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Abstract. - OBJECTIVE: Coronaviruses are
large, enveloped, positive-stranded RNA virus-
es. These viruses contain spike-like projections
of glycoprotein on their surface, which appear
like a crown. Millions of infections and thou-
sands of deaths have been reported world-
wide to date. Hence, the objective of the present
study was to look for in silico evaluation of cer-
tain commercially available flavonoids against
SARS-CoV-2 enzyme.

MATERIALS AND METHODS: The in sili-
co docking calculations were carried out us-
ing AutoDock 4.2 software. For the computa-
tional investigation, Apigenin, Catechin, Ga-
langin, Luteolin, Naringenin were selected. An
anti-viral drug Remdesivir was selected as ref-
erence drug.

RESULTS: In the present study we found that
Naringenin showed excellent binding score with
the SARS-CoV-2 enzyme compared to the refer-
ence drug and other selected flavonoids.

CONCLUSIONS: Based on the docking re-
sults, we conclude that Naringenin can be con-
sidered worthwhile to check its antiviral activi-
ty for the management of Coronavirus disease.
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Introduction

In early December 2019, the first novel corona
virus outbreak appeared in Wuhan city, Hubei
Province, China. It continues to spread at a rapid
rate worldwide. Corona virus comes under the
order Nidovirales and family coronaviridae and it
is of four major genera: alpha, beta, gamma, delta
corona virus. They are known as severe acute re-

spiratory syndrome coronavirus, Middle-East re-
spiratory syndrome, SARS-CoV-2'. In the field of
molecular modelling, docking is a method which
predicts the preferred orientation of one molecule
to a second when bound to each other to form a
stable complex. AutoDock 4.2 is an automated
procedure for predicting the interaction of ligands
with bio macromolecular targets?.

Flavonoids are a class of polyphenolic sec-
ondary metabolites found in plants. It has an-
ti-inflammatory, anti-mutagenic and anti-car-
cinogenic properties coupled with its capacity to
modulate key cellular enzyme functions**. For
the present computational study flavonoids such
as Apigenin, Catechin, Galangin, Luteolin, and
Naringenin were selected based on their reported
antiviral and drug likeness properties’. Therefore,
the aim of this study was to look at the in silico
evaluation of certain commercially available fla-
vonoids against SARS-CoV-2 enzyme.

Materials and Methods

Software Used

Python 2.7 - language was downloaded from
www.python.com, Cygwin (an information stor-
age) c:\program and Python 2.5 were concurrent-
ly downloaded from www.cygwin.com; Molecu-
lar snap shots laboratory (MGL) equipment and
AutoDock 4.2 were once downloaded from www.
scripps.edu; Discovery studio visualizer 2.5.5
used to be downloaded from www.accelerys.
com; ChemSketch was once downloaded from
www.acdlabs.com. Online smiles translatory no-
tation was once carried out the use of cactus.nci.
nih.gov/translate/.
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Table I. Summary of the docking parameters of the flavonoids against SARS-CoV-2.

Binding energy Inhibition constant Intermolecular energy
Name of the compound (kcal/mol) (um) (kcal/mol)
Apigenin -7.17 5.56 -8.36
Catechin -6.50 17.08 -8.29
Galangin -5.69 67.56 -6.88
Luteolin -7.22 5.07 -8.71
Naringenin -7.29 4.50 -8.49
Remdesivir -2.06 131.06 -5.13

Docking Methodology

The SARS-CoV-2 spike in prefusion state pro-
tein database has been downloaded from the
RCSB protein data bank. The commercially
available flavonoids such as Apigenin, Catechin,
Galangin, Luteolin Naringenin and the standard
drug Remdesivir have been constructed with the
help of ChemSketch. The evaluation of drug-like-
ness test for the all the selected compounds was
carried out using Molinspiration software®.

The AutoDock 4.2 program was used to in-
vestigate ligand binding to structurally refined
SARS-CoV-2 spike in prefusion state protein
model using a grid spacing of 2.0 A and the grid
points in X, Y and Z axis were set to 90 X 90 X
90". For each ligand, a docking stimulation was
performed and the analysis was based on binding
energies and inhibition constants and the mole-
cules were then ranked in order of docking score®.

Results

In Silico Cholinesterase Inhibitory Profiling
In silico SARS-CoV-2 spike protein inhibitory
profiling was evaluated for certain commercially
available flavonoids based on the binding energy,
inhibition constant, intermolecular energy.

