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Abstract 
�he rampant outbursts of alpha, beta, gamma, delta, omicron, and their 
subvariants were so vehement that the millions of dramatic deaths forced us to 
think about a potential inhibitor against SA�S-�o�-2 main protease in the future. 
In the present research work, we have searched bioactive compounds from 
�ithania somnifera, �cimum sanctum, and Tinospora cordifolia to inhibit the 
replication of main protease M��� through in-silico molecular docking and 
dynamic approach. �he ADM�� evaluation was applied to confirm the 
absorption, distribution, metabolism, excreation, and toxicity parameters based 
on �ipinski<s rule of five. �he free energy change for the �ithanone docked 
complex is found -S.50 
�al=mol, -7.S2 
�al=mol for �etrahydropalmatine, -7.77 

�al=mol for Isocolumbin and -7.50 
�al=mol for Magnoflorine.  Similarly, their 
�MSD and �MSF spectra are more stable than the main protease inhibitory 
capacity of Dexamethasone, �hloroquine, and �emdesivir prescribed in SA�S-
�o�-2. �he docked complex of the main protease with �ithanone is a very 
strong and stable with conventional hydrogen bonding of bond lengths 1.7Q � 
(A�	 A9 105), and 2.1Q � (	�N A9 107). �he molecular dynamic results revealed 
that the docked complex is stable up to 100 ns for �MSD, and 10 ns running for 
�MSF. �he finding shows that the inhibitory potential of �ithanone, 
�etahydropalmatine, Isocolumbin, and Magnoflorine are comparatively high for 
SA�S-�o�-2, and can be effectively used against SA�S-�o�-2 infection without 
side effects. �ased on the investigation, it could be recommended that further 
tests and trials are required to confirm the efficacy of the drug. 

 

 
Introduction 
�ovel C��IDq19 was first reported in Wuhan 
China as a pandemic agent having several 
magnitudes infectious than any other previous 
recorded cases. The C��IDq19 pandemic was so 
severe that millions of cases were reported 
globally with an unexpected mortality rate. The 

ohns Hopkins �niversity recorded that globally 

more than 20 million cases were registered with 
a million death cases (Dong et al., 2022). The 
WH� declared the C��IDq19 pandemic as a 
global emergency in 2019 AD. The R�Aqbased 
etiological agent that causes infectious 
dispersion through a medium is commonly 
known as Corona (SARSqCovq2). The main 
enzyme of the virus M��� plays a vital role in 
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replication and transcription in a host cell as a 
source of rampant outbursts (
in et al., 2020). 
 

Medical diagnoses revealed that it causes upper 
and lower respiratory tract infections like 
distress, mild pneumonia, bronchitis, neuro 
disorders, multiple organ failure, septic shock, 
and ultimately death (Krishnan et al., 2021). It is 
a singleqstranded R�A matrix nucleoprotein 
having a diameter below 120 nm, and the main 
structural components are spike glycoprotein 
(SqProtein) for binding the ACE2 receptor of the 
host, envelope protein membrane (Eqprotein) 
for assembly and release, and nucleocapsid (�q
protein) which encapsulate the genome and 
helps in replication and transcription (Wrapp et 
al., 2020), (�adav et al., 2021). The singleq
stranded R�A coronavirus belongs to genera 
�etacoronavirous including SARSqCo�, MRRsq
Co�, and SARSqCo�q2, which contain �RFs as 
genomic constituents, and the reBuired 
proteins were transcript from sgR�As that are 
found in 3l terminus of the strand. Typically, 
C��IDq19 is distinct due to its genomic and 
phenotypic modification as a potential viral 
pathogen reported in the pandemic (�rant et 
al., 2021), (Mousavizadeh � 
hasemi, 2021). 
Since the first recorded case of C��IDq19 virus, 
it has been muted several times as alpha, beta, 
gamma, delta, and �micron. The emerging 
mutant infectious C��IDq19 and its subvariant 
(�A.1 � �A.2) have shown remarkable genomic 
recombination leading to an evolution of SARSq
Co�q2. The amino acid mutation in the delta 
spike protein was detected as a possible 
recombination from k�micronl and kDeltacronl 
subvariants (�u et al., 2022). The genomic 
seBuence has revealed that the Delta variant 
(�.1.617.2) and �micron (�.1.1.�29) were 
rapidly dispersed as an infectious agent due to 

genomic modification, and their proper 
adaptation in host cells. The report has shown 
that the genomic seBuence obtained from the 
WuhanqHuq1 strain of region TRS (C�AAC or 
AC
AAC) has been modified in recent 
seBuencing. It is reported that the spike protein 
of �micron has shown 30 mutations with a 
higher alphaqhelix shape than the Delta variant 
(Ahmad et al., 2022).  
 

