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INTRODUCTION

ABSTRACT

Coronaviruses are endemic in humans and infections typically mild, such as the
common cold. Still, the cross-species transmission has produced some unusually
virulent strains which now causing viral pneumonia, in severe cases, even acute
respiratory distress syndrome and death. SARS-CoV-2 is the most threatening
issue which leads the world to an uncertainty alongside thousands of regular
death scenes. An effective vaccine to cure this virus is not yet available, so it
requires concerted efforts at various scales. The viral Main Protease controls
coronavirus replication and is a proven drug discovery target for SARS-CoV-2.
Comprehensive computational study e.g., molecular docking and ADMET
(absorption, distribution, metabolism and excretion) profiling were employed to
predict the efficacy of medicinal plant-based bioactive compounds against SARS-
CoV-2 MPP. Paritaprevir and lopinavir-previously approved viral main protease
inhibitors were used as standards for comparison. MPP was docked with 90
phytochemical compounds, and the screening revealed that four compounds
(azadirachtin, -12.5 kcal/mol; rutin, -9 kcal/mol; theaflavin, -9 kcal/mol; astragalin,
-8.8 kcal/mol) showed the highest binding affinity than the controls paritaprevir
and lopinavir (-8.7 and -7.9 kcal/mol, respectively). Comparative structural
analysis of protein-inhibitor complexes revealed that the compounds have intense
interaction with the vital catalytic residue His-41 and Cys-145. Furthermore, the
pharmaco-kinetics and drug-likeness properties of the antiviral phytochemicals
suggested that the compounds do not have any considerable detrimental effects
and can be considered potential drug candidates against SARS-CoV-2. These
compounds can be further explored for in vitro experimental validation against
SARS-CoV-2.

from one individual to other by respiratory droplets.
SARS-CoV-2 infected patients have general signs and

The recently pandemic Corona Virus Disease 19
(COVID-19) has become a serious, rapidly growing
global public health issue of an unprecedented level [1].
It is caused by prevalence of the infectious and
pathogenic novel coronavirus named SARS-CoV-2

(Severe Acute Respiratory Syndrome-Coronavirus-2) [2].

As of October 9, SARS-CoV-2 infection has been
reported in 216 countries, with 36.24 million confirmed
cases and 1054868 total deaths [2, 3]. It can transmit

symptoms, suffering initially from common flu-like
fever, dry cough, dyspnoea, headache, sore throat, and
diarrhea, which may further lead to express life-
threatening symptoms including fatal pneumonia [4, 5].

Moreover, these outbreaks have affected the global
economy, causing high economic losses including
international trade and tourism [6]. The efficacy and
safety of antivirals require evaluation by clinical trial.
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Currently, there is no efficient, safe, and specific
potential drugs, vaccines to be approved for rapid
remedy of this new respiratory syndrome [7, 8]. Hence,
there is an urgent need to find new promising drug
candidates to check and control the virus.

SARS-CoV-2 is a betacoronavirus similar to MERS-CoV
and SARS-CoV, causing outbreaks with pandemic
potential [9]. But they also showed dissimilarities that
can influence their process of pathogenesis [10, 11].
These coronavirus genomes are enveloped, single-
stranded positive-sense RNA of about 26-30 kb in size
and consist of a minimum of six open reading frames
(ORFs) that synthesis at least 4 structural and 16
nonstructural proteins [12,13]. ORF 1a/b is translated
into a large protein that undergoes extensive proteolytic
processing to produce the replicase complex, which
mediates viral transcription and replication [12]. The
protease responsible for the proteolytic processing is the
main protease (MPP) or 3C-like protease (3CLpro),
which is matured by auto-cleavage into the dimeric
active conformation [14]. The crystallized form of SARS-
CoV-2 main protease (MPP) was demonstrated by a
Chinese researcher Liu et al. 2020 [15] that it is a
potential drug target protein for the inhibition of SARS-
CoV-2 replication. Thus, targeting MPP can provide
effective treatment against SARS-CoV-2 by inhibition of
the viral polypeptide cleavage.

Some preliminary experiments have been designed to
find out effective combinations, including protease
inhibitor lopinavir/ritonavir, which is commonly used to
treat human immunodeficiency virus (HIV), for the
medication of SARS-CoV-2 patients [16]. Other reported
antiviral treatments form human pathogenic CoVs
include nucleoside analogues, neuraminidase inhibitors,
remdesivir, umifenovir, tenofovir disoproxil (TDF), and
lamivudine (3TC) [17]. A separate research executed by
Xu et al. 2020 implied that among 4 tested drugs
(nelfinavir, pitavastatin, perampanel, and praziquantel),
nelfinavir was identified as the best potential inhibitor
against SARS-CoV-2 MPP, based on binding free energy
calculations using the molecular mechanics with
generalised Born and surface area salvation (MM/GBSA)
model and solvated interaction energy (SIE) methods
[18]. Many scientists reported the application of
medicinal plants and their therapeutic uses as drugs
from the ancient times [19]. Moreover, the expansion of
natural products as new medicine or drug to resist the
emerging virus SARS-CoV-2 could bypass the side

effects of synthetic drugs. Therefore, our present study
designed to screen out several antiviral plant-based
compounds as potential inhibitor candidates for SARS-
CoV-2 MPP through molecular docking approach.

