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ABSTRACT

The novel coronavirus called severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and is
responsible for the cause of pandemic coronavirus
disease 2019 (COVID-19). Main protease (3CL"™ or
MP™), a cysteine protease that mediates the maturation
or cleavage of polyproteins during virus replication and
hence could be a promising drug target for combating
the coronavirus infection. This study screens some
phytoconstituents of Indian medicinal plants that are
Withaniasomnifera (Ashwagandha), Ocimum sanctum
(Tulsi), and Aloe barbadensis(Aloe Vera) as potential
inhibitors of 3CLP™ using in silico approach. As natural
products play a crucial part in repurposing against
SARS-CoV-2 infection because it offers minimal and in
some cases no toxicity. Molecular docking studies
revealed that all selected compounds show significant
binding affinities as compared with two reference
inhibitors (Lopinavir and Ritonavir) towards SARS-
CoV-2 MP®. The top docked compounds were further
subjected to scrutinization by Lipinski filtering analysis
for drug-likeness or ADMET properties analysis. The
ligand-protein interaction study revealed that the
selected compounds of Withaniasomnifera: 27-
Hydroxywithanone (-7.90 kcal/mol), Physagulin-d (-
8.10 kcal/mol), Somniferine (-8.70  kcal/mol),
Withanolide A (-8.60 kcal/mol), Withanone (-7.80
kcal/mol), and Withastramonolide (-8.10 kcal/mol) had
a binding affinity for "™ that surpassed that of the
reference inhibitors. Hence, are capable of inhibiting
3CLP" with highly conserved inhibitory catalytic dyad
residues (CYS*® and HIS*) of SARS-CoV-2. The
predicted ADME/tox and Lipinski filter analysis
suggested that the selected compounds of
Withaniasomnifera have an acceptable probability of
absorption, distribution, metabolism, excretion, and
toxicity. Therefore, these compounds can lead to natural
anti-COVID-19 therapeutic agents for combating the
pandemic and also be used in both in-vitro, as well as
in-vivo models to predict pharmacokinetic properties or

to check the preclinical and clinical efficacy for the
prevention of COVID-19.

l. INTRODUCTION

The novel coronavirus called severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is
responsible for the cause of pandemic coronavirus
disease 2019 (COVID-19). Normally coronaviruses
cause mild upper respiratory tract symptoms and
sometimes gastrointestinal infection while highly
pathogenic coronavirus like SARS-CoV-2 causes severe
flu-like symptoms that tend to acute respiratory distress
syndrome (ARDS), pneumonia, renal failure, and death.
The incubation period is around 3-6 days. The severity
of COVID-19 infection from the onset of infection to
death ranges from 6-41 days (varies with age)(Rothan &
Byrareddy, 2020).

Common symptoms include cough, cold,
sputum production, difficulty breathing, sore throat,
muscle pain, headache, fever, chills, fatigue, diarrhea,
pneumonia, sometimes multiple ground-glass opacities
that led to death (Khalaf et al., 2020).

Coronaviruses are a group of family-related
RNA viruses that infects animal and human species and
arecomposed of enveloped viruses with positive sense,
the single-stranded RNA genome size of 27-32 kb, and
a nucleocapsid of helical symmetry (Gyebi et al., 2020).
Coronaviruses  (family  Coronaviridae, subfamily
Orthocoronavirinae, order Nidovirales and kingdom
Riboviria) are classified into  four genera-
Alphacoronavirus,Betacoronavirus, Gammacoronavirus,
and Deltacoronavirus(Woo et al, 2012).
Alphacoronaviruses  and  betacoronaviruses  are
originated from bats and infect mammals, whereas
gammacoronaviruses and deltacoronaviruses evolved
from birds and predominantly infects human species
(Wertheim et al.,, 2013).Among all coronavirus,
members are those responsible for the common cold
infection, Severe Acute Respiratory Syndrome
coronavirus  (SARS), Middle East Respiratory
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Syndrome-related coronavirus (MERS), and the recently
emerged Severe Acute Respiratory Syndrome
coronavirus 2 (Eastman et al., 2020).There are six
strains of coronaviruses that cause infection to humans
that including 229E and NL63 of Alphacoronavirus
genus and OC43, HKU1, SARS CoV, and MERS CoV
of Betacoronavirus genus (X.-Y. Zhang et al.,
2020).Following the spread of SARS CoV-2 led to a
global pandemic (officially declared as pandemic on
March 11, 2020, by WHO). The novel coronavirus is
88% similar to SARS-CoV and 50% with MERS-CoV.
WHO provided data for the reproductive number (R,)

