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Abstract

Immunosenescence is a pertinent factor in the mortality rate caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The changes in the immune
system are strongly associated with age and provoke the deterioration of the indi-
vidual’s health. Traditional medical practices in ancient India effectively deal with
COVID-19 by boosting natural immunity through medicinal plants. The anti-inflam-
matory and antiviral properties of Glycyrrhiza glabra are potent in fighting against
COVID-19 and promote immunity boost against the severity of the infection.
Athimadhura Chooranam, a polyherbal formulation containing Glycyrrhiza glabra as
the main ingredient, is recommended as an antiviral Siddha herb by the Ministry of
AYUSH. This paper is intended to identify the phytoconstituents of Glycyrrhiza glabra
that are actively involved in preventing individuals from COVID-19 transmission. The
modulated pathways, enrichment study, and drug-likeness are calculated from
the target proteins of the phytoconstituents at the pharmacological activity (Pa) of
more than 0.7. Liquiritigenin and Isoliquiritin, the natural compounds in Glycyrrhiza
glabra, belong to the flavonoid class and exhibit ameliorative effects against COVID-19.
The latter compound displays a higher protein interaction to a maximum of six, out of
which HMOX1, PLAU, and PGR are top-hub genes. ADMET screening further confirms
the significance of the abovementioned components containing better drug-likeness.
The molecular docking and molecular dynamics method identified liquiritigenin as a
possible lead molecule capable of inhibiting the activity of the major protease protein
of SARS-CoV-2. The findings emphasize the importance of in silico network pharma-
cological assessments in delivering cost-effective, time-bound clinical drugs.

Abbreviations
ADMET Absorption Distribution Metabolism Excretion and Toxicity
ChEBI Chemical Entities of Biological Interest
KEGG Kyoto Encyclopedia of Genes and Genomes
MPP Main Protease Proteins
MDS Molecular Dynamics Simulation
RMSD Root-Mean-Square Deviation
RMSF Root-Mean-Square Fluctuation
SARS-CoV-2 Severe Acute Respiratory Syndrome-Coronavirus-2
SMILES Simplified molecular input line entry system

1. Introduction

The SARS-CoV-2 virus has been identified as the causal agent of the
Coronavirus disease (COVID-19), swiftly spreading worldwide and evolving
into a global pandemic in 2020 (Harrison, Lin, & Wang, 2020; Eslami & Jalili,
2020; Chitra et al., 2022). In terms of transmissibility, it has considerably
eclipsed SARS and MERS in the number of afflicted persons and the large-
scale geographic span of epidemic locations (Hu, Guo, Zhou, & Shi, 2021).
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As of August 31, 2022, the COVID-19 pandemic has led to over 599 million
cases and 6.4 million fatalities globally (Weekly Epidemiological Update on
COVID-19 – August 31, 2022). The congruent efforts of researchers have led
to the development of vaccines to protect against emanant SARS-CoV-2
strains. Several vaccinations have been licensed for use in adult, adolescent, and
older children’s populations, but no vaccine has been approved for newborns
and children under five (Bonanni et al., 2021; Malcangi et al., 2022). Once the
vast majority of the world’s vaccine-eligible population has been immunized,
the younger, currently ineligible population is expected to be at greater risk of
infection (Mahaboob Ali, Bugarcic, Naumovski, & Ghildyal, 2022). The
ability to manage SARS-CoV-2 infections in the future depends on the
availability and accessibility of competent COVID-19 medicines.