MATERIALS AND METHODS

Phylogenetic
analysis

and pairwise sequence alignment

A multiple sequence and structure alignment analysis
was performed to identify evolutionarily conserved
functional residues among SARS-CoV-2, SARS-CoV and
MERS-CoV that could be used as a target for the
discovery of drug hits. Sequences of SARS-CoV-2 (PDB
ID 6LU7) [20], SARS-CoV (PDB ID 2A5I) [21] and
MERS-CoV (PDB ID 5WKK) [22] main proteases were
retrieved from the Protein Data Bank (PDB) [23].
Retrieved protein sequences were allowed to multiple
sequence alignment (MSA) by clustalW [24] and
phylogenetic relationship (Neighbor-joining) study by
using MEGA X [25] to understand the hereditary origin
and pathogenicity of SARS-CoV-2 with other
Structural  alignment/superposition
analysis was also carried out to ensure broad-spectrum

coronaviruses.

relevance of these protein targets using the Pymol
version 1.7.4.5 Edu [26].

Retrieval of the structure and preparation of target

The 3D structure of the Main Protease Proteins (MPP)
essential for replication of SARS-Cov-2 essential for
virus replication (PDB ID: 6LU) [27, 20] was collected
from RCSB Protein Data Bank [23], in .pdb format.

Before molecular docking, the 3D structure of MPP was
processed by removing water molecules and ligand
using Biovia Discovery Studio 4.5 [28] as it was in a
complex structure with an inhibitor and energy was
minimized by steepest descent and conjugate gradient
techniques. The GROMACS 96 43B1 algorithm in
SWISS-PDB viewer [29] and Chimera (Amber Force field)
were conducted to prepare the final target receptor
protein [30].

Ligand preparation

A comprehensive library of the medicinal plants
containing phytochemicals with potential antiviral
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activity and traditional medicinal compounds was
produced by searching in Dr. Duke’s phytochemical and
ethnobotanical databases and by searching related
literature previously  published
(Supplementary Table 1) and screened against the
SARS-CoV-2 MPP. The 3-dimensional (3D) structure of
all compounds was obtained from PubChem, in .sdf
format, and Open Babel software was used to convert
SDF format compounds to PDB format [31]. For
optimization and ligand preparation, we used PyRx [32]
integrated mmff94 (Merck molecular force field) force
field [33]. The ligands were then converted into PDBQT
format.

in studies

Determination of active sites

The amino acids present in the active site of a protein
were determined using the Computed Atlas for Surface
Topography of Proteins (CASTp) and Biovia Discovery
Studio 4.5 [28]. The determination of the amino acids in
the active site was used to analyze the Grid box and
docking evaluation results.

Molecular docking

The PyRx [32] software of the molecular docking
approach was employed to screen the drugs against the
Main Protease Protein of SARS-CoV-2. The protein was
exposed to 90 phytochemicals for analyzing the highest
negative binding energy and interactive amino acids.
Recent drug repurposing studies proposed a few drugs
that target SARS-CoV-2 MPP, suggesting them for the
treatment of SARS-CoV-2. Herein, we selected the best
of these (paritaprevir and lopinavir) from different drug
repurposing studies [34] and docked them as controls in
the present study. The grid box parameters were set to a
sizeoféOAX7OA><62A(xnyz)andcenterof—
10.5011 A x 13.9110 A x 67.9200 A (x x y x z). LigPlot+
was used to generate the 2D ligand-protein interaction
diagrams and determine the involved amino acids with
their interactive position in the docked molecules [35].
Discovery Studio and Pymol version 1.7.4.5 Edu were
used to visualize and analyze the ligand molecules’
interactions with the viral proteins [28, 26].

Drug likeness properties analysis of the screened
compounds

The absorption, distribution, metabolism, and excretion
(ADME) properties of the topmost phytochemical
candidates for the MPP inhibitors were assessed by
using the Swiss ADME portal [36]. In our study, the
physico-chemical parameters (formula molecular weight,
molar refractivity, TPSA), lipophilicity (Log Po/w
(iLOGP), Log Po/w (XLOGP3), Log Po/w (WLOGP), Log
Po/w (MLOGP), Log Po/w, (SILICOS-IT), Consensus
Log Po/w), and water solubility (Log S: SILICOS-IT,
solubility) of the topmost screened MPP inhibitors were
checked out. Furthermore, selected MPP inhibitors have
been used to test the inhibitory effects with various CYP
isoforms (CYP1A2, CYP2C19, CYP2C9, CYP2D6, and
CYP3A4). However, other relevant pharmacokinetic
parameters, such as gastrointestinal (GI) absorption,
BBB (blood-brain barrier) permeant, and P-gp substrate,
have also been studied for potential drug candidates for
main protease proteins. [37]

6LU7 (SARS-CoV-2)

2A5! (SARS-CoV)

5WKK ( MERS-CoV)

Figure 1. Phylogeny study of SARS-CoV-2, SARS-CoV and MERS-CoV
by Neighbor Joining Method of MEGA X.

