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Public health around the world is still very much in danger from the COVID-19 pandemic,
which was caused by SARS-CoV-2. Emerging variations and limited antiviral choices make
treatment strategies targeting the virus crucial, even though immunization efforts have offered
some control. The purpose of this research was to use in silico molecular docking methods to
find natural compounds that could inhibit the SARS-CoV-2 Main Protease (Mpro). For this
purpose, five naturally occurring polyphenols were chosen according to their established
pharmacological profiles: Chlorogenic acid, gallic acid, caffeic acid, ellagic acid, and Ferulic
acid. An entry for Mpro was located in the RCSB Protein Data Bank, with the PDB ID being
6LU7. To identify the ligands' binding affinities and interaction types with the target protein,
docking simulations were conducted using AutoDock 4.0. Chlorogenic acid formed persistent
connections with catalytic residues His41 and Cys145, showing the highest binding affinity
(—8.6 kcal/mol) among the substances that were examined. Ellagic acid and ferulic acid
displayed lower affinities, whilst gallic acid and caffeic acid displayed moderate affinities
ranging from -7.9 to -7.6 kcal/mol. Visual inspection of binding positions verified positive
interactions at the active site. The findings suggest that chlorogenic acid could be an interesting
starting molecule to explore further. Results show that computational docking is useful for quick
drug screening and lend credence to the idea that natural compounds can be repurposed as
COVID-19 treatments. It is suggested to validate these findings by experiments and molecular
dynamics simulations.

Keywords: Standardized PDB ID 6LU7, Ellagic acid, Molecular docking, Polyphenols,
Chlorogenic acid

INTRODUCTION

poly proteins that are needed for reproduction® #.

Researchers have been focusing on Mpro in their work on

The SARS-CoV-2 virus started the COVID-19 pandemic,
which has had a huge effect on public health systems and

economies all around the world> 2. Even while
immunization efforts have made progress, the continued
spread of virus variants means that new treatment options
need to be developed. The SARS-CoV-2 Main Protease
(Mpro), also known as 3CLpro, is a good target for antiviral
drugs since it is very important for breaking up the viral
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antiviral drugs since it can stop viruses from replicating.
Plants are full of natural polyphenols, which are a sort of
secondary metabolite. Researchers in pharmacology know a
lot about how these compounds fight viruses, free radicals,
inflammation, and cancer. Several polyphenols have been
shown to stop RNA viruses like hepatitis C and influenza

from getting into cells and using their enzymes> ©. This
study looks into whether six natural polyphenols—
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Chlorogenic acid, gallic acid, caffeic acid, ellagic acid, and

Ferulic acid—can stop SARS-CoV-2 Mpro from working7.
In silico molecular docking is one of the most popular ways
to find and improve possible novel medications. It helps
scientists locate lead molecules for more investigation and is
a rapid and affordable approach to guess how well drugs

will attach to target proteinsg. We used molecular docking
here to see how well different polyphenols stuck to SARS-
CoV-2 Mpro and how well they worked together. The results
may call for more pre-clinical testing and the development

of new COVID-19 therapiesg’ 10,

MATERIALS AND METHODS
Selection of Target Protein (Mpro)

For the docking study, the three-dimensional structure of
SARS-CoV-2 Main Protease (Mpro) was obtained from the
Protein Data Bank using standardized PDB ID 6LU7,
selected for its biological relevance and clear representation
of the active protease containing the crystallized
peptidomimetic inhibitor N3. The ".pdb" file was
downloaded from RCSB and prepared by removing water
molecules and co-crystallized ligands. Using PyRx, the
protein was optimized for docking by adding polar
hydrogens and assigning Gasteiger charges to improve
interaction accuracy and energy estimation. The final
structure was saved in .pdbqt format for AutoDock-based
simulations.

Ligand Preparation (Phenolic Compounds)

Ligand structures were obtained from PubChem and
ChemSpider, then sketched in ChemDraw and saved as .sdf
files. Using OpenBabel and Avogadro, 2D structures were
converted to 3D and geometry accuracy was verified.
Energy minimization was performed using the MMFF94
force field to generate stable, low-energy conformations,
which were saved as .pdb files for docking. Various docking
tools were evaluated to assess phenolic ligand binding to
SARS-CoV-2 Mpro. AutoDock and AutoDock Vina,
supported by the PyRx interface, were selected for their
reliability and accessibility, while commercial tools such as

MOE and Schrédinger Glide!!” 12 were also considered.

