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A B S T R A C T 

Molecular docking simulations were conducted to analyze the interactions 

between eight lead molecules with AR and PSA proteins. The lead molecules 

included Enzalutamide, Abiraterone, Docetaxel, Apalutamide, Cabazitaxel, 

Bicalutamide, Curcumin, Galeterone, Resveratrol, and Darolutamide. For the 

Androgen Receptor (AR), Enzalutamide displayed the most favorable docking 

energy of -10.96Kcal/mol, followed by Galeterone (-10.52Kcal/mol) and 

Darolutamide (-9.97Kcal/mol). The binding affinities of these compounds to AR 

suggest potential inhibitors. On the other hand, resveratrol exhibited the strongest 

interaction with the AR protein (-8.02Kcal.mol) among the natural compounds 

studied (Resveratrol and Curcumin). In the case of Prostate Specific Antigen 

(PSA), Abiraterone showed a docking energy of -9.14 kcal/mol, indicating a 

potential interaction with PSA. The docking results suggest that Enzalutamide, 

Galeterone, and Darolutamide, hold promise as potential inhibitors for the 

Androgen Receptor in prostate cancer treatment. Abiraterone, Enzalutamide, 

Apalutamide ligands shown a significant interaction on Prostate Specific Antigen, 

hinting at its potential as a dual-target agent. 

© 2024 Published by Faculty of Engineeringg  

 

 

 

 

1. INTRODUCTION 
 

Prostate cancer stands as one of the most prevalent and 

clinically challenging malignancies affecting men 

worldwide, with an estimated 1.4 million new cases 

diagnosed in 2020 alone (Bray et al., 2018). Despite 

significant advancements in diagnostic tools and 

therapeutic strategies, the quest for targeted and efficacious 
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treatments remains an ongoing pursuit. This complex 

disease arises from its heterogeneous nature, encompassing 

various molecular subtypes and intricate signaling 

pathways (Abeshouse et al., 2015). As a result, precision 

medicine approaches that selectively target aberrant 

signalling cascades while sparing healthy tissues have 

become increasingly crucial (Manzari et al., 2021). 

 

The relationship between PSA (prostate-specific 

antigen) and the androgen receptor is interdependent 

within the realm of prostate health and pathology 

(Saxena et al., 2012; Kim & Coetzee 2004).  Prostate-

specific antigen (PSA) serves as an indicator of 

androgen receptor activation and is frequently employed 

in the screening and surveillance of prostate cancer 

(Balk et al., 2003). The androgen receptor, however, 

plays a crucial role in the regulation of prostate function 

and is frequently the focus of therapeutic interventions 

for prostate cancer aimed at impeding the advancement 

of the illness (Ahmed et al., 2014).  The inclusion of 

these two elements is of utmost importance when 

examining, controlling, and addressing prostate-related 

ailments, specifically prostate cancer (Koochekpour, 

2010).   

 

In recent years, the field of prostate cancer research has 

seen a surge in the application of computational 

methods, particularly molecular docking, in the 

discovery of novel therapeutic agents (Ongaba et al., 

2022).  Molecular docking, rooted in structural biology, 

enables researchers to predict and analyse the 

interactions between small molecules and the three-

dimensional structures of target proteins (Kitchen et al., 

2004) (Rajendra Prasad et al., 2013).  By simulating the 

binding process, docking studies hold the promise of 

identifying novel drug candidates (Reddy et al., 2014) 

that can disrupt pivotal cellular pathways driving 

prostate cancer progression (Durrant & McCammon 

2011) . It is imperative to acknowledge that although the 

utilization of PSA testing has proven beneficial in many 

instances for the timely identification of prostate cancer, 

(Thompson & Ankerst 2007) it has also resulted in the 

excessive diagnosis and treatment of the condition. 

Hence, the determination to undergo prostate-specific 

antigen (PSA) testing and any consequent medical 

interventions have to be predicated upon a 

comprehensive dialogue between the patient and their 

healthcare practitioner, taking into account individual 

circumstances and preferences. 

 

The exponential growth in available protein structures 

and computational resources has fueled the application 

of docking research in prostate cancer drug discovery. 

This approach offers a streamlined way to identify 

potential drug candidates with enhanced specificity and 

reduced adverse effects (Lavecchia & Giovanni 2013) . 

