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ABSTRACT

Background: Coronavirus disease-2019 (COVID-19) is an infectious pandemic caused by SARS-CoV-2. SARS-CoV-
2 main protease (MP™) and spike protein are crucial for viral replication and transmission. Spike protein rec-
ognizes the human ACE2 receptor and transmits SARS-CoV-2 into the human body. Thus, MP™, spike protein, and
ACE2 receptor act as appropriate targets for the development of therapeutics against SARS-CoV-2. Spices are
traditionally known to have anti-viral and immune-boosting activities. Therefore, we investigated the possible
use of selected spice bioactives against the potential targets of SARS-CoV-2 using computational analysis.
Methods: Molecular docking analysis was performed to analyze the binding efficiency of spice bioactives against
SARS-CoV-2 target proteins along with the standard drugs. Drug-likeness properties of selected spice bioactives
were investigated using Lipinski’s rule of five and the SWISSADME database. Pharmacological properties such as
ADME/T, biological functions, and toxicity were analyzed using ADMETlab, PASS-prediction, and ProTox-II
servers, respectively.

Results: Out of forty-six spice bioactives screened, six bioactives have shown relatively better binding energies
than the standard drugs and have a higher binding affinity with at least more than two targets of SARS-CoV-2.
The selected bioactives were analyzed for their binding similarities with the standard drug, remdesivir, towards
the targets of SARS-CoV-2. Selected spice bioactives have shown potential drug-likeness properties, with higher
GI absorption rate, lower toxicity with pleiotropic biological roles.

Conclusions: Spice bioactives have the potential to bind with the specific targets involved in SARS-CoV-2 infection
and transmission. Therefore, spice-based nutraceuticals can be developed for the prevention and treatment of
COVID-19.

1. Introduction

of COVID-19 include hyperinflammatory response mediated by cytokine
storm, intense lymphopenia, as well as considerable mononuclear cell

Coronavirus disease-2019 (COVID-19) is causing severe infection
and mortality around the world for the past ten months. According to
WHO, more than 36 million are infected globally by this pandemic with
casualties of more than one million lives by the mid of October 2020.
Clinical characteristics of COVID-19 include asymptomatic to severe
pneumonia and causing vital organ damages. The common COVID-19
symptoms are fever, cough, headache, fatigue, shortness of breath,
muscle pain and sputum production, etc. [1]. The other characteristics

infiltration into the various organs [2]. Currently, no specific medica-
tions are available to treat SARS-CoV-2-mediated disease [3]. Repur-
posing of anti-viral, anti-malarial, and angiotensin-converting enzyme 2
(ACE2) inhibitors are in progress. Recently, remdesivir, an anti-viral
drug, has shown a glimpse of promise by shortening the recovery time
of COVID-19 patients and evidenced to lower respiratory tract infection
[4]. However, around 24.6% of patients who received remdesivir were
reported with serious adverse events, including acute respiratory failure.
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In contrast, the most anticipated drug, hydroxychloroquine, has not
lowered the mortality of COVID-19 patients who received it than the
patients who received normal care [5]. Besides, many drugs are under
clinical trials and unfortunately, none of the drugs has passed through
the clinical trials, and the battle for vaccine development is in progress.

It is critical to understand the receptor-recognition mechanism and
the viral biogenesis of COVID-19 to tackle its infection and pathogenesis.
The primary infection of SARS-CoV-2 is facilitated by its binding with
host cell receptors through an envelope-anchored spike protein [6]. The
spike protein of SARS-CoV-2 comprises S1 and S2 domains; S1 is the
receptor-binding domain, and S2 is the membrane fusion protein [7,8].
About 73% of spike protein has conserved to SARS-CoV; however, the
SARS-CoV-2 spike protein has ten times higher affinity with the host cell
binding receptor [7,9]. ACE2 is the receptor, wherein spike protein
binds and infects the host cell. Molecular analysis of spike protein re-
ceptor binding motif (RBM)-human ACE2 complex determines various
key residues of spike protein and hotspots residues of the ACE2 receptors
involved in viral-host receptor interaction. The ACE2 receptor contains
two viral-binding hotspots: Lys31 (hotspot 31) and Lys353 (hotspot
353). Hotspot 31 composed of a salt bridge between Lys31 and Glu35,
and hotspot 353 consisting of a salt bridge between Lys353 and Asp38
concealed in a hydrophobic environment [6-8]. The critical amino acid
residues of spike protein include Leu455, Phe486, GIn493, and Ser494
bind to ACE2.

