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ABSTRACT

COVID-19, a viral infection caused by the coronavirus SARS-CoV-2, is one of the world's
most challenging diseases to cure. The fact that COVID-19 does not currently have any
pharmaceutical treatments means that a concentrated effort must be made to discover the much-
needed remedies for this illness. The most attractive antiviral targets of SARS-CoV-2 are the spike
protein and main protease (MP™). In this work, sixteen phenolic acids of Azadirachta indica were
docked into the active site of the spike protein and M. The resulting compounds were then
subjected to pharmacokinetic studies to establish the lead compounds. Based on the results, ferulic
acid was found to be a promising candidate for further research into its potential as a SARS-CoV-
2 inhibitor due to its positive anticipated pharmacokinetics and pharmacological properties.
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1. Introduction

In December 2019, the novel
coronavirus SARS-CoV-2, the virus that
causes COVID-19, was first discovered in
patients presenting with severe pneumonia in
Wuhan, China [1]. The World Health
Organization labelled the situation a pandemic

in February 2020; however, unlike its two
predecessors, SARS-CoV and MERS-CoV,
the new virus has apparently affected many
individuals [2]. There were 700 million cases,
increasing exponentially worldwide until
December 26, 2023, with 6.9 million fatalities
[3]. One of the most major issues is the lack of
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a specialised COVID-19 medication for this
potentially fatal infection. As a result, the
repositioning of licensed medications is
necessary as a priority in the battle against
COVID-19. There are now a few approved
medications, and a few vaccinations are
available on the market. Furthermore, antiviral
treatments have already been shown to be
effective against viral enzymes. This is why
antiviral medications were among the first
treatment methods explored for COVID-19
[4]. Numerous clinical trials have been
conducted since January 2020 to investigate
antiviral, anti-inflammatory, and anti-malarial
medicines for the cure of COVID-19 [5, 6].
Upon infection, the SARS-CoV-2 spike
protein attaches to ACE2 on the surface of
human cells, spreading through vesicles,
infiltrating the body, and causing illness [7].
The ppla and pplab polyproteins encoded by
the human coronavirus 229E replication gene
regulate all  viral reproduction and
transcriptional activities. The C-proximal
component of pplab expression needs (-1)
ribosomal frameshifting. Extensive proteolytic
processing is used to liberate functional
polypeptides from polyproteins, which is
predominantly accomplished by 3C-like
proteinase (3CLP™) [8]. The SARS-CoV-2
virus is thought to be an efficient target of
3CLP™, also known as major protein (M) [9].
Medicinal plants are highly regarded in
the field of medical research because they
contain a wealth of bioactive substances that
may be exploited to cure a wide range of
ailments and diseases [10]. Several reviews of
natural sources as potential anti-SARS-CoV-2
medicines have been published. The tropical
perennial plant Azadirachta indica (Neem) has
skewed leaves and a sturdy trunk that has
insect-repellant characteristics [11]. This plant
has yielded a diverse range of chemical
substances that are used as antiseptics [12],
antivirals [13], antipyretics [14], anti-
inflammatory [15], anti-ulcers [16], anti-
malarial [17], antifungal [18], and anticancer
[19] agents. Liquid extract of neem leaves
reduced 100-10,000 of 50% tissue culture
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infectious dose (TCID50) of dengue virus
(DENV) in-vitro with the 1.897 mg/ml
maximal non-toxic dose [20]. An antiviral
experiment demonstrated that the compounds
decrease dengue virus serotype 2 (DENV-2)
infectivity dose-dependently, with a maximal
viral inhibition of 77.7% and 66.2% observed
for kaempferol 3-O-b-rutinoside (100 uM) and
epicatechin (1000 uM), respectively, with no
notable cell damage [10]. Hot and cold
aqueous extraction and a hydro-methanolic
extraction of A. indica leaves inhibited the
influenza virus by 92.5% (0.325 mg/ml) [21].
In addition, A. indica has also been discovered
to exhibit antiviral action in-vitro against
Vaccinia [22], Chikungunya [23], and measles
viruses [24], as well as group-B Coxsackie
viruses [25]. It has also been shown to boost
antibody levels against the Newcastle disease
virus [21]. Furthermore, phenolic acids have
indeed been proven to have numerous
biological effects, especially anti-
inflammatory [26], anti-malarial, antioxidant
[27], antiviral [28], and anti-cancer [29]
effects. However, in the face of this COVID-
19 epidemic, for which no medicine has yet
been licensed, it is critical to boost research in
the hunt for a viable therapy.

