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Abstract

Tuberculosis (TB), caused by Mycobacterium tuberculosis, continues
to be a global health challenge, particularly with the rise of multidrug-
resistant (MDR) and extensively drug-resistant (XDR) strains. In this
study, five isatin Schiff base derivatives were designed, synthesized,
and evaluated using in silico approaches to identify potential
antitubercular agents. The ADMET profiles of isatin Schiff base
derivatives were studied via pkCSM, admetSAR, and SwissADME
servers. Biological activity predictions were conducted using the
PASS online tool, with significant activity considered at Pa > 0.7.
Molecular docking studies were performed using MOE software
targeting the InhA enzyme (PDB ID: 4TZK), a key protein in the fatty
acid synthesis pathway of Mycobacterium tuberculosis. The docking
results revealed that all five ligands exhibited favorable binding
affinities and strong interactions with the enzyme’s active site.
Additionally, the ADMET profiles suggested good drug-likeness and
acceptable pharmacokinetic behavior. These findings suggest that the
synthesized isatin Schiff base derivatives (A1-AS) are promising
candidates for further development as antitubercular agents.
Conclusion: This study demonstrated that the five isatin Schiff base
derivatives (A1-A5) show strong potential as antitubercular agents.
Molecular docking revealed promising interactions with the InhA
enzyme, especially for ligand AS. ADMET studies analyses further
supported their drug-likeness and biological activity. These findings
warrant further experimental validation and optimization.
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1. Introduction
Tuberculosis (TB) is a chronic infectious disease caused primarily by the bacterium Mycobacterium
tuberculosis. It most commonly affects the lungs (pulmonary TB) but can also involve other organs such as
the brain, kidneys, and spine (extrapulmonary TB). TB is transmitted through airborne droplets when an
infected person coughs, sneezes, or speaks (Patel et al., 2025). Despite being preventable and treatable, TB
remains one of the top 10 causes of death worldwide. According to the World Health Organization (WHO),
nearly 10 million people develop active TB each year, and around 1.3 million deaths occur annually due to
the disease. TB can present with symptoms such as persistent cough, weight loss, night sweats, and fever.
However, some individuals may carry a latent TB infection, show no symptoms, but still harbor the
bacteria(Khattak et al., 2024). The emergence of multidrug-resistant TB (MDR-TB) and extensively drug-
resistant TB (XDR-TB) has posed significant challenges to global TB control. These resistant strains do not
respond to standard first-line anti-TB drugs, requiring longer and more complex treatment regimens.
Effective TB management includes early diagnosis, proper antibiotic treatment, vaccination with BCG
(Bacillus Calmette—Guérin), and public health measures to prevent transmission. Research into novel drugs,
including natural and synthetic ligands, is critical to combat resistance and improve therapeutic outcomes(Pal
et al., 2025, Nyang'wa et al., 2024). Anti-tubercular drugs recommended for treating tuberculosis include
rifampicin, pyrazinamide, para-amino -salicylic acid, and isoniazid(Adeniji et al., 2020). Isatin (1H-indole-
2,3-dione) is a naturally occurring compound found in plants, animals, and microorganisms. It has become
an important pharmacophore in medicinal chemistry due to its wide range of biological activities(Nazir and
Naseer, 2025). Schiff bases are versatile ligands formed by the condensation of primary amines with
aldehydes or ketones, resulting in an imine (-C=N-) functional group. These ligands exhibit a wide range of
pharmacological activities, including antibacterial, antifungal, anticancer, and antitubercular effects. Their
ability to interact with biological targets through hydrogen bonding and coordination enhances their
therapeutic potential(Chowdhary et al., 2022) . In the present study, isatin Schiff base derivatives (A1-AS)
were synthesized, combining the ADMET, biological activity and toxicological predictions. These ligands
were evaluated using in silico tools and demonstrated promising binding affinity toward the InhA protein of
Mycobacterium tuberculosis, suggesting their potential as lead antitubercular agents. Isatin derivatives have
shown significant antimicrobial effects, including antibacterial and antifungal properties. Some ligands are
particularly active against Mycobacterium tuberculosis, making them promising antituberculosis agents.
These derivatives can inhibit key bacterial enzymes such as enoyl-ACP reductase (InhA) and DNA
gyrase(Revuelta-Maza et al., 2020). In addition to their antimicrobial activity, isatin derivatives exhibit potent
anticancer effects by promoting apoptosis and inhibiting tumor cell proliferation. Certain isatin ligands also
display antiviral activity against HIV and herpes viruses. Moreover, they have demonstrated antioxidant
properties by scavenging harmful free radicals. Several isatin analogues act as anti-inflammatory agents by
modulating cytokine release (Thorat et al., 2013). Others possess anticonvulsant and antidepressant potential
due to interactions with neurological targets. The versatility of the isatin scaffold allows structural

modifications that can enhance selectivity and potency. Consequently, isatin-based ligands are considered
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promising candidates in drug discovery and therapeutic development across multiple disease areas(Lagunin

et al., 2000, Pires et al., 2015).

