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ABSTRACT: The corona virus (CoV) family's emerging SARS-CoV-2 strain potentially causes one of the most
catastrophic COVID-19 pandemics in mankind. Other than vaccines for preventing SARS-CoV-2 infection, no selective
drugs are available to treat the disease caused by the SARS-CoV-2. The main protease (Mpro) of SARS-CoV-2 plays a
critical role in viral replication, and inhibiting the protease can hamper the virus's replication and infection process.
Thus, we aimed to identify SARS-CoV-2 main protease (Mpro) inhibitors from Euphorbia neriifolia. Primarily, a total of 31
compounds were selected through wide literature study and the Indian Medicinal Plants, Phytochemistry and
Therapeutics (IMPPAT) server. Current advances in computer-aided drug discovery includes molecular docking,
pharmacokinetics, drug properties, toxicity analysis and molecular dynamic (MD) simulation were applied in
characterization and identification of possible lead compounds in E. neriifolia. The compound’s screening through
molecular docking resulted in four phytochemicals, viz., CID: 5316673, CID: 102316539, CID: 101257, and CID: 9547213
exhibiting higher binding affinity of -8.461, -7.355, -6.404, and -6.382 kcal/mol, respectively, to the active site of the target
Mpro. Subsequently, these four phytochemicals exhibited good pharmacokinetics and drug properties without toxicity.
A MD simulation confirmed the binding stability of four phytochemicals to the Mpro. Our study identified four
phytochemicals (CID: 5316673, CID: 102316539, CID: 101257, and CID: 9547213) can be developed as treatment option for
SARS-CoV-2 disease related complications. Further in vitro and in vivo screening of the anti-SARS-CoV-2 effectiveness
of E. neriifolia, as well as future clinical studies, are encouraged.

KEYWORDS: SARS-CoV-2; phytochemicals; euphorbia neriifolin; molecular protease; molecular docking;
pharmacokinetics; drug properties; toxicity; molecular dynamic simulation

1. INTRODUCTION

Corona viruses cause respiratory distress epidemics, including the severe acute respiratory syndrome
(SARS) in 2003 [1], with an estimated 10% death rate [2]. Middle East respiratory syndrome (MERS) was first
identified in 2012 [3], and severe acute respiratory syndrome-Coronavirus-2 (SARS-CoV-2) was discovered
in Wuhan province, China, in 2019 [4-6]. Severe SARS-CoV-2 has been identified as the etiologic mediator of
respiratory disfunction disease, a serious condition with increased mortality and illness in global public
health issues [7, 8]. An increasing number of whole-genome datasets of the SARS-CoV-2 virus are now being
submitted in publicly accessible databases from diverse countries every day [9], and new genome variants
give an insight into the uncontrolled infection of SARS-CoV-2 [10]. An important resulting infection caused
by COVID-19 has numerous physical signs and symptoms such as fever, chills, cough, shortness of breath,
fatigue, but it is also fatal with a 6% death frequency, resulting from massive alveolar damage and
progressive respirational failure [11, 12]. Almost two years later, SARS-CoV-2 is still recognized as the causal
mediator of the severe acute respiratory syndrome that generates a worldwide health risk. Currently,
researchers have focused on the phytochemicals of medicinal plants for effective compounds against SARS-
CoV-2 [13, 14]. The phytochemicals' antiviral function against several viral diseases has previously been
established in the field of infectious diseases research [15, 16]. Therefore, secondary compound isolation and
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investigation of numerous pharmacological activities have been recognized as a vital aspect of drug
discovery [17].

SARS CoV-2 is a family member of Coronaviridae and comprises a positive-sense single-stranded
RNA genome of about 30 kb which translates four structural proteins and sixteen nonstructural proteins [2].
SARS-CoV-2 enters the host cell primarily through the spike (S) protein, a structural protein of SARS-CoV-2
that eventually binds to the angiotensin-converting enzyme 2 (ACE2) receptor [2, 18]. One of the coronaviral
non-structural proteins, the main protease (Mpro or 3CLpro), which is responsible for the viral duplication,
is associated with producing twelve non-structural proteins (Nsp4-Nsp16) and the viral polyproteins [19]. To
promote a massive and terrible infection in the respiratory organ, vast replicas of the transmittable virus
must be replicated, and the RNA-dependent RNA polymerase (RdRp, Nsp12) and helicase (Nsp13) [20] that
cleaves from the main protease are responsible for upholding this machinery. Therefore, the inhibition of
Mpro, the main protease, can be the superlative prevention strategy of the virus that halts replication and
establishes one of the potential anti-coronaviral treatments [21].

