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TARGETTING PARP1 INHIBITION IN TRIPLE NEGATIVE BREAST 

CANCER (TNBC): INSIGHTS FROM DRUG REPURPOSING & 

COMPUTATIONAL ANALYSIS 

Aayush Ratna Bajpai 
 

ABSTRACT 

Aim : The resolution of this study is to inspect the possibility of targeting PARP1 {Poly (ADP-

ribose) Polymerase 1}, a polymerase enzyme linked to repairing alteration in the DNA 

molecule, by working through the mechanism of Base excision repair. In Triple Negative 

Breast Cancer (TNBC), PARP1 works to repair DNA damage under the influence of 

nonattendance of the Estrogen receptors, Progesterone receptors and HER2 (Human epidermal 

growth factor 2). This investigation mainly focuses on assessing small molecule modulators 

that can interact with PARP1, given the pressing need for disease-modifying treatments in 

TNBC. The binding interactions of Niraparib, a known FDA-approved drug, and thirteen other 

compounds )investigated through ZINC database and filtered through ADME profiling) were 

evaluated using molecular docking techniques. To find important residues inside PARP1 

functional area, active site prediction was carried out using the Biodiscovery Studio. To 

determine drug-likeness profiles, pharmacokinetic characteristics, and binding affinity, 

docking simulations were utilized alongside with ADME studies. 

Keywords – Triple Negative Breast Cancer, Estrogen receptors, Progesterone receptors, 

Human epidermal growth factor 2, PARP1 {Poly (ADP-ribose) Polymerase 1}, Niraparib, 

Molecular Docking 

 

Result : According to the docking studies, Niraparib has a binding affinity of -9.5 kcal/mol for 

the predicted PARP1 active site, whereas the novel molecule, 4-[4-(4-

Hydroxybenzoyl)piperidine-1-carbonyl]-2-phenylphthalazin-1-one (Pubchem ID : 24615465) 

has a higher binding affinity of -11.8 kcal/mol. Both substances showed higher binding 

affinity towards the PARP1 functional domain. According to the ADME profiling, the new 

molecule has better pharmacokinetic characteristics, such as full compliance to Lipinski's Rule 

of Five and strong lipophilicity. In comparison to Niraparib, the compound was found to have 

a lower solubility, but with the help of further research, as explained further in this thesis, the 

solubility can be enhanced, and consequently, the compound will mark itself as good anticancer 

drug. 

 

Conclusion : Consequently, the discovery of this novel molecule as a more powerful binder 

with advantageous drug-like characteristics raises the possibility that it could be used as a 

substitute lead molecule to target PARP1 in TNBC. Methods used in this investigation included 

ADME analysis validation and molecular docking. Thus, suggesting to a successful method for 

finding new therapeutic agents for TNBC and offering a positive roadmap for upcoming drug 

development and experimental validation attempts. 
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  1 

 INTRODUCTION 

 

Cancer is the second largest reason, which leads a human to the ultimate end of life, globally. 

Overall, the prevalence of cancer around the humankind has increased; in the United States 

alone, roughly 1,665,540 people were diagnosed with cancer, with 585,720 dying as a 

consequence of the illness in 2014 [1]. 

This is an tremendously stern condition that has been disturbing humans in huge statistics for 

a lengthy period of time. 

Men are supplementarily probable to progress cancer in their prostate, lung, colon, and bladder. 

Women are more likely to advance it in the breast, lung and bronchus, colon and rectum, uterine 

corpus, and thyroid [2]. 

Prostate and breast cancer are the most widespread in men and women, respectively [3]. 

Breast cancer is the most recurrent form of tumour among women worldwide, which accounts 

for, approximately 1.4 million new cases in an individual year [4]. 

The current cataloguing of breast cancer includes triple-negative breast cancer (TNBC), which 

is ER (oestrogen) negative, PR (progesterone) negative, and lacks overexpression of HER2 

(Human epidermal growth factor receptor) [5]. This cancer form is denoted as the 'Triple 

Negative' because it lacks expression of all three variables. 

With the nonattendance or lack of expression of Estrogen receptors, Progesterone receptors, 

and the HER2 factor, treatments or therapeutic procedures linked with targeting these three 

subjects are out of question. 

Triple negative breast cancer accounts for coarsely 10-20% of all aggressive breast cancers. 

Based on gene expression patterns, TNBC was characterized as a basal-like BC subtype [6]. 

Linked to other breast cancer subtypes, TNBC commonly arises in young females and is 

connected with higher aggressiveness and demise [7, 8]. 

The FDA (Food and Drug Administration) has permitted anti-metabolites, paclitaxel, and 

anthracyclines for adjuvant and neoadjuvant chemotherapy regimens in TNBC patients [9, 10]. 

Traditional chemotherapy has demonstrated some usefulness in TNBC patients. However, 

chemotherapy is risky to patients, and some people continue to experience no medical 

advantage. As a result, recognizing effective targets for accurate TNBC healing is a grim and 

critical therapeutic problem to overcome.  

According to epidemiological research, approximately 10-40% of TNBC patients harboured 

breast cancer vulnerability gene variations (BRCA1 and BRCA2) [11]. These genes are 

associated with homologous recombination repair (HRR), a highly error-free process that 

involves several stages. When HRR-associated genes are defective or altered, it causes 

homologous recombination deficit (HRD). This gives an advantage to the single strand breaks 

(SSBs) repair process [12]. 

BRCA1 and BRCA2 proteins preserve genomic integrity by repairing DNA accurately through 

homologous recombination [13, 14]. Harm of BRCA abilities causes genomic uncertainty, 
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which leads to oncogenic transformation of non-tumorigenic cells into tumor originating cells, 

or cancer stem cells (CSCs), and subsequent tumour evolution. 

PARPs, or Poly ADP-ribose polymerases, are a category of DNA damage repair enzyme that 

trails the single strand break (SSB) repair method, binding chains of ADP-ribose subunits to 

themselves or other proteins with negatively charged PAR moieties. 

