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Since the outbreak of the COVID-19 (coronavirus disease 19) pandemic, researchers have been trying to investigate several active
compounds found in plants that have the potential to inhibit the proliferation of SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2). The present study aimed to evaluate bioactive compounds found in plants using a molecular docking approach to
inhibit the main protease (M) and spike (S} glycoprotein of SARS-CoV-2. The evaluation was performed on the docking scores
calculated using AutoDock Vina (AV) as a docking engine. A rule of five (Ro5) was calculated to determine whether a compound
meets the criteria as an active drug orally in humans. The determination of the docking score was performed by selecting the best
conformation of the protein-ligand complex that had the highest affinity (most negative Gibbs’ free energy of binding/AG). As a
comparison, nelfinavir (an antiretroviral drug), chloroquine, and hydroxychloroquine sulfate (antimalarial drugs recommended
by the FDA as emergency drugs) were used. The results showed that hesperidin, nabiximols, pectolinarin, epigallocatechin gallate,
and rhoifolin had better poses than nelfinavir, chloroquine, and hydroxychloroquine sulfate as spike glycoprotein inhibitors.
Hesperidin, rhoifolin, pectolinarin, and nabiximols had about the same pose as nelfinavir but were better than chloroquine and
hydroxychloroquine sulfate as MP*™ inhibitors. This finding implied that several natural compounds of plants evaluated in this
study showed better binding free energy compared to nelfinavir, chloroquine, and hydroxychloroquine sulfate, which so far are
recommended in the treatment of COVID-19. From quantum chemical DFT calculations, the ascending order of chemical
reactivity of selected compounds was pectolinarin > hesperidin > rhoifolin > morin > epigallocatechin gallate. All isolated com-
pounds’ C=0 regions are preferable for an electrophilic attack, and O-H regions are suitable for a nucleophilic attack. Fur-
thermore, Homo-Lumo and global descriptor values indicated a satisfactory remarkable profile for the selected compounds. As
judged by the RO5 and previous study by others, the compounds kaempferol, herbacetin, eugenol, and 6-shogaol have good oral
bioavailability, so they are also seen as promising candidates for the development of drugs to treat infections caused by SARS-
CoV-2. The present study identified plant-based compounds that can be further investigated in vitro and in vivo as lead
compounds against SARS-CoV-2.




!. Introduction

Coronavirus disease 2019 (COVID-19) is a disca' caused by
a new type of transmissible pathogenic human severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), a
member of Betacoronaviruse (Beta-CoVs) [1, 2]. As of 11
March 2020, the WHO has stated that COVID-19 has been
characterized as a pandemic. The World Health Organiza-
tion (2020), as of 3 April 2020, reported 932,166 confirmed
cases and 46,764 deaths in 206 countries [3], while in
Indonesia, the death toll of COVID-19 reached 6,150 with
the number of positive cases of 137,468 people as of 15
August 2020, and patients who have recovered reached
91,321 [4].

COVID-19 infection is characterized by acute respira-
tory distress symptoms such as fever 38.10C-390C, dry
cough, and shortness of breath with an incubation p@iod of
about five days (average 2-14 days) [5]. Until now, there is
no specific therapy or vaccine available to treat and prevent
COVID-19 [3, 6]. Therefore, there has been an increase in
demand for the availability of medicines, vaccines, diag-
nostics, and reagents, all related to COVID-19. This phe-
nomenon can lead to opportunities for irresponsible people
to distribute falsified medical products.

Several agents are being used in clinical trials and
protocols based on in vitro activity against SARS-CoV-2 or
related viruses with limited clinical experience; however, the
effectiveness of therapy for any type of drug has not been
established [7]. Xu et al. [8] examined the effectiveness of
tocilizumab (atlizumab, an immunosuppressive drug) in a
retrospective analysis with the results such as reduced fever,
oxygen demand, radiological features, and decreased
C-reactive protein (CRP). Bian et al. [9], in an open-labeled
clinical trial (concurrent controlled add-on clinical trial) of
meplazumab, found a median virus clearance time, dis-
charge time, and better repair time. In a study based on
molecular dynamics simulation (MDS) of a docked protein-
ligand compound, nelfinavir was predicted to be a COVID-
19 drug candidate as the best potential inhibitor against
main protease (MP™) [8]. On the other hand, despite little
evidence on chloroquine and hydroxychloroquine’s effec-
tivity, these two antimalarial agents have been approved by
the Food and Drug Administration (FDA) for emergency
coronavirus treatment [6].

Because COVID-19 is a new disease with global severe
health problems, research is still needed, including finding
specific therapeutic regimens to overcome morbidity and
mortality. The plant is one of the medicinal active compound
sources that have been widely used to treat diseases caused by
microbes [10-14]. There are many plant bioactive compounds
reported to have activities as antifungal [15], antibacterial
[16-18], and antiviral [19, 20]. The natural products that have
been reported to have antiviral activity can be used as a starting
point in finding potential bioactive compound candidates
against SARS-CoV-2. Molecular docking can be used to predict
how protein (receptor) interacts with bioactive compounds
(ligands) [21, 22]. Several previous studies have been performed
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to investigate bioactive compounds in plants that have the
potential to inhibit the proliferation of viruses [23-25].

Given the importance of early screening for the potential
of bioactive compounds to find drug candidates or pre-
vention of viral infections, this study aimed to evaluate
several bioactive compounds found in several plants known
by the community with a molecular docking approach. The
study results are expected to be one of the references for
further research in finding specific regimens to overcome
COVID-19.

2. Materials and Methods

2.1. Determination of Ligands. The selection of plant-derived
compounds used as ligands in the docking process in this
study was based on in silico and in vitro experiments that we
and other researchers have previously conducted on the
antiviral activity of these compounds. The information was
obtained through digital library search. These compounds
were quinine [26], nabiximols (a combination of cannabidiol
[27]and tetrahydrocannabinol [28]), hesperidin [29, 30],
rhoifolin [31], pectolinarin [31], morin [32], epigallocatechin
gallate [33, 34], herbacetin [31], ethyl cholate [35],
kaempferol [36], tangeretin [37], chalcone [38], nobiletin
[39], bis (3, 5, 5-trimethylhexyl) phthalate [35], 6-gingerol
[40, 41], 6-shogaol [42], hydroxychloroquine sulfate [43],
myristicin [44], and eugenol [45].

2.2. Determination of Receptors. Two SARS-CoV-2 proteins
were chosen as drug discovery targets: main protease (MP™)
(also called 3C-like protease- 3CLF™) (PDB code: 6LU7) and
spike glycoprotein (S) (PDB code: 6VXX).

2.3. Ligand and Receptor Preparation. Three-dimensional
(3D) structures of MF™ of SARS-CoV-2 were retrieved from
the Protein Data Bank (http://www.rcsb.org//pdb) in pdb
formats. These proteins were served as receptors in the
docking process. The files were opened using BIOVIA
Discovery Studio Visualizer 2020. Water molecules and li-
gands that were still attached to the receptors were removed,
and the receptors were stored in the pdb format. Using
Autodock Tools, polar hydrogen atoms were added to the
receptors. Subsequently, the files were saved in the pdbgqt
format.

Ligand structures were obtained from the PubChem site
(http://pubchem.ncbi.nlm.nih.gov). The search was per-
formed by entering the name of the ligand in the search
option. Each ligand’s file was downloaded and saved. Files in
the sdf format were converted to pdb using Open Babel. The
pdb format of the ligand was opened using Autodock Tools.
Torque adjustment was made by detecting root and
adjusting as desired. The file was saved in the pdbqt format.
Properties of active compounds were calculated using
Lipinski’s rule of five calculated on the SWISSADME pre-
dictor (http://www.swissadme.ch/) [46].
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2.4. Active-Site Determination. The amino acids’ location as
active sites in the receptor region where the ligand was
docked was determined using Autodock Tools. For this
reason, a three-dimensional map ofthe grid box was made in
the receptor region. The determination of this map was
based on the type of docking used. A three-dimensional map
was made as wide as the size of the receptor (spike glyco-
protein) itself so that the ligand was likely to be docked to all
parts of the receptor (blind docking). In MP™/3CLF™
docking, the three-dimensional map was of only the area’s

size to be docked (targeted docking).

2.5. Validation of Target Protein-Ligand Complex Structures.
Validation was carried out by redocking the native ligand on
the target protein, where the native ligand was first separated
from the receptor using BIOVIA Discovery Studio Visual-
izer 2020. In this case, the receptor MP™ (PDB ID: 6LU7) was
docked to cocrystallized native ligand inhibitor N3 N-[(5-
methylisoxazol-3-yl) carbonyl] alanyl-L-valyl-N~1~-((1R,
27)-4-(benzyloxy)-4-oxo-1-{[(3R)-2-oxopyrrolidin-3-yl]
methyl} but-2-enyl)-L-leucinamide [47]. The docking
results will show the compound with the lowest bond energy
when it binds to the target protein, to obtain the RMSD (root-
mean-square distance) value of the docking compound. The
method is said to be valid if the RMSD value obtained is <2 A,
so that docking of the test compound can be carried out with
the target protein in the same grid box area [48, 49].

2.6. Receptor-Ligand Docking. The docking was performed
using Autodock Vina (AV). Ligands and receptors that had
been saved in the pdbqt format were copied into the Vina
folder. Then, the Vina configuration file was typed into
notepad, saved with the name “conf.txt.” Vina program was
run through the command prompt.

2.7. Analysis and Visualization. The results of the docking
calculation were shown in the output in notepad format. The
ligands® docking conformation was determined by selecting
the pose with the highest affinity (most negative Gibbs’ free
energy of binding/AG).

2.8. Computational DFT Method. The theoretical quantum
chemical calculations were performed by mean Gaussian 09
Program (Revision E.01) [50] via gauss view 6.0.10 molecular
visualization software program [51] on a Pentium IV/
3.02 Hz personal computer (4GB RAM), with Windows
(10.0 version) platform. The ab initio theory was used to
optimize the geometry using a DFT/6-31G basis set [52] and
employing Becke’s (B) [53] exchange functional combining
Lee, Yang, and Parr’s (LYP) correlation functional [54]. The
electronic properties, such as optimized energies, point
group, dipole moment, Eyqyo, Erunvo, HOMO-LUMO
energy gap, molecular electrostatic potential, and global
reactivity descriptors, were calculated using the DFT/B3LYP
method, based on the optimized structure in the gas phase.

