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ABSTRACT 
In silico screening is the process of computer-simulated molecular design screening that aids in identifying structures 
most likely to bind to medication targets. Utilizing molecular docking techniques, it is possible to examine the interaction 
of design molecules at a target protein's binding site. After reading several studies on man-made pyrimidine derivatives 
that have anti-inflammatory properties, the pyrimidine nucleus was created to help the In silico anti-inflammatory study. 
Several pyrimidine compounds are docked with selected proteins FAAH (4DO3) using computational software in the 
current studies. In silico experiments (CB DOCK-2). Using protox-II software, the drug likeness (Lipinski's rule of 5) and 
prediction of toxicity are examined. We determine that the designed molecules follow Lipinski's rule of five since the 
properties of all the molecules are calculated, the characteristics of the designed derivatives are computed, and they are 
all within the limit. These molecules were also compared to the standard Epirazole, which had a docking score of -6.6, 
while the designed molecules had docking scores between -8.0 and -9.5 and acceptable pharmacokinetic properties, so it 
can be concluded that these molecules may have anti-inflammatory properties. 
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INTRODUCTION 
In both synthetic organic chemistry and pharmaceutical chemistry, pyrimidine derivatives constitute a 
significant and fascinating class of heterocyclic pharmaceuticals. Furthermore, because pyrimidine 
derivatives contain heterocycles in the RNA and/or DNA scafold, they have drawn more attention [1, 2]. 
The word "bioactive" refers to heterocyclic compounds with pyrimidine structures that have many 
biological effects, such as fighting tumors [5, 6], cell growth [3, 4], viruses [4, 6], inflammation [7], 
bacteria [8, 9], and tuberculosis [10]. Additionally, vitamins including thiamine, ribofavin, barbitone, and 
folic acid include the pyrimidine ring [10]. 
Pyrimidines are responsible for the synthesis of deoxyribonucleotides, which are part of the DNA 
structure. These nucleotide precursors' analogues have demonstrated antitumor action. Antimetabolic 
pyrimidine antineoplastic medications have well-established and strikingly comparable mechanisms of 
action [11]. When these chemicals get into cells through an enzyme-based process in the pyrimidine 
metabolic pathway, they make chemicals that are similar to biological nucleotides. In conclusion, the 
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metabolites produced by these activities may inhibit one or more of the enzymes involved in DNA 
synthesis. Apoptosis may be induced, and DNA damage may result from this [12]. 

