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Given the pandemic of COVID-19, the new generation of coronavirus noted SARS-CoV-2 remains a global health threat to this day, the
absence of effective and reliable treatments against its severe acute respiratory syndromes implies day after day forced and relentless research
in order to delimit the degree of danger of this virus. In this work, we performed in silico studies on some Eugenol derivatives in order to
suggest promising molecules that could be anti-SARS-CoV-2 drugs, in the first step, a molecular docking study was conducted on a set of
59 compounds derived from Eugenol as inhibitors of the main protease (M) SARS-CoV-2, based on the results, six compounds (51, 10, 7,
54, 4, and 59) were distinguished by the best energy scores, have been chosen to show the binding mode of eugenol derivative inhibitors,
subsequently, we proceeded to the prediction of pharmacokinetics and ADMET properties on six compounds that showed good affinity
towards the main protease, only one compound noted 54, according to the selection criteria of Lipinski and Veber, showed pharmacological
properties suitable for human administration. In addition, the binding stability of the selected compound with our base protein was evaluated

by performing molecular dynamics (MD) simulations which consequently showed good stability with SARS-CoV-2 MP™ under aqueous

conditions.
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INTRODUCTION

In December 2019, in Wuhan, the world saw the day of
the birth of SARS-CoV-2, the thing that caused a global
pandemic posing a serious danger to global health, so the
need for effective and rapid viral treatment has become a
paramount need worldwide.

Until now, the number of people infected by this virus is
increasing day after day, it was estimated, at the time of
writing this article, 671 M cases with a number of 6,84 M
deaths (http://covid19.who.in). According to the degree of
the danger of the current situation, international governments
and scientists have been gathering their efforts, prioritizing
any kind of development of accelerated treatment in order to
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remedy this problem, minimize the damage and avoid the
spread of this virus, however, despite their efforts, any valid
drug treatment against COVID-19 is not yet available for the
public. Now, there are several types of candidate vaccines
against this virus, approved by the WHO, some of which are
mainly made available for urgent cases.

Computational studies, such as molecular docking,
QSAR, molecular dynamics, pharmacokinetic studies, and
others are among the most important techniques for drug
discovery, regardless of the desired activity, thanks to their
efficiency, flexibility of methods, and speed, all at the lowest
possible cost [1-3].

Since the start of the pandemic, several works were
carried out to discover anti-SARS-CoV-2 active molecules.
In one of our earlier projects, we conducted a virtual
screening study to evaluate a set of 129 drugs. The results
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were supported by virtual screening and molecular docking
studies on the active target of the main protease (SARS-CoV-
2) (61u7)[4].

In fact, the structural dependence of the SARS-CoV-2
virus on these ascendants is used as an indicator for studies
aimed at building a candidate model of a potential drug [5].
Indeed, the main protease (MP™) as the one responsible for
virus replication, is considered to be a primary target on
which several SARS inhibitor models have been developed
[6-14].

Thanks to the antiseptic and antiviral properties of
eugenol derivatives and their various biological activities,
today they are frequently used in the pharmaceutical field
since they are already recognized as antimicrobial agents
with antioxidant action. Several works carried out relate to
the studies of the properties of these organic molecules in this
respect such as eugenol or isoeugenol for example [15-17].

In this work, we propose to candidate a set of compounds
derived from Eugenol as drug candidates that act as inhibitors
of the MP* SARS-CoV-2. For this purpose, we proceeded, in
silico, to the Molecular docking, ADMET, and Molecular
dynamics in order to predict the performance of these
compounds and to be able to give day to promising assets
suitable to be candidate drugs against SARS-CoV-2. To be
specific, all the studies carried out have been focused on the
crystallized active target of the SARS-CoV-2 Mpro protein
(noted according to PDB: 61u7) [18].

MATERIAL AND METHODS

The database on which we based our study as candidate
inhibitors of SARS-CoV-2 MP™, is grouped in the form of 59
compounds derived from Eugenol, from a succession of
published works (Table 1 and Table S1) [19-40].

In the first step, to perform molecular docking, we
proceeded to optimize its structures using "Discovery Studio
2021" [41].

The pharmacokinetic properties of the compounds that
showed good affinity towards our studied protein (MP™,)
pkCSM-
pharmacokinetics [42]. PkCSM pharmacokinetics is a tool by

noted ligands, were evaluated using

means of which one could predict, evaluate the ADMET
properties and the ability of the studied compounds to be drug
candidates.
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The stability study of the studied compounds having
shown good results will be supported by a simulation of
molecular dynamics (MD) in order to validate our approach
from upstream to downstream.

Virtual Screening of Ligand-protein Targets

Molecular docking is frequently used today because of its
reliability in predicting binding, conformational style, and
different types of ligand interactions at the receptor binding
site.

