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Background and aim: COVID-19 emerged by the end of 2019 in Wuhan, China. It spreaded and became a
public health emergency all over the world by mid of April 2020. Flavonoids are specialized metabolites
that have antimicrobial properties including anti-viral activity. Rutin, a medicinally important flavonoid
belongs to one of the best natural antioxidant classes. It has antiprotozoal, antibacterial, and antiviral
properties. Keeping the antimicrobial potential of rutin in mind, we studied its role in the inhibition of
essential proteins of SARS-CoV-2 including main protease (Mpro), RNA-dependent RNA polymerase
(RdRp), papain-like protease (PLpro), and spike (S)-protein through different in silico approaches.
Experimental procedure: Molecular docking, inhibition constant, hydrogen bond calculations, and
ADMET-properties prediction were performed using different softwares.
Results and conclusion: Molecular docking study showed significant binding of rutin with Mpro, RdRp,
PLpro, and S-proteins of SARS-CoV-2. Out of these four proteins, Mpro exhibited the strongest binding
affinity with the least binding energy (�8.9 kcal/mol) and stabilized through hydrogen bonds with bond
lengths ranging from 1.18 Å to 3.17 Å as well as hydrophobic interactions. The predicted ADMET and
bioactivity showed its optimal solubility, non-toxic, and non-carcinogenic properties. The values of the
predicted inhibitory constant of the rutin with SARS-CoV-2 vital proteins ranged between 5.66 mM and
6.54 mM which suggested its promising drug candidature. This study suggested rutin alone or in com-
bination as a dietary supplement may be used to fight against COVID-19 after detailed in vitro and in vivo
studies.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

A series of pneumonia cases emerged by the end of 2019 in
Wuhan1 and have spread all over the world by mid of April 2020.
After doing the genome sequencing and phylogenetic analysis it
was revealed that the causative virus was most closely related to a
group Severe Acute Respiratory Syndrome (SARS)-like coronavirus
(CoV) named SARS-CoV-2.2 The genome length of SARS-CoV-2 is
around 30,000 nucleotide base3,4 and there are 16 non-structural
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polyproteins (NSPs) (Fig. 1). After translation, these polyproteins
are extensively cleaved by SARS-CoV-2 protease Mpro and papain-
like protease (PLpro).5,6 Mpro is also known as 3C-like protease
(3CLpro).7 The catalytic domains of papain-like protease (PLpro)
consist of 316 amino acids. This enzyme facilitates the cleavage of
substrates by recognizing the tetrapeptide LXGG site of viral pro-
tein nsp1 and nsp2, nsp2 and nsp3, and nsp3, and nsp 4. The pro-
cess which is crucial for viral replication is the release of nsp1, nsp2,
and nsp3 after the proteolytic cleavage of the peptide bond.8SARS-
CoV-2 has a positive strand of RNA and it uses RNA-dependent RNA
polymerase (RdRp) complex for replication of its genome.9e11

SARS-CoV-2 utilizes trimeric spike (S) glycoprotein for recogni-
tion and entry inside the host cells.12,13 Each of the S protein is
made up of two functional subunits S1 and S2. The S1 subunit is
mainly responsible for binding to the receptor through its receptor-
binding domain. (RBD).14 The S2 subunit mediates fusion of the
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List of abbreviations:

SARS-CoV-2 Severe acute respiratory syndrome coronavirus-
2

COVID-19 Coronavirus disease 2019
HSV-1 Herpes simplex virus type 1
RSV Respiratory syncytial virus
3CLpro 3C-like protease
PLpro Papain-like protease
RdRp RNA-dependent RNA polymerase
S Spike
RBD Receptor-binding domain
FP Fusion peptide
ACE-2-R Angiotensin-converting enzyme 2-receptor
PDB Protein Data Bank
CADD Computer-aided drug designing
NSPs Non-structural proteins
pKi Negative decimal logarithm of inhibition constant

Fig. 1. Structural genome of SARS-CoV-2.
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virus and contains fusion peptide (FP), and the two conserved
heptad repeats HR1 and HR2.15,16 After binding of RBD to the
angiotensin-converting enzyme 2-receptor (ACE-2-R) of the target
cells, these heptad repeats HR1 and HR2 in the S2 subunit of S
protein interact with each other to bring the virus and host-cell-
membrane into proximity for entry.17 Due to the great impor-
tance of Mpro, PLpro, RdRp, and S proteins in the life cycle of the
virus, and their absence from humans, made these viral-proteins as
attractive targets for the development of SARS-CoV-2 drugs to fight
against coronavirus disease-2019. Flavonoids are one of the major
groups of specialized metabolites that have more than 9000 com-
pounds.18 These are shown to have antimicrobial activity including
anti-viral activity.19 They either block the entry of viruses into the
cells or interfere at the various stages of viral replication, tran-
scription, and translation to prevent the propagation of
viruses.20e26 Different specific targets of MERS and SARS corona-
viruses have been reported to be inhibited by numerous
flavonoids.27

