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ABSTRACT: The global pandemic situation caused by rare viral pneumonia occurs in late
December 2019 in Wuhan, China, which we now recognize as COVID-19. The molecular
docking was used to identify potential phytoconstituents of Moringa oleifera and reference
drug hydroxychloroquine on SARS-CoV-2 main protein by using AutoDock 4.2.6 and Auto
dock Vina. All the physicochemical and bioactive parameters (ADME, toxicity study, receptor
interaction, PASS analysis, drug-likeness) were determined using diﬀerent online validated
software. The binding energy of all SAR-CoV-2 proteins with selected phytoconstituents of
Moringa oleifera were found to be beta carotene, vitamin E; myricetin, quercetin showed the
highest binding aﬃnity with all interacting proteins comparable with other drugs and reference
drug hydroxychloroquine as an order: beta carotene > myricetin > quercetin > vitamin E>
hydroxychloroquine>quinic acid. The MD simulation analysis of viral protein (6MOJ) with beta
carotene, vitamin E and myricetin demonstrated strong stability at 300 K. All three complexes
exhibit persistent RMSDs value (0.25 – 1.5 Å) of protein side-chain Cα atoms during the 3 ns
MD simulation time scale. The minor changes of all three ligands with 2 diﬀerent viral proteins
increasing the compactness of ligands with protein in radius of gyration suggested the strong
structural activity of ligands and the least ﬂuctuation during the MD simulation (31.2, 30.0
and 31.2), respectively. In the present study revealed that all the active constituents of Moringa
oleifera show good binding aﬃnity, but beta carotene and myricetin have an excellent aﬃnity with
SARS-CoV-2 proteins respectively.

1. INTRODUCTION
Severe Acute Respiratory Syndrome Coronavirus 2 (SARSCoV-2) enter the host cell through the Endosomal pathway.
The mechanism of SARS-CoV-2 replication into the host cell
is represented in Figure S1, Appendix A. The viral spike protein
binds to the cellular cell surface receptor angiotensin-converting
enzyme 2 (ACE 2) and form the ACE-2 virus complex,
then translocated to the endosome into the cell. The spike
protein is cleaved by the Endosomal acid proteases and activate
Endosomal viral entry. The virus that has been internalized

loses its coating, allowing the viral DNA to enter the cytoplasm.
The SARS-CoV-2 viral RNA is replicated and translated; after
that, the viral RNA encodes the structural components such
as spike, nucleocapsid, and membrane and envelope protein
into the endoplasmic reticulum. The development of this vital
component assembled the viral genome and released the virus
via vascular endocytosis (Ang et al., 2020; Du et al., 2009;
Murgolo et al., 2021).
Treatment for SERS and MERS infection is still available,
but for COVID-19, there is no proven antiviral drugs are
available, still the COVID-19 vaccines are available which

* Corresponding author.
E-mail address: sr.akshri.ucms.np@gmail.com (Amit Kumar Shrivastava)
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

A. Shrivastava et al.

View Article Online

Figure 1. Chemical structure ofactive phyto-constituent of Moringa oleifera used in this study (A) beta carotene, (B) Myricetin, (C) Quinic acid, (D)
Phytol, (E) Quercetin, (F) Squalene, (G) Squalene and (H) Hydroxychloroquine.

is capable to reduces the mortality rate. Initial therapy of
suspected COVID-19 patients is to be isolated for preventing
cross-contamination, supportive care like oxygen therapy, ﬂuid
management, and some antibiotics are recommended for the
management of secondary infection. The COVID 19 patients
are rapidly progressed to acute respiratory distress syndrome
(ARDS) and septic shock (Harapan et al., 2020). The gradual
increases of viral infection and death of the peoples many
researchers searching for the alternative way for the management
of this disease and stimulate the immune system. Therefore,
researchers looking for ancient scriptures like Ayurveda, Unani
etc. to ﬁnd out the herbs and their constituents for the
management of COVID-19 infection. Natural remedies
(herbal medicine) were crucial in the treatment of infectious
diseases in the past (Ang et al., 2020). The existing reports
and evidence are not possible to completely deny to use of
food and herbal medicine or remedies as a complementary
therapy for the prevention of infection, maintaining immunity.
Previously Panyod et al. (2020) and Yang et al. (2020)
was summarized the many herbal medicines are used for

the management of COVID -19 infection and improve the
associated complications into the patients. This study will
evaluate the eﬀect of Moringa oleifera containing phytoconstituents on SARS-CoV-2 proteins.
The Moringa oleifera, a member of the Moringaceae family,
is also known as the Drumstick tree or horseradish tree.
This plant is commonly found in the sub-Himalayan region
of Northern India, Bangladesh, Nepal, and Pakistan. The
tropical and sub-tropical region of this plant is suitable for
cultivation. Moringa oleifera is commonly referred to as
“Miracle Tree” because of their nutritional values (Thapa et
al., 2019). The Moringa oleifera is used as anti-inﬂammatory,
antioxidant, antihypertensive, immunomodulatory, antimicrobial, and upregulation of TNF-α activities etc. (Alegbeleye,
2018). In this pandemic situation, people are interested in
exploring medicinal plants with a potential active constituent
that counters the infection and maintains the immune system.
Thus, some speciﬁc plants have excellent potential to show
antiviral activity and support the immune system, the Moringa
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oleifera in one of them. In the present study through in-silico
approach, try to include some active constituents of Moringa
oleifera according to their potential therapeutic value, which was
not used previously to identify compounds’ eﬃcacy properly.
The molecular docking and Molecular dynamic simulation
analysis is a computational tool used to determine ligand’s
eﬀect with diﬀerent structural proteins. It represents the actual
behaviour of ligand with proteins and helps to screen the
actual aﬃnity of new compounds. This method was rapid, less
time-consuming, and provides suﬃcient information regarding
the new compounds for drug discovery. With the help of
this method, we can easily determine the eﬀect of unknown
compounds with speciﬁc protein/receptor interaction. The MD
simulation is a validation tool of molecular docking. This
analysis selected the highest binding aﬃnity. The ligand protein
complexes are further identiﬁed the stability with proteins in
biological system-like behaviour.
2. MATERIAL AND METHODS
2.1. Drug and ligand prepara on

The present study was done in the cheminformatics section
of pharmacology department, Universal College of Medical
Sciences, Bhairahawa, Rupandehi, Nepal, from December
2021 to June 2022. A total of seven phyto-constituents of
Moringa Oleifera (Drumstick) were selected from Dr. Duke’s
phytochemical and ethnobotanical databank (https://phyto
chem.nal.usda.gov/phytochem/search/list). The compounds
were selected based on activity and their presence at high
concentrations. The compounds used in present study were
β - carotene (PCID 5280489), myricetin (PCID 5281672),
phytol (PCID 5280435), quinic acid (PCID 6508), quercetin
(PCID 5280343), squalene (PCID 638072), vitamin E
(PCID 14985) and hydroxychloroquine (PCID 9579) were
obtained from PubChem database (https://pubchem.ncbi.nl
m.nih.gov/) in SDF format (Figure 1). The ligand was
prepared, and energy minimization was done through Merck
molecular force ﬁeld (MMFF94) Chem draw oﬃce 17.1
version. The hydroxychloroquine (HCQ) have good inhibitory
action against SARS-CoV-2 viral proteins, and various clinical
trials were conducted. Thus, in the present study HCQ was used
as a standard compound. All the data ware indicated that HQC
was eﬀective in COVID-19 infection and shows mild adverse
eﬀects (Touret & De Lamballerie, 2020).
2.2. Predic on of ac vity spectra for substances (PASS) analysis

The ligand protein interaction studies have been conducted
in both dry and wet lab for the drug discovery through computational system and molecular approach. It helps to deﬁne
the speciﬁcity and aﬃnity of drugs with macromolecules (Feng
et al., 2017). The conventional experimental approach is
complicated, time-consuming, and expensive for determining
drug target interactions. In recent years a computational
approach receives the intension of many research for the
identiﬁcation of drug target interaction. Through this method
accurately deﬁne the drug aﬃnity with target (Li et al., 2021).
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The PASS analysis is the online program was used for
biological actions of a drug compound based on the structureactivity relationship (SAR) with known compounds. The
present study used various online and oﬄine tools such as
Lipinski’s rule of ﬁve (calculate MW ≤500, logP ≤ 5, number
of hydrogen bond donors (NOHNH) ≤ 5 and hydrogen bond
acceptor (NON) ≤ 10, topological polar surface area (TPSA)
≤ 140 Å and number of rotational bond (≤10) (Lipinski
et al., 1997). Ghose ﬁlter determines the receptor binging
aﬃnity, cellular uptake, drug bioavailability which was highly
inﬂuenced of drug Lipophilicity and molar refractivity, the
compounds are active in 3D- QSAR studies to evaluate the
drug like character (Lipinski et al., 1997). Based on the
structure-activity relationship (SAR), the study was carried
out using OSIRIS Property Explorer version 4.5.1 (http://ww
w.openmolecules.org/propertyexplorer/index.html) to identify
the biological, pharmacological, and mechanism of action of
molecules (Ahmad, 2019; Dolinsky et al., 2007; Faber et al.,
2005; Fang et al., 2003; Ferriola et al., 1989; Franova et al.,
2016; Gupta et al., 2021).
2.3. Drug likeness predic on