Following that, the goal of this work
was to identify therapeutic candidates based on
the antiviral activity of phenolic acids from A.
indica using computational-based
methodologies such as molecular docking
simulations and pharmacokinetic property
analysis. It has been shown that nirmatrelvir,
an oral antiviral that targets 3CL"™ of SARS-
CoV-2, is clinically effective against COVID-
19. Additionally, oral nirmatrelvir
administration has demonstrated a clinical
efficacy of 89% in reducing hospitalisation
and mortality rates [30]. Nirmatrelvir was used
as a reference drug in this investigation since it
is a prospective medication for inhibiting
COVID-19.
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2. Methodology
2.1 System preparation and docking
Sixteen phenolic acids of A. indica were
docked into the active site of target proteins
using the online CB-Dock software [31, 32].
The compounds were -constructed using
ChemSketch and saved in mol format. The
spike protein and M were downloaded with
the PDB codes 6LZG [33] and 6MOK [34],
respectively. The CB-Dock effectively locates
the binding region, establishes the centre's size
and position, adjusts the docking region's size
according to the molecules it receives, and
then uses AutoDock Vina version 1.1.2 to dock
[35]. A pdb file for the receptor and a mol file
for the ligands were entered before docking.
Throughout this process, several top cavities
were automatically selected and utilised for
additional analysis (cavity sorting), with
molecular docking performed at each one. The
optimal binding site for the query ligand is
thought to be the corresponding location,
whereas the first conformation is thought to
represent the ideal binding posture. After
examining the various binding modalities, the
docked position with the highest cavity size
and first posture AutoDock Vina score was
selected for additional testing.

2.2 In-silico pharmacokinetics study

The pkCSM online programme
(http://biosig.unimelb.edu.au/pkcsm/) was
used to estimate the pharmacokinetic
parameters of the chosen ligands and the
reference compound [36]. As representative
predictors, molecular characteristics, CYP

inhibitors, hERG inhibitors, and
hepatotoxicity were chosen.
3. Results and Discussion
3.1 Docking

Molecular docking is a computer-based
approach that helps researchers better

understand protein-ligand interactions. This
approach suggests the native location,
orientation, and conformation of ligands that
bind to the protein target's active site [37]. In
this study, sixteen phenolic acids from A.

292

indica previously covered in the literature
were tested against the structural and non-
structural proteins of SARS-CoV-2 [38-46].

SARS-CoV-2 is characterised by two
groups of proteins: (i) non-structural proteins,
such as proteases, 3-chymotrypsin-like
protease (3CLpo/MP™), papain-like protease
(PLpro), and RNA-dependent RNA polymerase
(RdRp), and (ii) structural proteins, such as
spike (S), nucleocapsid (N), matrix (M), and
envelope (E). Furthermore, the CoV
polyprotein encodes two proteases that work
together to digest and release translated non-
structural proteins, namely 3CLy, and PLjy,
[47]. On the other hand, the angiotensin-
converting enzyme 2 (ACE2) functions as a
functional receptor for the SARS-CoV and
SARS-CoV-2 spike proteins [48]. This
enzyme is essential to the renin-angiotensin
system and plays a major part in vertebrate
blood pressure control. Human ACE2 may be
polymorphic, and while its mRNA is known to
be found in almost every organ, its protein
expression is only found in a few specific
tissues, such as the kidneys, heart, thyroid,
lungs, colon, liver, and bladder [49]. Mainly
responsible for cleaving host polyproteins into
proteins linked to viral replication, 3CLyy, is
highly conserved within the SARS-CoV-2
family, which includes SARS-CoVs and
Middle East respiratory syndrome
coronavirus. The borders between nspl/2,
nsp2/3, and nsp3/4 are cut by PL,. It cleaves
the polyproteins into nonstructural proteins
(Nsps) by interacting with 3CL;. Nucleoside
5'-triphosphate  (NTP)-dependent helicase
nspl3  catalyses the unwinding of
oligonucleotide duplexes into single strands.
Since its sequence is conserved across all CoV
species, it is also a prime candidate for the
development of antiviral medications. For
viral replication and transcription, the C-
terminal guanine-N7 methyl transferase
(nspl4) and N-terminal exoribonuclease of
CoV are essential [47].

