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INTRODUCTION 

A significant challenge of contemporary medicine is to make 
substances that regulate certain enzymes while leaving related 
isozymes unaffected. The two essential proteins, namely 
Cyclooxygenase-2 (COX-2) and inducible Nitric Oxide 
Synthase (iNOS) are essential mediators of an inflammatory 
process. Nonsteroidal Anti-inflammatory Drugs (NSAIDs) like 
Indomethacin act via inhibition of COX enzyme, COX catalyzes 
the first step of the biosynthesis of prostaglandins (Dannhardt 
and Kiefer, 2001). Prostaglandins (PGs), found in most of the 
tissues and organs, are the arachidonic acid metabolites of the 
Cyclooxygenase (COX) pathway and are significant mediators 
in the regulation of the inflammation and immune function 
(Smith et al., 2000). It has been shown that COX enzyme exists 
in two isoforms COX-1 and COX-2 (Marnett et al., 1999). In 
regards to amino acid composition, these enzymes are about 60% 
identical, and their catalytic areas are commonly conserved (Picot 
et al., 1994). The COX-1 enzyme is responsible for maintaining 
gastric and renal integrity, and COX-2 is an inducible enzyme 
responsible for the production of proinflammatory PGs, causing 
inflammation and pain (Seibert et al., 1994). The COX-2 
inhibitors are useful for the relief of chronic pain in elderly 

patients with osteoarthritis and rheumatoid arthritis (Savage, 
2005).

Inducible Nitric Oxide Synthase (iNOS), is another inducible 
enzyme, that plays a significant role in the overproduction 
of nitric oxide (NO) and has been implicated in several 
pathophysiological states, for example; various inflammation, 
septic shock, vascular dysfunction in diabetes and cancer patients 
(Halliwell, 1994). Three homologous NOS isozymes [inducible 
NOS (iNOS), endothelial NOS (eNOS), and neuronal NOS 
(nNOS)] catalyze the five-electron, two-step oxidation of 
L-arginine (L-Arg) to form a nitric oxide which is an important 
biological signalling molecule and cellular cytotoxic (Griffith 
and Stuehr, 1995). The constitutive isozymes, eNOS and nNOS, 
function to produce low levels of NO predominantly for blood 
pressure regulation and nerve function, respectively. In contrast, 
iNOS is induced by microbial products, such as lipopolysaccharide 
(LPS) and inflammatory cytokines such as interleukin-1 (IL-1), 
tumour necrosis factor-α (TNF-α) and interferon-γ (INF-γ) in 
macrophages and some other cells (Hämäläinen et al., 2007). 
COX-2 and iNOS overexpression have been observed in many 
human invasive malignant tumours, e.g. breast, lung, prostate, 
bladder, colorectal cancer and malignant melanoma (Ermert 
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et al., 2003). Therefore, the modulation of iNOS and COX-2 
can be an excellent approach for the administration of illness 
going along with the overflow of NO and PGs.

The molecular modelling with docking simulation strategy is an 
approach to check out the communication between the ligand 
and macromolecular targets. Understanding of the favoured 
alignment subsequently may be used to anticipate the strength 
of association or binding affinity in between two molecules 
utilizing for scoring functions (Musfiroh et al., 2013). 

The docking principle is done by positioning the ligand right 
into the binding receptor pockets; further, the molecules 
based on its form-similarity, and also on its attributes like its 
electrostatic nature (Kroemer, 2003). Usually, the binding in 
between drugs and even receptors is categorized as weak as well 
as non-covalent interaction to ensure that the generated effect 
is reversible. This inhibition can occur if the active compound 
functions connect with the target-binding pockets in numerous 
ways. These are Van der Waals communication, hydrophobic 
communication, and also hydrogen bond formation in which the 
last one has the best affinity with distance in between 2.5-3.2 Å 
(Schaeffer, 2008). 

In this paper, the potential inetarctions of selected 
phytochemicals with proteins like iNOS and COX-2 is 
studied using molcelar docking approach. Though many anti-
inflammatory phytochemicals have been studied previously, 
more selective and specific phytochemicals were screened in 
this study. 

MATERIALS AND METHODS

Preparation of Protein Structures

The experimental coordinates of COX-2 (PDB ID:6Y3C) and 
iNOS (PDB ID: 3HR4) arrangements were taken from PDB 
(rcsb.org/pdb/). Ligands were eliminated from the binding sites 
of both COX-2 and iNOS for docking research studies (Figure 1). 
Heteroatoms were removed and also polar hydrogen atoms were 
added to protein structures, and also partial atomic charges 
were assigned. The proteins were saved in PDB format; atomic 

solvation parameters were assigned and converted finally into 
PDBQ format. The Molecular displays were created by RasMol 
(openrasmol.org/).