Among the several PARP forms, PARP1 is the most prominent polymerase that detects DNA 

damage and is necessary for efficient single-strand break repair. When DNA is broken, PARP1 

attributes to the damaged region, triggers, and associates DNA damage repair proteins via self-

modified PAR chains, prompting multiple downstream DNA repair progressions. In addition 

to PARP-dominated SSB repair, homologous recombination repair (HRR)-dominated DNA 

double-strand breaks (DSB) repair is crucial for genomic integrity [15]. However, the HRR-

dominated repair is unable to occur due to transformations in the BRCA1 and 2 genes. 

Obstructing PARP1 genes harvests an increase in single and double-stranded DNA disruptions. 

Tumour cells that lack the BRCA1 and BRCA2 genes are exclusively responsive to PARP1 

inhibition [16]. These inhibitors target the PARP1 proteins, producing DNA damage that is not 

restored, growing cellular death. 

Upregulation of PARP1 in BRCA (Breast Cancer genes) mutations is also a principal cause of 

chemotherapy confrontation in cancer cells [17]. 

As a result, constraining PARP1 becomes important again to avert chemotherapy resistance. 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

 

2.1 Triple Negative Breast Cancer (TNBC) 

 

TNBC is a very hostile subtype of breast malignance that does not exhibit estrogen receptors 

(ER), progesterone receptors (PR), or human epidermal growth factor receptor 2 (HER2) 

expression [18]. It holds for approximately 10-15% of all breast cancers and is supplementarily 

frequent in fresher women, African American women, and those with BRCA1 mutations [19]. 

TNBC is impervious to hormonal or HER2-targeted healing because it shows inattendance of 

these receptors, making the treatment additionally difficult. 

 

Clinically, TNBC is distinguished, or uniquely identified by its fast advancement, superior rates 

of metastasis (especially to the lungs and brain), and amplified risk of reappearance during the 

first three years after treatment [20]. Unlike hormone receptor-positive breast tumors, TNBC 

has limited treatment choices, with chemotherapy being the existing standard. 

 

TNBC tumors stereotypically invasive ductal carcinoma, which is superior in nature with 

heightened mitotic action and a high propagation index. These tumors recurrently represents 

core necrosis and lymphocytic infiltrates, demonstrating an immunogenic microenvironment 

[21]. Morphologically, TNBC thoroughly resembles the basal-like subtype of breast cancer, 

however not all TNBCs are basal-like, and not all basal-like tumors are triple-negative. 

 

The diversity of TNBC is one of the most difficult aspects of grasping it. Lehmann et al. (2011) 

used gene expression patterns to categorize TNBC into six different subtypes: basal-like 1 

(BL1), basal-like 2 (BL2), immunomodulatory (IM), mesenchymal (M), mesenchymal stem-

like (MSL), and luminal androgen receptor (LAR) [22]. This cataloguing has since driven 

efforts to acclimatize future treatment practices, although medical translation is still restricted. 

A substantial proportion of TNBC cases, predominantly in younger womankind, are linked to 

BRCA1 gene abnormalities. As Robson et al. (2017) reported, BRCA1-deficient cancers 

generally show basal-like features and genomic instability, resulting in hostile behaviour and 

primary onset [23]. These genetic predispositions highlight the obligation for genetic screening 

in high-risk groups. 

 

TNBC's immunogenicity has also been emphasized in studies. Tumour-infiltrating 

lymphocytes (TILs) are more regularly seen in TNBC than in other kinds of breast cancer, 

signifying that immune surveillance plays an important role in disease expansion [21]. This 

characteristic leads to the amplified interest in immunological profiling of TNBC, even beyond 

direct therapeutic uses. 

 

The following therapies may be a route through the TNBC invasion: 

 

Chemotherapy remains the chief first-line treatment. Anthracyclines (e.g., doxorubicin) and 

taxanes (e.g., paclitaxel) are habitually used in regimens, either alone or together [24]. 
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However, the aggressive nature of TNBC frequently leads to treatment confrontation, imposing 

the development of new methods. 

 

Immunotherapy has showed promising results in recent years. The FDA has authorized 

atezolizumab (an anti-PD-L1 antibody) in combination with nab-paclitaxel for PD-L1-positive 

metastatic TNBC [25]. Immunotherapeutic treatment procedures are projected to improve the 

patient's immune system's ability to recognize and terminate cancer cells, which is an especially 

tempting option given the high mutational burden of TNBC tumors [26]. 

 

PARP inhibitors, such as olaparib and talazoparib, have been sanctioned for patients with 

germline BRCA-mutated TNBC and will continue to be conversed in this work. These 

medicines target DNA repair pathways, taking lead of the faulty homologous recombination 

repair lane found in BRCA-mutant cells [27]. The principle of synthetic lethality underpins this 

method, which has opened up new possibilities towards targeted cancer therapy. 

 

Targeted therapy for various molecular characteristics of TNBC are being examined. In 

therapeutic studies, inhibitors of androgen receptors, PI3K/AKT/mTOR pathways, and EGFR 

have had varying degrees of effectiveness [28]. 

 

TNBC is a difficult subtype of breast cancer due to its destructive nature and the scarceness of 

targeted therapy. However, innovations in immunotherapy, targeted treatment, and precision 

medicine are progressively improving the prognosis for people with TNBC. 

 

 

Table 1: summarizes the key molecular pathways disrupted in Triple Negative Breast Cancer 

and highlights major proteins and genes implicated.  

Pathway Key Proteins 

Involved 

Normal Role Effect in 

TNBC 

References 

DNA Damage 

Repair (HRR) 

BRCA1, 

BRCA2, 

RAD51 

Homologous 

recombination 

repair (HRR) 

of double-

stranded DNA 

breaks 

Frequently 

mutated or 

epigenetically 

silenced, 

resulting in 

impaired HRR 

and genomic 

instability. 

[29] 

PARP Pathway PARP1, 

PARP2 

Repairs single-

strand DNA 

breaks via base 

excision repair 

PARP 

inhibitors can 

target 

upregulated 

genes that 

compensate for 

HRR 

deficiencies. 

[30] 

PI3K/AKT/mTOR PIK3CA, 

AKT1, mTOR 

Stimulates cell 

growth, 

Frequently 

mutated (e.g., 

PIK3CA) or 

[31] 
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multiplication, 

and survival. 

hyperactive, 

resulting in 

uncontrolled 

growth and 

survival. 

