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Abstract

Background: Covid-19 disease is a Wuhan, China originated acute viral respiratory illness. Even though the
development of numerous vaccines, the threat of the Covid-19 virus endures nearly two years after the outbreak.
The new mutant strain omicron has now spread to several countries. As a result, newer antiviral therapy is
required to overcome this scenario. Objective: This study is aimed at phytocomponents in the Siddha formulation,
Vishasura Kudineer (VSK), it is widely used to manage fever and respiratory ailments and may be effective in
combating the ongoing pandemic of novel coronavirus disease. Methodology: The principal protease 3CLpro of
this new Coronavirus (SARS-CoV-2) is a possible focus for therapeutic development since it plays a major part
in disease transmission. Molecular docking investigation for all active Phytocomponents found in the Siddha
formulation Vishasura Kudineer with possible targets was carried in the major Protease of SARS-CoV-2 (PDB
ID:6LU7). AutoDockTools was used to design and optimize the ligand structures. Results: Molecular docking of
the 9 bioactive phytocomponents as Santalic acids (-6.39), Nimbolide (-6.38), Rutin, Aristolochic acid (-6.95),
Glabridin (-7.53), Indirubin (-7.23), Sabinene (-5.36), 3-vetivenene (-6.79), and Zingiberene (-6.47) from in the
Siddha sastric formulation, Vishasura Kudineer performed on the SARS-CoV-2 Main Protease protein’s active site
(PDB ID: 6LU7). These phytochemicals had significant molecular interaction with the active residues, indicating
their distinct inhibitory potencies. Conclusion: Whether this Siddha formulation could be used to effectively treat
and manage COVID-19 and its variants, further research and clinical studies need to be done.
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1. Introduction

Various infectious viral diseases have recently seemed
to have a serious influence on millions of people’s lives.
Coronavirus has been known to cause human infections
since the 1960s; it was only in the last two decades that
the virus’s potential to inflict severe epidemics became
obvious. In the last couple of decades, COVID-19 has
been the latest major coronavirus-related airway illness
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outbreak, and it has impacted negatively on the global
socioeconomic balance. The coronavirus disease-19
(COVID-19) is a contagious disease and pathogenic virus
transmitted by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) that created a public health
crisis!. It could be spread even during the asymptomatic
incubation period (which appears in 50-60% of cases) and

for up to two weeks following the symptom onset®. Each
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infected individual transmits an average of three other
persons. The incubation period is usually 5-6 days (vary
1-14 days). The fatality rate among hospitalized patients
isaround 11 % and 15%°. COVID-19 has been detected in
276,436,619 people and reported to WHO as of December
23, 2021, with 5,374,744 deaths in 215 countries and
territories around the world resulting from COVID-
19%. In India, the Ministry of Health and Family Welfare
reported 3, 47, 79,815 cases, and 4, 79,520 deaths. Tamil
Nadu’s Department of Health and Family Welfare has a
sum of 27,42,821 cases have been confirmed, with 36714
deaths and 26,99,309 recoveries®. Rapid global spread in
a short period has led to a huge number of people being
affected, causing a major challenge to healthcare systems.

In the hunt for effective COVID-19 treatments, the
World Health Organization (WHO) welcomes global
innovations such as repurposing medicines, conventional
medicines, and developing new therapeutics. Siddha
medicine, one of the six authorized divisions of the
conventional Indian Medical System, be a traditional
medicine that originated in South India and has been
used for hundreds of years®. It was also essential in the
management of Covid-19 disease, especially in Tamil
Nadu’. In a COVID-19 infection, as per Siddha theory,
there is an early rise in the overall temperature, cough,
and throat pain, which may reduce if there is a sufficient
level of immunity, and these symptoms decline while
Pitta thathu (Humor) refers to a process. Otherwise, it
progresses to a stage of Kapha Dosham (Disorder), which
is described as “Thanamulla sethumanthan ilagilveppu”. If
not treated at this stage it slowly moves to a Stage of Sanni
(Severe Pneumonia- Respiratory failure)®. Many Siddha
preparations for the treatment of kapam-related illnesses
were formulated by Siddhars. In this way, during the covid

pandemic in Tamil Nadu, many Siddha formulations
were utilized. Kabasura Kudineer is a popular Siddha
medicine that has shown to be successful in the treatment
of mild and moderate Covid-19 positive cases. Vishasura
Kudineer is another Siddha formulation that was effective
during the global epidemic of covid-19. This is a necessary
need toward scientifically proven Siddha formulations to
fill the gap in novel antiviral therapy.