3. Results

3.1. Rule of Five. Lipinski’s rule of five (Ro5) of the docking
compounds calculated on the SWISSADME predictor is
shown in Table 1. Most of the compounds used in this study
do not violate the Ro5. However, hesperidin, nabiximols,
pectolinarin, epigallocatechin gallate, and rhoifolin do not
meet the Ro5.

3.2. Molecular Docking. The estimation of free energy of
binding between potential inhibitors and receptors was
performed using a docking experiment. Table 2 and Figure 1
show the docking analysis results between the selected
compounds with MP™ (3CLP™) and S protein. The docking
results showed that some compounds from plants with
better binding positions with S protein than nelfinavir were
hesperidin, nabiximols, pectolinarin, epigallocatechin gal-
late, and rhoifolin. Other compounds tended to be better
positioned compared to chloroquine and hydroxy-
chloroquine sulfate, except for 6-shogaol. Binding poses to
MP™ that were better or equivalent to nelfinavir were hes-
peridin, rhoifolin, and pectolinarin. Some compounds
showed better binding poses than chloroquine and
hydroxychloroquine on MP™.

3.3. Docking Validation. To evaluate whether the docking
values can be accounted for, validation was carried out by
redocking the MP™ receptor without ligands and with li-
gands that had previously been separated. The validation
results are presented in Figures 2 and 3.

3.4. Visualization ofthe Docking Results. Binding position on
MP™ was evaluated and compared based on the native li-
gand. The result showed that four active compounds have
different affinities to the receptor, but they bound specifically
on the binding site (Figure 4). It is suggested that the ligand
inhibited the activity of MP™. These data were also supported
by molecular interaction analysis which revealed the specific
interaction between ligands and M™™ (Table 1.) Interaction
between active compounds and its receptor are mainly
stabilized by the hydrogen bond and hydrophobic interac-
tion. Four lead compound candidates showed the best poses
with MP™ and spike protein, namely, hesperidin, nabix-
imols, pectolinarin, and epigallocatechin gallate. The bind-
ing site on spike protein was also evaluated in detail
(Figure 5).

Detailed interaction was evaluated to show the com-
plexes were stabilized by many types of interaction (Table 2).
The docking process on spike protein did not use a native
ligand due tolack of data in the protein data bank. Therefore,
we explained the potential based on the docking score only.
A conventional hydrogen bond has the main role to stabilize
the interaction in the complexes. The result indicated that
amino acids involved in the interaction are commonly
similar. They bind on the region between 140-180 to indicate
the same binding site.
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Tasre 1: Lipinski's rule of five (RO5) of SARS-CoV-2 M™“/3CL""™ and S protein potential inhibitors.
Properties
Molecular i

Compounds formula Molecular weight LogP H-bond H-bond Violati Meet RO5

1olations -

(<500 g/mol) (<5) donor (<5) acceptor (<10) criteria

Nelfinavir CsHysN- 0,8 567.78 441 4 5 1 Yes
Chloroquine CgH, CIN, 319.87 4.15 1 2 0 Yes
:ngt‘:”'cmor‘)q“m C 15 Hy CINO,S 439.95 213 4 7 0 Yes
Hesperidin C,sH,045 610.56 -1.06 8 15 3 No
Nabiximols C,,Hg Oy 628.92 9.12 3 4 2 No
Pectolinarin CoHy, 05 622.57 -0.09 7 15 3 No
Epigallocatechin gallate C,,H, 0, 458.37 095 8 11 2 No
Rhoifolin C,-H,,0,, 578.52 -081 8 14 3 No
Morin CysH,, 05 302.24 1.2 5 7 0 Yes
Kaempferol CsH, 04 286.24 1.58 4 6 0 Yes
Herbacetin C,:H; 05 302.24 1.33 5 7 0 Yes
Ethyl cholate C,.H,, 04 436.62 3.5 3 5 0 Yes
Quinine C,yHy N, O, 324.42 2.81 1 4 0 Yes
Nobiletin C,,H,,04 402.39 3.02 0 8 0 Yes
Tangeretin C,pH, 05 372.37 3.02 0 7 0 Yes
Chalcone C,:H,;,0 402.39 3.30 0 1 0 Yes
6-Gingerol Cy7H,,0, 294.38 3.02 2 4 0 Yes
Ellastl(aii;’:_trmﬂh"lhm’” Cy6H,,0, 418.61 647 0 4 1 Yes
Myristicin C, H,,04 192.21 249 0 3 0 Yes
Eugenol C,pH;,0, 164.20 225 1 2 0 Yes
6-Shogaol C,-H,,0, 176.37 3.76 1 0 0 Yes

TasLE 2: Molecular docking analysis of several plant compounds
against S protein (6VXX) and MP™ (6LU7).

Binding free

Ligands PubChem  energy (kcal/
& CID mol)
6VIX 6LU7
Nelfinavir 64143 -88 -82
Hydroxychloroquine sulfate 12947 =73 -66
Chloroquine 2719 -61 =53
Hesperidin 10621 -104 -83
Nabiximols 9852188 =102 =80
Pectolinarin 168849 -98 -82
Epigallocatechin gallate 65064 -98 -7.8
Rhoifolin 5282150 =95 =82
Morin 5281670 -88 7.8
Kaempferol 5280863 -85 -7.8
Herbacetin 5280544 -83 7.2
Ethyl cholate 6452096 -81 =67
Nobiletin 72344 =81 -64
Tangeretin 68077 -7.9 -6.5
Chalcone 637760 -7.5 6.2
Quinine 3034034 -7.5 -69
6-Gingerol 442793 -6.3 =58
Bis (3, 5, 5-trimethylhexyl) _
phthalate 34277 -61 =56
Myristicin 4276 -61 =53
Eugenol 3314 -61 5.4
6-Shogaol 5281794 =55 =58

Molecular interaction on spike protein showed that the
ligand has a different binding site. Van der Waals interaction
is the main type of interaction for all complexes. These data

only explained for docking stability were supported by
different interactions and also different interacting residues.

3.5. Theoretical Quantum Chemical Calculations. The opti-
mized molecular structures calculated at the DFT/B3LYP/6-
31G level and numbering of the atoms of the selective best
docking score of compounds are given in Figure 6, and
energy with dipole moment values are presented in Table 3.
The selective compounds showed dipole moments of 8.310,
8.441, 3.220, 4.761, and 7.630 Debye for hesperidin, pec-
tolinarin, epigallocatechin gallate, rhoifolin, and morin,
respectively. Also, all structures showed stable conforma-
tion, with a Cl symmetry and good structural cohesion
revealing energy values of —2215.06062 a.u (—5815642.10 kJ/
mol) for hesperidin, —2253.13700a.u (—5915611.64 kJ/mol)
for pectolinarin, —1676.10542a.u (—4400615.11 kJ/mol) for
epigallocatechin gallate, —2099.37177 a.u (—5511901.00 kJ/
mol) for rhoifolin, and —1103.83213a.u (-2898111.47 kJ/
mol) for morin. Table 4 shows global reactivity descriptor
values of the best docking score of compounds at the gas
phase.

The quantum bonding features for hesperidin, pectoli-
narin, epigallocatechin gallate, rhoifolin, and morin are
depicted by the HOMO and LUMO plot with bandgap, as
shown in Figure 7, calculated by the DFT/B3LYP/6-31G level
of theory in the gas phase.

The MEPS map for the selective best docking score of
compounds predicted by the DFT/B3LYP/6-31G method
with 0.0005 isosurface value is shown in Figure 8 by using
Gauss view 6.0.10 computer software. Different colors rep-
resent the different values of the electrostatic potential at the
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Fraure 1: Histogram showing the binding energy value AG (—kcal/mol) of S protein and MP™ with several inhibitor compound candidates.

Figure 2: The result of superimposing the ligand position based on
the redocking process of N3 with crystallography (green: crystal-
lography result; blue: redocking result).

surface. Red color represents the maximum negative area, a
favorable site for an electrophilic attack. Blue color indicates
the maximum positive area, a favorable site for a nucleophilic
attack, and green color represents the zero potential area.
MEPS displays molecular size and shape, as well as positive,
negative, and neutral electrostatic potential regions simulta-
neously in terms of color grading. The potential values for
selected compounds such as hesperidin, pectolinarin, epi-
gallocatechin gallate, rhoifolin, and morin range from

—9.184¢ *a.u to +9.184¢ > a.u, —7.614e *an to +7.614e > a.u,
-8.501e 2a.u to +8.501¢ > a.u, —8.681¢ Zau to +8.681¢ * a.u,
and —9.145¢ 2a.u to +9.145¢ > au, respectively.

3.6. Plants Containing Docking Compounds. The list of plants
that have active compounds used as ligands is presented in
Table 5. The table shows that citrus fruit have many active
compounds, which are potential anti-SARS-CoV-2, in-
cluding hesperidin, rhoifolin, nobiletin, tangeretin, and
chalcone. The table shows that only pectolinarin, epi-
gallocatechin gallate, myristicin, and eugenol have high
bioavailability when administered orally.

4, Discussion

4.1. The Drug Likeness. Several different classes of bioactive
molecules isolated from many plants have been shown to
have antiviral activity [74, 75]. In determining that a
compound has the potential as a drug, one of the methods is
to follow the rule of five (Ro5). According to this rule, orally
active drugs must not have more than one violation of
established criteria [76]. Therefore, whether each docking
compound met Lipinski’s RO5 was checked. Some com-
pounds that show violations towards RO5 are hesperidin (3),
nabiximols (2), pectolinarin (3), epigallocatechin gallate (2),
and rhoifolin (3) (Table 1). The rule is used for the evaluation
of the drug-likeness, as well as a determination if any
particular chemical compound possesses chemical and
physical properties to be used as an active drug, which can be
consumed orally in humans [46]. It also acts as a basis for
predicting a high probability of success or failure of one
compound with particular pharmacological or biological
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Ficure 3: (a) The AV output, which shows the interacting amino acid residues of the main protease (MF") with the native ligand. (b) 2D
diagram showing the types of contacts formed between the receptor and ligand.

Ficure 4: Docking position of hesperidin (a), nabiximols (b}, pectolinarin (c), and epigallocatechin gallate (d) on MF™ protein.

activity to be developed as a drug. This rule also suggests that
if a compound shows two or more Ro5 violations, then it
shows low solubility or permeability [77].

