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Abstract: The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has unleashed a global health crisis, resulting in an
alarming number of cases exceeding 765 million and deaths surpassing 6 million as of March 2023. Consequently, researchers
worldwide are dedicating their efforts to exploring potential drug candidates that can serve as effective therapeutic
interventions against this devastating virus. Meanwhile, the popularity of herbal medicines is skyrocketing, as individuals
increasingly seek alternative remedies to address various health concerns within different healthcare systems around the world.
In this study, a multitude of computational tools were employed to meticulously investigate the Vitis Vinifera extracts for their
potential as inhibitors of the SARS-CoV-2 Mpro enzyme. These tools encompassed molecular docking, binding energy
calculation, ADMET studies as well as quantum chemical calculations. The objective was to identify specific compounds
present in Vitis Vinifera extracts that could effectively hinder the activity of the SARS-CoV-2 Mpro enzyme, a crucial target
for therapeutic intervention. The rigorous analysis conducted unveiled six compounds that demonstrated significant potential
as inhibitors of the SARS-CoV-2 Mpro enzyme: Hyperoside, Gallocatechin gallate, cis-Astringin, peonidin-3-O-glucoside,
Fraxin, and cis-Piceid. When compared to the established standard drug Nelfinavir, these compounds exhibited superior
binding affinities and slightly improved ADMET properties. Notably, peonidin-3-O-glucoside emerged as an especially
promising compound, surpassing the others as well as the standard drug in terms of binding energy, reactivity, and stability.
These findings suggest its potential as a potent inhibitor of the SARS-CoV-2 Mpro enzyme. However, it is imperative to
emphasize that further validation through in vivo and in vitro studies is indispensable. While the computational results provide
valuable insights, their practical application necessitates verifying the efficacy and safety of these compounds.

Keywords: SARS-CoV-2 Mpro, Vitis Vinifera, Molecular Docking, Binding Energy Calculation, Admet,
Quantum Chemical Calculations

The outbreak of COVID-19 has posed a significant
difficulty for governments, individuals, and society in
general. It has affected various aspects of our lives such as
health, economy, education, and social interactions [5, 6].

The main protease (Mpro) or 3C-like protease (3CLpro) is
a crucial component in the replication of SARS-CoV-2, and
it represents a potential drug discovery target, as Mpro plays
a significant role in the production of non-structural proteins

1. Introduction

The emergence of the COVID-19 pandemic caused by the
SARS-CoV-2 virus has led to unparalleled health and
economic crises worldwide with more than 765 million cases
and 6 million deaths as of March 2023 [1, 2]. The primary
mode of transmission for the virus is through respiratory
droplets, and its symptoms can vary from mild to severe [3].

These symptoms encompass a range of conditions, including
pneumonia and acute respiratory distress syndrome, which
can be fatal in severe instances [4].

required for the virus to replicate, as it cleaves viral
polyproteins [7, 8]. Therefore, it is an appealing target for
drug development. Many researchers are focusing on
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developing Mpro inhibitors to combat COVID-19 [7-9].

There is promising and reassuring evidence that the
identification and development of compounds from natural
sources, specifically plants, can lead to potential drug
candidates that could be used as therapeutic interventions
against viral diseases including COVID-19 [10].

Grapevine, scientifically known as Vitis Vinifera, is a readily
available natural source of compounds that have potential
pharmacological benefits [11]. Earlier research has established
the presence of different phytochemicals, including flavonoids,
stilbenes, and phenolic acids, in extracts from V. Vinifera [12].
Some of these compounds have exhibited antiviral properties
against various diseases, including SARS-CoV [13].

Molecular modeling is a computational method that allows
the prediction of ligand-receptor interactions and drug
efficacy before synthesis or testing in vitro [14]. The use of
molecular modeling has increased in recent years due to its
speed, cost-effectiveness, and the ability to provide valuable
insights into drug design [15].

In this research, we aim to study the molecule modeling of
SARS-CoV-2 Mpro inhibitors from V. Vinifera extracts.
Specifically, molecular docking, binding energy calculation,
Absorption, Distribution, Metabolism, Excretion, and
Toxicity (ADMET) study and quantum chemical calculations
was employed to predict the binding affinities and stability of
the identified compounds with the Mpro active site.

