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Abstract There is currently a global COVID-19 pandemic caused by the severe acute respiratory
syndrome Coronavirus-2 (SARS-CoV-2) and its variants. This highly contagious viral disease con-
tinues to pose a major health threat global. The discovery of vaccinations is not enough to prevent
their spread and dire consequences. To take advantage of the current drugs and isolated com-
pounds, and immediately qualifying approach is required. The aim of our research is evaluation
the potency for natural antiviral compounds against the SARS CoV-2 MP™. Molecular docking
of four phenolic compounds from Phillyrea angustifolia leaves with SARS-CoV-2 MP™ has been
conducted. Similarly, the stability of selected ligand—protein interactions has been determined using
MD simulations. Moreover, the quantitative structure—activity relationship (QSAR), MMGBSA
binding energies, pharmacokinetics, and drug-likeness predictions for selected phenolic have been
reported. The selected phenolic compounds (Luteolin-7-O-glucoside, Apigenin-7-O-glucoside,
Demethyl-oleuropein, and Oleuropein aglycone) revealed strong binding contacts in the two active
pockets of a target protein of SARS-CoV-2 MP™ with the docking scores and highest binding ener-
gies with a binding energy of —8.2 kcal/mol; —7.8 kcal/mol; —7.2 kcal/mol and —7.0 kcal/mol
respectively. Both Demethyloleoeuropein and Oleuropein aglycone can interact with residues
His41 and Cys145 (catalytic dyad) and other amino acids of the binding pocket of MP™. According
to QSAR, studies on pharmacokinetics and drug-like properties suggested that oleuropein aglycone
could be the best inhibitor of SARS-CoV-2 for new drug design and development. Further in vivo,
in vitro, and clinical studies are highly needed to examine the potential of these phenolic compounds
in the fight against COVID-19.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The story of the SARS-CoV-2 pandemic starts with a patient
who was detected with evident signs of acute respiratory sick-
ness on November 17, 2019. A month later, the number of new
patients continued to rise, reaching five cases with comparable
symptoms each day on average, all of whom were hospitalized
in Wuhan Hospital, Hubei Region, for treating pneumonia,
named by the World Health Organization as Coronavirus Dis-
ease 2019 (COVID-19). On January 7, 2020, after deep
sequencing analysis, the Chinese authorities validated that it
was certainly a novel virus of unknown origin from the coro-
navirus family “2019-nCoV” [1]. The most common symptoms
are fever, cough, tiredness, and difficulty breathing. SARS-
CoV-2 is believed to be most commonly spread by respiratory
droplets that are produced when an infected patient speaks,
coughs, or sneezes. The deaths are mainly due to the elderly.
Fortunately, children were rarely affected without death. But
the further course of this pandemic is unknown at this point
[2]. The average incubation period ranges from 5 to 6 days,
and the maximum range varies from 2 to 14 days [3]. Accord-
ing to the WHO status report, over 93 million reported cases
and over 2 million deaths globally since the epidemic on Jan-
uary 17, 2021, 10 a.m. CET.

The main protease MP™ is one of the most targets for drug
development against COVID-19. The MP™ is vital for virus
production by the infected cell because it participates in the
maturation, the interest in the search for inhibitors is of
extreme importance as it inhibits the viral replication of
SARS-CoV-2, making the MP™ an excellent drug target with
great promise [4]. Although research is ongoing into various
aspects of the nature and pathogenicity of the virus, a recent
study has shown that mutations in the SARS-CoV-2 spike pro-
tein, by rearranging itself in response to changes in ACE2 or

drugs targeting the protein region have created a barrier to
develop a new drug against SARS-CoV-2, or effectively
achieve a specific treatment [5-7].

As mentioned above, we can consider SARS-CoV-2 MP™
as the most interesting molecular target for the pharmacother-
apy of COVID-19 due to its highly specific structure conserved
substrate-binding region and a high degree of similarity in all
members of the coronavirus’s family such as SARS-CoV-2,
SARS-CoV, and MERS-CoV. The degree of similarity and
specific structure of MP™ can be used to develop new protease
inhibitors [8.9]. Also, MP™ contains two catalytic domains,
each containing six-stranded antiparallel B-barrel. In addition
to vaccines, several efforts are being made to find potential
drugs that inhibit viral main protease. A preliminary study
has suggested the potential use of protease inhibitor lopina-
vir/ritonavir, commonly used drugs for the treatment of
COVID-19 patients. Unfortunately, these drugs are not clini-
cally acceptable. Additionally, several other viral protease
inhibitors are under study for founding the treatment of
SARS-CoV-2 infection [10].

In December 2021, the Food and Drug Administration
(FDA) approved the emergency use authorization of the oral
antiviral Paxlovid (nirmatrelvir/ritonavir) for the treatment
of SARS-CoV-2 infection. In addition, Paxlovid consists of
nirmatrelvir, which inhibits a SARS-CoV-2 MP™, and a low
dose of ritonavir, which slows down the metabolism of nirma-
trelvir breakdown to help it remain in the body for a longer
period at higher concentrations and helps in fighting the virus
[11-13].