Rutin, a flavonoid that is abundantly found in many plants such
as tea, apples, grapes, oranges, cherries, apricot, and buckwheat, is a
well-known natural antioxidant and it is one of the medically
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important flavonoids.20,21,23,24 Various pharmaceutical properties
associated with rutin are anti-inflammatory, antiplatelet, vasoac-
tive, antihypertensive, antiallergic, antispasmodic, hypolipidaemic,
cytoprotective, antitumor, antiprotozoal, antibacterial, and anti-
viral.28 Rutin was also found to decrease the infectivity of entero-
viruses.21,22 The exact mechanism for the reduction of viral load is
not clear. It has also been reported to inhibit a broad spectrum of
viral proteases such as human norovirus protease23 of enteroviral
protease.24e26 Here, we studied the role of rutin in blocking Mpro,
PLpro, RdRp, and S proteins of SARS-CoV-2, involved in its entry,
replication, and propagation through in silico methods to combat
against COVID-19 pandemic.

2. Materials and methods

2.1. Structure-based virtual screening and docking

To start with structure-based virtual screening various bioin-
formatics software, such as PyRx,29 AutoDock Vina,30 PyMOL,31 and
BIOVIA Discovery Studio32 were used. Online resources used in the
retrieval, evaluation and analysis of the data are RCSB Protein Data
Bank (PDB) and PubChem database.33

2.2. Preparation of ligand

The information about rutin from the medicinal plant with
antiviral activities was retrieved through a literature search.20e26,34

The 3D structure of rutinwas retrieved from the PubChem database
in SDF format. All the atomic coordinates were changed to pdbqt
set-up using Open Babel GUI, an open-source chemical toolbox for
the interconversion of chemical structures.35 The energy was
minimized using Universal Force Field.36

2.3. Preparation of receptors

The crystal structures of SARS-CoV-2 target proteins were
retrieved from PDB [IDs: 6LU7 (Mpro), 6M71 (RdRp), 6W9C (PLpro),
6VYB (S-protein)] (Supplemental Table S-1). The PDB files chosen
for the molecular docking-based virtual screening study were
processed by removing water molecules, adding hydrogen atoms,
and finally prepared by Discovery Studio.

2.4. Molecular docking

The phytochemical compound rutin and target proteins of SARS-
CoV-2 were uploaded into the virtual screening program PyRx. The
target proteins were converted into macromolecule, which
changed the atomic coordinates into pdbqt format. To perform
molecular docking, the grid box was centered on the crystal
structures and all other parameters were left as default. The
docking results were screened for binding affinity and then all
possible docked conformations were generated for rutin. After
analyzing with Discovery Studio and PyMOL, only those confor-
mation was selected which specifically interact with the active-site
residues of SARS-CoV-2 targeted proteins. Discovery Studio was
employed to explore detailed interactions and their types including
hydrogen bonds, halogen, alkyl, and the van der Waals interactions
formed between rutin and the target proteins of SARS-CoV-2.

The most favorable binding poses of the rutin were analyzed by
choosing the lowest free energy of binding (DG) and the lowest
inhibition constant (Ki) which is calculated using the following
formula:

Kipred ¼exponential (DG/RT)
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where DG is binding affinity (kcal/mol), R (gas constant) is 1.98
calK�1mol�1, and T (room temperature) is 298.15 K. A stable com-
plex is formed between a ligand and protein which shows more
negative free energy of binding and low Ki indicates high potency of
an inhibitor.37

2.5. Pharmacodynamic studies

To check the bioactivity of the rutin, the Molinspiration Chem-
informatics web page was used and the ADMET study was done by
using the admetSAR prediction tool.

3. Results and discussion

Molecular docking is one of the most popular methods in the
field of computer-aided drug designing (CADD) for the identifica-
tion of new drug leads.38,39 In the present era, CADD is being used
to annotate and analyze big drug libraries quickly and hence saving
an immense amount of energy, time, and costs.40

Molecular docking is used to identify Rutin as a potentially
active phytochemical against SARS CoV-2 Mpro, RdRp, PLpro, and S-
protein. The schematic representation of the genomic organization
of SARS-Cov-2 is shown in Fig. 1, where the non-structural protein
such as PLpro (Papain-like protease), Mpro (3c-like protease), RdRp,
and structural protein such as Spike proteins are inhibited by Rutin.
The investigation in the mechanism of inhibition and identification
of the critical residues of the binding pocket were analyzed based
on various submitted literature and available crystal structures
(Supplemental Table S-2). The active sites were covered by
choosing grid boxes of suitable dimensions around the crystal
structures of SARS-CoV-2 Mpro, RdRp, PLpro, and S-protein are
represented in Supplemental Table S-3. Based on binding affinity,
Rutin has been found to have a binding energy of �8.9 kcal/
mol, �8.6 kcal/mol, �7.7 kcal/mol, and�7.9 kcal/mol, with of Mpro,
RdRp, PLpro, and S1 subunit of S-protein, respectively (Table 1). The
binding energy (Kcal/mol) is used to compare and study the
binding affinity of different compounds/ligands with their respec-
tive target molecule i.e. lower the binding energy, the higher the
affinity of the ligand for the receptor. So, the ligandwith the highest
affinity can be chosen as the potential drug for further studies.