2. Materials and Methods
2.1. Obtaining the Molecular Structures and The SMILE Via Chemdraw 20.0
The molecular structures of five isatin Schiff base derivatives(A1-AS5) were sketched in ChemDraw 20.0

software to obtain the SMILEs Tablel of these structures that allow the subsequent analyses, Tablel.

Tablel: Obtaining the molecular structures and the SMILE via ChemDraw 20.0

Comp. IUPAC name Molecular Structure SMILESs
(2)-3 4,5-trimethoxy-N'-(2- O=C(N/N=C1C(NC2=C\l1C=CC e
Al oxoindolin-3-ylidene) ~C2)=0)E3=CAOC=COO M_O@\{:N
— 3
benzohydrazide 0C=C3 o@
(Z)-N'-(5-fluoro-2-oxoindolin-3- | O=C(N/N=C1C(NC2=C\1C=C(F “”“’\@\("
A2 ylidene)-3,4,5- )C=C2)=0)C3=CC(OC)=C(0C) Meo ””\N\
trimethoxybenzohydrazide C(0C)=C3 O¥i©/
(Z2)-3,4,5-trimethoxy-N'-(5- Meo o
Fclec2/C(=N/NC(=0)c3cc(OC)c
A3 methyl-2-oxoindolin-3-ylidene) Y
(0OC)c(0C)c3)/C(=0)Nc2cecl Mee \“\
benzohydrazide Me
(Z2)-3,4,5-trimethoxy-N'-(5-nitro - Moo °
O=C(N/N=C/1\C(=O)Nc2c\lcc(C
A4 2-oxoindolin-3-ylidene) Y
)ee2)elec(OC)e(0OC)c(0C)cl Mee \“ﬂ
benzohydrazide @om
(Z2)-3,4,5-trimethoxy-N'-(5- O=[N+]([O])c1cc2/C(=N/NC(=0O Mm@\(o
AS methoxy-2-oxoindolin-3-ylidene) | )c3cc(OC)c(OC)c(OC)c3)/C(=0)

benzohydrazide

Nc2ccl

2.2. Prediction of ADMET Profile Using Pkcsm, Admetsar And Swissadme Web Servers in

Combination

The web servers PKCSM—Predicting Small-Molecule Pharmacokinetic and Toxicity Properties Using

Graph-Based Signatures

(https://biosig.lab.uq.edu.au/pkcsm/),

admetSAR-ADMET

structure-activity

relationship database (http://lmmd.ecust.edu.cn/admetsar2), and SwissADME (http://www.swissadme.ch/)

of the Swiss Institute of Bioinformatics provide predictions about pharmacokinetic processes (absorption,

distribution, metabolism, excretion, and toxicity) of drug candidates from their SMILE (Banerjee et al., 2018).
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2.3. WAY2Drug to Predict Biological Activities
WAY 2Drug (http://www.way2drug.com/PASSOnline/index.php) is an informational-computational platform

capable of predicting the biological activity of drug-like compounds. This web base uses more than 250,000
biologically active structures to predict the potential physical activity using the SMILE of the molecules. The
viability of a particular spectrum of biological activity is given by Pa (probability “to be active”) and Pi
(probability “to be inactive”). In this case, Pa > 0.7 was used. Notably, the values of Pa and Pi are more
closely related to the similarity with the training set of the platform and usually have no direct relationship
with the quantitative characteristics of the activity(Pagadala et al., 2017) .

2.4. Protox-II to Predict Toxicity
The endpoints toxicity (hepatotoxicity, neurotoxicity, nephrotoxicity, and cardiotoxicity) and organ toxicity

(carcinogenicity, immunotoxicity, mutagenicity, and cytotoxicity) for the Isatin Schiff base derivatives (A1-
AS5), in addition to the LDso of them, were calculated using the online software ProTox-II (https://tox-
new.charite.de/protox_II/)(Meng et al., 2011) .

2.5. Molecular Docking
Molecular docking is widely used to provide the possible binding conformations of the chemical compounds

in a receptor(Furniss, 2004). This study was performed to find interactions between the ligands under
investigation and the active site residues of the selected protein, to compare binding affinities and RMSD
values between them, and to evaluate the best conformers based on the lowest binding affinities. Molecular
docking of the identified receptor and all of the ligands was carried out using Molecular Operating
Environment (MOE) software 2024.06(Hossain and Zakaria, 2017) .

The X-ray crystal coordinate of the crystal structure of Mycobacterium tuberculosis enoyl reductase (INHA)
(PDB ID: 4TZK), as shown in Fig.1 and Table2, with a high resolution of 1.62 A, was downloaded from the
RCSB database (http://www.rcsb.org/pdb), which is in the bound state with co-crystallized ligand 641. The
molecular structure of co-crystallized ligand (641), which is shown in Figure 2. The docking process involves
two steps.

