
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



European Journal of Integrative Medicine 43 (2021) 101268 

Contents lists available at ScienceDirect 

European Journal of Integrative Medicine 

journal homepage: www.elsevier.com/locate/eujim 

Research paper 

Two pronged approach for prevention and therapy of COVID-19 

(Sars-CoV-2) by a multi-targeted herbal drug, a component of ayurvedic 

decoction 

Richa Shukla, Sangeeta Singh, Anirudh Singh, Krishna Misra 

∗ 

Applied Science Department, Indian Institute of Information Technology, Allahabad, UP, India 

a r t i c l e i n f o 

Keywords: 

SARS-CoV-2 
SARS-CoV-2 Spike protein 
SARS-CoV-2 main protease 
COVID-19 
Decoction 
Ayurveda 
Herbal medicine 

a b s t r a c t 

Introduction: SARS-CoV-2 a new virus of the zoonotic coronavirus family causes the disease COVID-19, which has 
become a global pandemic. One of the ways for prevention of COVID-19 is by disabling its spike protein which 
results in inhibiting its binding with angiotensin-converting enzyme 2 (ACE-2). The other alternative is to inhibit 
its replication once inside the body. The aim of this study was to explore the literature to identify whether there 
were any Ayurvedic remedies which contained ingredients which demonstrated this dual effect. 

Methods: In silico studies were carried out to find the structures of the targets i.e. spike protein of the virus and 
its main protease (Mpro). Databases were searched to identify the composition of Ayurvedic decoctions used for 
respiratory ailments. 

Results: We have found that two components out of 26 active ingredients of Ayurvedic decoctions are strong 
binders for spike protein as well as corresponding Mpro (3CL protease) which plays an essential role in medi- 
ating viral replication and transcription, making it an attractive antiviral drug target. Out of 26 components of 
Ayurvedic herbal decoction used for influenza, one compound was found to be most active. It is a well-known 
antioxidant, antinflammatory and hepatoprotective molecule. 

Conclusion: The resultant compound could act as a repurposed drug or like other methoxyphenols, could be a 
good lead molecule for a potent drug for COVID-19. 
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. Introduction 

SARS-CoV2, the new coronavirus that causes the COVID-19 disease
s causing havoc globally [1] . The analysis of the genetic template of
pike proteins, that the virus uses to attach and penetrate human and an-
mal cells has shown that these have a receptor-binding domain (RBD),
 hook grips onto host cells, and the cleavage site, a molecular bottle
pener allows the virus to crack open and enter host cells [2] .These
onstitute two subunits of the virus spike protein, S1 and S2 [3] . 

The RBD portion of the SARS-CoV-2 spike proteins effectively targets
ngiotensin-converting enzyme 2 (ACE2), a receptor present throughout
he human body [2] , normally involved in regulating blood pressure.
nce inside, the virus hijacks the host cell’s machinery, making myriad
opies of itself and invading new cells. 

The “spikes ” that SARS-CoV-2 uses to establish infections on human
ells are about 4 times stronger than those on the SARS – that caused
n epidemic in 2002 and resulted in hundreds of deaths [4] .The coro-
avirus particles that are inhaled via the nose or mouth have a high
∗ Corresponding author at: Applied Science Department, Indian Instititute of Inform
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eceived 17 August 2020; Received in revised form 6 December 2020; Accepted 8 D
876-3820/© 2020 Published by Elsevier GmbH. 
robability of attaching to cells in the upper respiratory tract [5] , imply-
ng that relatively only a few viruses are required to infect and rapidly
eplicate. 