TP53 

(Tumor 

Suppressor) 

TP53 Regulates cell 

cycle arrest, 

DNA repair, 

and apoptosis 

in response to 

stress. 

Mutations 

occur in 

around 80% of 

TNBC 

patients, 

resulting in 

loss of 

genomic 

surveillance. 

[32] 

EGFR Signalling EGFR, MAPK, 

ERK 

Regulates cell 

proliferation 

and 

differentiation. 

Overexpressed 

in many TNBC 

cancers, 

leading to the 

aggressive 

character. 

[33] 

Androgen Receptor 

(AR) 

AR Regulates gene 

expression in 

hormone-

responsive 

tissues. 

Expressed in 

some TNBC 

subtypes 

("LAR" 

subtype); 

possible 

therapeutic 

target. 

[34] 

Wnt/β-catenin β-catenin, Wnt 

ligands, GSK-

3β 

Expressed in 

some TNBC 

subtypes 

("LAR"), a 

possible 

therapeutic 

target 

Aberrant 

activation 

promotes 

stemness and 

tumor 

development in 

TNBC. 

[35] 

Notch signalling Notch1, 

Notch3, DLL4, 

Jagged 

Regulates stem 

cell 

maintenance 

and 

differentiation. 

Overactivity in 

TNBC is 

related with 

tumor starting 

cells and a 

poor prognosis. 

[36] 

Immune regulation PD-L1,  

CTLA-4 

Prevents 

autoimmunity 

and controls T-

cell activation. 

PD-L1 is often 

expressed in 

TNBC, 

showing 

immune 

evasion 

fostered and 

targetable with 

[37] 
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2.2 Estrogen and Progesterone Receptors 

 

ESTROGEN RECEPTORS : 

 

There are two main types of estrogen receptors: 

• ERα (Estrogen Receptor Alpha) – encoded by the ESR1 gene 

• ERβ (Estrogen Receptor Beta) – encoded by the ESR2 gene 

 

Both belong to the nuclear receptor superfamily. Each has: 

• DNA-binding domain (DBD) 

• Ligand-binding domain (LBD) 

• Transactivation domains (AF-1 and AF-2) 

 

These receptors are mostly present in the nucleus, but they also find themselves in the 

cytoplasm and connected with the cell membrane of the cells, where they participate in non-

genomic signalling. 

Upon binding to estrogen, ERs undergo a conformational shift that leads them down to 

dimerize. These dimers afterward go to the nucleus and get attached to particular DNA 

sequences known as Estrogen Response Elements (EREs) found in the promoter regions of 

target genes [39]. This interaction allows for the recruitment or stimulation of the coactivator 

or corepressor proteins, which regulates transcriptional action. Through this genomic network, 

ERs control a vast array of genes which take part in cell cycle regulation, apoptosis suppression, 

and tissue remodelling [40]. 

In addition to this basic genomic method, ERs have non-genomic effectiveness via activating 

numerous kinase cascades, including the MAPK/ERK and PI3K/AKT pathways. These 

membrane-initiated signalling events do not walk down the lane of directly affecting gene 

expression, but instead form the basis of fast cellular responses such as calcium influx, 

cytoskeletal remodelling, and kinase activation. These fast effects play primary or principal 

roles in procedures such as vascular tone control, insulin sensitivity, and immunological 

modulation [41]. 

Estrogen receptors are vital in many physiological processes. In the reproductive system, ERs 

tend to control the menstrual cycle, endometrial thickness, and ovulation. They also reassure 

the growth of mammary glands, particularly the ductal system, throughout puberty and 

pregnancy. In the skeletal system, ERs are known to put a limit on bone resorption and promote 

checkpoint 

inhibitors. 

Apoptosis 

Regulation 

BCL-2, BAX, 

Caspases 

Regulates 

programmed 

cell death. 

BCL-2 is often 

downregulated; 

faulty 

apoptosis leads 

to treatment 

resistance. 

[38] 
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bone growth, lowering the risk of osteoporosis. In the cardiovascular system, ERs help in 

endothelial function, lipid control, and vasodilation. Furthermore, ERs in the central nervous 

system stimulate cognitive performance, mood modulation, and neuroprotection, which tones 

down the risk of age-related neurodegenerative disorders [42]. 

The scientific importance of estrogen receptors is especially evident in breast cancer. 

Approximately 70% of breast cancers are ER-positive, which tends to explain that they are 

dependent on estrogen signalling for progression and survival. These malignancies frequently 

have better prognoses and are susceptible, in an increased manner to endocrine therapy 

including selective estrogen receptor modulators (SERMs, such as tamoxifen), aromatase 

inhibitors, and selective estrogen receptor degraders (SERDs) [43]. ER expression thus 

provides an important indication for breast cancer diagnosis, prognosis, and therapy planning. 

 

PROGESTERONE RECEPTORS : 

Progesterone receptors (PRs) are the nuclear hormone receptors that perform the function to 

control the actions of the steroid hormone, ‘progesterone’. They play significant roles in 

reproductive physiology, immunological regulation, and cancer formation. PRs are 

characterized into two isoforms, PR-A and PR-B, which have unique but somewhat 

overlapping functionalities in several organs. PRs have critical roles in the female reproductive 

system, which tends to support ovulation, implantation, and pregnancy maintenance. They 

influence gene expression in endometrial cells, which encourages differentiation and prepares 

the uterus for embryo implantation [44]. During pregnancy, PR signalling activity aids to build 

ducts and alveoli in the mammary glands [45]. PRs also control hypothalamic-pituitary 

signalling and behavioural response [46]. Beyond reproductive functions, PRs have 

immunomodulatory properties, such as reducing inflammatory responses during pregnancy to 

increase fetal tolerance [47]. Moreover, abnormal PR signalling is connected to hormone-

driven malignancies, notably breast and endometrial cancers, where PRs shed light on tumor 

proliferation and differentiation [48]. Understanding, those, many roles of progesterone 

receptors is significant for treatment methods directing reproductive diseases and hormone-

related cancers. 