In the name of Vishasura Kudineer, there are
many formulations available. The ingredients vary from
one to another. In our docking research, we studied
Vishasura Kudineer, a Siddha formulation that has nine
ingredients listed in the Siddha manuscript ‘Agathiyar
kaaviya suranool. These ingredients of Vishasura Kudineer
have been used extensively in Siddha treatment for the
treatment of viral fever, fevers of unknown origin, and
respiratory diseases like common cold and cough. The
antiviral activity of ingredients in Vishasura Kudineer
is revealed by the various pharmacological activities of
the compounds. In animal studies, they showed anti-
inflammatory, antipyretic,c and immunomodulatory
action®. As a result, the present study aims to use a
computational method to evaluate the Preparation of
Siddha, Vishasura Kudineer against SARS-CoV-2 main
protease.

2. Methodology

Vishasura Kudineer is a polyherbal preparation of Siddha
with principal components that are used to treat all kinds
of fever, Cough, particularly fevers of unknown origin.
The following Siddha medicinal herbs are included in this
Vishasura Kudineer preparation (Table 1).

Table 1. The components of Vishasura Kudineer and its botanical name, phytoconstituents selected for docking
S.NO. Vernacular Name Botanical Name Phyto components
1 Vembu Azadirachta indica Nimbolide!*
2 Avuri Indigofera tinctoria Indirubin'®
3 Sukku Zingiber officinalae Zingiberene'®
4 Nannari Hemidesmus indicus Rutin!”
5 Aadutheendapalai Aristolochia bracteata Aristolochic acid!®
6 Vettiver Vettivera zizanoids B-vetivenene!®
7 Adhimathuram Glycyrrhiza glabra Glabridin?
8 Ealam Elettaria cardomum Sabinene?!
9 Santhanam Santalum album Santalic acids*?
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3. Protein-Ligand Docking

3.1 Protein Preparation

Binding of Phyto components with the core amino acids
(Leu 27, His 41, Gly 143, Cys 145, His 163, His 164, Met
165, Glu 166, Pro 168, His 172) of the target by forming
hydrogen bond will hinder the function of the target
COVID-19 main protease (3-chymotrypsin-like protease
(3CL pro) - PDB- 6LU7. It is thought to be a possible
target since it is required for polyprotein cleavage to get16
non-structural proteins (called nspl-nsp16). These non-
structural proteins are very necessary for viral replication
and survival. Thereby phytocomponents that inhibit
the target 3CL proenzyme could be used as a possible
treatment agent for COVID-19 and its symptoms.

3.2 Ligand Preparation

The bioactive Phyto components in the Siddha formulation
Vishasura Kudineer were reported as Santalic acids,
Nimbolide, Rutin, Aristolochic acid, Glabridin, Indirubin,
Sabinene, B-vetivenene, and Zingiberene. As a result, the
PubChem 3D structural components of these 9 bioactive
substances were chosen for docking investigations. Using
AutoDockToolsv1.5.6, these ligand structures have been
further optimized and synthesized'®.

3.3 Docking of Proteins and Ligands
The RSCB Protein Data Bank provided the crystal
structure of the SARS-CoV-2 Main Protease protein-ligand
complex. AutoDockToolsv1.5.6 has been used to optimize
and generate the 3D protein structures (Table 2)!!.

