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Aim: The SARS-CoV-2 virus is a disease that has mild to severe effects on patients, which can even lead to death. One of the enzymes
that act as DNA replication is the main protease, which becomes the main target in the inhibition of the SARS-CoV-2 virus. In finding
effective drugs against this virus, Ocimum basilicum is a potential herbal plant because it has been tested to have high phytochemical
content and bioactivity. Apigenin-7-glucuronide, dihydrokaempferol-3-glucoside, and aesculetin are polyphenolic compounds found in
Ocimum basilicum.

Purpose: The purpose of this study was to analyze the mechanism of inhibition of the three polyphenolic compounds in Ocimum
basilicum against the main protease and to predict pharmacokinetic activity and the drug-likeness of a compound using the Lipinski
Rule of Five.

Patients and Methods: The method used is to predict the molecular docking inhibition mechanism using Autodock 4.0 tools and use
pkesm and protox online web server to analyze ADMET and Drug-likeness.

Results: The binding affinity for apigenin-7-glucuronide was —8.77 Keal/mol, dihydrokaempferol-3-glucoside was —8.96 Keal/mol,
and aesculetin was —5.79 Kcal/mol. Then, the inhibition constant values were 375.81 nM, 270.09 nM, and 57.11 puM, respectively.
Apigenin-7-glucuronide and dihydrokaempferol-3-glucoside bind to the main protease enzymes on the active sites of CYSI45 and
HIS41, while aesculetin only binds to the active sites of CYS145. On ADMET analysis, these three compounds met the predicted
pharmacokinetic parameters, although there are some specific parameters that must be considered especially for aesculetin compounds.
Meanwhile, on drug-likeness analysis, apigenin-7-glucuronide and dihydrokaempferol-3-glucoside compounds have one violation and
aesculetin have no violation.

Conclusion: Based on the data obtained, Apigenin-7-glucuronide and dihydrokaempferol-3-glucoside are compounds that have more
potential to have an antiviral effect on the main protease enzyme than aesculetin. Based on pharmacokinetic parameters and drug-
likeness, three compounds can be used as lead compounds for further research.

Keywords: Apigenin-7-glucuronide, aesculetin, dihydrokaempferol-3-glucoside, main protease, Ocimum basilicum

Introduction

COVID-19 is a global disease that began at the end of 2019. In January 2022, the World Health Organization confirmed
that the cumulative cases of COVID-19 were 323,610,370 with a cumulative death of 5,529,693." SARS-CoV-2 is one of
seven types of coronaviruses that cause severe lower respiratory tract dysfunction.” This virus will bind to ACE2 as the
main receptor and spread through the innate immune response in humans. This is a disease that attacks the respiratory
tract, which is a mild disease in about 80% of patients. As for about 20% of patients, it can become a severe disease. In

a study of 292 COVID-19 patients in Wuhan, there were elderly patients who had an increased risk of 15.15%. Then,
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congenital diseases such as hypertension, malignant tumors, chronic obstructive pulmonary disease, coronary heart
disease, and chronic kidney disease will also be dangerous. This can lead to death if the patient is elderly and has
comorbidities. Fifty-one patients out of 145 cases with comorbidities were reported to have died and 90.2% of them were
60 years old.*

Viruses have structural and non-structural proteins, which are classified according to their function. Structural
proteins serve as protection against host enzymes so that DNA is not degraded as in the nuclear capsid. While a non-
structural protein, the main protease (Mpro), is a cysteine protease enzyme that functions for replication such as
chymotrypsin.®” The main protease (Mpro) is an important enzyme that functions as the replication of the corona
virus (CoV). It has been identified that Mpro homologues are absent in humans.™? Therefore, research on Mpro inhibitors
is very potential and effective because it does not cause side effects on human proteases.'” Currently, vaccines are the
main solution to prevent COVID-19. However, a good immune system is important to fight the SARS-CoV-2 virus.
Researchers and health professionals are still looking for therapeutic treatments and vaccines that have been promised to

date.'" One of the complementary and alternative medicines that has been widely developed is herbal products as

immunomodulators for the prevention and treatment of Covid-19 disease.'?

