S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



European Journal of Pharmacology 890 (2021) 173648

Contents lists available at ScienceDirect

European Journal of Pharmacology

ELSEVIER

journal homepage: www.elsevier.com/locate/ejphar
Full length article ' :.)
ADMET profile and virtual screening of plant and microbial natural el

metabolites as SARS-CoV-2 S1 glycoprotein receptor binding domain and
main protease inhibitors

Srichandan Padhi ®', Marco Masi ™', Rounak Chourasia®, Yallappa Rajashekar ¢, Amit
Kumar Rai ™", Antonio Evidente ™"
& Institute of Bioresources and Sustainable Development, Regional Centre, Gangtok, Sikkim 737102, India

b Department of Chemical Sciences, University of Naples Federico II, Via Cintia 4, 80126, Naples, Italy
¢ Institute of Bioresources and Sustainable Development, Takeylpat, Manipur 795001, India

ARTICLE INFO ABSTRACT

Keywords: In an attempt to search for selective inhibitors against the SARS-CoV-2 which caused devastating of lives and

Second_ary _membomes livelihoods across the globe, 415 natural metabolites isolated from several plants, fungi and bacteria, belonging

::Elgnénc\’;‘gls to different classes, were investigated. The drug metabolism and safety profiles were computed in silico and the
_CoV-

results showed seven compounds namely fusaric acid, jasmonic acid, jasmonic acid methyl ester, putaminoxin,
putaminoxin B and D, and stagonolide K were predicted to having considerable absorption, metabolism, dis-
tribution and excretion parameters (ADME) and safety indices. Molecular docking against the receptor binding
domain (RBD) of spike glycoprotein (S1) and the main protease (MP™) exposed the compounds having better
binding affinity to main protease as compared to the S1 receptor binding domain. The docking results were
compared to an antiviral drug penciclovir reportedly of clinical significance in treating the SARS-CoV-2 infected
patients. The results demonstrated the test compounds jasmonic acid, putaminoxins B and D bound to the HIS-
CYS catalytic dyad as well as to other residues within the M"™ active site with much greater affinity than
penciclovir. The findings of the study suggest that these compounds could be explored as potential SARS-CoV-2
inhibitors, and could further be combined with the experimental investigations to develop effective therapeutics
to deal with the present pandemic.

Main protease
Spike glycoprotein

1. Introduction

The devastating pandemic emerged due to the highly infectious
SARS-CoV-2 virus continues to wreak havoc on the already fragile global
health care systems and the human health. Hitting most vulnerable the
hardest, the virus has infected millions of human populations across the
globe with a progressive rise in the projected death toll (WHO, http
s://www.who.int/emergencies/diseases/novel-coronavirus-2019).
Despite being declared by WHO as global health emergency, an effective
and specific therapeutic intervention to prevent or arrest this deadly
viral infection is largely challenging. On the other hand, the viral pro-
teins that are responsible for the human cell infection and replication of
this virus which could be treated as drug targets have been unveiled by a
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number of experimental studies (Lan et al., 2020; Hall and Ji 2020).
Among them S1 glycoprotein and MP™ are two such protein targets
being investigated extensively for their alleged role in the interaction
with human ACE2 (angiotensin converting enzyme 2) receptor which is
reported to be fundamental in the entry of SARS-CoV-2 into human cell.
Indeed, a structure motif known as receptor binding motif or RBM
present on the surface of RBD on S1 glycoprotein is eventually held
responsible for the S1-ACE2 interaction and cell entry (Lan et al., 2020).
In addition, transcription and translation of the viral genomic RNA is
necessary for its survival and production of new generation viruses in-
side the cell, and is regulated by the main protease. Therefore, inhibiting
these target proteins could discover novel inhibitors that could further
lead to development of effective therapeutics against SARS-CoV-2.
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Plant and microbial metabolites have been serving as an excellent
and prolific source for a variety of medical agents since generations
(Newman and Cragg 2016, 2020). Many such metabolites have been
developed as latent therapeutic applications for human ailments
including infectious diseases (Sohail et al., 2011; Shabat et al., 2019;
Pham et al., 2019). Furthermore, development of bioinformatics tools
and services makes it easier and advantageous to screen a large number
of compounds for their pharmacokinetics features and to predict their
possible affinity towards several drug targets. Herein, a total of 415
compounds of plant and microbial origin were screened for their drug
metabolism and pharmacokinetics, and the selected compounds were
used for computational docking against two of the best possible
SARS-CoV-2 target proteins: the S1 RBD and MP™. The present investi-
gation focuses on searching potent and specific inhibitors of the
SARS-CoV-2 with a reference to its entry and replication inside the host.

