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ABSTRACT 
GABA is the most important neurotransmitter in the brain cortex. Seizures may occur whether the equilibrium is upset. 
The GABA-A receptor is a well-established target for epilepsy therapy. Despite the introduction of multiple new 
anticonvulsants, certain kinds of seizures are still not carefully regulated with this novel and existing medications, and 
different adverse effects have been described. To manage the numerous distinct forms of convulsions, newer 
anticonvulsant medications must be developed.A hypothesis of shared pharmacophore features was formulated to 
support our study. Structurally different classes of ligands which are active in modulation of Convulsion are used to 
create pharmacophore model using Pharmagist webserver. The website ZINC Pharmer discovered 1000 top potential 
ligands with strong pharmacophoric similarity. The molecules have been subsequently screened using the Data warrior 
software before being utilized towards molecular docking with Autodock vina. The top 5 ligands were submitted to in 
silico ADMET analyses in PKCSM Webserver based on binding energy and amino acid interactions. ZINC77193731 and 
ZINC07046228 have good binding affinity and good interactions with amino acids of GABA-A. 
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INTRODUCTION 
According to statistics, epilepsy is the most common serious neurological disorder. A frequent epileptic 
symptom is spontaneous seizures caused with transient excess neuron discharge [1]. Despite the 
development of new anticonvulsants, some types of seizures are still not adequately treated by these new 
and existing drugs [1-3]. New anticonvulsant drugs are badly required to treat the many types of seizures. 
Several studies have shown that epilepsy include more than 1 mechanism & may therefore be 
accountable for the numerous types of seizures recorded.Several novel medications for the treatment of 
epilepsy have been approved in the recent two decades, namely felbamate, gabapentin, lamotrigine, 
topiramate, tiagabine, levetiracetam, oxcarbazepine, zonisamide, pregabalin, rufinamide, stiripentol, 
clobazam, vigabatrin, and lacosamide. In addition, novel formulations of existing medications, such as 
fosphenytoin, a pro-drug of phenytoin, and a carbamazepine sustained-release preparation, have been 
released[4-7].Furthermore, vagus nerve stimulation in conjunction with seizure medication has been 
approved for the treatment of people with partial epilepsy. Currently, research is being conducted not 
just on chemical substances, but also on implanted antiepileptic devices. 
The current antiepileptic medications are ineffective, and the disadvantages restrict its use and 
complicates patient treatment. Anti - epileptic medications can primarily provide temporary alleviation 
since drugs reduce convulsions and has little impact upon epileptogenesis. this is the process by which 
healthy brain circuit is changed into hyperexcitable circuitry, typically following an injury. Long-term use 
of antiepileptic drugs is limited due to side effects, withdrawal symptoms, bad interactions with other 
therapies, and economic burden, particularly in developing countries. Ataxia, diplopia, nystagmus, 
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vertigo, sleepiness, and headache are common side effects. Rashes caused by allergies Hepatoxicity, 
Weight gain, increased risk of skin rashes Hyponatremia, as well as prenatal abnormalities such as neural 
tube defects, cognitive impairment, congenital heart problems, orofacial clefts, minor anomalies, growth 
retardation, developmental delay, and microcephaly [8,9], are associated with hyponatremia. 
As a result, the current study attempts to find potent lead compounds for the treatment of epilepsy using 
computational techniques. 
 