OSIRIS property explorer predicted drug-likeness was used
for chemical structure and determination of various drugrelated properties, including TPSA, clog P, molecular weight,
hydrogen bond donor, nitrogen and hydrogen atoms and drug
score. The only diﬀerence from PASS analysis is the number of
violations for orally active phytoconstituents is limited to one.
The Lipinski’s rule ﬁve helps to evaluate pharmacokinetic and
molecular properties of active compounds (Egan et al., 2000;
Ghose et al., 1999; Lipinski et al., 1997; Muegge et al., 2001;
Veber et al., 2002).
2.4. Bioac vity score predic on (BAS)

The bioactivity score of all compounds were predicted using
an online tool (Molispiration version 2016.10) concerning
SARS-CoV-2 selected proteins. The drug score helps to
determine the potential eﬀect of bioactive compounds. The
BAS rule states that a drug is physiologically active if it is >0.0,
moderately active if it is between -5.0 and 0.0, and inactive if
it is <-5.0. Additionally, the number of rotational bonds, Hbond acceptors, and H-bond donors were calculated using BAS
tool (Ahmad, 2019; Martin, 2005; Verma, 2012).
2.5. Pharmacokine c (ADME) predic on

The ADMET analysis of compound deals with absorption,
distribution, metabolism, excretion, and toxicity in humans.
There are lots of online and oﬄine software available to
determine pharmacokinetic parameters (ADMET). In the
present study, SwissADMEs online tools was used for the
prediction of behaviour of the drug candidates (Ahmad, 2019).
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2.6. Brain and Gastrointes nal Es mated Permea on Analysis
(BOILED-Egg)

The blood-brain barrier permeability and gastrointestinal
(GI) absorption are crucial pharmacokinetics parameters to
assess the action of certain novel compounds. These two parameters are accessed through the Brain and Intestinal EstimateD
Permeation (BOILED-Egg) model by using SwissADME
software in which all the active phytoconstituents of Moringa
oleifera and hydroxychloroquine were subjected to lipophilicity
(WLOGP) and polarity (TPSA) computation (Gupta et al.,
2021).
2.7. Bioavailability radar

The bioavailability radar, also known as the ”spider” plot,
virtually it describes a molecules drug-likeness. The pink colour
zone represents oral bioavailability, and to be considered a druglike molecule, the molecule radar must occur entirely within the
radar zone. Lipophilicity, scale, polarity, solubility, versatility,
and saturation are six physicochemical properties were found in
the pink region (Gupta et al., 2021).
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at 60 Å to all three X, Y and Z coordinate, respectively. The
Lamarckian genetic algorithm (LGA) was selected to search
for the ﬁnest conﬁrmers. The BIOVIA Discovery studios
were used to determine the best conformational interaction
between the protein and ligands (Ahmad, 2019; Sisakht et al.,
2021). Before the initial docking of molecules, the Protein
Data Bank’s crystal structure of the protein was used to identify
the active protein/receptor site. The protein was visualized
in discovery studios visualizer then select the existing ligand
complex with protein and identify the ligand’s attributes, which
bound to the speciﬁc site of the protein. XYZ coordinates’
characteristics were saved than ligand, and the protein PDBQT
ﬁle and manually the grid box was generated 60 X 60 X 60
around active ligands was identiﬁed. The conﬁguration ﬁle
was generated, and exhaustiveness was set at 8. The molecular
docking was performed by using AutoDock vina and determine
the highest ligand-protein interaction and correlate with the
previous docking study was done by using AutoDock 4.2.
they were using Auto dock vina (Contreras-Puentes & AlvizAmador, 2020; Petit et al., 2021).
2.11. Molecular Dynamic (MD) simula on study

2.8. Toxicity assessment

The toxicity study is the essential step for drug discovery and
development. All the phyto-consituent were computationally
screened for various type of activity, including mutagenic,
tumorigenic, irritant, and reproductive toxicity by OSIRIS data
warrior software version 4.5.1 (Gupta et al., 2021).
2.9. Protein prepara on

The 3D X-ray protein crystal structure of the main protease
(PDB code 6LU7), papain-like protease (PDB code 6W9C),
helicase protein (PDB code 5RMD), ACE-2 proteins (PDB
code 1O8A, 6LZG and 6M0J) and spike glycoproteins (PDB
code 6VYB and 6VXX ) were retrieved from the protein
data bank server (https://www.rcsb.org/). The structure was
prepared and purify for molecular docking (Figure 2) (Ahmad,
2019; Contreras-Puentes & Alviz-Amador, 2020; Khan et al.,
2018).
2.10. Molecular docking

The active site of protein structure was determined where the
active ligand was interacted. This parameter was determined
through AutoDock tool. After puriﬁcation of protein, the threedimensional map of grid box was made in the receptor site, and
docking was performed. The grid box map was determined
according to the docking tools. The map was made extensive
as a protein active site so that the drug binds itself in all parts of
the protein likely to be docked (Tallei et al., 2020).
The AutoDock 4.2 is a free oﬄine docking tool was used to
determine the drug-protein interaction. The present study was
determined the interaction of the active phytoconstituents of
Moringa oleifera with diﬀerent SARS-CoV-2 proteins. Firstly,
the protein and ligand BDBQT ﬁle was generated. After that,
the grid box was generated, and the size of the box was ﬁxed

Molecular dynamic simulation is a technique used to
understand ligands’ molecular structure and the ligand-receptor
complex’s bio functional relationship (Hospital et al., 2015). Indepth, the molecular dynamic simulation helps to understand
the optimal function of proteins in the biological system
essential for drug discovery. In the current study, a free
online web server called LARMD version 1.0 (http://chemy
ang.ccnu.edu.cn/ccb/server/LARMD/) is available to perform
molecular dynamic simulations and analyse drug-receptor
interactions using three diﬀerent modules: standard molecular
dynamics (Int mod), normal mod analysis (Nor mod),
and streed molecular dynamic simulation (Str mod). The
MD simulation result was visualized and analysed on the
LARMD web page. The best drug-receptor interaction of
Moringa oleifera phytoconstituent with SARS-CoV-2 target
proteins was selected, uploaded on PDB2PQR server, and
electrostatic the receptor under diﬀerent pH values was
prepared. An advanced option was selected for MD simulation
time was 3ns (nanoseconds). The submission was returned
to the MD simulation result server in components such as
PCA, conﬁrmation cluster, dynamic residue cross-correlation,
hydrogen bond analysis, and free binding and decomposition
energies. The viral protein-ligand interactions were determined
by the conventional molecular dynamic simulation (Int_Mod)
method (Ang et al., 2020; Dolinsky et al., 2007; Gupta et al.,
2021).
3. RESULTS AND DISCUSSION
Medicinal plants are widely used for the treatment of
diﬀerent viral or non-viral infections (Imran et al., 2016).
The Moringa oleifera is a magical plant that contains various
properties, including antiviral activity (Nworu et al., 2013),
antibacterial (Amabye & Tadesse, 2016), antioxidant (Das
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Figure 2. Crystal structure of protein (A) main protease (PDB: 6LU7), (B) Papain-like protease (PDB: 6W9C),
(C) Helicase protein (PDB: 5RMD), (D): ACE-2 protein (PDB: 1O8A), (E) ACE-2 protein (PDB: 6LZG), (F) ACE-2 protein (PDB: 6M0J), (G) Spike protein (PDB: 6VYB), (H) Spike
protein (PDB: 6VXX).B
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Ligands

Beta carotene

Myricetin

Phytol

Quinic acid

Qurecitin

Squalene
Vitamin E

Hydroxy
chloroquine

S.N.

