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ABSTRACT

The spread of corona-virus disease 2019 (COVID-19) has been faster than any other corona-viruses
that have succeeded in crossing the animal-human barrier. This disease, caused by the severe acute
respiratory syndrome corona-virus 2 (SARS-CoV-2/2019-nCoV) posing a serious threat to global public
health and local economies. There are three responsible for this disease; SARS-CoV-2, SARS-CoV and
MERS-CoV. Whereas our goal is to test the affinity for a new class of compounds obtained from a
hybridization of Chloroquine, Amodiaquine and Mefloquine with three targets SARS-CoV-2, SARS-CoV
and MERS-CoV, in order to find new compounds as new inhibitors against Covid-19. In this work, we
first used: the molecular docking/dynamics methods and ADME properties to study interaction and
affinity between eight new compounds against three targets involved in the Covid-19. The results of
the docking simulations and dynamics revealed that inhibitor of the malaria (Ligand 87) has an affinity
to interact with SARS-CoV-2, SARS-CoV and MERS-CoV targets and they can be good inhibitors for
treatment of Covid-19. Moreover, they give best affinity compared to the Remdesivir and Chloroquine
and other clinical tests. The Pharmacokinetics was justified by means of lipophilicity and high coeffi-
cient of skin permeability. The in silico evaluation of ADME and drug-likeness revealed that L87 has
higher absorption in the intestines with good bioavailability. However, an additional in vitro and/or in
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vivo experimental study should make it possible to verify the theoretical results obtained in silico.

1. Introduction

Corona-virus has appeared the first time in 2012 at the
Arabian Peninsula with a fatality rate of 35%. He was known
as SARS-CoV and MERS-CoV. Both SARS-CoV and MERS-CoV
are zoonotic viruses, and their hosts are bat/civet and drom-
edary, respectively (Lau et al., 2005; Reusken et al., 2013). In
addition, Common symptoms of a person infected with a
corona-virus include respiratory symptoms, fever, cough and
shortness of breath. This virus has appeared again in China,
which it was identified in Wuhan city, in December 2019 and
it spread widely in the whole world because this virus is
mainly spread between people during close contact, often
via small droplets produced during coughing, sneezing, or
talking (Bourouiba, 2020). While these droplets are produced
when breathing out, they usually fall to the ground or surfa-
ces rather than being infectious over large distances
(National Institutes of Health (NIH), 17 March 2020).
According to the World Health Organization (WHO), the
Centers for Disease Control and Prevention (CDC), and the
U.S. Food and Drug Administration (FDA), there are currently
no medications or vaccines proven to be effective for the

treatment or prevention of the 2019 severe acute respiratory
syndrome corona-virus 2 (SARS-CoV-2). CoVs are belonging
to the Coronaviridae family of class Nidovirales and also you
knowing that they are enveloped viruses with a positive RNA
genome. These viruses are divided into four genera (o, B, v,
and 0). The SARS-CoV-2 belongs to the B genus.

In addition, Bosch et al. (2003) found that there are at
least four structural proteins in CoVs: Spike (S) protein, the
envelope (E) protein, membrane (M) protein, and nucleocap-
sid (N) protein. Among them, Spike which is considered host
attachment and virus—cell membrane fusion during virus
infection. Therefore, Spike determines to some extent the
host range. Both the human immune system (human cells),
and the corona-virus itself are considered the two targets for
potential anti-coronavirus therapies, the innate immune sys-
tem response plays an important role in controlling the repli-
cation and infection of corona-virus (Omrani et al., 2014).

The majority of studies for the treatment of corona-viruses
are based on the inhibition of replication of the virus by act-
ing on the blocking of the binding of the virus to receptors
in human cells or the inhibition of the auto-detection of the
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virus. Three methods to develop new drugs have been
developed by scientists to fight the corona-virus (Zumla et
al, 2016). The first method is to test anti-virals at a wide
range ‘broad-spectrum’ (Chan et al., 2013) by using inhibitors
like ribavirin and cyclophilin for the treatment of corona-virus
pneumonia, but the major disadvantage of these therapies is
that they cannot kill corona-viruses in a targeted manner,
and their side effects should not be underestimated. The
second method is to screen for molecules that may have a
therapeutic effect on corona-virus by using existing molecu-
lar databases (de Wilde et al., 2014; Dyall et al., 2014). This
method based on high throughput screening and new func-
tions of many drug molecules can be found through this
method, for example discovering the anti-HIV drug. The third
method aims to develop new targeted drugs from scratch
based solely on the genomic information and pathological
characteristics of different corona-viruses. Theoretically, the
strategy is very effective and the drugs found thanks to
these therapies would exhibit better anti-coronavirus effects,
but unfortunately the procedure of research of a new drug
by this method could cost several years (Omrani et al., 2014).

After the spread of this incurable disease, a number of
vaccines and drugs were proved their efficacy and approved
in clinical studies (Wang et al., 2020).

Recently, several vaccines were entered into the clinical
evaluation (Le et al.,, 2020). Among them include: (1) mRNA-
vaccines: BioNTech/Pfizer (Muller et al., 2021), Moderna
(Mahase, 2020), Inovio as DNA-based vaccines (Calina et al.,
2020) and CureVac/Bayer (Rosales-Mendoza et al., 2020). (2)
Especially for Viral vector vaccines: AstraZeneca (Wise, 2021),
Janssen Vaccines (Livingston et al, 2021) and by Gamaleya
Research Institute of Epidemiology and Microbiology (Jones
& Roy, 2021). (3) For inactivated virus: Sinovac vaccine
(Palacios et al, 2020) developed by China Sinovac Biotech
Company. (4) Antigen-based vaccine EpiVacCorona that was
developed by the Vector Institute (Ryzhikov et al., 2021).

