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 Nonsteroidal anti-inflammatory drugs (NSAIDs) that specifically target the enzyme 
cyclooxygenase-2, or COX-2, which causes inflammation and discomfort, are known as COX-
2 inhibitors. The objective of this work is to perform the anti-inflammatory activity, and 
molecular docking studies of compounds. We aim to develop new drug phytochemicals as anti-
inflammatory agents targeting COX-2(PDB ID: 1CX2) for treatment. To find potential molecules, 
the PyRx 0.8 tool has been used to dock 37 potent molecules against COX-2 (PDB ID: 1CX2). The 
top scorer molecules (phytochemicals) (Dihydromyricetin, Catechin, Chlorogenic acid, Chrysin, 
and Emodin) were selected. Prior to further analysis, the compounds underwent thorough in 
vivo evaluation to assess their toxicity and anti-inflammatory properties. The results indicated 
that dihydromyricetin, catechin, and chlorogenic acid were the sole substances that exhibited 
both negligible acute toxicity and superior anti-inflammatory properties, surpassing the efficacy 
of diclofenac sodium, the established medicine. Among the compounds that were evaluated, 
Dihydromyricetin was shown to possess the most powerful anti-inflammatory properties due 
to its trihydroxy phenyl chroman-4-one substitution. Correlated to diclofenac (-8.5 Kcal/mol), 
dihydromyricetin and catechin showed significant bounden affinity, with the lowest binding 
free energies (-9.9 and -9.2 Kcal/mol) according to the computational study. This correlation 
between in silico and in vivo studies validated these compound’s powerful anti-inflammatory 
properties.
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 An enzyme called cyclooxygenase (COX) 
aids in the production of prostaglandins. The body 
naturally produces prostaglandins, which are 
essential for inducing inflammation. An increased 
number of prostaglandins is found in the body’s 
inflammatory regions1. characterized by visible 
and palpable signs of swelling, redness, and 
discomfort. Arachidonic acid (AA) is the precursor 
to prostaglandins. In the body, as fatty acids and 
amino acids are distinct types of molecules. The 
building blocks of lipids are called fatty acids, 
which are essential to bodily function. The enzyme 
that converts AA into prostaglandins is COX. 
Arachidonic acid is transformed into thromboxane 
A2 (TxA2) by COX. Platelets are activated by 
a signal from TxA2 to initiate clot formation. 
Additionally, it constricts blood vessels, acting as 
a vasoconstrictor2.
COX Pathway
 Prostaglandin G/H synthases (PGHS), 
the enzymes responsible for metabolizing AA 
into PGH2 and PHG2, are commonly referred 
to as COX. Several subsequent enzymes utilize 
these prostaglandins, such as PGD2, PGE2, 
PGF2, PGI2, and TXA2, as their substrates3. The 
primary distinction between the two COX enzymes 
lies in the fact that COX-2 is an enzyme that is 
produced in response to certain stimuli, with a 
few noteworthy exceptions, whereas COX-1 is an 
enzyme that is consistently and widely expressed. 
The cytosolic PGE synthase (PGES) isozymes, 
PGF synthase, and thromboxane synthase are the 
most favoured, although not the only, partners 
of COX-1. These findings indicate that there is a 
specific and targeted interaction between COX and 
downstream synthases4. However, COX-2 is more 
inclined to provide PGH2/G2 to the isozymes of 
microsomal (m) PGES and prostaglandin I synthase 
(PGIS), which are frequently stimulated together 
by cytokines and tumor promoters5.
 The prostanoid receptor subfamily 
consists of five receptors: the PGD receptor (DP1), 
PGF receptor (FP), PGI receptor (IP), thromboxane 
receptor (TP), and four subtypes of the E prostanoid 
receptor, which has a total of eight members. PGs 
work by stimulating G protein-coupled receptors 
that are located on the membrane. Alternative 
splicing contributes to the complexity of the issue 
by resulting in eight distinct copies of EP3 with 
only their C-terminal tails and two additional 