4.2. Validation of the Molecular Docking Process. To validate
the results, MP™ was redocked. This redocking’s binding site
area was x: 7.808, y: 18.739, and z: 65.479 with a center grid
box 24 x 24 x 24, The parameter of the validation method is

RMSD (Root Mean Square Deviation). RMSD showed the
degree of deviation from experimental ligand docking re-
sults to the crystallographic ligand at the same binding site.
The higher the RMSD value, the greater the deviation, which
indicates the higher prediction error of ligand-protein in-
teractions [78]. Conversely, the smaller RMSD value ob-
tained shows better conformation because the redocking
ligand position is closer to the ligand position resulting from

the crystallography [79]. The result indicated that the RMSD
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Ficure 5: Docking position of hesperidin (a), nabiximols (b), pectolinarin (c), and epigallocatechin gallate (d) on spike protein.

value obtained from the native ligand with the MP™ receptor
was 1.281 A, so it can be said that the method used for
docking in this study is valid and can be used against tested
ligands with the same binding site area. In addition to
generating data in the form of RMSD values, in the vali-
dation stage, data were also obtained in the form of binding
affinity values between ligands and receptors of —7.5 kcal/
mol. There were also types of bonds that were formed be-
tween the native ligand and amino acid residues in proteins,
such as hydrophobic interaction, hydrogen bond, and van
der Waals interactions.

4.3. Molecular Docking. Dozens of proteins are coded by a
coronavirus, some of which are involved in viral replication
and entry into cells. Main protease (M"™/3CL"™) is a crucial
enzyme for coronavirus replication [80], and surface Spike
(S) glycoprotein (S protein) is an essential binding protein
for the fusion of the virus and cellular membrane via cellular
receptor angiotensin-converting enzyme 2 (ACE2) [81].

SARS-Cov-2 is easily transmitted because the S protein on
the virus's surface binds very efficiently to ACE2 on the
human cells’ surface. Therefore, MP™ and § protein are ideal
targets for drug design and development.

Efforts have been made globally to obtain vaccines or

gs for the prevention or treatment of COVID-19 in-
fections. So far, remdesivir is the most promising COVID-19
drug, although the FDA has also approved the use of
chloroquine and hydroxychloroquine. Coutard et al. [82]
suggested finding an inhibitor for furin because the S protein
sequence has a specific furin-like cleavage. Besides, some
researchers have targeted MP™/3CL"™ for treating coro-
navirus infection [25, 83].

This study, which aimed at predicting the inhibition
ability of compounds found in some plants against MP™ and
S proteins, has revealed several results, showing that these
compounds have a better docking pose than nelfinavir,
chloroquine, and hydroxychloroquine sulfate (Table 2 and
Figure 1). If the results are juxtaposed, the potential can-
didates to become drugs targeting S protein and M"™ were
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Figure 6 Optimized molecular structures of (a) hesperidin, (b) pectolinarin, (c) epigallocatechin gallate, (d) rhoifolin, and (e) morin,

calculated by the DFT/B3LYP/6-31G level of theory.

TasLE 3: Optimized energy of the best docking score of compounds
with a dipole moment.

Name Energy (a.u) Dipole moment (Debye)
Hesperidin ~2215.06062 8.310
Pectolinarin —2253.13700 8.441
Epigallocatechin gallate -1676.10542 3.220
Rhoifolin —2099.37177 4.761
Morin =1103.83213 7.630

hesperidin, nabiximols, rhoifolin, pectolinarin, morin, epi-
gallocatechin gallate, and herbacetin.

The glycoprotein spike (S protein) receptor does not
have a target structure equipped with an inhibitor in the
Protein Data Bank (PDB) because this receptor is a receptor
that binds to the human ACE2 receptor (hACE2). The in-
hibition does not target the S protein receptor. Still, it occurs
on the surface between the two receptors (S protein and
hACE2), so that the binding site area is no longer on the
spike glycoprotein receptors but between the two receptors
[84, 85]. Therefore, the blind docking method was used for
the S protein receptor in its molecular docking analysis.

There are three main criteria for carrying out molecular
docking: bond intensity, molecular linkages, and bond
characterization. Lead compounds have very small bond
energies, hydrogen bonds, and van der Waals interactions
and a good ADME profile [86]. Therefore, four ligands were
selected as suitable lead compounds to inhibit the perfor-
mance of the M™ and in further studies based on the
abovementioned criteria. These compounds are hesperidin,
nabiximols, pectolinarin, and epigallocatechin gallate.

According to the research by Tahir ul Qamar et al. [25],
the binding site area of MP™ is located on the active sites of
Cys-145 and His-41. The ligands that bind to this receptor’s
active site can significantly inhibit the performance of the
receptor. The ligand interactions that have the lowest

binding affinity were hesperidin, pectolinarin, and epi-
gallocatechin gallate, which indicated that the ligand was
bound exactly to one of the active sites of the Cys-145 amino
acid residue in the form of hydrogen bonds and van der
‘Woaals interactions. On the other hand, nabiximol did not
bind to the active site of the enzyme.

The more the hydrogen bonds formed with the amino
acid residue, the stronger the bonds. This causes the energy
score to be lower, and the bonds will be more stable. Hy-
drogen bonds are interactions between hydrogen atoms (H),
which are covalently bonded with atoms such as fluorine (F),
nitrogen (N), and oxygen (O) [87]. In this study, each best
ligand selected has a different number of hydrogen bonds
and is located on a different amino acid residue. Hesperidin
has four hydrogen bonds with M at the amino acid
residues Phe-A: 140, Glu-A: 166, Cys-A: 145, and Ser-A: 144.
Nabiximol has three hydrogen bonds with Mpro, which
resides at residues Thr-A: 190, Met-A: 165, and Asn-A: 142,
Furthermore, the pectolinarin is hydrogen bonded with
MP™ at the amino acid residues Glu-A: 166, His-A: 163, Cys-
A: 145, and Ser-A: 144. Meanwhile, epigallocatechin gallate
has three hydrogen bonds with MP™ in the residues Thr-A:
190, Met-A: 165, and Asn-A: 142.

Spike protein is considered a potential receptor target for
discovering new types of drugs [84]. Spike proteins, both in the
form of closed state (6VXX) and open state (6VYB), have amino
acid residual bonds in the form of van der Waal's interactions,
hydrogen bonds, and hydrophobic interactions. Hydrogen
bonds occur in each ligand that binds to the S protein receptor.
The hydrogen bonds are in the amino acid residues Asn-B: 1023,
Ser-A: 1030, Thr-A: 1027, Gln-A: 762, LYS-A: 176, Ser-B: 1030,
Arg-C: 1039, Asn-C: 1023, Gln-A: 762, and Lys-A: 776. Hy-
drophobic interactions avoid a liquid environment and tend to
cluster in proteins’ inner globular structure [88]. Hydrophobic
interactions can be in the form of Pi-Sigma and Alkyl/Pi-Alkyl
bonds [89]. This study shows that each ligand has hydrophobic
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Tapre 4: Global reactivity descriptor values of the best docking score of the compounds at the gas phase.

Name IP (eV) EA (eV) i S U X w

Hesperidin 5.36908 1.62969 1.86970 0.53485 —3.49939 3.49939 6.12285
Pectolinarin 5.64691 2.01827 1.81432 0.55117 —3.83259 3.83259 7.34437
Epigallocatechin gallate 5.65698 1.44329 2.10684 0.47464 =3.55014 3.55014 6.30173
Rhoifolin 6.21753 216249 202752 0.49321 -4.19001 4.19001 8.77810
Morin 5.80773 1.73255 203759 0.49078 -3.77014 3.77014 7.10698

[P = ionisation potential; EA = electron affinity; i = global hardness; § = global softness; g = chemical potential; y = electronegativity; w =electrophilicity index.

Epupmo = -1.62969 eV

o’ e
J‘J‘J)J
s

4
By iy
Yy ‘....g"
0 @,

Epomn =-5.36908eV

(a)

]

<4

F :
‘ ’
Epypmo =-1.44329eV

2.1,

3.

9

8

“&
g

Ennmo =-5.65698eV

()

I First excited state I

Band gap = 3.739 ¢V

LS

¥

@97
»

Epupo = -2.01827eV

Ground state

First excited state

A

Egomo = -5.64691eV

1,.“:‘5:»

‘ "’- e

o A

-

4

Band gap = 4.213 ¢V

 re——

Ground state

Ejypmo =-2.16249 ¢V

Epomn =-6.21753eV

(d)

Figure 7: Continued.

First excited state

7 3

Band gap = 3.6284¢V

Ground state

I First excited state I

Band gap = 4.055eV

Ground state




10

Eppupn = -1.73255eV

T

Scientifica

Il-‘irs'l excited state I

Band gap = 4.075¢V

’t‘ () L4

Eyomo = -5-80773 eV

Figure 7: HOMO-LUMO energy values and bandgap of (a) hesperidin, (b} pectolinarin, (c) epigallocatechin gallate, (d) rhoifolin, and (e)

morin, respectively, predicted by the DFT/B3LYP/6-31G basis set.

interactions that can support receptor inhibition. As for the van
der Waals bond, it contributes to the ligand to inhibit the target
receptor because of the large number even though the strength
of this interaction is not as strong as that of the hydrogen bond.
Van der Waals bonds are relatively weak electric attractions due
to induced or permanent polarity of molecules [90].

The results of the interaction between the S protein and
the selected ligands show that there are unfavorable donor-
donor bonds, which means that this bond shows the re-
pulsive force between the two molecules. The formation of
this bond can reduce the stability of other types of bonds so
that it can affect the stability of the ligands that will be used
as drug candidates [91]. The ligands with this type of bond
are hesperidin and pectolinarin, located in the residue Arg-
A: 1039 and Arg-B: 1039.

4.4. Theoretical Quantum Chemical Calculations. The
highest occupied molecular orbitals (HOMO) characterize
the electron-donating ability of a molecule, and the lowest
unoccupied molecular orbitals (LUMO) determine the
ability to accept an electron also known as frontier molecular
orbitals (FMOs), which are essential to determine the way
the molecule interacts with other species, electric and optical
properties, kinetic stability, molecular reactivity, and
chemical reactivity descriptors, as softness and hardness
[92-94]. The bandgap between the HOMO and LUMO is
very important in determining the chemical reactivity of the
molecule. In terms of chemical hardness, the obtained
HOMO-LUMO bandgap can give valuable information,
where a large energy gap indicates hard and more stable
molecules and a small energy gap indicates a soft and more
reactive molecule. Among the five selected compounds,
pectolinarin shows the lowest bandgap, suggesting that it is
more reactive than other compounds. The chemical

reactivity order of the three selected compounds was pec-
tolinarin > hesperidin > rhoifolin > morin > epi-
gallocatechin gallate.