In this research, a library of compounds from V. Vinifera
was screened against the Mpro active site using various tools
from the Schrodinger Suite. The outcome of this study can
offer valuable understanding of the molecular interactions
between the phytochemicals present in V. Vinifera and the
SARS-CoV-2 Mpro. This, in turn, could lead to the discovery
of novel and effective Mpro inhibitors with potential
therapeutic applications against COVID-19. The findings
could also serve as a foundation for further exploration of
other potential natural sources that may contain compounds
with anti-SARS-CoV-2 properties.

2. Materials and Methods
2.1. Molecular Modeling

To investigate potential inhibitors of SARS-CoV-2 main
protease, the Glide module [16] of Schrodinger software was used
to perform the docking studies, using a database of compounds
that were identified with V. vinifera. The ligands used in the
docking studies were prepared by downloading their 2D structures
from an online database (PubChem) [17], and then using the
LigPrep tool [18] of the Schrodinger suite to convert them into 3D
structures. The crystal structure of SARS-CoV-2 Main Protease
(PDB ID: 7VLO) was retrieved from an online database (RCSB)
[19], and prepared using the protein preparation wizard tool of the
Schrodinger suite to fix any errors that may have been associated
with the protein during crystallization.

The protein preparation process involved the addition of
hydrogen, assigning bond orders, creating di-sulphide bridges,
deleting water, optimization at pH 7.0, and minimization

using the OPLS3e force field [20]. A cubic box was
generated around the active site of the protein to map out the
region where the ligand and the receptor interact. The grid
was generated by selecting the complexed ligand which
provides insight into the active site.

The molecular docking algorithm was performed using the
glide tool of the Schrodinger suite [21]. The prepared ligands were
docked using the Standard Precision (SP) and Extra Precision (XP)
docking algorithms of the glide tool [16]. A standard drug was
also docked using the same procedure to generate a comparative
study between the lead compounds and the standard.

2.2. ADMET Screening

The lead compounds obtained from the molecular docking
were further subjected to ADMET screening using the
swissADME and Pro-tox II servers [22, 23]. These tests were
performed to generate the physiochemical properties,
pharmacokinetic profile, drug-likeness, and toxicity of the
lead compounds.

2.3. Binding Energy Calculation

To determine the binding free energy of the docked complexes,
the Prime MM-GBSA integrated with the Prime Schrodinger suite
was used [24]. The VSGB solvation system and the OPLS3 force
field were used to compute the MMP-9-ligand complexes. The
rotamer search technique was also included, along with
minimization of the sampling model. The relative free binding
energy was computed based on the equation:

dGbind = Gecomplex - (Gprotein + Gligand)
2.4. Quantum Chemical Calculation

Quantum chemical calculation were performed using
Jaguar, a quantum chemistry software integrated into the
Maestro platform [25]. The geometry of the molecule was
optimized using the B3LYP functional with the 6-31G* basis
set. This calculation investigated the highest occupied
molecular orbital (HOMO), lowest unoccupied molecular
orbital (LUMO), bandgap energy (Eg), ionization potential
(D), electron affinity (A), electronegativity (y), hardness (1),
electrophilicity (8), and the dipole moment (w) of the
compounds using the equations below:

Eg = Erumo — Enomo (D
I =—Enomo (2)
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3. Results

This study employs computational techniques to study the
inhibitory potentials of V. vinifera against SARS-CoV-2
Mpro my employing molecular docking, binding energy

calculations. The molecular docking and binding energy
calculation was presented in Figure 1, the binding
interactions of lead compounds with the amino acid residues
present at the active sit of the target was presented in Table 1,
ADMET study results were carefully evaluated and presented

