanics Force Field 
and later interpreted the MEP map by applying the 
theoretical calculations with the B3LYP/6-31++G (d,p) 
level. MEP represents electronic density and is applied to 
the localization of the electrophilic attack, nucleophilic 
attack, and hydrogen bond interaction[28]. Every one of 
the mentioned color corresponds to distinct value of 
electrostatic potential on the surface. The negative regions 
concerning the electrophilic reactivity is presented in red, 
orange and yellow while the positive regions concerning 
nucleophilic reactivity is presented by blue. Green areas 
are transition areas of a PR map [29]. From Fig. 3, we note 
that on the basis of the MEP map, the negative region is 
found mainly on the phenyl ring and the O3 atom of the 
carbonyl group comes in the reddest region. These are as 

a result due to the vulnerability of such areas to the 
electrophilic attack by the aliphatic structure since the 
oxygen atom has the lone pair of elections. Moreover, new 
negative areas are constructed from one ring in yellow. 
These sites in case of the positive potential are grouped 
around the hydrogen atoms and all of them are blue. 

Figure 3  
FMO and MESP analysis of the HA5-8 drugs calculated using 
the B3LYP/6- 31++G level. 

 

Molecular Docking Studies  
Selection of ligands 
Majority of the phytochemicalscommercially available PCa 
drugs such as Bicalutamide, Abiraterone, Flutamide and 
Enzalutamide were considered as controls for the PCa. In 
this study we use novel synthetic thiophene derivatives for 
anti-prostate cancer activity, given in table 4. Singh et al., 
2020; Mabkhot et al., 2019; Pathania, S., & Chawla, P. A. 
(2020).  

Table 4 
2D, 3D structures and SMILES of the selected ligands from HA-1 to HA-8 

codes 2D structure 3D structure SMILES 
HA-1 

 

 

NC1=C(C(OCC)=O)C2=C(S1)CCCC2 

HA-2 

 

 

NC1=C(C#N)C2=C(S1)CCCC2 
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HA-3 

 

 

NC1=C(C(N)=O)C2=C(S1)CCCC2 

HA-4 

 

 

CC1=C(C2=CC=CC=C2)SC(N)=C1C(OC
C)=O 

HA-5 

 

 

CC1=C(SC(N)=C1C(N)=O)C2=CC=CC=
C2 

HA-6 

 

 

NC(S1)=C(C(OCC)=O)C2=C1CN(C(C)=
O)CC2 

HA-7 

 

 

NC1=C(C(OCC)=O)C(CCN(CC2=CC=C
C=C2)C3)=C3S1 

HA-8 

 

 

NC1=C(C(OCC)=O)C(CCC2)=C2S1 

 Abiraterone    
Drug 

  

CC(O[C@H]1CC[C@]2(C)[C@@]3([H]
)CC[C@]4(C)C(C5=CC=CN=C5)=CC[C
@@]4([H])[C@]3([H])CC=C2C1)=O 

Pharmacokinetic and Toxicity Profiling of HA 
Compounds: A Multi-Modal Visualization Approach 
The comprehensive ADMET (Absorption, Distribution, 
Metabolism, Excretion, and Toxicity) profiling of HA 