for SARS-CoV-2is 2-2.5 while, for SARS-CoV 1.7-1.9
and MERS with <1, therefore a higher latent of
spreading with a high mortality rate of COVID-19
infection is 2.3% which is less than the both of SARS
(9.5%) and MERS (34.4%)(Shereen et al.,
2020).Currently, there is no proper treatment available
that prevents the SARS-CoV-2 infection.Different
antiviral drugs and vaccines are used to reduce the
severity of symptoms (Chan et al., 2003). Therefore,
inhibiting MP™® could be a potential drug target by
different bioactive compounds which also have potential
clinical use.

Table 1: Taxonomic classification and nomenclature of SARS-CoV-2 (Khalaf et al., 2020)

Kingdom Riboviria

Order Nidovirales

Family Coronaviridae

Genus Betacoronavirus
Subgenus Sarbecovirus

Species SARS-relatedcoronavirus

Naming Authority

SARS-CoV-2

MP™ as a drug target

MP™ plays a vital role in gene expression and
replicates processing (by proteolytic cleavage of ppla
and pplab into functional polyproteins) (Gyebi et al.,
2020). Therefore, viral proteases are most often used as
potential drug targets. The inhibitory mechanism of
viral protease can reduce the assembly of mature viral
particles. To date, many antiviral drugs have been
introduced or developed against different viral
infections by targeting their proteases. For example,
Some FDA approved drugs for Hepatitis C Virus (HCV)
NS3/4A protease inhibitors (ritonavir, boceprevir,
telaprevir, paritaprevir, asunaprevir, glecaprevir,
voxilaprevir, grazoprevir, and sofobuvir) (Leuw &
Stephan, 2017) and HIV-1 protease inhibitors
(lopinavir, ritonavir, indinavir, tipranavir, darunavir,
amprenavir, saquinavir, atazanavir, and nelfinavir)
(Wang et al., 2015).

Main protease (3CLP® or MP), a cysteine
protease that mediates the maturation or cleavage of
polyproteins during virus replication. It is a homodimer
holding twoprotomers each, which consists of three
domains (Domain I, I, and I11). The residue of Domain
| (8-101) and Domain Il (102-184), and Domain I1 (
201-303) is linked to domain Il by a long loop region