This work employed blind docking to
anticipate the binding location of both
structural and non-structural proteins to
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identify the particular phenolic acid of A.
indica as either a competitive or non-
competitive anti-COVID-19 chemical. It was
shown that all docked chemicals interacted
with the target proteins' active sites. The
compounds that have been docked exhibit
favourable interaction values and noteworthy
hydrogen and  hydrophobic  bonding
interactions, as indicated by the docking data.
Based on interactions in the target proteins'
active sites, bound amino acids, binding
energy, and comparison to the reference
molecule (Nirmatrelvir), phenolic acids
derived from A. indica will have therapeutic
effects and can act as anti-COVID-19
inhibitors. SARS-CoV-2 3CL,, a crucial
enzyme for the viral life cycle, is inhibited by
nirmatrelvir.  Nirmatrelvir  inhibits  viral
replication by preventing the virus from
digesting its polyproteins through 3CL,,
inhibition. By using X-ray crystallography, the
structural foundation for this inhibition has
been clarified. This has revealed how
nirmatrelvir binds to the protease's active site,
which is essential to the enzyme's activity [50,
51]. Ridgway et al. [52] also reported that
nirmatrelvir exhibited 95% suppression of the
SARS-CoV-2 spike protein.

The reference compound (nirmatrelvir)
exhibited a binding energy of -8.0 kcal/mol to
the spike protein and was well fitted into the
active site of the protein. Nirmatrelvir formed
hydrogen bonds with Asp30, Leud445, GIn409,
and Asp405. Furthermore, nirmatrelvir was
found to interact with Glu37, Tyr453, Lys417,
Asn33, Tyr505, Glu406, and Arg403 via

hydrophobic interactions. Nirmatrelvir is also
responsible for the formation of ionic (Arg393,
Arg403, His94, and Lys417) and =-cation
(Arg403) interactions (Fig. 1a). On the other
hand, nirmatrelvir showed a binding energy of
-8.2 kcal/mol and formed hydrogen bonds with
Glu290, Asp197, Thr198, Asp289, and Glu288
in the MP° active site. Nirmatrelvir also
exhibited hydrophobic interactions with
Leu286, Val204, Thr199, Aspl197, Leu272,
Leu287, Tyr239, and Tyr237, as well as ionic
interactions with Lys5 and Argl31 (Fig. 1b).

R393

Fig. 1. Molecular docking complexes using the CB-

Dock software. (a) Structural protein and
nirmatrelvir, (b) Non-structural protein and
nirmatrelvir.

3.1.1 Docking with the structural

protein

The binding energies obtained from the
docking into the active site of the SARS-CoV-
2 spike protein are presented in Tables 1 and 2.
Ferulic acid, chlorogenic acid, quercetin, 3,4-
dicaffeoylquinic acid, 4,5-di-O-caffeoylquinic
acid, and 3,5-di-caffeoylquinic acid showed
better binding energy to the active site of spike
protein (6LZG) than did the reference
compound nirmatrelvir (Table 1).

Table 1. Molecular docking results analysis of best phenolic acids and structural protein of SARS-

CoV-2 (PDB ID: 6LZG).

