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Abstract-- Annona squamosa Linn is a versatile tree with 

edible fruits & a source of the medicinal & industrial 

products. A.squamosa Linn is used as an antioxidant, 

hepatoprotective, antidiabetics, cytotoxicactivity, 

genetoxicity, antitumor activity. Flavonoids are major 

active constituents found in the leaves of A. squamosa and 

have been used to treatment of various human diseases. 

Rutin (quercetin-3-rhamnosyl glucoside) and Quercetin as 

the flavonoids exhibited anticancer, antiviral, anti-

inflammatory and heart disease protective activities. Rutin 

by acting as antioxidants exhibited several beneficial 

effects, such as anti-inflammatory, anti-allergic, anti- viral 

as well as an anticancer activity. This study aimed to 

predict the ability of flavonoids from the A. squamosa in 

inhibition COX-2 enzyme as a prostaglandin source. In the 

present study an attempt had been made for docking 

simulation for 2 compounds was executed through 

Autodock Vina. All the calculations were carried out by 

using Autodock4.2 as docking tool. The visualization and 

other programs necessary for docking studies were 

performed out by means of Pymol, Chimera, DS 

visualizer, MMP Plus. 

Keywords-- A.squamosa, Rutin, Quercetin, Molecular 

docking & binding energy. 

I. INTRODUCTION 

The therapeutic efficacy of many indigenous plants, for 

diverse diseases has been defined with the aid of 

conventional herbal medicinal practitioners1. Annona 

squamosa (A. squamosa) L. (Family: Annonaceae), 

generally known as custard apple2. 

 

Annona squamosa 

The main flavonoids found the leaves of A.squamosa are 

quercetin-3-O robinobioside, rutin, quercetin-3-O-β-D-

glucoside, kaempferol-3-O-robinobioside, and kaempferol-

3-O-rutinoside3. 

 

Description of Active Flavonoids Therapeutic uses 

Rutin Rutin is a flavonoid gift inside the plant Conventionally, it's miles 

 nation as allelopathic substances. Rutin is used as antimicrobial, 

 the rhamnoglucoside of the flavonoid antifungal, and antiallergic 

 quercetin an located in many flora and agent. However, cutting-edge 

 used for treatment of diverse diseases research has proven its multi- 

 related to the related to the Vascularity4. spectrum pharmacological 

 It is quercetin-3-rutinoside or 3,3',4', 5,7- advantages for the remedy of 

 pentahydroxy flavones-3-rutinoside and various continual diseases 

 has a chemical formula C27H30O16. inclusive of cancer, diabetes, 

  high blood pressure and 
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hypercholesterolemia. Its use is 

advantageous over other 

flavonoids as it is a secure and 

nonoxidizable molecule5. 

 

 

   

Quercetin Quercetin is a pentahydroxyflavone having 

molecular formula C15H10O7. It  is a 

polyphenolic flavonoid with probable 

chemopreventive activity. 

 

 

 

Antidiabetic, anti- 

inflammatory, antioxidant, 

antimicrobial, anti- 

Alzheimer s, antiarthritic, 

cardiovascular. 

Wound-healing Potential. 

Anticancer activity6. 
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In the present study an attempt had been made for docking 

simulation for 2 compounds was executed through 

Autodock Vina . All the calculations were carried out by 

using Autodock4.2 as docking tool. The visualization and 

other programs necessary for docking studies were 

performed out by means of Pymol, Chimera, DS 

visualizer, MMP Plus. 

II. MATERIALS AND METHODS 

Molecular docking studies of Quercetin 

Ligand Preparation 

2D Structure of ligand (quercetin) was drawn using 

ChemSketch (acdlabs.com, 2019), the two- dimensional 

structure of was converted into 3-D structure and 

optimized with 3D geometry. The optimized structure was 

saved in PDB format for AutoDock compatibility. The 

basic structure of ligand (quercetin) is given below: 

 

2D structure of quercetin 

 

Figure 1: 2D and 3D conformer of quercetin 

Preparation of the grid file 

The regions of interest used by Autodock were defined by 

considering grid area by making a grid box around the 

active sites. Grid box plays a central role in process of 

docking as it is made to cover all the amino acids present 

in active sites necessary for binding other than those 

present in receptor. Grid box has 3 thumbwheel widgets 

which let us change the number of points in the x, y and z 

dimensions. The spacing between grids points can be 

adjusted with another thumbwheel, the value in the study 

taken is 0.375 Å and No. of points considered are 40, 40 

and 40 points in the x, y, and z dimensions and 38.042, 

2.131 and 61.28 as x, y, z 7. 

