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Abstract

Protease inhibitors are strategically and functionally important components of drug-iunters’
arsenal against pathogenic viruses including SARS-COV2, SARS-COV, MERS, Ebola and
HIV. Drug discovery efforts reported in this work target the papain-like protease (PLpro)
alias non-structural protein 3 (nsp3) of SARS-COV2. An in-house database comprising of
6264 phytochemicals derived from 1560 Kenyan medicinal plants, as well as the COCONUT-
Mitishamba database provided phytochemical scaffolds used in this in silico structure-based
virtual screening study. Overall, 170 phytochemicals from our in-house database and 58
phytochemicals from the COCONUT-Mitishamba database had desirable binding affinities
of less than -9.0 kcal/mol. Withaphysalin A (11.5 kcal/mol) and Limonin (-11.1 kcal/mol) are
the best compounds targeting the nsp3 of SARS-COV2 from our in-house database. We studied
protein-ligand interactions of top-binding molecules to gain insight on their potential
modulatory effects on the SARS-COV2 virus. Although experimental validation of the results
obtained and other further tests need to be done, these findings will accelerate the drug design
and development process.

Keywords: SARS-CoV2, Virtual Screening, nsp3, Protein-Ligand Interactions, Papain-Like
Protease, PLpro

INTRODUCTION

Drug discovery efforts against SARS-COV2,
although unrelenting, are yet to bear tangible
and variant-proof outcomes. Research and
development (R&D) quest for a cheap, orally
available pill that is effective against existing
and emerging SARS-COV2 variants is
ongoing but yet to hit this constantly evasive
target. This is despite the elucidation of a
repertoire of viral as well as humanoid
druggable targets for COVID-19 (Gil et al.,
2020; Khataniar et al., 2022; Raj et al., 2021).
Due to their inherent pharmacodynamic and
pharmacokinetic liabilities, many COVID-
19 drug candidates have thus far failed to
progress to beyond phase-3 clinical trials or
approvals (Stader et al., 2020). This has led
to wastage of time and money in the race
against finding a lasting cure for COVID-19.

Efforts to repurpose existing drugs such as
remdsivir, chloroquine, hydroxychloroquine,
ivermectin, lopinavir and ritonavir have met
limited success as effective COVID-19
drugs. (Xu et al.,, 2021; Khataniar et al.,
2022).

SARS-CoV-2 encodes two proteases that are
tasked with the cleavage of viral polyproteins
(ppla and pplb) into 16 non-structural
protein (nsps).(Klemm et al 2020) One of the
proteases, 3-chymotrypsin-like  “main”
protease (3CLpro or Mpro, encoded by nsp5)
cleaves the polyprotein into mature
nonstructural proteins (nsp4, nsp5, nspé,
nsp7, nsp8, nsp9, nsplO, nspll, nspl2,
nspl3, nspl4, nspl5 and nspl6). The other
viral protease, the papain-like protease
(PLpro, encoded within nsp3), cleaves the
polyprotein into three mature nonstructural
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proteins (nspl, nsp2 and nsp3). (Klemm et
al., 2020; Jiang et al., 2022) Apart from the
proteolytic functions, viral proteases serve to
dampen the hosts immune response through
the removal of ubiquitin and ubiquitin-like
modifications.(Klemm et al., 2020; Pitsillou
et al., 2020) Normally, in the event of viral
infection, the inflammatory and interferon
systems of the host are upregulated in order
to respond to the attack. Dampened immune
responses occasioned by these viral
proteases result in the calamitous ‘cytokine
storms’ of COVID-19 (Mattoo et al., 2022;
Moustagil et al., 2021).

Both 3CLpro and PLpro have been the
subject of previous drug discovery efforts
against COVID-19 (Jade et al., 2021;
Anirudhan et al., 2021). In a case of failed
efficacy, a repurposed drug combination of
viral protease inhibitors lopinavir and
ritonavir was ineffective in two large
randomized controlled trials in hospitalized
COVID-19 patients (Recovery, 2020). In a
move granting credence to continued R&D
efforts in seeking potential treatments
against COVID-19, the drug company Pfizer
unveiled two new 3C-like protease (3CLpro)
inhibitors that differ in their bioavalibility
profiles. Nirmatrelvir (PF-07321332) is
administered orally to patients while
Lufotrelvir (PF-07304814) can only be
administered intravenously.(Boras et al.,
2021) In December 2021, Nirmatrelvir (co-

Discovery of Withaphysalin A and Limonin ...

packaged with ritonavir), was granted
emergency FDA authorization for the
treatment of patients with COVID-19 (Lamb
etal., 2022).

