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ABSTRACT

Inflammation can be detected when a wound swells up, gets red, and aches. Inflammation is the body's immune
system's reaction to an irritant in broad terms. The irritant that may be possible that the irritant is a microbe, or
it might also be a foreign body. This suggests that inflammation does not begin solely when a wound has been
infected with germs, gushing pus, or if it is not healing properly. It begins when the body tries to protect itself
against toxic irritation. Microorganisms, physical agents, chemicals, incorrect immune responses, and tissue loss,
are the factors that may cause inflammation. Infectious agents, such as viruses and bacteria, are among the most
prevalent inflammatory triggers. Inflammation is caused by viruses infiltrating and killing bodily cells, while
bacteria release chemicals called endotoxins that can cause inflammation. This study aims to find suitable and
effective bioactive compounds by screening numerous phytochemical molecules using a bioinformatic approach
to develop an effective treatment for inflammation.

Methods: In this study, the proteins that play a crucial role in inflammation were used. The phytochemicals with
known anti-inflammatory properties were scrutinized based on pathophysiological relevance, pharmacokinetic
characteristics, and drug-like properties using the SwissADME web server. These phytochemicals were filtered
through the process of docking. Further, shortlisted molecules’ bioavailability and toxicity profiles were assessed
using SwissADME and ProTox-11 - Prediction of Toxicity of Chemicals web server, respectively.

Result: The two target receptors such as COX1 and iNOS were identified using a bibliographic study. Further,
the screening of 59 phytochemicals resulted in 10 molecules that satisfied the Lipinski rule for both COX1 and
iNOS. Owing to the binding affinity scores of 10 molecules, these 10 molecules with each receptor were chosen,
resulting in 10 drug candidates. Out of these ten, four were safe and non-toxic, whereas the other 6 were partially
toxic but as they have good binding affinity hence these molecules can also be used as drug candidates by
modifying the LD50 value or by modification of the drug molecule to get the desired effect.

Conclusion: Screening numerous phytochemicals against target proteins led to promising therapeutic candidates.
We believe these findings will aid in developing traditional medicine-based therapy methods and identifying viable
hits for future discoveries in inflammation medication development.
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l. INTRODUCTION

Inflammation is an immune response to invading foreign objects to defend their host and protect it from
any external invasion. It causes redness, swelling, pain, itching, burning, and increased temperature as a defense
mechanism which can also be addressed as a sign of averting superficial threats [Roma Pahwa; Amandeep Goyal,
Ishwarlal Jialal, 2000]. This immune response results in the release of antibodies and also directs increased blood
flow to the affected area. In the course of the inflammation process, various inflammatory mediators, including
pro and anti-inflammatory mediators, are synthesized and secreted from inflammatory cells and generated many
cellular effects [G. Villarreal, J. Zagorski, S.M. Wahl, 2000]. The inflammation Is branched into further two types
i.e., acute and chronic [Roma Pahwa; Amandeep Goyal; Ishwarlal Jialal, 2000]. Drugs that are in use in the
treatment of pain and inflammatory conditions are either steroidal or NSAIDs. In the following research, we
considered iINOS and COX-1. COX1, in particular, involves inflammation, COX-1 is required to treat the
inflammation [Rahul Kumar Vishwakarma, Ayesha Negi, Devendra s. Negi, 2022]. These have symptoms such
as Body pain, arthralgia, myalgia, Chronic fatigue and insomnia, Depression, anxiety, mood disorders, Weight
gain or weight loss, Frequent infections, etc. [Roma Pahwa; Amandeep Goyal; Ishwarlal Jialal, 2000]
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In inflammation cyclooxygenases-1 (COX-1) is a stimulus enzyme, so the activity of inhibition will be
targeted for inflammation treatment. To treat inflammatory disease non-steroidal anti-inflammatory drugs
(NSAIDs) are commonly used. Commonly and widely used drugs mostly fail to inhibit COX-1

INOS, is another inducible enzyme, significantly, overproduction of nitric oxide (NO) implicating
several pathophysiological states, like various inflammation, septic shock, and vascular dysfunction in diabetes
and cancer patients.