3.1. Rutin inhibits COVID-19 Mpro effectively

After a detailed analysis of interactions of all the docked struc-
tures with Rutin, specific interactions have been found towards this
SARS-CoV-2 Mpro, RdRp, PLpro, and S-protein binding pockets. The
binding pattern of rutin with SARS-CoV-2 Mpro may hinder the
substrate accessibility and its subsequent inhibition as shown in
(Fig. 2A) where the binding energy and inhibition constant
of �8.9 kcal/mol and 6.54 mM respectively (Table 1). It shows
favorable interactions with Mpro through three hydrogen bonds
with Leu141, Cys145, and Glu166 showing the bond length of 1.91 Å,
2.54 Å, 2.57 Å respectively (Fig. 2B) (Supplementary Fig. 1). It has
been observed that residues of Mpro such as Thr26, Leu27, His41,
Met49, Pro52, Tyr54, Phe140, Asn142, Gly143, Ser144, His163,
His164, Met165, Leu167, Pro168, His172, Asp187, Arg188 and
Table 1
Rutin binding with different SARS-CoV-2 pro.

S.No. Proteins Binding energy (Kcal/mol) No. of H- bonds Re

1. Mpro �8.9 3 Le
2. RdRp �8.6 9 Th
3. PLpro �7.7 10 G
4. S1 subunit of S-protein �7.9 6 Cy
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Gln189 (N ¼ 19) are showing significant interactions with Rutin
(Fig. 2C). Among all types of different interactions like amide-p
interactions, p-p, H-bond, etc., the binding efficacy is being eval-
uated based on hydrogen bonding.38,41 The functional polypeptides
are cleaved from the polyprotein byMpro to generate non-structural
proteins (NSPs) that form a replicase-transcriptase complex.42 Mpro

consists of a Cys-His catalytic dyad, and the substrate-binding site is
located in a cleft between domain 1 and domain 2.42 The Rutin
indicates a strong fit to the binding pocket forming a hydrogen
bond of length 2.54 Å with Cys145 located in-between domain 1
and domain 2 of the Mpro (Fig. 2D). It also mimics the same binding
pattern similar to the co-crystallized inhibitors of SARS-CoV-2 Mpro

bind.42 The Rutin molecule can be used as a potential inhibitor of
Mpro of COVID-19 as shown in Fig.1, which is based on its significant
antibacterial and antiviral property and is well documented in the
literature.

3.2. Inhibition of COVID-19 RdRp by rutin

The binding pattern of rutin has suggested a strong binding to
the pocket of SARS-CoV-2 RdRp which may result in strong inhi-
bition of SARS-CoV-2 RdRp (Fig. 3A). Rutin shows optimum binding
to RdRp by forming nine hydrogen bonds with residues Thr556 (2),
Tyr619, Lys621, Cys622 (2), Asp623, Asn691, Asp761 with the bond
length of 2.29 Å, 1.93 Å, 2.63 Å, 2.84 Å, 2.91 Å, 1.81 Å, 2.57 Å, 2.52 Å,
2.63 Å, respectively (Fig. 3B) (Supplementary Fig. 2) and other
significant and hydrophobic interactions via Lys545, Arg553,
Arg555, Thr556, Val557, Asp618, Pro620, Arg 624, Thr680, Ser 682,
Thr687, Ala688, Asp760, Cys813, Ser814 (N ¼ 15) (Fig. 3C). The viral
replication and transcription are well known to be regulated by the
RdRp contained in ORF1ab and several other host factors have also
been involved in this process. RdRp is also called nsp 12, which
helps in the synthesis of virus RNA in association with nsp 7 and
nsp 8 as a cofactor. The polymerase domain is comprised of three
subdomains: a fingers subdomain (residues Leu366 to Ala581 and
Lys621 to Gly679), a palm subdomain (residues Thr582 to Pro620
and Thr680 to Gln815), and a thumb subdomain (residues His816 to
Glu920). The active site present in the SARS-CoV-2 RdRp domain is
formed by the conserved motifs A to G in the palm domain like
other polymerases. Motif A is constituted of residues 611 to 626
(TPHLMGWDYPKCDRAM) which has the classic divalent-cation-
binding residue Asp618. Motif C consisted of residues 753 to 767
(FSMMILSDDAVVCFN)] which contains the catalytic residues [759
to 761 (SDD)] in the turn between two b strands. Motif F is
composed of a set of hydrophilic residues, Lys545, Arg553, and
Arg555 which form the NTP entry channel. The RNA template is
supposed to enter the active site consisting of motifs A and C via a
groove clamped by motifs F and G.43 Rutin strongly interacts with
the residues Thr556 of finger subdomain and Cys622 present in the
motif A of binding pocket with hydrogen bonds of length 2.29 Å and
1.93 Å and 2.91 Å and 1.81 Å respectively (Fig. 3D). The hydrophobic
interaction with the classic divalent-cationebinding residue
Asp618 as well as with Lys545, Arg553, Arg555, Val557 helps in
strengthening the interaction of the rutin. The strong interaction of
rutin with the active residues showing binding energy and an in-
hibition constant of �8.6 kcal/mol and 6.33 mM respectively
sidues pKipred (mM)

u141, Cys145, Glu166 6.54
r556 (2), Tyr619, Lys621, Cys622 (2), Asp623, Asn691, Asp761 6.33
ly163, Arg166 (2), Glu167, Tyr264 (2), Asn267, Tyr273, Asp302(2) 5.66
s391, His519, Asn544, Asp571(2), Thr573 5.81



Fig. 2. The binding pattern of rutin with the SARS-CoV-2 Mpro.
(A) Rutin blocking the catalytic center. (B) Making significant interactions with the functionally important residues of SARS-CoV-2 Mpro. (C) The 2D plot of the SARS-CoV-2 Mpro

binding-pocket residues and their interaction with rutin. (D) The surface representation of conserved substrate-binding pocket of SARS-CoV-2 Mpro complex with rutin.

