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ABSTRACT 

Objective: Poly (ADP-ribose) polymerase-1 (PARP1) plays a vital role in Deoxyribonucleic Acid (DNA) repair and cell survival. Given its importance 
in cancer progression, PARP1 inhibitors are promising therapeutic agents. This study aims to design and evaluate 3-((3,4-dihydroisoquinolin-
2(1H)-yl) sulfonyl)-N-phenyl benzamide derivatives as potential PARP1 inhibitors using computational approaches. 

Methods: Molecular docking was performed to assess the binding affinity of the designed compounds with PARP1. Molecular Mechanics-
Generalized Born Surface Area (MM-GBSA) calculations were used to validate binding free energy and stability. Molecular dynamics (MD) 
simulations analyzed complex stability over time.  

Results: Docking analysis showed that compound 2D had a Glide score of-6.53 kcal/mol, comparable to Olaparib (-6.46 kcal/mol). Key interactions 
with Tyr896, Arg878, Asp766, and Ser904 contributed to its stability. MD simulations confirmed minimal Root mean Square Deviation (RMSD) (1.2 
to 2.7 Å) and Root mean Square Fluctuation (RMSF) (0.5 to 0.9 Å) fluctuations, indicating strong binding stability. Binding free energy analysis 
showed that compound 2D (-87.20 kcal/mol) exhibited a binding affinity close to the standard drug (Olaparib) (-88.81 kcal/mol).  

Conclusion: Compound 2D demonstrated strong and stable interactions with PARP1, comparable or superior to Olaparib. These findings suggest 
that compound 2D is a promising lead candidate for PARP1-targeted therapy, warranting further preclinical and biological validation. 
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INTRODUCTION 

Poly (ADP-ribose) polymerase-1 (PARP1) is an essential enzyme 
involved in various physiological processes, including DNA repair, 
transcription regulation, cell proliferation, and apoptosis. Given its 
elevated expression in multiple cancers—such as ovarian, breast, skin, 
colorectal, and lung cancer—PARP1 has emerged as a significant 
therapeutic target [1-7]. DNA damage activates PARP1, facilitating the 
recruitment of repair proteins to restore single-strand DNA breaks. 
The enzyme comprises two primary functional domains: the N-
terminal DNA-binding domain (DBD) and the C-terminal catalytic 
domain (CAT), which play crucial roles in DNA repair [8, 9]. The ADP-
ribosyl transferase (ART) subdomain within the catalytic domain is 
responsible for Nicotinamide Adenine Dinucleotide NAD+binding, 
with key residues such as glutamic acid, tyrosine, and histidine 
contributing to enzymatic activity [10-12]. The primary mechanism of 
action of PARP1 inhibitors (PARP1) involves binding to the 
NAD+recognition site of PARP1, thereby blocking its enzymatic 
function. This inhibition leads to DNA repair failure, accumulation of 
DNA damage, and, ultimately, cancer cell death [13-16]. The first-
generation PARP1 inhibitors were designed to exploit this mechanism, 
particularly for cancers harbouring Breast Cancer gene BRCA1/2 
mutations, such as ovarian and breast cancer [17]. According to 
clinicaltrials. gov, over 88 clinical trials have been completed, and 
multiple PARP1 inhibitors have been approved for treating BRCA-
mutated ovarian, breast, and prostate cancers. Additionally, ongoing 
trials are investigating PARP1 in chemo-resistant tumours and other 
genetic alterations affecting DNA repair mechanisms [18, 19]. Clinical 
studies have demonstrated the therapeutic efficacy of PARP1 in breast 
and ovarian cancer treatment [20, 21]. However, challenges such as 
low specificity, weak binding affinity, and adverse side effects limit 
their clinical application [22]. The search for novel drug-like molecules 
with distinct binding mechanisms, improved selectivity, and enhanced 
potency remains a crucial aspect of current research. Several Food and 
Drug Administration (FDA) FDA-approved PARP1 inhibitors, including 