isoforms of the human FP (FPA, FPB) and TP (TPá, 
TPâ) receptors6. Additionally, PGD2 has the ability 
to activate chemo attractant receptor-homologous 
molecule (CRTH2 or DP2), a unique G protein-
coupled receptor that is part of the chemokine 
receptor family and is expressed on cells of T helper 
2. The effects of prostanoid receptor activation 
on cell function are mediated by a frequence of 
intracellular signalling pathways. On the other 
hand, the activation of FP and EP1 receptors links 
to the metabolism of phosphatidylinositol through 
Gq, which causes the intracellular free calcium 
to be mobilised and inositol trisphosphate to be 
produced. To increase intracellular cAMP, for 
example, adenylyl cyclase is activated via Gs by 
the EP2, EP4, IP, and DP1 receptors7.
 P ro s t ano id s  l i ke  t h romboxane , 
prostacyclin, and prostaglandins are synthesised 
with the help of COX. Arachidonic acid is 
converted by COX to prostaglandin H2 (PGH2), 
which is the first and rate-limiting step in the 
synthesis of prostanoid. The drugs which are 
showing high potent activity will go and act upon 
cyclooxygenase and inhibits the production of 
prostaglandins, prostacyclin, and thromboxane8-10. 
Our drugs like Silybilin, Dihydromyrecitin and 
Gmelinol may have the property to suppress the 
cyclooxygenase (COX) enzyme11-14.

Materials and MethOds

In-silico study
 The selected ligand structures are 
downloaded for PubChem in 3D (SDF Format). 
By using an online SMILES translator (https://
cactus.nci.nih.gov/translate/) the molecules are 
converted from SDF format to PDB format. The 
selected Protein (COX-2) is prepared by using 
Discovery Studio Visualizer software. The protein 
has been uploaded in DS Visualizer by selecting 
the file option. After the unwanted chains, hetero 
atoms, and water molecules are removed from the 
protein15. After removing check, the missing Amino 
Acids and fill the gaps from the PDB, and add polar 
Hydrogen.
docking study
 A docking study of a few chosen 
phytochemicals against the COX-2 protein (PDB 
ID: 1CX2) was conducted using PyRx 0.8. PyRx 
is a Python programming language that can be 
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used on nearly any modern device, including 
supercomputers and desktop computers. PyRx 
has been used to help with molecular docking 
by determining a ligand’s binding affinity for 
a protein. With a resolution of 3.00 Å, all 22 
phytochemicals were screened for COX-2 (PDB: 
1CX2) using PyRx, a structure-based docking 
program. Following the docking evaluation, in 
PyRx software the protein is uploaded, converted 

into macromolecule and ligands are also uploaded, 
ligands energy is minimized, and they are converted 
into PDBQT format. A molecular window 
including all of the designated active sites is used 
for molecular docking. The PyRx scores were 
used to categorize ligands based on their binding 
affinities. The ligands were then categorized based 
on the degrees of binding energy they possessed16, 

17.

rule of 5 (lipinski’s rule)
 Comparable drugs, drug-likeness assesses 
a molecule’s bioavailability to determine its 
suitability as an oral drug. Its crimson, twisted 
hexagon within the pink color is what makes it 
unique. Swiss ADME uses five different rule-based 
filters that are sourced from large pharmaceutical 
companies to filter chemical libraries to remove 
molecules with characteristics that are incompatible 
with a suitable pharmacokinetics profile. This 
process improves the state of proprietary chemical 
collections18. Five rules are available for describing 
small compounds using the Lipinski filter (Pfizer) 
based on their physicochemical property profiles: 
Lower than 500 molecular weight (MW), MLOGP 
d” 4.15, 10 N or O, and NH or OH < 5. According 
to Lipinski, all nitrogen’s and oxygen’s with at 
least one hydrogen atom are H-bond donors, 
while all other nitrogen’s and oxygen’s are H-bond 
acceptors. Furthermore, Lipinski et al. state that 
aliphatic fluorines are acceptors while alanine 
nitrogens are neither donors nor acceptors19.
 Small compounds with physicochemical 
properties, functional groups, and substructures 
are described by the Ghose filter (Amgen). A tiny 
molecule with 20–70 atoms meets the qualifying 