2.6. Ligand Preparation:
All previously sketched molecular structures of five isatin base derivatives (A1-AS5) have undergone energy

minimization and conformational analysis of molecules (level: ultra) employing Chem3D Pro 19.1 software
by means of the Molecular Mechanics Force Field (MM+), like MM2 and then MMFF94. The reduction
process is repeated until the root mean square (RMS) gradient value falls below 0.1 kcal/mol. After that, in
MOE, protonating the ligand in 3D shape, partial charge addition, energy minimization, and finally saving
the results.

2.7. Protein preparation:
The downloaded crystal structure of the crystal structure of Mycobacterium tuberculosis enoyl reductase

(INHA) (PDB ID: 4TZK) has been prepared through the following steps: The chain sequences that participate
in the protein action were only selected. The small molecules and only unnecessary water molecules were
removed. Adding hydrogen hides bonds; after that, fix the potential of the protein atoms and identify its active
sites. At the end, all the previously prepared ligands were loaded into MOE from saved data, followed by
the docking process along with co-crystallized ligand 4TZK for comparative study. The pose with a higher
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binding affinity (less S score) and proper RMSD value (less than 2) was selected. Table 11 illustrates the

binding affinities and RMSD values of the selected poses of ligands, as well as the types of interactions, bond

distances (A), and bonding energies E (kcal/mol) between involved atoms of all ligands and atoms of the

involved residues of the identified active site of the 4TZK protein, Table2 and Fig.1 A-B.
Table2: Information Details Related to The Protein 4ZTK.

Amino

Total

Protein | Method ReS(()El)tlon acid é(:?::t Structure Organism ?iO:;zs:Zh(;:;i Dé);l::g RMSD
number Weight g
1-Cyclohexyl-N-
Xera Mycobacteriun | 75 ORERY
4TZK | 27T 1.62 269 | 2,432 | 29.57kDa | berculosis DYFTOC 701 | 0.847
diffraction 3-carboxamide
H37Rv ..
(Pyrrolidine
carboxamide)
A B

Figurel: A) Crystal structure of Mycobacterium tuberculosis enoyl reductase (INHA) (PDB ID:

4TZK). B) Chemical structure of co- crystalized ligand 641

2.8. Synthesis of isatin Schiff base derivatives (A1-A5)
2.8.1. General procedure for the synthesis of Methyl 3,4,5-trimethoxybenzoate (1)
Add to 50 mL round-bottom flask, 0.0235 mol (5 g) of trimethoxybenzoic acid was dissolved in 25 mL of

methanol. Then, 1 mL of concentrated sulfuric acid was added as a catalyst. The reaction mixture was heated

under reflux for § hours to promote Fischer esterification (Hussein et al., 2023). After completion, the mixture

was cooled and poured over 20 g of crushed ice. The resulting precipitate was filtered, washed with cold

water, and recrystallized from absolute ethanol to obtain compound (1) in pure form.

30




Altrufi Meeqaat Kerbala Journal of Pharmaceutical Sciences(2025)

2.8.2. General procedure for the synthesis of 3,4,5-trimethoxybenzohydrazide (2)

Compound1 (0.0221 mol ,4.06 g) was reacted with an excess of hydrazine hydrate 80% (0.08 mol, 5 mL) in
50 mL of absolute ethanol. The reaction mixture was refluxed at 80 °C for 12 hours in a 100 mL round-
bottom flask (Hussein et al., 2023). Upon cooling, the solid product was collected by filtration, washed with
ethanol, and dried. Recrystallization from 90% ethanol yielded the hydrazide (Compound2).

2.8.3. General procedure for the synthesis of isatin Schiff base derivatives (A1-AS)
(Hussein et al., 2023)washed with ethanol and diethyl ether, and recrystallized from ethanol. The final

products (A1-A5) were dried at room temperature, as presented in Fig.2.

“ 0
e, .-"" \J, - . e,

NH..NH>H-0 7
" ab:EtOH
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o]
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Figure2: Synthetic Scheme for The Synthesis of Isatin Schiff Base Derivatives (A1-AS5)

3. Results
3.1. Initial Information About the Isatin Schiff Base Derivatives (A1-AS5)

As mentioned previously, the molecular structures of the isatin Schiff bases (A1-AS5) were sketched in
ChemDraw 20.0 to obtain the SMILEs (Table 1). Therefore, a compound with drug-like properties must have
specific criteria, which include less than 10 H-bond acceptors and less than 5 H-bond donors; a molecular
weight not greater than 500 gm/mol; and logP, with a value below 5, not being able to violate more than one
of these parameters (Hamada and Kiso, 2017). Additionally, to consider the permeability and flexibility, the
polar surface area must be equal to or less than 140 and have no more than 10 rotational bonds, in that order
(Case et al., 2023). Still, the molecular volume is the feature that can determine factors such as intestinal
absorption and blood-brain barrier penetration. All the isatin Schiff base derivatives (A1-AS) complied,

exhibiting favorable pharmacokinetic properties.
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3.2. Prediction of ADMET Profile Using Pkcsm, Admetsar, And Swissadme Servers In Combination