Fig. 3. The binding pattern of rutin with the SARS-CoV-2 RdRp (A) Rutin blocking the catalytic center. (B) Making significant interactions with the functionally important residues of
SARS-CoV-2 RdRp. (C) The 2D plot of the SARS-CoV-2 RdRp binding-pocket residues and their interaction with rutin. (D) The surface representation of conserved substrate-binding
pocket of SARS-CoV-2 RdRp complex with rutin.
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(Table 1). So, rutin could be a potent inhibitor of the polymerase
activity by blocking the entry of the RNA template as well as NTP of
RdRp.
3.3. Binding of rutin to the catalytic pocket of COVID-19 PLpro

Rutin also shows good binding to the catalytic pocket of SARS-
CoV-2 PLpro (Fig. 4A), which involves ten hydrogen bonds with
Gly163, Arg166 (2), Glu167, Tyr264 (2), Asn267, Tyr273, Asp302(2)
with a bond length of 1.93 Å, 2.11 Å, 2.50 Å, 2.42 Å, 2.80 Å, 2.88 Å,
2.29 Å, 3.17 Å, 2.30 Å, 3.0 Å, respectively (Fig. 4B) (Supplementary
Fig. 3) and other important hydrophobic interactions via Leu 162,
Asp164, Val165, Met208, Met 243, Ser 245, Ala246, Pro247, Pro248,
Gly266, Thr308 (N ¼ 11) (Fig. 4C). The PLpro is also known as nsp3
which helps in the processing of the viral polyprotein by cleaving at
three cleavage sites to produce mature nsp1, nsp2, and nsp3, which
is essential for viral replication. Apart from the proteolytic
176
processing activity, PLpro has a de-ubiquitinase and de-ISGylating
activity to evade the host’s innate immune responses.8 The PLpro

monomer is comprised of four domains including the thumb
domain, the fingers domain, the palm domain, and the extended
ubiquitin-like domain (UBL).44 The active site present in the palm
domain consisted of more spacious S3/S4 pockets, rather than the
restrictive S1/S2 pockets adjacent to the catalytic residues. The S3/
S4 pocket comprised of Asp164, Val165, Arg166, Glu167, Met208,
Ala246, Pro247, Pro248, Tyr264, Gly266, Asn267, Tyr268, Gln269,
Cys217, Gly271, Tyr273, Thr301, and Asp302.45 The active residues
of S3/S4 pockets such as Gly163, Arg166 (2), Glu167, Asn267
forming strong hydrogen bonds of length 1.93 Å, 2.11 Å, 2.50 Å,
2.42 Å, 2.29 Å. Asp164, Met208, Pr248, and Thr301 forming carbon-
hydrogen bonds, pi-sulfur interaction, pi-alkyl interaction, and pi-
lone pair interaction respectively (Fig. 4D). Rutin shows binding
energy and inhibition constant of �7.7 kcal/mol and 5.66 mM
respectively (Table 1). The PLpro is a multifunctional protease that



Fig. 4. The binding pattern of rutin with the SARS-CoV-2 PLpro (A) Rutin blocking the catalytic center. (B) Making significant interactions with the functionally important residues of
SARS-CoV-2 PLpro. (C) The 2D plot of the SARS-CoV-2 PLpro binding-pocket residues and its interaction with rutin (D) The surface representation of conserved substrate-binding
pocket of SARS-CoV-2 PLpro complex with rutin.
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helps in processing the host cell proteins and viral polyprotein by
hydrolyzing the peptide and iso-peptide bonds in viral and cellular
substrates leading to the virus replication. Rutin, an antiviral drug,
targets PLpro as shown in Fig. 1 that may have the advantage to
inhibit both viral replication as well as dysregulation of signaling
cascades in infected cells.46