The structure of the SARS-CoV-2 protein linked to the
"N3 inhibitor" was taken from the Protein Data Bank (PDB
ID: 6lu7) to perform molecular docking on its active site
using a set of 59 eugenol derivatives.

The
preparation of the protein, first of all, was initiated by

Preparation of the protein and ligands.
eliminating all the water molecules and the reference ligand
"N3 inhibitor " pre-downloaded using "Discovery Studio
2021", and any other non-protein elements, the procedure is
followed by adding hydrogen atoms and then Kollman
charges atoms using AutoDockTools-1.5.7 [43].

Once the protein was prepared, we proceeded, before
initiating molecular docking, to prime the ligands while
optimizing their structures and adding hydrogen atoms.
Using Avogadro software, ligand structures were optimized
by means of the descent method, under the MMFF94 force
field.

The parameters of the interaction site to be studied were
taken as follows: The dimensions of the 3D grid box were (30
x 30 x 30) Angstrom, with the coordinates of x = -10.729,
y =12.417, z = 68.816, in accordance with the active site of
our reference ligand "N3 inhibitor ".

Molecular docking of Eugenol derivatives with the
SARS-CoV-2 protein (MP™). After preparing the ligands for
our eugenol data study, the next step is to carry out molecular
docking on the target site of SARS-COV-2 MP®, the
objective being to evaluate their behavior, i.e. the type of
interaction and affinity. The results obtained were estimated
according to the value of the binding energy, namely, the
lowest is judged to be the best score and consequently, it
corresponds to the best molecule which interacts well with
the protein site.

For those who showed the best score, we used "Discovery
Studio 2021" to illustrate the type of interaction and the
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Table 1. [IUPAC Names of the Eugenol Derivatives Studied

N Name N Name

1 Eugenol 3l 4-(12 2-dimathyl-1 3-doxolan-4-yl)methyl)-2-methoxyphenal

1 Acetylengenol b 4-(2-hydromy-3-(3-hydroxyphencxy)propyl)-1-methoxyphenol

3 4-allyl-2-methoxyphenyl benzoate 33 4-(2-hydroxy-3-{3-hydroxyphenoxyipropyl)-2-methoxyphenol

4 4-(5-allyl-3-methoxy-2-phenooxybenzyimorpholme M 4-{2-hydroxy-3-(4-hydroxyphencayjpropyl)-2 -methoxyphenol

5 4-allyl-2-methoxy-&{morpholinomethyl jphenol 35 5-(4-hydrony-3-methoxybenzyl Mdibydrofiran-2(3H)-one

§ 4-(5-allyl-2 3-dmethoxybenzyjmorpholme 36 4-(4-hydroxy-3-methoxyphemylmtanal

7 4-(5-alkyl-2-(4-chlorophenoxy)-3-mathoxybenzylimorpholine 37 3-(4-hydrorey-3-methoxyphemyl}-2-methylpropanal

(2R, 4R, 5R)-2-(acetorcymethyl)-6-(4-allyl-2-methoxyphenoxy) :
i tetralrydro-7H.pyran 3 4. Strizcetate 3 Srmethary: <01 ipher ol [pbenol
(3R, 4R, 6R)-2-{4-allyl-2-methoxyphenoxy) .
9 6 {hrydroveymetinglietralrydre. 3F.pyran.3 4.5.4ria] 39 2-{(4-allyl-2-methoxyphenoxymethyl)oxirane
{4aR. TR 8BS Ba5)-6-{4-allyl-2-methoxyphenoxy) ; .

10 -2-pheny hexanhydropyrano[3 2-d][1,3]dioxine-7 §-diol ® 1{4-allyl-2-methoxyphencxy)-3-{diethylamino)propan-2-ol

11 4-allyl-2-methonyphenyl 2-fluorchenzoate 41 4-allyl-2-methoxyphenyl phenylmethanesulfonate

12 4-allyl-2-mathoxyphenyl 3-bromobenzoate 42 2-{4-allyl-2-methoxyphenocxyjacetic acid

13 4-ally]l-2-methoxyphenyl 3-chlorobenzoate 43 methyl 2-(4-allyl-2-methoxyphenoxy)acetate

14 4-allyl-2-methoxyphenyl-4-methoxybenzoate 44 2-(4-allyl-2-methoxyphencocy )-IN . N-bis{ 2-lrydroxyethylJacetamide