Nagarajan et al.,

3.4 Molecular Docking

the obtained phytocomponents,
computations were done against the target protein 3CL
pro. With the assistance of AutoDock tools, essential
hydrogen atoms, Kollman unified atom type charges, and
solvation parameters were incorporated'?. The Autogrid
application was used to create affinity (grid) maps with
a grid point spacing of 0.375. The van der Waals and
electrostatic components were calculated using AutoDock
parameter
functions, correspondingly. The Lamarckian Genetic
Algorithm (LGA) and the Solis and Wets local search
approach were used to simulate docking'®. The ligand
molecules’ positions, orientations, and torsions were
randomly chosen. During docking, all rotatable torsions
were relieved. Each docking experiment was made up
of two separate runs, each of which was programmed to
end after a maximum of 250000 energy evaluations. The
population was limited to 150. During the search, a 0.2
translational step was used, as well as 5 quaternion and
torsion steps.

For docking

set- and distance-dependent dielectric

4. Discussion of the Results

Vishasura Kudineer Chooranam is one of the poly herb
Siddha preparations used among Siddha professionals
to treat COVID-19. Based on molecular docking
investigations utilizing AutoDock tools, the inhibitory
possibility and efficiency of phytocomponents from
Vishasura Kudineer towards the novel coronavirus
3CLpro were studied. The key proteases 3CLpro PDB ID

567

Table 2. Properties of the ligands in the compounds selected for docking analysis
Compound Molar weight g/mol Molecular Formula I;I)f;):f H Bond Acceptor | Rotatable bonds
Zingiberene 204.35 g/mol C,sHy, 0 0 4
Santalic acids 234.33 g/mol C;5H,,0, 1 2 4
Nimbolide 466.5 g/mol C,,H;,0, 0 7 4
Indirubin 262.26 g/mol CH,0N,0, 2 3 1
Rutin 610.5 g/mol C,;H;3,046 10 16 6
Aristolochic acid 341.27 g/mol C,;H,,NO, 1 7 2
Glabridin 324.4 g/mol C,oH,00, 2 4 1
B-vetivenene 202.33 g/mol C,sHy, 0 0 0
Sabinene 136.23 g/mol CoHye 0 0 1
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(6LU7) were investigated as potential SARS - CoV-2 target
proteins. The 9 bioactive phytochemical components from
the Siddha sastric formulation Vishasura Kudineer were
docked against the SARS-CoV-2 Main Protease protein
(PDB ID: 6LU7) to analyze the chemical connections that
cause it to be effective at inhibiting. The major protease
3CLpro is required for polyprotein breakdown into 16
non-structural proteins (called nspl-nsp16). These non-

A Molecular Docking Investigation of SARS- CoV-2's Main Protease....

structural proteins play a crucial role in the replication
of viruses. The results of these bioactive compounds’
binding affinity with their respective targets are shown in
(Table 3).

The herbs provided for In-silico analysis resulted
in a set of 9 bioactive phytocompounds. Out of nine
compounds, the leads such as Santalic acids, Nimbolide,

Rutin, Aristolochic acid, and Glabridin reveal an

Table 3. Compounds in molecular docking investigations against COVID-19’s main protease (3-chymotrypsin-like

protease (3CL pro) - (PDB ID: 6LU7)