calculation, ADMET  study and quantum chemical ;. Tables 2, 3, 4 and 5.
Table 1. Binding interactions of lead compounds with the amino acid re.
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Table 2. Lipophilicity (Log P) and water solubility (Log Sw) Prediction with SwissADME.
Compounds Consensus Log P Silicos-IT LogSw Silicos-IT class
Hyperoside -0.38 --1.15 Soluble
Gallocatechin gallate 0.99 -2.5 Soluble
Cis-astringin 0.28 -1.02 Soluble
Peonidin-3-o0-glucoside -0.56 -0.93 Soluble
Fraxin 0.57 -1.61 Soluble
Cis-piceid 3.39 -7.26 Poorly soluble
Nelfinavir -0.77 -1.62 Soluble
Table 3. Drug-likeness and bioavailability prediction.
Compounds LipinskKi #violations Bioavailability score
Hyperoside 2 0.17
Gallocatechin gallate 2 0.17
Cis-astringin 1 0.55
Peonidin-3-o0-glucoside 0 0.55
Fraxin 1 0.55
Cis-piceid 1 0.55
Nelfinavir 2 0.17
Table 4. Pharmacokinetics property prediction.
Compounds GI BBB Pgp CYP1A2 CYP2C59 CYP2C9 CYP2D6 CYP3A4
P Absorption  permeant substrate inhibitor inhibitor inhibitor inhibitor inhibitor
Hyperoside Low No No No No No No No
Gallocatechin gallate Low - - - - - - -
Cis-astringin Low - - - - - - -
Peonidin-3-o0-glucoside Low - - - - - - -
Fraxin High - Yes - - - - -
Cis-piceid High - Yes - Yes - - Yes
Nelfinavir Low - - = = = - -
Table 5. Toxicity prediction by ProTox II.
LD50 - - . o o o .
Compounds ) Toxicity class Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity
Hyperoside 5000 5 - - + = =
Gallocatechin gallate 1000 4 - - - - -
Cis-astringin 1380 4 - - + = =
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Compounds (mg/ke) Toxicity class Hepatotoxicity  Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity
Peonidin-3-o0-glucoside 5000 5 - - + + -
Fraxin 1380 4 - - + - -
Cis-piceid 600 4 - = + = =
Nelfinavir 5000 5 - - + - +

Table 6. Quantum chemical calculations of lead compounds compared to the standard compound.
Compound HOMO LUMO Eg 1 A % n ) [0)
hyperoside -0.19954 -0.05785 0.14169 0.19954 0.05785 0.128695 0.070845 14.11532 0.000587
Gallocatechin gallate -0.21064 -0.03989 0.17075 0.21064 0.03989 0.125265 0.085375 11.71303 0.00067
cis-Astringin -0.19387 -0.04055 0.15332 0.19387 0.04055 0.11721 0.07666 13.04461 0.000527
peonidin-3-O-glucoside -0.32995 -0.22887 0.10108 0.32995 0.22887 0.27941 0.05054 19.78631 0.001973
Fraxin -0.22133 -0.06676 0.15457 0.22133 0.06676 0.144045 0.077285 12.93912 0.000802
cis-Piceid -0.19707 -0.03899 0.15808 0.19707 0.03899 0.11803 0.07904 12.65182 0.000551
Nelfinavir -0.29743 -0.11401 0.18342 0.29743 0.11401 0.20572 0.09171 10.90394 0.001941

Table 7. Representation of the molecular orbitals of lead compounds and the standard compound.
Compound HOMO LUMO
Hyperoside

Gallocatechin gallate

cis-Astringin

peonidin-3-O-glucoside

Fraxin
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Figure 1. Heat map showing the docking scores and the binding energies of
lead compounds compared with the standard compound.

4. Discussions

The presented data in Figure 1 represents the molecular
docking scores and MMGBSA (Molecular Mechanics
Generalized Born Surface Area) dG Bind values for lead
compounds after the molecular docking experiment. The lead
compounds listed are Hyperoside, Gallocatechin gallate, cis-
Astringin, peonidin-3-O-glucoside, Fraxin and cis-Piceid.
The affinity and the binding energies of these compounds
were compared with a known standard, Nelfinavir.

Docking score represents the predicted binding affinity of
a ligand to a protein, with lower scores indicating a stronger
binding interaction [26, 27]. From the given data, it was seen
that Hyperoside has the lowest docking score of -9.86,
suggesting a strong predicted binding affinity to the target
protein, followed closely by Gallocatechin gallate with a
score of -9.837. cis-Astringin and Fraxin have docking scores
of -9.541 and -8.437, respectively, indicating a moderately
strong binding affinity. In contrast, cis-Piceid and peonidin-
3-O-glucoside have comparatively lower docking scores of -
8.337 and -8.451, respectively, suggesting weaker predicted

binding interactions. Interestingly, Nelfinavir, a known HIV
protease inhibitor [28, 29], has the lowest docking score of -
6.217, indicating a weaker predicted binding affinity to the
target protein in this case.