RESULTS
Phylogeny analysis and pairwise sequence alignment

The sequence alignment exhibited that the SARS-CoV-2
MPP is 96.08% and 47.71% identical to SARS-CoV (PDB:
2A5I) and MERS-CoV (PDB: 5WKK) main proteases,
respectively. It had been found that SARS-CoV-2 was
evolutionarily related to SARS-CoV (Figure 1) as SARS-
CoV-2 aligned with the same clade of SARS-CoV where
MERS-CoV was found in divergent relation with SARS-
CoV-2. The sequence alignment also revealed that the
catalytic dyad residues His41 and Cys145 of SARS-CoV-
2 main protease are conserved among SARS-CoV-2,
SARS-CoV, and MERS-CoV. Other residues of active
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sites are common in the main proteases of all 3
coronaviruses (Figure 2).

(@)

®

Figure 2. (a) Ribbon representation of the superimposed SARS-CoV-2 MPP (magenta) (PDB ID 6LU7) bound to inhibitor N3 (green sticks), SARS-
CoV MPP (cyan) bound to an aza-peptide epoxide inhibitor (red sticks) (PDB: 2A5I) and MERS-CoV MPP (orange) bound to GC813 (blue sticks)

(PDB: (5WKK). (b) Active site residues of the main proteases.

Screening of MPP inhibitors against the MPP of
SARS-CoV-2

The main protease (MPP) or 3-chymotrypsin-like
protease (3CLpro) or Nsp5 plays a vital role in cleaving
the viral polyprotein at eleven different sites to form
various Nsp required for viral replication [38]. Nsps
maturation, which is necessary in the life cycle of the

virus is mediated directly by MPP. Detailed study of the
MPP catalytic mechanism makes it an attractive target
for drug development against COVID-19 [39].
Information on the main protease protein is represented
in Table 1.

Table 1. Protein target structures and active site amino acids (Biovia Discovery Studio 4.5, 2019) and the native ligand structure

Receptor Macromolecule

Native ligand (PDB ID: 6LU7)

Active site

MPP

Thr-24, Thr-25Thr-26, His-41,
Met-49, Tyr-54, Phe-140, Leu-
141, Asn-142, Gly-143, Ser-144,
Cys-145, His-163, His-164, Met-
165, Glu-166, Leu-167, Pro-168,
His-172, Asp-187, Arg-188, GIn-
189, Thr-190, Ala-191, GIn-192.
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Two approved drugs for MPP inhibitors- paritaprevir
[40] and lopinavir [41] were used as a positive control
for the screening of antiviral phytochemicals as potential
drugs. All the listed phytochemicals and MPP inhibitors
were employed for molecular docking by using PyRx-
virtual screening tool. Biovia Discovery Studio 4.5 was

utilized to predict the interaction between the
mentioned ligands and the MPP of SARS-CoV-2. List of
phytochemicals that showed good results in docking
with their medicinal activities are represented (Table 2)
[42-59].

Table 2. List of top-ranked antiviral phytochemicals screened against SARS-CoV-2 MMP receptor binding site with respective

source and activities.

Pubchem Phytochemical Molecular Source name  Biological activities Ref.
ID name formula

45110509 Paritaprevir C40H43N7075 Positive control

92727 Lopinavir Cs7H4sN4Os

5281303 Azadirachtin CasHuO16 Azadirachta Against Dengue virus type-2, antioxidant, [42]

indica antidiabetic, antimicrobial,

anti-inflammatory, immunomodulatory,
antiviral.

5280805 Rutin C27H30016 Azadirachta Antiviral, antibacterial, antitumor, [43]

indica antiinflammatory, antiprotozoal,

antiallergic, cytoprotective, antiplatelet,
vasoactive, hypolipidaemic, antispasmodic,
and antihypertensive.

135403798 Theaflavin C29H24012 Camellia sinensis ~ Antiviral, antioxidant and anti-cancer. [44]

5282102 Astragalin C21H200n Nigella sativa Anti-inflammatory, cardioprotective, [45]
antioxidant, neuroprotective, antiobesity,
anticancer, antiosteoporotic, antiulcer, and
antidiabetic.

5280804 Isoquercitrin C21H20012 Camellia sinensis ~ Antiviral, anti-inflammatory, antioxidant, [46]
cardiovascular, anticancer, antimicrobial.

5281643 Hyperoside C21H20012 Abelmoschus Antiviral, antidepressant, Antioxidant. [47]

manihot
64982 Baicalin C21H1s0n11 Scutellaria Anti-HIV, anti-oxidative, anti- [48]
baicalensis inflammatory, anti-viral and anti-

proliferative activities.

198016 Saponin CssHosO27 Tieghemella Antiviral, immune-stimulating, anti- [49]

heckelii inflammatory.

73111 Sennoside A C42H38020 Rheum palmatum  Antiviral. [50]

12305761 Aloin C21H2209 Aloe vera Antiviral, antibacterial. [51]

65064 Epigallocatechin- ~ C22H1sOn Camellia sinensis ~ Anti EBV infection, anti-inflammation, [52]

3-gallate anti-diabetes, anticancer and

cardiovascular diseases.