E. neriifolia L. belongs to the family Euphorbiaceae and is a barbed and spiny herb available in
Bangladesh [22-25]. Locally, it is known as "Dudhsar or Mansasij." For many years, the tribal people of
Varendra, a region of North Bengal in Bangladesh and West Bengal in India, have used the leaf juice of
Euphorbia neriifolia as an antidote for colds, coughs, fevers, asthma, pneumonia, and bronchitis [25]. It is also
native to Southeast Asia and is currently cultivated in southern Taiwan, where it was previously studied as
an antiviral medicinal plant against the SARS coronavirus [26]. The antiviral activity of the separated
triterpenoids from plant extract was studied, which was found in the ethanolic extract of E. neriifolia leaves
and revealed a structure-activity connection against the human coronavirus (HCoV) [27]. The potential anti-
viral action of E. neriifolin against human SARS coronavirus with the 23 compounds, including 22
triterpenoids and one flavonoid glycoside, which were isolated [28], indicates an exciting prospect in
discovering a novel drug against the current mischief-maker, SARS CoV-2. In Bangladesh, during the
COVID pandemic, it was an issue generating a significant amount of coverage and discussion in all the
renowned news journals that the leaf juice of E. neriifolia was used locally as a treatment strategy and found
an auspicious review from those COVID-infected people who used this plant’s leaf juice as a traditional
medicinal plant.

In our current study, we use computational approaches for designing potential drugs by using the
plant isolated compounds of E. neriifolia L. targeting the Mpro protease based on its previous and current
studies reports, which indicate a good sign for designing a promising drug against SARS CoV-2. Current
advances in computer-aided drug discovery have dispelled all the blockades to identifying compounds,
potential drug targets, and screening or repurposing approved drugs against a specific target.
Computational drug design approaches comprise compound identification, computer-generated screening,
molecular docking, and molecular dynamics (MD), which is the most widely used tactic to design and
evaluate drugs and biologically dynamic molecules against a definite target [29, 30]. That's why the drug
design against SARS CoV-2 Mpro protease applied computer-aided drug design (CADD) methods including
molecular docking, MD simulation, and validation approaches to recognize and screen phytochemical
compounds of E. neriifolia L. plant to identify elegant drug candidates.

2. RESULTS

2.1. Extra precision (XP) molecular docking simulations showed good binding affinity between the target
protein and ligands.

Molecular docking could predict both the binding affinity between ligand and protein and the
structure of the protein-ligand complex, which is useful information for lead optimization. Thus, a molecular
docking study was carried out for the determination of the best intramolecular binding affinities of the Mpro
of the SARS-CoV-2 (PDB ID: 6W63) structure and 31 phytochemical-ligands with one control ligand (Table 1)
by using the Schrodinger suite version 2020-3. The binding scores showed a lower distributed value of -
3.763kcal/mol and the highest distributed value of -8.461kcal/mol. In this study, X77 showed a binding
energy of -6.239 kcal/mol rather than the other top four phytochemicals: CID: 9547213, CID: 101257, CID:
102316539, and CID: 5316673 showed binding energies of 6.382, -6.404, -7.355, and -8.461 kcal/mol,
respectively. It has been reported that X77 is an inhibitor of Mpro of SARS-CoV-2 (PDB ID: 6W63). Based on
the binding score, among 31 phytochemicals, these 4 phytochemicals exhibited better binding affinities
compared to the control ligand (X77). These four compounds were considered for further evaluation in this
study.
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Table 1. The selected four phytochemicals and targeted MproofSARS-CoV-2 binding interactions were simulated during
molecular docking simulations.

Compounds
name

Compounds
CID

Canonical SMILES

Docking
score

H-bond

Other interactions

Afzelin

CID: 5316673

CCIC(C(C(C(01)O
C2=C(OC3=CC(=C
C(=C3C2=0)0)0)C
4=CC=C(C=C4)0)O
)O)O

-8.461

CYS44,

THR190,
GLU166,
ASN142

HIE41, TYR54,
PRO52, MET49,
ASP187, ARG188,
GLN189, ALA191,
GLN192, PRO168,
GLU166, MET165,
HIE163, CYS145,
GLY143

Neriifolione

CID:
102316539

CC(C)C(CCC(=C)C
1CCC2(C1(CCC34C
2CCC5C3(C4)CCC(
=0)C5(C)C)C)C)0

-7.355

THR190,
GLN192

THR25, THR?24,
MET49, SER46,
THR45, CYS44,
VAL42, HIE41,
VAL186, CYS145,
ASP187, ARG18S,
GLN189, ALA191,
PRO168, LEU167,
GLU166, MET165,
HIE164

Tirucallol

CID: 101257

CC(CCC=C(C)O)C1
CCC2(C1(CCC3=C2
CCC4C3(CCC(CA(C
)O)0)O)O)C

-6.404

THR26

HIE41, VALA42,
CYS44, TYR54,
PRO52, MET49,
VAL186, ASP187,
ARG188, GLN189,
THR190, ALA191,
GLN192, ASN142,
GLY143, SER144,
CYS145, THR25,
LEU27, HIE164,
MET165, GLU166,
LEU167, PRO168

24-methylene-
cycloartanol

CID: 9547213

CC(C)C(=C)CCC(C)
C1CCC2(C1(CCC34
C2CCC5C3(C4)CC
C(C5(C)C)0)C)C

-6.382

THR26

HIE41, VALA42,
CYS44, THR45,
SER46, MET49,
PRO52, TYR54,
GLN192, THR190,
PRO168, LEU167,
GLN189, GLU166,
ARG188, MET165,
ASP187, VAL186,
HIE164, PHE181,
CYS145, SER144,
GLY143, ASN142,
LEU27, THR25,
THR24

