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Introduction. In modern conditions, where military conflicts are accompanied by significant psychological and
physical stress on participants, the development of effective antiepileptic drugs has become one of the key challenges in
medicine. This issue is particularly relevant due to the increasing number of cases of traumatic brain injuries, concussions, and
other stress-related damages that can provoke convulsive states. In this context, derivatives of 1,2,4-triazole, which possess a
broad spectrum of biological activity, including anticonvulsant effects, appear promising for the creation of new
pharmaceutical agents capable of meeting the needs of military medicine.

The purpose of the study was to investigate the biological activity of 2-[5-(furan-2-yl)-4-phenyl-4H-1,2,4-
triazol-3-ylthio]-1-(4-chlorophenyl)ethanone using computer-based predictive methods. This approach allows to
determine the presence of new types of activity, which could expand scientific research pathways and establish a
promising direction for further testing of this molecule.

Materials and methods. Molecular docking was performed using Autodock 4.2.6. For screening, the
crystallographic structures of GABAa receptors -“4COF,” “6D6T,” and “6X3U” - obtained from the RCSB Protein Data
Bank were used. Visualization of the results was conducted using Schrddinger Release 2018-1: Schrédinger, LLC, New
York, NY, 2018. The grid parameters for binding were 30 A x 30 A x 30 A, and the grid center coordinates were: 4COF
(7Ax12Ax1324),6D6T (1194 x 181 A x 126 A), 6X3U (137 A x 108 A x 142 A), which provided a sufficiently large
space to encompass the receptor center. The ADME evaluation was performed using the free SwissADME tool, which
is widely used in medicinal chemistry for analyzing pharmacokinetics, bioavailability, and interactions of small
molecules with enzymes. This service considers six physicochemical characteristics: lipophilicity, size, polarity,
solubility, flexibility and saturation. Each of these characteristics has its own physicochemical range, which is
visualized as a pink zone on the radar plot. For a molecule to be considered drug-like, its radar profile must be entirely
within this zone.

Results. The study of the interaction of the selected compound with GABAa receptors (4COF, 6D6T, 6X3U) demonstrated
its ability to stably bind to the active sites of the receptors, as evidenced by binding energies ranging from -6.119 to -8.559
kcal/mol. The main interactions include hydrophobic contacts, hydrogen bonds, and electrostatic interactions, indicating the
compound'’s potential to modulate receptor activity. The high binding energy values, particularly for the 6X3U structure, suggest
the possibility of effectively influencing neuronal excitability, which is promising for the development of antiepileptic agents. The
obtained results confirm that the selected compound has potential for further research as a candidate for the development of new
pharmaceutical drugs.

Conclusions. The pharmacokinetic analysis demonstrated favourable bioavailability characteristics of the
compound, including optimal lipophilicity, solubility, and molecular size, in accordance with the parameters typical
for pharmaceutical drugs. This enhances the prospects for further investigation of the compound in experimental
epilepsy models and for the development of new anticonvulsant drugs based on it. The use of computer modelling
significantly accelerates the selection of promising compounds, reduces drug development costs, and contributes to
the creation of more effective medications for military personnel in the future.

Key words: 1,2,4-triazole derivatives, biological activity, activity prediction, in silico methods,
pharmacophoric substituents, “structure-activity relationship”.

JOCJIIPKEHHA BIOJIOTTYHOI AKTUBHOCTI 2-[5-(®YPAH-2-1)1)-4-®EHI/I-4H-1,2,4-TPHA30.1-
3-UITIO]-1-(4-X/IOP®EHIJIETAHOHY) IN SILICO METOJAMU