Based on ethnomedical studies, herbal medicines are used
extensively in the treatment and prevention of several infec-
tious diseases. A wide range of natural compounds identified
in several plant species have shown antiviral activities, natural
compounds such as phenolic compounds could be useful in the
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Fig. 1  The 13 phenolic compounds detected in the leaves of Phillyrea angustifolia L.
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development of new anti-Covid-19 drugs [14-16]. More than
13 phenolic compounds have been identified in the leaves of
Phillyrea angustifolia [17]. In the current research paper, we
have evaluated in-silico the inhibitory potential of the previous
13 phenolic compounds (Fig. 1) against the crystal structure of
the main protease MP™ (PDB ID:5R83). The docking approach
can predict the in-silico study of these phenolic compounds. The
four potential phenol compounds have been chosen in compar-
ison with the native ligand (K0OG) and according to their rank
in the value of binding energy. In addition, MD simulations
were performed to determine the stability of ligand—protein
interactions. Also, quantitative structure—activity relationships
(QSAR), MMGBSA binding energies, pharmacokinetics, and
drug-likeness predictions were performed for selected phenolic
compounds.

2. Materials and methods

2.1. Preparation of ligand

Through the exploitation of the PubChem online database
(https://pubchem.ncbi.nlm.nih.gov/) [18], a two (3D)-
dimensional structure of phenols compounds from leaves of
Phillyrea angustifolia (Luteolin-7-O-glucoside, Apigenin-7-O-
glucoside, Demethyl-oleuropein, and Oleuropein aglycone)
used in the present study was obtained from PubChem. More-
over, geometrical optimization of these selected phenolic com-
pounds was also carried out and saved in “.pdbqt” format
using the MGLTools version 1.5.7.

2.2. Preparation of target

The 3D crystal structure of the MP™ protein (PDB ID:5R83
with resolution: 1.58 A) was downloaded from the Protein
Data Bank (PDB) (https://www.rcsb.org/) [19,20]. Crystallized
with its native ligand (K0G), we used Discovery Studio Visu-
alizer 2020 [21] to visualize the protein and delete all water
molecules from the crystal structure of the MP™ protein.
Empty atomic spaces and crystallographic perturbances were
corrected by energy minimization with MGLTools version
1.5.7. Finally, the optimized protein structure was saved in
pdbqt format.

2.3. QSAR studies

Quantitative structure—activity relationship (QSAR) is a
method for discovering the relationship between structural
properties of chemical substances and biological activity in a
dataset of chemicals. Then, QSAR models predict the activities
of new chemicals [22,23]. As a consequence of QSAR model-
ing, a large number of compounds may be selected based on
their desired biological activities [24]. The purpose of the
QSAR study is to support the results of molecular docking
and to provide an expanded look at the chemical and pharma-
cological properties of selected phenolic compounds from
leaves of Phillyrea angustifolia. The HyperChem Professional
8.0.3 application was used to do the computational calcula-
tions. The (MM +) force field and semi-empirical PM3 tech-
niques were used to optimize all phenolic compounds, and
the Fletcher-Reeves conjugate gradient algorithm was used

to reduce the energy. Log P values have been used to assess
the compound’s biological activity and determine its perme-
ability across cell membranes Other important properties such
as mass, volume, surface area, total energy, free energy, hydra-
tion energy, refractive power, RMS gradient, and polarizabil-
ity were calculated for all compounds [25].

2.4. Molecular docking study

A blind docking approach based on Autodock-Vina (version
4; The Scripps Research Institute, La Jolla, CA, USA) was
used to determine the appropriate binding orientations of the
ligands as well as the conformations with the targeted MP™
protein PDB ID 5R83. The docking of ligands is performed
to the whole surface of a protein PDB ID 5R83 without prior
determination of the target pocket. This is needed to calculate
the preferred orientations of the ligand with the highest bind-
ing affinities for the protein active sites associated with struc-
tural pockets and cavities. After molecular docking, the
binding of the four ligands with the specific amino acid resi-
dues has been visualized in Discovery Studio Visualizer 2020.
The best poses were chosen based on the minimum binding
energy required for the binding ligand to the protein. It should
be noted that the protein—ligand docking protocol is Rigid
receptor docking. During the docking process, the protein
was fixed while the ligands were flexible.