Nitric oxide (NO) is a biological messenger molecule and neurotransmitter, which is synthesized by NO
synthase (NOS) in multiple cells. NOS, specifically neuronal NOS (nNOS), endothelial NOS (eNOS), and
inducible NOS (iNOS), produce NO through the catalytic reaction of L-arginine and dioxygen. Distinct from
nNOS and eNOS, iNOS is expressed just after being induced by extracellular stimuli such as stimulation with
lipopolysaccharide (LPS)

Phenolic compounds and flavonoids manifest anti-inflammatory activities controlled by levels of
inflammatory mediators including IL-1, IL-6, IL-10, TNF-0, NF-KB, NO, INOS and COX-2.[4]

The main aim of this study is to find suitable and effective bioactive compounds by screening numerous
phytochemical molecules using a bioinformatic approach for the development of an effective treatment for breast
cancer. In addition, marketed anti-cancer standard drugs were used for comparative evaluation.

1. MATERIALS AND METHODS USED:
1) Protein Retrieval: The three-dimensional structure of the proteins involved in Inflammation such as

COX-1 (PDB ID-6Y3C) and iNOS (PDB ID-3HR4) were obtained from the RCSB Protein Data Bank (PDB)
(https://www.rcsb.org/).

Table 1, Target proteins and their respective functions.
Proteins Protein Description Protein Function PDB ID
COX-1 Cyclooxygenase-1 These lipid mediators play important 6Y3C
roles in inflammation and pain and in
normal physiological functions.

iNOS Inducible nitric oxide synthase | iNOS functions as a nodal point for 3HR4
the development of inflammatory
spinal
2) Ligand Preparation: The list of phytochemicals with proven anti-inflammatory properties was retrieved
from Dr. Duke’s Phytochemical and Ethnobotanical Database

(https://phytochem.nal.usda.gov/phytochem/search). Further, the canonical smiles and three-dimensional
structure of phytochemicals were obtained from the PubChem library (https://pubchem.ncbi.nlm.nih.gov/).

3) Pharmacological Properties of Compounds: For initial  screening, SwissADME
(http://www.swissadme.ch/), an online web-based platform, was used, which evaluates the pharmaceutical fidelity
of the drug candidates. Various attributes such as molecular weight, lipophilicity, number of hydrogen-bond
acceptors, and donors were analyzed using this tool. As these attributes form the foundation for the Lipinski rule
of five, any molecule deviating from the threshold values was eliminated from further analysis.

4) Molecular Docking: Before molecular docking analysis, proteins were pre-processed using Discovery
Studio 2021. This step includes the removal of any hetero-groups and the addition of Hydrogen atoms and
different charges. Further, the preparation of ligands and receptors in the PDBQT file format was carried out in
the AutoDock tool. The molecular docking was carried out using Autodock Vina to understand the interaction
between receptors and ligands. A rigid-flexible docking was performed after setting a grid box surrounding the
binding sites of the receptors.

5) Bioavailability Radar & Toxicity: Drug-likelihood was comprehensively evaluated for candidates,
considering six physicochemical properties such as solubility, molecular size, polarity, lipophilicity, saturation,
and flexibility, and a bioavailability radar was obtained using the SwissADME tool (http://www.swissadme.ch/).
At the same time, the ProTox-11 (https://tox-new.charite.de/protox_Il/index.php?site=compound_input) was used
to predict the toxicity of the ligand

6) Instrument used for software: Asus Tuf F17 Gaming laptop, Intel(R) Core (TM) i5-10300H CPU @
2.50GHz.