PLpro is particularly attractive as a
polypharmacological COVID-19 drug target.
This is because, a part from promoting the
human host’s immunity against the virus,
inhibition of PLpro suppresses viral infection
making SARS-COV2 less transmissible
(Klemm et al., 2020) This makes PLpro a
dual-pronged target worthy of pursuit.
Recent and current drug discovery efforts
targeting PLpro of SARS-COV2
exist.(Jamalan et al., 2021; Ma et al., 2021;
Shin et al., 2020; Virdi et al., 2020; Lim et
al., 2021; Yan & Gao, 2021). These efforts
have witnessed the discovery of potential
small molecule inhibitors of the PLpro of
SARS-COV2. Notable among these is a
naphthalene  based drug  previously
developed as SARS-COV PLpro inhibitor
(GRLO617), (Fu et al, 2021) a
peptidomimetic inhibitor (VIR251), (Rut et
al., 2020) a phenylthiophene inhibitor (XR8-
23),(Shen et al., 2021) a phase 1 clinical trial
antineoplastic drug (YM155),(Zhao et al.,
2021) a selenoorganic drug (ebselen)
(Weglarz-Tomczak et al., 2021) and a
component of component of a Chinese herbal
preparation (tanshinone ).(Jiang et al 2022)
(Figure 1)
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Figure 1: Structures of potential PLpro SARS-CoV-2 inhibitors from current literature.

To date, no SARS-COV2 PLpro inhibitor has
been approved. African medicinal plants
constitute a novel yet untapped source of
potential drug leads against the SARS-COV2
and other pathogenic viruses. Against this
backdrop and in line with our research
programme on drug discovery using Kenyan
medicinal plants, we decided to commence a
structure-based virtual screening project
targeting the papain-like (PLpro) protease of
SARS-COV2. Herein, we report the
discovery of Withaphysalin A and Limonin
as potential SARS-COV2 papain-like
protease inhibitors. Protein-ligand
interactions of the top ranked compounds
(based on their binding affinity) are then
further analyzed to rationalize the how these
phytochemicals may potentially modulate
the PLpro drug target. This study provides a
basis for further computational and
experimental investigations, including in
vitro and in vivo studies.

MATERIALS AND METHODS
Preparation of the SARS-CoV-2 Nsp3
Papain Like Protease

The crystal structure of SARS Cov-2 nspl3
helicase enzyme was retrieved from the
Protein Databank (PDB) with a PDB ID of

6W9C, at a good resolution of 2.70A. The
structure was then treated in Pymol software
(Schrodinger & DelLano, 2020) by addition

of hydrogen atoms, removal of co-
crystalized ligands, and fixing of the
sidechains.

Structure-Based Drug-Likeness Test

A set of Kenyan medicinal plants reported to
have antiviral activity were compiled. From
these plants, literature searches were done to
obtain the small molecules present in them.
These small molecules were then uploaded to
the SwissADME online software to select
only the drug-like compounds. The Lipinski
rule of five was applied in selecting the
candidates for virtual screening (Daina et al.,
2017)

Structure-Based Virtual Screening

Spatial data files (sdf) were downloaded
from our in-house database as well from the
COCONUT-Mitishamba database.(Sorokina
et al., 2021) Only the small molecules that
passed the drug-likeness test were used in the
docking process. The structure of Nsp3
papain like protease macromolecule was
obtained from the Protein databank. An
automated in-built docking engine i.e., Pyrx
software was utilized to screen the
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compounds that had been prepared for
docking (Dallakyan & Olson, 2015).

The Protein databank for the Nsp3 papain
like protease macromolecule was 6w9c
(Osipiuk et al., 2021). The compounds were
ranked based on the approximations of their
respective binding affinities (in kcal/mol).
The top hits were selected and further post
docking analysis was done using a different
docking program i.e., Autodock Vina (Trott
Olson, 2010).

Molecular Dynamics Simulations

To understand the molecular dynamics of the
nsp3 papain like protease, the protein was
subjected to molecular dynamics simulations
using the GROMOS 43 force field within
Gromacs (Abraham et al.,, 2015) In this
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regard, calculations were done to determine
the number of hydrogen bonds, Solvent
Accessible Surface Area (SASA), root mean
square fluctuation (rmsf), root mean square
deviation (rmsd), and the radius of gyration
(Rg).(Abraham et al., 2015).

