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Abstract  

A series of N-salicylidene-o-R-aniline were evaluated against three bacterial strains known to cause human 

infections: Staphylococcus aureus (ATCC 25923), Pseudomonas aeruginosa (ATCC 27853), and Escherichia 

coli (ATCC 25922). We determined the inhibitory activity of these compounds using two methods: disc 

diffusion and liquid media dilution. We compared this activity with that of the antibiotic Gentamicin. All 

compounds confirm a reliable correlation with pharmacokinetic parameters. For specific AMES toxicity, 

hepatotoxicity, hERG I, and hERG II inhibitors, it is noteworthy that the simulated toxicity model showed 

greater promise. Particularly the predictive study suggested that these molecular systems have potential 

therapeutic affinity. 

Keywords: N-salicylidene-substituted anilines; HERG.I-HERG.II; antibacterial activity; molecular docking; 

pharmacokinetic properties; pathogenic species. 

1. Introduction 

The hazard posed by pathogenic bacteria to human health comes in the form of infectious diseases associated to 

hospital operations, particularly nosocomial infections. The pathogenic species frequently encountered in these 

infections are: Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa account for approximately 

15 to 25% of the germs responsible for these infections [1]. However, to create new antimicrobial drugs, several 

investigations have been conducted at the platform of research laboratories for the synthesis of chemical 

structures with their in vitro and in vivo tests on pathogenic microorganisms [2]. In fact, the compounds of the 

family of Schiff bases [3] which contain the imine function (-CH=N-) have been widely used since the 19th 

century, due to their extensive biological activity and employment in a different field, including those involving 
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anti-tumor, anti-microbial, anti-tuberculous, anti-malarial, anti-bacterial, anti-fungal, anti-inflammatory, and 

antiviral properties [4-8]. As the compound N-(salicylidene)-2-hydroxyaniline inhibits Mycobacterium 

tuberculosis effectively [9]. 

In order to orient the synthesis with regard to "drug-like" compounds, it is very important to use the 

computational approach of virtual screening for the design and evolution of drugs based on the structure of the 

macromolecule. To prove the potential for biological or therapeutic effect of a compound, it's about the affinity 

of the interactions of the compound with the protein target. However, by defining the process for estimating the 

in silico ADME-Toxicity profile (Absorption, Distribution, Metabolism, Excretion and Toxicity), the optimal 

pharmacokinetic properties of the compound are demonstrated [10-11], this phase makes it possible to create 

series of compounds having a demonstrated activity on the chosen target. Lack of efficacy in humans and 

pharmacokinetic issues are two explanations for molecule disappointment during drug development, which can 

be estimated from its chemical structure, which helps to reduce failures due to these bad properties of ADME-T 

[12]. 

In this context, we studied the inhibitory effect in vitro of Schiff's base derivatives (N-salicylidene-o-

methylaniline (a), N-salicylidene-o-methoxyaniline (b), N-salicylidene-o-chloroaniline (c), and N-salicylidene-

o-nitroaniline (d) are shown in (Figure 1) against the bacteria Staphylococcus aureus, Escherichia coli, and 

Pseudomonas aeruginosa. Furthermore, we used the virtual screening method for molecular docking of these 

derivatives with protein targets for a possible design of new bioactive molecules and an evaluation of their 

ADME-toxicity properties. 

 

Fig. 1. Structure of the Schiff bases type N-salicylidene-O-R-aniline. 

2. Results and discussions 

2.1. Experimental Study 

2.1.1. Variation of the Inhibitory Effect of Schiff's base 

   The appearance of zones of inhibition reflects the antimicrobial activity of Schiff bases on the bacteria 

tested.After incubation, the absence of microbial growth is reflected by a translucent halo around the disc, with 

the diameter of the zone of inhibition (DZI) measured (disc included) and expressed in millimetres (mm). The 

results are expressed in three levels of activity:  

-Résistant: Inhibition zone diameter < 6 mm 

- Intermédiaire : 6mm≤ Diameter of zone of inhibition ≤ 13 mm 

- Sensible: Diameter of zone of inhibition> 13mm 

The results are presented in Table 1. 
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Table 1. The inhibitory effect of Schiff's base on the bacterial strains studied 

Schiff bases S. aureus (+) P. aeruginosa(-) E. coli(-) 

* Diameters of the inhibition zones (mm) 

a 7.83 ± 1.04  9.16 ± 1,04  6.33 ± 0,57 

b 8.26 ± 0.76 6 ± 0,00 8.16 ± 0,76  

c 7.16±0,76  6.83 ± 0,57 6.33 ± 0,28 

d 33±1.00 6.23 ± 1,04 12.16 ± 0,76  

DMSO - - - 

Gentamicin 27 19 19 

*Mean values ± standard deviation (Three tests). 