2. Materials and methods
2.1. Plant and microbial metabolites

A library of 415 bioactive secondary metabolites, belonging to
several classes of natural compounds, isolated from different plant and
microbial organic extracts at the Organic Chemistry Laboratory, Uni-
versity of Naples Federico II, Italy were optimized and treated as ligands
for use in docking against the SARS-CoV-2 target proteins.

2.2. SARS-CoV-2 target proteins

In this study, two major SARS-CoV-2 proteins: the RBD of S1
glycoprotein and the MP™ involved respectively in the host cell infection
and viral replication were used as receptors. The 3D structure of RBD
having 193 amino acids was prepared from the crystal structure of RBD-
ACE2 complex (PDB ID: 6M0J). The receptor structure comprises of a
core region which is stabilized by three pairs of cysteine residues and
five beta plated sheets organized in anti-parallel way, and a functional
motif region known as RBM consisting 68 residues and supported by 2
helices, 2 p sheets and connecting loops (Lan et al., 2020). Similarly,
MP™3D structure bearing 306 amino acids was prepared from the crystal
structure MP"— Feline complex (PDB ID: 6L.U7). The overall structure
was organized into three domains; domain I, I and III. Domain I and II
have anti-parallel p barrel structure whereas Domain III is a large anti-
parallel globular structure containing five a-helices. Domains II and IIT
are connected by a 15 amino acids long loop (Khan et al., 2020).

2.3. Drug metabolism and pharmacokinetics

The 2D structures of the chemical compounds were optimized and
screened for the drug metabolism and pharmacokinetics features using
the ADME. These include aqueous solubility (in water at 25 °C), human
intestinal absorption, ability to transport across blood brain barrier
(BBB), plasma protein binding affinity (PPB), cytochrome P450 family 2
subfamily D member 6 (CYP2D6) binding and Hepatotoxicity (Zhou
et al., 2016). The selected molecules were also computed for the drug
safety using different datasets such as Ames mutagenicity (v3.1), rodent
carcinogenicity (based on US National Toxicity Program (NTP v3.2))
and Development Toxicity Potential (DTP, v3.1) properties using
Toxicity Prediction using Komputer Assisted Technology (TOPKAT)
program (Zhou et al., 2018). The candidates cleared the screening
process were considered as safe and used for further analyses. All op-
erations were carried out in Discovery Studio (DS) Client v20.1.0.19,
295.

2.4. Molecular docking

A virtual screening of the selected compounds including a reference
antiviral drug penciclovir (PubChem CID: 135398748) (Razonable
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2011) was carried out using the DS Libdock, a rigid based program that
calculates hotspots for the receptor with placing a grid into the binding
site, as well as using polar and apolar probes (Singh et al., 2016; Kang
et al., 2018). The libdock score determines the binding affinity of the
ligands towards a receptor, and is a cumulative count of van der Waals
forces, H-bonds, pi interactions and other parameters. The RBM on the
S1 RBD and the MP™ active site were considered as binding targets for
the compounds which were prepared and optimized using the DS ‘pre-
pare ligand’ protocol. The docking experiment with libdock was per-
formed setting the ‘Docking Preferences’ user Specified and ‘Max Hits to
Save’ to 10. The docked complex with higher libdock score assumed to
have higher binding affinity (Kang et al., 2018) and based on the score,
docking conformations of selected compounds were optimized using the
CDOCKER program which is an implementation of a CHARMm based
docking tool (Gagnon et al., 2014). Docking optimization was carried
out with a root mean square threshold (RMSD) 0.5 A and pose cluster
radius 0.5 to ensure the docked poses are diverse. The pose with highest
negative interaction energy was selected as best conformation and the
results were compared to that of penciclovir.