Olaparib (Lynparza, AstraZeneca), Rucaparib (Rubraca, Clovis 
Oncology), Niraparib (Zejula, Tesaro), and Talazoparib (Talzenna, 
Pfizer), have demonstrated efficacy in cancer therapy. Olaparib was 
the first PARP1 approved by the FDA and European Medicines Agency 
(EMA) for BRCA-mutated ovarian cancer, including maintenance 
therapy for primary peritoneal and fallopian tube cancers [23, 24]. 
Talazoparib, approved in 2018, is used for HER2-negative metastatic 
breast cancer with BRCA1/2 mutations [25]. Several nonselective 
PARP1 inhibitors—such as veliparib [26] and fluzoparib [27]-are also 
under investigation, demonstrating equal potency against PARP2. 
Beyond catalytic inhibition, PARP trapping has emerged as a crucial 
mechanism in clinical settings. Talazoparib, in particular, is 100 times 
more effective than Olaparib in trapping PARP1 at DNA damage sites, 
leading to cancer cell death [28]. This mechanism prevents DNA 
replication and transcription fork activity, resulting in increased 
cytotoxicity. Given these insights, the present study employs 
computational approaches to identify novel drug-like chemical scaffolds 
as potential substitutes for existing PARP1 inhibitors, particularly 
Talazoparib. A combination of ligand-based and structure-based 
methods was utilized to predict binding positions and molecular 
similarity, aiming to discover new, potent, and selective PARP1 
inhibitors. By targeting PARP1 trapping and enzymatic inhibition, this 
research seeks to expand therapeutic options for cancer treatment [29]. 

MATERIALS AND METHODS 

Preparation of ligands 

The structures of twelve different ligands were processed using the 
LigPrep module in the Maestro molecular modeling software, 
utilizing the Optimized Potentials for Liquid Simulations, version 3 
(OPLS3) force field. Determining the appropriate protonation states 
of molecules under physiological conditions can be complex. To 
address this, the Epik module in the Maestro suite was employed to 
accurately predict the protonation states of strained molecules 
based on text-mining analyses. Additionally, this module generated 
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stereoisomers of the compounds at neutral pH. Understanding the 
protonation states of these molecules provides valuable insights into 
their interactions with proteins and other small molecules within 
biological systems. 

Protein preparation 

Protein structure information was obtained from the Protein Data 
Bank (PDB). The selected target consists of 355 residues, and we 

utilized the structure with PDB ID: 4ZZZ. Using the default settings, 
the entire structure was pre-processed with Maestro’s Protein 
Preparation module. Missing loops, atoms, and side chains in the 
backbone were reconstructed using the Prime module in Maestro. 
The Ramachandran plot analysis indicated that 99% of the residues 
fall within the allowed regions [30] (fig. 1). Additionally, molecular 
modeling was performed to simulate the influence of water 
molecules on the catalytic domain. 

 

 

Fig. 1: Ramachandran plot has 99% of residues in the permitted area 

 

Molecular docking 

Molecular docking was conducted using the Schrödinger Suite 2020-
21, specifically the Glide module in the Extra Precision (XP) mode, to 
predict ligand interactions within the allosteric site of the target 
protein. The selected molecules, along with the PARP1 substrate, 
were docked using Glide to generate poses with high docking scores. 
Glide’s scoring function evaluates retrieved conformations to assign 
docking scores [31]. For each molecule, ten bioactive conformers 
were generated by placing sequences within the allosteric sites of 
ten co-crystallized molecules. Docking simulations were carried out 
using the XP Visualizer in the Maestro molecular modeling suite, a 
grid-based docking program, to identify optimal binding poses in the 
PARP1 allosteric site. Genetic algorithms and docking algorithms 
were utilized to refine and select the most suitable conformations 
based on top docking scores. The selected target protein (PDB ID: 
4ZZZ) and the identified molecules were used as inputs for 
molecular docking. The XP Visualizer [32] was employed to analyze 
docking outcomes. Docking simulations were conducted using the 
Glide module, with the XP mode applied throughout. The target 
enzyme molecules were set with a scaling factor of 0.8 and a partial 
atomic charge threshold of 0.15. The best-docked complex was 
determined based on Glide docking scores, and the interactions of 
these docked configurations were further analyzed using the XP 
Visualizer [33]. 

Molecular dynamics 

Molecular dynamics (MD) simulations were performed using the 
Desmond module in Schrödinger. The simulations employed the simple 
point-charge (SPC) explicit water model, ensuring a minimum spacing of 
10 Å between the protein surface and the solvent boundary. An 
orthorhombic simulation box was constructed to encapsulate the 
system. Protein-ligand docked complexes were solvated using the 
orthorhombic SPC water model [34]. The solvated system was 
neutralized with counter ions, maintaining a physiological salt 
concentration of 0.15 M. The OPLS3 force field [35] was applied to 
describe the receptor-ligand complex. The MD simulation was conducted 
using the NPT ensemble (Isothermal-Isobaric ensemble), which 
maintains constant pressure, temperature, and particle number [36]. 
The simulation was executed for 100 ns under a temperature of 300 K 
and an atmospheric pressure of 1.013 bar, with relaxation parameters 
set accordingly. The system, comprising 49,339 atoms and 14,079 water 