MATERIAL AND METHODS 
Pharmacophore modelling: It is a 3D framework created by mapping the physiologically powerful 
chemicals necessary for the ligand to attach to the appropriate target protein and interact with it. 
Molecule are subjected for pharmacophore modelling by uploading to free online tool called pharmacist 
in Sybyl Mol 2 format [10,11]. The server considers a variety of ways to combine the submitted 
compounds to produce the pharmacophore in Jmol format [12-14]. 
Molecular Docking:The chemical structure of each ligand was determined using the ZINC data library. 
ZINC database is a curated collection of commercially accessible chemical compounds that is developed 
specifically for virtual screening and is utilised by investigators in pharmaceutical businesses, research 
universities, and biotech companies. In addition, the structures of FDA-approved medications were 
obtained from Pub Chem [15].The target protein's typical structure file was retrieved from the RCSB 
Protein Data Bank, a resource for three-dimensional structural information of major biomolecules like 
proteins and nucleic acids. The usual structure file from the PDB is not appropriate for immediate use in 
molecular modelling calculations. PDB structural files typically contain just heavy elements and may also 
contain water molecules, metal ions, a co-crystallized ligand, and co-factors [16]. As a result, purification 
was carried out utilising the SPBDV Tool, a web-based platform for interactively building complex 
systems and preparing their inputs. 
Receptor Grid Generation: A predefined structure is required for Receptor Grid Generation, as well as 
all atom structures with proper bond ordering. AUTODOCK searches for a favourable contact among one 
or many ligand molecules and a receptor, that's commonly a protein. Considering the form and qualities 
of the receptors, which are expressed on a grid with multiple distinct sets of fields that give increasingly 
more precise ligand pose scoring? The possibilities in each tab of the receptor grid generation panel let 
you customize the framework of the receptor by excluding whatever co-crystallized ligand which might 
be present, identify the location and size of the active center as it will be displayed by receptor grids, and 
set up the AUTODOCK constant. Around the binding site of the receptor, a grid was generated [17]. 
Ligand Docking: AUTODOCK VINA is utilized for docking ligands. AUTODOCK VINA looks for a suitable 
interaction between one or many ligands and a receptors, which is often a protein. The receptor could 
contain several molecules, although each ligand operates as a single molecule. A protein as well as a co-
factor. AUTODOCK VINA was run in either flexibility but rather rigid docked mode, with the latter 
generating conformations with every input ligand automatically.Ligand posture in flexible docking relates 
to the mixture of a ligand's site and alignment related to the receptor, as well as its conformation. The 
ligand posture produced by AUTODOCK VINA is subjected to several hierarchical filtering that assess the 
ligand's interactions with the receptor. The first filters assess the spatially fit of the ligands to the 
designated active site, and the compatibility of ligand receptor interactions is investigated using a 
structured grid-based technique. Finally, the programme was permitted to operate to begin the docking 
process, in which each ligand was designed to connect with the active site contained in the binding pocket 
of the protein of interest under investigation. The final score is then obtained. 
Visualization:The pdbqt file which is obtained from the docking is complexed with the protein structure 
for visualization. In Biovia software, the 2D and 3D structure of the complexes are visualized for studying 
ligand interactions and enhanced presentation. 
ADMET STUDIES: After the molecular docking studies, ADMET STUDIES (physicochemical properties) of 
the ligand was studied using PKCSM Website after it into smiles by using an online smile translator 
converting and the obtained data was helpful in determining its efficacy and toxicity[18-20]. 
 
RESULT AND DISCUSSION  
Ligand-based pharmacophore modelling: Utilizing the PharmaGist website, the pharmacophore 
hypothesis was built from GABA promoter medications in preclinical trials. The compound synthesized by 
PharmaGist contains a single aromatic ring and two hydrogen bond acceptors spaced apart. The 
PharmaGist result is sent to ZINCPharmer, which screens and recovers molecules with similar 
pharmacophoric characteristics via the ZINC database. The derived pharmacophore modeling aids in 
determining the conformational need. The screened compounds were submitted to Data Warrior, as well 
as the compounds have been subsequently sorted depending on the physico - chemical parameters of the 
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standard GABA boosting medications, including the log p value, molecular weight, hydrogen donor, 
hydrogen acceptor, plus polar surface area. Each of these compounds have been collected as an SDF 
format and utilized in molecular docking experiments. 
Molecular Docking:After Docking, top 10 candidates that showed certain degree of therapeutic benefits 
which can be used in the treatment of epilepsy. The ZINC ID of these six were taken from the zinc 
Database are ZINC07046228, ZINC14129673, ZINC77193731, ZINC90964630, ZINC92106442, 
ZINC92417055 respectively shown in table 1 and fig 1& 2. 
 

Table 1: Docking score and type of interaction of training set of molecules 
Compound Docking Score Interacting residues 

 
Type of interaction 

ZINC07046228 -8.1 GLY117 
HIS438, TRP430, TRP82, TYR440 
SER287, LEU286 
PHE329 
TRP231, GLY116 

Van der Waals 
Conventional Hydrogen Bond 
Halogen (fluorine) 
Pi-Sulfur 
Pi-Pi T-Shaped, Amide-Pi Stacked 

ZINC14129673 -7.6 ARG242 
LEU286, VAL288 

Conventional Hydrogen Bond 
Alkyl, Pi-Alkyl 

ZINC77193731 -8.8 TRP82 
TYR332, HIS438 
PHE329 

Conventional Hydrogen Bond 
Pi-Pi Stacked, Pi-Pi T-Shaped 
Pi-Alkyl 

ZINC90964630 -7.1 ASP304 
TYR396 
LEU307, LYS408, PRO401, CYS400, TRP522 

Attractive charge 
Carbon Hydrogen Bond 
Alkyl, Pi-Alkyl 

ZINC92106442 -7.9 GLY116, GLY117, SER198 
TRP231 
PHE329 
LEU286, TRP82 

Conventional Hydrogen Bond 
Pi-Lone Pair 
Pi-Pi T-Shaped, Amide-Pi Stacked 
Pi-Alkyl 

ZINC92417055 -7.1 TRP82 
ALA328 

Conventional Hydrogen Bond 
Pi-Alkyl 

 