1

2

3

4

5

6
7

8

-6.75

-6.88
-8.09

-6.83

-4.54

-5.72

-6.26

11.25 µM

9.11 µM
1.18 nM

9.84 µM

472.07
µM

64.49 µM

25.97 µM

3

1

3

4

2

6

Main Protease (6LU7)
B.E.
Inhibition
H
constant
atom
-5.3
123.96
µM

Lys5, Trp207, Leu282

Lys137
Lys5

Phe3, Arg4, Lys5

Ala7, Gln127, Met6,
Glu288
Trp209, Leu282, Arg4,
Lys5

Phe3, Lys5, Glu288,
Trp207, Leu282

Ser143, Asn151, Ser113,
Phe112, Gln127

Interacting amino acid

-1.96

-2.21
-3.65

-5.61

-3.11

-1.75

-1.77

36.8 mM

23.8 mM
2.1 mM

77.78 µM

5.25 mM

52.3 mM

60.61 mM

2

1

4

5

2

2

Papain Like Protease (6W9C)
B.E.
Inhibition
H
constant
atom
-4.82
293.74
1
µM

Gln174

Tyr154, Arg166
Asp76, Arg82

Asn156,
Tyr154, Arg82,
Asp76
Asp76, Arg82,
Gln174,
Cys155

Ser170

Interacting
amino acid
Thr119,
Leu120,
Gln174, Tyr154
Gln174,
Asn156

-5.53

-4.69
-6.4

88.59 µM

366.16 µM
20.49 µM

3.62 µM

476.67 µM

-4.53

-7.42

77.63 µM

2.87 µM

-5.61

-7.56

Helicase (5RMD)
B.E.
Inhibition
Constant
-9.53
102.91 nM

2

2

3

3

1

3

H
atom
-

Asn124, Ala123,
Asn381, Leu138,
Pro408, Ala135,
Tyr380
Glu143, Lys146
Lys148, Asn179,
Val181
Asn179, Glu143,
Lys146

Pro408, Leu138,
Asn124, Asn381,
Ala123, Ala135
Lys146, Tyr180,
Tyr228
Tyr421, Arg409,
Asn381, Ala135

Interacting amino
acid
Pro179, Ser535,
Asn557

Table 1
Binding energy and dissociation constant of Moringa oleifera containing active phyto-consituent versus hydroxychloroquine towards selected target proteins (Main
protease, Papain like protease and Helicase) of SARS-CoV-2 by using AutoDock 4.2.6.

A. Shrivastava et al.
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N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2023, 3, 101–126 | 106

A. Shrivastava et al.

et al., 2012), and also contains nutritional components
including vitamin C, vitamin D, beta carotene, sterols,
etc. (Gopalakrishnan et al., 2016). In this pandemic situation,
there is no proven drugs are available to treat SARS-CoV2 infection. Herbal medicine is a good source for potent
constituents to maintain immunity and eradicate pathogens
from host cells this is the main objective of this study is
to determine the aﬃnity of potential active constituent of
Moringa oleifera on diﬀerent SARS-CoV-2 viral proteins. All the
constituents of Moringa oleifera showed good aﬃnity to counter
the replication of viral proteins and have good physiochemical
and pharmacological property that helps to maintain the
bioavailability of drug into the body.
3.1. PASS analysis

The molecular properties of Moringa oleifera contain active
phytochemicals versus hydroxychloroquine are summarized in
Table S1,Appendix A . All the values of clogP, TPSA, MW,
% absorption, Lipinski’s violations, hydrogen bond acceptor
(HBA), hydrogen bond donor (HBD) were determined of
above-mentioned drugs (Meanwell, 2016). The hydrophobicity
of the compounds was measured by clogP. The low hydrophobicity and high value of clogP showed poor absorption and
permeation of the compound (Kaiser & Valdmanis, 1982). The
present study revealed that active phytoconstituent of Moringa
oleifera (myricetin, quinic acid, quercetin) and standard drug
hydroxychloroquine shows good clogP value <5, which indicate
that good absorption and permeation through the GI tract.
The molecular weight of the compounds of Moringa oleifera
was <500 that may be eﬀective as compared with previous
study (Kumar et al., 2017). The results suggested that the active
phyto- constituents of Moringa oleifera displayed no violations
of Lipinski’s rule of ﬁve. Thus, the compounds showed good
physicochemical parameters of ideal drugs.
3.2. Bioac vity (BAS) and Bioavailability (ABS) Score and Predic on
of Drug likeness

The diﬀerent active phyto-constituents of Moringa oleifera
behaves like a drug because of good drug score values. The
Molinspiron version 2016.17 online software was used to determine the bioactivity score of active phytoconstituents and reference drug hydroxychloroquine concerning human receptors,
including G-protein Coupled Receptors (GPCR), ion channel,
and enzyme-linked receptor (Protease and kinase) (Ahmad,
2019). According to the BAS rule >0.0, the drug is physiologically active, if it is the range -5.0 to 0.0 is moderately active,
and <-5.0 the drug candidate is inactive. All the receptor scores
of phytoconstituents and standard drug (Hydroxychloroquine)
were found to be >-5.0 shows its bioactivity (Ursu et al., 2011).
Drug likeness score of phytoconstituents and reference drug
was decreased in the following order Hydroxychloroquine >
Qurecitin > Myricetin > Quinic acid > Beta carotene > Squalene
> Phytol > Vitamin E in Table S2, Appendix A.
SwissADME is an online software used to determine the of
pharmacokinetic properties and bioavailability scores of active
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drugs. This software has ﬁve ﬁlters that deﬁne an active
molecule’s drug-like properties, including Lipinski (Ursu et
al., 2011), Ghose (Ghose et al., 1999), Veber (Veber et al.,
2002), Egan (Veber et al., 2002), and Muegge (Muegge et al.,
2001). In the present study indicated that phytoconstituent and
reference drug (Hydroxychloroquine) obeys all ﬁlters have some
violations. Still, it does not exceed the number of 3 violations
according to the Lipinski rule of ﬁve. The pharmacologically
active drugs must have >10% of oral bioavailability in
rats (Martin, 2005). All the phytoconstituents of Moringa
olifera had a 0.55 ABS score similar to Hydroxychloroquine,
and only beta carotene has a 0.17 ABS score. It indicates that
all the drugs are conventional to administer orally (Table S3,
Appendix A).
Determination of protein target of all phytoconstituents
of Moringa oleifera was assessed by using SwissADME online
software. The observed 25 result was mentioned in pie chart
Figure S2, Appendix A. The pie chart of supplementary Figure
S2 (A) of beta carotene includes 56% nuclear receptor, 24% Gprotein coupled receptor, 8% kinase, Figure S2 (B) myricetin
28% kinase, 20% enzyme, 8% protease, oxidoreductase, and
G- protein-coupled receptor Figure S2 (C) phytol includes
28% kinase, 20% enzyme and 12% nuclear receptor, Figure
S2 (D) quinic acid 32% enzyme, 20% nuclear receptor and
16% G-protein coupled receptor and fatty acid-binding protein,
Figure S2 (E) quercetin 28% kinase and 24% enzyme and
16% G-protein coupled receptor, Figure S2 (F) squalene 32%
enzyme, 24% G-protein coupled receptor and 12% nuclear
receptor, Figure S2 (G) vitamin E 28% kinase, 20% G-protein
coupled receptor, 12% oxidoreductase and enzyme, Figure S2
(H) hydroxychloroquine 56% G-protein coupled receptor and
20%% enzyme and others are 4%.
3.3. Evalua on of toxicity

In computational method also determines the harmful eﬀect
such as toxicity [Adverse Drug Reaction (ADR), Contraindication (CI)] of compound and chemicals. The unsuitable
compounds are eliminated from the drug screening process as
they show a detrimental eﬀect on biological systems. In the
present study, all the active phytoconstituent of Moringa oleifera
were used for its toxicity study, such as mutagenic, tumorigenic,
reproductive, and irritant eﬀects versus hydroxychloroquine
used as a reference by using OSIRIS online software. The
hydroxychloroquine, quinic acid, and myricetin show potent
mutagenic eﬀects, but only quercetin shows mutagenic and
tumorigenic eﬀects represented in Table S4, Appendix A. The
remaining phytoconstituents were displayed no toxicity eﬀect.
However, all those compounds show a toxic eﬀect for structural
modiﬁcation through the structure-activity relationship (SAR)
method will be reduces their toxicity.
3.4. Determina on of Pharmacokine c Proper es

In Table S5, Appendix A, represents the pharmacokinetic
properties of all active phyto-constituent of Moringa oleifera
using SwissADME online software. This study found that
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all active compounds are unlikely to be digested and rapidly
absorbed from the GI tract. It was indicated that all
the compounds-maintained plasma concentration and increase
bioavailability. The reference drug hydroxychloroquine also
showed higher absorption and good plasma concentration and
bioavailability. All the compounds can cross the Blood-Brain
Barrier (BBB) except hydroxychloroquine; thus, it shows the
less Central Nervous System (CNS) adverse eﬀect and toxicity
to those drugs that have good BBB permeation, thereby it was
improved the pharmacological properties of molecules (Aniyery
et al., 2015). Similarly, myricetin, quercetin, squalene, and
hydroxychloroquine were predicted and there are not to behave
like P-gp substrate like hence it was clearly indicated that all
these compounds are eﬄux with the help of glycoproteins and
prevent the development of resistance; on the other hand,
beta carotene, phytol, quinic acid, and vitamin E are likely to
behave as like P-gp substrate thus it increases the sensitivity
of glycoprotein and enhance the possibility of drug resistance.
All the active compounds of Moringa oleifera and reference
drug hydroxychloroquine were predicted to behave as CYP1A2
inhibitors; thus, all the compounds except quercetin and
hydroxychloroquine were less susceptible to be metabolized
and rendered, on the other hand, only quercetin behaves
CYP2D6 and CYP3A4 inhibitor, which means it decreases the
elimination and metabolism, increasing the bioavailability of
the drug.
3.5. High throughput screening analysis using SwissADME