3.4. The binding pattern of rutin with COVID-19 S-protein

Rutin exhibits a good binding pattern to SARS-CoV-2 S1 subunit
of S-protein (Fig. 5A), which is mediated through six hydrogen
bonds with Cys391, His519, Asn544, Asp571(2), Thr573 having a
bond length of 2.65 Å, 2.45 Å, 2.34 Å, 1.99 Å, 2.84 Å, 2.18 Å,
respectively (Fig. 5B) (Supplementary Fig. 4) and other significant
and hydrophobic interactions through residues Leu517, Leu518,
Phe543, Gly545, Leu546, Thr547, Phe565, Arg567, Thr572 (N ¼ 9)
(Fig. 5C). Spike glycoprotein plays important role in pathogenesis
by attaching to ACE2 of the host cell via its RBD, making an entry
into the host cells, and initiating the infection.47 The functional
Fig. 5. The binding pattern of rutin with the SARS-CoV-2 S-1 subunit of S protein (A) Rutin
important residues of SARS-CoV-2 S-1 subunit of S protein. (C) The 2D plot of the SARS-CoV-2
surface representation of conserved substrate-binding pocket of SARS-CoV-2 S-1 subunit o
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domain of SARS-CoV-2 S protein contains S1 and S2 subunit. S1
subunit contains the N-terminal domain (NTD), receptor-binding
domain (RBD), and receptor binding motif (RBM). The SARS-CoV-
2 RBD contain residues Arg319ePhe541 and has a twisted five-
stranded antiparallel b sheet (b1, b2, b3, b4, and b7) with an
extended insertion containing the short b5 and b6 strands, a4 and
a5 helices and loops. RBM, that is extended insertionwhich consists
of most of the contacting residues of SARS-CoV-2 that bind to ACE2.
There is a total of nine cysteine residues present in the RBD, eight of
which form four pairs of disulfide bonds. Three out of the four pairs
are found in the core (Cys336eCys361, Cys379eCys432, and
Cys391eCys525), which helps in stabilizing the b sheet structure
and the remaining pair (Cys480eCys488) connects the loops in the
distal end of the RBM.47 Rutin shows good hydrogen bonding with
Cys391 and His519 having the bond lengths of 2.65 Å and 2.45 Å,
respectively (Fig. 5D). The binding energy of �7.9 kcal/mol and
inhibition constant of 5.81 mM (Table 1) and pi-pi stacking inter-
action by His519 and Phe565 with other pi-cation and pi-alkyl in-
teractions helps in stabilizing the rutin bounded with the active
blocking the catalytic center. (B) Making significant interactions with the functionally
S-1 subunit of S protein binding-pocket residues and its interaction with rutin. (D) The

f S protein complex with rutin.



Table 2
Bioactivity prediction of the selected inhibitors against SAR CoV-2 by molinspiration.

Ligand GPCR ligand Ion channel modulator Kinase Inhibitor Nuclear receptor ligand Protease Inhibitor Enzyme Inhibitor

Rutin �0.05 �0.52 �0.14 �0.23 �0.07 0.12

Table 3
Pharmacodynamics profile of the selected inhibitors admetSAR.

Ligand Log S
(>�4)

Blood Brain Barrier
(BBB)

Human intestinal absorption
(HIA)

Caco 2
permeability

CYP substrate/Inhibitor Ames
toxicity

Carcinogenicity LD50 (rat acute toxicity)
(mol/kg)

Rutin �2.77 0.94 0.73 0.93 Non-substrate/Non-
inhibitor

Non-toxic Non-
carcinogen

2.49
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residues of the S1 subunit. Rutin might be used as a potential in-
hibitor of spike protein as shown in Fig. 1, which could hinder the
entry of the virus into the host cell.

3.5. Pharmacodynamic studies

Molinspiration was used to evaluate the bioactivity of rutin by
calculating the activity against GPCR ligand, kinase inhibitor, ion
channel modulator, protease inhibitor, nuclear receptor ligand, and
enzyme inhibitor.48 The interpreted values of the bioactivity were
as follows: inactive (bioactivity score � �5.0), moderately active
(bioactivity score: �5.0e0.0), and active (bioactivity score � 0).47

Rutin was evaluated as an active enzyme inhibitor with a value of
0.12. The predicted bioactivity by molinspiration is shown in
Table 2. The admetSARwas used for the pharmacodynamic study of
rutin to understand the action of the drug inside a host’s body. The
ADMET study focused on the parameters that can define absorp-
tion, distribution, metabolism, excretion, toxicity, human intestinal
absorption (HIA), solubility (LogS), CaCO-2 permeability, P-glyco-
protein substrate inhibition, cytochrome substrate/inhibitor, AMES
toxicity, and acute rat toxicity (LD50). Rutin showed optimal solu-
bility with value �2.77, which is higher than �4 (>�4)49 and
immensely satisfying other results such as being non-toxic and
non-carcinogenic, as shown in Table 3. Rutin has shown different
pharmacological properties such as neuroprotective, vaso-
protective, cytoprotective, anticarcinogenic, cardioprotective, and
antioxidant.46

4. Conclusion

Here, we found that rutin forms many close interactions
including conventional hydrogen bonds, pi-sulfur, pi-alkyl, and
carbon-hydrogen bond to the residues of the substrate-binding
pockets of the SARS-CoV-2 proteins. These interactions help to
lock the rutin inside the substrate-binding pockets and thus
effectively inhibit the SARS-CoV-2 proteins. The analysis suggested
that the binding and therapeutic property makes the rutin a
prominent lead to develop a potential inhibitor of SARS-CoV-2
Mpro, RdRp, PLpro, and S-protein. Rutin is a flavonoid, having no
systemic toxicity and its pleiotropic activities can be used in our
food or dietary patterns as well as in traditional medicine because it
is also a major phytoconstituents present in Azadirachta indica. The
current study may be helpful in the development of new or com-
bination therapeutics for the treatment of COVID-19.