Currently, inhibition of targets SARS-CoV-2, SARS-CoV and
MERS-CoV with novel small molecules have been continu-
ously discovered either from natural products or synthetic by
using different methods such as: computational and experi-
mental approach (Alamri et al, 2020; Gao et al, 2020;
Gautret et al., 2020; Wu et al.,, 2020) and lots of drugs tested
for the treatment of Covid-19 are discovered based on these
targets, among which: Chloroquine (Keyaerts et al, 2004;
Vincent et al,, 2005), Hydroxy Chloroquine (McChesney et al.,
1983), Remdesivir (Warren et al., 2016), Arbidol (Panisheva et
al., 1988), Favipiravir (Furuta et al., 2005), Ribavirin (Witkowski
et al., 1972) and Sofosbuvir (Bullard-Feibelman et al., 2017)
are the seven drugs used like Clinical Trials for the treatment
of Covid-19 or initially approved by U.S. FDA such as remde-
sivir (Beigel et al., 2020). In addition, IFN-I with an established
role in suppression and treatment of SARS-CoV, MERS-CoV
and SARSCoV-2 infections was also suggested (Lee & Shin,
2020). Also, CR3022 monoclonal antibody with binding affin-
ity to the RBD of SARS-CoV-2S protein was suggested as a
therapeutic approach (Lee et al., 2020).

Several previous studies (Mani et al.,, 2019; Sakurai et al.,
2015) have mentioned that many promising drug candidates

for various viral infectious diseases like Ebola, ZIKA, dengue,
influenza, HIV, HSV, CMV infections and various other infec-
tious diseases have been probably able to be mainly devel-
oped to treat other illnesses such as: MERS- and SARS-CoV,
Imatinib Approved/anticancer for MERS- and SARS-CoV.

Recently, Luiz et al. (2019) proves that eight new compound
derivatives (Chloroquine, Amodiaquine and Mefloquine) stood
out as potent inhibitors against malaria (Figure 1).

In this contribution, a combination of three theoretical
approaches based on molecular docking, molecular dynamic
simulations and ADME Properties were used to explore
potential inhibitors among eight compounds against three
coronavirus enzymes: SARS-CoV-2, SARS-CoV and MERS-CoV
and then compared to Chloroquine, Hydroxychloroquin,
Simeprevir, and Remdesivir an antiviral drugs inhibitors of
angiotensin converting enzyme 2 (ACE2) (see Figure 1a, sup-
plementary material).

2. Materials and methods
2.1. Targets and compounds preparations

2.1.1. Targets preparations

The X-ray structures of SARS-CoV-2 (PDB ID: 6LU7) in the
bound state with PRD_002214, SARS-CoV (PDB ID: 2A5I) in
the bound state with AZP and MERS-CoV (PDB ID: 5WKK)
3CLpro in the bound state with AW4 were retrieved from the
protein RCSB Database (http://www.rcsb.org/pdb).

In addition, the validations of the model for the enzyme
MERS-CoV (PDB ID: 5WKK) 3CLpro is the most important step
in homology modeling. SWISS-MODEL, managed by the
Swiss Institute of Bioinformatics (Arnold et al., 2006; Guex et
al., 2009; Kiefer et al., 2009) used to find out the evolutionary
conserved functional residues among MERS-CoV by identifi-
cation, protein in the Protein Data Bank (PDB) having high
sequence similarity (identical and shares similarity) which
could be further targeted as probable target for the discov-
ery of drug hits.

In the last, the energy of the protein structures is mini-
mized using the Energy minimization algorithm of MOE tool.
These energies of proteins are calculated (in kcal/mol) by
MOE using a MMFF94x force field with conjugant gradi-
ent method.

Clément and Slenzka (2006) and Didierjean and Téte-
Favier (2016) demonstrate that the protein structure with a
resolution between 1.5 and 2.5 A have a good quality for fur-
ther studies, whereas, the resolution values of: SARS-CoV-2,
SARS-CoV and MERS-CoV targets belong to this interval. In
addition, we note that R-value of all enzymes belong to the
range of typical values according to Kleywegt and
Jones (1997).

For simplify structures of these three enzymes, all ions
and Co-crystal ligand molecules were deleted from the struc-
tures and the PDBs, but the water molecules were kept
because Klebe, G (Klebe et al., 2006) shows that the presence
of water is sometimes essential to ensure a relay between
the compound and the active site and thus create networks
of hydrogen bonds. On the other hand Marechal (Marechal,
2007) confirmed that water molecules in the cavities of
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Figure 1. The chemical structures of the compounds tested with their ICs, value against malaria.

proteins can sometimes be a fundamental element some
algorithms are able to simulate the presence of water mole-
cules in the cavities of proteins.

Validation of molecular docking method is the most import-
ant factor for obtains a good and accurate results. Therefore,
there are two validations such as (Hevener et al., 2009):

1/Internal validation (searching for <2 A RMSD).
2/Retrospective Validation (ROC validation).