442630 Carpaine CasH50N204 Carica papaya Anti-dengue activity, cardiovascular [53]
effects.

442893 Cusparine CisHi7NOs Galipea officinalis  No known function. [54]

162350 Isovitexin C21H20010 Allium sativum  Anti-viral effects, anti-oxidant, anti- [55]
inflammatory effects, anti-carcinogenic
effects.

v10247670 Piperitol C20H2006 Piper betle Immunomodulatory, antioxidant, [56]
antibacterial, antifungal,
gastroprotective effects, anti-inflammatory,
hepatoprotective, antiulcer.

5280443 Apigenin C1sH1005 Camellia sinensis ~ Antiviral, anti-inflammatory, antioxidants [57]
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5280863 Kaempferol C15H1006

1794427 Chlorogenic acid  CisHisO9

Allium sativum

Camellia sinensis

and anti-mutagenic.

Antiviral, antimicrobial, antioxidant, anti- [58]
inflammatory, antitumor, cardioprotective,

and antidiabetic activities.

Antiviral. [59]

The binding affinities obtained from the docking of MPP

with all 90 selected ligands are represented in the table 3.

Interaction and docking information of selected top 18

antiviral medicinal plant compounds with two
established MPP inhibitors are enlisted in Table 4.
Among the screened antiviral phytochemicals,

azadirachtin- from medicinal plant Azadirachta indica
showed the highest binding affinity -12.5 (kcal/mol),
which was followed by rutin, extract from Nigella sativa
represented -9.0 (kcal/mol) and theaflavin from Allium
sativum -9.0 (kcal/mol). In comparison, two approved
MPP inhibitors produced -8.2 and -7.9 (kcal/mol),
respectively, in our study.

Previous studies have demonstrated Cys-145 a key
residue in the active site of SARS-CoV MPP, which
makes it an important target for covalent inhibitors [60,
61, 62]. Moreover, the native ligand (N3) of our selected
MPP also interacts with the catalytic dyad Cys145-His41
[63]. The docked compounds interaction indicates that
all selected compounds interact with either catalytic
residues His-41 and Cys-145 or at least one of them. It
has been shown that an active site of main protease,
where the three highest point compounds bind to

incorporated hydrophobic residues such as Met-49, Leu-
141, Cys-145, Met-165, Leu-167 and Pro-168, in addition
to the polar contribution of amino acids such as Thr-25,
Thr-26, His-41, Asn-142, Ser-144, His-163 and His-164.

Hydrogen bonding with Leu-141 and Glu-166 also
stabilized their conformations. Similar result was found
in Kumar et al. 2020 [64] and da Silva Hage-Melim et al.
2020 [65]. Moreover, the ligand forms interaction with

other substrate-binding pocket residues shown in figure
4 and table 4.

Here, Paritaprevir was found to be involved with the
amino acid His-41, Met-49, Leu-141, Asn-142, Gly-143,
Cys-145, His-164, Met-165, Glu-166, Leu-167, Pro-168,
Asp-187, Arg-188, GIn-189, Thr-190, GIn-192 in the MPP
of SARS-CoV-2 (Figure 3). Azadirachtin exhibited the
highest binding energy at the active site of COVID-19
and it formed interactions with His-41,Ser-46 Met-49,
Phe-140, Leu-141, Asn-142, Gly-143, Cys-145, His-163,
His-164, Met-165, Glu-166, Pro-168, His-172, GIn-189,
Thr-190, Ala-191 (Figure 4a, Table: 4). Results of this
study shown that Thr-26, Leu-27, His-41, Met-49, Pro-52,
Tyr-54, Phe-140, Leu-141, Asn-142, Gly-143, Ser-144,
Cys-145, His-163, His-164, Met-165, Glu-166, Leu-167,
Pro-168, His-172, Asp-187, Arg-188, GIn-189 were
critical residues for the binding of rutin to protease
protein (Figure 4b, Table 4). Active site residues Leu-27,
Ser- 46, Met-49, Phe-140, Leu-141, Asn-142, Gly-143, Ser-
144, Cys-145, His-163, Mer-165, Glu-166, His-172, Arg-
188, GIn-189, Thr-190,
interactions with theaflavin (Figure 4c, Table 4).

GIn-192  participated in

Figure 3. Molecular interaction between Paritaprevir and Main Protease Protein of SARS-CoV-2.
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Table 3. Sources

and Molecular

Docking

results

of

all the

phytochemicals

studied as

antiviral agent

Phytochemical name

Source name

Binding energy Phytochemical

Source name

Binding energy

(kcal/mol) name (kcal/mol)

Epigallocatechin-3- o ) . . .

Camellia sinensis -7.9 Gallocatechin Camellia sinensis -7.2
gallate
Curcumin Curcuma longa -7.1 Epiafzelechin Camellia sinensis -7
Baicalin Scutellaria baicalensis -8.4 Epicatechin Camellia sinensis -7
Azadirachtin Azadirachta indica -12.5 Epigallocatechin Camellia sinensis -7.1
Nimbin Azadirachta indica -7 Linalool Camellia sinensis -4.7
Dammarenolic acid Azadirachta indica -6.4 1,24-trihydroxy- Camellia sinensis -4.9