Despite developing and implementing various vaccinations, no viable
therapeutic drugs are available to prevent or treat the disease. The avail-
ability of safe and effective treatments would significantly improve our
capacity to control SARS-CoV-2 infections. Some drugs such as remde-
sivir, favipiravir, chloroquine, hydroxychloroquine, and interferons have
been recently repurposed due to their established inhibitory potentials
against SARS-CoV-2 (Awadasseid, Wu, Tanaka, & Zhang, 2021; Han,
Wang, Ren, Wei, & Li, 2021; Kannan et al., 2022). The world is now
keen on reintroducing the hoary rituals to the general population for
treating the disease. There is a critical need to systematically evaluate herbal
formulations against SARS-CoV-2 (Khanna et al., 2021). Even though
several therapeutic studies are underway throughout the world, traditional
medicine has the potential to combat COVID-19. In Siddha’s medical
literature, epidemics, and pandemics known as Kollai Noigal is described
and treated effectively using herbal formulations (Mathukumar, Sindhuja,
Sivapriya, & Birundadevi, 2022).

Ayurveda is one of the primordial holistic systems of medicine that uses plant
extracts as a key constituent in its formulations. Several studies have investigated
the possible use of natural compounds, such as ayurvedic formulations, which
are already extensively used in India to treat diseases (Ayatollahi et al., 2021).
The extensive usage of Ayurveda as alternative medicine offers an appealing
option for developing effective COVID-19 therapies (Singh et al., 2018; Steel,
Wardle, & Lloyd, 2020). The present study investigates the efficacy of Glycyr-
rhiza glabra as a therapeutic agent for combatting COVID-19.

Liquorice, scientifically named Glycyrrhiza glabra (referred to in Tamil as
“Athimadhuram”), is widely used as a traditional medicine in India for
multiple therapeutic activities such as cough, jaundice, polydipsia, peptic
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ulcer, burning micturition. It is an authoritative natural sweetener,
50–170 times sweeter than sucrose (Mukhopadhyay & Panja, 2008;
Prabhu, Vijayakumar, Yabesh, Prakashbabu, & Murugan, 2021). The roots
contain several bioactive chemical compounds, including Glycyrrhizin
(∼16%) and sugar constituents (∼18%) as primary ingredients. Many sci-
entific studies reported Glycyrrhiza glabra possesses significant therapeutic
properties in regulating cortisol action, testosterone synthesis reduction,
exerting estrogen-like activity, and reducing body fat (Armanini, Fiore,
Mattarello, Bielenberg, & Palermo, 2002; Hasan, Ara, Mondal, & Kabir,
2021; Minnetti et al., 2022). Pharmacological studies exhibit the medicinal
plant’s antioxidant, anti-tumor, antibacterial, and anti-HIV properties.
Recent literature identified strong evidence of liquorice’s therapeutic
effects against COVID-19 (Koyuncu et al., 2021). Liquiritin, one of the
liquorice-derived flavone compounds, has displayed preventive action via
type I interferon simulation. Glycyrrhetinic acid and Glycyrrhizin inhibit
the synthesis of inflammatory mediators and factors by blocking the ACE 2
binding to the spike protein of the virus, infusing antibacterial and antiviral
effects (Sinha, Prasad, Islam, Chaudhary et al., 2021). The Ministry of
AYUSH (Ayurveda, Yoga and Naturopathy, Unani, Siddha, and
Homeopathy), a ministry of the Government of India, issued Siddha
advisory guidelines for the practitioners to defend against COVID-19 by
improving immunity through medications. Athimadhura Chooranam is
listed as a viable Antiviral Siddha herb, with a prescribed 1 gm BD. The
antiviral activity of the formulations and drugs is not established or claimed
to have treatment efficacy against COVID-19. But many studies lauded the
druggability of Glycyrrhiza glabra as an expedient medication for COVID-19.
This study proposes the novel interactions of the phytoconstituents with the
targets for Glycyrrhiza glabra through in silico analysis. The network pharmacology
approach delivers the associations between the compounds-genes-diseases,
revealing the targets’ regulatory mechanisms. The systematic workflow of the
proposed work is represented in Fig. 1.