 
Fig 1: 2D and 3D structures of ZINC07046228 

 

 
Fig 2: 2D and 3D structure of ZINC77193731 

ADMET studies: Drug likeness is predicated based on the Lipinski rule of five, where drug must have 
molecular weight ≤ 500, A Log P ≤ 5, number of hydrogen donor ≤ 5, and number of hydrogen acceptors ≤ 
10, then by these five rules have better activity like permeability, bioavailability, and absorption, shown 
in table 2-6. 
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Table 2: Absorption properties of selected test compounds 
 

Compound 

 
W

ater 
Solubility 

 
Caco

2 

Perm
eability 

 
Intestinal 

Absorption 
  

Skin 
Perm

eability 

 
p-Glycoprotein 

Substrate 

 
P-Glycoprotein 

1st inhibitor 

 
P-Glycoprotein 

2
nd inhibitor 

ZINC07046228 -1.973 1.76 94.966 -2.519 No No No 
ZINC90964630 -2.986 1.42 96.67 -2.633 No No No 
ZINC77193731 -3.43 1.268 92.067 -3.467 No No No 
ZINC92106442 -2.028 1.289 94.218 -2.737 No No No 
ZINC92417055 -3.551 1.122 92.315 -3.175 No No No 

 
Table 3: Distribution properties of selected test compounds 

Compound 
 

Distribution 
VDss (human) 

Distribution fraction 
unbound (human) 

Distribution 
BBB Permeability 

Distribution 
CNS Permeability 

ZINC07046228 0.828 0.542 0.302 -1.833 
ZINC90964630 -0.026 0.199 0.371 -1.453 
ZINC77193731 -0.191 0.431 0.016 -2.954 
ZINC92106442 0.486 0.525 0.411 -2.933 
ZINC92417055 -0.027 0.312 -0.432 -2.952 

Table 4: Metabolism properties of selected test compounds 
Compound 
 

CYP2D6 
Substrate 

CYP3A4 
Substrate 

CYP1A2 
Inhibitor 

CYP2C19 
Inhibitor 

CYP2C9 
Inhibitor 

CYP2D6 
Inhibitor 

CYP3A4 
Inhibitor 

ZINC07046228 No Yes No No No Yes No 
ZINC90964630 No Yes Yes Yes No No No 
ZINC77193731 No No No No No No No 
ZINC92106442 No No Yes No No No No 
ZINC92417055 No No Yes Yes No No No 

Table 5: Excretion properties of selected test compounds 
Compound Total clearance Renal OCT2 Substrate 
ZINC07046228 1.041 Yes 
ZINC90964630 0.517 No 
ZINC77193731 0.403 No 
ZINC92106442 0.883 No 
ZINC92417055 0.219 No 
 

Com
pound 
 

AM
ESToxicity 

M
ax. Tolerated 

D
ose (hum

an) 

hERG1 inhibitor 

hERG2 inhibitor 

O
ral rat acute 

toxicity (LD
50) 

O
ral rat chronic 

toxicity (LOAEL) 

H
epatotoxicity 

Skin sensitisation 

T.Pyriform
is 

M
innow

 toxicity 

ZINC07046228 No 0.132 No No 2.547 1.432 No No 0.437 0.124 
ZINC90964630 No -0.405 No Yes 1.938 1.702 Yes No 0.648 -0.491 

ZINC77193731 No 0.413 No No 2.434 1.107 No No 0.66 1.57 

ZINC92106442 yes 0.535 No No 2.445 1.129 No No 0.285 2.381 
ZINC92417055 No 0.589 No No 2.274 0.842 Yes No 0.553 1.018 

Table 6: Toxicity properties of selected test compounds 
The top 6 compounds were determined and listed based on docking score, and the results fall between -9 
and -7 kcal/mol. ZINC77193731 and ZINC07046228 are the two best compounds with the best 
interactions according to molecular docking for the zinc database. ZINC77193731 has a docking score of -
8.8 and the interactions are TRP82 H-bond interaction, HIS438 Π-Π-interaction, and the nest compound 
ZINC07046228 has a docking score of -8.1 and the interactions are HIS438,TRP430,TRP82 H-bond 
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interaction, GLY116,TRP231 Π- Π T-shaped interaction, PHE329 Π-sulfur interaction,GLY117 Vander 
Waals interaction. 

CONCLUSION 
Drug identification was carried out to identify to discovery of a novel GABA-A inhibitors to treat Epilepsy. 
Based on the preliminary studies 6 hits was found to be show high binding affinity with GABA-A inhibitor. 
Diazepam and lorazepam were selected as standard on this study. 6 ligands are subsequently evaluated 
for ADMET properties using PKCSM webserver. ZINC77193731 have high binding affinity with better 
ADMET properties, which can act as novel leads for GABA inhibitor. 
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