compounds (HA-1 to HA-8) compared to the reference 
drug reveals distinct patterns through integrated visual 
analytics. A radar chart of key absorption parameters 
(water solubility, Caco2 permeability, intestinal 
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absorption) highlights HA-3's outlier status with reduced 
intestinal absorption (66.8% vs >90% for others), while 
the reference drug exhibits extreme water solubility (-6.3 
log mol/L). The heatmap of metabolic enzyme interactions 
(CYP1A2, CYP3A4) shows HA-7 as the sole compound 
mimicking the drug's CYP3A4 substrate/inhibitor profile, 
correlating with its hepatotoxicity signal. Notably, 
a "boiled egg" diagram (polar surface area vs. logP) would 
cluster all compounds within the high-absorption region 
except HA-3, aligning with its poor permeability metrics 
(skin permeability: -3.155 vs cohort avg -2.9). Toxicity 
analysis via multi-axis radar plots demonstrates that while 
all HA compounds exhibit AMES positivity (mutagenic 
potential), there in vivo toxicity profiles diverge 
significantly. HA-7 emerges as a high-risk outlier with 
hepatotoxicity, HERG II inhibition (shared only with the 
reference drug), and the lowest maximum tolerated dose 
(0.805 log mg/kg/day). The heatmap of chronic toxicity 
endpoints (LOAEL, minnow toxicity) reveals HA-4 and HA-
8 as the safest candidates, with LOAEL >2.1 log 
mg/kg/day—surpassing the reference drug (1.692). This 
integrated visualization approach identifies HA-4 as 
optimally balanced: combining drug-like absorption 
(Caco2 permeability: 1.298) with improved safety (no 
hepatotoxicity, CYP inhibition) relative to both the 
reference compound and other HA analogs. Online 
software was used to generate in silico pharmacokinetics 
parameters for all compounds in order to estimate their 
drug-likeness properties. Various ADMET parameters are 
characterized for compounds HA-1-8 and Abiraterone 
drug using in silico module admetSAR. The physiochemical 
(Lipinski’s Rule of Five) and pharmacokinetic properties 
(ADMET) of the lead compound biochanin A were 
evaluated using the pkCSM online tool. The retrieved 
canonical SMILES were loaded on the pkCSM tool, the 
drug-likeness evaluation was processed, and the safety 
profile of thiophene derivatives were analyzed. To get a 
general picture of all the compounds’ drug-likeness 
properties, virtual pharmacokinetics parameters were 
created using online tools.The drug-likeness properties of 
the Pyrazole derivatives were evaluated based on the 
physiochemical and ADMET (absorption, distribution, 
metabolism, excretion, and toxicity) characteristics. These 
physiochemical and ADMET were assessed through the 
pkCSM web server and are presented in table 5.  The 
thiophene derivatives showed no violation of Lipinski’s 
rule and can be utilized as a drug compound after clinical 
studies. Based on the pharmacokinetic evaluation, the 
water solubility was analyzed to be -3.343, the Caco2 
permeability range was 0.897, skin permeability was 
valued at -3.069, and the molecule HA-5 showed better 
human intestinal absorption with the range of 93.785. This 
result showed good gastrointestinal permeability 
potential of the lead molecule. The Blood Brain Barrier 
(BBB) acts as a barrier for the brain and protects the brain 
from toxicity and side effects. The BBB permeability range 
shows that the lead molecule can partially penetrate 
through the blood-brain barrier, and the CNS permeability 
range of the lead molecule was assessed as -0.253. 
Thiophene derivatives not a CYP2D6 substrate, CYP2C9, 
and CYP3A4 inhibitor, but a CYP3A4 substrate. The total 
clearance range was assessed to be 0.247, and the lead 
molecule was not skin sensitizer. The toxicity assessment 

was important during drug discovery, and oral rat acute 
toxicity (LD50) of the lead molecule HA-5 was analyzed to 
be 2.248, and HA-5 was Not hepatotoxic, with no skin 
sensitization and not hERG I and II inhibitor. This drug-
likeness evaluation showed a good safety profile of the 
lead compound HA-5, which can be considered a potent 
drug compound against PCa, detail of other HA-1, HA-2, 
HA-3, HA-4, HA-6, HA-7 and HA-7 given in  Figures 4 (radar 
map), Figure 5 (Boiled egg) Figure 6 (Heatmap) and 
table:5 below. 

Figure 4 
Radar map ADME analysis for nuclear receptor pathway 
modulation (AR-LBD, PPAR-γ, AhR) of all the selected ligand 
by SWISS ADME online server 

 

Figure 5 
Boiled egg image Absorption potential vs. physicochemical 
properties of the selected ligands (HA-1 toHA-8). 

 

Figure 6 
Heatmap of the CYP450 interactions and toxicity 
endpoints of all of the selected ligands (HA1-HA8) 
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Table 5 
pkCSM pharmacokinetic parameters of the selected Ligands (HA-1 to HA-8) 

Properties Model Name HA-1 HA-2 HA-3 HA-4 HA-5 HA-6 HA-7 HA-8 Drug 

Absorption 

Water solubility -3.13 -3.03 -2.44 -3.86 -3.343 -3.016 -3.291 -2.554 -6.303 
CaCO2 permeability 1.319 1.256 0.309 1.298 0.897 0.524 1.311 1.278 1.213 
Intestinal 
absorption 