Inhibition constant
Binding Free energy KipM (*mM) Electrostatic Intermolecular Total Interaction
Compounds Kcal/mol (**nM) energy Kcal/mol energy Kcal/mol Surface
Zingiberene -6.47 11.54 -0.01 -7.84 605.01
Santalic acids -6.39 20.55 -0.22 -7.82 581.04
Nimbolide -6.38 21.02 -0.14 -7.40 777.90
Indirubin -7.23 5.00 -0.03 -7.23 585.55
Rutin -4.76 324.63 -0.78 -5.11 690.29
Aristolochic acid -6.95 8.11 -0.25 -7.91 672.53
Glabridin -7.53 3.00 -0.18 -8.44 742.65
B-vetivenene -6.79 10.50 -0.02 -7.09 536.69
Sabinene -5.36 117.70 -0.01 -5.66 420.49
Table 4. Lead's amino acid residue interactions with COVID-19's key protease 3-chymotrypsin-like protease
(3CL pro) - (PDB: 6LU7)
Molecule | Interactions Amino Acid Residue- Binding
Zingiberene 49 >4 167 189
3 41 HIS | 44CYS | MET | 52PRO | TYR LEU | GLN
Santalic acids 7 25 145 165 187 189
THR | 27LEU | 41 HIS | 499 MET | CYS | MET | ASP | GLN
Nimbolide 9 25 142 144 145 163 165 166 189
THR | 27LEU | 41 HIS | 49 MET | ASN SER | CYS | HIS MET | GLU |GLN
Indirubin 5 165 166 168 189
41 HIS | 49 MET | MET GLU PRO GLN
Rutin 6 54 142 143 144 145 163 165 166 189
41 HIS | 499 MET | TYR ASN GLY SER CYS HIS MET GLU | GLN
Aristolochic 6 25 54 145 165
acid THR | 27 LEU | 41 HIS | 499 MET | TYR CYS | MET
Glabridin - 141 142 165 166 187 189
41 HIS | 54 TYR | LEU ASN MET GLU ASP GLN
B-vetivenene 3 27 LEU 511;4{ ééss 163 HIS Cl}I6jISJ
Sabinene 4 41 HIS | 49 MET T5;R 164 HIS I\}I%ST 11\2; éi;
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optimum of 6 to 7 linkages with the target’s core active by inhibiting the host cell receptor or suppressing the
amino acid residues 3CLpro. Compounds like Indirubin, main viral protease needed for host cell replication.
Sabinene, B-vetivenene, and Zingiberene placed second, In the future, this research is intended for therapeutic
with a maximum of 3 to 5 connections with the active development for viral diseases like COVID-19 shown in
position of the objective enzyme 3CLpro. According to (Table 4 and Figure 1).

findings, certain VSK compounds may have antiviral
properties against the evolving coronavirus SARS-CoV-2

Santalic acids with the major protease of COVID-19 Nimbolide with the major protease of COVID-19
(3-chymotrypsin-like protease (3CL pro) -PDB- 26LU7 (3-chymotrypsin-like protease (3CL pro) -PDB- 26LU7

Rutin with the major protease of COVID-19 (3-chymotrypsin- Aristolochic acid with the major protease of COVID-19
like protease (3CL pro) -PDB- 26LU7 (3-chymotrypsin-like protease (3CL pro) -PDB- 26LU7

Glabridin with the major protease of COVID-19 (3-chymotrypsin-like protease (3CL pro) -PDB- 26LU7

Figure 1. Main compounds in molecular docking investigations against COVID-19’s main protease (3-chymotrypsin-
like protease (3CL pro).
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5. Conclusion

The Siddha herbal infusion Vishasura Kudineer has many
medicinal plant ingredients. The biomolecules which
are present in those herbals which are formulated in this
Siddha medicine Vishasura Kudineer shows inhibition
while docking against the major protease of COVID-
19 (3-chymotrypsin-like protease (3CL pro) -PDB-
26LU7. The Phytochemicals present in the ingredients
of Vishasura Kudineer, such as Santalic acids, Nimbolide,
Rutin, Aristolochic acid, Glabridin, Indirubin, Sabinene,
B-vetivenene, and Zingiberene, show significant binding
energy against the target molecule 3CL pro, according to
the results of the computational analysis. Especially, the
Compound Glabridin and Indirubin shows high binding
affinity such as -7.53 Kcal/mol and -7.23 Kcal/mol
respectively. The biocompound Glabridin present in the
herb Glycyrrhiza glabra showed high therapeutic potency
against SARS-CoV2 in previous research works?. The
Phytocompounds such as Aristolochic acid, S-vetivenene,
Zingiberene, Santalic acids, Nimbolide, Sabinene, Rutin
shows more binding potential against the target protein
molecule which are -6.95 Kcal/mol, -6.79 Kcal/mol, -6.47
Kcal/mol, -6.39 Kcal/mol, -6.38 Kcal/mol, -5.36 Kcal/mol,
-4.76 Kcal/mol respectively. The plant Azadirachta indica,
Zingiber officinale is referred to treat COVID19 due to its
medicinal value**°. As an outcome, it was concluded that
these molecules could have a potential inhibitory effect
on the 3 CL proenzyme, blocking the synthesis of 16 non-
structural proteins (nsp1-nsp16), which are necessary for
replication of virus and thereby restricting viral survival
in the host atmosphere. The Molecular Docking studies of
these Phyto compounds concludes that this drug may be
beneficial to treat SARS-Cov-2.