2.5. Molecular dynamics (MD) simulation

The molecular dynamics simulation was carried out using the
Desmond software package. The MD simulation software was
used to assess the stability of the protein—ligand complexes.
The OPLS 2005 force field and the Gromos9643al have been
applied. Using Desmonds’ system builder tool, the entire pro-
tein—ligand system in the cubic box in a cubic water box was
solvated by the TIP3P water model in x, y, and z dimensions
while maintaining a 12 A buffer space. The system was neutral-
ized with counterions of 0.15 M NaCl. The cubic water box
Simple Point Charge (SPC) was applied. The system was neu-
tralized with counterions of 0.15 M NaCl. The Simple Point
Charge (SPC) cubic water box was applied. Energy minimiza-
tion (50,000 ps) in two steps (NVT and NPT) was continued
until the minimization was complete. The ambient pressure
was set at 1.013 bar at a temperature of 310 K for 100 ns.
The thermodynamic stability of wild-type (WT) and mutant
(MT) E proteins was investigated using root mean square fluc-
tuations (RMSF) and root mean square deviation (RMSD)
(RMSD). To confirm and improve the results, the simulation
was run three times. Each simulation was executed at about
1000 frames [16].

2.6. Binding free energy calculation

The Molecular Mechanics Generalized Born Surface Area
(MMGBSA) method was applied to calculate the free energy
of the binding of ligands to protein. The Prime module of
Schrodinger estimated the binding free energy. The binding
free energy between the protein SARS-CoV-2S MP™ and the
Ligands was predicted using the MM-GBSA method at the
last 20 ns time.
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Fig. 2 The superimposition of KOG404 between the docking pose in green and the coordinated pose in yellow.

Table 1 QSAR data for the selected compounds.

Function Luteolin-7-o-glucoside Apigenin-7-o-glucoside Demethyloleoeuropein Oleuropein aglycone
Surface area (Approx) (AZ) 640.75 623.99 776.04 535.82
Surface area (Grid) (A% 632.95 585.97 781.67 526.36
Volume (A?) 1068.73 1023.43 1321.86 933.96
Hydration energy (Kcal/mole) —42.67 —35.31 —41.12 —20.44
Log P 4.12 4.12 5.89 5.07
Refractivity (A%) 52.39 54.40 63.21 49.18
Polarizability (A3) 37.56 36.46 40.49 28.55
Mass (amu) 435.28 418.27 514.31 359.23
Total energy (kcal/mol) 9.09332 7.34232 10.8557 5.43942
Dipole Moment (Debye) 1.218 0.8316 1.1 1.106
RMS Gradient (kcal/ A mol) 0.09384 0.09706 0.09499 0.09287

2.7. Pharmacokinetic and drug-likeness predictions

ADMET (Absorption, Distribution, Metabolism, Excretion,
and Toxicity) studies have recently received much attention
in computer-based drug development, they are used to identify
the pharmacological structure. In the following steps, the
Admits were assessed to predict the physicochemical properties
of the selected phenolic compounds by using the website
(https://www.swissadme.ch) [26], and the pharmacophoric

properties were realized by pkCSM servers (https://biosig.
unimelb.edu.au/pkesm/) [27].

3. Results and discussion

3.1. Validation of the docking protocol

The docking protocol was confirmed by redocking the native
ligand (KOG) from the 3D crystal structure of the Mpro pro-
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tein (PDB ID:5R83) into the same binding pocket. The
obtained binding affinity was —6.1 kcal/mol, Fig. 2 shows that
the value of RMSD for two conformations is 0.5464 (A), it is
calculated by Discovery Studio 2020; which confirms that the
used docking protocol is accurate because the RMSD value
was less than 2.0 (A) [28].

3.2. QSAR studies

QSAR shows some molecular descriptors of QSAR properties
of the selected phenolic compounds. The presented values
include /og Surface area, Volume, Hydration energy, Refrac-
tivity, Polarizability, Mass, total energy, Dipole Moment,
and RMS Gradient. The value of log P for Demethyloleoeu-
ropein and Oleuropein aglycone was superior to the rest of
the compounds. Log P is used to assess a compound biological
activity as well as its permeability through cell membranes [29].
A high Jlog P value means the molecule is hydrophobic,
whereas a low value of /og P indicates that the molecule is
hydrophilic [30]. The calculated log P value of Demethy-
loleoeuropein and Oleuropein aglycone was bigger than the
rest of the phenolic compounds. This means that the Demethy-
loleoeuropein and Oleuropein aglycone molecules are more
hydrophilic and soluble than the Luteolin-7-O-glucoside and
Apigenin-7-O-glucoside molecules, respectively as demon-
strated in (Tablel).