2. Materials and methods
2.1 Mining of phytoconstituents and its target

The phytoconstituents of Glycyrrhiza glabra were retrieved from the
Chemical Entities of Biological Interest (ChEBI) database (https://www.
ebi.ac.uk/chebi/). Each compound’s simplified molecular input line entry
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system (SMILES) is inputted into the tool, identifying the genes based on
mRNA expressions. In total, 59 phytoconstituents were fetched from the
database, and each target was identified using the DIGEP-Pred tool
(http://www.way2drug.com/ge/) for the proteins delivering the phar-
macological activity (Pa) > 0.7.

2.2 Enrichment and network analysis
The protein–protein interaction, enrichment analysis, and gene ontology
enrichment analysis are performed using the STRING (https://string-db.org/)
and EnrichR tools (https://maayanlab.cloud/Enrichr/). The Cytoscape
interface (https://cytoscape.org/) is used to construct the functional gene
network. The go enrichment of molecular function, cellular component, and

Fig. 1 The schematic representation shows the workflow of the network pharma-
cology approach.
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biological process is performed using the KEGG pathway database synched
with EnrichR. The disease association is calculated between COVID-19 and
the genes using p-value significance on the literature mining results.

2.3 Druglikeness and ADMET profiling
Druglikeness is an assessment to qualitatively identify the chance for a
molecule or a substance to become a “druglike” oral compound based on
bioavailability. The score of each phytoconstituents is calculated to find the
drug-likeness for identifying the probable effective individual. Lipinski’s
rule of five is the protocol followed to extract the information using the
MolSoft web server. ADMET parameters such as blood-brain barrier
(BBB) permeability, P-glycoprotein inhibition, human intestinal absorp-
tion, hepatotoxicity, and human oral bioavailability were predicted for each
component using admetSAR2.0 (http://lmmd.ecust.edu.cn/admetsar2/).

2.4 Molecular docking
The Main Protease Proteins (MPP) play a crucial role in SARS-Cov-2
replication and are considered one of the potential drug targets (Anand,
Ziebuhr, Wadhwani, Mesters, & Hilgenfeld, 2003; Zumla, Chan, Azhar,
Hui, & Yuen, 2016). The crystal structure of COVID-19 main protease
(PDB ID: 6LU7) was obtained from the RCSB-PDB (https://www.rcsb.
org/). PyMOL software removed the water molecules and other ligand
compounds attached to the protein structure before initiating the docking
process. The 3D structure of the Liquiritigenin was retrieved from the
PubChem Database in SDF format. The Open Babel software was used to
convert the ligand file from SDF to PDB file format, further converted
into. pdbqt file format using Autodock Vina 1.5.6. The center point
parameters for the grid box generation were set to X: −11.728, Y: 13.798,
and Z: 69.229, while the dimensions were X: 40, Y: 48, and Z: 48.
BIOVIA Discovery Studio was used to visualize the interactions between
the docked protein–ligand complex, and the docking conformations were
analyzed.

2.5 Molecular dynamics simulation
The conformations of the MPP protein–ligand complex obtained from
molecular docking calculations were further utilized in the simulation
studies. The MD simulations were run for all the atoms in the MPP protein
prior to and after the binding with the liquiritigenin compound. The
molecular dynamics simulation studies used the GROMACS 2022.1
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package and the GROMOS 54A7 force field. The ligand topology and
other parameter files were generated using the PRODRG server (http://
davapc1.bioch.dundee.ac.uk/cgi-bin/prodrg) and then were merged with
the protein topology to form the simulation complexes. The structures
were neutralized and then solvated into a cubical box using the SPC water
model. To eliminate the sterical hindrances, the protein, and the pro-
tein–ligand complex systems were subjected to energy minimization for
5000 steps using the steepest descent approach followed by a conjugate
gradient algorithm.