 

2.3 Human epidermal growth factor receptor 2 (HER2) 

HER2 (also called as ERBB2) is a receptor tyrosine kinase in the ErbB family that controls cell 

proliferation, differentiation, and survival. HER2, contrasting other ErbB receptors, has a 

documented ligand but serves as a preferred dimerization partner for other family members 

such as EGFR (ERBB1), HER3 (ERBB3), and HER4 (ERBB4), which subsequently boosts 

downstream signalling cascades [49]. When HER2 dimerizes, it promotes a number of critical 

signalling procedures, including the PI3K/AKT and MAPK/ERK pathways, which control 

cellular proliferation, metabolism, and apoptosis [50]. Overexpression or gene amplification of 

HER2 is seen in 15-20% of breast tumors and is linked to aggressive tumor behaviour and 

deprived clinical outcomes [51]. 

In addition to breast cancer, HER2 dysregulation has been reported in gastric, ovarian, and lung 

malignancies, and is recurrently associated with a poor prognosis [52]. HER2's oncogenic 
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functionality has made it an important therapeutic mark; the introduction of anti-HER2 

treatments such as trastuzumab and pertuzumab has intensely improved survival in HER2-

positive tumors. Furthermore, HER2 signalling can modify the tumor microenvironment by 

leading down the lane to increase the angiogenesis and regulating immune cell infiltration, 

which hence, contributes to tumor growth [53]. 

 

2.4 Poly {(ADP ribose) polymerase 1} (PARP1)  

PARP1 (poly(ADP-ribose) polymerase 1) is a nuclear enzyme that functions to detect and 

repair DNA damage. It is essential, and follows through the mechanism of the base excision 

repair (BER) pathway, identifying DNA single-strand breaks and promoting or stimulating 

repair by recruiting other repair proteins [54]. When PARP1 perceives DNA damage, it 

catalyzes the attachment of ADP-ribose polymers (PARylation) to itself and other nuclear 

proteins, fluctuating chromatin structure and dropping access to repair machinery [55]. 

Beyond DNA repair, PARP1 even affects transcription and chromatin remodelling by working 

out its interaction with transcription factors and histones, hence, consequently altering gene 

expression, specifically in response to stress signals [56]. PARP1 is also caught up in 

programmed cell death; with severe DNA damage, heightened PARP1 activation causes NAD+ 

and ATP depletion, resulting in parthanatos [57]. PARP1 is however, commonly or frequently 

overexpressed in cancer and hence backs tumor survival, particularly in those cells which  

represent homologous recombination repair imperfections (e.g., BRCA1/2 mutations). This has 

resulted in the construction of PARP inhibitors (PARPi), which use artificial lethality to 

function selectively and apply it to terminate cancer cells [58]. 

PARP1 also regulates inflammatory and immunological responses by bringing essential 

emendations to cytokine production and NF-κB signalling pathways [59]. Thus, PARP1 is 

known as a multifunctional protein that works to maintain genomic integrity, regulate cell 

destiny, and serve as a therapeutic treatment target in relevance to cancer and inflammation. 

     

    Figure 1 : Mechanism of action of PARP1 in repairing the DNA damage 



9 
 

2.5 Impact of Triple negative breast cancer on the aforementioned receptors and the onset 

of PARP1 enzyme 

1) Estrogen Receptors (ERs) are normally the main way cells control gene use in response to 

estrogen. They also help cells in the breast grow and change. But in TNBC cells do not have 

ER so are not able to use hormone drugs like tamoxifen or aromatase inhibitors that go after 

this way. Cells are also not under hormone control and this is part of the reason these cells grow 

quickly and are more likely to spread [60]. 

2) Progesteron Receptors (PRs) are changed by estrogen. They are usually a sign that the ER 

pathway is working. But in TNBC cells do not have ER and PR so they do not have any of the 

ER or PR transcription parts, and this is why they are not likely to be help with hormone drugs. 

PR is also a sign that these cells are more like stem cells and can change to other types of cells, 

which makes it easier for them to spread [61]. 

3) HER2 (Human Epidermal Growth Factor Receptor 2) is a receptor tyrosine kinase that 

promotes cell growth and survival via the PI3K/AKT and MAPK pathways. In TNBC, HER2 

is not overexpressed or amplified, which excludes the use of anti-HER2 targeted therapies (e.g., 

trastuzumab). The absence of HER2 is partly why TNBC has limited targeted treatment options 

and a poorer prognosis compared to HER2-positive subtypes [62] 

4) PARP1 (Poly ADP-Ribose Polymerase 1) is a nuclear enzyme crucial for repairing single-

strand DNA breaks (SSBs) through the base excision repair (BER) pathway. When SSBs occur, 

PARP1 detects the damage, binds to DNA, and catalyzes the addition of poly-ADP-ribose 

(PAR) chains, thereby recruiting other DNA repair proteins to the site of damage [63] 

In cells that can do HR well, if you stop PARP1 and SSBs stay in DNA when it is being copied, 

the DSB that are made can be fixed by HRR well. But, when you take away PARP1 in TNBC 

cells that can’t do HR, the DSB are not fixed well because of HRD that was caused by changes 

in BRCA1/2. The DSB that are made cause big problems in cell make up, need more copying, 

and lead to cell death. This happens a lot when you treat these cells with PARP1 [64]. 

This plan for treatment uses the idea of synthetically slaying, where the mix of PARP1 and 

HRD kills cells, but if you only have one of those it wouldn’t kill cells [65] 

 

2.6 Niraparib as a potential PARP1 inhibitor 

Niraparib is a strong and focused pill that blocks the action of poly(ADP-ribose) polymerase  

(PARP1), the enzymes that help to fix single-strand DNA breaks. They do this though the base 

excision repair (BER) pathway. Its main hope as a drug is based on the idea of synthetic 

lethality, where stopping PARP1 in cancer cells with bad homologous recombination repair 

(HRR) such those with BRCA1/2 mutations causes the build-up of DNA damage that isn’t 

fixed. This finally kills those cells. Niraparib has shown great power in HR-deficient cancers, 

including triple-negative breast cancer (TNBC). These cancers often have BRCA1 loss or 

HRD. Other trials, like the PRIMA trial, have shown that niraparib can greatly lengthen the 

time people with platinum-sensitive ovarian cancer go without their cancer getting worse. This 

was especially true for people with HRD-positive tumors [66]. 
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Additionally, Niraparib, when combined with the immune checkpoint inhibitor 

pembrolizumab, yielded clinical benefit even in patients without BRCA mutations, 

highlighting its potential in broader TNBC subgroups [67] 

Although these encouraging results, Niraparib suffers some limitations in relation to its 

pharmacokinetic profile. The compound  shows binding energy which is lower, and thus it can 

change the interaction between the Niraparib and the PARP1 enzyme. With a lower released 

binding energy, the rate of reaction is changed and a weaker bond forms. This makes the 

therapeutic treatment quite weak. The lipophilicity of Niraparib is also low, which makes it 

hard for it to get into the cell, through the phospholipid bilayer, making it hard to deliver the 

drug. These limitations here, hence, lay the foundation stone for the need to find or make other 

compounds which have better pharmacokinetic properties, while still keeping the good 

properties of Niraparib. 