RESULTS AND DISCUSSION

Structure of Nsp3 Papain-Like Protease
Figure 2 shows our Pymol (Schrodinger and
DeLano, 2020) rendering of the crystal
structure of SARS-COV2 PLpro. The crystal
structure was solved by Osipiuk et al (2021)
and deposited within the protein data bank
(PDB id 6W9C). As shown, the nsp3
structure comprises of at least six domains.

Active site

Figure 2: Structural representation of SARS-CoV-2 Nsp3 Papain-Like Protease.

Databases of Compounds Derived from
Kenyan Medicinal Plants

Our in-house database comprised of 1560
medicinal plants were compiled from the
various Kenyan communities. Literature
searches resulted in a total of 6264
compounds reported from these plants. The
COCONUT-Mitishamba database (Sorokina

et al., 2021) enabled us to download 1010
additional compounds.

SwissADME Analysis

SwissADME analysis involves prediction of
adsorption, distribution, metabolism, and
excretion parameters including medicinal
chemistry and drug-like nature of one or a
multiple of small molecules to support drug
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design and development. This process
reduces the number of unnecessary small
molecules which have no drug-like
properties (Daina et al., 2017).

All the compounds that passed this process
had no violations on the Lipinski’s rule of
five, molecular weight or the Veber, Mugge,
Egan, and Ghose filters. The SMILES of the
small molecules were used for SwissADME
analysis by feeding them into the online
server (SwissADME) (Daina et al., 2017)

Thus, SwissADME analysis of 6264
compounds from our in-house database and
1010 compounds from the COCONUT-
Mitishamba database (Sorokina et al., 2021)
reduced the number of phytochemicals to
1758 and 610, respectively. These
compounds had a good gastrointestinal
absorption and the recorded average
bioavailability score was 0.55.

Structure-Based Virtual
Drug-Like Phytochemicals
From the preceding steps, 1758 compounds
(derived from our in-house database) and the
610 compounds from the COCONUT-
Mitishamba online database (Sorokina et al.,
2021) were made available for virtual
screening against nsp3 papain like protease
receptor 6W9C. The receptor was prepared
by evaluation of charge, building of the
missing proteins, receptor grid generation,
and tautomer evaluation. The virtual
screening was then performed using Pyrx
software.(Dallakyan & Olson, 2015).

Screening of
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Overall, 170 compounds (from our in-house
database) and 58 small molecules from the
COCONUT-Mitishamba database (Sorokina
et al., 2021) recorded a binding affinity of
less than -9 kcal/mol. As shown in Table 1
Withaphysalin A (with a binding affinity of -
11.5 kcal/mol) is the top ranking compound
from our in-house database. Table 1 also
shows the docking scores and smile notations
of the top 20 hits in this work. The docking
scores range from -11.5 kcal/mol to -10.2
kcal/mole. This indicates that our in-house
database is rich in scaffolds that are
amenable to hit-to-lead progression.

In the same vein, and as indicated in Table 2,
the  COCONUT-Mitishamba  database
(Sorokina et al., 2021) has unexpectedly
proven to hold a good number of hits that
have favourable binding affinities against the
PLpro of SARS-COV2. Indeed, the top 20
hits have binding affinities that range from -
11.6 kcal/mol to -10.1 kcal/mol.

The chemical structures of the top 20 hits
(Table 3) indicate compounds from a range
of chemical classes including steroids,
flavones, phenols, furanolactones, a
benzopheanthridine alkaloid as well as a 3-
hydroxy carboxylic acid. It is worth noting
that steroids are overly represented in this top
20 compounds hit list. A keen observer will
note that a medicinal plant Datura metel is a
source of the three withanolide steroids in
this top 20 hit list.
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Table 1: Docking scores and smile notations of the top 20 hits

COMPOUND

Docking score

SMILES

Withaphysalin_A

Limonin

Morusinol

25R-Spirostan-4-
ene-3612-trione

Isodiospyrin

8-
acetonyldihydrochel
erythrine
Withametelin_M
Inophyllum_C

Withametelin_K.

Inophyllum_D

Integriamide
3'3'-Biplumbagin

Ekeberin_C1
Erysenegalensein_J

Glabrocoumarin
Neocaesalpin_R

Withametelin_L.