 
Figure 1: Structure of Pyrimidine 

Besides being an important part of DNA and RNA, pyrimidine pharmacophores are also used in a lot of 
different ways in medicine and science, such as as antibiotics, antibacterials, heart drugs, agrochemicals, 
and animal products [13]. Researchers found that these derivatives can do many different things, such as 
stopping irregular heartbeats, blocking serotonin 5-HT6 receptors, reducing inflammation and pain, 
killing microbes, protecting against the H5N1 influenza virus, the HSV-1 herpes virus, the HAV hepatitis 
virus, and more (fig. 1). Pyrimidine analogs have previously been shown to be antagonists, anti-
conceptive, anti-parkinsonian, and platelet aggregation inhibitors [14]. 
Pyrimidines' strong biological activity has earned them a distinguished place in chemical and medicinal 
chemistry. Important biomolecules like DNA and medicines like rosuvastatin, fluorouracil, etravirine, 
risperidone, iclaprim, and avanafil have pyrimidine cores that make them up [15]. 
One of the most common types of drugs is nonsteroidal anti-inflammatory drugs (NSAIDs). They work by 
stopping the enzymes cyclooxygenase-1 (COX-1) and COX-2 from turning membrane-derived arachidonic 
acid into the prostaglandin endoperoxides PGG2 and PGH2. This reduces pain and inflammation. This 
process is the first step in making prostanoids, which are lipid messengers that cause inflammation and 
pain by turning on G protein-coupled receptors on the brain's surface and innate immune cells [16]. The 
integral membrane enzyme fatty acid amide hydrolase (FAAH) hydrolyzes the fatty acid amide class of 
lipid transmitters. Some of the substances that FAAH can bind to are oleamide, which is a sedative, 
anandamide, which is an endogenous cannabinoid, PEA, which is an anti-inflammatory, and OEA, which is 
a signal that you are full [17]. If FAAH is turned off chemically or by deleting the FAAH gene genetically, 
higher levels of fatty acid amides are produced. This has a number of behavioral effects, including pain 
relief, anxiety relief, antidepressant, sleep-improving, and anti-inflammatory phenotypes. The absence of 
the typical side effects of direct cannabinoid receptor 1 (CB1) agonists, like altered motility, weight gain, 
or body temperature, is noteworthy. It might be better to stop FAAH from working in order to get the 
therapeutically beneficial effects of activating the endocannabinoid system without the bad side effects 
that come with direct CB1 agonists [18, 19]. FAAH is a member of a large enzyme class called the amidase 
signature class. You can find these enzymes in all living things. They break down amide bonds on a variety 
of small molecules using a unique Ser-Ser-Lys catalytic triad [20]. 
Molecules are screened In silico using computer simulation to identify those with the highest likelihood of 
binding to therapeutic targets. It aids in purifying a vast chemical environment. Compared to high-
throughput screening, it is more affordable [21]. Molecular docking predicts the intermolecular complex 
that forms when a drug binds to a receptor or enzyme. This is a good way to figure out what biological 
activity the drug might have. Using scoring functions, it also determines the binding affinity and forecasts 
the intensity of the binding as well as the complex's energy [22]. 
It is the computer modeling of the composition of complexes made up of two or more molecules 
interacting. Three-dimensional structure prediction is the aim of molecular docking. Molecular docking 
aims to establish an ideal configuration and relative orientation for the protein and its ligand in order to 
minimize the overall free energy of the system. Molecular docking is an In silico technique that forecasts 
where tiny molecules or ligands will be located in the target protein's active site (receptor). It has now 
been widely utilized for virtual screening for the optimization of lead compounds [23, 24]. Primarily, it is 
employed to precisely estimate the bioaffinities and optimal binding modes of ligands to their respective 
receptors [25]. 
A valuable approach that may have a wide range of applications in the drug design process is the docking 
of diverse chemical entities that are therapeutically significant to the particular target sites. Knowledge of 
how to visualize binding geometries and interactions is essential for a complete understanding of the 
structural characteristics that affect how strongly a ligand binds to its receptor [26, 27]. 
An increasingly crucial tool for drug development is molecular docking. Utilized since the early 1980s, 
molecular docking has emerged as the prevailing methodology for structure-based drug design. The 
molecular docking method [27], which simulates the atomic-level interaction between a small molecule 
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and a protein, can help us understand basic biological processes by letting us know how tiny molecules 
behave in the binding site of target proteins. 
In order for molecular docking to work in real life, you need a way to prepare the ligand as a PDB file and 
a protein data library with information about the target in the right PDB format. This objective can be 
achieved through the utilization of diverse software applications (e.g., Discovery Studio), which enable 
the creation of ligands in PDB format. These instruments categorize ligands based on their affinity for 
particular target proteins or DNA [28]. Small-molecule molecular docking involves picking out a set 
number of possible ligand shapes to fit into a certain target groove in order to find the best shape for the 
complex. Implementing a software scoring function may facilitate this. Spectroscopic methods like 
nuclear magnetic resonance (NMR), X-ray crystallography, and infrared spectroscopy [29] are used to 
figure out and look at the three-dimensional structures of biomolecular targets or organic molecules. 
Therefore, the approximation of the structures of proteins with high sequence homology to known 
structures is possible via homology modeling. This provides an alternative approach to target structure 
establishment, which forms the foundation of In silico drug discovery [30]. 
 