The governments of the different countries used 
a common practice of isolation and vaccination 
as preventive measures against the infectious 
C��IDq19. The technological innovations have 
launched vaccines, categorized as intact target 
vaccines, proteins, viral vectors, and nucleic acid. 
The reports show the dire applications of highq
efficiency R�A and viral vectorqbased vaccines 
implemented for trials (�akagami, 2021). The 
synthetic peptides or recombinant proteinqbased 
vaccines are found effective against SARSqCo�q2. 
The vaccines based on mR�A, viral vector, and 
inactivated virus vaccine members are approved 
worldwide (�ayani et al., 2023). Reports have 
shown that the spike protein epitome (C662q
C671) of SARSqCo�q2 is used to develop broadq
spectrum vaccines against the viral infection. The 
seBuencing of amino acid of C662qC671in SARSq
Co�q2 is observed over the other variants of the 
virusqlike �micron. Such conservation can pave 
the way for genomic replication and translation 
for new vaccine discoveries (Markosian et al., 
2022). Furthermore, The role of micronutrients 
like �itamin A, �, C, and D, including  n, Cu, and 
Mg also shows several clinical impacts on SARSq
Co�q2 (AltooB et al., 2022). The nonqtherapeutic 
approach may also be found effective through 
their novel capability against the viral mutation 
for the development of vaccines. Different 
techniBues were launched based on peptideq
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targeted and adenoqassociated phases for 
targeted spike protein mainly capsid p�III shows 
Buick response on in6ecting mice through 
aerosolization. The protein on minor capsid pIII 
transport towards the circulation of the 
epithelium of the lungs shows an antibody 
response. Similarly, inducing spike proteinq
specific antibodies shows a Buick response in the 
epithelium of mice. These techniBues can be 
useful to generate vaccine prototypes (�ubin et 
al., 2021). The in vitro transcription of mR�A 
seBuenceqbased vaccine is a costqefficient and 
flexible method against viral genetic 
transcription. The mR�Aqbased vaccines may be 
the pivotal discovery in pharmaceutical 
companies against SARSqCo�q2 in the future 
(Weng et al., 2020). Technological advancement 
also explores the �anomaterials against the viral 
protease because carriers are safe, effective, and 
promising like the treatment of other viral 
diseases (�asamineh et al., 2022). Ayurvedic 
�asma contains the fine nanoparticles of metals 
like Au, Ag,  n, Cu, Fe, etc (S. Regmi et al., 201�). 
The nanostructure particles of these metals have 
a strong tendency to disrupt the nucleocapsid of 
SARSqCo�q2 variants. Different compositions and 
categorical Ayurvedic �asma can be used to 
reduce T�F[ levels, interleukins, and interferons 
due to their antiviral, antiqinflammatory, 
immunomodulatory, and ad6uvant activities 
(Sarkar � Das Mukhopadhyay, 2021). 
 

Ayurveda medicines are found effective against 
SARCqCo�q2 than those patients who took both 
Allopathic and Ayurveda medicine together. 
Ayurveda medicines were safer to use without 
side effects (�alkrishna et al., 2021). Plants are 
the ma6or sources that contain alkaloids, 
flavonoids, polyketides, Phonoloids, and 
triterpenoids which are effectively used as 

potential drugs for antiviral, antibacterial, 
antifungal, and many therapeutic purposes. The 
bioactive phytochemicals are found effective, 
reported in traditional Ayurveda treatment 
(Alam et al., 2021). The key targets for the virus 
in the host cell are ACE2 and TMPRSS2. The viral 
activity can be reduced by the action of 
Ayurvedic medicinal plants like �scimum 
sanctum, and Piper longum which contain high 
phytochemicals and their medicinal alkaloids 
that interact effectively against the particular 
host cell ACE2 and TMPRSS2 to inhibit their 
activity (
indal � Rani, 2023). �ikewise, (Shree et 
al., 2022), reported that Withanoside � 
extracted from �ithania somni#era effectively 
inhibits M��� of SARSqCo�q2 with a high docking 
score. The Tinocordiside extracted from 
�inospora cordi#olia effectively inhibits the main 
protease through in silico approach. Similar 
reports were obtained for the �inenin extract 
from �cimum sanctum. The E protein is related 
to the replication of protease in the virus which 
is effectively inhibited by the extract obtained 
from �ithania somni#era (Abdullah Alharbi, 
2021). In the present research study, we have 
selected three different Ayurvedic plants 
�ithania somni#era, �cimum sanctum, and 
�inospora cardi#olia, and their vital active 
compounds for molecular docking against the 
main protease of SARSqCo�q2. 
 

ateria s and 
ethods 
�ools and tec ni)-es in 
olec-lar doc#ing 
The authentic computerqbased software like 
PyMol (3.0) was used for 3D molecular 
visualization of protein and ligand analysis. 
�iovia discovery visualizer (21.1) was used for 
interactive 2D and 3D visualization of the 
molecular system. Avogadro Software (1.0) was 
used for molecular edition and modification. 
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Similarly, ADFR (� 2.7) was used for molecular 
docking, and �MD (�isual Molecular dynamicsq
1.9.4[�3) was used for molecular modeling. 
Furthermore, serverqbased programs like ADMET 
prediction, protein topography, active site 
prediction through CASTp 3.0, �AD for molecular 
dynamics, and CA�Sqflex 2.0 for docked complex 
fluctuation. 
 

A��B � ain7� �rotein �reparation 
The main protein of Mpro �micron was loaded 
from RCS�.org as PD� ID 6��7 in kFASTAl 
format. The protein was seBuenced on PyMol 
(3.0) by removing the reaming chain except A 

from the protein structure. The process was 
followed by eliminating ligands, water 
molecules, and ions. The clean protein chain A 
residue was made defectless by adding polar 
hydrogen, minimizing energy, and applying a 
gradient force field. The geometry of the 
protein was stabilized on Avogardo software 
(1.0) by maintaining pH � 7.4. The protein was 
prepared by converting the protein databank 
file kFASTAl into kpdbl to kpbdBtl by issuing the 
following commands in the window power cell. 
}preparetreceptor rr .p6��7tM���.pdb ro 
.p6��7tM���.pdbBt 

 

 

�i�/ :/ �he main protease o# C��
�GMU IR
�SJ, the image is re#ined in P6�ol and obtained #rom �C�B 
P�B, R
�S �ithanone complex showing chain segment and bonding. Sourceh RCS�.org, (�ugnon et al., 
2024) 
 
@� �is-ali2ation and �dition o� �rotein in 
�.ogadro >5> 
Avogadro 1.1 was used in the present research 
work to analyze and visualize 6��7 M��� loaded 
from RCS�.org. and PubChem. Its potential 
plugin mechanism on drug design to extract 
common databases like the kCM�l format has 
made Avogadro 1.1 a vital software (Hanwell et 
al., 2012). 

