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KEYWORDS Abstract The Covid-19 pandemics caused by SARS-CoV-19, and the inadequacy of targeted med-
Antiviral; ications, compelled scientists to seek new antiviral drugs. We present our current understanding of
Molecular docking; plant extracts containing polyphenols that inhibit Covid-19. Natural phytochemicals (polyphenols)
SARS-CoV-2; derived from plants have the potential to establish research using extracts and/or individual com-
Ionization potential pounds in the treatment and prevention of coronavirus. The polyphenolic drugs (antivirus) capable

of inhibiting the coronavirus protein, that are vital for infection and virus replication. The benefit of
phytochemicals is that they promote patient well-being while causing minimal side effects. To
understand the antiviral behavior of isolated phytochemicals 1-6, various molecular descriptors,
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molecular electrostatic potential (MEP), and frontier molecular orbitals (FMO) were investigated.
A systematic analysis of isolated phytochemicals was accomplished then molecular descriptors,
docking score, active sites, and FMOs energies were compared to the commonly used drugs recently
to treat COVID19, namely favipiravir, remdesivir dexamethasone and hydroxychloroquine. Using
a molecular docking technique, we demonstrate for the first time that these plant phytochemicals
can be inhibited by the core protease (6LU7) protein of COVIDI9.

© 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The World Health Organization (WHO) declared Covid-19 a
global pandemic on March 11, 2020, after the first cases of cor-
ona virus were reported from Wuhan, China. It was associated
with an acute infection of the respiratory tract caused by the
SARS-CoV-2 virus [1]. The bat was assumed to be the natural
host of coronavirus based on evolutionary analysis and viral
sequence. This virus may be transmitted to humans from bats
by binding with the intermediate host ACE-2 Receptor
(Angiotensin Converting Enzyme-2 Receptor) [2]. Currently,
more than 11 million people are infected around the world,
with the true number exceeding 11 million due to asymp-
tomatic cases that cause pandemic. The disease symptoms
include sputum production, fatigue, cough, fever, breath short-
ness, vomiting, sore throat, diarrhea, headache and pneumonia
[3,4]. The ongoing situation may result in significant economic
deficits all over the world, even though people who are not
infected with the virus. There have been numerous advance-
ments in pandemic evolution, but there are still several
unknowns [5]. In the future, it may be arising a seasonal virus
and, alike flu, as the number of infected people drops signifi-
cantly during the summer season. As a result, it is critical to
understand how this virus works and spreads to develop vac-
cines/drugs to combat SARS-CoV-2 infection. The numerous
therapies were suggested that are mostly SARS-CoV/MERS-
CoV antibodies and antiviral drugs, being exercised by clini-
cians [0,7]. Based on in-vitro analysis along with clinical data,
the drugs hydroxychloroquine sulphate, remdesivir and
chloroquine phosphate were recommended for COVID-19
therapy. The randomized clinical trials on such molecules were
submitted, and the drugs listed above, as well as the recently
recommended combination therapy of hydroxychloroquine
and azithromycin, were approved for use in an emergency.
The hydroxychloroquine inhibitory mechanism through viral
processes and metabolism during its provision has discovered
to inhibit pro-inflammatory cytokines [8]. Its side effects
caused retinal toxicity in patients with acute renal impairment.
In diabetic patients, high doses of atorvastatin and hydroxy-
chloroquine resulted in the greatest decrease in blood glucose
[9]. Numerous natural and synthetic ligands have been pro-
posed for COVID-19 therapy and are currently being evalu-
ated in clinical trials. The adverse effects of
hydroxychloroquine and the site of target whereby spike pro-
teins, viral proteasomes, and proteins affected by virus life
cycle are unknown. The possibility of natural/synthetic drug
compound with slight side effects behave targets are currently
being found like SARS-CoV-2, ACE-2 receptors, TMPRSS2,
and CD147 to decrease virus life cycle along with disease prog-
nosis. The raltegravir, paritaprevir, dolutegravir, bictegravir

in-silico analysis towards 3CLpro and 20-OMTase targets
[10] along with provision of theophylline and pyrimidone
derivatives RNA bound N terminal domain potential inhibi-
tions was carried out. The natural products flavone, coumarin
derivatives along with Remdesivir, Saquinavir, Darunavir
inhibit the 3CL protein. Many targets were identified for
COVID-19 therapy, including SARS-CoV-2 main protease
(Mpro) in infected patients. The virus multiplication within
cells was stopped through Mpro with release of polypeptides
that cleavage the enzyme along with extensive proteolysis.