 

Figure 2: Grid box covering all active sites in receptor 

Preparation of the docking file 

All the calculations were carried out by using Autodock4.2 

as docking tool. The visualization and other programs 

necessary for docking studies were performed out by 

means of Pymol, Chimera, DS visualizer, MMP Plus8. 

Docking of human COX2 with Quercetin 

Crystal structure 

The crystal structure of the protein consisting of receptor 

associated with bound ligand is downloaded from the 

Protein Data Bank portal. All the primary information 

regarding receptor and structure (5IKR.pdb) registered in 

the Protein data bank was used. The bound ligand 

mefenamic acid is found within the receptor9. 

 

Figure 3: Crystal structure of human COX-2 enzyme with 

bound mefenamic acid (PDB ID- 5IKR) 

Processing of Protein 

The downloaded receptor protein is having a single chain 

A, which has been selected for the experimental purpose. 

The bound ligand mefenamic acid was separated from the 

macromolecular complex by using software Chimera10. 

Molecular Docking Simulation Studies 

Docking of quercetin ligand on human COX2 enzyme was 
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performed by Autodock. All the bonds of ligand were kept 

flexible, while no residues in receptor were made 

flexible11. 

 

Figure 4: Binding mode of quercetin within the active site 

of COX2receptor. 

Toxicity & ADME-T Studies 

The modified lead molecules are studied by online 

program OSIRIS, for prediction of presence of any toxic 

group as well as presence of any toxic group and ADME- 

T properties12.. 

Molecular docking studies of Rutin 

Ligand Preparation: 

2D Structure of ligand (rutin) was drawn using 

ChemSketch (acdlabs.com, 2019), the two- dimensional 

structure of was converted into 3-D structure and 

optimized with 3D geometry. The optimized structure was 

saved in PDB format for AutoDock compatibility. The 

basic structure of ligand (rutin) is given below: 

 

2D structure of rutin 

 

Figure 5: 2D and 3D conformer of rutin 

Preparation of the grid file 

The regions of interest used by Autodock were defined by 

considering grid area by making a grid box around the 

active sites. Grid box plays a central role in process of 

docking as it is made to cover all the amino acids present 

in active sites necessary for binding other than those 

present in receptor. Grid box has 3 thumbwheel widgets 

which let us change the number of points in the x, y and z 

dimensions. The spacing between grid points can be 

adjusted with another thumbwheel, the value in the study 

taken is 0.375 Å and No. of points considered are 40, 40 

and 40 points in the x, y, and z dimensions and 38.042, 

2.131 and61.28 as x, y, z centers 13. 

 

Figure 6: Grid box covering all active sites in receptor 

Preparation of the docking file 

All the calculations were carried out by using Autodock4.2 

as docking tool. The visualization and other programs 

necessary for docking studies were performed out by 

means of Pymol, Chimera, DS visualizer, MMP Plus 14. 

Docking of human COX2 with Rutin 

Crystal structure 
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The crystal structure of the protein consisting of receptor 

associated with bound ligand is downloaded from the 

Protein Data Bank portal. All the primary information 

regarding receptor and structure (5IKR.pdb) registered in 

the Protein data bank was used. The bound ligand 

mefenamic acid is found within the receptor 15. 

 

Figure 7: Crystal structure of human COX-2 enzyme with 

bound mefenamic acid (PDB ID- 5IKR) 

Processing of Protein 

The downloaded receptor protein is having a single chain 

A, which has been selected for the experimental purpose. 

The bound ligand mefenamic acid was separated from the 

macromolecular complex by using software Chimera. 

Molecular Docking Simulation Studies 

Docking of rutin ligand on human COX2 enzyme was 

performed by Autodock. All the bonds of ligand were kept 

flexible, while no residues in receptor were made 

flexible16. 

 

Figure 8: Binding mode of rutin within the active site of 

COX2receptor. 

Toxicity & ADME-T Studies 

The modified lead molecules are studied by online 

program OSIRIS, for prediction of presence of any toxic 

group as well as presence of any toxic group and ADME- 

T properties17. 

