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Abstract

Amides represent a class of organic compounds with diverse biological activity and notable anticonvulsant properties. This study
aimed to evaluate the pharmacokinetic properties and molecular interactions of 15 N-(substituted-1,3-benzothiazol-2-yl)benzamide
derivatives against two key epilepsy-related targets, y-aminobutyric acid aminotransferase (GABA-AT) and the activated open
sodium ion channel, in order to assess their potential anticonvulsant activity. Crystal structures of GABA-AT (PDB ID: IOHW) and
the sodium ion channel (PDB ID: SHVX) were obtained from the RCSB Protein Data Bank, and molecular docking was performed
using AutoDock Vina following protein preparation in Chimera v1.11.2. Post-docking analysis was conducted using Chimera and
Discovery Studio Visualizer, and ADME properties were also predicted. ADME analysis showed high gastrointestinal absorption
for all compounds except compound 5. Docking results revealed that seven compounds (Cpl, Cp3, Cp7, Cp10, Cpl2, Cp13, and
Cp14) exhibited interaction profiles similar to vigabatrin, while three (Cp10, Cp13, and Cp14) showed interaction profiles similar to
those of lamotrigine, and all demonstrated favorable binding interactions with both targets. Overall, the docking analysis identified
selected N-(substituted-1,3-benzothiazol-2-yl)benzamide derivatives—particularly Cp1, Cp3, Cp7, Cp10, Cp12, Cp13, and Cpl4—
as the most promising lead candidates, with significant potential for anticonvulsant activity.
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activated open sodium ion channel; amides; Absorption Distribution Metabolism and Elimination; epilepsy; Gamma-Aminobutyric
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|I. Introduction tries where access to treatment remains limited [1]. De-

spite advances in antiepileptic drug development, many
Epilepsy is one of the most prevalent chronic neurolog- currently available therapies carry significant limitations,
ical disorders, affecting approximately 50 million peo- including dose-related toxicity, idiosyncratic adverse ef-

ple worldwide and contributing significantly to premature  fects, and poor long-term efficacy; common side effects
mortality, particularly in low- and middle-income coun-
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such as hepatotoxicity, ataxia, and hematological abnor-
malities continue to compromise patient compliance and
therapeutic outcomes [2,3]. Despite the development of
newer anticonvulsants, first-generation drugs such as phe-
nobarbital, phenytoin, carbamazepine, valproic acid, zon-
isamide, and clobazam remain widely used despite these
significant limitations.

Newer agents, such as lamotrigine, topiramate,
tiagabine, pregabalin, and stiripentol, are similarly linked
to toxicity and limited long-term efficacy [4,5]. Further-

more, a significant proportion of patients have drug-resistant

epilepsy, underscoring the urgent need for safer and more
effective therapeutic agents; despite the rapid develop-
ment of antiepileptic drugs, rational optimization of anti-
convulsant design therefore remains crucial [6,7]. Identi-
fying new scaffolds with improved pharmacological prop-
erties has been a central focus of recent medicinal chem-
istry efforts. Amides are one class of compounds that have
shown significant anticonvulsant potential [8—10], with
structural characteristics such as hydrogen bonding capac-
ity and hydrophobic interactions that make them attractive
candidates for drug design. Benzothiazole derivatives are
likewise recognized as adaptable pharmacophores with
a range of biological activities, including antitubercular,
antibacterial, anticonvulsant, antidiabetic, anticancer, an-
thelmintic, analgesic, anti-inflammatory, and antitumor
properties [11,12].

y-aminobutyric acid (GABA) and voltage-gated
sodium channels (Navs) are essential for controlling neu-
ronal excitability in the central nervous system: while
elevated GABA levels help suppress seizures, decreased
GABA levels can trigger convulsions [13]. The first in-
ward current during action potential depolarization arises
from voltage-gated sodium channels, which are linked
to increased excitatory (glutamatergic) activity and de-
creased inhibitory (GABAergic) transmission, both of
which contribute to seizure development [ 14,15]. Molecu-
lar docking, which uses search algorithms and scoring sys-
tems to predict optimal ligand binding, is a reliable com-
putational method for studying drug-target interactions;
these in silico techniques advance drug development by
providing insight into pharmacokinetic characteristics,
binding affinity, and interaction mechanisms [16—18]. Be-
cause the etiology of epilepsy involves both impaired
GABAergic inhibition and abnormal sodium channel ac-
tivity, a dual-target strategy may offer greater therapeutic
benefit. To identify promising candidates with enhanced
anticonvulsant potential, this study therefore uses molec-
ular docking and in silico ADME analysis to examine the
interaction profiles and pharmacokinetic characteristics of
N-(substituted-1,3-benzothiazol-2-yl)benzamide deriva-
tives against GABA-AT and the activated open sodium