Plant/herbs phytochemicals may be considered as most
cost-effective, feasible and ideal drug components. The repur-
posing of the natural Phyto molecules may hasten the drug dis-
covery process. The current study focuses on potential plant
compounds to investigate such effective plant/herb molecules
that may be capable of viral inhibition [11]. In-silico analysis
of extracted phytochemicals against the main protease of
SARSCoV-2 crystal structure (PDB ID: 6LU7) was studied
[12]. Medicinal plants have traditionally been used for a vari-
ety of manifestations and can be used as one of the safest
and most secure methods of treatment. The antiviral activity
of different plant species has been determined [13]. Plant/her-
bal lectins have been proposed as anti-SARS-CoV-2 agents
[14]. The family Malvaceae species Malva neglecta Wallr com-
monly known as cheese weed, cheese plant, dwarf mallow and
button weed traditionally used as wound healing and herbal
medicine [15,16]. The Malva genus is found in temperate, sub-
tropical, and tropical regions of Asia, Africa and Europe
[17,18]. The commonly used traditionally medicinal herb
Malva neglecta, contained hydroxycinnamic acids, antho-
cyanins, saponins, tannins, flavonoids, flavonols, alkaloids,
organic acids, protein and oils. Plant extract exhibited anti-
ulcerogenic, anti-inflammatory, antimicrobial, anti-
cholinesterase, antioxidant and enzymatic inhibitory effects
[19,20]. There have been no previous reports demonstrating
the efficacy of Malva neglecta Wallr extracts isolated phyto-
chemicals against COVID-19. As a result, the current research
aims to identify isolated phytochemicals from plant extracts
that can be used as antiviral agents. In the current study, the
inhibition impact of the examined molecules is the first report
over COVID-19, which is an important basis for assessing
resistance against the 6LU7 protein using docking calcula-
tions. Quantum chemical methods can be used to investigate
molecule interactions, active sites, and biological potential.
We have threw some light on the electronic characteristic, glo-
bal reactivity parameters, softness(S), chemical potential(y),
electronegativity(y), electrophilicity index(m) and chemical
hardness(n). The results of the work showed that the calcu-
lated compounds can be considered to be a valuable for
inhibiting the invasion of the SARS-CoV-2.
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2. Material and methods

2.1. Plant collection

The plant of Malva neglecta Wallr was collected from khyber
pakhtunkhwa, Pakistan and identified by Dr. Muhammad
Javid Plant Taxonomist then voucher specimen was placed
at University of Education Lahore, DG Khan Campus.

2.2. Extraction and isolation

The plant (whole) material (1 kg) was dried, ground, and
extracted three times with CH;OH. The plant extract was
evaporated at pressure, yielding greenish black residue that
was separated into  n-hexane/H,O, dichloromethane
(DCM)/H,O and finally n-butanol/H,O. Based on its
phytochemical screening, the DCM soluble sub-fraction was
subjected to column chromatography (CC) over silica gel eluting
with n-hexane-DCM, DCM, DCM-MeOH, in ascending polarity
order. This yielded four sub-portions: A, (n-hexane- DCM
6:4), Ag (n-hexane- DCM, 3:7) and Ac (n-hexane-DCM
1.5:8.5). The fractions obtained from n-hexane-DCM, 5:5
(6.0:4.0) were exposed to CC over silica gel as adsorbent fol-
lowed by elution with n-hexane-DCM with increasing order
of polarity to yield compoundl and two spot major mixtures,
which yielded compounds5 and 6, respectively, after prepara-
tive TLC. The fractions A, obtained from n-hexane-DCM
(3.0: 7.0) upon further extensive column chromatographic sep-
arations afforded the isolation of compounds 2 and 3. Based
on their excellent TLC results, the fractions A¢ obtained from
n-hexane- DCM, (1.5:8.5) were subjected to CC over silica gel
eluting with n-hexane-DCM mixture in increasing polarity
order to get two subfractions A and B. The sub-fraction A
was then subjected to preparative TLC, yielding compound 4.