molecules, was subjected to MD simulation for 100 ns. To assess the 
stability of the complex during the simulation, the protein backbone 
structures were aligned with the initial frame's backbone. The simulated 
interaction trajectory was analyzed by incorporating the _out. selecting 
Root mean Square Deviation (RMSD) and Root mean Square Fluctuation 
(RMSF) for evaluation. RMSD and RMSF plots were generated to 
illustrate the system’s stability over the simulation period. 

RESULTS 

Molecular docking results and analysis 

Docking studies were performed using the crystal structure of Poly 
(ADP-ribose) polymerase-1 (PARP1) (PDB ID: 4ZZZ) with Schrödinger 
Suite 2021-4. The virtual screening approach ensured that ligand 
conformations maintained a root mean square deviation (RMSD) of 1.5 
Å relative to the co-crystallized structure. To eliminate functional 
groups that could negatively impact ligand interactions, Lipinski's rule 
of five was applied. Several Glide XP-docking parameters, including the 
Glide score, e-model, van der Waals energy (E_vdw), Coulomb energy 
(E_coul), and overall docking energy (Energy), were considered to 
evaluate the screening results. 

Docking analysis demonstrated that all compounds exhibited 
favorable binding activity, with some showing superior activity 
compared to Olaparib. Notably, compounds 2D, 2K, and 2M achieved 
the highest Glide scores of -6.53 kcal/mol,-5.94 kcal/mol, and -5.93 
kcal/mol, respectively, indicating strong binding affinity. Although 
compounds 2O and 2N had slightly lower Glide scores of -5.85 
kcal/mol and -5.68 kcal/mol than 2D, 2K, and 2M, they still exhibited 
significant binding potential. 

Conversely, weaker binding interactions were observed for 
compounds 2G and 2I, with Glide scores of -4.00 kcal/mol and-3.16 
kcal/mol, respectively. The standard drug Olaparib displayed a Glide 
score of -6.46 kcal/mol, representing the highest binding affinity 
among all tested compounds. Among them, 2D exhibited particularly 
strong interaction parameters, including a van der Waals energy 
(E_vdw) of-49.48 kcal/mol, Coulomb energy (E_coul) of-2.59 
kcal/mol, total docking energy (E_energy) of-52.07 kcal/mol, and an 
e-model (Gemodel) score of-82.44 kcal/mol. These results highlight 
2D as the most promising compound, demonstrating a binding 
affinity comparable to or even superior to Olaparib, making it a 
strong candidate for further studies targeting PARP1. 
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Table 1: The XP-docking scores for compounds in PARP 1 catalytic pocket (PDB ID: 4ZZZ) 

S. No. Comp Gscore Gvedw Gecou Genergy Gemodel 
1. 2A -5.18796 -46.2358 -10.4985 -56.7343 -92.2944 
2. 2C -5.45184 -43.6474 -5.59104 -49.2384 -74.6452 
3 2D -6.531 -49.4885 -2.59052 -52.0791 -82.4477 
3. 2I -3.1625 -43.173 -9.7942 -52.9672 -78.0674 
4. 2F -4.61917 -47.1043 -10.344 -57.4483 -86.3811 
5. 2G -4.00013 -61.958 0.760757 -61.1973 -90.8688 
7. 2K -5.94962 -42.2908 -5.57731 -47.8681 -76.8953 
8. 2L -5.13339 -49.3747 -8.80726 -58.182 -92.4896 
9. 2M -5.9351 -44.9449 -4.75337 -49.6982 -73.7303 
10. 2N -5.6814 -43.529 -10.3043 -53.8333 -84.484 
11. 2O -5.85882 -58.6131 -1.59525 -60.2084 -92.9172 
12. 2T -4.87412 -51.0727 -6.08821 -57.1609 -82.7953 
 Standard Olaparib -6.46344 -58.3568 -9.24811 -67.6049 -121.306 

aGlide Score, bGlide E-model, cGlide Van der Waals Energy, dGlide Coulomb Energy, eGlide Energy. 