MATERIAL AND METHODS 
Ligand selection: 
Based on a literature review, we learned that the pyrimidine pharmacophore is quite significant and has a 
variety of functions; we chose it for its anti-inflammatory properties. We chose this moiety for In silico 
studies since there are numerous synthesized compounds or derivatives of pyrimidine that we are 
learning about from literature surveys, and further remaining molecules were designed [31]. 
Protein selection: 
Fatty acid amide hydrolase (FAAH) is an enzyme that hydrolyzes the endocannabinoidanandamide [32]. 
Epirazole inhibits fatty acid amide hydrolase (FAAH), an enzyme that facilitates the intracellular 
hydrolysis of the endocannabinoidanandamide, in a highly effective and selective manner. Notably, 
epirazole (Figure 2) selectively stops anandamide oxidation without affecting carrier-mediated uptake. 
This causes neurons to store more unmetabolizedanandamide, which eventually causes it to leave the 
cells. Therefore, a significant obstacle for future study is the creation of effective and focused reversible 
FAAH inhibitors [33, 34]. 

 
Figure 2: Structure of Epirazole 

The structure of FAAH with a non-steroidal anti-inflammatory drug (4DO3) was selected for the Insilco 
study. 
Molecular Docking: 
The CB DOCK-II software was used to perform the molecular docking experiments involving the chosen 
ligands. Protein Preparation Wizard was utilized to establish the chosen receptors. The FAAH enzyme and 
receptor proteins (4DO3) crystal structures were obtained from the Protein Data Bank. During 
preprocessing, the protein structure was charged up and water molecules were taken out, except for 
those in the active site. ChemDraw software served as a representation of molecular structures. With the 
aid of the Ligand preparation assistant application, the ligands were generated. The YASARA2 force field 
was implemented with the objective of reducing compound geometries and protein structures. Ligand 
docking was accomplished through the creation of a receptor matrix [35]. 
ADME properties: 
ADME properties contribute significantly to the transformation of a potent lead molecule into a drug. For 
the lead molecule to be utilized effectively in humans, its absorption, distribution, metabolism, and 
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excretion parameters must be fully comprehended. Thus, the ADME properties of specific molecules were 
predicted using the freely accessible online application Protox-II. Properties like mass, log P, hydrogen 
bond donar, and hydrogen bond acceptor (Lipinski’s Rule of Five) were predicted [36]. 
Toxicity studies: 
The Protox-II server has been used for predicting the ligands' toxicological end points and organ toxicity, 
as well as their LD50. Utilizing the compound names, an integrated PubChem search 
(https://pubchem.ncbi.nlm.nih.gov/) was conducted to identify chemical structures. The web server 
computed the acute toxicity and toxicity targets after selecting the appropriate models. The toxicity 
prediction was predicated on six distinct targets associated with adverse drug reactions. The compounds' 
carcinogenicity, hepatotoxicity, immunotoxicity, mutagenicity, and cytotoxicity were assessed [37]. 
 
RESULT AND DISCUSSION 
The docking simulations showed how different parameters in the protein-ligand interaction profile are 
important. These parameters include lipophilic and hydrogen bonds, metal interactions, pi-pi 
interactions, and pi-cation interactions. Scoring functions are quick, approximative math methods used in 
computational chemistry and molecular modeling to guess how strong the non-covalent interactions will 
be between two molecules after they have docked. According to force fields based on molecular 
mechanics and physics, the docking score is the energy of the pose within the binding site. veral things 
are looked at, such as the solvent effect, changes in the shapes of proteins and ligands, the free energy that 
comes from the interaction between proteins and ligands, internal rotations, the association energy of 
ligands and receptors when they form a single complex, and the free energy that comes from changes in 
the vibrational mode. The specified molecules with protein docking scores have been identified (Figure 3 
and Table 1). 
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Figure 3: Design molecules for in silico study 

 
Table 1: ADME Properties and Affinity (Docking Score) of pyrimidine molecules 

Molecule 
Number 

Compound Number with IUPAC Name Mass Log 
P 

H Bond 
Donor 
(HBD) 

H Bond 
Acceptor 

(HBA) 