Additionally, SARS-CoV-2 main protease (MP™) is an essential pro-
tein involved in proteolytic maturation of ppla and pplab polyproteins
into non-structural protein (NSPs), which are involved in the replication
and transcription of COVID-19. MP™ is a cysteine protease with Cys-His
catalytic dyad situated in the cleft between domains I and II [10]. The
functional role of MP™ and the attenuation of interaction between spike
protein and ACE2 make these proteins attractive targets for drug
development against COVID-19.

Natural compounds have served as a pioneer in drug development
from ancient times. Many drugs and nutraceuticals have originated from
natural sources such as herbs, medicinal plants, and spices. Recently,
many computational studies have reported the potential bioactives from
these natural sources against the targets of SARS-CoV-2 [11-14]. Spices
are not only liked for the taste and aroma but also used to treat various
diseases [15]. Spice bioactives are known for their health benefits such
as antioxidant, anti-inflammatory, and anti-microbial activities
[16-18]. Curcumin, one of the most explored bioactive from turmeric,
has shown anti-viral activity against many viruses, including hepatitis,
and influenza viruses [19]. Furthermore, Wen et al., 2007 have reported
curcumin inhibits the SARS-CoV replication and 3CL protease activity in
vitro [20]. Recently, Rout et al., 2020 found that spice bioactive piperine
has shown a higher binding affinity with the SARS-CoV-2 spike protein
receptor-binding domain (RBD) and MP™ than few of the currently used
drugs [21].

More recently, Elsayed and Khan, 2020 have correlated the preva-
lence of COVID-19 and the consumption of spices in 163 countries.
Intriguingly, the nations with lower consumptions of spices per capita
showed a higher number of COVID-19 cases as well as mortality per
million populations. Further, the recovery rate was also higher in na-
tions with higher consumption of spices [22]. The beneficial effect of
spice bioactives might be due to their immunomodulatory and
anti-inflammatory potential observed against various diseases [23]. The
severity of COVID-19 escalates mostly because of hyperinflammatory
response mediated by cytokine storm, leading to acute respiratory
distress syndrome [2,24]. Spice bioactives are known to abrogate
pro-inflammatory cytokines and have the potential to reduce respiratory
distress [25,26]. Therefore, in our present study, we have investigated
the potential therapeutic ability of spice bioactives against SARS-CoV-2
targets of MP™, spike protein, and human ACE2 receptor by molecular
modeling analysis. We also analyzed the drug-likeness and pharmaco-
logical characteristics of the potential spice bioactives for the develop-
ment of therapeutics against SARS-CoV-2.
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2. Materials and methods
2.1. Ligand preparation

The structures of standard drugs and spice ligand molecules were
obtained from the PubChem database (https://pubchem.ncbi.nlm.nih.
gov/). Approved medicines for the treatment of HIV (darunavir,
remdesivir, and ritonavir), ACE2 (losartan, valsartan) inhibitors were
selected as standards for docking analysis against SARS-CoV-2 target
proteins (Supplementary Table S1). The standard drugs were selected
based on the existing anti-viral activity and ongoing trials against SARS-
CoV-2. Based on the literature evidence, forty-six bioactives from
twenty-eight spices were selected for docking analysis (Supplementary
Table S2) [17,18,25]. Ligand molecules were converted into Protein
Data Bank (PDB) format using Open Babel software (The Open Babel
Package, version 2.3.1; http://openbabel.org) [27]. Further, ligand
molecules were prepared for docking by converting it into PDBQT
format using AutoDock Tools (ADT).

2.2. Protein preparation

The main therapeutic targets of COVID-19 subjected to the investi-
gation were SARS-CoV-2 MP™, spike protein, and human ACE2 receptor.
The three-dimensional coordinates of the target molecules were
retrieved from PDB with PDB IDs 6LU7 (MP™), 6W41 (spike protein)
and, 1R42 (ACE2) [10,28-30]. The water molecules available in the PDB
were deleted, and polar hydrogens were added, followed by stabilizing
the charges [9]. Finally, the 3D coordinates were converted into PDBQT
format using ADT [31].