Hydroxyvernolide

Praecanson_A
3-0-
methylcalopocarpin

-11.5

-11.1

-10.9

-10.8

-10.7

-10.7

-10.6

-10.5

-10.5

-10.3

-10.3
-10.3

-10.3

-10.3

-10.3
-10.3

-10.3

-10.2

-10.2
-10.2

C1=CCC2=CC[C@@H]3[C@@H]([C@]2(C1=0O)C)CC[C@@]12[
C)@])3()CC[C@@H]1[C@@](OC2=O)([C@@H]10€(=0)C(=C(Cl)
C)C)C)O
Cl[C@@HJ2[C@@]([C@I34[C@@](C1)([C@@H](OC(=0)[C@H
1304)c1coccl)C)(C)C(=0)C[C@@H]1[C@]32COC(=0)C[C@@H]
30C1(C)C
¢12cc(c3c(c1C=CC(02)(C)C)oc(c(c3=0)CCC(C)(C)O)clcee(cclO)
0)O
CiC(=0)C=C2[C@](CI)([C@@H]1[C@H](CC2=0)[C@H]2[C@](
C(=0)Cl)([C@@H]1[C@H](C)O[C@]2([C@H]1C)OC[C@@H](
CC2)C)C)C
c1(c(c(c2c(cl)C(=0)C=CC2=0)0)clc2c(c(cclC)O)C(=0)C=CC2=
0O)C

COc1c(0C)cec2c1C(CC(=0)C)N(C)clec2cec2cleclOCOcLce2

ClC=CC2=CC[C@@H]3[C@@H]([C@]2(C1=0)C)C[C@H]([C@]
1([C@H]3CCI[C@@H]L[C@@H]1CO[C@]2(C(=C)C(=0)0[C@@
H]1C2)C)C)O
¢12c(c3c(c4cloc(=0)ccdcleccccl)OC(C=C3)(C)C)O[C@@H]([C@
@H](C2=0)C)C
C1=CC=C2[C@](C1=O)([C@@H]1l[C@@H](C[C@H]20)[C@H]2
[Ce]([C@@H](C1)O)([C@H](CC2)[C@@H]1CO[C@]2(C(=C)C(
=0)O[C@@H]1C2)C)C)C
€12C=CC(Oclclc(c3c20[C@@H]([C@@H]([C@H]30)C)C)oc(=
O)cclcleccccel)(C)C
c12¢(cc3c(cl)cec(c3N(C=0)C)clee3e(cc10)OCO3)0CO2
€12¢(C(=0)C(=C(C1=0)C1=C(C(=0)c3c(C1=0)c(ccc3)0)C)C)cccc
20
CIC(=0)C([C@H]2[C@](CL)([C@@H]L[C@R@](C(=0)C2)([C@]2
3[C@@](CCL)([C@@H](OC(=0)[C@H]203)c1cocc1)C)C)C)(C)C
C1(C=Cc2c(01)c(clc(c20)C(=0)[C@@]2([C@@H](01)Oclc2cce(
c1)0)0)CC=C(C)C)(C)C
clec(c2c(clele(=0)oc3ce(cl)cec(c3)0)OC(C=C2)(C)C)O
Cl[C@)2([C@l(c(cCy)(C)C)([Ce@kH|([C@@H](C@@H]L[C@
H]2C=C2C(=CC(=0)02)[C@@H]1C)0)OC(=0)clcccccl)O)C
Cl=CCC2=CC[C@@H]3[C@@H]([C@]2(C1=0O)C)C[C@H]([C@]
1([C@H]3CCI[C@@H]L[C@@H]1CO[C@]2(C(=C)C(=0)0[C@@
H]1C2)C)C)O
C1(=C)[C@H]2[C@@H](OC1=0)/C=C/1\CO[C@H]([C@]3([C@
@H](CC1)03)C[C@@H]20C(=0)C(=C)CO)0O
c1(c(c(c2c(c1)OC(C=C2)(C)C)OC)/C(=CI/C(=0O)clcceecl)/OC)OC
COclcc20C[C@@H]3[C@H](c2cc1CC=C(C)C)Oclc3cce(cl)O
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Table 2: Docking scores and smile notations of the top 20 hits (COCONUT-Mitishamba

Database)