Compound Name Cavity  Vina Score Bound Amino Acids
Score (Kcal/mol)
Ferulic acid 698 -8.3 GIn338, Asp30, Glu35, Serd94, Tyrd95, Gly496, Asp38, Glu37, His34 (H-B),
Glu37, Tyrd95, Tyr453, Lys353, Arg403 (C-H), His34, Arg393, Lys353 (ionic),
Arg403 (Pi-cation)
Chlorogenic Acid 698 -8.2 GIn388, Asp30, Glu37, His34, Ser494, Gly496, Lys353, Tyr495 (H-B), Glu37,

Lys353, Arg403, Tyr495, Tyr453 (C-H), His34, Arg393, Lys353 (ionic), Arg403

(pi-cation)
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Quercetin 698 -8.0 Glu208, Gly205, Ala396, Glu564, Gly561, Glu564 (H-B), Glu208, Leu95,
Val209, Ala396 (C-H), Arg219 (ionic), Tyr196 (pi-pi stacking)
3,4-Dicaffeoylquinic ~ 698 -9.3 Lys26, Thr92, GIn409, GIn96, Leu4d55, Asp30, Glu406, GIn388, Glu37, Ser494,
acid Tyr495, Asp38, Gly496 (H-B), Lys26, Leu29, Asp30, Lys417, Tyr453, Pro389,
Glu406, His34, Tyr453, Arg403, Tyr495, Glu37, Lys353 (C-H), Arg408, Arg403,
His34, Lys417, Arg393, Lys353 (ionic), Arg403 (pi-cation)
4,5-Di-O- 698 -9.0 Lys26, GIn96, GIn388, Asp38, Glu406, Glu37, Gly496, Asp38, Tyr495, Ser494
caffeoylquinic acid (H-B), Lys26, Leu29, Asp30, Pro389, Tyr453, His34, Glu37, Tyr505, Arg403,
Lys353 (C-H), Lys417, His34, Arg403, Arg393, Lys353 (ionic), Arg403 (pi-
cation)
3,5-Di- 698 -9.0 Thr92, GIn96, Asp30, His34, Glu406, Ser494, Tyr495, Gly496, Glu37, Asp38
caffeoylquinic acid (H-B), Lys26, Leu29, Pro389, Tyr453, Arg403, Glu37, Lys353 (C-H), Arg393,
His34, Lys417, Arg403 (ionic), Arg403 (pi-cation)
Nirmatrelvir 698 -8.0 Asp30, Leud45, GIn409, Asp405 (H-B), Glu37, Tyrd53, Lys417, Asn33, Tyr505,
Glu406, Argd403 (C-H), Argd403 (pi-cation), Arg393, Arg403, His94, Lys417
(ionic)
Chlorogenic acid exhibited a binding
g o o |k b energy of -8.2 kcal/mol to the spike protein and
LNy b i o J gl was well fitted into the active site of the

o
alse

387
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(e) [G]
Fig. 2. Molecular docking complexes of structural
protein and best phenolic acids using the CB-Dock
software. (a) Ferulic acid, (b) Chlorogenic acid, (c)
Quercetin, (d) 3,4-di-caffeoylquinic acid, (e) 4,5-
di-O-caffeoylquinic acid and (f) 3,5-di-
caffeoylquinic acid.

Ferulic acid exhibited a binding energy
of -8.3 kcal/mol to the spike protein and was
well fitted into its active site. Ferulic acid
forms hydrogen bonds with GIn338, Asp30,
Glu3s, Serd494, Tyr495, Gly496, Asp3s,
Glu37, and His34. Furthermore, ferulic acid
was found to interact with Glu37, Tyr495,
Tyr453, Lys353, and Arg403 via hydrophobic
interactions. Ferulic acid is also responsible for
the formation of ionic (His34, Arg393, and
Lys353) and m-cation (Arg403) interactions
(Fig. 2a).
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protein. Chlorogenic acid forms hydrogen
bonds with GIn388, Asp30, Glu37, His34,
Ser494, Gly496, Lys353, and Tyr495.
Furthermore, chlorogenic acid was found to
interact with Glu37, Lys353, Arg403, Tyr495,
and Tyr453 via hydrophobic interactions.
Chlorogenic acid is also responsible for the
formation of ionic (His34, Arg393, and
Lys353) and m-cation (Arg403) interactions
(Fig. 2b).