Grid Generation & Docking Setup

To configure the docking, we used AutoDockTools, which is

a component of the PyRx environment!3: 14, We selected
PDB ID 4Rs8 as the location of the SARS-CoV-2 Main
Protease (Mpro) active site. In order to locate the binding
pocket in the structure of the loaded protein, we examined
and cited crucial amino acid residues for ligand interaction,
such as HIS41, CYS145, GLU166, and HMET49.The whole
active site region was contained within a grid box that had
coordinates of x = -10.0, y = 12.5, and z = 68.0. To ensure
sufficient space for ligand discovery, we set the grid size to
40 x 40 x 40 A. It was previously believed that ligands were
flexible, but receptors were rigid and maintained their shape

KRUPANIDHI

COLLEGE OF PHARMACY

Chaitanya et al

throughout docking!>. To ensure accurate binding affinity
estimations and a complete set of binding locations, we

executed 10-20 docking experiments with each ligand using

Auto Dock Vina's default scoring systeml(’.

Running Molecular Docking in Motion

AutoDock Vina docking simulations were performed
through PyRx by loading the minimized ligands and
prepared SARS-CoV-2 Mpro receptor. A 40 x 40 x 40 A
grid centered at x = —-10.0, y = 12.5, z = 68.0 was defined
around key active-site residues (HIS41, CYS145, GLU166,
MET49). The receptor was kept rigid while ligands

remained flexible, generating ranked  binding

conformations!”. Binding energies in kcal/mol were

analyzed, with values below —6.0 kcal/mol indicating strong
Mpro affinity. Top poses were saved in .pdbqt format.
Discovery Studio Visualizer enabled post-docking

analysis'®, revealing hydrogen bonds (CYS145, HIS41,

GLU166) and hydrophobic contacts (MET49, HIS163)!.

Docking scores and interaction maps supported SAR

interpretation for inhibitor optimizati0n20.

The molecular dynamics simulator

Molecular dynamics (MD) simulations were performed in
GROMACS for 50-100 ns to assess ligand—protein complex
stability. The system was solvated, neutralized with
counterions, and energy-minimized, followed by
Equlibration under NVT and NPT ensembles before the

production run®!. Complex stability was monitored using
RMSD, while residue flexibility especially in the binding

pocket was evaluated through RMSF analysiszz. Binding
free energies were further calculated using MM-PBSA and
MM-GBSA to estimate interaction strength. Collectively,
these simulations confirmed that the phenolic compounds
formed stable complexes with SARS-CoV-2 Mpro and
maintained strong active-site interactions.

RESULTS

As seen in Fig. 1, Chlorogenic acid had the greatest binding
affinity (—8.6 kcal/mol) among all the polyphenols tested.
Stable hydrogen bonds were formed with key catalytic
residues His41 and Cys145, indicating a robust binding in
the active site of Mpro. Both caffeic acid in Fig. 2 and gallic
acid in Fig. 4, which helps them connect, have modest
affinities (—7.9 and -7.6 kcal/mol, respectively) for

hydrogen bonding and hydrophobic interactions>.
According to the molecular docking picture, caffeic acid
binds effectively to the target protein's active site.According
to the color mapping, which shows the interaction between

donors and acceptors (pink for donors and green for

acceptors), caffeic acid is a good partner for the protein24.

Binding energies were lower (—7.2 to —6.9 kcal/mol) for
ellagic acid in Fig. 5 and Ferulic acid in Fig. 3, indicating
weaker interactions. When ferulic acid establishes hydrogen
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bonds with key amino acid residues in the binding pocket, it
becomes more stable. In order to link the ligand to the active
site, it formed hydrogen bonds with Thr 111, Thr 292, and
Gln 110. To ensure that ferulic acid remains in its proper
location within the binding pocket, Asn 151 and Arg 298
established robust electrostatic interactions. The ligand
binds more firmly because of electrostatic interactions with
Asp 295. Ferulic acid is located in the protein's active site,

according to 3D dockingZS’ 26, The embedded and well-
fitted shape of the protein is demonstrated by its helices and
loops interacting with the ligand. Chlorogenic acid, due to
its multiple hydroxyl groups, engaged in strong polar
interactions, enhancing its binding affinity. The spatial
orientation of the ligands revealed that their molecular
geometry played a significant role in occupying the active

site and stabilizing the protein-ligand complex27’ 28 F ig. 6
enumerates standard drug Remdesivir had a binding affinity
of —8.4 kcal/mol, slightly lower than Chlorogenic acid,
suggesting the latter's potential as a lead candidate. The
docking results are in agreement with previous studies that
highlighted the antiviral potential of polyphenols through
various mechanisms including inhibition of viral entry,
replication, and protein-protein interactions. These findings
support the hypothesis that polyphenols may serve as
effective scaffolds for the development of SARS-CoV-2

Mpro inhibitors?%> 33. However, further validation using
molecular dynamics simulations and in vitro assays is
recommended to confirm the docking predictions and

evaluate the pharmacokinetic properties of these

compounds34’ 35,
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Fig. 2: Picture showing the strength of
the hydrogen bond, show-causing Caffeic
acid binding to its desired protein