2.3. Molecular docking

SARS-CoV-2 MP™, spike protein, and human ACE2 were used as the
target molecules for docking with the spice bioactive ligands, and the
molecular docking study was performed using AutoDock Vina [32]. Grid
boxes were generated covering the catalytic site of SARS-CoV-2 MP™ and
the interacting critical residues of the SARS-CoV-2 spike protein-human
ACE2 complex using ADT with dimensions relative to the ligands (XYZ)
with a resolution of 1 A. Each docking calculations were repeated three
times using different seeds and retaining the remaining values as default.
The binding energy for each ligand-receptor docked complexes was
obtained from the AutoDock Vina. Final protein-ligand interactive
models were chosen based on the binding energy as well as the potential
hydrogen bonds (H-bonds) and hydrophobic contacts. Protein-ligand
interaction profiler (PLIP) (https://projects.biotec.tu-dresden.de/plip-
web/plip/) was used to calculate H-bonds and non-bonded in-
teractions. 3D stereo figures of protein-ligand interactions were
rendered using PyMOL (https://pymol.org/2).

2.4. Drug-likeness properties

Lipinski’s rule of five (RO5) is one of the significant parameters in
drug discovery. The best interacting ligand molecules were subjected to
Lipinski’s rule (http://www.scfbio-iitd.res.in/software/drugdesign/lip
inski.jsp) [33]. Drug-likeness, lipophilicity, and solubility characteris-
tics of spice bioactives were analyzed using OSIRIS Property Explorer
(https://www.organic-chemistry.org/prog/peo/). SWISS-ADME server
(http://www.swissadme.ch/) was used to evaluate the Ghose, Veber,
Egan, and Muegge rules.

2.5. ADME/toxicity prediction

The ADME/T provides absorption, distribution, metabolism, excre-
tion, and toxicity of the given compounds. The pharmacokinetics and
pharmacodynamics properties of the selected spice bioactives were
evaluated by the ADMETIlab server (http://admet.scbdd.com). The
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Table 1
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Binding energies (BEs) (kcal/mol) of selected bioactives from the spices with of SARS-CoV-2 MP™, spike protein, and human ACE2 and their molecular interactions.
The name of the bioactives are highlighted in boldface, and the first three bioactives are belonging to asafoetida, and the last three bioactives are belonging to sesame

seed. * represents standard drug.

Spices and its SARS-CoV-2 MP™ SARS-CoV-2 spike protein Human ACE2
bioactives BE H-Bond Hydrophobic interactions  BE H-Bond Hydrophobic BE H-Bond Hydrophobic
interactions interactions
*Remdesivir —8.3  Leul4l, Thr25, Thr26, Leu27, —6.6  Arg403, Tyr453, Leu455, Phe456, —6.4  His34 Asn33, His34, Glu37,
Gly143, His41, Met 49, Met165, GIn493, Gly 496, Tyr489 Asp38, Tyr41,
His163, Glu166, GIn189 Asn501 Lys353
Glul66
F. asafoetida -7.4 Tyr54 Thr25, Leu27, His41, -7.0 Phe490, Ser494 Phe456, Tyr489, —-6.9 Asp38 Asp30, His34, Tyr41,
Assafoetidnol A Asnl42, Cys145, Met165, GIn493 Lys353
GIn189
F. asafoetida —7.6  His163 Thr25, Leu27, His41, -7.4 - Leu452, Leu455, -7.1 Asp38 His34, Glu37,
Conferol Cys145, Met165, Glul66, Phe456, Tyr489, Lys353
GIn189 Phe490, Ser494
F. asafoetida —-7.2 Thr26, Asp Thr25, His41, Tyr54, —7.0  Arg403, Gln493 Lys417, Tyr453, Leu —6.4 Arg 393 Asn33, His34, Glu37,
Farnesiferol B 187 Asnl42, Cys145, Met165, 455, Phe456, Tyr489 Tyr41, Lys353
GIn189
S. indicum -8.2 Gly143, Thr25, His41, Phel40, -7.2 GIn493 Leu455, Phe456, —6.4 - His34, Glu37, Asp38,
Sesamin His163 Cys145, Glu166 Tyr489, Phe490 Tyr41, Lys353
S. indicum -7.8 Thr26, His41, Thr25, Phe140, Cys145, -7.0  Tyr489, GIn493, Phe490 —6.5 His34, Glu37, Tyr41, Leu45,
Sesaminol Gly143, Glul66 Ser494 Asp38 Lys353
His163,
Metl65
S. indicum -7.7 Thr45, Ser 46, Thr25, His41, Cys145, -7.0 Ser494 Leu452, Leu455, -6.5 Glu37 His34, Asp38, Tyr41,
Sesamolin Gly143, Glul66 Phe456, Tyr489, Lys353
His163 Phe490, GIn493

acquired categorical and numerical values were transformed into qual-
itative units based on ADMETIab server explanation and interpretation.