This virus hijacks living cells to replicate and spread. When the virus
nds a suitable cell, it injects a strand of RNA that contains the entire
oronavirus genome.The genome of the new coronavirus is less than
0,000 “letters ” long. (The human genome is over 3 billion.) Scientists
ave identified genes for as many as 29 proteins, which carry out a range
f jobs from making copies of the coronavirus to suppress the body’s
mmune responses. The microRNAs are present in all human beings hsa-
iR-27b [6] is one of the six antiviral microRNAs that can potentially

ind to virus genes and affect its activity. 
The gene for the spike protein in SARS-CoV-2 has an insertion of 12

enetic letters: ccucggcgggca. This mutation may help the spikes bind
ightly to human cells [7] — a crucial step in its evolution from a virus
hat infected bats and other species. A number of scientific teams are
ow designing vaccines that could prevent the spikes from attaching to
uman cells [8] . 
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The virus spike’s transmembrane-glycoprotein,a homotrimer [9] is
esponsible for the entry of viral RNA into the host cell. Its S1 subunit
ttaches to ACE2 receptors of the host cell which stimulates formation
f TMPRSS2 (Transmembrane protease Serin-2) [10] . Further, protease
elps fusion of S2 subunit to the cell membrane of the host. Hence tar-
eting ACE2 binding S1 subunit or protease binding S2 subunit would
revent the entry of viral RNA inside the host cell. Main protease of
oronavirus is crucial for processing quality proteins which are trans-
ated by coronavirus RNA [11] . Therefore targeting them would stop
urther spread of infection. If a molecular structure can bind to the sites
n the virus more frequently and strongly than the ACE-2 receptor, it
ill obstruct the virus from binding to the cells, making it a reliable
rug to treat COVID-19.The same sites can be used to develop vaccines
o prevent future infections. 

Main proteases (M 

pro ) of SARS-CoV-2, a cysteine protease, helps
irus in proteolytic processing of polyproteins. M 

pro targets Glutamine
esidue and cleaves the polypeptide after it. Enzymes like RdRp or nsp13
hich are essential replication enzymes of the virus cannot become func-

ional without prior proteolytic release. This makes M 

pro a very impor-
ant enzyme in viral replication cycle and thereby its inhibition can stop
roduction of viral particles [12] . 

The objective of our study was to block the attachment of the spike
rotein’s S1 and S2 subunits to ACE2 receptors or protease which helps
iruses fuse with cell membrane and release its RNA into the host cell.
e also focused on targeting coronavirus main protease (M 

pro ) that pro-
esses replicase polyproteins and is pivotal for gene expression and repli-
ation. 

We selected 26 active compounds from 4 essential herbal compo-
ents of an Ayurvedic preparation known as “Kadha ” or decoction, a
everage given to treat common cold and flu problems [13] . Our stud-
es have shown that out of 26, three showed significant results while
ne, moupinamide, was found to interact strongly with the RBD site
f Spike protein as well as the corresponding protease. Therefore, the
olecule which is already known for its therapeutic values can be a

ood candidate for not only blocking the spike protein for binding with
CE2 but also for growth of the virus once inside cells by interfering
ith the formation of viral proteins. 

. Materials and methods 

.1. Ligand library collection 

In Ayurveda herbs and spices are recommended for the treatment
f respiratory ailments, often in the form of drinks. On this basis, 26
ctive compounds from selected plants were selected, namely Zingiber

fficinale (Ginger) [12] , Glycyrrhiza glabra (Liquorice) [13] , Piper ni-

rum (Black pepper) [14] and Ocimum basilicum (Sweet Basil) [15] ,
hese plants have exhibited curing and immune boosting properties
nd parts of these plants such as fruits, seeds, stem or leaves are
sed to prepare remedial beverages. The Ligand library collection of
ompounds was based on collection of active phytochemicals from
he plants having anti-inflammatory, anti-viral, anti-microbial and im-
une boosting properties. A ligand library of the 26 active com-
ounds from the above plants was downloaded from PubChem database
 https://pubchem.ncbi.nlm.nih.gov/ ). The pubchem IDs of the com-
ounds obtained are given in Table 1 . 
Table 1 

Pubchem IDs of selected active phytochemicals. 

