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In Silico Analysis of Siddha Formulation Thippili Rasayanam
Against COVID-19 in Inhibition of Ribonucleic
Acid-Dependent Ribonucleic Acid Polymerase Target Enzyme
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Chitra: Docking study of Thippili Rasayanam Against Coronavirus Disease-19

The pandemic of coronavirus disease-19 involved various traditional medical formulations as therapeutics
for treatment along with boosting the immunity to overcome the crisis. Thippili rasayanam was one among
the medicines recommended by the Ministry of Ayurveda, Yoga, Unani, Siddha and Homoeopathy for
coronavirus disease-19 in Siddha. In spite of the effectiveness, its role against the virus target was not clarified.
As a consequence, the present docking study was performed to know its action against inhibition of the target
enzyme ribonucleic acid-dependent ribonucleic acid polymerase. The phytocomponents of the herbs present in
the formulation were retrieved through literature survey and in silico docking analysis was performed through
Auto dock tool. The lead molecules were identified with respect to the target protein and the best dock pose was
selected based on the molecular interaction. The phytocomponents epicatechin, myrcene, hyoscyamide, piperic
acid, piperine and zingiberene, of the formulation Thippili rasayanam revealed maximum 3 interactions while
betulonic acid, eucalyptol, galangin, p-thymol and ellagic acid showed 2 interactions with the active binding
site of the target enzyme ribonucleic acid-dependent ribonucleic acid polymerase. Docking results suggest, the
formulation Thippili rasayanam has potential inhibiting action against coronavirus disease-19 by reducing
the viral replication.

Key words: Coronavirus disease-19, Siddha, Thippili rasayanam, phyto components, docking analysis,
ribonucleic acid-dependent ribonucleic acid polymerase

Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2), the deadly virus disease identified
at Wuhan, China on December 2019 became a
global pandemic and the world had crossed the
two waves on 2020, 2021 respectively. At present
the third wave is being accomplished by most of
the countries including India, by the emergence of
Omicron variant. As on January 19, 2022, India
has reported around 317 000 new covid cases!!.
Even though there are vaccines produced for
Coronavirus Disease-19 (COVID-19) by different
manufacturing industries, people in the community
and researchers are trying to find the best way to
cure the disease, including herbal medicine. The
world was relying on self-care practices that include
the use of traditional medicine®®. World Health
Organization (WHO) recognizes that traditional,
complementary and alternative medicine of proven
quality, safety and efficacy has many benefitst.

India is renowned for its traditional system of
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medicine and played a vital role in providing
healthcare to the people for centuries. The unique
Ayurveda, Yoga, Unani, Siddha and Homoeopathy
(AYUSH) systems of India are based on definite
medical philosophies and represent a way of
achieving a healthy lifestyle with conventional
and established ideas on the prevention of diseases
and the promotion of health. The basic treatment
approach of all these systems is holistic and the
pharmacological modalities are based on natural
products of plants, animals, or mineral origin.
There are many medicinal plants indigenous to
India and used in the Indian Systems of Medicine
which has been reported as potent antiviral with
immuno modulatory, anti-allergic, and anti-
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asthmatic activities. Many of these medicinal
plants are also used as integral part of several
traditional formulations that have been in use for
a long time!*.

In COVID-19, Ribonucleic Acid (RNA) dependent
RNA polymerase (RdRp) is the main enzyme
that replicates the viral RNA genome and it is a
promising drug target®. RdRp of the SARS-
CoV-2 shares 96 % of the sequence identity
with SARS-CoV-19 and hence the compounds or
medications that are efficient towards RdRp of
SARS-CoV are considered to be effective against
the novel CoV. Molecular docking analysis of
known RdRp-inhibiting antivirals, other Food
and Drug Administration-approved medications
and phytochemicals to repurpose SARS-CoV-2 is
documented!”). Three countries including India,
China and South Korea, have issued guidelines
on traditional regimens for the prevention and
management of COVID-198. In India, several
clinical trials had been conducted in Siddha and
Ayurveda as an integrated approach with modern
medicine in the management of COVID-19. Among
them, a Randomized controlled trial conducted in
a tertiary care hospital at Chennai, with Siddha
regimen and modern medicine as an integrated
approach during June-July 2020 was proved to be
effective. In that trial, Thippili rasayanam given
was reported as an effective drugt.