The high throughput screening helps for determining the
Drug like molecules through biochemical screening. In Table
S6, Appendix A shows the biochemical properties of all active
phytoconstituent of Moringa oleifera versus the reference drug
hydroxychloroquine (Brenk et al., 2008). The molecules to
be observed in Pain Assay Interference Compounds (PAINS),
Brenk and lead likeness with synthetic associability score (SAS)
of beta carotene 6.19, myricetin 3.27, phytol 4.30, quinic
acid 3.34, quercetin 5.28, squalene 4.73, Vitamin E 5.17 and
reference drug hydroxychloroquine 2.82 thus adequate and
suitable compounds myricetin (zero violation), quinic acid (1
violation) and hydroxychloroquine (2 violation) were showed
drug like molecules (Ertl & Schuﬀenhauer, 2009; Hann &
Keserü, 2012; Teague et al., 1999).
3.6. BOILED-Egg

BOILED-Egg model was used to determine the gastrointestinal absorption and blood Brain Barrier permeability. The
white zone shows the physiochemical space of molecules with
the highest GI absorption, and the yellow zone represents
the highest possibility of molecules reaching into the brain.
This study was accessed through SwissADME online tool. In
Table S5 and Figure S5 Appendix A, was described the all
the parameters of active constituents of Moringa oleifera versus
hydroxychloroquine as a reference drug. Previously Gupta A.
et al., was determined the physiochemical properties of selected
compounds and the result showed that morin expressed in white
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region whereas the hydroxychloroquine obeys in yellow (Gupta
et al., 2021). The result stat that morin have highest absorption
through GI system. Similar result was found in present study.
The most of phyto-constituents were obeys in white region as
compared with reference drug (hydroxychloroquine).
3.7. Bioavailability radar

The SwissADME online prediction software, the evidence
showed that hydroxychloroquine (HCQ) and zone C and E
have the optimal range of all the mentioned six properties.
The other active compounds of Moringa oleifera are failed to
obeyed the optimal properties of ideal candidates. Still, they
all have obeyed more than one property (Figure S4 and Table
S7, Appendix A). Previous study was done by Trivedi A. et al.,
represented that the selected natural compounds against SARSCoV-2 protein, was determined the drug like properties by using
bioavailability radar. The result showed that most of compounds
obeys into the pink zone which was considered as a drug like
molecule (Trivedi et al., 2021). In the present study similar
result was found of selected phyto-constituents.
3.8. Molecular docking

In present study depicted the molecular docking result
of all active phytoconstituent of Moringa oleifera versus
hydroxychloroquine with the target viral proteins of SARSCoV-2 was calculated by using AutoDock 4.2.6 software and
for docking validation was done by using AutoDock Vina.
The result of selected proteins and ligand complexes were
visualized by using BIOVIA Discovery Studio 13.0 and 17.1,
and 3D representations of the best docking poses of all ligand
complexes were included in S8-S15, Appendix A. Similarly, in
Table 1 the result of AutoDock 4.2.6 revealed that vitamin E
with the main protease of SARS-CoV-2 showed the highest
binding aﬃnity, was (-8.09 Kd value 1.18 nM) similarly the
beta carotene and myricetin with helicase protein has the
highest interaction was (-9.53 Kd value 102.91 nM and 7.56 Kd value 2.87 µM) respectively. At the same time, the
interaction of selected active constituents with ACE-2 receptor
proteins showed that beta-carotene has highest interaction and
binding energy with all proteins, but with PDB ID 1o8A
showed more interaction was -12.05, Kd value 1.46 nM in
Table 2. Vitamin E, squalene, and beta carotene with spike
glycoproteins of SARS-CoV-2 showed signiﬁcant interaction
compared with reference hydroxychloroquine drug. The result
showed that vitamin E with both spike proteins (6VYB and
6VXX) showed the highest interaction (-8.87 Kd value 314.99
nm and -8.34 Kd value 765.09 nM), similarly other drugs
including squalene binding energy -8.42 Kd value 677.84 nM
and beta carotene binding energy -7.27 Kd value 4.72 µM
also showed good interaction with spike glycoprotein PDB ID
6VYB. Whereas the hydroxychloroquine the binding energy 7.24 Kd value 4.92 µM and -7.38 Kd value 3.87 µM represented
that the reference drug also had the strongest interaction
with both spike glycoprotein (6VYB and 6VXX), but it was
observed that the least interaction as compared with vitamin
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Ligands

Beta carotene

Myricetin

Phytol

Quinic acid

Qurecitin

Squalene

Vitamin E

Hydroxy
chloroquine

S.N.

1

2

3

4

5

6

7

8

-5.66

-6.68

-6.81

-6.01

-3.82

-5.6

70.9 µM

12.75 µM

10.23 µM

39.35 µM

1.58 mM

78.77 µM

4

2

-

4

5

1

Asp415, Fln281,
Glu384
His383, Asp415,
Asp452, Thr282,
Glu376, Thr520

His383, Glu411

Glu162, Lys511,
Gln231, Tyr520,
His383, Asp415

His410, Glu411,
His353, Ala356
Ala354, Ala356,
Gln411, Tyr523

ACE-2 Protein (PDB ID: 1o8A)
B.E.
Inhibition
H
Interacting
constant
atom
amino acid
-12.05
1.46 nM
Tyr394, Glu403,
Val380, Glu376,
Ala356
-6.87
9.25 µM
5
Asn70, Glu384,
Tyr523, Glu411

-5.99

-7.54

-6.23

-5.84

-3.97

-4.98

-5.99

40.63 µM

2.97 µM

26.96 µM

49.82 µM

1.22 mM

221.92 µM

40.49 µM

4

1

-

5

3

2

5

ACE-2 Protein (PDB ID: 6LZG)
B.E.
Inhibition
H
constant
atom
-9.77
68.86 nM
-

Phe390, Asp350,
Arg393
Phe40, Ser44, Asn394,
Asp350
Ala348, Asp382,
Tyr385, Ser44, Trp349

Asp382, His378,
Glu402, Glu398,
His401, Arg393,
Tyr305
Asp392, Tyr385,
Leu391
Asn394, Lys552,
Leu391, Arg393,
Phe390
Ala348, Asp250,
Asn394, Arg393

His401, Tyr515,
Arg518

Interacting amino acid

-6.05

-6.71

-6.67

-6.49

-3.62

-4.76

-5.73

36.9 µM

12.01 µM

12.99 µM

17.44 µM

2.21 mM

322.72 µM

63.31 µM

3

1

-

5

4

2

4

Ala348, His378,
Glu402, Glu398,
His401, Arg393,
Asn394
Phe390, Asp382,
Glu398, Arg393
Asn394, Lys562,
Leu391, Arg393,
Phe390
Ala348, Asp350,
Asn394, Arg393,
Phe390, Leu351,
Gly352
Asp382, Arg393,
Glu398, Tyr385
Phe390, Trp349,
Ala348
Trp349, Ala348,
Asp382, Tyr385, Ser44

ACE-2 Protein (PDB ID: 6MOJ)
B.E.
Inhibition
H
Interacting amino
Constant
atom
acid
-10.2
33.59 nM
Phe390, Arg393,
Asn394, Acp382

Table 2
Binding energy and dissociation constant of Moringa oleifera containing active phyto-consituent versus hydroxychloroquine towards selected diﬀerent ACE-2 target
proteins of SARS-CoV-2 by using AutoDock 4.2.6

A. Shrivastava et al.
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Quinic acid

Qurecitin

Squalene

Vitamin E

Hydroxychloroquine

4

5

6

7

8

Myricetin

2

Phytol

Beta carotene

1

3

Ligands

S.N.

