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Abstract- Novel coronavirus (COVID-19) cases were first reported in Wuhan, Hubei province of China and have since
spread all over the world. The virus is spreading rapidly by human to human transmission despite serious precautions,
threatening a pandemic that will affect billions of people. Currently there are no vaccines, monoclonal antibodies or drugs
available for SARS-CoV-2. There is an urgent need to identify antiviral compounds that can combat the effects of this
deadly virus. In this review, an effort is taken to perform molecular docking of some natural phytochemicals to 2019-nCoV
spike receptor-binding domain. The docking studies were carried out in Autodock 4.2.6 and the drug likeness properties
were predicted using SwissADME webserver. The results revealed that quercetin (-8.71 Kcal/mol) and theaflavin (-7.36
Kcal/mol) from Camellia sinensis had best binding scores with 2019-nCoV spike receptor-binding domain.
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I. INTRODUCTION

Coronaviruses belongs to the Coronaviridae family in the
order of Nidovirales. Corona viruses are named so because
they have a characteristic corona like spikes on the outer
surface. Coronaviruses range from 65-125 nm in diameter
and they contain a single-stranded RNA as a nucleic
material, size ranging from 26 to 32kbs in length [1].
Coronaviruses are known to infect a wide range of hosts
including humans, other mammals and birds. The infected
hosts often exhibit different clinical symptoms ranging
from asymptomatic to severe [2]. There are six known
coronaviruses that cause infection in humans. Among
these, coronavirus 229E, OC43, NL63, and HKU1
generally cause mild cold-like symptoms, whereas Severe
Acute respiratory syndrome-coronavirus (SARS-CoV) and
Middle East respiratory syndrome-coronavirus (MERS-
CoV) cause severe respiratory diseases such as pneumonia
and death [3].

An outbreak of novel coronavirus (SARS-CoV-19)
infection that emerged in Wuhan, China has progressed
rapidly and led to more than 66 lakh cases and 3.9 lakh
deaths worldwide as of June 6, 2020 and has evolved as a
major threat. The disease caused by the novel coronavirus,
called as COVID-19 is characterized by fever, cough,
shortness of breath, pneumonia, fatigue and in many cases
leads to death [4]. To date, there are no SARS-CoV-2-
specific antiviral agents. Researchers have been racing to
find possible treatments to save lives and produce vaccines
for future prevention.

Medicinal plants have been used to treat a variety of
infectious and non-infectious diseases since ancient times.
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They synthesize a variety of chemical compounds that
perform important functions to defend against pathogenic
microorganisms [5]. Camellia sinensis (tea) and
Azadiratcha indica (neem) are the most commonly found
plants in India with a wide range of pharmaceutical
properties including antioxidant, antiviral and antibacterial
activities [6] [7].

Thus the present study is aimed to perform a comparative
docking analysis of some of the phytochemicals that are
present in Camellia sinensis, Azadiratcha indica namely,
Catechin, Chlorogenic acid, Quercetin, Theaflavin, Nimbin
and Azadirachtin to 2019-nCoV spike receptor-binding
domain using Autodock 4.2.6.

Il. METHODOLOGY

Protein preparation

The 3D structure 2019-nCoV spike receptor-binding
domain (PDB ID: 6M0J) was downloaded from the Protein
Data Bank. The ACE2 domain was removed from the
spike receptor bhinding domain. The docking calculations
were performed using Autodock 4.2.6.

Ligand preparation

A total of 6 compounds namely Catechin, Chlorogenic
acid, Quercetin, Theaflavin from Camellia sinensis and
Nimbin, Azadirachtin from Azadiratcha indica were
selected from literature study to carry out docking. Three
antiviral drugs that are currently used in treatment namely
Hydroxy chloroquine, Oseltamavir and Ritonavir were also
subjected to docking with the spike protein of Covid-19.
(T- 1). The structures of selected compounds to be docked
with target protein were obtained from the PubChem
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database of the National Centre for Biotechnological
Information (NCBI) and converted to PDB file format
using CORINA classic.

Molceular docking

The molecular docking approach can be used to study the
interaction between a small molecule and a protein at the
atomic level, which allow us to understand the behaviour
of small molecules in the binding site of target proteins [8].
Molecular docking is routinely used for understanding
drug-receptor interactions in modern drug designing [9].
The use of computational methods in the early stages of
target identification and drug discovery becomes more
attractive to solve the pressing need of combating the
pathogens [10].

Molecular docking was carried out using Autodock 4.2.6.
The docking results were visualized using PyMOL and the
type of the interactions involved was visualized using
Discovery studio.

Druglikeness properties

SwissADME, a free web tool was used to analyse the
pharmacokinetics and druglikeness properties of these
compounds. Lipinski's rule was analysed to evaluate
the druglikeness of the compounds [11].

I1l. RESULTS AND DISCUSSION

Coronaviruses (CoVs) belong to a group of viruses that can
infect humans and vertebrate animals. Coronavirus
infections affect the respiratory, digestive, liver, and
central nervous systems of humans and animals [12]. The
present study focussed on docking some natural
phytochemicals with 2019-nCoV spike receptor-binding
domain. Medicinal plants have been used in traditional
health care systems since ancient times and are still the
most important health care source for a vast majority of the
population around the world. About 25% of the commonly
used antiviral medicines contain compounds isolated from
plants [13].

The target protein 2019-nCoV spike receptor-binding
domain was docked with Catechin, Chlorogenic acid,
Quercetin, Theaflavin, Nimbin and Azadirachtin by
Autodock 4.2.6. The antiviral drugs, Hydroxy chloroquine,
Oseltamavir and Ritonavir were also included in the
docking study. The energy values and the amino acids
involved in interactions between protein and ligands are
presented in T- 1.

