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Abstract: Leishmaniasis is a neglected disease that affects about one million people a year worldwide
and is present in over 90 countries. This illness is a serious public health issue since it can result in
mutilation, incapacity, and even death. The drugs currently used for treatment are highly toxic,
ineffective, expensive, and may cause antiparasitic resistance. A series of twenty-five 2-methoxy
benzoyl hydrazone derivatives have recently been identified as promising antileishmanial inhibitors and
was addressed using a molecular docking approach. All docked compounds interacted well within the
active pocket of the receptor. Compounds M12, M15, M16, and M20 show a good binding energy
value of -9.40, -8.90, -9.00, and -9.20 Kcal/mol, respectively, compared to pentamidine (-8.20
Kcal/mol), used as reference drug. These molecules also present many types and numbers of
interactions with the studied receptor. The studied molecules were evaluated for their pharmacokinetic
properties using ADMET prediction. They showed good bioavailability, particularly the molecules
M12, M15, and M16 which were found to be non-toxic. Quantum calculations using the DFT approach
were performed on the four selected compounds to determine the most electrophilic and nucleophilic
of them. These findings would be very helpful in the search for new antileishmanial inhibitors.
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1. Introduction

Leishmaniasis is a neglected tropical illness found in more than 90 countries in Africa,
Asia, and the Americas [1]. According to the WHO, 350 million people globally reside in risk
zones, and each year there are about two million new leishmaniasis cases [2]. The parasite is
spread from invertebrate hosts to mammalian hosts by female sandflies. Visceral leishmaniasis
(VL) and cutaneous leishmaniasis (CL) are the two main clinical forms of leishmaniasis. The
former is characterized by cutaneous and/or mucosal lesions, while the latter is produced when
the parasites have a tropism for internal organs, such as the liver and spleen. VL is the most
severe form of illness and is fatal if untreated [3]. Leishmania infantum in Central Asia,
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Mediterranean Basin, Central America, and South America, and Leishmania donovani in Asia
and Africa are the two species that cause VL, respectively [4,5].

Pentavalent antimonials, including miltefosine, sodium stibogluconate, amphotericin
B, paromomycin, and pentamidine, are the basis of modern leishmaniasis chemotherapy.
However, many of these medications exhibit severe toxicity, result in clinical resistance, and
promote co-infections such as leishmaniasis-AIDS [6,7]. Additionally, these medications are
very expensive and necessitate ongoing care [8]. Therefore, finding newer compounds to
combat Leishmania species is urgently needed [9].

Heterocyclic hydrazones compounds are very interesting scaffolds in organic
chemistry. They have been documented as having numerous biological activities such as
antifungal, anti-HIV, antibacterial [10,11], and antimicrobial [12]. Due to their strong affinity
for chelation, suited for solid metal complexes, Schiff bases serve as models for biologically
known species [13]. Schiff bases have various biological impacts, notably antifungal,
anticancer, antibacterial, anti-inflammatory, and antioxidant properties [14—16].

Computational chemistry plays a very important role in drug design. It reduces time,
effort, and cost and gives fast and accurate results before moving to experimentation [17-19].
Therefore, computational chemistry can be considered an essential and primary step in
molecule synthesis [20]. Molecular docking is one of the main techniques in computational
chemistry. It is widely adopted in the bio-organic chemistry field due to its fast and efficient
use. It provides explanations of the patterns of interactions between the receptor and the ligand
and thus allows guessing the stability of the compounds in the receptor's active site [21-23].

Pharmacokinetics, including ADMET (absorption, distribution, metabolism, excretion,
and toxicity) prediction and drug-likeness rules, have taken the lead in further research to
characterize bioavailability and examine the toxicity of compounds [24-27]. It provides
insights into a molecule before it is synthesized.

The current study aims to identify lead candidate compounds that could be adopted as
future leishmaniasis inhibitors using a molecular docking approach. ADMET properties were
predicted for the studied molecules to identify compounds with favorable pharmacokinetic
properties. Finally, quantum calculations were performed to determine the most electrophilic
and nucleophilic 2-methoxy benzoyl hydrazone compounds.