Control ligand
(X77 or N-(4-
tert-
butylphenyl)-
N-[(1R)-2-
(cyclohexylam
ino)-2-oxo-1-
(pyridin-3-
yl)ethyl]-1H-
imidazole-4-
carboxamide)

CID-
145998279

CC(C)(C)C1=CC=C
(C=C1)N(C(C2=CN
=CC=C2)C(=0)NC3
CCCCC3)C(=0)Ca=
CN=CN4

-6.239

GLU166,
HIE163,
GLY143

THR25, THR26,
LEU27, MET49,
PRO52, TYR54,
THR190, GLN189,
ARGI188, ASP187,
GLN192, PRO168,
LEU167, GLU166,
MET165, HIE163,
HIE172, PHE172,
PHE140, LEU141,
ASN142, GLY143,
SER144, CYS145,
HIE41, VAL42, CYS44
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2.2, Interpretations of the protein-ligands binding interaction

The four best-scoring ligands were selected for binding analysis of the interaction formed with the
desired protein, and the interacting bond type with residues is visualized by using the Maestro (v12.5). As
shown in Table 1 and Figure 1, several types of non-bonded interactions, such as conventional hydrogen
bonds, hydrophilic and hydrophobic bonds, electrostatic bonds, and polar bonds, have been found to form
the interaction with the Mpro of SARS-CoV-2. In CID: 5316673, four hydrogen bonds have been found to
form with CYS44, THR190, GLU166, and ASN142, and other interacting bonds have been observed at the
position of the residues of HIE41, TYR54, PRO52, MET49, ASP187, ARG188, GLN189, ALA191, GLN192,
PRO168, GLU166, MET165, HIE163, CYS145, and GLY143 (Figure 1A). Two H-bonds (THR190, GLN192) and
other bonds (THR25, THR24, MET49, SER46, THR45, CYS44, VAL42, HIE41, VAL186, CYS145, ASP187,
ARG188, GLN189, ALA191, PRO168, LEU167, GLU166, MET165, HIE164) have been found in the second-
highest binding scored compound, CID: 102316539 (Figure 1B). One hydrogen bond was observed at the
THR26 amino acid residue position in CID: 101257 (Figure 1C) and CID: 9547213 (Figure 1D) from the
interaction between protein and ligand. The interactions in the control compound (X77) have formed three
H-bonds (GLU166, HIE163, and GLY143), which is higher than the interactions formed by H-bonds in three
selected compounds (CID: 102316539, CID: 101257, and CID: 9547213) and lower than the interactions
formed by H-bonds in CID: 5316673. In the selected compounds, THR 190 was the common interacting atom
in the first two ligands (CID: 5316673 and CID: 102316539) and THR26 for the last two ligands (CID: 101257
and CID: 9547213), but the residues were not present in the control compound (X77).

2.3. The selected four phytochemicals exhibited pharmacokinetics, and drug-able and toxicity properties
to be the possible drug candidate

The bioavailability of the drug is greatly affected by the pharmacokinetic properties (GI absorption
and BBB permeate). Therefore, GI absorption and BBB permeant were determined. In our results, we found
that although the selected best phytochemicals have lower GI absorption ability, they are not BBB permeant,
an indication that they are non-CNS target. Effective drug development involves a comprehensive
evaluation of rationalization of drug properties and toxicity. These properties greatly influence the
pharmacokinetics of the drug candidates. Thus, in this study, Swiss ADME server was used to quantify these
properties (Table 2) for the best four (based on docking score) phytochemicals. These phytochemicals
exhibited acceptable ranges of MW (<500 g/mol), HBA (<10), HBD (<5), and RB (3 to 5). All the four
phytochemicals (CID: 5316673, CID: 102316539, CID: 101257, and CID: 9547213) showed only one RO5
violation. The synthetic feasibility of a drug candidate is an important factor, for this reason, computational
and medicinal chemists consider this as a basic objective in the early drug development stage. The
compounds with a synthetic accessibility score (SA score) 26 is challenging to synthesize, and SA score <6 is
easy to synthesize. All four phytochemicals showed favorable synthetic accessibility (SA score <6) with the
expected desired properties. Toxicity prediction is essential in the current drug discovery process for
assessing a compound's adverse effects on humans, animals, and the environment. Liver toxicity is one of
the most critical aspects of the medication development process. The hepatotoxicity test revealed that all four
phytochemicals were not hepatotoxic. Acute oral toxicity is an essential endpoint in medicinal research and
environmental hazard management. However, the experiments are tedious to conduct; therefore, in silico
approaches have been developed as a replacement. The United States Environmental Protection Agency
(EPA) has classified toxicity grounded on LD50, and we found that all four phytochemicals are not acutely
toxic. An obstacle to medicinal agents is carcinogenicity, which becomes severe when linked with
mutagenicity. All four phytochemicals were found to be non-mutagenic and non-carcinogenic.