H.M. bopucenko?, I.B. Bymyesaz, B.B. [lapuenko?, O.I1. lllImaTeHko3,
A.M. Conomennmii3, 0.K. Epenkoz, O.I1. KisieeBaz
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Beryn. YV cyuacHux ymoeax, kKoau 8ilicbkogi KOH@AIKMuU cynpo8oodxcyromuvcsi 3HAYHUM NCUXO/A02IYHUM ma
PI3UMHUM HABAHMANCEHHSAM HA YYACHUKIS, po3p0o6Ka edheKkmusHUX npomuenienmuyHuUX npenapamie cmae 00Hiew
3 kawvosux 3aday meduyuHu. Ocobaugy akmyaabHicms ys npobaema Habyeae y 38°13Ky 31 3pOCMAHHAM Kibkocmi
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sunadkis mpaem 20/108HO20 MO3KY, KOHMY3ill ma [HWUX CMpecosux YWKodxceHb, sIKI MOXymb CNpo8oKysamu
cydomHi cmaHu. Y ybomy koHmekcmi noxioui 1,2,4-mpuasosy, wjo 80.100il0mb WUPOKUM CNEKMPOM 6i0/102[YHOT
aKmueHocmi, 30kpema npomucydomHow 0i€lo, 8U2A510a0Mb NepcneKmMusHUMU 0151 CME8OPEHHS HOBUX AIKAPCbKUX
3acob6ie, 30amHux 3a0080.1bHUMU nompeobu gilicbkogoi MeduUYUHU.

Memow po6omu cmasno docaidxceHHs 6iosnoeiuHoi akmueHocmi 2-[5-(¢ypaH-2-in)-4-denin-4H-1,2,4-
mpuazon-3-iamio]-1-(4-xaopgerinemanoHny) 3a donomozorw memodie Komn’romepHo2o0 npo2Ho3y, Wo 003801UMb
3’acysamu HasieéHICMb Hosux eudis aKmueHoCcmi, a ye Moxce po3WUpuUmu W/AAXU HAYKosux 00cAidxceHb |
8CcMaHo8UMU NepcneKmusHUll HanpsaM nodaabWux 8UNPo6Y8aHs 015 Yiei MoaeKyau.

Martepianm i MeTogu. MosiekyaspHuli dokinz 3diticHrosascst 3a donomozoro npozpamu Autodock 4.2.6. /1151 ckpuHinzy
gukopucmosysaacsl Kpucmasiozpagiuna cmpykmypa GABAA-peyenmopig «4COF», «6D6T», «6X3U», ompumarux 3 RCSB The
Protein Data Bank. Bizyasizayis pe3ys1emamie nposodusacs 3a donomozoro Schridinger Release 2018-1: Schrédinger, LLC, New
York, NY, 2018. [lapamempu cimku d.as 36’a3yeanms cmarosuau 30 A x 30 A x 30 A, a koopdunamu yenmpy cimxku 6yau - 4COF
(74 x12 4 x132 4), 6D6T (119 A x 181 A x 126 A), 6X3U (137 A x 108 A x 142 A), wo 3a6esneuysano docmammubo eeauxuii
npocmip 0451 oxonieHHsi yeHmpy peyenmopa. Oyinky ADME 6yao 3dilicHeHo 3a donomozoi 6e3KoumosHO20
iHcmpymenmy SwissADME, wjo wupoko sukopucmosyemucs 8 MeOduyHill ximii 044 aHanizy gapmakokiHemuku,
6iodocmynHocmi ma 83a€mo0ii Maaux moaeKkya 3 pepmeHmamu. Y ybomy cepsici apaxosyromucs wicmo Pi3uko-
XIMIYHUX Xapakmepucmuk: Aino@iabHicms, po3mip, noAsspHicmb, po34UuHHICMb, 2Hy4YKicmb i HacuueHicmb. KocHa 3
Yux xapakmepucmuk Mae cgitl gizuko-ximiuHuill dianaszoH, kUil 8i3yanizyemucs poxce8o 30HoW Ha diazpami. [las
moeo, wob MoieKy1a 8saxcanacsi nodibHow Ao Aikapcbkux 3acobis, if padiosokayitiHuli npo@diib nogUHEH NOBHICMI0
Jiexcamu 8 Mexcax yiei 30Hu.