range20. In addition, to be eligible, the total number 
of atoms’ molar refractivity (MR) must be between 
40 and 120, the molecular weight must be between 
160 and 484 Da, and the WlogP must be between 
-0.5 and 5.4. A molecule is considered drug-like if it 
has twelve or fewer H-bond donors and acceptors, 
ten or fewer rotatable bonds, and a TPSA of 140 Å2, 
as per the Veber filter (GSK filter) model. Strong 
oral bioavailability is expected for these drugs, and 
increased rotatable bond numbers hurt penetration 
rate; decreasing TPSA is correlated with increased 
penetration rate21. The Egan filter (Pharmacia filter), 
which is reliant on the principles underpinning a 
small molecule’s membrane permeability, predicts 
drug absorption. For instance, if a molecule’s TPSA 
is less than 134.2 and its WLOGP is less than 5.68, 
this model describes it as a pharmaceutical. The 
human passive intestinal absorption (HIA) of tiny 
substances using the Egan computer model is a 
reliable tool for predicting drug absorption since 
it accounts for both efflux and active transport 
channels22.
 Drug-like and non-drug-like molecules are 
separated by the Muegge filter, also known as the 
Bailey filter. It is an independent Pharmacophore 
point filter. A molecule is represented as a drug in 

Chart 1. Docking study
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this model if its molecular weight is between 200 
and 610 Da, its Total polar surface area is 150, its 
XLOGP is between -2 and 5, etc. As per reference23, 
The following characteristics are applicable: The 
quantity of rings is fewer than seven, the quantity 
of carbon atoms is greater than four, the quantity 
of heteroatoms is greater than one, the quantity of 
rotatable bonds is less than fifteen, the quantity 
of H-bond acceptors is less than ten, and the 
quantity of H-bond donors is less than five. The 
Abbott bioavailability value aims to estimate the 
likelihood of a chemical having at least 10% oral 
bioavailability in rats by assessing the permeability 
of Caco-2, which envisions the chance of a 
chemical having F>10% based on the predominant 
charge at physiologic pH in a rat model. Its primary 
objective is to swiftly filter chemical libraries to 
find the most suitable chemicals for synthesis24.
In-vivo studies
acute oral toxicity
 A c c o r d i n g  t o  t h e  O E C D  4 2 3 
recommendations, we used the acute toxic class 
technique to assess the target compounds’ toxicity 
in the current experiment. In this study, Swiss albino 
rats weighing 200–250 grams were employed. To 
evaluate the toxicity of the synthesized compounds, 
each group consisted of three rats of the same 
gender. A initial dose of 200 mg/kg body weight 
was given. Before receiving any medication, 
female rats were fasted for three to four hours 
without food or water. The animals’ weights were 
determined after the fasting period, and 200 mg/kg 
of body weight of the synthesized derivatives were 
given orally25. Following the delivery of the test 
chemical, the animals were closely monitored for 
the first four hours at 30-minute intervals, and then 
every hour for up to twenty-four hours. Throughout 
the course of the 14-day observation period, every 
animal was carefully examined to look for any 
unexpected changes in its behavioural, biological 
circumstances26.
Carrageenan–induced rat Paw edema Model
 The study that we conducted with the 
carrageenan-induced paw edema27 included male 
and female healthy rats weighing between 100 and 
190 grams. Three sets of six test animals each were 
created out of these rats. The animals fasted for the 
whole night before the trial started, with access to 
water given as needed28. A normal saline solution 
was given to the control group (negative control), 

while 20 mg/kg of dihydromyricetin was given to 
the second group, Catechin was given to the third 
group, Chlorogenic acid was given to the fourth 
group, and 4.5 mg/kg of the standard medication, 
diclofenac sodium, was given to the fifth group. 
Using an oral catheter, each test and standard 
material was given orally after being dissolved in 
normal saline29. An injection of a 0.2 ml solution 
containing 1% w/v carrageenan was administered 
into the subplantar area of the rats’ right paw in 
order to induce edema. Once the paw was marked 
with ink up to the level of the lateral malleolus, 
it was then submerged in mercury up to the 
specified point. Subsequently, a Plethysmometer 
was employed to quantify the extent of edema 
in the rat’s paw30,31. After injecting carrageenan, 
the paw volumes of each group were measured 
immediately (at 0 hours) and then every hour for 
the next two hours. The precise quantification of 
the paw size growth was determined by subtracting 
the beginning data from the end values. The rats 
who received medication were compared to a group 
of rats that did not get any treatment in order to 
calculate the average increase in the size of their 
paws. Subsequently, a formula was employed 
to calculate the proportion that prevented the 
occurrence of edema32.