2.3. Biochemical screening

The alkaloids were identified in the plant crude extract using
the Brain and Turner methods [21] and the same procedure
was used to detect anthraquinone. Air-dried milled plant mate-
rial was boiled with distilled water, then acidified with dilute
HCI and filtered, with an aliquot of the filtrate being made
alkaline. The presence of flavonoids was indicated by the for-
mation of a yellow color [22]. Crushed plant material was
extracted with hot water, filtered, extracted with carbon tetra-
chloride, and washed with ammonia solution. The presence of
anthraquinone was revealed by the appearance of pink color.
The extract was dissolved in chloroform, evaporated, and the
appearance of grayish color revealed terpenoids after the addi-
tion of sulphuric acid [23].

2.4. Computational details

In biological sciences the density functional theory (DFT) is
fascinating method to analyze numerous important properties
[24,25]. DFT analysis is a scientific method used to investigate
the electronic properties of molecules [26-30]. It’s a persistent
methodology in order to do geometries optimization within
ground state (So) [31,32]. Regarding S, geometries computa-
tions, B3LYP is a coherent functional for many biological

active molecules. Optimizations as well as electronic character-
istic are currently being investigated using the B3LYP/6-311 +
+G** level within software Gaussianl6 [33]. In addition,
Autodock version 4.2 was used for molecular docking via
MGL tools, by removing H>O while adding polar hydrogen
atoms (details can be found in supporting information).

3. Results and discussion

The methanolic extract of Malva neglecta Wallr was separated
into soluble n-hexane, DCM and n-butanol portions.
Secondary metabolites such as alkaloids, anthraquinone,
cardiac glycosides, flavonoids and terpenoids were discovered
using biochemical screening tests on plant fractions. The find-
ings of the study revealed the presence of biologically active
secondary metabolites, with CH,Cl, sub portions being the
richest. The CH,Cl, fraction was subjected CC chromatogra-
phy, which resulted in the identification of six new source
phytochemicals 1-6. All the compounds were isolated as
light-yellow amorphous solids that tested +ive for phenolic
moiety using reagent ferric chloride.

The current SARS-CoV-2 situation necessitates the devel-
opment of an effective antiviral therapy. Initial studies, such
as the use of azithromycin and hydroxychloroquine, for the
discovery of drugs against SARS-CoV-2 main protease were
ineffective. As a result, more research is needed to discover
antiviral agents that can be used to treat COVID-19. Scientist
from all fields are working day and night for the discovery of
antiviral and vaccine against COVID-19 [34]. Recently, some
pharmaceutical companies have claimed to develop the vac-
cine, however genetic mutation in the SARS-CoV-2 have also
been reported in some countries [35].

However, the main protease of SARS-CoV-2 is one of the
primary drug targets.

All vaccine development efforts are rendered ineffective due
to genetic mutation. As a result, this research is being carried
out to identify some antiviral agents against COVID-19. Even
though multiple drug targets for SARS-CoV-2 have been iden-
tified using structural biology and computation approaches.
However, the main protease of SARS-CoV-2 is one of the pri-
mary drug targets [36]. The discovery of inhibitors against this
important protein could be beneficial and serve as a founda-
tion for the discovery of antiviral agents. Phytochemicals
(compounds 1-6) were docked in this study to determine their
inhibitory potential against the SARS-CoV-2 main protease.
All the phytochemicals tested showed intriguing binding inter-
actions with the SARS-CoV-2 main protease. Fig. | depicts the
structures of compounds 1-6.