15 4-allyl-2-methonyphenyl 4-methylbenzoate 45 4-allyl-2-methoxy-6-nitrophenol

16 4-allyl-2-methoxyphenyl 2-phenylacetate 46 S-allyl-3-mtrobenzene-1 2-diol

17 5-allyl-T-methoxy-2-phenylbenzo[d]oxazole 47 4-allyl-2-methoxy-3-nitrophenol

18 5-allyl-7-methoxy-2-{4-methoxyphenyljbenzo[d]oxazole 43 4-allyl-4-hydroperoxy-2-methoxyeyclohexa-2, 5-dien-1-one

19 Iso-eugenol 49 4-allyl-2-zmino-6-methoxyphenol

2 Chavicol 20 (6-(4-hydroxy-3-methoxybenzyl)-3-methyl-2 4-diazabicyelo[3.2.0Thept-3-en-2-v1)(2R)-

3-(2-hydroxynaphthalen-1-yDoxiran-2-ymethanone

21 Chavibetol 51 5-allyl-7-methoxybenzo[d]oxazole-2{IH)-thiona

11 Estragol 51 §-allyl-B-methoxy-3-methyl-3 4-dihydro-YH-benzo[e][1 3 Joxazma

3 Anethol 53 G-allyl-3-(furan-2-ylmethyl}-§-methoxy -3 4-dihydro-JH-benzo[e][1 1]oxazine
24 Safrole 54 2.2'{(5 5 -diallyl-3 3’-dimethoxy-[ 1,1 "brphenyl]-2 2" -dry])bis{cwy}bis(ethan-1-ol)
% Tsosafrale 55 2.2((5,5-di(132,2 A3 3 1 2-allyl)-3,3'-dif 1\'-methoxy)-4 1% 4 12 613 673

- -[1.1"bi(cyclohexane)]-1.1"3.3' 5, 5" hexaene-2 '-divljbis{osy)jbis(l 122 3 -ethan-1-cl)
26 Myzisticine 56 2-[(2-methoxy-4-prop-2-enylphencey methy[]-3.5, §-timethylpyrazine

27 Elemicine 57 T-chloro-4-(2-methoxy-4-prop-2-enylphencxy jquinoline

240(3-( Wl -methyl)-1 2.2 33 4 31-but-2-en-1-yloxy)-6-(3-(4-((3-( L] -methyl)
23 Methylengencl 58 -132,2 33 4 A1-but-2-en-1-yljoxy)-3-(11-methoxy)-2 33,5 13,6 13-phenyl)
-132.2 43 3 A3-allyl)-3-( L1-methoxny)-4 43,5 33-phencl
2-(4-(1 32,2 33 3 i2-allyl)-2( 1] -methowxy)}-3 13,5 33,6 43-phenoxy)
29 4-(2-hydroxypropyl)-2-methexyphenol 59 | -1-{3-(4-chloro-2 13,3 13,5 3.6 33-phenyl)-5-(4-hydroxy-2 3,3 13,5 43,6 13-phenyl)
2323334325 13-pyrazohdm-1-y1}-2 32-ethan-1-one

3 3-{4-hydroxy-3-methoxyphenyljpropane-1.2-diol

amino acids interacted of our target protein with the studied
ligands.

ADMET Analysis of the Best Drug Candidates

In order to procure drug candidates from this work, the
study of pharmacokinetic properties was done for compounds
that showed promising affinity results based on molecular
docking. This step must respect certain well-defined criteria
according to the drug discovery process, the similarity
properties of the drug (Lipinski's rule and bioavailability,
veber, etc.). On the whole, the process which gives good
stability with the least cost is considerable criteria in order
to adopt a drug whatever itis. In this study, the pkCSM-
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pharmacokinetics web server was employed for the ADMET
properties evaluation of studied molecules.

Molecular Dynamics Simulations

To highlight the nature of the 6lu7 complex formed with
the best-selected eugenol compound (i.e., the candidate with
the highest energy score in Molecular Docking with
admissible pharmacokinetic properties), a molecular
dynamics simulation study was carried out using GROMACS
[44], under the charmm?27 force field [45]. The topologies of
the selected drug ligands were issued from the SwissParam
server [46]. Moreover, the 6lu7-drug complexes were placed

in a cubically-shaped simulation box, followed by solvation
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with TIP3P water molecules and the addition of sodium and
chlorine ions to condition and neutralize the entire system.
After that, System optimization has been carried out by
minimizing the steepest descent so as to avoid steric
collisions as much as possible. Then, using the Parrinello-
Rahman barostat with 1 atm for 1 ns, we first carried out NVT
equilibration at 300 K for 1 ns, followed by NPT
equilibration [47], the aim of which is to be able to stabilize
the systems under the conditions we desire. In the end, the
submission of the equilibrated system to MD for 100 ns was
launched.

