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ABSTRACT 

Epilepsy affects over 50 million individuals worldwide and is characterized by recurrent seizures that are sometimes 

unresponsive to current therapies and induce negative effects, underscoring the urgent need for new anticonvulsant 

medications. This study examines the anticonvulsant effects of 2-Amino Pyrimidine-based Mannich base derivatives that 

target the GABA-A receptor, a critical inhibitory neurotransmitter site for seizure regulation. Fifteen new derivatives were 

produced and subjected to molecular docking using Auto Dock Tools 1.5.7 against the GABA-A receptor (PDB ID: 6X3D), 

indicating strong binding affinities for compounds SSN6, SSN15, SSN10 and SSN12, with docking scores of 14.0, 12.8, 9.2 

and 9.0 kcal/mol, respectively. These compounds showed important contacts with the receptor active site residues. In vitro 

MTT testing on SHSY5Y neuroblastoma cells revealed more than 75% cell viability at 40 µg, suggesting excellent 

neuroprotection and low cytotoxicity. In vivo confirmation using the maximal electroshock seizure (MES) model in mice 

revealed that both SSN6 and SSN15 substantially reduced seizure duration (p < 0.05), similar to the standard drug 

Phenobarbitone, with no toxicity or mortality reported. The combined in silico, in vitro and in vivo findings indicate that 2-

Amino Pyrimidine Mannich base derivatives, notably SSN6 and SSN15, are promising candidates for developing effective 

and safer anticonvulsant drugs 

 

Keywords: 2-Amino Pyrimidine, Mannich bases, Anticonvulsant activity, GABA-A receptor, PDB ID: 6X3D, Maximal 

electroshock seizure (MES) model 

1. INTRODUCTION 

Epilepsy is a chronic neurological disease that affects approximately 50 million people worldwide and is characterized by 

recurrent convulsions. Many people experience treatment resistance, adverse effects, or low effectiveness despite the easy  
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availability of several antiepileptic drugs (AEDs). This has sparked a quest for novel chemicals with higher therapeutic 

indices capable of targeting central systems.1 

Epilepsy is caused by a disruption in the balance between excitatory and inhibitory neurotransmission. One well-known 

inhibitory target involved in seizure regulation is the gamma-aminobutyric acid type A (GABA-A) receptor. By modifying 

these receptors, aberrant electrical discharges may be reduced and neurological balance restored.2 

Since 2-Amino Pyrimidine derivatives are structurally similar to the pharmacophores of well-known antiepileptic medicines 

(AEDs), they have been demonstrated to have anticonvulsant efficacy among heterocyclic compounds. The Mannich base 

scaffold enhances the pharmacokinetic and pharmacodynamic properties by adding flexibility.3 

This work uses a computer-aided medication design strategy to look at the anticonvulsant capabilities of 2-Amino Pyrimidine 

Mannich base derivatives. Fifteen derivatives were tested for their binding affinity to GABA-A receptor targets using 

molecular docking techniques (PDB ID: 6X3D). In vitro neuronal experiments and in vivo MES studies were used to validate 

four chemicals that had high binding interactions and BBB permeability 4 

The findings provide a foundation for future pharmaceutical research and the combination technique provides a predictive 

model for discovering effective anticonvulsant medications while requiring minimal resources. (See Figure No. 2 for 

molecular interactions and Table No. 1 for compound structures and docking scores.). 

CH2N
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N
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Fig. 1: General structure of selected series of compounds 

2. MATERIALS AND METHODS: 

1. Computational Docking: 

I. Ligand Preparation: The 2-Amino Pyrimidine-based Mannich base derivatives were initially sketched using 

ChemDraw5 Pro 8.0 and Chem Sketch. These 2D structures were converted to 3D conformations using PyMOL,6 

followed by energy minimization to obtain stable geometries suitable for docking. The ligands were then saved in 

PDB format and later converted to PDBQT format using AutoDock7 Tools 1.5.7, with Gasteiger charges assigned 

and rotatable bonds defined to enable flexible docking. 