�igands �reparation  
The brief survey report has shown that some 
ayurvedic plants like �simum sanctum, �ithania 
somni#era, and �inospora cordi#olia are found to 
be affected in SARSqCo�q2. In the present study, 
we have selected some bioactive compounds 
from them. The ligands were prepared by 
loading kSdfl file format from the PubChem 
database with their PubChem ID. The following 
power cell command was issued to convert kpdbl 
into the kpbdBtl file format. 
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6$re$are3 i�and 1: /0�i�and/$db 2o /0�i�and/$db%t 
}preparetligand q1 .pWithanone.pdb ro .pWithanone.pdbBt 
}preparetligand q1 .pAzithromycine.pdb ro .pAzithromycine.pdbBt 
}preparetligand q1 .pHydroxychloroBuine.pdb ro .pHydroxychloroBuine.pdbBt 
}preparetligand q1 .pDexamethazone.pdb ro .pDexamethazone.pdbBt 
}preparetligand q1 .pPolymyxin�1.pdb ro .pPolymyxin�1.pdbBt 
}preparetligand q1 .pRemdesivir.pdb ro .pRemdesivir.pdbBt 
}preparetligand q1 .p�eomycine.pdb ro .p�eomycine.pdbBt 
}preparetligand q1 .p
entamycine.pdb ro .p
entamycine.pdbBt 
}preparetligand q1 .pIsocholumbin.pdb ro .pIsocholumbin.pdbBt 
}preparetligand q1 .pTetrahydropalmatine.pdb ro .pTetrahydropalmatine.pdbBt 
 

 

 
�i�/ ;/ �he structure o# di##erent bioactive compounds was obtained #rom the PubChem database and 
modi#ied on Chem�raw MN.L �ltra. 
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��
�� �.al-ation �or �igand in ��
�� �a� @5= 
The drugqlike properties and toxicity are 
evaluated on ADMET �ab 3.0. ADMET screening 
was performed to observe the features of ligandq
based absorption, distribution, metabolism, 
excretion, and toxicity. The evaluation of each 
ligand screened based on �ipinski,s rule of five 
including some selected circumstances like 
molecular weight (100q600), �ogP (0q3 logmolol), 
�ogS (q4 to 0.� log molol), �ogD7.4(1q3 log molol), 
nHA (0⁓12), nHd (0⁓7), TPSA (q4q0.�logmolol), 

nRot (0q11), nRing (0q1�), nHet (1q1�), fChar (q4 r 
4), nRing (0q30) (�iong et al., 2021). 
 


olec-lar �oc#ing in ���� >5? 
Molecular docking was carried out on A
FR 1.2. 
The refined protein and ligand on the kpdbBtl file 
format were loaded on the software to get the 
target file. It was generated by keeping the fixed 
paddling (2.0) and appropriate grid box size.  At 
least 1� flexible residues were selected for the 
docking with the receptor protein. The CASTp 
determined the active sites of the protein. 

 
Eadfr -l �ithanone.pdbqt -t Q��7@�ithanone.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
Eadfr -l Azithromycine.pdbqt -t Q��7@Azithromycine.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
Eadfr -l Dexamethazone.pdbqt -t Q��7@Dexamethazone.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
Eadfr -l �emdesivir.pdbqt –t Q��7@�emdesivir.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
Eadfr -l Neomycine.pdbqt -t Q��7@Neomycine.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
Eadfr -l �olymyxin�1.pdbqt -t Q��7@�olymyxin�1.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
Eadfr -l 	entamycine.pdbqt -t Q��7@	entamycine.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
Eadfr -l �embetarine.pdbqt -t Q��7@�embetarine.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
Eadfr -l �-palmatine.pdbqt -t Q��7@�-palmatine.trg –M� flex�es --nb�uns S --max�vals 50000 -� --seed 1 
 

nteracti.e ?� and @� �is-ali2ation in �isco.er1 
St-dio ?>5>5= 
The docked complex in kpdbl format was 
observed in Discovery studio. The 2D and 3D 
interaction of donor receptor complex was 
observed with high resolution with hydrogen 
bonding, piqalkyl bond, alkylqalkyl interaction, 
and their depiction with bond distance. 
 
�
� and ���S7�le0 ?5= �or �
S� and �
S� 
The protein structure docked with ligand 
fluctuation is carried out in a serverqbased CA�Sq
flex web server. This server with an inexpensive 
computational framework determines the 
protein structure and its function relationship. 
The customizable distance, contact map, 
multimeric protein structure, and simulation 
parameters are determined through an 

enhanced web server interface. The RMSD 
values for the docked complex were determined 
through the generation of kpdbl and kpsfl files, 
followed by the solvation box. In the present 
research work, we have specified the box size 
Minimum (��2, ��2, and  �2), and Maximum 
(��100, ��100, and  �100). Similarly, the box 
padding was issued as Min (���, ���, and  ��), 
and Max (��6, ��6, and  �6). The following 
command was issued to generate log files for 
�AMD tra6ectory and �A�D plots. The executed 
command was given ash 
 
 p6��7�tclsh .pmaxmintnew.tcl and �nand2 
script.txt �  simultlog.log. 
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Resu t and �iscussion 
S-r�ace �opograp 1 o� �rotein in ��S�p @5= 
�qray diffraction techniBue has shown its 
resolution of 2.16 �, Rqvalue free 0.23�, Rqvalue 
work 0.202, and observed Rqvalue 0.204. The 

molecular weight of the protein is 34.�1 Kda. The 
volume of the receptor side chain A is 319.370 
��, the surface area is 31�.12� ��. It was found 
that the total AA residue Chain A is 306 with 
residue active sites are �1. 