COMPOUND Docking Score SMILES

CNP0350592 -11.6 0=C1C=2C(0)=CC=CC2C30C=4C=C(OC)C(=C(0)C4C5=C
(C=C(0)C1=C53)C)C(=0)C

CNP0350368 -11.3 0=C(0OC1(C)C2C=3C=C40C(=CC(=0)C4=CC30C20C1(C)
C)C=5C=CC=CC5)C

CNP0289849 -11.2 0=C1C=C(C(=0)C2=C1C(0)=C3C(0)=CC=CC3=C2C=4C=
CC=5C(=0)C6=CC(=CC(0)=C6C(=0)C5C4)C)C

CNP0350459 -11.2 0=C1C=2C(0)=CC=CC2C(C3=CC=C4C=C5C(=CC4=C30)
C(=0)CC(0)(C5)CC)C=6C=CC=C(0)C16

CNP0298793 -11.1 0=C1C2=C(0)C=3C=C(C=CC3C=C2CC(0)(C)C1)C4=C5C
=CC=C(0)C5=C(0)C=6C(=0)CC(O)(C)CCo64

CNP0350315 11 0=CC12CCC30C3C2(0C(=0)C)CCC4C5=C(OC)C(=0)C(C
6COC(=0)CCB)C5(C)CCC41

CNP0337385 -10.6 0=C1C=2C(0)=CC=CC2CC3=C1C(0)=CC(=C3C=4C(0)=C
C(OC)=C(C40)C(=0)C)C

CNP0106794 -10.5 0=C10C(C)(C)C2(C=C1)CC(=0)C3(C)C(CCC(C(=0)C4=C
0OC=C4)C530C5C(=0)0C)C2(C)C

CNP0350354 -10.5 0O=C(OC1CC2C(C(=0)CCC2(C)C3(C)CCC4(OC(=0)C)C(=
CCC4C5=C0OC=C5)C13C)(C)C)C

CNP0260728 -10.4 0=C1C2=CC=C30C(C=CC3=C20C=C1C=4C=C(0OC)C=50
COC5C40C)(C)C

CNP0300492 -10.4 0=C1C=2C(0)=CC=CC2C(C3=CC(=CC(0)=C13)C)C4C=5
C=CC=C(0)C5C(=0)C6=C(0)C=C(C=C64)C

CNP0313475 -10.4 0=C1C=2C=CC=C(0)C2C(=0)C3=C(0)C=C(C(=C13)C=4C
(0)=CC(OC)=C(C(=0)C)C40)C

CNP0140079 -10.3 0=C10C(C2=COC=C2)CC3C1CC40C45CH(C(=0)CC7C(C(
=0)CCC7(C)C6CCC35C)(C)C)C

CNP0309850 -10.3 0=C1C=2C=CC=C(0)C2C(=0)C3=C(0)C=C(C(=C13)C4=C
(0)C=C(0O)C(C(=0)C)=C40)C

CNP0227861 -10.2 0=C1C=2C(0)=CC(0)=CC20C(C3=CC=4C=CC(OC4C(=C3
)CC=C(C)C)(C)C)C1

CNP0324724 -10.2 0=C1C2=CC=C(0OC)C(=C20C3C0OC4=CC=50COC5C=C4C
130)CC=C(C)C

CNP0221435 -10.1 0=C1C2=C(0)C=C30C(C(=C)C)CC3=C20C4COC5=CC(O
C)=C(OC)C=C5C14

CNP0258562 -10.1 0=C1C=2C=CC=C(0)C2C(=0)C3=C(0)C=C(C(=C13)C4=C
(0)C=C(0)C(C(=0)C)=C40C)C

CNP0270955 -10.1 0=C10C(C2=COC=C2)C3(C)CCC4C5(C=CC(=0)C(C)(C)C
5CC(=0)C4(C)C630C16)C

CNP0310156 -10.1 0=C10C23C(=C1)C(=CC(N4CCCC42)C3)C5CC6=CC(=0)
OC67CC5N8CCCC87
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Table 3: Chemical structures and plant sources of the top 20 hits (In house database)

COMPOUND STRUCTURE PLANT SOURCE

Withaphysalin A Physalis minima L.

Limonin Citrus spp

Morusinol Morus alba

25R-Spirostan-4- Tribulus terrestris

ene-3,6,12-trione

Isodiospyrin Diospyros abyssinica
8- Zanthoxyllum gilleti
acetonyldihydrochel

erythrine
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Withametelin M Datura metel

Inophyllum C Calophyllum
braziliense

Withametelin K. Datura metel

Inophyllum D - Calophyllum
H braziliense
Integriamide Toddalia asiatica
I OO
O °
N

(=} / ‘

\d
3'3-Biplumbagin Plumbago zeylanica
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Ekeberin C1 Ekebergia  capensis

Sparrm.