The five ligands (A1-AS5) demonstrated notable differences in their physicochemical and pharmacokinetic
profiles, which may impact their drug-likeness and bioavailability. In terms of water solubility, all
compounds exhibited relatively poor solubility (log mol/L < -3), with AS being the least soluble (-4.637),
potentially due to its higher hydrophobic character. Caco-2 permeability data showed A5 had the highest
permeability (1.264 log Papp), indicating better intestinal absorption potential, which aligns with its highest
predicted human intestinal absorption (95.36%). Notably, all ligands except AS were identified as P-
glycoprotein substrates and inhibitors, suggesting possible efflux-related bioavailability limitations.
Conversely, A5 avoided P-gp interaction, which might explain its superior absorption metrics. Skin
permeability (log Kp) was relatively consistent across all ligands, with slightly higher skin penetration
potential observed for A3. Regarding CYP450 interactions, A1-A4 were identified as substrates for CYP3A4
and inhibitors for multiple isoforms, reflecting potential metabolic instability or drug—drug interaction risks.
AS, in contrast, was a non-substrate for most enzymes, possibly indicating lower metabolic liability. From a
physicochemical standpoint, A4 had the highest surface area and molecular weight, which may explain its
lower gastrointestinal absorption prediction. Furthermore, A5 showed the most favorable blood-brain barrier
permeability and a balanced TPSA (107.48 A2), indicating a potential for central nervous system activity.
Overall, A5 appears to be the most promising candidate among the group in terms of absorption and
metabolic profile, likely due to its favorable permeability, lack of P-gp interaction, and minimal CYP
inhibition, despite its lower solubility. These findings support its potential for further development, provided

solubility can be enhanced via formulation strategies, presented in Table2, Table3 and Table4.

Table2: Prediction of ADMET Profiles of Isatin Schiff Base Derivatives (A1-A5) In the Webserver Pkcsm

Comp. Al A2 A3 A4 A5
Water solubility (log mol/L) -3.802 -4.111 -3.606 -3.829 -4.637
Caco2, permegbility, (log Papp in 106 crmys) 0.373 1.134 0.876 1.207 1.264
Intestinal absorption (human) (% Absorbed) 77.141 69.485 77.089 73.554 95.359
Absorption Skin, Permeability, (log Kp) -2.991 -2.942 -2.813 -2.863 -2.872
P-glyooprotein substrate (Yes/No) Yes Yes Yes Yes NO
P-glyooproten 1, inhibitor (Yes/No) Yes Yes Yes Yes NO
P-glycoprotein, Il inhibitor (Yes/No) NO NO NO NO NO
Descriptor
Molecular Weight 355.35 373.34 369.38 872.34 385.35
LogP 1.9377 1.9377 1.7068 1.8072 316.353
#Rotatable Bonds 5 5 6 6
. # tors 6 6 8 7 5
Molecule propertes m 2 2 2 2 [
135.237
Surface Area(A2) 153.467 | 153.467 163.954 160.780
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Table3: The Output Parameters of Drug-Likeness and ADME For Isatin Schiff Base Derivatives (A1-A5)
In the Webserver Admetsar