Affinity 

Standard 
1.  4-ethyl-2-(5-methoxy-3-methyl-1H-pyrazol-1-

yl)-6-methylpyrimidine 
234.25 1.3 0 19 -6.6 

Pyrimidine Derivatives 
1.  4,6-diphenylpyrimidin-2(1H)-one 248.28 

 
3.1 1 14 -9.2 

2.  6-(4-hydroxyphenyl)-4-phenylpyrimidin-
2(1H)-one 

264.24 2.81 2 15 -8.8 

3.  4-(2-hydroxyphenyl)-6-phenylpyrimidin-
2(1H)-one 

264.28 2.81 2 15 -8.7 

4.  4-(2-hydroxyphenyl)-6-(4-
hydroxyphenyl)pyrimidin-2(1H)-one 

280.28 2.52 3 16 -8.9 

5.  4-(4-hydroxyphenyl)-6-phenylpyrimidin-
2(1H)-one 

264.32 2.94 2 19 -9.1 

6.  4,6-bis(4-hydroxyphenyl)pyrimidin-2(1H)-
one 

280.28 2.52 3 16 -9.2 

7.  4-(3-nitrophenyl)-6-phenylpyrimidin-2(1H)- 293.28 3.54 1 15 -9.5 
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one 
8.  4-(4-nitrophenyl)-6-phenylpyrimidin-2(1H)-

one 
293.28 3.54 1 15 -9.2 

9.  6-(4-hydroxyphenyl)-4-(4-
nitrophenyl)pyrimidin-2(1H)-one 

309.28 3.24 2 16 -9.2 

10.  6-(4-hydroxyphenyl)-4-(3-
nitrophenyl)pyrimidin-2(1H)-one 

309.28 3.24 2 16 -9.4 

11.  4-(4-hydroxy-3-methoxyphenyl)-6-
phenylpyrimidin-2(1H)-one 

294.31 2.82 2 18 -8.0 

12.  4-(4-hydroxy-3-methoxyphenyl)-6-(4-
hydroxyphenyl)pyrimidin-2(1H)-one 

310.3 2.52 3 19 -8.4 

13.  4-(4-hydroxy-3-methoxyphenyl)-6-(2-
hydroxyphenyl)pyrimidin-2(1H)-one 

310.3 2.52 3 19 -8.6 

14.  4-(4-methoxyphenyl)-6-phenylpyrimidin-
2(1H)-one 

278.31 3.11 1 17 -8.6 

15.  6-(4-hydroxyphenyl)-4-(4-
methoxyphenyl)pyrimidin-2(1H)-one 

294.31 2.82 2 18 -8.9 

16.  6-(2-hydroxyphenyl)-4-(4-
methoxyphenyl)pyrimidin-2(1H)-one 

294.31 2.82 2 18 -8.4 

 
Table 2:Toxicity prediction of pyrimidine molecule 

Sr. No Molecule Hepatotoxicity Carcinogenicity Immuno-
toxicity 

Mutagenicity Cyto-toxicity 

Standard 
1 Epirazole 

(Standard) 
Inactive 
(0.56) 

Active 
(0.56) 

Inactive 
(0.98) 

Inactive 
(0.60) 

Inactive 
(0.85) 

Pyrimidine derivatives 
1 1 

 
Active 
( 0.59) 

Inactive 
(0.56) 

Inactive 
(0.97) 

Inactive 
(0.77) 

Inactive 
(0.86) 

2 2 Active 
(0.62) 

Inactive 
(0.55) 

Inactive 
(0.68) 

Inactive 
(0.75) 

Inactive 
(0.84) 

3 3 Active 
(0.59) 

Inactive 
(0.50) 

Inactive 
(0.89) 

Inactive 
(0.76) 

Inactive 
(0.94) 

4 4 Active 
(0.59) 

Active 
(0.50) 

Inactive 
(0.84) 

Inactive 
(0.78) 

Inactive 
(0.94) 

5 5 Inactive 
(0.54) 

Inactive 
(0.58) 

Inactive 
(0.99) 

Inactive 
(0.56) 

Inactive 
(0.69) 

6 6 Active 
(0.62) 

Inactive 
(0.52) 

Inactive 
(0.60) 

Inactive 
(0.76) 

Inactive 
(0.85) 

7 7 Active 
(0.58) 

Active 
(0.69) 

Inactive 
(0.88) 

Active 
(0.82) 

Inactive 
(0.61) 

8 8 Active 
(0.58) 

Active 
(0.59) 

Inactive 
(0.90) 

Active 
(0.82) 

Inactive 
(0.61) 

9 9 Active 
(0.57) 