Erysenegalensein J Erythrina senegalensis

Glabrocoumarin " Glycyrrhiza glabra

Neocaesalpin R Caesalpinia

pulcherrima

Withametelin L. Datura metel

Hydroxyvernolide Vernonia amygdalina

OH
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Praecanson A

Tephrosia pumila

3-0-
methylcalopocarpin

Erythrina burttii

Binding Analysis Experiments

In order to visually inspect how the top
binding compounds interact with the PLpro
macromolecule, we utilized Pymol

(Schrodinger and Delano, 2020) and the
output

respective  docking files. As

exemplified in Figure 3, Withaphysalin A is
bound within the active site of the protease.
Similarly,  Figure 4  depicts how
CNP0350592 is bound within the active site
of the SARS-COV2 nsp3.

Active site
binding with the

ligand

Figure 3: Binding of Withaphysalin A (Binding Affinity of -11.5 kcal/mol) to the Active
Site via Different Domains of the Protein
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Figure 4: Binding of CNP0350592 from the COCONUT-Mitishamba DATABASE (Binding
Affinity of -11.6kcal/mol) to the Active Site via Different Domains of the Protein

Ligand-Protein Interactions Analysis

Ligand binding capacity is quite vital for the
regulation of biological functions. Protein-
ligand interactions occur through molecular
mechanics which involves the changes in
conformation among the low binding affinity
and high binding affinity states of a specified
ligand. As shown in Figure 5, in this study,
the main types interactions observed
between the ligand and the protein at the
active sites were van der Waals, conventional

hydrogen bond, Carbon Hydrogen bond, Pi-
Donor Hydrogen bond, Pi-sigma, and Pi-
Alkyl interactions. The protein-ligand
interactions were performed on the top
ranked compounds of the two databases i.e.,
Withaphysalin A, CNP0350592,
CNP0350368, and Limonin.  These
compounds recorded a binding affinities of -
115 kcal/mol, -11.6 kcal/mol, -11.3
kcal/mol, and -11.1 kcal/mol respectively.
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Figure 5: Protein-Ligand Interactions of Four Ligands from the Two Databases (See text).
The dominant type of interaction was the van der Waals interactions and the conventional
hydrogen bonds. (A) is Limonin, (B) is CNP0350592, (C) is CNP0350368, and (D) is
Withaphysalin A.
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Molecular Dynamics for Structural
Stability Analysis

To provide the ultimate detail concerning the
individual particle motions of the protein
target receptor as a function of time,
molecular dynamics simulations were
performed. With the different parameters of
simulations under the control of the user, the
simulations are used to address specific
questions about the properties of a model. In
this study, the type of force field used for the
study was the GROMOS96 43al force field
and the simulation was conducted with a run-
time of 1ns. The average root mean square
deviation of the enzyme structure was found
to be 2.61 A + 0.09. The fluctuations in the

RMS fluctuation

[ 100 200

RMSD (nm)
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enzyme structure (rmsf) was also performed
(see figure 6). Though there were
fluctuations in the enzyme, the average
residual movement implied that the enzyme
structure was stable. The hydrogen bond
interactions between the hydrogen bond
donors and acceptors showed that
fluctuations during the simulation are within
an acceptable range. Overall, this PLpro
system is a worthy and stable target.
Simulations with the various top ligands
bound to the complex remain to be
investigated, as they are  more
computationally demanding.(Abraham et al.,
2015).
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Figure 6: Molecular dynamics simulation analyses of the nsp3 Papain-Like Protease. The
RMSF, RMSD, Radius of gyration, and hydrogen bond interactions were performed,
respectively

AER Journal Volume 5, Issue 1, pp. 261-277, June, 2022

274



Barasa, S. S. et al.

CONCLUSION

Results of this structure-based virtual
screening investigation of our in-house
phytochemical database amply indicate that
Withaphysalin A and Limonin are potential
SARS-COV?2 papain-like protease
inhibitors. Based on their contribution to the
top 20 phytochemicals list reported in this
work, there is now a scientific basis for
further investigations of 17 medicinal plants
(Caesalpinia pulcherrima, Calophyllum
braziliense, Citrus spp, Datura metel,
Diospyros abyssinica, Ekebergia capensis
Sparrm,  Erythrina  burttii,  Erythrina
senegalensis, Glycyrrhiza glabra, Morus
alba, Physalis minima L., Plumbago
zeylanica, Tephrosia pumila, Toddalia
asiatica, Tribulus terrestris, Vernonia
amygdalina, Zanthoxyllum gilleti) for
activity and subsequent antiviral drug
development against SARS-COV2 PLpro
and COVID-19. The top ranked compounds
obtained from this study should be further
analyzed in vitro and in vivo particularly for
efficacy, specificity and ADMETox
profiling.
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