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The interactions of two crucial proteins of COVID-19 have been investigated with potential antiviral compounds
from Moringa oliefera using quantum chemical, molecular docking and dynamic methods. The results of the
present investigation show that ellagic acid and apigenin possess the highest binding affinities of —7.1 and —6.5
Kcal.mol'lagainst nsp9 and —6.9 and —7.1 Kcal.mol ™! against nsp10, respectively. The dynamic behavior of
individual proteins and their respective best docked ligand—protein complexes are also studied at 30 ns timescale.

Both of these compounds also show the highest intestinal absorption and total clearance rate as compared to the
other compounds under present investigation without any toxicity.

1. Introduction

In December 2019, the virus SARS-CoV-2 emerged in Wuhan city of
Hubei province of China and spread speedily throughout the world [1].
The world health organization (WHO) declared it as pandemic on March
12, 2020 [2]. The worldwide number of COVID-19 cases and deaths has
reached to 95,482,598 and 2,039,653 respectively as reported by
January 17, 2021[3]. This novel virus belongs to the family coronavir-
idae and spherical in shape. It spreads primarily via saliva, droplets, or
nasal discharges of an infected individual after coughing or sneezing [4].
These droplets can spread upto 1-2 m and can remain viable on surfaces
for days [5].

Clinical features of COVID-19 ranges from asymptomatic state to
severe respiratory distress syndrome. The common clinical symptoms
include fever, sore throat, cough, fatigue, headache and breathlessness
[6]. The laboratory result of patients with severe COVID-19 presents
increased neutrophil count, the most abundant type of white blood cells
in human body [7]. They play a major role in line of defense as the first

responders against acute infection. Neutrophil chemotaxis is stimulated
by chemical signals such as interleukin-6/8 (IL-6/8) and recruit to the
site of infection where they assemble and release more pro-
inflammatory molecules which in response stimulate further inflam-
matory signals, progressing to cytokine storms that leads to failure of
vital organs [8]. Furthermore, a large number of neutrophils were re-
ported to found in alveolar cavities of serious patients suffering from
COVID-19, which validates their roles in cytokine storms [9]. In this
way, aberrant neutrophil activity and cytokine response contributes to
SARS-CoV-2 pathogenesis in COVID-19. It is reported that two non-
structural proteins 9/10(nsp9/nsp10) promote the IL-6/IL-8 mediated
neutrophils chemotaxis and stimulate the host inflammatory response as
observed in case of COVID-19[10]. In a study, two anti-inflammatory
drugs, pemirolast and eriodictyol were docked against nsp9 with the
resulting binding energy of —6.5 kcal/mol and further suggest their role
in inhibiting infection. It has been further reported that retonavir and
remdesivir are potential drugs against nsp10, suggesting their ability to
inhibit viral transcription [11]. Thus, both proteins can be proved as a
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potential therapeutic target in combating SARS-CoV-2 pathogenesis.

Today, computational drug discovery program has been gaining
popularity and success because of its potential to discover robust
molecule prior to its synthesis, whereas any traditional drug discovery
approach is expensive and may take decades to accomplish [12,13]. Itis
not affordable to wait till the discovery of any potential drug for COVID-
19. Molecular docking is considered more useful in designing, evalua-
tion and comparison of new drugs as it allows the examination of
interaction of molecules in 3-dimensional (3D) space by considering the
different forms of molecules and determines the factors that play role in
vital pharmacological interaction [14]. Other approaches including in
silico ADMET analysis, prediction of drug likeness and toxicity are also
adopted to analyze potential drugs from several databases. These
computational mediated approaches save the experimental cost and
time in the process of drug discovery [15]. Moreover, frontier molecular
orbitals (HOMO and LUMO) energies and molecular electrostatic po-
tential (MEP) are widely used to determine their chemical reactivity of
ligands. The current study is based on in silico analysis which was aimed
to evaluate the interaction of selected components of Moringa oliefera
against nsp9 and nsp10. M. oliefera is a highly valued plant because of its
medicinal value. This plant has showed its efficacy against HIV, HBV,
HSV, EBV, NDV, FMDV and AIDS [16]. The present study will provide
several powerful insights for the researchers in quest for therapeutic
intervention against COVID-19 pathogenesis.