In our case we used the internal validation and in order
to validate the docking method, we re-docked the three co-
crystallized ligand (The co-crystallized ligand: of 6LU7 is:
PRD_002214 (Peptide), 2A5I is: AZP(C35H43N500) and 5WKK is:
AW4(C,,H3,CN30gS) into theirs crystal structures of enzymes
using MOE software, and the results obtained of the best
poses of three complexes were nearly perfectly superim-
posed with the native ligand with an RMSD values of 1.195,
1.714 and 1.024A which were lower than 2A, the value
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Figure 2. (a) The top scoring compound. (b) A novel inhibitor L-87 identified by molecular docking is shown in the active site.

described in the literature reference, and this values justify
the accuracy of this method.

2.1.2. Compounds preparation

The three-dimensional structures of eight compounds tested in
malaria (Table 2) were pre-optimized using Hyperchem 8.0.8
software (HyperChem v8, 2009) by means of the Molecular
Mechanics using Force Field MM+. After that, the resulted mini-
mized structures were further refined using the semi-empirical
method AM1 (Stewart, 2007) with default parameters such as:
the Polak-Ribiere conjugate gradient algorithm of 0.01 kcal/(A
mol). The database was created in which all the compounds
were converted into their 3D structures and this database was
used as an input for MOE-docking software MOE (Molecular
Operating Environment (Moe), 2019) and MVD software
(Thomsen & Christensen, 2006) in order to extract the informa-
tion of all compounds (Table 1).

According to the table above, we note also that the three
compounds L83, L87 and L107 have a high value of weight
compared to other compounds and also the results obtained
show that the these compounds (L83, L87 and L107) have a
high value of torsion angle relative to other compounds, this
shows that these compounds are more flexible. In addition,
it is noted that the growth of the torsion angle depends on
the binding number of the molecules.

3. Computational approach
3.1. Molecular docking protocol

Molecular Docking and dynamics simulation was done using
MOE software (Molecular Operating Environment (Moe),
2019). MOE-Dock implemented in MOE software was used
for identifying different favorable binding (interactions)
between compounds and targets which it based on type of
molecular mechanics force fields chosen (Halgren, 1996,
1999). For molecular docking calculations, we followed the
same steps (same protocol) used in our previous studies
(Chenafa et al.,, 2021; Daoud et al.,, 2018; Mesli et al., 2021)
and the default parameters are: Placement: Triangle Matcher;
Rescoring 1: London dG (the scoring function was employed
to estimate the lowest free energy of the complex with the
best pose of ligand tested). During the docking process the

ligand was considered structurally rigid while the target was
set as completely flexible.

The results of the top-score docking poses were con-
structed and the best scoring complexes in the active site
were selected for the further MD simulation study (Dal Ben
et al,, 2013).

3.2. Molecular dynamics (MD) Simulation and
pharmacophore mapping protocol

The best pose with lowest score energy obtained by docking pro-
cedure was confirmed by (MD) simulations using MOE software
witch that uses the Nose Poincare-Andersen (NPA) equations of
motion and MMFF94x force field (Bond et al,, 1999; Sturgeon &
Laird, 2000). Molecular dynamics calculations based on the study
of the variation of RMSD as a function of time for complexes
(Aryapour et al, 2017; Azam & Jupudi, 2017; Ballu et al,, 2018;
Hernandez-Rodriguez et al.,, 2016); but the other studies evaluat-
ing the variation of potential energy as a function of time
(Chaube et al., 2016), in both situations the aim is to show the sta-
bility of the complexes. In our case, (MD) simulation employed to
analyze the variation of the potential energy as a function of time
for all complexes. The minimized system was then heated to
desired temperatures under an isothermal ensemble by soft cou-
pling with the Berendsen thermostat (NVT) (Berendsen et al.,
1984). In all simulations the van der Waals cut-out distance was
set to 8 A. Molecular dynamic simulations were then carried out
in periodic cubic box with minimum distance of 1.0 nm between
any atom of the protein and walls of the cubic box. After mini-
mization, heating and equilibration, the production MD phase
was carried out at 300K for 100 ns with a time step of 1 fs using
the constant volume and temperature (NVT) ensemble. The
Molecular Operating Environment (MOE) software was used for
our study because it has proven its performance in several recent
studies; we can cite some example of work: Mesli et al. (2019;
Nadia et al., 2020). The pharmacophore mapping study of the
best ligand L85 was carried out by online server PharmMapper
(Parr & Yang, 1980) (http://www.lilab-ecust.cn/pharmmapper/).
The pharmacophore mapping experiment was done for the best
ligand molecule among the eight selected ligands use for the cre-
ation of new drugs (Figure 15). The ligands, downloaded in SDF
format from PubChem server, were uploaded and the ‘maximum
number of conformations’ parameter was set at 1000, all possible
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targets were kept at the ‘select target set’ parameter and the
‘number of reserved matched targets’ parameter was kept 1000.

In the advanced options, the cut-off value of fit score was set at
0. All the other parameters were kept at default.

Table 1. Some properties of the studied compounds.

Rsynth  Weight TPSA
Compounds ~ Toxic (%) (g/mol) A2 Hdon 4 Hacc  Flexibility
L2 No 100 34331 39.99 don:1; acc:3 3out3
L44 No 84 341.32 39.99  don:1; acc:2 3out3
L56 No 100 258.67 60.67 don:0; acc:4 2 out 2
L75 No 100 42334 59.06 don:1; acc:4 8 out 8
L83 No 100 631.19 5895 don:2; acc2 11 out 11
L87 No 100 507.61 11521 don:2; acc5 12 out 12
L107 No 100 45453  101.80 don:2; acc:5 9out 9
L129 No 100 361.25 66.49 don:2; acc:5 4out 4
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The P450 site of metabolism (SOM) of the three best
selected ligand molecules were determined by online tool,
RS-WebPredictor 1.0 (http://reccr.chem.rpi.edu/Software/RS-
WebPredictor/).