PesyabraTtu. /JocaidxceHHsi 83aemodii obpaHoi cnoayku 3 GABAa-peyenmopamu (4COF, 6D6T, 6X3U)
nokasazo ii 3damuicme cmabisibHO 38°13y8amucsl 3 AKMUBHUMU YeHmpaMmu peyenmopis, wo nidmeepoicyemucs
eHepeiamu 38°s3Ky 8id -6,119 do -8,559 kkasn/mosb. OcHOBHI 83aemodii ekatouaroms 2idpo@obHi KoHmakmu,
B800Hegl 38'A3KU ma esekmpocmamu4Hi 63aemodii, wo ceiduumsb npo nomeHyiliHy 3damHicmb Cnoayku
Mo0Qy/a1eamu akmueHicme peyenmopis. Bucoki 3HaueHHs1 eHepeii 368°s13Ky, ocobsauso 045 cmpykmypu 6X3U,
8KA3YI0Mb HA MONCAUBICMb eheKMUBHO20 8NIUBY HA HEPOHHY 30y01uU8icmb, Ujo € NepCneKMU8HUM 0151 pO3POOKU
npomuenisienmu4Hux 3aco6ig. Ompumari pesy1omamu nidmeepaoicyoms, Wo 0bpaHa cnoayka Mae nomeHyian 041
nooda/bwux 0ocaidxceHb sik kaHoudam 0151 CMBOPEHHS HOBUX AIKAPCbKUX npenapamis.

BucHOBKM. PapmakokiHemu4HUll aHa1i3 nokazas cnpusimauei xapakmepucmuku 6i000cmynHocmi cnoayku,
Wo BKANYAIMb ONMUMAALHY JAIN0PiAbHICMb, PO3YUHHICMbL MaA MOJAEKYAIPHUU po3Mip, 8idnogidHo do
napamempis, NpumamMaHHuUx AikapcbkuMm 3acobam. Lle nidsuwye nepcnekmusHicmsb nodaabwiozo AocaidxHceHHs
CNoAYKU 8 eKchepuMeHma/abHUX Modessix eniiencii ma po3pobku Ha ii ocHosl Ho8ux npomucydoMHUX npenapamis.
BukopucmaHHs komn'tomepHo20 M00ea08aHHS 00380/15€ 3HAYHO npuckopumu 8id6ip nepcnekmugHux CNoJyK,
cKopomumu eumpamu Ha po3po6Ky /iKapcbKux 3acobie i cmeopumu 6in1vw edpekmuasHi npenapamu 045 8ilicbKogux
Y Mati6ymHboMy.

Knrw4oBi cioBa: noxioui 1,2,4-mpua3sony, 6ios02iuHa akmugHicms, npo2Ho3 akmugHocmi, in silico memodu,
dapmako@opHi 3aMICHUKU, B3AEMO38°130K «6y008a-0isi».

Introduction. In the context of military
conflicts, where psychological stress and physical
injuries are an inseparable part of reality, the need for
effective antiepileptic (anticonvulsant) drugs becomes
especially urgent. These pharmaceutical agents are
critically important not only for the treatment of
epilepsy but also for the prevention and control of
seizures caused by traumatic brain injuries,
concussions, and other stress-related factors
encountered by military personnel. The specific nature
of military service, which involves extreme physical
and psychological stress, increases the risk of
developing seizure conditions. Therefore, the
development and implementation of new antiepileptic
drugs - characterized by rapid action, minimal side
effects, and ease of use in field conditions - is not only a
scientific challenge but also a humanitarian issue. This
problem requires the collaboration of researchers,
pharmaceutical companies, and government agencies
to ensure effective solutions. Given the urgent need for
the development of effective antiepileptic drugs for

military personnel, special attention is drawn to 1,2,4-
triazole derivatives. These heterocyclic compounds are
known for their broad biological activity, including
anticonvulsant effects, making them promising
candidates for the creation of new pharmaceutical
agents. 1,2,4-Triazole derivatives have the ability to
influence various neurochemical processes underlying
the development of seizure conditions. They can
modulate the activity of neurotransmitter systems
such as the GABAergic, glutamatergic, and
monoaminergic systems, which helps regulate
neuronal excitability and prevent seizures. This opens
up vast opportunities for the development of drugs
with an optimal efficacy and safety profile, which is
particularly crucial for military applications. Thus, the
study of 1,2,4-triazole derivatives represents a
promising direction in the development of new
antiepileptic = drugs for military  personnel.
Investigating their mechanisms of action, synthesizing
new derivatives with enhanced properties, and
conducting clinical trials will enable the creation of
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effective and safe pharmaceutical agents that meet the
demands of military medicine and pharmacy.