 

 

 

Fig. 2: Compounds 2D interaction diagrams in the PARP1 catalytic pocket (1-12) with standard 
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Table 2: Binding free energy (MM-GBSA) contribution (kcal/mol) for compounds 12 in PARP1 complexes 

S. No. Compound code aΔGBind bΔGCoul cΔGHB dΔGLip eΔGVdW 
1 2A -76.0391 -11.2165 -1.3766 -30.2542 -60.0614 
2 2C -73.6328 -10.1458 -0.83856 -29.4561 -58.3218 
3 2D -87.2057 -29.7099 -1.06884 -28.0152 -67.9406 
3 2I -79.6788 34.50773 -1.46966 -29.5327 -62.8198 
4 2F -62.0739 34.27471 -2.07267 -17.9552 -68.45 
5 2G -68.0857 13.97248 -0.96544 -28.6317 -76.0226 
7 2K -68.2183 33.79907 -2.35843 -30.0885 -66.5585 
8 2L -60.181 -10.99765 -0.78922 -27.2901 -69.135 
9 2M -77.4534 -8.17007 -0.56643 -28.7012 -55.5661 
10 2N -81.6378 -31.0081 -2.47251 -23.1227 -54.5112 
11 2O -72.934 -5.30678 -0.88614 -19.563 -62.0459 
12 2T -74.4674 -10.2257 -1.79178 -22.6874 -61.5877 
Standard Olaparib -88.819 -42.086 -2.438 -30.6646 -42.427 

aFree Energy of Binding, bCoulomb Energy, cHydrogen Bonding Energy, dHydrophobic Energy (non-polar contribution estimated by solvent 
accessible surface area), e Van der Waals Energy. 

 

Compound 2D demonstrated the highest binding free energy of-
87.20 kcal/mol, primarily driven by significant contributions from 
Coulombic energy (-29.70 kcal/mol), hydrophobic energy (Lipo,-
28.01 kcal/mol), and van der Waals energy (-67.94 kcal/mol), 
indicating strong binding potential. Similarly, compound 2N 
exhibited a comparable binding free energy of -81.63 kcal/mol, with 
a major Coulombic energy contribution of -31.00 kcal/mol and a 
lower hydrophobic contribution of -23.13 kcal/mol. Compound 2L 
displayed notable characteristics with a binding free energy of-60.18 
kcal/mol, supported by a positive Coulombic energy of-10.99 
kcal/mol, a high hydrophobic energy of-27.29 kcal/mol, and a lower 
van der Waals energy of-69.13 kcal/mol. In comparison, the 
standard drug exhibited a binding free energy of -88.81 kcal/mol. 
Among the tested compounds, 2D showed the highest binding 
affinity, comparable to or even surpassing Olaparib, reinforcing its 
potential as a strong candidate for further investigation. 

Hydrogen bonding and amino acid interactions 

Fig. 2 provides a detailed representation of the hydrogen bonds 
formed between each compound and the amino acid residues within 
the catalytic pocket of PARP1 (PDB ID: 4ZZZ). These interactions 
play a crucial role in determining the binding affinity and stability of 
the protein-ligand complexes, significantly influencing overall 
molecular interactions and the potential inhibitory effectiveness of 
the compounds. 

Fig. 2 presents the 2D interaction diagrams of the 12 studied 
compounds, illustrating their interactions within the PARP1 catalytic 
pocket (PDB ID: 4ZZZ). The diagrams highlight key molecular 
interactions: hydrogen bonding occurs between sulfonyl (S=O), 
hydroxyl (OH), and oxygen (O) groups with MET 890, GLU 988, and 
SER 904 residues, while amine (NH) and carbonyl (C=O) groups form 
bonds with ASP 766 and MET 890, contributing to ligand-receptor 
complex stability. Hydrophobic interactions between the non-polar 
groups of the compounds and the receptor's hydrophobic regions 
further enhance stability. Additionally, aromatic residues in the 
receptor engage in π-π stacking with aromatic rings of the compounds, 
while chlorine (Cl) atoms form halogen bonds with SER 904 and GLY 
863. These visual representations in fig. 2 provide a clear 
understanding of how functional groups facilitate effective binding to 
PARP1, emphasizing the specific residues involved in each interaction. 

MD simulation study 

The docking pose of the ligand 2-chloro-5-((3,4-dihydroisoquinolin-
2(1H)-yl)-N, N-diethyl benzamide (Compound 2D) within PARP1 (PDB 
ID: 4ZZZ) was subjected to a 100 ns molecular dynamics simulation. This 
study provided a detailed analysis of various parameters, including 
protein-ligand interaction fractions, protein-ligand contact durations, 
root mean square deviation (RMSD), and root mean square fluctuations 
(RMSF). Additionally, a 2D interaction diagram was generated, offering a 
visual representation of the key interactions stabilizing the complex. 