Furthermore, the minimized systems were subjected to position
restrained ensembles conditions (NVT and NPT) at 300 K for 50,000 ps
for equilibration. Berendsen’s weak coupling and the Parrinello-Rahman
approach (Martoňák, Laio, & Parrinello, 2003) were used to keep the
system temperature and pressure at 300 K and 1 bar, respectively. The
electrostatic interactions were calculated using Fast Particle-Mesh Ewald
electrostatics (PME) and using the LINCS (Pearlman et al., 1995) algo-
rithm, a long-range production MD run for both WT and protein–ligand
at 100 ns. Using GROMACS utility tools, the g_rmsf, g_rmsd, g_gyrate,
g_sasa, and g_hbond, the MD trajectories were examined to understand
the structural and conformational changes (Welch, Arévalo, Turner, &
Gómez, 2005).

3. Results
3.1 Phytoconstituents and their target

In total, 59 phytoconstituents were identified by the ChEBI database. The
threshold of Pa > 0.7 scrutinizes the list and reduces it to 33 compounds.
Liquiritigenin and 4′, 7-dihydroxy flavanone are predicted to have a higher
level of interaction with multiple proteins to a maximum of 6.
Interestingly, these two compounds interact with the same gene set: one
down-regulated (NFE2L2) and five up-regulated (HMOX1, NFE2L2,
PLAT, PLAU, and PGR) genes. Further, among these six genes, HMOX1,
PLAU, and PGR are commonly present in the top 10 ranked genes pre-
dicted by CytoHubba. PLAU, MMP7, PLAT, and NFE2L2 are predicted
to be highly targeted proteins by 10, 9, 9, and 8 phytoconstituents,
respectively. Eighty-two targets interacted with 59 phytochemicals; only
22 were unique. The protein CD86 shows the highest pharmacological
activity, scoring 0.937 for the component isoliquiritin.
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3.2 Gene-set enrichment analysis and network analysis
The Gene Ontology (GO) enrichment analysis for the target proteins in
BP, CC, and MF is examined using the EnrichR web server. Tables 1, 2,
and 3 represent the top 10 enriched GO terms concerning the p-value,
adjusted p-value, and odds ratio of BP, MF, and CC, respectively. The
ranking of GO terms is calculated based on the combined score. The target
protein interaction with COVID-19 is computed from the literature and is
depicted in Fig. 2. The STRING online tool builds the PPI network
encompassing all the proteins. Each edge in the network is assigned a score
called the edge weight to compute the interaction confidence. This score
shows the estimated likelihood that a specific interaction is biologically
significant. PPIs with confidence scores of ≥0.4 were chosen to ensure
interaction quality and reduce false-positive outcomes. The PPI network
for proteins is given in Fig. 3 and consists of 19 nodes and 23 edges with an
average node degree of 2.09; three isolated nodes (KRT1, FLT1, and
ALPPL2) were excluded from the network.

Cytoscape is used to analyze and visualize the STRING data to
investigate the probable interactions of these genes. The Maximal Clique
Centrality topology analysis method ranks the network’s top genes. The
following genes, AR, PGR, CASP8, and HMOX1, are ranked top, with a
score of 4 marked in red in Fig. 4. Similarly, NFE2L2, PLAU, PRL, and
TNFRSF1A scored 3, and PPARA and MMP7 are ranked 2, colored
saffron and yellow, respectively. These genes are strongly associated with
the immunity boost against COVID-19 (Khanal, Duyu et al., 2020). The
enrichment analysis of disease terms identified from the DisGeNET data-
base is depicted in Fig. 5, and the network of enriched terms clustered by
the corresponding ID is visualized in Fig. 6.