2. Computational methodology

Autodock Vina (ADV) [17] was used for molecular docking studies to
calculate the binding affinity and type of interactions between the li-
gands and targets (COVID-19 nsp9/10). Ligands and proteins were
prepared for docking analysis by using Autodock 1.5.6 tool from MGL
Tools (The Scripps Research Institute, Molecular Graphics Laboratory,
10,550 North Torrey Pines Road, CA, 92037). The substrate or protein
macromolecules were treated as rigid target while ligands were kept as
flexible with different rotatable bonds. The quantum chemical studies
for the molecular structural analysis of ligands were performed using
GAUSSIAN 09 suit of program|[18]while orbitals and electrostatic po-
tentials are visualized by GaussView5 [19]. For quantum chemical cal-
culations of ligand structures, their chemical structures were optimized
(the lowest energy conformation) by density functional theory (DFT)
method with B3LYP/6-311G* level of theory. The substrate or protein
macromolecules were treated as rigid target while ligands were kept as
flexible with different rotatable bonds. There are various docking pro-
tocols whose details are given below:

2.1. Macromolecules/proteins preparation

Crystal structures of nsp9 (PDB ID: 6W4B) and nsp16/10 complex
(PDB ID: 6WVN) were retrieved in .pdb format from the Protein Data
Bank (https://www.rcsb.org/). PDB is a worldwide archive to access the
3D structure of biological macromolecules [20]. 6WVN is a heterodimer
containing nsp16 and nspl0 in a complex form [21]. In this study, we
used a single chain of nsp10 for docking analysis. The MGL Tools were
used for protein preparation. The water molecules and co-crystallized
ligands were deleted from the macromolecule and polar hydrogens
were added.

2.2. Ligands

The initial 3D structures of selected ligands were retrieved in .sdf
format from PubChem (https://pubchem.ncbi.nlm.nih.gov/). PubChem
is a public accessible repository for chemical substances and related
biological activities [22]. The optimized structures were then converted
into .pdb format.
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2.3. Docking protocol

The PDB files of both ligands and proteins were converted in an
extended PDB format, termed PDBQT for performing molecular docking
analysis using ADV. Docking was performed with the grid box sized of
40 x 40 x 40 and spacing of 1 A. The output pdbgqt files were written
into a config. (Configuration) file. The conformation with the lowest
binding energy was considered as the most stable conformations of the
ligand with respect to the macromolecule. The results were analyzed by
using free version of Biova Discovery Studio 2020 client (Dassault
Systemes BIOVIA, Discovery Studio Modeling Environment, Release
2017, San Diego: Dassault Systemes, 2016).

2.4. ADMET study and drug likeness

ADMET (Absorption, distribution, metabolism, excretion and
toxicity) profile exhibits vital importance in pharmaceutical industry
and required to reduce undesired effects [23]. In this study, we used
online server of pkCSM to predict drug likeness and ADMET profile. The
pkCSM is an open database server which provides information regarding
drug pharmacokinetics [24]. The SMILES of the selected ligands were
taken from PubChem and submitted to pkCSM. The server database was
run by selecting toxicity ADMET module.

3. Results and discussion
3.1. Ligand selection and structural chemistry

Molecular docking was done to depict the mode of action of antiviral
constituents of M. oliefera against nsp9 and nsp10. M. oleifera is known
as “miracle tree” because it is highly nutritious and has the ability to
improve the immune system with antiulcer, antipyretic, antiplasmodic,
antioxidant, antibacterial properties [25]. It has been shown that
M. oliefera contains flavonoids. Flavonoids are proved to have antiviral
activity, especially against syncytial virus [26,27]. A total of six ligands
were selected based on their reported antiviral activity. Their chemical
structures can be seen in Figure S1. Apigenin, quercetin, myricetin and
chrysin are flavonoid constituents of M. oliefera with the reported ability
to hinder viral growth. Ellagic acid and chlorogenic acid, being phenolic
compounds, has been suggested as anti-HIV/HSV candidates
[16,28,29].