Preparation of Ligands

Medicinal plants with anti-inflammatory properties were 
selected from the previous literatures (Aleem et al., 2020; 
Jeewanthi et al., 2020; Jamshed et al., 2019) and potential 
compounds identified from the selected plants were used as 
ligands in this study. The 3D structures of the selected ligands 
namely 6 urs-12-en-24-oic acid (Figure  2a) and β-Amyrin 
(Figure 2b) from Plumbago zeylanica, 10,12-Docasadiyndioic 
Acid (Figure  2c) and 1(Ethynyltrimethylsilyl-2)-1-Chloro-
2-Ethyl-2-methyl cyclopropane (Figure  2d) from Neolitsea 
cassia, and Androstane (Figure  2e) from Wrightia tinctoria 
was collected from Pubchem (http://pubchem.ncbi.nlm.nih.
gov), a compound database. The collected Structure Data File 
(SDF) files of identified ligands from the PubChem database 
were converted into Protein Data Bank (PDB) format using the 
EduPymol version 1.7.4.4.

Protein-Ligand Docking

Docking of ligands was carried out against COX-2 and iNOS 
using AutoDock 4.2. AutoDock is a widely distributed public 
domain molecular docking software (Thomas et al., 2008). 

It includes elements like AutoGrid and also AutoTors as well as 
uses the Lamarckian genetic algorithm to produce a collection 
of possible conformations. This program addresses the versatile 
docking of the ligands instantly right into a recognized protein 
structure. The proteins for each docking were kept rigid and 
torsional flexibility was permitted to the ligands. The rotatable 
bonds in the ligands were defined using AutoTors, and also 
grid maps were computed using AutoGrid. The search was 
conducted in grid points of 80x80x80 with 0.675 A˚ spacing for 
COX-2 (Honmore et al., 2016; Zhang et al., 2019) and 60x60x60 
with 0.503A˚ spacing for iNOS in three dimensions built in x, y, 
and z directions on the binding site of macromolecules (Zhang 
et al., 2019). Each docking experiment consists of 50 docking 
runs with 150 individuals. The default settings were used for all 
other parameters. The AutoDock results give the binding energy 
and bound conformations of docked structures. Subsequently, 
the result of the docking procedure was examined utilizing 
EduPymol variation 1.7.4.4.

RESULTS AND DISCUSSION

In the present investigation, anti-inflammatory properties of the 
selected compounds namely 6 urs-12-en-24-oic acid, β-Amyrin, 
10,12-Docasadiyndioic Acid, 1(Ethynyltrimethylsilyl-2)-1-
Chloro-2-Ethyl-2-methyl cyclopropane and Androstane were 
evaluated using Autodock 4.2 molecular docking studies.

The identified phytocompounds 6 urs-12-en-24-oic acid, 
β-Amyrin, 10,12-Docasadiyndioic Acid, 1(Ethynyltrimethylsilyl-
2)-1-Chloro-2-Ethyl-2-methyl cyclopropane, and Androstane 

Figure 1: 3D Structure of target proteins without ligands (a) COX-2 
(6Y3C) and (b) iNOS (3HR4)
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individual docking studies were performed using AutoDock 
4.2 against COX-2 (Table 1 and Figure 3) and iNOS (Table 2 
and Figure  4) enzymes. The selected ligand structures were 
downloaded from the Pubchem database. Amongst the 

different binding poses in the active site, the very best posture 
for both the ligands and also a lot of regular conformation was 
chosen based on docking energy. The 6 urs-12-en-24-oic acid, 
β-Amyrin, 10,12-Docasadiyndioic Acid, 1(Ethynyltrimethylsilyl-

Table 1: Molecular Docking statistics of the Human Cyclooxygenase-2 and Identified Ligands Complex
6 urs-12-en-24-oic acid 

from P. zeylanica
b-Amyrin from  
P. zeylanica

10,12-Docasadiyndioic 
Acid from N. cassia

1(Ethynyltrimethylsilyl-
2)-1-Chloro-2-Ethyl-

2-methyl cyclopropane 
from N. cassia

Androstane 
from  

W. tinctoria

Binding energy (Kcal/mol) -11.24 -7.8 -6.31 -6.15 -9.67
Ligand Efficiency -0.33 0.25 0.24 -0.47 -0.51
Inhibition Constant 5.79nM 1.91µM 23.55 µM 31.25 µM 82.09nM
Intermolecular Energy 
(Kcal/mol)