Quercetin exhibited a binding energy of
-8.0 kcal/mol to the spike protein and was well
fitted into the active site of the protein.
Quercetin forms hydrogen bonds with Glu208,
Gly205, Ala396, Glu564, Gly561, and
Glu564. Furthermore, quercetin was found to
interact with Glu208, Leu95, Val209, and
Ala396 via  hydrophobic interactions.
Quercetin is also responsible for the formation
of ionic (Arg219) and n-rt stacking (Tyr196)
interactions (Fig. 2c¢).

3.4-Dicaffeoylquinic acid exhibited the
best binding energy of -9.3 kcal/mol to the
spike protein and was well fitted into the active
site of the protein. 3,4-Dicaffeoylquinic acid
forms hydrogen bonds with Lys26, Thr92,
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GIn409, GIn96, Leu4d55, Asp30, Glud06,
GIn388, Glu37, Ser494, Tyrd95, Asp38, and
Gly496. Furthermore, 3,4-dicaffeoylquinic
acid was found to interact with Lys26, Leu29,
Asp30, Lys417, Tyrd53, Pro389, Glu406,
His34, Tyr453, Arg403, Tyr495, Glu37, and
Lys353 via hydrophobic interactions. 3,4-
dicaffeoylquinic acid is also responsible for
the formation of ionic (Arg408, Arg403,
His34, Lys417, Arg393, and Lys353) and =-
cation (Arg403) interactions (Fig. 2d).

4,5-di-O-caffeoylquinic acid exhibited a
binding energy of -9.0 kcal/mol to the spike
protein and was well fitted into the active site
of the protein. 4,5-di-O-caffeoylquinic acid
formed hydrogen bonds with Lys26, GIn96,
GIn388, Asp38, Glud06, Glu37, Gly496,
Asp38, Tyrd95 and Ser494. Furthermore, 4,5-
di-O-caffeoylquinic acid was found to interact
with Lys26, Leu29, Asp30, Pro389, Tyr453,
His34, Glu37, Tyr505, Arg403, and Lys353
via hydrophobic interactions. 4,5-di-O-
caffeoylquinic acid is also responsible for the
formation of ionic (Lys417, His34, Arg403,
Arg393, and Lys353) and n-cation (Arg403)
interactions (Fig. 2e).

3,5-di-caffeoylquinic acid exhibited a
binding energy of -9.0 kcal/mol to the spike
protein and was well fitted into the active site
of the protein. 3,5-di-caffeoylquinic acid forms
hydrogen bonds with Thr92, GIn96, Asp30,
His34, Glu406, Serd494, Tyrd95, Gly496,
Glu37, and Asp38. Furthermore, 3,5-di-

caffeoylquinic acid was found to interact with
Lys26, Leu29, Pro389, Tyr453, Argd403,
Glu3d7, and Lys353 via hydrophobic
interactions. 3,5-di-caffeoylquinic acid is also
responsible for the formation of ionic (Arg393,
His34, Lys417, and Arg403) and n-cation
(Arg403) interactions (Fig. 2f).

The chemicals that were chosen had an
excellent binding affinity towards the spike
protein, with values ranging from -8.0
kcal/mol to -9.3 kcal/mol. Additionally, the
findings demonstrated that additional bonds
and hydrogen bond formation were involved in
the interactions with the target spike protein.
Docking position analysis revealed that every
chemical was bound in the same binding
pocket and that the majority of the bound
amino acids were the same for every
compound. The docking research indicated
that the bound amino acids and binding energy
had the greatest influence on the spike protein's
inhibition.

3.1.2 Docking with non-structural

protein

The binding energies obtained from the
docking into the active site of the SARS-CoV-
2 MP are presented in Tables 2 and 3. Ferulic
acid and 3,5-di-caffeoylquinic acid showed the
best binding energy to the active site of M
(6MOK), higher than that of the reference
compound Nirmatrelvir (Table 2).

