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Abstract

The rapid unexpected spread of the symptoms of novel SARS coronavirus (SARS-CoV-2) sets an alarm for
developing drugs to cure COVID-19. Targeting the mechanism of virus infection through the host cell
recognition was considered a key factor in drug development. In the present study, a traditional spice,
asafoetida was used, where an initial selection of compounds on PASS analysis revealed that the sesquiterpene
coumarins of asafoetida; namely, foetidin, umbelliferone, gummosin, conferol, assafoetidnol A, and
galbanic acid showed an extensive probability of drug to be active. ADMET experiment showed a desirable

Keywords physicochemical potency of coumarins, and it is considered safe for human consumption. Autodock
SARS-CoV-2 analysis demonstrated the binding relationship of selected drugs with the infectious proteins of SARS-CoV-2,
COVID-19 where the selected compounds showed a stable dock score and increased binding interaction. Galbanic acid
Asafoetida exhibited a potential non-covalent interaction with proteins such as ACE2 receptor, papain protease, and
ADMET

RNA polymerase. Assafoetidnol A occupies the receptor-binding site of spike glycoprotein and the catalytic
site of papain protease to block viral attachment and multiplication, respectively. Conferol, foetidin, and
umbelliferone also displayed a stable interaction with the target proteins. The result of the docking
parameters was further compared with the reference standard, hydroxychloroquine to understand the
potency of the selected compounds. In conclusion, the coumarins of asafoetida might selectively interact
and modify the pathogenic polypeptides of SARS-CoV-2 to inhibit the contagious disease mechanism of

Molecular docking

COVID-19.

1. Introduction

The pandemic outbreak of the zoonotic virus from Wuhan, China
set an utmost public health emergency since late 2019 (Song et al.,
2020). The pandemic infection was termed COVID-19 disease caused
duly by SARS-CoV-2, resulting in severe infection with atypical
pneumonia (Zhu et al., 2020). The novel SARS-CoV-2 exhibited a
high rate of recombination that manifests to be more invasive,
extremely contagious, and showed a greater extent of morbidity, and
mortality than SARS-CoV (Petersen et al., 2020). Increased virus
load aggravates the symptoms of COVID-19 ranging from high
temperature, common cold, acute respiratory disorders, shortness
of breath, chemosensory dysfunction, renal failure, and even death
(Wang et al., 2020).

The enveloped SARS-CoV-2 was found to carry the largest positive-
sense single-stranded RNA (ssRNA) genome encoding genes for the
structural and non-structural viral components (Fehr and Perlman,
2015). Initially, the virus uses spike (S) protein to enter the bronchial
epithelial cells by endocytic pathway by attaching to the receptor
angiotensin converting enzyme 2(ACE2). After attachement, S protein
undergoes structural changes, exposing its fusogenic domain to
encourage fusion with the endosomal membrane to liberate viral
ssRNA into the cytoplasm. The ssRNA of virus contains ORFla and
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ORF1b at the 5’end of the untranslated region (UTR) which was then
translated by the host cell ribosomes into polyproteins. It was further
cleaved at distinct sites by the cysteinyl proteases or main protease
(MP™) to promote gene expression, maturation, and replication
(Kumar et al., 2020).

The viral structure and life cycle are very subtle and intricate (Naqvi
et al., 2020). Several research being conducted globally to develop a
potent antiviral medicine to target the pathophysiology of SARS-
CoV-2 infection (Samaddar et al., 2020; Trougakos et al., 2021).
Most of the drugs under investigation target protease activity to
curb the virus cell multiplication and assembly (Caly et al., 2020;
Poduri et al., 2020). In addition, the virus spike glyocprotein of
SARS-CoV-2 also remains as a successful target for the drug and
vaccine development. Therefore, in this study, the capsid protein
and enzymes responsible for gene expression and assembly are
targeted using molecular docking analysis. The docking parameter is
one of the most preferred SBDD strategy to provide insight into the
development of drugs by targeting the active site or specific site of
functional protein with the highest degree of accuracy
(Kalyaanamoorthy and Chen, 2011).