(residues 185-200) (Lee et al., 1991).There is a cleft
between domains | and I, a Cys-His catalytic dyad site
which is also known as a substrate-binding site. Cys-His
catalytic dyad plays a vital role in proteolytic activity.
The Cys-His catalytic dyad site is comprised of four
subsites namely; S1°, S1, S2, and S4. The main protease
is a conserved protein among all coronaviruses and the
amino acids in substrates are identified as - from N-
terminus to the C-terminus - P4-P3-P2-P1 and P1°-P2’-
P3’(Yang et al., 2003). The MP® also known as nsp5,
encoded by ORFlab, that cleaves two important
overlapping polyproteins (ppla and pplab) into 16 non-
structural proteins(nspl-16) which plays an important
role in viral replication and maturation. These important
roles of the viral protease enzyme drive itself as a
noteworthy  therapeutic  target  for  restricting
coronavirus-related diseases (L. Zhang et al., 2020).
Two FDA (The Food and Drug
Administration) approved antiviral drugs are -
Lopinavir and Ritonavir. Both have the property of
inhibiting  protease protein of HIV  (Human
Immunodeficiency Virus). Therefore both drugs were
used as referenceinhibitors to study on main protease
protein of SARS-CoV2. (Chandwani & Shuter, 2008;
Chan et al., 2003; Das et al, 2021).Screening
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phytoconstituents of medicinal plants possessing
antiviral activity or having properties to boost immune
system and identification of its target (M"®) relics one
of the most important norms for the discovery of new
molecules as well as to assess the therapeutic efficacy of
existing drug/bioactive molecules(Cherrak et al.,
2020).Therefore, in this study bioactive compounds of
three  Indian  medicinal  plants were  used:
Withaniasomnifera, Ocimum  sanctum,and  Aloe
barbadensis.Ashwagandha  (Withaniasomnifera), a
Rasayana (rejuvenator) has the property to enhance the
physical as well as mental state, which rejuvenates the
body’s weakness and improves longevity. And it also
has anti-inflammatory, anti-microbial, anti-diabetic,
anti-tumor, anti-stress, neuroprotective,
cardioprotective, and immunomodulatory effects.
Active ingredients contain Withanoside I-VII and
Somniferine contains many biological actions (Shree et
al., 2020).Tulsi (Ocimum sanctum), also known as
“Mother Medicine of Nature” and has medicinal and
spiritual properties. It is also known as the sanctified
herb. It has many therapeutic properties (mainly leaves
are used) comprises of anti-viral, immunomodulatory,

adaptogenic, antimicrobial, anti-inflammatory,
cardioprotective, anti-fungal, anti-bacterial, anti-
diabetic, anti-cancer, analgesic, anti-fertility, and

hepatoprotective action. The main phytoconstituents of
tulsi are Vicenin and Ursolic acid which have many
biological applications ( Cohen, 2014 ).Aloe vera (Aloe
barbadensis), is one of the eldest and widely used
medicinal plants. The phenolic compounds, flavonoids,
and alkaloids have a broad range of pharmacological
activity such as anti-inflammatory, anti-microbial, anti-
diabetic, anti-tumour. Some of the bioactive compounds
that are isolated from the leaf extract of Aloe vera are
Aloin, Umbelliferone, Aloe-emodin, and Vanillic acid
that have many biological actions (Majumder et al.,
2020).

Investigation of new chemical phytoconstituents of
several plants and its pharmacological screening will
help in developing a new life-saving drug. The stems,
roots, seeds, and leaves of medicinal plants contain a
variety of phytoconstituents that have many biological
activities including flavonoids, alkaloids, saponins,
phenolic compounds, stilbenes, tannins, terpenoids, etc(
Das et al., 2021;Ghosh et al., 2021; Lin et al.,
2017;Pandit & Singh, 2020;Giofre et al., 2021)

1. MATERIALS AND METHODS
Protein Preparation
Retrieval of the crystal structure of M
using RCSB Protein Data

P was

done Bank

(https://www.rcsh.org/) (PDB ID - 6LU7) in ‘PDB’
Format(Shree et al., 2020). Target protein preparation
was done using AutoDock4(Morris et al., 2009).
Existing ligand (N3 inhibitor), hetatom, and water
molecules were removed. Usually, crystal structures of
proteins lack hydrogen atoms so the addition of polar
hydrogen and charge were used to provide electrostatics
during docking, Grid setup was done and prepared
protein was saved in ‘pdbqt’format for molecular
docking.
Ligand Preparation

Retrieval of the 3D structure of selected ligand
molecules and reference inhibitors (Lopinavir and
Ritonavir) in SDF (Structural Data Format) format was
done using PubChem database
(https://pubchem.ncbi.nlm.nih.gov/) and these
downloaded SDF format converted to PDB format using
OPEN BABEL software(O’Boyle et al., 2011).
Preparation of ligand molecules was done similar to
protein using AutoDock Tool and was saved in
‘pdbqt’format(S. Kim et al., 2021).