The mean diameters of the various letters vary greatly (p <0.05). The Fisher LSD assay indicates that mean 

diameters of the same letter are not statistically different at p > 0.05. The Schiff bases studied showed different 

inhibitory activity on the growth of bacterial species. (Figure 2) shows the evaluation of bacterial inhibition in 

the presence of the Schiff base derivatives tested: In addition, the compound d showed significant activity on the 

S. aureus strain belonging to the Gram-positive bacterial group (33 ± 1, 00 mm) compared with gentamicin with 

27 mm of diameter inhibition zone (Figure 3). 
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Fig. 2. The variation of the inhibitory activity of Schiff bases against bacterial species 

According to the analysis of variance, both the Schiff base and the bacterial species had a significant (p < 0, 05) 

impact on the inhibitory zones. When the inhibition means are compared, the Schiff base d inhibits S. aureus (+) 

and E. coli (-) strains at p < 0, 01 with diameters of inhibition of 33 ± 1, 00 and 12, 16 ± 0, 76, respectively, 

when compared to other compounds. 

2.1.2. Determination of the MICs and the MBCs 

The inhibitory effect of Schiff bases was evaluated by the quantitative identification of MIC and MBC. Indeed, 

the compounds reveal an inhibition zone with diameters ≥ 9 mm corresponding to the identification of these 

concentrations. Table 2 summarizes the quantitative activities obtained. 

Table 2. The antibacterial properties corresponding to these compounds 

Strains Compounds MIC MBC MBC / MIC Antibacterial properties, 

S.aureus d 0,25 0,5 2 Bactericidal 

P.aeruginosa a 0,5 >2 ND Bacteriostatic 

E.coli d 0,5 1 2 Bactericidal 

ND: not determined. 

2.1.3. Determination of MICs and MBCs 

   The inhibitory effect of Schiff's bases was assessed by quantitative determination of MICs and MBCs.  

The results show that the compound d has very interesting minimum inhibitory and bactericidal concentrations 

with S. aureus, with concentrations of 0.25 mg/mL and 0.5 mg/mL respectively (Figure 4).  

 

The MBC/MIC ratios indicate the bactericidal (>2) or bacteriostatic (≤2) effect of our molecules.  

This compound showed bactericidal activity against S. aureus and E. coli strains. Whereas the compound a 

showed bacteriostatic power against P. aeruginosa (Figure 5). 
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  The work of [13] reported the antimicrobial activity of Schiff bases in particular: (1) N-(2-

Hydroxybenzylidene) pyridine-2-amine, (2) N-(5-nitro-2-hydroxylbenzylidene) pyridine-2-amine, (3) N-(5-

bromo-2-hydroxylbenzylidene) pyridine-2-amine, and (4) N-(5-methoxy-2-hydroxylbenzylidene) pyridine-2-

amine. demonstrating how different concentrations of these compounds can inhibit the growth of S. aureus and 

E. coli. 

2.2. Computational Study 

2.2.1. Molecular Docking Simulation  

Docking begins with importing the protein targets (PDB IDs: 5IQG and 5J5D) and Schiff's base derivatives (in 

PDB format) into the MVD search space. This procedure comes after a preliminary preparation step that verifies 

and ensures that the structural properties of each concept are taken into account by the software. We detected 

five cavities for each protein target, while the cavities designated in our study that contain the ligands co-

crystallized with their receptors are located at the level of the main pocket.  

These cavities represent volumes and surfaces within the research center, giving it the appearance of a 15Å 

radius sphere. Table 3 lists the cavities discovered for the two receptors. 

Table 3.  Property of cavity 1 for each of the protein targets 

Proteintargets 

Code ID : PDB :  

Volume (Å3) Surface(Å2) Position Bioactive ligands 

(co-crystallized) 

5IQG 1162, 75 2453,76 X=-38, 83;  Y= 5, 05; Z= 59,46 51G a 

5J5D 40,44 145,92 X= 89.38;   Y= 97.36;  Z= 112.85 6GTb 

aBaicalein: 5, 6, 7-trihydroxy-2-phényl-4H-chromen-4-one. 

bBestatin:2-(3-amino-2-hydroxy-4-phenyl-butyrylamino)-4-methyl-pentanoicacid 

The receptor-ligand complex formed, adopting the most stable conformation, resulting in the lowest energy 

level, in the search for the most favorable conformation between the ligand (flexible) and receptor (rigid). 

From the perspective of scoring poses, which are produced after 10 research trials by the MVD, the established 

effectiveness of assessing the affinity and orientation of Schiff's bases in the cavities of active sites allows the 

classification of the best pose based on the interaction energies obtained at the interaction sites, which are listed 

in Table 4. 

Table 4.  MolDock Score interaction energies (kcal/mol) of selected best poses 

  5IQG   5J5D  

Ligands MolDock Score 1 HBond Interaction2 MolDock Score1 HBond Interaction2 

a   -81.5727 -2.04268 -91.4015 -78.4573 -5.33511 -89.3033 

b    -86.3984 -2.49972 -98.3912 -80.0243 -5.04366 -88.6218 

c   -79.0736 -4.99829 -93.0926 -76.9245 -4.64627 -82.5957 

d -89.2204 -6.49797 -103.527 -80.0553 -8.85943 -92.0706 

51G -99.3158 -8.13334 -128.901    

6GT    -82.5957 -8.62594 -93.3023 

1The sum of external ligand interaction and internal ligand interaction is used to calculate the MolDock score. 

2The total energy of the protein's interaction with the pose 
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Most of the poses selected correspond to strong scores and allow you to maintain the best conformation. The 

complexes formed by the I-4 ligand with the two protein targets have an energy contribution based on the 

MolDock score of -89, 2204 kcal/mol and -80, 0553 kcal/mol, respectively, which show a significant correlation 

when compared to the energy contributions made by the 51G and 6GT co-crystallized ligands after docking. 