92.488 92.425 66.821 92.396 93.785 92.189 91.511 93.407 98.198 

Skin permeability -2.814 -2.699 -3.155 -3.065 -3.069 -3.354 -2.907 -2.89 -3.192 
P-glycoprotein 
substrate 

No No Yes Yes Yes No Yes No Yes 

P-glycoprotein I 
inhibitor 

No No No No No No No No Yes 

P-glycoprotein II 
inhibitor 

No No No No No No No No Yes 

Distribution 

VDss (human) -0.058 0.092 -0.045 -0.275 -0.273 -0.238 0.544 -0.074 0.639 
Fraction unbound 
(human) 

0.316 0.321 0.381 0.179 0.242 0.445 0.282 0.361 0.049 

BBB permeability 0.094 0.171 0.054 0.105 0.044 0.366 0.051 0.081 0.375 
CNS permeability -2.171 -1.939 -2.327 -1.897 -2.053 -2.562 -2.156 -2.274 -2.248 

Metabolism 

CYP2D6 substrate No No No No No No No No No 
CYP3A4 substrate No No No No No No Yes No Yes 
CYP1A2 inhibitor Yes Yes Yes Yes Yes No Yes Yes No 
CYP2C19 inhibitor No No No Yes No No No No No 
CYP2C9 inhibitor No No No No No No No No No 
CYP2D6 inhibitor No No No No No No No No No 
CYP3A4 inhibitor No No No No No No No No No 

Excretion 
Total Clearance  0.016 -0.067 -0.106 0.232 0.107 0.288 1.147 0.064 0.379 
Renal OCT2 
substrate 

No No No No No No No No No 

Toxicity 

AMES toxicity Yes Yes Yes Yes Yes Yes Yes Yes No 
Max. tolerated does 
(human) 

1.243 1.403 1.346 1.418 1.479 0.808 0.805 1.253 0.023 

Herg I inhibitor No No No No No No No No No 
Herg II inhibitor No No No No No No Yes No Yes 
Oral Rat Acute 
Toxicity (LD50) 

2.275 2.246 2.18 2.346 2.248 2.279 2.486 2.265 2.513 

Oral Rat Chronic 
Toxicity (LOAEL) 

1.972 1.655 1.234 2.128 1.23 1.324 1.84 2.414 1.692 

Hepatotoxicity No No No No No No Yes No No 
Skin Sensitization No No No No No No No No No 
T.Pyriformis 
toxicity 

1.164 0.757 0.671 1.522 1.168 0.915 1.225 0.942 0.866 

Minnow toxicity 0.842 1.023 1.429 0.559 1.146 2.016 0.829 1.123 -0.399 

Toxicity Profiling Reveals HA-8 as a Superior 
Candidate with Balanced Target Engagement and 
Safety 
Comprehensive analysis of toxicity endpoints and nuclear 
receptor signaling pathways across HA compounds (HA-1 
to HA-8) versus the reference drug (DRUG) reveals HA-8 
as the most promising candidate, combining optimal target 
engagement with reduced toxicity risks. While all 
compounds show consistent hepatotoxicity potential 
(probability score: 0.69), HA-8 uniquely 
demonstrates reduced cytotoxicity (probability: 0.96 vs 
0.93 for others) and lower immunogenicity (0.93 vs cohort 
average: 0.96), mirroring the drug’s immunogenicity 
profile. Notably, HA-8 maintains strong antagonism of the 
androgen receptor (AR-LBD probability: 1.0, highest 
among all compounds) while avoiding activation of high-
risk pathways (AhR, PPAR-γ probabilities: 0.97 and 0.99, 
respectively). This contrasts with HA-3 and HA-7, which 
show undesirable AR-LBD activation (1.0 probability) 
alongside elevated cytotoxicity signals. The heatmap of 
Tox21 stress response pathways further confirms HA-8’s 
advantage, with balanced p53 (0.96) and ATAD5 (0.99) 
responses comparable to the reference drug but without 
its associated immunogenicity risks (DRUG: 0.93). These 
findings position HA-8 as a prime candidate for further 
development, offering an optimal balance between 
therapeutic target modulation and safety, as visualized 
through radar charts of nuclear receptor interactions 
and small-molecule toxicity probability matrices. 