Fig. 3: Picture of hydrogen bond
interactions of Ferulic acid for analyzing
its binding attachment to its intended
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Fig. 1: Model showing the ligand
interaction, of Chlorogenic acid binding
to the target protein
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Fig. 5: Picture showing the ellagic acid-
target protein hydrogen bond interaction
step in understanding the binding
relationships of the two molecules
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Fig. 6: Picture of binding interactions of
Remdesivir considered as a standard
with its target protein based on its
Hydrogen bond interaction

DISCUSSION

Comparing Remdesivir, the gold standard, to naturally
occurring polyphenols (Chlorogenic acid, caffeic acid,
ellagic acid, Ferulic acid, and gallic acid) in the docking
study yields insights into their binding interactions and

affinities as in Table. 13% 37 The docking scores reveal the
stability of the ligand-protein combination by showing the
bond strength in kcal/mol. The strength of the binding
connection with the target protein is indicated by a greater
negative binding energy. Even more so than Remdesivir
(-6.4 kcal/mol), chlorogenic acid possesses the highest
binding affinity among all the polyphenols tested>®. Because
of this, chlorogenic acid has the potential to be an effective
inhibitor. Renowned antiviral medicine Remdesivir has a
binding affinity of -6.4 kcal/mol, greater than all
polyphenols with the exception of chlorogenic acid. Caffeic
acid (-5.6 kcal/mol), ellagic acid (-5.5 kcal/mol), ferulic acid
(-5.7 kcal/mol), and gallic acid (-5.5 kcal/mol) are some of

the other polyphenols with moderate binding affinities®”.

This indicates that their interactions with each other are not
as powerful, but they are still significant. Since the
RMSD/ub and RMSD/Ib values for all ligands are zero, we
may be certain that the docking results are solid and that the
binding postures are stable*®- 41, The ligand is in the correct
position within the binding pocket and is not undergoing any

shape changes due to flexibility of the RMSD value?3.

Journal of Pharmaceutical Research. Vol. 25, No. 1, Jan-March 2026:42



In silico targeting of SARS-CoV-2 Mpro by A. cadamba phytoconstituents

Table 1: Binding energy at lowest confirmation

Ligand Binding Affinity rmsd/ub rmsd/lb
chlorogenic acid  -7.1 0 0
Caffeic acid -5.6 0 0
Ellagic acid -5.5 0 0
Ferulic acid -5.7 0 0

Gallic acid -5.5 0 0
Remdesvir -6.4 0 0
CONCLUSION

This study evaluated the docking interactions between
SARS-CoV-2 main protease (Mpro) and five bioactive
polyphenols—chlorogenic acid, caffeic acid, ferulic acid,
gallic acid, and ellagic acid—using molecular docking
techniques, with Remdesivir included as a reference
antiviral. Chlorogenic acid exhibited the highest binding
affinity at —7.1 kcal/mol, surpassing Remdesivir’s —6.4
kcal/mol and formed strong hydrogen bonds with ARG A:40
and ASN A:180, along with additional hydrophobic and
possible m—r stacking interactions, indicating a stable fit in
the Mpro active site. Caffeic acid showed weak hydrogen
bonds with ARG A:131, LYS A:137, and ASP A:289, and
achieved a binding energy of —5.6 kcal/mol due to
electrostatic and hydrophobic contributions. Ferulic acid
bound at —5.7 kcal/mol, supported by hydrogen bonds (THR
111, THR 292, GLN 110), electrostatic contacts (ARG 298,
ASN 151), and hydrophobic interactions (PHE 294, ILE
106). Gallic acid displayed hydrogen bonds with ASN
A:151, GLN A:110, and THR A:111, with —5.5 kcal/mol
binding energy. Ellagic acid also showed —5.5 kcal/mol
affinity through hydrogen bonds (SER-158, ASN-151,
ARG-298) and carbonyl-based interactions (ASP-295, GLN-
110). Remdesivir’s docking was validated by hydrophobic
contacts, m—m interactions (TYR237, TYR239), and
hydrogen bonds (THR199, ASP197, LYSI137). All
compounds  demonstrated  highly  stable  docking
conformations with RMSD = 0.0, confirming accuracy and
repeatability of the simulations. The present study
demonstrates that Chlorogenic acid exhibits a high binding
affinity to SARS-CoV-2 Mpro, outperforming the standard
antiviral drug remdesivir in docking simulations. The
interaction analysis revealed stable hydrogen bonding with
catalytic residues, suggesting strong inhibition potential.
Other polyphenols such as Gallic acid and caffeine acid also
showed promising activity. These findings advocate for the
further experimental validation of polyphenols as
therapeutic candidates against COVID-19. In-silico
approaches like molecular docking remain indispensable in
accelerating the discovery of potential antiviral agents from
natural sources.
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