3. Results
3.1. Drug metabolism and pharmacokinetics

In this study, 415 natural compounds isolated from different sources
such as plants, bacteria and fungi, and belonging to different classes of
secondary metabolites were screened for their drug metabolism and
pharmacokinetics features. Among the screened metabolites, 332 com-
pounds predicted to be aqueous soluble and 193 were predicted to be
able to transport across the BBB. Similarly, 175 compounds were found
to be non-inhibitors of CYT P450 2D6, an important enzyme involved in
the metabolism of drugs. In addition, of the total compounds tested, 363
were shown to have considerable absorption level for the human in-
testine and 223 were having no hepatotoxic potential. Furthermore, 187
compounds were found to be highly bound with the plasma protein.
Above all, the ADME properties of 31 compounds were predicted to be
satisfactory (Supplementary Table 1). These selected compounds were
further evaluated for their structure based toxicity profiles using six
different reference datasets. Any compound that is computed to be toxic
with reference to any one of the database is omitted and as such the
results showed 7 compounds namely fusaric acid (Bani et al., 2014),
putaminoxin (Evidente et al., 1995) putaminoxins B and D (Evidente
et al., 1997, 1998), jasmonic acid methyl ester, jasmonic acid (Andolfi
et al., 2014) and stagonolide K (Danilova et al., 2019) to be of no-toxic
and having characteristic ADME profile (Tables 1 and 2).

3.2. Molecular docking

The selected seven compounds were screened for possible binding
affinity against two of the best characterized drug targets of SARS-CoV-
2: S1 RBD and MP™, Libdock was used for virtual screening of the test
compounds where the docking score was used for determining the
binding affinity. The outcomes were compared to that of an experi-
mental antiviral drug penciclovir. The results showed penciclovir having
higher affinity towards the RBM with a libdock score 96.8718 followed
by the test compounds jasmonic acid (81.4371), putaminoxin D (libdock
score 79.4063) and jasmonic acid methyl ester (78.2874). The virtual
screening of the test compounds against the MP™ active site displayed
their considerable binding affinity as compared to the penciclovir (lib-
dock score 87.9996). The libdock score was highest in putaminoxin D
(105.099) followed by putaminoxin B (94.4192) and jasmonic acid
methyl ester (92.3017) (Table 3). Therefore, the structures for which the
libdock score was significant were further optimized using CDOCKER
protocol. Briefly, the test compounds putaminoxins B and D, jasmonic
acid and jasmonic acid methyl ester were docked against the MP™ active
site and the interaction energies were computed. The results
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Table 1
Drug metabolism and pharmacokinetics of selected compounds and the reference drug penciclovir used in this study.
Compound Isolation source Solubility level® BBB CYP2D6" Hepato-toxicity? Absorption level® PPB level
Level®
[ Sy Fusarium oxysporum f. sp. pisi (fungus) 3 2 0 0 0 1
A
Fusaric acid
H OH Phoma putaminum (fungus) 3 2 0 0 0 1
=
H
o cHacHcHs
Putaminoxin
H O Phoma putaminum 3 1 0 0 0 1
/\v/\\
P
To cHacHCHs
Putaminoxin B
H OH Phoma putaminum 3 1 0 0 0 1
=
CH,(CH,);,CHy
o © "
Putaminoxin D
" Lasiodiplodia mediterranea (fungus) 3 2 0 0 0 1
|
ZH
A0
/Om
o}
Jasmonic cid methyl ester
" Lasiodiplodia mediterranea 4 3 0 0 0 1
|
ZH
o
v~~~
o
Jasmonic acid
q/ o Stagonospora cirsii (fungus) 3 2 0 0 0 1
Stagonolide K
" Reference antiviral 4 4 0 1 1 0
[ e drug

Penciclovir

*2Aqueous solubility level: 0 (extremely low), 1 (very low), 2 (low), 3 (good), 4 (optimal); "Blood Brain Barrier level: 0 (very high), 1 (high), 2 (medium), 3 (low), 4
(undefined); “Cytochrome P450 2D6 level: 0 (non-inhibitor), 1(inhibitor); dHepatotoxicity: 0 (non-toxic), 1 (toxic); “‘Human intestinal absorption level: 0 (good
absorption), 1 (moderate absorption), 2 (low absorption), 3 (very low absorption); fPlasma Protein Binding: 0 (binding <90%), 1 (binding>90%).

