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Abstract

Objectives: The current pandemic caused by Severe Acute
Respiratory Syndrome Corona-Virus 2 (SARS-CoV-2) has
become a global health menace with significant morbidity
and mortality besides huge socioeconomic implications.
Despite the approval of few vaccines for the prevention of
the disease, the discovery of safe and effective counter-
measures especially from natural sources is of paramount
importance, as the number of cases continues escalating.
Arqg Ajib has long been used for various diseases and its
ingredients have been reported for antiviral, antimicrobial,
antipyretic, anti-inflammatory, antioxidant activities. The
present study investigates the inhibitory effect of phyto-
compound of Arq Ajib on potential drug targets of
SARS-CoV-2.

Methods: The structures of phytocompounds present in
Arq Ajib were retrieved from PubChem database and some
were illustrated using Marvin Sketch. SARS-CoV-2 S
glycoprotein (PDB ID: 6LZG) and 3CLP® (PDB ID: 7BQY)
were selected as the target protein. Dock Prep module in
UCSF Chimera software was used for receptor structure
processing. AutoDock Vina was used to calculate the
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binding affinities between the protein and ligands and to
predict most promising compounds with best scores.
Results: Molecular docking results predicted that the
phytocompounds of Arq Ajib had good binding affinity and
interaction with S glycoprotein and 3CLP®. Quercetin and
Isorhoifolin from Mentha arvensis were identified as
promising candidates with the potential to interact with
3CLP™ and spike glycoprotein and inhibit the viral repli-
cation and its entry into the host.

Conclusions: Arq Ajib may prove valuable for developing
novel therapeutic candidate for COVID-19; however, it has
to be substantiated further with in-vitro and in-vivo studies.

Keywords: Arq Ajib; isorhoifolin; molecular docking;
quercetin; SARS-CoV-2.

Introduction

The current pandemic COVID-19 caused by Severe Acute
Respiratory Syndrome Corona-Virus 2 (SARS-CoV-2) has
become a matter of global health concern and still continues
escalating since cases were first reported in China in
December 2019 [1]. As per the current statistics, more than
233 million confirmed cases of COVID-19 have been reported
globally, including more than 4 million deaths [2]. India
experienced a devastating second wave with rampant
growth in the number of cases and reported highest number
of daily cases globally during April-June 2021. As per the
latest reports, more than 33 million cases have been reported
in India including 448,339 deaths [3, 4]. SARS-CoV-2
belongs to the extraordinarily large single-stranded RNA
coronavirus family ‘Coronaviridae’ with typical morpho-
logical characteristics [5]. It could infect human with
symptoms highly resembles viral pneumonia like other
viruses of the family such as SARS-CoV and MERS-Co-v and
shares similar mode of transmission [6]. SARS-CoV-2 binds
to Angiotensin-converting enzyme 2 (ACE2) receptor via
receptor-binding domain (RBD) of its’ spike proteins and
delivers virus particle inside the host [7, 8].
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Discovery of effective drugs is highly paramount to
curb the devastating situation caused by SARS-CoV-2 as
the effective targeted therapy options still remains limited
for this deadly disease. Medicinal plants and their active
metabolites have gained renewed attention for the devel-
opment of effective medications for various diseases.
Ayurveda, Unani, Siddha and other traditional systems
have enormous citations on infectious diseases and epi-
demics, and offer a wide range of countermeasures for the
control of current pandemic. A number of drugs being used
for millennia in these systems of medicine are proved to
have potent antiviral activities against a number of viruses
[9]. Recently, a Siddha formulation was computationally
evaluated for its effect against SARS-CoV-2 and exhibited a
high binding affinity with SARS-CoV-2 spike protein [10].
Reports available on antiviral effect of various medicinal
plants support the hypothesis that traditional drugs may
also prove to be a potent therapeutic candidate against
SARS-CoV-2.