benzene
Excoecarianin Azadirachta indica -3.4 4-terpineol Camellia sinensis -4.7
Honokiol Azadirachta indica -6.5 Allantoin Camellia sinensis -5.4
Oleanane Azadirachta indica -7.3 Alpha-amyrin Camellia sinensis -7.7
Quercetin Azadirachta indica -7.3 Alpha-pinene Camellia sinensis -4.3
Saikosaponins Azadirachta indica -5.5 Alpha-terpineol Camellia sinensis -4.8
Sennoside a Rheum palmatum -8.3 Apigenin Camellia sinensis -7.8
Silvestrol Azadirachta indica -7.1 Aromadendrin Camellia sinensis -7.6
Sjip-1-5 Azadirachta indica -6.3 Beta- . Camellia sinensis -5.9
sesquiphellandrene
Xanthohumol Azadirachta indica -7.7 Caffeic-acid Camellia sinensis -5.7
3-methylquercetin Azadirachta indica -7.3 Caffeine Camellia sinensis -5.2
Saponin Tieghemella heckelii -7.9 Campesterol Camellia sinensis -6.9
Gingerol Tieghemella heckelii -6 Carvacrol Camellia sinensis -4.8
Lutein Spinach -6.5 Chlorogenic-acid Camellia sinensis -7.8
Pyrrolidine Raphanus sativus -3.1 Dammaradienol Camellia sinensis -6.9
Sinapine Raphanus sativus -6.3 Cryptoxanthin Camellia sinensis -6.6
Chavibetol Piper betle -4.9 Diphenylamine Camellia sinensis -5.6
Eugenol Piper betle -5 Eugenol Allium sativum -4.9
Piperitol Piper betle -7.8 Farnesol Allium sativum -5.1
Carpaine Carica papaya -7.9 Hyperoside Allium sativum -8.6
Nicotine Nicotiana tabacum -4.6 Isoquercitrin Allium sativum -8.7
Reserpine Rauwolfia serpentina -7.3 Isovitexin Allium sativum -7.9
1,8-cineole Citrus aurantiifolia -4.2 Kaempferol Allium sativum -7.8
Alpha-pinene Citrus aurantiifolia -39 Lupeol Allium sativum -7.3
Cusparine Galipea officinalis -7.9 Naringenin Allium sativum -7.7
Carvone Nigella sativa -4.7 Theaflavin Allium sativum -9
Astragalin Nigella sativa -8.8 Ajoene Allium sativum -4.2
Nigellicine Nigella sativa -6.9 Allicin Allium sativum -3.3
Nigellidine Nigella sativa -7.6 Allitridin Allium sativum -4.4
Rutin Nigella sativa -9 Tinosporinone Tinospora cordifolia -5.1
Nigellone Nigella sativa -6.5 syringin Tinospora cordifolia -3.6
Stigmasterol Nigella sativa -7.1 Andrographolide And'rogmphzs -6.9
paniculata

Thymoquinone Nigella sativa -4.9 Coumarin Lico rice 7
Thymohydroquinone  Nigella sativa -5 Acemannan Aloe vera -5.4
Hederagenin Nigella sativa -6.9 Aloe-emodin Aloe vera -7
Cycloartenol Nigella sativa -6.9 Aloin Aloe vera -8.2
Citral Abelmoschus -4.4 Lupeol Aloe vera -7.3
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esculentus

Abelmoschus
1 =72
Gossypo esculentus
A
Phylloquinone belmoschus -5.5
esculentus
Cianidanol Camellia sinensis -7.1

Rhein Aloe vera -75
Betulin Rhizophora 79
mucronata
Gallocatechin Camellia sinensis 7.2

Drug likeness properties analysis of the screened
phytochemicals

Different ADME properties,
parameters,

ie, physicochemical

pharmacokinetics, lipophilicity, water
solubility, medicinal chemistry of top inhibitors were
assumed to evaluate their pharmacological profile and
described in Table 5. Analysis of the inhibitory effects
with different CYP isoforms (CYP1A2, CYP2Ds,
CYP2C9, CYP2C19, CYP3A4) revealed that only

theaflavin had an inhibitory effect on CYP2C9 and

CYP3A4, while other MPP inhibitors had no interaction
with the cytochromes P450 (CYP) isoforms.

Remarkably, none of the screened compounds showed
any undesired effects such as
tumorigenicity,
However, GI absorption was found low in case of every
phytochemicals. The blood-brain barrier (BBB)

permeation was also calculated by BOILED-Egg models

mutagenicity,
irritating and reproductive effects.

[66] and among the putative MPP inhibitors, there was

no BBB permeability found. Saponins and aloin show
the highest solubility, while each candidate is soluble in
water to moderate to high levels.

Figure 4. Molecular insights of Main Protease Protein interactions with (a) Azadirachtin (-12.5 kcal/mol) (b) Rutin (-9.0 kcal/mol) (c)

Theaflavin (-9.0 kcal/mol)
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Table 4. Molecular docking results with interactive amino acids from SARS-CoV-2 MPP of top phytochemicals and approved

MPP inhibitors.

No. Phytochemical

Molecular structure and
interaction with MPP

Binding Energy
(kcal/mol)

Ligand binding residues

name
1 Paritaprevir
2 Lopinavir

3 Azadirachtin
4 Rutin

5 Theaflavin

o
&5

)

G & i
et - by
s

-8.7

-12.5

His-41, Met-49, Leu-141, Asn-142, Gly-143,
Cys-145, His-164, Met-165, Glu-166, Leu-
167, Pro-168, Asp-187, Arg-188, GIn-189,
Thr-190, GIn-192.