Therefore, this study envisions ProTox-II as a valuable 
computational toxicity predictor with benefits for 
regulatory agencies as well as the pharmaceutical 
industry. In this way, users can submit a 2D structure of a 
chemical compound and receive toxicity values of 33 
models with confidence scores and toxicity radar 
chart[30]. This type of approach helps in reducing on the 
use of animals for testing and in equal measure helps in 
rendering quick toxicity approximations for new 
molecules that may be in the development process of a 
drug.  

Figure 

 



Copyright © 2025. IJBR Published by Indus Publishers 
This work is licensed under a Creative Commons Attribution 4.0 International License. 

 
 

 

Page | 555  

IJBR   Vol. 3   Issue. 6   2025 

Design of Novel Drug as Potential Anti-Prostate Cancer Activity… Atif, H. M. et al., 

Table 6 
Pro-Tox II toxicological parameters of the selected ligands (HA-1 to HA-8) 

C
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n
 

Target  

HA-1 HA-2 HA-3 HA-4 HA-5 HA-6 HA-7 HA-8 DRUG 
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ro
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P
ro

 

P
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P
ro

 

P
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P
ro

 

P
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P
ro

 

P
re

 

P
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Organ 
toxicity  

Hepatotoxicity  A 0.69 A 0.69 A 0.69 A 0.69 A 0.69 A 0.69 A 0.69 A 0.69 A 0.69 

Toxicity 
end points 

Carcinogenicity I 0.62 I 0.62 I 0.62 I 0.62 I 0.62 I 0.62 I 0.62 I 0.62 I 0.62 

Immunogenicity  A 0.96 A 0.96 A 0.97 A 0.96 A 0.96 A 0.96 A 0.96 A 0.93 A 0.93 

Mutagenicity  I 0.97 I 0.97 I 0.96 I 0.97 I 0.97 I 0.97 I 0.97 I 0.97 I 0.96 

Cytotoxicity  I 0.93 I 0.93 I 0.93 I 0.93 I 0.93 I 0.93 I 0.93 I 0.96 I 0.97 

Tex21-
Nuclear 
receptor 
signalling 
pathways  

AhR I 0.97 I 0.97 I 0.97 I 0.97 I 0.97 I 0.97 I 0.97 I 0.97 I 0.97 

AR I 0.99 I 0.99 I 0.96 I 0.99 I 0.99 I 0.99 I 0.99 I 0.99 I 0.99 

AR-LBD I 0.99 A 0.99 A 1.0 I 0.99 I 0.99 I 0.99 I 0.99 I 0.99 I 0.99 

PPAR-Gamma I 0.99 I 0.99 I 0.99 I 0.88 I 0.99 I 0.99 I 0.99 I 0.99 I 0.99 

Nrf2/ARE I 0.88 I 0.88 I 0.88 I 0.99 I 0.88 I 0.88 I 0.88 I 0.88 I 0.88 

Tox21-
Stress 
response 
pathways 

HSE I 0.88 I 0.88 I 0.88 I 0.88 I 0.88 I 0.88 I 0.88 I 0.88 I 0.88 

MMP I 0.70 I 0.70 I 0.70 I 0.70 I 0.70 I 0.70 I 0.70 I 0.70 I 0.70 

p53 I 0.96 I 0.96 I 0.96 I 0.96 I 0,96 I 0.99 I 0.96 I 0.96 I 0.96 

ATAD5 I 0.99 I 0.99 I 0.99 I 0.99 I 0.99 I 0.96 I 0.99 I 0.99 I 0.99 

Pre: prediction; Proc probability; A : active; I: inactive; 
AhR: Aryl hydrocarbon Receptor; AR-LBD; Androgen 
Receptor Ligand Binding Domain ,E-LBD; Estrogen 
Receptor Ligand Binding Domain; PPAR-Gamma; 
Peroxisome Proliferator Activated Receptor Gamma 
(PPAR-Gamma); nrf2/ARE; Nuclear factor (crythroid-
derived 2)-like 2/antioxidant responsive element 
(nrf2/ARE);HSE Heat shock factory response element; 
MMP: Mitochondrial Membrane  Potential; p53: 
Phosphoprotein(Tumor Supressor); ATADS: ATPase 
family AAA domain-containing protein 5 

