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Abstract

Our study discusses the need for the development of alternative treatments for antiepileptic drugs. It proposes a
theoretical chemical study using dioxoisoindoline derivatives and molecular docking in order to find potential alterna-
tive drugs. Three compounds (S1, S3, and S4) exhibited distinct activity against specific proteins related to epilepsy
treatment. Our study also describes a DFT study that analysed the energy levels of the derivatives. Furthermore, we
employed Lipinski’s rule and drug likeness predictions in order to assess the suitability of the derivatives as medicines.
The results indicate that the molecular mass, log P, hydrogen bonding donors, and acceptors of the compounds fall
within acceptable ranges. Overall, our study emphasizes the importance of finding new treatments for epilepsy, and
presents a preliminary investigation into the potential of dioxoisoindoline derivatives.
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Epilepsy is a neurological condition that is marked
by rapid, irregular, or excessive neuronal excitation
in the grey matter of the brain due to the brain’s
high excitability, and manifests symptomatically as
seizures [1]. Epileptic seizures arise due to an
imbalance between excitatory and inhibitory
neurotransmitters in the brain. The excessive neu-
ronal firing results from functional issues caused by
macromolecules involved in excitatory and in-
hibitory communications, leading to the develop-
ment of epilepsy [2]. Neuronal membrane and mo-
lecular channel alterations in ionic conduction are
another mechanism [3]. The membrane potential is
typically polarized and maintained by ion pumps
and channels. When the membrane depolarizes, it
creates an action potential that stimulates muscle
cells. Neurotransmitters at the axon tip transmit
this action potential to the next cell, thereby leading
to neuronal activation. After depolarization, the
membrane hyperpolarizes, reaching a voltage
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lower than the resting potential [4]. In a healthy
neural tissue, this is a reaction that prevents ex-
cessive excitability brought on by repeated firings,
and the membrane quickly returns to the resting
phase (polarization). As a result, repeated syn-
chronized sub-threshold excitatory stimuli, in-
creased excitatory synaptic neurotransmission, re-
duced inhibitory synaptic neurotransmission, a
change in ion concentration on both sides of the
membrane, or severe excitability occur [5].

While there are many effective drugs available
for the treatment of epilepsy, some of them have
toxic side effects and can interact with other med-
ications. As a result, there is still a demand for new
antiepileptic drugs that can better manage seizures
without these drawbacks. Quantitative structure-
activity relationship methods (QSAR and 3D-
QSAR) have been widely employed in the design
and effectiveness of novel compounds as well as
in resolving the mechanisms of action of existing
antiepileptic drugs. These methods support the
identification of novel compounds with lower side-
effect profiles as well as the prediction and en-
hancement of the activities of various compounds
[6,7]. In this study, six dioxoisoindoline derivatives
were designed and evaluated as potential alterna-
tive drugs for epilepsy. The study aimed to deter-
mine if these derivatives have a strong binding af-
finity (AG) with specific proteins in the brain. This
research is part of an ongoing investigation into the
synthesis of novel dioxoisoindolines with potential
anticonvulsant activity.

2. MATERIALS AND METHODS

The online application SwissDock was utilized in
order to predict the potential molecular interactions
between a target protein and a small molecule.
The proteins 10HV  (4-aminobutyrate-
aminotransferase; from pig), 3F8E (coumarins
as suicide carbonic anhydrase inhibitors), and
6KZP (calcium channel-ligand) were docked with
six dioxoisoindoline derivatives proposed for the
protein active site. In ChemOffice (ChemDraw
version 20.0), the chemical structures were
designed with the appropriate 2D orientation. MM2
energy minimization was performed for each
structure so as to estimate the potential energy
surface, including factors such as steric energy
and thermal energy. The resulting conformations of
the models were obtained [8]. Theory at the
molecular level was employed. The energy-
minimized ligand molecules were then treated with
quantum mechanics using the B3LYP/6-31G++
(d,p) level of theory for frequency calculation and
geometry optimization. The assessed compounds
of residues ARG192, GLY191, HIS190, PHE1sg,
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ASN+140, GLU2e5, etc. in the case of 10HV, of
residues PHE131, THR200, ASNs2, TRPs5, HIEs4,
HIS94, etc. in the case of 3F8E, and of residues
ILE379, LEUss3, SER3s3, PHEss4, THR1777, and
GLN1s16 in the case of 6KZP (Table 1). The three
most prevalent interactions (between the
assessed proteins and the assessed compounds)
with residue involvement were chelation bonding,
H-bonding, and pi—pi stacking. SwissDock was
fed the density-functional theory (DFT)-optimized
structures as input. The receptor molecule’s crystal
structures were obtained from the Protein Data
Bank.