channel. These two well-established therapeutic targets—
GABA-AT and the voltage-gated sodium channel model
NavMs—were selected for their critical roles in enhancing
inhibitory neurotransmission and suppressing neuronal
hyperexcitability.

2. Materials and Methods

2.1. Computational Tools

The study utilized the following computational tools: Mar-
vinSketch (v20.20), Spartan '14 (v1.1.4), AutoDockTools
(v1.5.6), UCSF Chimera (v1.11.2), Discovery Studio Vi-
sualizer (v20.1.0.19295), and the SwissADME online plat-
form.

2.2. Docking Analysis

Molecular docking was employed as a robust computa-
tional method to elucidate the intermolecular interactions
between the newly designed compounds and their target
receptors, and to provide preliminary estimates of their
binding affinities.

2.3. Ligand Preparation

The MarvinSketch (v20.20) program was used to gener-
ate all chemical structures, which were saved as an MDL
SD file and then incorporated into Spartan software (Spar-
tan 14). All structures were subsequently optimized using
the molecular mechanics force field (MMFF) and saved
in Sybyl Mol2 format. Ligands were prepared following
standard protocols, including structural energy minimiza-
tion, hydrogen addition, and Gasteiger charge computa-
tion, as previously described [19].

2.4. Protein Preparation

The protein targets—GABA aminotransferase (GABA-
AT; PDB ID: 10HW) and NavMs (PDB ID: SHVX)—
were obtained from the RCSB Protein Data Bank and
prepared using UCSF Chimera (v1.11.2) and AutoDock-
Tools (v1.5.6), following the standard protein preparation
protocol, which included removal of all water molecules
from the complex structures. During a brief relaxation
step, hydrogen atoms and charges were added, and the
crystal structures were minimized with optimization of
the hydrogen-bonding network. Ligands were prepared
through a separate ligand preparation procedure involving
energy minimization, hydrogen addition, and Gasteiger
charge assignment. Docking used the cavity detection al-
gorithm, with 10 runs, a population size of 150, a crossover
rate of 0.8, and 27,000 maximum generations [19].
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2.5. Molecular Docking Evaluation

Molecular docking was conducted with the receptor held
in a rigid conformation, while the ligand was permitted to

Table I: Grid-box dimensions for each enzyme.

adopt a flexible conformation. Docking was carried out
using AutoDock Vina, the virtual-screening software de-
veloped by Trott and Olson [20]. Table 1 presents the grid
box parameters used for each enzyme.

Enzyme PDB Grid Box Size Center
X Y Z X Y Z
GABA-AT 10HW 20 28 18 11.228 —0.47 18.337
NavMs SHVX 42 46 38 65.379 62.014 17.982

X, Y, Z represent 3D geometric axes.

2.6. Docking Validation

The docking process was validated prior to screening
the test compounds by first removing the co-crystallized
ligand from the enzyme structure obtained from the
Protein Data Bank, then re-docking it using the same
docking parameters, yielding root-mean-square deviation
(RMSD) values of 0.9632 A and 1.02 A for GABA-
AT and NavMs, respectively. Successful validation was
confirmed when the re-docked pose closely superim-
posed on the original geometric conformation of the co-
crystallized ligand within the active site, as assessed us-
ing the virtual screening software (AutoDock Vina), with
the resulting poses visualized in Discovery Studio 2020
Client [21].

2.7. Post-Docking Analysis

Grid box dimensions were established based on the na-
tive ligand, and post-docking analyses were carried out
using Chimera and Discovery Studio Visualizer to eval-
uate ligand-enzyme interactions. The leading docking
poses were identified, and the conformation exhibiting
the essential binding interactions was selected for further
analysis.