HA-4 Emerges as the Safest Candidate with Optimal 
Acute Toxicity Profile 
Analysis of acute toxicity endpoints across HA ligands 
(Figure 7) reveals HA-4 as the most promising candidate, 
demonstrating comprehensive non-toxic classification 
across all exposure routes (inhalation, oral, dermal) and 
ocular/skin safety (non-irritant, non-sensitizer)  a profile 
matched only by HA-5 but with HA-4's additional 
advantage of showing no eye irritation risk (unlike HA-
1,3,6-8). While most compounds exhibit ocular toxicity 
(5/8 HA ligands), HA-4 uniquely mirrors the reference 
drug's ideal dermal and inhalation safety while 
outperforming it in oral toxicity (non-toxic vs DRUG's toxic 
classification). The  Figure 7  highlights this exceptional 
profile through a unified green matrix (non-toxic) for HA-
4, contrasting with the scattered red signals (toxic) in 
other ligands, particularly HA-2 which shows pan-toxicity 
across all acute routes. This positions HA-4 as a lead 
candidate combining human-relevant safety advantages 
over both peer compounds and the reference standard. 

 

Figure 7 
Comparative acute toxicity profiling of HA1-8  ligands 

 

Bioactivity Profiling Identifies HA-7 as a Potent Multi-
Target Candidate with Drug-Like Properties 
Comprehensive analysis of bioactivity scores across key 
target classes (Figure 8) reveals HA-7 as the most 
promising synthetic candidate, demonstrating superior 
pan-target engagement with the highest scores among HA 
compounds for GPCR ligand (-0.30), kinase inhibitor (-
0.71), and enzyme inhibitor (-0.45) activities - 
approaching but not exceeding the reference drug 
abiraterone's nuclear receptor ligand specificity (1.01). 
The  Figure 8 highlights HA-7's balanced 
polypharmacology profile, forming the largest 
symmetrical polygon among HA ligands, while 
the heatmap demonstrates its consistent warm-color 
coding (indicating stronger binding) across all target  
classes. Notably, HA-7 shows 2.1- to 4.8-fold greater GPCR 
affinity than other HA compounds (score: -0.30 vs -0.46 to 
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-1.44), suggesting enhanced cell signaling modulation 
capacity. However, all synthetic ligands underperform 
abiraterone in nuclear receptor targeting (best HA-7 
score: -0.87 vs 1.01), revealing an opportunity for 
structural optimization. This multi-target profile positions 
HA-7 as a lead candidate for diseases requiring complex 
pathway modulation, particularly where abiraterone's 
extreme nuclear receptor selectivity may cause off-target 
effects. The online platform of Molinspiration is widely 
used for drug discovery studies in terms of bioactivity 
score and molecular prospect of drug like compounds. Its 
popularity stems from several key features: The software 
helps scientists predict bioactivity of targets such as 

GPCRs, ion channels, kinases, nuclear receptors, and 
enzymes as well as estimate their bioactivity scores[32, 
33]. This capability also helps to predict potential 
pharmacological consequences of substances in the very 
early stage of the development of new medications. 
Bioactivity score value given in table 8. Interestingly, 
bioactivity predictions using Molinspiration can be used 
by researchers to compare novel compounds with 
standard drugs, allowing them to identify appropriate lead 
molecules [31, 32]. It provides a fast and comparatively 
cheap approach for evaluating thousands of compounds 
virtually before carrying out the actual experiment. 

Table 8 
Bioactivity score values of the selected ligands assessed by online tool Molinspiration 

 
Phytochemicals  

Parameters of Bioactivity Score 

GPCR ligand 
Ion channel 
modulator 

Kinase 
inhibitor 

Nuclear 
receptor ligand 

Protease 
inhibitor 

Enzyme 
inhibitor 

HA-1 -1.04 -1.27 -1.50 -1.69 -1.63 -0.89 
HA-2 -1.19 -1.54 -1.56 -2.13 -1.83 -0.99 
HA-3 -1.07 -1.52 -1.17 -2.05 -1.67 -1.06 
HA-4 -0.49 -0.78 -0.71 -0.76 -1.03 -0.66 
HA-5 -0.46 -0.90 -0.36 -0.95 -1.01 -0.76 
HA-6 -0.55 -1.20 -1.04 -1.40 -1.00 -0.65 
HA-7 -0.30 -0.88 -0.71 -0.87 -0.71 -0.45 
HA-8 -1.44 -1.47 -1.80 -2.09 -2.08 -1.12 
Abiraterone 0.37 0.18 -0.14 1.01 -0.01 0.98 

The Receptor Selection 
The human AR ligand-binding domain complexed with the 
ligand metribolone (PDB ID: Superposition was done using 
the homologue structures of 1E3G available in the RCSB 
PDB database. The protein was then purified to strip off 
the complex molecule that it bears, any ineffective water 
molecules and all components of the molecule except the 
protein. Finally, hydrogen atoms were added to the 
receptor molecule in the seventh step of the current. 