The MMGBSA dG Bind value provides an estimation of
the free energy of binding between a ligand and a protein
[30]. From the results presented in Figure 1, only peonidin-3-
O-glucoside was predicted to have a stronger binding energy
than the standard compound. This signifies that peonidin-3-
O-glucoside has the potential to be stable in the binding
cavity of Mpro than Nelfinavir and the remainin compounds.
peonidin-3-O-glucoside has a binding energy value of -
66.258, Nelfinavir has a binding energy value of -60.167
while the remaining compounds has binding energy values
ranging between -47.641 and -54.282.

Interactions are critical in molecular modeling inhibition,
as the potency of an inhibitor largely depends on the strength
of the binding between a protein and a ligand [31]. The
interactions listed in Table 1 represent the specific molecular
interactions between each compound and the Mpro. In
general, the strength and specificity of these interactions play
a crucial role in determining the inhibitory potential of a
given compound.

Hydrogen bond was predominantly observed in the results.
Pi-pi cation was also observed. In medicinal chemistry,
hydrogen bond interactions play a significant role in
identifying ligand-target binding and determining target
affinity for ligands [27]. Additionally, pi interactions
between aromatic rings are crucial in enhancing ligand
binding.

Hyperoside exhibited hydrogen bond interactions with
three amino acids: THR 26, GLY 143, and HIS 4l1.
Gallocatechin gallate exhibited hydrogen bond interactions
with several amino acids, including ASP 48, HIS 41, THR 26,
GLY 143, ASN 142, PHE 140, GLU 166, HIE 164, and ARG
188. In addition, this compound also exhibited pi-pi cation
interactions with HIS 41. Cis-Astringin exhibited hydrogen
bond interactions with HIS 41, THR 26, GLY 143, HIE 163,
and PHE 140. Peonidin-3-O-glucoside exhibited hydrogen
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bond interactions with ASP 48, THR 190, and HIE 163.
Fraxin exhibited hydrogen bond interactions with HIS 41,
THR 26, and GLY 143, as well as pi-pi cation interactions
with HIS 41. Cis-Piceid exhibited hydrogen bond interactions
with HIS 41, THR 26, GLY 143, PHE 140, and HIE 163.
Nelfinavir exhibited hydrogen bond interactions with CYS
145, THR 26, ASN 142, and GLU 166, as well as pi-pi cation
interactions with HIS 41.

Overall, the presence of hydrogen bond and pi-pi cation
interactions suggests that these compounds may have the
potential to inhibit the target protein through strong and

specific binding.
ADMET study was conducted to probe the
physicochemical properties, pharmacokinetic properties,

drug-likeness and Toxicity of the lead compounds [32]. The
toxicity study was also done for the standard compound to
generate a comparative study.

The pharmacokinetic properties of the top-scoring
compounds were predicted using SwissAdme and Pro-Tox II.

The structure-based pharmacokinetic screening predicted
the values of cardinal pharmacokinetic descriptors such as
Lipophilicity, Water Solubility and oral bioavailability score
among others. Specifically, consensus Log P, an average of
five predictive models of lipid solubility was employed to
characterize the lipophilic behavior of the test compounds.
Technically, the lipophilic behavior of compounds is measure
computationally as the partition coefficient of n-octanol to
water. The results showed that cis-piceid exhibited the
highest lipophilicity of all compounds tested with a Log P
value of of 3.39. Compounds that are projected as drug
candidates require an optimal level of lipid solubility to
enable their movement across membranes. This is
specifically required for their absorption across the lumen of
the small intestine and their deposition into target cells. Other
compounds had much lower lipophilic behaviors.
gallocatechin gallate, fraxin, and cis-astringin returned values
0of 0.99, 0.57, and 0.28 respectively. Meanwhile, hyperoside,
peonidin-3-o-glucoside and nelfinavir had negative values of
-0.38, -0.56, and -0.77 respectively. Despite the crucuiality of
lipid solubility, optimal water solubility is equally important
for compounds that are projected as drug molecules to aid
systemic circulation of the compounds. According to the
result in Table 2. hyperoside to fraxin and nelfinavir are
predicted to be soluble in water while fraxin is predicted to
be poorly soluble.