II. Receptor Preparation: The crystal structure of the GABA-A receptor (PDB ID: 6X3D) was retrieved from the 

Protein Data Bank.8 Using Auto Dock Tools 1.5.7, water molecules were removed, polar hydrogens were added, 

and Compute Gasteiger and Kollman charges were applied to the receptor.9 A grid box was constructed to enclose 

the active site residues, ensuring adequate space for ligand binding. The receptor was saved in PDBQT format for 

use in the docking simulation. 

III. Validation of Docking Protocol: To validate the docking protocol, the co-crystallized ligand from the GABA-A 

receptor structure was re-docked into its binding site using the same grid and docking parameters. The root-mean-

square deviation (RMSD) between the docked pose and the original ligand position was calculated.10 An RMSD 

value is 0.821 Å (less than 2.0 Å) confirmed the reliability and accuracy of the docking setup. Additionally, Biovia 

Discovery Studio 2024 Visualizer was employed to analyse and confirm key molecular interactions, such as 

hydrogen bonding and hydrophobic contacts, ensuring biological relevance of the docking results.11.  

2. In Vitro Assay: Neuroblastoma cells of SHSY5Y (CRL-2266)12 were cultivated in DMEM with high glucose (Cat 

No-11965-092), supplemented with 1% antibiotic-antimycotic solution (Cat No-15240062) and 10% FBS (Cat No-

10270106). After being seeded at a density of 1 × 104 cells/well in 96-well plates, the cells were incubated at 37°C 

in a humidified environment with 5% CO₂. To reach final concentrations of 20, 40, 60, 80 and 100 µM, a selection 

of chemicals was diluted in medium after being dissolved in DMSO. Following a 24-hour treatment period, 
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absorbance was recorded with a microplate reader at 570 nm and cell viability was evaluated using the MTT assay. 
13-17 

3. In Vivo MES Model:  Animal studies were conducted with prior approval of the Institutional Animal Ethics 

Committee (CPCSEA Reg. Number 843/PO/ReBi/S/04/CCSEA). In addition to having unlimited access to food 

and drink, healthy adult Swiss albino mice weighing 25–30 g were housed in conditions regulated to include a 12-

hour light/dark cycle, with the temperature of 22 ± 2°C and a relative humidity of 50–60%.18 The two medications 

with the best in vitro results were selected and administered intraperitoneally. After 30 minutes, maximal 

electroshock seizures (MES) 19, 20 were induced using an electro-convulsometer with ocular electrodes set to 50 mA 

current for 0.2 seconds. The degree to which the seizures were severe was determined by the presence or absence 

of hind limb tonic extension (HLTE).21 Additional findings included behavioural response, recovery time, delay to 

HLTE, and mortality monitored for 24 hours following therapy. Phenobarbitone (20 mg/kg, intraperitoneally) was 

the standard reference drug used. Every procedure closely followed the ethical standards set forth by CPCSEA.22-24 

3. RESULTS AND DISCUSSION 

Table 1: Docking Scores of 2-Amino Pyrimidine Mannich Base Derivatives with GABA-A Receptor. 

Compound 

Name 
NRR1 

Binding Score 

(Kcal/Mol) 

SSN1 Ethyl amine -9.4 

SSN2 Dimethyl amine -12.1 

SSN3 Diethyl amine -12.1 

SSN4 n-butyl amine -12.3 

SSN5 Cyclohexyl amine -9.1 

SSN6 o-Phenylenediamine -14 

SSN7 2- Aminophenol -8.3 

SSN8 3-Aminophenol -7.7 

SSN9 4- Aminophenol -8.1 

SSN10 p-Amino diphenylamine -9.2 

SSN11 p-Aminopyridine -8.2 

SSN12 2,4-dinitrophenyl hydrazine -9.0 

SSN13 2-Chloro 4-nitro aniline -8.1 

SSN14 Ethyl aniline -8.0 

SSN15 Dibenzyl amine  -12.8 

 