Ocimum basilicum is one of the potential herbal plants. Its essential oils have been used in dental and oral products,
foodstuffs, and fragrances for many years.'> Q. basilicum contains phytochemical compounds such as alkaloids, tannins,
flavonoids, and saponins. O. basilicum is known to have anti-inflammatory, antioxidant, and antimicrobial activity."*
A study of antiherpatic activity, aqueous extract of O. basilicum showed ECsq of 90.9 mg/L, ethanol extract of 108.3 mg/
L, linalool of more than 200 mg/L, apigenin of 6.7 mg/L, and ursolic acid of 6,6 mg/L. They have also been tested
against antiadenovirals with ECsy values of 174.1, over 1000, 24.4, 11.1, and more than 200 mg/L, respectively."
Polyphenol compounds are known to reduce low-level inflammation thereby boosting the immune system. This makes
polyphenols a good antiseptic to prevent the SARS-CoV-2 virus.'> O. basilicum contains several polyphenols such as
apigenin-7-glucuronide, dihydrokaempferol-3-glucoside, and aesculetin. To investigate the antiviral activity of the three
polyphenolic compounds, a molecular docking approach can be used. This method is one of the in silico studies that uses
Computer Aided Drug Design (CADD) so that it can predict the interaction of natural compounds that act as ligands to
target receptors.'®!” This study aims to test the inhibition of the main protease enzyme in the SARS-CoV-2 virus using

these three compounds in silico.

Materials and Methods

Materials

Materials which used for in silico assay were three dimensions structure of Main protease (Mpro) enzyme with PDB ID
6LU7 obtained from RCSB protein data bank (https:/www.rcsb.org/). The chemical structure of O. basilicum was obtained
from PubChem compound database (https://pubchem.ncbi.nlm.nih. gov/) with the compound IDs 1 for A, 2 for B, and 3 for

C. The structure of ritonavir as a positive control was also obtained from PubChem compound database with ID of 4.

In silico Assay Against SARS-CoV-2 Enzyme

Compounds apigenin-7-glucuronide, dihydrokaempferol-3-glucoside, and aesculetin were obtained from the PubChem
compound database, and then the three-dimensional structures were converted using ChemDraw 3D format and saved as
PDB format. The Mpro enzyme was extracted from the RCSB protein database with PDB ID 6LU7 and saved as PDB
format. The active site determination on the receptor was obtained from the Computed Atlas of Surface Topography of
proteins (CASTp) web server. In silico test was analyzed by molecular docking method. The tools used are Autodock 4.0.
The Mpro enzyme was isolated from its native ligand by the BIOVIA discovery studio program and saved in PDB
format. Mpro enzymes free from native ligands were molecularly anchored to apigenin-7-glucuronide, dihydrokaemp-
ferol-3-glucoside, aesculetin, and ritonavir using Autodock 4.0. Receptors and ligands stored in pdbqt format were
opened to set grid box and docking area. Then, it is saved in gpf format. Binding of receptor and ligand using genetic

algorithm parameters saved in dpf format. Both files that have been saved and docked on the command prompt using
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Autogrid4 and Autodock4 formulas. The best conformation was selected by the lowest binding affinity. Then, the

interaction of Mpro enzyme with the three compounds was visualized using BIOVIA discovery studio program.'®

ADMET and Drug-Likeness Analysis

Absorption, distribution, metabolism, and excretion (ADME) can be predicted using the online web server pkCSM

(http://biosig.unimelb.edu.aw/pkesm/) while toxicity predictions and Lipinski Rule of Five can be predicted using the
19.20

online web server (https:/tox-new.charite.de/protox_I1/).

Results

Prediction mechanism of antiviral compounds to Mpro enzyme was carried out using Autodock 4.0 tools. Table 1 shows
binding affinity of apigenin-7-glucuronide is —8.77 Kcal/mol, dihydrokaempferol-3-glucoside is —8.96 Kcal/mol, and
aesculetin is —5.79 Kcal/mol, while the positive control, ritonavir is —9.77 Kcal/mol. The value of binding affinity
showed the correlation to inhibition constant (Ki), where the more negative the binding affinity, the better the Ki value.
Apigenin-7-glucuronide, dihydrokaempferol-3-glucoside, and aesculetin showed the Ki value of 375.81 nM, 270.09 nM,
and 57.11 uM, respectively, while ritonavir was 68.40 nM.