S.No Plants Name Ligand Pubchem ID 

1 Zingiberofficinale (Ginger) 31,211, 12,689, 51,976, 92,77

2 Glycyrrhiza glabra (Liquorice) 5901, 44,654, 5,318,998, 135

3 Piper nigrum (Black pepper) 5,280,537, 9,938,436, 131,75

4 Ocimumbasilicum (Sweet Basil) 70,678,558, 17,868, 6654, 44

2 
.2. Protein selection and preparation 

The SARS-COV-2 main protease (M 

pro ) with PDBID:6Y84 [16] and
pike protein with PDBID:6LXT [17] having resolution of 1.39 Å and
.90 Å, respectively, were selected and retrieved from RCBS. 

Both the proteins were prepared by using Glide v8.3, Schrodinger,
Lc, New York, NY, 2019–2 Protein preparation wizard that adds pro-
ons, fixes bond orders, optimizes protonation states and hydrogen bond
etworks and performs minimization under restraints [18] . As the co-
rystallized ligands in most of the proteins show better interaction to
he protein with conserved water molecules within 5 Å, hence we used
he same analogy and kept the highly conserved water molecule in the
 Å and prepared the protein. Since no natural ligand was present with
he protein defining any active site, hence using “Site-mapping ” from
lide we found binding sites in both the proteins. Site mapping finds
he binding site with presence of hydrophobic groups, ligand – hydro-
en bond donors, acceptors or metal binding functionality. Binding site
election was done on the basis of the site with the highest site score
nd volume. 

.2.1. Grid generation 

Grid generation allows determining the position, size, shape and
roperties of the active site.To generate grid, in the Receptor grid gen-
ration panel of Glide, we uploaded the prepared protein and selected
he residue of the most suited site map (SiteMap1) with maximum Site
core and volume and generated the grid using OPLS2005 force field.
or bounding and enclosing boxes, we preferred the default size. 

.2.2. Virtual screening of compounds for ADMET, ligand preparation and 

olecular docking 

Using the Virtual Screening Workflow from Glide module of
chrodinger, we performed the ADMET screening of the ligand library
hecking for the criteria like QPLogHERG (range below-5), QPLogS
range − 6 to − 0.5), CIQPLogS (range − 6.5 to − 0.5), QPPMDCK (range
 25 for poor and > 500 for better), PISA (range 0 to 450), FOSA (range
 to 750), FISA (range 7 to 330), SASA (range 300 to 1000), QPPCaco
ange ( < 25 for poor and > 500 for better), Mol. (MW) (range 130 to
25). Obtained ligands were already prepared as minimized energy 3D
olecular structures with expanded ionization states, stereoisomers and

ing confirmations for expanded chemical and structural diversity. 

.2.3. Docking 

Virtual Screening Workflow of Glide also performs Protein-Ligand
ocking with accuracy levels-high throughput virtual screening (HTVS),
tandard precision (SP), and extra precision (XP) [19] . The docking re-
ults were analysed comparing the Glide Emodel and Glide Score as
he Glide uses both the scoring function to select between protein lig-
nd complexes of the given ligand and to provide a ranked order to
ompounds to separate compounds that bind strongly in comparison to
thers [ 20 , 21 ]. 

.2.4. Relative binding affinity estimation using MM-GBSA 

In order to find the binding free energy from Protein-ligand com-
lex, we approached Prime- MM- GBSA, to add more validation to our
ocking results. It uses local optimization features in Prime to mini-
ize the docked poses and calculates energy of complex using OPLS-AA

orce field and generalized-Born surface area (GBSA) continuum solvent
6, 637,566, 643,779, 969,516, 5,317,270, 11,141,699, 22,321,203 

,413,551, 37,542, 14,982 

2,909, 117,443, 10,131,321 

2,359, 5,317,844 

https://pubchem.ncbi.nlm.nih.gov/
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odel. The outcome is strongly related to the experimental results,but
t did not include corrections for entropic changes [22,23] . 

Prime/MM-GBSA follows the following equation to obtain Binding
ree energy: 

𝐺 ( bind ) = 𝐸 complex ( minimized ) − 

(
𝐸 ligand ( minimized ) + 𝐸 r ecept or ( minimized ) 

)

.3. Molecular dynamics simulation study 

Molecular dynamics is an approach of computational simulation to
nalyze the physical movement of atoms and molecules that were al-
owed to interact with each other in a fixed period of time and in a
iven virtual environment. Desmond based MD simulation was used to
valuate the stability of protein-ligand complex. Protein-ligand contact
ar graph, RMSD and simulation event analysis. It is used to study the
tability and molecular movement of molecules of protein and ligand in
 developed system throughout simulation run time. 