RESULTS AND DISCUSSIONS

Molecular Docking
Using AutoDock Vina software, the 59 Eugenol-derived
compounds were taken in this study to predict their binding

energy and the most possible modes of interaction with the
SARS-CoV-2 MP™ active site. The binding energy scores
obtained from the molecular docking of all compounds
studied with SARS-CoV-2 MP™ active site are reported in
Table 2.

Based on the results, six compounds (51, 10, 7, 54, 4, and
59) were found to have the highest binding energies, so they
are selected to describe the binding mode of eugenol
derivative candidates. Among the six chosen compounds,
compound 51 was by far the most outstanding with respect to
binding energy with -8.0 Kcal mol™.

Before being able to interpret the results obtained, we
performed the molecular docking, in the same way and under
the same conditions, of our target MP™ with the ligand N3 as
areference inhibitor. On the one hand, the re-docking process
was applied to validate the docking protocol. As shown in
Fig. 1, the re-docked structure of N3 is highly superimposed

Table 2. Predicted Binding Energies of 59 Eugenol Derivatives Anchored with 6lu7

Compound No. BE Compound No. BE Compound No. BE

(kcal mol") (kcal mol") (kcal mol ")
1 -4.9 21 -4.5 41 -5.4
2 -5.4 22 -4.9 42 -6.5
3 -6.4 23 -4.5 43 -5.9
4 -7.0 24 -4.5 44 -5.7
5 -6.2 25 -5.0 45 -5.8
6 -6.2 26 -5.1 46 -5.7
7 -7.3 27 -53 47 -5.9
8 -6.5 28 -4.8 48 -5.4
9 -6.8 29 -4.8 49 -5.5
10 -7.4 30 -5.4 50 -5.3
11 -6.0 31 -5.4 51 -8.0
12 -6.7 32 -6.3 52 -5.5
13 -6.3 33 -6.6 53 -5.8
14 -6.3 34 -6.8 54 -7.1
15 -6.0 35 -6.7 55 -5.9
16 -6.1 36 -6.1 56 -6.7
17 -5.9 37 -5.3 57 -6.8
18 -6.9 38 -5.3 58 -6.8
19 -6.8 39 -6.0 59 -7.0
20 -5.2 40 -5.7
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Fig. 1. The superimposition of the original and re-docked N3
at the binding site of 6lu7.

with its original coordinates, indicating that the docking
protocol is valid. On the other hand, this is done to predict the
types of residues involved in the interactions between MP™
and the N3 ligand, to know if the same amino acids that
interacted with N3 are precisely those of our six selected
compounds.

From the results obtained by comparing those of the
residues interacted with the studied compounds and N3
(Figs. 2 and 3), it can be seen that there is a variety of amino
acids interacted commonly at the level of all the studied
compounds that showed a good score at the molecular
docking and the reference inhibitory ligand N3. The thing
that proves the validity of our studied model, we quote
pertinently the compound 51 that represents the most
important affinity (GLY143, GLU166, MET165, and
LEU167 with several interactions) and the compound 54
(with GLU166, PRO168, MET165, LEU167, and PRO168).
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Fig. 2. Different interactions and key residues between 61u7
and N3 inhibitor.

Given the results obtained by the molecular docking of
all the compounds used on the MP™ protein, the interactions
for the ligands that showed good affinity towards our target
protein were illustrated in Fig. 3, obtained for the best poses
related to the pre-selected ligands.

Figure 3 and Table 3 illustrate the amino acids in the MP™
protein that interact with the ligands, as a whole, there are
favorable interactions type Van der Walls, hydrophobic
interactions (Pi-Pi T-shaped, Amide-Pi Stacked, Alkyl,
Pi-Alkyl), (hydrogen bond, C-H),
electrostatic (Pi-cation ...).

hydrogen bonds

The results show that compound No. 51 is the most
promising as an inhibitory ligand for (M?*,) SARS-CoV-2
protein, in addition to its estimated binding energy of
-8.0 Kcal mol”!, compound 51 is found to be capable of
forming various favorable interactions, 5 hydrogen bonds
with different amino acids (4 conventional hydrogen bonds
with GLY 143, SER144, and CYS145 at 2.482, 1.953,2.977,
3.756 A respectively and another C-H type with GLU166 at
3.582 A ); 2 hydrophobic bonds (Alkyl type with MET165
and LEU167 respectively at 4.296 and 5.119 A) and other
Pi-Sulfur type with MET165 at 5.935 A (Fig. 3: 51(D)).
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Table 3. Type of Interactions between Amino Acids (Residues) of Protein 61u7 with Compounds 51, 10, 7, 54, 4 and 59