Active 
(0.58) 

Inactive 
(0.76) 

Active 
(0.82) 

Inactive 
(0.62) 

10 10 Active 
(0.57) 

Active 
(0.58) 

Inactive 
(0.76) 

Active 
(0.82) 

Inactive 
(0.62) 

11 11 Active 
(0.58) 

Inactive 
(0.5) 

Inactive 
(0.55) 

Inactive 
(0.61) 

Inactive 
(0.92) 

12 12 Active 
(0.56) 

Inactive 
(0.52) 

Active 
(0.58) 

Inactive 
(0.62) 

Inactive 
(0.92) 

13 13 Active 
(0.55) 

Active 
(0.50) 

Active 
(0.87) 

Inactive 
(0.66) 

Inactive 
(0.95) 

14 14 Active 
(0.55) 

Active 
(0.51) 

Inactive 
(0.78) 

Inactive 
(0.61) 

Inactive 
(0.83) 

15 15 Active 
(0.59) 

Active 
(0.50) 

Inactive 
(0.55) 

Inactive 
(0.67) 

Inactive 
(0.83) 

16 16 Active 
(0.55) 

Active 
(0.52) 

Active 
(0.86) 

Inactive 
(0.69) 

Inactive 
(0.95) 

 
The docking score-determined design molecules of pyrimidine derivatives were subjected to a 
comprehensive discussion (Table 1). This discussion centered on their interaction with a specific protein 
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on the receptor. The 7th molecule, 4-(3-nitrophenyl)-6-phenylpyrimidin2(1H), had the best docking score 
(affinity) with the FAAH (4DO3) receptor, which is -9.5. This means that these molecules could be used 
for more in vitro studies. This molecule is also compared with the standard molecule epirazole, which is 
taken for comparison purposes; the docking score (affinity) of this molecule is -6.6. Also, the docking 
scores (Affinity) for the other designed molecules were between -8.0 and -9.5, which was a good range for 
standard Epirazole. The ligand molecule for the FAAH protein also had docking scores in this range. These 
all-designed molecules, which have an acceptable docking score, may have anti-inflammatory activity 
(Figure 4a, 4b, 5a and 5b). 
The compounds' excessively complex chemical and biological characteristics make it difficult to find new 
therapeutic candidates for additional lead optimization. Predicting the pharmacokinetic characteristics of 
drugs therefore becomes crucial.Table 1 lists the In silico study results for the pharmacokinetic 
characteristics of the chosen compounds with the corresponding receptors. Understanding a molecule's 
pharmacokinetic characteristics is crucial for improving one's chances of finding a new medicine. These 
characteristics, together with the appropriate ranges, have been determined. The range for molecular 
weight is 130–725 kDa, and volume is defined as the approximate number of hydrogen bonds that the 
solute from water will take (500–2000). There should be less than five and ten hydrogen bond donors 
and acceptors, respectively. The anticipated log p partition coefficient (range: -2.0 to 6.5) 
All the previously described features of the developed molecules fell within the acceptable criterion 
ranges, indicating appropriate pharmacokinetics. Compounds showed hydrogen bond donar and 
hydrogen bond acceptor values in the specified range. The molecular weight and the predicted partition 
coefficient are within an acceptable range. 
The molecular weight of epirazole is 234.25, and the molecular weight of designed molecules is in the 
range of 248.28 to 310.3. The log P value of epirazole is 1.3, and that of designed molecules is 2.52 to 3.54. 
The hydrogen bond donor and acceptor of Epirazole are 0 and 19, respectively, and those of the designed 
molecules are also in an acceptable range. According to all these calculated properties, all molecules will 
obey the Lipinski rules of five, which is one of the most important rules for the design of novel 
molecules.Because of this, studying pharmacokinetics and pharmacodynamics could be very useful for 
making new experimental models and changing ligands to make them more like drugs (Table 1). 
Six distinct targets connected to unfavorable medication interactions served as the basis for the toxicity 
prediction. It was established which chemicals were hepatotoxic, carcinogenic, immunotoxic, mutagenic, 
and cytotoxic. Except for compound 5, all compounds are shown to be hepatotoxic. Compounds 4, 7, 8, 9, 
10, 13, 14, 15, and 16 are found to be carcinogenic; compounds 12, 13, and 16 are found to have more 
immunotoxicity, which is shown in the dark red color (values greater than 7 or 70%); and compounds 7, 
8, 9, and 10 are found to have more mutagenicity, which is also shown in the red color. Using the 
PROTOX-II server, the ligands' acute toxicity was examined (Table 2). 