Moreover, molecular docking plays a pivotal role in 

elucidating protein-ligand interactions, assessing 

binding affinities, and guiding the optimization of lead 

compounds (Shoichet & Kuntz 1991). The utilization of 

docking software enables the anticipation of drug 

molecule polarity (Kadiyala et al., 2015) and the 

bonding contact between ligands and the active site of 

proteins. As the field of prostate cancer drug discovery 

continues to evolve, harnessing the power of molecular 

docking offers a compelling avenue for the 

identification of innovative therapeutic agents (Meng et 

al., 2020).   

 

This study aims to make a significant contribution to the 

expanding field of docking research in prostate cancer. Its 

objective is to advance precision medicine and enhance the 

quality of life for individuals impacted by this intricate 

disease. This research paper provides a comprehensive 

overview of the existing state of docking research in 

prostate cancer therapeutics. Further, this study aims to 

investigate the substantial impact of molecular docking 

techniques in the elucidation of protein-ligand interactions 

involving the Androgen receptor and Prostate cancer 

Antigen. It will involve the evaluation of binding affinities 

and the utilization of these findings to facilitate the 

optimization of lead compounds (ligands). Furthermore, an 

exploration of the obstacles and constraints associated with 

docking studies will be undertaken, with a particular focus 

on the significance of including experimental validation to 

effectively transform computational discoveries into 

practical clinical applications (Huang et al., 2010). 

 

2. MATERIALS AND METHODS 
 

2.1 Determination of target receptors and the 

lead ligands 
 

The protein obtained from the Protein Data Bank (PDB) 

possesses a fully assigned charge. Therefore, prior to the 

docking process utilizing Auto Dock Software, we 

included polar hydrogens and Kollman charges into the 

macromolecule. The outcomes of the macromolecule 

docking process may exhibit variability when water 

molecules are present. Water molecules were eliminated 

from the macromolecule in order to mitigate any 

undesired protein behavior during the execution of 

docking tests. 

 

The protein Androgen Receptor, sourced from the 

Protein Data Base (PDB), is associated with a distinct 

ligand known as metribolone (R1881) (NCBI 2023, CID 

261000). During the process of docking with other 

ligands, these ligands are displaced from their binding 

sites in order to investigate the behavior of the selected 

ligand in a more focused manner. The employed 

structure entails a crystal structure that is bound to 

ligand(s). Consequently, in order to successfully dock 

the intended ligand onto the protein at that specific 

location, it is necessary to eliminate the associated 

ligand by eliminating the heteroatoms from the PDB 

file. The precise location of the active site inside the 

protein remains undetermined. Blind docking was 

employed in this study, wherein the full protein surface 

was chosen for the purpose of protein-ligand interaction. 
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After establishing the grid box for blind docking, the 

protein is subsequently stored in the PDBQT format. 

 

2.2 Target protein preparation for docking 

studies using autodock 
 

Androgen Receptor (AR) 

 

The protein taken from Protein Data Base (PDB) does have 

the complete charge assigned to it. Hence, we added polar 

hydrogens and Kollman charges to the macromolecule 

prior to the docking process using the Auto Dock Software. 

The results of the docking of the macromolecule may vary 

when it has water molecules. Water molecules from the 

macromolecule were removed to avoid any unwanted 

behavior of the protein while performing docking studies. 

The protein Androgen Receptor taken from the PDB has a 

unique ligand metribolone (R1881). This ligand is deleted 

while performing docking with other ligands to study the 

behavior of the selected ligand more specifically. The 

structure utilized in this context is a crystal structure that is 

complexed with ligands. Consequently, in order to perform 

docking of the intended ligand with the protein at the 

specified position, it is necessary to eliminate the attached 

ligands by removing the heteroatoms from the PDB file. 

The active site for the protein is unknown. So, we chose 

blind docking by selecting the entire protein surface for the 

protein ligand interaction. Once the grid box for blind 

docking is set, the protein is saved in PDBQT format. 