Were,
edema volume is represented by “Vc” in the 
control 
 “Vt” represents the amount of fluid 
accumulation in the group that received the 
experimental medicine. The values are the average 
plus or minus the standard error of the mean (SEM) 
of six animals in each group.; p<0.001% inhibition 
indicates statistically significant differences from 
the control. Tuckey’s test was run after an ANOVA 
was used for statistical analysis.

results and disCussiOn

In-silico studies
 The protein data bank provided the three-
dimensional structure of cyclooxygenase-2 (PDB: 
1CX2). The protein-ligand interaction profile 
(PLIP) was used to determine the active site amino 
acid residues. As seen in Figure 1, the amino acid 
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Fig. 1. Residues of amino acids found in the catalytic pocket’s active site

Fig. 2. Ramachandran plot of 1CX2

residues that are present in the catalytic pocket 
are GLU A:67, ASN A:68, and TYR A:55. The 
Ramachandran plot, which is depicted in Figure 
2, confirmed the prepared protein.
docking study
 To precisely predict the optimal shape 
of both drug candidates (as ligands) and their 
targets, receptor proteins, to form a stable complex, 
molecular docking studies have been carried 
out. The next phase involved searching for the 

binding site and binding pockets following the 
development and import of the protein receptor 
file from the Protein Data Bank. The ligands were 
guided through the molecular docking process 
by binding pockets. Table 1 displays the binding 
location and docking pose of the ligands interacting 
with residues of amino acids, and displays the 
hydrogen bonds created with the amino acids from 
group interaction atoms, the interacting group, 
and the docking score. Among all the molecules 
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table 1. Binding energies and amino acid interactions of selected compounds

S. Compound Chemical  Binding  No of  Interacting 
No  Structure Energy  Hydrogen  amino acid 
   (Kcal/mol) bonds residues

1  Dihydro  -9.9 5 Cys 37, 
  myricetin   Cys 41, 
     Cys 47, 
     Gly 45, 
     Arg44

2  Catechin  -9.2 3 Cys 36, 
     Cys 47, 
     Glu 465

3  Chlorogenic -9.1 3 Arg 44, 
  Acid   Gly 45, 
     Pro 154

4  Chrysin  -9.1 4 Cys 45, 
     Gly 45, 
     Glu 465, 
     Gln 461

5  Emodin  -9.0 4 



1775 Samineni et al., Biomed. & Pharmacol. J,  Vol. 17(3), 1769-1783 (2024)

\
6  Colchine  -6.9 2 Tyr 254, 
     Arg 307

7  Curcuminoids  -8.7 1 Gln 289

8  Diadzein  -8.6 1 Gln 461

9  16 DPA -8.1 2 Asn 34, 
     Arg 44

10  Epigallocatechin  -8.7 4 Asp347, 
  Gallate (EGCG)   Glu346, 
     Ser579, 
     His356
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11  Flavokawin A -8.5 1 Phe200

12  Formononetin  -8.6 1 Cys47

13  Forskolin  -7.0 2 Tyr122, 
     Ser471

14  Karanjin  -8.0 1 His207

15  Morin Hydrate  -8.3 3 Cys36, 
     Gly45, 
     Tyr130



1777 Samineni et al., Biomed. & Pharmacol. J,  Vol. 17(3), 1769-1783 (2024)

16  Paeonol  -6.6 2 Gln203, 
     His207

17  Reserpine  -8.7 1 His 214

18  Resveratrol  -7.8 2 Asn34, 
     Glu 465

19  Vincamine  -7.5 1 His 214

20  Kaempferol  -8.9 4 Cys37, 
     Cys47, 
     Ala 156, 
     Gln 461
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21  Honokiol  -8.9 4 Cys 47, 
     Ala 156, 
     Cys 159, 
     Gln 461