The Ministry of AYUSH (Government of India)
had listed out such formulations and recommended
theiruse from time to time as a prophylactic measure
in the management of COVID-19. Moreover,
the guidelines given by Ministry of AYUSH for
Siddha practitioners, in treating mild to moderate
COVID-19 patients also encompasses Thippili
rasayanam, indicated for difficulty in breathing
which is a prominent symptom of COVID-19U%,
Despite the potency of Thippili rasayanam was
proven in the Randomized Controlled Trials
(RCT) to combat COVID-19, yet there was a gap
regarding the action of the biomolecules of the
medicine against disease causing viral protein.
One of the easiest and effective ways to identify
the action potential of biomolecules of a drug
against disease causing viral protein is Molecular
docking analysis. Hence, it was aimed to explore
the action of the phytocomponents present in the
Siddha formulation Thippili rasayanam against
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SARS-CoV-2 virus through in silico analysis.
Objectives:

The objectives of the present study were to analyze
the molecular interaction of the phyto principles
with the target RNA dependent RNA polymerase
(RdRp) enzyme (PDB)-6NUR which was a
nonstructural protein (nsp 12) essential for viral
replication in RNA viruses; to identify the potential
therapeutic efficacy of the phyto principles in
inhibiting the target RARp of COVID-19 virus.

MATERIALS AND METHODS

Thippili rasayanam was a polyherbal Siddha
formulation quoted in the text, Siddha vaithiya
thirattu in page number 235-236, written
by Kuppusamy mudaliar, published by The
Indian medicine and Homeopathy department,
Tamil Nadu!'. The formulation comprises 18
herbs, Piper longum, Piper nigrum, Zingiber
officinale, Cuminum cyminum, Nigella sativa,
Carum copticum, Hyoscyamus niger, Alpinia
officinarum,  Alpinia  galangal,  Terminalia
chebula,  Phyllanthus  emblica, Terminalia
bellirica, Syzygium aromaticum, Cinnamomum
tamala, Abies spectabilis, Plumbigo indica,
Elettaria cardamomum, Cinnamomum verum. The
formulation was prepared with the above raw drugs
taken as per ratio, mentioned in the text. Each of
them was slightly roasted, powdered separately
and mixed together with equal quantity of sugar.
The mixture was kneaded with sufficient quantity
of honey. The obtained rasayanam was indicated
for cough and bronchitis.

Ligand preparation:

As a first step, the herbs present in the formulation
Thippili rasayanam were explored for the
phytocomponents present in them. An extensive
literature search was done through PubMed, Google
scholar and a sum of 15 bioactive lead compounds
were identified and retrieved from them as listed
in Table 11'">%], Two dimensional structure of the
phytocomponents identified were converted into
three dimensional structure through Chem Draw
pro-online tool version 12.0. The Ligands were
prepared through geometry optimization method
and Molecular Mechanics Fore Field (MMFF94)
programmer. The phyto components ligand
properties selected for docking analysis were
described in Table 2.
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TABLE 1: LIST OF PHYTO COMPONENTS SELECTED FOR DOCKING FROM HERBS PRESENT IN THE
FORMULATION THIPPILI RASAYANAM THROUGH LITERATURE SURVEY

S. No Botanical name Phytocomponents Literature survey reference
1 Piper nigrum Piperic acid (2l
2 Piper longum piperine (3l
3 Terminalia chebula Gallic acid (4l
4 Terminalia bellirica Epicatechin 03]
5 Cumin cyminum Cinnamaldehyde [16]
6 Nigella sativa Limonene (7
7 Carum copticum Thymol (el
8 Hyoscyamus niger Hyoscyamide [l
9 Alpinia officinarum Galangin (201
10 Alpinia galangal Eucalyptol (21
11 Phyllanthu emblica Betulinic acid (221
12 Cinnamomum tamala Myrcene (231
13 Zingiber officinale Zingiberene (241
14 Syzygium aromaticum Ellagic acid, salicylic acid 23]

