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Abstract

The search for effective therapeutics against COVID-19 remains
imperative, and natural compounds have emerged as promising candidates.
Our study explores the potential of bioactive phytochemicals from the
traditional Siddha formulation MilagaiKudineer as inhibitors against
key target proteins of the SARS-CoV-2 virus. Through in-silico docking
analyses, the interactions of phytochemicals from Cuminum cyminum,
Curcuma longa, and Capsicum annuum with the receptor-binding domain
of the SARS-CoV-2 spike glycoprotein (PDB ID: 6VSB), the SARS-
CoV2 RNA-dependent RNA polymerase (PDB ID: 6NUR), and the main
protease, 3CL pro (PDB ID: 6LU7) were examined. Notable compounds
such as Curcumin, Quercetin, Capsaicin, and Ascorbic acid demonstrated
significant binding affinities towards these viral targets, suggesting
mechanisms by which these phytochemicals may disrupt viral entry and
replication. Our findings also highlight the potential of compounds like
Carvacrol, Cuminaldehyde, Linalool, and Dihydrocapsaicin in mediating
antiviral effects by interfacing with key amino acid residues of the
spike glycoprotein. These interactions are indicative of their capacity
to hinder the virus-host cellbinding process. Moreover, the interaction
of select phytochemicals with the SARS-CoV2 RNA-dependent RNA
polymerase and the 3CLpro enzyme suggests a possible inhibitory effect
on viral replication. Given the promising interactions observed, these
phytochemicals warrant further investigation through in vitro and in
vivo studies to validate their antiviral efficacy against COVID-19. This
research underscores the importance of exploring traditional medicinal
formulations for potential therapeutic agents in the fight against emerging
infectious diseases.

Keywords: COVID-19, Siddha formulation, MilagaiKudineer, bioactive
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Introduction

The Siddha system of medicine, deeply rooted in South India, particularly
in Tamil Nadu, has garnered renown for its holistic approach to healthcare.
During challenging times such as the outbreaks of diseases like Dengue and
the COVID-19 pandemic, Siddha medicines have played a vital role in saving
lives. Among these remedies, MilagaiKudineer, a formulation attributed to the
Tiruvanamalai Guru Parambariyam, has emerged as particularly noteworthy
during the COVID-19 crisis. This herbal concoction has demonstrated
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significant efficacy in combating the coronavirus, making it a
crucial asset in the fight against the pandemic. The COVID-19
pandemic caused by the novel coronavirus SARS-CoV-2 has
led to significant global health and economic challenges and
underscores the need for effective antiviral interventions. The
search for effective therapeutic agents to combat this virus is
of paramount importance. The spike glycoprotein of SARS-
CoV-2 plays a crucial role in viral entry by binding to host
cell receptors. Targeting the receptor-binding domain of the
spike protein presents a promising approach for therapeutic
development. Siddha medicine offers a repertoire of natural
compounds with potential antiviral properties, including
those found in MilagaiKudineer. Traditional medicinal
systems, such as Siddha medicine, offer a repertoire of natural
compounds with potential pharmacological activities against
viral infections.MilagaiKudineer is a traditional Siddha
formulation comprising herbs like Cuminum cyminum,
Curcuma longa, and Capsicum annuum, which are known for
their bioactive constituents with diverse medicinalproperties.
The main protease of SARS-CoV-2, 3-chymotrypsin-like
protease (3CLpro), plays a crucial role in viral replication
by cleaving the polyproteins into functional non-structural
proteins.

Targeting 3CL pro presents a promising strategy for
developing antiviral therapeutics. Siddha medicine, an
ancient traditional medicinal system, offers potential sources
of bioactive compounds for combating viral infections.
MilagaiKudineer, a Siddha formulation, comprises various
herbs known for their pharmacological properties. This study
was envisaged with objectives such as i)to assess the inhibitory
potential of bioactive compounds from MilagaiKudineer
against the COVID-19 spike glycoprotein receptor-binding
domain through computational docking analysis, ii)to
investigate the potential of bioactive compounds derived
from MilagaiKudineer against the SARS-CoV2 RNA-
dependent RNA polymerase through computational methods
and iii) to investigate the inhibitory potential of bioactive
compounds from MilagaiKudineer against the SARS-CoV2
main protease, 3CL pro, through computational docking
analysis.

Materials and Methods
Preparation of MilagaiKudineer:

Milagaikudineer, a kudineer formulation of Tiruvanamalai
Guru Parambariyam is routinely prepared as described (Asan,
2023). All the ingredients in the proportion given in Table
1 are taken, and 200 ml of water is added and boiled for 2
minutes. After filtration 50  ml dose can be given onlyin the
morning for 3 consecutive days. For children, 5-25 ml can be
given as per their age.