The global reactivity descriptors such as hardness (1),
softness (S), chemical potential (), electronegativity (y), and
electrophilicity index (w), which are calculated from HOMO
and LUMO energies, were obtained by the level of theory
DFT/B3LYP/6-31G and incorporated in Table 4. Using
Koopmans’ theorem [95, 96], IA and EA values can be
correlated with the frontier orbitals by the relation
IA = ~Epomo and EA = —Ej 0. Reactivity descriptors such
as global hardness and global softness (S) are defined as
f=(IA-EA)/2 and S = 1/#, chemical potential is described as
u=—y, the absolute electronegativity (y) is given by the
relation y =(IA+EA)/2, the electrophilicity (w) can be
calculated using the electronic chemical potential, and the
chemical hardness is described as w = /25 [97-101].

The original basis for the concept of hardness () and
softness (§) lies in observations made by inorganic chemists
from the coordination chemistry and is related to a com-
pound’s reactivity. Soft ions/molecules are more polarizable
species and more reactive since the electrons are farther from
the nucleus. In contrast, hard ions/molecules are less po-
larizable and less reactive, since the electrons are closer to the
nucleus. The chemical potential (i) is a greatness that defines
the flow of matter. In general, a system always tends to shift
from greater chemical potential to lower chemical potential,
since this is its most stable configuration. The greatness given
as the negative of the chemical potential is the electroneg-
ativity (y). For any system, the value y is called the absolute
electronegativity and is related to the power to attract
electrons [102]. Another important descriptor is the elec-
trophilicity index (w), a global maximum reactivity index
that measures the energy lowering due to charge transfer.
The electrophilicity index allows classification of organic
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(b)

Ficure 8 Calculated 3D surface map of electrostatic potential for (a) hesperidin, (b) pectolinarin, (c) epigallocatechin gallate, (d) rhoifolin,
and (e) morin, respectively, in (a.u), the electron density isosurface being 0.0005 (a.u).

molecules as strong with w>15eV, moderate with
0.8<w<1.5¢V, and marginal electrophiles with w <0.8eV
[103].

Hesperidin has the lowest ionization potential value
(IA =5.369 eV), which indicates that it is the best electron
donor. The calculated hardness values (1) for hesperidin
(1.86 eV), pectolinarin (1.81eV), epigallocatechin gallate
(2.10eV), rhoifolin (2.02 €V), and morin (2.03 eV) show that
pectolinarin is the softer and more reactive one and epi-
gallocatechin gallate is the harder and less reactive molecule,
confirming the evidence obtained by the calculation of the
bandgap. Comparing these hardness values with those
calculated for other known alkaloids, such as liriodenine
(#=1.81) [104], annomontine (x=1.94), and N-hidrox-
yannomontine (y=1.69) [105], pectolinarin and hesperidin

present values that classify them as soft molecules. The
chemical potential 4 (eV) measures the escaping tendency of
an electron, and it can be associated with the molecular
electronegativity [106]; then, as 4 becomes more negative, it
is more difficult to lose an electron but easier to gain one.

As shown in Table 4, rhoifolin is the least stable among
all isolated compounds. Electronegativity (y) represents the
ability of molecules to attract electrons. The (y) values
displayed in Table 4 show that rhoifolin has higher elec-
tronegativity (4.190eV) value than other isolated com-
pounds. Electrophilicity (w) gives an idea of the stabilization
energy when the system gets saturated by electrons, which
come from the external environment. This reactivity in-
formation shows that a molecule is capable of donating
charges. The electrophilicity index above 1.5 for each
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TasLe 5: List of plants that have active compounds used as ligands and their bioavailability.
Oral
Compounds bicavailability Sources
Hesperidin Low [55] Citrus fruit (Citrus spp.), peppermint (Mentha spp.), yellow toadflax (Linaria vulgaris)
Nabiximols Low [56, 57] Marijuana (Cannabis spp.)
Pectolinarin Lor;;osggcjod Plume thistles (Cirsium spp.), yellow toadflax (Linaria vulgaris)
) . Tea (Camellia sinensis) (green tea), the skin of apple (Malus domestica), plum (Prunus
Epigallocatechin gallate Low [60, 61) domestica), onion (Allium cepa), hazelnut (Corylus avellana)
Rhus plant (Rhus succedanea), bitter orange (Citrus aurantium), bergamot (Citrus
Rhoifolin Low [62) bergamia), grapefruit (L;rms.pamd:s:}, lemon (L—:rms !':mc:n}, lablab beans (Lablab
purpureus), tomato (Lycopersicon esculentum), artichoke (Cynara scolymus), bananas
(Musa spp.), grapes (Vitis vinifera)
Morin Low [63] Osage orange (Maclura p.om:ﬁ:.m}, almond (.Pr.m:us dulfns}, old fustic (Chlorophora
tinctoria), guava (Psidium guajava)
K ferol Low to good Kale (Brassica oleracea var. sabellica), beans (Phaseolus vulgaris), tea (Camellia
aemplero |64, 65] sinensis), spinach (Spinacia oleracea), broccoli (Brassica oleracea var. Italica)
Herbacetin Good [65] Golden root (Rhodm!‘a spp.), gossypium (Gossypium h:rst.trum}, common horsetail
(Equisetum arvense), common boneset (Eupatorium perfoliatum)
Ethyl cholate N/A Leaf of football fruit/keluak (Pangium edule)
Nobiletin Low [66] Citrus fruit (Citrus spp.)
Tangeretin Low [67] Citrus fruit (Citrus spp.)
Chalcone Low [68] Citrus fruit (Citrus spp.)
6-Gingerol Low [69] Fresh ginger (Zingiber officinale)
Bis (3, 5, 5-trimethylhexyl) N/A Leaf of football fruit/keluak (Pangium edule)
phthalate
Myristicin N/A Nutmeg (Myristica fragrans)
Eugenol Good [70, 71] Clove (Syzygium aromaticum)
Low to good . o ..
6-Shogaol (72, 73] Ginger (Zingiber officinale)

structure reveals that the selective compounds have a sig-
nificative attractive electron power.

The molecular electrostatic potential surface (MEPS)
[107] is a 3D plot of the electrostatic potential for a respective
molecule mapped onto the constant electron density surface.
Over the years, MEPS was established as a great and effective
interpretive tool for intermolecular interactions [107]. With
the recent advances in computational technology, it is
currently being applied to give detailed information for
studies on chemical reactivity (as well as the biological
recognition process and hydrogen bonding interaction),
crystal behavior, molecular cluster, and zeolite even as the
correlation and prediction of a wide range of macroscopic
properties [108]. Besides that, due to the density functional
theory contributions, the MEPS is rigorously defined in
terms of the electron density, and it explicitly reflects op-
posing contributions from the nuclei and the electrons
[108-110]. All selected compounds are suitable for elec-
trophilic and nucleophilic attack. C=0 and O-H regions of
all selected isolated compounds are most probably involved
in the electrophilic and nucleophilic processes, respectively.

From the abovementioned quantum chemical calcula-
tions, it can be seen that pectolinarin is configurationally
more stable than other compounds with maximum dipole
moment, suggesting better binding affinity. The FMOs
analysis indicated that both HOMO and LUMO are bonding
orbitals and comprise the aporphine portion for each
structure; however, pectolinarin has a bandgap smaller than
that calculated for the other molecules, indicating that this

molecule is more reactive. The electrophilicity index above
1.5 for all structure reveals that the compounds have a
significative attractive electron power, and the small hard-
ness (y) for hesperidin (1.86eV), pectolinarin (1.81 eV),
epigallocatechin gallate (2.10 V), rhoifolin (2.02¢V), and
morin (2.03 eV) reflects high polarizability for each mole-
cule, showing pectolinarin as the softer one and epi-
gallocatechin gallate as the harder structure. The predicted
MEPS figure revealed that the selected compounds’ positive
and negative regions were subjected to the nucleophilic and
electrophilic attack of those compounds.

4.5. The Potential of Each Docking Compound. Some of the
plants producing compounds which are docked with the
target protein can be seen in Table 5. This table also contains
information on the oral bioavailability of the compounds
used as ligands in this analysis. However, only few com-
pounds have high bioavailability when administered orally
based on studies that have been conducted by several other
researchers, ie., pectolinarin, kaempferol, herbacetin, eu-
genol, and 6-shogaol. Of these, only pectolinarin does not
meet Ro5. The low oral bioavailability has become a com-
mon problem in drug design, since it may pose failure to a
new drug in clinical trials, even though the compounds have
high efficacy in the in vitro and/or in vivo tests [111]. This
may incur a problem faced by scientists in the pharma-
ceutical industry [112]. Therefore, a compound’s oral bio-
availability is essential to be taken into account when
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predicting the compound as a drug candidate. The oral
availability of some compounds can be low if administered
together with food. However, the oral availability of a
compound can also be improved by various strategies
[113, 114].

The major flavanone glycoside in the citrus peel is hes-
peridin [115]. Docking scores of this compound with S protein
and MP™ were —104 and —8.3, respectively. Utomo et al. [116]
have docked hesperidin against S protein (-9.6) and MM
(-13.51). Chen et al. [117] revealed that the best hesperidin
position against SARS-CoV-2 3C-like protease (3CL™) was
—10.1. Adem et al. [118] found that the ability of hesperidin was
better than that of nelfinavir. Based on this finding, it can be
seen that hesperidin has great potential to be a candidate for
drugs, but its low oral bioavailability is a problem.

Cannabinoids are active compounds of Cannabis sativa and
C. indica. The docking score of nabiximols (a combination of
cannabidiol and tetrahydrocannabinol) against M™ and §
protein was —8 and —10.2, respectively. Besides being known as
an antiherpes simplex virus [28], this compound also has anti-
inflammatory activity [119]. However, some research studies
show that this compound can increase the virus's pathogenesis
to the host [119-121].

The docking results using rhoifolin as a ligand were —9.5
and —8.2 for S protein and MP™, respectively. Rhoifolin is a
flavone that was first discovered in the fresh leaves of Rhus
succedanea in 1952 [122]. Besides, this compound was also
found in Citrus grandis [123]. The result of rhoifolin docking
on S protein was —9.5 and MP™ was —8.2. The rhoifolin
binding score for SARS-CoV 3CL™ shows avalue of -9.565
[31].