Thr-26, Thr-25, Leu-27, His-41, Met-49,
Tyr-54, Phe-140, Leu-141, Asn-142, Gly-
143, Ser-144, Cys-145, His-164, Met-165,
Glu-166, Leu-167, Pro-168, Asp-187, Arg-
188, GIn-189, GIn-192, Thr-190.

His-41, Ser-46, Met-49, Phe-140, Leu-141,
Asn-142, Gly-143, Cys-145, His-163, His-
164, Met-165, Glu-166, Pro-168, His-172,
GIn-189, Thr-190, Ala-191.

Thr-26, Leu-27, His-41, Met-49, Pro-52,
Tyr-54, Phe-140, Leu-141, Asn-142, Gly-
143, Ser-144, Cys-145, His-163, His-164,
Met-165, Glu-166, Leu-167, Pro-168, His-
172, Asp-187, Arg-188, GIn-189

Leu-27, Ser- 46, Met-49, Phe-140, Leu-141,
Asn-142, Gly-143, Ser-144, Cys-145, His-
163, Mer-165,Glu-166, His-172, Arg-188,
GIn-189, Thr-190, GIn-192
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6 Astragalin

7 Isoquercitrin
8 Hyperoside
9 Baicalin

10 Saponin

a0
s

[ Psue
[ P
T
]
o ase
) e
wer
i3
Aids
= k.
Actse
15
i 163
ot ]
o B en
ins' 102
P
§ £iio
o
fies
o
w it}
s
i
30 y
[] Pownor idogensond
] P

s
B L) A7
G . o
A
= i
s L Aclb3
o
[ resen
JI—
B et
[ e

W
fady

Interactions
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His-41, Met-49, Pro-52, Tyr-54, Phe-140,
Leu-141, Asn -142, Gly-143, Ser-144, Cys-
145, His-163, His-164, Met-165, Glu-166,
Leu-167, Pro-168, Asp-187, Arg-188, GIn-
189, Thr-190, Ala-191, GIn-192.

Met-41, Met-49, Tyr-54, Phe-140, Leu-141,
Ser-144, Cys-154, His-163, His-164, Met-
165, Glu-166, Leu-167, Pro-168, His-172,
Asp-187, Arg-188, GIn-189, Thr-190, Ala-
191, GIn-192

His-41, Met-49, Pro-52, Tyr-54, Phe-140,
Leu-141, Asn-142, Ser-144, Cys-145, His-
163, His-164, Met-165, Glu-166, Leu-167,
Pro-168, Asp-187, Arg-188, GIn-189, Thr-
190, GIn-192

Thr-25, Thr-26, Thr-27, Leu-27, His-41,
Cys-44, Thr-45, Ser-46, Met-49, Leu-141,
Asn-142, Gly-143, Ser-144, Cys-145, His-
163, Met-165, Glu-166, GIn-189.

Thr-24, Thr-25, Thr-26, Leu-27, His-41,
Cys-44, Thr-45, Ser-46, Met-49, Pro-52,
Tyr-54, Leu-141, Asn-142, Gly-143, Ser-
144, Cys-145, His-163, His-164, Met-165,
Glu-166, Leu-167, Pro-168, Phe-181, Asp-
187, Arg-188, GIn-189
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11 Sennoside A

12 Aloin

13 Isovitexin

14 Epigallocatechin-
3-gallate

15 Carpaine

G MEr
] A6
GIn
s, asn
ez
His
Par]
ARG o
et pre
110
o i
nsp " &1
Pty 2
WET
A% His M
At 7 T
)
w13
Ley
a7
]
s
s
&
&
¥ g
o
by
i
Gh
A
i
Ao saced
] P
)
e N
7
o]
e
e
s
i $ e
]
sn
- i
( st
5@
vi b
. i
et
o
il
I bl b oo
[ s
] o
HEr THY
nles #150
PO
2168
Gy
2183
61U
filés
g
.
Interctions
[ voncer v (=

Thr-24, Thr-25, Thr-26, His-41, Met-49,
Leu-50, Phe-140, Leu-141, Asn-142, Gly-
143, Ser-144, Cys-145, His-163, Glu-166,
Pro-168, His-172, GIn-189, Thr-190, Ala-
191

Leu-27, His-41, Met-49, Phe-140, Leu-141,
Asn-142, Gly-143, Ser-144, Cys-145, His-
163, Met-165, Glu-166, Asp-187, Arg-188,
GIn-189.

Leu-27, His-41, Phe-140, Leu-141, Asn-142,
Gly-143, Ser-144, Cys-145, His-163, His-
164, Met-165, Glu-166, Pro-188, His-172,
GIn-189, Thr-190, Ala-191, GIn-192

Phe-140, Leu-141, Asn-142, Gly-143, Ser-
144, Cys-145, His-163, His-164, Met-165,
His-172, Glu-166, Arg-188, GIn-189, Thr-
190, GIn-192.

Met-165, Glu-166, Pro-168, GIn-189, Thr-
190
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His-41, Phe-140, Leu-141, Asn-142, Gly-
143, Ser-144, Cys-145, His-163, His-164,
Met-165, Glu-166, Asp-187, Arg-188, Gln-
189, Thr-190, GIn-192.