 
�ab e :/ Active site prediction for targeted protein 6��7 with CASTp 3.0 server. 

Sourceh (Tian et al., 201�), CASTp 3 Server 
 
�ab e ;/ The surface topography of protein 6��7qChain A SeBuence shows genomic code for SARSq
Co�q2 in CASTp (P�CIDh1h 
t66b643��16DAE). 
 

 

 

�he amino acid residue presents in Chain A, Poc
� M. areC �e.uence 
� NP I�	�, �	�, �	�J, NQ I�	�, 
�	�, �	�J, NR I�	�, �	�, �	�J, NS I
��, 
��J, PM I	
�, 	
�, 	
�, 	
�, 	
�, 	
�J 
PP IC��J, PQ I�	�, �	�J, PR I���, ���, ���J, PU I���, ���, ���, ���, ���J 
QN IP��J, QP I���J, MPL IP	�, P	�, P	�J, MPM I
��, 
��, 
��J 
MPN IA��, A��, A��, A��, A��, A��J, MPO I�
�, �
�J, MPP I���, ���J 
MPQ IC��, C��, C��J, MRO I	
�, 	
�J, MRP I	
�, 	
�J, MRQ I���, ���, ���J 
MRR I�
�, �
�, �
�, �
�, �
�J, MRS I
��, 
��J, MRT IP��J, MSN I	
�J 
MTS IA�P, A�P, A�P, A�PJ, MTU I�
�, �
�, �
�J, MUL I�	�J, MUN I�
�, �
�, �
�J. 
 
�nal1sis o� ligand4 �ipins#i6s �-le o� �i.e in 
��
�� �a� ?5= 
The Physiochemical properties including 
absorption, distribution, metabolism, excretion, 

and toxicity (ADMET) were analyzed based on 
�ipinkils rule of five. In the present research 
work, we have selected many herbal plants and 
their active bioactive compounds and studied 

�rotein �ocket 
ID 

�hain 

�olume 
(SA) 
�� 

Area (SA) 
�� 

�otal 
Surface 
�eight 

kDa 

�-ray 
diffraction 
�esolution 

� 

�otal AA 
residue 
in �hain 

A 

AA residue 
at the 

predicted 
active site 

Q��7 A 319.370 315.125 35.51 2.1Q 30Q S1 
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their drugqlike property on ADMET �ab 2.0. The 
potential eleven bioactive compounds were 
selected, and the existing drugs like 
Dexamethasone, Redisivir,  entamycine, and 
�eomycine were compared with them in various 
parameters. �ipinski�s rule of five re6ected some 
vital medicines like Azithromycine, Remdesivir, 
�eomycine, and  entamycine which were 
already prescribed against �micron and 
Deltacron and their subvariety in the pandemic. 
 

� armaco#inetic �nal1sis 
For the drugqlike soft rule, ligands should have a 
molecular weight of 100q600; however, some 
ligands like �eomycin and Polymyxin �1 have 
exceeded the parameters. Furthermore, the 
number of hydrogen bond donors and acceptors 
should be in the range of 0q7 and 0q12, but nHD 
� nHA analysis reveals that �eomycin, Polymyxin 
�1, Streptomycin, and  antamycine have a high 
number of hydrogen donor and acceptors. So, 
their pharmacokinetic property is found 
abnormally high in many cases. The �ogS 
(aBueous solubility value) represents the drug 
absorption process, the higher the value of logS 
better will be the oral dissolution. The �ogP 

(�ctanolowater distribution coefficient) 
represents the permeability of drugs and 
hydrophobic binding to macromolecules. Its 
value is considered proper in the range of 0q3. 
The HIA (Human intestinal Absorption) is a vital 
parameter for the apparent efficacy of drugs. 
The interpreted result has shown that the HIA � 
30 � represents the poorly absorbed category 
(0) which is denoted by HIA (q), and � 30 � 
represents the category (1). The HIA should be in 
the range of 0q1, indicating 0q0.3 excellent 
(
reen), 0.3q0.7 medium (�ellow), and 0.7q1 poor 
(��, Red). The Caco2 (Human colon 
Adenocarcinoma cell line, where drug absorption 
in vivo drug permeability is studied due to 
morphological and functional similarities. Its 
value should be q�.1� excellent (
reen), and 
otherwise poor (Red). 
reat concern was given 
to the carcinogenicity in ADMET profiling due to 
its detrimental effect on the genome and 
metabolic processes. The empirical decision has 
revealed that category zero (nonqcarcinogenic) 
should have TD�� (0q0.3) considered an excellent 
drug (
reen) (�ipinski, 2004). 

 
�ab e </ ADMET evaluation of different ligands based on �ipinskils rule of five. 