2.8. Evaluation of Pharmacokinetic and
ADME Properties

Before proceeding to cell-based and animal experiments,
SwissADME—a comprehensive predictive ADME
platform—was used to predict the pharmacokinetic and
ADME features of the selected hit and lead compounds.
Unfavorable pharmacokinetic (PK) properties have his-
torically been a leading cause of compound failure in later

stages of drug development [22], often stemming from
a failure to recognize and address poor pharmacokinetic
features in lead series approved for further optimization.
As high-throughput screening, combinatorial chemistry,
and parallel synthesis have become integral to drug dis-
covery, early characterization of a compound's absorption,
distribution, metabolism, and elimination (ADME) has be-
come essential to lead selection and optimization [23,24].
Notably, Lipinski et al. [25] conducted a landmark study
examining orally active compounds to identify the physic-
ochemical ranges associated with a high likelihood of oral
bioavailability [26-28].

3. Results and Discussion

3.1. Molecular Docking

GABA-AT represents a promising target for antiepilep-
tic therapy, since selective inhibition of this enzyme
raises GABA concentrations in the brain. Vigabatrin
(v-vinyl-GABA), an established antiepileptic drug, has
been widely studied using various biochemical techniques,
generating multiple hypotheses regarding its enzyme-
inactivating mechanisms and the resulting elevation of
y-aminobutyric acid levels in central neurons. For each
compound, the docking pose with the highest score was
selected based on its interaction energy with GABA-
AT [29]. Compounds Cpl, Cp3, Cp7, Cp10, Cp12, Cpl3,
and Cpl4 showed substantial binding affinities toward
GABA-AT, comparable to the reference inhibitor vigaba-
trin, according to the docking scores listed in Table 2.
A thorough review of the literature further identified the
key amino acid residues within the GABA-AT active
site [10,30,31].
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Table 2: Molecular structures accompanied by the compounds' bioaffinity scores.

Bioaffinity (kcal/mol)  Bioaffinity (kcal/mol)

S/N Molecular Structure for LOHW for SHVX

Compound 1 —6.5 —5.6

O~
&

N-(6-chloro-1,3-benzothiazol-2-yl)benzamide
(Cpl)

D \Q
N
Compound 2 —6.7 —5.2

N-(7-chloro-6-nitro-1,3-benzothiazol-2-
yl)benzamide (Cp2)

ﬁ”
Compound 3 f —-17.3 —5.5

N-(5,7-dichloro-1,3-benzothiazol-2-
yl)benzamide (Cp3)

ﬁ M
Compound 4 i —7.4 —6.4

N-(6-fluoro-5,7-dimethyl-1,3-benzothiazol-2-
yl)benzamide (Cp4)
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Table 2: Cont.

Bioaffinity (kcal/mol)  Bioaffinity (kcal/mol)

S/N Molecular Structure for LOHW for SHVX

NO,
/>—‘NH
0N 2 i
Compound 5 . —-7.3 —5.6

N-(5,7-dinitro-1,3-benzothiazol-2-
yl)benzamide (Cp5)

"_.-I.':Hg

Compound 6 ? i -7.0 —4.6
[:Hu

N-(5,7-dimethoxy-1,3-benzothiazol-2-
yl)benzamide (Cp6)

/ CH,
ﬁl)—
Compound 7 . —7.6 —4.9

N-(6,7-dimethoxy-1,3-benzothiazol-2-
yl)benzamide (Cp7)

\ﬁ :
Compound 8 % 7.1 —6.2

N-(6-fluoro-7-methyl-1,3-benzothiazol-2-
yl)benzamide (Cp8)
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Table 2: Cont.
Bioaffinity (kcal/mol)  Bioaffinity (kcal/mol)
S/N Molecular Structure for IOHW for SHVX
t N
Compound 9 —6.9 —6.2
N-(7-chloro-6-iodo-1,3-benzothiazol-2-
yl)benzamide (Cp9)
ﬁ ;
Compound 10 —7.7 —6.3
N-(7-iodo-6-methyl-1,3-benzothiazol-2-
yl)benzamide (Cp10)
i i
Compound 11 —-17.5 —4.8
N-(7-i0do-6-methoxy-1,3-benzothiazol-2-
yl)benzamide (Cp11)
\Q”
Compound 12 —6.4 —5.5

&

N-(6-i0do-7-methyl-1,3-benzothiazol-2-
yl)benzamide (Cp12)
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Table 2: Cont.