2.4. Molecular dynamics (MD) simulations

In our study, to determine the physical movement of atoms and macromolecules, the top four
phytochemicals, along with one reference structure (apo), were performed with a reference time of 100 ns in
MD simulation, and the trajectory output was evaluated for the analysis of the results. The trajectory was
analyzed and illustrates the pose based on RMSD, RMSF, rGyr, SASA, and protein-ligand contact.
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Figure 1. Molecular docking interaction between the SARS-CoV-2 Mpro and selected four compounds in
3D left and 2D right. Depicting the phytochemicals, A (i, ii) CID:5316673, B (i, ii) CID:102316539, C(i, ii)
CID:101257,and D(j, ii) CID:9547213in the active pocket of Mpro.
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Table 2. Pharmacokinetics (ADME), drug properties (physicochemical, lipophilicity, water-solubility,
drug-likeness, and medicinal chemistry) and toxicity of selected four compounds.

CID Number CID: 5316673 | CID:102316539 | CID:101257 | CID: 9547213
Pharmacokinetics GI absorption low low low low
BBB permeant no no no no
MW (g/mol) 432.38 440.7 426.72 440.74
Heavy atoms 31 32 31 32
Aromatic heavy 16 0 0 0
Physicochemica | atoms
1 ti
propertes Rotatable bonds 3 5 4 5
H-bond acceptors 10 2 1 1
0
v
'*é H-bond donors 6 1 1 1
o8
E Lipophilicity Log Po/w(MLOGP) | -1.34 5.89 6.82 7.12
%D Water Log S (ESOL) -3.47 -7.53 -7.83 -8.74
A | Solubility
Drug likeness Lipinski’s rule of 5 Yes; 1 Yes; 1 violation Yes; 1 Yes; 1 violation
(ROS5)violation violation (NH | (MLOGP>4.15) violation (MLOGP>4.15)
or OH>5) (MLOGP>4.
15)
Medicinal Synthetic 5.25 6.12 6.07 6.36
Chemistry accessibility
Carcinogenicity Inactive (0.50) | Inactive (0.62) Inactive Inactive (0.61)
Mutagenicity and (probability) (0.55)
Toxicity
Mutagenicity Inactive (0.71) | Inactive (0.97) Inactive Inactive (0.74)
(probability) (0.94)
Hepatotoxicity Inactive (0.73) | Inactive (0.69) Inactive Inactive (0.92)
(probability) (0.58)
Cytotoxicity Inactive (0.93) | Inactive (0.93) Inactive Inactive (0.85)
(probability) (0.96)
LD50 (mg/kg) 5000 1000 2000 5000
Toxicity class 5 4 4 5

2.5. RMSD analysis

In MD simulation, the root-mean-square deviation (RMSD) is considered the root-mean-square error
(RMSE) that helps to determine whether the simulation has equilibrated or not by calculating the mean
value change by dislocation of atoms from a particular frame compared to a reference frame. With a range of
1-3 A, the average change in RMSD of the protein-ligand complex is perfectly acceptable. If the RMSD value
is greater than 1-3 A, the protein structure has undergone a significant conformational shift. If the
dislocation of Apo atoms is equivalently equal to the selected ligand, the ligand is considered favorable. As
shown in Figure 2, selected protein-ligand complexes CID: 5316673 (orange), CID: 102316539 (grey), CID:
101257 (yellow) and CID: 9547213 (dark blue) are compared with two reference structures, Apo-form (lite
blue), and the control ligand CID-145998279 (green). In the CID:5316673 (orange), the highest RMSD was
2.096 A and the lowest RMSD was 0.822 A, in CID-102316539 (grey), the highest RMSD was 2.335 A and the
lowest RMSD was 0.876, in CID: 101257 (yellow), the highest RMSD was 2.542 A and the lowest RMSD was
1.121 A and in CID: 9547213 (dark blue), the highest RMSD was 2.127A and the lowest RMSD was 0.966 A
compared with apo (lite blue) and control ligand CID-145998279 (green), where the highest and lowest

http://dx.doi.org/10.29228/jrp.300
J Res Pharm 2023; 27(1): 157-172

162


http://dx.doi.org/10.29228/jrp.300
http://www.swissadme.ch/index.php

Malviya et al. Journal of Research in Pharmacy

Euphorbia neriifolia L. phytochemical lead compounds for SARS CoV-2 Research Article

RMSD were 2.193 A, 0.958 A, and 2.184 A, 0.899 A, respectively. The difference between the highest and
lowest RMSD in CID-5316673 (orange) was nearly the same as Apo and has been shown to differ from the
control ligand. Moreover, the lower average fluctuation was 1.326 A as shown in CID-5316673 (orange),
which was better than both apo and control. All the compound’s RMSD values are confined to 1-3 A. So,
both the four selected compounds, CID-5316673 (orange), CID-102316539 (grey), CID: 101257 (yellow) and
CID: 9547213 (dark blue) show decent stability in comparison to the Apo fluctuation distance, but CID-
5316673 (orange) is more promising.