The induced-fit docking result of pectolinarin against
SARS-CoV 3CL™ was —8.054 [31]. In this study, the best pose
between pectolinarin and S protein was —9.8 and —8.2 with
MP*, Pectolinarin can be found in plume thistles (Cirsium spp).
The morin docking result by Jo et al. [31] against SARS-CoV
3CLP™ was —8,930. The best docking scores of morin against S
protein and MP™ were —8.8 and —7.8, respectively. Almond, old
fustic, and guava contain a high quantity of this compound.

Kaempferol can be found in spinach and kale. The best
position of kaempferol against S protein was —8.5and -7.8
against MP™, while —8,526 was the best binding position
of this compound against SARS-CoV 3CLF™ [31]. Ro5
calculation results show that this compound has a high
potential to be used as a drug. Some researchers have
previously stated that its oral bioavailability varies from
low to good. Besides having been reported to have the
ability as an antiviral, this compound also shows im-
munomodulatory and anti-inflammatory  activities
[124, 125].

Epigallocatechin gallate is found in high quantity in tea
(Camellia sinensis), especially in the form of green tea. The
best binding position of this compound against S protein
was —9.8 and against M was —7.8. It has been reported
previously that this compound was able to inhibit the
proteolytic activity of SARS-CoV 3CL™™ [126]. Although it
does not meet the Ro5 and its oral availability is low, it has
immunomodulatory and anti-inflammatory  activities
[127, 128].
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Herbacetin, which can be found in Rhodiola sp.
(golden root), has antiviral activity against vesicular
stomatitis virus (VSV) and a prototype of negative-strand
RN A virus such as rabies and influenza viruses [129]. The
best binding pose of this compound against SARS-3CLP™
was —9.263, as reported by Jo et al. [31], while in this
study, the binding score of —8.3 against S protein and -7.2
against MP™ were obtained. They also stated that her-
bacetin might act as a MERS-CoV 3CLF™ inhibitor.
Herbacetin is a very potential candidate as an anti-SARS-
CoV-2 because it meets Ro5 and has also been reported to
have good oral bioavailability. Besides, this compound
also has anti-inflammatory activity [130].

Two compounds found in Pangi leaves, bis (3, 5, 5-
trimethylhexyl) phthalate and ethyl cholate, have the po-
tential to be developed as anti-SARS-CoV-2 drugs, due to
their good binding affinity with MP™ and § protein and also
because they meet the Ro5. Although there is no prior in-
formation about their oral availability, both compounds
were reported to inhibit HIV-1 protease in silico.

Other compounds such as nobiletin, tangeretin, chal-
cone, 6-gingerol, myristicin, eugenol, and 6-shogaol have a
fairly good binding affinity with M"™ and S protein and meet
RO5 criteria. These compounds, despite their low oral
availability, have immunomodulatory and anti-inflamma-
tory activities [40, 131-138].

5. Conclusions

Our study revealed that natural compounds hesperidin,
nabiximols, pectolinarin, epigallocatechin gallate, and rhoifolin
had better binding free energies with M™ and S protein of
SARS-CoV-2. Although the results of molecular docking of
kaempferol, herbacetin, eugenol, and 6-shogaol are not as good
as those compounds, they have good oral availability and also
meet Ro5 criteria. These compounds have potential as antiviral
phytochemicals that may inhibit the replication of the virus.
These results are only preliminary screening to facilitate sub-
sequent tests starting from in vitro and in vivo (in animal
models or human clinical trials).

Data Availability

The data related to this article are available from the cor-
responding author upon request.

Disclosure

This work was made available as a preprint (doi: 10.20944/
preprints202004.0102.v3).

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

The authors wish to thank Sam Ratulangi University, Manado,
North Sulawesi, Indonesia, for providing financial support for




14

the publication of this research. The authors are also grateful to
the Department of Theoretical and Computational Chemistry,
University of Dhaka, Dhaka-1000, Bangladesh, for providing
the Gaussian 09 software package to accomplish the DFT study.

References

(1]

2

=

S

8

[9

(10]

(11]

(12]

(13]

(14]

(15]

C.-C. Lai, T.-P. Shih, W.-C. Ko, H.-]. Tang, and P.-R. Hsueh,
“Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and coronavirus disease-2019 (COVID-19): the
epidemic and the challenges,” International Journal of An-
timicrobial Agents, vol. 55, no. 3, Article ID 105924, 2020.
M. A. Shereen, S. Khan, A. Kazmi, N. Bashir, and
R. Siddique, “COVID-19 infection: origin, transmission, and
characteristics of human coronaviruses,” Journal of Ad-
vanced Research, vol. 24, pp. 91-98, 2020.

WHO, World Health Organization, Coronavirus Disease
2019 (COVID-19) Situation Report, WHO, World Health
Organization, Geneva, Switzerland, 2020.

COVID-19, COVID-19 Hotline 119 Ext 9, 2020, https://
www.covid19.go.id/.

B.S. Kamps and C. Hoffmann, Covid Reference, Steinhauser
Verlag, Wuppertal, Germany, 2020.

NCIRD, Clinical guidance management patients.,” National
Center for Immunization and Respiratory Diseases, Dis-
eases, Division of Viral, 2020.

T. Smith, J. Bushek, and T. Prosser, “COVID-19 drug
therapy highlights: antimicrobials with potential activity
against SARS-CoV-2,” Clinical Drug Information, pp. 1-21,
2020.

X. Xu, M. Han, T. Li et al., “Effective treatment of severe
COVID-19 patients with tocilizumab,” Proceedings of the
National Academy of Sciences, vol. 117, no. 20, pp. 10970~
10975, 2020.

H. Bian, Z.-H. Zheng, D. Wei et al,, “Meplazumab treats
COVID-19 pneumonia: an open-labelled, concurrent con-
trolled add-on clinical trial,” medRxiv, 2020,

E. C. Estevam, S. Griffin, M. ]. Nasim et al., “Inspired by
nature: the use of plant-derived substrate/enzyme combi-
nations to generate antimicrobial activity in situ,” Natural
Product Communications, vol. 10, no. 10, pp. 1733-1738,
2015.

T. E. Tallei, |. J. Pelealu, N. J. Pollo et al., “Ethnobotanical
dataset on local edible fruits in North Sulawesi, Indonesia,”
Data in Brief, vol. 27, Article ID 104681, 2019.

D. S. Ningsih, R. Idroes, B. M. Bachtiar, and Khairan, “The
potential of five therapeutic medicinal herbs for dental
treatment : a review,” IOP Conference Series Materials Science
and Engineering, vol. 523, Article ID 012009, 2019.

C. Nuraskin, M. Marlina, R. Idwes, C. Soraya, and Djufri,
“Identification of secondary metabolite of laban leaf extract
(Vitex pinnata L) from geothermal areas and non-geothermal of
Agam mountains in Aceh Besar, Aceh Province, Indonesia,”
Rasayan Journal of Chemistry, vol. 13, no. 1, pp. 18-23, 2020.
T. E. Tallei, Y. T. Linelejan, S. D. Umboh, A. A. Adam,
Muslem, and R. Idroes, “Endophytic bacteria isolated from
the leaf of langusei (Ficus minahassae Tesym. & De Vr.) and
their antibacterial activities,” IOP Conference Series Materials
Science and Engineering, vol. 796, no. 1, 2020.

]. C. 0. Sardi, L. Scorzoni, T. Bernardi, A. M. Fusco-Almeida,
and M. J. S. Mendes Giannini, “Candida species: current
epidemiology, pathogenicity, biofilm formation, natural
antifungal products and new therapeutic options,” Journal of
Medical Microbiology, vol. 62, pp. 10-24, 2013.

Scientifica

[16] C. A. Nuraskin, M. Marlina, R. Idroes, C. Soraya, and Djufri,
“Activities inhibition methanol extract laban leaf (Vitex
pinnata) on growth of bacteria S. Mutans Atcc 31987," IOP
Conference Series Materials Science and Engineering, vol. 523,
Article 1D 012008, 2019.

[17] S. U. T. Pratiwi, E. L. Lagendijk, S. De Weert, R. Idroes,
T. Hertiani, and C. Van Den Hondel, “Effect of cinnamo-
mum burmannii Nees ex Bl. and Massoia aromatica Becc.
essential oils on planktonic growth and biofilm formation of
Pseudomonas aeruginosa and Staphylococcus aureus in
vitro,” International Journal of Applied Research in Natural
Products, vol. 8, no. 2, pp. 1-13, 2015.

[18] R. Rahmad, N. Earlia, C. Nabila et al., “Antibacterial cream
formulation of ethanolic pliek U extracts and ethanolic
residue hexane pliek U extracts against Staphylococcus au-
reus,” IOP Conference Series Materials Science and Engi-
neering, vol. 523, Article ID 012011, 2019.

[19] N. Calland, J. Dubuisson, Y. Rouillé, and K. Séron, “Hepatitis
C virus and natural compounds: a new antiviral approach?”
Viruses, vol. 4, no. 10, pp. 2197-2217, 2012.

[20] Q.-F. Hu, B. Zhou, ].-M. Huang et al., “Antiviral phenolic
compounds from Arundina gramnifolia,” Journal of Natural
Products, vol. 76, no. 2, pp. 292-296, 2013.

[21] N. Farlia, R. Rahmad, M. Amin, C. Prakoeswa, K. Khairan,
and R. Idroes, “The potential effect of fatty acids from pliek U
on epidermal fatty acid binding protein: chromatography
and bioinformatic studies,” Sains Malaysiana, vol. 48, no. 5,
pp. 1019-1024, 2019.

[22] N. Earlia, R. Suhendra, M. Amin, C. R. S. Prakoeswa,
Khairan, and R. Idroes, “GC/MS analysis of fatty acids on
pliek U oil and its pharmacological study by molecular
docking to filaggrin as a drug candidate in atopic dermatitis
treatment,” The Scientific World Journal, vol. 2019, Article ID
8605743, 7 pages, 2019.

[23] S. Muslem, H. Kurniawan, R. Awaluddin, S. Suhartati, and
S. Soetjipto, “Potential inhibitor of COVID-19 main protease
(Mpro) from several medicinal plant compounds by mo-
lecular docking study,” Preprints, 2020.

[24] N.Shaghaghi, “Molecular docking study of novel COVID-19
protease with low risk terpenoides compounds of plants,”
ChemRxiv, vol. 1, 2020.

[25] M. Tahir Ul Qamar, S. M. Algahtani, M. A. Alamri, and
L. L. Chen, “Structural basis of SARS-CoV-2 3CLpro and
anti-COVID-19 drug discovery from medicinal plants,”
Journal of Pharmaceutical Analysis, vol. 10, no. 4, pp. 313-
319, 2020.