2.6. Evaluation of biological activity

The biological activities of the selected spice bioactives were eval-
uated through Prediction of Activity Spectra for Substances (PASS)-
Way2Drug server (http://www.pharmaexpert.ru/passonline/). The
potentially active or inactive ligands were predicted through Pa and Pi
values. The potential active compound should have Pa values close to
one and Pi values close to zero.

2.7. Prediction of toxicity

The toxicity parameters of selected spice bioactives were predicted
through the ProTox-II server (http://tox.charite.de/protox /) and
OSIRIS Property Explorer (https://www.organic-chemistry.org/prog
/peo) [34].

3. Results and discussion
3.1. Molecular docking analysis

Molecular docking is a versatile tool to study the interaction between
a small molecule and a protein at the atomic level, predict the binding
efficiency, types of interactions between the ligand and receptors [35,
36]. Interventions of COVID-19 require a suitable target to develop drug
molecules. The biological functions of MP™, spike protein, and ACE2
receptors have qualified to be the appropriate targets to develop drugs
against COVID-19. Spice bioactives are well known for their anti-viral,
anti-inflammatory, and immune-boosting activities [16]. Here, we
have investigated the binding efficiency of spice bioactives with
SARS-CoV-2 MP™, spike protein, and human ACE2 receptors using
computational analysis. Initially, we have screened the binding affinity
of various standard drugs of HIV and ACE2 inhibitors with target pro-
teins (Supplementary Table S1). Among the standard drugs, remdesivir,
an anti-retroviral and protease inhibitor, has shown a higher affinity
towards SARS-CoV-2 MP™ and human ACE2 receptor with the binding

energies (BEs) of —8.3 kcal/mol and —6.4 kcal/mol, respectively.
Whereas, another anti-retroviral drug ritonavir has shown a strong
binding affinity towards SARS-CoV-2 spike protein with a BE of —7.4
kcal/mol. Similar to standard drugs, several spice bioactives have
demonstrated a higher binding affinity with SARS-CoV-2 target proteins
(Supplementary Table S2). Sesamin, a bioactive from sesame plant, has
shown the higher BE of —8.2 kcal/mol with MP™, while conferol from
asafoetida has shown the higher BEs with spike protein (—7.4 kcal/mol)
and ACE2 receptor (—7.1 kcal/mol). Based on the average BEs of the
standard drugs, BEs of —7.5 kcal/mol for MP™, —7.0 kcal/mol for spike
protein, and —6.5 kcal/mol for ACE2 are set as an optimal threshold to
narrow down the potential spice bioactives. The potential bioactives are
selected for further analysis that satisfy (i) the threshold BE, and (ii)
having a superior binding affinity against at least two targets of
SARS-CoV-2.

Based on the above two conditions, six spice bioactives were selected
out of forty-six bioactives. The selected bioactives (assafoetidnol A,
conferol, farnesiferol B, sesamin, sesaminol, and sesamolin) are studied
for their chemical interactions with the binding sites and pharmaco-
logical characteristics (Table 1). Interestingly, all these bioactives are
predominantly from asafoetida (Ferula asafoetida) and sesame seed
(Sesamum indicum). Traditionally, F. asafoetida and S. indicum have anti-
microbial, especially anti-viral activities [37,38]. F. asafoetida is known
to use for the treatment of respiratory problems, including bronchitis,
asthma, and whooping coughs [39]. Additionally, these spice bioactives
have exhibited several beneficial activities, including antifungal, anti-
oxidant, hepatoprotective, anti-inflammatory, and have
immune-boosting properties [16,38-42].

Further, the similarity in the binding efficiency of selected spice
bioactives is compared with the standard drug remdesivir, which
showed higher BEs with the targets of SARS-CoV-2 (Table 1 and Fig. 1).
The H-bonds and hydrophobic interactions of remdesivir (Fig. 1a) with
MP™ are compared with the spice bioactives assafoetidnol A (Fig. 1b),
conferol (Fig. 1c), farnesiferol B (Fig. 1d), sesamin (Fig. 1e), sesaminol
(Fig. 1f), and sesamolin (Fig. 1g). The remdesivir formed four H-bonds
with MP™ residues Leul41, Gly143, His163, and Glul66, in addition to
several hydrophobic interactions at the catalytic site (Fig. la, and
Table 1). Among the selected spice bioactives, sesamin has shown the
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LEU-141 ///
GLY-143 LEU 27