2.7  Virtual screening and molecular docking in drug discovery 

Traditional ways to find new drugs are slow, costly, and often fail. But, new ways that use 

computers, called molecular docking and virtual screening, have become very important parts 

of making drugs today [68]. Virtual screening is a way to look at many thousands of chemicals 

fast. It helps find the ones that might stick to a certain biological target. These fast computer 

checks make it quicker and easier to find possible drug compounds, and it cuts down on the 

many lab tests that would be needed [69]. 

Both, the approach based on ligand and the structure-based virtual screening approach, are 

often used, the latter predicts favourable binding interactions on the basis of analysis of target 

protein's three-dimensional structure. Molecular docking is a significant and important tool for 

structure-based virtual screening. Its goal is to assess the complex's binding affinity and predict 

the preferred orientation of a small molecule when attached to a protein target [70]. Algorithms 

predicated on docking insert the ligand within the target protein's active site and evaluate 

binding modes by using scoring techniques that consider features such as hydrogen bonding, 

hydrophobic interactions, electrostatic complementarity, and steric fit [71]. The determination 

of the specific binding pocket or active site on the target protein is critical to the accuracy of 

docking investigations. Active site prediction systems, such as Biodiscovery Studio were 

developed to assist researchers in identifying potential ligand-binding sites based on structural 

features &pocket shape [72] 

These strategies work by placing the docking on places that matter in the body. This way virtual 

screening will work better and be more dependable. Today, docking and virtual screening are 

much better and used a lot because the algorithms are more complex, and we have more power 

to do the work. Many drugs that might work have been found or made with these methods. 

Therefore, these methods are very important in the first part of making drug. [73].Structure 

based virtual screening of key targets like PARP1 can be very good in finding new small drugs 

that can stop the enzyme. This will kill the cancer cells. Predicting where to find the drug, 

docking of the drug with the target, and testing how the drug will act in the body work as a 

team to give good options for tests that follow. 
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    Figure 2 : Flowchart showing Overall steps involving molecular docking 

 

 

2.8 Application of zinc database in drug discovery 

Access to large and diverse chemical libraries is typically required for the synthesis of novel 

bioactive molecules. The ZINC database ("ZINC Is Not Commercial") is a popular tool for 

virtual screening in drug development programs [74]. It provides a free, carefully curated 

range of commercially available chemicals designed specifically for use in silico screening. 

ZINC includes millions of chemicals in ready-to-dock 3D formats, allowing researchers to 

rapidly screen biological targets utilizing structure-based virtual screening. Each molecule is 

tailored for docking by ensuring correct protonation states, tautomers, and 3- Dimensional 

conformations during physiological conditions [75]. The database is an effective tool for lead 

finding and optimization, since it is regularly updated to reflect the availability of compounds 

from various producers. ZINC's extensive filtration capabilities are one of its central 

advantages. Researchers can customize compound subsets based on molecular 

weight,Lipophilicity (LogP), the number of rotatable bonds, and sticking to drug-likeness 

guidelines such as Lipinski's Rule of Five [76] were used to help find compounds with good 

pharmacokinetic properties before docking. Virtual screening of compounds based on their 

shape with ZINC compounds had aided in the finding of molecules or compounds that had a 

high affinity while binding with PARP1. Researchers can identify compounds from the ZINC 

database for further biological testing by using a combination of molecular docking, 

ADME/Tox profiling, and active site prediction methods. In this way, they will be able to find 

small compounds that bind better to PARP1.The current work used a computer based plan to 

look through the ZINC database. Computer studies of how molecules sit on each other and 

studies of how drugs work in the body found a new chemical called 4-[4-(4-

Hydroxybenzoyl)piperidine-1-carbonyl]-2-phenylphthalazin-1-one. It had better scores when 
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sitting on a molecule and better quality for use as a drug than the first chemical, Niraparib. 

Using the ZINC database shows how tools that use computers can speed up how we find new 

drugs in early stages and add to the number of possible molecules for hard to treat targets like 

PARP1. 

 

 

2.9 ADME profiling during drug development 

Earlier examination and inspection of candidate molecules' pharmacokinetic characteristics, 

abbreviated ADME (Absorption, Distribution, Metabolism, and Excretion), lays down the 

foundation of modern drug development [77].  

A molecule's ability to pass through the biological membranes (lipid membranes) and reach the 

systemic blood circulation following oral ingestion is administered by its absorption profile. 

Molecular weight, hydrogen bonding ability, lipophilicity (LogP), and the polar surface area, 

all have an effect on gastrointestinal absorption and bioavailability [78]. Metabolism influences 

the chemical stability and susceptibility, that a molecule exhibits towards biotransformation, 

by hepatic enzymes such as cytochrome P450 isoforms. Unfavourable metabolic profiles may 

cause rapid clearance, establishment of toxic metabolites, or drug-drug interactions [79].  

Excretion functions towards medication clearance from the body and determine toxicity 

profiles and dose regimens, typically via the renal or biliary systems. SwissADME and other 

in silico ADME prediction methods are in modern world, becoming critical in early-stage drug 

development. SwissADME through its comprehensive working model, provides a rapid and 

comprehensive assessment of bioavailability scores, drug-likeness using Lipinski's Rule of 

Five, and pharmacokinetic features [80].  