 

 

Fig. 3: RMSD graph for compound 2D/4ZZZ complex 
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The RMSD analysis of the Cα atoms revealed fluctuations ranging 
from 1.2 to 2.7 Å for the ligand's docking pose, while the ligand’s fit 
to the protein exhibited values between 1.2 and 1.5 Å. Throughout 
the 100 ns simulation, the ligand’s Cα atoms remained stable for 90 
ns, with notable stability during the final 10 ns. Specifically, from 10 
to 100 ns, the ligand maintained stability within the 2.1 to 2.7 Å 
range, while moderate fluctuations were observed between 1.2 and 

2.1 Å during the last 10 ns. Similarly, the ligand’s fit to the protein 
demonstrated stability for 90 ns, with the highest stability observed 
in the middle 10 ns. During this period, the ligand remained within 
the 1.2 to 1.8 Å range, whereas moderate fluctuations occurred 
between 0.9 and 2.2 Å during the initial 10 ns. Fig. 3 illustrates these 
findings, providing a comprehensive view of the ligand’s stability 
and interactions throughout the simulation. 

 

 

Fig. 4: RMSF diagram for compound 2D/4ZZZ complex 

 

The RMSF analysis revealed minimal fluctuations throughout the 
simulation. As depicted in fig. 4, the Cα atoms initially exhibited 
variations between 0.5 and 0.9 Å, maintaining stability throughout 
the simulation. Notable adjustments in ligand interactions with 
amino acid residues were observed, though these variations 

remained minor, particularly between 100 ns and 200 to 250 ns. 
During these intervals, the RMSF values for the amino acids ranged 
from 0.5 to 0.6 Å and 0.6 to 0.9 Å, respectively. Overall, the protein-
ligand complex remained fully stable, demonstrating a well-
maintained interaction. 

 

 

Fig. 5: Protein-ligand contacts profile for compound 2D/4ZZZ complex 

 

As illustrated in fig. 5, the ligand consistently interacts with 
amino acids through various bond types, including hydrophobic, 
hydrogen, and water bridge interactions. The ligand formed 
water bridge bonds with Asp766 and Arg878, maintaining these 
interactions at 0.8% out of 1.4%. Additionally, hydrophobic 
interactions were observed with Val762, Tyr889, Ala898, and 

Tyr907, with a stability of 0.7% out of 1.4%. Hydrogen bonds 
were established with Gly863 and Ser904, maintaining an 
interaction rate of 0.9% out of 1.4%. Moreover, the ligand 
exhibited multiple interactions with His862 and Tyr896, 
sustaining these bonds at a complete 1.4%, highlighting its 
strong binding affinity. 
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Fig. 6: 2D diagram for compound 2D/4ZZZ complex 

 

Fig. 6 presents a 2D diagram illustrating the protein-ligand 
interactions. Tyr896 maintained constant hydrogen bonding with 
the sulfonyl group, achieving 100% stability. Additionally, Arg878 
and Asp766 consistently interacted with the oxygen atom of the 
sulfonyl group through hydrogen bonds, exhibiting stabilities of 
45% and 77%, respectively. Ser904 also formed a stable hydrogen 
bond with the carbonyl group, maintaining 84% stability. These 
findings suggest that compound 2D demonstrates strong binding 
affinity, highlighting its potential as a promising candidate for the 
development of novel anti-Alzheimer agents. 