2. Materials and Methods

2.1. Dataset.

In this research, twenty-five 2-methoxy benzoyl hydrazone compounds were selected
from the literature [28]. These compounds were synthesized by Taha et al. using simple
techniques and substrates and evaluated for their antileishmanial activity (ICsq) [28]. The
investigated molecules were considered for molecular docking and ADMET study. The
antileishmanial activity (IC5q) values were transformed into an equivalent pICsq values using
the following expression: pICsq = -log1o(ICs0).
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Figure 1. 2-methoxy benzoyl hydrazone compounds chemical structure.

https://biointerfaceresearch.com/ 20f18


https://doi.org/10.33263/BRIAC134.302
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.302

The chemical structure and antileishmanial activity of the 25 molecules studied are
presented in Figure 1 and Table 1.

Table 1. Chemical structures of the investigated molecules and their plCso values.
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2.2. Ligands drawing and optimization.

The 25 studied molecules were sketched using SYBYL-X 2.0 software. Then, they were
optimized using Gaussian G09 software [29] and using density function theory (DFT) with a
B3LYP/6-311++G (d,p) basis set to achieve the equilibrium geometry.

2.3. Molecular docking study.

The molecular docking method is performed to obtain a deeper understanding of the
binding modes and to predict potential interactions between 2-methoxy benzoyl hydrazone
compounds and the receptor [30]. In this paper, molecular docking simulation was executed by
using Autodock Vina [31] and Autodock tools 1.5.6 [32] programs. The crystal structure of the
selected receptor was taken from RCSB (PDB ID: 2JK6) [33,34] with a resolution of 2.95 A,
Then, it was prepared by deleting all the water molecules and adding the polar hydrogen atoms
using Discovery Studio 2016 program [35]. The box grid was constructed in the following
directions x = 30, y = 30, z = 30 inside the pocket of the target receptor with a spacing of 1 A
between grid points. The coordinates of the center of the network are defined as x=29.416, y=
50.327, and z=-2.014. Using the Autodock 1.5.6 tool, an extended PDB format named PDBQT
is employed for coordinate files carrying atomic partial charges and atom types [36] for ligand
and receptor preparations. The flexible and non-bonded rotation of selected ligands is defined
using torsion angles [36]. Afterward, the 2-methoxy benzoyl hydrazine ligands were docked
into the active pocket of the studied receptor. The generated outcomes were analyzed using the
Discovery Studio 2016 [35] software.
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2.4. In silico ADMET analysis.

The synthesis/prediction of a molecule is viewed as an essential step in searching for
new agents for treating certain diseases. Indeed, for a molecule to be certified and adopted as
a future drug, it must pass through four steps: absorption, distribution, metabolism, excretion,
and toxicity (ADMET). The 25 studied molecules were evaluated for their ADMET properties
using pkCSM [37] and SwissADME [38] online servers for this great goal.

2.5. Global properties of the 2-methoxy benzoyl hydrazone molecules using the DFT
approach.

Using the DFT approach, the global reactivity indices such as chemical potential (w),
chemical softness (S), chemical hardness (1), global nucleophilicity, and global electrophilicity
(o) were calculated for the 2-methoxy benzoyl hydrazone molecules to identify the most
electrophilic and nucleophilic inhibitors. In fact, the chemical potential (1) was computed based
on the frontier molecular orbital HOMO and LUMO by the formula as follows p = (Egomo +
Erumo)/2. The chemical hardness (1) and chemical softness (S) were determined by the
following equations n = E ymo — Enomo and S = 1/n [39], respectively. The global
electrophilicity (@) [40] and global nucleophilicity (N) [41] were derived from the following
expression w = p?/2n and N = Egomo(Nu) — Egomo (TCE), respectively,
tetracyanoethylene (TCE) was selected as a calculation reference because it has a lower HOMO
energy value [41,42].