Com$o)nd 
�ame 

�)�Chem 
�� 

�/�t 
7661<66 

nH� 
6⁓= 

nH� 
6⁓78 


og 
� 6⁓9 
�ol0l 

�a, Ring 
6⁓7> 

H�� 
og� A 
1:16/; 


ogmol0l 

Caco18  
2cm0m3 

Carcino 
den'ity 


i$in'�i 
R)le 

�ithanone 87<=?68= :=6/< 8 < 7/>=: 7> 111 19/:99 1;/67: 6/>9? �cce$ted 
�.ithromycin ::=6:9 =:? ; 7: 8/6? 7; 111 18/:=8 1;/??; 6/7;; Re�ected 

�e,ametha'one ;=:9 9?8/; 9 ; 7/987 7= 111 19/;6? 1:/?77 6/;7; �cce$ted 
Chloro%)ine 8=7? 97?/? 7 9 :/=99 76 111 19/;<< 1:/?>7 6/86: �cce$ted 
Remde'i*ir ;<>98?6< ;97/8 > 7> 18/> ? 111 17/?=? 1</66? 6/:?; Re�ected 
�allic acid 9=6 7=6/78 : ; 6/<?8 < 111 17/;; 1;/<6: 6/87? �cce$ted 
�eomycin >9=> <7:/< 7? 7? 18/;>7 < @@@ 16/:97 1</7<? 6/>=9 Re�ected 

�olymy,in �7 7=79?;78? 789=/; 89 8? 6/997 89 @@@ 18/=6; 1</=?? 6 Re�ected 
�tre$tomycin 7?<:? ;>7/< 7< 7? 17/?69 < @@@ 16/?9< 1</7=> 6/6; Re�ected 
�entamicin 9:<= :==/< 77 78 16/7<> < @@@ 17/:69 1;/=7< 6/68< Re�ected 
�er�erine 89;9 99</: 6 ; 9/78 87 111 1;/6;? 1;/67 6/>6> �cce$ted 
�almatine 7?66? 9;8/: 6 ; 8/>?9 7> @ 1:/>8 1;/6:8 6/<;; �cce$ted 

�agno�lorine =999= 9:8/: 8 ; 6/><9 7< @@@ 18/<79 1;/<9= 6/<:7 �cce$ted 
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Com$o)nd 
�ame 

�)�Chem 
�� 

�/�t 
7661<66 

nH� 
6⁓= 

nH� 
6⁓78 


og 
� 6⁓9 
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A��B 
��� and �igand �oc#ing in ���� >5> 
Molecular docking was carried out in ADFR 1.0 
software by loading the protein receptor pbdBt 
file and the docking box parameter was fitted 
for different dimensions. The spacing in the 
dimension was kept at 0.37� and smoothing at 
4 for different 24 flexible residues. I�PAC �ame 
of Withanone (1S,2S,4S,�R,10R,11S,14S,1�S, 
1�S)q1�qx(1R)q1qx(2R)q4,�qdimethylq6qoxoq2,3q
dihydropyranq2qylyethylyq�,1�qdihydroxyq10,14q
dimethylq3qoxapentacyclox9.7.0.02,4.0�, 
10.014,1�yoctadecq7qenq9qone. The flexible 
reduces for Withanone ligands protein chains 

are Ah PHE�, 
���3, AS��4, �A�104, AR
10�, 
I�E106, 
��107, 
��110, THR111, PHE112, 
SER113, 
��127, MET130, AS�1�1, I�E1�2, 
SER1��, ASP176, �E�177, 
��17�, AS�1�0, 
T�R1�2, THR292, PHE294, ASP29�. The 
computer pockets for a score were 300.4� and 
the peptide scoring function for ligand size was 
found �00. The water map was set by keeping 
the weight 0.60, and entropy was kept at q0.20 
for all clusters larger than 1. The box parameter 
size was ad6usted in the center � � q3�.134, � � 
16.306, and   � 60.027, similarly, the size was 
kept �� 9.000, �� 9.00, and   9.�00. 

 

�i�/ </ Molecular docking of 6��7 with Withanone ligand in A
FR 1.1 
A. Clean ���	� o# �A��GCo�GN main protease R
�S showing higher A� core and active sites #or 

doc(ing. 
B. �eceptor sur#ace showing possible doc(ing sites in box representation be#ore doc(ing. 
C. NP di##erent amino acid residues #rom ligand doc(ed with amino acid residue in receptor 

sur#ace a#ter doc(ing. 
 
The interaction simulation of 2D and 3D 
structure reveals that the amino acid residue of 
Withanone interacts and forms conventional 
hydrogen bonding as Ah 
��107hHE22 qh ��K0h� 
with hydrogen bonding 2.16272 �, with DHA 
angle 149.226, HA� angle 112.707 andh ��K0hH q 

Ah AR
10�h� with hydrogen bonding 1.7�976 �, 
with DHA 161.0�6 and angle HA� 130.3��. The 
amino acid residues �A� Ah 104 and PHE A 294 
also interact with ligands to form alkyl bonds 
with unstable and large bond angles. The 
interaction of the residue of Withanone with 


 B C 
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protein receptors is very stable with minimum 
bond distance compared to the other ligand 
interactions. In our previous finding, we reported 
that the strong interaction of Withanone in the 
P�3 signaling pathway as a potential inhibitor in 
�TRFqP�3 interaction, where Withanone played a 
pivotal role in apoptosis and provided a basis for 
modulating �Fqk� and STA3 (S. R. Regmi et al., 
2024). Furthermore, the use of �ithania 
somni#era in the pandemic shows its antiq
cancerous activity, antiqinflammatory, 
antioxidant effect, neuroprotective effect, 

immunomodulatory effect, antiqaging, antiq
stress, cardioprotective, hepatoprotective, 
antibacterial, and most effectively antiviral 
property against SARSqCo�q2. The countless 
mutation on the spike protein of SARSqCo�q2 
shows that the ACE2 receptor of the host cell 
very is susceptible and can be interfered with 
only by the potential inhibitor which can defunct 
the interaction. The strong and stable hydrogen 
bonding of Withanone with Mpro of SARSqCo�q2 
can terminate the R�A polymerase replication in 
the host cell. 