TABLE 2: LIGAND PROPERTIES OF THE PHYTO COMPONENTS SELECTED FOR DOCKING ANALYSIS

Compound Molar weight g/mol  Molecular formula H bond donor H bond acceptor Rotatable bonds
Limonene 136.23 g/mol C,oH,e 0 0 1
Epicatechin 290.271 g/mol C,sH,.0, 5 6 1
Myrcene 136.238 g/mol CoHie 0 0 4
Betulonic acid 454.7 g/mol C,H,0;, 1 3 2
Eucalyptol 154.25 g/mol C,,H,s0 0 1 0
Galangin 270.24 g/mol C,sH,,0; 3 5 1
Gallic acid 170.12 g/mol C,H.O, 4 5 1
Hyoscyamide 624.7 g/mol C, Hy, N,O 6 8 13
Piperic acid 218.2 g/mol C,H,.0, 1 4 3
Piperine 285.34 g/mol C,,H, NO, 0 3 3
Cuminaldehyde 148.205 g/mol C,H,,0 0 1 2
p-Thymol 150.221 g/mol C,H,0 1 1 1
Ellagic acid 302.19 g/mol C,H.0, 4 8 0
Salicylic acid 138.12 g/mol C,H,0, 2 3 1
Zingiberene 204.35 g/mol C,H,, 0 0 4

Protein preparation:

From the online repository of Protein Data Bank
(www.rcsb.org/pdb), three dimensional protein
structure of the target protein RdRp enzyme (PDB)
6NUR was retrieved as shown in fig. 1. Protein
clean-up process with removal of water molecules
and addition of essential missing hydrogen atoms
were carried out. The above were subjected to
Ramchandran plot analysis using RAMPAGE
to identify the statistical distribution of the
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combinations of the amino acid backbone dihedral
@ (Phi) angles and y (Psi) angle and subjected to
protein clean geometry prior to docking simulation.
By Auto dock program, with respect to the target
protein, different orientation of the lead molecules
was evaluated and the best dock pose was selected
based on the two dimensional interaction plot
analysis and hydrogen bond plotting with core
amino acid analysis®®?7, Three dimensional
pictures of the selected phyto components are
shown in fig. 2.
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Fig. 2: 3D structure of selected ligands; (A) Limonene; (B) Epicatechin; (C) Myrcene; (D) Betulonic acid; (E) Eucalyptol;
(F) Galangin; (G) Gallic acid; (H) Hyoscyamide; (I) Piperic acid; (J) Piperine; (K) Cuminaldehyde; (L) p-Thymol; (M) Ellagic
acid; (N) Salicylic acid and (O) Zingiberene
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Docking methodology:

For the retrieved phyto principles, docking scores
were carried out against various binding pockets
of target protein RdRp with the aid of Auto Dock
tools. Essential hydrogen atoms, Kollman united
atom type charges, and solvation parameters were
added. Using Autogrid program affinity (grid) maps
of grid points and 0.375 A spacing were generated.
Auto dock parameter set- and distance-dependent
dielectric functions were 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 and Wets local search method*.
Initial position, orientation and torsions of the
ligand molecules were set randomly. During
docking all rotatable torsions were released. Each
docking experiment was derived from 2 different
runs that were set to terminate after a maximum of
250 000 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

Table 3 shows the summary of the molecular
docking studies of phytocomponents like binding
free energy, inhibition constant, electrostatic
energy, intermolecular energy, total interaction
surface and Table 4 shows the amino acid residue
interaction of lead phyto compounds against RdRp
(PDB)-6NUR. The lead compounds present in them
such as epicatechin (-6.27 kcal/mol), myrcene
(-4.65 kcal/mol), hyoscyamide (-8.73 kcal/mol),
piperic acid (-4.66 kcal/mol), piperine (-6.64 kcal/
mol) and zingiberene (-6.24 kcal/mol) revealed a
maximum of 3 interactions with all the binding
sites on the core active amino acid residues present
on the target receptor RdRp and also exhibited
lower binding free energy. Followed by this,
the compounds like betulonic acid, eucalyptol,
galangin, p-thymol and ellagic acid ranked second
with the maximum of 2 interactions with the active
binding site of the target enzyme RdRp. Among
the phytocomponents Hyoscyamide had a highest
interaction surface and very lowest free binding
energy. Fig. 3 illustrates the Docking Pose of the