6. References

1. Muhammad Adnan Shereen, et al. COVID-19
infection: Emergence, transmission, and character-
istics of human coronaviruses. Journal of Advanced
Research.  2020;  91-98.https://doi.org/10.1016/j.
jare.2020.03.005

2. Rothe C, et al. Transmission of 2019-nCoV infec-
tion from an asymptomatic contact in Germany. N
Engl ] Med. 2020; 382:970-1. https://doi.org/10.1056/
NEJMc2001468

3. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y. Clinical
features of patients infected with 2019 novel coro-

Journal of Natural Remedies | ISSN: 2320-3358

10.

11.

12.

13.

14.

navirus in Wuhan, China. Lancet. 2020. https://doi.
org/10.1016/50140-6736(20)30183-5
Covid-19.who.int. 2020. WHO Coronavirus Disease
(COVID-19) Dashboard. [Online] Available from:
https://covid19.who.in.

My Gov. in. 2020. #Indiafightscorona COVID-19.
[Online] Available from: https://www.mygov.in/
covid-19.

Muthiah K, Ganesan K, Ponnaiah M, Parameswaran
S. Concepts of body constitution in traditional Siddha
texts: A literature review. Journal of Ayurveda and
Integrative Medicine. 2019; 10(2):131-4. https://doi.
org/10.1016/j.jaim.2019.04.002

Nagappan AG, Krishnaveni M, Monika T, Thillaivanan
S, Selvamoorthy G. A molecular docking study of
SARS-CoV-2 main protease against phytochemicals
of Siddha Medicinal herb Vilvam (Aeglemarmelos).
International Journal of Ayurvedic Medicine. 2021;
12(3):506-512.  https://doi.org/10.47552/ijam.v12i3.
2138

Kiran G, et al. In Silico computational screening of
Kabasura- Official Siddha formulation and JACOM
against SARS-CoV-2 spike protein, ] Ayurveda Integr
Med. https://doi.org/10.1016/j.jaim.2020.05.009
Sabarianandh ]V, Bernaitis L, ManimekalaiK. COVID-
19 in Siddha medicine: A review. SBV Journal of Basic,
Clinical and Applied Health Science. 2020; 3(2):83-86.
https://doi.org/10.5005/jp-journals-10082-02256
Trott O, Olson AJ. AutoDockVina: Improving the
speed and accuracy of docking with a new scoring
function, efficient optimization, and multithreading.
Journal of Computational Chemistry.2010; 31(2):455-
461. https://doi.org/10.1002/jcc.21334

Berman HM, Westbrook ], Feng Z, Gilliland G, Bhat
TN, Weissig H, Shindyalov IN, Bourne PE. The
protein data bank. Nucleic Acids Research. 2000;
28(1):235-242. https://doi.org/10.1093/nar/28.1.235
Morris GM, Goodsell DS, et al. Automated docking
using a Lamarckian genetic algorithm and an
empirical binding free energy function. Journal of
Computational Chemistry. 1998; 19(14):1639-1662.
https://doi.org/10.1002/(SICI)1096-987X(19981115)
19:14<1639::AID-JCC10>3.0.CO;2-B

Solis FJ, Wets RJB. Minimization by Random Search
Techniques. 1981; 6(1):19-30. Available from:
http://www.jstor.org/stable/3689263. https://doi.org/
10.1287/moor.6.1.19

Alzohairy MA. Therapeutics role of Azadirachta
indica (Neem) and their active constituents in
diseases prevention and treatment. Evidence-Based

http://www.informaticsjournals.com/index.php/jnr | Vol 23 (2) | April 2023



15.