3.1.1. Frontier molecular orbital (FMO) analysis of ligand structures

The pharmacological properties of ligands are also related to their
electronic structures. It is also important to investigate the energy and
distribution patterns of their orbitals especially the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO), which are usually call frontier molecular orbitals (FMOs). To
shed light on the electronic structural properties of our selected ligands,
we have optimized their structures using density functional theory
(DFT) method at B3LYP/6-311G* level of theory. The energy gap be-
tween HOMO and LUMO orbitals is important factor for assessing
thermal stability and reactivity of a molecule [30]. According to Koop-
mans’ theorem|[31], the HOMO energy presents the ability to donate an
electron and the LUMO energy is related to accept an electron. Both of
these properties (HOMO and LUMO) have significant roles in thermal
stability and reactivity of a compound [32]. The values of HOMO and
LUMO energies and their energy gap (AEyy) calculated in aqueous phase
can be seen in Fig. 1. Overall, there are no drastic changes found among
the AEy;, values of selected ligands where the maximum difference of
0.29 eV was found between the AEy; values of Quercetin and Chrysin.
The increasing order of the AEy; is Quercetin < Myricetin < Chlorogenic
acid < Ellagic acid < Apigenin < Chrysin. It can be seen that Ellagic acid,
Apigenin and Chrysin possess higher energy gaps and better thermal
stabilities in aqueous phases.(See Fig. 2)
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Fig. 2. Molecular electrostatic potential (MEP) plots for all studied ligands as calculated at B3LYP/6-311G* level of theory with iso-values of 4+ 0.002 a. u.

3.1.2. Molecular electrostatic potential of ligand structures

The presence of partial charges on ligand and protein molecules
plays a crucial role in leading the docking of ligand with protein.
Quantum chemically, the molecular electrostatic potential (MEP) dia-
gram can be helpful to get insights into the 3-dimentional structural and
topological features of ligands. Molecular electrostatic potential on the
total density surface of a compound indicates whether the effect of

nuclei or electrons are dominant over a specific point of molecular ge-
ometry [33]. It is important to pen down here that the MEPs are used in a
semi quantitative way to study the 3-dimentional structural features. For
instance, blue region represents the most positive electrostatic potential,
red color shows the areas with the most negative electrostatic potential
and green areas with nearly zero potentials. To be more specific, the
electrostatic potential decreases in the order of blue ~ green * yellow ~
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orange ~ red color coding. In our selected ligands, the most of the
negative regions (red) are around carbonyl groups owing to their elec-
tron abundance environment, which are also attractive sites for elec-
trophilic attack. On the other hand, more positive regions (blue) are
mainly towards the protonic H-atom of hydroxyl groups (OH) which will
potentially act as H-bond donors in protein-ligand intermolecular in-
teractions [34].

3.2. Binding energy and inhibition constant

The basics of designing rational drug is to utilize the knowledge of
the protein-ligand binding mechanisms and structural data to explore
the potential of uncovering new drug candidates. So, an extensive un-
derstanding of the molecular interaction/recognition nature is also of
great value, which will provide insights about designing, developing and
discovering drugs [35]. Molecular docking is an extensively used
computational tool for predicting binding modes in protein-ligand
interaction [36]. In present study, the molecular docking was done by
adopting a grid based technique as implemented AutoDock Vina. All six
ligands were docked explicitly against nps9 (Figure S2a) and nspl0
(Figure S2b) of COVID-19. Table 1 revealed that binding affinity of our
ligands with COVID-19 nsp9 ranged from —6.1 to —7.1 kcal/mol. The
binding affinity of antiviral ligands for nspl10 of COVID-19 was only
slightly different from that of nsp9. The binding affinities for nsp10 of
COVID-19ranged from —6.8 to —7.1 kcal/mol. Among all compounds,
ellagic acid showed the highest binding affinity to nsp9 (Figure S3) with
an inhibition constant (k;) of 5.98 uM. The k; can be used for accurate
appreciation of inhibitory potential of the drug. The K; value reflects the
amount of drug required to reach the 50% inhibition [37]. Whereas,
apigenin exhibited the highest affinity in case of nsp10 (Figure S4) with
same k; value as in prior case. These results showed that all selected
ligands exhibit good binding affinity with our target molecules. More-
over we selected Remdesivir as a standard drug [38] and Niaziminin,
well known for its anticancer properties [39], docked against the both
targeted proteins. The results were compared with our selected antiviral
ligands (Table S2), which further suggest their affinity with the targeted
proteins.