Molecular Interactions of Epirazole and Designed Pyrimidine based molecules  with FAAH 
Protein (4DO3) 

  

Figure 4a: 3D Representation of drug receptor 
interaction of Epirazole acid amide hydrolase 
(4DO3) protein (Backbone Representation). 

Figure 4b: 3D Representation of drug receptor 
interaction of Epirazole with fatty acid amide 
hydrolase (4DO3) protein (Flexible Receptor 
Representation). 
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Figure 5a: 3D Representation of drug interaction 
of 4-(3-nitrophenyl)-6-phenylpyrimidin-2(1H)-
one (7) with fatty acid amide hydrolase (4DO3) 
protein(Backbone Representation).. 

Figure 5b: 3D Representation of drug receptor 
interaction of 4-(3-nitrophenyl)-6-
phenylpyrimidin-2(1H)-one (7) with fatty acid 
amide hydrolase (4DO3) protein(Flexible Receptor 
Representation). 

 
CONCLUSION: 
It may be concluded that the designed molecules (pyrimidine derivatives) for the In silico study against 
inflammatory enzymes such as FAAH show a good interaction with these receptors and are compared 
with the standard molecule epirazole. The drug likeness (Lipinski’s rule of 5) is checked by using Protox-
II software. The properties of designed derivatives are calculated, and the properties of all molecules are 
within an acceptable range; therefore, it can be concluded that the designed molecules follow Lipinski’s 
rule of 5. If the designed molecules have a good docking score within the range of -8.0 to -9.5 with 
acceptable pharmacokinetic properties, then these molecules may have anti-inflammatory activity. Using 
the PROTOX-II server, the ligands' acute toxicity was examined. The results of this study can aid in 
understanding the molecular mechanism of these compounds as potential leads for anti-inflammatory 
drugs. Studies conducted in vivo and in vitro can further validate the present findings. 
 
Ethics approval and consent to participate: 
Not applicable. 
 
Consent for publication:  
All the authors approved the manuscript for publication. 
 
Availability of data and material:  
All required data is available.  
 
Competing interests: 
All authors declare no competing interests. 
 
Funding: 
Not applicable. 
 
ACKNOWLEDGMENT  
The authors thank the Principal and Department of Pharmaceutical Chemistry Mahatma Gandhi 
Vidyamandir Pharmacy College, Panchvati, Nashik. The authors would also like to thank the Principal and 
Secretary of Shreeshakti Shaikshanik Sanstha’s Divine College of Pharmacy, Satana, Nashik. 
 
REFERENCES 
1. Foroughi, H. O., Kargar, M., Erjaee, Z., &Zarenezhad, E. (2020). One-pot three-component reaction for facile and 

efficient green synthesis of chromenepyrimidine-2, 4-dione derivatives and evaluation of their anti-bacterial 
activity. Monatsheftefür Chemie-Chemical Monthly, 151, 1603-1608. 



 
 
       

ABR Vol 15 [4] July 2024                                                                          205 | P a g e                           © 2024 Author 

2. Foroughi, H. O., Kargar, M., Erjaee, Z., &Zarenezhad, E. (2020). One-pot three-component reaction for facile and 
efficient green synthesis of chromene pyrimidine-2, 4-dione derivatives and evaluation of their anti-bacterial 
activity. Monatsheftefür Chemie-Chemical Monthly, 151, 1603-1608. 

3. Ibrahim, D. A., & Ismail, N. S. (2011). Design, synthesis and biological study of novel pyrido [2, 3-d] pyrimidine as 
anti-proliferative CDK2 inhibitors. European journal of medicinal chemistry, 46(12), 5825-5832. 