-7.24

-8.87

-8.42

-7.38

-4.46

-6.11

-6.87

4.92 µM

314.99 nM

677.84 nM

3.92 µM

537.78 µM

33.13 µM

9.25 µM

3

2

-

4

2

1

5

Spike protein (PDB ID: 6VYB)
B.E.
Inhibition
H atom
constant
-7.27
4.72 µM
Interacting amino
acid
Gln1005, Leu1012,
Arg1014, Ala766,
lle770
Leu763, Phe759,
Gln1005, Thr1006,
Thr1009, Gln1010
Val1008, Gln1005,
Ala66, Gln1016
Thr1009, Gln1002,
Gln1005
Phe759, Leu763,
Gln1010, Thr1009,
Thr1006, Gln1005
Gln1005, Val1008,
Gln762, Arg756
Thr1006, Gln1005,
Gln1002
Thr1006, Gln1010,
Thr1009
-7.38

-8.34

-4.08

-5.73

-3.82

-6.03

-6.23

3.87 µM

765.09 nM

1.3 mM

63.46 µM

1.59 mM

37.76 µM

27.24 µM

4

1

3

2

2

2

4

Spike Protein (PDB ID: 6VXX)
B.E.
Inhibition
H atom
constant
-4.07
1.05 µM
-

Thr1006, Gln1010, Thr1009

Gln1005, Gln1002, Val1008

Gln762, Leu783, Gln1310, Gln1005, Gln1002, Ala766

Gln1010, Gln1002, Thr1009, Thr1006

Thr1006, Thr1008, Gln1005

Gln1002, Gln1005, Leu1001, Gln762

Thr1006, Gln1009, Thr1006, Gln1005, Gln1010,
Thr1009, Thr1009

Gln1002, Gln1005, Glu762, Ala958

Interacting amino acid

Table 3
Binding energy and dissociation constant of Moringa oleifera containing active phyto-consituent versus hydroxychloroquine towards selected diﬀerent Spike
glycoproteins of SARS-CoV-2 by using AutoDock 4.2.6.

A. Shrivastava et al.
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Qurecitin

Squalene

Vitamin E

Hydroxychloroquine

6

7

8

Phytol

3

5

Myricetin

2

Quinic acid

Beta carotene

1

4

Ligands

S.N.

-6.6

-7.0

-6.8

-7.8

-5.6

-4.9

-7.8

357.27 µM

7.28 µM

10.26 µM

1.91 µM

74.91 µM

238.59 µM

1.89 µM

Main Protease (6LU7)
B.E.
Diss.
Constant
(Kd)
-9.2
186.45 nM

Lys5, Lys5, Lys137,
Trp207, Gly283,
Phe291
Phe3, Lys5, TRP20,
Leuu282, Phe291

Phe3, Arg4, Lys5,
Lys5, Lys137,
Leu282, Phe291

Pro9, Lys12, Lys97,
Pro122, Ile152,
Arg298
Gly2, Phe3, Arg4,
Lys5,
Lys137,Gly138,
Asp289, Glu290
Phe3, Lys5, Lys5,
Trp207, Leu282,
Phe291
Phe3, Leu282,
Ser284
Phe3, Arg4, Lys137,
Glu290

Interacting amino
acid

-5.6

-5.4

-4.9

-6.9

-5.0

-4.4

72.08 µM

98.89 µM

238.59 µM

195.17 µM

597.02 µM

Leu12, Gly13,
Tyr264, Gln269,
Tyr273

Tyr264, Gln269

Leu162, Pro247,
Tyr264, Pro248

Gly163, Tyr268,
Tyr273, Tyr301
Leu162, Gly163,
Asp164, Tyr273

Val202, Met206

-5.5

-7.9

-4.7

-6.0

-4.4

-4.9

79.36 µM

1.62 µM

394.17 µM

38.56 µM

597.02 µM

238.59 µM

24.29 µM

-6.3

Gly266, Tyr 268,
Tyr273, Thr301

-6.9

8.22 µM

Helicase (5RMD)
B.E.
Diss.
Constant
(Kd)
-6.8
10.28 µM

Papain-Like Protease (6W9C)
B.E.
Diss.
Interacting
Constant
amino acid
(Kd)
-7.2
4.58 µM
Pro248, Tyr268,
Tyr296, Pro299

His230, His311,
Ala338
Pro234, Ser236,
Leu363, Glu365,
Arg390
Pro234, Ser236,
Leu363, Glu365,
Val386, Ala389,
Arg390
His230, Met233,
Pro335, Arg337,
Arg390
His311, Asn31,
Tyr382, Val386

Pro335, Arg337,
Leu363

His230, Pro335,
Leu352, Ala362,
Pro364
Met233, Pro234,
Ser236, Asn361,
Val386, Ala389

Interacting amino
acid

Table 4
Binding energy and dissociation constant of Moringa oleifera containing active phyto-consituent versus hydroxychloroquine towards selected target proteins (Main
protease, Papain like protease and Helicase) of SARS-CoV-2 by using AutoDock vina.

A. Shrivastava et al.
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E, similarly in comparison with other active phytoconstituents
like squalene and beta carotene the hydroxychloroquine had
higher interaction with 6VXX spike glycoprotein (Table 3).
Previous study done by Belhassan et al. (2022) was reported
that β -carotene and tocopherol showed good interaction with
SARS-CoV-2 main protease was -6.5 and -6.3 Kcal/mol value
respectively. This study revealed that both compounds were
capable to inhibit the viral protein synthesis (Belhassan et al.,
2022). Whereas in present study showed that tocopherol
(vitamin E) has highest interaction was -8.09 Kd value 1.18
nM and beta carotene was showed least interaction -5.3 Kd
value 123.96 µM respectively. Another previous study showed
that alpha tocopherol showed satisfying inhibition of main
protease was -5.1 Kcal/mol, while glutathione showed highest
and similar interaction of reference with same viral protein was
-6.0 and -6.2 Kcal/molrespectively (Linani et al., 2022).
The docking validation with AutoDock Vina of same active
phytoconstituents and proteins with all active site attributes
were used. In Table 4, beta carotene showed the best interaction
with the main protease, papain-like protease, and helicase
proteins but with the main protease had better interaction
was (-9.2 Kd value 186.45 nm), while myricetin and Quercetin
showed similar interaction (-7.8 Kd value 1.89 µM and -7.8
Kd value 1.91 µM), these three active constituents of Moringa
oleifera showed the highest interaction as compared with other
active phytoconstituent and reference drug hydroxychloroquine
respectively.
All the active phytoconstituents of Moringa oleifera with
ACE-2 proteins showed good interaction with beta carotene,
and squalene with PBD ID 1o8A showed the highest interaction with the binding energy dissociation constant was 10.7 Kd value 9.91 nM and -9.9 Kd value 214.28 similarly,
other phytoconstituents also showed strong interaction. The
other ACE-2 proteins 6LZG and 6MOJ, interact with these
phytoconstituents. The result revealed that the binding energy
of all phytoconstituents was closer to each other. In the
present study observed that beta carotene, myricetin, and quinic
acid had good interaction, whereas hydroxychloroquine had
the highest interaction with all three ACE-2 proteins. The
HCQ with 1o8A binding energy -9.1 Kd value 214.28 nM was
determined, but it was observed that least interaction with beta
carotene similarly, with 6MOJ protein, the binding energy of
beta carotene and HCQ is same, which was -9.0 Kcal/mol
(Table 5).
In SARS-CoV-2 spike glycoproteins, PDB ID 6VYB and
6VXX interact with all active phytoconstituents of Moringa
oleifera showed stronger binding aﬃnity. The beta carotene
with both proteins had the strongest action compared to other
phytoconstituents -9.1 Kd value 190.32 nM and -8.5 Kd value
534.67 nM; similarly other constituents showed similar binding
energy. The hydroxychloroquine also had a similar binding
aﬃnity -8.6 Kd value 443.93 nM and -8.4 Kd value 718.47 nM
was found to be least interaction compared to beta carotene
(Table 6).
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The present study determines the interaction of other SARSCoV-2 viral proteins responsible for replicating the viral genome
into the host cell. The active phytoconstituents of Moringa
oleifera showed the highest interaction with ACE-2 receptor and
spike glycoproteins of the SARS-CoV-2 virus.
3.9. Molecular Dynamic (MD) Simula on

