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ABSTRACT
This study aimed at identifying alternative therapeutic agents for epi-
lepsy syndromes, with a focus on compounds that may attenuate sei-

drugs zure activity. A theoretical chemical approach was employed in order

to assess the potential of dioxoisoindoline derivatives, by utilizing mo-

lecular docking techniques so as to explore ligand-protein interactions

relevant to epileptogenesis. Several derivatives have demonstrated no-
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iology of the disorder. Density functional theory (DFT) calculations
were conducted in order to evaluate the electronic properties of the
candidate molecules, particularly those derivatives subject to structur-
al constraints or regulatory bans. Additionally, the suitability of these
compounds as drug candidates was assessed by using Lipinski’s Rule
of Five and predictive similarity metrics. The resulting data indicate
that the molecular weight, the partition coefficient (log P), the hydro-
gen bond donors, and the hydrogen bond acceptors of the evaluated
molecules fall within acceptable pharmacokinetic thresholds. Taken
together, these findings underscore the need for novel antiepileptic
therapies and offer a preliminary appraisal of dioxoisoindoline deriva-
tives as promising candidates for further investigation.
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For more than fifty years, epilepsy
syndromes have been recognized as
distinct electroclinical phenotypes

and therapeutic strategy. Howev-
er, there is no formally established
classification system for epilepsy
syndromes endorsed by the Inter-
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national League Against Epilepsy (ILAE)!. Approx-
imately one-third of individuals with epilepsy are
considered drug-resistant, although prevalence var-
ies based on the syndrome type, underlying aetiol-
ogy, age at seizure onset, and presence of comorbid
neurological impairments? Nonetheless, treatment
outcomes and quality of life have improved, driven
by an expanded understanding of the syndrome-spe-
cific drug efficacy and an increased caution regard-
ing medications with severe cognitive side effects or
polytherapy burdens?. Epileptic seizures result from
a dysregulation in the balance between excitatory
and inhibitory neurotransmitters*. Abnormal neu-
ronal hyperexcitability may arise from dysfunctional
macromolecules involved in neural signalling, con-
tributing to epileptogenesis.

In the present study, eight dioxoisoindoline deriv-
atives were synthesized and evaluated as candidate
antiepileptic compounds. The objective was to in-
vestigate their binding affinity (AG) toward selected
brain proteins implicated in epilepsy®. This study is
part of an ongoing effort to develop dioxoisoindo-
line-based molecules with potential anticonvulsant
properties.

2. Methodology

In an attempt to predict molecular interactions be-
tween candidate compounds and target proteins,
blind docking simulations were performed by using
the Cavity Detection Guide Blind Docking platform
(CB-DOCK). The following proteins were selected
for docking studies: 10HV (4-aminobutyrate ami-
notransferase; Sus scrofa), 3F8E (coumarins acting
as suicide inhibitors of carbonic anhydrase), and
6KZP (calcium channel-ligand complex). Each of the
eight dioxoisoindoline compounds was docked into
the predicted active sites of these proteins.
Chemical structures were generated in ChemOf-
fice (ChemDraw version 23.1.1) and optimized us-
ing MM2 energy minimization, considering steric
and thermal parameters. The final conformations of
the molecules were identified®. Quantum mechan-
ical optimization of these energy-minimized lig-
ands was subsequently performed using the B3LY-
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P/6-31G++(d,p) level of theory for vibrational analy-
sis and geometry refinement.
The residue-level interactions for each protein

were as follows: (i) 10HV (GLY ,, GLY ,, ASN,
VAL,,, PHE , HIS  , ARG,,,), (ii) 3F8E (HIE,, TRP,,
PRO, ,, PRO,,, THR, , GLN,,, ILE,,), and (iii) 6KZP
(THR,,,, GLN,,,, ASN,_,, GLY,, LYS,, ., ALA . ). The

predominant interaction modes observed were -1
stacking, hydrogen bonding, and chelation bonding.
All density functional theory (DFT)-optimized ligand
structures were used as input for CB-DOCK. Protein
crystal structures were obtained from the Protein
Data Bank (PDB).

3. Results and Discussion

Molecular docking theory describes a ligand-protein
fit by using the Gibbs free energy of binding (AG),
where greater negative values indicate a stronger
binding affinity’. In this study, docking simulations
and quantum mechanical modelling were used in or-
der to assess compound interactions with proteins
of known anticonvulsant relevance®. The inhibitory
potential of compounds A4, Al, and A3 appeared
promising®.

Compound A4 exhibited the strongest affini-
ties: AG =-8.6 with 10HV and AG =-7.2 with 3F8E.
Compounds Al and A3 showed strong binding to
6KZP (AG =-8.2). Phenytoin (5,5-diphenylimidazo-
lidine-2,4-dione) exhibited a AG=-7.9 for 10HV, a
AG =-7.4 for 3F8E, and a AG =-7.8 for 6KZP. Pheny-
toin consistently displayed higher binding affinities
than other compounds, thereby suggesting a broad
potential as a reference or benchmark compound.
In summary, compound A4 demonstrated the most
robust potential anticonvulsant activity via interac-
tions with 10HV and 3F8E. Compounds Al and A3
showed promising interactions with 6KZP. Phenytoin
was validated as the optimal ligand across all protein
targets. These data highlight the inhibitory potential
of the studied compounds and support their further
evaluation as anticonvulsant drug candidates?.

In the DFT analysis undertaken, several key elec-
tronic properties were computed, including: (i) the
highest occupied molecular orbital (HOMO; -0.211
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Table 1. Selected chemical properties of the synthesized compounds. Abbreviations: EA, electron affinity; HOMO, high-
est occupied molecular orbital; IP, ionization potential; LUMO, lowest unoccupied molecular orbital; S, softness; 1,
chemical hardness; |, electronegativity; w, electrophilicity index.

Properties Al A2 A3 A4 A5 A6 A7 A8

LUMO -0.114 -0.113 -0.112 -0.112 -0.113 -0.107 -0.111 -0.104
HOMO -0.211 -0.223 -0.218 -0.217 -0.211 -0.181 -0.219 -0.187
HOMO-LUMO gap | 0.097 0.11 0.106 0.105 0.098 0.074 0.108 0.083

1P 0.211 0.223 0.218 0.217 0.211 0.181 0.219 0.187

EA 0.114 0.113 0.112 0.112 0.113 0.107 0.111 0.104

n 0.163 0.168 0.165 0.165 0.162 0.144 0.165 0.146

n 0.049 0.055 0.053 0.052 0.049 0.037 0.054 0.042

S 20.62 18.18 18.87 19.05 20.41 27.03 18.52 24.09

N 0.271 0.257 0.257 0.262 0.268 0.280 0.252 0.254

to -0.187 eV), (ii) the lowest unoccupied molec-
ular orbital (LUMO; -0.114 to -0.104 eV), and (iii)
the HOMO-LUMO gap (0.097 to 0.083 eV). These
ranges reflect high kinetic activity and moderate
molecular instability. Additional quantum descrip-
tors were calculated: (i) the ionization potential
(I; 0.211 to 0.187), (ii) the electron affinity (EA;
0.114 to 0.104), (iii) the chemical hardness (n;
0.049 to 0.042), (iv) the electronegativity (y; 0.163
to 0.146), and (v) the softness (S; 20.62 to 24.09).
These values support the energetic plausibility and
reactivity profiles of the candidate compounds (Ta-
ble 1).

4. Conclusion

Preclinical evidence supports the potential anti-
convulsant activity of several studied compounds:
compound A4 yielded the most promising AG values
(-8.6 and -7.2), while compounds Al and A3 also
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