1,2,4-Triazoles are an important class of
heterocyclic compounds, consisting of three nitrogen
atoms and two carbon atoms in a five-membered ring
[1]. Recent advancements in triazole chemistry
highlight their exceptional value in pharmacy,
agrochemistry, materials science, and biomedical
research [2, 3]. Moreover, the toxicity of 1,2,4-triazole
derivatives is minimal [4]. Triazoles play a key role in
the development of new drugs due to their
antibacterial, antiviral, antifungal, and antitumor
properties [4, 5]. They are also used in the creation of
new materials, such as corrosion inhibitors, polymers,
and photovoltaic materials. Additionally, triazoles are
widely applied as fungicides to protect agricultural
crops from fungal infections. Popular fungicidal agents,
such as tebuconazole and propiconazole, provide long-
lasting protection and high efficacy.

Some 1,2,4-triazole derivatives are used in the
development of biosensors and drug delivery systems.
They facilitate the targeted delivery of pharmaceuticals
to specific tissues or organs, minimizing side effects.
The development of triazole-metal complexes has
opened new possibilities in homogeneous and
heterogeneous catalysis, which is crucial for
environmentally friendly chemical production.

The use of in silico methods allows for the
assessment of a compound’s potential effects on
targets associated with: anti-inflammatory properties,
antibacterial activity, antioxidant effects (reducing
oxidative stress in cells, which promotes faster wound
healing) and neuroprotective action (the ability to
interact with central nervous system receptors, which
may be beneficial for managing stress disorders in
military personnel).

Computer-based prediction is a crucial tool in
the study of triazole properties, as it allows for the
modelling of their molecular characteristics,
interactions with other compounds, and the prediction
of potential physicochemical properties [6, 7]. Using
software tools such as Gaussian, AMBER, and
CHARMM, the structure of triazole molecules can be
modeled, their geometry optimized, and bond energies
calculated. This enables the acquisition of more
accurate data on molecular stability, reactivity, and
potential reaction products. The application of
quantum-chemical methods allows for the assessment
of triazoles' potential as biologically active compounds,
particularly their ability to interact with specific
receptors or enzymes. This is achieved through
calculations of interaction energies and molecular
orbitals. To accomplish this, software programs for
molecular docking (such as AutoDock) are often used,
allowing researchers to predicthow triazoles may bind
to biological targets [8, 9].

Computational methods also play a crucial role
in assessing the toxicity of triazoles. Using various
models, such as QSAR (Quantitative Structure-Activity
Relationship), it is possible to predict the potential
toxic properties of compounds based on their
molecular structure. This approach helps reduce both
time and costs associated with experimental research
[10]. Using molecular dynamics, the behavior of
triazoles in different environments (e.g, aqueous
solutions or organic solvents) can be modeled. This
approach provides valuable insights into molecular
stability, structural behavior in liquid media, and
reaction mechanisms that may occur under specific
conditions. Thus, computational prediction methods
are an indispensable tool for studying the properties of
triazoles. They significantly accelerate the discovery of
new biologically active molecules, reduce
experimental research costs, and contribute to the
development of new technologies across various fields
[11,12].

A literature review confirms the high
anticonvulsant activity of 2-[5-(furan-2-yl)-4-phenyl-
4H-1,2,4-triazol-3-ylthio]-1-(4-
chlorophenyl)ethanone [2]. In this regard,
investigating the properties of this promising
compound is scientifically relevant.

The purpose of this study is to investigate the
biological activity of 2-[5-(furan-2-yl)-4-phenyl-4H-
1,2,4-triazol-3-ylthio]-1-(4-chlorophenyl)ethanone
using computational prediction methods. This
approach will help determine the presence of new
types of activity, which may expand research pathways
and establish a promising direction for further testing
of this molecule.