Table 2. Molecular docking results analysis of best phenolic acids and non-structural protein of

SARS-CoV-2 (PDB ID: 6M0K).

Compound Name Cavity  Vina Score Bound Amino Acids
Score (Kcal/mol)
Ferulic acid 390 -7.4 Glu290, Asp289, Aspl197, Thr198, Glu288, Leu287, Thr199, Leu271 (H-B),
Val204 Thr199, Leu287, Leu286, Leu272, Tyr239 (C-H), Argl31 (ionic)
3,5-di- 390 -7.4 Asp289, Thr198, Aspl197, Thr199, Lys236, Leu271, Leu272 (H-B), Thr199,
caffeoylquinic acid Asn238, Tyr239, Leu272, Leu287, Tyr237 (C-H), Argl31 (ionic)
Nirmatrelvir 390 -8.2 Glu290, Aspl197, Thr198, Asp289, Glu288 (H-B), Leu286, Val204, Thr199,

Aspl97, Leu272, Leu287, Tyr239, Tyr237 (C-H), LysS5, Argl31 (ionic)

Ferulic acid exhibited a binding energy
of -7.4 kcal/mol to the spike protein and was
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well fitted into the active site of the protein.
Ferulic acid forms hydrogen bonds with
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Glu290, Asp289, Aspl97, Thr198, Glu28s,
Leu287, Thr199, and Leu271. Furthermore,
ferulic acid was found to interact with Val204,
Thr199, Leu287, Leu286, Leu272, and Tyr239
via hydrophobic interactions. Ferulic acid is
also responsible for the formation of ionic
interactions with Argl31 (Fig. 3a).

3,5-di-caffeoylquinic acid exhibited a
binding energy of -7.4 kcal/mol to the spike
protein and was well fitted into the active site
of the protein. 3,5-di-caffeoylquinic acid
formed hydrogen bonds with Asp289, Thr198,
Aspl197, Thr199, Lys236, Leu271, and
Leu272. Furthermore, 3,5-di-caffeoylquinic
acid was found to interact with Thr199,
Asn238, Tyr239, Leu272, Leu287, and Tyr237
via  hydrophobic interactions.  3,5-Di-
caffeoylquinic acid is also responsible for the
formation of ionic interactions with Argl31
(Fig. 3b).

— ey
IE e Q273 - 75
< Y239 Z pz28® o
T/ 272 RSN
"y D en RIS 2> A
0w’ [} ot = ) 2
i -\ \ ¥ 6215 Yoot g vzas
e ! q/: X ; J’-ﬂ} Nt
' ~ s Pt " N238
S o et VAl IR 2 e o
131 S\ Yda (287 ) 2ol
/N oot 1\ L2088, N, ) D
D289 2 22 ma27e L273__ X372 g - K236
<~ . Edes '\ adis DAY ey A
K137 / )
) E!‘QO i “naza <0273 /

Fig. 3. Molecular docking complexes of structural
protein and the best phenolic acids using CB-Dock
software. (a) Ferulic acid and (b) 3,5-di-
caffeoylquinic acid.

The chosen chemicals' binding affinity
to the primary protein was similar, at -7.4
kcal/mol.  Additionally, the  analysis
demonstrated that additional bonds and the
properties of hydrogen bond formation were
involved in the interactions with the target
primary protein. Each drug was shown to be
bound in the same binding pocket, with the
majority of the bound amino acids being the
same for every molecule, according to docking
position assessments. Docking research
revealed that the spike protein was mostly
inhibited by bound amino acids and ligand
binding.

3.2 In-silico Pharmacokinetics Study

The pharmacokinetic profiles of the
selected ligands and nirmatrelvir were also
computed. The potential for harmful effects of
these ligands as medications was assessed
using several predictors, such as surface area,
hepatotoxicity, CYP inhibition, CYP substrate
interaction, human intestinal absorption,
blood-brain barrier permeation, and hydrogen
bond donor and acceptor. Since the pkCSM
programme can create a small-compound
pharmacokinetic profile based on a database
compilation of QSAR models, it was used as
the bioinformatics platform to optimise these
characteristics [53]. The outcome of this
prediction is displayed in Table 3.