table 2. Selected Drugs and Their Molecular Properties

S  Name of the  miLogP TPSA natms MW nviolations nrotb
No compound

1 Dihydromyricetin -1.16 147.68 23 320.25 1 8
2 Catechin 0.24    110.38 21 290.27 0 6
3 Chlorogenic acid -1.05 164.75 25 354.31 1 9
4 Chrysin 1.08 70.67 19 254.24 0 4
5 Emodin 0.36 94.83 20 270.24 0 5
6 Colchine 0.79 83.09 29 399.44 0 6
7 Curcuminoids 1.47 93.06 27 368.38 0 6
 Diadzein 1.08 70.67 19 254.24 0 4
8 16 DPA 4.22 43.37 26 356.5 1 3
9 Epigallocatechin -0.18 197.37 33 458.37 2 11
10 Flavokawin A 1.75 64.99 23 314.33 0 5
11 Formononetin 1.33 59.67 20 268.26 0 4
12 Forskolin 0.81 113.29 29 410.5 0 7
13 Karanjin 1.67 52.58 22 292.29 0 4
14 Morin Hydrate -0.56 131.36 22 302.24 0 5
15 Paeonol 0.83 46.53 12 166.17 0 3
16 Reserpine 1.75 117.78 44 608.68 2 10
17 Resveratrol 2.26 60.69 17 228.24 0 3
18 Vincamine 2.62 54.7 26 354.44 0 4
19 Kaempferol -0.03 111.13 21 286.24 0 6
20 Honokiol 3.78 40.46 20 266.33 0 2

table 3. Impact of certain compounds on rat paw edema

S. No. Name   Rat paw edema volume (mm)
  0 min 30 min 60 min 120 min

1 Dihydromyricetin (20 mg/kg) 0.61±0.00 0.51±0.03 0.45±0.03 0.27±0.02*
2 Catechin (20 mg/kg) 0.88±0.01 0.75±0.01 0.48±0.05 0.37±0.03*
3 Chlorogenic acid (20 mg/kg) 0.49±0.01 0.46±0.05 0.40±0.01* 0.30±0.00*
4 Diclofenac (20 mg/kg) 0.51±0.01 0.41±0.01 0.35±0.01* 0.24±0.02*
5 Control 0.31±0.04 0.38±0.02 0.26±0.02 0.35±0.01

Values are provided as mean ± SEM, *p<0.05, and are assessed using one-way ANOVA and Tukey’s multiple 
comparison test. There are six values in all.
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Fig. 3. Two-dimensional interactions between amino acid residues in proteins and their internal ligands, 
dihydromyricetin (I), catechin (II), chlorogenic acid (III), diclofenac (IV)

some are showing more binding energies with 
the COX-2 receptor within the active site and the 
interactions are Catechin has interactions with 
the Amino acids (ARG:44, CYS:47, CYS:36, 
PRO:153, LEU:152, GLU:465, ARG:469),Chrysin 
has interactions with the Amino acids (ALA:156, 
CYS:36, GLU:46, PRO:153, CYS:47, GLY:45, 
LEU:152, GLU:465, GLN:461), Dihydromyricetin 
has interactions with the Amino acids(CYS:47, 
ARG:44, GLY:45, CYS:41, PRO:153, CYS:36, 
CYS:37, VAL:155),  Emodin has interactions with 
the Amino acids (GLU:465, GLN:461, PRO:153, 
ARG:469, CYS:47, GLU:46, LEU:152),  Gmelinol 
has interactions with the Amino acids (ARG:44, 
GLU:465, PRO:153, CYS:47, CYS:36, LYS:468), 
Hecogenin exhibits interactions with the amino 
acids TYR:122 and LEU:80. Similarly, Juglone 
also interacts with the amino acids TYR:122 
and LEU:80. On the other hand, Oleanolic acid 
interacts specifically with the amino acid TYR:122, 

Papaverin Hcl has interactions with the Amino 
acids (GLN:289, LEU:294, HEM:682, VAL:291, 
HIS:214), Silybilin has interactions with the Amino 
acids (CYS:41, ASN:39, PRO:153, CYS:36, 
ASN:34, PRO:154, ALA:156, ASP:157, TYR:136, 
GLY:135). We will conduct additional in-vitro tests 
on the compounds based on these results.
rule of 5 (lipinski’s rule)
 Swiss ADME was used to evaluate the 
physicochemical properties of the chosen drug 
candidates to determine their drug similarity. The 
results are reported in Table 2. All exhibit qualities 
similar to drugs, according to the results.
acute Oral toxicity study
 The oral acute toxicity study was conducted 
using the OECD guideline-423 methodology. This 
approach was created to examine substances at 
fixed dosages and offers data for both hazard 
assessment and the ranking of chemicals for hazard 
classification. By suspending the synthesized 
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Fig. 4. Bar diagram with mean and standard error of the mean at 0-2 hrs