Furthermore, to identify the interaction between residues of Mpro enzyme and inhibitor compounds, it was visualized
using BIOVIA discovery studio program. Based on Table 2, apigenin-7-glucuronide had several interactions to Mpro
enzyme, which are conventional and carbon hydrogen bonds, Pi-alkyl, Pi—Pi T-shaped, Pi-lone pair, unfavorable donor—
donor, and Van der Waals. It had conventional hydrogen bonds to glutamic acid (GLU A:166), histidine (HIS A:163),

Table I Prediction of Antiviral Activity Against Mpro Enzyme

Receptor Inhibitor Binding Affinity Inhibition Constant
(Kcal/mol) (Ki)
Mpro Apigenin-7-glucuronide -8.77 375.81 nM
(6LU7) : i
Dihydrokaempferol-3-glucoside -8.96 270.09 nM
Aesculetin -5.79 57.11 uM
Ritonavir -9.77 68.40 nM

Table 2 Molecular Interaction Between Apigenin-7-Glucuronide and Mpro Enzyme

Inhibitor Interacting Residues Category Type of
Interaction
Apigenin-7-glucuronide GLU A:166, HIS A:163, LEU A:14], SER Hydrogen bond Conventional

A:l44, GLY A:143, THR A:190

HIS A:172 Carbon
MET A:165 Hydrophobic Pi-Alkyl
HIS A4l Pi-Pi T-shaped
HIS A4l Pi-Lone pair
GLN A:192 Unfavorable Donaor-Donor
ALA A:191, ARG A:188, ASP A:187, HIS Electrostatic Van der Waals

A:164, MET A:49, PHE A:140, CYS A:145,
ASN A:142, GLN A:189, GLN A:189, LEU
A:167, PRO A:168

Advances and Applications in Bioinformatics and Chemistry 2023:16 Irttges: 39
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serine (SER A:144), glycine (GLY A:143), and threonine (THR A:190). Then, it had carbon hydrogen bonds to histidine
(HIS A:172).

Table 3 shows the molecular interaction between dihydrokaempferol-3-glucoside and residues of Mpro enzyme. It
interacts by conventional and carbon hydrogen bonds, Pi-alkyl, Pi-cation, unfavorable donor—donor, and Van der Waals.
It interacts by conventional hydrogen bonds with amino acids aspartic acid (ASP A:187), leucine (LEU A:141), glutamic
acid (GLU A:166), glutamine (GLN A:192), threonine (THR A:190), and arginine (ATG A:18R). Then, it had carbon
hydrogen bonds to glutamic acid (GLU A:166).

Interaction of aesculetin to Mpro enzyme residues is shown in Table 4. It had the interaction by conventional
hydrogen bonds, Pi-alkyl, amide-Pi-stacked, and Van der Waals. The conventional hydrogen bonds were with histidine
(HIS A:172 and HIS A:163), cystine (CYS A:145). Moreover, ritonavir as positive control had interaction of conven-
tional and carbon hydrogen bonds, Pi-sulfur, sulfur-x, amide-Pi stacked, Pi-alkyl, and Van der Waals. Ritonavir interacts
with glutamic acid (GLU A:166) and glutamine (GLN A:189) by conventional hydrogen bonds, to leucine (LEU A:167)
by carbon hydrogen bonds as shown in Table 5. Visualization of inhibitor compounds to Mpro enzyme can be seen in
Figures 1 and 2.

For the ADMET analysis, Table 6 shows the pharmacokinetic data on the absorption, distribution, metabolism,
excretion, and toxicity of apigenin-7-glucuronide, dihydrokaempferol-3-glucoside, and aesculetin. The absorption para-
meter consists of the category of water solubility, intestinal absorption, and distribution parameters are divided into three

categories: volume distribution (VDss), BBB permeability, and CNS permeability. Metabolism parameters determined

Table 3 Molecular Interaction Between Dihydrokaempferol- 3-Glucoside and Mpro Enzyme

Inhibitor Interacting Residues Category Type of
Interaction

Dihydrokaempferol- | ASP A:187, LEU A: 141, GLU A:166, GLN A:192, THR A:190, Hydrogen Conventional

3-glucoside ARG A:188 bond
Glu A: 166 Carbon
MET A:49, CYS A:145 Hydrophobic Pi-Alkyl
HIS A:l63 Pi-Cation
GLN A:192 Unfavorable Donor-

Donor

TYR A:54, HIS A:4l, HIS A:164, GLY A:143, SER A:144, ASN | Electrostatic Van der
A:142, PRO A:1 68, LEU A:167, ALA A:191, Val A:186, GLN Waals
A:189, PRO A:52