GABAa-receptors are ligand-gated ion
channels responsible for inhibitory
neurotransmission in the brain. Under normal
conditions, when GABA binds to the receptor, the
chloride ion (CI7) channel opens, leading to
neuron membrane hyperpolarization and the
suppression of neuronal activity. This prevents
excessive excitation and ensures a balance
between inhibitory and excitatory signals. In
pathological conditions that contribute to
epileptic seizures, the function of GABAa-
receptors can be disrupted. One of the key
mechanisms involves a decreased receptor
sensitivity to GABA, which may result from
mutations in receptor subunits (e.g., GABRA;,
GABRB:3;) or alterations in allosteric regulation. As
aresult, inhibitory efficiency is reduced, leading to
increased neuronal excitability and a higher risk of
seizure development.

Another mechanism is associated with
disruptions in the chloride ion gradient. For
example, increased activity of the Na*/K*/Cl”
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cotransporter (NKCC1) or reduced activity of the
K*/CI”™ cotransporter (KCC2) can lead to chloride
ion accumulation inside the cell. In this situation,
the opening of GABAas-receptors no longer
induces the usual hyperpolarization. Instead, it
can cause depolarization and neuronal excitation,
which promotes seizure activity. Excessive
activity of the GABA-transporter (GAT-1)
promotes the rapid removal of GABA from the
synaptic cleft, thereby reducing the duration of the
inhibitory signal. As a result, even with a normal
number of receptors, inhibition becomes less

effective, leading to increased neuronal
excitability and a higher risk of epileptic seizures.
Thus, the pro-epileptic effects of GABAs-
receptors can arise due to reduced sensitivity to
GABA, alterations in the chloride gradient, or
dysfunction in the GABA transport system (Figure
1). These mechanisms lead to a decrease in
inhibitory influence within neuronal networks,
increasing susceptibility to epileptic activity. The
diagram in Figure 1 illustrates disruptions in
chloride ion influx, abnormal transporter activity,
and decreased receptor sensitivity, all of which
contribute to neuronal hyperexcitability.

e e
Figure 1. A diagram illustrating the pro-epileptic mechanism of GABA4-receptors [created using
artificial intelligence, OpenAl, February 27, 2025. Access mode: private interaction via the ChatGPT
application]

Materials and Methods. Molecular docking
was performed using AutoDock 4.2.6 [13]. For
screening, the crystallographic structures of
GABAA receptors- “4COF,” “6D6T,” and “6X3U” -
were obtained from RCSB The Protein Data Bank
[14-16]. Visualization of the results was
conducted using Schrodinger Release 2018-1:
Schrédinger, LLC, New York, NY, 2018. The grid
parameters for binding were set to 30 & x 30 A x
30 A, with the grid center coordinates as follows:
4COF (7Ax12A x 132 A), 6D6T (119 A x 181 A x
126 A), 6X3U (137 A x 108 A x 142 A). These
parameters provided a sufficiently large space to
encompass the receptor’s binding site.

Bioavailability. The ADME evaluation was
conducted using the free SwissADME tool [17, 18],
which is widely used in medicinal chemistry for
analyzing pharmacokinetics, bioavailability, and
interactions of small molecules with enzymes.
This tool considers six physicochemical
characteristics: lipophilicity, size, polarity,
solubility, flexibility, saturation. Each of these
properties has a specific physicochemical range,
which is visualized as a pink zone on the radar
chart. For a molecule to be classified as drug-like,
its radar profile must fully fit within this zone.

Results and Discussion. GABA,-receptors
are the primary mediators of inhibitory
neurotransmission in the central nervous system
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(CNS). They belong to the family of ligand-gated
ion channels and regulate the influx of chloride
ions (CI") into neurons, which promotes
membrane hyperpolarization and reduces
neuronal excitability. For this study, we selected
three receptors from the Protein Data Bank (PDB):
4COF (crystal structure of the human gamma-
aminobutyric acid receptor, homopentamer
GABA(A)R-B3), 6D6T (a subtype of the human
GABA-A receptor, conformation B), 6X3U (a
subtype of the human GABA receptor). This
comprehensive in silico study enables a deeper
understanding of the anticonvulsant mechanism
of the investigated compound.