Declaration of interests

✔The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.
178
� The authors declare the following financial interests/personal
relationships which may be considered as potential competing
interests: No competing financial interests.

Declaration of competing interest

The authors declare no conflict of interest.

Acknowledgment

The authors are also thankful to the Ministry of AYUSH Govt. of
India for funding (Z.28015/252/2016-HPC (EMR)-AYUSH-C). Ms.
Rukshar Khan IGIB, India, and Md Amjad Beg from JMI, India are
appreciated for their valuable inputs in the analysis of the results.
We would like to acknowledge BIOVIA Discovery Studio 2020 for
providing free six months subscription to work on COVID-19
proposals.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jtcme.2021.01.006.

Taxonomy (classification by EVISE)

SARS-CoV-2/COVID-19.
SARS-CoV-2 Main Protease, RdRp, Spike Protein.
Computational Analytical Methods.
Molecular Docking.
ADMET properties.

References

1. Lu H, Stratton CW, Tang YW. Outbreak of pneumonia of unknown etiology in
Wuhan, China: the mystery and the miracle. J Med Virol. 2020;92(4):401e402.

2. Hu D, Zhu C, Ai L, et al. Genomic characterization and infectivity of a novel
SARS-like coronavirus in Chinese bats. Emerg Microb Infect. 2018;7(1):154.

3. Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak associated with a new
coronavirus of probable bat origin. Nature. 2020;579(7798):270e273.

4. Wu F, Zhao S, Yu B, et al. A new coronavirus associated with human respiratory
disease in China. Nature. 2020;579(7798):265e269.

5. Hegyi A, Ziebuhr J. Conservation of substrate specificities among coronavirus
main proteases. J Gen Virol. 2002;83(Pt 3):595e599.

6. Pillaiyar T, Manickam M, Namasivayam V, Hayashi Y, Jung S-H. An overview of
severe acute respiratory syndromeecoronavirus (SARS-CoV) 3CL protease in-
hibitors: peptidomimetics and small molecule chemotherapy. J Med Chem.
2016;59(14):6595e6628.

7. Zhang L, Lin D, Sun X, et al. Crystal structure of SARS-CoV-2 main protease
provides a basis for design of improved a-ketoamide inhibitors. Science (New
York, N.Y.). 2020;368(6489):409e412.

8. Barretto N, Jukneliene D, Ratia K, Chen Z, Mesecar AD, Baker SC. The papain-like
protease of severe acute respiratory syndrome coronavirus has deubiquiti-
nating activity. J Virol. 2005;79(24):15189e15198.

9. Snijder EJ, Decroly E, Ziebuhr J. The nonstructural proteins directing corona-
virus RNA synthesis and processing. Adv Virus Res. 2016;96:59e126.

https://doi.org/10.1016/j.jtcme.2021.01.006
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref1
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref1
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref1
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref2
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref2
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref3
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref3
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref3
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref4
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref4
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref4
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref5
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref5
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref5
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref6
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref6
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref6
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref6
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref6
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref6
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref7
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref7
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref7
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref7
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref8
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref8
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref8
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref8
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref9
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref9
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref9


F. Rahman, S. Tabrez, R. Ali et al. Journal of Traditional and Complementary Medicine 11 (2021) 173e179
10. Posthuma CC, Te Velthuis AJW, Snijder EJ. Nidovirus RNA polymerases: com-
plex enzymes handling exceptional RNA genomes. Virus Res. 2017;234:58e73.

11. Huang J, Song W, Huang H, Sun Q. Pharmacological therapeutics targeting
RNA-dependent RNA polymerase, proteinase and spike protein: from mecha-
nistic studies to clinical trials for COVID-19. J Clin Med. 2020;9(4):1131.

12. Gallagher TM, Buchmeier MJ. Coronavirus spike proteins in viral entry and
pathogenesis. Virology. 2001;279(2):371e374.

13. Belouzard S, Millet JK, Licitra BN, Whittaker GR. Mechanisms of coronavirus cell
entry mediated by the viral spike protein. Viruses. 2012;4(6):1011e1033.

14. Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting enzyme 2 is a
functional receptor for the SARS coronavirus. Nature. 2003;426(6965):
450e454.

15. Eckert DM, Kim PS. Design of potent inhibitors of HIV-1 entry from the gp41 N-
peptide region. Proc. Natl. Acad. Sci. U.S.A. 2001;98(20):11187e11192.

16. de Groot RJ, Luytjes W, Horzinek MC, van der Zeijst BA, Spaan WJ, Lenstra JA.
Evidence for a coiled-coil structure in the spike proteins of coronaviruses. J Mol
Biol. 1987;196(4):963e966.

17. Bosch BJ, Martina BE, Van Der Zee R, et al. Severe acute respiratory syndrome
coronavirus (SARS-CoV) infection inhibition using spike protein heptad repeat-
derived peptides. Proc Natl Acad Sci Unit States Am. 2004;101(22):8455e8460.