Using such platforms, researchers may hence choose the compounds, which can be novel and 

having favourable ADME profiles prior to the validation based on experiments, boosting the 

efficiency and success rate of drug discovery inventiveness. In the current work, candidate 

molecules from the ZINC subset were filtered by SwissADME to find compounds with the 

ideal physicochemical attributes favourable to drug development. The parameters studied were 

molecular weights between 250 and 500 Da, LogP values within the ranges which are 

acceptable, minimum hydrogen bond donors and acceptors, and adherence to the Lipinski's 

criterion.  

This technique assured that the chosen compounds, including the new chemical discovered, 

had not only a high binding affinity for bonding with the PARP1 protein, but also favourable 

pharmacokinetic properties suited for possible therapeutic practice in Triple Negative Breast 

Cancer. 
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CHAPTER 2 

METHODOLOGY 

 

3.1 Selection of protein parp1 & ligand molecules 

Information, that which target protein and reference molecule, one is going to work on, is 

obtained by reviewing the literature. Initially, the literature was collected with the help of some 

comprehensive webservers like PubMed (https://pubmed.ncbi.nlm.nih.gov/) & Google Scholar 

(https://scholar.google.com/). The DNA repairing polymerase enzyme PARP1, was selected as 

the therapeutic target based on its central role in undoing the damage done to the DNA in 

cancerous cells. Swisssimilarity search (http://www.swisssimilarity.ch/) is used to collect all 

the compounds that are similar to Niraparib from the ZINC database 

(https://zinc.docking.org/), specifically from the ZINC drug like subset. The ZINC database is 

mainly used for virtual screening. The database produced a list of 400 compounds, which were 

further filtered using parameters such as medicine bioavailability and the Lipinski rule of five. 

After applying the filter, we got 13 molecules. These compounds have substantial structural 

similarities with Niraparib. 

 

3.2 Retrieval of target protein and ligand 

The three-dimensional crystal structure of human PARP1 was obtained from the Protein Data 
Bank in .pdb format. The structure was hence visualized and checked for its completeness with 
the BIOVIA Discovery Studio Visualizer. The 3D structures of the ligands were acquired from 
PubChem in the SDF format. (https://pubchem.ncbi.nlm.nih.gov/). 

 

3.3 Protein & ligand preparations 

Protein is prepared using BIOVIA Discovery Studio , which removes water, heteroatoms and 

adds Kollman charges. Only hydrogen atoms are then added to the polar. The .pdbqt format is 

used to store the protein structure. All ligand molecules in .sdf format were converted into.pdb 

format using Open Babel in order to perform docking within PyRx. Open Babel in PyRx adds 

polar hydrogen, computes gasteiger charges, combines non-polar hydrogen and minimizes all. 

The receptor and ligand grid map has been created with the following dimensions, x = 25; y = 

25; z = 25)and the center :( x = -32.60; y = 21.38; z = 1.8) 

3.4 Active site prediction: 

Identifying the active site of a protein is critical for understanding molecular interactions since 

it plays an important role in the protein's activity. Accurate prediction of these binding sites 

facilitates more efficient drug creation by directing the selection of prospective ligands that can 

interact with the protein's active site. There are numerous computational methodologies and 

tools available for predicting these binding locations. 

 

The BIOVIA Discovery Studio was used to determine the likely active site residues of the 

PARP1 protein. The PDB structure was uploaded, and the highest-ranked binding pocket based 

on ligandability score was chosen for molecular docking. Predicted residues were identified 

and compared to ligand binding residues after docking to validate particular interactions. 

https://pubmed.ncbi.nlm.nih.gov/
https://scholar.google.com/
https://pubchem.ncbi.nlm.nih.gov/
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3.5 Molecular docking 

A computer method called molecular docking estimates how effectively ligands will bind to 

receptor proteins. The services of AutoDock Vina embedded with the PyRx virtual screen tool 

were used to perform molecular docking. PyRx integrates with open-source software like 

AutoDock and AutoDock Vina to perform molecular docking, predicting how well small 

molecules might bind to a target protein. It's designed to help identify potential drug candidates 

by screening libraries of molecules against target proteins. It has many advantages, for eg. 

being open source, supporting multiple platforms etc. 

Docking simulations have been run using the tool, and the progress is monitored. PyRx 

provides tools to analyze the docking scores, which indicates the binding affinity of the ligands 

to the protein. Docking scores were analysed and the best molecules with the highest binding 

affinity were determined. 

3.6 Protein-ligand interactions analysis 

After the docking process was completed, all of the target-ligand interaction structures were 

captured in the out. pdbqt file and converted to PDB format. To evaluate every encounter, 

BIOVIA Discovery Studio (version v25.1.0.24284) was utilized. 

 

3.7 Pharmacokinetic and toxicity prediction (ADME/pkCSM) 

SwissADME (http://www.swissadme.ch/), an open-access online software, was used for 

analyzing pharmacokinetic properties of compounds. ADME analysis is used for each of the 

13 drug compounds that were selected from 400 drug candidate. The main criteria used in the 

evaluation was water solubility, lipophilicity, high GI absorption, violations of Lipinski's Rule, 

and bioavailability.  

Toxicity profiling was conducted using pkCSM, focussing on hepatotoxicity, carcinogenicity, 

and LD₅₀ class prediction to assess safety and tolerability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.swissadme.ch/
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Table 2: List of common tools used in Virtual Screening and Molecular Docking in Drug 

Discovery 

 

 

Category Tools/Database Function Link 

Compound 

Libraries 

ZINC Database of 

purchasable 

compounds for virtual 

screening 

https://zinc.docking.org 

 DrugBank Drug information & 

repurposing database 

https://go.drugbank .com 

 PubChem  

Public database of 

chemical molecules 

https://pubchem.ncbi 

.nlm.nih.gov 

Ligand 

Preparation 

Open Babel Format conversion 

and molecule 

optimization 

https://openbabel.org 

Protein 

Preparation 

Pymol Visualization and 

ligand manipulation 

https://pymol.org 

 AutoDock4 Flexible docking of 

ligands into target 

proteins 

https://autodock.scripps.edu/

download-autodock4/ 

Active site 

prediction 

Ft server Predicts 

active/binding sites on 

proteins 

https://ftsite.bu.edu/cite 

 PrankWeb Predicts 

active/binding sites on 

proteins 

https://prankweb.cz 

Molecular 

Docking 

AutoDock Flexible docking of 

ligands into target 

proteins 

https://autodock.scripps.edu/

download-autodock4/ 

 AutoDock Vina Docking of ligands 

into target proteins 

https://vina.scripps.edu/dow

nloads/ 

Visualization & 

analysis 

Discovery Studio 

visualizer 

Ligand-protein 

interaction 

visualization 

https://discover.3ds.com/dis

covery-studio-visualizer-

download 

 Chimera Protein/ligand 

complex rendering 

and RMSD 

https://www.cgl.ucsf 

.edu/chimera 

Pharmacokineti

cs & 

Toxicology 

Prediction 

SwissADME Predicts drug-likeness, 

GI absorption, BBB, 

etc. 