3. Results and Discussion
3.1. Molecular docking result.

3.1.1. Binding energy and inhibition constant of the targeted molecules

The 25 selected molecules were docked into the active pocket of the 2JK6 receptor. The
results of binding energy and inhibition constant are presented in Table 2. Compounds M12,
M15, M16, and M20 show good binding energy values compared to dataset molecules and
reference drug (Pentamidine), indicating that these compounds have good stability and interact
well with the receptor. Therefore, in the part of molecular docking interactions result, we will
focus only on these molecules. Furthermore, from the binding energy (AG), the inhibition
constant (Ki) was derived using the following expression: Ki = exp(AG/RT), where R is the
universal gas constant (1.985 x 102 kcal mol™* K1) and T is the temperature (298.15 K). In
fact, the lower the Ki value, the greater the drug's efficacy [43]. The result in Table 2 clearly
indicates that the four molecules mentioned above have smaller Ki, especially compound M12.
These molecules are, therefore, more effective than pentamidine.

Table 2. Binding energy and inhibition constant (Ki) of the 25 studied molecules.

Binding ener: Inhibition constant Binding ener Inhibition constant
Compound (Kca?/mol)gy Ki (M) Compound (Kca?/mol)gy Ki (M)
M1 -8.40 0.685 M14 -8.20 0.960
M2 -8.50 0.578 M15 -8.90 0.294
M3 -8.30 0.811 M16 -9.00 0.248
M4 -8.30 0.811 M17 -8.60 0.488
M5 -8.60 0.488 M18 -8.70 0.412
M6 -8.70 0.412 M19 -8.70 0.412
M7 -8.60 0.488 M20 -9.20 0.177
M8 -8.80 0.348 M21 -8.80 0.348
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Binding ener Inhibition constant Binding ener Inhibition constant
Compound (Kcaglllmol)gy Ki (M) Compound (Kca?/mol)gy Ki (M)
M9 -8.40 0.685 M22 -8.60 0.488
M10 -8.20 0.960 M23 -8.30 0.811
M11 -7.70 2.236 M24 -8.70 0.412
M12 -9.40 0.126 M25 -8.80 0.348
M13 -8.80 0.348 Pentamidine -8.20 0.960

3.1.2. Molecular docking interaction.

The compound M12 was docked into the active site of the 2JK6 receptor, and its
findings are shown in Figure 2. The nitrogen oxide (-NO2) group of the compound M12 affords
3 conventional hydrogen bonding interactions with Gly15, Serl4, and Asp327 residues at
distances of 2.82, 3.16, and 3.32 A, respectively. The phenyl ring bound to the nitrogen oxide
provides a pi-alkyl interaction with the Ala338 residue at a distance of 5.09 A and a pi-anion
interaction with the Asp327 residue at a distance of 3.72 A. The 2-methoxy benzoyl group
forms three types of interactions with the concerned receptor: a pi-alkyl with residues Cys57,
11199, and Lys60 at distances of 5.32, 4.93, and 4.82 A, respectively, a carbon-hydrogen bond
with residues Ser178 and Val55 at distances of 3.75 and 3.40 A, respectively, and a pi-donor
hydrogen bond with residue Tyr198 (3.72 A). The ketone party exhibits a conventional
hydrogen bonding interaction with Tyr198 (3.22A) residue. Therefore, the existing interactions
give the molecule M12 good stability in the receptor's active pocket.