 

 

�i�/ =/ Interactive visual representation of receptorqligand docked complex in Discovery studio 21.0. 
A. �isual representation o# O� interaction #or �pro �A��GCo�GN with �ithanone showing 

amino acid residue with ligand. 
B. N� interaction showing bond distance #or conventional h6drogen bonding and other bonding 

between donor and acceptor 
 

The stereochemical foundation of protein 
structure is analyzed by Ramachandran plot, 
which gives stability and indicates the purity of 
protein based on dihedral angle Phi (a) and Psi 
(c). The stability of a protein is determined 
based on visualization of allowed and disallowed 
regions for their respective steric hindrance. The 
plot represents four Buadrants I (0q90�), II (90q
1�0�), III (1�0q270�), and I� (270q360�). The 
rotation of residue around �qC[ is denoted by �q
axis angle Psi (c) and �qaxis Phi (a) denotes the 
rotation of amino acid residue around Cq[C. The 

shaded region in the plot represents the allowed 
region and the white area represents the 
disallowed region. The angle q120� to �120� 
represents the residue in \qsheets and Buadrant 
I indicates the [qHelix of the protein. Each point 
in the plot represents a single residue, and 
Buadrant II � III represent the secondary 
structure of the protein. The Buadrant II 
represents the Buality of protein; the maximum 
number of points on this Buadrant depicts the 
higher Buality of protein (Ramachandran, 1963; 
Richardson � Richardson, 19��; �ovell et al., 

A� B 
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2003; �askowski et al., 1993). The average 
hydrophobicity patterns of the docked complex 
are analyzed for the identification of amino acid 
seBuences. The trend analysis shows that the 
peak in the graph depicts the hydrophobicity 
and the troughs show the hydrophilic region in 
the docked complex. The red peak, which shows 

hydrophobicity, represents the secondary 
protein structure, and the troughs region shows 
conventional hydrogen bonding. The extreme 
high and low peaks represent the active binding 
sites in the protein (Kyte � Doolittle, 19�2), 
(Creighton, 1993). 

 

�i�/ >/ 6��7qWithanone docked complex analysis in Discovery studio. 
A. �amachandran plot showing protein PhiI?J stereochemistr6 vs. PsiI@J. 
�. 	6drophobicit6 o# protein in doc(ed complex. 
C. 	6drogen bonding showing residue index #or di##erent active binding sites 

Remdesivir is an effective drug against SARSq
Co�q2 infection during the pandemic. It was first 
launched to deactivate the replication of Ebola 
but its nucleotide analog product is widely used 
in broadqspectrum R�A replication of the virus. 
The report revealed that it is effective against 
lower respiratory tract infection related to 
C��IDq19 infection (�eigel et al., 2020) (
rein et 
al., 2020). Remdesivir (
Sq�734) is a monoq
phosphoramidate drug, which terminates R�A 
replication effectively. Still, the pharmacokinetic 
study reveals that its absorption is poor with 
moderate plasma binding and inactive 
metabolism with high excretion. The targeted 
proteinqligand interaction depicts that SER Ah 1�� 
interacts with the ligand and gives the stable 
conventional hydrogen bonding 2.03 �. Similarly, 

AR
 Ah 10� shows multiple interactions with 
ligands with bond distances of 1.�9 � and 1.�3 �. 
Furthermore, THR Ah 292 interacts with the bond 
distance of 2.�0 �. However, its efficacy was 
reported more than 60� in clinical trials, the 
hypersensitivity, hepatoxicity, renal failure, and 
gastrointestinal problems kept its potential in 
doubt. According to the WH�, Remdesivir does 
not have any influence on reducing the mortality 
rate, however, some metaqanalysis of multiple 
studies explores that it reduces the recovery 
time to some extent and prevents the patient�s 
proximity towards ventilation. In contrast to the 
potential of Remdesivir, the Ayurveda medicine 
powder of �ithania somni#era prescribed in 
India was found effective in several cases. 
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�i�/ ?/ Interactive visual representation of receptorqligand docked complex in Discovery studio 21.0. 
A. �isual representation o# O� interaction #or �pro �A��GCo�GN with �emdesivir showing amino 

acid residue with ligand. 
�. N� interactive diagram showing the bond distance o# h6drogen bonding and Al(6l bonding 

residue. 

 

�i�/ @/ Interactive visual representation of receptorqligand docked complex in Discovery studio 21.0. 
A. �isual representation o# O� interaction #or � �	�
����
���
2 with �examethasone showing amino 

acid residue with ligand. 
B. N� interactive diagram showing the bond distance o# h6drogen bonding and Al(6l bonding 

residue. 
Dexamethasone is a corticosteroid that got 
attention during the C��IDq19 pandemic due to 
its antiqinflammatory properties. Reports have 
shown that it reduced the 33� mortality in 
C��IDq19 cases due to its effectiveness against 
cytokinin storm that shows lung and mutiqorgans 
failure (
roup, 2021), (Keyt, 2021). Molecular 
docking results for Dexamethasone and main 

protease show that AR
 Ah10� of protein residue 
makes a stable conventional hydrogen bonding 
with a bond distance of 2.0� �, 
�� Ah107 makes 
1.90 � and 
�� Ah 110 with a bond distance of 
2.01 �. Dexamethasone shows relatively stable 
hydrogen bonding and docking score greater 
than Remdesivir. 