The Lipinski's Rule of Five, also known as the "Rule of
Five," is a guideline for determining whether a compound is
likely to be orally bioavailable, which means that it can be
absorbed into the bloodstream after being taken orally [33].
The rule is based on four physicochemical properties of a
compound: molecular weight, lipophilicity (measured by Log

P), hydrogen bond donors, and hydrogen bond acceptors [33].

According to table 3, hyperoside, gallocatechin gallate and
nelfinavir violates only 2 rules each of the Lipinski rules, cis-
astringin, fraxin and cis-piceid violates 1 rule each and
peonidin-3-o-glucoside did not violate any rule. The violation
by all the compounds is generally acceptable.

Bioavailability is a measure of the fraction of an
administered dose of a drug that reaches the systemic
circulation in an unchanged form [34]. hyperoside,
gallocatechin gallate and nelfinavir has a bioavailability of
0.17 while cis-astringin to cis-piceid has 0.55. A
bioavailability score of 0.55 means that 17% of the
administered dose of the compound reaches the systemic
circulation in an unchanged form, while the remaining 83%
may be metabolized, excreted, or otherwise eliminated from
the body before reaching the systemic circulation. This also
applies to the compounds with 0.55 bioavailability score.
This signifies that most of the lead compounds possess better
bioavailability than the standard compound.

Predicting the pharmacokinetics of a drug candidate is
important in drug discovery and development as it can help
to identify potential issues with a drug candidate early in the
development process [35]. The Pharmacokinetic properties of
the lead compound were evaluated and it was discovered.

Table 4 contains information about the pharmacokinetic
properties of the lead compounds, including their GI
absorption, BBB permeability, Pgp substrate status, and their
ability to inhibit various cytochrome P450 (CYP) enzymes,
as well as their log Kp values.

GI absorption refers to the ability of a drug to be absorbed
from the gastrointestinal tract into the bloodstream [36].
Compounds hyperoside-peonidin-3-o-glucoside have low GI
absorption, meaning that they may not be efficiently
absorbed and may require a larger dose or a different route of
administration. Compounds fraxin and nelfinavir, on the
other hand, have high GI absorption, which suggests that
they can be efficiently absorbed from the GI tract. BBB
permeability refers to the ability of a compound to cross the
blood-brain barrier (BBB). The BBB is a specialized barrier
that separates the central nervous system (CNS) from the
bloodstream and regulates the passage of substances into the
brain [37]. None of the compouds were predicted to be able
to cross the BBB. P-glycoprotein (Pgp) is a transporter
protein that is involved in the efflux of drugs and other
substances from cells. Only fraxin and cis-piceid were
predicted to be Pgp substrate. The cytochrome P450 (CYP)
enzymes are involved in the metabolism of many drugs.
Inhibition of CYP enzymes can lead to increased plasma
concentrations of drugs and potentially increase the risk of
adverse effects or drug interactions. Compounds hyperoside
to fraxin and nelfinavir are not inhibitors of any of the CYP
enzymes tested. Compounds cis-piceid was predicted to be
inhibitors of CYP2C59 and CYP3A4.

Table 5 provides information on the toxicity of the lead
compounds compared to the standard compound, based on
their LD50 (lethal dose 50%) values and various types of
toxicity.

LD50 is a measure of the acute toxicity of a substance,
indicating the dose required to cause death in 50% of the
animals exposed to it [38]. The lower the LD50, the more
toxic the substance is considered to be. According to table 5,
the LD50 values range from 600 mg/kg to 5000 mg/kg, with
compounds  hyperoside, peonidin-3-o-glucoside, and
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nelfinavir having an LD50 of 5000 mg/kg, which suggests
they are less toxic than the other compounds. cis-astringin
and fraxin has LD50 of 1380 mg/kg, while compounds
gallocatechin gallate have LD50 of 1000 mg/kg and
compounds cis-piceid have LD50 of 600 mg/kg, indicating
that they are more toxic.