However, modeling of target protein binding sites involved in the conformation of the I-4 inhibitor bound within 

these crystallographic structures is shown in (Figure 6). 

 

 

 

 

 

 

 

 

A  
 

 

 

 

 

 

 

B 

  

 Interaction between I-4 pose and 5IQG Interaction between I-4 pose and 5J5D 

Fig.6. Modeling of protein-ligand interactions at the identified binding sites (A) and 2D diagram interactions (B) 

for each protein target (using the program Discovery Studio 2019) 

Each main pocket is identified residues forming the active site through cavity 1. The selection of residues 

interacting with the I-4 ligand composing the binding site is critical because it guides the calculations and 

docking results. 

   The following residues are found in the target protein APH (2′′)-Ia binding site: Tyr 408 and Val 444 form 

hydrogen bonds at distances of 2.09 Å and 2.16 Å, respectively, of which Tyr 448 has established a hydrophobic 

interaction, while the amino acid Glu411 terminates an electrostatic interaction at a distance of 4.18 Å.In 

addition, the interaction site of the protein target Mtb-dapA corresponds to hydrophobic interactions by residues 

Val257 and Val213, while amino acids Met251, Arg148, and Gly256 show hydrogen interactions, although the 

strongest hydrogen bond revealed is between the amino acid Arg148 and the oxygen atom of the nitro group at a 

distance of 1.78 Å. 

   The structural similarity was determined by superimposing these structures and comparing the poses 

calculated for each ligand with the co-crystal ligand. The arrangement of the calculated conformations is 

illustrated in (Figures 7a and 7b). 
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Fig 7a. The superimposition of the conformation of the co-crystallized inhibitor on the predicted optimal 

position of each ligand within the protein target interaction site APH (2″)-Ia (I-1: blue, I-2: yellow, I-3: brown, 

I-4: green, and 51GD: re) 

 

Fig. 7b. The co-crystallized inhibitor conformation is superimposed on the predicted optimal position of each 

ligand within the protein target interaction site Mtb-dapA (I-1: blue, I-2: yellow, I-3: brown, I-4: green, and 

6GT: red). 

The formation of a stable complex depends on the interactions between the binding site of the active site of the 

protein target and the investigated ligands.The modes of interactions corresponding to these complexes formed 

show a significant similarity in terms of comparison of the nature and the number of bonds with 51G and 6GT; 

when it comes to the I-4 ligand, its interaction energy is -103, 527 kcal/mol. This energy results from the 

establishment of two conventional hydrogen bonds, several hydrophobic and electrostatic interactions with the 

APH receptor (2″)-Ia. Also for the complex formed by Mtb-dapA we obtain five conventional hydrogen bonds 

and two hydrophobic interactions with I-4 at interaction energy of -92, 0706 kcal/mol. These interaction 

affinities are significantly higher than those provided by the remains of the ligands (I-2 and I-3).The similarity 

specificity of the interactions in comparison with the 51G and 6GT ligands is explained as follows: 

  For 5IQG, two H-donor hydrogen bonds are formed, the first at a distance of 2,09 Å between the 

hydroxyl group (ID 3 572) of Tyrosine residue (Tyr 408) and the N1 atom of the azomethine group (HC = N... 

HO), and the second at a distance of 2.73 Å between the oxygen atom (ID 4 264) of glutamic acid (Glu 451) and 

the hydrogen atom H5 of the azomethine group.  Furthermore, hydrophobic interactions of the two phenyl rings 

of ligand I-4 occurred over distances of 3.94 Å and 3.98 Å, respectively, with the phenyl ring of Tyrosine acid 

(Tyr 448) and the aliphatic chain of valine (Val 444).  
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For 5J5D, there are three H-donor hydrogen bonds distributed as follows: The HN group (ID 3 653) of the 

amino acid Glycine (Gly256) establishes two  

hydrogen bonds that are shared with the oxygen atoms (O1 and O3) of the nitro and hydroxyl functional groups 

over distances of 2.25 Å and 2.01Å respectively. Another H-acceptor hydrogen bond is formed at a distance of 

2.85 Å (O... H-C=N) between the oxygen (ID 712) of the amino acid Threonine (Thr55) and the hydrogen of the 

imine function.  

These docking results explain the higher affinity of interaction with protein targets in the presence of I-4 ligand 

at a large diameter of the inhibition zone, which was 33 ±1.00 for the species Staphylococcus aureus. However, 

the antibacterial capacity of these compounds was different, according to [14]. This difference is most likely 

caused by the selective diffusion of the compounds in the bacterial cell membrane. 

2.2.2. DFT Study 

 Molecular Geometry 

  The optimized geometries of the synthesized N-salicylidene-o-R-aniline (a-d) were studied using the B3LYP 

6-31G(d,p) method, employing Gaussian 09 software [15-17]. 

 

 

 

 

 

 

 

 

 

Fig.8. The optimized structure of N-salicylidene-o-R-aniline derivatives a-d 

Frontier Molecular Orbitals (FMOs) 

   For biomolecules, computing the frontier orbitals is crucial because they indicate the reactivity centers inside 

the structure. Throughout the molecule, the highest energy molecular orbitals occupied by electrons are referred 

to as HOMOs (Highest Occupied Molecular Orbitals [18] (Figure 9). 