Bioaffinity (kcal/mol)  Bioaffinity (kcal/mol)

S/N Molecular Structure for LOHW for SHVX

F
h &
>_NH
M 4]
Compound 13 —6.6 —5.4

N-(6,7-difluoro-1,3-benzothiazol-2-
yl)benzamide (Cp13)

Compound 14 % —7.4 —54

N-(7-fluoro-6-methyl-1,3-benzothiazol-2-
yl)benzamide (Cp14)

\G:N: j/ﬁ
Compound 15 —-7.0 —6.6

N-(6,7-dichloro-1,3-benzothiazol-2-
yl)benzamide (Cpl5)

NH,
H,C OH
Reference (Vigabatrin) 2 M —5.2 —
[¥]

T

=
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Bioaffinity (kcal/mol)  Bioaffinity (kcal/mol)
S/N Molecular Structure for IOHW for SHVX
H.N N NH,
\“/ =
N e
Reference M _ 50
(Lamotrigine) )

cl

cl

Note: IOHW corresponds to 'y-aminobutyric acid aminotransferase (GABA-AT), and SHVX represents the activated sodium chan-

nel.

Figure 1 shows the bioaffinity values of the top-
ranked compounds docked against 'y-aminobutyric acid
aminotransferase (GABA-AT) and NavMs, highlighting
their respective binding interaction potentials toward both

molecular targets. In molecular docking studies, more
negative bioaffinity (binding-energy) values typically in-
dicate stronger ligand-receptor interactions and greater an-
ticipated binding stability.
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Figure |: Binding affinity values of the top-ranked compounds toward (A) GABA-AT and (B) NavMs.

The docking protocol's validity was confirmed by re-
docking vigabatrin into the active site and accurately re-
producing its binding orientation and interaction profile,
as shown in Figures 2 and 3. The vigabatrin carbonyl
group interacts with Ser137 and Gly191 through conven-
tional hydrogen bonding and carbon-hydrogen bonding,

while the NH group forms salt bridges with Asp298 and
conventional hydrogen bonds with Phe189. Alkyl interac-
tions with Val300 and van der Waals contacts with Gly136,
Aspl140, His190, Argl92, Ser269, GIn301, and Lys329
provide additional stability (Figure 3).
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Figure 2: Comparison of molecular surface and 2D interaction patterns of vigabatrin and selected compounds (Cpl, Cp3, Cp7, Cpl0,
Cp12, Cp13, and Cpl4) within the GABA-AT active site.
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Vigabatrin

Figure 3: Structural depiction of 3D interactions between vigabatrin and selected compounds (Cpl, Cp3, Cp7, Cpl2, Cpl3, and

Cpl4) at the GABA-AT active site.

Table 3 compares these findings with the re-docked
vigabatrin pose and its location within the GABA-AT PDB
structure. Notably, the best-performing compounds—
Cpl, Cp3, Cp7, Cpl0, Cpl2, Cpl3, and Cpl4—retained
these key contacts, particularly van der Waals interactions
with residues such as Gly136, His190, Argl92, GIn301,
and Lys329, and conventional hydrogen bonding with
Ser137, suggesting that the proposed compounds adopt
binding conformations within the catalytic pocket similar
to vigabatrin. Several additional stabilizing contacts were
also observed, including conventional hydrogen bonding
with GIn301 and Gly136 and 7t-cation interactions of Cp7
and Cp10 with Lys329; consistent with recent studies em-
phasizing the importance of multipoint interactions in en-
hancing ligand-enzyme stability and inhibitory activity,
these additional contacts may further improve binding
affinity and specificity. Together with the visual overlap
of ligand poses seen in the docking images, these find-

ings confirm that the compounds successfully occupy the
GABA-AT active site, supporting their potential as com-
petitive or mechanism-based inhibitors.

As shown in Table 4, docking studies focused on
the NavMs channel shed light on the compounds' capacity
to modulate sodium channel function, a mechanism cru-
cial for seizure regulation. Although NavMs remains lim-
ited as a structurally resolved surrogate model—owing to
its prokaryotic homotetrameric architecture, the absence
of auxiliary {3-subunits, and differences in pore-lining
residues relative to mammalian voltage-gated sodium
channels—the NavMs structure used here is, to date, the
only sodium channel crystal structure in which all do-
mains are fully resolved. Notably, it features an activated
voltage sensor and a pore gate wide enough to permit
sodium ion permeation, consistent with an open-channel
conformation, making it well suited for molecular dynam-
ics simulations of ion translocation.
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Table 3:

Docking-based comparison of the binding interactions of vigabatrin (reference drug) and fifteen N-(substituted-1,3-
benzothiazol-2-yl)benzamide derivatives with GABA-AT.