The study of the thermodynamics of biological molecules and
their complexes, as well as structural conﬁrmation and variation
over time, is signiﬁcantly assisted by molecular dynamic (MD)
simulation. In Figure 3 - Figure 11 represent the MD simulation
of diﬀerent active phytoconstituents including beta carotene,
vitamin E, and myricetin with SARS-CoV-2 viral proteins such
as PDBID-1o8A, 6LZG, 6MOJ, PDBID 6VYB and 6VXX
of by using Int_mod. For 3ns, RMSD, RMSF, radius of
gyration (rg), and function of native contacts analyses were used
to determine the stability of the ligand and protein complex.
The Root Mean Square Deviation (RMSD) value helps to
analyse the average distance between the atoms of overlapped
structure. The MD simulation analysis showed an adequate
stability proﬁle of diﬀerent protein-ligand complexes at 300 k
temperature. The beta carotene and ACE-2 receptor 6MOJ
complex revealed very low but constant deviation in the RMSD
graph from 1.0 to 2.5 Å throughout the 3 ns MD simulation
analysis (Figure 3b). Similarly, myricetin and 6MOJ complex
displayed less deviation in RMSD from 0.5 to 1.5 Å at the same
time scale (Figure 9b). The vitamin E and spike glycoproteins
PDB ID 6LZG complex at same time scale 3 ns of MD
simulation analysis showed that for 0.25 to 1.0 Å RMSD valued
was very low at 1500 ps after that it showed 1.5 Å constant
deviation 3000 ps time scale (Figure 6b). The RMSD analysis of
all complexes suggested that the high stability and compactness
of ligand and protein complexes were indicated by the minimal
deviation of RMSD value.
The radius of gyration (rg) measured radical distance of a
point of axis rotation. The result showed important information
on the structural activity and behaviour of proteins. The radius
of gyration of beta carotene-6MOJ (Figure 3e), myricetin6MOJ (Figure 9e) and vitamin E-6LZG (Figure 6e) complexes
were found to be around 31.2, 31.0, and 31.2 respectively
at a 3 ns time scale. The result revealed that minor changes
in the compactness of the complex structure during the MD
simulation analysis suggested the strong structural stability of
all three ligand-protein complexes. Additionally, the value
was calculated and the average ﬂuctuation of all complexes
(residue) was observed during simulation analysis. The RMSFs
of all three complexes, beta carotene-6MOJ, myricetin-6MOJ,
and vitamin E-6LZG were plotted. The RMSF is used
to conclude each amino acid’s atomic positional ﬂuctuation
through CA (Cα) atom-based calculation. The comparative
study of RMSF trajectory revealed that all the amino acids
residue in the complex model of beta carotene-6MOJ have
ﬂuctuated between 0 to 30 Å (Figure 3g). In contrast, the
myricetin-6MOJ complex the RMSF value was ﬂuctuated
between 0 to 8 Å (Figure 9g) similarly with vitamin E-6LZG
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Phytol

Quinic acid

Qurecitin

Squalene

Vitamin E

Hydroxychloroquine

4

5

6

7

8

Myricetin

2

3

Beta carotene

1

S.N. Ligands

1o8A
B.E. Diss.
Constant
(Kd)
9.91 nM
10.7
125.26 nM
9.3
1.89 µM
7.9
72.08 µM
6.5
443.93 nM
8.9
101.78 nM
9.9
2.24 µM
7.7
214.28 nM
9.1
Asp415, Val380, Lys54,
Asn1281

Asp415, Lys454,
His383, Glu384
Asn66, Ser355,
Arg522, Leu140
Glu284, Asp415

Val380, Leu375,
Glu876
Val379, Val380,
Glu384
Leu81, Asn66, Asn65,
Ser355
Ser355, His353

Interacting amino acid

6LZG
B.E. Diss.
Constant
(Kd)
773.46 nM
8.1
440.32 nM
8.7
5.51 µM
6.9
24.07 µM
6.2
439.65 nM
8.5
9.13 µM
6.8
5.51 µM
6.9
930.21 nM
8.3
Tyr196, Gln98, Gln102, Gly205

Phe95, Ser47, Thr347, Ala340

Asp350, Phe390

Gly205, Glu208, Tyr196

Gln493, His34, Asn33, Arg403

Asp206, Glu208, Gly205, Tyr196, Gln102,
Pro565, Lys562, Gly564
Gly205, Glu208, Val209, Ser511

Ser77, Ser106, Lys74, Ser70, Trp69

Interacting amino acid

6MOJ
B.E. Diss.
Constant
(Kd)
220.67 nM
9.0
395.27 nM
8.8
3.96 µM
7.0
28.75 µM
6.0
395.27 nM
8.8
1.62 µM
7.0
4.21 µM
7.3
220.67 nM
9.0

Ala99, Leu95, Pro565,
Glu56, Trp566

Phe390, Arg393, Phe40

Ser563, Lys562, Trp566,
Glu208
Glu288, Val209, Lys562,
Asn210
Ser43, Ser44, Arg393

Phe50, Leu143, Asn149

Leu95, Ala99, Val209,
Asp206, Glu208
Asn210, Gly205, Lys562

Interacting amino acid

Table 5
Binding energy and dissociation constant of Moringa oleifera containing active phyto-consituent versus hydroxychloroquine towards selected diﬀerent ACE-2 target
proteins of SARS-CoV-2 by using AutoDock vina.

A. Shrivastava et al.
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Myricetin
Phytol
Quinic acid
Qurecitin
Squalene

Vitamin E
Hydroxychloroquine

7
8

Beta carotene

2
3
4
5
6

1

S.N. Ligands

-7.0
-8.6

-8.3
-6.9
-6.8
-8.4
-6.8
4.21 µM
443.93 nM

709.93 nM
7.88 µM
9.59 µM
600.41 nM
10.18 µM

6VYB
B.E. Diss. Constant
(Kd)
-9.1
190.32 nM
Ala766, Gln762, lle1013, Gln1010
Gln957, Ala766, Arg765
Gln1005, Gln1002
Ala766, Gln762, Gln954, Gln1010
Glu773, Leu1012, Ala766, Ala958, Arg1014,
Arg1019
Arg765, Asn764
Ala766, Gln762, Gln1010

Ala771, Arg765

Interacting amino acid

-6.6
-8.4

-8.8
-7.6
-6.8
-8.4
-8.2

16.27 µM
718.47 nM

395.27 nM
2.39 µM
10.28 µM
718.47 nM
654.97 nM

6VXX
B.E. Diss. Constant
(Kd)
-8.5
534.67 nM

Asp994, Arg995
Gln762, Ala766, Glu769, Glu773, Ala958

Arg1019, Ala766, Gly769, Thr768, Arg765, Arg1014,
Gln954
Ala958, Arg101, Thr961, Glu773, Glu69, lle770
Leu962, Gln95, Arg1014, Arg1019, Ala1016
Leu66, Arg1000, met740, lle742
Thr961, Ala958, Gln957, Gln762, Gly769, Glu773
Thr768, Arg765, Asn764

Interacting amino acid

Table 6
Binding energy and dissociation constant of Moringa oleifera containing active phyto-consituent versus hydroxychloroquine towards selected diﬀerent spike
glycoproteins of SARS-CoV-2 by using AutoDock vina.

A. Shrivastava et al.
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Figure 3. MD Simulation of beta carotene complexed with Angiotensin converting enzyme 2 protein (PDB ID: 6MOJ). (A) Ligand-protein
conformation (B) RMSD of receptor and ligand (beta carotene) (C) RMSD histogram of the receptor (D) RMSD histogram of ligand (beta carotene)
(E) Radius of gyration, Rg value (F) Fraction of native contacts analysis of ACE-2 with beta carotene over a time frame of3000ps (3 ns) (G) RMSF
value of each residue (H) B-factor value (changing from blue to red with an increase in value) and (I) B-factor analysis of deﬁned complex (Int_mod).

complex the RMSF value has also ﬂuctuated between 0 to 8
Å (Figure 6g) respectively. In the folding method, a deﬁnite
condition of non-native interaction is considered irrelevant in
certain simulation analyses. The folding model only supports
the native interactions in energetically favourable conditions.
The fraction of native contacts was denoted by Q (x), which
helps calculate all proteins transition states beside the free
folding energy barrier. The Qx value of the present study was
determined that all three complexes revealed that the relative
ﬂexibility and stability was increased during the simulation
period, which was 99 % (Figure 3f, Figure 6f, and Figure 9f ).
In the MD simulation, the B-factor known as temperature
factor showed a similar factor of RMSF, which helps explain
the attenuation of x-Ray scattering resulting in thermal motion.
The B-factor cause the ﬂuctuation of all three complexes
around 2000-4000 showed the good stability of complexes
Figure 3h,i, Figure 6h,i and Figure 9h,i respectively. The
behaviour of conformational diﬀerences was perceived by PCA
analysis. The extent of pairwise cross-correlation coeﬃcients
suggests the atomic system diﬀerences related to each other.
The correlated residues are shown in blue and uncorrelated
residues in red in Figure 4 and 7 and Figure 10. The light
pink and blue lines, respectively, represent the paired residues
that had greater correlation coeﬃcients (>0.8) and higher noncorrelation coeﬃcients (-0.4). The diagram shows black helices,