Table 4 Molecular Interaction Between Aesculetin and Mpro Enzyme

Inhibitor Interacting Residues Category Type of Interaction
Aesculetin HIS A:172, HIS A:163, CYS A:145 Hydrogen bond Conventional
CYS A:145 Hydrophobic Pi-Alky!
MET A:165 Amide-Pi-Stacked
ﬁ;SN A:142, GLY A:143, LEU A:27, SER A:144, LEU Electrostatic Van der Waals
A:l41, PHE A:140, GLU Acl 66

40 B Advances and Applications in Bioinformatics and Chemistry 2023:16
Dove:




Dove

Kurnia et al

Table 5 Molecular Interaction Between Ritonavir and Mpro Enzyme

Inhibitor Interacting Residues Category Type of Interaction
Ritonavir GLU A:166, GLN A:189 Hydrogen bond Conventional
LEU A:167 Carbon
CYS A:145, MET A:165 Hydrophobic Pi-sulfur
HIS A:4l, GLU A:166 Sulfur-X
Glu A: 166 Amide-Pi stacked
PRO A:l68 Pi-Alky!
PHE A:140, LEU A:141, SER A:l44, GLY A:143, HIS A:163, THR Electrostatic Wan der Waals
A:26, THR A:25, LEU A:27, MET A:49, CYS A:44, THR A54, HIS
A:le4, ASP A:187, ARG A:188, THR A:190, GLN A:192

the inhibition of CYP enzymes, while the excretion parameter is seen from the total clearance value. Then, a drug-

likeness analysis is shown in Table 7 which is divided into five parameters, namely molecular mass, hydrogen bond

donors, hydrogen bond acceptors, LogP, and molar refractivity.
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Figure | Molecular Interaction of (A) Apigenin-7-glucuronide, (B) Dihydrokaempferol-3-glucoside, and (C) Aesculetin to Mpro Enzyme.
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Figure 2 Molecular Interaction of Ritonavir te Mpro Enzyme.

Discussion
Molecular Docking Analysis

O. basilicum 1s rich in polyphenols, and the total phenolic content of ethanolic extract has been tested with a value of
29.60 mg GAE/g.?' Some polyphenol compounds present in O. basilicum are apigenin-7-glucuronide, dihydrokaemp-
ferol-3-glucoside, and aesculetin.”>** The previous study reported that apigenin-7-glucuronide has antimicrobial activity
against Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris, and Pseudomonas
aeruginosa>* Dihydrokaempferol-3-glucoside was reported to have antioxidant activity of 1.0 mmol Trolox/mmol by
Trolox equivalent assay.”> Then, aesculetin has been tested to have antimicrobial activity against Ralstonia solanacearum
with MIC and MBC values of 192 mg/L.*® Therefore, these three compounds were selected to evaluate the mechanism of
their inhibition against the Mpro enzyme. The structure of three compounds can be seen in Figure 3.

In this study, ritonavir was used as positive control. It is a protease inhibitor, which is used for the treatment of HIV
and has been tested to have antiviral activity against SARS-CoV viruses.” It provides good inhibitory effect with strong

Table 6 ADMET Prediction of Apigenin-7-Glucurcnide, Dihydrokaempferol-3-Glucoside, Esculetin

Properties Parameters Ligands
Apigenin-7-Glucuronide | Dihydrokaempferol-3-Glucoside Aesculetin
Absorption Woater Solubility —2.762 log mel/L —2.359 log mel/L —2.497 log mellL
Intestinal Absorption 15.25% 36.32% 86.29%
Distribution Volume Distribution (VDss) 0319 log LIKg 0.805 log LIKg 0.528 log Likg
BBB Permeability —1.305 log BB —1.26 log BB 0.025 log BB
CMNS Permeability —3.793 log PS —4.009 log PS —2296 log PS
Metabolism Inhibitor of | CYPIA2 No No No
CYP2C19 Mo Mo Mo
CYP2C% Mo Mo Mo
CYP2Dé No No No
CYP3A4 No No No
Excretion Total Clearance 0.588 mL/min/kg =009 mL/min/kg 0.671 mL/minfkg
Acute Oral Toxicity | Lethal Dose 50% 5000 mglkg 2300 mglkg 945 mglkg

2
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Table 7 Analysis Results of Lipinski's Rule of Five

Rule Parameters Ligands
Apigenin- Dihydrokaempferol- | Esculetin
7-Glucuronide 3-Glucoside