Fig. 5. Wistar rats with anti-inflammatory action. 
A) Pre-treatment paw edema; B) Post-treatment paw edema

compounds in acacia and water, a starting dose of 
200 mg/kg body weight was given, and the animals 
were monitored for 14 days after the administration 
sample. At least twice daily, careful observation 
was undertaken to look for any effects on the CNS, 
ANS, salivation, skin coloring, motor activity. The 
LD50 value of the synthesized ligands is indicated 
as class 5, as there was no evidence of toxicity 

at a dose of 200 mg/kg animals body weight. Of 
the five synthesized molecules, two derivatives 
(Chrysin and Emodin) were found as toxic, and 
the remaining three derivatives (Dihydromyricetin, 
Catechin, and Chlorogenic acid) were found as 
non-toxic at selected dose levels and well tolerated 
by the experimental animals as their LD50 cut of 
values were >200 mg/kg body weight, according 
to the data from the toxicity studies.
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In vivo rat Paw edema Method
 We tested the anti-inflammatory activity 
of the synthesized molecules using rat paw edema 
(produced by carrageenan). The effects of the 
activity were timed at zero, thirty minutes, 1, and 
2 hours, with dosages of 20 mg/kg of body weight 
being investigated. Table 3 presents the findings. 
The three compounds that were synthesized had 
varying degrees of anti-inflammatory properties. 
All three drugs show their maximal effects for 
up to two hours. The results obtained from the 
synthesized ligands, administered at a dosage 
of 20 mg/kg body weight, indicated that the 
most significant activity was observed when R 
was replaced with -CH3, phenyl, and phenyl 
carboxylate57.
 Figures 3 and 4 illustrate the comparative 
anti-inflammatory efficacy of synthetic derivatives 
(NTD1-NTD3) in relation to the reference drug 
diclofenac sodium. The data suggest that these three 
drugs exhibit significant (p 0.01) anti-inflammatory 
activity. The compounds exhibited the most 
significant impact at the 60 and 120-minute marks. 
This work shows how the target molecules inhibited 
prostaglandins, especially in the biphasic reaction 
that happened after carrageenan was administered. 
Furthermore, the cyclooxygenase enzyme may be 
selectively inhibited by these compounds. Figure 
5 clearly demonstrates the disparity in paw edema 
volume between the test animals before and after 
treatment with the examined medications.

COnClusiOn

 In-silico molecular docking simulations 
have been performed by inserting all of the selected 
medications into the preferred binding site of the 
protein receptor COX-2, using PyRx software 
to determine the orientation, binding affinities, 
and binding modes of all ligands. The docking 
experiments showed that every molecule had 
a good docking score. The results discussed in 
this study show that the selected phytochemicals 
show good activity. Among all the results top 
HIT molecules are selected for further in-vitro 
studies for anti-inflammatory activity. To sum 
up, these derivatives underwent a thorough 
assessment that included both computational and 
experimental methods in order to determine their 
potential as anti-inflammatory drugs. Notably, 

Chlorogenic acid, featuring a carboperoxoic 
acid and dihydroxy phenyl substitution, emerged 
as a promising lead compound, demonstrating 
remarkable anti-inflammatory properties in 
both in-silico and in vivo studies. Its binding 
affinity, stability, and interactions with the target 
protein COX-2 were found to be superior to the 
standard drug diclofenac sodium. Additionally, the 
safety profile of these derivatives was assessed, 
revealing that Dihydromyricetin, Catechin, and 
Chlorogenic acid exhibited no toxicity concerns 
at the tested dose levels, while Chrysin and 
Emodin displayed undesirable toxic effects. This 
highlights the need for careful consideration of 
toxicity in drug development. The findings from 
this research offer valuable insights into the 
potential of Chlorogenic acid as a lead compound 
for the buildout of anti-inflammatory drugs. 
However, further investigations are warranted 
to explore the structure-activity relationship and 
the precise mechanisms underlying the observed 
anti-inflammatory activity. Overall, this study 
highlights the latent of chlorogenic acid as a key 
option in the hunt for some more potent anti-
inflammatory medicines and lays the groundwork 
for future research in the field of drug design and 
development.
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