3.1. Electronic properties

The highest occupied molecular orbitals (HOMOs) and lowest
unoccupied molecular orbitals (LUMOs) of studied com-
pounds are explored at B3LYP/6-311+ + G** level, as shown
in Fig. 2. The distribution of HOMO in dexamethasone was
noticed at C=0 while LUMO at phenanthren. The “intra-
molecular charge transport (ICT) was noticed from HOMO
(C=0) to LUMO (phenanthren). The HOMO in remdesivir
was observed at pyrrolotriazin while LUMO at triazin-7-yl
aminopyrrolo. The ICT can be perceived from -NH, (HOMO)
to quinolin (LUMO) in hydroxychloroquine. The HOMO in
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Fig. 1

favipiravir was detected at 6-fluoro-3-hydroxypyrazine
whereas the LUMO at pyrazine-2-carboxamide. Correspond-
ingly, in studied phytochemicals (Compounds1-6) ICT was dis-
cerned from HOMO — LUMO. Chemical activity is also
strongly associated with the distribution of HOMOs/LUMOs
that light up highly reliable sites to be attacked by active
agents. The Eyono, ELumo, and Eg,, of the isolated phyto-
chemicals and drug references remdesivir, dexamethasone,
favipiravir and hydroxychloroquine are shown in Table 1.

The global chemical reactivity descriptors (GCRD) are
important to explore the biological activity behavior of various
phytochemicals. We measured different GCRD parameters
like electronegativity (), electrophilicity index (), softness
(S), chemical hardness (1) and chemical potential (p) (SI con-
tains calculation method). The n values are related to aro-
maticity [37,38]. The o revealed the stabilizing power created
by electrons from outer environment. The p means the elec-
tronic tendency according to its electronic environment. As
preceding research showed that the best antioxidant capability
of the compound would be appropriate to prevent viral infec-
tion [39]. In a single electron transfer pathway, the antioxidant
phytochemical brings electron to radical (free), instigating rad-
ical cation to be stabilize plentiful to obtain a good antioxidant
ability.

The parameter work function (W) of Al/Au are
4.08/5.10 eV [40-42]. The hole and electron injection energy
barrier (HIE and EIE) of isolated compounds to Al and Au
electrodes were calculated and compared in this study. The
EIE for isolated phytochemicals (1-6) were anticipated like
eV = —Erymo — (—W)) whereas HIE like (eV = —W —
(—=Enoaro))- One can see that that hole and electron injection
barriers of isolated compounds is smaller than most of the ref-
erenced drugs revealing their better charge injection ability, see
Table 1.

3.2. Molecular electrostatic potential

The Molecular electrostatic potential (MEP) is a useful param-
eter for investigating the reactivity of compounds and/or

Structures of isolated compounds 1-6.

species. The MEP is, in fact, a physically detectable property
that can be measured experimentally using diffraction tech-
niques [43.44]. It can also be explored using computational
methods. The MEP depicts a wide range of electronic and
nuclear charge distributions, which is useful for understanding
the reactivity of various species [45]. The Fig. 3 display the
color visualizations of the MEP mapped for isolated and refer-
ence drugs. The red color denotes higher -ive potential regions
that are advantageous for electrophilic attack, whereas the
blue color denotes higher +ive potential regions that are
advantageous for nucleophilic attack. The decreasing trend
of MEP in the following order:
blue > green > yellow > orange > red, with red indicating
the strongest repulsion and blue indicating sufficient attraction
for nucleophiles and vice versa.

The MEP maps are essential for visualizing charged regions
within compounds. A MEP map of specific phytochemicals
and targeted drugs is shown in color presentations in Fig. 3.
The blue and red band means positive and negative potential
regions that can favor nucleophilic and electrophilic attacks.
In dexamethasone negative potential is on —O atoms where
positive potential on -H of —OH. In remdesivir, the negative
potential is on -O and positive at the amino hydrogen atoms.
In hydroxychloroquine, negative potential is on -O of the
quinolin and —-CH3;CH,OH group while positive potential at
-H of -OH and —NH. The negative potential is on —O atom
while positive at the —H of carboxamide in favipiravir. In iso-
lated phytochemicals, the negative potential was found on -O
atoms of C=0 and -O (-OH) but positive at —H atoms of —
OH and —-OCHj; groups. The red region especially oxygen
atoms has shown that these could be potential sites for elec-
trophilic attack. While the blue color on -H atoms indicated
that these areas would be favorable for nucleophilic attacks.