.3.1. System building 

System building was done by system builder Desmond, Schrodinger,
LC, New York, NY, 2019–1. TIP3P was chosen as a solvent model that
s a water model in orthorhombic shape of box, where the dimension of
ox was 10 × 10 × 10 Å and angle 90 × 90 × 90°. 0.15 M NaCl was added
n a prepared box for salt addition to neutralize and stabilize the system
fter recalculation of ions and salt addition which made the complete
eal environment to run the MD simulation. 

.3.2. Molecular dynamics 

After system building of protein ligand complex MD simulation was
xecuted. Here all the parameters were set like recording interval (ps),
nergy, trajectory, NTP. This had been chosen as given default value.
heck point interval of simulation was set as default value (240.06 ps).
D simulation was performed using Desmond, Schrodinger, LLC, New
ork, NY, 2019–1. 

. Results 

The study was planned to find a multi targeting naturally occurring
ctive compound that targets and inhibits the SARS COV-2 main pro-
ease M 

pro ) (6Y84) and SARS COV-2 spike protein (6LXT) simultane-
usly. 

.1. Ligand selection and screening 

Ligand library collection of 26 active chemicals compounds from
erbal components of an Ayurvedic preparation known as “Kadha ”
r decoction, screened for ADMET. After screening of 26 compounds,
pecifically the one with antiviral and anti-inflammatory property,
sing the QikProp tool of Glide, we found 5 active compounds
PubChem CID 5,280,537: Moupinamide, 5,318,998: Licochalcone A,
0,131,321: Coumaperine, 969,516: Curcumin and 22,321,203: 6-
ehydrogingerdione) that fulfilled all the screening parameters as

hown in Table 2 . 

.2. Docking 

Docking was performed to find the compound with maximum affin-
ty to both the target proteins: COVID-19 Mpro and Spike protein. Both
he docking score results showed maximum interaction of 6Y84 and
LXT with Moupinamide ( Tables 3 and 4 ). The Glide Score of 6Y84 with
oupinamide(5,280,537) was 5.066 and the Glide Score of 6LXT with
oupinamide(5,280,537) was 5.962. The compound Moupinamide, in

omparison to other ligands demonstrated great affinity to both the pro-
eins simultaneously. 

The ligand-interaction diagram obtained from the docking results
f SARS COV-2 Main Protease(6Y84) and Moupinamide(5,280,537) re-
eals that the binding affinity in the cavity formed by the residues
3 
–10(ARG-4, LYS-5, MET-6, ALA-7, PHE-8, PRO-9, SER-10), 125–127
VAL-125, GLN-127), and 295–304 (ASP-295, ARG-298, GLN-299, GLY-
02, VAL-303, THR-304)from A-chain, is mainly due to the presence of
ydroxyl (-OH) group that shows hydrogen bond with MET-6 residue
nd the benzene ring to which hydroxyl group is attached, showing
i-cation interaction with ARG-298 residue ( Fig. 1 A). Protein-ligand(s)
ost docking interaction of M 

pro with Licochalcone, Coumaperine, Cur-
umin and 6-Dehydrogingerdioneis shown in Fig. 1 . B, C, D, and E. 