Table-1: MilagaiKudineer Ingredients

fl-o Tamilname | Englishname Scientific name Ratio
chha{ Green chilly | CapsicumannuumLinn | 1 no.
Milagai
2. | Seeragam Cumin CuminumcyminumLinn | 100 mg
3. | Manjalthool Turmeric CurcumalongaLinn 100 mg
powder

4. Uppu Commonsalt | Sodium Chloride (NaCl) | 100 mg

Phytocompounds Selected for docking:

Totally11 compounds, 4 phytocompounds from Cuminum
cyminum viz. Carvacrol Cuminaldehyde, Linalool, Coumaric
acid (Ali, 2016), 4 from Curcuma longa viz. Curcumin,
Quercetin, Sabinene, Cineol (Hewlingset al., 2017; Zhang
and Kitts, 2021) and 3 compounds, Dihydrocapsaicin,
Capsaicin, Ascorbic acid from capsicum annuum (Hamed et
al., 2019) were selected for this study.

Protein targets selected for docking studies:

The three-dimensional structures of the SARS-
CoV-2 wviral spike glycoprotein  receptor-binding
domain (PDBID:6VSB),SARS-CoV2RNA-dependent
RNApolymerase (PDB ID:6NUR)and SARS-CoV-2 viral
main protease (3-chymotrypsin-like protease (3CL pro)
(PDB ID: 6LU7) were retrieved from RCSB-PDB (Goodsell
et al.,2020).

Preparation of the receptors:

The crystalline structure of the SARS-CoV-2 viral
spike glycoprotein receptor-binding domain (PDB ID:
6VSB), SARS-CoV2 RNA-dependent RNA polymerase
(PDB ID: 6NUR) and SARS- CoV-2 viral main protease
(3-chymotrypsin-like protease (3CL pro) (PDB ID: 6LU7)
were retrieved from RCSB-PDB and protein clean-up process
was done and essential missing hydrogen atom were added.
Watermolecules and cocrystallized ligands wereremoved.
Different orientation of the lead molecules with respect to the
target protein was evaluated by theAutodock program and the
best dock pose was selected based on the interaction study
analysis.

Ligand preparations:

All the 11 compounds, 4 phytocompounds from
Cuminum cyminum viz. Carvacrol Cumin aldehyde,
Linalool, Coumaric acid, 4 from Curcuma longa viz.
Curcumin, Quercetin, Sabinene, Cineol and 3 compounds,
Dihydrocapsaicin, Capsaicin, and Ascorbic acid from
capsicum annuum were built using Chem Draw prof online
tool version 12.0. Ligands prepared through geometry
optimization method (MMFF94).
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Docking procedure:

Docking calculations were carried out for retrieved
phytocomponents against all three target proteins. Essential
hydrogen atoms, Kollman united atom type charges, and
solvation parameters were added with the aid of AutoDock
tools (Morris, Goodsell et al., 1998). Affinity (grid) maps
of 25 A grid points and 0.375 A spacing were generated
using the Autogrid program (Morris, Goodsell et al., 1998).
AutoDock parameter set- and distance-dependent dielectric
functionswere used in the calculation of the van der Waals
and the electrostatic terms, respectively. Docking simulations
were performed using the Lamarckian genetic algorithm
(LGA) and the Solis & Wets local search method (Solis and
Wets, 1981). The initial position, orientation, and torsions of
the ligand molecules were set randomly. All rotatable torsions
were released during docking. Each docking experiment was
derived from 2 different runs that were set to terminate after a
maximum of 250000 energy evaluations. The population size
was set to 150. During the search, a translational step of 0.2
A, and quaternion and torsion steps of 5 were applied.

Results and Discussion

Preparation of chemicals from

MilagaiKudineer:

phyto

Totallyll compounds were selected for this study
and their structures are shown in Figure-1. These were
four phytocompounds from Cuminum cyminum Vviz.
Carvacrol Cumin aldehyde, Linalool,Coumaric acid, 4from
Curcumalonga viz.Curcumin,Quercetin,Sabinene,Cineoland
3 compounds, Dihydrocapsaicin, Capsaicin, and Ascorbic
acid from capsicum annuum.

Docking studies of phytochemicals from MilagaiKudineer
against SARS-CoV-2spike glycoprotein receptor-binding
domain:

The Summary of the molecular docking studies of
compounds against SARS-CoV-2 spike glycoprotein
receptor-binding — PDB 6VSB is shown in Table-2. The
docked pose of the top molecule Carvacrol with SARS-
CoV-2 spike glycoprotein receptor is shown in Figure-2.