Compound Residues Distance Interaction type Compound Residues Distance Interaction tvpe
HIS41 5.410 Pi-Pi T-shaped (Hydroph) GLY143 2.483
4 LEU141 4741 | Amide.Pi Stacked (Hydroph) GLY143 1953 | Conventional Hydrogen
ASN142-MET49 | 4119 Alleyl (Hydroph) SER144 2978 Bond
GLUL66 3472 51 CYS143 3.757
ARG18S 3.606 Cartion Epronges Boud GLU166 3583 | Carbon Hydrogen Bond
CYS145 5.244 Pi-Sulfur MET165 5036 Pi-Sulfur
CYS44 4358 MET165 4206 Alleyl
MET49 3.735 LEU167 5.120 1
7 PROS2 1875 Allyl (ydropk) ARG188 3.734 —
CYS145 4230 HIS164 3656 | Carbon Hydrogen Bond
HIS41 5.170 GLU166 3.573
HIS41 4421 ) 54 HISA1 5246 | Pi-Pi T-shaped (Hydroph
HIS163 4569 FATcy) Hydeaply MET49 3977 )
HIS172 4629 PRO3? 4,895 Alkyl (Hydroph)
MET49 5.034 Pi-Alkyl MET163 4253
HIS41 2.628 MET163 4,952 Pi-Alkyl (Hydroph)
CYS145 3.612 GLU166 3.628 | Carbon Hydrogen Bond
HIS163 2.308 | Conventional Hydrogen Bond GLU166 3.260 Pi-Anion (Electrostatic)
10 PHE140 2,753 & PRO168 4.034
CYS145 7,947 MET165 4,868
HIS41 4900 | PiPi I-shaped (Hydroph) LEU167 1558 Ay {Epdrop)
MET49 3975 Alkeyl (Hydroph) PRO168 4,801

We find in 2" classification the compound No. 10, with
a binding energy estimated at -7.4 Kcal mol’!, the binding
capacity of this ligand is also favorable, with 5 hydrogen
bonds formed with different amino acids of MP® (HIS41,
CYS145, HIS163, PHE140, and CYS145 respectively at a
distance of 2, 628, 3.612, 2.597, 2.753, 2.946 A), 2
hydrophobic interactions ( one Pi-Pi T-shaped type with
HIS41, the 2™ alkyl type with MET49, respectively with a
distance of 4.899and 3.975 A (Fig. 3: 10(C)).

Compound No.7 also has an affinity towards the protein
MP_ while forming favorable bonds such as hydrogen, it is
thus associated with two H-bonds formed as C-H with the
amino acids of GLU166 and ARG188 respectively with a
distance of 3.472 and 3.606 A. The docking score for the best
interaction is -7.40 Kcal mol!. The conformational energy of
the ligand was minimized by the presence of 10 hydrophobic
interactions (one Pi-Sulfur with CYS145 at5.244 A and 4
alkyl with CYS44, MET49, PRO52, CYS145 at4.557,3.735,
4.874,4,229 A and 5 Pi-Alkyl with HIS41, HIS163, HIS172,
and MET49 at 5.170, 4.421, 4.569, 4.629, 5052 A
respectively) which translates into a charge transfer involved
in intercalating the ligand into the 6lu7 binding target.
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Compound no. 54 gave a molecular docking score of
-7.10 Kcal mol! for the best-predicted pose, with 3 hydrogen
bonds formed with ARG188, HIS164, and GLU166 at 3.733,
3.655, 3.572 A respectively, The energy of the ligand is
minimized by the abundance of 5 hydrophobic interactions
(one Pi-Pi T-shaped with HIS41 at 5.245 A, 3 alkyl type with
MET49, PRO52, and MET 165 respectively at 3.976, 4.89468
and 4.252 A and finally one Pi-Alkyl type with MET165 at
4.952 A).

Compounds No. 59 and 4 come last in the selection with
equal docking scores of -7.00 Kcal mol-'. Compound No. 59
shows favorable interactions with the studied protein
including a hydrogen bond of C-H nature with GLU166 at
3.6276 A and other hydrophobic type alkyl with PRO168,
METI165, LEU167, and PRO168 respectively at 3.259,
4.033, 4.867,4.557 and 4.800 A and a Pi-Anion electrostatic
interaction with GLU166 at 3.25976 A. On the other hand,
Compound 4 forms only hydrophobic bonds: a Pi-Pi T-
shaped with HIS41 at 5.410 A and an Amide-Pi Stacked with
LEU141 and ASN142 at 4.741 A, an alkyl type with MET49
at 4.119 A, Van Deer Walls interactions are also present
with ASN142 which allows improving the affinity of the
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compound towards the MP™ (Fig. 3: 4(A)).