DISCUSSION 

The molecular docking and dynamics studies of compound 2D 
against PARP1 (PDB ID: 4ZZZ) revealed its strong binding affinity, 
with interactions comparable to or even superior to the standard 
drug Olaparib. The docking results demonstrated that 2D exhibited a 
Glide score of -6.53 kcal/mol, which was competitive with Olaparib 
(-6.46 kcal/mol). Further, 2D showed enhanced interaction metrics, 
including van der Waals energy (-49.48 kcal/mol), Coulomb energy 
(-2.59 kcal/mol), and total docking energy (-52.07 kcal/mol), 
indicating its stable binding within the catalytic pocket of PARP1. 
The Molecular Dynamics (MD) simulation further validated the 
binding stability of 2D, with RMSD fluctuations ranging between 1.2 
to 2.7 Å. The Root mean Square Fluctuation (RMSF) analysis 
indicated minimal deviations (0.5 to 0.9 Å), confirming that 2D 
maintained stable interactions throughout the simulation. 
Additionally, hydrogen bond interactions were highly stable, with 
Tyr896 exhibiting 100% stability and Arg878, Asp766, and Ser904 
showing consistent interactions (45%, 77%, and 84% stability, 
respectively). When compared with previous studies, Olaparib and 
similar PARP1 inhibitors have shown Glide scores in the range of -
5.5 to -7.0 kcal/mol, with key interactions involving Asp766, Ser904, 
and Tyr896 [37]. The strong hydrophobic and hydrogen bonding 
interactions observed in compound 2D align with previous findings 
on benzamide and is quinoline-based PARP1 inhibitors, which 
exhibit similar binding patterns with MET 890, GLU 988, and ASP 
766 [38]. Furthermore, recent studies on halogen-substituted 
inhibitors suggest that chlorine interactions with SER 904 and GLY 
863 enhance stability, which was also observed for 2D [39]. 
Additionally, previous studies on MD simulations of PARP1 
inhibitors indicate that ligands with RMSD values below 3 Å exhibit 
stable interactions [40]. Our RMSD findings for 2D fall within this 
range, reinforcing its potential stability as a drug candidate. The 
Coulombic energy (-29.70 kcal/mol) and van der Waals interactions 
(-67.94 kcal/mol) of 2D are comparable to earlier studies on 
benzamide derivatives, which reported binding free energies 
between-80 and-90 kcal/mol [41]. The strong molecular 
interactions and high stability of compound 2D suggest that it could 
serve as a potential lead compound for developing novel PARP1 
inhibitors. Further experimental validation through enzyme 
inhibition assays and in vivo studies is essential to confirm its 
therapeutic potential. 

Building upon these computational insights, benzamide derivatives such 
as compound 2D represent a structurally promising scaffold for selective 
PARP1 inhibition in breast cancer. PARP1 overexpression is frequently 
observed in BRCA1/2-deficient breast cancers, rendering this tumor 
particularly sensitive to synthetic lethality approaches using PARP 
inhibitors. The observed stable interactions of 2D with key catalytic 
residues (e. g., Asp766, Tyr896, Ser904) not only mirror the interaction 
profiles of clinically approved inhibitors but also suggest a potentially 
favorable binding conformation that could be translated into biological 
efficacy. Previous in vitro evaluations of benzamide analogues have 
demonstrated potent cytotoxicity in triple-negative breast cancer cell 
lines through PARP1-mediated DNA repair inhibition [42]. Considering 
these parallels, compound 2D merits further investigation through in 
vitro PARP1 enzymatic inhibition assays and breast cancer cell viability 
studies to determine its cytotoxic potential and specificity. Follow-up in 
vivo studies using breast cancer xenograft models will be crucial to 
evaluate pharmacokinetics, tumor penetration, and therapeutic efficacy. 
Moreover, understanding the compound’s ADMET profile and off-target 
effects will further inform its suitability as a lead candidate [43]. The 
integration of molecular modeling, cellular assays, and animal studies 
will provide a comprehensive assessment of 2D's clinical relevance as a 
benzamide-based PARP1 inhibitor in breast cancer therapeutics. 

CONCLUSION 

The present study explored the binding interactions and dynamic 
stability of compound 2D within the PARP1 catalytic pocket (PDB ID: 
4ZZZ) using molecular docking and molecular dynamics (MD) 
simulations. The docking results revealed strong hydrogen bonding, 
hydrophobic, and halogen interactions with key residues such as 
Tyr896, Arg878, Asp766, and Ser904, ensuring stable ligand-
receptor binding. MD simulations confirmed that compound 2D 
maintained stability with minimal RMSD and RMSF fluctuations, 
demonstrating its potential as a lead PARP1 inhibitor. Comparative 
analysis with previously reported PARP1 inhibitors, including 
Olaparib and benzamide derivatives, indicated that compound 2D 
exhibits comparable or superior binding interactions and stability. 
Its highly stable hydrogen bonding interactions, significant van der 
Waals contributions, and favorable docking scores further support 
its potential as an effective PARP1-targeting agent. Based on these 
findings, compound 2D emerges as a promising candidate for further 
preclinical development in PARP1-targeted drug discovery. Future 
studies should focus on in vitro enzyme inhibition assays, cellular 
assays, and in vivo pharmacokinetics to validate its therapeutic 
efficacy. The insights gained from this study provide a strong 
foundation for designing novel anti-cancer agents targeting PARP1. 
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