The pharmacophore modelling of the two best ligands
was performed using Molecular Operating Environment
(MOE) software. Moreover, the P450 SOM prediction, pharma-
cophore mapping and solubility prediction were carried out
to determine and compare the biological activities of the
two best ligands molecules.

4. ADME properties

In recent years, the ADME have been developing an import-
ant number of parameters for predicting ADME properties

Table 2. S-score (Energy) and interactions between compounds and the active site residues of SARS-CoV-2, SARS-CoV and MERS-CoV targets.

SARS-Cov-2 (PDB ID: 6LU7)

Bonds between atoms of compounds and residues of active site

S-score Atom of Involved receptor Involved receptor Type of interaction Energies
Compounds (kcal/mol) compound atoms residues bond Distance (A) (kcal/mol)
L2 —6.464 - - - - - -
L44 —6.246 - - - - - -
L56 —5.597 0-18 NE2 HIS163 H-acceptor 3.42 —0.60
6-ring N GLU166 Pi-H 4.22 —0.90
L75 —6.467 0-45 NE3 HIS163 H-acceptor 3.06 —6.40
L83 —5.392 0-31 SD MET165 H-donor 4.16 —0.60
L87 —7.607 0-28 N GLY143 H-acceptor 3.02 -3.70
6-ring N THR26 pi-H 4.41 -1.70
6-ring N GLU166 pi-H 4.15 —0.80
L107 —6.942 5-ring N GLU166 pi-H 4.16 —-1.10
L129 —6.920 F-27 NE2 HIS163 H-acceptor 294 -1.20
5-ring cG GLN189 Pi-H 4.68 —0.80
SARS-Cov (PDB ID: 2A5I)
Bonds between atoms of compounds and residues of active site
S-score Atom of Involved receptor Involved receptor Type of interaction Energies
Compounds (kcal/mol) compound atoms residues bond Distance (A) (kcal/mol)
L2 —6.479 6-ring 5-ring HIS41 pi-pi 3.86 —0.00
L44 —6.109 C2 OE1 GLN189 H-donor 347 —0.80
L56 —5.595 0-18 NE2 HIS163 H-acceptor 3.06 —1.50
5-ring 0 HOH369 pi-H 3.83 —2.20
6-ring 5-ring HIS41 pi-H 3.99 —0.00
L75 —6.887 N-22 0 HOH324 H-donor 3.00 —0.00
L83 —6.836 N-12 SD MET165 H-donor 4.44 —0.90
L87 —8.764 N-17 SD MET49 H-donor 3.99 —1.60
N-11 N GLY143 H-acceptor 3.63 —0.90
0-29 0] HOH538 H-acceptor 3.24 —0.90
6-ring N ALA46 Pi-H 4.62 —0.90
L107 —-7.309 0-23 SD MET49 H-donor 3.87 —0.40
6-ring B GLU166 Pi-H 4.10 -1.00
L129 —6.431 - - - - - -
MERS-Cov (PDB ID: 5WKK)
Bonds between atoms of compounds and residues of active site
S-score Atom of Involved receptor Involved receptor Type of interaction Energies
Compounds (kcal/mol) compound atoms residues bond Distance (A) (kcal/mol)
L2 —6.533 N-4 SG CYS148 H-donor 4.07 —0.30
N-12 0 HOH517 H-donor 3.19 —2.90
L44 —6.759 - - - - - -
L56 —5.870 - - - - -
L75 —6.228 - - - - - -
L83 —5.854 0-31 NE2 HIS194 H-acceptor 297 —1.60
L87 —7.074 N-17 0] HOH517 H-donor 3.1 —0.30
N-26 0] HOH517 H-donor 2.99 —0.90
L107 —6.759 N-21 OE1 GLN192 H-donor 3.00 —4.80
0-24 N GLU169 H-acceptor 3.37 —3.70
L129 —6.686 N-11 0] GLN167 H-donor 3.07 —2.80
N-14 SG CYS145 H-donor 3.26 —2.80
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Figure 3. Detailed view of both compounds L87 and L129 binding in the active site of the enzyme (enzyme PDB: 6LU7).

such as, blood-brain partitioning (Norinder & Haeberlein,
2002), human intestinal absorption (Fagerholm, 2007; Hou et
al., 2008; Johnson & Zheng, 2006), oral bioavailability (Johnson
& Zheng, 2006), Caco-2 permeability (Norinder & Bergstrom,
2006; Hou et al., 2006), P-glycoprotein-mediated transport
(Ekins et al., 2007), volume of distribution, clearance, even half-
life, plasma-protein binding (Van De Waterbeemd & Gifford,
2003), metabolism (Jolivette & Ekins, 2007) and including solu-
bility (Delaney, 2005). Meanwhile, ADME properties software
was used to predict a range of ADME properties, among them
SwissADME (Daina et al., 2017).

5. Results and discussion
5.1. Docking and pose analysis

For generating and evaluating the compounds conforma-
tions with targets you have to choose a good search algo-
rithm and scoring function, this depends on the software
used in the molecular docking simulation. A molecular dock-
ing calculation is evaluated by two parameters, energy score
(calculated by scoring function) and bonds (calculated by
search algorithm) between the compounds and active site
residues of all the targets.