Prediction of Pharmacokinetics (ADMET)

In order to be able to find candidate molecules as
innovative drugs in such a fast and reliable way and by
minimizing the time that it is necessary to debit to the
laboratory and to the experimental studies which prove to be
expensive, the use of the data-processing methods to develop
this concept is really paramount as long as they answer well
the desired expectations. For this purpose, we used the online
pkCSM as a tool to calculate the ADMET properties as a
measure of pharmacokinetics.

To be able to study the Pharmacokinetics and the
prediction of the similarity of drugs for the 6 compounds
studied previously (N°51, 10, 7, 54, 4, and 59), There are
several rules and methods of selection of molecules as drugs,
among them, we quote the most relevant: Lipinski's rules
otherwise known as the rule of 5, as well as Veber's rules.

The study of molecular docking already carried out
remains only a preliminary and indicative selection to move
to this stage and therefore does not allow to be used only for
the development of drugs.

As for Lipinski's rules, the pharmacologically active
molecules to be selected must have an acceptable
bioavailability with good oral absorption, so the molecular
weight must be (Mw < 500), logP < 5, hydrogen bond donor
groups (HBD < 5) and hydrogen bond acceptor groups (HBA
< 10). If no more than two parameters exceed this rule, poor
absorption or permeability will be possible [48]. Veber's rule
is proportional to the number of rotating bonds which must
be (RB) <10 and the polar area which has a proportional

relationship with absorption properties in drug discovery
process studies ((PSA) < 140) [49].

Lipinski and Veber selections. First, we will examine
the parameters given by the pkCSM for each selected
compound using the Lipinski and Veber rules in order to
study the acceptability of these compounds to be drug
candidates

According to Table 4, compounds 51, 10, 7, 54, and 4
perfectly meet the criteria given by Lipinski and therefore
there will be no bioavailability problems with them.
Compound 59 even if (logP) exceeds 5 remains included in
the selection of acceptability according to Lipinski.

In addition, as for Veber's rule, all the studied compounds
except N°54 are unacceptable, their polar surface far exceeds
140, one could say that these compounds have a strong
polarity and consequently, they will not be easily absorbed
by the membranes that differs for the case of the compound
54 which has a PSA = 124.129 lower than 140, namely an
acceptable solubility and good accessibility through protein
membranes.

The number of RB rotational bonds is an indicator of the
flexibility of the molecules and their ability to be accessible
for particular interactions with the desired target. In this case,
all the studied compounds meet Veber's rules for the number
of rotational bonds with (RB) < 10.

In conclusion, Veber's rule-based selection of potential
candidates allowed us to select only compound 54 that meets
the drug similarity evaluation criteria, while the other
compounds are rejected due to violation of a Veber criterion
(Table 4).

Evaluation of ADMET properties. Absorption: The

Table 4. Prediction of Lipinski & Veber Parameters for the Six Main Compounds

Lipinski Veber
Compound N° Mw LogP HBA HBD Surface area RB
(g mol™)
4 341.451 4.272 4 0 149.868 7
7 373.880 4.702 4 0 159.481 7
10 400.427 2.060 7 3 168.274 5
51 460.530 3.477 6 3 197.454 5
54 285.343 3.369 4 0 124.129 5
59 478.976 5.381 5 2 203.901 8
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importance of this step during the administration of drugs is
paramount because a drug will not be so if it would have a
problem of absorption. Whatever the route of administration
of the drug, once consumed, it disintegrates into the active
molecule and therefore enters the systemic circulation. There
are several factors influencing the absorption of substances,
such as solubility, permeability, and surface area [50].

From the results obtained in Table 5, especially for
compound 54 since it was admitted according to the selection
of Veber and Lipinski, all compounds showed acceptable
values (logSwat (> -5.7)), so it can be concluded that they
have good water solubility.

Since logPapp must be greater than 0.9, compound 54
(logPapp = 1.818) is therefore considered to be fairly
permeable via Caca2.

In order for the compounds studied to be absorbed in the
intestines, the absorbance should be higher than 30%.
According to the results, all the tested compounds exceed

30% by far.

Skin permeability is still an essential factor in improving
the efficacy of drugs, especially in the development of
transdermal drugs. It is considered that there is a difficulty of
penetration of molecules into the skin if logKp is higher than
-2.5cmh’!. From Table 5, it can be seen that all the evaluated
compounds have a good skin permeability (lower than
-2.5cmh™).