WWW.ijres.org 214 | Page


https://www.rcsb.org/
https://phytochem.nal.usda.gov/phytochem/search
https://pubchem.ncbi.nlm.nih.gov/
http://www.swissadme.ch/
http://www.swissadme.ch/
https://tox-new.charite.de/protox_II/index.php?site=compound_input

In-Silico Anti-Inflammatory Activity Evaluation of Phytochemical Through Molecular ..

1. RESULT:

Despite the advancement in medical research and the evolution of drugs inflammation remain a serious
threat if not treated properly. Our study mainly focused on finding the potential inhibitors of inflammatory agents
using various computational tools. An attempt was made to explore various phytochemicals against two proteins
involved in the progression in inflammatory activities and considered it as a potential drug target.

1) Ligand Selection: Molecules investigated in this study were selected from a diverse range of classes of
phytochemicals such as Bavachinin, Bassic-acid, Berberastine, etc. Some of the molecules have already been
reported in different literature as inhibitors of various enzymes involved in inflammation. In the current study, we
examined 150 phytochemicals that have already been identified as anti-inflammatory compounds. Initially,
pharmacokinetic properties were evaluated and Lipinski’s rule of five was considered for the assessment of the
drug-likeness of molecules. Out of all the selected phytochemicals, 10 molecules satisfied Lipinski’s rule and
were considered for further analysis.

2) Molecular Docking: Molecular docking is one of the most applied virtual screening methods that is used
to predict the interaction between receptors and ligands. This method could predict both the binding affinity and
the structure of the protein-ligand complex, which is valuable information for lead optimization. In the current
study, the selected receptors were docked against the screened molecules to examine the binding affinity. The
detailed information about the interactions between the amino acid residues of selected receptors and ligands is
present in the supplementary file. The docking score of the ligands against the receptors used in the study is
mentioned in the following study.

3) Screening of Drug candidates for COX-1: Amongst the 10 phytochemical compounds, the top five
ligands viz Bavachinin, Berberastine, Calophyllolide, Alkannin, Artecanin, Bassic-acid exhibited the highest
binding affinity and were considered as the best one (figure no 3-8). The binding energy of these following
compounds ranged between -9.0 kcal/mol to -8.1 kcal/mol. The graphical representation of binding energy (-
kcal/mol) of these phytochemicals are shown in the figure no 1.

4) Screening of Drug Candidates for iNOS: The top seven phytochemicals viz Chlorogenin,
Acetylshikonin, Artemetin, Atractylochromene, Bavachinin, Bassic-acid, Berberastine (figure no 9-13) had the
highest binding affinity -10.2 kcal/mol, -8.6 kcal/mol, -8.5 kcal/mol, -8.5 kcal/mol, -8.3 kcal/mol, -8.3 kcal/mol
and -8.1 kcal/mol, respectively. The binding energy of the standard drugs was in the range of -8.0 kcal/mol to -
10.0 kcal/mol. The graphical representation of binding energy (-kcal/mol) of these phytochemicals are shown in
the figure no 2.

Table 2, The binding affinity of COX and iNOS with selected ligands

COX-1 iNOS
MOLECULE Binding Energy n(AG) MOLECULE Binding Energy n(AG)
(kcal/mol) (kcal/mol)

BAVACHININ -9.0 CHLOROGENIN -10.2
BERBERASTINE -8.8 ACETYLSHIKONIN -8.6
CALOPHYLLOLIDE -8.8 ARTEMETIN -8.5
ALKANNIN -8.5 ATRACTYLOCHROMENE -8.5
ARTECANIN -8.1 BAVACHININ -8.3
BASSIC-ACID -8.1 BASSIC-ACID -8.1
BERBERASTINE -8.1
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Figure 1, Graphical representation of the binding energy (-kcal/mol) of top 6 phytochemicals with cox.
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Figure 2, Graphical representation of the binding energy (-kcal/mol) of top 7 phytochemicals with iNOS.
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Figure 4, Docking pose of Berberastine with the entity of Eéawiwu(left), 2d interactionmblot of COX-Berberastine
complex visualized(right).
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Figure 5, Docking pose of Calophyllolide with the entity of COX (left), 2d interaction plot of COX-
Calophyllolide complex visualized(right).
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Figure 6, Docking pose of Alkannin with the entity of COX (left), 2d interaction plot of COX-Alkannin complex
visualized(right).
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Figure 7, Docking pose of Artecanin with the entity of COX (left), 2d interaction plot of COX-Artecanin complex
visualized(right).
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Figure 8, Docking pose of Bassic-acid with the entity of COX (left), 2d interaction plot of COX-Bassic-acid
complex visualized(right).
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Figure 9, Docking pose of Chlorogenin with the entity of |NOS =(Ieﬂ), 2d interaction plot of iINOS-Chlorogenin
complex visualized(right).