 
 
 

� � 

A B 
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�ab e =/ Docking score of the Main protease of SARSqCo�q2 with different ligands and their maximum 
score. Docking score (R?hrig et al., 2023) and (�ugnon et al., 2024), individual docking score is 
calculated by Window power shell method. 
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The molecular docking of the Main protease of 
SARSqCo�q2 with different ligands scores is 
shown in Table 4. The docking score was found 
high for Withanone q�.�0 KCalMol��. Similarly, in 
the same parameters file by keeping fixed box 
size, nbRuns �, and maxEvals �0000, 3C like 
proteinase nsp�, we have found the docking 
score for Azithromycin (q7.47 KCalMolq1), 
Dexamethasone (q7.30 KCalMolq1), ChloroBuine 
(q7.74 KCalMol��), Remdesivir (q7.70 KCalMol��), 
�eomycin (q�.04 KCalMol��), Polymyxin �1(q�.1� 
KCalMol��), Streptomycin (q7.42 KCalMol��), 

entamycin (q7.02 KCalMol��), �erberine (q
6.32KCalMol��), Palmtine (q7.2� KCalMol��), 
Magnoflorine(q7.�0 KCalMol��), Tembetarine (q
7.32 KcalMol��), Isocolumbin (q7.77 KCalMol��), 
Terahydropalmatine (q7.�2 KCalMol��). The 
report shows that the HI� protease �elfinavir 
has a strong docking score (q9.93 KCalMol��), and 
�opinavir is also an HI� protease that shows a 
docking score (q�.�6 KCalMolq1). An 
antiretroviral drug Ritonavir shows a docking 
score (q�.7� KCalMolq1). The antiviral drug 
Favipiravir shows a docking score (q7.0 KCalMol�
�). The HC� protease inhibitor shows a docking 
score (q9.93 KCalMol��), Indinavir (q9.70 KCalMol�
�), the antineoplastic agent Carmofur (q�.�0 

KCalMol��), (Ton et al., 2020; �hardwa6 et al., 
2021; Pant et al., 2021). 
 

The high docking score reveals that the main 
protease M��� of SARSqCo�q2 interacts very 
strongly with Withanone. The interactive residue 
AR
 Ah 10� and 
�� Ah 107 are very strongly 
bonded through conventional hydrogen bonding 
with the least possible and stable bond distances 
1.76, and 2.16 �. Comparing this stability with 
other ligands, none of the interactions can 
exceed the least possible distance of the 6��7q
Withanone complex. Furthermore, the drugs 
approved by WH� during the pandemic are 
promising in some sorts of circumstances but 
their docking score, bond distances, ADMET 
evaluation, and results in clinical trials are not 
much more satisfactory. The possibility of failure 
of these drugs in many cases could be the 
improper bonding of the main protease with 
ligands like Dexamethasone, Remdesivir, 
HydroxychloroBuine, and Polymyxin �1 formated 
salt, Azithromycin, Streptomycin, and 

entamycin. The WH� never recommended 
Remdesivir and HydroxychloroBuine in SARSq
Co�q2 infection in the pandemic. Probably the 
reason is that the ACTTq1 trial of Remdesivir on 
the patient before the ventilation ultimately put 
them in 6eopardy. However, the �S government 
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prescribed HydroxychloroBuine in SARSqCo�q2 in 
serious cases; the mortality rate was increased 
significantly. In the severe painful situation of 
the pandemic, Dexamethasone was found 

promising in critical cases but reports show that 
we need to focus on an alternative effective drug 
that can terminate the propagation of �micron 
main protease. 

 

�ab e >/ Interaction of main protease SARSqCo�q2 with ligand showing all possible hydrogen bonding, 
interacting residue, and bond distance. 

����3 
Co�3: 
M���  

4Chain�5 

�i�an�s �nteractin� resi�+e 
4�$ino aci�s5 

�+$�er 
of  


.�ro�en  
�on�in� 

�on� �istance 4�5 

Q��7 �ithanone A�	 A9 105, 	�N A9 107 2 1.7Q, 2.1Q 
 Dexamethazone A�	 A9 105, 	�N A9 107, 

	�N A9 110 
3 2.0S, 1.90 

2.01 
 �hloroquine 	�N A9 110 1 2.47 
 �emdesivir A�	 A9 105, S�� A 9 15S 

�H� A9 292 
3 1.S3, 2.01 

2.90 
 Neomycin ��S A9 97, ASN A9 72, ASN A9119, 	�� 

120, S�� A 121, M�� A9 17 
Q 2.35, 2.23, 2.72, 

2.02, 2.11, 2.15 
 �olymyxin �1 S�� A9 113, �A� A9 114, ��� A9 115, 

��� A9 12Q, ��S A 12S, ASN A 151 
 

Q 
2.2S, 2.45, 2.12, 
2.5Q, 2.0S, 1.S9 

 	entamicin S�� A9113, �A� A9 114, ���9A 12Q, ��S 
A912S, �H� A9150, ASN A9151, �H� A9S 

7 1.Q7, 2.14, 1.97, 
2.32, 2.15, 2.24, 2.Q7 

 �erberine ��� A9 5S, I�� A9Q0, ��S A9Q1, HIS A9 S0 4 1.7S, 1.9S, 1.57, 1.97 
 �almatine ��S A9 97, ASN A995, 	�� A915, M�� A917 4 1.S7, 2.32, 1.QQ, 2.43 
 Magnoflorine �A� A920, �A� A942, ��� A9 27, ASN 

A92S, ��S A9145 
5 1S1, 2.3Q, 2.5Q, 2.13, 

1.S9 
 �embetarine ASN A9214, A�A A9210, 	�N A925Q, �A� 

A929Q 
4 2.13, 2.45, 2.47, 1.7S 

 Isocolumbin 	�N A9S3, ��S A S5, A�	 A 40, 	�� A 
17S, 	�� 197 

5 2.45, 2.03, 2.15, 
2.14, 1.7Q 

 �etrahydropalmatine HIS A91Q3, ��� A 1Q1, �H� A9175, 	�� 
A 174, M�� A 1Q2, S�� A 147 

Q 1.7S, 1.97, 2.13, 
1.S7, 1.Q5, 1.7S 

 

entamycin was prescribed for secondary 
bacterial infection in C��IDq19 cases but the 
molecular docking result shows that the amino 
acid residue of this drug forms stable hydrogen 
bonding with the main protease. Similarly, 
�erberine, Palmatine, Magnoflorine, 
Tembetarine, Isocolumbin, and 
Terahydropalmatile also show strong and stable 
hydrogen bonding with considerably significant 
docking scores. 