The compounds that can cross the BBB are chosen to synthesise various derivatives 

SR. NO. COMPOUNDS ANTICONVULSANT DOCKING SCORE 

1 SSN6 -14.0 

2 SSN15 -12.8 

3 SSN10 -9.2 

4 SSN12 -9.0 
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Docking scores ranging from -7.3 to -14.0 kcal/mol were obtained from the molecular docking investigation of fifteen. 2-

Amino pyrimidine-based Mannich base derivatives with the GABA-A receptor (PDB ID: 6X3D). The compounds with the 

highest binding affinities, SSN6, SSN15, SSN10 and SSN12, were –14.0, –12.8, -9.2 and -9.0 kcal/mol, respectively. These 

substances interacted hydrophobically and established strong hydrogen bonds with important residues in the receptor's active 

site. Discovery Studio visual analysis verified that the ligand was well accommodated within the binding pocket. 

 

 

Figure 2: 2D & 3D Representation of compound SSN6 with PDBID: 6X3D 

 

Table 2: Docking interaction of receptor (6X3D) with compound SSN6 

Sr. No. Residue Atom Distance Category Type of Interaction 

1 SER246 2.18256 Hydrogen Bond Conventional Hydrogen Bond 

2 HIS248 2.62 Hydrogen Bond Conventional Hydrogen Bond 

3 ASN341 2.82139 Hydrogen Bond Conventional Hydrogen Bond 

4 CYS339 3.70989 Hydrogen Bond Conventional Hydrogen Bond 

5 CYS339 3.37286 Hydrogen Bond Conventional Hydrogen Bond 

6 ASN341 2.89664 Hydrogen Bond Conventional Hydrogen Bond 

7 TYR281 3.11567 Hydrogen Bond Conventional Hydrogen Bond 

8 HIS248 4.74097 Electrostatic Pi-Cation 

9 MET309 4.24432 Other Pi-Sulfur 

10 CYS339 5.97213 Other Pi-Sulfur 

11 HIS248 4.43629 Hydrophobic Pi-Pi T-shaped 

12 MET252 4.23626 Hydrophobic Pi-Alkyl 

13 ALA277 4.67352 Hydrophobic Pi-Alkyl 

14 ILE337 4.96209 Hydrophobic Pi-Alkyl 

15 CYS339 5.18192 Hydrophobic Pi-Alkyl 
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16 ALA277 4.92372 Hydrophobic Pi-Alkyl 

 

 

Figure 3: 2D & 3D Representation of compound SSN15 with PDBID: 6X3D 

 

Table 3: Docking interaction of receptor (6X3D) with compound SSN15 

Sr. No. Residue Atom Category Distance Type of Interaction 

1 SER246 Hydrogen Bond 2.81808 Conventional Hydrogen Bond 

2 HIS248 Hydrogen Bond 2.63903 Conventional Hydrogen Bond 

3 HIS248 Electrostatic 4.87301 Pi-Cation 

4 HIS248 
Hydrogen Bond; 

Electrostatic 
4.07381 Pi-Cation; Pi-Donor Hydrogen Bond 

5 CYS339 Hydrogen Bond 4.18297 Pi-Donor Hydrogen Bond 

6 LEU296 Hydrophobic 3.83572 Pi-Sigma 

7 THR321 Hydrophobic 3.65221 Pi-Sigma 

8 MET309 Hydrophobic 4.81271 Pi-Alkyl 

9 MET289 Hydrophobic 5.39659 Pi-Alkyl 
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Figure 4: 2D & 3D Representation of compound SSN10 with PDBID: 6X3D 

 