4. Kumar, S., Deep, A., &Narasimhan, B. (2019). A review on synthesis, anticancer and antiviral potentials of 
pyrimidine derivatives. Current Bioactive Compounds, 15(3), 289-303. 

5. Abdel-Mohsen, H. T., Ragab, F. A., Ramla, M. M., & El Diwani, H. I. (2010). Novel benzimidazole–pyrimidine 
conjugates as potent antitumor agents. European journal of medicinal chemistry, 45(6), 2336-2344. 

6. ur Rashid, H., Martines, M. A. U., Duarte, A. P., Jorge, J., Rasool, S., Muhammad, R., ... & Umar, M. N. (2021). 
Research developments in the syntheses, anti-inflammatory activities and structure–activity relationships of 
pyrimidines. RSC advances, 11(11), 6060-6098. 

7. Yerragunta, V., Patil, P., Anusha, V., Swamy, T. K., Suman, A., &Samhitha, T. (2013). Pyrimidine and its biological 
activity: a review. PharmaTutor, 1(2), 39-44. 

8. Maddila, S., Gorle, S., Seshadri, N., Lavanya, P., &Jonnalagadda, S. B. (2016). Synthesis, antibacterial and antifungal 
activity of novel benzothiazole pyrimidine derivatives. Arabian Journal of Chemistry, 9(5), 681-687. 

9. Surana, K. R., Mahajan, S. K., &Patil, S. J. (2021). COUMARIN: A VALID SCAFFOLD IN MEDICINAL 
CHEMISTRY. Journal of Advanced Scientific Research, 12(03 Suppl 1), 21-34. 

10. Fylaktakidou, K. C., Hadjipavlou-Litina, D. J., Litinas, K. E., &Nicolaides, D. N. (2004). Natural and synthetic 
coumarin derivatives with anti-inflammatory/antioxidant activities. Current pharmaceutical design, 10(30), 
3813-3833. 

11. Harris, R. E., Beebe-Donk, J., Doss, H., & Doss, D. B. (2005). Aspirin, ibuprofen, and other non-steroidal anti-
inflammatory drugs in cancer prevention: a critical review of non-selective COX-2 blockade. Oncology 
reports, 13(4), 559-583. 

12. Simmons, D. L., Botting, R. M., &Hla, T. (2004). Cyclooxygenase isozymes: the biology of prostaglandin synthesis 
and inhibition. Pharmacological reviews, 56(3), 387-437. 

13. Surana, K. R., Ahire, E. D., Sonawane, V. N., Talele, S. G., & Talele, G. S. (2021). Informatics and methods in 
nutrition design and development. Natural Food Products and Waste Recovery, 33-49. 

14. Dannhardt, G., & Kiefer, W. (2001). Cyclooxygenase inhibitors–current status and future prospects. European 
journal of medicinal chemistry, 36(2), 109-126. 

15. Kontogiorgis, C. A., &Hadjipavlou-Litina, D. J. (2005). Synthesis and antiinflammatory activity of coumarin 
derivatives. Journal of medicinal chemistry, 48(20), 6400-6408. 

16. Bahiram, S. S., Tambe, S. R., Hatagale, S., Mahajan, S. K., &Surana, K. R. (2023). POSSIBLE REACTIONS ON 
COUMARIN MOLECULE. Journal of Advanced Scientific Research, 14(08), 4-14. 

17. Bansal, Y., Sethi, P., &Bansal, G. (2013). Coumarin: a potential nucleus for anti-inflammatory molecules. Medicinal 
Chemistry Research, 22, 3049-3060. 

18. El-Haggar, R., & Al-Wabli, R. I. (2015). Anti-inflammatory screening and molecular modeling of some novel 
coumarin derivatives. Molecules, 20(4), 5374-5391. 

19. Kanzariya, J., TrivedI, P., Hadiyal, S., Dhamshaniya, A., Partap, S., Neogi, K., ...& Shah, A. (2017). Anti-Inflammatory 
Screening of Some Novel Coumarin Derivatives. Chemistry & Biology Interface, (5). 

20. Surana, K. R., Ahire, E. D., Sonawane, V. N., &Talele, S. G. (2021). Biomolecular and molecular docking: A modern 
tool in drug discovery and virtual screening of natural products. In Applied Pharmaceutical Practice and 
Nutraceuticals (pp. 209-223). Apple Academic Press. 