Molecular Docking

Molecular docking was done between selected
ligand molecules or reference inhibitorswith MP° of
SARS-CoV-2 using AutoDock Vina(Trott & Olson,
2010). The binding affinities obtained were recorded
and analyzed. Virtual screening was done using
Discovery Studio Visualizer to ensure the interacted
residues of MP°with respective ligands (Gyebi et al.,
2020).

Analysis of drug properties

Drug properties of respective ligand molecules
were analyzed using drug-likeness and ADME/tox
prediction.The 3D-SDF files were downloaded or
canonical SMILES were copied from the PubChem
database for further evaluation of drug properties. For
drug-likeness, Lipinski's Rule of Five (Ro05)
(http://www.scfbio-iitd.res.in/)  was  used(Lipinski,
2004;Benet et al., 2016; Tallei et al., 2020). For
ADMET  (Absorption, Distribution, Metabolism,
Excretion, and Toxicity) prediction, ADMETIlab 2.0
web-based tool was used
(https://admetmesh.scbdd.com/).

1. RESULTS AND DISCUSSION

Molecular Docking

Molecular docking study revealed that different
bioactive molecules Aloe barbadensis (Aloe vera),
Ocimum sanctum (Tulsi), and Withaniasomnifera
(Ashwagandha), shows significant binding affinities
towards SARS-CoV-2 MP®. The results of binding
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affinities were used to screen out best-docked ligand
molecules reference to Lopinavir and Ritonavir at rmsd
— 0. The binding affinity of Lopinavir and Ritonavir
for M"™ was -7.3 and -7.3 Kcal.mol™, respectively. The
top docked bioactive compounds with docking scores
that surpassed that of reference inhibitors suggest their
promising efficacy and potential inhibitors of SARS-
CoV-2(Gyehi et al., 2020). The active compounds with

more negative values of docking score have more
binding affinities that interacted more strongly than
other phytoconstituents to M™™.

It was observed that all selected compounds of
Withaniasomnifera had a binding affinity for M that
surpassed that of the reference inhibitors. Therefore, the

top 2 docked bioactive compounds are

Table 2: Screened Ligand molecules with their binding affinities

S Compound Name  Plant Source Chemical PubChem Eflfri]giltr:gs(Kcal.mol'
No. formula CID 1

1 Lopinavir - C37H4gN4O5 92727 -7.30
2 Ritonavir - Ca7H4gNgOsS, 392622 -7.30
3 Aloe Emodin C15H1005 10207 -7.00
4 Aloenin C19H2,049 162305 -7.60
5 Aloesin Ci9H5,09 160190 -8.00
6 Altechromone A C11H1005 5316891 -6.20
7 Barbaloin C,1H»0q 12305761 -8.00

Aloe barbadensis
8 Chrysophanol Ci5H100, 10208 -7.00
9 Saikochromone A C11H1005 10013795 -6.00
10  Umbelliferone CyHsO4 5281426 -5.60
11 Vanillic acid CgHgO, 8468 -5.10
12 1BO'HYdr°XVa'°i” Co1HyO10 14889737  -7.60
13 Apigenin C1sH100s 5280443  -7.70
14  Carvacrol C1oH140 10364 -4.80
15 tc):z[?\;onhvllene CisHaa 5281515  -5.10
16  Cirsimaritin C17H1406 188323 -7.30
17  Estragole C1oH120 8815 -4.50
Ocimum sanctum

18  Eugenol CioH120, 3314 -5.00
19  Isothymusin Cy7H1404 630253 -7.20
20  Linalool CyoH180 6549 -4.30
21 Rosmarinic acid C1gH160s 5281792 -6.90
22 Ursolic acid C30Hug05 64945 -7.60
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27-
Hvdroxvwithanone