  The gap energy (ΔE) is utilized in order to predict the stability or chemical reactivity of the molecules. all 

studies molecule has a greater banding gap value (4.204–4.035 eV), but compound C has the lowest value and is 

thus the most reactive because it is the least stable [19]. 

Molecules with a higher electrophilicity index tend to engage in a greater number of interactions with 

biomolecules. Among the four Schiff bases, compound d exhibits a higher electrophilicity index value. 

molecular docking confirms that compound d was well bound to the 5IQG and  5J5D protein. 

Table 5. Calculated EHOMO, ELUMO, ΔEgap, absolute softness (S), absolute hardness (η), absolute 

electronegativity (χ) and electrophilicity index (ω) for all the synthesized compounds 3a-3d at 

DFT/B3LYP/6-31G(d, p) level. 

 
a 

 
b 

 
 

c 

 

d 
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2.2.2.2. Molecular electrostatic potential  

By using an electrostatic potential analysis, the distribution of charges (both positive and negative) within the 

molecules is found. From the Molecular Electrostatic Potential (MEP), an analysis of the binding and hydrogen 

bonding interactions between the ligand and the biomolecule may be determined. Different electron charges are 

represented by the different colors. A negative potential, or attraction to protons, is shown by the color red. 

Green signifies zero potential, whereas blue indicates a positive potential that indicates repulsion from protons 

[20-22]. The hydroxyl group was the location of the highest positive zone. This illustrates the likely location of 

a nucleophilic attack on an oxygen atom with an unshared electron pair. The MEP potential in Schiff bases was 

found in the 

hydroxyl group. likewise, the area containing the hydroxyl group and C=N group displayed the greatest amount 

of hydrogen bonding interactions according to molecular docking. The excellent activity is attributed to the 

hydroxyl group unit, according to MEP and docking tests. Finding the molecule's electrophilic and nucleophilic 

sites as well as the MEP, as indicated in (Figure 9), will be made much easier with the use of the molecular 

electrostatic potential data. incredibly helpful in predicting the chemical system's reaction location 

 [11]. 

 

 

 

 

 

 

 

 

 

 

 

 

Descripteurs Moléculaire a b c d 

Log P 4.00 4.07 2.80 3.39 

µ (D) 2.61 2.14 4.36 4.152 

EHOMO (eV) -5.569 -5.796 -6.132 -5.364 

ELUMO (eV) -1.365 -1.606 -2.097 -1.304 

ΔEgap(eV) 4.204 4.190 4.035 4.060 

E (u.a) -671.30 -1091.57 -836.47 -746.50 

(η) 2.102 2.095 2.017 1.378 

(S) 0.476 0.477 0.496 0.726 

(μ) -3.457 -3.701 -2.743 -3.334 

(χ) 3.457 3.701 2.743 3.334 

(ω) 2.837 3.269 1.865 4.033 
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 Homo Lumo MESP 
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b 

 
  

c 

   

d 

   
 

Fig. 9. Frontier orbital and Molecular electrostatic potential maps of compounds a-d 

2.2.2. 3. Evaluation of ADME-Toxicity properties 

   Using the web server (http://biosig.unimelb.edu.au/pkcsm/predicparameters of ADME-toxicity of all ligands 

were calculated and presented in Tables 6a, 6b. 

Table 6a. Absorption and distribution properties for these ligands 

 

 

 

 

 

 

 

 

 

 

 

 

 

Properties 

 

Descriptors 

Ligands 

a b c d 51G 6GT 

A
b

so
rp

ti
o

n
 

Caco2 permeability(log Papp 

in 10-6 cm/s) 

1.727 1.723 1.7 0.751 0.979 -0.476 

Intestinal absorption 

(human)(% Absorbed) 
92.845 93.482 91.607 90.668 19.161 34.303 

Skin Permeability(log Kp) -1.843 -2.63 -2.351 -2.53 -2.735 -2.735 

P-glycoproteinsubstrate No Yes No Yes Yes No 

P-glycoprotein I inhibitor No No No No No No 

P-glycoprotein II inhibitor No No No No No No 

D
is

tr
ib

u
ti

o
n

 VDss (human) (log L/kg) 0.364 0.333 0.466 0.284 -1.313 -1.094 

Fraction unbound (human)(Fu) 
0.068 0.081 0.083 0.005 0.744 0.669 

BBB permeability(log BB) 0.32 0.11 0.353 -0.273 -0.851 -0.276 

CNS permeability(log PS) -1.583 -1.7 -1.583 -2.01 -4.093 -3.114 
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The estimation parameters correspond to the absorption of a compound, such as membrane permeability, which 

is indicated by the apparent permeability of the Caco-2 cell line, which is used to determine permeability. If a 

compound has the Caco-2 (Papp) permeability value ≥ 8 x10-6 cm / s, it is labeled as having high Caco-2 

permeability; otherwise, it is labeled as having moderate-low Caco-2 permeability [23]. The percentage of HIA 

should be greater than 90% and skin permeability (logKp ˂ -2.5) [24,25], while the VDSS, CNS permeability 

(log PS), and BBB permeability (log BB) are used to predict distribution. 