demonstrated putaminoxin B and D formed 7 favorable non covalent
contacts with 6 M™™ active site residues. Similarly, jasmonic acid and
jasmonic acid methyl ester formed 6 favorable contacts with 6 of the
active site amino acids. The interaction energy for putaminoxin D was
computed to be minimum (-36.1847 kcal/mol) followed by jasmonic
acid (-36.1283 kcal/mol), putaminoxin B (-35.4201 kcal/mol) and jas-
monic acid methyl ester (-33.3747 kcal/mol). The reference drug pen-
ciclovir bound to the enzyme active site by 8 favorable and 1
unfavorable non covalent interactions, and the CDOCKER interaction

energy for penciclovir was found to be -30.9096 kcal/mol. The test li-
gands were found to be interacted with HIS41 and CYS145 in common
besides the other active site residues (MET49, LEU141, SER 144, MET
165 and GLU 166). Penciclovir interacted with PHE140, ASN142,
SER144, CYS145, HIS163, HIS164 and GLU166. The details of interac-
tion, types and active site residues involved are presented in Table 4.
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Table 2

Computed probabilities of mutagenicity and carcinogenicity of selected compounds used in this study.
Name of the compound Probabilities of mutagenicity and carcinogenicity

Ames mutagenicity NTP Carcinogenicity Developmental Toxicity Potential
Male rat Female rat Male mouse Female mouse

Fusaric acid 0 0 0.037 0 0 0.437
Putaminoxin 0.535 0 0 0 0.180 0
Putaminoxin B 0.537 0.005 0 0 0.157 0
Putaminoxin D 0.537 0.005 0 0 0.157 0
Jasmonic acid methyl ester 0 0 0 0 0 0
Stagonolide K 0.601 0 0 0 0.211 0
Jasmonic acid 0.001 0 0 0 0 0
Penciclovir 0.000 0.016 0 1 1 0

*values from <0.30 are considered low probabilities, and are likely to produce a negative response in an experimental assay; values > 0.70 are considered high, and are
likely to produce a positive response in an experimental assay; whereas 0.30 < values > 0.70 are considered indeterminate.

Table 3

Receptor ligand interactions between MP™ and selected compounds.
Ligands Docking of the ligand on the MP™ active site ~ MP™-ligand interaction Libdock Score  CDOCKER Interaction energy (kcal/mol)
Putaminoxin D e o 105.099 —36.1847

Jasmonic acid 88.0807 —36.1283
Putaminoxin B 94.4192 —35.4201
L)
454
@
Jasmonic acid methyl ester - 92.3017 —33.3747
(5]
S @
@ = 4
Penciclovir 87.9996 —30.9096
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Table 4
Details of the ligand interactions with SARS-CoV-2 M™".°,

Name of the MP™ amino Interaction types Bond

compound acids distance (A)

Putaminoxin D HIS 41 Pi-sigma 2.83
LEU141 Conventional Hydrogen 2.20
SER 144 Conventional Hydrogen 241
CYS 145 Conventional Hydrogen, 2.43, 4.47

Alkyl

MET 165 Alkyl, Carbon Hydrogen 5.26, 2.49
GLU 166 Conventional Hydrogen 2.42

Jasmonic acid HIS41 Conventional Hydrogen 2.29
MET49 Alkyl 4.11
GLY143 Conventional Hydrogen 2.40
CYS145 Conventional Hydrogen 2.31
MET165 Carbon-Hydrogen Bond 2.34
GLU166 Conventional Hydrogen 2.50

Putaminoxin B HIS 41 Pi-alkyl 3.85
ASN 142 Conventional Hydrogen 2.78
CYS 145 Conventional Hydrogen, 2.48,5.16

Alkyl

HIS 164 Conventional Hydrogen 2.63
MET 165 Alkyl 5.37
GLN 189 Carbon Hydrogen 2.52

Jasmonic acid HIS41 Pi-Alkyl 4.43

methyl ester MET49 Alkyl 3.72

GLY143 Conventional Hydrogen 213
SER144 Conventional Hydrogen 2.89
CYS145 Conventional Hydrogen 2.45
HIS163 Pi-Alkyl 4.52