Ligand Interaction diagram of SARS COV-2 spike protein(6LXT) and
oupinamide(5,280,537) reveals that the binding affinity in the cavity

ormed by the residues 1184–1194 of B (ASP-1184, ARG-1185, ASN-
187, GLU-1188, ALA-1190, LYS-1191, ASN-1192, ASN-1194), E (ARG-
185) and F chains (ASN-1187, ALA-1190, LYS-1191, ASN-1194) and
35–939 of F chain (GLN-935, ASP-936, SER-939) is mainly due to the
resence of both the hydroxyl (-OH) groups which shows hydrogen bond
ith ASN-1194 and ASP-1184 residues of B-chain each and the ether
roup shows pi-cation interaction with ARG-1185 residue of E-chain
 Fig. 2 A). Protein-ligand(s) post docking interaction of spike protein
ith Licochalcone, Coumaperine, Curcumin and 6-Dehydrogingerdione

s shown in Fig. 2 . B, C, D, and E. 
The detailed analysis of residues and binding interactions of

oupinamide and COVID-19 M 

PRO (6Y84) and Spike protein (6LXT)
t the binding pocket is shown in Fig. 3 (A) and 3 (B). 

.3. MMGBSA results 

We followed the molecular mechanics,generalised born model and
olvent accessibility method to elicit free energies from the protein lig-
nd complex. Analysing the overall binding free energy generated for
ocking interactions of each protein, COVID-19 Main Protease and Spike
rotein, by observing receptor energy, ligand energy and complex en-
rgy we found that both the proteins show best interaction with the
roposed druggable ligand Moupinamide, which is − 69.38 kcal/mol for
Y84 ( Table 5 ) and − 46.67 kcal/mol for 6LXT ( Table 6 ). 

.4. MD simulation results 

Finding promising docking hits and affinity between ligand and both
he target proteins, we further performed MD simulation study to under-
tand the dynamic behavior of protein-ligand molecular system. Results
rom the simulation run strongly support the docking outcomes showing
tability of protein-ligand complexes. 

.4.1. SARS COV-2 main protease (M 

pro ) 

Root Mean Square Deviation graph ( Fig. 4 (A)) depicts that while
nteracting with the ligand, fluctuations in the structural confirmation
f protein attain stability within 20 ns and remained so upto 75nsec,
hen persists some fluctuation and again gets stable and continued for
00 ns, whereas, Moupinamide system remains stable for 20 to 90nsec.
hanges in RMSD value of protein and ligand present the variation in
onformation of protein and ligand as well as their stability. In the given
omplex of protease protein (PDB id: 6Y84) and ligand moupinamide
pubchem id: 5,280,537), the fluctuation of RMSD was not increased
ore than 2.5 Å all the time of simulation. 

From Simulation event analysis we found that the average RMSD
f 6Y84 C-alpha is 1.91 with a fluctuation range of 0.00 to 2.7 for 0
o 100 ns, average RMSD of side chain of protein is 2.65 and average
MSD of ligand, Moupinamide throughout simulation run is 1.001 with
 fluctuation range from 0.00 to 2.4. Visualizing the protein-ligand tra-
ectory, the ligand appeared to be interacting with the same cavity of
rotein throughout the simulation run. 

The Ligand interaction graph ( Fig. 4 (B)) depicts the fraction of in-
eractions and bonds holding the ligand to the protein cavity. As the
rotein cavity is mainly formed of its terminal amino acids, present in
t’s a chain, i.e. from SER-1 to GLU-14 and from LYS-111 to THR-304,
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Table 2 

QikProp result of ADMET properties of selected compounds. 

Ligand ID 
ADMET criteria 5,280,537 5,318,998 10,131,321 969,516 22,321,203 

Mol MW 313.35 338.40 257.33 368.38 290.36 

Dipole 5.035 2.56 5.547 3.64 4.83 

SASA 634.02 653.93 562.96 708.92 638.81 

FOSA 186.02 282.35 259.49 261.23 377.49 

FISA 161.74 129.87 96.48 190.59 131.23 

PISA 286.26 241.71 206.99 257.09 130.11 

QPlogS − 4.37 − 5.03 − 4.21 − 4.62 − 4.11 

CIQPlogS − 4.27 − 5.03 − 3.34 − 4.61 − 3.31 

QPlogHERG − 6.16 − 5.74 − 5.32 − 6.35 − 5.47 

QPPCaco 289.83 581.21 1205.09 154.35 564.27 

QPPMDCK 129.72 275.19 605.23 65.65 266.52 

Rule Of Five 0 0 0 0 0 

Table 3 

Docking results of main protease M 

pro protein (PDBID: 6Y84) with selected compounds. 