    Based on our prediction results, our ligands have better percentages of human intestinal absorption (HIA) 

with values greater than 90% which are higher than those of the ligands of co-crystallized (51G and 6GT). 

Additionally, this explains how oral administration of the I-2 ligand with a value of 93.482% could result in 

greater absorption in the intestinal contour. 

The prediction of the membrane permeability factor was moderately permeable through the Caco-2 cell line 

with log Papp values of 1.727, 1.723, and 1.7 x 10-6 cm/s for ligands I-1, I-2, and I-3, respectively, because its 

apparent permeability values are between 0,9 x 10-6 and 10 x10-6 cm/s (according to the chemical space 

classification of the FDA). 

    It was noted that the estimation of the mucosal transport capacity of these ligands was more acceptable than 

that of the reference ligands. In addition, when it comes to skin permeability and its “Log Kp” coefficient were 

less than -2.5, this is true for ligands b (-2.63) and d (-2.53), which exhibit high skin permeability and include 

both 51G and 6GT ligands (due to log kp ˂ -2.5).However, the decreasing order of the skin permeability 

capacity of our ligands was as follows: b, d, c, and a. 

   Furthermore,the predicted ligands can be well distributed in the body. Nevertheless, it is noted that ligands a, b 

and c showed positive LogBB values (LogBB ˃ 0.3) [19]. Consequently, they might naturally traverse the 

blood-brain barrier, whereas d can moderately penetrate this barrier.On the other hand, the 51G and 6GT ligands 

shown of the negative values were -0.851 and -0.276, respectively.They will therefore have a poor distribution 

to the BBB. However, because Log PS ˃-2 [26], it is easier to predict the entry of ligands a, b, and c into the 

central nervous system (CNS). While, I-4 ligand showed a value of LogPS = -2.01, suggests moderate 

penetration of this ligand in the central nervous system. While the 51G and 6GT ligands cannot readily penetrate 

the CNS, which means the more negative the predicted log PS value is, the molecule will no longer be able to 

penetrate the CNS. 

   Notably, the two crucial pharmacokinetic parameters for drug delivery to tissues are unbound fraction (Fu) 

and volume of distribution (VDss). Despite the fact that drug distribution in tissues is considered high when the 

VDss value is greater than 0.45, based on the volume of distribution value, [27] described the spectrum of drug 

distribution. Besides if the value is less than -0.15, this drug has shown poor distribution in the tissues. In point 

of fact, the ligand I-3 being distributed in the tissues, because it offers the highest predicted value (0.466) 

compared to the other ligands, it is the VDss value ˃ 0.45. Our ligands can be classified in decreasing order of 

tissue distribution: I-3, I-1, I-2, and I-4, while the 51G and 6GT ligands may have penetrated more into the 

plasma than the tissues because they act at VDss values below -0.15 [28]. 

Table 6b.  Metabolism and excretion properties of the studied ligands 

Properties Descriptors Ligands 

a b c d 51G 6GT 

 M
et

a
b

o
li

sm
 

CYP2D6 substrate No No No No No No 

CYP3A4 substrate Yes Yes Yes Yes No No 

CYP1A2 inhibitior Yes Yes Yes Yes No No 

CYP2C19 inhibitior Yes Yes Yes Yes No No 

CYP2C9 inhibitior Yes No No Yes No No 
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CYP2D6 inhibitior No No Yes No No No 

CYP3A4 inhibitior No No No No No No 

 E
xc

re
ti

o
n

 

  

Total Clearance  

(log ml/min/kg) 

0.154 0.17 0.26 0.393 0.708 0.868 

Renal OCT2 substrate No No Yes No No No 

 

   Drug metabolism or metabolic alteration of drugs is a xenobiotic biotransformation carried out by oxidation 

reactions (phase I),which involve the creation or modification of functional groups, and/or by conjugation 

reactions (phase II) [29]. These types of enzymatic reactions take place in the liver to make drugs soluble in 

more polar water-soluble metabolites more easily eliminated through the urinary or biliary tract.The 

Cytochromes P450 (CYP) are the main enzymes of phase I, which are composed of different isoforms, 

including CYP2D6, CYP3A4, CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4 involved in drug [30]. 

   It was interesting to observe the predictions about our compounds potential roles as cytochrome P450 

monooxygenase system substrates or inhibitors.It was also discovered that these ligands could be well 

metabolized by CYP1A2 and CYP2C19 inhibitors, whereas I-1 and I-4 become CYP2C9 inhibitors, with the 

exception of ligand I-3, which becomes a CYP2D6 inhibitor; however, none of them become a CYP2D6 

substrate. This is explained by the fact that, due to the complexity of modulation interactions with cytochrome 

P450 [31], in particular, these ligands were predicted to be substrates of CYP 3A4 and may be metabolites in the 

liver, suggesting they can be eliminated via the urinary tract without causing significant toxicity [32]. 

   Moreover, the compound's excretion from the body is the most extreme stage of the pharmacokinetic property 

phases. This is unchanged molecule and / or its metabolites as drugs are excreted through the urinary tract 

including the liver may participate in the elimination of drugs via the biliary system [33]. Total clearance and 

organic cation transporter 2 substrates were predicted as excretion process parameters.  