The 4COF structure represents a
homopentamer of (B3-subunits of the human
GABAs-receptor with a resolution of 3 A. This
protein complex consists of five identical subunits,
each containing extracellular, transmembrane,

and intracellular domains. The extracellular
domain houses the binding sites for GABA and
other modulators, which can influence receptor
sensitivity. This is where the primary activation of
the receptor occurs following ligand interaction.
The transmembrane domain consists of four a-
helical segments (M1-M4), which form the ion
channel. The M2 segment plays a key role in
chloride ion (CI7) selectivity and the regulation of
ion flow across the membrane. The intracellular
domain interacts with regulatory proteins and
participates in post-translational modifications,
which can alter the functional activity of the
receptor. The molecular docking results of the
investigated compound with the crystallographic
structure of 4COF (Crystal structure of a human
gamma-aminobutyric  acid  receptor, the
GABA(A)R-beta3 homopentamer) are presented
in Table 1.

Table 1
Molecular docking results obtained using AutoDock 4.2.6
Binding Energy Amino Acid Residues and Binding Interactions
(kcal/mol)
Hydrophobic: MET C:49, PHE C:105; polar: THR D:133, THR C:131, THR C:133, THR
-6,583 C:58, SER C:104; positively charged - LYS D:103, LYS D:102, LYS C:103; negatively
charged - ASP D:56, ASP C:48

The compound interacts with a binding
energy of -6.583 kcal/mol, indicating moderate
affinity for the receptor.

The primary hydrophobic interactions
involve MET C:49 and PHE C:105, facilitating the
stable embedding of the molecule into the
hydrophobic pocket of the protein. Polar residues
such as THR D:133, THR C:131, THR C:133, THR
C:58, and SER C:104 may form hydrogen bonds,
further stabilizing the ligand within the binding
site. lonic interactions play a crucial role:
positively charged residues (LYS D:103, LYS
D:102, LYS C:103) and negatively charged
residues (ASP D:56, ASP C:48). These electrostatic
contacts may influence receptor conformational
changes, affecting its functional state. CTpykTypa
6D6T Mae BHCOKY pO3/iJbHY 3/aTHicTh (3,8 A) i
CKJIQJIA€ThCS 3 II'AATH CYOOJUHUILb: ABOX (1-, ABOX
B2- i opHiel yz-cyb6opununi. The 6D6T structure
has a high resolution (3.8 A) and consists of five
subunits: two a1-, two [3z-, and one y;z-subunit. This
combination is the most common for GABAs-
receptors in the human brain and forms optimal
binding sites for both GABA and allosteric
modulators (including benzodiazepines).

The extracellular domains of the a1- and [3-
subunits form two binding pockets for GABA,
while the yz-subunit creates an additional binding
site for benzodiazepines, which enhance the

inhibitory  effect of the receptor. The
transmembrane domains, composed of a-helical
segments (M1-M4), form the central ion channel,
allowing Cl” ions to flow in response to receptor
activation. The activation process begins when
two GABA molecules bind at the interface between
the ai- and [Bz-subunits. This triggers
conformational changes, which are transmitted
from the extracellular domain to the
transmembrane channel, leading to ion flux
regulation. The opening of the ion channel allows
Cl” ions to enter the cell, leading to membrane
hyperpolarization and a reduction in neuronal
excitability. In the 6D6T structure, the mechanism
of positive allosteric modulation is also clearly
visible. Benzodiazepines bind to the y2 subunit,
enhancing the inhibitory effect of GABA by
increasing both the probability and duration of the
open state of the ion channel.

The molecular docking results of the
compound on the crystallographic structure of
6D6T (Human GABA-A receptor alphal-beta2-
gammaz2 subtype) are presented in Table 2.