Distribution: According to Table 5, the predicted VDss of
the different compounds, except number 10, is higher than
the optimal value (> 0.45); so we can conclude that the drug
in large part will be in the tissues rather than binding to blood
plasma. Compounds cross the blood-brain barrier without
any problem if the logBB would be greater than 0.3, whereas
compounds with logBB < -1 will be considered poorly
distributed to the brain. The logBB is greater than -1, that is,
there will be no problem in their distribution to the brain. In
addition, the compounds with LogPS > -2 have the ability to

Table 5. Evaluation of ADMET Parameters Predicted by PKCSM

Properiy | Model name 4 7 10 51 54 50 Unit
Water solubility -3.607 | -385 -3.72 | 3430 | -2484 | -5531 Numeric (log mol/L)
Caco2 permeability 0838 | 0837 | 0639 | 0592 | 1818 | 0.571 (log Papp in 10-% cm/s)
Intestinal absorption (human) 88060 | 87.784 | 73.313 | 88.441 | 91.664 | 87.86 (%o Absorbed)
Skin Permeability -2.667 | -2.671 | 2744 | 2735 | -2.512 | 2748 (log Kp)
Absorption P-glycoprotein substrate Yes Yes Yes Yes Yes Yes
P-glycoprotein I inhibitor Yes Yes No Yes No Yes Categorical (Yes/No)
P-glycoprotein IT inhibitor Yes Yes No Yes MNo Yes
VDss (human) 1511 | 1473 | -0.129 | 1.143 | 0856 | -0.108 Numeric (log L'’kg)
Distribution Fraction unbound (human) 0.214 0.2 0063 | 0024 | 0419 0 Numeric (Fu)
BBB permeability 0900 | 0877 | -0704 | -0716 [ 0519 | -0.134 (log BB)
CNS permeability -1828 | -1814 | -3.176 | -2445 | -1.922 | -1974 (log PS)
CYP2D6 substrate No No No No No No
CYP3A4 substrate Yes Yes No Yes No Yes
CYP1A2 inhibitior Yes Yes No No Yes No
CYP2C19 inhibitior Yes Yes No Yes Yes Yes
. CYP2C9 inhibitior No No No Yes No Yes .
Metabalism . | o PING ilibitiar Ye | Y& | Mo | Y | ¥es | No | Cormeodcal(YesTo)
CYP3A4 inhibifior No No No Yes No Yes
Total Clearance 1.013 1.03 0956 | 0813 | 1.156 [ -0.104 | Numeric (log ml'minkg)
Excretion Renal OCT2 substrate No No No No Yes No :
AMES foxicity Yes | No | No | No | No | No | Categorical (Yes/No)
Max tolerated dose (human) 0441 | 0424 | -0394 | -0.282 | -0.137 [ 0.132 | Numeric (log mg'kg/day)
hERG I inhibitor Yes Yes No No No No .
RERG 11 inhibitor ¥es | Ves | Mo | Yes | Yes | Ves | —oeegerical (Yes/No)
Oral Rat Acute Toxicity (LD50) 3154 | 3220 211 2621 | 3321 | 2103
Oral Rat Chronic Toxicity (LOAEL) 0756 | 1315 | 2459 | 12644 [ 1451 221 %
Toxicity Hepatotoxicity Yes No No Yes No Yes Numeric (alke)
Skin Sensitisation No No No No No No Categorical (Yes/No)
T Pyriformis toxicity 0205 | 0205 | 0285 | 0286 | 0464 | 0387 Numeric (log ug/L)
Minnow toxicity 0547 | -0.782 | 1.266 2.11 1.278 | -2225 {log mM)
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easily access the central nervous system (CNS) while
logPS < -3 shows the inability of these compounds to
penetrate the CNS. According to these results, only
compound 10 is recognized to be unable to penetrate the
CNS.

Metabolism: The prediction of metabolism is carried out
on the basis of CYP models (CYP2C19 CYP2D6, CYP3A4,
CYP1A2, and CYP2C9). Table 5 illustrates that compound
10 neither affects nor inhibits all enzymes. Therefore, there
will be no constraint for it to be metabolized in the liver, on
the other hand, the other compounds differ in terms of
behavior towards the model CYP enzymes.

Excretion: The prediction of the total clearance of a
compound is given by log(CLtot) in log(ml/min/kg). When
the compound's estimated CLtot value is predicted to be high,
we can deduce that excretion will be rapid Toxicity

The toxicity results of the eugenol-derived compounds
studied are detailed in Table 5. The LD50 value is expressed
as an indication to evaluate the toxicity of the tested
compounds according to their dose, i.e. the higher it is (in this
case LD50 varies from 2.11 to 3.321) i.e. the compounds
studied are lethal only at extremely high doses. A compound
is said to be potentially mutagenic if the AMES test result is
found to be positive, based on the results only compound 4 is
predicted to be mutagenic. The results also show that none of
the tested compounds caused skin sensitization.