The molecular docking result of compound M15 shows three conventional hydrogen
bonding interactions with Ser14 (3.21A), Tyr198 (2.88A), and Arg287 (3.34A) residues, two
pi-donor hydrogen bonding interactions with Thr335 (3. 98A) and Serr14 (3.80A) residues, a
pi-sigma interaction with 11e199 (3.67A) residue, a pi-anion interaction with Asp327 (4.22A)
residue, and a pi-alkyl interaction with Ala338 (4.89A) residue (Figure 3). In the case of
compound M16, there are numerous types and numbers of interactions (Figure 4). Three
conventional hydrogen bond interactions with Thr335 (2.95A), Gly15 (3.32A), and Arg287
(3.13A) residues, three pi-donor hydrogen bond interactions with residues Serl4 (3.64A),
Thr335 (4.12A) and Tyr198 (4.14A), two pi-alkyl interactions with Ala338 (4.85A) and Lys60
(5.44A) residues, a pi-anion interaction with 11e199 (3.93A) residue at a distance f, a pi-anion
interaction with Asp327 (4.47A) residue, and an- amide-pi stacked interaction with Gly56
(4.38A) residue. Finally, the compound M20 affords favorable interactions like conventional
hydrogen bonds with the following residues Asp237 (2.05A), Cys52 (3.07A), Thr51 (3.08A)
and Lys60 (3.37A), pi-donor hydrogen bond with Tyr198 (3.41A) residue, amide-pi stacked
with Gly56 (4.50A) residue, pi-pi T-shaped with Gly56 (5.64A) residue, pi-anion with Asp327
(4.79A) residue, alkyl with Cys57 (4.37A), and pi-alkyl with Cys57 (4.90A) residue (Figure
5). The important number of hydrogen bonding interactions gives compound M20 great
pharmacological importance as hydrogen bonds heavily affect the pharmacological action of
ligands. On the other hand, to give reliability to this study and to confirm the predictive power
of the docking results, pentamidine, which is used clinically as a reference drug, was also
docked into the active pocket of the studied receptor, and its result is presented in Figure 6. In
fact, pentamidine affords three conventional hydrogen bond interactions with Met333 (2.36A),
Thr335 (2.15 A), and Gly127 (2.29A) residues, two pi-sigma interactions with Val36 (3.82 A)
and Thr160 (3.80A) residue and others interactions with different residues and distances. In
conclusion, the selected compounds M12, M15, M16, and M20 have good binding energy
values, lower inhibition constant, and many types and interactions than pentamidine.
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Figure 2. Visualizations of 3D (right) and 2D (left) interactions for the molecule M12 docked into studied
receptor 2JK6.
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Figure 3. Visualizations of 3D (right) and 2D (left) interactions for the molecule M15 docked into studied
receptor 2JK6.
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Figure 4. Visualizations of 3D (right) and 2D (left) interactions for the molecule M16 docked into studied
receptor 2JK6.
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Figure 5. Visualizations of 3D (right) and 2D (left) interactions for the molecule M20 docked into studied
receptor 2JK6.
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Figure 6. Visualizations of 3D (right) and 2D (left) interactions for the pentamidine drug docked into studied
receptor 2JK6.

3.1.3. Molecular docking validation.

The reliability of the molecular docking technique was validated by re-docking. The
overlaid view of the original ligand (red color) and the re-docked conformation (magenta color)

is displayed in Figure 6.

\ 
;x

-

4 o o & X /i 1 \ 1
Figure 7. Re-docking pose of the co-crystalized ligand A (Red = Original, Magenta = Docked).
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The result of re-docking indicated a good overlay between the original and re-docked
conformation. The docked ligand's root means square distance (RMSD) is 0.541 A which was
inside the reliable range of 2 A [44]. Therefore, the good overlap between the two ligands as
well as the lower value of RMSD (less than 2 A), confirmed the ability of Autodock Vina
software to carry out molecular docking protocols confidently.

3.2. Pharmacokinetic properties and drug-likeness results of the 25 studied molecules.

The pkCSM [37] and SwissADME [38] online programs were applied to predict the
pharmacokinetic properties of the twenty-five 2-methoxy benzoyl hydrazone compounds, and
the obtained results are shown in Table 3. A given molecule with logP < 5, molecular weight
< 500, hydrogen bond acceptor number < 10, and hydrogen bond donor number < 5 is
considered to have the best oral absorption and permeation [45]. The result of Table 3 indicates
that all studied molecules have good absorption and permeation. On the other hand, a
compound with a total polar surface area (TPSA) below 140 A? and a number of rotatable
bonds (nrotb) not over 10 present excellent bioavailability. It becomes more pliable to interact
with a specific binding pocket successfully. All investigated molecules have good
bioavailability and are more flexible. Good solubility of a compound is reflected by a logS
value not greater than 6. Thus, all selected compounds have good solubility (Table 3). The
Csp3 fraction is defined as the ratio of sp3 hybridized carbons to the total number of carbons
in the molecule; its value would have to be at least 0.25. From the results of Table 3, all
molecules have good saturation. Moreover, molecule with 250 < MW (g/mol) < 350, logP <
3.5 and nrotb < 7 considered as lead-likeness [46]. With the exception of compounds M7, M9,
M20, and M25, all studied molecules are lead-likeness. The result in Table 4 shows that all
molecules are in full compliance with the most significant drug-likeness rules, Lipinski, Ghose,
Veber, Egan, and Muegge, and they exhibited a score of 55%; demonstrating their better
bioavailability [46].