21. Chaudhary, K. K., & Mishra, N. (2016). A review on molecular docking: novel tool for drug 
discovery. Databases, 3(4), 1029. 

22. Gohlke, H., &Klebe, G. (2002). Approaches to the description and prediction of the binding affinity of 
small‐molecule ligands to macromolecular receptors. Angewandte Chemie International Edition, 41(15), 2644-
2676. 

23. Kuentz, M., & Imanidis, G. (2013). In silico prediction of the solubility advantage for amorphous drugs–Are there 
property-based rules for drug discovery and early pharmaceutical development? European Journal of 
Pharmaceutical Sciences, 48(3), 554-562. 

24. Nadendla, R. R. (2004). Molecular modeling: A powerful tool for drug design and molecular 
docking. Resonance, 9(5), 51-60. 

25. Ferreira, L. G., Dos Santos, R. N., Oliva, G., &Andricopulo, A. D. (2015). Molecular docking and structure-based 
drug design strategies. Molecules, 20(7), 13384-13421. 

26. Seeliger, D., & de Groot, B. L. (2010). Ligand docking and binding site analysis with PyMOL and 
Autodock/Vina. Journal of computer-aided molecular design, 24(5), 417-422. 

27. Rauf, M. A., Zubair, S., &Azhar, A. (2015). Ligand docking and binding site analysis with pymol and 
autodock/vina. International Journal of Basic and Applied Sciences, 4(2), 168. 

28. Lin, X., Li, X., & Lin, X. (2020). A review on applications of computational methods in drug screening and 
design. Molecules, 25(6), 1375. 

29. Surana, K. R., Ahire, E. D., Sonawane, V. N., Talele, S. G., &Talele, G. S. (2021). Molecular modeling: Novel 
techniques in food and nutrition development. Natural Food Products and Waste Recovery, 17-31. 



 
 
       

ABR Vol 15 [4] July 2024                                                                          206 | P a g e                           © 2024 Author 

30. Guedes, I. A., de Magalhães, C. S., & Dardenne, L. E. (2014). Receptor–ligand molecular docking. Biophysical 
reviews, 6, 75-87. 

31. Tripathi, S. K., Muttineni, R., & Singh, S. K. (2013). Extra precision docking, free energy calculation and molecular 
dynamics simulation studies of CDK2 inhibitors. Journal of theoretical biology, 334, 87-100. 

32. Kirchmair, J., Markt, P., Distinto, S., Schuster, D., Spitzer, G. M., Liedl, K. R., ...&Wolber, G. (2008). The Protein Data 
Bank (PDB), its related services and software tools as key components for In silico guided drug discovery. Journal 
of medicinal chemistry, 51(22), 7021-7040. 

33. Dar, A. M., & Mir, S. (2017). Molecular docking: approaches, types, applications and basic challenges. J Anal 
Bioanal Tech, 8(2), 1-3. 

34. Agarwal, S., Jangir, D. K., Mehrotra, R., Lohani, N., &Rajeswari, M. R. (2014). A structural insight into major groove 
directed binding of nitrosourea derivative nimustine with DNA: a spectroscopic study. PloS one, 9(8), e104115. 

35. Mehrotra, R., Jangir, D. K., Agarwal, S., Ray, B., Singh, P., &Srivastava, A. K. (2013). Interaction studies of 
anticancer drug lomustine with calf thymus DNA using surface enhanced Raman spectroscopy. Mapan, 28, 273-
277. 

36. Surana, K. R., &Mahajan, S. K. (2022). In silico Study of Chromane Ring Compound Rubranonoside from 
Plumeriarubra as Anticancer Potential. Trends in Sciences, 19(24), 3305-3305. 

37. Meenambiga, S. S., Rajagopal, K., &Durga, R. (2015). In silico docking studies on the components of inonotus sp., a 
medicinal mushroom against cyclooxygenase-2 enzyme. Asian J Pharm Clin Res, 8(3), 142-145. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright: © 2024 Author. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 
properly cited.   