24 Physagulin-d

23

25  Somniferine

Withaniasomnifera
26  Withanolide A
27  Withanone

28  Withastramonolide

CogH3507 21574483 -7.90
Cs4Hs5,049 10100412 -8.10
CsH3sN207 14106343 -8.70
C25H3506 11294368 -8.60
CzsH3506 21679027 -7.80
C2sH3507 21607602 -8.10

Note: Compounds having binding affinities > 7.3 (Green), or binding affinities <7.3 (Red)

Somniferine (-8.7 Kcal.mol™) and Withanolide A(-8.6
Kcal.mol™), while, only two compounds fromOcimum
sanctum showed slightly higher than reference
inhibitors that are Apigenin (-7.7 Kcal.mol™®) and
Ursolic acid(-7.6 Kcal.mol™). whereas, four compounds
from Aloe barbadensis have higher binding affinities
than reference inhibitors that are Aloenin (-7.6
Kcal.mol™?), 10-Hydroxyaloin B (-7.6 Kcal.mol™),
Aloesin  (-8.0 Kcal.mol™), and Barbaloin (-8.0
Kcal.mol™). (Table 3.1). Both top docked compounds
were found to be the highest binding affinities than
other screened compounds which means, they interacted
more strongly than other phytoconstituents to MP™ of
SARS-CoV-2.

Some of the phytoconstituents from Ayurvedic
medicinal plants Withaniasomnifera (Ashwagandha),

CoV-2 targets. Study reports of phytochemicals namely
Withanoside V, Somniferine, Tinocordiside, Vicenin,
Isorientin  40-O-glucoside 200-O-p-hydroxybenzoate,
and Ursolic acid obtained from medicinal plants, have
predicted significant binding energy as compared to the
native ligand N3, so they can play a vital role in the
inhibition of MP™ of SARS-CoV-2. The binding of these
recognized bioactive phytoconstituents with SARS-
CoV-2  MP® decreases the progression of viral
transcription and replication by down turning the
cleavage of polyproteins that release viral non-structural
proteins(Shree et al., 2020).The target protein was
further subjected to docked with N3 inhibitor using
AutoDock vina.The docking score was found to be
significant(-6.6 Kcal.mol™), as compared to the
reference inhibitors.Therefore,selected

Tinospora cordifolia (Giloy), and Ocimum sanctum  phytoconstituents can exhibit similar  binding
(Tulsi) have shown promising effects against SARS- interactions(Gyebi et al., 2020).
Table 3: Interacting amino acid residues of M of SARS-CoV-2 with top docked compounds
Compound Interacted Residues Interacted Residues involved in H-
Name Bonding
o THR®,  GLU™, GLN™, 26 166 189 165
Lopinavir MET!® HIS" MET* THR®, GLU™, GLN™, MET
GLU166, LEU167, PROles,
Ritonavir HIS®,  MET®, MET™, GLU"™ GLN'™ HIS™
GLN'™ HIS164
Withanolide A CYS'®, MET'® Ccys'®
o ASN'?  SER*,  GLU™®,
Somniferine CYSHE METH ASN'? SER*, GLU™®
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Amino acid interaction of selected bioactive
compounds with MP"™

The interaction of reference inhibitors and top-
ranked bioactive compounds with the amino acid of
MP" of SARS-CoV-2 are represented in Table 3

The outcome of the ligand-protein binding
interaction showed that reference inhibitors were
docked into receptor binding sites and catalytic dyad
(CYS™ and HIS*) of the SARS-CoV-2. Lopinavir
interacted via conventional hydrogen bond with THR?,
GLU™® and GLN": carbon-hydrogen bond to MET*®;

Pi cation to HIS™ and Pi-Sulfur bond with
MET*(Table 3)(Figure 1).Ritonavir interacted via
conventional hydrogen bond with GLU®; Amide-Pi
stacking with LEU™®; Pi-Sigma with PRO*®®; Pi-Cation
to HIS™; Pi alkyl with MET*®, MET-165 and carbon-
hydrogen bond with GLN™ and HIS™(Table
3)(Figure 2). Both of the reference inhibitors interacted
with catalytic-dyad (CYS* and HIS*) with only Pi-
Cation interaction. Interaction of compounds with