Fig. 1. Three-dimensional stereo figures representing
molecular interactions of SARS-CoV-2 MP™ (PDB ID:
6LU7) with standard drug remdesivir (a) and spice
bioactives assafoetidnol A (b), conferol (c), farnesi-
ferol B (d), sesamin (e), sesaminol (f), sesamolin (g).
The amino acids of the MP™ within 4 A proximity are
shown. The H-bonds are represented in dotted lines
and distances (A) are marked. MP™ amino acids and
spice bioactives are shown as sticks. The carbon
atoms are colored in green for MP™ and the spice
bioactives carbons are colored in yellow. The nitro-
gen and oxygen atoms are colored in blue and red,
respectively, for all molecules.
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highest binding affinity with MP™. The sesamin formed two H-bonds
with Gly143 and His163, as well as several hydrophobic interactions at
the catalytic site (Fig. 1e). Overall the amino acid residues of MP™
Thr25, His41, Gly143, Cys145, His163, Glul166, and GIn189 showed
frequent interactions with the standard drugs as well as with spice
bioactives (Table 1, Supplementary Table S1). The His41 of MP™ is also
involved in salt bridge and = interaction with assafoetidnol A, and far-
nesiferol B. Thus, the results suggest that the spice bioactives interact

with the key residues of MP™ as similar to the standard drugs (Fig. 1,
Table 1, and Supplementary Table S1).

During viral transmission, the residues of the receptor-binding motif
of spike protein bind with ACE2 receptor hotspots. The receptor-binding
motif of spike protein consists of Leu 455, Phe486, GIn493, and Ser494
residues, which play a crucial role in interacting with the ACE2 re-
ceptors [8,28,43,44]. The molecular interactions of SARS-CoV-2 spike
protein obtained from the docking studies with remdesivir (Fig. 2a), and
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spice bioactives assafoetidnol A (Fig. 2b), conferol (Fig. 2c), farnesiferol
B (Fig. 2d), sesamin (Fig. 2e), sesaminol (Fig. 2f), and sesamolin (Fig. 2g)
are shown in Fig. 2. Remdesivir formed five H-bonds with spike protein
residues Arg403, Tyr453, Gln493, Gln498, and Asn501 and several
hydrophobic interactions with the spike protein receptor-binding motif.
The amino acid residues Gln493 and Ser494 of spike protein frequently
interact with all the spice bioactives through H-bonds except the con-
ferol. However, among the spice bioactives, conferol and sesamolin have
hydrophobic interactions with key residues of spike protein such as
Leu452, Leu455, Phe456, Tyr489, Phe490, and GIn493 (Fig. 2c and 2g
and Table 1). In general, the Leu455, Phe456, Tyr489, and Phe490 of
spike protein are the key residues majorly involved in hydrophobic in-
teractions with spice bioactives. Interestingly, Phe490 is also involved in
7 interactions with assafoetidnol A and farnesiferol B.

Based on the recent structural and molecular dynamics studies, many
important amino acid residues of the ACE2 receptor are recognized in
interacting with its partner proteins [8,45]. The human ACE2 receptor
contains hotspot Lys31 and hotspot Lys353. The spike protein identifies
these hotspots, and their interactions are essential for transmitting viral
infection. Our docking results also showed the selected spice bioactives,
and the standard drugs have strong interactions with hotspot residues of
the ACE2 receptor (Table 1). Fig. 3 summarizes the molecular in-
teractions of human ACE2 receptor with standard drug remdesivir
(Fig. 3a) and spice bioactives assafoetidnol A (Fig. 3b), conferol

(Fig. 3c), farnesiferol B (Fig. 3d), sesamin (Fig. 3e), sesaminol (Fig. 3f),
sesamolin (Fig. 3g). While the standard drugs, darunavir, remdesivir,
and ritonavir formed H-bonds with His34, Glu37, the spice bioactives
prefer the adjacent residue Asp38 for the H-bond. In terms of hydro-
phobic interactions both the standard drugs as well as the spice bio-
actives interact with His34, Glu37, Asp38, Tyr4l, and the hotspot
residue Lys353 (Fig. 3, and Table 1, Supplementary Table S1). The
amino acids His34 (assafoetidnol A, and conferol) and Lys353 (farne-
siferol B) also interact with spice bioactives through salt bridges.

Overall, the molecular docking results suggest that the chosen spice
bioactives have a strong affinity towards the MP™ and may hinder the
interaction between spike protein and ACE2.