3.3. Molecular docking analysis

The current study of phenolic compounds suggests a promis-
ing efficacy against the SARS-CoV-2 [31,32]. The four pheno-
lic compounds can also interact with the amino acids present in
the binding pocket of MP™ inhibiting the synthesis of several
proteins, which are required for the correct viral replication
[33]. The binding interactions between the protein SARS-
CoV-2S MP™ (PDB ID:5R83) and the four phenols com-
pounds from leaves of Phillyrea angustifolia L were predicted
using molecular docking. The three-dimensional crystal struc-
ture of MP™ is used as a target for the docking analysis. The
interactions between the amino acids of the main protease
(MP™) and these phenolic compounds have also been identified
Cysl145, Thr26, Glul66, Thr25, Thr24, Metl65, Asnl42,
Leu287, and Thr199. The 3D globular structural analysis
revealed that the main protease (MP™) form two binding pock-
ets: binding pocket-1 at Cys145, Thr26, Glul66, Thr25, Thr24,
Metl165, and Asnl42, the second-binding pocket-2at two
amino acid residues Leu287 and Thr199 (Table 2).

The assayed docking scores for each phenolic compound
that interacts with the major protease (MP™®) are shown in
Fig. 3, Fig. 4, and Table 2, respectively. The binding energy val-

ues of the selected compounds range from —7.0 to —8.2, with
Luteolin-7-O-glucoside having the greatest binding energy val-
ues. Apigenin-7-O-glucoside formed two H-bonds with polar
amino acids (Thr199) and nonpolar amino acids (Leu287),
two H-bonds due to the H-bond donor group and one due to
the H-bond acceptor site existing in the ligand. Furthermore,
Demethyloleoeuropein is shown five H-bonds with four polar
amino acids (Thr26, Glul66, THR25) and nonpolar amino
acids (Cys145). Additionally, Luteolin-7-O-glucoside reveals
six H-bond interactions with four polar amino acids (Thr25,
Thr24, Metl165) and nonpolar amino acids (Cys145). Finally,
Oleuropein aglycone shows interactions like a Demethy-
loleoeuropein, and additionally, it shows five H-bond interac-
tions with two polar amino acids (Thr26, Asnl42) and
nonpolar amino acid (Cys145) (Table 3), interactions with
key amino acid residues of MP™ (Cysl45) were shown for
almost all compounds. These findings indicated that all of the
phenolic compounds under investigation have strong interac-
tions with MP™, with Luteolin-7-o-glucoside having the stron-
gest capability (Table 3) to combat SARS-CoV-2S and hence
might be used as a retargeted therapeutic drug for COVID-19.

3.4. Molecular dynamics simulation

To assess the conformational stability and fluctuation analysis
of the protein—ligand complexes, a 100 ns molecular dynamics
simulation was performed. The overall stability was investi-
gated further using RMSD and RMSF analysis.

3.4.1. Stability profile analysis by root mean square deviation
(RMSD)

The stability of the selected phenolic compounds within the
two binding pockets (active site) of protein MP™ was investi-
gated using MD simulation for 100 ns, the RMSD values of
the protein—ligand complexes trajectories were calculated
(Fig. 5). The RMSD analysis for the SR83-
Demethyloleoeuropein complex showed that the protein Co-
RMSD of 5R83-Demethyloleoeuropein reached stability
within 05 ns and the results are shown in (Fig. 5C), in 5SR83-
Demethyloleoeuropein complex, the RMSD of Demethy-
loleoeuropein achieved stability nearby 05 ns and sustained
up to 60 ns and then came to an equilibrium reaching 6 A. Fol-
lowing then, the RMSD of compound Demethyloleoeuropein
became unstable and run away from the active site as indicated
by the remarkably high RMSD and trajectory analysis
(Fig. 5C). Also, we found that the values of protein Co-
RMSD of 5R83-Luteolin-7-o0-glucoside and 5R83-Oleuropein
aglycone complexes are almost similar with protein Co-
RMSD of 5R83-Demethyloleocuropein due to their ligands
interact in the same pocket-1. In the same way, Oleuropein

Table 2 Molecular docking analysis and amino acid interaction of selected phenolic compounds.

Compound Binding affinity Torsional Residues found Num of involve residues

(kcal/mol) in the active site H-bond
Apigenin-7-o-glucoside  —7.8 10 LEU 287 and THR 199 2 LEU 287, THR 199
Demethyloleoeuropein ~ —7.2 17 CYS 145, THR 26, GLU 166, 5 CYS 145, THR 26, GLU 166, THR 25
Luteolin-7-o0-glucoside ~ —8.2 11 THR 25, THR 24, MET 165, 6 CYS 145, THR 25, THR 24, MET 165
Oleuropein aglycone -7.0 11 and ASN 142 5 CYS 145, THR 26, ASN 142
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Fig. 3 3D ligand-receptor interactions of selected phenolic compounds with SARS-CoV-2 (MP™).

aglycone RMSD of 5R83-Oleuropein aglycone complex reveals initial fluctuations, then attained a maximum RMSD
showed initial fluctuations then achieved stability near 50 ns. value of 25 A at 20.0 ns and became stable and continued
After that, the RMSD of Oleuropein aglycone became stable, up to 80 ns after the RMSD of compound A became unstable.
with fluctuations limited to a range of 6 mm (Fig. 5D). It can On the other hand, the protein Ca-RMSD of the 5R83-
also be observed that Luteolin-7-o-glucoside (Fig. 5A) RMSD Apigenin-7-O-glucoside complex showed fluctuations between
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Fig. 4 2D ligand-receptor interaction of selected phenolic compounds with SARS-CoV-2 (MP©).