ASN and

Interactions

. Comentiosa Hychogen 3nd . L
[ Gt yéroges eed B 7ot
B o [ el

Figure 1: Visualization of SARS-CoV-2 P amino acid interaction with Lopinavir (a) 3D interaction view with
important residue (b) 2D interaction view
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Figure 2: Visualization of SARS-CoV-2 MP™ amino acid interaction with Ritonavir (a) 3D interaction view with
important residue (b) 2D interaction view
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Figure 3: Visualization of SARS-CoV-2 M amino acid interaction with Withanolide A (a) 3D interaction view
with important residue (b) 2D interaction view
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Figure 4: Visualization of SARS-CoV-2 MPamino acid interaction with Somniferine (a) 3D interaction view with
important residue (b) 2D interaction view

ASP*¥can augment the catalytic activity of
MP°(Zhao et al., 2008).Somniferine, the topmost
docked compound to the MP°f SARS-CoV-2
interacted via conventional hydrogen bond with ASN**?,
SER*™, and GLU: and Alkyl interaction with
catalytic-dyad (CYS'™ and HIS*) and MET*®*(Table
3)(Figure 4).While, Withanolide A, the second most
docked compound to the MP°f SARS-CoV-2
interacted via conventional hydrogen bond with
catalytic-dyad (CYS*® and HIS*) and carbon-hydrogen
bond with MET*®*(Table 3)(Figure 3). Similar research
was done in which the selected phytoconstituents of
medicinal plants were docked into the conserved region
that is catalytic-dyad (CYS™® and HIS*) of MP®, and
interacting amino acid residues with ligands were
MET®, ASN'?, THR*, THR® THR®, GLU™,
GLN'™, GLY™, HIS™ CYs* THR®and SER*
(Qamar et al., 2020).

The ligand-protein interaction of Withanolide
A to SARS-CoV-2 that targeted the Cys-His catalytic-
dyad (CYS™ and HIS*)) with conventional hydrogen
bond but Somniferine with alkyl interaction along with
the other interactions with different binding residues,
the docking of bioactive compounds revealed that the
SARS-CoV-2 interacted with the same ligand
differently. Similar research on Withanoside V showed
significant binding interaction with catalytic-dyad with
having binding energy (-10.32 Kcal.mol™)(Shree et al.,
2020), these compounds were found in roots of W.

somniferatestified as  tachyphylaxis  inhibition
activity(Matsuda et al., 2001).A similar ligand-binding
outline unveiled by ritonavir, cryptoquindoline, 10-
hydroxyusambarensine, 6-oxoisoiguesterin, and 20-Epi-
isoiguesterinol to the catalytic-dyad designates the
inhibition of MP"°(Gyebi et al., 2020).

The result revealed from this study that all
compounds were docked into the Cys-His catalytic-dyad
(CYS™ and HIS*) of the coronaviruses M™ in a
similar pattern as reference inhibitors (Lopinavir and
Ritonavir) but Somniferine and withanolide A are the
top compounds amongst all others. The binding pattern
of selected compounds was found to be in the conserved
region of catalytic-dyad that makes it more beneficial
against anti-viral activities of SARS-CoV-2. The
concluding amino acid residues are supposed to provide
the opportunity for the substrate in the active site of the
MP*® of SARS-CoV and SARS-CoV-2. (Yang et al.,
2003). However, catalytic-dyad could be a promising
target for inhibitors because of its perilous importance
in the role of viral protease enzyme (Anand et al.,
2003).