Arq Ajib, which literally means “Wonder liniment”, is a
compound Unani formulation containing Satt-e-Pudina
(plant extract of Mentha arvensis), Satt-e-Ajwain (seed
extract of Trachyspermum ammi) and Kafoor (Camphor). The
formulation is claimed to be highly effective as an anti-
spasmodic, analgesic, digestive, anti-flatulent and anti-
catarrh drug candidate. Oral intake of the formulation, in a
dose of 2-5 drops with water, is effective in relieving
Waja’al-Mi’da (Gastralgia), Waja’al Am‘a’ (intestinal colic),
Qay’ (Vomiting), Ishal (Diarrhea), Hayda (Food poisoning)
and Ta’un (Plague). Its topical application on forehead helps
relieve Suda’ (Headache) and Shaqiga (migraine). Steam
inhalation of Arq Ajib (1-2 drop) alleviates Nazla (catarrh),
Zukam (coryza) and nasal congestion. It is useful as an an-
tidote in snake bite, scorpion and other poisonous insects’
sting [11-14]. Despite extensive use, the formulation has
hardly been investigated scientifically to substantiate the
therapeutic claims. A study has reported significant antidi-
arrheal activity of the formulation in charcoal-induced gut
transit, serotonin-induced diarrhea and PGE2-induced small
intestine enteropooling in rats [15].

The ingredients of the formulation possess diverse
medicinal properties. Pudina (M. arvensis Linn) belongs to
the family Lamiaceae is a common edible and aromatic
herb with wide use in pharmaceutical, cosmetic and
flavoring industries [16, 17]. It has a long history of me-
dicinal use in Unani medicine to treat diarrhea, dysentery,
indigestion, liver and spleen diseases, coryza, asthma,
headache, jaundice and rheumatic pain [18, 19]. Pudina
has been reported to exhibit antiviral, cytotoxic [20], anti-
microbial, antioxidant, analgesic, anti-inflammatory, anti-
allergic, anticancer and radioprotective activities [16, 17].
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Ajwain (T. ammi Linn — Apiaceae) is a well-recognized spice
and highly valued medicinal herb. It is known to possess
analgesic, antispasmodic, anti-inflammatory, antiseptic,
anthelmintic, antidote, diuretic and carminative properties,
and has been used in Unani medicine for fever, cough,
asthma, colicky pain, dyspepsia, liver cirrhosis, chronic
splenitis, hypertension, dysurea, renal stone, amenorrhea
and intestinal worms in different forms [18, 19]. It has been
reported for antiviral [21, 22], antimicrobial, insecticidal,
antioxidant, anti-inflammatory, anti-spasmodic, broncho-
dilating and antitussive activities [23]. Kafoor (camphor) is a
well-known Unani drug with considerable therapeutic
value. It is a waxy, white crystalline substance derived from
the wood of camphor laurel (Cinnamomum camphora L.)
through steam distillation [24, 25]. It acts as an analgesic,
antispasmodic, antipyretic, expectorant, antiseptic, anes-
thetic, resolvent and anti-inflammatory. In Unani medicine,
it is used externally in pleurisy, pneumonia, epistaxis,
otalgia, headache, toothache, lowback pain, polyarthritis
and skin disorders. Internally it is used for fever, cold and
cough, bronchial asthma, tuberculosis, food poisoning,
diarrhea, insomnia, palpitation and dysuria [18, 19].
Camphor has been reported for antiviral, antimicrobial,
insecticidal antitussive, antimutagenic, anticancer [25],
anti-inflammatory, antioxidant [26] and anti-allergic activ-
ities [27].

Computational methods are efficient tools commonly
employed for drug repurposing and discovery, as it shorten
the lengthy process of drug discovery and development.
These tools have extensively been utilized for investigating
the potential biological activity of both conventional and
traditional drug molecules against SARS-CoV-2 [8]. To our
knowledge, the effect of Arq Ajib against SARS-CoV-2 has
not yet been explored. The present study investigates the
inhibitory effect of phytoconstituents present in Arq Ajib
on potential drug targets of SARS-CoV-2, in order to iden-
tify multitarget drug candidate and to further develop
potent drug for COVID-19.