Table 3. Molecular properties descriptors and lead-likeness of the 25 2methoxy benzoyl hydrazone compounds.

Property
N° 3 Lead-
Formula MW HBD | HBA | nrotb | LogP | TPSA | LogS | CSp lik
ikeness
M1 Ci15H14N20s ~ |302.28 4 6 4 400 | 11138 | -2.88 | 0.07 Yes
M2 CisH14N204  286.28 3 5 5 1.87 91.15 | -3.02 | 0.07 Yes
M3 CisH14N204  286.28 3 5 5 1.87 91.15 | -2.92 | 0.07 Yes
M4 CisH1aN203  |270.28 2 4 4 2.16 7092 | -3.17 | 0.07 Yes
M5 CisH1aN203 ~ [270.28 2 4 4 2.16 70.92 | -3.73 | 0.07 Yes
M6 CisHi1sN204  |300.31 2 5 5 2.17 80.15 | -3.79 | 0.12 Yes
M7 Ci6H1sBrN20s  (363.21 1 4 5 3.23 59.92 | -429 | 0.12 No
M8 Ci7H1sN204  |314.34 1 5 6 2.47 69.15 | -3.28 | 0.18 Yes
M9 CisHi16N203  |284.31 1 4 5 2.46 59.92 | -394 | 0.12 No
M10 Ci1aH13NsO2  |255.27 1 4 4 1.85 63.58 | -2.65 | 0.07 Yes
M11 Ci13H12N202S ~ 1260.31 1 4 4 2.52 78.63 | -3.35 | 0.08 Yes
M12 CisHi13N3O4  [299.28 1 5 5 2.36 96.51 | -3.25 | 0.07 Yes
M13 CisH13CIN202  [288.73 1 3 4 3.11 50.69 | -3.80 | 0.07 Yes
M14 CisH1aN204  |286.28 3 5 4 1.87 91.15 | -3.59 | 0.07 Yes
M15 C1sH1aN204 ~ [286.28 3 5 4 1.87 91.15 | -3.59 | 0.07 Yes
M16 CisH1aN204 ~ [286.28 3 5 4 1.87 91.15 | -3.59 | 0.07 Yes
M17 C1sH1aN203 ~ |270.28 2 4 4 2.16 70.92 | -3.73 | 0.07 Yes
M18 Ci6H16N204  |300.31 2 5 5 2.17 80.15 | -3.79 | 0.12 Yes
M19 CisHi16N204  |300.31 2 5 5 2.17 80.15 | -3.23 | 0.12 Yes
M20 Ci6H15IN204  1426.21 2 5 5 2.77 80.15 | -4.41 | 0.12 No
M21 Ci7H1sN204  |314.34 1 5 6 2.47 69.15 | -3.33 | 0.18 Yes
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Property
N° 3 Lead-

Formula MW HBD | HBA | nrotb | LogP | TPSA | LogS | CSp likeness

M22 Ci12H13N3O2  |255.27 1 4 4 1.85 63.58 | -2.86 | 0.07 Yes

M23 Ci14H13N3O2  [255.27 1 4 4 1.85 63.58 | -2.54 | 0.07 Yes

M24 Ci7Hi16N204  |312.32 1 5 5 2.24 7699 | -3.56 | 0.12 Yes

M25 Ci1sH12BrEN202  351.17 1 3 4 3.36 50.69 | -4.37 | 0.07 No
Abbreviations | molecular weight (MW), number of hydrogen bonds donors (HBD), number of hydrogen bonds acceptors
(HBA), number of rotatable bonds (nrotb), the logarithm of partition coefficient of compound between
n-octanol and water (Log), Topological Polar Surface Area (TPSA), log S (calculated with the ESOL

model.