http://www.swissadme .ch 

 pkCSM In silico toxicity 

profiling 

http://biosig.unimelb 

.edu.au/pkcsm 

 Pro Tox Predicts ADME/Tox 

using graph-based 

signatures 

https://tox.charite.de/protox

3/ 
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CHAPTER – 4 

RESULT 

 

4.1 Molecular docking result 

The molecular docking analysis revealed notable variation in binding affinities among the 13 

screened compounds when docked against the PARP1 protein. Niraparib, the reference 

compound, showed a binding energy of -9.5 kcal/mol.  

Upon comparison, several structurally similar compounds demonstrated stronger predicted 

affinities, with binding energies reaching as high as -11.8 kcal/mol. The lower side depicted a 

release of 9.8 kcal/mol, upon bonding. This range of -9.8 to -11.8 was represented by the top 3 

compounds out of the 13 compounds which were filtered on the basis of pharmacokinetic 

profiling. Such differences developed in docking scores suggest enhanced ligand–receptor 

interactions for selected candidates over the reference drug. 

The compounds screened were structural analogs of Niraparib selected based on their drug-

likeness and potential to target PARP1. All ligands were docked into the top-ranked active site 

pocket identified through Biodiscovery Studio, ensuring biological relevance of the docking 

site. 

The docking results, summarized in Table X, present each ligand’s PubChem ID, chemical 

formula, and its corresponding released binding energy. Notably, several candidate molecules 

exhibited binding energies more favourable than Niraparib, suggesting enhanced interaction 

with the PARP1 binding pocket. The ZINC-screened compounds ID 24615465, ID 16378513 

and ID 132358455 exhibited binding energies of -11.8 kcal/mol, -10.7 kcal/mol and -9.8 

kcal/mol respectively, indicating stronger thermodynamic stability within the PARP1 active 

site. These findings offer a strong basis for subsequent analysis of pharmacokinetic properties, 

toxicity, and molecular interaction profiles to identify promising therapeutic leads. 

The compound, with Pubchem ID 24615465, exhibited maximum release of binding energy 

when it docked over the PARP1 enzyme. This consequently tells that the mentioned molecule 

reacts significantly better in comparison to the reference molecule Niraparib. The mentioned 

compound not only represents a better binding affinity, but also a higher lipophilicity, which 

increases its chances to enter the intracellular matrix via the phospholipid bilayer. The 

compound also does not violate the Lipinski’s rule of five. However, the solubility of this 

compounds is less, as compared to Niraparib, which can make it quite difficult to enter the 

category of a good drug. But, with the help of further research, the solubility of this compound 

can be improved. With the addition of polar groups (eg. hydroxyl groups), shortening or 

removal of non polar groups or transforming the compound into a salt (by interaction with 

acidic or basic groups upon the compound), and many other methods can be opted to enhance 

the solubility of the compound. If we also take into account, the enhancement of the solubility, 

4-[4-(4-Hydroxybenzoyl)piperidine-1-carbonyl]-2-phenylphthalazin-1-one, can be a far better 

drug, to act as an anticancer agent. 
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Table 3: Top three compounds along with pub chem IDs, binding energy, interacting residues 

(amino acid ) and other possible interactions. (N=number of hydrogen bonds) 

 

Compound Name 

 

Pub Chem ID 
Chemical 

formula 

 

Binding energy 

 

3-[1-(4-pyrazol-1-

ylbenzoyl)piperidin-4-yl]-

1H-benzimidazol-2-one 

 

 

16378513 

 

C22H21N5O2 

 

-10.7 Kcal/mol 

 

4-[4-(4-

Hydroxybenzoyl)piperidine-

1-carbonyl]-2-

phenylphthalazin-1-one 

 

 

24615465 

 

C27H23N3O4 

 

-11.8 Kcal/mol 

 

N-[(1-methylpyrazol-4-

yl)methyl]-4-(1H-

pyrrolo[2,3-b]pyridin-3-

yl)piperidine-1-

carboxamide 

 

      132358455 

 

 

 

C18H22N6O 

 

-9.8 Kcal/mol 

 

  

                     16378153                               24615465                               132358455 

 

Figure 3 : Structures of the top three compounds along with pub chem IDs, which represented 

binding energies, higher than NIRAPARIB (reference molecule) 
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Table 4: Representation of the top 3 compounds with Binding energies along with their 

interacting residues 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.1 Ranked Compounds Based on Binding Affinity 

Out of a total of 13 compounds docked against the PARP1 protein, the top three molecules 

exhibiting the most favourable binding affinities were shortlisted based on their docking 

scores. The three compounds are depicted in the aforementioned tabulation. Out of these 

compounds, the one representing PubChem Id  24615465, is selected for further analysis due 

to its significantly higher binding energy, as compared to the reference drug, Niraparib 

(PubChem Id: 24958200), which recorded a binding energy of -11.5 kcal/mol. 