Material and methods
Receptor preparation

SARS-CoV-2 S glycoprotein (PDB ID: 6LZG) and 3CLP* (PDB ID: 7BQY)
were selected as the target protein. Dock Prep module in UCSF (Uni-
versity of California, San Francisco) Chimera software (v1.14) was used
for receptor structure processing [28]. AMI1-BCC charges were
computed for the receptor which is included in Chimera. The covalent
bond between the Cys145 residue and the crystallized ligand in 7BQY
was eliminated. Chimera software was used for protonation and
optimization of His and Cys residues.
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Ligand preparation

The structures of phytocompounds were retrieved from PubChem
database [29] and few were illustrated using Marvin Sketch of the
Marvin (v20.8.0) suite [30]. The 3D structure of the ligands was pro-
tonated and assigned AM1-BCC charges using Chimera’s Dock Prep
module.

Receptor-ligand docking

Molecular docking was performed using AutoDock Vina (v1.1.2)
software to predict binding affinities (kcal/mol) and find the most
favorable binding interactions [31]. UCSF Chimera Dock prep tool
was used to prepare protein and compounds for docking. Auto-
Dock Vina with parameter “exhaustiveness = 8” was used to
calculate the binding affinities between the protein and ligands.
Binding interactions were elucidated using UCSF Chimera. The
search space for SARS-CoV-2 S glycoprotein was made as wide as
the size of the RBD external subdomain (S438-Y505) in a grid box
of (x = =37, y = 30.5, z = 6), so that the ligand could be docked to
all parts of the receptor. In 3CLP™ the co-crystallized ligand N3
(PDB ID: 7BQY) within the catalytic site was taken as a reference
and the search space was set with a grid box of (x = -9.5, y = 12,
z = 68.5). The results were finally analyzed using BIOVIA Dis-
covery Studio Visualizer 2020 (v20.1.0) [32].

Molecular dynamics (MD) simulation

Molecular dynamics study was performed for four ligand — protein
docked complexes i.e. Quercetin-Spike glycoprotein (QCS),
Isorhoifolin-Spike glycoprotein (ISS), Quercetin-Protein 3CLP® (QCP)
and Isorhoifolin-Protein 3CLP™ (ISP) using GROMACS 5.1.4 software
[33]. The topology of the ligand was generated using PRODRG server
[34] and Gromos96 53a6 force field [35] was applied to build protein
topology. All MD simulation systems were solvated with extended
simple point charge (SPC-E) water cubic box model. A total of 19,215,
19,209, 29,375 and 29,370 number of solvent molecules were added to
QCS, ISS, QCP and ISP respectively. The overall charge of the system
was neutralized by adding Na*/Cl™ ions and further energy minimi-
zation was carried out using 50,000 steepest descent steps for docked
complexes. Each system was equilibrated with number of particles,
volume and temperature (NVT) and number of particles, pressure and
temperature (NPT) for 100 ps time scale. Finally, MD simulation step
was carried out to analyze the stability of docked complexes for 100 ns
time scale.

The MD simulation trajectories were analyzed using GROMACS
distribution tool [36] to obtain Root mean square deviation), RMSF
(Root mean square fluctuation (RMSD), number of hydrogen bonds
formed between protein and ligand complexes, radius of gyration
(Rg) and Solvent Accessible Surface Area (SASA). The graphs were
generated using XMgrace tool [37]. The binding free energy (AGping)
of individual protein - ligand complex was calculated by molecular
mechanics/Poisson-Boltzmann surface area (MM-PBSA) using
g_mmpbsa tool [38]. The last 20 ns stable trajectories from RMSD
plot of each docked complexes were selected to compute binding
free energy.
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Results

The phytocompounds of Arq Ajib, retrieved from PubChem
database or illustrated using Marvin Sketch include
Thymol, Carvacrol, Cymene and Terpinene from T. ammi;
Menthol, Quercetin and Isorhoifolin from M. arvensis;
Camphor, Linalool and Borneol from C. camphora (Table 1).