Protein (Ca)- RMSD

——Apo —CID-5316673 CID-102316539 CID-101257 ——C(CID-9547213 -——CID-145998279(control)

3
2.5
2
1.5
1
0.5
0

RMSD (A)

50 60 70 80 90 100

Time (ns)

Figure 2. RMSD values were extracted for alpha carbon (Ca) atoms (lite blue curves) of SARS-CoV-2 Mpro
apo protein, control compounds (green curves) of CID-145998279, and phytochemicals of CID-5316673
(orange curves), CID-102316539 (grey curves), CID-101257 (yellow curves), and CID-9547213 (dark blue)
from the MD simulation.

2.6. RMSF analysis

The root mean square fluctuation (RMSF) is examined to understand the local conformational change
of a protein that calculates the displacement of specific amino acid residues. RMSF is a numerical
measurement process that is needed for characterization and determining the macromolecules'
heterogenicity and steady-state. As shown in Figure 3, the highest peaks of fluctuation were observed in
Asp48, Prol68, Asn221, and Leu227 residual positions where all the compounds' amino acid residues show
minimal fluctuation of around 1A and maximum fluctuation was found at 2.481A in Asp 48 residue for the
complex of CID-102316539 (grey).The average fluctuation was 0.912, 0.871, 0.914, 0.842, 0.918, and 0.823 A for
apo (lite blue), CID-5316673 (orange), CID-102316539 (grey), CID-101257 (yellow), CID-9547213 (dark blue),
and control ligand CID-145998279 (green), respectively. All the selected compounds' fluctuation was optimal
compared with apo and control compounds, indicating the protein complex had shown the most flexibility
without changing the macromolecular structure.

Protein (Ca)- RMSF
— AP0 —C1D-5316673 ~-CID_102316539 CiD-101257 ——CID_9547213 — CID_145998279(control)
S -
a ¥
=<3 3
. -
v 3,
= 2 9
- 3
1 ¥
o ¥ +
0 50 100 150 200 250 300
Residues

Figure 3. The RMSF values of SARS-CoV-2 Mpro were extracted from the protein Ca atoms of the protein-
ligand docked complexes. The RMSF of the native Mpro apo protein (lite blue curves), and the selected
four phytochemicals are CID-5316673 (orange curves), CID-102316539 (grey curves), CID: 101257 (yellow
curves), CID-9547213 (dark blue curves), and the control compound CID-145998279 (green curves) from
the MD simulation.
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2.7. The radius of gyration (rGyr) analysis

The radius of gyration (rGyr) analysis in Figure 4 reveals that after interaction with the ligands, the
receptor's active site does not exhibit any notable deformation. The root means a square radial distance from
the center of mass of the target protein to both of its terminal mobility and rigidity measurement processes,
which is known as the radius of gyration (rGyr). Therefore, the average alteration of the protein-ligand
complex compactness, which is determined by the macromolecule’s structural activity, was analyzed. In our
100 ns simulation, the average rGyr was found to be 4.11, 4.65, 4.51, 4.71, and 4.15 for the phytochemicals of
CID-5316673 (lite blue), CID-102316539 (orange), CID-101257 (grey), and CID-9547213 (yellow) compared
with control ligand CID-145998279 (dark blue), respectively, which indicates that the active site of the
receptor does not undergo any major conformational changes after binding with the ligands.

Radius of gyration
——CID-5316673 ——CID_102316539 CID-101257 CID_9547213 ——CID_145998279(control)

8 4

6 ¥
=< % - »
- E - - . PR
R .
e 3

2 ¥

0 +——t——

0 10 20 30 40 50 60 70 80 90 100
Time (ns)

Figure 4. The radius of gyration (rGyr) values is extracted from the complex structure of the protein-ligand
complex. The rGyr value was represented for four phytochemicals of CID-5316673 (lite blue curves), CID-
102316539 (orange curves), CID-101257 (grey curves), and CID-9547213 (yellow curves), as well as the
control ligand, CID-145998279 (dark blue curves).

2.8. Solvent accessible surface area (SASA) analysis

The protein and protein complex's stability and hydrophilic or hydrophobic solvent-like behavior are
characterized by solvent-accessible surface area (SASA). The receptor surface amino acid interacts with
ligands at the active site to ensure the solvent-like behavior of the protein-ligand complex. Therefore, the
SASA value of protein in complex with the phytochemicals of CID-5316673 (faint blue), CID-102316539
(orange), CID-101257 (grey), and CID-9547213 (yellow), compared with the control ligand CID-145998279
(dark blue), was calculated and presented in Figure 5.