Outofllcompounds, the lead molecules such as
Carvacrol,Cuminald eyde,Linalool, Curcumin, Quercetin,
Cineol, Dihydrocapsaicin, Capsaicin and ascorbic acid
reveals a maximum of 3-5 interactions with the core active
amino acid residues present on the target SARS-CoV-2
spike glycoprotein receptor-binding domain. the interaction
between lead molecules and with target protein are shown in
Table-3

Based on the results of the computational analysis it was
concluded that the bio-active compounds such as Carvacrol,
Cuminaldeyde, Linalool, Curcumin, Quercetin, Cineol,

Carvacrol Cuminaldehyde
@
H,C
Linalool Coumaricacid
o~
Curcumin Quercetin
Absolute Absolute
H;C CH;
CH,
CH,
CH; CH,
Sabinene Cineol

Dihydrocapsaicin Capsaicin

Absolute

Ascorbicacid

Figurel: 2 D Structure of Phytocomponents from MilagaiKudineer

Dihydrocapsaicin, Capsaicin and ascorbic acid present in
the Siddha formulation MilagaiKudineer reveals significant
binding against the target proteinSARS-CoV-2 spike
glycoprotein receptor-binding domain.

Docking  studies of
MilagaiKudineer against
dependent RNA polymerase:

phytochemicals  from
SARS-CoV-2 RNA-

The Summary of the molecular docking studies of
compounds against SARS-CoV-2 RNA- dependent RNA
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Table 2: Summary of the molecular docking studies of compounds against SARS-CoV-2 spike glycoprotein receptor-binding -

PDB 6VSB

Carvacrol -4.51kcal/mol 495.77uM -0.05kcal/mol -5.44kcal/mol 533.228
Cuminaldehyde -4.15kcal/mol 908.13uM -0.04kcal/mol -4.75kcal/mol 435.425
Linalool -3.96kcal/mol 1.25mM -0.16kcal/mol -5.37kcal/mol 486.187
Coumaricacid -4.31kcal/mol 697.38uM -0.02kcal/mol -4.31kcal/mol 400.076
Curcumin -6.06kcal/mol 36.34uM -0.15kcal/mol -7.43kcal/mol 818.251
Quercetin -6.41kcal/mol 19.91uM -0.80kcal/mol -5.79kcal/mol 546.743

Sabinene -4.39kcal/mol 609.66uM -0.01kcal/mol -4.68kcal/mol 435.91
Cineol -4.34kcal/mol 653.49uM -0.02kcal/mol -4.34kcal/mol 431.703
Dihydrocapsaicin -5.43kcal/mol 104.67uM -0.28kcal/mol -7.07kcal/mol 662.568
Capsaicin -5.94kcal/mol 44 13uM -0.23kcal/mol -7.18kcal/mol 661.061
Ascorbicacid -5.02kcal/mol 210.36uM -0.35kcal/mol -4.15kcal/mol 368.451

Figure 2: DockingPoseofCarvacrolwithSARS-Co 2spikeglycoproteinreceptor binding Domain

polymerase (PDB)-6NUR is shown in Table-4. The docked
pose of the top molecule Carvacrol with SARS-CoV-2 RNA-
dependent RNA polymerase is shown in Figure-3.

A total of 11 bioactive lead compounds were retrieved
from the Siddha formulation Milagaikudineer and were
subject edtoin-silicoinvestigationofwhichleadcompoundssuc
hasLinalool, Coumaric acid, Curcumin, Quercetin, Carvacrol,
Cineol, Dihydrocapsaicin and Capsaicin reveals maximum
interactions (2-3) with the binding sites on the core active
amino acid residues present on the target receptor RARp. The

interaction between lead molecules and with target protein is
shown in Table-5.

Based on the results of the computational analysis it was
concluded that compounds such as Linalool, Coumaric acid,
Curcumin, Quercetin, Carvacrol, Cineol, Dihydrocapsaicin
and Capsaicin present in the Siddha formulation
Milagaikudineer revels significant binding efficacy against
active aminoacid present on the target enzyme and it was
concluded that these compounds exert promising inhibiting
against RdRp enzyme and thereby halt the viral replication.
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Table 3: Amino acid Residue Interaction of Lead against SARS-CoV-2spikeglycoprotein receptor-binding - PDB 6VSB