V. DRUG PROPERTIES
The results obtained from Lipinski filtering analysis and
ADMET study are shown inTable 4.
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Drug Likeness

Lipinski's Rule of Five (Ro5)distinguishes
between drug-like and non-drug-like molecules. The
drug-likeness evaluates the chances of drug molecules
to become an oral drug concerning bioavailability. Ro5
states that an orally bioactive drug should not have more
than one violation of the four criteria were used Drug
Likeness study for the best-docked compounds:
Molecular Mass (<500 Dalton), High Lipophilicity
(cLogP<5), Hydrogen Bond Donor (<5), and Hydrogen
Bond Acceptor (<10) (Lipinski, 2004).The Lipinski rule
suggests that if a compound shows more than one
violation, then it shows low solubility, poor absorption,
and permeation(Benet et al., 2016; Tallei et al., 2020).

Almost all compounds meet Ro5 criteria
except Physagulin-D having higher binding affinities
but violate the Ro5 with Molecular mass greater than
500 Dalton (620.80 Dalton) and more than 5 Hydrogen
Bond Donor (6)(Table 4). However, compounds that
violate only one Ro5 criterion are Barbaloin (7) and
10-Hydroxyaloin B (8) with more than 5 Hydrogen
Bond Donor, Somniferine (608.70Dalton)with
Molecular mass greater than 500 Dalton, and Ursolic
acid (7.09) with cLogP greater than 5. This indicates

that all bioactive compounds except Physagulin-D are
competent to be used as drug-like molecules.cLogP
values of Aloesin (-0.35), Barbaloin (-0.89), and 10-
Hydroxyaloin B (-1.79) are found to be less than zero
and therefore considered as favorable for drug-
likeness.cLogP values less than zero are considered
favorable for drug-likeness of a given compound as it is
correlated to water solubility and hence contributes to
bioavailability (Elipilla, 2015).

ADMET Study

From scrutinization by ADMET properties of
bioactive compounds suggested that all selected
compounds from Withaniasomnifera(27-
Hydroxywithanone, Physagulin-d, Somniferine,
Withanolide A Withanone, and
Withastramonolide)shows a high probability of
absorption, distribution, metabolism, and excretion
(Table 5). Hence, poor biocavailability may cause a
novel drug to fail clinical trials, even if it has high
efficacy in priorin vitroorin vivo assessments
(M.T.Kim et al., 2014). These selected compounds are
found to be non-toxic, non-carcinogenic, and bind
specifically to the catalytic binding sites of MP™.

Table 4: Lipinski's Rule of Five of selected bioactive compounds

Properties
H -
S
= o . . .
Compound Name = c 2 <8 Violations Meet Ro5 Criteria
o] a 0 @O
S o ° s £3 3
c& S5 S5 8
== Im ITom )
Aloe Emodin 270.24 3 5 137 0 Yes
Aloenin 410.40 5 10 069 O Yes
Aloesin 394.40 5 9 -035 0 Yes
Altechromone A 190.19 1 3 218 0 Yes
Barbaloin 418.40 7 9 -0.89 1 Yes
Chrysophanol 254.24 2 4 218 0 Yes
Saikochromone A 222.19 2 5 085 O Yes
Umbelliferone 162.14 1 3 132 0 Yes
Vanillic acid 168.15 4 1.10 0 Yes
10-Hydroxyaloin - 43449 g 10 179 1 Yes

B
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Apigenin

Carvacrol

beta-
Caryophyllene

Cirsimaritin
Estragole
Eugenol
Isothymusin
Linalool
Rosmarinic acid

Ursolic acid

27-
Hvdroxvwithanone

Physagulin-d
Somniferine
Withanolide A
Withanone

Withastramonolide

270.24
150.22

204.35

314.29
148.20
164.20
330.29
154.25
360.30
456.70
486.60
620.80
608.70
470.60
470.60
486.60