Table 4: Docking interaction of receptor (6X3D) with compound SSN10 

Sr. No. Residue Atom Distance Category Type of Interaction 

1 GLU390 3.08314 
Hydrogen Bond; 

Electrostatic 
Salt Bridge 

2 GLU287 3.42397 Hydrogen Bond Carbon-Hydrogen Bond 

3 LYS394 3.89121 Electrostatic Pi-Cation 

4 LYS432 4.08583 Electrostatic Pi-Cation 

5 LYS291 4.48321 Hydrophobic Alkyl 

 

                              

Figure 5: 2D & 3D Representation of compound SSN12 with PDBID: 6X3D 

 

 

 

 

SSN12 
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Table 5: Docking interaction of receptor (6X3D) with compound SSN12 

Sr. No. Residue Atom Distance Category Type of Interaction 

1 GLU403 4.731 Electrostatic Attractive Charge 

2 ARG275 2.03334 Hydrogen Bond Conventional Hydrogen Bond 

3 LYS312 3.23192 Hydrogen Bond Conventional Hydrogen Bond 

4 GLU403 4.15885 Electrostatic Pi-Anion 

5 LEU310  5.4426 Hydrophobic Pi-Alkyl 

6 LEU310 5.46867 Hydrophobic Pi-Alkyl 

7        PRO402 5.12288 Hydrophobic Pi-Alkyl 

 

 

Figure 6: 2D & 3D Representation of standard compound with PDBID: 6X3D 

Table 6: Docking interaction of receptor (6X3D) with standard compound 

Sr. No. Residue Atom Distance Category Type of Interaction 

1 LYS394 2.2827 Hydrogen Bond Conventional Hydrogen Bond 

2 LYS394 2.34077 Hydrogen Bond Conventional Hydrogen Bond 

3 ARG430 2.0124 Hydrogen Bond Conventional Hydrogen Bond 

4 LYS432 2.95168 Hydrogen Bond Conventional Hydrogen Bond 

5 LYS432 2.65618 Hydrogen Bond Conventional Hydrogen Bond 

6 GLN434 2.79952 Hydrogen Bond Conventional Hydrogen Bond 

7 GLN434 2.88266 Hydrogen Bond Conventional Hydrogen Bond 

8 SER286 3.77754 Hydrogen Bond Carbon-Hydrogen Bond 

9 GLU390 3.65394 Electrostatic Pi-Anion 
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Table 7: Results of the validation process 

Parameters Ligand (SSN6) Standard 

PDB ID 6X3D 6X3D 

Co-crystal ligand o-Phenylenediamine Phenobarbitone 

Grid box position 

X: 19.838110,  

Y: 10.321411,         

Z: -14.33406 

X:19.838110,  

Y:10.321411,         

Z: -14.33406 

RMSD (Ả) 0.821 0.821 

ΔG (kcal/mol) -14.0 -7.3 

       Amino Acid Residues 

 

 

 

1) Hydrogen Bond 

SER246 LYS394 

HIS248 LYS394 

ASN341 ARG430 

CYS339 LYS432 

CYS339 LYS432 

ASN341 GLN434 

TYR281 GLN434 

HIS248 SER286 

HIS248 - 

2) Electrostatic MET252 GLU390 

3) Hydrophobic ALA277 - 

ILE337 - 

CYS339 - 

ALA277 - 

SER246 - 
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Figure 7. Overlays of redocking ligands (green) with co-crystal ligands from X-crystallography data (blue) at 

receptor 6X3D with RMSD 0.821 

Table 8: In-vitro Anticonvulsant activity study (% Inhibition & % Viability) 

Sr. No. Sample Code 
Conc. 