18. Yonekura-Sakakibara K, Higashi Y, Nakabayashi R. The origin and evolution of
plant flavonoid metabolism. Front Plant Sci. 2019;10:943.

19. Mohammadi N, Shaghaghi N. Inhibitory Effect of Eight Secondary Metabolites
from Conventional Medicinal Plants on COVID_19 Virus Protease by Molecular
Docking Analysis. ChemRxiv; 2020. https://doi.org/10.26434/chem-
rxiv.11987475.v1. Preprint.

20. Huang WY, Zhang HC, Liu WX, Li CY. Survey of antioxidant capacity and
phenolic composition of blueberry, blackberry, and strawberry in Nanjing.
J Zhejiang Univ - Sci B. 2012;13(2):94e102.

21. Lin YJ, Chang YC, Hsiao NW, et al. Fisetin and rutin as 3C protease inhibitors of
enterovirus A71. J Virol Methods. 2012;182(1-2):93e98.

22. Wang C, Wang P, Chen X, Wang W, Jin Y. Saururus chinensis (Lour.) Baill blocks
enterovirus 71 infection by hijacking MEK1-ERK signaling pathway. Antivir Res.
2015;119:47e56.

23. Ch�eron N, Yu C, Kolawole AO, Shakhnovich EI, Wobus CE. Repurposing of rutin
for the inhibition of norovirus replication. Arch Virol. 2015;160(9):2353e2358.

24. Yao C, Xi C, Hu K, et al. Inhibition of enterovirus 71 replication and viral 3C
protease by quercetin. Virol J. 2018;15(1):116.

25. Jo S, Kim S, Shin DH, Kim MS. Inhibition of SARS-CoV 3CL protease by flavo-
noids. J Enzym Inhib Med Chem. 2020;35(1):145e151.

26. Choi JH, Kim DW, Park SE, et al. Anti-thrombotic effect of rutin isolated from
Dendropanax morbifera Leveille. J Biosci Bioeng. 2015;120(2):181e186.

27. Yang Y, Islam MS, Wang J, Li Y, Chen X. Traditional Chinese medicine in the
treatment of patients infected with 2019-new coronavirus (SARS-CoV-2): a
review and perspective. Int J Biol Sci. 2020;16(10):1708e1717.

28. Patel K, Patel DK. The Beneficial Role of Rutin, a Naturally Occurring Flavonoid in
Health Promotion and Disease Prevention: A Systematic Review and Update.
Bioactive Food as Dietary Interventions for Arthritis and Related Inflammatory
Diseases. Elsevier; 2019:457e479.

29. Dallakyan S, Olson AJ. Small-molecule library screening by docking with PyRx.
Methods Mol Biol. 2015;1263:243e250.

30. Trott O, Olson AJ. AutoDock Vina: improving the speed and accuracy of docking
with a new scoring function, efficient optimization, and multithreading.
J Comput Chem. 2010;31(2):455e461.
179
31. Kashif M, Hira SK, Upadhyaya A, et al. In silico studies and evaluation of
antiparasitic role of a novel pyruvate phosphate dikinase inhibitor in Leish-
mania donovani infected macrophages. 2019;53(4):508e514.

32. Tabrez S, Rahman F, Ali R, et al. Cynaroside inhibits Leishmania donovani UDP-
galactopyranose mutase and induces reactive oxygen species to exert anti-
leishmanial response. Biosci Rep. 2021;21(1):1e14. https://doi.org/10.1042/
BSR20203857. BSR20203857, In press https://portlandpress.com/bioscirep/
article/41/1/BSR20203857/227423/Cynaroside-inhibits-Leishmania-donovani-
UDP.

33. Kashif M, Tabrez S, Husein A, et al. Identification of novel inhibitors against
UDP-galactopyranose mutase to combat leishmaniasis. J Cell Biochem.
2018;119(3):2653e2665.

34. Ben-Shabat S, Yarmolinsky L, Porat D, Dahan A. Antiviral effect of phyto-
chemicals from medicinal plants: applications and drug delivery strategies.
Drug delivery and translational research. 2020;10(2):354e367.

35. O’Boyle NM, Banck M, James CA, et al. An open chemical toolbox. J Cheminf.
2011;3:33.

36. Rapp�e AK, Casewit CJ, Colwell K, Goddard III WA, Skiff WM. UFF, a full periodic
table force field for molecular mechanics and molecular dynamics simulations.
JJotAcs. 1992;114(25):10024e10035.

37. Du X, Li Y, Xia YL, et al. Insights into protein-ligand interactions: mechanisms,
models, and methods. Int J Mol Sci. 2016;17(2):144e178.

38. Raj S, Sasidharan S, Dubey VK, Saudagar P. Identification of lead molecules
against potential drug target protein MAPK4 from L. donovani: an in-silico
approach using docking, molecular dynamics and binding free energy calcu-
lation. PloS One. 2019;14(8), e0221331.

39. Hughes JP, Rees S, Kalindjian SB, Philpott KL. Principles of early drug discovery.
Br J Pharmacol. 2011;162(6):1239e1249.

40. Chen D, Oezguen N, Urvil P, Ferguson C, Dann SM, Savidge TC. Regulation of
protein-ligand binding affinity by hydrogen bond pairing. Science advances.
2016;2(3), e1501240.