Figure 10, Docking pose of Acetylshikonin with the entity of iNOS (left), 2d interaction plot of iINOS-
Acetylshikonin complex visualized(right).
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Figure 12, Docking pose of Atractylochromene with the entity of iINOS (left), 2d interaction plot of INOS-
Atractylochromene complex visualized(right).
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Figure 13, Docking pose of Bavachinin with the entity of iNOS (left), 2d interaction plot of INOS-Bavachinin
complex visualized(right).
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Figure 14, Docking pose of Bassic-acid with the entity of iINOS (left), 2d interaction plot of INOS-Bassic-acid
complex visualized(right).
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complex visualized(right).

V. DISCUSSION:

Inflammatory disease is the leading cause of death worldwide. The World Health Organisation (WHO)
claims that chronic inflammation poses a serious threat to human health. Stroke, chronic respiratory diseases,
heart issues, cancer, obesity, and diabetes kill three out of every five people worldwide. The need for an effective
treatment for inflammation is urgent due to the long history of its causes. In our study, pharmacokinetic criteria
were used to screen 150 phytochemicals, and 50 lead molecules were found to address this issue. When these 50
molecules interact with COX and iNOS, the top 10 potential binders are created. After being tested for
bioavailability and toxicity on these top 10 molecules, the phytochemicals Bavachinin, Berberastine,
Calophyllolide, Alkannin, Artecanin, Bassic-acid, Chlorogenin, Acetylshikonin, Artemetin, and
Atractylochromene were also found to be secure and non-toxic. Thus, it can be said that these molecules are
effective at neutralising the targeted proteins. We believe the results will aid in the development of conventional
medicine-based therapy methods in addition to identifying promising hits for potential lead optimization in the
development of anti-inflammatory medications.

Table 3, Bioavailability radar plot of 10 shortlisted molecules.
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Class | LD 50 | Hepato- | Carcino- | Immuno | Mutagen | Cyto-
Ligands (mg/kqg) toxicity | genicity | -toxicity | -icity toxicity
ACETYLSHIKONIN 4 1000mg/kg | Inactive | Inactive | Active Inactive | Active
ALKANNIN 4 1000mg/kg | Inactive | Inactive | Active Inactive | Active
ARTECANIN 6 39800mg/k | Inactive | Inactive | Active Inactive Inactive
g

ARTEMETIN 5 5000mg/kg | Inactive | Inactive | Active Inactive | Inactive
ATRACTYLOCHROMEN | 4 750mg/kg Inactive | Inactive | Inactive | Inactive | Inactive
E

BASSIC-ACID 4 2000mg/kg | Inactive | Inactive | Inactive | Inactive Inactive
BAVACHININ 4 2000mg/kg | Inactive | Inactive | Active Inactive Inactive
BERBERASTINE 3 200mg/kg Inactive | Active Active Active Active
CALOPHYLLOLIDE 5 2500mg/kg | Inactive | Inactive | Active Inactive Inactive
CHLOROGENIN 5 2600mg/kg | Inactive | Inactive | Active Inactive Inactive

CHLOROGENIN

Table no 4, Toxicity profile of the shortlisted molecule
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