 

Prostate Specific Antigen (PSA) 

 

The protein taken from PDB does have the complete 

charge assigned to it. Hence, we added polar hydrogens 

and Kollman charges to the macromolecule prior to the 

docking process using Auto Dock Software. The results of 

the docking of the macromolecule may vary when it has 

water molecules. So, we removed water molecules from 

the macromolecule to avoid any unwanted behavior of the 

protein while performing docking studies. The employed 

structure entails a crystal structure that is bound to the 

ligand(s). Consequently, in order to successfully dock the 

intended ligand onto the protein at that specific location, it 

is imperative to eliminate the associated ligand by 

eliminating the heteroatoms from the PDB file. The active 

site for the protein is unknown. So, we chose blind docking 

by selecting the entire protein surface for the protein ligand 

interaction. Once the grid box for blind docking is set, the 

protein is saved in PDBQT format. 

 

Collection of Ligands from sources and Preparation 

for docking studies using auto dock 

 

All the ligands are taken from PubChem. The ligands 

from PubChem are taken in .SDF format.  Open Babel 

software is used to convert the .SDF format to PDBQT 

format as auto dock supports. PDBQT format. Using 

Auto Dock software, the root of the ligand is detected and 

choose. The ligand must also be saved in PDBQT format 

along with the target protein using Auto Dock software. 

The ligands used for docking with both the proteins are 

Enzalutamide (NCBI 2023, CID 15951529), Abiraterone 

(NCBI 2023, CID 132971), Apalutamide (NCBI 2023, 

AID 2375), Bicalutamide (NCBI 2023, CID 

67171867), Darolutamide (NCBI 2023, CID 9854073), 

Galeterone (NCBI 2023, CID 11188409), Resveratrol 

(NCBI 2023, CID 445154), and Curcumin (NCBI 

2023, CID 969516). We intend to compare the docking 

simulations using these ligands to evaluate their 

effectiveness in binding to the active sites of the PSA and 

AR receptors. 

 

Analysis of the docking results 

 

The .DLG file which is obtained after running the auto 

grid and auto dock processes is studied to obtain the 

values of docking energy, RMSD, which measures the 

difference between the native ligands' positions before 

docking and after redocking, total internal energy, 

Inhibition Constant (CI), which play an important role in 

defining the ligand and protein. All these values for the 

10 unique ligands are tabularized for finding the best 

protein-ligand pairs. We used Discovery studios software 

to analyse the results in 3-D and 2-D format. The images 

talk about the position of the ligand on the surface of the 

protein in 3-D f and 2-D formats. It also tells us the 

interactions like van der Waals, pi-lone pair, alkyl, pi-

alkyl, and conventional hydrogen bond etc. between the 

atoms of protein and the ligand. 

 

3. RESULTS AND DISCUSSION 
 

The evaluation of the docking interactions involving the 

receptors PSA and AR and the selected lead ligands has 

been conducted, and the resulting findings have been 

documented in Table 1, correspondingly. The binding 

affinity between a ligand and the active site of a protein is 

positively correlated with the number of interactions. 

Consequently, an increase in the number of interactions 

leads to an improvement in binding affinity, ultimately 

resulting in the development of a favorable docking 

score. The inhibition constant (IC) is a measure of the 

concentration of the ligand needed to effectively inhibit 

the activity of the corresponding protein. If the IC value 

is lower for a specific ligand, it indicates that the ligand is 

superior and exhibits a strong affinity at the active site for 

the specific protein. 

 

The ligand Enzalutamide (depicted in Figures 1.1 and 

2.1) has exhibited a docking score of -10.96 Kcal/mol and 

-7.95 Kcal/mol, in addition to an inhibitory constant (IC) 

of 9.23 nm and 1.49 µM on the androgen receptor (AR) 

and prostate-specific antigen (PSA) receptors, 

respectively. The ligand Enzalutamide has demonstrated 

over 15 distinct bonding interactions, including Van der 

Waals forces, conventional hydrogen bonding, pi-sigma 

contacts, pi-pi stacking, alkyl interactions, and pi-alkyl 

interactions, inside the active region of the androgen 

receptor protein. While coming to the PSA the ligand has 

shown less than 8 distinct bonding interactions, including 
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van der Waals, conventional hydrogen bonding, pi-sigma 

and pi-alkyl interactions.  

 

 

Figure 1.1 (a): 3-D representation of AR protein and 

Enzalutamide ligand interaction, (b): 2-D representation 

of AR protein and Enzalutamide ligand interaction. 

 

 

Figure 2.1. (a): 3-D representation of PSA protein and 

Enzalutamide ligand interaction, (b): 2-D representation 

of PSA protein and Enzalutamide ligand interaction. 