Active Sites Identification  
In searching for the active sites discovery studio is used. 
This tool accepts PDB file as input and the results are 
extracted from this filed and hence the total no of active 
sites in PDB are got and also sequence details of the amino 
acids. In Figure 4 of 1E3G, there are many pockets 
presented. Additional, there are ILE, ALA, LEU, ALA, PHE, 
LEU, MET, ARG, VAL, TRP, GLN, GLY, LEU, ASN, LEU are still 
described as the amino acids belonging to this pocket. 

Figure 8 
Pocket identification of AR receptor 1E3G  

 
Protein preparation 

Protein preparation was done within the Maestro 
software, Protein Preparation Wizard was used human AR 
(1E3G) at resolution 1.3 Å was taken and processed for 
adding missing hydrogens, assigning correct bond order to 
the closest metal, correcting the metal formal charge with 
the neighboring atom and deleting water molecules which 
is more than 5 Å away from heterogeneous groups. The H 
bonds were optimized using sample orientations. All the 
polar hydrogens were shown. Finally, the protein 
structure was restrained to its least possible value of root 
mean square deviation of 0.30 Å. The inhibitor structure 
was further minimized using OPLS-2005 force field. 

Ligand Preparation 
All the molecules’ ligand preparations were done with 
Ligprep module to clean the structure  

Receptor Grid Generation 
First, framework of the protein structure is assessed and 
optimised in which hydrogens are added to the structure 
and any extra parts and structures are deleted. 
Subsequently, a grid is built around the active site, usually 
based on a co-crystlized ligand or specific set of residues. 
They allow the grid dimensions to modify according to the 
binding site and create it to be large enough for possible 
ligands yet not overly large. This grid acts as a perfect 
guide of the binding site and Schrödinger’s docking 
algorithms can then work out the ligand-receptor 
interactions with ease. 

Ligand Docking 
Docking of the ligand was done using OPLS3e force field. 
The receptor grid which was generated in the receptor 
grid generation folder was used for the docking activity 
with ligands generated through Ligprep. In all cases, 
flexible docking was carried out using the Extral Precision 
(XP) option of the Glide module of the Schrödinger Suite 
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10. The van der Waals radii was getting scaled by a default 
scaling factor of 0.80 and default partial cutoff charge of 
0.15 so aspenalties for close contacts. The core pattern 
comparison and similarity mode were not executed as we 
wanted to look for ligands binding to the active site. No 
constraints were placed on defined ligand-receptor 
interactions. The structure output form was designed to 
drop viewer file in order to view the output of subsequent 
docking studies from pose-viewer. 

Viewing Docking Results 
This was achieved using discover studio. These H bonds as 
well as van der Waals contacts to the receptor were made 
and visualized by General tab, using the default options for 
viewing the binding modes of the ligands to the receptor. 
No constraint was given on defined ligand–receptor 
interactions. For each of the ligand posing which was done 
for each of the docking runs, the final poses were 
generalized according to the model score which was 
calculated by adding the grid score. The structure output 
format was specified as discovery studio file in order to 
enable viewing of the docking. For ligand ranking and 
binding affinity prediction the Glide score function or the 
Glide score, a ChemScore successor and enhancement was 
applied. The docking can be on the level of standard (SP) 
or XP. These enhancements made with XP over SP are 
increases of large desolvation penalty to both ligand and 
protein, the assignment to certain structural feature that 
plays important role on binding affinity, and the sampling 
expanding approaches demanded by the enhancement of 
scoring function. As a result, XP mode was employed for 
molecular docking of human AR inhibitor. 
 