[26] S. Malakar, L. Sreelatha, T. Dechtawewat et al, "Drug
repurposing of quinine as antiviral against dengue virus
infection,” Virus Research, vol. 255, pp. 171-178, 2018.

[27] H. Lowe, N. Toyang, and W. McLaughlin, “Potential of
cannabidiol for the treatment of viral hepatitis,” Pharma-
cognosy Research, vol. 9, no. 1, pp. 116-118, 2017.

[28] R. D. Blevins and M. P. Dumic, “The effect of A-9-tetra-
hydrocannabinol on herpes simplex virus replication,”
Journal of General Virology, vol. 49, no. 2, pp. 427-431, 1980.

[29] W. Dong, X. Wei, F. Zhang et al., “A dual character of

flavonoids in influenza A virus replication and spread

through modulating cell-autonomous immunity by MAPK

signaling pathways,” Scientific Reports, vol. 4, pp. 1-12, 2014.

R. K. Saha, T. Takahashi, and T. Suzuki, “Glucosyl hesperidin

prevents influenza A virus replication in vitro by inhibition

of viral sialidase,” Biological ¢ Pharmaceutical Bulletin,

vol. 32, no. 7, pp. 1188-1192, 2009.

[30




Scientifica

[31] S. Jo, S. Kim, D. H. Shin, and M.-S. Kim, “Inhibition of
SARS-CoV 3CL protease by flavonoids,” Journal of Enzyme
Inhibition and Medicinal Chemistry, vol. 35, no. 1, pp. 145-
151, 2020.

[32] K. Kaihatsu, “Potential anti-influenza virus agents based on
coffee ingredients and natural flavonols,” Natural Products
Chemistry ¢ Research, vol. 2, no. 2, 2014

[33] J. Li, D. Song, S. Wang, Y. Dai, ]. Zhou, and J. Gu, “Antiviral
effect of epigallocatechin gallate via impairing porcine cir-
covirus type 2 attachment to host cell receptor,” Viruses,
vol. 12, pp. 1-18, 2020.

[34] K. Kaihatsu, M. Yamabe, and Y. Ebara, “Antiviral mecha-
nism of action of epigallocatechin-3-O-gallate and its fatty
acid esters,” Molecules, vol. 23, no. 10, pp. 15-19, 2018.

[35] S. G. Tumilaar, J. P. Siampa, F. Fatimawali, and T. E. Tallei:
Potential of leaf extract of pangium edule reinw as HIV-1
protease inhibitor: a computational biology approach,”
unpublished.

[36] D. Mitrocotsa, S. Mitaku, S. Axarlis, C. Harvala, and
M. Malamas, “Evaluation of the antiviral activity of
kaempferol and its glycosides against human cytomegalo-
virus,” Planta Medica, vol. 66, no. 4, pp. 377-379, 2000.

[37] K. Tang, S. Bariwal, X. Zhang et al., “Tangeretin, an extract
from citrus peels, blocks cellular entry of arenaviruses that
cause viral hemorrhagic fever,” Antiviral Research, vol. 160,
pp. 87-93, 2018.

[38] J. C. Trivedi, J. B. Bariwal, K. D. Upadhyay et al., “Improved
and rapid synthesis of new coumarinyl chalcone derivatives
and their antiviral activity,” Tetrahedron Letters, vol. 48,
no. 48, pp. 8472-8474, 2007.

[39] Z. Hu, ]. Hu, F. Ren et al,, “Nobiletin, a novel inhibitor,

inhibits HBsA g production and hepatitis B virus replication,”

Biochemical and Biophysical Research Communications,

vol. 523, no. 3, pp. 802-808, 2020.

N. El-Deeb, H. El-Adawi, M. Sharaf, and H. Enshasy,

“Targeting pro-inflammatory cytokines and chemokine as

potential novel strategy in adjuvant development for anti-

HCV therapy,” Journal of Scientific and Industrial Research,

vol. 77, no. 9, pp. 510-515, 2018.

[41] G. Subbaiah, K. S. Reddy, Y. JayavardhanaRao et al., “6-
Gingerol prevents free transition metal ion [Fe (II)] induced
free radicals mediated alterations by in vitro and ndv growth
in chicken eggs by in ovo,” Pharmacognosy Magazine,vol. 14,
no. 35, p. 167, 2018.

[42] R. K. Mishra, A. Kumar, and A. Kumar, “Pharmacological
activity of Zingiber officinale,” Journal of Pharmaceutical
Chemistry ¢ Chemical Science, vol. 1, no. 3, pp. 1073-1078,
2012.

[43] X. Yao, F. Ye, M. Zhang et al., “In vitro antiviral activity and

projection of optimized dosing design of hydroxy-

chloroquine for the treatment of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2),” Clinical Infectious

Disease, vol. 71, no. 15, pp. 732-739, 2020.

R. Rosmalena, B. Elya, B. E. Dewi et al., “The antiviral effect

of Indonesian medicinal plant extracts against dengue virus

in vitro and in silico,” Pathogens, vol. 8, no. 2, p. 85, 2019.

[45] F. Benencia and M. C. Courréges, “In vitro andin vivo ac-

tivity of eugenol on human herpesvirus,” Phytotherapy Re-

search, vol. 14, no. 7, pp. 495-500, 2000.

C. A. Lipinski, “Lead-and drug-like compounds: the rule-of-

five revolution,” Drug Discovery Today: Technologies, vol. 1,

no. 4, pp. 337-341, 2004,

(40

(44

(46

[47]

(48]

[49]

[50]

(51]

[52]

(53]

[54

[55]

[56]

(57]

(58]

[59]

(60

[61]

[62]

[63]

15

Z. Jin, X. Du, Y. Xu et al., “Structure of Mpro from SARS-
CoV-2 and discovery of its inhibitors,” Nature, vol. 582,
no. 7811, pp. 289-293, 2020.

S. Cosconati, S. Forli, A. L Perryman, R. Harris,
D. S. Goodsell, and A. ]. Olson, “Virtual screening with
AutoDock: theory and practice,” Expert Opinion on Drug
Discovery, vol. 5, no. 6, pp. 597-607, 2010.

N. Moitessier, P. Englebienne, D. Lee, |. Lawandi, and
C. R. Corbeil, “Towards the development of universal, fast
and highly accurate docking/scoring methods: a long way to
go,” British Journal of Pharmacology, vol. 153, no. SI,
pp. S7-S26, 2009

M. Frisch, Gaussian 9, Gaussian Inc., Pittsburgh, PA, USA,
2009.

R. Dennington, T. A. Keith, and J. M. Millam, GaussView,
Version 6.0, 16, Vol. 16, Semichem Inc, Shawnee Mission, KS,
USA, 2016.

P. Rajesh, S. Gunasekaran, A. Manikandan, and
T. Gnanasambandan, “Structural, spectral analysis of
ambroxol using DFT methods,” Journal of Molecular
Structure, vol. 1144, pp. 379-388, 2017.

A. D. Becke, “Density-functional exchange-energy approx-
imation with correct asymptotic behavior,” Physical Review
A, vol. 38, no. 6, pp. 3098-3100, 1988.

C.Lee, W. Yang, and R. G. Parr, “Development of the Colle-
Salvetti correlation-energy formula into a functional of the
electron density,” Physical Review B, vol. 37, no. 2,
Pp. 785-789, 1988.

Y.-M. Li, X.-M. Li, G.-M. Li et al,, “In vivo pharmacokinetics
of hesperidin are affected by treatment with glucosidase-like
BglA protein isolated from yeasts,” Journal of Agricultural
and Food Chemistry, vol. 56, no. 14, pp. 5550-5557, 2008.
S. A, Millar, N. L. Stone, A. S. Yates, and S. E. O'Sullivan, “A
systematic review on the pharmacokinetics of cannabidiol in
humans,” Frontiers in Pharmacology, vol. 9, 2018.

A. Ohlsson, J.-E. Lindgren, A. Wahlén, S. Agurell,
L. E. Hollister, and H. K. Gillespie, “Single dose kinetics of
deuterium labelled Al-tetrahydrocannabinol in heavy and
light cannabis users,” Biological Mass Spectrometry, vol. 9,
no. 1, pp. 6-10, 1982,

E. B. M. Daliri, 5. I. Jia, B. Y. Cho et al,, “Biological activities
of a garlic-Cirsium setidens Nakai blend fermented with
Leuconostoc mesenteroides,” Food Science ¢ Nutrition,
vol. 7, no. 6, pp. 2024-2032, 2019.

Z. Zhang, P. Jia, X. Zhang et al., “LC-MS/MS determination
and pharmacokinetic study of seven flavonoids in rat plasma
after oral administration of Cirsium japonicum DC extract,”
Journal of Ethnopharmacology, vol. 158, pp. 66-75, 2014.
D. Mereles and W. Hunstein, “Epigallocatechin-3-gallate
(EGCG) for clinical trials: more pitfalls than promises?”
International Journal of Molecular Sciences, vol. 12, no. 9,
Pp. 5592-5603, 2011.

S. Ishii, H. Kitazawa, T. Mori et al, “Identification of the
catechin uptake transporter responsible for intestinal ab-
sorption of epigallocatechin gallate in mice,” Scientific Re-
ports, vol. 9, no. 1, Article ID 11014, 2019.

M. Wang, J. Firrman, L. Liu, and K. Yam, “A review on
flavonoid apigenin: dietary intake, ADME, antimicrobial
effects, and interactions with human gut microbiota,”
BioMed Research International, wvol. 2019, Article ID
7010467, 18 pages, 2019.

J. Li, Y. Yang, E. Ning, Y. Peng, and |. Zhang, “Mechanisms
of poor oral bioavailability of flavonoid morin in rats: from
physicochemical to  biopharmaceutical  evaluations,”




16

[64

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

European Journal of Pharmaceutical Sciences, vol. 128,
Pp- 290298, 2019.

M. Colombo, G. De Lima Melchiades, L. R. Michels et al.,
“Solid dispersion of kaempferol: formulation development,
characterization, and oral bioavailability assessment,” AAPS
PharmSciTech, vol. 20, no. 3, p. 106, 2019.

P. Singh, V. K. Singh, and A. K. Singh, “Molecular docking
analysis of candidate compounds derived from medicinal
plants with type 2 diabetes mellitus targets,” Bioinformation,
vol. 15, no. 3, pp. 179-188, 2019.