3.3. Protein and ligand interactions

To analyze the detailed interaction of best conformation, free version
of Biova Discovery Studio Visualizer was used. The interaction of ellagic
acid with nsp9 showed the highest affinity interaction in chain B
(Fig. 3a) and makes hydrogen bonding between oxygen of carbonyl
group with the hydrogen of SER 47, ASP 48 and LYS 87 residues of nsp9.
This high binding affinity can be attributed to various van der Waal
forces with the respective amino acids SER 14, ASP 27 and ASN 28
(Fig. 3b). While in case of nsp10, ellagic acid makes hydrogen bond with
ASP 4275 and ALA 4277. Other noticeable interactions are with CYS
4270, ALA 4271, VAL 4274, ALA 4276, PRO 4437 forming r-alkyl in-
teractions and van der Waals forces with LEU 4267, LYS 4278, TYR
4329, ILE 4334, ASP 4335 (Fig. 3d). On the other side, apigenin binds to
nsp9 surrounding by both chains A and B (Fig. 4a), which leads to make
several interactions. Its benzene ring forms n-alkyl bond with LEU 104,
ALA 108, LEU 113, while VAL 8 shared both n-alkyl and n-sigma bond

Table 1
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with apigenin (Fig. 4b). In case of nsp10, apigenin interacts with ASN
4293, CYS 4294 by H-O bond. Other interactions include van der Waals,
a single = -alkyl and C-H bond (Fig. 4d). By binding to chain A of nsp9
(Fig. 5a), chlorogenic acid shares hydrogen bond with ARG 40, VAL 42
and SER 60 (Fig. 5b). However, chlorogenic acid shows highest binding
affinity with nsp10 including hydrogen bonding with Val 4274, ASP
4344 and LEU 4365. A large number of van der Waals interaction can be
seen with ALA 4271, ALA 4276, ALA 4277, CYS 4327, TYR 4329, LEU
4345, THR 4364, ASN 4388 and CYS 4343, (Fig. 5d).

The docking of myricetin with the nsp9 of COVID-19 (Fig. 6b)
revealed that it shows binding affinity to chain B of nsp9 with six
hydrogen bonds between SER 14, ALA 16, ASP 26, ASP 27, ARG 40, ARG
50. Moreover, its benzene rings make n-alkyl bond with PRO 58. In
nspl0 (Fig. 6¢), myricetin binds to core pocket region which allows it to
make more interaction. Besides hydrogen bonding with CYS 4356, ASN
4358, LYS 4366, ASN 4367, TYR 4379, myricetin also makes van der
Waals and r-alkyl interactions. It also makes one C-H interaction with
PHE 4363 and n-alkyl bond with LEU 4284 (Fig. 6d). Results obtained by
docking of chrysin with nsp9 of COVID-19 showed more n-alkyl bonds
with LEU 5, LEU 104, ALA 108, LEU 113 and, with a single hydrogen
bond with SER 6 (Fig. 7b). However, chrysin shares two hydrogen bonds
with ASN 4293, CYS 4294 with nsp10 (Fig. 7d). The docking of quer-
cetin docked in nsp9 of COVID-19 shows significant binding with chain
A (Fig. 8a). The interaction between quercetin and nsp9 is characterized
by hydrogen bonding with GLY 38 and ARG 40. Some of the van der
Waals and n-alkyl have also been observed (Fig. 8b). Quercetin forms
hydrogen bond with LEU 4284, LYS 4366, ASN 4358 and ASN 4367 of
nspl0 with a single n-anion and n-alkyl bond with ASP 4359 and CYS
4356, respectively (Fig. 8d). These results indicate that docked ligands
forms a stable complex with targeted proteins (nsp9/10), hence we can
conclude that our selected ligands might have antiviral property.

3.4. MD simulations

After completing molecular docking studies by using rigid crystal
structure of nsp9 and nspl0, MD simulation was done to analyze the
dynamic behavior of targeted proteins and lead compounds. We per-
formed MD simulations for 30 ns (3 x 10° fs) time scale for the best
docked protein-ligand complexes comprising of ellagic acid-nsp9 and
apigenin-nspl0 complexes. All molecular dynamic calculations were
performed using CHARMM force-field [40] in NAMD [41] while tra-
jectory, RMSD and other analysis were done by VMD program [42] as
developed at NIH Center for Macromolecular Modeling and Bioinfor-
matics, Theoretical and Computational Biophysics group. Further details
about molecular dynamic calculations and its adopted input parameters
can be seen in supporting information of the article. The values of
RMSDs for the C-o atoms of apo-forms (only proteins without docked
ligands) of nsp9 and nsp10 proteins and their respective complexes were
evaluated to analyze thermodynamic conformational stability during 30
ns time period of MD simulations. The RMSD graphs of ellagic acid-nsp9
complex and its apo-form nsp9 were shown in Fig. 9(a) while for the
apigenin-nsp10 complex and its apo-form nsp10 were shown in Fig. 10
(a). A careful analysis of RMSD plots shows a different trend in the RMSD
plots for both proteins and their respective ligand complexes. For
example, the RMSD of apo-form of nsp9 indicates that after 1 ns, it is

Molecular docking analysis of different compounds against nsp9 and nsp10 using AutoDock Vina.