   This shows that a variability of total clearance values was obtained, namely that I-4 ligand showed the highest 

value, suggesting that this ligand is excreted relatively faster than other derivatives. With the exception of the 

51G and 6GT ligands show the highest values of total clearance. We suggest that the excretion of all of Schiff's 

base derivatives can be considered by the kidneys with a mechanism other than OCT2 [34,35], except for the I-3 

derivative, which is a renal absorption transporter, which could be the substrate of the organic cation transporter 

(OCT2). 

2.2.2.3. Lipinski Rules 

We proceeded to filter the compounds having the most similar physicochemical properties with the ligands 

known to be active on the protein target, also the molecules having characters capable of making them drugs 

otherwise called "drug-likeness". Typically, a molecule is considered drug-like if it meets at least 3 criteria of 

Lipinski's 5 rules (lipophilicity, molecular weight, molar refractivity, hydrogen bonding, and rotatable bonds) 

[36]. 

Additionally, [37] added two more criteria. It is required to find the PSA, which must be ˂ 140 Å², and the 

number of rotational bonds, which must be less than 10 for the compound.This rule states that when a drug 

exhibits more than one violation, it is more likely to have low oral bioavailability. 

    In order to apply this rule to refine a prediction, a study was carried out in particular on the physicochemical 

properties, medicinal chemistry data, and druglikeness of each ligand, as obtained by swissADME online 

software (Tables 7a and 7b). 

  Table 7a . The results of the physicochemical property, lipophilicity, and water solubility criteria 

 Physicochemical Properties Lipophilicity Water Solubility 
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Ligands MW 

(g/mol) 

F Csp3 Rb H-acc H-don M-ref TPSA Å² Consensus 

Log Po/w 

Log S (ESOL) Class 

I-1 211.26 0.07 2 2 1 67.13 32.59 3.20 -3.75 Soluble 

I-2 227.26 0.07 3 3 1 68.65 41.82 2.84 -3.50 Soluble 

I-3 
231.68 0.00 2 2 1 67.17 32.59 3.41 -4.04 

Moderately 

soluble 

I-4 242.23 0.00 3 4 1 70.98 78.41 2.02 -3.48 Soluble 

51G 
477.60 1.00 7 12 8 118.31 199.73 -2.15 0.24 

Highly 

soluble 

6GT 
174.15 0.57 6 5 2 39.51 91.67 0.06 -0.41 

Very 

soluble 

 

The calculation results show that our ligands agree with the Lipinski rules, moreover perfectly within the range 

of the criteria imposed by the Veber rule. This suggests that these ligands are theoretically capable of exhibiting 

biological activities and would not have problems with oral bioavailability, overall, to promote intestinal 

absorption and brain penetration, particularly in terms of physicochemical properties [38]. 

Table 7b.  The values of the criteria of Drug likeness and Medicinal Chemistry 

 

Ligands 

Drug likeness Medicinal Chemistry 

Lipinski 

violation 

Ghose Veber Egan Muegge Bioavailability 

Score (F) 

PAINS 

alert 

Brenk 

alert 

Leadlikeness 

violations 

Synthetic 

accessibility 

a Yes; 0 Yes Yes Yes Yes 0,55 0 1 No;1 2.32 

b Yes; 0 Yes Yes Yes Yes 0,55 0 1 No;1 2.42 

c Yes; 0 Yes Yes Yes Yes 0,55 0 1 No; 2 2.32 

d Yes; 0 Yes Yes Yes Yes 0,55 0 3 No;1 2.73 

51G No; 2 No; 2 No; 1 No;1 No; 4 0,17 0 0 No;1 6.51 

6GT Yes; 0 No;1 Yes Yes No;1 0,56 0 1 No;1 1.47 

 

  It's possible that all ligands effortlessly traverse the BBB and the gut because there are less than five hydrogen 

bond donors and less than ten hydrogen bond acceptors. This is explained that the more these ligands are able to 

form hydrogen bonds, the less they would be exerted to diffuse passively into the membranes and therefore to 

enter the brain [39]. 

   Thus, they can easily pass through the cell membrane according to the molecular weight of all our ligands, 

with values between 211, 26 and 242, 23 g / mol (less than 500 g / mol). 

In particular, this weight margin has suggested that brain penetration of these ligands will be easy [40]. 

Surprisingly, the larger the volume of the molecule, the more easily it will cross the BBB [41]. Noting that our 

ligands can be absorbed through the intestine according to the predicted PSA values. Except for the 51G ligand 

presented a value greater than 140Å2 was 199, 73 Å2. It appears that the PSA is negatively correlated with the 

logBB and the Caco-2 permeability [42]. 

  However, passive diffusion transport through a cell membrane is proportional to the molecule's partition 

coefficient.This is positive for our ligands; therefore, 0 ˂ Consensus Log Po/w˂ 5 to cross the gut, or logP, is 
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positively correlated with logBB.Indeed, our ligands reveal a very sufficient lipophilicity, which will diffuse 

more easily through the membranes and penetrate more easily at the cerebral level [43]. Concerning molecular 

flexibility, [44] have shown that moderate molecular flexibility increases logBB but if the too flexible molecule 

will not cross the BBB. This explains why our ligands easily penetrate the BBB; it appears that [45] proposed 

the idea of intestinal absorption increasing with the number of rings and rigid bonds.  