 

The compound Galeterone, represented by Figures 1.2 

and 2.2, has exhibited a docking score of -10.52 Kcal/mol 

and -1.78 Kcal/mol for the androgen receptor (AR) and 

prostate-specific antigen (PSA) receptors, respectively. 

Additionally, it has demonstrated inhibitory constants 

(IC) of 19.35 nm and 300 µM for the AR and PSA 

receptors, respectively.  

 

 

Figure 1.2. (a): 3-D representation of AR protein and 

Galeterone ligand interaction, (b): 2-D representation of 

AR protein and Galeterone ligand interaction. 

Galeterone has demonstrated a total of eight distinct 

interaction sites with the androgen receptor (AR). These 

sites encompass a range of intermolecular forces, such as 

Van der Waals forces, conventional hydrogen bonding, 

pi-sigma contacts, pi-pi stacking, alkyl interactions, and 

pi-alkyl interactions. These interactions occur inside the 

active region of the androgen receptor protein. Among 

the identified eight ligands, galeterone has minimal 

interactions with the prostate-specific antigen (PSA) 

(Figure 2.2).  

 

 

Figure. 2.2. (a): 3-D representation of PSA protein and 

Galeterone ligand interaction, (b): 2-D representation of 

PSA protein and Galeterone ligand interaction. 

 

The ligand Darolutamide (Figures 1.3 and 2.3) has 

exhibited a docking score of -9.97 Kcal/mol and -6.89 

Kcal/mol, as well as an inhibitory constant (IC) of 49.02 

nm and 8.95 µM on the androgen receptor (AR) and 

prostate-specific antigen (PSA) receptors, respectively.  

 

 

Figure 1.3. (a): 3-D representation of AR protein and 

Darolutamide ligand interaction, (b): 2-D representation 

of AR protein and Darolutamide ligand interaction. 

 

 

Figure 2.3. (a): 3-D representation of PSA protein and 

Darolutamide ligand interaction, (b): 2-D representation 

of PSA protein and Darolutamide ligand interaction. 
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The ligand darolutamide exhibited interactions with over 14 

interactions at the active site on the androgen receptor (AR). 

Specifically, darolutamide demonstrated 10 interactions 

with the prostate-specific antigen (PSA) protein at its active 

site. The findings indicate that darolutamide exhibits 

favorable interactions with the androgen receptor (AR) in 

comparison to prostate-specific antigen (PSA). 

 

The ligand Bicalutamide, as depicted in Figures 1.4 and 

2.4, has exhibited a docking score of -9.84 Kcal/mol and -

6.36 Kcal/mol for the androgen receptor (AR) and 

prostate-specific antigen (PSA) receptors, respectively.  

 

Additionally, it has demonstrated inhibitory constants (IC) 

of 67.35 nm and 21.61 µM for the AR and PSA receptors, 

respectively. Bicalutamide has demonstrated over nine 

contacts at the active site of the androgen receptor (AR) and 

over 15 interactions at the active site of the prostate-specific 

antigen (PSA), indicating a strong binding affinity with both 

receptors. These interactions encompass a variety of types, 

highlighting the robust nature of the binding.  

 

 

Figure 1.4. (a): 3-D representation of AR protein and 

Bicalutamide ligand interaction, (b): 2-D representation 

of AR protein and Bicalutamide ligand interaction. 

 

 

Figure 2.4. (a): 3-D representation of PSA protein and 

Bicalutamide ligand interaction, (b): 2-D representation 

of PSA protein and Bicalutamide ligand interaction. 

 

The ligand Abiraterone (Figures 1.5 and 2.5) has exhibited 

a docking score of -8.68 Kcal/mol and -9.14 Kcal/mol, as 

well as an inhibitory constant (IC) of 434.41 nm and 

201.19 nM on the androgen receptor (AR) and prostate-

specific antigen (PSA) receptors, respectively. Abiraterone 

is one of the eight ligands that have been chosen due to 

their significant bonding interactions with both proteins. 

Abiraterone exhibits a higher binding affinity towards the 

prostate-specific antigen (PSA) in comparison to seven 

other ligands. This enhanced affinity is attributed to the 

appropriate interactions that occur at the active site. 