Compounds Protein Binding Energy (kcal/mol) Inhibition constatnt K; (uM) Protein Binding Energy (kcal/mol) Inhibition constatnt K; (uM)
Apigenin nsp9 —6.5 16.52 nspl0 -7.1 5.98

Ellagic acid -7.1 5.98 —6.9 8.39

Chlorogenic acid —6.6 13.94 —6.8 9.94

Myricetin —6.1 32.53 -6.7 11.78

Chrysin —6.8 9.94 -7.0 7.08

Quercetin —6.6 13.94 -7.0 7.08
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Fig. 3. The Ellagic Acid as docked into the pocket of total density surface (pink) of nsp9 (a), nsp10 (c) the total density surface as represented with H-bond donor and
acceptor moieties with green and pink meshes colors. 2-D plot of binding interactions of Ellagic acid with nsp9 (b), nsp10 (d).
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Fig. 4. The Apigenin as docked into the pocket of total density surface (pink) of nsp9 (a), nsp10 (c) the total density surface as represented with H-bond donor and
acceptor moieties with green and pink meshes colors. 2-D plot of binding interactions of Apigenin with nsp9 (b), nsp10 (d).

equilibrated from 1 to 30 ns and fluctuates mainly from 1.6 to 2.7 A.
Unlike its apo-form protein, the RMSD of ellagic acid-nsp9 complex
indicates a different behavior where it rose upto 3.3 A in the first 10 ns

and then it is equilibrated from 10 to 30 ns and fluctuates mainly from
3.6 to 4.7 A (see Fig. 9 (a)). The RMSD analysis of ellagic acid-nsp9
complex indicates a profound effect of ellagic acid docking, which
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Fig. 5. The Chlorogenic Acid as docked into the pocket of total density surface (pink) of nsp9 (a), nsp10 (c) the total density surface as represented with H-bond
donor and acceptor moieties with green and pink meshes colors. 2-D plot of binding interactions of Chlorogenic acid with nsp9 (b), nsp10 (d).
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Fig. 6. The Myricetin as docked into the pocket of total density surface (pink) of nsp9 (a), nsp10 (c) the total density surface as represented with H-bond donor and
acceptor moieties with green and pink meshes colors. 2-D plot of binding interactions of Myricetin with nsp9 (b), nsp10 (d).

after 10 ns shows relatively stable ligand—protein complex. Similarly,
the RMSD graphs of apigenin-nspl0 complex and its apo-form nspl10
were shown in Fig. 10(a). These RMSDs are different as compared with

those for nsp-9 and its complex. For example, during 6 ns time, the
apigenin docking disturb the RMSD of nsp-10 and then both RMSDs have
been equilibrated from 6 to 30 ns showing some fluctuations in similar
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Fig. 7. The Chrysin as docked into the pocket of total density surface (pink) of nsp9 (a), nsp10 (c) the total density surface as represented with H-bond donor and
acceptor moieties with green and pink meshes colors. 2-D plot of binding interactions of Chrysin with nsp9 (b), nsp10 (d).

PHE
AL

THR
A:68

D van der Waals Pi.Anion
- Conventional Hydrogen Bond - Pi-Pi T-shaped
D Carbon Hydrogen Bond D pi-Akyl
B 7o

d

ALA
B:4285

TYR
B:4379

Fig. 8. The Quercetin as docked into the pocket of total density surface (pink) of nsp9 (a), nsp10 (c) the total density surface as represented with H-bond donor and
acceptor moieties with green and pink meshes colors. 2-D plot of binding interactions of Quercetin with nsp9 (b), nsp10 (d).