3.3 Druglikeness and ADMET profiling
Forty compounds exhibit positive drug-likeness scores among 59 phyto-
constituents. The highest drug-likeness score is attained by glyasperin
C (1.15), followed by glyasperin D (1.14), (S)-reticuline (1.13), and
dihydrolicoisoflavone A (1.11) scored >1. The ADMET assessment
revealed six compounds predicted to have positive scores for all five
parameters. The compounds are listed—S-(−)-7,8-Didehydrocorydalmine,
glyasperin F, isoliquiritigenin, isoliquiritin, glycycarpan, liquiritigenin, and
edudiol (ordered by the drug-likeliness score—high to low).
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3.4 Molecular docking
The MPP is responsible for cleavage the viral polyprotein at eleven distinct
locations, resulting in the formation of diverse Nsps needed for viral
replication. MPP directly mediates Nsps maturation, which is required in
the virus’s life cycle. The involvement of the MPP in the replication
process makes it an appealing target for COVID-19 therapeutic develop-
ment. The AutoDock Tools 1.5.6 were used to perform the Docking of
MPP with the liquiritigenin phytochemical compound. The liquiritigenin,

Fig. 2 Representation of target interaction with COVID-19 from the literature search.

Fig. 3 Protein–protein interaction network of the target proteins using the STRING
tool.
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Fig. 5 Summary of enrichment analysis using DisGeNET.

Fig. 4 The top 10 genes predicted using the Cytohubba plugin. The darker red hue
represents a higher rating among the genes.
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when docked with the main protease protein, showed a binding affinity of
−7.7 kcal/mol, and the interactions between the active sites of MPP and
liquiritigenin were observed to be highly coherent. The MPP–liquiritigenin
docked complex resulted in four H-bonds with Y54, L141, E166, and D187,
two pi-alkyl interactions with M49 and C145, and one unfavorable
donor–donor interaction was observed at G143 (Fig. 7).

3.5 Molecular dynamics simulation
The goal of the long-range MD simulations is to learn more about the
conformational stability of the docked protein–ligand complexes in com-
parison to the wild-type protein. The root-mean-square deviation (RMSD)

Fig. 6 Representation of network for enriched terms where each cluster-ID is differ-
entiated by color, nodes that share the same cluster-ID are typically closer to each other.
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is conventionally used to gain insight into the structural endurance of the
proteins. The RMSD of MPP protein was calculated in free and complex
states to examine its structural dynamics. The wild-type MPP protein and
the complex had average RMSDs of 0.9 and 0.23 nm, respectively (Fig. 8A).
The fluctuation of each residue was assessed as root-mean-square fluctuation
(RMSF) to estimate the residual vibrations in the free and ligand-bound
MPP protein. Fluctuations were seen randomly at the N-terminal
and C-terminal regions in MPP protein in both wild-type and ligand-bound
states. The protein residues in the ligand-bound complex showed little
variation in the 0.2 nm range (Fig. 8B). The fluctuation in the wild-type
protein, when compared with the bound complex, showed higher fluc-
tuations in the range of 0.48–0.78 nm. The lesser number of fluctuating
residues again indicates stable protein–ligand systems in MD simulation.

Another critical metric is the radius of gyration (Rg), which is con-
nected with the compactness and folding behavior of the protein within a
biological system. A high Rg value indicates that the amino acid residues
in a protein are crudely packed. The average Rg values for MPP wild-
type and ligand-bound systems were 2.32 nm and 2.25 nm, respectively
(Fig. 8C). The ligand-bound complex showed stable Rg throughout the
simulation study. SASA refers to the surface area of proteins attainable for
interaction within the encompassed water. It’s a basic parameter that gives
insight into the protein folding dynamics within a solvated environment.

Fig. 7 Representation of interactions between the liquiritigenin and main protease
protein (MPP). The ligand interaction diagram represents the 2D ligand interactions
from Discovery studio. The green, red and purple residue interactions represent the
hydrogen bonds, and unfavorable donor–donor and pi-alkyl interactions respectively.
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The SASA values were 157.5 nm2 and 164 nm2 for wild-type and ligand-
bound structures, respectively (Fig. 8D). SASA results show that the
binding of MPP protein with the liquiritigenin makes it more stable and
compact than the MPP unbound structure. Intramolecular hydrogen
bonding is an important factor that plays a key role in determining its
structure and conformation. The number of intramolecular hydrogen
bonds was computed to evaluate the stability of MPP protein in wild-type
conformation. The wild-type MPP protein showed an average of 225
hydrogen bonds (Fig. 9A).