Asafoetida is a gum resin extracted from Ferula asafoetida plant
stem which has a strong and sulfurous odor used as a traditional
spice in Indian cuisine for centuries (Shahrajabian et al., 2021).
Asafoetida renders effective remedies against whooping cough, lung
disorders, gastro-intestinal disturbances, flatulence, and intestinal
parasitic infection. The phytochemistry of asafoetida found to contain
various active components including sesquiterpene coumarins, sulfur-
containing compounds, monoterpenes, terpenoids, coumarins, esters,
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polysaccharides, and glycoproteins which reveal several
pharmacological activities including antioxidant, antimicrobial,
antiviral, antifungal, antidiabetic, anticarcinogenic, neuroprotective,
antispasmodic, and hypotensive properties (Amalraj and Gopi, 2016;
Mahendra and Bisht, 2012). Based on the broad medicinal
applications of asafoetida, the present study was framed to assess
the antiviral potency against SARS-CoV-2. Thus, the study objective
was framed to determine the key compounds of asafoetida by utilizing
virtual screening and ADME/toxicity predictions. Subsequently, the
study aimed to examine the docking interactions between these
principal compounds of asafoetida and the functional sites of target
proteins of SARS-CoV-2.

2. Materials and Methods
2.1 Pharmacodynamic study

A pharmacodynamic study was carried out using the PASS online
server. PASS software uses the structure of an organic compound to
predict the biological activity of drug-like molecules (Poroikov et al.,
2003).

2.2 ADMET properties

ADME (adsorption, distribution, metabolism, and excretion)
properties were predicted virtually by accessing freely available
SwissADME software to analyze solubility, lipophilicity, intestinal
bio-absorption, BBB permeability, and cytochrome P450 inhibition
(Diana et al., 2017). The compounds of asafoetida resins were
screened selectively for the applications of drug likeliness by
evaluating the compounds to follow Rule of 5. The Rule of 5 explains
physicochemical and structural properties within certain ranges to
signify active compounds for oral consumption (Lipinski ez al.,2001).
Further, the toxic nature of the compounds was determined with the
online pkCSM software to improve compound quality and success

rate. The toxicity mode was selected and the toxicity effects such as
the maximum tolerated dose by humans and lethal dose for rats
(LD,,) were analyzed and tabulated (Pires ef al., 2015). The
compounds with valid pharmacodynamic characteristics and ADMET
properties were listed and used for computational docking analysis.

2.3 Molecular docking interaction analysis Analysis

The Autodock 4.2.6 software was used to conduct computational
docking investigation.

2.3.1 Ligand preparation

The active components from asafoetida resin were screened to
perform the molecular docking analysis. Hydroxychloroquine was
used a reference standard. The three-dimensional structures of
sesquiterpene coumarins and hydroxychloroquine were downloaded
from PubChem database in SDF format. Then the SDF files were later
converted into the PDB file format using BIOVIA Discovery Studio
(Accelrys, 2018).

2.3.2 Target preparation

The structure of SARS-COV-2 S-glycoprotein RBD (6Z297), human
ACE-2 receptor (6VW1), main protease (6XCH), papain protease
(7JRN), and RNA-dependent RNA polymerase (RdRp) (7BW4) were
retrieved from Protein Data Bank (http://www.rscb.org) with good
resolution. Tahir ul Qamar et al. (2020) and Tariq et al. (2020)
demonstrated the catalytic active site residues of pathogenic proteins
of SARS-CoV-2, which was listed in Table 1. In this study, the
molecular docking parameters were performed by targeting the amino
acid sequences present in the functional active site of each protein.
For the target-ligand interaction, the water molecules, inhibitors, and
ions present in active sites were eliminated and saved the target
molecule in PDB file format using BIOVIA Discovery Studio (Accelrys,
2018).

Table 1: Functional site/catalytic site residues of target proteins
S.No. | Target protein of SARS-CoV-2 Binding site residues
1. Spike glycoprotein RBD domain
Gly502, Val503, Gly504, Tyr505
2. ACE2 receptor
3. Main protease
GIn189, Thr190, Gln192
4. Papain protease
5. RNA dependent RNA polymerase
Tyr689, Asn691

Arg403, Asp405, Glud06, Arg408, GIn409, Thr415, Gly416, Lys417, Asp420, Tyr421,
Tyr449, Tyr453, Phe456, Phe490, Gln493, Ser494, Tyr495, Gly496, Phe497, Asn501,

Gln24, Thr27, Phe28, Asp30, Lys31, His34, Glu35, Glu37, Asp38, Tyrdl, GInd2, Serd4,
Leu79, Met82, Tyr83, Asn330, Lys353, Gly354, Asp355, Arg357, Arg393

Thr24, Thr25, Thr26, Leu27, His41, Cysd4, Thr5, Ser46, Met49, Phel40, Leul41, Asnl42,
Gly143, Serl44, Cys145, His163, His164, Met165, Glul66, Leul67, Prol 68, Aspl87, Argl88,