Amino Acid Residues

Ligand/Compound  Forming Hydrogen Bonds Active-Site Residues Involved in Ligand Interactions
with the Ligand
| SER137 ILE72, GLY 136, ASN140, HIS190, GLY 191, ARG192, SER269,
GLU270, ASP298, GLN301, LYS329, PHE189, VAL300
GLN71, GLY 136, GLU270, GLN301, SER328, PHE189, CYS135,
2 SER74, SER137, GLY 191 VAL300, LYS329
CYS135, GLY136, PHE189, HIS190, ARG192, GLU265, GLU270,
3 CYSI35, SERI37, GLYI91 ASP298, VAL300, GLN301, LYS329
4 HIS190 ILE72, GLY 136, ASN140, PHE189, GLY 191, ARG192, GLU265,
SER269, GLU270, VAL300, GLN301, LYS329
5 SER137, ASN140, GLN301, ILE72, CYS135, GLY136, PHE189, HIS190, ARG192, GLU265,
GLY 191, SER269 GLU270, ASP298, VAL300, LYS329
6 CYS135, SER137, GLN301,  GLY136, ASN140, PHE189, HIS190, GLY 191, ARG192, GLU265,
GLU270 ASP298, VAL300, SER328
7 CYS135, SER137, GLN301, CYS135, GLY136, ASN140, PHE189, HIS190, GLY191, ARG192,
GLU265, GLU270, ASP298  SER269, VAL300, SER328, LYS329
p ASN140, GLU270, ILE72, GLY 136, SER137, PHE189, HIS190, GLY 191, ARG192,
GLN301, ASP298, VAL300, LYS329, ARG445,
GLN71, ILE72, SER74, CYS135, GLY136, ASN140, PHE189,
? SERI137, GLY191 HIS190, ASP298, VAL300, GLN301, SER328, LYS329
ILE72, SER74, CYS135, SER137, PHE189, HIS190, ASP298,
10 GLY136, SER137, GLY 191 VAL300, GLN301, SER328, LYS329
CYS135, GLY 136, ASN140, PHE189, HIS190, GLY 191, GLU265,
1 SER137, GLN301, ASP298 GLU270, VAL300, SER328, LYS329
CYS135, GLY136, ASN140, PHE189, HIS190, GLY 191, ARG192,
12 CYS135, SER137 GLU265, SER269, GLU270, ASP298, VAL300, GLN301, SER328,
LYS329
CYS135, GLY136, SER137, ASN140, PHE189, HIS190, ARG192,
13 SER74, GLY191, LYS329 VAL300, SER328, LYS329
CYS135, GLY 136, ASN140, PHE189, HIS190, GLY 191, GLU270,
14 SERI137, LYS329 ASP298, VAL300, GLN301, SER328, LYS329
GLN71, ILE72, SER74, CYS135, SER137, ASN140, PHE189,
15 GLY136, SER137, GLY 191 HIS190, ASP298, VAL300, GLN301, SER328, LYS329
Reference GLY 136, ASN140, HIS190, ARG192, SER269, GLN301, LYS329,
(Vigabatrin) SER137, PHE189, GLY191 VAL300, ASP298

The structure further reveals previously uncharacter-
ized interdomain interactions, offering a structural frame-
work for understanding the coupling between voltage-sensor
activation and pore-gate opening. Overall, the NavMs struc-
ture delivers key mechanistic insights into sodium chan-
nel function, including: (i) the physical linkage between
voltage-sensor activation and pore-gate opening; (ii) the im-

channel conformation and regulating gating dynamics; (iii)
a conserved interaction motif shared by prokaryotic and eu-
karyotic sodium channels; and (iv) structural features that
distinguish sodium channels from other ion channel families.
These findings suggest that the NavMs channel may serve as
a suitable model for characterizing and identifying blockers
of eukaryotic sodium channels [32].

portant role of the C-terminal domain in stabilizing the open-

Molecular Modeling Connect

Rufa’i et al.