The compound interacts with the GABAs-
receptor (6D6T, Human GABA-A receptor alphal-
beta2-gammaZ2 subtype) with a binding energy of
-6.119 kcal/mol, indicating sufficient complex
stability.
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Table 2

Data and results of molecular docking obtained using the AutoDock 4.2.6 program

Binding Energy Amino acid residues and non-binding interactions
(kcal/mol)
~6119 Hydrophobic: PRO E:127, VAL E:103, TRP E:123, VAL A:111, VAL A:109; polar: THR
! A:110, ASN A:85, SER E:100; ionized: positively charged - ARG E:129, LYS A:112
The  primary  interactions involve insights into the mechanisms of receptor

hydrophobic contacts with PRO E:127, VAL E:103,
TRP E:123, VAL A:111, and VAL A:109, which
contribute to the stabilization of the ligand within
the hydrophobic environment of the binding
pocket. Polar interactions with THR A:110, ASN
A:85, and SER E:100 provide additional binding
specificity through the formation of hydrogen
bonds. Additionally, electrostatic interactions
with the positively charged amino acid residues
ARG E:129 and LYS A:112 may contribute to
complex stabilization and influence
conformational changes in the receptor. The
interaction of this compound with the GABAa-
receptor may potentially modulate its activity,
influencing neuronal excitability and contributing
to the study of antiepileptic agents. The 6X3U
structure, obtained using  cryo-electron
microscopy with high resolution (2.6 A),
represents the human GABAx-receptor in complex
with GABA and allopregnanolone, a neurosteroid
positive modulator. This model provides deeper

activation, allosteric regulation, and potential
therapeutic targets for epilepsy and other
neurological disorders.

The GABAa-receptor is a pentameric
complex composed of two ai-, two [3-, and one y»-
subunit. In the 6X3U structure, the binding sites
for GABA can be clearly identified between the a1
and B3 subunits, as well as the allosteric
modulation site for neurosteroids in the
transmembrane domain. Extracellular domains
form ligand-binding sites. Transmembrane
segments (M1-M4) create the central pore, which
regulates CI” ion flow. Upon GABA binding,
conformational changes are transmitted from the
extracellular domain to the transmembrane
segments, leading to the opening of the ion
channel.

The molecular docking results of the
compound on the crystallographic structure of
6X3U (Human GABAA receptor alphal-beta2-
gamma?2 subtype) are presented in Table 3.

Table 3
Data and results of molecular docking obtained using the AutoDock 4.2.6 program
Binding Energy Amino acid residues and binding interactions
(kcal/mol)
Hydrophobic: PHE B:100, TYR B:160, ALA B:161, MET C:115, TYR C:62, VAL B:103, TYR
-8,559 B:210, ILE C:44, ALA C:45; polar: HID B:102, SER B:159, SER B:205; ionized: positively
charged - LYS C:180; negatively charged - ASP C:43

The compound interacts with the GABAa-
receptor (6X3U, Human GABA-A receptor alphal-
beta2-gammaZ2 subtype) with a binding energy of -
8.559 kcal /mol, indicating high affinity for the binding
pocket. Primary hydrophobic interactions occur with
PHE B:100, TYR B:160, ALA B:161, MET C:115, TYR
C:62, VAL B:103, TYR B:210, ILE C:44, and ALA C:45,
facilitating the stable embedding of the ligand into the
receptor’s hydrophobic environment. Polar contacts
with HID B:102, SER B:159, and SER B:205 may
provide additional stabilization through hydrogen
bonds. Electrostatic interactions involve the
positively charged LYS C:180 and negatively charged
ASP C:43, which may contribute to the specific
positioning of the compound in the active site. These
interactions could influence the receptor’s
conformational dynamics, which is particularly
relevant for its modulation, especially in the study of
antiepileptic agents.

Figure 2 presents the interaction networks
between GABAA receptors and the selected
compound, displaying the amino acid residues and
binding interactions.

Figure 3 presents the 3D visualization of the
ligand-enzyme complex. The molecule exhibited zero
RMSD values during the docking process.

The compound interacts with the GABAs-
receptor (6X3U, Human GABA-A receptor alphal-
betaZ-gammaz2 subtype) with a binding energy of
-8.559 kcal/mol, indicating high affinity for the
binding pocket.