Further, the hydrogen bonds between the protein and the ligand were
evaluated to understand the interaction pattern during the protein–ligand
binding. The number of hydrogen bonds formed between the protein and
the inhibitor was assessed to get insights into the binding stability between
MPP protein and liquiritigenin. An average of 2–3 H-bonds formed
between the protein–ligand complex (Fig. 9B); however, a significant
H-bond loss can be seen after 80 ns.

Fig. 8 Representation of Molecular dynamic simulation for SARS-CoV-2 MPP protein
and protein–ligand complexes during 100 ns simulation (A) RMSD of MPP protein and
MPP–liquiritigenin complex during 100 ns MD simulation (B) RMSF values of MPP
protein and MPP–liquiritigenin complex during 100 ns MD simulation (C) Rg values
MPP protein and MPP–liquiritigenin complex during 100 ns MD simulation complex.
(D) SASA values of MPP protein and MPP–liquiritigenin complex during 100 ns MD
simulation. The unbound protein system is depicted in black color. The parameters for
the MPP–liquiritigenin complex are represented in magenta color.
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4. Discussion

The demand for a novel, effective therapeutic drug to inhibit SARS-
CoV-2 is surging globally. The impediment of the pandemic outbreak can
only be controlled with authoritative medication. The elderly and indi-
viduals with comorbidity are highly vulnerable to the transmission of
SARS-CoV-2 disease. The increase in mortality rate and the reduction in
survival rate is directly proportional to the physical health condition of the
individuals (Hasson et al., 2022; Khademi, Moayedi, & Golitaleb, 2021).
The major challenge in the treatment protocol is improving the declining
health of COVID-19 patients with comorbidities. The current medication
or the clinical condition could hamper the efficacy of the COVID-19 drug
or worsen physical well-being. Traditional medicines are the products of
natural substances, which are widely used therapeutics to treat various clinical
conditions. The knowledge of ancient medicinal practices still delivers
unprecedented effects on curing complex diseases (Nogales et al., 2021).

Recently, many studies have been conducted worldwide on varieties of
traditional medical techniques. Kalmegh (Andrographis paniculata), an
ayurvedic herb, delivers immunoprotective potential against respiratory
viral diseases, including SARS-CoV-2 (Hiremath et al., 2021; Mishra,
Shaik, Sinha, & Shah, 2021; Wanaratna et al., 2021). This study investi-
gated the herbal activity of respiratory infections using a network phar-
macology approach (Banerjee et al., 2021). In a similar study, the Ministry

Fig. 9 Representation of hydrogen bond analyses for MPP protein and protein–ligand
complexes during 100 ns simulation. (A) Number of hydrogen bonds in the unbound
MPP protein. (B) The hydrogen bonds between MPP protein and the ligand
Liquiritigenin. Unbound MPP protein is depicted in black color. Parameters for the
MPP–liquiritigenin complex are represented in magenta color.
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of AYUSH recommended that herbal tea containing ayurvedic phytocon-
stituents be analyzed and find gene modulations and novel signaling path-
ways that boost immunity (Khanal, Patil, Chand, & Naaz, 2020). The
decoction includes the components such as Ocimum tenuiflorum, Piper nigrum,
Cinnamomum verum, Vitis vinifera, and Zingiber officinale, a natural immune
booster. An in silico investigation of the medicinal herb Tinospora cordifolia
(giloy) is performed to identify its biological functions. The molecular
docking and simulation revealed the SARS-CoV-2 inhibition properties of
the target compound (Chowdhury, 2021; Murugesan et al., 2021).