Solvent-Accessible Surface Area

——CID-5316673 CID_102316539 CID-101257 CID_9547213 ——CID_145998279(control)
400
s
300 ¥
o d 1
o b 4
< 200 %
v b
< 3
A :
100 4
0 +—+ + + + + + + + + + 1
0 10 20 30 40 50 60 70 80 90 100

Time (ns)

Figure 5. The solvent accessible surface area (SASA) of the selected protein-ligand complexes was
calculated during the 100 ns MD simulation. The SASA value was represented for four phytochemicals of
CID-5316673 (lite blue curves), CID-102316539 (orange curves), CID-101257 (grey curves), and CID-
9547213 (yellow curves), as well as the control ligand, CID-145998279 (dark blue curves).
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2.9. Protein-ligand contact analysis

The targeted protein complex with the selected biological compounds CID-5316673, CID-102316539,
CID-101257, CID-9547213 and control ligand CID-145998279 intra-molecular interactions have been analyzed
by different multiple types of bonding interactions like hydrogen bonds, hydrophobic bonds, ionic and
water bridges using the simulation interaction diagram (SID) during the 100ns MD simulation shown in
Figure 6. Different types of binding interactions play an important role in the ligand-binding of a protein
complex. These four amino acids MET49, MET165, GLU166, and PRO168 positions have been shown to have
common binding interactions in control and four selected ligands, which is necessary for the desired drug's
stable binding with the target protein. In four common binding positions, all the selected compounds
produce not only hydrogen bonds but also multiple types of bonds that were found to form multiple

binding interactions at the same residues.
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Figure 6. The different types of bonding that occurred along the protein-ligand contact during the 100 ns
MD simulations.(A) CID-101257, (B) CID-9547213, (C) CID-5316673, (D) CID-102316539, and (E) CID-
145998279).

3. DISCUSSION

SARS-CoV-2, the causal mediator of dreadful respiratory diseases, created havoc, and the incidence of
suspected re-infections over time is still uncontrolled [45, 46]. Different new variant emerged recently,
causing a deteriorated situation by infecting the huge human population and severely impeding public
health care [47-49]. The worldwide terrible situation gives an insight into discovering novel drugs and
diverse medication approaches that are trying to be established as ideal treatments for infected patients.
Phytochemicals have been obtained from plants for thousands of years; they've been proven to be effective
pharmaceutically active ingredients, and they're a key player in infectious disease treatment tactics [50, 51].
The public health sector is desperate for a novel therapeutic agent to end COVID-19's infectious disease, and
researchers from around the world have been scouring medicinal plants for potential phytochemicals that
are protective against several enzymes and other proteins involved in SARS-CoV-2 replication and
transcription[52]. The herb E. neriifolia L. was previously researched as a viral activity inhibitor via an
unknown mechanism and was traditionally used for coughs and colds, bronchitis, fevers, and chronic
respiratory problems, but its activity as a SARS-CoV-2 pharmaceutical option is still unknown[53]. As a
result, the study's goal is to determine the potential of Euphorbia neriifolia L. as a promising natural Mpro
inhibitor, followed by computational ways to overcome the existing graving conditions caused by SARS-
CoV-2.

In our work, we found promising therapeutic options against SARS-CoV-2 by focusing on the virus's
Mpro[54]. Initially, the 18 phytochemicals of the Euphorbia neriifolia plant were found using public data
from a research study and 13 phytochemicals from a curated database called IMPPAT[55-58].Following that,
the total of 31 compounds found were screened using molecular docking, and four compounds were chosen
when compared to a control ligand. Among 31 phytochemicals, these phytochemicals (CID: 5316673, CID:
102316539, CID: 101257, & CID: 9547213) have a higher binding affinity with Mpro than the control ligand.
The phytochemicals incorporated the SARS-CoV-2 Mpro's active pockets, from which the first two
compounds (CID: 5316673, CID: 102316539) frequently interacted with THR190 residues and the last two
compounds (CID: 101257 & CID: 9547213) interacted with THR26 residues.