Table 3. Pharmacokinetics of selected compounds.

C/N MW Log H H Surfa HIA% BB CYP CYP hERG  Hepatotoxi Skin
P - - ce Absorb B Substr  Inhibit I city Sensitizat
B B Area ed) (Lo ate or inhibit ion
A D g or
BB)
Ferulic acid 194.1 1.49 3 2 81.06 93.723 - No No No No No
86 86 5 0.25
2
Chlorogenic 3543 - 8 6 141.5 11.995 - No No No Yes No
Acid 11 0.64 87 1.52
59 1
Quercetin 302.2 1.98 7 1 122.1 69.235 - No No No No No
38 8 08 1.37
2
Epicatechin 290.2 1.54 6 5 119.6 62.847 - No No No No No
71 61 62 1.06
9
3.4- 516.4 1.02 1 7 209.1 20.4 - No No No No No
Dicaffeoylqu 55 96 1 19 2.05
inic acid 5
4,5-Di-O- 516.4 1.02 1 7 209.1 20.4 - No No No No No
caffeoylquini 55 96 1 19 2.05
c acid 5
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3,5-Di- 516.4 1.02 1 7 209.1 28.715
caffeoylquini 55 96 1 19
cacid
Nirmatrelvir ~ 499.5 1.09 5 3 2016 65.723
34 71 95

No

2.06

0.94

Molecular Weight: molecular weight <500

LogP: partition coefficient <5

Hydrogen Bond Acceptor: number of hydrogens acceptor <10
Hydrogen Bond Donor: number of hydrogen donor < 5
Surface Area: >150: very low absorption

Human Intestinal Absorption: A value between 0 and 20% indicates poor absorption, 20—70% shows moderate absorption, and

70—100% indicates good absorption

Blood Brain Barrier: A value >0.1 indicates low absorption, 0.1-2.0 shows middle absorption, and >2.0 shows higher absorption

CYP Substrate: No
CYP Inhibitor: No
hERG Inhibitor: No
Hepatotoxicity: No
Skin Sensitization: No

The drug-likeness of each selected
compound from the docking experiments was
assessed using Lipinski's Ro5. According to
Ro5, medicines should have a maximum
molecular weight of 500 Da, a maximum HBD
and HBA of 5 and 10, respectively, a
maximum logP of 5, and a maximum surface
area of 150 A2 It appeared that only ferulic
acid met these requirements and passed the
Ro5 evaluation. These results suggested that
ferulic acid was a drug-like molecule and a
good pharmaceutical candidate that could be
taken orally.

Cytochrome P450 (CYP450) is a vital
enzyme in humans that is responsible for the
biotransformation of several xenobiotics.
There are more than fifty isoforms and
inhibitors in this family of enzymes; however,
they also metabolise about 90% of
medications. CYP1A2, CYP2C9, CYP2C19,
CYP2D6, CYP3A4, and CYP3AS5 are usually
considered to be the most significant of the
CYP450 enzymes [53]. To find out if a drug
might interact with another medication in the
body and have insufficient pharmacological
effect or if toxicities could occur, it is essential
to profile the drug candidate interactions with
these enzymes [54]. In the present study, it was
revealed that none of the selected ligands
interact with CYP450, either as a substrate or
an inhibitor.

The human ether- a-go-go-related
gene (hERG) produces a potassium ion
receptor that repolarizes the cardiac action
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potential to contribute to electrical heart
activity [55]. Drugs that block this channel
may cause arrhythmia, or irregular heartbeat,
which may result in symptoms that are
potentially fatal. None of the three ligands that
the hERG inhibitor predictor evaluated was
able to block this channel, which suggests that
they might be effective as an alternative
treatment. The system was also utilised to
forecast the selected ligands' potential for
hepatotoxicity. Every ligand was shown to
pose no risk for hepatic damage. It was
demonstrated that all ligands were appropriate
as therapeutic agents for dengue treatment
based on their anticipated pharmacological
properties. Drug similarity, a subjective
concept employed in drug  design,
characterises a "druglike" set of compounds
qualities in terms of factors like bioavailability
[56]. Ferulic acid (93.723%) was shown to
have good intestinal absorption for humans
based on the prediction.