Table 4. Drug-likeness and bioavailability of the 25 studied molecules.

Compound | Lipinski | Ghose | Veber | Egan | Muegge | Bioavailability score
M1 Yes Yes Yes Yes Yes 0.55
M2 Yes Yes Yes Yes Yes 0.55
M3 Yes Yes Yes Yes Yes 0.55
M4 Yes Yes Yes Yes Yes 0.55
M5 Yes Yes Yes Yes Yes 0.55
M6 Yes Yes Yes Yes Yes 0.55
M7 Yes Yes Yes Yes Yes 0.55
M8 Yes Yes Yes Yes Yes 0.55
M9 Yes Yes Yes Yes Yes 0.55

M10 Yes Yes Yes Yes Yes 0.55
M11 Yes Yes Yes Yes Yes 0.55
M12 Yes Yes Yes Yes Yes 0.55
M13 Yes Yes Yes Yes Yes 0.55
M14 Yes Yes Yes Yes Yes 0.55
M15 Yes Yes Yes Yes Yes 0.55
M16 Yes Yes Yes Yes Yes 0.55
M17 Yes Yes Yes Yes Yes 0.55
M18 Yes Yes Yes Yes Yes 0.55
M19 Yes Yes Yes Yes Yes 0.55
M20 Yes Yes Yes Yes Yes 0.55
M21 Yes Yes Yes Yes Yes 0.55
M22 Yes Yes Yes Yes Yes 0.55
M23 Yes Yes Yes Yes Yes 0.55
M24 Yes Yes Yes Yes Yes 0.55
M25 Yes Yes Yes Yes Yes 0.55

3.3. ADME result.

The studied molecules were evaluated for their ADME properties to determine their
suitability as future drugs. The outcomes are shown in Table 5.

As mentioned in Table 5, all tested molecules have high absorption and are poorly
distributed in the brain. For the CNS index, substances with LogPS > -2 are thought to be able
to penetrate the CNS, while substances with LogPS <-3 are thought to be unable to do so [47].
Thus, the 25 molecules are unable to enter the central nervous system (Table 5). Moreover, all
molecules were found to be no substrate for P-glycoprotein. A substance's potential toxicity
and drug interactions must be tested for its ability to inhibit the cytochrome P450 (CYP)
enzymes. In fact, substrates of the five major isoforms comprise 50% of all pharmacological
substances (CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4). The metabolism of drugs
is greatly influenced by these enzymes. The result of Table 5 indicates that all the molecules
inhibit the isoforms CYP2C9, CYP2D6, and CYP3A4. For the isoforms CYP1A2
andCYP2C19, there are compounds that inhibit them and others that do not. On the other hand,
the smaller the clearance value, the more persistent the medication is in the body. The outcomes
in Table 5 indicate that the 25 molecules examined can be deemed safe drugs.
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Table 5. ADME properties results of the 25 studied derivatives.

Comp. Gl BBB CNS P-gp CYP1A2 | CYP2C19 | CYP2C9 |CYP2D6 |CYP3A4 Clearance
absorption | permeant permeability substrate | inhibitor inhibitor | inhibitor |inhibitor |inhibitor
Numeric (log PS)
M1 High No -2.792 No No No No No No 0.28
M2 High No -2.545 No No No No No No 0.365
M3 High No -2.535 No No No No No No 0.539
M4 High Yes -2.339 No No No No No No 0.546
M5 High Yes -2.324 No No No No No No 0.598
M6 High No -2.523 No No No No No No 0.564
M7 High Yes -2.243 No Yes Yes No No No 0.189
M8 High Yes -2.556 No Yes Yes No No No 0.59
M9 High Yes -2.375 No Yes Yes No No No 0.64
M10 High Yes -2.847 No Yes Yes No No No 0.768
M11 High No -2.231 No Yes Yes No No No 0.284
M12 High No -2.424 No Yes Yes No No No 0.624
M13 High No -2.075 No Yes Yes No No No 0.204
M14 High No -2.529 No No No No No No 0.429
M15 High No -2.527 No Yes No No No No 0.475
M16 High No -2.542 No Yes No No No No 0.524
M17 High Yes -2.355 No Yes No No No No 0.538
M18 High No -2.522 No Yes No No No No 0.635
M19 High No -2.519 No Yes No No No No 0.472
M20 High No -2.412 No Yes Yes No No No 0.130
M21 High Yes -2.569 No Yes Yes No No No 0.724
M22 High Yes -2.847 No Yes No No No No 0.669
M23 High Yes -2.832 No Yes Yes No No No 0.700
M24 High Yes -2.457 No Yes Yes No No No 0.623
M25 High Yes -2.116 No Yes Yes No No No 0.068