grey strands, and white loops for secondary structures that
are located on the top and right edges of the dynamical
residues in cross-correlation map. The MD simulation result
was analysed by MM/PB (GB) SA mainly includes various
parameters such as electrostatic energy (ELE), van der Waals
contributions (VDW), total gas-phase energy (GAS), nonpolar and polar contributions of solvations (PBSOL/GBSOL).
In the present study, the free binding energy delta PB/delta
GB was recorded, and PBTOT/GBTOT calculated the result,
and entropy (TS) was represented in Figure 5a, Figure 8a,
and Figure 11a. Similarly, hydrogen bonds were analysed by
using various parameters including hydrogen bond acceptor,
hydrogen bond donor atoms, average distance of atoms, average
angle of atoms, and hydrogen atom proportions (Frac) as
represented in Figure 9b,c, Figure 8b,c and Figure 11b,c.
Likewise, the result of decomposed electrostatic energy was
calculated MM force ﬁeld (TELE), van der Waals contributions
MM (TVDW), a sum of non-polar and polar contributions
of solvations (TGBSOL), total gas-phase energy (TGAS), and
estimation of binding free energy from TGBTOT, depending on
free binding energy the residue and with their contribution rank
of top 10 decompose calculation was arranged top to bottom in
the heatmap (Figure 5d, Figure 8d, and Figure 11d).
The viral protein crystal structure was retrieved from the
protein data bank. Autodock 4.2.6 and Autodock Vina was used
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Figure 4. PCA of ACE-2 (PDB ID: 6MOJ) complexed with beta carotene (A) PCA results for Trajectory (B) Simple clustering in PC subspace (C)
Clustering dendrogram based on PC1, PC2, and PC3 (D) Residue-wise loadings for PC1, PC2 and PC3 (E) Table data showing residue-wise loadings
for PC1, PC2 and PC3 and residue number at each position (F) Table showing pair-wise cross-correlation coeﬃcients;higher correlated coeﬃcient
value is >0.8, and higher anti-correlated coeﬃcient value is < 0.4 (G) Dynamical Residue Cross-correlation Map; the correlated residues are in blue,
anti-correlated residues are in red; the pairwise residues with a higher correlated coeﬃcient (>0.8) and with a higher anti-correlated coeﬃcient (< 0.4)
are linked with light pink and light blue (Int_mod).
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Figure 5. Energy, hydrogen bond analysis and decomposition analysis of ACE-2 protein (PDB ID: 6MOJ) complexed with beta carotene
(A)MM/PB(GB)SA result consists of electrostatic energy (ELE), van der Waals contribution (vDW), total gas-phase energy (GAS), non-polar and polar
contributions to solvation (PBSOL/GBSOL) (B,C) Statistics of hydrogen bonds (D)Energy decompose of protein-ligand complex (kcal/mol) (E)
Graphical representation of decomposing result (F) Heat map of decomposing.

for the analysis of all active constitutes of Moringa oleifera shows
an excellent binding aﬃnity towards selected SARS-CoV-2 viral
proteins such as main protease (M-Pro), papain-like protease
(PL-Pro), helicase (NSP13), ACE-2 (1o8A, 6LZG, and 6MOJ)
and spike glycoproteins (6VYB and 6VXX). After molecular
docking, the results were indicated that beta carotene, quercetin,
myricetin, and vitamin E showed good interaction with all viral
proteins. The binding aﬃnity of the compound with MP ro ,
PLP ro , and Nsp13 versus reference drug hydroxychloroquine
as an order: beta carotene > myricetin > quercetin > vitamin E>
hydroxychloroquine>quinic acid.
Coronavirus (CoV) infections commonly aﬀect the respiratory system, digestive system, liver, and central nervous
system of humans and animals. This work mainly focused on
some important proteins of the SARS-CoV-2 virus is the main
protease (3CLpro /Mpro ) PDBID 6LU7, papain-like protease
(PL- Pro) PDB ID 6W9C, helicase (Nsp13) PDB ID 5RMD
ACE-2 (1o8A, 6LZG and 6MOJ) and spike glycoproteins
(6VYB and 6VXX) as a potential target protein of Moringa
oleifera constituents for COVID-19 treatment. In present
study was to identify the new molecules which were inhibited
SARS-CoV-2 viral protein replication into the host cells. The
drug candidates of Moringa oleifera were evaluated on the
Lipinski rule. The drug was designed and developed using a
cheminformatics tool based on the screening of phytochemical

lead structure. The Lipinski rule of ﬁve was determined by
using OSIRIS software. Similarly, physiochemical parameters
included molecular weight, topological polar surface area, clog
P, hydrogen bond acceptor, hydrogen bond donor pharmacokinetics, and pharmacodynamics (receptor-interacting aﬃnity
and toxicity study), were calculated before performing the
docking. Only those candidates were selected in the present
study, which did not have more than 2 violations. The
Lipinski rule of ﬁve is accepted to all compounds in this
study and shows ideal candidates for docking represented
in Tables 1, 2 and 4 and Table 5. The drug-likeness
and biochemical properties are important parameters for the
identiﬁcation of ideal drug candidates. It deﬁnes whether the
molecules behave like drugs or not; therefore, Table 3 and
Table 6 calculated properties for ideal drug candidates using
SwissADME software. Previous study represented the Brain
and Gastrointestinal Estimated Permeation Analysis (BOILEDEgg) properties. The result showed that the test molecules
of Morin and baricitinib are ideal candidates. They have a
higher possibility of absorbing from the GI tract, similar in
the present study; the selected active phytoconstituent only
quercetin shows the higher possibility of absorbing from GI
system (Figure S2, Appendix A ) (Gupta et al., 2021). In ﬁgure
S3 and table S7,Appendix A represents the test compounds
phytol and reference drug hydroxychloroquine both fall in the
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Figure 6. MD Simulation of vitamin E complexed with Angiotensin converting enzyme 2 protein (PDB ID: 6MOJ). (A) Ligand-protein conformation
(B) RMSD of receptor and ligand (vitamin E) (C) RMSD histogram of the receptor (D) RMSD histogram of ligand (vitamin E) (E) Radius of
gyration,Rg value (F) Fraction of native contacts analysis of ACE-2 with vitamin E over a time frame of3000ps (3 ns) (G) RMSF value of each residue
(H) B-factor value (changing from blue to red with an increase in value) and (I) B-factor analysis of deﬁned complex (Int_mod).

optimal range; therefore, they have good oral bioavailability
similarly other molecules also obeyed more than one property
as compared to the previous study these compounds have better
pharmacokinetic properties, and they follow all parameters
for ideal drug candidates. Better bioavailability shows better
pharmacological action (Gupta et al., 2021; Kadri & Aouadi,
2020). The seven active phytoconstituent including beta
carotene, myricetin, phytol, quinic acid, quercetin, squalene,
and vitamin E) of Moringa oleifera versus hydroxychloroquine
used as a reference compound were docked by using Autodock
4.2.6, and the docking result was validated by using AutoDock
vina software. The results showed a signiﬁcant binding
aﬃnity of ligands with all target viral proteins. After that
the docking analysis, the drug ligand complex was visualized
by using BIOVIA discovery studios 13.0 and 17.1. The
active phytoconstituents of Moringa oleifera with main protease,
papain-like protease, and helicase showed good binding aﬃnity
was displayed in Table 1. The vitamin E with main protease
had higher interaction BE -8.09 kd 1.18 nM similarly the other
active constituents like beta carotene, and quercetin showed
signiﬁcant binding aﬃnity with papain like protease (BE -4.83
kd 293.74 µM and -5.61 kd 77.78 µM) and with helicase (BE
-9.53 kd 102.91 nM and -7.42 kd 3.62 µM) the myricetin had
also similar binding aﬃnity of quercetin which was (BE -7.56
kd 2.78) versus reference drug hydroxychloroquine (-1.96 kd