Binding affinity and interactions of
phytocompounds with S glycoprotein

The results of the molecular docking predicted docking
energies of tested phytocompounds ranging from -7.9
to —4.2 kcal/mol. Nelfinavir was used as positive control
with binding energy of -7.2, showing H-bonding with
Glu406, Tyr453, Gly496 and Pi-Alkyl hydrophobic in-
teractions with Leu455 and Tyr505 (Table 2). Binding af-
finities of phytocompounds towards active site of
SARS-CoV-2 S glycoprotein was studied in detail and re-
ported in Table 2 and 2D interaction in Table S-1 (Supple-
mental Material). Visualization performed for promising
candidates having best binding affinity and interactions
with target protein represented in Figure 1. Biological
interaction of phytocompounds was analyzed in reference
to key contact residues with hACE2 subdomain I and II. All
the tested phytocompounds showed effective binding in-
teractions with S glycoprotein. Two phytocompounds
‘Quercetin and Isorhoifolin’ from M. arvensis exhibited
binding energy of —6.7 and -7.9 respectively. Isorhoifolin
showed interactions with amino acid residues Arg403,
Glu406, Lys417, and Tyr505 that played significant role in
H-bond network formation.

Binding affinity and interactions of
phytocompounds with 3CLP™

The 3CLP” is a cysteine protease which presents a unique
Cys-His catalytic dyad (His41 and Cys145) at its active site.
The amino acid residues ‘Thr190, Glu166, Phe140, GIn189
and His164’ seem to play important role in the interaction
[39], hence, these residues were targeted to assess the
molecular docking score and binding interactions. The
results of the molecular docking predicted docking en-
ergies of tested phytocompounds ranging from -8.8
to —4.1 kcal/mol. The positive control, nelfinavir showed a
binding energy of —7.7 and H-bonding with His41, Glu166,
GIn189 and hydrophobic interactions of Pi-Pi, Pi—Alkyl
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Table 1: Chemical structures of Phytocompounds from Arq Ajib.
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No. Name of Drugs Phytocompounds Chemical structures
1 Ajwain Thymol HO
(T. ammi) p/
2 Ajwain Carvacrol
(T. ammi)
OH
3 Ajwain Cymene

(T. ammi)

4 Ajwain Terpinene

5 Pudina Menthol
(M. arvensis)

OH

-

6 Pudina Quercetin OH
(M. arvensis)

o g

OH

OH
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Table 1: (continued)

No. Name of Drugs Phytocompounds Chemical structures

7 Pudina Isorhoifolin
(M. arvensis)

8 Kafoor Camphor
(C. camphora)

9 Kafoor Linalool
(C. camphora)

10 Kafoor Borneol
(C. camphora)

Table 2: Amino acid residues of SARS-CoV-2 S glycoprotein (6LZG) participated in H-Bond and hydrophobic interactions with ligands.

Compound Binding energy, kcal/mol Interactions

H-bonding Hydrophobic
Nelfinavir -7.2 Glu406, Tyr453, Gly496 Leu455, Tyr505
Thymol -5.4 Asn501, Tyr505 Tyr453, Tyr495
Carvacrol -5.4 Gly496, Asn501 Gly496, Tyr505
Cymene -4.7 NHB Gly496
Terpinene -4.7 NHB Tyr453, Tyr495, Tyr505
Menthol -5.2 Gly496, Asn501 Tyr453, Tyr495, Tyr505
Quercetin -6.7 Arg403, GIn493, Gly496, Asn501 Tyr453, Tyr505
Isorhoifolin -7.9 Arg403, Glu406, Lys417, Tyr505 Arg403, Tyr4a53, Tyr505
Camphor -4.2 NHB Tyr495
Linalool -4.7 NHB Arg403, Tyr495, Phe497, Tyr505
Borneol -4.7 NHB Arg457, Pro491

NHB, no hydrogen bond interactions.
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Figure 1: Interaction profile of Arq Ajib
phytocompounds and active site residues
of SARS-CoV-2 S glycoprotein. Each color of
amino acid residues and interaction
markers indicates different types of inter-
action. Green represents a conventional
H-bonding, Pink denotes Pi-amide interac-
tion and the rest of them represents weak
van der Waals interaction.

Table 3: Amino acid residues of SARS-CoV-2 main protease 3CLP" (7BQY) participated in H-Bond and hydrophobic interactions with ligands.