16.

17.

18.

19.

20.

Journal of Natural Remedies | ISSN: 2320-3358

Complementary and Alternative Medicine. 2016;
7382506:11. https://doi.org/10.1155/2016/7382506
Warjeet S Laitonjam, et al. Comparative study of
the major components of the indigo dye obtained
from Strobilanthes flaccidifolius Nees and Indig
oferatinctoria Linn. International Journal of Plant
Physiology and Biochemistry. 2011; 3(7):108-116.
Rampogu S, Baek A, Gajula RG, et al. Ginger
(Zingiber officinale) phytochemicals-gingerenone-A
and shogaol inhibit SaHPPK: molecular docking,
molecular dynamics simulations and in vitro
approaches. Ann Clin Microbiol Antimicrob. 2018;
17(1):16. https://doi.org/10.1186/s12941-018-0266-9
Aneja V, et al. Plant review. Phyto-pharmacology of
Hemidesmus indicus. Pharmacognosy Reviews. 2008;
2(3):143-150.

Bharathajothi P, Bhaaskaran CT. Phytochemical
and pharmacological evaluations of Aristolochia
bracteolata Lam. Asian Journal of Plant Science and
Research. 2014; 4(6):15-19.

Champagnat P. A Study on the composition of
commercial Vetiveria zizanioides oils from different
geographical origins. Journal of Essential Oil
Research. 2011; 416-422. https://doi.org/10.1080/104
12905.2006.9699129

Pastorino G, Cornara L, Soares S, Rodrigues F
Oliveira MBPP. Licorice (Glycyrrhiza glabra):
A phytochemical and pharmacological review.

21.

22.

23.

24.

25.

Nagarajan et al.,

Phytother Res. 2018; 32(12):2323-2339. https://doi.
org/10.1002/ptr.6178

Ashokkumar K, et al. Phytochemical variations
among four distinct varieties of Indian cardamom
Elettaria cardamomum (L.) Maton. Nat Prod Res.
2020; 34(13):1919-1922. https://doi.org/10.1080/147
86419.2018.1561687

Vadnere GP. Phytochemical Investigation and in-vitro
antimicrobial screening of santalum album seeds
extracts. International Journal of Pharmacy and
Pharmaceutical Sciences. 2017; 9(10):117-24. https://
doi.org/10.22159/ijpps.2017v9i11.21216

Maurya DK. Evaluation of Yashtimadhu (Glycyrrhiza
glabra) active phytochemicals against Novel
Coronavirus (SARS-CoV-2). Austin ] Pharmacol
Ther. 2021; 9(6):1153. https://doi.org/10.26420/
austinjpharmacolther.2021.1153

Foka FET, Manamela N, Mufamadi SM, Muthandu HT.
Potential of Azadirachta indica as a capping agent for
antiviral nanoparticles against SARS-CoV-2. Biomed
Res Int. 2022; 5714035. PMID: 36158879; PMCID:
PM(C9499809. https://doi.org/10.1155/2022/5714035
Ahkam, Ahmad, Hermanto E, Feri, Alamsyah, Adzral,
Aliyyah, Iva, Fatchiyah, Fatchiyah. Virtual prediction
of antiviral potential of ginger (Zingiber officinale)
bioactive compounds against spike and MPro of
SARS-CoV?2 protein. Berkala Penelitian Hayati. 2020;
25:52-57. https://doi.org/10.23869/bphjbr.25.2.20207

http://www.informaticsjournals.com/index.php/jnr | Vol 23 (2) | April 2023

571