 

 

Figure 1.5. (a): 3-D representation of AR protein and 

Abiraterone ligand interaction, (b): 2-D representation of 

AR protein and Abiraterone ligand interaction. 

 

 

Figure 2.5. (a): 3-D representation of PSA protein and 

Abiraterone ligand interaction, (b): 2-D representation of 

PSA protein and Abiraterone ligand interaction. 

 

The ligand Apalutamide (refer to Figures 1.6 and 2.6) has 

exhibited a docking score of -8.50 Kcal/mol and -7.41 

Kcal/mol, in addition to an inhibitory constant (IC) of 

584.63 nM and 3.71 uM on the androgen receptor (AR) 

and prostate-specific antigen (PSA) receptors, 

respectively. Among the eight selected ligands following 

Abiraterone, the Apalutamide ligand had a favorable 

interaction with the prostate-specific antigen (PSA).  

 

 
Figure 1.6. (a): 3-D representation of AR protein and 

Apalutamide ligand interaction, (b): 2-D representation of 

AR protein and Apalutamide ligand interaction. 
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Furthermore, Apalutamide displayed a strong binding 

affinity with the active sites of the androgen receptor 

(AR). 

 

 

Figure 2.6. (a): 3-D representation of PSA protein and 

Apalutamide ligand interaction, (b): 2-D representation of 

PSA protein and Apalutamide ligand interaction. 

 

The ligand Resveratrol, as depicted in Figures 1.7 and 

2.7, has exhibited a docking score of -8.02 Kcal/mol and -

6.03 Kcal/mol for the androgen receptor (AR) and 

prostate-specific antigen (PSA) receptors, respectively. 

Additionally, Resveratrol has demonstrated inhibitory 

constants (IC) of 1.33 uM and 38.13 uM for the AR and 

PSA receptors, respectively.  

 

 

Figure 1.7. (a): 3-D representation of AR protein and 

Resveratrol ligand interaction, (b): 2-D representation of 

AR protein and Resveratrol ligand interaction. 

 

 

Figure 2.7. (a): 3-D representation of PSA protein and 

Resveratrol ligand interaction, (b): 2-D representation of 

PSA protein and Resveratrol ligand interaction. 

 

Resveratrol has demonstrated over seven distinct binding 

interactions with the androgen receptor (AR) in its active 

site, including van der Waals forces, covalent hydrogen 

bonding, Pi-sigma contacts, Pi-stalk interactions, Pi-pi 

shaped interactions, and pi-alkyl interactions. 

Simultaneously, the active site of PSA has exhibited over 

five interactions, including van der Waals forces, typical 

hydrogen bonding, pi-cation interactions, and pi-alkyl 

interactions. 

 

The ligand Curcumin, depicted in Figures 1.8 and 2.8, has 

exhibited a docking score of -5.96 Kcal/mol and -5.51 

Kcal/mol, as well as an inhibitory constant (IC) of 43.01 

uM and 91.40 uM on the androgen receptor (AR) and 

prostate-specific antigen (PSA) receptors, respectively. 

Curcumin exhibits a multitude of interactions, exceeding 

nine in number, at the active sites of the androgen 

receptor (AR). These interactions include van der Waals 

forces, conventional hydrogen bonding, Pi-sigma 

contacts, Pi-pi, T-shaped interactions, alkyl interactions, 

and pi-alkyl interactions. Curcumin exhibits over ten 

distinct interactions at the active site of the prostate-

specific antigen (PSA), including van der Waals forces, 

typical hydrogen bonding, pi-sigma interactions, alkyl 

interactions, and pi-alkyl interactions. 

 

 

Figure 1.8. (a): 3-D representation of AR protein and 

Curcumin ligand interaction, (b): 2-D representation of 

AR protein and Curcumin ligand interaction. 

 

 

Figure 2.8. (a): 3-D representation of PSA protein and 

Curcumin ligand interaction, (b): 2-D representation of 

PSA protein and Curcumin ligand interaction. 
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Among the examined set of eight ligands, Enzalutamide 

has demonstrated a favorable binding affinity towards the 

Androgen-Receptor (AR), as evidenced by a docking 

score of -10.96 Kcal/mol. Additionally, Enzalutamide has 

exhibited a notable inhibitory constant of 9.23 nM. 