Compound Binding energy, kcal/mol Interactions
H-bonding Hydrophobic
Nelfinavir -7.7 His41, Glu166, Gln189 His41, Cys145, Met165
Thymol -4.8 Hisl64 His41, Met165
Carvacrol -4.9 NHB His41, Met165
Cymene -4.8 NHB His41, Met165
Terpinene -4.8 NHB Met165
Menthol -4.6 NHB His41, Met49, Cys145
Quercetin -7.9 Glu166, Thr190 His41, Met165, Pro168, GIn189
Isorhoifolin -8.8 Phe140, Glu166, Thr190 His41, Asn142, Met165, Pro168, GIn189
Camphor -4.2 Glu166
Linalool -4.9 His41 His41, Met49
Borneol -4.1 His41 Leu27, His41

NHB, no hydrogen bond interactions.
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and Pi—donor with His41, Cys145 and Met165 respectively.
Quercetin and Isorhoifolin showed docking energy -7.9
and 8.8 kcal/mol respectively (Table 3). Both the two
compounds formed an extensive network of H-bonds
within the protease receptor site with Phe140, Glu166 and
Thr190 residues and hydrophobic interactions with
GIn189, Met165 and Pro168 (Table 3; Figure 2). Visualiza-
tion performed for phytocompounds having best binding
affinity with 3CLP" represented in Figure 2. The OH atom of

MET 165 ,
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Figure 2: Interaction profile of Arq Ajib
phytocompounds and active site residues
of SARS-CoV-2 main protease 3CLP™. Each
color of amino acid residues and interac-
tion markers indicates different types of
interaction. Green represents a conven-
tional H-bonding, Yellow indicates Pi-SH
interaction, Pink denotes Pi-amide inter-
action and the rest of them represent weak
van der Waals interaction.
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Quercetin, formed H-bond with Glu166 with a bond length
of 1.80 A and Thr190 with bond length 2.68 A, in addition
with hydrophobic interactions of Pi—Sigma, Pi—Sulfur, and
Pi—Pi with Glu189, Met165, and His41. Isorhoifolin formed
three H-bonding interactions with amino acids Phel40,
Glu166 and Thr190 with bond length of 2.47, 2.26 and 2.49 A
respectively, in addition with hydrophobic interactions of
Pi-Sigma, Pi—Sulfur, Pi-Pi and Pi—Alkyl with amino acids
Glu189, Met165, His41 and Pro168 respectively.
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Figure 3: RMSD plot for 100 ns time period to
check conformational stability. (A) RMSDs
of protein with least — square fit to Spike
protein in ISS (Black), QCS (Red) and native
A spike protein (Green). (B) RMSDs of 3CLP™
protein with least — square fit to protease in

MD analysis of ligand — protein docked
complexes

Molecular dynamics study was carried out for 100 ns for
four protein — ligand docked complexes (QCS, ISS, QCP,
ISP). The average RMSD value recorded for ISS, QCS and
native spike protein was 0.27, 0.24, 0.29 nm respectively
(Figure 3A). Both ISS and QCS were stable after 75 ns
whereas the native protein showed higher deviation. The
average RMSD value recorded for ISP, QCP and native
3CLP™ was 0.26, 0.23 and 0.22 nm respectively (Figure 3B).
QCP was found to be stable after 60 ns whereas ISP showed
slightly higher deviation when compared to native 3CLP™.

RMSF was calculated for C-a atom of protein residues
to understand the backbone structure flexibility. The

ISP (Black), QCP (Red) and native protein
3CLP™ (Green).

residues, fluctuating during the simulation time for 100 ns
were represented by the peaks in RMSF plots (Figure 4). The
backbone residues of ISS and QCS showed less fluctuation
compared to native spike protein (Figure 4A). The residues,
participating in ligand interaction of QCS and ISS were
Ala397, Phe400, Ala435, Arg454 and Val401, and Arg509
respectively. The native spike protein showed RMSF value
of 0.5 nm with high fluctuation when compared to ISS and
QCS. RMSF pattern of both ISP and QCP was found similar
to that of native 3CLP™ (Figure 4B). The residues, involved
for stable fluctuations were Ser20, Arg40, Ala206 for ISP
and Trp31, Val36, Ser144, Val148 and Met162 for QCP.