Aspl64, Vall65, Argl66, Glul67, Met208, Cys217, Ala246, Pro247, Pro248, Tyr264,
Gly266, Asn267, Tyr268, GIn269, Gly271, Tyr273, Thr301, Asp302

Phe429, Lys430, Glud31, Gly432, Ser433, Glu436, Leu437, Lys438, His439, Phe440, Phe441,
Phe442, Asp452, Tyrd55, Tyr456, 11e494, Asnd496, Asn497, Asp499, Thr540, GIn541,
Met542, Ser549, Ala550, Lys551, Arg553, Gly559, Thr565, Asn568, Arg569, His572, GIn573,
Leu576, Lys577, Ala580, Arg583, Val588, 11e589, Gly590, Thr591, Ser592, Lys593, Phe594,
Trp598, Asn600, Pro620, Lys621, Cys622, Asp623, Arg624, Thr686, Thr687, Ala688,

2.3.3 Grid preparation and docking analysis

were assigned, and rotatable bonds were detected and saved as
PDBQT. The functional site of each protein was selected by choosing

The docking parameters of the target protein were generated by
removing all nonpolar hydrogens leaving the polar and the charged
ones and saved as PDBQT. Further in each ligand, the Kollman charges

the suitable grid box coordinates which was given in Table 2. Ligand
and the target protein were docked by validating the Lamarckian
genetic algorithm (GA) parameters and empirical force field to output



10 conformational binding energy scores (Sumathi and Vidhya, 2022).
The hydrogen bond (intermolecular) interaction formed between the

Table 2: Grid box dimensions
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ligand and amino acid residues of each protein were visualized using
BIOVIA Discovery Studio (Accelrys, 2018).

Target protein Grid box dimensions (A) Grid box size

X z X Y z
Spike glycoprotein 19.861 -12.667 -50.222 60 60 60
ACE2 receptor 13.417 -9.472 -5.944 60 60 60
Main protease -18.694 -1.278 2.639 60 60 60
Papain protease -3.000 -11.556 10.583 60 60 60
RNA-dependent RNA polymerase -6.278 -13.917 3.167 60 60 60

3. Results
3.1 Selection of phytochemicals by PASS program

An initial selection of photo components of asafoetida was done
using a PASS computer program. The predicted data carries a list of
activity entities with the probability estimation for each type of
biological function which was represented as “to be active “Pa” and
to be inactive “Pi” and its value ranges from zero to one. The data
suggested that the probability of the drug profile being “active” or

“inactive” aids an initial selection of compounds that possess antiviral
activity against influenza, Herpes, hepatitis B, and HIV (Table 3).
Among the various phytoconstituents of asafoetida, the sesquiterpene
coumarins; namely, foetidin, umbelliferone, gummosin, conferol,
assafoetidnol A, and galbanic acid showed an extensive probability
of antiviral, anti-inflammatory, and viral entry inhibitory effects
when analyzed using the PASS program, thus the compounds were
selected and optimized to display their anti-viral potency against
SARS-CoV-2.

Table 3: Pharmacodynamic prediction of phytochemical constituents of asafoetida using PASS online server

Ligands Viral Antiviral Antiviral Antiviral Antiviral Antiviral Anti-
entry (influenza) | (Herpes) (hepatitis B) (HIV) inflammatory
inhibitor
Foetidin Pa 0,205 0,187 0,254 0,361 0,207 0,623 0,623
Pi 0,139 0,109 0,128 0,054 0,081 0,027 0,027
Umbelliferone Pa 0,237 0,262 0,428 0,439 0,403 0,648 0,648
Pi 0,053 0,053 0,038 0,021 0,015 0,023 0,023
Gummosin Pa 0,205 0,188 0,383 0,402 0,260 0,643 0,643
Pi 0,139 0,108 0,052 0,035 0,046 0,024 0,024
Conferol Pa 0,205 0,194 0,497 0,435 0,217 0,576 0,576
Pi 0,139 0,102 0,023 0,022 0,071 0,037 0,037
Assafoetidnol A Pa 0,237 0,163 0,261 0,393 0,223 0,653 0,653
Pi 0,053 0,144 0,120 0,038 0,067 0,022 0,022
Galbanic acid Pa 0,205 0,165 0,221 0,338 0,245 0,524 0,524
Pi 0,139 0,052 0,089 0,067 0,053 0,050 0,050
Vanillin Pa 0,237 - 0,257 0,382 0,167 0,135 0,436
Pi 0,053 - 0,125 0,044 0,141 0,085 0,015
Umbelliprenin Pa - 0,164 0,219 0,444 0,191 0,124 0,651
Pi - 0,131 0,169 0,020 0,098 0,106 0,023
Isopimpinellin Pa - 0,123 - 0,330 0,282 0,126 0,644
Pi - 0,102 - 0,072 0,038 0,102 0,024
Terpineol Pa 0,209 - - 0,385 0,167 - 0,651
Pi 0,124 - - 0,042 0,141 - 0,023
Taraxacin Pa 0,204 - - 0,378 0,207 - 0,437
Pi 0,142 - - 0,045 0,080 - 0,078
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Fetidone A Pa 0,237 0,263 0,463
Pi 0,052 0,128 0,029