In this section, the 25 selected compounds were investigated for their toxicity using
four toxicological endpoints: mutagenicity, hepatotoxicity, carcinogenicity, and rat acute
toxicity LD50 value, and their results are shown in Table 6. The Ames test has been used to
assess whether or not a molecule is mutagenic. Except for molecules M1, M12, M13, M24,
and M25, all molecules were found to be no toxic. Moreover, all the molecules studied do not
show any hepatotoxicity or carcinogenicity. Regarding Oral Rat Acute Toxicity, a substance
with a lower LD50 is more lethal than a substance with a higher LD50. The outcomes in Table

3.4. Toxicity result.

6 reveal that all the molecules studied are safe.

Table 6. Toxicity prediction of the 25 2-methoxy benzoyl hydrazone compounds.

Compound Ames toxicity test Hepatotoxicity Carcinogenicity Oral Rat Acute
Toxicity (LD50:
mol/Kg)
M1 Yes-toxic No-hepatotoxic Non-carcinogen 1.723
M2 No-toxic No-hepatotoxic Non-carcinogen 1.986
M3 No-toxic No-hepatotoxic Non-carcinogen 1.831
M4 No-toxic No-hepatotoxic Non-carcinogen 1.831
M5 No-toxic No-hepatotoxic Non-carcinogen 2.025
M6 No-toxic No-hepatotoxic Non-carcinogen 2.014
M7 No-toxic No-hepatotoxic Non-carcinogen 2.375
M8 No-toxic No-hepatotoxic Non-carcinogen 2.097
M9 No-toxic No-hepatotoxic Non-carcinogen 1.954
M10 No-toxic No-hepatotoxic Non-carcinogen 2.055
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Compound Ames toxicity test Hepatotoxicity Carcinogenicity Oral Rat Acute
Toxicity (LD50:
mol/Kg)

M1l No-toxic No-hepatotoxic Non-carcinogen 2.153
M12 Yes-toxic No-hepatotoxic Non-carcinogen 2.320
M13 Yes-toxic No-hepatotoxic Non-carcinogen 2.147
M14 No-toxic No-hepatotoxic Non-carcinogen 1.931
M15 No-toxic No-hepatotoxic Non-carcinogen 1.802
M16 No-toxic No-hepatotoxic Non-carcinogen 1.947
M17 No-toxic No-hepatotoxic Non-carcinogen 2.228
M18 No-toxic No-hepatotoxic Non-carcinogen 2.084
M19 No-toxic No-hepatotoxic Non-carcinogen 2.288
M20 No-toxic No-hepatotoxic Non-carcinogen 2.467
M21 No-toxic No-hepatotoxic Non-carcinogen 2.046
M22 No-toxic No-hepatotoxic Non-carcinogen 2.202
M23 No-toxic No-hepatotoxic Non-carcinogen 2.022
M24 Yes-toxic No-hepatotoxic Non-carcinogen 1.938
M25 Yes-toxic No-hepatotoxic Non-carcinogen 2.238