The details results of docking calculations and the best
pose received after a docked of all compounds with SARS-
CoV-2, SARS-CoV and MERS-CoV targets are listed in Table 2.

5.1.1. SARS-CoV-2-compounds interactions
The results obtained show that the score of binding free
energy of all complexes (6LU7-Compunds) was between

—5.392 and —7.607 kcal/mol and the complexes forming by
compounds: L87 and L129 have the lowest binding energy
score compared to the other complexes (see Figure 3; Figure
3a, supplementary material). They give the best docking
scores, based on the binding free energy, citing here:
—7.607 and —6.920 respectively (Table 2). This shows that
these complexes are more stable.

We note that the complex formed by the compound L87
(6LU7-L87) (Figure 2 (a,b)) has the lowest energy score com-
pared to the other complexes formed by clinical test.
Moreover, this compound forms three interactions with
active site residues. In addition, this compound formed three
interactions with active site residues of the SARS-CoV-
2 target.

The complex formed by compound L129 gave a score
value very close (slightly higher) to the value of the both
best of clinical test Remdesivir and Arbidol (Table 2, see sup-
plementary material) which theirs binding free energy was
—7.357 and —7.102kcal/mol respectively. In addition, this
compound establishes two interactions with active site resi-
dues of the SARS-CoV-2 target.

The binding mode observed for compound L87 shows
that it establishes three interactions with the receptor
pocket, Two interactions pi-H does appear in Figure 3, the
first one between 6-ring of a compound and N atom of
THR26 (4.41A), the second between 5-ring of compounds
and N atom of GLU166(4.15A), the third is the type H-
acceptor formed between the 0O-18 atom of a compound
and N atom of GLy143 (3.02 A) (Table 2), and according to
Imberty et al. (1991), interactions between 2.5A and 3.1A
are considered strong and those between 3.1A and 3.55A
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Figure 8. (a) The top scoring compound. (b) A novel inhibitor L-87 identified by molecular docking is shown in the active site.

are assumed to be weak. This confirms that this H-acceptor
obtained is strong. In the other hand, these results obtained
by docking the molecules are confirmed by the good inhib-
ition against Malaria (IC50 =3.46 uM) of this compound (Luiz
et al, 2019). Similarly compound L129 is most active towards
Malaria (IC50=0.083 uM) also the complex formed by this
compound give low score energy and establish two interac-
tions with the active site residues. The first one is H-acceptor
(2.94A) between F-27 of a compound and NE2 of HIS163.
The second interaction pi-H (4.68) formed between 5-ring of
compound and the CG of GLN189. This H-acceptor (2.94 A) is
strong, according to Imberty et al. (1991).

5.1.2. SARS-CoV-compounds interactions

The results obtained show that the score of binding free
energy of all complexes (2A5I-Compunds) was between
—5.595 and —8.764 kcal/mol and the complexes forming by
compounds: L87 and L107 have the lowest score of binding
energy compared to the other complexes (see Figure 6;
Figure 6a, supplementary material). They give the best dock-
ing scores, based on the binding free energy, citing here:
—8.764 and —7.309 respectively (Table 2). This shows that
these complexes are more stable. The complex formed by
compound L87 gives the lowest score energy values 8.764
compared to the all complexes which that formed by clinical
test. This compound establishes four interactions with the
active site residues of the receptor (Figure 6). However, the
compounds L87 is revealed good inhibition against
Malaria (IC50 = 3.46 uM).

The complex formed by compound L107 (Figure 7 (a,b))
gave a very close score value (slightly higher) to the best
clinical test Remdesivir and Arbidol score values (Table 2, see
supplementary material). Whereas, their bindings free were:
—8.204 and —7.381kcal/mol respectively. In addition, this
compound establishes two interactions with the active site
residues of the target.

In Figure 6, we observe that compound L87 establishes
four interactions with pocket of receptor, Two interactions H-
acceptor, the first one, between N-11 of compound and N
atom of GLY143(3.63 A), the second between 0-29 of a com-
pound and O atom of HOH538(3.24 A), the third is the type
H-donor formed between the N-17 atom of a compound and
SD atom of MET49 (3.99A), and the last pi-H formed
between 6-ring of the compound and N atom of
ALA46(4.62 A) (Table 2), and according to Imberty et al.
(1991), all these H-Bond (acceptor and donor) obtained are
weak. Similarly compound L107 give low score energy and
establish two interactions with the active site residues. The
first one is H-donor (3.87 A) between 0-23 of a compound
and SD of MET49. The second interaction pi-H (4.10A)
formed between 6-ring of compound and the CB of GLU166.
This H-donor is weak according to Imberty et al. (1991). This
compound was known to have a good inhibition against
Malaria (IC50=5.13 uM) (Luiz et al., 2019).

5.1.3. MERS-CoV-compounds interactions
The results obtained show that the binding free energy score
of all complexes (5WKK-Compounds) was between —5.400
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Figure 10. (a) The top scoring compound, L107. (b) A novel inhibitor L-129 identified by molecular docking is shown in the active site.

and —7.074kcal/mol and the complexes forming by com-
pounds: L87, L107 and L129 have the lowest binding energy
scores compared to the other complexes. They give the best
docking scores, based on the binding free energy, citing
here: —7.074, —6.759 and —6.686 respectively (Table 2) (see

Figure 9; Figure 9a, supplementary material). This shows that
these complexes are more stable. The complex formed by
the compound L87 (Figure 8 (a,b)) gives a low energy value
of the score —7.074 kcal/mol that it is very close to the value
of the clinical test, Remdesivir and Arbidol (Table 2; Figure
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9b, supplementary material), this compound establishes two
interactions with the residues of active sites of MERS-CoV
(Figure 9). On the other hand, we note that the compound
L87 considered among the most powerful compounds for
the inhibition of Malaria (IC50 = 3.46 uM).