Fetidone B Pa 0,237 0,141 0,571
Pi 0,053 0,089 0,015

1-(methylthio)

propyl 1-

propenyl

disulfide Pa 0,237 - 0,256
Pi 0,053 - 0,125

10-epi-g-eudesmol | Pa - - -
Pi - - -

B-Sitosterol Pa - 0,145 0,686
Pi - 0,108 0,006

Ferulic acid Pa 0,328 - 0,501
Pi 0,004 - 0,022

Luteolin Pa 0,243 - 0,462
Pi 0,043 - 0,030

- 0,307 0,135 0,641

- 0,032 0,085 0,024
0,355 - - 0,606
0,057 - - 0,030

- - 0,287 =

- - 0,010 =
0,278 0,287 0,135 0,586
0,107 0,037 0,085 0,035
0,205 - 0,136 0,467
0,171 - 0,084 0,067

- 0,046 0,060 0,409

- 0,473 0,149 0,043

- 0,006 0,067 -

- 0,046 0,060 -

Pa indicates “Probability of drug to be active”, Pi indicates “Probability of drug to be inactive”.

3.2 Web-based pharmacokinetic ADME study

The phytocompounds of asafoetida were tested for pharmacokinetics
proficiency, including human gastrointestinal absorption, BBB
permeability, and bioavailability of the drug using SwissADME soft-
ware. Bioavailability plays an integral part in the pharmacokinetics
paradigm which corresponds to drug absorption, effectiveness, and
safety. Table 4 showed the bioavailability status of all the
phytochemicals of asafoetida. Among the various phytochemicals,
the bioavailability score of galbanic acid was found to be a maximum

of 0.56 and all the other drugs showed a score of 0.55 favoring the
compound as suitable for oral dosing. The selected sesquiterpene
coumarins also showed a good agreement with the criteria of
Lipinski’s rule without any violation. The present study also revealed
that the LogP value of all the ligands under investigation showed a
consistent number below 5 (Table 4). The computational prediction
of the toxicity prediction was found to be negative with AMES
mutagenic test and presented in Table 4 along with the human
maximum tolerated dose.

Table 4: ADMET study of phytochemical constituents of asafoetida

Ligands Water Lipophilicity Gastro Blood P-glycoprotein | Bioavailability | Lipinski AMES Max. Oral rat
solubility consensus intestinal -brain substrate score rule (rule test tolerated acute
(logP ) (GD) barrier of 5) dose in toxicity
absor- per- human (LD,)
ption meability (log mg/kg (mol/kg)
/day)
Foetidin Poor 4.48 High Yes Yes 0.55 Yes Negative -0.171 2.546
Umbelliferone Soluble 1.51 High Yes Yes 0.55 Yes Negative 0.689 2.047
Gummosin Poor 4.52 High Yes Yes 0.55 Yes Negative -0.171 2.546
Conferol Poor 4.42 High Yes Yes 0.55 Yes Negative -0.447 2.789
Assafoetidnol Moderately 3.70 High No Yes 0.55 Yes Negative -0.447 2.789
A soluble
Galbanic acid Poor 4.58 High No Yes 0.56 Yes Negative 0.716 2.526
Vanillin Soluble 1.20 High Yes No 0.55 Yes Negative 1.285 1.937
Umbelliprenin | Poorly 5.95 High No No 0.55 Yes; 1 Negative 0.497 2.336
soluble Violation
Isopimpinellin | Moderately 2.16 High Yes No 0.55 Yes Negative -0.334 2.142
soluble
Terpineol Soluble 2.58 Low Yes No 0.55 Yes Negative 0.886 1.923
Taraxacin Soluble 2.18 High Yes No 0.55 Yes Negative 0.21 1.814
Fetidone A Soluble 2.73 High Yes No 0.55 Yes Negative 0.409 1.795
Fetidone B Soluble 2.68 High Yes No 0.55 Yes Negative 0.384 1.786