Mucormycosis, a life-threatening disease, occurs when the individual’s
immune system is heavily compromised under various circumstances, such
as COVID-19. Covid Associated Mucormycosis (CAM) management
strategies with the phytocompounds such as turmeric and neem are pro-
posed in this network pharmacological study. The outcome revealed
Quercetin, an active phytocompound, effectively works against
Mucormycosis (Datta, Sarkar, Sen, & Sen, 2022; Malabadi, Kolkar, Meti,
& Chalannavar, 2021; Sekar, Ramasamy, & Ravikumar, 2022). In a
pharmacoinformatics study, the bioactive components of Glycyrrhiza glabra
are examined for consideration as a potential inhibitor of SARS-CoV-2
glycoprotein. This study concluded that glyasperin A and glycyrrhizic acid
as potential compounds from liquorice as a defendant of COVID-19
(Maddah et al., 2021; Sinha, Prasad, Islam, Gurav et al., 2021). The same
phytoconstituents are identified in the present study as potential candidates
for the target disease.

The AYUSH-recommended Siddha medicine, Athimadhuram
Chooranam containing Glycyrrhiza glabra, is studied for its immune-
boosting, antiviral properties against SARS-CoV-2. The multiple phy-
toconstituents identified from the ChEBI database are analyzed using a
network pharmacology approach. The enrichment analysis and pro-
tein–protein interaction between the multitarget and multi-components
are performed with bioinformatic methods. The lead hit molecules were
identified by calculating the drug-likeness score of each component
based on Lipinski’s Rule of Five. The substance of interest is a prescribed
intake formulation. Therefore, human intestinal absorption and other
ADMET properties are calculated for the viable components scoring the
pharmacological activity (Pa) > 0.7. Among all, glyasperin C attained a
higher drug-likeness score of 1.15. Liquiritigenin revealed better sig-
nificance than other active bio compounds with better ADMET and
drug-likeness scores.
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Molecular docking is a sophisticated computational approach for pre-
dicting the binding ability of a target protein to small molecules via
hydrogen bonds and hydrophobic interactions. The selected natural
compound liquiritigenin was docked onto the binding site of the MPP
protein. The docking results showed that the natural compound is effi-
ciently involved in hydrogen bonding and hydrophobic interactions with
the active site residues of the MPP protein. The dynamic structural and
conformational variations in the MPP protein–ligand complex were
determined using molecular dynamics simulations. The significant differ-
ence between the RMSD values of MPP bound and unbound structures
reveals that the protein backbone stabilizes when complexed with the
liquiritigenin compound. According to the RMSF data, the ligand-bound
complex exhibits fewer fluctuations than the wild-type MPP protein
indicating a stable protein–ligand complex. Rg analysis of ligand-bound
MPP showed a lesser range of Rg values and is throughout the simulation
study. SASA and H-bond analysis studies show that the liquiritigenin
binding to the MPP protein has formed a stable complex. Further detailed
studies on liquiritigenin will unveil novel mechanisms and insights to
effectively stand as a potential therapeutic against SARS-CoV-2.

5. Conclusion

This study proposes an in silico network pharmacology study on
Glycyrrhiza glabra, an active component of Athimadhura Chooranam. The
Ministry of AYUSH recommends this Siddha medicine as an effective
antiviral herbal medication against SARS-CoV-2. The bioinformatic
analysis identified the immune-boosting, multi-faceted therapeutic effect
on the selected phytochemical of interest against the target. Liquiritigenin,
a natural bioactive substance in Glycyrrhiza glabra, displayed phenomenal
effects during drug-likeness assessment and ADMET evaluation. This
compound could act as a potential inhibitor of SARS-CoV-2. Molecular
docking studies are gaining better attention and are widely used as a
powerful approach in structural molecular biology for structure-based drug
design through computer-assisted models. This study will be developed by
fusing in silico drug development phase with currently screened phyto-
constituents of Glycyrrhiza glabra. The outcome of the proposed network
pharmacology approach envisages building a computational framework
predicting the bioactive phytoconstituents and serving as an effective
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therapeutic against SARS-CoV-2. Furthermore, building artificial intelli-
gence-based ranking phytoconstituents algorithms can further enhance the
predictions.
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