-12.13 -8.1 -12.58 -7.04 -9.67

vdW+Hbond+desolv 
Energy (Kcal/mol)

-12.15 -8.02 -10.34 -7.03 -9.67

Electrostatic Energy 0.02 -0.08 -2.24 -0.01 0.0
Total Internal Energy 0.22 0.04 -0.74 -0.32 0.0
Torsional Free Energy 0.89 0.3 6.26 0.89 00
RMSD 67.9 71.91 55.36 68.28 56.27
Number of Hydrogen 
bonds

3 3 5 0 0

Hydrogen bond 
Interaction

Thr212-N: O33-Ligand
Thr212-OG1:O31-Ligand
Asn382-ND2:O31-Ligand

Asn382-N: O33-Ligand
Thr212-OG1:O31-Ligand

Asn382-ND2:O31-
Ligand

Gln372-N: O15-Ligand
Lys532-NZ: O13-Ligand

His43-N: O25-Ligand
Gln44-N: O27-Ligand
Lys468-O-H28-Ligand

NA NA

Hydrogen Bond Length 3.2
2.5
2.9

3.2
2.9
3.3

3.5
2.7
3.2
2.9
2.1

NA NA

Figure 2: Chemical Structure of Identified Phytocompounds investigated
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2)-1-Chloro-2-Ethyl-2-methyl cyclopropane and Androstane 
with COX-2 (Table 1 and Figure 3) showed docking energy of 
-11.24 kcal/mol, -7.8 kcal/mol, -6.31 kcal/mol, -6.15 kcal/mol and 
9.67kcal/mol respectively (Table 1). The docking of 6 urs-12-
en-24-oic acid with COX-2 (Figure 3a) demonstrates that the 
best inhibitor makes three hydrogen bonds with two residues 
Thr212-N, Thr212-OG1 and Asn382ND2 with 3.2A˚, 2.5A˚ 
and 2.9A˚, respectively. Then, the complex of β-Amyrin with 
COX-2 also showed three hydrogen bonds with Asn382-N, 
Thr212-OG1 and Asn382-ND2 (Figure 3b) with a bond length 
of 3.2 A˚, 2.9 A˚ and 3.3A˚ respectively. 10,12-Docasadiyndioic 

Acid  - COX-2 interacted through 5 hydrogen bonds with 
residues of Gln372-N, Lys532-NZ, His43-N, Gln44-N and 
Lys468-O with a bond length of 3.5A˚, 2.7A˚, 3.2A˚, 2.9A˚ and 
2.1 A˚ respectively (Figure 3c). No hydrogen bonds formed with 
COX-2 by rest of the two compounds 1(Ethynyltrimethylsilyl-
2)-1-Chloro-2-Ethyl-2-methyl cyclopropane and Androstane 
but interacted through other forces such as hydrophobic, Van 
der Waals and electrostatic forces (Figure 4d and 4e). This data 
is contradictory with literature reports where docking of the 
synthetic compounds depicted three different types of binding 
patterns in general. The results obtained in the present study 

Figure  3: 3D Structure of Human Cyclooxygenase-2 and Ligands 
Complex
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Figure 4: 3D Structure of Human inducible Nitric Oxide Synthase and 
Identified Ligands Complex
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were better than the previous reports (Zhang et al., 2019; Utami 
et al., 2020). Use careful COX-2 inhibitors such as SC-558; the 
bonding was in the close vicinity of the hydrophobic pocket. 
The phenylsulphonamide team occupied the side pocket as 
well as showed binding with His90 as well as an interaction with 
Arg513 which has also been identified as an essential residue 
in the binding of careful COX-2 preventions according to the 
site- guided mutagenesis data (Kurumbail et al., 1996). 

However, in another study, docking of Diclofenac revealed 
that its orientation makes the residues of side pocket thereby 
the hydrophilic pocket of COX-2 protein is inaccessible and 
the phenylacetic acid moiety is orientated towards Tyr385 and 
Ser530 and hence possess H-bonding interaction (Dilber et al., 
2008). Ibuprofen as well as Naproxen when docked right into the 
active site of the COX-2 enzyme, the engaging deposits 120 were 
observed to be Arg120 and also Tyr355 (Llorens et al., 2002). This 
comparative analysis of literary works information and existing 
examination additionally suggested that the prodigiosin and 
also cycloprodigiosin influence the active site conformation of 
COX-2 protein by connecting at various area besides existing 
active sites and also induces the anti-inflammatory function. 