The energy values of binding affinities of Catechin,
Chlorogenic acid, Quercetin, Theaflavin, Nimbin and
Azadirachtin obtained by Autodock 4.2.6 were -6.93, -
5.34, -8.71, -7.36, -7.4, -6.24 Kcal/mol respectively. The
binding energy of antiviral drugs Hydroxy chloroquine,
Oseltamavir and Ritonavir were found to be -7.16, -8.9, -
5.6 Kcal/mol respectively. The docking poses were
analyzed and the amino acid residues involved in the
various interactions were studied. The binding energies of
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the phytochemicals were significantly similar to those that
of the antiviral drugs.

The free energy of binding was found to be best for
Quercetin followed by other ligands in the order Quercetin
(-8.71) > Nimbin (-7.4) > Theaflavin (-7.36) > Catechin (-
6.93) > Azadirachtin (-6.24) > Chlorogenic acid (-5.34).

Many studies have been conducted to test the antiviral
potential of phytochemicals. Quercetin, Chlorogenic acid,
Theaflavin and Catechin has been shown to act as an
antiviral agent against many viruses including Influenza A
virus, herpes simplex virus type 1 and respiratory syntical
virus. They also act as antioxidants that protect the cells
against free radicals [14] [15] [16] [17]. Quercetin is
present in abundance in plants and it diminishes the
replication of many viruses like the highly pathogenic
influenza virus, rhinovirus, dengue virus type-2, HSV-1,
poliovirus, adenovirus, Epstein-Barr virus, Mayaro virus,
Japanese encephalitis virus, respiratory syncytial virus, and
HCV [18]. In, a similar study Nimbin and Azadirachtin
were docked against NS2B-NS3 protease of dengue virus.
The results revealed that both phytochemicals were potent
inhibitors of the viral protease [19].

In the present study, an attempt was made to dock the
bioactive phytochemicals of tea and neem by in silico
methods. The results revealed that the phytochemicals
showed good binding affinity with the 2019-nCoV spike
receptor-binding domain.

Lead-likeliness properties

Absorption, distribution, metabolism, excretion, and
toxicity (ADMET) properties play important roles in the
development of a drug candidate and in clinical trials [20].
The pharmacokinetic properties and druglikeness of the
selected ligands were predicted using SwissADME and are
illustrated in Table 2. Catechin, Quercetin and Nimbin has
high gastro-intestinal absorption whereas Chlorogenic
acid, Theaflavin and Azadirachtin has low absorption.

IV. CONCLUSION AND FUTURE SCOPE

SARS-CoV-19 virus has emerged as a serious threat with
its alarming levels of spread and severity. Molecular
docking is a promising tool for the creation of more
effective and potential drugs through ligand-based drug
designing approaches. Based on the obtained docking
results in the present study, the ligands could be a good
target for the spike protein that may inhibit the growth of
the virus. Of the selected ligands, quercetin and theaflavin
showed best binding with the 2019-nCoV spike receptor-
binding domain with a score of -8.71 and -7.36 Kcal/mol
respectively. These phytochemicals should be further
explored through in vitro and in vivo studies.
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Table-1 Results of docking analysis performed on Autodock 4.2.6 software between ligands and 2019-nCoV spike receptor-binding

domain
Ligand Estimated free energy of binding (kcal/mol) Aminoacids involved in interactions
Catechin -6.93 Phe 390, Asp 350, Ala 348, Asp 382, Arg 393
Chlorogenic acid -5.34 Asp 206, Lys 562, Gly 395, Asn 394, Phe
400, His 401, Arg 514
Quercetin -8.71 Leu 91, Leu 95, Glu 208, Val 209, Asn 210,
Val 212, Ala 396, Ser 563, Pro 565
Theaflavin -7.36 Phe 40, Trp 69, Ala 348, Asp 350, Asp 382,
Phe 390, Arg 393
Nimbin 1.4 Ala 99, Tyr 385, Phe 390, Leu 391, Arg 393,
Asn 394, His 401
Azadirachtin -6.24 Phe 40, Trp 69, Ala 348, Trp 349, Asp 350,
His 378, Asp 382, Tyr 385
Hydroxychloroguine -7.16 Phe 40, Ala 348, Asp 350, Asp 382, Phe 390,
Leu 391, Arg 393, His 401
Oseltamavir -8.9 Phe 40, Ala 348, Trp 349, Asp 350, Asp 382
Ritonavir -5.6 Ser 47, Thr 347, Ala 348, Trp 349, Asp 350
Table 2- Druglikeness of the ligands
(GI: Gastrointestinal, TPSA: Topological polar surface area)
Ligan SwissADME filters
d H H Molar Log P Water GI absorption TPSA Drug likeness
donor | acceptor mass solubility (A2
(g/mol)
Catechi 5 6 290.27 1.54 Soluble High 110.38 Yes
n
Chlorog 6 9 354.31 - Soluble Low 164.75 Yes
enic Acid 0.64
Quercet 5 7 302.24 2.01 Soluble High 131.36 Yes
in
Theafla 9 12 564.49 2.34 Moderately Low 217.60 No
vin Soluble
Nimbin 0 9 540.60 3.9 Moderately High 118.34 Yes
Soluble
Azadira 3 16 720.71 -0.2 Soluble Low 215.34 Yes
chtin
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Figure-1 Visualization of Quercetin docked with 2019-nCoV spike receptor-binding domain using PyMOL and Discovery studio
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Figure-4 Visualization of Oseltamavir docked with 2019-nCoV spike receptor-binding domain using PyMOL and Discovery stud
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