499

Soluble

1-(methylthio) 3.10 Low Yes No 0.55 Yes; 1 Negative 0.571 2.741

propyl 1-pro- Violation

penyl disulfide

10-epi-g- Soluble 3.60 High Yes No 0.55 Yes Negative 0.055 1.681

eudesmol

B-Sitosterol Poorly 7.19 Low No No 0.55 Yes; 1 Negative -0.621 2.552
soluble Violation

Ferulic acid Soluble 6.36 High Yes No 0.55 Yes Negative 1.082 2.282

Luteolin Soluble 1.73 High No No 0.55 Yes Negative 0.499 2.455

ADME- Absorption digestion metabolism excretion; AMES test - Salmonella typhimurium reverse mutation assay; LD, - Lethal dose at 50
millirems; ADME is predicted using SwissADME software; Toxicity was analyzed by pkCSM software.

3.3 In silico analysis of SARS-CoV-2 spike protein

Interruption of receptor-spike protein recognition is considered
important to combat virus entry and potential drug design targets.
The amino acid sequences of the RBD region of the S protein of
SARS-CoV-2 were identified and targeted with sesquiterpene
coumarins in the present study. The study highlighted that all the
selected coumarins stall the virus entry by irreversibly binding to
the RBD of S glycoprotein at varying binding energy (Table 5). Among
them, assafoetidnol A displayed a maximum binding affinity (-5.74
kcal/mol) and significant inhibition constant (61.71 pM) with
hydrogen and hydrophobic interactions at Arg403, GIn409, Thr415,
Lys417 residues of RBD region of spike glycoprotein. Similarly,
conferol interacts with the amino acids of RBD of spike protein to
interrupt the receptor recognition via forming noncovalent bonds at

Ser494, Lys417, Tyr453, and GIn493 residues with a binding affinity
of -6.05 kcal/mol and inhibition constant of 36.67 uM. Galbanic acid
form hydrogen bond interaction at Ser494 and hydrophobic
interactions at Arg403 and Glu406 amino acids with a considerable
binding affinity (-5.68 kcal/mol) and inhibition constant (68.35 uM).
Foetidin also displayed a strong binding affinity and inhibition
constant via noncovalent attachment with the residues of RBD of
spike protein at Arg403 and Lys417 residues. In the order of binding
affinity and bond formation, umbelliferone, and gummosin stand at
the end, expressing a marked level of binding affinity via forming
remarkable hydrogen and hydrophobic interactions. Further, the
standard drug, hydroxychloroquine found to show a stable interaction
at Phe490 and GIn493 with a binding affinity of -3.65 kcal/mol and
inhibition constant of 196.09 uM (Figure 1).
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Figure 1:Docking interactions of hydroxychloroquine and sesquiterpene coumarins with SARS-CoV-2 spike glycoprotein.
Hydrogen bond(s) indicated in green color; Hydrophobic bond(s) indicated in blue color.
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The docking analysis of the present study explored the selective
binding of sesquiterpene coumarins to the S protein binding residues
of the ACE2 receptor as represented in Table 5. The selective binding
of ligands to the ACE2 masks the entry point of the virus and prevents
the host cell infection. In the present study, galbanic acid exhibited a
stable interaction via forming hydrogen bonds at His34 amino acid
and hydrophobic linkages at Lys353, and Arg393 with a considerable
binding affinity (-3.74 kcal/mol) and inhibition constant (118.53
uM) at the RBD recognition site of ACE2 receptor. Further, conferol
partly occupies ACE2 via forming hydrogen bond interaction with

the amino acid Lys31 and hydrophobic interaction at His34 with a
remarkable binding affinity (-5.96 kcal/mol) and inhibition constant
(42.99 uM). Umbelliferone was also found to mask the RBD binding
site of ACE2 with the binding energy -4.77 kcal/mol and an inhibition
constant of 317.48 uM with two non-covalent bonds. Further,
hydroxychloroquine forms 3 bond with Ser44 and Arg393 residues
with a binding affinity of -4.45 kcal/mol and inhibition constant of
68.34 uM. Nevertheless, other ligands namely assafoetidinol A,
foetidin, and gummosin readily abrogate RBD-ACE2 association by
hydrophobic interaction (Figure 2).
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3.4 In silico analysis of SARS-CoV-2 main protease