3.5. Global properties of the selected compounds.

The global reactivity indices of the selected molecules M12, M15, M16, and M20 were
calculated and listed in Table 7. The compounds M12 and M20 have an electrophilicity index
o of 3.540 and 3.468, respectively, and nucleophilicity index N value of 2.408 eV and 2.638,
respectively. These compounds have been classified as powerful electrophiles based on the
electrophilicity scale [48]. Compounds M15 and M16 have a nucleophilicity N value of 3.506
and 3.532 eV, respectively, and an electrophilicity o value of 1.863 and 1.649, respectively.
Thus, based on the nucleophilicity scale, these molecules are considered strong nucleophiles
[49]. Additionally, the Frontier Molecular Orbitals (FMOs) of the selected molecules were
studied at the B3LYP/6-311++G (d,p) level of theory, and their graphs are listed in Table 8.
The HOMO-LUMO energy gap was calculated for each molecule; in fact, a high value of
AEgap implies low chemical reactivity as it is energetically disfavored to add an electron to the
high-level LUMO to extract electrons from the low-level HOMO [50,51]. The obtained values
of AE4,, revealed the high chemical reactivity of the selected molecules.

Table 7. Global properties of the selected compounds.
Global properties

Compound | HOMO (ev) | LUMO (ev) | p(ev) | n(ev) | S(ev) | o (ev) | N (ev)
M12 -6.960 -3.267 -5.113 | 3.693 | 0.270 | 3.540 | 2.408
M15 -5.862 -1.861 -3.861 | 4.001 | 0.249 | 1.863 | 3.506
M16 -5.836 -1.622 -3.72 | 4214 | 0.237 | 1.649 | 3.532
M20 -6.73 -3.186 -4.958 | 3.544 | 0.282 | 3.468 | 2.638

Table 8. The HOMO and LUMO orbital forms, as well as the energy gap value, computed at the B3LYP/6-
311++G (d,p) calculation level of the selected inhibitors.
Comp HOMO orbital LUMO orbital AEgap

M12 3.693

‘ipedc. g

https://biointerfaceresearch.com/ 12 of 18


https://doi.org/10.33263/BRIAC134.302
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.302

Comp HOMO orbital LUMO orbital AEgap
M15 4.001
M16 4.214
M20

3.544

3.6. Molecular electrostatic potential (MEP).

Molecular electrostatic potential (MEP) maps have been performed to discover the
regions of electrophilic and nucleophilic reactivity of an organic compound. The MEP surfaces
of the studied molecules were constructed using the B3LYP/6-311++G (d,p) level available in
the Gaussian program. The MEP maps of the molecules M12, M15, and M16 are displayed in
Table 9. The positive (electron-poor) portion is shown in blue, the slightly electron-deficient
region is shown in light blue, the neutral region is shown in green, the negative (electron-rich)
part is shown in red, and the somewhat electron-rich part is shown in yellow.

Table 9. The electrostatic potential surface of the selected molecules.

Comp

Electrostatic potential surface

M12

https://biointerfaceresearch.com/
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Comp Electrostatic potential surface

sere-2 N E

M15

M16

POV il % 3 £ o Py
.| Teteteie et

The molecule M12 shows a faint negative potential (yellowish color) at the level of
190, 200, and 18N of the nitrogen oxide group and 80, 210 of the ketone and methoxy groups,
respectively. While the molecule M12 shows a low positive potential (light blue) at the level
of all carbon atoms of the concerned molecule. Thus, we can conclude that 190, 200, 18N,
80, and 210 are the favorite sites for electrophilic attack. Moreover, In the case of compounds
M15, M16, and M18, the 80 and 210 of the ketone and methoxy groups, respectively, which
represent the low electron density potions, are the preferred sites for the electrophilic attack.
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4. Conclusions

A molecular modeling study on a series of twenty-five 2methoxy benzoyl hydrazone

derivatives as antileishmanial inhibitors has been executed using molecular docking and
ADMET analysis. The results show that all molecules are stable in the active pocket of the
receptor. Compounds M12, M15, M16, and M20 reveal a good binding energy value and
exhibit many types and numbers of interactions. These compounds showed good absorption,
distribution, and metabolism and were found to be non-toxic with the exception of compound
M20. Furthermore, the quantum study using the DFT approach identified compounds M15 and
M16 as strong nucleophiles while compound M12 was a strong electrophile. Therefore, the
selected molecules could be used as antileishmanial drug candidates.
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