III. RESULT AND DISCUSSION 

The removal of rofecoxib (Vioxx) in 2004 aroused 

community concern approximately the safety of non-

steroidal anti-inflammatory pills (NSAIDs) that formed the 

mainstay in the treatment of inflammatory disease. The 

motion mechanism of the drug is to inhibit 

cyclooxygenases (COXs), which might be concerned in 

the formation of prostaglandins and thromboxanes from 

arachidonic acid (AA) in cellular membranes. Though, it 

has been keen out that inhibiting COX pathway could 

shunt the metabolism of AA in the direction of the 5-

lipoxygenase (five-LOX) pathway, increasing the 

formation of leukotrienes, main to irritation and NSAIDs-

triggered pointless facet effects like bronchial asthma and 

gastrointestinal harm this is the maximum difficult facet 

impact of NSAIDs. The cyclooxygenase (COX) enzymes, 

which catalyze the primary step in arachidonic acid 

metabolism, were identified as the molecular targets of all 

non-steroidal anti-inflammatory drugs (NSAIDs). COX-1, 

a constitutively expressed isoform, is found in platelets, 

kidneys, and in the gastrointestinal tract, and is believed to 

be responsible for the homeostatic maintenance of the 

kidneys and GI tract. The COX-2 enzyme is the inducible 

isoform that is produced by a range of cell types upon 

exposure to cytokines, mitogens, and endotoxins released 

during injury. The COX-2 enzyme, after being over 

expressed at the site of injury, is a catalyst for the 

production of the prostaglandins that result in 

inflammation and pain at the site. Because COX-1 is 

involved in the protection of the GI tract, NSAIDs that are 

inhibitors of both COX-2 and COX-1 have been found to 

cause side effects associated with gastrointestinal ulcers. 

Thus, it was thought that a more selective COX-2 inhibitor 

would have reduced gastrointestinal side effects. With this 

aim, natural plant flavonoids found in leaves extracts of 

the plants known as rutin and quercetin has been identified 

as ligand and its COX-2 inhibitory activity has been 

checked in-silico with the help of docking facility. 

The quercetin was docked and the binding energy was 

found to be -5.18 kcal/mol. The quercetin interacts with 

the His90, Gln192, Leu352, Val523, Gly526, and Ala527 

residues of COX2 to form a complex structure. The 

pharmacokinetic profile of quercetin reveals that it is 

having good pharmacokinetic profile but the toxicity 

prediction study suggests the presence of some 

tumorogenic and mutagenic effects. The pharmacokinetic 

and toxicity profiling results of quercetin were shown in 

table 3. The molecular docking of quercetin with human 

COX2 enzyme revealed that (Table 1), it has exhibited the 

chemical interaction with the amino acids in the active 

pockets which is showed in table 2. 
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The rutin was docked and the binding energy was found to 

be -3.52 kcal/mol. The rutin interacts with the Tyr348, 

Gly526, Met521, Arg513, Arg120, Val523, Ser353, 

Leu352, Val349, Tyr355, Leu531 and Ala527 residues of 

COX2 to form a complex structure. The pharmacokinetic 

profile of rutin reveals that it is having good 

pharmacokinetic profile without presence of any major 

toxic effects. The pharmacokinetic and toxicity profiling 

results of rutin were shown in table 3. The molecular 

docking of rutin with human COX2 enzyme revealed that 

(Table 1), it has exhibited the chemical interaction with the 

amino acids in the active pockets which is showed in table 

2. Theoretically, the ligand molecule has shown 

encouraging docking score. The docking result of 

quercetin and rutin revealed that their docking scores was- 

-6.35 kcal mol 1 & -3.52  kcal mol 1 respectively and it 

can be predicted as good inhibitor of human COX2 

enzyme. The Pharmacokinetic and toxicity profiling of 

active constituent reveals good pharmacokinetic with less 

or no toxicity (table 3).

Table 1: Results of docking of active constituent against human COX2 enzyme. 

S. No Compound Structure Binding 

Energy 

(Kcal/mole) 

Ki (µM) 

1 Quercetin 

 

 

-6.35 22.33 

2 Rutin 

 

-3.52 31.7 

 

Table 2: Result of Interaction of active constituent against human COX2 enzyme. 

S.No. Compound Interaction Inference 
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1. Quercetin  

 

The quercetin interacts with the 

His90, Gln192, Leu352, Val523, 

Gly526, and Ala527 residues of 

COX2 to form a complex 

structure. 

2. Rutin  

 

The rutin interacts with the 

Tyr348, Gly526, Met521, Arg513, 

Arg120, Val523, Ser353, Leu352, 

Val349, 

Tyr355, Leu531 and Ala527 

residues of COX2 to form a 

complex structure. 

 

Table 3: Pharmacokinetic and toxicity profiling of active constituent 

S.No 

. 

Compound Interaction Inference 
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1. Quercetin 

 

Good pharmacokinetic 

profile but the toxicity 

prediction study 

suggests the presence 

of some tumorogenic 

and mutagenic effects. 

2. Rutin 

 

Good pharmacokinetic 

profile  without 

presence of  any 

major   toxic 

effects. 

 

CONCLUSION 

The molecular docking approach executed by Autodock is 

very advantageous to predict and confirm the compound of 

a drug candidate from A.squamosa leaves as an anti-

inflammatory agent. The selected compounds A.squamosa 

have been docked to the COX-2 receptor. Therefore, 

further research is desirable using more ligands from 

A.squamosa to generate the best conformation of the 

ligand-receptor complex. 
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