   Otherwise, we observed that I-1, I-2, and I-4 ligands correspond to classes soluble in water, while I-3 ligand 

belongs to the class moderately soluble in water showed a lowest value of Log Swas -4.04, accordingly the 

probability of diffusion of this ligand to cross the barrier made up of cell membranes will be the easiest. 

However, [46] have demonstrated that the polarity factor has a greater influence on the cerebral passage than 

does lipophilicity. We can also appreciate through the rate of molar refractivity (between 40 and 130), that these 

ligands enter the intestine [47]. 

On top of that, our ligands absorbed at the intestinal level exhibit physicochemical and structural properties that 

are consistent with data in the literature for drug [48].  They obey Lipinski's rule of five; the same is true for 

BBB permeability, for which polarity is an important factor of passage, which has also been described for drugs. 

When analyzing the differences between the values of these descriptors obtained, including their filtering, we 

observed that a ligand active by the oral route must meet the criteria outlined above.It emerges from these 

calculations that no violation of Lipinski parameters was predicted for our ligands, which showed the same 

bioavailability score (F) of 0.55 with good drug likeness according to the rules of Veber, Egan, and Muegge. 

   Nevertheless, the PAINS and Brenk properties were used to determine different molecular fragments of 

ligands, which tend to react with different biological targets. Furthermore, these ligands did not reveal any 

predicted violation of this PAINS property. 

Cerebral penetration and intestinal absorption were evaluated by an in silico BOILED-EGG model based on 

polar and lipophilicity factors [49] Figure 8 shows this model. 

 

Fig. 10. BOILED-Egg / SwissADME model corresponding to these ligands 

   A significant proportion of the ligands (66.66%) located inside the yellow ellipse are predicted to diffuse at the 

BBB, corresponding to the derivatives of the Schiff bases that define good cerebral permeability; these 

derivatives are also associated with an expected high gastro-intestinal absorption [50]. 

   The 51G and 6GT ligands, which failed for blood-brain barrier permeability with their agglomerations outside 

the yellow ellipse, except that the prediction of gastro-intestinal absorption was poor for 51G, which was 

believed to be non-permeable to the brain, displayed the highest tPSA value (tPSA = 199.73Å2) and therefore 

cannot easily cross cell membranes because it has a low liposolubility with WLOGP = -3.33. 

2.2.2.4. Toxicity 
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In terms of toxicity prediction, which is the most important aspect of drug development failure [51], we used the 

Pkcsm-pharmacokinetics web server to assess the toxicity of ligands based on significant descriptors: LD50, 

AMES toxicity, hypatotoxicity, and skin sensitization. The results of the predicted descriptors are grouped in 

Table 7c. 

It appears from this prediction result that the ligands I-2, I-4, 51G and 6GT showed no mutagenic power based 

on the AMES test, as well as did not cause skin sensitivity. In addition, all the ligands studied do not show an 

effect on the hERG I and II genes, the inhibition of which could cause cardiac fibrillation and have neither 

neurotoxic nor hepatotoxic effects. It should be emphasized that the potential mutagenic effect and the skin 

sensitization effect of ligands I-1 and I-3 can be corrected during the optimization of these ligands. 

Table 7c . Significant descriptors of toxicity for all ligands 

 

Descriptors 

Ligands 

a b c d 51G 6GT 

AMES toxicity Yes No Yes No No No 

Max. tolerated dose (human)(log 

mg/kg/day) 

0.67 0.48 0.646 0.334 0.188 0.73 

hERG I inhibitor No No No No No No 

hERG II inhibitor No No No No No No 

Oral Rat Acute Toxicity (LD50)(mol/kg) 2.012 2.163 2.274 2.434 2.559 1.762 

Oral Rat Chronic Toxicity (LOAEL)(log 

mg/kg_bw/day) 

1.111 1.462 1.059 1.292 2.763 2.598 

Hepatotoxicity No No No No No No 

Skin Sensitisation Yes No Yes No No No 

T.Pyriformis toxicity(log ug/L) 1.92 1.388 1.687 1.734 0.285 0.226 

Minnowtoxicity(log mM) 0.672 0.385 0.454 0.098 6.242 2.129 

 

3. Materials and methods 

3.1. Chemistry Material 

  The Schiff bases to be tested (Figure 1) were prepared in the laboratory of molecular chemistry and 

environment at Mohamed Khider University, Biskra, Algeria [52]. 

The bacterial strains used in this study were reference strains supplied by the bacteriology laboratory of the 

Hakim Saadan Hospital, Biskra, Algeria. The three reference strains were Staphylococcus aureus (ATCC25923) 

(Gram +), Pseudomonas aeruginosa (ATCC27853) (Gram -) and Escherichia coli (ATCC25922) (Gram -).  