The selected ligands were tested with SARS-CoV-2 M (Table 5),
among them conferol showed a strong hydrogen bond interaction at
catalytic site residues of Leul4l, Asn142, Gly143, and hydrophobic
attachment at Ser144. The binding affinity and inhibition constant of

SARS-CoV-2 MP* with conferol were calculated to be -7.72 kcal/mol
and 2.2 pM respectively. Further, foetidin interacts with the target
ligand by establishing two hydrogen bonds at Gly143 and Glul66
residues and two hydrophobic bonds at Cys155 with a binding energy
of -7.44 kcal/mol and inhibition constant of 3.5 pM. All the other
ligands namely gummosin, assafoetidnol A, galbanic acid, and



umbelliferone possibly interact to form hydrogen and hydrophobic
bonds with a significant binding affinity and inhibition constant
with the target enzyme. The stable interaction was also observed
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with the standard drug, hydroxychloroquine, which showed a binding
affinity of -6.78 kcal/mol and inhibition constant of 152.32 uM with
a stable bond at Met49 and Gly143 (Figure 3).
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Figure 3:Docking interactions of hydroxychloroquine and sesquiterpene coumarins with SARS-CoV-2 main protease. Hydrogen
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The virtual screening of papain protease exhibited a top binding
score with a ligand, assafoetidnol A (Table 5). Assafoetidnol A was
found to interact with the conserved active site sequences to exhibit
two hydrogen bonds at Tyr268, GIn269, and two hydrophobic bonds
at Tyr264, Asn267 with the binding affinity of -7.96 kcal/mol and
inhibition constant of 1.45 uM. Further, ligands such as gummosin
and galbanic acid were found buried individually in the active site
pockets of papain protease forming a strong interaction with Tyr264,
Gly266, and GIn269 residues. Nevertheless, conferol, foetidin, and
umbelliferone also showed a significantly higher level of binding
interaction and inhibition constant similar to hydroxychloroquine
towards the activity of papain protease of COVID-19 (Figure 4).

The present study on docking analysis revealed that the umbelliferone
strongly occupies the active site of RdRp via forming four linkages

with active site residues Arg583, Ser592, Asn600 with a good docking
score (-5.56 kcal/mol) and inhibition constant (547.17 uM). Further,
the irreversible binding of galbanic acid with RdRp enzyme was also
observed at the active site residue Lys77, Thr687 which possibly
causes enzyme inhibition, which is a crucial factor for COVID-19
infection control. Assafoetidinol A also showed a stable dock score
of -5.36 kcal/mol via forming two hydrophobic bonds with Asn496,
Lys577, and an inhibition constant of 118.53 uM (Table 5). The
virtual screening of gummosin revealed a promising binding score via
occupying the catalytic domain at Arg553, Lys621 residues with a
remarkable inhibitory constant. Conferol and foetidin displayed a
noncovalent interaction at a single residue with considerable binding
energy and inhibition constant. The standard drug, hydroxychlo-
roquine also found to have a stable interaction at the active site of
RdRp by forming 3 bonds at Gly432 and Ser433 residues (Figure 5).
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Table 5: Docking interaction of hydroxychloroquine and sesquiterpene coumarins to the target proteins of SARS-CoV-2

Ligands Binding Inhibition RMSD No. of | Amino acid residues Amino acid residues
affinity constant bonds involved in hydrogen involved in hydrophobic
(kcal/mol) rM) bond formation bond formation
Spike glycoprotein RBD
Assafoetidnol A -5.74 61.71 357.20 5 Thr415 Arg403, GIn409, Lys417
Conferol -6.05 36.67 359.23 4 Ser494 Lys417, Tyr453, Gln493
Galbanic acid -5.68 68.35 355.83 3 Ser494 Arg403, Glu406
Foetidin -5.66 70.79 354.99 3 - Arg403, Lys417
Umbelliferone -4.33 669.38 357.89 2 Tyr505 Lys417
Gummosin -4.55 462.95 371.14 1 - Ser494
Hydroxychloroquine -3.65 196.09 370.10 2 Phe490 Gln493
ACE2 receptor