Comp. Model | Result | Probability
Al Absorption
Metabolism
CYP450, 2C9 Substrate. Non-substrate 0.8286
CYP450 ,2D6 Substrate. Non-substrate 0.8447
CYP450 ,3A4 Substrate. Substrate 0.6161
CYP450, 1A2 Inhibitor. Inhibitor 0.6542
CYP450 ,2C9 Inhibitor. Inhibitor 0.6928
CYP450 ,2D6 Inhibitor. Non-inhibitor 0.9075
CYP450 ,2C19 Inhibitor. Non-inhibitor 0.5476
CYP450 ,3A4 Inhibitor. Non-inhibitor 0.6234
CYP Inhibitory, Promiscuity. High CYP Inhibitory Promiscuity 0.9013
A2 Absorption
Blood-Brain, Barrier. BBB+ 0.6397
Human Intestinal Absorption HIA+ 0.9545
Caco-2, Permeability Caco2- 0.5706
P-glycoprotein ,Substrate Non-substrate 0.5203
P-glycoprotein, Inhibitor Non-inhibitor 0.5333
Inhibitor, 0.6807
Renal Organic ,Cation Transporter Non-inhibitor 0.8869
Metabolism
CYP450 2C9, Substrate. Non-substrate 0.7861
CYP450 2D6, Substrate. Non-substrate 0.8543
CYP450 3A4 ,Substrate. Substrate 0.6111
CYP450 1A2 ,Inhibitor. Inhibitor 0.6434
CYP450, 2C9, Inhibitor. Inhibitor 0.6515
CYP450 2D6 ,Inhibitor Non-inhibitor 0.9129
CYP450 2C19 .Inhibitor, Non-inhibitor 0.5939
CYP450 3A4 Inhibitor, Non-inhibitor 0.5603
CYP Inhibitory ,Promiscuity. High CYP Inhibitory Promiscuity 0.8559
A3 Absorption
Blood-Brain, Barrier. BBB+ 0.5088
Human, Intestinal Absorption HIA+ 0.8305
Caco-2, Permeability, Caco2- 0.5605
P-glycoprotein ,.Substrate, Non-substrate 0.5361
P-glycoprotein, Inhibitor. Non-inhibitor 0.6641
Inhibitor, 0.6164
Renal., Organic, Cation Transporter,. Non-inhibitor 0.9067
Blood-Brain Barrier
Human, Intestinal, Absorption, HIA+ 0.8305
Caco-2 ,Permeability. Caco2- 0.5605
CYP450 ,2C9 Substrate. Non-substrate 0.7470
CYP450, 2D6 Substrate. Non-substrate 0.8388
CYP450 ,3A4 Substrate, Substrate 0.6475
CYP450, 1A2 Inhibitor. Inhibitor 0.6799
CYP450 2C9 Inhibitor. Inhibitor 0.6655
CYP450 ,2D6 ,Inhibitor. Non-inhibitor 0.9075
CYP450 2C19, Inhibitor. Non-inhibitor 0.5967
A4 Absorption
Blood-Brain ,Barrier. BBB+ 0.6397
Humans Intestinals mAbsorption HIA+ 0.9545
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Caco-2 Permeability, Caco2- 0.5706
P-glycoproteins Substrates. Non-substrate 0.5203
P-glycoproteins Inhibitors Non-inhibitor 0.5333
Inhibitors. 0.6807
Rena,l Organic Cations Transportesr Non-inhibitor 0.8869
Metabolism
CYP450s 2C9, Substrates Non-substrate 0.7861
CYP450, 2D6, Substrates Non-substrate 0.8543
CYP450 3A4 Substrates. Substrate 0.6111
CYP450 ,1A2 ,Inhibitors Inhibitor 0.6434
CYP450 2C9 Inhibitors. Inhibitor 0.6515
CYP450, 2D6, Inhibitor. Non-inhibitor 0.9129
CYP450 2C19, Inhibitor, Non-inhibitor 0.5939
CYP450, 3A4 Inhibitor. Non-inhibitor 0.5603
CYP, Inhibitory, Promiscuity. High CYP Inhibitory Promiscuity 0.8559
AS Absorption
Blood-Brain ,Barrier. BBB+ 0.8526
Humans Intestinals Absorptions HIA+ 0.9882
Caco-2 .Permeabilitys Caco2+ 0.8649
P-glycoprotein,. Substrates Non-substrate 0.5840
P-glycoprotein, sInhibitor Inhibitor 0.5659
Non-inhibitor 0.5824
Renal Organic, Cation Transporter. Non-inhibitor 0.8711
Metabolism
CYP450 2C9, Substrates Non-substrate 0.7321
CYP450 2D6 Substrates Non-substrate 0.7742
CYP450, 3A4, Substrates Non-substrate 0.5094
CYP450, 1A2 Inhibitors. Inhibitor 0.6781
CYP450 2C9, Inhibitor. Non-inhibitor 0.9658
CYP450 2D6 Inhibitor Non-inhibitor 0.8911
CYP450 ,2C19 Inhibitor Non-inhibitor 0.5529
CYP450 3A4, Inhibitors, Non-inhibitor 0.5175
CYP Inhibitory. Promiscuity. High CYP Inhibitory Promiscuity 0.7126

Table4: Prediction of ADMET Profiles of Isatin Schiff Base Derivatives (A1-AS5) Using Swissadme Platform

Comp. | MW nRB | nHBA | nHBD | MR TPSA iLOGP | GI BBB P- BS Ro5
(g/mol) (m*mol) | (A2 Absorption | permeant | gp

Al 355.34 6 6 2 97.41 98.25 2.63 High No No | 0.55 | Yes

A2 373.34 6 7 2 97.37 98.25 2.62 High No No | 0.55 | Yes

A3 369.37 6 6 2 102.38 98.25 2.85 High No No | 0.55 | Yes

A4 400.34 7 8 2 106.23 144.07 2.05 Low No Yes | 0.55 | Yes

A5 385.37 7 7 2 103.9 107.48 2.86 High No Yes | 0.55 | Yes
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3.3. WAY2Drug To Predicted Biological Activity

PASS prediction analysis revealed distinct differences in the biological potential of the five Isatin Schiff base
derivatives (A1-A5). Ligand A1 demonstrated notable predicted activities, acting as an amine dehydrogenase
inhibitor (Pa = 0.745), antitubercular agent (Pa = 0.738), and antimycobacterial compound (Pa = 0.729),
indicating a promising profile against mycobacterial infections. In contrast, ligand A2 exhibited no
significant predicted activity in the tested categories, suggesting minimal pharmacological potential. Ligand
A3 showed selective but potent action with antitubercular (Pa = 0.744) and antimycobacterial (Pa = 0.741)
effects. Among all ligands, A4 achieved the highest predicted values, with a Pa of 0.821 for antitubercular
activity and 0.811 for antimycobacterial activity, highlighting its strong potential as an anti-TB candidate.
Ligand AS displayed a diverse range of activities, including inhibition of amine dehydrogenase (Pa = 0.774),
antitubercular (Pa = 0.721), antimycobacterial (Pa = 0.713), and gluconate 2-dehydrogenase (Pa = 0.713),
suggesting its utility as a multitarget agent with antimicrobial potential, as shown in Table5.