Similarly, compounds L107 and L129 (Figure 10 (a,b))
have low energy score values —6.759 and —6.686 kcal/mol
respectively (Table 2). They are involved in making two inter-
actions with the active site residues.

Figure 5 shows that compound L87 establishes two strong
H-donor interactions with receptor pocket, the first one,
between 0-17 of a compound and O atom of
HOH517(3.11 A), the second between N-26 of a compound
and O atom of HOH517(2.99 A) (Table 2).

Compound L107 is making two interactions with the
receptor pocket (Figure 6), the first one, strong H-donor
interaction (3.00A) between N-21 of a compound and OE1
atom of GLY192, the second, weak H-acceptor interaction
(3.37A) between 0-24 of a compound and N atom of
GLU169, similarly compound L129 is making two H-donor
interactions with receptor active site residues, The first one is

Table 3. Thermodynamic properties calculated in reels units. Pressure P =P*
&/ o, Energy of configuration U= U* Ne, translation Kinetic Energy EKT = EKT*
Ne and Enthalpy H=H* Ne.

SP; Method H U EKT P

SPi SARSCOV-2-Lig-87 0.2563 542.365 2532.256 —42.236
SARS-COV-Lig-87 0.2745 742326 1452.365 —40.526
MERS-Lig-87 1.542 956.256 1452.325 —35.265
SARSCOV-2-Lig-107 0.352 752.365 1542.365 —25.365
SARS-COV-Lig-107 0.745 865.256 2563.212 —28.256
MERS-Lig-107 0.542 1025.002 2453.254 —24.256

Key : O0: Docking, E :MD

strong between N-11 of a compound and O of
GLN167(3.07 A). The second is weak formed between N-14 of
compound and the SG of SYS145 (3.26 A) (Table 2).

5.2. MD simulation analysis

Many previous studies (Chen et al, 2014, Chen, 2015; Huang
et al., 2014; Hung et al, 2014) confirmed that the highest
dock score obtained by molecular docking does not mean
that the compound is a potent lead, but, to validate this
result it is necessary to be accompanied by molecular
dynamics simulations.

The molecular dynamics results are grouped together in
Table 3 for the selected compounds L87 and L107. The pro-
duction MD phase was carried out at 300K for 100 ns with a
time step of 1 fs using the constant volume and temperature
(NVT) ensemble.

In contrast to the complex formed by L87 their energies
(Energy of configuration and translation Kinetic Energy) were
low (Figures 11-13) shows significant pressure fluctuations
for the complex formed by L107 with an order of: 0.
024-0.035 which explains the instability of the system, there-
fore, the rotational movement and vibration energy is
important oscillation. Therefore, the L87 is predicted to be
the most interactive system. These results are in total agree-
ment with the Molecular Docking results (Table 2). The
curves of both complexes 6LU7-L87 and 6LU7-L107 show
that after 600 ps there is the stability of the potential energy
(Figure 4) and both compounds L87 and L107 create the
same number of interactions with the active site residues of

Docking

Figure 11. The compound L87 is docked without water well into the binding site of SARS-COV2 and has the highest dock score; there is also a clear difference
between the final ligand pose and the docking pose after a molecular dynamics (MD) simulation.
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MD

,p<

Figure 12. The compound L87 is docked without water well into the binding site of SARS-COV and has the highest dock score; there is also a clear difference
between the final ligand pose and the docking pose after a molecular dynamics (MD) simulation.

‘ Key : I :Docking Il :MD

Figure 13. The compound L87 is docked without water well into the binding site of MERS-COV and has the highest dock score; there is also a clear difference
between the final ligand pose and the docking pose after a molecular dynamics (MD) simulation.

the SARS-CoV compared to molecular docking calculation
but with other active site residues. In the last case, we can
see that the three complexes 5WKK-L87, 5WKK-L107 and
5WKK-L129 show that after 800 ps there is a stability of the

potential energy (Figure 4) and both compounds L87 and
L129 establishes the same number of interactions with the
same active site residues of MERS-CoV compared to molecu-
lar docking calculation but the compound L107 forms the
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Table 4. ADME properties for three top scoring lead compounds of SARS-CoV-2, SARS-CoV and MERS-CoV targets.

Rules
n-ON n-OHNH Lipinski’s Veber Egan
Compounds n-ROTB MW Log P acceptors donors violations violations violations
- <500 <5 <10 <5 <1 <1 <1

L87 12 507.60 2.87 7 2 0 0 0

L107 9 454,52 2.99 7 2 0 0 0

L129 4 361.25 3.15 9 2 0 0 0
Table 5. Pharmacokinetics and Medicinal Chemistry properties for all compounds.