Protein: 6Y84 

S No. Title Docking Score Glide gscore Glide Emodel Glide Energy 

1 5,280,537 − 4.997 − 5.066 − 45.684 − 38.576 

2 5,318,998 − 4.981 − 5.052 − 43.648 − 36.996 

3 10,131,321 − 4.631 − 4.632 − 38.415 − 32.058 

4 969,516 − 3.259 − 4.677 − 40.258 − 35.528 

5 22,321,203 − 3.149 − 3.552 − 38.959 − 35.976 

Table 4 

Docking results of spike protein(PDBID: 6LXT) with selected compounds. 

Protein: 6LXT 

S No. Title Docking score Glide gscore Glide Emodel Glide energy 

1 5,280,537 − 5.893 − 5.962 − 55.307 − 43.897 

2 5,318,998 − 5.63 − 5.701 − 45.867 − 36.75 

3 10,131,321 − 5.32 − 5.321 − 44.368 − 33.673 

4 969,516 − 5.261 − 5.484 − 61.698 − 47.61 

5 22,321,203 − 3.146 − 3.151 − 44.202 − 38.294 

Table 5 

Binding free energy analysis Prime-MMGBSA-result with M 

pro protein (PDBID: 6Y84). 

S No Title 
MMGBSA 
dG Bind 

MMGBSA 
dGBind 
Coulomb 

Ligand 
Energy 

Ligand 
Coulomb 

Complex 
Energy 

Complex 
Coulomb 

Receptor 
Energy 

Receptor 
Coulomb 

1 5,280,537 − 69.38 − 14 − 33.04 − 37.69 − 13,089.74 − 9968.35 − 12,987.33 − 9916.65 

2 5,318,998 − 69.05 − 14.72 2.86 − 13.35 − 13,053.52 − 9944.73 − 12,987.33 − 9916.65 

3 10,131,321 − 64.95 − 12.99 18.37 − 5.42 − 13,033.91 − 9935.06 − 12,987.33 − 9916.65 

4 969,516 − 60.59 − 10.3 − 11.14 − 21.72 − 13,059.06 − 9948.67 − 12,987.33 − 9916.65 

5 22,321,203 − 70.97 − 9.74 5.35 0.66 − 13,052.95 − 9925.72 − 12,987.33 − 9916.65 

Table 6 

Binding free energy analysis Prime-MMGBSA-result with Spike protein (PDBID: 6LXT). 

S No Title 
MMGBSA 
dG Bind 

MMGBSA 
dG Bind 
Coulomb 

Ligand 
Energy 

Ligand 
Coulomb 

Complex 
Energy 

Complex 
Coulomb 

Receptor 
Energy 

Receptor 
Coulomb Energy 

1 5,280,537 − 46.67 − 24.6 − 29.026 − 32.369 − 32,644.8 − 23,164.1 − 32,569.1 − 23,107.1 13.937 

2 5,318,998 − 49.85 − 13.46 0.111 − 15.822 − 32,618.9 − 23,136.4 − 32,569.1 − 23,107.1 27.325 

3 10,131,321 − 39.65 − 0.94 15.936 − 4.577 − 32,592.8 − 23,112.6 − 32,569.1 − 23,107.1 31.379 

4 969,516 − 44.09 − 16.19 − 26.501 − 29.778 − 32,639.7 − 23,153.1 − 32,569.1 − 23,107.1 23.761 