36.8 mM and -4.59 kd 88.59 µM).
The ACE-2 protein is very important for the SARS-CoV2 virus. With the help of this protein, the viral genome
is easily entered into the host cell.
It down regulates
the immunological response, contributing to multiple organ
dysfunction, especially lungs and heart (Ni et al., 2020). In
Table 2, diﬀerent structural proteins of ACE-2 were docked
with active constituents of Moringa oleifera was to determine
the good binding aﬃnity. The beta carotene showed the
strongest interaction with 1o8A (BE-12.05 kd 1.46 nM), 6LZG
(-9.77 kd 68.86 nM), and with 6MOJ (BE -10.2 kd 33.59
nM) as compared to other phytoconstituents of M. oleifera
and reference drug hydroxychloroquine. A previous study was
done by Gupta et al. (2021) was selected the same protein and
docked it with morin. The result revealed that morin had a
higher binding aﬃnity and compact interaction with these three
proteins (Gupta et al., 2021).
The spike glycoproteins are generally found over the surface
of SARS-CoV-2. It appears like a crown. These spike proteins’
role provides a support during with the attachment of SARSCoV-2 with host ACE-2 receptor. After the attachments, the
spike proteins are phosphorylated and related to the genomic
sequence into the cell for its replication (Ang et al., 2020,?,?).
A previous study was done by Trivedi et al. (2021) with
spike glycoprotein 6VXX and epigallocatechin, piperine, and
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Figure 7. PCA of ACE-2 (PDB ID: 6MOJ) complexed with vitamin E (A) PCA results for Trajectory (B) Simple clustering in PC subspace (C)
Clustering dendrogram based on PC1, PC2, and PC3 (D) Residue-wise loadings for PC1, PC2 and PC3 (E) Table data showing residue-wise loadings
for PC1, PC2 and PC3 and residue number at each position (F) Table showing pair-wise cross-correlation coeﬃcients;higher correlated coeﬃcient
value is >0.8, and higher anti-correlated coeﬃcient value is < 0.4 (G) Dynamical Residue Cross-correlation Map; the correlated residues are in blue,
anti-correlated residues are in red; the pairwise residues with a higher correlated coeﬃcient (>0.8) and with a higher anti-correlated coeﬃcient (< 0.4)
are linked with light pink and light blue (Int_mod).
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Figure 8. Energy, hydrogen bond analysis, and decomposition analysis of ACE-2 protein (PDB ID:6MOJ) complexed with vitamin E (A) MM/PB
(GB) SA result consists of electrostatic energy (ELE), van der Waals contribution (vDW), total gas-phase energy (GAS), non-polar and polar
contributions to solvation (PBSOL/GBSOL) (B, C) Statistics of hydrogen bonds (D) Energy decompose of protein-ligand complex (kcal/mol) (E)
Graphical representation of decompose result (F) Heat map of decompose.
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Figure 9. MD Simulation of myricetin complexed with Angiotensin converting enzyme 2 protein(PDB ID: 6MOJ). (A) Ligand-protein conformation
(B) RMSD of receptor and ligand (myricetin) (C) RMSD histogram of the receptor (D) RMSD histogram of ligand (Myricetin) (E) Radius of
gyration, Rg value (F) Fraction of native contacts analysis of ACE-2 with myricetin over a time frame of 3000ps (3 ns) (G) RMSF value of each residue
(H) B-factor value(changing from blue to red with an increase in value) and (I) B-factor analysis of deﬁned complex (Int_mod).

tinosporasie showed higher binding aﬃnity, which was (BE
-8.24 kd 909.72 nM, -7.17 kd 5.59 µM and -5.07 kd
193.18 µM) similarly in the present study the vitamin E with
spike glycoprotein 6VXX showed maximum binding aﬃnity
and strong interaction (BE- -8.34 kd 765.09 nM) while the
hydroxychloroquine used as a reference compound showed the
least binding aﬃnity which was -7.38 kd 3.87 µM respectively
(Table 3).
In the present study, the docked result from AutoDock
4.2.6 and it was validated by using AutoDock Vina. The
result supported that all the active phytoconstituents showed
a higher binding aﬃnity with diﬀerent proteins through
AutoDock 4.2.6; similarly, the same phytoconstituents had
similar binding aﬃnity was analysed by using AutoDock Vina
the result was expressed in Tables 5 and 6 and Table S8,
Appendix A. Previous studies also support the result obtained
from AutoDock vina with spike glycoprotein 6VXX and all
three ACE-2 proteins (Gupta et al., 2021; Trivedi et al., 2021).
The previous study determined the diﬀerent active phytoconstituents of Moringa oleifera by using Gas Chromatography and
Mass Spectroscopy (GC/MS) and identifying its antioxidant
properties. Additionally, few compounds had the highest
concentration percentage in the extract. Strong antioxidant
properties were screened, and diﬀerent phytoconstituents of
Moringa oleifera were selected for in-silico study against the

main protease protein of SARS-CoV-2. The result revealed that
apigenin-7-O-rutinoside and mudanpioside showed signiﬁcant
interactions against M-pro protein; similarly, the tipranavir
used as a reference drug showed higher binding aﬃnity as
comparable with the above phytoconstituents (Nair & James,
2020).
Beta carotene, vitamin E, and myricetin with ACE-2
protein showed strong interaction were subjected to perform
MD simulation by using LARMD online server version 1.0.
in present study compared with previous studies was done
by Gupta et al. (2021); Siddiqui et al. (2022), and Srivastava
et al. (2022) showed that similar RMSD deviation of the
complexed structure indicated that the active constituents of
Moringa oleifera such as beta carotene, vitamin E, and myricetin
had greater stability with ACE-2 protein throughout 3 ns time
scale of MD simulation analysis (Figure 3, 4, 5, 6, 7, 8, 9, 10
and 11) (Gupta et al., 2021; Siddiqui et al., 2022; Srivastava et
al., 2022).
Taking the evidence was indicated that natural products
and their active phytoconstituents had antiviral activity. It
was summarised that Moringa oleifera had a potential eﬀect
against diﬀerent SARS-CoV-2 protein and it helps to develop
new compounds against coronaviruses and other viral species.
The present study aimed to determine the eﬀect of diﬀerent
active phytoconstituents of Moringa oleifera with diﬀerent viral

N a t u r a l R e s o u r c e s f o r H u m a n H e a l t h 2023, 3, 101–126 | 121

A. Shrivastava et al.

View Article Online

Figure 10. PCA of ACE-2 (PDB ID: 6MOJ) complexed with myricetin (A) PCA results for Trajectory (B) Simple clustering in PC subspace (C)
Clustering dendrogram based on PC1, PC2, and PC3 (D) Residue-wise loadings for PC1, PC2 and PC3 (E) Table data showing residue-wise loadings
for PC1, PC2 and PC3 and residue number at each position (F) Table showing pair-wise cross-correlation coeﬃcients; higher correlated coeﬃcient
value is >0.8, and higher anti-correlated coeﬃcient value is < 0.4 (G) Dynamical ResidueCross-correlation Map; the correlated residues are in blue,
anti-correlated residues are in red; the pairwise residues with a higher correlated coeﬃcient(>0.8) and with a higher anti-correlated coeﬃcient (< 0.4)
are linked with light pink and light blue (Int_mod).
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Figure 11. Energy, hydrogen bond analysis and decomposition analysis of ACE-2 protein (PDB ID:6MOJ) complexed with myricetin (A)
MM/PB(GB) SA result consists of electrostatic energy (ELE), van der Waals contribution (vDW), total gas-phase energy (GAS),non-polar and polar
contributions to solvation (PBSOL/GBSOL) (B, C) Statistics of hydrogen bonds (D) Energy decompose of protein-ligand complex (kcal/mol) (E)
Graphical representation of decompose result (F) Heatmap of decompose.
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proteins of SARS-CoV-2 for the prevention of its replication
into the host cell. Also, determine some active compounds were
eﬀectively bound to the SARS-CoV-2 viral proteins and show
the greatest binding potential. The active constituents such as
beta carotene and myricetin shows the best result as compared to
other ligands and hydroxychloroquine used as a reference drug.
These two compounds signiﬁcantly formed a complex with all
viral proteins. Similarly, with a comparison of beta carotene
and myricetin, the beta carotene binding energy was better than
myricetin. Still, the interacting amino acid and hydrogen bond
formation is more in myricetin.
4. CONCLUSION
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A. APPENDIX. SUPPLEMENTARY INFORMATION
The In Silico study showed that all these active constituents
had an excellent eﬀect against SARS-CoV-2 viral proteins,
mostly beta carotene and Myricetin. Several phytoconstituents
with spike glycoproteins of SARS-CoV-2 showed a good
binding aﬃnity with beta carotene (BE -7.27 kd= 4.72 µM
and BE -4.07 kd=1.05 mM, squalene BE -8.42 kd=677.84 nM
and BE -4.04 kd=1.3 mM similarly with vitamin E, BE -8.87
kd=314.99 nM and -8.34 kd 765.09 nM. These ligands with
other proteins had the least interaction compared with spike
glycoproteins. The beta carotene with the main protease had
strong interaction BE -8.09 kd 1.18 nM, and beta carotene
with helicase also showed good interaction, was BE -9.53 kd=
102.91. These ﬁndings strongly itemized that few ligands
had broad-spectrum activity with diﬀerent SARS-CoV-2 viral
proteins with equal binding aﬃnity; thus, the result was further
validated through MD simulation analysis. The RMSD value
of all three ligand and protein complexes showed the least
deviation for 0.25 to 1.5 Å. This deviation indicated that
the ligand was tightly bound with active protein sites. The
3ns Int_mod simulation revealed that these complexes showed
stability at 300K temperature. The Q (x) of the present study
showed 99% stability throughout the MD simulation whereas
the PCA analysis conﬁrms that (>0.8) valued of overlapping
free folded atoms had good stability with all complexes. This
study concluded that a few compounds of Moringa oleifera
like vitamin E, beta carotene, and myricetin showed promising
eﬀects against SARS-CoV-2 viral proteins, and it is eﬀective in
COVID-19 infection.
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