Penciclovir PHE140 Conventional Hydrogen 2.43
ASN142 Conventional Hydrogen 2.25
SER144 Conventional Hydrogen 2.44
CYS145 Pi-Alkyl, Alkyl 5.03, 4.64
HIS163 Conventional Hydrogen 2.77, 2.50
HIS164 Carbon-Hydrogen Bond 2.75
GLU166 Conventional Hydrogen 2.94
HIS172 Unfavorable

4. Discussion

Natural products of plant and microbial origin have been proven as
potential inhibitors of many infectious agents including viruses since
decades (Mukhtar et al., 2008; Ben-Shabat et al., 2020; Roy 2017; Lin-
nakoski et al., 2018). In the ongoing pandemic situation of SARS-CoV-2
infection where no specific treatments are available, these natural me-
tabolites are being extremely exploited in silico for their inhibiting
ability for major proteins (Das et al., 2020; Gurung et al., 2020). A li-
brary of 415 natural compounds, belonging to several classes of natural
compounds, isolated from different plant, fungal and bacterial extracts
at the Department of Chemical Sciences, University of Naples Federico
11, Italy were used in this investigation for their drug metabolism and
pharmacokinetics properties screening, and selected candidates were
examined for possible inhibition of SARS-CoV-2-S1 RBD and MP™. The
analyses of ADME parameters revealed 31 compounds predicted to have
good quality features including their aqueous solubility, human intes-
tinal absorption, plasma protein binding ability and others. Moreover, 7
of them were predicted to be safe and have negligible or no toxicity.
Interestingly, the selected compounds are of fungal origin and most of
them are phytotoxic in nature. Putaminoxins (including B and D) were
isolated from the fungus Phoma putaminum and were reported to be
phytotoxic to Erigeron annuus, a common weed found in fields and
pastures (Evidente et al., 1995, 1997, 1998). Similarly, stagonolide K is
another phytotoxic metabolite isolated from fungus Stagonospora cirsii.
This is also established that phytochemicals and microbial metabolites
reportedly exhibiting manifold biological activities including anti-
cancer, antimicrobial etc. (Nisar et al., 2008; Khurm et al., 2016).
Therefore, inclusion of these metabolites as proposed drugs is not sur-
prising. Furthermore, jasmonic acid and jasmonic acid methyl ester
were isolated from a fungus Lasiodiplodia mediterranea and were re-
ported to be plant stress hormones. In addition, jasmonic acid methyl
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ester has been proven as an anticancer metabolite and also as a pro-
teinase inhibitor in plant leaves (Farmer et al., 1990; Fingrut and
Flescher 2002). Fusaric acid is produced by many Fusarium species and is
known for its various bioactivities including antioxidant, antifungal and
more particularly as a quorum sensing inhibitors to many gram negative
bacteria (Tung et al., 2017). Moreover, the prediction ADME parameters
thought to play an important task in the drug designing process and
account for the failure of most drugs in the clinical phases (Zhong 2017).
For any proposed drug to reach a tissue, it must be absorbed by the blood
stream or more often by the mucosal surfaces such as the digestive tract
before being taken up by the target cells. Few important factors like poor
solubility, intestinal transit time and inability to penetrate the intestinal
wall could lower the extent to which a drug is absorbed after oral ab-
sorption (Singh 2006). Further, the drug is subjected to several distri-
bution processes followed by its metabolism where the parent drug is
broken down into many metabolites which is usually takes place in liver
by the redox enzymes especially CYT 450. Pharmacologically inert
metabolites need to be removed from the body to reduce any side effects
which is done through excretion process via kidney (Balani et al., 2005).
The test compounds used in this investigation are predicted to be having
good solubility and intestinal absorption that could make them easier to
be taken up by the blood stream or the intestinal wall for further their
action. The compounds are also predicted to show CYT450 2D6 binding
ability suggesting ease of their metabolism. Furthermore, interaction of
these molecules with the plasma proteins may lead to elimination of a
fraction of drug in a protein bound state and the unbound portion could
exert therapeutic action (Osakwe 2016). In addition, safety concerns
linking to mutagenicity and carcinogenicity are believed to be signifi-
cant aspects of drug research. And also with the discovery of new tools,
techniques and generation of new data helps the scientific community to
understand much deeper about the pharmacological profiles of a larger
number of compounds. This in turn leads to removal of molecules with
poor metabolism and pharmacokinetics from the drug pipeline, and
saves research cost as well as time (Benfenati, 2016).