]. X. H. Goh, L. T.-H. Tan, J. K. Goh et al,, “Nobiletin and
derivatives: functional compounds from citrus fruit peel for
colon cancer chemoprevention,” Cancers, vol. 11, no. 6,
p. 867, 2019.

W.-L. Hung, W.-S. Chang, W.-C. Lu et al, “Pharmacoki-
netics, bioavailability, tissue distribution and excretion of
tangeretin in rat,” Journal of Food and Drug Analysis, vol. 26,
no. 2, pp. 849-857, 2018.

C. R. Kleemann, T. C. Dos Santos, L. C. Tavares,
M. G. Pizzolatti, and A. M. De Campos, “Development and
characterization of synthetic chalcones-loaded eudragit RS
100 microparticles for oral delivery,” Journal of the Brazilian
Chemical Society, vol. 28, no. 6, pp. 927-1144, 2017.

]. M. Pais, B. Pereira, F. A. A. Paz, 5. M. Cardoso, and
S. S. Braga, “Solid y-cyclodextrin inclusion compound with
gingerols, a multi—component guest: preparation, properties
and application in yogurt,” Biomolecules, vol. 10, no. 2,
p. 344, 2020.

E. Papada, A. Gioxari, V. Brieudes et al., “Bioavailability of
terpenes and postprandial effect on human antioxidant
potential. an open-label study in healthy subjects,” Molecular
Nutrition ¢ Food Research, vol. 62, no. 3, Article ID 1700751,
2018.

K. Zhao and J. Singh, “Mechanisms of percutaneous ab-
sorption of tamoxifen by terpenes: eugenol, D-limonene and
menthone,” Journal of Controlled Release, vol. 55, no. 2-3,
PP. 253-260, 1998.

S. C. Ho and M. S. Su, “Optimized heat treatment enhances
the anti-inflammatory capacity of ginger,” International
Journal of Food Properties, vol. 19,no. 8, pp. 1884-1898, 2015.
H. Zhang, Q. Wang, C. Sun et al., “Enhanced oral bio-
availability, anti-tumor activity and hepatoprotective effect
of 6-shogaol loaded in a type of novel micelles of polyeth-
ylene glycol and linoleic acid conjugate,” Pharmaceutics,
vol. 11, no. 8, pp. 1884-1898, 2019.

M. Mukhtar, M. Arshad, M. Ahmad, R. ]. Pomerantz,
B. Wigdahl, and Z. Parveen, “Antiviral potentials of me-
dicinal plants,” Virus Research, vol. 131, no. 2, pp. 111-120,
2008.

M. Denaro, A. Smeriglio, D. Barreca et al., “Antiviral activity
of plants and their isolated bioactive compounds: an update,”
Phytotherapy Research, vol. 34, no. 4, pp. 742-768, 2020.
C. A. Lipinski, F. Lombardo, B. W. Dominy, and P. ]. Feeney,
“Experimental and computational approaches to estimate
solubility and permeability in drug discovery and develop-
ment settings,” Advanced Drug Delivery Reviews, vol. 23,
no. 1-3, pp. 23-25, 1997.

L. Z. Benet, C. M. Hosey, O. Ursu, and T. I. Oprea, “BDDCS,
the rule of 5 and drugability,” Advanced Drug Delivery
Reviews, vol. 101, pp. 89-98, 2016.

T. Nauli, “Penentuan sisi aktif selulase aspergillus niger
dengan docking ligan,” Jurnal Kimia Terapan Indonesia,
vol. 16, no. 2, pp. 94-100, 2014.

[79]

(80

(81]

(82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

(90

(91]

[92]

(93]

Scientifica

C. Bissantz, G. Folkers, and D. Rognan, “Protein-based
virtual screening of chemical databases. 1. Evaluation of
different docking/scoring combinations,” Journal of Medic-
inal Chemistry, vol. 43, no. 25, pp. 4759-4767, 2000.

X. Liu and X. ]. Wang, “Potential inhibitors against 2019-
nCoV coronavirus M protease from clinically approved
medicines,” Journal of Genetics and Genomics, vol. 47, no. 2,
pp. 119-121, 2020.

W. Song, M. Gui, X. Wang, and Y. Xiang, “Cryo-EM
structure of the SARS coronavirus spike glycoprotein in
complex with its host cell receptor ACE2,” PLOS Pathogens,
vol. 14, no. 8, Article [D 1007236, 2018.

B. Coutard, C. Valle, X. De Lamballerie, B. Canard,
N. G. Seidah, and E. Decroly, “The spike glycoprotein of the
new coronavirus 2019-nCoV contains a furin-like cleavage
site absent in CoV of the same clade,” Antiviral Research,
vol. 176, 2020.

C.Wu, Y. Liu, Y. Yang et al., “Analysis of therapeutic targets
for SARS-CoV-2 and discovery of potential drugs by com-
putational methods,” Acta Pharmaceutica Sinica B, vol. 10,
no. 5, pp. 766-788, 2020.

R. Narkhede, R. Cheke, ]. Ambhore, and S. Shinde, “The
molecular docking study of potential drug candidates
showing anti-COVID-19 activity by exploring of therapeutic
targets of SARS-CoV-2," Eurasian Journal of Medicine and
Oncology, vol. 4, no. 3, pp. 185-195, 2020.

A, C. Walls, Y.-J. Park, M. A. Tortorici, A. Wall,
A. T. McGuire, and D. Veesler, “Structure, function, and
antigenicity of the SARS-CoV-2 spike glycoprotein,” Cell,
vol. 181, no. 2, pp. 281-292, 2020.

D. S. N. B. K. Prasanth, M. Murahari, V. Chandramohan,
S. P. Panda, L. R. Atmakuri, and C. Guntupalli, “In silico
identification of potential inhibitors from cinnamon against
main protease and spike glycoprotein of SARS CoV-2,”
Journal of Biomolecular Structure and Dynamics, pp. 1-15,
2020.

E. D. Glowacki, M. Irimia-Vladu, S. Bauer, and
N. S. Sariciftci, “Hydrogen-bonds in molecular solids - from
biological systems to organic electronics,” Journal of Mate-
rials Chemistry. B, vol. 1, no. 31, pp. 3742-3753, 2013.

L. Lins and R. Brasseur, “The hydrophobic effect in protein
folding,” The FASEB Journal, vol. 9, no. 7, pp. 535-540, 1995.
M. S. Zubair, S. Maulana, and A. Mukaddas, “Penambatan
molekuler dan simulasi dinamika molekuler senyawa dari
genus nigella terhadap penghambatan aktivitas enzim pro-
tease HIV-1,” Jurnal Farmasi Galenika (Galenika Journal of
Pharmacy) (E-Journal), vol. 6, no. 1, pp. 132-140, 2020.

N. L. G. K. Widiastuti, “Pendidikan sains terintegarase
keterkaitan konsep ikatan kimia dengan berbagai bidang
ilmu,” Widya Accarya, vol. 10, no. 2, pp. 1-16, 2019.

T. Dhorajiwala, S. Halder, and L. Samant, “Comparative in
silico molecular docking analysis of I-threonine-3-dehy-
drogenase, a protein target against African trypanosomiasis
using selected phytochemicals,” Journal of Applied Bio-
technology Reports, vol. 6, no. 3, pp. 101-108, 2019.

U. Rani, M. Karabacak, O. Tannverdi, M. Kurt, and
N. Sundaraganesan, “The spectroscopic (FTIR, FT-Raman,
NMR and UV), first-order hyperpolarizability and HOMO-
LUMO analysis of methylboronic acid,” Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, vol. 92,
Pp. 67-77, 2012.

T. Karakurt, M. Dinger, A. Cetin, and M. Sekerci, “Molecular
structure and vibrational bands and chemical shift assign-
ments of 4-allyl-5-(2-hydroxyphenyl)-2, 4-dihydro-3H-1, 2,




Scientifica

(94

[95]

[96]

[97]

(98]

(99

(100]

[101]

[102]

[103]

(104]

[105]

(106]

[107]

[108]

[109]

4-triazole-3-thione by DFT and ab initio HF calculations,”
Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, vol. 77, no. 1, pp. 189-198, 2010.

C.-G. Zhan, J. A. Nichols, and D. A. Dixon, “lonization
potential, electron affinity, electronegativity, hardness, and
electron excitation energy: molecular properties from den-
sity functional theory orbital energies,” The Journal of
Physical Chemistry A, vol. 107, no. 20, pp. 4184-4195, 2003.
T. Koopmans, “Ordering of wave functions and eigene-
nergies to the individual electrons of an atom,” Physica,
vol. 1, pp. 104-113, 1933.

J. C. Phillips, “Generalized Koopmans® theorem,” Physical
Review, vol. 123, no. 2, pp. 420-424, 1961

L. A. Flippin, D. W. Gallagher, and K. Jalali-Araghi, “A
convenient method for the reduction of ozonides to alcohols
with borane-dimethyl sulfide complex,” The Journal of Or-
ganic Chemistry, vol. 54, no. 6, pp. 1430-1432, 1989.

R. G. Parr, L. V. Szentpaly, and S. Liu, “Electrophilicity
index,” Journal of the American Chemical Society, vol. 121,
no. 9, pp. 1922-1924, 1999,

P. K. Chattaraj and S. Giri, “Stability, reactivity, and aro-
maticity of compounds of a multivalent superatom,” The
Journal of Physical Chemistry A, vol. 111, 43,
pp- 11116-11121, 2007.

]. Padmanabhan, R. Parthasarathi, V. Subramanian, and
P. K. Chattaraj, “Electrophilicity-based charge transfer de-
scriptor,” The Journal of Physical Chemistry A, vol. 111, no. 7,
pp. 13581361, 2007.

P. W. Ayers and R. G. Parr, “Variational principles for
describing chemical reactions: the fukui function and
chemical hardness revisited,” Journal of the American
Chemical Society, vol. 122, no. 9, pp. 2010-2018, 2000.

R. G. Pearson, “Chemical hardness and density functional
theory,” Journal of Chemical Sciences, vol. 117, no. 5,
Pp. 369-377, 2005.

L. R. Domingo and P. Pérez, “The nucleophilicity N index in
organic chemistry,” Organic ¢ Biomolecular Chemistry,
vol. 9, no. 20, pp. 7168-7175, 2011.

R. A. Costa, P. O. Pitt, M. L. B. Pinheiro et al., “Spectroscopic
investigation, vibrational assignments, HOMO-LUMO,
NBO, MEP analysis and molecular docking studies of
oxoaporphine alkaloid liriodenine,” Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, vol. 174,
Pp. 94-104, 2017.