Antibacterial tests (in vitro) Diffusion method on Mueller-Hinton agar medium: 

   The bacterial suspension was prepared in a saline solution (1 ml of physiological saline solution) and 

homogenised to a density equivalent to the turbidity standard of 0.5 McFarland using a densitometer. The 

culture medium (Mueller-Hinton agar) was then inoculated with a sterile cotton swab containing 106 colony-

forming units/ml of bacterial suspension. The test solution (5 μL at a concentration of 40 mg/mL in DMSO) was 

impregnated onto sterile 6 mm diameter Whatman No. 01 paper discs, which were then placed on the inoculated 

agar; 3-4 discs per Petri plate. 
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  In parallel, discs impregnated with the antibiotic gentamicin and DMSO were used as positive and negative 

controls, respectively. After incubating the Petri dishes at 37°C for 24 hours, the diameter of the zone of 

inhibition was determined in millimetres. 

Liquid dilution method: 

   Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) were 

determined by the dilution method [53]. A stock solution was prepared by mixing a 100 μL volume of Schiff 

stock solution with 1800 μL of Mueller-Hinton liquid, giving a total volume of 1900 μL at a C0 concentration of 

2.1 mg/mL. 

  Then, by preparing successive dilutions of the stock solution (C0), namely C01/2, C0 1/4, C0 1/ 8, C0 1/ 16, 

C0 1/ 32 and C0 1/ 64 up to a volume equal to 950 μL for each tube. Next, 50 µL of bacteria were added to each 

(inoculum) tube. Incubation was performed at 37°C for 18 to 24 hours to visually detect bacterial growth by the 

presence of cloudiness: This concentration responds to the lowest concentration of solution inhibiting bacterial 

growth in these tubes. 

   The BMC was obtained by inoculating the contents of the tubes (which show the MIC) into Mueller-Hinton 

agar and determining the BMC, which results in the absence of bacterial growth after 24 hours of incubation at 

37°C  

Three tests for each sample were used in the antibacterial activity assays, and the results were expressed as mean 

and standard deviation. Analysis of variance by factor (ANOVA) was used to assess significant differences (p 

<0.05), and Fischer's least significant difference (LSD) test was used to compare means. STATISTICA 

software, version 8.0, was used to perform this analysis (StatSoft Inc., Oklahoma USA). 

3.2. Molecular Docking Simulations  

  In the present work, we became interested in predicting the affinity of compounds towardthree-dimensional 

crystal structures of target proteins APH (2″)-Ia from isolates Staphylococcus aureus (ID: 5IQG)and 

Dihydrodipicolinate Synthase rom Mycobacterium tuberculosis / Mtb-dapA (ID: 5J5D) [54].  

   These structures were primarily obtained through X-ray diffraction and were accurately defined with good 

resolutions (2.50 and 2.40 Å). In order to make the proteins suitable for a study of our ligands docking favorably 

at their sites of interaction, cofactors, co-crystallized ligands, and water molecules have been removed from the 

proteins. Version 5.5 of Molegro Virtual Docker (MVD), created by Molegro ApS (2012), was used for the 

molecular docking technique of Schiff bases. 

   However, the algorithm embedded in the software allowed us to detect cavities present in protein targets, as 

well as based on the implications of the MolDock Score, which enhanced the PLP (piecewise linear potential) 

score functions. 

  The default settings included the maximum iterations of 1500, the maximum population size of 50, and the 

energy threshold of 100. These settings were used in conjunction with the MolDock Score function with a grid 

resolution of 0.30 and a radius of 15, and the MolDock SE search algorithm with a number of runs of 10. 

Additionally, the neighbor distance factor for the simplex evolution was 1.00, with a maximum step size of 300. 

3.3. In silico ADME-Toxicity properties 

   To learn more about estimating and improving these pharmacokinetic and toxicological properties using a 

"pKCSM" prediction platform that is freely available from the website (http://structure.bioc.cam.ac.uk/pkcsm) 

[55], it was crucial that we finish our study by predicting the ADME-toxicity properties of compounds, namely; 

its absorption, distribution, metabolism, excretion, and toxicity. Additionally, predictions of Lipinski's rule of 

five, its expansions, pharmacological similarity, and physicochemical parameters describing substances have 

been made via the swiss ADME web server (http://www.swissadme.ch) [56]. The "Lipinski" rule of five 

provides an estimate of a compound's oral bioavailability in the body based on its 2D structure. 

4. Conclusions 
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  In this study, the inhibitory effect of Schiff base derivatives on human pathogenic bacterial species was 

examined by the disc diffusion method as a function of substituted groups on the aniline ring at the ortho 

position.We observed that the presence of several groups, including methyl, methoxy, chloro, and nitro, can be 

used to explain the diversity of abilities to limit the growth of these bacteria.In order to evaluate and develop our 

experimental assays in vitro, we verified the effectiveness of the in silico approach.The results of the 

calculations show that our ligands are in agreement with Lipinski's rules, moreover perfectly within the range of 

the criteria imposed by the rule of Veber. This suggests that these ligands are theoretically capable of exhibiting 

biological activities, especially in terms of physico-chemical properties, would not have oral bioavailability 

problems, promote intestinal absorption, and have cerebral penetration. We used molecular docking simulations 

and ADME-toxicity criteria to predict the likelihood of inhibition of protein targets APH (2′′)-Ia from 

Staphylococcus aureus isolates and Dihydrodipicolinate Synthase from Mycobacterium tuberculosis (Mtb-

dapA). In terms of prospects, our ligands from this work can be used as lead compounds, with interesting 

optimization to design drugs for specific infectious diseases. 
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