5 and 40 ns, the RMSD fluctuations are between 1.8 and 2.1 A, glucoside complex (Fig. 5B) showed instability value compared
after 40 ns till the end of the simulation the range of fluctua- to other phenolic compounds, and it can be categorized to a
tions became narrow and stable at about 2.1 A. It must be three-time point early stage of the simulation 0—10 ns process
noted that Apigenin-7-O-glucoside interacted in the pocket-2, around 5 A, the second time points 10-55 ns got RMSD range
Apigenin-7-O-glucoside RMSD of 5R83-Apigenin-7-O- 5-64 A, At the third point in time, between 55 ns to the end of
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Table 3 Binding energies (MMGBSA) of the complexes MP™ (5R83) and the selected phenolic compound.

Compound name MMGBSA MMGBSA dG MMGBSA dG MMGBSA MMGBSA MMGBSA dG MMGBSA
dG Bind Bind Coulomb  Bind Covalent dG Bind dG Bind Lipo Bind Solv GB  dG Bind vdW
(Kcal/mol) (Kcal/mol) (Kcal/mol) Hbond (Kcal/mol) (Kcal/mol) (Kcal/mol)

(Kcal/mol)

Apigenin-7-o- —14,38 —0,14 0,24 —0,01 —4,46 3,67 —14,38

glucoside

Demethyloleoeuropein 0,42 —0,84 0,01 0,00 1,54 —0,30 0,42

Luteolin-7-o-glucoside —22,78 —16,57 2,54 —1,39 —6,88 19,66 —22,78

Oleuropein aglycone —48,29 —37,65 3,22 -3,74 -10,29 30,99 —48,29
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Fig. 5 RMSD plot obtained for (SR83-Luteolin-7-O-glucoside, SR83-Apigenin-7-O-glucoside, SR83-Demethyloleoeuropein and SR83-
Oleuropein aglycone) complexes: protein Co and compound RMSD showed in blue and red color, respectively.

the simulation, the value of RMSD is gradually increased from H-bonding interactions with the binding pocket of SR83 pro-
64 to 32 until it became stable, indicating equilibration of tein, while Apigenin-7-o-glucoside forms fewer number of H-
the geometry. In contrast, Luteolin-7-o-glucoside forms more bonds.
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Fig. 6 RMSF plot obtained for (5R83-Luteolin-7-O-glucoside, 5SR83-Apigenin-7-O-glucoside, SR83-Demethyloleoeuropein, and 5R83-

Oleuropein aglycone) complexes.

3.4.2. Stability profile analysis by root mean square fluctuation
(RMSF)

About 306 residues of 5SR83 were calculated using the root
mean square fluctuation (RMSF) to explore the flexibility of
every residue and the fluctuation of the residue during a simu-
lation period. The RMSF of 5R83-Luteolin-7-O-glucoside,
5R83-Demethyloleoeuropein and 5R83-Oleuropein aglycone
complexes are almost similar and all of them stayed less than
2A during the simulation. In comparison with the RMSF of
5R83-Apigenin-7-O-glucoside complex that revealed a local
fluctuation for the whole sequence, it had two peaks fluctua-
tion at (45-55) and at (190-200) residues (Fig. 6D). The two
peak fluctuations were shown in binding pocket-2 of the MP™,
which validated the close interaction of Apigenin-7-O-
glucoside to the binding pocket- 2 of MP™. The maximum fluc-
tuation of RMSF for the SR83-Apigenin-7-O-glucoside com-
plex was observed in the residue SER 46, ASP48, ASN 51,
sn53, Asp58, Gly251, and Alal91 because they have high flex-

ibility probably due to the proton side-chain and backbone ¢
and s angles responsible for the degree of rotation (Fig. 6) [34].
The wide-ranging fluctuations in RMSF and RMSD are indi-
cating of system perturbance that could be caused by confor-
mational changes within the protein complex system or
ligand showing greater displacements inside binding sites. This
has a significant impact on the complex-binding energies.