5 22,321,203 − 42.37 − 18.71 − 19.618 − 15.043 − 32,631.1 − 23,140.9 − 32,569.1 − 23,107.1 13.811 

f  

b  

m  

f  

s  

i  

a  

t  

l  

h  

d  

tion with ASP-295. 
rom SER-1 end, the major interactions behold Hydrophobic and water
ridges, whilst a few contribution of H-bond.Towards THR-304 end, the
ajor bond contributors are hydrogen bond and water bridges, with a

ew hydrophobic interactions. Graph results are parallely supported by
imulation interaction diagrams where the specific interaction percent
s clearly notable. Also, comparing the Simulation ligand interaction di-
4 
gram ( Fig. 4 (C) with docking ligand interaction diagram we are for-
unate enough to find the same interactions. Here in post simulation
igand interaction diagram also, the amide group of the ligand shows
ydrophobic interaction at its surface and the hydroxyl group holds hy-
rogen bond with MET-6, polar bond with GLN-299 and ionic interac-
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.4.2. SARS COV-2 spike protein (6LXT) 

The Root Mean Square Deviation graph ( Fig. 5 (A) of interaction of
OVID-19 spike protein depicts that the protein and ligand remained
ound together for more than half of the simulation run time. From 0
o 60 ns the interaction is quite significant. Though there is fluctuation
n the initial simulation run, the stability is attained in the final half
f the time period. Visualizing the Protein-Ligand trajectory, the ligand
ppeared to be interacting with the same cavity of protein throughout
he simulation run. 

The Simulation event analysis of the MD Simulation project of
OVID-19 spike protein, depicts that the average RMSD of 6LXTC-alpha

s 3.8 with a fluctuation range of 0.00 to 6.9 for 0 to 100 ns, aver-
ge RMSD of side chain of protein is 4.5 and average RMSD of lig-
nd, Moupinamide throughout simulation run is 1.12 with a fluctuation
ange from 0.00 to 2.8. 

The Ligand interaction graph ( Fig. 5 (B) depicts interaction be-
ween SARS COV-2 spike protein (6LXT) and the selected ligand
oupinamide(5,280,537). Result generated post-simulation clearly

hows that the cavity formed by the chains B, E and F which are ho-
5 
otrimers, is from the same end. GLY-932 to GLN-935, ASN-1187 to
LU-1188 and ASN-1192 to ASN-1194 residues of B-chain, and GLN-
35 to SER-939 of F-chain contributes all the hydrogen bond interaction
etween the taken protein and ligand. Other residues hold other inter-
ctions like hydrophobic interactions and water bridges. Involvement
f these many cavity residues bonding with ligand depicts better inter-
ction of ligand to protein. The exact sketch of the graph is visible in
he ligand interaction diagram. The interaction diagram of SARS COV-2
pike protein(6LXT) with Moupinamide ( Fig. 5 (C) shows that ASP-936
olds hydrogen bond for 89 percent of the simulation run period, GLU-
188 holds hydrogen bond interaction for 82 percent of the simulation
un period, LYS-1191 holds pi = cation interaction, providing complex
ore stability, for 69 percent of total simulation running period. Some
ater bridges also existed for more than 50 percent of the simulation

un like ASP-1184 for 72percent and ASN-1187 for 56percent. Compar-
ng this post-simulation interaction of taken ligand and protein to that
f post-docking interaction diagram, we found that both results agree
ith another showing the very same residue binding and contribution

n protein ligand interactions. 
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Fig. 2. Spike protein-ligand post docking in- 
teraction. – A (M 

pro -5,280,537), B (M 
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5,318,998), C (M 

pro -10,131,321), D (M 
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969,516) and E (M 
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. Discussion 

Understanding the virus-receptor recognition mechanism responsi-
le for COVID-19 infection, pathogenesis and host range provides direc-
ion for the development of therapy to combat and cure this worldwide
andemic. No effective treatment is available so far against Covid-19,
lthough search for new therapy is proceeding actively. On the basis of
irus- receptor mechanism two prominent therapeutic protein targets
spike and M-pro) were selected. Spike-protein present on the SARS-
oV-2 envelope is responsible for interaction with ACE2 receptor of host
ells. The viral main proteinase (Mpro, also called 3CLpro), controls the
ctivities of the coronavirus replication complex. As per WHO, approx-
mately 80% of world population depends on medicinal plants for their
rimary healthcare source. For paradigm, the traditional medicine has
een used from thousands of years in India, China, Africa, etc. Thus,
nowledge based on the medical benefits of plants, has the potential to
dentify novel drug candidates. Active compounds of medicinal plants
xtracts are being considered as possible and promising approach for
OVID-19 treatments and should be tested for efficacy and adverse side
ffects. 
6 
Molecular docking and simulation studies were performed over 26
ctive compounds from our 4 decoction ingredients to find a poten-
ial lead candidate for the treatment of SARS-CoV-2 infections. All
he 26 active compounds docked with both the spike and M-pro and
anked on the basis of their dock score. Later, compounds which ful-
lled the ADMET criteria were selected. As per docking results the
oupinamide proves to be the best ligand targeting both the thera-