Compounds Interactions AminoacidResidues
Carvacrol 4 298 318 595 612 619
GLU PHE VAL TYR GLU
Cuminaldehyde 3 318 320 612 619 620
PHE VAL TYR GLU VAL
Linalool 5 295 298 318 595 610 612 620
PRO GLU PHE VAL VAL TYR VAL
Coumaricacid 2 318 320 612 619
PHE VAL TYR GLU
Curcumin 5 274 291 292 298 316 318 595 612 619
THR CYS ALA GLU SER PHE VAL TYR GLU
Quercetin 3 318 319 321 595 612
PHE ARG GLN VAL TYR
Sabinene 2 318 320 612 619
PHE VAL TYR GLU
Cineol 3 318 612 619 620
PHE TYR GLU VAL
Dihydrocapsaicin 5 295 298 316 318 595 612 620
PRO GLU SER PHE VAL TYR VAL
Capsaicin 5 298 316 318 319 595 612 619 620
GLU SER PHE ARG VAL TYR GLU VAL
Ascorbicacid 4 298 316 595 612 620
GLU SER VAL TYR VAL

Table 4: Summary of the molecular docking studies of compounds against SARS-CoV-2- RNA dependent RNA polymerase PDB-6NUR

Est.FreeEnergy Est.Inhibition Electrostatic Totallntermole
Compounds Interact.Surface
ofBinding Constant,Ki Energy c.Energy

Carvacrol -5.05kcal/mol 198.16uM -0.16kcal/mol -5.94kcal/mol 556.056
Cuminaldehyde -4.70kcal/mol 357.69uM -0.07kcal/mol -5.30kcal/mol 417.791
Linalool -4.91kcal/mol 251.80uM -0.04kcal/mol -6.35kcal/mol 473.4
Curcumin -4.56kcal/mol 457.94uM -0.01kcal/mol -4.85kcal/mol 455.07
Quercetin -7.13kcal/mol 5.93uM -1.49kcal/mol -6.76kcal/mol 556.705
Sabinene -4.66kcal/mol 384.15uM -0.01kcal/mol -4.96kcal/mol 421.055
Cineol -5.27kcal/mol 136.00uM -0.09kcal/mol -5.27kcal/mol 448.845
Dihydrocapsaicin -5.89kcal/mol 48.44uM -0.24kcal/mol -8.09kcal/mol 753.146
Capsaicin -6.18kcal/mol 29.56uM -0.30kcal/mol -7.69kcal/mol 718.291
Ascorbicacid -5.63kcal/mol 74.94uM -0.95kcal/mol -4.64kcal/mol 387.778

Figure 3: Docking Pose of Carvacrol with SARS-CoV-2RNA-dependent RNA polymerase
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Table 5: Amino acid Residue Interaction of Lead against SARS-CoV-2 RNA-dependent RNA Polymerase

Compounds Interaction s
Carvacrol 3 618 619
ASP TYR
Cuminaldehyde 1 761 800
ASP TRP
Linalool 2 617 619
TRP TYR
Coumaricacid 2 617 618
TRP ASP
Curcumin 2 618 761
ASP ASP
Quercetin 3 617 618
TRP ASP
Sabinene 1 761 800
ASP TRP
Cineol 2 618 761
ASP ASP
rIZ])ihydrocapsaici 3 618 619
ASP TYR
Capsaicin 3 618 760
ASP ASP
Ascorbicacid 1 618 621
ASP LYS
Docking studies of phytochemicals from
MilagaiKudineer against SARS-CoV-2Main
protease PDB 6L U7:

The Summary of the molecular docking studies of
compounds against SARS-CoV-2 Main protease PDB 6LU7
is shown in Table-6. The docked pose of the top molecule
Carvacrol with SARS-CoV-2 spike glycoprotein receptor is
shown in Figure-4.

Out of eleven compounds, the lead compounds such as
Curcumin, Quercetin, Sabinene, Cineol, Dihydrocapsaicin
and Capsaicin reveal a maximum of 3 to 5 interactions with
the core active amino acid residues present on the target

AminoacidResidues

760 761 800 811

ASP ASP TRP GLU

811

GLU

695 760 761 800 811
ASN ASP ASP TRP GLU
619 695 760

TYR ASN ASP

800 811

TRP GLU

619 621 623 760 761
TYR LYS ASP ASP ASP
800 811

TRP GLU

622 623 760 761 800
CYs ASP ASP ASP TRP
761 800 814

ASP TRP SER

622 623 798

CYs ASP LYS

3CLpro.The interaction between the lead molecule and with
target protein is shown in Table-7.