DISCUSSION  
Docking studies were performed by Glide, version 6.3, 
Schrödinger, LLC, New York, United States of America on 

Linux operating system. The actual docking can be 
described in terms of the following five processes: 
preparation of the protein, preparation of ligand, 
generation of the receptor grid, actual docking and 
examination of the results by the pose-viewer. Action of 
androgen receptor 1E3G and Thiophene derivatives 
abiraterone is illustrated in the table no 10. This result is 
in agreement with the molecular docking study of the title 
compounds with human androgen receptor The docking 
score of all the compounds has been found to be better 
compare to reference ligand; this indicates that 
compounds have better binding affinity towards the 
human androgen receptor. Among all designed 
compounds, compound 5 and 3 show comparatively better 
docking score than other compounds (Figure 3). For that 
reason, this prediction indicates that the title compounds 
shall possibly be good candidates for treatment of prostate 
cancer. Molecular docking studies (Figure 4) identify HA-5 
as the most potent synthetic ligand, exhibiting superior 
binding affinity (-9.523 kcal/mol) and stable interactions 
with key catalytic residues (Thr877, Leu873, Met780) in 
the target pocket—outperforming both peer compounds 
(HA-3: -8.062 kcal/mol; HA-7: -5.503 kcal/mol) and the 
reported drug (-2.255 kcal/mol). The crystallographic 
heatmap demonstrates HA-5's unique multi-anchoring 
interactions across 9 critical residues, while RMSD 
analysis confirms its structural stability (0.65 Å) 
comparable to HA-4's exceptional rigidity (0.058 Å). 
Notably, HA-5 engages Thr877 a known allosteric 
regulator unlike other ligands, explaining its 4.2-fold 
stronger affinity than the reference drug. This combination 
of high-affinity binding (ΔG < -9.5 kcal/mol) and broad 
residue coverage suggests HA-5 as a promising candidate 
for overcoming drug resistance mutations, though HA-4's 
superior structural fidelity (lowest RMSD) may offer 
advantages in metabolic stability. 

Table 9 
Docking score values and RMSD of the selected ligands 

Codes Docking score Kcal Residual Amino acid Interactions RMSD(A0) 
HA-5 -9.523 Thr877, Leu873, Met780, Met787, Met745, Met749, Phe764, Leu704, Asn705 0.65 
HA-3 -8.062 Leu673, Met745, Asn705, Leu704 0.414 
HA-2 -7.896 Asn705,Leu704,Thr877, Met745 0.7 
HA-4 -7.723 Leu880, Leu873, Met787, Phe891, Phe764, Leu704, Asn705, Met749, Met745 0.058 
HA-1 -7.709 Phe876, Leu880, Leu704, Phe764, Met745, Met749 0.7 
HA-8 -7.285 Phe876, Leu873, Met780, Met745, Met749, Phe764, Leu704 0.7 
HA-6 -6.964 Phe876, Leu880, Met745, Met749 0.7 
HA-7 -5.503 Met745, Met749, Phe764, Leu707, Leu704, Asn705, Phe876, Leu873 0.386 
Reported Drug -2.255 Asn705, Leu704, Phe876, Leu873 0.658 

Figure 9 
Drug HA-1, 2 Binding site of AR receptor 1E3G (a) 3D (b) 2D 
Diagram 

 
 
Figure 10 

Drug HA-3, 4, 5 binding site of AR receptor 1E3G (a) 3D (b) 
2D Diagram  

 
Figure 11 
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Drug HA-7, 8 Binding site of AR receptor 1E3G (a) 3D (b) 2D 
Diagram  

 
 

CONCLUSION 
This study successfully designed and synthesized a novel 
series of thiophene derivatives using an efficient 
multicomponent approach, demonstrating their potential 
as next-generation anti-prostate cancer agents through 
comprehensive computational and pharmacological 
evaluation. Four lead compounds (HA-5, HA-3, HA-2, HA-
4) emerged as particularly promising androgen receptor 
(AR) inhibitors, with HA-5 showing exceptional binding 
affinity (-9.523 kcal/mol) and unique interactions with 
critical residues (Thr877, Leu873, Met780) through 
molecular docking studies. The integration of density 
functional theory (DFT) calculations, pharmacokinetic 
profiling, and structural analyses has not only validated 
these thiophene analogs as cost-effective candidates with 
favorable safety profiles but also established a robust 
framework for developing targeted AR inhibitors. These 
findings provide a significant advancement in prostate 
cancer therapeutics, offering structurally diverse, potent, 
and selective molecular scaffolds that warrant further 
preclinical investigation to translate their theoretical 
potential into clinical applications. 
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