41. Wadood A, Ahmed N, Shah L, Ahmad A, Hassan H, Shams S. In-silico drug
design: an approach which revolutionarised the drug discovery process. OA
drug design & delivery. 2013;1(1):3.

42. Jin Z, Du X, Xu Y, et al. Structure of M(pro) from SARS-CoV-2 and discovery of
its inhibitors. Nature. 2020;582(7811):289e293.

43. Gao Y, Yan L, Huang Y, et al. Structure of the RNA-dependent RNA polymerase
from COVID-19 virus. Science (New York, N.Y.). 2020;368(6492):779e782.

44. B�aez-Santos YM, St John SE, Mesecar AD. The SARS-coronavirus papain-like
protease: structure, function and inhibition by designed antiviral compounds.
Antivir Res. 2015;115:21e38.

45. Arya R, Das A, Prashar V, Kumar M. Potential Inhibitors against Papain-like
Protease of Novel Coronavirus (SARS-CoV-2) from FDA Approved Drugs. 2020.

46. Ganeshpurkar A, Saluja AK. The pharmacological potential of rutin. Saudi
Pharmaceut J : SPJ : the official publication of the Saudi Pharmaceutical Society.
2017;25(2):149e164.

47. Lan J, Ge J, Yu J, et al. Structure of the SARS-CoV-2 spike receptor-binding
domain bound to the ACE2 receptor. Nature. 2020;581(7807):215e220.

48. Mokhnache K, Madoui S, Khither H, Charef N. Drug-likeness and pharmaco-
kinetics of a bis-phenolic ligand: evaluations by computational methods.
Scholars J Appl Med Sci. 2019;1:167e173.

49. Ungell A-L. In vitro absorption studies and their relevance to absorption from
the GI tract. Drug Dev Ind Pharm. 1997;23(9):879e892.

http://refhub.elsevier.com/S2225-4110(21)00009-2/sref10
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref10
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref10
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref11
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref11
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref11
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref12
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref12
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref12
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref13
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref13
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref13
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref14
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref14
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref14
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref14
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref15
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref15
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref15
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref16
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref16
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref16
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref16
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref17
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref17
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref17
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref17
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref18
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref18
https://doi.org/10.26434/chemrxiv.11987475.v1
https://doi.org/10.26434/chemrxiv.11987475.v1
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref20
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref20
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref20
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref20
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref21
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref21
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref21
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref22
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref22
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref22
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref22
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref23
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref23
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref23
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref23
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref24
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref24
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref25
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref25
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref25
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref26
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref26
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref26
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref27
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref27
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref27
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref27
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref28
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref28
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref28
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref28
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref28
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref29
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref29
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref29
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref30
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref30
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref30
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref30
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref31
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref31
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref31
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref31
https://doi.org/10.1042/BSR20203857
https://doi.org/10.1042/BSR20203857
https://portlandpress.com/bioscirep/article/41/1/BSR20203857/227423/Cynaroside-inhibits-Leishmania-donovani-UDP
https://portlandpress.com/bioscirep/article/41/1/BSR20203857/227423/Cynaroside-inhibits-Leishmania-donovani-UDP
https://portlandpress.com/bioscirep/article/41/1/BSR20203857/227423/Cynaroside-inhibits-Leishmania-donovani-UDP
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref33
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref33
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref33
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref33
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref34
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref34
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref34
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref34
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref35
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref35
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref36
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref36
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref36
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref36
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref36
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref37
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref37
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref37
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref38
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref38
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref38
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref38
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref39
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref39
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref39
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref40
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref40
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref40
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref41
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref41
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref41
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref41
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref42
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref42
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref42
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref43
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref43
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref43
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref44
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref44
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref44
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref44
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref44
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref45
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref45
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref46
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref46
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref46
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref46
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref47
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref47
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref47
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref48
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref48
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref48
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref48
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref49
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref49
http://refhub.elsevier.com/S2225-4110(21)00009-2/sref49

	Molecular docking analysis of rutin reveals possible inhibition of SARS-CoV-2 vital proteins
	1. Introduction
	2. Materials and methods
	2.1. Structure-based virtual screening and docking
	2.2. Preparation of ligand
	2.3. Preparation of receptors
	2.4. Molecular docking
	2.5. Pharmacodynamic studies

	3. Results and discussion
	3.1. Rutin inhibits COVID-19 Mpro effectively
	3.2. Inhibition of COVID-19 RdRp by rutin
	3.3. Binding of rutin to the catalytic pocket of COVID-19 PLpro
	3.4. The binding pattern of rutin with COVID-19 S-protein
	3.5. Pharmacodynamic studies

	4. Conclusion
	Declaration of interests
	Declaration of competing interest
	Acknowledgment
	Appendix A. Supplementary data
	Taxonomy (classification by EVISE)
	References