3.3. Molecular docking

The 6LU7 protein structure of SARS-CoV-2 was found from
Worldwide Protein Data Bank. The virus core protease crystal
structure in the complex (6LU7) is displayed in Fig. 4. The
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Fig. 2 Spatial distribution of HOMOs and LUMOs of isolated phytochemicals.

6LU7 protein structure was refined using Autodock. The
obtained docking results were prosperous in all phytochemi-
cals along with reference compounds. The binding energies
(BE) values among ligands and protein (title compounds active
sites along with amino acids) are exhibited within Table 2 and
Fig. 5. As far as we know, no results already computed accom-
panying with 6LU7 proteins of SARS-CoV-2 resistance by
employing in-silico screening of these isolated phytochemicals.
To achieve improved comprehension towards effectiveness of
the isolated drugs, we proceeded to explore the interactions
of phytochemicals with 6LU7 proteins of SARS-CoV-2 crystal
structure. Molecular docking was performed by introducing

compounds in 6LU7 proteins. The BE values between title
compounds and 6L U7 proteins are exhibited within Table 2
and Fig. 5.

Antioxidant aptitude can be tested using ionization poten-
tial (IP), which is a parameter that illuminates the electron
transfer distance which is estimated as IP = —Eyop0. It is
anticipated that the phytochemicals having smaller IP would
be better antioxidant compounds which is revealing that Com-
pound 5 will have better antioxidant power. These results are
revealing that Compound 5 with smaller IP value might
enhance the antiviral aptitude which can leads its suitability
as anti-COVIDI19 candidate. The hydrogen bonding was
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Table 1 The Enono, ELumo, E

sape

molecular descriptors, hole injection energy (HIE) and electron injection energy (EIE) barriers of
phytochemicals computed at B3LYP/6-311 + + G**level.

Parameters 1 2 3 4 5 6 Dexamethasone Remdesivir Hydroxyl-chloroquine Favipiravir
Enonmo —-6.13 —-675 —653 —680 —6.09 —6.16 —6.22 —6.20 —5.57 —6.98
s —295 —338 328 —340 —334 359 —1.39 ~1.36 —1.14 —2.24
B 3.18 3.37 3.25 3.40 2.75 2.57 4.83 4.84 4.43 4.74
n 1.590 1.685 1.625 1.700 1.375 1.285 2.41 2.42 2.21 2.37
S 1.927 2.003 2.009 2.000 2.214 2.397 1.29 1.28 1.26 1.47
® 6.481 7.612 7.403 7.650 8.084 9.247 4.428 4.604 4.363 4.609
n —4.540 —5.065 —4.905 —5.100 —4.715 —4.875 -3.80 —3.78 —3.35 —4.61
7 4.540 5.065 4.905 5.100 4.715 4.875 3.80 3.78 3.35 4.61
EA 2.95 3.38 3.28 3.40 3.34 3.59 1.39 1.36 1.14 2.24
P 6.13 6.75 6.53 6.80 6.09 6.16 6.22 6.20 5.57 6.98
EIE (Al) 1.13 0.70 0.8 0.68 0.74 0.49 2.69 2.72 2.94 1.84
HIE (Al) 2.05 2.67 2.45 2.72 2.01 2.08 2.14 2.12 1.49 2.90
EIE (Au) 2.15 1.72 1.82 1.70 1.76 1.51 3.71 3.74 3.96 2.86
HIE (Au)  1.03 1.65 1.43 1.70 0.99 1.06 1.12 1.10 0.47 1.88

4 5 6

e s «

dexamethasone

remdesivir

hydroxychloroquine

favipiravir

Fig. 3 Molecular electrostatic potential surfaces views of isolated compounds.