Pharmacokinetics Medicinal Chemistry
Molecules Gl absorption Log K, (skin permeation) Leadlikeness Synthetic accessibility
L2 Low —9.56 cm/s No; 1 violation: MW > 350 6.43
L44 Low —10.12cm/s No; 1 violation: MW > 350 6.34
L56 High —5.66 cm/s Yes; 0 violation:no alerts 0 2.98
MW < 350

L75 High —5.05cm/s No; 3 violations: MW > 350, Rotors > 7, XLOGP3 > 3.5 2.76
L83 Low —3.57cm/s No; 3 violations: MW > 350, Rotors > 7, XLOGP3 > 3.5 447
L87 Low —5.85cm/s No; 3 violations: MW > 350, Rotors > 7, XLOGP3 >3.5 3.71
L107 High —6.23cm/s No; 3 violations: MW > 350, Rotors > 7, XLOGP3 > 3.5 3.26
L129 Low —5.79cm/s No; 2 violations: MW > 350, XLOGP3 > 3.5 2.56

interactions with other active site residues. Finally, this
means that the complexes formed by these compounds are
better stable in molecular dynamics because hydrogen inter-
actions are stronger compared to the other interactions
(Jaworski et al., 2016; Robertson et al., 2017; Varadwaj et al,,
2019; Xie et al., 2015; Xu et al,, 2018).

5.3. In silico evaluation of the ADME properties and
drug-likeness

A computational study of three top scoring lead compounds
was performed for assessment of ADME properties and the
obtained value is depicted in Table 4.

The results presented in Table 6 revealed that compound
L107 have high absorption and both compounds L87 and
L129 have low absorption. Also, can be observed that all
compounds comply with Lipinski’s rule of 5, Veber and Egan
where logP values ranged between 2.87-3.15 (<5), MW
range 292-478 (<500), HBA range 7-9 (<10) and HBD range
2-2 (<5), suggesting that these compounds would not be
expected to cause problems with oral bioavailability and
thus showing possible utility of all these compounds for
developing the compound with good drug like properties
against Covid-19.

The results Medicinal Chemistry and Pharmacokinetics
showed that compound L87 and compound L129 have Low
Gl absorptions. We notice that there is a correlation between
our results found by the predicted results in medicinal chem-
istry and pharmacokinetics (Table 5).

Compound 107 is predicted to be characterized by a high
lipophilicity and high coefficient of skin permeability log Kp
by providing L87 and L129. We can conclude that the more
negative the log Kp (with Kp in cm/s), the less the molecule
is permeable to the skin which explains the reliability of our
results. Therefore, compound L87 represents high affinity

with three targets. Synthetic accessibility (SA) is a major fac-
tor to take into account in this selection process an accept-
able value between 3.26 and 3.71 for the compound (L107
and L87) respectively, these are more promising molecules
which can be synthesized or subjected to bioassays or other
experiments. According to its pharmacokinetic properties
(Figure 14) Compound 107 showed a high level of gastro-
intestinal adsorption which contributes to good oral
bioavailability.

Compound L87 has a maximum of 2H+ donors and
7 H+ acceptor atoms, as shown in (Figure 12). According to
its pharmacokinetic properties, compound L87 showed a low
level of gastrointestinal adsorption which contributes to bad
oral bioavailability. But, inhaled.

Compound L87 according to pharmacokinetic parameters
evaluated in silico showed no inhibition of cytochrome P450
isomers 1A2.

Compound L107 has a maximum of 2H+ donors and
7 H + acceptor atoms, as shown in (Figure 11). According to
its pharmacokinetic properties, ligand107 showed a high
level of gastrointestinal adsorption (Table 5) which contrib-
utes to good oral bioavailability.

Compound L107 can inhibit CYP1A2, which might cause a
potential interference with the metabolism of other concomi-
tantly administered herbs or drugs; it may alter the metabolism
of drugs by CYP. However, it should be noted that inhibition of
CYP1A2 activity in vitro does not necessarily imply drug inter-
action in vivo. Further studies will be needed to determine if
this L04 can influence the CYP enzyme in vivo.

5.4. Pharmacophore mapping

PharmMapper Server is accessed web-server designed to
identify potential target candidates for the given probe small
molecules (drugs, natural products, or other newly
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Table 6. Results of the P450 sites of metabolism prediction study of the best compounds.

Compound 87 Compound 87
Ethyl 4-((4-(4-methylphenylsulfonamido) Ethyl 4-((4-(4-methylphenylsulfonamido)
butyl)amino)-1phenyl-1H-pyrazolo butyl)amino)-1phenyl-1H-pyrazolo
Names of P450 isoenzymes [3,4-b]pyridine-5-carboxylate Names of P450 isoenzymes [3,4-b]pyridine-5-carboxylate
| . |
| . |
| . |
| . |

discovered compounds with binding targets unidentified) sites of the studied compound, where the metabolism of
using pharmacophore mapping approach (Liu et al, 2010; CYP450 enzymes isoforms may be taken place, are illustrated
Wang et al., 2016, 2017). The possible sites of metabolism by by circles on the chemical structure of the molecule (Zaretzki
CYPs 1A2, 2A6, 2B6, 2C19, 2C8, 2C9, 2D6, 2E1 and 3A4 of the et al, 2013). Thus, we can say that the compound L87 can
best compound L87 was summarized in Table 6. The possible be metabolized by these enzymes.
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L87
LIPO
FLEX . SIZE
INSATU POLAR
INSOLU

L107
LIPO
FLEX SIZE
INSATU POLAR
INSOLU

Figure 14. Biovailability and pharmacokinetic parameters for too compounds L87 and L107 using Swiss ADME (www.SwissADME.ch).

Figure 15. Pharmacophore Mapping of compound L87. Here, cyan color—hydrogen bond acceptor, orange color—aromatic, green color—hydrophobic.

The P450 SOM predictions showed that compound L87
had 3sites of metabolism (SOMs) for the CYP 450 1A2, 450
2A6 enzyme, CYP 450 2B6, CYP 450 2D6, CYP 450 2C8, CYP
450 2C9, CYP 450 2C19 and CYP 450 2E1.