Hepatotoxicity was yet another
toxicity metric made available by pkCSM.
According to  predictions, excluding
chlorogenic acid, all compounds have no
hepatotoxic characteristics and have no
activity relating to liver damage [57]. Notably,
the reference compound did show a
hepatotoxic profile. Based on the results,
ferulic acid followed the criteria of Ro5 and
had a favorable pharmacokinetic profile.
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Fig. 4. Structure of lead compound (Ferulic acid).

Ferulic acid, a lead compound, has a
molecular weight of 194.186 kDa, and was
also found to have a LogP value of 1.4986.
Additionally, this molecule was shown to have
HBA and HBD values of 2 and 3, respectively.
Ferulic acid also showed a surface area of
81.065, a BBB of -0.252, and an HIA of
93.723. However, this substance did not
exhibit any hepatotoxicity, cutaneous
sensitivity, or CYP substrate interaction or
inhibition. Every value fell within the
permissible limits.

Ferulic acid (Fig. 4), a phenolic
hydroxycinnamic acid prevalent in various
plants, has numerous bioactivities, including
antibacterial [58], antioxidant [59], anticancer
[60], anticoagulant [61], and anti-
inflammatory [62] properties. It is also a
precursor in the production of other aromatic
compounds since it is a component of lignin.
Plant viruses have also been proven to be
resistant to ferulic acid and its analogues. In
2009, Wang et al. developed a variety of
ferulic acid analogues with antiviral activity
against plant viruses (such as TMV, pepper
virus, tomato virus, potato virus, and maize
dwarf mosaic virus) [63]. Ferulic acid was
discovered to combat the SARS-CoV-2
membrane protein, which did not violate
Lipinski's rule; it was also show to be a non-
inhibitor of CYP450, suggesting that it is
properly metabolised by CYP450 [64].

Moreover, ferulic acid has drawn
interest because of its possible ability to
suppress SARS-CoV-2, the virus that causes
COVID-19. Studies demonstrate that it can
specifically target M"™, the primary protease of
SARS-CoV-2, which is essential for the viral
life cycle. Numerous ferulic acid derivatives
have shown encouraging binding affinities to
MP™according to in-silico studies, with some
of these compounds exhibiting efficacies that
are on par with, or even higher than, those of
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well-known inhibitors like GC376 and N3
[65]. Furthermore, studies show that certain
ferulic acid derivatives can reduce the viral
burden by preventing SARS-CoV-2 from
replicating in-vitro [66]. Ferulic acid has low
toxicity and antioxidant qualities, but its
bioavailability is still an issue. Therefore, more
research on its derivatives is needed to
improve  pharmacokinetic profiles and
maximise therapeutic potential against SARS-
CoV-2 [65, 66]. Thus, the development of
antiviral medicines that specifically target
COVID-19 appears to have a bright future,
thanks to ferulic acid and its derivatives.

4. Conclusion

In order to uncover potential hits for
treatment of SARS-CoV-2 infections, a
computational study using the docking of
about sixteen phenolic acids of A. indica
against the spike protein and M"™ of COVID-
19 was undertaken. The selected compounds
from the docking experiments were subjected
to further pharmacokinetic studies to obtain
the lead molecule. According to in silico
predictions, ferulic acid had better binding
interactions with the active site of spike protein
and MP® than the reference medication,
nirmatrelvir. Furthermore, ferulic acid also
demonstrated a favourable pharmacokinetic
profile. As a result, molecular dynamics
investigations should be carried out to forecast
the stability of the ligand-protein complex
created during the docking simulation
operations. Ferulic acid, with its promising
projected pharmacological properties, is an
interesting subject for future investigation into
developing anti-COVID-19 drugs.
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