Lipinski's Rule Molecular mass (Less than 500 Dalton) 437 439 178

of Five
Hydrogen bond donor (Less than 5) 2 3 2
Hydrogen bond acceptors (Less than [0) 19 22 9
LogP (Less than 5) 2.15 1.91 1.2
Molar Refractivity (40—130) 97.65 94.89 46.53
Violation | | 0
Drug-likeness Yes Yes Yes

binding pattern to aromatic groups.”® The binding affinity of ritonavir was used as a comparison for the three inhibitor
compounds. Based on the results, apigenin-7-glucuronide and dihydrokaempferol-3-glucoside showed a better value than
aesculetin. They also have binding affinity values that are not significantly different from ritonavir. Furthermore, this
value was used to understand the correlation with Ki. Based on Mulu et al,*? the greater binding affinity makes the
smaller Ki value, so it only requires a small amount of drug to provide antiviral activity. This value is important to show
the ability of the compound to inhibit the virus, because the results of the inhibition constant correlated with the ICq,
value regardless of competitive or uncompetitive kinetics.>” Based on Table 1, the inhibitor compound that has the
smallest Ki value is dihydrokaempferol-3-glucoside, then apigenin-7-glucuronide, then aesculetin with the highest value.
Therefore, dihydrokaempferol-3-glucoside and apigenin-7-glucuronide were more potential to be Mpro enzyme
inhibitors.

Furthermore, the catalytic site of the Mpro enzyme is important to evaluate. Enzyme Mpro was obtained from RCSB
Protein Data Bank with enzyme code 6LU& which has an RMSD value of 2.16 A. The grid box area of Mpro enzyme is
located at positions —10.712 (X), 12,411 (Y), and 68.831 (Z). In molecular docking using Autodock 4.0 with running 100
times showed the number of clusters apigenin-7-glucuronide (—8.77 Kcal/mol) 63 times, dihydrokaempferol-3-glucoside
(—8.96 Kcal/mol) 6 times, and aesculetin (—5.79 Kcal/mol) 52 times. The Mpro enzyme has catalytic sites on CYS145
and HIS41.7*! Apigenin-7-glucuronide is known to interact with CYS145 via Van der Waals interaction and with HIS41
through hydrophobic Pi—Pi T-shaped and Pi-lone pair interactions. Then, dihydrokaempferol-3-glucoside has the inter-
action with CYS145 through hydrophobic Pi-alkyl interaction and with HIS41 by Van der Waals interaction. While
aesculetin just interacts to CYS145 through conventional hydrogen bond and Pi-alkyl interactions. This could be one of

(A) (B) (C)

Figure 3 Chemical Structure of (A) Apigenin-7-glucuronide, (B) Dihydrokaempferol-3-glucoside, and (C) Aesculetin.
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the reasons why aesculetin provides the lowest binding affinity. The positive control, ritonavir, also interacts to CYS145
and HIS41 through hydrophobic Pi—sulfur and sulfur—X interactions, respectively.

The strength of the interaction is also affected by the hydrogen bond to the Mpro enzyme. In drug design, hydrogen
bonding is influenced by the dipole moment where the higher the dipole moment, the greater the ligand bond. In drug
design, hydrogen bonding is affected by the dipole moment where the higher the dipole moment, the greater the ligand
bond. This polarizability can increase the formation of covalent bonds. The size of the compound is one of the factors
that increase the polarization. The larger the size of the molecule, the more polarized the compound is.*? The results in
Tables 2-4 show that apigenin-7-glucuronide and dihydrokaempferol-3-glucoside interact more with amino acids in
Mpro enzyme by hydrogen bonding than aesculetin. This is influenced by the presence of a hydroxyl group in the
molecule. Apigenin-7-glucuronide and dihydrokaempferol-3-glucoside have more hydroxyl groups than aesculetin, thus
providing more potent antiviral activity. It was reported that the antiviral mechanism is provided by the number of

hydroxyl groups present in the benzene ring.**

ADMET and Drug-Likeness Analysis

Currently, computational studies are in the modeling stage of studying the drug’s pharmacokinetics, including absorption,
distribution, metabolism, excretion, and toxicity (ADMET).*® Pharmacokinetics prediction of a compound needs to be
seen using computational studies because this method is more cost-effective and more efficient. Bioactive compounds
that have been isolated from plants can be said to be lead compounds if they have a good ADMET profile.*”