1"


https://scifiniti.com/
https://scifiniti.com/journals/molecular-modeling-connect

2026, Vol. 3, Article ID. 2026.0020
https://doi.org/10.69709/MolModC.2026.199313

SCIFINITI

PUBLISHING

®

Table 4: Docking-based comparison of the binding interactions of lamotrigine (reference drug) and fifteen N-(substituted-1,3-
benzothiazol-2-yl)benzamide derivatives with the activated open sodium ion channel.

Amino Acid Residues
Ligand/Compound Forming Hydrogen Bonds

Active-Site Residues Involved in Ligand Interactions

with the Ligand
1 GLY76 TRP77, PHESO,LEU125, LEU126, LEU128
2 LEU177, SER179, TRP180 SER181, TRP180, ILE200, ILE203, LEU125
3 TYRLS3, MET148, HIS192, ASN194, PHE198, LEU152, VAL197, TYR153
ALA195
4 THR139 LEU138, PHE142, LEU168, PHE172, TYR169
5 TRP77 LYSe63, PHESO, VAL121, GLN122, LEU125, LEU126, THR139
6 - GLY76, VAL121, GLN122, TRP77, PHE80, MET108, LEU125, LEU126
7 TYR153, TRP180, PHE198  MET148, LEU152, PRO193, ASN194, HIS192, ALA195, VAL197
8 GLY76 TRP77, LEU79, VAL83, PHESO0, VAL121, LEU125, ALA195, VAL197
9 THR139 LEU138, PHE142, TYR143, LEU168, PHE172, TYR169
10 ) ILE144, LEU152, VAL197, PRO201, PHE202, LEU205, PHE&O,
VALI141, ALA145, THR139
11 - PHE157, PRO158, GLU159, PRO187, ASN190, TRP160
12 MET175 LEU177, THR207, PHE214, PHE172, VAL210, LEU211
13 MET175 LEU177, THR207, PHE172, PHE214, VAL210, LEU211, THR176
14 TYR153, PHE189 MET148, LEU152, HIS192, PRO193, ASN194, ALA195, VAL197
15 TRP77 GLU10, GLNI15, LYS63, SER75, ASN78, SER112, VAL113, ARG119,
GLN122, ARGI18
(Ll:z’z:reil;(izlele) VAL141, PHE198 3115821:)155 MET148, ILE174, VAL197, PHE198, PRO201, PHE202,

Electrophysiological studies of NavMs channels
containing mutations in surrounding residues have vali-
dated the proposed binding site, and literature reports have
similarly identified key amino acid residues involved in
the NavMs binding site [33-35].

Re-docking of the reference drug lamotrigine (Fig-
ures 4 and 5) reproduced its characteristic interactions, in-
cluding conventional hydrogen bonding with Vall41 and
Phe198, —t stacking with Phe198, and hydrophobic in-
teractions involving residues such as Ile144, Met148, and
Phe202—results consistent with electrophysiological and
crystallographic studies identifying the canonical sodium
channel binding pocket. Among the derivatives tested,
Cpl0, Cpl3, and Cpl4 showed binding modes similar
to lamotrigine, occupying the same binding site and dis-
playing comparable interaction profiles; these compounds
formed important hydrophobic and 7-alkyl interactions
with residues such as Alal45, Ile144, and Phe202, which
are known to support ligand stability within the channel
pore. This overall interaction pattern suggests that these
compounds may serve as useful sodium channel block-
ers, even though slight variations were noted, such as

carbon-hydrogen bonding with Phel98 rather than con-
ventional hydrogen bonding—an observation supported
by recent research demonstrating the importance of hy-
drophobic and aromatic interactions in anchoring ligands
within sodium channel binding sites.

3.2. Pharmacokinetic and ADME Studies

Tables 5 and 6 summarize the compounds' pharmacoki-
netic properties, showing that most derivatives possess de-
sirable drug-like features. According to Lipinski's Rule
of Five, most compounds show good oral bioavailability
potential (Table 5). Notably, ten compounds—Cpl, Cp3,
Cp4, Cp8, Cp9, Cpl0, Cpl2, Cpl3, Cpl4, and Cpl5—
were predicted to penetrate the blood-brain barrier (BBB),
an essential requirement for central nervous system activ-
ity. As further illustrated by the graphical representation
of ADME features in Figure 6, these compounds occupy
a physicochemical region suitable for CNS-active drugs,
consistent with known determinants of BBB permeability
such as molecular size, polarity, and lipophilicity [36—41].
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Figure 4: Comparison of molecular surface and 2D interaction patterns of lamotrigine and selected compounds (Cp10, Cp13, and
Cp14) within the NavMs active site.