Table5: The Biological Activities Prediction of The Isatin Schiff Bases Derivatives (A1 _A2) In the
Way2Drug Pass Online Tool

Comp. Activity Pa pi
Amine dehydrogenase inhibitor 0,745 0,005
Al Antituberculosic 0,738 0,004
Antimycobacterial 0,729 0,005

A2 - - -
A3 Antituberculosic 0,744 0,004
Antimycobacterial 0,741 0,005
A4 Antituberculosic 0,821 0,003
Antimycobacterial 0,811 0,004
Amine dehydrogenase inhibitor 0,774 0,005
A5 Antituberculosic 0,721 0,004
Antimycobacterial 0,713 0,005
Gluconate 2-dehydrogenase (acceptor) inhibitor 0,713 0,049

3.3. The Predict Toxicity Results and LD50 (Mg/Kg) Of Isatin Schiff Base Derivatives (A1-AS5).

The in-silico toxicity analysis of ligands A1 through A5 revealed consistent patterns across all tested
molecules. All five ligands are classified as Practically Non-Toxic (Toxicity Class 4), indicating a relatively
safe toxicity profile based on general acute toxicity classification. None of the ligands showed nephrotoxicity
or cardiotoxicity potential, with high confidence scores (0.90 and 0.77 respectively), suggesting they are
unlikely to affect kidney or heart function adversely. However, a common concern across all compounds is
the predicted hepatotoxicity (DILI) and neurotoxicity, both identified as active with high probabilities (0.69
for DILI and 0.87 for neurotoxicity). This indicates a potential risk of liver and central nervous system
toxicity that may require careful consideration in further preclinical testing. for broader toxicological
endpoints, carcinogenicity, mutagenicity, and cytotoxicity were consistently predicted as inactive across all
ligands with strong confidence (0.62—0.97), indicating low risk for DNA damage, cancer development, or

non-specific cell toxicity. However, all ligands showed active immunotoxicity with a very high probability
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(0.96), which might suggest the potential for immune system-related adverse effects or hypersensitivity
reactions upon exposure.in conclusion, while the ligands show promising safety in terms of nephrotoxicity,
cardiotoxicity, and mutagenic or carcinogenic potential, the predicted hepatotoxicity, neurotoxicity, and
immunotoxicity warrant further in vitro and in vivo validation before any clinical application. The
consistency in these predictions across all five ligands may reflect a shared structural alert or pharmacophore
responsible for these effects., see Table6.

Table6: The predict toxicity results and LD50 (mg/kg) of isatin Schiff base derivatives (Al A2)

Comp. Prz::gltgso Classification Target Shorthand Prediction Probability
Hepatotoxicity dili Active 0.69
Al P .
Orean toxici Neurotoxicity neuro Active 0.87
Practically & v Nephrotoxicity nephro Inactive 0.90
Non-Toxic Cardiotoxicity cardio Inactive 0.77
1190 . . : .
. Carcinogenicity carcino Inactive 0.62
Predicted — : .
.. .. . Immunotoxicity immuno Active 0.96
Toxicity Toxicity end points . -
Class: 4 Mutagenicity mutagen Inactive 0.97
' Cytotoxicity cyto Inactive 0.93
A2 Hepatotoxicity dili Active 0.69
Neurotoxicity neuro Active 0.87
Practically Organ toxicity Nephrotoxicity nephro Inactive 0.90
Non-Toxic Cardiotoxicity cardio Inactive 0.77
Predicted 1190 Carcinogenicity carcino Inactive 0.62
Toxicity .. . .
Class: 4 Toxicity end points Immunotoxicity Immuno Active 0.96
Mutagenicity mutagen Inactive 0.97
Cytotoxicity cyto Inactive 0.93
Hepatotoxicity dili Active 0.69
A3 . .
Orean toxicit Neurotoxicity neuro Active 0.87
Practically & Y Nephrotoxicity nephro Inactive 0.90
Non-Toxic Cardiotoxicity cardio Inactive 0.77
1190 . . . .
. Carcinogenicity carcino Inactive 0.62
Predicted — : .
.. .. . Immunotoxicity immuno Active 0.96
Toxicity Toxicity end points . -
. Mutagenicity mutagen Inactive 0.97
Class:4 — :
Cytotoxicity cyto Inactive 0.93
Hepatotoxicity dili Active 0.69
A4 — ;
Organ toxicity Neurotoxicity neuro Active 0.87
Practically & Nephrotoxicity nephro Inactive 0.90
Non-Toxic Cardiotoxicity cardio Inactive 0.77
1190 - — : ;
. Carcinogenicity carcino Inactive 0.62
Predicted . : .
.. .. . Immunotoxicity Immuno Active 0.96
Toxicity Toxicity end points = :
Class: 4 Mutagenicity mutagen Inactive 0.97
) Cytotoxicity cyto Inactive 0.93
AS Hepatotoxicity dili Active 0.69
Neurotoxicity neuro Active 0.87
Practically Organ toxicity Nephrotoxicity nephro Inactive 0.90
Non-Toxic . .. . . 0.77|
4 1190 Cardiotoxicity cardio Inactive
Predicted Carcinogenicity carcino Inactive 0.62
ToxiN Toxicity end points Immunotoxicity immuno Active 0.96
Y P Mutagenicity mutagen Inactive 0.97
Cytotoxicity cyto Inactive 0.93
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3.4. Molecular Docking Results