range of distance which is between ~ 3.8 to ~ 5.5 A as shown in Fig. 9 provided the structural changes during MD simulations over the 30 ns in
(a). Thus, we assume that apigenin might have not shown a profound the form of different frames of MD trajectory which are taken approxi-
impact on the RMSD of nsplO protein. Besides this, we have also mately after every ~ 3 ns. The frames were overlapped with each other
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Fig. 9. RMSDs of nsp9 (black color) and Ellagic acid-nsp9 complex (red color) (a), the apo-form of nsp9 crystal structure (b), different structural frames of nsp9-

Ellagic acid complex from O to 30 ns MD simulations.

to see the differences during trajectory as shown in Fig. 9(c) and 10(c)
while their respective single protein structures were also shown in Fig. 9
(b) and 10(b). A comparative analysis of structural changes among Fig. 9
(b) and 9(c) illustrates that nsp9 show relatively more prominent
changes where more fluctuations or randomness is seen towards the
right side of nsp9 where ellagic acid is docked. While on the other hands,
the structural changes among Fig. 10(b) and 10(c) are less obvious
which might be due to less intense interactions/effects of apigenin over
nspl0. Somewhat similar findings were also observed in their RMSDs
which have shown more fluctuations in ellagic acid-nsp9 complex as
compared with apigenin-nsp10 complex. Thus, it might be reasonable to
say that the effect of ellagic acid is more obvious on nsp9 as compared to
apigenin for nsp10 as studied by molecular docking and molecular dy-
namic studies here.

3.5. Drug likeness

A candidate molecule is of no use and does not matter how good it
fits with the receptor, if its absorption is poor or if it is excreted too
slowly from the body. So, it is always necessary to predict the drug
likeness, for which Lipinski’s rule of 5 was used. According to this rule,
any ligand is considered as a drug-like if it meets certain requirements
including molecular weight < 500 Dalton, number of H-bond acceptor
< 10, number of H-bond donors < 5 and lipophilicity represented as log

P < 5 [43]. All our selected ligands obeyed this rule with just one
violation in case of chlorogenic acid and myricetin (H-bond donors
greater than 5) (Table S1), which strongly suggests their suitability as a
drug.

3.6. ADMET profile

In drug designing process, it is very important to predict human
pharmacokinetic properties which help in identification and progression
of candidate molecules that can be successful in the clinic [44].

3.6.1. Absorption

Absorbance in the small intestine is one of the vital processes for
determining the drug bioavailability after oral administration [45]. It is
worth mentioning that all selected constituents of M. oliefera have in-
testinal absorbance more than 30%, especially of apigenin and chrysin,
which describes their ability to absorb easily. Moreover, all these con-
stituents showed water solubility (log S) greater than —5, which reflect
their solubility in water at 25C (Table 2) [24]. Our results also showed
that none of our selected drug is P-glycoprotein I/1II inhibitor which is a
very essential aspect in pharmacokinetics study. Any drug that can
inhibit these transporters can lead to interfere with the pharmacoki-
netics of other drugs [46]. So, it can be suggested that these drugs can be
safe and effective adjuvant agents with any pharmaceutical drug against



S. Muhammad et al. Chemical Physics Letters 767 (2021) 138379

RMSDs of NSP10 (black ) and Apigenin-NSP10 Complex (blue)

o
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NSP10 Protein
NSP10-Apigenin Complex (0 to 30 ns)
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Fig. 10. RMSDs of nsp10 (black color) and Apigenin-nsp10 complex (radish blue color) (a), the apo-form of nsp10 crystal structure (b), different structural frames of
nsp10-Apigenin complex from 0 to 30 ns MD simulations.

Table 2
ADMET analysis of selected ligands using pkCSM online database server.
ADMET Parameters Apigenin Ellagic acid Chlorogenic acid Myricetin Chrysin Quercetin
Absorbance Water solubility (log S) mol/L -3.329 -3.181 —2.449 -2.915 —3.538 —2.925
Intestinal absorption % 93.25 86.684 36.377 65.93 93.761 77.207
P-glycoprotein I/1II inhibitor No No No No No No
Distribution log VDss (L/Kg) 0.822 0.375 0.581 1.317 0.403 1.599
Metabolism CYP2D6 substrate no No No No No No
CYP3A4 substrate no No No No No No
CYP2D6 inhibitor No No No No No No
CYP3A4 inhibitor No No No No No No
Excretion Total clearance (Log ml/min/kg) 0.566 0.537 0.307 0.422 0.405 0.407
Renal OCT2 substrate No No No No No No
Toxicity AMES No No No No No No
Max. tolerable dose (log mg/kg/day) 0.328 0.476 —0.134 0.51 0.016 0.499
Hepatotoxicity No No No No No No
Sars-CoV-2 pathogenesis. 3.6.2. Distribution