3.4.3. Ligand properties

Five properties have been investigated to illustrate the stability
of the selected phenolic compounds in the two binding pockets
of protein MP™ through the simulation of 100 ns, as revealed
in Fig. 7. The ligand property was analyzed by calculating the
ligand RMSD, molecular surface area (MolSA), accessible sur-
face area (SASA), the radius of gyration (rGyr), solvent, and
polar surface area (PSA). The RMSD of Luteolin-
7-o-glucoside and Demethyloleoeuropein initially fluctuated
up to 5 ns for 5R83-Luteolin-7-O-glucoside and 5R83-



In-silico investigation of phenolic compounds from leaves of Phillyrea angustifolia L. as a potential inhibitor 11

i A_J.ulegluLnglumle' u_-de b & Apigenin-7-o-glucoside -.

lime (nsec)

Demethyloleoeuropein

T T T
0 20 10 60 80

Time (nsec)

T

0 4 6 80 100

lime (nsec)

~ Oleuropein aglycone

Time (nsec)

Fig. 7 Ligand property trajectory of the (5R83-Luteolin-7-O-glucoside, 5R83-Apigenin-7-O-glucoside, SR83-Demethyloleoeuropein,

and 5R83-Oleuropein aglycone) complexes.

Demethyloleoeuropein, and then gradually steadied for the
rest of the MD simulation. The RMSD of Apigenin-
7-O-glucoside and Oleuropein aglycone for 5R83-Apigenin-
7-O-glucoside and S5R83-Oleuropein aglycone respectively
had fluctuations in the beginning then gradually reached equi-
librium at 10 ns of the simulation. The four phenolic com-
pounds have shown a value of RMSD ranging from 1 to
3 A and the equilibrium around 2.5 A.

The MolSA values of selected phenolic compounds exhib-
ited slight fluctuation ranging from around 340 to 390 A2 with
equilibrium at 490 A for Luteolin-7-o-glucoside andApigenin-
7-O-glucoside, the Demethyloleoeuropein has been noticed in
a range of 470 A? to 490 A2 during most of the simulation
time, the rest of Oleuropein aglycone showed the least fluctu-
ations ranging from around 340 A2 t0 370 A? with equilibrium
at 350 A during the simulation.

The SASA values of four ligands started with a heavy fluc-
tuation up to 50 ns simulation and then gradually converged to
equilibrium. Except for Oleuropein aglycone, all the rest
ligands (phenolic compounds) showed SASA values ranging
from 200 A2 to 600 A> with an equilibrium around 300 A2
Furthermore, the Oleuropein aglycone expressed fluctuations
starting from 200 A2 and ending at 350 A? during 50 ns but
it was then found constant at 200 A2 throughout 100 ns with
the least fluctuations.

Similarly, except for Oleuropein aglycone, the PSA of the
rest ligands began with slight fluctuation but afterward
reached the equilibrium state, these ligands are showing values
of PSA range from 250 A2 to 360 A2 and the equilibrium
around 340 A2 The lowest fluctuation of values of PSA was
observed in Oleuropein aglycone, which ranges from 210 A?
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Fig. 8 Protein-ligand contact plots and interaction residues for the
Demethyloleoeuropein, and 5SR83-Oleuropein aglycone) complexes.

to 230 A2 then attained a maximum PSA value of 225 A at 5 ns
and further got stable for the rest of the simulation time.

3.4.4. Protein-ligand contacts

Protein-ligand contacts provided the best understanding of the
simulation and played an important role in drug development.
They are divided into four types: hydrogen bonds, hydropho-
bic, ionic, and water bridges [35]. Hydrogen bonding (H-

L)

L D 1L R R )

GLN 192

Time (nsec)

(5R83-Luteolin-7-O-glucoside, SR83-Apigenin-7-O-glucoside, SR83-

bonds) are playing an important role in protein—ligand interac-
tions and protein folding [36]. Fig. 8 shows the active site
amino acids histogram for 5R83-Apigenin-7-O-glucoside
(mainly Asp33, Met49, Leu50, Tyrl01, Phel03, Argl8S,
GInl189, Thr190, Alal91, GIn192, Thr199, Arg222, Asp229,
Lys236, Thr237, Asn238, Tyr239, GIn244, Asp248, Gly251,
Ser254, Gly258, Val261, Leu262, Asp263, Glu270, GIn273,
Asn274, Met276, Asn277, Leu278, and Asp289) interacting
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Table 4 In-silico physicochemical properties, medicinal chemistry profile, drug-likeness, absorption, and toxicity of selected phenolic
compounds from leaves of Phillyrea angustifolia L.

Properties Apigenin 7-

glucoside

Demethyloleoeuropein

Luteolin-7-O-glucoside

Oleuropein aglycone

Physicochemical Properties

Molecular weight ~ 432.38 g/mol 526.49 g/mol
Consensus 0.55 —0.33

Log Po/w

Num. rotatable 4 10

bonds

Num. H-bond 10 13

acceptors

Num. H-bond 6 7

donors

TPSA 170.05 A2 212.67 A2

Drug likeness

Lipinski Yes; 1 violation: No; 3 violations: MW > 500,
NHorOH > 5 NorO > 10, NHorOH > 5

Bioavailability 0.55 0.11

Score

Medicinal Chemistry

Lead likeness No; 1 violation:

No; 2 violations: MW > 350,

448.38 g/mol
0.16

4
11
7

190.28 A?

No; 2 violations:
NorO > 10, NHorOH > 5
0.17

No; 1 violation: MW > 350

378.37 g/mol
1.57

8
8
3

122.52 A?

Yes; 0 violation

0.56

No; 2 violations:

MW > 350 Rotors > 7 MW > 350, Rotors > 7
Synthetic 5.12 6.12 5.17 4.63
accessibility
Absorption
Intestinal 37.609 (% 19.044 (% Absorbed) 37.556 (% Absorbed) 74.397 (% Absorbed)
absorption Absorbed)
(human)
Caco2 0.33 —0.834 0.248 0.61
permeability
(log Papp in 10—
6 cm/s)
Toxicity
AMES toxicity No No No No
Max. tolerated 0.515 (log mg/ 0.522 (log mg/kg/day) 0.584 (log mg/kg/day) —0.505 (log mg/kg/day)
dose (human) kg/day)
Hepatotoxicity No No No Yes
Skin Sensitization  No No No No

through hydrogen bonds, where the ligands are indicated in
Fig. 8. Argl88, GInl89, Alal91, Asp248, Ser254, Asp263 were
among the most important residues that were proven to play a
significant influence in ligand binding. The hydrophobic con-
tacts for SR83-Apigenin-7-O-glucoside are have been devel-
oped by the residues Tyrl01, Phel03, Tyr237, Val247,
Ala255, and Leu262. Moreover, 5R83-B water bridges have
been found in the majority of residues along with hydrogen
bonding. The residues Argl88, GInl89, Alal9l, Lys236,
GIn244, Asp248, GIn273 for 5R83-Apigenin-7-O-glucoside
have shown some ionic interactions with the Apigenin-7-O-
glucoside.

The amino acids (mainly Glul4, Glyl5, Mrtl7, GlInl9,
Thr24, Thr26, GIn69, Ala70, Gly71, Asn72, GIn74, Asn95,
Lys97, Tryl18, Asnl19, Serl21, Prol22, Serl23, Asnl42,
Glyl43, Serl44, and Glul89 for 5R83-Luteolin-7-O-
glucoside, Thr24, Thr26, His4l, Cys44, Serd6, Asnl42,
Gly143, Serl44, Cysl45, Hisl64, Glul66, Prol68, GInl89,
Thr190, Ile213, Arg217, Asp248, GIn256, Thr257, Gln299,
Cys300, Ser301, Gly302 for 5R83-Demethyloleoeuropein,

Thr24, Thr25, Thr26, His41l, Cys44, Thr45, Ser46, Asnll9,
Phel40, Asnl42, Glyl43, Serl44, Cysl45, Glul66, Hisl172,
GIn189 for 5R83-Oleuropein aglycone) have interacted
through hydrogen bonds with the ligands Luteolin-7-O-
glucoside, Demethyloleoeuropein, and Oleuropein aglycone
respectively. The amino acids (mainlyThr31, Val73, Pro96,
Tyr118, Pro122, Met165, Pro168, Leu262 for SR83-Luteolin-
7-O-glucoside, Leu27, Leu50, Cysl45, Prol68, Ile213,
Cys300, Val303 for 5R83-Demethyloleoeuropein, Leu27,
Met49, Cysl45, Metl65, Leul67 for5R83-Oleuropein agly-
cone) were involved in hydrophobic interactions with the
ligands Luteolin-7-O-glucoside, Demethyloleoeuropein, and
Oleuropein aglycone respectively. The residues Ser10, Asn72
for 5R83-Luteolin-7-O-glucoside, Asnl42, Glul66 for 5SR83-
Demethyloleoeuropein, and Phel40, Asnl42, Glul66for
5R83-Oleuropein aglycone showed some ionic interactions
with the ligands. In summary, for 5R83-Luteolin-7-O-
glucoside, 5R83-Demethyloleoeuropein, and SR83-
Oleuropein aglycone, many hydrogen bonds were established
between Thr24, Thr26, Asn142, Gly143, Ser144, Glul89, and
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the binding pocket- 2 of MP™ were observed, indicating that
these amino acid residues interact strongly with the ligands
in all possible directions. Similarly, with several studies, we
found His41 and Cys145 (catalytic dyad) strongly interact with
both Demethyloleoeuropein and Oleuropein aglycon [37-40].
Additionally, for  5R83-Luteolin-7-O-glucoside ~ 5R83-
Demethyloleoeuropein and 5R83-Oleuropein aglycone water
bridges were existed in parallel along with hydrogen bonding
in the majority of residues (Fig. 8).

All of the ligand properties fluctuate through the beginning
or the intermediate simulation periods but progressively return
to equilibrium by the end of the simulation, indicating that the
four phenolic compounds or ligands are stable at the active site
of the protein MP™. Finally, the Oleuropein aglycon is more
stable and can be explored for new drug design.