Phe-140, Leu-141, Asn-142, Gly-143, Ser-
144, Cys-145, His-163, Met-165, Glu-166,
Pro-168, His-172, GIn-189, Thr-190, Ala-
191

His-41, Met-49, Tyr-54, Phe-140, Leu-141,
Asn-142, Gly-143, Ser-144, Cys-145, His-
163, His-164, Met-165, Glu-166, Asp-187,
Arg-188, GIn-189.

His-41, Met-49, Tyr-54, Phe-140, Leu-141,
Asn-142, Gly-143, Ser-144, Cys-145, His-
163, His-164, Metl165, Glu-166, Asp-187,
Arg-188, GIn-189

Thr-25, Thr-26, Leu-27, His-41, Met-49,
Phe-140, Leu-141, Asn-142, Gly-143, Ser-
144, Cys-145, His-163, His-164, Met-165,
Glu-166, His-172, GIn-189.
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Table 5. ADME analysis of top ten MPP phytochemical inhibitors by using SwissADME

Parameter Topmost Main Protease Protein Inhibitors of SARS-CoV-2
Azadirachtin Rutin Theaflavin Astragalin Isoquercitrin Hyperosi Baicalin Saponin Sennosid Aloin
de eA
PhySiCO' Formula CssHuOne C27H30016 C29H24012 C21H200n Ca1H20012 C21H20012 Ca1HisOn CssHo1O27 Ca2H3020 CaH2209
chemical
parameters Molecular 72071 g/mol  610.52 564.49 448.38 464.38 g/mol 464.38 446.36 1223.35 862.74 418.39
weight g/mol g/mol g/mol g/mol g/mol g/mol g/mol g/mol
Molar 165.92 141.38 143.98 108.13 110.16 110.16 106.72 285.71 202.80 101.96
Refractivity
TPSA 215.34 A? 269.43 A2 217.60 A2 190.28 Az 210.51 A2 21051 A2 18712 A2 42205A2 34796 A> 16791
A2
Lipophilicity ~ Log Po/w 290 0.46 0.66 1.29 0.94 145 175 3.66 1.93 1.40
(iLOGP)
Log Po/w 109 -0.33 2.38 0.72 0.36 0.36 1.11 -2.67 1.20 -0.12
(XLOGP3)
Log Po/w -020 -1.69 1.56 -0.24 -0.54 -0.54 0.14 -4.07 -1.10 -1.04
(WLOGP)
LOg Po/w 047 -3.89 -0.79 -2.10 -2.59 -2.59 -1.63 -6.13 -3.15 -1.59
(MLOGP)
Log Po/w 107 211 1.56 -0.12 -0.59 -0.59 -0.10 -4.09 -0.74 0.18
(SILICOS-
IT)
Consensus ~ 0.88 -1.51 1.07 -0.09 -0.48 0.38 025 2.66 0.37 -0.24
Log Po/w
Pharmaco- GI Low Low Low Low Low Low Low Low Low Low
kinetics absorption
BBB No No No No No No No No No No
permeant
P-gp Yes Yes No No No No Yes Yes Yes No
substrate
CYP1A2 No No No No No No No No No No
inhibitor
CYP2C19 No No No No No No No No No No
inhibitor
CYP2C9 No No Yes No No No No No No No
inhibitor
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CYP2D6 No No No No No No No No No No
inhibitor
CYP3A4 No No Yes No No No No No No No
inhibitor
LOg Kp -9.92cm/s -10.26 -8.05 cm/s -8.52 cm/s -8.88 cm/s -8.88 cm/s -8.23cm/s -15.66 -10.71 -8.94
skin- em/s cm/s cm/s cm/s
permeation
LOg S 1.40 -0.29 -4.22 -2.10 -1.51 -1.51 -2.22 2.70 -2.90 -1.79
(SILICOS-
IT)
Water Solubility 3.33e-02 3.08e-01 3.39e-02 3.55e+00 1.43e+01 1.43¢+01 2.67e+00 6.09¢+05 1.07e+00  6.77e+00
Solubilit mg/ml; 4.6%e-  mgfml; mg/ml; mg/ml; mg/ml; 3.08e-  mg/ml; mg/ml; mg/ml; mg/ml; mg/ml;
Y 05 mol/l 5.05e-04 6.01e-05 7.91e-03 02 mol/l 3.08e-02 5.98e-03 4.98e+02 1.24e-03 1.62e-02
mol/l mol/l mol/l mol/l mol/l mol/l mol/l mol/l
DISCUSSION paritaprevir, -8.7 kcal/mol and lopinavir, -7.9 kcal/mol.

SARS-CoV-2 currently represents a global challenge for
the scientific community, as the pandemic impact
dangerously affects millions of people and Kkills
thousands of lives every day. However, to date, no
satisfactory progress has been made in the treatment of
SARS-CoV-2 [67-70]. Several attempts have been made
to treat this disease, but these drug candidates are still
questionable due to low efficacy [71].