Primary hydrophobic interactions occur
with PHE B:100, TYR B:160, ALA B:161, MET
C:115, TYR C:62, VAL B:103, TYR B:210, ILE C:44,
and ALA C:45, facilitating the stable embedding of
the ligand into the receptor’s hydrophobic
environment. Polar contacts with HID B:102, SER
B:159, and SER B:205 may provide additional
stabilization through hydrogen bonds.
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Figure 2. Interaction network between receptors and the selected compound. Negatively charged
residues are shown in red, polar residues in blue, and hydrophobic residues in green [created using

Schrodinger software]

Positively charged LYS C:180 and negatively
charged ASP C:43 play a crucial role in
electrostatic interactions, potentially contributing
to the specific positioning of the compound in the
active site. These interactions may influence the
conformational dynamics of the receptor, which is
significant for its modulation, particularly in the
study of antiepileptic agents. Figure 3 illustrates

«UKRAINIAN JOURNAL OF MILITARY MEDICINE» (2.

the surface constructed around the active site of
the enzyme: blue represents the hydrogen bond
donor region, red represents the hydrogen bond
acceptor region. As seen in the figure, the most
active inhibitor, in its most probable docked
conformation, is complementary to both the
acceptor and donor hydrogen bond regions within
the active site.
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Figure 3. Interaction network between the 6X3U receptor (Human GABA4 receptor alphal-beta2-
gammaZ2 subtype) and the selected compound in 3D coordinates [created using Schrédinger Release

2018-1: Schridinger, LLC, New York, NY, 2018]

The key structural element of this
interaction is the 1,2,4-triazole ring. The selected
compound, due to its physical properties, as well
as its pharmacokinetic and drug-likeness

FLEX

INSATU

parameters, represents a promising candidate for
the development of a new pharmaceutical
substance (Figure 4).

LIPO

SIZE

POLAR

INSOLU

Figure 4. Bioavailability of the selected molecule in the SwissADME program, analyzed using
various models, with data grouped according to different physicochemical properties (size, insolubility,

lipophilicity, flexibility, unsaturation, and polarity)

The compound has a molecular mass of
395.86 g/mol and contains 27 heavy atoms, 22 of
which are aromatic. The sp*-hybridized carbon
fraction is 0.05, indicating the predominantly
aromatic nature of the molecule. The presence of
six rotatable bonds suggests a certain degree of
conformational flexibility. The molecule contains
four hydrogen bond acceptors and no hydrogen
bond donors, which may affect its interaction with
target proteins and water solubility. The molar
refractivity  (105.51) suggests  potential
interactions with biological membranes. The
topological polar surface area (TPSA) is 86.22 A2,
indicating balanced permeability across cell

membranes and potential interactions with
transporters.

The calculated Log P values range from 3.38
to 5.16, with a consensus value of 4.21. This
indicates pronounced lipophilicity, which may
enhance membrane permeability but could also
present challenges with water solubility. The
compound exhibits  high  gastrointestinal
absorption (GI absorption: High), which supports
its effective uptake when administered orally.
According to drug-likeness rules (Lipinski, Ghose,
Veber, Egan, Muegge), the compound meets all
criteria, making it a potential candidate for
pharmaceutical application. The bioavailability
score (0.55) suggests sufficient systemic action
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potential after oral administration. The absence of
structural “red flags” (PAINS and Brenk alerts)
indicates a low likelihood of nonspecific or
undesirable biological effects. The synthetic
accessibility score (3.25) suggests relative ease of
synthesis, an important factor for large-scale
production feasibility.

The compound exhibits high lipophilicity,
good gastrointestinal absorption, but poor water
solubility, which may necessitate specialized drug
formulations for effective delivery. Overall, the
compound possesses promising properties for
further research, but requires optimization to
improve solubility.

Conclusions

1. The investigated compound exhibits
moderate affinity for GABAA-receptors, as
confirmed by molecular docking with three
different receptor structures (4COF, 6D6T, and
6X3U). It was established that the interaction
occurs through hydrophobic, polar, and ionic
bonds with critical amino acid residues, which
may contribute to the stabilization of the receptor
in its active or modulated state.

2. The potential anticonvulsant mechanism
of the compound involves modulating GABAA
receptor activity by binding to functionally
significant sites, which may enhance inhibitory

neurotransmission and reduce neuronal
hyperexcitability. This suggests that the
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