The pharmacophore Mapping is conveyed for the com-
pound L87 best inhaled ligand, showed for L87, 2 hydrogen
acceptor bonds, 6 Hydrophobic groups and 9 Aromatic rings.
It also generated a good number of good contacts with the
pharmacophore of three targets SARS-CoV-2, SARS-CoV and
MERS-CoV (Figure 15).

The pharmacophore of compound L87 generates a
hypothesis which can be applied successfully in biological
screening for further experiments (Dixon et al., 2006).

Here, cyan color-hydrogen bond acceptor, orange color-
aromatic, green color-hydrophobic Validation of our results,
formed with SARS-CoV-2 under Clinical test is mentioned in
(Table 7).

Silva et al. synthesized and assayed Ten derivatives of 1-
phenyl-1H-pyrazolo [3,4-b] pyridine against Plasmodium fal-
ciparum. The compound L87 the best ligand in our search
(Ethyl 4-((4-(4-methylphenylsulfonamido) butyl) amino)-1phe-
nyl-1H-pyrazolo [3,4-b] pyridine-5-carboxylate) was among
these ten compounds. The latter exhibited in vitro activity
against the Chloroquine resistant clone W2 with IC50 values

ranging from 3.46 to 9.30 uM. Therefore, the THpyrazolo [3,4-
b] pyridine system is considered to be antimalarial (Silva et
al, 2016).

Finally, our obtained results showed that the compound
L87 (Ethyl 4-((4-(4-methylphenylsulfonamido)butyl)amino)-1phe-
nyl-1H-pyrazolo[3,4-b]pyridine-5-carboxylate) can be used as a
potential agents to treat COVID-19 if we comparing to
Chloroquine, Hydroxychloroquin, Remdesivir, Arbidol antiviral
drugs and it can emerge as the most potent anti-
ACE2 agent.

6. Conclusion

During our research on new drugs for Covid-19 treatment,
we used three computational methods: molecular docking
analyzes MD simulations and ADME properties, to test the
affinity of a new class of compounds obtained from hybrid-
ization of clinical test drugs with three enzymes SARS-CoV-2,
SARS-CoV and MERS-CoV.

Our top three compounds showed high binding affinities
and many binding interactions with the studied targets in
the molecular docking simulation. However, molecular
dynamic calculations were used to confirm and validate our
docking simulation results in order to study the stability of
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Table 7. Energy balance of complexes formed with SARS-CoV-2 under Clinical test and Our Results.

Molecule Score References
6lu7 was received in the PDB database (Choudhary et al., 2020)
SARS-COV-2
Lref (Native) PRD_002214 —10.67087121
Clinical test
SARS-COV-2 Number of interactions
Chloroquine —-5.918 2 Hydrogen-bond formed with: HIS41 and MET49 (Keyaerts et al., 2004; Luiz et al,,
2019; Narkhede et al., 2020; Vincent
et al.,, 2005)
Hydroxychloroquine —5.959 1 Hydrogen-bond formed with: ASN151 (McChesney, 1983; Narkhede et
al,, 2020)
Remdesivir —7.357 2 Hydrogen-bond formed with: (Narkhede et al., 2020; Warren et
PHE294 and GLN110 al., 2016)
2 Pi-Segma bond formed with: ILE249 and VAL104
Arbidol —7.102 2 Hydrogen-bond formed with: (Abouelela et al., 2021; Narkhede et
CYS336, SER371and PHE338 al., 2020; Panisheva et al., 1988)
2 Pi-Pi bond formed with:
TRP436
Favipiravir —3.492 6 Hydrogen bonds with: (Abouelela et al., 2021; Furuta et al.,
GLN 110, THR 292, THR 111, ASP 295 and 2005; Narkhede et al., 2020)
ASN 151
Ribavirin —5.447 4 Hydrogen-bond formed with: (Abouelela et al., 2021; Narkhede et
TYR239, TYR237, ARG131 and ARG131 al., 2020; Witkowski et al., 1972)
Sofosbuvir —6.606 / (Bullard-Feibelman et al., 2017)
Amodiaquine —6.402 / (Luiz et al., 2019)
Mefloquine —5.786 /
Our results
L87 —7.607 1 Hydrogen-bond formed with: /
Gly143
2 Pi-H bond formed with:
GLU166 and THR26
L107 —6.338 1 Pi-H bond formed with: /
GLU166
L129 —6.920 1 Hydrogen-bond formed with: /
HIS163

1 Pi-H bond formed with:

GLN189

the formed complexes between our compounds (L87, L107
and L129) and the active site residues of SARS-CoV-2, SARS-
CoV and MERS-CoV targets. The obtained results, according
to the binding interactions, show a stable state under
dynamic conditions. In addition, we found that three top
candidates established many interactions with SARS-CoV-2,
SARS-CoV and MERS-CoV targets which gives a higher affinity
and a low binding energy with these targets. At the end, the
combined study between molecular docking and dynamics
proves that we can consider compounds L87, L107 and L129
the best inhibitors against the SARS-CoV-2, SARS-CoV and
MERS-CoV targets. Moreover, these compounds respect the
Lipinski, Veber and Egan rules. Also, the Pharmacokinetics of
L87 was justified by means of lipophilicity and high coeffi-
cient of skin permeability. Finally, we can say that these
results allow us to select compound L87 can be further
developed as an oral drug candidate against the pandemic
of Covid-19.
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