Molecular Dynamics Simulations

The dynamic simulation of 6lu7 and its complex with
compound 54 was carried out during 100 ns, to gain insight
into their stability in an aqueous environment. Figures 4 to 8
present the trajectories of the parameters calculated during
the performed simulations, namely, root mean square
deviations analysis (RMSD), root means square fluctuation
analysis (RMSF), the radius of gyration (RoG), several
hydrogen bonds (H-bond) and solvent accessible surface area
(SASA).

According to Figure 4, RMSD of the 6lu7 and 6lu7-
compound 54 complex fluctuates until it stabilizes after
40 ns. Moreover, the values of their RMSD don’t exceed
0.4 nm throughout the simulation. Nevertheless, the
trajectory of RMSD corresponding to the 6lu7-L164 complex
exhibited more fluctuations compared to the 6lu7-compound
54 complex. In addition, the mean RMSD values of 61u7 and
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6lu7-compound 54 proved to be 0.219 nm and 0.269 nm,
respectively. We also note that the RMSD trajectory of the
6lu7- compound54 complex is like that of 6lu7, indicating
that compound 54 does not induce any significant structural
changes distorting the three-dimensional structure of 6lu7.
Overall, the obtained results highlight that the molecular
recognition of compounds 54 and 6lu7 leads to a stable
complex.

Besides, as depicted in Fig. 5, the RMSF trajectory
corresponding to 6lu7-compound 54 is relatively comparable
to that of 6lu7, exhibiting that compound 154 induces no
potential conformational changes on 6lu7. In addition, the
mean RMSF values of 6lu7 and 6lu7-compound 54 were
0.102 and 0.129 nm, respectively. Furthermore, several
residues of 6lu7 complexed with compound 54 were found to
have low RMSF values, indicating the stability of the 6lu7-
compound54 complex.
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Fig. 4. RMSD of the backbone of 6lu7 uncomplexed and
6lu7- compound54 complex as a function of time.
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presence of compound 54.
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Figure 6 presents the RoG trajectory of 6lu7 and its
complexes. The average RoG values of 6lu7 and 6lu7-
compound54 complex were calculated to be 2.243 nm and
2.241 nm, respectively. Besides, the RoG trajectory relative
to 6lu7- compound 54 was relatively steady during the entire
simulation, supporting the stability of the 6lu7-compound54
complex in an aqueous environment.

Figure 7 presents the trajectory of the solvent-accessible
surface area (SASA) corresponding to all studied systems.
The mean SASA values of 6lu7 and 6lu7-compound54
complex were found to be 150.866 nm? and 149.720 nm?,
respectively. In addition, the SASA trajectory of 6lu7 is
comparable to that of the 6lu7-compound 54 complex and
they were at a steady state during the entire simulation,
indicating that the 6lu7
conformational change during its molecular recognition with

underwent no relevant
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Fig. 6. (2) RoG of 6lu7 and 6lu7-L154 complex as a function
of time.
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Fig. 7. The solvent accessible surface area (SASA) of 6lu7
and it's complex with compound 54.
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compound 54. Besides, as depicted in Fig. 8, compound 54
may have involved a large number of hydrogen bonds with
its receptor, supporting its stability in the aqueous medium.

MM-GBSA Analysis

The binding free energy of the 54-6lu7 complex in
aqueous medium was calculated by applying MM-GBSA.
The calculation was performed using the last 252 complex
frames. As presented in Table 6, -18.27 Kcal mol™! is the
binding energy found, which means that the ligand-protein
recognition was favorable, which confirms the docking
results. Furthermore, the Van der Waals interactions are
highly favorable for ligand-protein binding.

Overall, according to MD and MM-GBSA results, the
molecular recognition between compounds 54 and 6lu7 lead
to favorable and stable complexes.

35

2.5

hbond

0 20 40 60 80 100
Time (ns)
Fig. 8. The number of hydrogen bonds involved 6lu7 and the
compound 54 as a function of time.

Table 6. MM-GBSA Calculation for Binding Free Energy
(Kcal mol!)

Energy component Value
AEvpw -36.06
AEEgLEC -5.07
AGpoLar 23.30
AGNoON-POLAR -4.60
-TAS 4.17

AGgNDING -18.27
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CONCLUSION

After having performed the molecular docking on a set of
59 eugenol-derived compounds, six compounds showed
promoter interactions with the main protease protein,
subsequently, according to the selection criteria of Lipinski
and Veber only compound 54 has been selected, therefore it
that this
administration, its ADMET properties are more or less

seems compound is acceptable for oral

acceptable. In addition, the dynamic simulation study of this
compound with SARS-CoV-2 Mpro under
conditions has shown good stability. Consequently, Further

aqueous

validation is required, such as in vivo and in vitro studies to
predict whether our compound 54 is a good drug candidate
against SARS-CoV-2.
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