3.2. Drug-likeness properties

The investigation of the drug-likeness properties accelerates drug
discovery and development procedures. Lipinski’s rule of five (RO5) is
one of the key factors to qualify to become a drug [33]. Six selected
bioactives from the spices of F. asafoetida and S. indicum have passed on
the ‘RO5’ without any single violations (Fig. 4). Analysis of Ghose filter
rule, Veber rule, Egan rule, and Muegge rule related to drug-likeness
properties were also performed (Table 2). These parameters have their
principles to identify a bioactive function as an effective drug. The rule
of Ghose filter is logP value: -0.4 to 5.6, molecular weight: 160-480
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Fig. 2. Three-dimensional stereo figures representing molecular interactions of SARS-CoV-2 spike protein (PDB ID: 6W41) with standard drug remdesivir (a) and
spice bioactives assafoetidnol A (b), conferol (c), farnesiferol B (d), sesamin (e), sesaminol (f), sesamolin (g).

g/mol, molar refractivity: 40-130, and the total number of atoms range:
20-70 [46]. Whereas in Veber rule, ligand should contain ten or fewer
numbers of rotatable bonds with <140 A2 of the polar surface area [47].
In Egan rule, the absorption of a drug molecule depends on two factors:
the polar surface area (PSA) and AlogP98 (the logarithm of the partition
coefficient between n-octanol and water). The Muegge rule follows an
effective drug that has to pass a pharmacophore point filter [48,49]. All
the bioactives selected for our study were perfectly fit into the Ghose
filter rule, Veber rule, and Egan rule without any violation. Except for
farnesiferol B, all other bioactives have qualified the Muegge rule.

Likewise, except farnesiferol B, all other bioactives were found to be
less lipophilic and having more absorption, as shown in Table 2. In the
case of solubility, sesamin, sesaminol, and sesamolin have better solu-
bility compared to other compounds. All bioactives have shown optimal
cell permeability and good oral bioavailability due to the less topolog-
ical polar surface area (TPSA). Synthetic accessibility (SA) is used to
analyze the possibility and feasibility of the synthesis of target com-
pounds [50]. Chemical synthesis of these compounds is feasible as they
belong in the range of about 4-5 in the 1-10 scale of easy to difficult, as
shown in Table 2.
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3.3. ADME/toxicity prediction

ADME/T is an important parameter to understand the fate of a
compound when administered orally. There is a link between oral
administration of a drug and drug level present in the blood-stream
through human intestinal absorption (HIA) [51]. Commonly, the in
vitro permeability study is performed in the Caco-2 cell line, and it
mimics the intestinal absorption of the compound. Therefore, we
analyzed the ADME/T properties of selected spice bioactives and pre-
sented in Table 3.1.

All the selected bioactives have shown satisfactory Caco-2 perme-
ability and human intestinal absorption (HIA). Interestingly, none of the
selected bioactive functions as P-glycoprotein (P-gp) substrate, in
contrast, they function as P-gp inhibitors. The inhibition of P-gp en-
hances the intracellular concentration of the compound by inhibiting the
drug efflux proteins [52]. After absorption, drugs flow to the other parts
of the body through the blood and then metabolized in the liver. In the
liver, a group of enzymes from the Cytochrome P450 family can
breakdown the absorbed drug molecules and eliminate from the human
body as bile and urine [53]. Specific bioactives act as a substrate of these
enzymes; thus, they will be metabolized through that corresponding
CYP450 enzyme.

In contrast, some bioactives act as inhibitors of these enzymes, which
disturb the biodegradation process [54,55]. Here, sesamin, sesaminol,
and sesamolin from the spices function as P450 CYP1A2 inhibitors.
Sesamolin also functions as a P450 CYP2C9 inhibitor. Most of the
selected bioactives have shown shorter half-life due to the secondary
metabolism of spices [56].

3.4. Prediction of adverse and toxic effect

The ProTox-II server categorizes the molecules according to the
Globally Harmonized System of Classification and Labelling of Chem-
icals (GHS). According to the GHS, the toxicity of any compound taken
orally is classified into five categories based on the LDs( ranges. Class 1-
fatal (LDsg < 5), class 2- fatal (5 < LDsg < 50), class 3- toxic (50 < LDsq
< 300), class 4- harmful (300 < LDsp < 2000), class 5- may be harmful
(2000 < LDsp < 5000), and if LD5p > 5000 is considered as non-toxic
[34]. The prophesied LDsq value for assafoetidnol A, conferol, and far-
nesiferol B was 3200 mg/kg, and all of them belonged to class 5, whereas
LDsy of sesamin, sesaminol, and sesamolin was 1500 mg/kg and
belonged to class 4 (Table 3.2). Although most of the selected bioactives
fall under the toxicity class of 4-5, their toxicity will be further reduced
when consumed as the whole spice. Fortunately, none of the spice
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Fig. 3. Three-dimensional stereo figures representing molecular interactions of human ACE2 receptor (PDB ID:1R42 11R42) with standard drug remdesivir (a) and
selected spice bioactives assafoetidnol A (b), conferol (c), farnesiferol B (d), sesamin (e), sesaminol (f), sesamolin (g).
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Fig. 3. (continued).

bioactive predicted to have hepatotoxicity, cytotoxicity, mutagenic, and
tumorigenicity.