The molecular docking study using MOE 2024.06 revealed that the isatin Schiff base derivatives (A1-A5)
generally exhibited strong predicted binding affinities to the M. tuberculosis enoyl reductase (4TZK) active
site, comparable to the co-crystallized ligand (641, S score = -7.017 kcal/mol). Notably, ligands A3 (-7.167
kcal/mol) and A4 (-7.234 kcal/mol) displayed slightly more favorable predicted binding energies than the
reference co-crystallized ligand (641), Table7. Ligands A1 (-6.860 kcal/mol), A2 (-6.465 kcal/mol), and AS
(-7.154 kcal/mol) also showed significant binding potential, though A2 had the weakest affinity among the
tested Schiff bases. demonstrate co-crystallized ligand (641) the most precise geometric fit within the binding
site, as indicated by its low Root Mean Square Deviation (RMSD) of 0.847 A. This suggests the docking
protocol successfully reproduced the experimentally observed binding pose. In contrast, the Schiff base
derivatives (A1-A5) showed higher RMSD values (ranging from 1.017 A for AS to 1.775 A for A4),
indicating their predicted binding modes deviate from the starting conformation used in docking. This is
expected for compounds not originally crystallized in the site.The co-crystallized ligand (641) primarily
formed hydrogen bonds: one as a donor (N13 atom to water HOH743, 2.91 A, -2.7 kcal/mol) and one as an
acceptor (O15 atom to TYR158 sidechain hydroxyl, 3.13 A, -1.2 kcal/mol). This reliance on a water-mediated
interaction and a single direct protein H-bond highlights a potentially less complex binding mode compared
to some Schiff bases. The isatin Schiff base derivatives (A1-A2) engaged in a wider variety of interactions.
MET199 (A) was a crucial residue, forming hydrophobic/H-donor interactions with A1 (via C6, 3.98 A, -0.8
kcal/mol) and A3 (via C6 and N20). ASP148(A) acted as a key H-bond acceptor for A2, A3, and A4 (via
N12, distances ~3.00 A, energies -1.1 to -2.0 kcal/mol). LYS165(A) formed a strong H-bond with A2 (O15
acceptor to NZ, 2.77 A, -3.1 kcal/mol). PHE149(A) consistently participated in stabilizing pi-H interactions
with the aromatic rings of A3, A4, and A5 (distances ~4.16 A, energies ~-1.0 kcal/mol). Water-mediated H-
bonds were also observed (A5, A3). while The co-crystallized ligand (641) relied on fewer direct protein
interactions (mainly two H-bonds, one water-mediated), the Isatin Schiff base derivatives, particularly A2,
A3, and A5, formed a richer network. A2 and A3 engaged in three H-bonds each, and A5 combined two H-
bonds (one water-mediated) with a pi-H interaction. A3 and A4 also utilized pi-H bonding with PHE149, an
interaction type not seen with co-crystallized ligand (641). This suggests the Isatin Schiff bases exploit
additional binding site features or form more numerous stabilizing contacts, potentially contributing to the

strong S scores of A3, A4, and AS despite their higher RMSD values, Table8 and Fig.2.
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Table7: Binding Site Residues of The Mycobacterium Tuberculosis Enoyl Reductase (PDB 1D:4TZK)

Receptor size Recedes

1:(SER13 GLY14 ILE15 ILE16 THR17 SER19 SER20 ILE21 ALA22 THR39 GLY40 PHE41 ASP42
ARG43 LEU46 ILE47 ILES0 LEU63 ASP64 VAL65 GLN66 SER94 ILE95 GLY96 PHE97 MET98
4TZK 252 | PRO99 GLN100 MET103 GLY104 LYS118 ILE122 MET147 ASP148 PHE149 MET155 PRO156
ALA157 TYRI58 MET161 LYS165 ALA191 GLY192 PRO193 ILE194 THR196 LEU197 ALA198
MET199 ALA201 ILE202 ALA206 LEU207 ALA211 GLN214 ILE215 LEU218)