Based on drug metabolism, pharmacokinetics and safety profiles, the
selected 7 compounds (fusaric acid, putaminoxin, putaminoxins B and
D, jasmonic acid, jasmonic acid methyl ester and stagonolide K) were
subjected to virtual screening using libdock program to predict the
possible binding affinity against two SARS-CoV-2 S1 RBD (RBM in
particular) and MP™. The libdock score was used as an estimation to
select the best binding pose and the scores were compared to a reference
antiviral drug ‘penciclovir’ which is being used for the treatment of
Herpes Simplex Virus (I and II) and Varicella Zoster Virus (VZV)
(Razonable 2011). In addition, the same has been recently proven to be
clinically significant in treating SARS-CoV-2 infected patients (Zhang
et al., 2020). The findings revealed our test compounds have less affinity
towards the receptor binding motif (RBM) as the libdock scores were
found to be less significant while comparing with the reference penci-
clovir. However, binding affinity in some of the test compounds (puta-
minoxins B and D, jasmonic acid, jasmonic acid methyl ester) against the
active site of the MP™ enzyme observed to be significant as compared to
the penciclovir. Libdock has been widely used as a tool for virtual
screening of small molecules against protein or enzyme targets (Rao
et al., 2007; Singh et al., 2016; Alam and Khan 2018). Libdock score
which is a cumulative count of all non covalent interactions including
the van der Waals has been adopted in many instances for determining
the binding affinity (Zhou et al., 2016; Kang et al., 2018). Taking the
binding affinity against the SARS-CoV-2 main protease into account,
putaminoxins B and D, jasmonic acid, jasmonic acid methyl ester were
docked against the active site using CDOCKER protocol where the
interaction energy of the complex was used as an estimate to select the
best binding complex. In many instances, CDOCKER has been used for
docking of small molecules against the protein or enzyme targets and
therein the docked complexes were ranked relating to their interaction
energies (Lee et al., 2015; Zhang et al., 2019). The interaction energies
of the ligand bound MP™ complexes were computed to be minimum than
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that of the pencivlovir-M™ docked complex suggesting the binding
involving test ligands were strong and substantial. The structures also
made contacts with the active site CYS145-HIS41 catalytic dyad located
in a cleft between Domains I and II which represents the substrate
binding site reportedly vital to the proteolytic activity of the enzyme
(Khan et al., 2020; Suarez and Diaz 2020). We hypothesize that inter-
acting with CYS145-HIS41 dyad as well as blocking it could prevent the
substrate access and interfere with enzyme’s proteolytic action.

Among all, putaminoxin D and jasmonic acid seemed to be largely
favorable in inhibiting the SARS-CoV-2 main protease both in terms of
lower interaction energy and blocking the catalytic dyad. The non co-
valent forces including conventional hydrogen bonds, Pi-Sigma in-
teractions (Pi-anion, Pi-cation, Pi-alkyl) and salt bridges could further
maximize the binding affinity of the ligands towards the target in a
physiological environment (Rahman et al., 2016; Ajoundi et al., 2020).
Therefore, in keeping view of the quality pharmacokinetics and safety
profiles and binding affinity in comparison to the experimental inhibitor
penciclovir, the structures could be explored as potential SARS-CoV-2
inhibitors. This in silico study may swiftly be combined with in vitro
experiments to unveil the efficacy of these metabolites against this
deadly virus. It is further suggested that clinical significance of our
findings could be established by evaluating these compounds for the
SARS-CoV-2 infection in transgenics, xenograft models and animal
studies.

5. Conclusions

The present study encourages the utilization of phytochemicals and
microbial secondary metabolites for effective inhibition of SARS-CoV-2
S1 the main protease which are reported to be key players of viral cell
proliferation. The findings further inferred that the natural compounds
putaminoxin B and D, jasmonic acid and jasmonic methyl ester which
were computed to have good pharmacokinetics, safety profiles and
effective binding against the target protein could be explored as pro-
spective inhibitor of SARS-CoV-2 subject to more in vitro and in vivo
investigations.
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