 

olec-lar �1namics4 �nal1sis o� ����3 �
S�3 
and �
S� plots 
The log file was generated with the help of a 
docked complex kpsfl file and solvation box in 
��� M.U.P:QO. The �AMD plots were generated 
by Dell i�q11�	 gen 16
� DDR4RAM, �12 ��ME 
SSD, 2.90
Hz at 
SST, M�. Results show that the 
6��7qWithanoe complex is stable. The 
conventional hydrogen bonding between 
receptor with ligand in ARD Ah 10� with bond 
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angle 1.76 � and 
�� Ah 107 with bond distance 
2.16 � does not change in a 100 ns time frame. 
Furthermore, the stereochemistry belonging to 
the dihedral angle does not change in the same 

time scale. The volume and pressure variation 
were found stable in the �AMD plot. Which 
confirms the stability of the 6��7qWithanone 
docked complex.  

 

 

�i�/ A/ �AMD plot for 6��7qWithanone complex showing A) Energy vs. time scale for the stability of 
the bond. �) Energy vs. time scale for the stability of angle fluctuation. C) �olume variation for docked 
complex with time scale. D) Energy vs. time scale for the variation of PRESSA�
 and 
PRESSA�
. 

The RMSD plot for the docked complex 6��7q
Withanone suggests the molecule has stable 
stereochemical confirmation. The docked 
complex is stable below 0.9 �. A similar result 
was obtained for docked 6��7q
Tetrahydropalmatine. The stable confirmation of 
both complexes reveals the main protease is 
stabilized without fluctuation in the given 100 ns 
time frame. 

The RMSF plot was obtained through the CA�Sq
flex 2.0 online server for 10 ns. The maximum 
RMSF values for the 6��7qWithanone complex 
are found below 4 �. The residue index of �� 
shows a fluctuation of 3.� �, the 10�qresidue 
index shows 2.7� � and the 1�� residue index is 
3.33 �. Similarly, the 17� and 1�0 residue 
indexes represent loops and flexible domains 
that show RMSF at 2.7� � and 1.7� � probably 
due to binding and conformational change. The 
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residue index 1�� is the flexible termini that 
shows fluctuation at 3.� �. The other ligand like 
Remdesivir, Dexamethasone, and 

HydroxychloroBuine also shows stable RMSF 
below � � but they show higher fluctuation in 
RMSD.

 

�i�/ B/ RMSF plots for receptorq�igand complex for 10ns time frame A) 6��7qWithanone complex �) 
6��7qRemdesivir C) 6��7qDexamethazone and D) 6��7qHydroxychloroBuine. 
 
 

�onc usion 

n silico molecular docking and dynamic were used 
in the present research work to determine the 
potential inhibitor against the main protease of 
SARsqCo�q2. The clean main protease was obtained 
through the refinement on PyMol and Avogadro 
software that was further investigated in CAST 2.0 
for seBuence study and determination of its various 
physical properties like volume, surface area, total 
number of residues in a particular chain, and 
maximum number of active sites. ADMET 
evaluation was performed for more than 400 

bioactive compounds in ADMET lab 3.0, based on 
�ipinskils rule of five, and only some compounds 
having drugqlike properties were chosen for the 
molecular docking. The Molecular docking was 
carried out in A
FR 1.1 software by keeping all 
possible parameters functional to get the highest 
docking score. It was found for Withanone (q�.�0 
KCalMol��), Azithromycin (q7.47 KCalMolq1), 
Dexamethasone (q7.30 KCalMolq1), ChloroBuine (q
7.74 KCalMol��), Remdesivir (q7.70 KCalMol��), 
�eomycin (q�.04 KCalMol��), Polymyxin �1 (q�.1� 
KCalMol��), Streptomycin (q7.42 KCalMol��), 
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entamycin(q7.02 KCalMol��), �erberine (q6.32 
KCalMol��), Palmtine (q7.2� KCalMol��), 
Magnoflorine (q7.�0 KCalMol��), Tembetarine (q7.32 
KCalMol��), Isocolumbin (q7.77 KCalMol��), 
Terahydropalmatine (q7.�2 KCalMol��). The 
interactive 2D and 3D diagram in �iovia Discovery 
studio reveals the strong interaction of Withanone 
with protein residue in AR
 Ah 10� and 
�� Ah 107 
having bond distances of 1.76 and 2.16 � that were 
found relatively stronger interaction than the 
medicine prescribed in C��IDq19 pandemic. 
Furthermore, the result explores that Palmatine, 
Magnoflorine, Tembetarine, Isocolubin, and 
Tetrahydropalmitine also favor the formation of 
strong conventional hydrogen bonding. The 
stability of the docked complex was analyzed 
through �AMD, RMSD, and RMSF plots. The �AMD 
plot for the Protein Withanone complex depicts 
that its Root mean sBuare deviation (RMSD) is less 
than 1�. Similarly, its Root mean sBuare fluctuation 
(RMSF) was found less than � �. A similar result was 
obtained for the proteinqTerahydropalmatine 
complex. Therefore, the molecular docking and 
dynamics imply that bioactive alkaloids Withanone, 
Tetrahydropalmatine, Magnoflorine, Tembertine, 
and Isocolumbin could be the possible candidates 
to inhibit the replication of SARSqCo�q2 main 
protease in the host cell. 
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