3.5. Estimation of biological activities

Prediction of activity spectra for substances (PASS) was performed
with selected bioactives from the spices and presented in Supplementary
Table S3. Two factors are involved in PASS prediction: Pa and Pi. Pa
represents the probability “to be active” of a ligand, whereas Pi repre-
sents the probability “to be inactive” of a ligand, and their values are
ranging from O to 1. Most of the selected spice bioactives were probably
effective against the SARS, except farnesiferol B. The selected spice
bioactives are probable to have anti-inflammatory, respiratory analep-
tics, and moderately anti-viral properties.

These selected spices are already known to have several promising
activities, mainly antioxidant, anti-inflammatory, immunomodulatory,
and anti-viral [38,57]. Primarily, F. asafoetida can function as an
anti-viral agent against influenza A (HIN1) and herpes virus type 1
(HSV-1) [42,58]. According to Chinese researchers, F. asafoetida is
effective against influenza A (HIN1) viruses [58]. Similarly, the roots
and leaves of S. indicum can be effective as anti-viral agents against
chickenpox and measles, as well as this plant also functions as an
immunomodulatory agent [37,59]. Further, sesame essential oil and

sesamol regulate the pro-inflammatory function of macrophages and
dendritic cells as well as promote Th2 response [59]. Therefore, the
inclusion of these two spices in the daily diet may enhance immunity
and fight against SARS-CoV-2 infection.

4. Conclusion

Currently, humankind is facing a dreadful situation due to the
emergence of the COVID-19 pandemic. Various natural dietary phyto-
chemicals, including spice bioactives, are known to possess plenty of
health benefits, including antioxidant, anti-inflammatory, and anti-viral
activities. In our study, we have convincingly demonstrated the poten-
tiality of spice bioactives in targeting SARS-CoV-2 MP™, spike protein,
and human ACE2 receptors. The inhibition of these target proteins may
lead to either attenuation of viral replication or reduce the infectivity of
this virus. Furthermore, it is required to investigate the in vitro and in
vivo effect of these selected spice bioactives in inhibiting the activity of
these targets. Fortunately, most of the potential bioactives can be ob-
tained by consuming asafoetida and sesame spices. The selected spice
bioactives have also displayed various druggable properties with
desirable biological aspects. Thus, incorporation of asafoetida and ses-
ame in the diet might intervene in the COVID-19 infection as a pre-
ventive and prophylactic approach. Further, the development of
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Fig. 4. Lipinski’s Rule of Five (RO5) for selected bioactives from the spices. MW: Molecular weight (<500 g/mol), HBD: H-bond donor (<5), H-bond acceptor (<10),
LogP (<5), M-ref: Molar Refractivity (40-130).

Table 2
The drug-likeness properties of bioactives from spices.
Bioactives  LogP/ LogS TPSA Drug- Drug- Ghose VeberiiEgaanueggei SA
clogP >4 (<140 likeness Score (1-10)
) Az) score (1:very easy
& 10: very
difficult)
Assafoetidnol ~ 3.58 75.99 -6.45 0.31 Yes Yes  Yes Yes 5.16
A
Conferol 4.53 55.76 -3.46 0.29 Yes Yes Yes Yes 5.06
Farnesiferol B 55.76 -6.28 0.14 Yes Yes Yes No 4.64
1 *
XLOG
P3>5
Sesamin 3.22 55.38 Yes Yes Yes Yes 4.12
Sesaminol 2.88  -4.09 75.61 1.05 0.47 Yes Yes  Yes Yes 431
Sesamolin 33 64.61 Yes Yes  Yes Yes 4.43