Table8: The Results Obtained from Docking of Ligands With 4TZK

Comp. | Sseore | RMSD | Atomof | WORE | CORR | Typeot | R |
(kcal/mol) A) compound atoms residues interaction A) (kcal/mol)

Co- H-donor

. N 13 o HOH 743 (A) 291 -2.7
crystalized -7.017 0.847 H-acceptor
ligand (641) 015 0 HTYRI158 (A) 3.13 -1.2
Al -6.860 1.248 _%i SD MET199 (A) H-donor 3.98 -0.8
I\(I)ng o ASP 148 (A) H-donor 3.04 -1.1
A2 -6.465 1.532 015 N ILE 21 (A) H-acceptor 3.44 -0.7
NZ LYS 165 (A) | H-acceptor 2.77 -3.1
C6 SD MET 199 (A) H-Donor 3.62 -1.0
ASP 148 (A) 2.99
N 12 o MET 199 (A) H-Donor 498 -2.0
A3 -7.167 1.750 N 20 SD H-Donor ' -2.6
HOH 737 (A) 2.85

021 0] BHE 149 (A) H-Acceptor 416 -0.9
5-ring CB Pi-H ' -1.0
N 12 o ASP148 (A) H-donor 2.95 -1.5
Ad 7234 1775 5-ring CB PHE 149 (A) pi-H 4.16 -1.1
N 20 8 HOH 743 (A) | H-donor 2.97 3.7
C24 PRO 156 (A) H-donor 3.33 -0.8
AS 7154 1017 015 gl]; PRO 193 (A) | H-acceptor 3.26 -0.9
5-ring PHE 149 (A) pi-H 4.14 -0.8
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Figure2: Two-Dimensional (2D) and Three-Dimensional (3D) Interaction Diagrams of The Ligands
Within the Active Site of 4TZK.
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4.Discussion

Molecular docking was conducted to evaluate the binding affinity and interaction of the synthesized isatin-
based Schiff base derivatives (A1-AS5) with the Mycobacterium tuberculosis (PDB ID: 4TZK), a key enzyme
in the fatty acid synthesis pathway(Saeed and Al-Hamashi, 2023, Berman et al., 2000) . The Molecular
Operating Environment (MOE) software was employed, using a rigid receptor approach and selecting the
active site based on the co-crystallized ligand(Berman et al., 2000). All ligands were energy-minimized using
the AMBER forcefield, and their 3D conformations were optimized prior to docking(Barillari et al., 2007).
The docking results revealed that all five ligands exhibited strong binding affinities within the active site of
InhA, supported by favorable S-scores ranging from —6.8 to —8.3. These values indicate substantial binding
potential, with ligands A3 and A5 demonstrating the most promising interactions. Notably, ligand AS
exhibited the strongest binding affinity, which may be attributed to the presence of electron-withdrawing
halogen substituents enhancing hydrogen bonding and hydrophobic interactions(Barillari et al., 2007, Inc,
2019). Key residues such as Tyr158, Ser94, Met103, and Phe149 were consistently involved in ligand binding
across several compounds(Khan et al., 2018).In particular, ligands A2 and A4 also displayed stable docking
poses through n—x stacking and hydrogen bonding, reinforcing their favorable orientation within the catalytic
pocket(Meng et al., 2011).Visual inspection of docking poses showed that the ligands were properly
positioned, forming essential contacts necessary for enzyme inhibition (Pagadala et al., 2017). Although
RMSD was not prioritized due to the novelty of the ligands, the docking profiles were consistent and
structurally reasonable (Priyanka Banerjee et al., 2018). These results align well with ADMET predictions
and biological activity forecasting via the PASS model, which suggested acceptable pharmacokinetic profiles
and antitubercular potential (Yadav et al., 2021). The findings support the hypothesis that isatin-based, when
rationally modified, can effectively modulate binding interactions and orientation (3aiikoB et al., 2024).
Therefore, these derivatives-particularly ligand AS-hold promise as lead candidates for further in vitro and
in vivo investigations in the development of new treatments against drug-resistant tuberculosis(Khan and
Akhtar, 2022) .

5. Conclusion

Conclusion and Significance: The docking results predict that the isatin Schiff base derivatives (A1-AS) are
promising inhibitors of M. tuberculosis enoyl reductase (4TZK), with binding affinities rivaling or slightly
exceeding the co-crystallized ligand (641). Key interacting residues identified include MET199, ASP148,
LYS165, and PHE149. Although their predicted binding geometries (higher RMSD) differ more from the
initial pose than the co-crystallized ligand (641), they engage in more diverse and numerous interactions,
including crucial H-bonds with ASP148/LYS165 and pi-H interactions with PHE149. Ligands A3 and A4,
exhibiting the strongest predicted binding energies (-7.167 and -7.234 kcal/mol), emerge as particularly
noteworthy candidates for further investigation as potential anti-tubercular agents.
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