observed between hydrogen of phytochemical and oxygen of
ARGI188 in Compound 1, ie., is 2.30 A while oxygen of
TRH190 and hydrogen of phytochemical showed hydrogen
bonding 2.30 A.In Compound 2, following hydrogen bonding
were observed: oxygen of GLU166 to H- - -O of phytochemical,

ie., 2.50 A, hydrogen of HIS163 and O- - -H of phytochemical,
i.e.,2.40 A, hydrogen of CIS145 and keto O of phytochemical,
ie., 2.40 A, and hydrogen of SER144 and keto O of phyto-
chemical, i.e., 2.20 A. In Compound3, hydrogen bonding
was noticed as: oxygen of HIS164 to H- - -O of the phytochem-
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Fig. 4 Main protease of SARS-CoV-2 (6LU7).

ical, i.e., 2.50 A, oxygen of THR190 and H- - -O of phytochem-
ical, i.e., 2.20 A, oxygen of ARG188 and H- - -O of phytochem-
ical, ie., 2.30 A. In Compound 4 and Compound 5 hydrogen
bonding was perceived as: hydrogen of GLU166 to O (keto
group) of phytochemical, i.e., 2.0 A and hydrogen of
GLY143 to O of phytochemical, i.e., 2.60 A, respectively.
The hydrogen bonding was also observed between oxygen of
GLU14 to H---O, oxygen of ALA70 to H---O and oxygen
of GLY15 to O---H of phytochemicals, i.e., 1.80 A, 2.60 A
and 3.0 A in Compound 6, respectively. The results obtained

Table 2 Docking Score Energy (DS), sequence between
phytochemicals/reference compounds and 6LU7 of SARS-
CoV-2.

Compounds BE Binding sequence

1 —5.28 ARGI188, THR190

2 —5.26 LEUI141, SER144, CYS145,
HIS163, GLU166

3 —5.20 HIS164, ARGI188, THR190

4 —5.33 HIS41, GLUI166

5 —5.73 GLY143

6 —4.14 GLUI14, GLY15, ALA70,

dexamethasone —6.69 GLU166, ASN142, THR26,

remdesivir —1.43 GLY278, ASN277, MET276,
TYR237

hydroxychloroquine —5.07 GLU166, HIS163, SER 144,
LEU141

favipiravir —3.77 VAL77, LEU75, GLN74, VALG6S,

LEU67, PHE66

from the docking exposed that Compound 5 has well docu-
mented to show that this isolated drug may have potent
anti-COVIDI19 and anti-oxidant properties.

According to the results of the computation, such com-
pounds have a high inhibitory power against 6LU7 of
COVID-19. The docking results are fantastic proof of these
phytochemicals anti-COVID-19 ability. This reflects the effects
of phytochemicals on COVID-19 inhibition. As a result, it is

Fig. 5 The interaction between phytochemicals (green color) and 6LU7 protein.
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recommended that Malva neglecta Wallr extract or active com-
pound(s) be used to inhibit the 6LU7. These outcomes will pre-
sent further research and possibility in the inhibition and cure
of SARSCoV-2.

4. Conclusions

Phytochemicals discovered in traditional medicinal herbs offer
an exciting opportunity for the development of newer, safer
therapeutics. To identify compounds that have the potential
to be used in novel drug development and as inhibitors of ther-
apeutically important enzymes. The antioxidant properties of
the Malva neglecta plant were investigated, and isolated com-
pounds 1-6 were screened for in-silico molecular docking stud-
ies. The simulated results have shown that Compound 5 has
excellent anti-oxidant ability and that 6LU7 inhibits
COVID-19.

The simulation results show that these compounds have
anti-COVID-19 ability, which may be a good indication of
how these drugs will be used against COVID-19. As a result,
it is recommended to use extraction or individual phytochem-
ical that are very effective in simultaneously working on 6LU7
protein. These findings will pave the way for more research
into isolated phytochemicals and/or extract that can inhibit
SARSCoV-2. The current findings are expected to be useful
for future research to develop a drug from Malva neglecta
Wallr.
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