The pharmacokinetics related to ADME fundamentally dictate the security and adequacy of
medication since the most widely recognized reason for drug disappointment in clinical trials is weak
ADME [59]. Accordingly, the pharmacokinetic boundaries should be upgraded through the medication
configuration stage to succeed the standard clinical trials, which should have been a promising medication
competitor. Therefore, we investigated the pharmacokinetics in the context of GI absorption and BBB
permeant and found that the four best phytochemicals selected based on docking score although have lower
GI absorption ability but are not permeable to the CNS, indicating that they are not CNS targets. One of the
essential functions of the BBB is to protect the CNS against xenobiotics [60-62]. Our selected phytochemicals
are pointing towards other parts of the body other than the CNS and keeping away from psychotropic
effects. Successful drug development entails an accurate evaluation and rationalization of drug-able
properties, including physicochemical (MW, aromatic heavy atoms, RB, HBA, and HBD), lipophilicity,
water-solubility, and drug-likeness (RO5), which are all associated with the bioavailability of drug molecules
[63, 64]. The ideal molecular weight of a drug is <500 g/mol and the permeability of a drug candidate can be
increased as the molecular weight decreases, and each of our selected four phytochemicals has an ideal
molecular weight (<500 g/mol)[65].Our analysis of selected phytochemicals showed that they all showed
optimal drug-able properties. Synthetic accessibility score (SA score) is designed to estimate the feasibility of
the synthesis of drug-like molecules [66]. The compounds with SA score 26 are challenging to synthesize,
and SA score <6 are easy to synthesize. All four phytochemicals are showed synthetic accessibility with the
expected desired value (SA score <6). Toxicity is a condition in which a substance is poisonous and can harm
an organism [67]. Its assessment is a significant stage in the cutting-edge drug designing process that assists
in determining the dose or concentration of administration. The unexpected side effects of a particular drug
compound can also be avoided by estimating the level of toxicity with respect to the amount of dose.
Furthermore, this early assessment can save time and money and reduce the risk of failure at the
penultimate time. Therefore, the toxicity of phytochemicals was assessed through the mutagenicity,
carcinogenicity, hepatotoxicity, and Rat oral acute toxicity in silico [68]. Medicinal agent carcinogenicity is a
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critical issue, and mutagenicity is linked to carcinogenicity. Liver toxicity is one of the most critical aspects of
the medication development process. In silico models grounded on the molecular organization can assist
emphasize lab investigations, preclinical investigations, and clinical trials, which can help to assess
hepatotoxicity. Our in-silico study resulted from those 4 phytochemicals that are not toxic for hepatocytes. In
pharmaceutical research, acute oral toxicity is a serious issue [69]. Since tests are dreary for conduct, in silico
approaches have been formed as a substitution. The United States Environmental Protection Agency (EPA)
has created toxicity classes grounded on LD50[70, 71]and 4 selected phytochemicals were determined to be
not acutely toxic as their LD50 value are 21000 mg/kg. The idea of drug-likeness has been widely attributed
to filtering out compounds [72]with undesired qualities. Lipinski suggested the drug-likeness (Rule of Five,
RO5), which stipulates the four basic physicochemical properties are MW (<500 g/mol), HBA (<10), HBD
(=5), and MlogP (>4.15).Thus, the drug-likeness of the identified phytochemicals was also validated using
the RO5, which is all correlated with higher bioavailability of drug molecules. In our study, we found that
each of the four phytochemicals that showed the best binding affinity with the target protein had one RO5
violation in the context of HBD with CID: 5316673, and MlogP with CID: 102316539, CID: 101257, CID:
101257, and CID: 9547213.Similarly, there is evidence of some FDA-approved drugs with one violation in the
hydrogen bond donor parameter that have good interaction with target molecules [72, 73].

The stability of a protein in a compound with ligands is investigated using molecular dynamics
simulations [74]. In a regulated environment, such as the human body, it can also determine the stability and
stiffness of protein-ligand complexes [75, 76]. The RMSD values of complex systems show the compounds'
greatest stability, whereas the measure of the RMSF value means fluctuation, which is used to estimate the
compactness of the protein-ligand complex [77]. The RMSD of the system was calculated using the C atoms
of the protein-ligand complexes, confirming the protein's minimal variation. The RMSF value was used to
determine the fluctuation of the protein, which also confirmed the minimal fluctuation of the complex
system, indicating the stability of the chemicals to the target protein. Forrgyr computed, the center of mass
from the protein C and N terminals examines the protein structure's stability and provides a broader
understanding of protein folding features [77].The lower the rGyr value, the higher the compactness, and the
greater the value, the more the compounds are disassociated from the protein, and all four phytochemicals
have a higher rGyr value [78]. The higher the SASA number, the less stable the structure is, whereas the
lower the value, the tighter the complex of water molecules and amino acid residues is [79].The investigation
revealed the four drugs' optimal rGyr and SASA values. The findings of the evaluation of four compounds
based on different factors were mixed, so the phytochemicals should be chosen for further testing using
various wet lab-based experimental procedures.

4. CONCLUSION

Drug design appears to be a very popular, effective, and external strategy to find inhibitory drugs for
a certain target protein. In this study, we identified novel natural Mpro inhibitors using a computer-aided
drug design (CADD) approach that includes compound selection, drug-like properties analysis, molecular
docking, and MD simulation approaches. Our computational research identified the potential of four lead
phytochemicals of CID: 5316673 (Afzelin), CID: 102316539 (Neriifolione), CID: 101257 (Tirucallol), and CID:
9547213 (24-methylene-cycloartanol) to inhibit the virulence activity of Mpro and interact through restricting
SARS CoV-2 from multiplying inside the human host organism.