Similarly, the docking energies of 6 urs-12-en-24-oic acid, 
β-Amyrin, 10,12-Docasadiyndioic Acid, 1(Ethynyltrimethylsilyl-
2)-1-Chloro-2-Ethyl-2-methyl cyclopropane, and Androstane 
with iNOS was found to be -6.99 kcal/mol, -6.79 kcal/mol, 
-3.85 kcal/mol, -3.92 kcal/mol and -6.17 kcal/mol respectively 
(Table 2). Based on the in silico analysis, 6 urs-12-en-24-oic acid 
(Figure 4a) has the lowest value in binding free energy. At the 
same time, β-Amyrin (Figure 4b) and Androstane (Figure 4e) 

were in the second and third position with iNOS (Table 2). 
Though, 1(Ethynyltrimethylsilyl-2)-1-Chloro-2-Ethyl-2-
methyl cyclopropane (Figure 4d) has a good binding score but 
is not interacted by hydrogen bonds with iNOS (Table 2). It 
communicated through hydrophobic, electrostatic and Van der 
Waals interactions with iNOS. Likewise, Androstane (Figure 4e) 
is also not associated through hydrogen bond and electrostatic 
force, it is related to hydrophobic and Van der Waals interactions 
(Table 2). Based on the docking energies results, we deduce that 
6 urs-12-en-24-oic acid has potential anti-inflammatory activity 
compared to the other four phytocompounds. Following the 
previous reports, our data also demonstrated that quercetin 
effectively protected iNOS-mediated nitric oxide production 
and neuroinflammation (Bahar et al., 2017). In iNOS, the 
arginine urea group forms bidentate interaction with Glu377 
adjacent to the active site. It is a site of more significant 
competitive inhibitors that may inhibit iNOS (Fischmann 
et al., 1999). Catechin retained all the primary interactions 
shown by co-crystallized iNOS inhibitors. Catechin kept 
critical communication with the porphyrin ring; this porphyrin 
ring plays a vital role in catalytic enzyme mechanisms. In the 
present study, in silico docking studies revealed inhibition of 
iNOS by catechin.

CONCLUSIONS

In the present study, five selected phytochemicals were screened 
for its antinflammatory properties. Based on the molecular 
docking results, 6 urs-12-en-24-oic acid was found to be a better 
anti-inflammatory agent compared to other phytocompounds 
tested in this study. Though these herbal medicines are 

Table 2: Molecular Docking statistics of the Human inducible Nitric Oxide Synthase and Identified Ligands Complex
6 urs-12-en-24-oic acid from 

P. zeylanica
b-Amyrin from  
P. zeylanica

10,12-Docasadiyndioic 
Acid from N. cassia

1(Ethynyltrimethylsilyl-
2)-1-Chloro-2-Ethyl-

2-methyl cyclopropane 
from N. cassia

Androstane from 
W. tinctoria

Binding energy 
(Kcal/mol)

-6.99 -6.79 -3.85 -3.92 -6.17

Ligand Efficiency -0.21 -0.22 -0.15 -0.3 -0.32
Inhibition Constant 7.54µm 10.59 µm 1.5mM 1.34mM 30.27 µm
Intermolecular Energy 
(Kcal/mol)

-7.88 -7.09 -10.12 -4.81 -6.17

vdW+Hbond+desolv 
Energy (Kcal/mol)

-7.93 -7.05 -8.04 -4.8 -6.16

Electrostatic Energy 0.05 -0.04 -2.08 -0.01 0.0
Total Internal Energy 0.01 0.04 -0.83 -0.32 0.0
Torsional Free Energy 0.89 0.3 6.26 0.89 0.0
RMSD 40.02 51.49 48.09 38.56 41.97
Number of Hydrogen 
bonds

2 1 4 0 0

Hydrogen bond 
Interaction

THR540-OG1: O33-Ligand
THR540N: O33 Ligand

VAL596-O: H32Ligand Asn566-OD1: H28-Ligand
Lys574-O: H16-Ligand
Arg576-O: O15-Ligand

Lys574-NZ: O14-Ligand

NA NA

Hydrogen Bond Length 3.1
3.0

2.1 2.1
2.2
2.9
3.0

NA NA
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well known to treat the inflammation, the phytochemical 
contributing to the antinflammatory effect was elucidated 
through this study. 
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