(µg/ml) 
OD Mean 

% 

Inhibition 
% Viability 

1 Control - 1.614 - - - 

2 
Standard 

(Phenobarbitone) 
20 1.495 1.494 1.495 1.495 7.38 92.62 

    40 1.412 1.412 1.412 1.412 12.51 87.49 

    60 1.305 1.305 1.305 1.305 19.16 80.84 

    80 1.239 1.239 1.239 1.239 23.22 76.78 

    100 1.211 1.211 1.211 1.211 25.02 74.98 

3 SSN6 20 1.399 1.399 1.399 1.399 13.34 86.66 

    40 1.395 1.395 1.395 1.395 13.56 86.44 

    60 1.324 1.324 1.324 1.324 17.96 82.04 

    80 1.247 1.247 1.247 1.247 22.71 77.29 

    100 1.141 1.141 1.141 1.141 29.28 70.72 

4 SSN15 20 1.362 1.362 1.362 1.362 15.63 84.37 

    40 1.358 1.358 1.358 1.358 15.85 84.15 

    60 1.269 1.269 1.269 1.269 21.35 78.65 

    80 1.223 1.223 1.223 1.223 24.21 75.79 

    100 1.083 1.083 1.083 1.083 32.93 67.07 

5 SSN10 20 1.297 1.297 1.297 1.297 19.66 80.34 

    40 1.292 1.292 1.292 1.292 19.95 80.05 

    60 1.221 1.221 1.221 1.221 24.32 75.68 

    80 1.16 1.16 1.16 1.16 28.1 71.9 
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    100 1.027 1.027 1.027 1.027 36.38 63.62 

6 SSN12 20 1.277 1.277 1.277 1.277 20.91 79.09 

    40 1.271 1.271 1.271 1.271 21.26 78.74 

    60 1.202 1.202 1.202 1.202 25.52 74.48 

    80 1.141 1.141 1.141 1.141 29.28 70.72 

    100 0.994 0.994 0.994 0.994 38.42 61.58 

 

 

 

 

Four compounds were chosen for biological assessment based on projected blood-brain barrier (BBB) permeability and 

docking scores. Compounds SSN6 and SSN15 showed over 75% survivability at 50 µM concentration in in vitro cytotoxicity 

tests on SHSY5Y cells, suggesting minimal toxicity and possible neuroprotective qualities. There were no visible 

morphological alterations or cellular degradation. The compounds SSN6 and SSN15 significantly decreased hind limb tonic 

extension (HLTE) in comparison to the control in in vivo investigations conducted in Swiss albino mice utilizing the maximal 

electroshock seizure (MES) model. The outcome was similar to that of the common medication Phenobarbitone. A 

favourable safety profile is suggested by the absence of behavioural toxicity or death over the trial duration. 

These results are consistent with past findings that GABA-A receptor manipulation is a useful tactic for anticonvulsant action. 

The reported outcomes highlight how predictive computational docking is in directing the selection of lead compounds.  

4. CONCLUSION 

The current study demonstrates the usefulness of computer-assisted drug design in discovering potential anticonvulsant 

candidates. According to molecular docking data, the produced 2-Amino Pyrimidine-based Mannich base derivatives had 

strong binding affinities for the GABA-A receptor, a critical target in seizure modulation. Among the fifteen chemicals 

tested, SSN6 and SSN15 had the most favourable docking scores and crucial connections with active site residues. These 

findings were bolstered by in vitro cytotoxicity studies, which showed that both chemicals had neuroprotective potential with 

more than 75% cell viability at 40 µg in SHSY5Y cells, and in vivo MES model data, which revealed that both compounds 

considerably reduced seizure duration without causing observable toxicity. These findings, taken together, demonstrate the 
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promise of SSN6 and SSN15 as lead candidates for the creation of safer and more effective anticonvulsant treatments. Future 

research will focus on structure-activity relationship (SAR) optimization and thorough mechanistic investigations to confirm 

and improve their therapeutic potential. 
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Future Perspective 

The findings support continued optimisation of SSN6 and SSN15 as anticonvulsant candidates. Future studies should explore 

pharmacokinetics, chronic toxicity, and advanced formulation strategies to facilitate clinical translation. 
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