R. A. Costa, E. 5. A. Junior, G. B. P. Lopes et al., “Structural,
vibrational, UV-vis, quantum-chemical properties, molec-
ular docking and anti-cancer activity study of annomontine
and N-hydroxyannomontine f$-carboline alkaloids: a com-
bined experimental and DFT approach,” Journal of Molecular
Structure, vol. 1171, pp. 682-695, 2018.

R. G. Lopes, R. A. Donnelly, M. Levy, and W. E. Palke,
“Electronegativity: the density functional viewpoint,” Journal
of Chemical Physics, vol. 68, no. 8, pp. 3801-3807, 1977.
M. Sheikhi and D. Sheikh, “Quantum chemical investiga-
tions on phenyl-7, 8-dihydro-[1, 3]-dioxolo (4, 5-g] quino-
lin-6 (5H)-one,” Revue Roumaine De Chimie, vol. 59, no. 9,
pp. 761-767, 2014.

J. Gasteiger, X. Li, C. Rudolph, J. Sadowski, and J. Zupan,
“Representation of molecular electrostatic potentials by to-
pological feature maps,” Journal of the American Chemical
Society, vol. 116, no. 11, pp. 4608-4620, 1994.

J. Murray and K. Sen, Molecular Electrostatic Potentials:
Concepts and Applications, Elsevier, Amsterdam, Nether-
lands, 1996.

no.

[110]

(111]

(112]

[113]

(114]

(115]

[116]

(117]

[118]

[119]

[120]

(121]

(122]

[123]

[124]

17

R. K. Pathak and S. R. Gadre, “Maximal and minimal
characteristics of molecular electrostatic potentials,” The
Journal of Chemical Physics, vol. 93, no. 3, pp. 1770-1773,
1990.

M. T. Kim, A. Sedykh, S. K. Chakravarti, R. D. Saiakhov, and
H. Zhu, “Critical evaluation of human oral bioavailability for
pharmaceutical drugs by using various cheminformatics
approaches,” Pharmaceutical Research, vol. 31, no. 4,
pp. 1002-1014, 2014,

L. Lin and H. Wong, “Predicting oral drug absorption: mini
review on physiologically-based pharmacokinetic models,”
Pharmaceutics, vol. 9, no. 4, p. 41, 2017.

I. Gomez-Orellana, “Strategies to improve oral drug bio-
availability,” Expert Opinion on Drug Delivery, vol. 2, no. 3,
Pp. 419-433, 2005,

S. Gupta, R. Kesarla, and A. Omri, “Formulation strategies to
improve the bioavailability of poorly absorbed drugs with
special emphasis on self-emulsifying systems,” ISRN Phar-
maceutics, vol. 2013, Article ID 848043, 16 pages, 2013.

G. M. Brett, W. Hollands, P. W. Needs et al., “Absorption,
metabolism and excretion of flavanones from single portions
of orange fruit and juice and effects of anthropometric
variables and contraceptive pill use on flavanone excretion,”
The British Journal of Nutrition, vol. 101, no. 5, pp. 664-675,
2009.

R. Y. Utomo, M. Ikawati, and E. Meiyanto, “Revealing the
potency of citrus and galangal constituents to halt SARS-
CoV-2 infection,” Preprints, vol. 2, pp. 1-8, 2020.

Y. W. Chen, C.-P. B. Yiu, and K.-Y. Wong, “Prediction of the
SARS-CoV-2 (2019-nCoV) 3C-like protease (3CLpro)
structure: virtual screening reveals velpatasvir, ledipasvir,
and other drug repurposing candidates,” F1000Research,
vol. 9, p. 129, 2020.

S. Adem, V. Eyupoglu, I Sarfraz, A. Rasul, and M. Ali,
“Identification of potent COVID-19 main protease (Mpro)
inhibitors from natural polyphenols: an in silico strategy
unveils a hope against CORONA,” Preprints, vol. 202003033,
2020.

C. S. Reiss, “Cannabinoids and viral infections,” Pharma-
ceuticals, vol. 3, no. 6, pp. 1873-1886, 2010.

C. Liu, S. H. Sadat, K. Ebisumoto et al,, “Cannabinoids
promote progression of HPV-positive head and neck
squamous cell carcinoma via p38 MAPK activation,” Clinical
Cancer Research, vol. 26, no. 11, 2020.

A. Tahamtan, Y. Samieipoor, F. S. Nayeri et al., “Effects of
cannabinoid receptor type 2 in respiratory syncytial virus
infection in human subjects and mice,” Virulence, vol. 9,
no. 1, pp. 217-230, 2018.

S. Hattori and H. Matsuda, “Rhoifolin, a new flavone gly-
coside, isolated from the leaves of Rhus succedanea,” Ar-
chives of Biochemistry and Biophysics, vol. 37, no. 1,
Pp. 85-89, 1952,

Y. K. Rao, M.-]. Lee, K. Chen, Y.-C. Lee, W.-S5. Wu, and
Y.-M. Tzeng, “Insulin-mimetic action of rhoifolin and
cosmosiin isolated from Citrus grandis (L.) osbeck leaves:
enhanced adiponectin secretion and insulin receptor phos-
phorylation in 3T3-L1 cells,” Evidence-Based Complemen-
tary and Alternative Medicine, vol. 2011, Article ID 624375,
9 pages, 2011.

0. Kadioglu, J. Nass, M. E. M. Saeed, B. Schuler, and
T. Efferth, “Kaempferol is an anti-inflammatory compound
with activity towards NF-xB pathway proteins,” Anticancer
Research, vol. 35, no. 5, pp. 2645-2650, 2015.




18

[125]

[126]

(127]

[128]

[129]

[130]

(131]

(132]

(133]

[134]

[135]

(136

(137]

[138]

S. Swamalatha, A. Umamaheswari, and A. Puratchikody,
“Immunomodulatory activity of kaempferol 5-O-$-d-gluco-
pyranoside from Indigofera aspalathoides Vahl ex DC. (Pap-
ilionaceae),” Medicinal Chemistry Research, vol. 24, no. 7,
pp. 2889-2897, 2015.

T. T. H. Nguyen, H.-]. Woo, H.-K. Kang et al., “Flavonoid-
mediated inhibition of SARS coronavirus 3C-like protease
expressed in Pichia pastoris,” Biotechnology Letters, vol. 34,
no. 5, pp. 831-838, 2012.

R. P. Rahayu, R. A. Prasetyo, D. A. Purwanto, U. Kresnoadi,
R. P. D. Iskandar, and M. Rubianto, “The immunomaodu-
latory effect of green tea (Camellia sinensis) leaves extract on
immunocompromised wistar rats infected by Candida
albicans,” Veterinary World, vol. 11, no. 6, pp. 765-770, 2018.
C. Di Lorenzo, M. Dell'Agli, E. Sangiovanni et al., “Corre-
lation between catechin content and NF-xB inhibition by
infusions of green and black tea,” Plant Foods for Human
Nutrition, vol. 68, no. 2, pp. 149-154, 2013.

M. Ahmed, D. A. Henson, M. C. Sanderson, D. C. Nieman,
J. M. Zubeldia, and R. A. Shanely, “Rhodiola rosea exerts
antiviral activity in athletes following a competitive mara-
thon race,” Frontiers in Nutrition, vol. 2, p. 24, 2015.

L. Li, M. Sapkota, S.-W. Kim, and Y. Soh, “Herbacetin in-
hibits RANKL-mediated osteoclastogenesis in vitro and
prevents inflammatory bone loss in vivo,” European Journal
of Pharmacology, vol. 777, pp. 17-25, 2016.

E. Yoshigai, T. Wang, T. Okuyama et al., “Citrus nobiletin
suppresses inducible nitric oxide synthase gene expression in
interleukin-1f-treated hepatocytes,” Biochemical and Bio-
physical Research Communications, vol. 439, no. 1, pp. 54-59,
2013.

W. Li, X. Wang, X. Niuet al., “Protective effects of nobiletin
against endotoxic shock in mice through inhibiting TNF-a,
IL-6, and HMGBI and regulating NF-xB pathway,” In-
flammation, vol. 39, no. 2, pp. 786-797, 2016.

X. Li, P. Xie, Y. Hou et al, “Tangeretin inhibits oxidative
stress and inflammation via upregulating Nrf-2 signaling
pathway in collagen-induced arthritic rats,” Pharmacology,
vol. 104, no. 3-4, pp. 187-195, 2019.

L. Barfod, K. Kemp, M. Hansen, and A. Kharazmi, “Chal-
cones from Chinese liquorice inhibit proliferation of T cells
and production of cytokines,” International Immuno-
pharmacology, vol. 2, no. 4, pp. 545-555, 2002.

J. Y. Lee and W. Park, “Anti-inflammatory effect of myr-
isticin on RAW 264.7 macrophages stimulated with poly-
inosinic-polycytidylic acid,” Molecules, vol. 16, no. 8,
pp. 7132-7142, 2011.

C. B. Magalhaes, D. R. Riva, L. ]. DePaulaetal., “In vivo anti-
inflammatory action of eugenol on lipopolysaccharide-in-
duced lung injury,” Journal of Applied Physiology, vol. 108,
no. 4, pp. 845-851, 2010.

T. F. Bachiega, ]J. P. B. De Sousa, ]. K. Bastos, and
J. M. Sforcin, “Clove and eugenol in noncytotoxic concen-
trations exert inmunomodulatory/anti-inflammatory action
on cytokine production by murine macrophages,” Journal of
Pharmacy and Pharmacology, vol. 64, no. 4, pp. 610-616,
2012,

X. Kou, X. Wang, R. Jiet al., “Occurrence, biological activity
and metabolism of 6-shogaol,” Food ¢ Function, vol. 9, no. 3,
pp. 1310-1327, 2018.

Scientifica




Potential of Plant Bioactive Compounds as SARS-CoV-2 Main
Protease (Mpro) and Spike (S) Glycoprotein Inhibitors: A
Molecular Docking Study

ORIGINALITY REPORT

12+ 5 126 3

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

<1%

* Subham Das, Anu K.R., Sumit Raosaheb Birangal,
Ajinkya Nitin Nikam, Abhijeet Pandey, Srinivas
Mutalik, Alex Joseph. "Role of comorbidities like
diabetes on severe acute respiratory syndrome
coronavirus-2: A review", Life Sciences, 2020

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