Drug discovery rate is increasing with the aid of
computational biology [72]. This sector is now broadly
used in the biopharmaceutical industry to detect and
develop new lead compounds against many infectious
pathogens [72, 73]. Thus, it is possible to visualize the
ability of potential small molecules to bind to
ligands/inhibitors [74]. SARS-CoV-2 MPP shares 96%
similarity with SARS- CoV MPP [18, 75]. CoV MPP is an
essential viral protein for the viral life cycle and a
potential target to prevent the spread of infection by
inhibiting the viral polyprotein degradation [15]. The
discovery of the COVID-19 MPP structure provides a
fantastic opportunity drug
candidates for treatment. Paritaprevir [76], nelfinavir
[77] had already been accepted for the treatment of HIV
or HCV. Lopinavir and ritonavir are protease inhibitors
previously recommended for the treatment of SARS and
MERS, which have similar mechanisms of action as HIV

to identify potential

[78]. In our study, paritaprevir and lopinavir were used
as comparative drug standards.

Several compounds, such as flavonoids, have been
reported to show antiviral bioactivities [79-82]. We
investigated, azadirachtin, -12.5kcal/mol; -9
kcal/mol; theaflavin, -9 kcal/mol; astragalin, -8.8
kcal/mol have a higher binding affinity than the control

rutin,

Azadirachtin forms non-covalent bonds with the crucial
catalytic residue His-41 and Cys-145. However, rutin
forms one hydrogen bond with Cys-145 and a non-
covalent bond with His-41, whereas theaflavin forms
one hydrogen and alkyl bonds with Cys-145. Thereby,
these may act as inhibitors of SARS-CoV-2 main
protease. The selected four compounds form strong
non-covalent interactions with other binding site
residues. However, similar recent studies also support
these findings where the inhibitor compounds form
strong covalent and non-covalent bonds with the
following residues His-41, Met-49, Tyr-54, Phe-140, His-
164, Met-165, Glu-166, Pro-168, Asp-187, Arg-188, and
GIn-189 [82, 83]. There have been previous reports of in
vitro and in vivo inhibitory potential for crude aqueous
Neem leaf extract and the pure neem compound
(azadirachtin) in dengue type 2 virus replication [42].
Several studies have shown that rutin has important
pharmacological activities, including anti-inflammation,
anti-oxidation, anti-adipogenic, neuroprotective, anti-
diabetic, and hormone therapy [84]. It also has antiviral
and immunomodulatory effects on dengue virus [85].
Theaflavin has antiviral activity against herpes simplex
viral infections [86], an inhibitor of HCV entry, and
promising for the development of a therapeutic arsenal
for HCV infection [87]. It has also verified anti-influenza
virus and anti-inflammatory activities [88]. Astragalin
has effective medicinal activities like antioxidant, anti-
inflammatory, cardioprotective, anticancer, antiobesity,
neuroprotective, antiosteoporotic, antidiabetic,
antiulcer properties [45]. The binding sites for each
ligand occupy the catalytic domain of SARS-CoV-2 main
protease protein [46]. Of the usual binding residues,
His-41 and Cys-145 form the catalytic dyad and function
as substrate recognition sites [45, 89]. The top candidates

and
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were well fitted into the active pocket of MPP where
several hydrophobic amino acid residues including Met-
49, Gly-143, Cys-145, Met-165, Pro-168, Ala-191 form a
relatively hydrophobic environment that can help
stabilize the conformation [89].

In silico ADMET analysis is productive,
comprehensive, fast and economical way to test the

physicochemical and pharmacological properties of

a

each compound [90]. This analysis provides a clear
image of potential drug candidates. Therefore, the best
drug candidates were employed for ADME analysis to
the
metabolites showed side effects that could reduce their

examine drug profiles. However, none of
medicinal properties. SARS-CoV-2 manifests itself as a
severe acute respiratory disease rather than a neuro
disease [91]. Therefore, it is not necessary to cross the
blood brain barrier (BBB) to be effective against SARS-
CoV-2. Thus, no BBB permeants were found among the
best drug candidates. Drug interaction with cytochrome
P450 (CYP) is crucial for drug discovery. It is now
accepted that many drug interactions can be explained
by changes in metabolic enzymes found in the liver and
other extra-hepatic tissues. Standard drug doses may
cause detrimental effects related to elevated drug serum
levels if a person is a poor metabolizer or has a CYP450
enzyme inhibitor added to therapy [92]. The study of
cytochromes P450 (CYP) isoforms inhibition concluded
that the suggested MPP
possibilities to interact with cytochromes P450 (CYP)

isoforms.

inhibitors had fewer

CONCLUSIONS

COVID-19 has created a catastrophic global crisis
affecting thousands of people every day, having already
claimed thousands of lives, and severely hampered the
global economy. As a contribution to this fight against
SARS-CoV-2, virtual screening based molecular docking
was carried out to identify new compounds that could
bind the MPP of COVID-19. Our study proposes that
phytochemicals such as azadirachtin, rutin, theaflavin
and astraglin have a better binding affinity to MPP of
COVID-19 than paritaprevir and lopinavir. Further in
vitro and in vivo analyses are required to transform these
potential inhibitors into clinical drugs. We anticipate
that the insights obtained in the present study may
prove valuable for exploring and developing novel
natural anti- SARS-CoV-2 therapeutic agents in the
future.
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