The level of compactness or solidity of the structure
was determined by Radius of Gyration (Rg) and Rg-plots.
Average Rg values of protein backbones for ISS, QCS,
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and Spike native protein (Green). (B) RMSF of 3CLP™ protein ISP (Black), QCP (Red) and native 3CLP™ protein (Green).

native spike, ISP, QCP and native 3CLP™ were found to be
1.83, 1.83, 1.86, 0.29, 2.21 and 2.19 nm respectively
(Figure 5). The results of Rg indicate stable simulation
between 1.8 and 1.92 nm over the total simulation time
(Figure 5A). Ligands bounded to ISS and QCS were able to
reach stability earlier than native spike protein. Both ISS
and QCS were compact, stable and reach stability after
50 ns. Whereas, Rg value for the native 3CLP* was fluctu-
ating between 2.13 and 2.27 nm. ISP was found to be stable

after 60 ns, whereas, QCP compactness was lower than
native 3CLP™ (Figure 5B).

The specific interactions between ligands and proteins
were measured using hydrogen bond formation. The total
number of H-bonds formed vs. time is shown in Figure S-1.
ISS and QCS exhibited 4 and 5 hydrogen bonds interaction
respectively throughout the simulation time (Figure S-1a
and b), whereas ISP and QCP exhibited 5 and 4 strong and
stable H-bond interaction respectively (Figure S-1c and d).
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The SASA values were found to be similar in case of both
ISS and QCS with native protein (Figure S-2a). No signifi-
cant opening and closing of peaks were found and the
ligand remained intact to the protein. QCP exhibited better
stability than native 3CLP*° whereas ISP implied similar
peak as that of native 3CLP™ (Figure S-2b).

The binding free energy for the docked complexes was
measured using MM/PBSA calculation method for the last
20 ns (80-100 ns) stable trajectories. Among all the com-
plexes, QCP computed higher binding energy value
of —123.153 kJ/mol, whereas ISS, ISP and QCS exhibited
binding energy values of —66.583, —28.970 and —24.875 k] /mol
respectively. Along with binding energy, van der Waal
energy, electrostatic energy, polar solvation energy, SASA

S0000

(Black), QCP (Red) and native 3CLP™ protein
(Green).

1le+005

were also calculated for each complex (Table S-2). The
energy contribution of protein-ligand complexes was sub-
tracted using MM/PBSA calculation. The bar graph repre-
sents residue wise total binding energy contribution for all
MD simulated complexes (Figure S-3a—d). It was noted that
residues ‘Tyr473, Gly476, Cys480, Asn487 and Tyr489’ are
involved in total energy contribution of QCS Complex
(Figure S-3a). The active site residues such as His41, Cys44,
Met49, Cys145, Met165 and Thr190 computed for binding
energy values of QCP complex (Figure S-3b). It was found
that 32 residues were involved in binding energy formation
for ISS complex, of which the active site residues were
Arg403, Asp405, Arg408, 11e418, Leu45s5, Phe497, GIn49s,
Asn501 and GIn506 (Figure S-3c). The binding free energy
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for ISP was obtained by 36 residues from which Thr26,
Leu27, His41, Asnl42, His164, Glul66, Prol68, Argl88,
GIn189 and Thr190 were active site residues (Figure S-3d).

Discussion

Computationally, a number of phytocompounds have been
reported for significant effects against multiple active tar-
gets of SARS-CoV-2 [40, 41]. In the present study, binding
affinity and interactions between phytocompounds of Arq
Ajib with potential therapeutic targets of SARS-CoV-2 was
evaluated by employing computational tools.

It is established that the SARS-CoV-2 spike protein
plays a vital role in facilitating the entry of virus into the
host. To recognize and interact with ACE2, SARS-CoV-2
utilizes its S1 CTD, also known as RBD, a key region for
interaction with its host receptor. Hence, RBD is considered
to be the most important druggable target [7, 8]. The pre-
sent study predicts that all the tested phytocompounds
have good binding affinity with the SARS-CoV-2 spike
proteins. Quercetin and Isorhoifolin from M. arvensis
exhibited significant binding energy, comparable to nelfi-
navir which was used as positive control. Biological
interaction analysis revealed that all docked ligands
interacting well with the same amino acid residues as that
of hACE2. From the analysis of interactions of the ligand
molecules and comparison of energy values it can be pre-
dicted that phytocompounds Quercetin and Isorhoifolin
interfere well with the binding of spike protein to host cell.
Thus, it would not be an embellishment to state that the
phytoconstituents present in Arq Ajib may inhibit the
interaction of RBD with the host receptor resulting in the
inhibition of virus entry in to the host.