LogP: Lipophilicity; LogS: Solubility; SA: Synthetic accessibility; *: Violation

H [

Desirable — Not Desirable

10
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Table 3.1 ADME/T test of selected bioactives from spices.
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Absorption Assafoetidnol Conferol FarnesiferolB  Sesamin Sesaminol Sesamolin
Properties A
Caco-2 Permeability (Optimal: higher than —5.15 Log unit or ~ Optimal Optimal Optimal Optimal Optimal Optimal
—4.70 or —4.80) —5.022 cm/s —4.941 cm/s —4.949 cm/s —4.853 cm/s —5.04 cm/s —4.887 cm/s
Human Intestinal Absorption (HIA)>30%: HIA+; <30%: HIA- + (0.558) + (0.605) + (0.604) + (0.613) + (0.571) + (0.568)
P-glycoprotein Substrate —(0.016) —(0.016) —(0.009) —(0.058) —(0.063) —(0.022)
P-glycoprotein Inhibitor +-+ (0.858) ++ (0.868) +++ (0.949) + (0.663) + (0.543) ++ (0.821)
Bioavailability Score 0.55 0.55 0.55 0.55 0.55 0.55
GI absorption High High High High High High
Distribution Assafoetidnol Conferol FarnesiferolB  Sesamin Sesaminol Sesamolin
Properties A
PPB (Plasma Protein Binding): 90% High (95.70%) High High Littte less Little less Little less
(96.23%) (96.65%) (79.80%) (79.42%) (80.09%)
Blood-Brain Barrier (BBB) BB ratio>0.1: BBB+; BB ratio <0.1: + (0.623) -(0.486) + (0.617) +++ (0.991) +-+ (0.861) +++ (0.98)
BBB-
VD (Volume Distribution) 0.04-20 L/kg 0.132 L/kg 0.104 L/kg —0.056 L/kg 0.243 L/kg —0.094 L/kg —0.067 L/kg
Metabolism Assafoetidnol Conferol FarnesiferolB  Sesamin S inol S li
Properties A
P450 CYP1A2 inhibitor —(0.191) —(0.154) —(0.231) ++ (0.765) + (0.541) +(0.518)
P450 CYP1A2 Substrate -(0.452) -(0.41) + (0.514) + (0.615) + (0.516) + (0.569)
P450 CYP3A4 inhibitor —(0.286) —(0.297) -(0.401) + (0.598) + (0.648) ++ (0.705)
P450 CYP3A4 substrate ++ (0.723) + (0.615) + (0.622) +(0.518) + (0.62) + (0.534)
P450 CYP2C9 inhibitor —(0.16) —(0.148) —(0.254) —(0.205) -(0.345) + (0.508)
P450 CYP2C9 substrate + (0.532) + (0.637) + (0.559) -(0.351) -(0.458) -(0.377)
P450 CYP2C19 inhibitor —(0.227) -(0.349) -(0.359) ++ (0.767) ++ (0.723) ++ (0.856)
P450 CYP2C19 substrate + (0.598) + (0.596) + (0.58) + (0.627) + (0.665) +(0.672)
P450 CYP2D6 inhibitor -(0.402) -(0.377) -(0.45) +++ (0.9) ++ (0.851) ++ (0.85)
P450 CYP2D6 substrate + (0.543) + (0.591) -(0.469) + (0.569) + (0.559) + (0.61)
Excretion Assafoetidnol Conferol FarnesiferolB  Sesamin S 1 S li
Properties A
T 1/2 (Half Life Time) Low Low Low Low Low Low
(>8 h: high; 3 h < Cl < 8 h: moderate; (1.48 h) (1.89 h) (1.84 h) (1.99 h) (1.74 h) (1.58 h)
<3 h: low)
Toxicity Assafoetidnol Conferol FarnesiferolB  Sesamin Sesaminol Sesamolin
Properties A
hERG (hERG Blockers) + (0.508) + (0.614) ++ (0.705) - (0.492) -(0.394) -(0.488)
AMES (Ames Mutagenicity) -(0.366) -(0.348) -(0.336) -(0.354) —(0.276) -(0.342)
DILI (Drug Induced Liver Injury) + (0.514) + (0.502) + (0.522) ++ (0.724) ++ (0.718) ++ (0.728)
Table 3.2 Adverse and toxic effects of selected bioactives from spices.
Bioactive from LDsy Toxicity Mutagenic Tumorigenic Cytotoxicity Irritant Possible
Spices (mg/  Class binding to
kg) toxicity
targets
Assafoetidnol A 3200 5 - - -- --
Conferol 3200 5 - - + -
Farnesiferol B 3200 5 - - -- ++
Sesamin 1500 4 -- -- -- -
Sesaminol 1500 3 -- -- -- --
Sesamolin 1500 3 - - -- --

Amine Oxidase A —~AOFA;
Glucocorticoid Receptor- GCR;

Prostaglandin G/H Synthase 1- PGH1

11

No binding —— Probable binding
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potential bioactive-based nutraceuticals might be effective against
COVID-19, as a quick relief before discovering any specific drugs.
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