Based on the results of the computational analysis it was
concluded that the bio-active compounds such as Curcumin,
Quercetin, Sabinene, Cineol, Dihydrocapsaicin and Capsaicin
present in the Siddha formulation reveal significant binding
against the target protein3CLpro thereby it was concluded
that these compounds may exert promising inhibiting against
3CLpro enzyme and hereby halt the formation of 16 non-
structural proteins (nspl-nsp16) that are highly essential for
viral replication and thereby prevents the viral survival in the
host environment.
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Table 6: Summary of the molecular docking studies of compounds against SARS-CoV-2 Main protease PDB 6LU7

Compounds Est.FrtleeE.nergy Est.lnhibitio.n Electrostatic Totallntermole Interact.Surface
ofBinding Constant,Ki Energy c.Energy

Carvacrol -5.74kcal/mol 61.54uM -0.01kcal/mol -6.66kcal/mol 542.922
Cuminaldehyde -4.69kcal/mol 365.37uM -0.11kcal/mol -5.28kcal/mol 469.209
Linalool -4.87kcal/mol 268.82uM -0.03kcal/mol -6.15kcal/mol 467.784
Coumaricacid -4.62kcal/mol 412.16uM -0.06kcal/mol -4.62kcal/mol 396.462
Curcumin -7.68kcal/mol 2.36uM -0.05kcal/mol -9.01kcal/mol 858.356
Quercetin -6.92kcal/mol 8.45uM -0.15kcal/mol -6.19kcal/mol 610.849
Sabinene -5.35kcal/mol 119.11uM -0.24kcal/mol -5.65kcal/mol 420.699
Cineol -5.82kcal/mol 54.07uM -0.02kcal/mol -5.82kcal/mol 421.586
Dihydrocapsaicin -7.02kcal/mol 7.17uM -0.14kcal/mol -9.00kcal/mol 779.094
Capsaicin -7.43kcal/mol 3.58uM -0.08kcal/mol -8.86kcal/mol 728.808
Ascorbicacid -5.30kcal/mol 130.13uM -0.18kcal/mol -4.36kcal/mol 430.556

Figure 4: DockingPoseofCarvacrolwithSARS-CoV-2MainproteasePDB6LU7
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Table-7: Amino acid Residuelnteraction of Lead againstSARS-CoV-2 Main proteasePDB 6LU7

Compounds Interactions
Carvacrol 2 41 165 167 168
HIS MET LEU PRO
Cuminaldehyde 2 41 54 165 187
HIS TYR MET | ASP
Linalool 2 41 44 49 54
HIS CYsS MET | TYR
Coumaricacid 2 41 44 49 52
HIS CYsS MET | PRO
Curcumin 5 25 27 140 142
THR LEU PHE | ASN
Quercetin 4 140 144 145 163
PHE SER CYS HIS
Sabinene 3 41 49 54 164
HIS MET | TYR HIS
Cineol 3 41 49 54 164
HIS MET TYR HIS
Dihydrocapsaicin 5 41 49 54 144
HIS MET | TYR SER
Capsaicin 6 41 49 140 142
HIS MET PHE | ASN
Ascorbicacid 2 49 165 166 189
MET | MET | GLU GLN
Conclusion

MilagaiKudineer exhibits promising antiviral properties
attributed to its constituents. Capsicumannuum Linn (Green
chilly) contains capsaicin, which possesses antiviral effects.
Cuminum cyminum Linn (Cumin) and Curcuma longa Linn
(Turmeric) are known for theirimmunomodulatory and
anti-inflammatory properties, which can help combat viral
infections. Computational analysis revealed the potential
of bioactive compounds from MilagaiKudineer to bind
effectively to the receptor-binding domain of the SARS-
CoV-2 spike glycoprotein, the SARS-CoV-2 RNA-dependent
RNA polymerase and the SARS-CoV-2 Main protease.
Compounds such as Carvacrol, Cuminaldehyde, Linalool,
Curcumin, Quercetin, Cineol, Dihydrocapsaicin, Capsaicin,
and Ascorbic acid hold promise as inhibitors of viral entry
and replication, highlighting their potential as therapeutic
agents against COVID-19. Furtherexperimental studies are
warranted to validate these findings and explore their clinical
applications.

AminoacidResidues
187 189 192
ASP GLN GLN

189

GLN

165 187 189

MET ASP GLN
54 165 189

TYR MET GLN

144 145 163 165 167 168 189 192
SER CYS HIS MET LEU PRO | GLN GLN
165 166 189 192

MET GLU GLN GLN

165 187 189

MET | ASP GLN
165 187 189
MET | ASP GLN
145 163 165 166 187 189
CYs HIS MET GLU ASP GLN

144 145 163 164 165 166 172 189
SER CYs HIS HIS MET GLU HIS GLN
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