3

W NN N OO W DN O,

NN ko

w o

10
9
6
6
7

242
2.82

4.73

2.73
242
2.13
2.44
2.67
1.76
7.09
2.47
1.98
2.71
3.50
3.50
2.32

0

o O o

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes

Yes

Note: Green - Meet Ro5 criteria, while, Red — Violates Ro5 criteria

Table 5: Physicochemical properties of selected bioactive compounds

Absorption Distribution nl\ﬁletabolls Excretion Toxicity
=) 2
- _g CYP1A2 3
£ £ <
Comp s m s > >
ounds gl gl s 5 8 Sls | &
E '3 -§ g E o) n @ é 6 g’j
o | 3| E < gl E| e & o | & &
<| 3| a|s| g| & m | 2|2 5| | Y| E
T | Sldld | flag|[Slaoalale|lod |l |EL] 8
Aloe
. 109 10 |00 (00 (08 (09 (04 |00 0.9 08 (05 (00 |01
Emodi bt e o fo |1 |7 |5 1 [%B e M2 o |2 |1
Aloeni | 0.8 11 |09 (00 (02 (07 (08 |05 0.0 04 (01 (00 | 0.0
n 7 3 8 0 6 0 4 6 N2z 6 S 9 2 4 4
Aloesi |08 (1.1 |10 |00 (00 |07 (09 |03 010 0.0 175 05 |07 |04 |00
n 4 1 0 0 7 4 9 2 ) 2 ’ 1 1 4 2
ﬁ‘)lrtﬁg:: 00 (09 |10 |00 |07 |08 |08 |00 094 0.9 738 07 |04 |00 |01
e A 1 5 0 0 2 6 3 4 ’ 8 ' 6 4 6 1
Barbal [ 1.0 |11 (00 (00 |08 (09 |11 | 0.0 004 0.0 233 05 |07 |00 |0.0
0in 0 8 1 0 3 2 3 7 ’ 6 ’ 0 2 5 4
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In contrast to this, except Physagulin-d almost

all compounds show Rat Oral Acute Toxicity
parameters. An effective drug should achieve the body’s
homeostasis of biochemical behavior, pharmacokinetics
(ADMET), and safety. This profile is critical for the
success of novel drug discovery. Most precisely an ideal
drug should be taken in the appropriate amount into the
body, distributed rationally to various organs and
tissues, metabolized in such a way that does not
instantly eradicate its activity, eliminated appropriately,
and established non-toxicity. (Xiong et al., 2021). The
interactions of drug molecules with cytochrome P450
isoforms are of two types: enzyme induction (as
substrate) or enzyme inhibition (as inhibitors). Enzyme
inhibition reduces the metabolism, but induction can
increase the metabolism of drug molecules. (Bibi, 2008)

In-silico techniques have been introduced for
the development and discovery of drugs as a tool that
predicts drug’s ADMETox properties at the early stages
(Boobiset al., 2002).

The development of new methods and
technologies in the prediction of drugs ADMET
properties has taken drug development maneuvers to an
advanced level, in-silico prediction techniques were
shown to be functional along with in vivo as well as in
vitro tests to facilitate drug discovery and development
approaches (Moroyet al., 2012).

V. CONCLUSION

In conclusion, this study revealed that that
natural phytoconstituents from Aloe barbadensis,
Ocimum sanctum, and Withaniasomnifera plants are
capable of inhibiting 3CL"® or MP° with highly
conserved inhibitory catalytic dyad residues (CYS'*
and HIS"") of SARS-CoV-2.

From molecular docking studies and
scrutinization by Lipinski rule or ADMET properties
suggested that all selected compounds from
Withaniasomnifera(27-Hydroxywithanone, Physagulin-
d, Somniferine, Withanolide A, Withanone, and
Withastramonolide)shows significant binding affinities
towards SARS-CoV-2 MP® and also have an acceptable
probability of absorption, distribution, metabolism,
excretion, and toxicity. Therefore, these compounds can
be used in both in-vitro, as well as in-vivo models to
predict pharmacokinetic properties or to check the
preclinical and clinical efficacy for the prevention of
COVID-19.
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