 

 

Figure 4 : Interaction of 4-[4-(4-Hydroxybenzoyl)piperidine-1-carbonyl]-2 phenylphthalazin-1-one (24615465) 

with PARP1 protein 

 

 
 PubChem 

ID of 
compound 

 
Binding 

energy in 
Kcal/mol 

 

Interacting Residues 

 

16378513 

 

-10.7 

 

TYR907, HIS 862 SER864, LEU769, 
ARG878, ASP766, ALA880 

 

24615465 

 

-11.8  

 

ASP766, ASN868, ASP770, TYR907, 
TYR896 

132358455 

 
 

 

    -9.8  

 

ALA762, TYR889, GLN759, GLU763, 
LYS903, ALA898, TYR 896, SER904, 

TYR907, HIS862, GLY863 
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Figure 5 : Interaction of 3-[1-(4-pyrazol-1-ylbenzoyl)piperidin-4-yl]-1H-benzimidazol-2-one (16378513) with 

PARP1 target protein 

 

 

 

 

 

 

 

Figure 6 : Interaction of N-[(1-methylpyrazol-4-yl)methyl]-4-(1H-pyrrolo[2,3-b]pyridin-3-yl)piperidine-1-

carboxamide (132358455) with PARP1 target protein 
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4.2 ADME prediction results 

The pharmacokinetic profiles of both the reference compound (Niraparib) and the novel 

compound (Pubchem ID : 24615465) which shows highest negative binding energy were 

evaluated using the SwissADME web server. Parameters assessed included Lipinski’s Rule of 

Five compliance, gastrointestinal (GI) absorption, bioavailability score, lipophilicity and 

other key physicochemical properties relevant to drug-likeness. 

 

4.2.1 Lipinski’s Rule of Five: 

Both compounds complied with Lipinski’s criteria, indicating good oral bioavailability 

potential. No violations were observed for molecular weight, LogP, hydrogen bond donors, or 

hydrogen bond acceptors in either molecule. 

 

4.2.2 Lipophilicity 

The novel compound, showed an improved lipophilicity, as compared to the reference 

Niraparib. This means that the novel drug can be introduced into the intracellular matrix more 

easily in comparison to, Niraparib. 

 

4.2.3 Bioavailability Score: 

A moderate bioavailability score of 0.55 was demonstrated by both drugs, indicating the 

possibility of systemic exposure with the right formulation techniques. 

 

4.2.4 Other Properties: 

The solubility of the compound is somewhat lesser, as compared to the Niraparib, but with 

the aid of further research, and enhancing the solubility of the novel compound, with several 

methods, the novel compound can be a fantastic anticancer drug 

 

4.2.5 Interpretation: 

Overall, the compound outperformed Niraparib in terms of pharmacokinetic properties, 

especially when it came to lipophilicity. Its suitability as an anticancer drug that targets the 

PARP1 enzyme to prevent DNA repair in cancerous cells is improved by these characteristics. 
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Table 5: Represent the ADME analysis using SwissADME 

 

 

 

  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Property Niraparib (Ref. Drug) PUBCHEM ID 

24615465 

Lipinski’s Rule of five 0 0 

GI absorption High High 

Lipophilicity Low High 

Bioavailability score 0.55 0.55 

Drug-likeness Good Good 

Water solubility Moderate Low 
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CONCLUSION & DISCUSSION 

 

Triple-negative breast cancer (TNBC) continues to pose significant clinical challenges due to 

its aggressive behaviour, limited treatment options, and poor prognosis. Unlike other breast 

cancer subtypes, TNBC lacks the key therapeutic targets—ER, PR, and HER2—that guide 

hormonal or targeted therapies. 

Its aggressive nature, high recurrence rates, and limited treatment options underscore the urgent 

need for precision medicine approaches. While chemotherapy remains the current standard of 

care, advances in genomics have begun to reveal exploitable vulnerabilities, such as DNA 

repair deficiencies and immune evasion mechanism. 

These insights are not only expanding our therapeutic arsenal—with agents like PARP 

inhibitors and immune checkpoint blockers, but also transforming our understanding of TNBC 

as a dynamic and adaptable cancer subtype 

The thesis work mentions the use of a scheme to find new analogs of Niraparib that we could 

use in the real world, and that could be both safer and have different, but not worse, effects. 

From SwissSimilarity, we looked through a library of 400 drug-like (or similar) compounds, 

then filtered on their drug-like and pharmacokinetic effects to meet the rules of SwissADME 

This high-throughput screen whittled the list down to just 13 compounds on the list based on 

Lipinski’s Rule of five rule, high safe use (GIA) and the right set of solubility rules. The abstract 

filters made sure that only drugs that had a good chance of being used as oral drugs and that 

looked like they might work as a drug were considered for the next round of research. 

The next step used AutoDock Vina in the PyRx box to do the work of binding the best drugs 

onto the shape of the 3D form of human PARP1. The goal was to see how well each of the 

candidate drugs fit in the Sandwich Binding Site. As a group, five of the drugs that were looked 

at (PubChem IDs: 16378513, 24615465 and 132358455) fit in the site better than Niraparib 

did, hence representing higher binding affinities (from -9.6 Kcal/mol to -11.8 Kcal/mol) 

The molecules had stepped on to key bodies that hold the PARP1 back. We saw by the use of 

visuals that the drugs cased the molecules very deep in the PARP1 site leading to good bonds 

with other molecules like hydrogen, π–π and things that stick to each other. We used pkCSM 

and SwissADME to look at how these drugs could act in an animal’s body. These compounds 

could do a lot of good things in work and body. Only one drug (Pubchem ID 24615465) showed 

the best affinity of all three. It made the strongest bonds (-11.8 kcal/mol), and could go through 

a body with a quick tour around the blood train. 

Our results show how in silico models can be very useful for early drug research. These models 

let us test many new drugs fast and at low cost. We can do this before performing the more 

costly tests in lab and in animals. The good points of our work must be taken with caution. 

First, the estimates of count of bonds and ADMET points are only guesses. They need to be 

checked in the lab. Second, we did not look at what side effects can happen when new drugs 

work with the body. Third, though we looked at many similar drugs, there could be other drugs 

like these. Finally, things like how flexible the compound or cell is and how they work freely 

in the body are not taken into account. 
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As we look ahead, it is necessary to do real lab tests on the best compounds so that we can see 

how they stop PARP1 from working, if they go into the cell, and if they are safe. We should 

then use animal models to test how they can change behaviour, get into the body, and if there 

are any side effects. Also, using machine learning, there are QSAR models we could use in the 

future to predict how active they might be over more compounds. 

In the end, this work points to find good Niraparib-like compounds that might work better by 

binding to PARP1, and be easier on the body. Compound  (Pubchem ID 24615465) is strong 

candidate to move ahead as a new anticancer agent. This work gives a start for more lab work 

and shows how using computers for drug work can lead to a safer and better work on mental 

health drugs. 
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