TABLE 3: SUMMARY OF THE MOLECULAR DOCKING STUDIES OF PHYTO COMPONENTS AGAINST RNA

DEPENDENT RNA POLYMERASE (PDB)-6NUR

Binding free

Inhibition constant

Electrostatic

Inter molecular

Total interaction

Compounds energy Kcal/mol KipM (*mM)(**nM) energy Kcal/mol  energy Kcal/mol surface
Limonene -4.68 kcal/mol 370.09 upM -0.03 kcal/mol -4.98 kcal/mol 447 .17
Epicatechin -6.27 kcal/mol 25.49 pM -0.97 kcal/mol -6.54 kcal/mol 572.431
Myrcene -4.65 kcal/mol 387.80 pM -0.01 kcal/mol -5.76 kcal/mol 476.388
Betulonic acid -7.13 kcal/mol 5.91 UM -0.77 kcal/mol -7.69 kcal/mol 740.74
Eucalyptol -5.28 kcal/mol 135.91 upM -0.01 kcal/mol -5.28 kcal/mol 449.175
Galangin -5.95 kcal/mol 43.76 pM -1.80 kcal/mol -6.83 kcal/mol 643.94
Gallic acid -5.73 kcal/mol 62.85 pM -1.88 kcal/mol -5.24 kcal/mol 399.285
Hyoscyamide -8.73 kcal/mol 397.72 pM -0.81 kcal/mol -10.09 kcal/mol 1184.035
Piperic acid -4.66 kcal/mol 386.52 upM -1.67 kcal/mol -5.55 kcal/mol 505.323
Piperine -6.64 kcal/mol 13.69 uM -0.09 kcal/mol -6.43 kcal/mol 589.153
Cuminaldehye -4.69 kcal/mol 362.26 pM -0.07 kcal/mol -5.29 kcal/mol 418.065
p-Thymol -4.60 kcal/mol 425.69 pM -0.15 kcal/mol -5.20 kcal/mol 437.566
Ellagic acid -6.15 kcal/mol 31.16 mM -1.67 kcal/mol -5.59 kcal/mol 620.05
Salicylic acid -3.52 kcal/mol 2.61 mM -1.84 kcal/mol -4.15 kcal/mol 347.05
Zingiberene -6.24 kcal/mol 26.78 mM -0.01 kcal/mol -7.21 kcal/mol 573.56
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Fig. 3: Docking Pose of the selected phytocomponents from the formulation Thippili rasayanam with RNA dependent RNA poly-
merase-PDB 6NUR; (A) Limonene; (B) Epicatechin; (C) Myrcene; (D) Betulonic acid; (E) Eucalyptol; (F) Galangin; (G) Gallic
acid; (H) Hyoscyamide; (I) Piperic acid; (J) Piperine; (K) Cuminaldehyde; (L) p-Thymol; (M) Ellagic acid; (N) Salicylic acid and

(O) Zingiberene

selected phytocomponents with core amino acid
against RdARp (PDB)-6NUR.

Traditional formulations had a pivotal role in
treating and preventing chronic as well as novel
diseases since centuries. They have been a rich
source of bio active medicinal constituents which
were not investigated scientifically. Several
docking studies had been conducted on individual
herbs as well as formulations with respect to
traditional system of medicines like Traditional
Chinese Medicine (TCM), Ayurvedha and Siddha
against COVID-19 virus. Previously, a docking
study carried on individual herb Nigella sativa,

January-February 2024

reported anti-viral potential against SARS-
CoV-2 by Ahmad et al.B%. A study conducted by
Alrasheid et al.B') announced that Gallic acid,
Quercetin are important sources for novel anti-
viral drug targeting. In the current study also the
phytocomponent Gallic acid present in the herb
Terminalia chebula of the formulation showed
interaction with the RdRp binding site.

Previous studies conducted on siddha formulations
Kabasura Kudineer, adathodai kudineer had
reported inhibitory action of their phytocomponents
aganist Angiotensin-Converting Enzyme 2 (ACE2)
receptor spike protein similar to the present
studyB%331, Joshi et al.[*¥, described some Ayurvedic
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