The main protease (MP"/3CLP™) is known to play an
important role in virus replication as it mediates the pro-
teolytic processing and cleaves the polyprotein to generate
various non-structural proteins that are important for viral
replication. Therefore, it is considered to be a potential
target for the development of targeted drugs against
SARS-CoV-2 [42]. The present study predicts that all the
tested phytocompounds have good binding affinity with
3CLP™, Quercetin and Isorhoifolin showed lower binding
energy to 3CLP, compared to the well-known protease
inhibitor, nelfinavir. The result of present study corrobo-
rates with the findings of Athira & James, where they re-
ported similar phytocompounds with similar binding
energy to 3CLP™ [43]. Notably, Quercetin and Isorhoifolin
have formed extensive network of H-bonds within the
active protease receptor site. It indicates that, Quercetin
and Isorhoifolin may have the potential to interfere with
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the proteolytic processing and inhibit the viral replication
and transcription.

Molecular dynamics simulation study gives insights in
to the binding strength, stability, dynamic equilibration
and conformational changes of native proteins with their
protein — ligand docked complexes. In the present study,
MDS analysis revealed significantly lower RMSD value of
QCS and ISS complexes than that of native spike protein,
whereas QCP showed similar and ISP showed RMSD value
slightly higher to native 3CLP™. It indicates increased ri-
gidity and stability of QCS, ISS and QCP complexes on
binding to their respective native proteins. RMSF pattern,
Rg plot and SASA analysis confirmed the stability, solidity
and compactness of docked complexes with a higher value
in ISS, QCS and QCP complexes. The number of hydrogen
bond formation in protein-ligand complexes determines
the binding strength and stability of the complex. Based
on H-bond formation, QCS and ISP complexes were found
to be therapeutically important complexes against
respective native proteins. The binding free energy and
decomposition analysis revealed significantly higher
binding energy of QCP when compared with other three
complexes, indicating QCP as potent therapeutic against
3CLP™.

Quercetin and Isorhoifolin belongs to the subgroup of
flavonoid compounds found in a number of medicinal
botanicals including M. arvensis [44]. In the present study,
isorhoifolin exhibited significant binding affinity to both
the RBD and main protease, stronger than that of positive
control, nelfinavir. However, it is hardly reported for its
antiviral activities in previous studies. Quercetin is widely
distributed in various plants, vegetables and fruits and is a
regular component of a normal diet. It has a great potential
in preventing diseases and improving overall health. It has
been reported to possess a wide range of biological activ-
ities including antiviral, anti-inflammatory, antioxidant
and anticancer activities [45]. Wu et al., have reported
quercetin as a potent inhibitor of a wide spectrum strains of
Influenza A viruses (IAVs) including HIN1, H3N2 and H5N1
viruses, causing seasonal epidemics and pandemics with
significant morbidity and mortality. Quercetin inhibited
the viral entry in to the host cell via interaction with viral
HA protein which is the major glycoprotein of influenza
virus responsible for the entry and fusion of virus in to the
host. They found that quercetin targeted influenza viral
particles instead of the host cell, which indicates that the
drug is safe and effective [46]. A recent computational
study revealed significant binding affinity of quercetin
from Aloe vera with RNA-dependent RNA-polymerase with
energy value of —9.131 kcal/mol [47]. However, in the pre-
sent study quercetin exhibited significant binding energy
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with S glycoprotein and main protease. It implicate that
quercetin may have multitargeted effect on SARS-CoV-2.

Conclusions

The present study was carried out to generate in silico
evidence for the potential of phytocompounds present in
Arq Ajib against SARS-CoV-2. The present study identifies
Quercetin and Isorhoifolin as promising candidates with
the potential to interact with Spike glycoprotein and 3CLP®
and inhibit the viral replication and its entry into the host.
However, it has to be substantiated further with in-vitro and
in-vivo studies for the development of safe and effective
novel therapeutic agent for COVID-19.
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