3.5. Calculation for prime (MMGBSA)

The MMGBSA binding energies obtained for all simulated
complexes concerning time (last 20 ns) were in the following
order: Oleuropein aglycone < Luteolin-7-o-glucoside < Apige
nin-7-oglucoside < Demethyloleoeuropein, Oleuropein agly-
cone they had the most binding energy and, as a result, the
least binding affinity to the main protease MP™. Out of the
four selected phenolic compounds, Oleuropein aglycone dis-
played the lowest total binding free energy. Among all the
interactions, the contribution of the Coulomb energy (Cou-
lomb), and the Van der Waals energy were more remarkable
than other items of binding free energy (Table 3) [41].

In-silico pharmacokinetic assessment of investigated compounds. LPO lipophilicity, POLAR polarity, INSOLU solubility, FLEX

3.6. Pharmacokinetics and drug-likeness predictions

The in-silico pharmacokinetic and drug-likeness properties of
the four phenolic compounds and the Absorption and Toxicity
of investigated phenolic compounds from leaves of Phillyrea
angustifolia L are mentioned in (Table 4 and Fig. 9). The Swis-
SADME prediction revealed that the TPSA value of investi-
gated phenolic compounds from leaves of Phillyrea
angustifolia L is closely correlated with the number of
hydrogen-bond donors and acceptors.

As a result, the total polar surface area (TPSA) values of
the investigated compounds are ranged from 122.52 to
212.67 A% The Apigenin 7-glucoside (4), Luteolin-7-O-
glucoside (4) and Oleuropein aglycone (8) have several rotat-
able bonds, which are fewer than 10 except Demethyloleoeu-
ropein, this indicates that those compounds are
conformationally stable [42,43]. The physicochemical proper-
ties of Apigenin 7-glucoside and Oleuropein aglycone only
obeyed the Lipinski rule of 5 with no violation, and they had
a moderate bioavailability score that implies good oral
bioavailability for all investigated compounds. The rest of
the lead likeness and synthetic accessibility implies that four
phenolic compounds are not apt for optimization and can be
easily synthesized. Moreover, the synthetic accessibility value
of these phenolic compounds (except for Demethyloleoeu-
ropein) was less than 6, which indicated their feasibility to syn-
thesis. Furthermore, Consensus Log Po/w (the average of all
five lipophilicity predictions) of four phenolic compounds is
less than 5, which is within the acceptable range; their drug
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score and drug-likeness indicated that these phenolic com-
pounds are more properly to be used as drugs.

Drug development has become more and more difficult in
the current situation due to poor pharmacokinetic and safety
profiles of new chemical entities (NCE) [44]. Several computa-
tional approaches could help us predictions of drug-likeness
activity and potential toxicity of novel compounds in the initial
phases of drug discovery. The toxicity profiles of selected phe-
nolic compounds showed less toxic probability. From our
obtained results, it may be concluded that the studied phenolic
chemicals do not cause AMES toxicity (Salmonella typhimur-
ium reverse mutation assay), hepatotoxicity, or skin sensitiza-
tion. Human colon adenocarcinoma-2 (Caco2) cell line
permeability and human intestinal absorption (HIA) are
important parameters to determine the overall bioavailability
of a drug. All four phenolic compounds displayed compara-
tively low Caco, permeability potential (<0.61 x 10-6 cm/s)
and could be absorbed via the human intestine, the degree of
the percentage of human intestinal absorption increases in
the following order Oleuropein aglycone < Apigenin-7-gluco
side < Luteolin-7-O-glucoside < Demethyloleoeuropein.
High toxicity was detected for all the investigated phenolic
compounds in Tetrahymena pyriformis with an over the value
of 0.285 (log pg/L) [45]. Finally, the Max tolerated dose (hu-
man) values for all phenolic compounds range from 4.63 to
6.12.

4. Conclusion

The interactions of four phenolic compounds (Luteolin-7-O-
glucoside, Apigenin-7-O-glucoside, Demethyl-oleuropein, and
Oleuropein aglycone) from Phillyrea angustifolia leaves with
the SARS-CoV-2 MP™ has revealed strong binding contacts
in the two active pockets of a target protein of SARS-CoV-2
MP™ with the lowest binding energies. These interactions were
further investigated in MD simulation studies of this manu-
script to validate the ligand-receptor contacts. The timeline
interaction profile of MD simulations during the entire
100 ns showed that Demethyloleoeuropein and Oleuropein
aglycon directly interacted with active site residues His41
and Cys145 (catalytic dyad) and other amino acids of the bind-
ing pocket of MP™. According to QSAR, pharmacokinetics,
and drug-likeness property studies, it has been suggested that
Oleuropein aglycone (D) may be the best inhibitor of SARS-
CoV-2 for the design and development of new drugs. There-
fore, it is highly recommended to process in vivo, in vitro,
and clinical studies to examine the possible potentials of these
phenolic compounds in the fight against COVID-19.
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