As shown in Table I, selected flavonoids exhib-
ited excellent binding energy in the range from
-7.29 kcal/mol to -5.69 kcal/mol against the target
enzyme when compared to the standard (-2.06
kcal/mol). In the present study, it was observed that
there is a decrease in the inhibition constant with a
simultaneous reduction in the binding energy of the
compound. All the selected flavonoids had showed
constant attractive inhibition values in the range
of 4.50 uM to 67.56 uM compared to the standard
(131.06 uM). Reduction in the intermolecular ener-
gy of the compounds was noted with a progressive
decline in binding energy. The selected compounds
exhibited intermolecular electricity ranging from
-8.49 to -6.88 when in contrast to the Remdesivir
showed -5.13 against SARS-CoV-2 glycoprotein.
The in silico research revealed that Naringenin was
exhibited strong binding interactions and docking
score which may emphasise that these compounds
can be developed as potential leads for the manage-
ment of SARS-CoV-2 disease.

The selected flavonoids showed optimal binding
orientations against SARS-CoV-2 when compared
with the standard. The interacting amino acid
residues act as an essential role in inhibitory ac-
tivity towards the target enzyme. The aminoacid
residues responsible for the Naringenin (Figure
1) binding interaction with SARS-CoV-2 glyco-
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Figure 1. Binding orientations of SARS-CoV-2 spike in prefusion state protein with Naringenin and Remdesivir.
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protein were GLY 142, THR 167, ARG 190, ILE
197, ARG 214, ASN 217, SER 221, PRO 384, ASN
394, VAL 722 and the for the Remdesivir (Figure
1) was found to be, GLY 142, THR 167, ILE 197,
ARG 214, GLY 268, GLN 238, PRO 384, ASN
394, PHE 484, VAL 722. This result proves that
the similar and effective binding orientations were
present in the Naringein when compared with the
standard Remdesivir. Based on the docking con-
formations, we predict that the interactions expe-
rienced with the Naringenin may lead to a potent
inhibitor of the SARS-CoV-2 glycoprotein and thus
act as a potent antiviral agent.

Discussion

At present, COVID-19 is scattering worldwide
very fast and its control is very hard because
there are no effective drugs available in markets.
Joshi et al’ conducted virtual screening of various
phytochemicals to find novel compounds against
the Coronavirus. Hence, they created 318 phyto-
chemicals library from 11 different plants which
have been reported as antibacterial, antiviral, and
antifungal activity. The phytochemical library
was focused into virtual screening against An-
giotensin-Converting Enzyme 2 and Main pro-
tease (Mpro) targets. Top ten compounds were
selected from each target which had significantly
low docking energy as compared to the standard
molecule’.

Flavonoids, as phenolic compounds, have
concerned considerable awareness due to their
various pharmacological properties. Tutunchi et
al'® reviewed the promising effects and feasible
mechanisms of action of naringenin against
COVID-19. Apigenin was evaluated for its anti-
viral against HCV using host factor modulation
technique. It resulted in reduction of mature
miRNA122 production that is in harmony with
HCV infection in vitro". Luteolin has been
hindered by the access of severe acute respira-
tory syndrome coronavirus (SARS-CoV) and
influenza A virus by interfering with S2 protein
of SARS-CoV viruses and hemagglutinins of
influenza A virus'2.

Usually, natural compounds are known to have
one or more medicinal properties. The indepen-
dent descriptors were determined for selected
natural compounds using Molinspiration soft-
ware. A minimum of two violations are allowed
to calculate the drug-likeness score. The different
descriptors for each compound along with the

standard drug were compared. All the selected
commercially available flavonoids were shown no
violations against Lipinski’s rule.

We have identified potential SARS-CoV-2 pro-
tein inhibitors by targeting SARS-CoV-2 spyke
protein model which is vital for survival of the
Corona virus. Our in silico research revealed that
Naringenin can be developed as a potential lead
for the management of SARS-CoV-2 disease.

Conclusions

Naringenin showed excellent SARS-CoV-2 in-
hibiting properties in the in silico computational
studies with remarkable docking score and ori-
entation. Hence, the Naringenin was presented
to the scientific community for further inves-
tigational confirmation for the development of
potent SARS-CoV-2 inhibitor for the treatment
of Corona disease.
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