The steady state volume of distribution (VDss) shows the dose of
drug needed to distribute uniformly as in blood and plasma. It is
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considered low if log VDss is less than —0.5 and high if it is more than
0.45. Higher VDss value presents greater drug distribution in plasma
rather than tissue and lower VDss shows the poor ability of drug to
transverse or diffuse across the cell membrane[47].Our results show that
ellagic acid and chrysin are ideal candidates in respect to distribute
uniformly in blood plasma (see Table 2).

3.6.3. Metabolism

Another factor that can affect the pharmacokinetics interactions is
drug metabolizing enzymes. Cytochrome P450 is an important detoxi-
fication enzyme in human body, mainly in liver. Any alteration in ac-
tivity of these enzymes can lead to disturbance in pharmacokinetics of
drugs that are metabolized by these enzymes [48]. There are two most
important isoforms of cytochrome P450: cytochrome P2D6 and cyto-
chrome P3A4 [49]. Table 2 shows that those compounds don’t inhibit or
affect these enzymes. So, it can be interpreted that all these compounds
are safe as adjuvant agents with other drugs.

3.6.4. Excretion

Total clearance quantifies the removal of drug from blood or plasma.
Clearance (drug elimination process) results from both kidney and liver
[50]. Total clearance Log (CL¢t) predicts combination of renal clearance
and hepatic clearance. It is linked to bioavailability and vital to achieve
steady-state concentrations by determining dosing rates [24]. A steady-
state level is reached when the drug is administered at appropriate
concentration and bioavailable. The higher the CL; value, the faster the
excretion process of the compound[49]. Table 2 shows the total clear-
ance values from which their rate of excretion can be predicted. Api-
genin and ellagic acid has the highest CL value as compared to the
others. Moreover, it can be seen that all of the compounds are not
substrate of renal OCT2. OCT2 (organic cation trasnsporter 2) is a pro-
tein transporter having vital role in renal drug clearance. Substrates of
OCT2 can interact with OCT2 inhibitors and may lead to adverse re-
actions [24].

3.6.5. Toxicity

Toxicity of the compound can be predicted by AMES toxicity which
predicts if any compound has mutagenic potential or not [24]. Table 2
reveals that all of our compounds do not have mutagenic effects.
Another important aspect in drug development research is determining
the ability of any drug in inducing liver injury. From table 2, it can be
seen that all our compounds are not hepatotoxic.

4. Conclusion

Thus, a combined quantum chemical, molecular docking and dy-
namic study was performed for nsp9 and nspl0 of COVID-19 with
antiviral constituents of M. Oliefera to assess a new potential therapeutic
drug candidate. Unlike previous studies, we have firstly studied the
structural chemistry of ligands in the form of their optimized geome-
tries, HOMO-LUMO orbital energies, reactivity parameters, the 3-D
orbital distribution patterns and MEPs to get insights into the structur-
e-reactivity of ligands. All the potential ligands were docked with nsp9
and nsp10 nonstructural proteins of COVID-19. These results revealed
that all selected ligands form the stable complexes with the targeted
proteins and showed the highest binding affinity values of apigenin
(-7.1 kcal/mol) for nsp10 and ellagic acid (-7.1 kcal/mol) for nsp9,
which are in line to our previous quantum chemical results. The dy-
namic behavior of individual proteins and their respective best docked
ligand-protein complexes are also studied at 30 ns timescale, which
showed different effects of ligands on docking with these proteins as
assessed by their respective RMSDs. Based on quantum chemical results,
apigenin (4.17 eV) and ellagic acid (4.32 eV) showed lower HOMO-
LUMO energy gaps and predicted for better chemical reactivity. Addi-
tionally, ADMET analysis by pkCSM revealed that both of these com-
pounds also have the highest absorption and clearance rate in
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comparison with other ligands. The present investigation highlighted
the significant potential of studied ligands for antiviral activity against
SARS-COV-2. These results suggest further in vitro and in vivo studies
for establishing a strong experimental evidence of activity of antiviral
constituents of M. oliefera against SARS-COV-2.
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