Galbanic acid -3.74 1.81 192.45 3 His34 Lys353, Arg393
Conferol -5.96 42.99 189.21 2 Lys31 His34
Umbelliferone -4.77 317.48 190.09 2 Thr27 Lys31
Assafoetidnol A -5.94 44.05 188.09 1 - Arg393
Foetidin -6.83 9.86 189.04 1 - Arg393
Gummosin -5.39 118.53 183.00 1 - Glu3s
Hydroxychloroquine -4.45 68.34 197.25 3 Arg393 Ser44
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Main protease
Foetidin -7.44 3.5 23.95 4 Gly143, Glul66 Cysl145
Conferol -7.72 2.2 24.38 5 Leul4l, Asnl42, Glyl43 Ser144
Gummosin -7.43 3.55 25.22 3 - GIn189, Asnl42
Assafoetidnol A -6.35 22.17 24.08 3 Thr26 Tyr54, Asnl42
Galbanic acid -5.65 72.64 23.62 3 Thr24, Glyl43 Cysl45
Umbelliferone -4.74 337.83 25.38 3 Met49, Glul66, GIn189 -
Hydroxychloroquine -6.78 152.32 23.06 2 Met49, Glyl143 -

Papain protease
Assafoetidnol A -7.96 1.45 37.63 4 Tyr268, GIn269 Tyr264, Asn267
Gummosin -7.7 2.28 38.90 4 Tyr264, Gly266, GIn269
Galbanic acid -6.01 39.18 36.15 4 GIn269 Tyr264
Foetidin -7.25 4.86 37.18 3 Gly266, GIn269 Tyr264
Umbelliferone -5.27 136.49 34.81 3 GIn269 Glul67, Tyr264
Conferol -7.49 3.25 36.90 2 Pro248 GIn269
Hydroxychloroquine -6.38 26.21 37.24 4 Tyr268 Aspl64, Asn267, Tyr273

RNA-dependent RNA polymerase

Umbelliferone -5.56 547.17 193.35 4 Arg583, Asn600 Ser592
Galbanic acid -5.03 204.79 186.70 3 - Lys577, Thr687
Assafoetidnol A -5.36 118.53 144.95 2 - Asn496, Lys577
Gummosin -5.06 194.4 144.52 2 Lys621 Arg553
Conferol -5.44 102.46 181.49 1 Leu437 -
Foetidin -4.93 241.5 185.01 1 Phy441 -
Hydroxychloroquine -4.28 168.32 157.29 3 Gly432, Ser433 -

Docking interaction of the target protein with each ligand was represented in descending order based on the number of non-covalent
interactions. RMSD-Root mean square deviation; RBD - Receptor-binding domain.

4. Discussion

Ethnopharmacological investigation of the plants exhibited knowledge
of the traditional approach of natural products and their use as a
potential medicine in the health care system. Natural products have
long been a thriving source for the discovery of potentially active
drugs against virulent targets (Shamna et al., 2022). The phyto-
chemical exploration of asafoetida has contributed to the race for the
discovery of treatment for the coronavirus disease. The present
study exhibited a complementary docking approach, showing a high-
performance screening of chemical components to target the resolved
protein structures of COVID-19. The structure-based virtual screening
methodology holds an enormous benefit in the field of drug
development.

In PASS analysis, the sesquiterpene coumarins of asafoetida; namely,
foetidin, umbelliferone, gummosin, conferol, assafoetidnol A, and
galbanic acid expressed a broad range of biological activity, including
anti-inflammatory, antiviral, and viral entry inhibitory effects when
analyzed using the PASS program. Thus, these coumarins were
selected and used for further investigation.

The computational method of pharmacokinetic predictions is
intended to be ideal to evaluate the potency of drugs inside the living

host (Moda et al., 2007). The selected phytocompounds were tested
for pharmacokinetics proficiency, including human gastrointestinal
absorption, BBB permeability, and bioavailability of the drug using
SwissADME software. It has been increasing demand to develop drugs
with the ability to bypass lipophilic barriers, which was attained
sustainably by the lipophilic nature of the drug (Chandrasekaran et
al., 2018). Drug lipophilicity enables positive permeation and is
represented as logP/logD (Bohnert and Prakash, 2012). The present
study indicated that all the drugs possess a suitable lipophilic
proficiency and could cross the lipophilic biological membranes to
reach the target site.

Drug permeability and solubility are two major determinants that
influence the degree of gastrointestinal (GI) drug absorption (Lipinski
et al., 2001). Interestingly, the poorly water-soluble compounds get
absorbed slowly in a greater proportion in the small intestine to
express pharmacological proficiency (Singh et al., 2018). The present
study documented that compounds possess a great potential for GI
tract permeability. Further, oral drug bioavailability is an outcome of
the dynamic interplay of drug-likeliness behavior. Lipinski’s rule of
five (RO5) is used to assess the drug-likeliness of a compound
possessing potential drug properties. RO5 has been widely proposed
as a qualitative predictive tool to assess the absorption and



permeability properties of compounds (Lipinski, 2004). The selected
sesquiterpene coumarins follows Lipinski’s rule, thus indicating that
the compounds were most likely regarded as potential drugs for
human use.