In the absorption parameter, there are two things that need to be considered, namely water solubility and intestinal
absorption. Water solubility is a key factor in the process of drug bioavailability.*® Solubility in water is categorized as
the best if it is in the range of values less than 0 and greater than —0.5.*" In this study, the water solubility of these three
compounds is within the specified range. Based on research from Khan et al,*’ the best average intestinal absorption of
a compound is above 80%. Aesculetin has an intestinal absorption value of 86.29%, which indicates that the compound is
well absorbed in the intestines, while apigenin-7-glucuronide and dihydrokaempferol-3-glucoside have a poor intestinal
absorption value of 15.25% and 36.32%, respectively. Prediction of drug or lead compound distribution in the body is
divided into three parameters including volume distribution, BBB permeability, and CNS permeability.*'** Generally, the
volume of distribution of a drug or compound ranges from 0.5 to 3 L/Kg.*® Dihydrokaempferol-3-glucoside and
aesculetin have a fairly good drug delivery system in the blood, while apigenin-7-glucuronide is in the category of
poor drug distribution in the blood. A drug can be categorized as good if it is difficult to penetrate the Central Nervous
System (CNS) or even up to the blood-brain barrier (BBB).** Determination of the value of drug absorption into the CNS
and BBB is divided into three categories: high absorption if it has a value of more than 2.0, moderate absorption if it has
a value between 0.1 and 2.0, and low absorption if it has a value of less than 0.1.*> Three test compounds have an
absorption value of less than 0.1 so they are classified as low absorption. This means that these three compounds are
difficult to enter in the CNS and BBB. Prediction of the metabolism of a drug can be seen whether the drug can inhibit
CYP enzymes or not. CYP or Cytochrome 450 is an enzyme that plays a role in the digestive system and Phase 1
metabolic processes.*® These three test compounds had no inhibition of these various types of CYP enzymes. The last
pharmacokinetic parameter to consider is the excretory system. The faster the process of excretion of a molecule, the
higher the total clearance value. This has a positive effect on the body.*” When compared with apigenin-7-glucuronide,
the total clearance value is greater than that of the other two compounds. This means that the compound has a fairly good
excretion process.

Toxicology prediction science uses computational techniques as an effort to reduce toxicity testing in experimental
animals because the results obtained in computational predictions are similar to in vivo tests.*™*? The ratio of the level of
toxicity is seen from the Lethal Dose value. The lethal dose of 50 (LDsg) is a parameter that determines whether the
compound is toxic or not.’” LDsy<5 mg/kg is fatal if swallowed, 50 mg/kg<LDsy>5 mg/kg is fatal if swallowed,
300 mg/kg<LDs>50 mg/kg is classified as toxic if swallowed, 2000 mg/kg<LDsy>300 mg/kg is classified as harmful if
swallowed, 5000 mg/kg<L.Ds;>2000 mg/kg is classified as possibly harmful if swallowed, LDs;>5000 mg/kg is
classified as non-toxic.?’>' Apigenin-7-glucuronide and dihydrokaempferol-3-glucoside are categorized as potentially

possibly harmful if swallowed, while aesculetin is classified as a harmful if swallowed compound.
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Drug-likeness analysis of a compound can follow the Lipinski Rule of Five (RO5). A compound can be evaluated for
chemical and physical properties to be used as an active drug.’” Lipinski RO5 complies with the following rules: molar
refractivity value of 40-130, Log P less than 5, number hydrogen bond acceptors less than 10, number hydrogen bond
donors less than 10, and molecular mass less than 500 Dalton.”*>* Table 7, shows that apigenin-7-glucuronide and
dihydrokaempferol-3-glucoside have one violation from the ROS5 rule, while aesculetin has no violation. This rule also
states that a compound can be used as a drug orally if it does not have more than one violation.>> In addition, if the

compounds exhibit two or more ROS violations, the solubility and permeability of the compound is very low.™

Conclusion

The conclusion of this study is that the polyphenolic compound O. basilicum has the potential as an antiviral against the
Mpro enzyme for SARS-CoV-2 disease, which is predicted in silico. Based on the molecular docking data, apigenin-
7-glucuronide (—9.77 Kcal/mol) and dihydrokaempferol-3-glucoside (—8.96 Kcal/mol) have greater activity than aescu-
letin (—5.79 Kcal/mol). The binding accuracy between the polyphenolic compound and the receptor is at the appropriate
active site characterized by the amino acids involved. Furthermore, this study also analyzed the pharmacokinetic

parameters and drug-likeness, where the three compounds can be used as lead compounds for further research.
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