eutic target proteins, followed by Licochalcone, Coumaperine, Cur-
umin and 6-Dehydrogingerdione. The rest of the 21 compounds docked
ith proteins but not fulfilled the ADMET criteria. These lead com-
ounds can target S-RBD–ACE2 interface protein-protein interactions
nd stop the replication of viral RNA while inhibiting ACE2 can
ead to such structural changes which could potentially inhibit the
irus entry into host cell and thus, provide quick solution to control
ARS-CoV-2. 

MMGBSA further approved the better binding affinity of
oupinamide with both the target proteins.Running MD-Simulation

or 100 ns showed the well stability of protein ligand complex and
he work could be validated and continued further to wet lab valida-
ions. Also, comparing the Simulation ligand interaction with docking
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Fig. 3. Protein-ligand interaction diagram, 3 
(A) M 

pro -5,280,537 interaction and 3(B) Spike 
Protein-5,280,537 interaction. 
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Fig. 4. (A): 6Y84–5,280,537 during simulation (0–100 ns) 
RMSD fluctuation graph. (B): 6Y84–5,280,537 post-simulation 
non-covalent interaction histogram. (C) Post-simulation 6Y84–
5,280,537 interaction diagrams. 
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igand interaction of Moupinamide with M-pro and spike protein,
e are fortunate enough to find the same interactions. Comparing

his post-simulation interaction of taken ligand and protein to that of
ost-docking interaction diagram, we found that both results agree
ith another showing the very same residue binding and contribution

n protein ligand interactions. 
Moupinamide is a well-known antioxidant, anti-inflammatory and

epatoprotective molecule. It can act as a repurposed drug or like other
8 
ethoxyphenols, can be a good lead molecule for finding a potent drug
or COVID-19. 

. Limitations 

Inferences drawn from this study are important because of the ne-
essity to curb the havoc caused by COVID-19. These ligands described
an be considered as potential active molecules to inhibit the function
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Fig. 5. (A): 6LXT-5,280,537 during simulation 
(0–100 ns) RMSD fluctuation graph. (B): 6LXT- 
5,280,537 post-simulation non-covalent inter- 
action histogram. (C): Post-simulation 6Y84–
5,280,537 interaction diagram. 
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f both the Spike protein and Main Protease. However, these naturally
ccurring ligands, although safe for human consumption need further
nvestigation and optimization in-vitro before being considered for clin-
cal trials. They could be considered as potential lead molecules for de-
igning potent drugs to combat COVID-19. 

. Conclusion 

Ayurvedic decoction containing a mixture of 26 active components
rom 4 selected plants viz. Zingiber officinale (Ginger), Glycyrrhiza glabra
9 
Liquorice), Piper nigrum (Black pepper) and Ocimum basilicum (Sweet
asil) have been shown to be effective for treatment of respiratory ail-
ents. 

We have concluded from our results that one of these components
iz. Moupinamide (PubChem CID:5,280,537) present in Piper nigrum is
he best fit since it binds strongly with both essential proteins of SARS-
ov-2, the SpikBeing e protein, which is responsible for the entry of
irus into the host cell and the Main Protease, that plays very crucial
ole in viral replication. Being as well as an inflammation inhibitor and
mmune boosting compound, our multi-targeting molecule can be used
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s an inhibitor to hinder the activities of both proteins of COVID-19.
his can also be used as a lead molecule for finding potent drugs for
reatment of the disease. 
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