The computational prediction of the toxicity of molecules is another
essential and fundamental aspect to be assessed during drug
development (Dhanya et al., 2018). The compound showing the
least toxicity or non-toxic is always considered to be a potent and
preferred drug for human consumption (Robinson et al., 2009). With
this reference, all the sesquiterpene coumarins in this study were
found to attain the least or nontoxic effect in all aspects, thus preferred
as a potent ligand to act against novel coronavirus.

Globally, hydroxychloroquine, an antimalarial drug used as a potent
compound to cure the symptoms of COVID-19 disease (Zafar and
Snehasis, 2022). Similarly, in the molecular docking analysis,
hydroxychloroquine showed a stable interaction with all the target
proteins in the present study. The result of the docking parameters
of hydroxychloroquine was considered as a reference and used for
the comparison of the result of sesquiterpene coumarins against the
pathogenic proteins of SARS-CoV-2 in the present study.

SARS-CoV-2 spike (S) glycoprotein is highly robust among all human
coronaviruses (HCoVs) that helps the virus to enable receptor
identification, binding, and cell membrane integration during infection
(Masi Malaiyan et al., 2023). The receptor-binding domain of the S
protein initially assists the binding of virus particles onto the surface
of the entry receptor ACE2. The process of host cell invasion is
possible due to the presence of specific conserved sequences in the
RBD region of the S spike protein (Farag et al., 2023). Thus, the
docking interaction of the study exposed that all the selected
coumarins showed a significant binding affinity and inhibition
constant with S protein RBD by forming remarkable hydrogen and
hydrophobic interactions.

Several lines of research have detailed the complex interaction of
virus capsid glycoprotein to the outer surface of the claw-like
structure of ACE2 to initiate the pathogenic mechanism of COVID-
19 (Farag et al., 2022). It is evident that inhibiting the receptor
recognition mechanism might be a potential target to treat viral
infection (Shang et al., 2020). An in silico docking analysis of all the
selected compounds found to have a stable binding affinity and
inhibition constant with ACE2 protein thus indicating that the
coumarins of asafoetia might block the viral attachment and entry
into the host cell.

In addition to the studies targeting S spike and ACE2 proteins, many
studies are being conducted worldwide targeting the enzymes
responsible for the virus life cycle (V’kovskief al., 2021; Luan et al.,
2020). Mr and PLr~ of SARS-CoV-2 play a fundamental role in the
viral polyprotein synthesis, assembly, and spread, thus considered
as a potential target to halt the COVID-19 crisis (Zhu et al., 2021,
Anirudhan ef al., 2021). RNA-dependent RNA polymerase (RdRp) is
a key enzyme that regulates viral gene transcription and replication,
thus proposed as a potential therapeutic target to inhibit viral infection
(Zhu et al., 2020). The present study focused on the specific protein-
ligand interaction of sesquiterpene coumarins with important viral
proteases to hinder the process of assembly and release of viral
particles within the host cell. Each specific protease enzyme has a
conserved sequence at the catalytic active site where all the selected
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ligands were targeted. The binding of ligand was found to block the
enzyme’s catalytic activity, leading to enzyme inhibition. The
promising docking scores were observed with all the selected
sesquiterpene coumarins by irreversibly blocking the catalytic site
of the main protease enzymes, thereby preventing virus
multiplication and disease progression.

Although, the molecular docking provides valuable insights of
potential ligand-protein interactions, the simulation of an interactions
using molecular dynamics (MD) methods might describe more on the
binding kinetics and stability of ligand-protein complexes. Further,
the experimental validation using biochemical assays and molecular
techniques are considered essential to confirm the predicted binding
affinities and biological activity of sesquiterpene coumarins of
asafoetida against SARS-CoV-2.

5. Conclusion

In silico molecular docking evaluation of the study concludes that all
the selected sesquiterpene coumarins of asafoetida actively inhibit
or modify the functional site of COVID-19 disease associated
proteins, suggesting that the compounds could effectively interfere
with the mechanism of the virus life cycle to reduce the virus overload
and COVID-19 disease progression. Further studies are warranted to
explore the anti-viral potency of coumarins to use as a potent drug
to manage COVID-19 disease.
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