Regarding the case of prostate-specific antigen (PSA), it 

has been observed that the Abiraterone ligand has a 

favorable binding affinity, as evidenced by a docking 

score of -9.14 Kcal/mol and an inhibition constant value 

of 201.9 nM. Apalutamide has also shown a good binding 

score and exhibited a good binding affinity with -7.41 

Kcal/mol with PSA with inhibition constant value of 3.71 

µM followed by Abiraterone (shown in Table 1). 

 

Table 1. Comparing of the Docking results of multiple ligands (Lead Ligands) interaction on the Androgen Receptor 

(AR) and Prostate Specific Antigen (PSA) 

S.No 
Lead 

Molecule 
Target Protein 

Docked 

Energy 

(Kcal/mol) 

Inhibition 

Constant 

(IC) 

Target Protein 

Docked 

Energy 

(Kcal/mol) 

Inhibition 

Constant (IC) 

1. Enzalutamide 
Androgen-

Receptor (AR) 
-10.96 9.23 nM 

Prostate Specific 

Antigen (PSA) 
-7.95 1.49 µM 

2. Galeterone 
Androgen-

Receptor (AR) 
-10.52 19.35 nM 

Prostate Specific 

Antigen (PSA) 
-1.78 300 µM 

3. Darolutamide 
Androgen-

Receptor (AR) 
-9.97 49.02 nM 

Prostate Specific 

Antigen (PSA) 
-6.89 8.95 µM 

4. Bicalutamide 
Androgen-

Receptor (AR) 
-9.84 61.35 nM 

Prostate Specific 

Antigen (PSA) 
-6.36  21.61 µM 

5. Abiraterone 
Androgen-

Receptor (AR) 
-8.68 434.41 nM 

Prostate Specific 

Antigen (PSA) 
-9.14 201.19 µM 

6. Apalutamide 
Androgen-

Receptor (AR) 
-8.50 584.63 nM 

Prostate Specific 

Antigen (PSA) 
-7.41 3.71 µM 

7. Resveratrol 
Androgen-

Receptor (AR) 
-8.02 1.33 µM 

Prostate Specific 

Antigen (PSA) 
-6.03 38.13 µM 

8. 
Curcumin 

 

Androgen-

Receptor (AR) 
-5.96 43.01 µM 

Prostate Specific 

Antigen (PSA) 
-5.51 91.40 µM 

 

4. CONCLUSION 
 

The receptors PAS and AR are the primary target 

receptors implicated in the context of prostate cancer. In 

this study, we have selected eight lead ligands or 

medications to conduct a comparative analysis of their 

docking scores and Inhibition constant values. The 

objective is to predict the binding affinity of these ligands 

towards specific receptors known to be associated with 

prostate cancer.  

 

Enzalutamide, one of the eight lead ligands, has 

demonstrated a favorable binding affinity with a docking 

score of -10.96 Kcal/mol and an IC value of 9.23 nM on 

AR. The analysis of the docking poses revealed that the 

ligand Enzalutamide exhibited favorable van der Waals 

interactions, hydrogen bonding, and carbon-hydrogen 

bonding within the binding pocket of the androgen 

receptor (AR).  Regarding the matter of PSA, it is 

noteworthy that half of the lead ligands (specifically, 4 

out of 8) did not exhibit a favorable binding affinity 

during the docking process. However, it is worth 

mentioning that among the chosen ligands, the 

Abiraterone ligand demonstrated a docking score of -9.14 

Kcal/mol and an IC value of 200.119 nM. The binding 

pocket of the prostate androgen receptor demonstrated 

positive interactions with abiraterone, including van der 

Waals contacts, conventional hydrogen bonding, pi-pi 

stacking interactions, and alkyl interactions. Based on the 

findings, it may be inferred that Enzalutamide and 

Abiraterone exhibit favorable binding affinity as ligands 

towards the androgen receptor (AR) and prostate-specific 

antigen (PSA), respectively, as compared to the other 

selected lead ligands. Resveratrol has demonstrated 

favorable binding affinity on androgen receptor (AR) and 

prostate-specific antigen (PSA) compared to curcumin, 

both of which are natural ligands. 

 

Hence, out of the eight lead ligands that were chosen, 

four to five ligands have demonstrated favorable binding 

interactions with the specified proteins, namely PSA and 

AR with good docking energy and less inhibition 

constant value. 
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