5. MATERIALS AND METHODS
5.1. Protein preparation

The three-dimensional X-ray crystallographic structure of the Mpro enzyme of SARS-CoV-2 (PDB:
6W63) was revised from the RCSB protein data bank (PDB) (https://www.rcsb.org/)[31]. The atomic
structure of the protein was resolved by the X-ray diffraction method with 2.10 A resolution and contained
306 amino acids at length. At first, the protein preparation wizard of the Schrodinger suite version 2020-3
was subjected to the preparation of the protein by assigning bond orders, creating zero-order bonds to
metals and disulfide bonds to fill the missing side chains, and removing water from the protein [32]. Finally,
the Optimized Potential for Liquid Simulations (OPLS-3e) force field was utilized for refinement and energy
minimization of the protein crystal structure [33].

http://dx.doi.org/10.29228/jrp.300
J Res Pharm 2023; 27(1): 157-172

167


http://dx.doi.org/10.29228/jrp.300

Malviya et al. Journal of Research in Pharmacy

Euphorbia neriifolia L. phytochemical lead compounds for SARS CoV-2 Research Article

5.2. Retrieval and preparation of phytochemical ligands

Thirty-one phytochemicals (Supplementary Table 1) were identified for E. neriifolia through extensive
literature study [28] and the IMPPAT server (https://cb.imsc.res.in/imppat/home). 3D structure of 31
phytochemicals were retrieved from the PubChem database [34] (https://pubchem.ncbi.nlm.nih.gov/) and
the IMPPAT server. Afterward, the Ligprep wizard of the Maestro Schrodinger suite was utilized for
processing and preparation of the bioactive ligand molecules [33]. The 3D structure of the ligand high-
energy ionization states was minimized and generated by using Epik version v5.3 at pH 7.0 + 2.
Furthermore, the OPLS3e force field was applied, which generated 236 possible stereoisomers by
determining possible chiral centers on each molecule and was employed for another minimization.

5.3. Binding site identification and receptor grid generation

The binding site (BS) of the ligand to the target protein molecule was selected by considering the
binding site of the reference ligand,N-(4-tert-butylphenyl)-N-[(1R)-2-(cyclohexylamino)-2-oxo-1-(pyridin-3-
yl) ethyl]-1H-imidazole-4-carboxamide (X77) to a region where some specific amino acid residues of Mpro
allow the protein to bind with the ligand, X77 [35].Co-crystallized reference ligand (X77) attaching residues
at the selected position of Mpro was selected by generating grid box as the binding site of test ligand[36].
The grid was adapted to grid version 81012 and the grid ranges X =-20.595, Y = 18.084, Z =-26.996, resulting
in a cubic box encircling the receptor protein's binding site. The grid box was generated using the OPLS3e
force field, a default Van der Waals radius scaling factor of 1.0, and a charge cutoff of 0.25 [33].

5.4. Extra precision (XP) molecular docking simulation

Molecular docking simulation is an important key component for computer-aided drug design
(CADD) approaches as well as structural biology-related research to predict bond geometry [37], binding
affinities, and interactions between a receptor protein and ligand at the molecular level. The extra precision
(XP) molecular docking between sleeted phytochemicals and Mpro was performed by the glide module in
the Schrodinger suite [35]. The highest binding affinity of docked complexes was taken from the best poses
and types of interactions of the ligand with the receptor molecules and illustrated by the Maestro
Schrodinger visualizer [38].

5.5. Analyses of pharmacokinetics (PK), toxicity, and drug-able properties

The top four ligand molecules’ pharmacokinetics (GI absorption and BBB permeant) and drug
properties [physicochemical properties (MW, Heavy atoms, Aromatic heavy atoms, Rotatable bonds, H-
bond acceptors and H-bond donors), Lipophilicity (Log Po/w(MLOGP), Water Solubility (Log S (ESOL)),
Lipinski’s rule of 5 (RO5) [39], and synthetic accessibility] were analyzed using the Swiss ADME
(http:/ /www.swissadme.ch/) server [40]. The toxicity (Carcinogenicity, Mutagenicity, Hepatotoxicity,
Cytotoxicity and Rat oral acute toxicity) was predicted using a free web server, ProTox-II (https://tox-
new.charite.de/) [41].

5.6. Molecular dynamic (MD) simulation

To determine the interaction rigidity and binding status of the receptor protein binding site cavity to
the selected ligand molecules, the complex protein-ligand structure was evaluated with the distinct
technology of MD simulation by creating an artificial biomolecular environment [42, 43]. A 100 ns MD
simulation has been performed by the Desmond v3.6 Program in Schrodinger under the Linux (Ubuntu-
20.04.1 LTS) operating system to identify the physical movements of the four highest binding score protein-
ligand complexes [25].An examined three-site transferrable intermolecular potential (TIP3P) water model
was implemented into the system, where an orthorhombic box shape with a 10 A distance from the center
has been used to sustain a specified volume. The whole system was neutralized by adding Na+ and Cl- with
a salt concentration of 0.15 M and an OPLS3e force field was applied. Finally, the protein-ligand complex
system was minimized with a natural time and pressure (NPT) ensemble, which was determined at constant
pressure (101325 pascals) and 300 K temperature [44]. Furthermore, to assess the stability and dynamic
characteristics of these complexes, root-mean-square deviation (RMSD), root mean square fluctuation
(RMSF), radius of gyration (rGyr), and solvent accessible surface area (SASA) values were determined. The
complete molecular docking and molecular dynamics simulations were run on a Linux (Ubuntu-20.04.1 LTS)
machine with an Intel Core i7-10700K processor, 3200 MHz DDR4 RAM, and an RTX 3080 DDR6 8704
CUDA core GPU.
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