Lamotrigine

Figure 5: Structural depiction of 3D interactions between lamotrigine and selected compounds (Cp10, Cp13, and Cpl4) at the NavMs
active site.
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Table 5: Lipinski's Rule-of-Five-based prediction of oral bioavailability.

Compounds No Log P Molecular Weight H-Bond Donors H-Bond Acceptors

Compound 1 3.05 288.75 1 2
Compound 2 2.85 333.75 1 4
Compound 3 3.16 323.20 1 2
Compound 4 3.28 300.35 1 3
Compound 5 1.03 344.30 1 6
Compound 6 1.46 314.36 1 4
Compound 7 1.89 314.36 1 7
Compound 8 2.77 286.32 1 3
Compound 9 3.40 414.65 1 2
Compound 10 3.54 394.23 1 2
Compound 11 2.96 410.23 1 3
Compound 12 3.13 394.23 1 2
Compound 13 3.32 290.29 1 4
Compound 14 3.17 286.32 1 3
Compound 15 3.57 323.20 1 2
Reference (Vigabatrin) 0.28 129.16 2 3
Reference (Lamotrigine) 1.75 256.09 2 3

Note: In accordance with Lipinski’s Rule of Five, compounds should possess a molecular weight < 500 Da, logP < 5, no more
than 5 hydrogen bond donors, and no more than 10 hydrogen bond acceptors.

Table 6: Predicted SwissADME parameters of the fifteen compounds compared with those of the reference drugs.

Compounds No. GIA BBB Permeant P-gp
Cpl High 1 None

Cp2 High 0 None

Cp3 High 1 None

Cp4 High 1 None

Cp5 Low 0 None

Cp6 High 0 None

Cp7 High 0 None

Cp8 High 1 None

Cp9 High 1 None

Cpl0 High 1 None

Cpll High 0 None

Cpl2 High 1 None

Cpl3 High 1 None

Cpl4 High 1 None

Cpl5 High 1 None
Reference (Vigabatrin) High 0 None

Reference (Lamotrigine) High 0 Enzyme inhibitor

GIA corresponds to gastrointestinal absorption, BBB describes predicted blood-brain barrier penetration (0 = absent, 1 = present),

and P-gp denotes P-glycoprotein interaction status.

Furthermore, unlike lamotrigine—which is known
to be influenced by P-gp-mediated transport—none of
the compounds were predicted to interact significantly
with P-glycoprotein (P-gp). Because P-glycoprotein is
required for lamotrigine to cross the blood-brain barrier,
this finding underscores the role this transporter plays in
the inadequate CNS absorption of numerous antiepileptic
drugs [42-44].

Additionally, the majority of compounds satisfied
Lipinski's Rule of Five, indicating favorable drug-likeness
and oral bioavailability [36—38]. Supported by graphi-
cal analyses, the resulting ADME profiles place the lead
compounds within the optimal physicochemical space for
CNS-active drugs, balancing lipophilicity, polarity, and
molecular weight [36—41].
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Figure 6: Graphical representation of compounds exhibiting blood-brain barrier permeability.
4. Conclusions PDB Protein Data Bank
P-gp P-glycoprotein
Based on the molecular docking results, several N- PK Pharmacokinetic
(substituted-1,3-benzothiazol-2-yl)benzamide derivatives RCSB Research Collaboratory for Structural
demonstrated favorable interactions within the active sites Bioinformatics
of both target proteins. Seven compounds (Cpl, Cp3, RMSD Root Mean Square Deviation
Cp7, Cpl0, Cpl2, Cpl3, and Cpl4) exhibited promis- SD Structure Data
ing binding affinity toward GABA-AT, while three com- 2D Two-Dimensional
pounds (Cpl0, Cpl3, and Cpl4) also showed effective 3D Three-Dimensional

interactions with NavMs. These derivatives further dis-
played favorable ADME characteristics supportive of cen-
tral nervous system delivery. Among them, Cpl, Cp3,
Cp7, Cpl0, Cp12, Cpl3, and Cp14 were identified as the
most promising lead candidates, exhibiting notable poten-
tial as anticonvulsant agents.
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