The toxicity class is a classification system used to
indicate the level of toxicity of a substance. In this case, the
toxicity classes range from 1 (highly toxic) to 5 (relatively
non-toxic). According to Table 5, compounds hyperoside,
peonidin-3-o-glucoside, and nelfinavir have a toxicity class
of 5, indicating that they are relatively non-toxic. Compounds
gallocatechin gallate, cis-astringin, and fraxin have a toxicity
class of 4, indicating a low to moderate level of toxicity.

The table also provides information on various types of
toxicity, including  hepatotoxicity, carcinogenicity,
immunotoxicity, mutagenicity, and cytotoxicity. None of the
compounds are known to be carcinogenic or hepatotoxic.
However, only gallocatechin gallate is predicted not to be
immunotoxic. Likewise, only compounds peonidin-3-o-
glucoside was predicted to be cytotoxic and only nelfinavir
was predicted to be mutagenic.

Quantum chemical studies provide insight into the
chemical activities and stability of compounds, primarily
through analysis of frontier molecular orbitals (FMOs), such
as the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO) [39, 40] (as
shown in Table 7), which relate to electron affinity and
ionization potential [41], respectively. These orbitals are used
to investigate the electronic properties of compounds and to
understand their chemical stability and reactivity [42]. In this
study, the energetic behaviors and reactivity of selected
compounds against the COVID-19 virus were determined by
analyzing the FMOs, electronic transitions, and energy
differences through EHOMO and ELUMO (Eg) [43]. The
results are presented in Table 6, along with their reactivity
descriptors.

The HOMO is where the highest energy and electrons for
donation are located, while the LUMO identifies compounds
that are available to accept electrons. The HOMO-LUMO
band gap (Eg) can be used to determine the most reactive
compound [44, 45]; a smaller band gap indicates higher
reactivity, as less energy is required to promote an electron
from the HOMO to the LUMO [46]. Peonidin-3-O-glucoside
has the smallest band gap (Eg =0.10108 eV) and is expected
to be the most reactive compound.

The ionization potential of a molecule determines its
ability to donate electrons and become positively charged,
while the electron affinity indicates its tendency to accept
electrons and become negatively charged [47]. According to
Table 2, compounds with higher HOMO energies (Nelfinavir
and Peonidin-3-O-glucoside) are less likely to donate
electrons, while those with higher LUMO energies (Fraxin
and Peonidin-3-O-glucoside) are more likely to accept
electrons [48]. This is consistent with the ionization potential
and electron affinity values in Table 2. Peonidin-3-O-
glucoside, however, is only identified as a compound with a

higher tendency to accept electrons because of its higher
electron affinity. This can be attributed to the oxygen species
deficiency on the pyran substituent [45], as seen in Figure 1,
which shifts the LUMO towards it.

The electronegativity (¥) values suggest that the
compounds are moderately polar, with values ranging from
0.118 to 0.279. Peonidin-3-O-glucoside has the highest
electronegativity value, indicating that it is the most polar of
all the studied compounds.

The chemical hardness (1) and softness (8) values suggest
that the studied compounds are relatively hard, which means
that they are less likely to undergo chemical reactions.
Peonidin-3-O-glucoside has the highest hardness value,
which is consistent with its high ionization potential and
electron affinity values. The dipole moment (V) values
suggest that the studied compounds are moderately polar,
with values ranging from 0.000551 to 0.001973. Peonidin-3-
O-glucoside has the highest dipole moment value, indicating
that it is the most polar of all the studied compounds.

5. Conclusion

This research utilized molecular docking, binding energy
calculation, ADMET study, and quantum chemical
calculations to model potential SARS-CoV-2 Mpro inhibitors
from V. Vinifera extracts. Six compounds, including
Hyperoside, Gallocatechin gallate, cis-Astringin, peonidin-3-
O-glucoside, Fraxin, and cis-Piceid, were identified as having
the potential to inhibit SARS-CoV-2 Mpro. When compared
to the known standard Nelfinavir, these compounds showed
better binding affinities and slightly improved ADMET
properties. Particularly, peonidin-3-O-glucoside exhibited
better binding energy, reactivity, and stability than the other
compounds and the standard, suggesting that it may have
potential as an inhibitor of SARS-CoV-2 Mpro. Nevertheless,
additional in vivo and in vitro studies are required to validate
these findings.
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