3. RESULTS AND DISCUSSION

Molecular docking: A molecular modelling theory
called “docking” describes how two or more ligands
and proteins fit into one another; it is determined
by “AG”. A greater negative AG indicates a better
fit between the chemical compound and the protein
[9]. Our study employed the molecular level theory
and quantum mechanics calculations in order to
analyse the interaction of various compounds with
proteins involved in anticonvulsant activity. The
compounds S3, S1, and S4 showed promising
anticonvulsant action (Table 1). Compound S3
exhibited the highest affinity for the protein 1OHV,
with a AG value of -4.833, while compound S1 had
the highest association with the protein 3F8E
(AG=-3.817) and compound S4 showed the
strongest interaction with the protein 6KZP (AG=-
6.665). Furthermore, it was found that ligand PLP
(pyridoxal 5-phosphate) had the strongest affinity
with the protein 1OHV (AG=-6.773), ligand TE1
had the highest association with the protein 3F8E
(AG=-5.417), and ligand PLP showed the
strongest interaction with the protein 6KZP (AG=-
6.709). These ligands exhibited higher AG values
than any of the compounds, thereby indicating their
potential as effective drugs across a wider range of
compounds. In conclusion, compound S3, with its
interaction with protein 10HV, showed the most
promising anticonvulsant activity, while
compounds S1 and S4, interacting with proteins
3F8E and 6KZP, respectively, also exhibited po-
tential. Ligands PLP, TE1, and PLP were identified
as the most effective ligands for the respective
proteins. These findings suggest that these com-
pounds and ligands may serve as potential candi-
dates for the development of anticonvulsant drugs.

DFT analysis: Highest occupied molecular or-
bitals HOMOs) are the highest in DFT; an atomistic
(simulation that calculates a variety of significant
features. The least unoccupied molecular orbitals
(LUMOs) are the next highest energy orbitals that
are empty, while the HOMO-LUMO gap is their
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Table 1. Binding affinity (AG) and 10HYV, 3F8E, and 6KZP protein residues surrounding the assessed compounds. Amino-acid
abbreviations used: ALA, alanine; ARG, arginine; ASN, asparagine; ASP, aspartic acid; CYS, cysteine; GLU, glutamic acid;
GLN, glutamine; GLY, glycine; HIE, histidine with hydrogen on the epsilon nitrogen; HIS, histidine; ILE, isoleucine; LEU, leucine;
LYS, lysine; MET, methionine; PHE, phenylalanine; PRO, proline; SER, serine; THR, threonine; TRP, tryptophan; TYR, tyrosine;

VAL, valine.
Compound AG 10HV protein residues surrounding the compounds Residues with interferences
ARG192, GL Y101, GL Y135, HIS190, PHE 189, ASP29g, GLU 265, .
S1 -4.402 | GLUz, VAL, GLN301, ASN1so, SER137, SER269, SER 328, GLUo65, GLY 136 (H-pondlng),
CYSyas, LYSas PHE 59 (pi—pi stacking)
ARG g2, GLY 191, GLY 136, HIS100, PHE 189, GLN3z01, VAL300, .
S2 -3.703 | ASP2gg, GLU270, GLU35, SER 269, SER137, SER328, ASN140, G.LY1.36 (H-b_ondlng), PHE:s0
CYS1ss, LY Sa0 (pi—pi stacking)
ARGig2, GL Y191, GL Y135, HIS190, PHE189, ASN140, SER137, .
s3 -4.833 | SERass, GLY135, CYSuss, GLUazss, ASPagg, VALzo, GLNay, | SERis7 (H-bonding); PHE e
LY Sa0 (pi—pi stacking)
s4 -3.866 PROv, ILE7s, SER74, SER328, SER137, LY S360, LY Sazg, LY Sz29, SER3z28, GLY 136 (H-
) MET33, CYSias, GLY 135, GLY 101, PHE 189, ARG192, VAL300 bonding)
ARGi1gz, GL Y191, GL Y135, HIS190, PHE189, GLUz70, GLU 565, .
S5 -2.491 | GLUzss, SERues, SERzzs, SERu37, ASPog, VALuog, GLNggy, | G116 (H-bonding); PHE s
THRz0z, ASNi40, CYS13s, LY Sazo (pi—pi stacking)
ARGz, GL Y191, GL Y135, HIS190, PHE189, GLN301, VAL 300, .
S6 -4.164 | GLUzgs, GLUz70, ASPyog, ASNwuo, SERus7, SERzco, SERuzs, | G125 GLY 16 (H-bonding);
CYSias, LYS39 PHE 159 (pl—pl stackmg)
Compound AG 3F8E protein residues surrounding the compounds Residues with interferences
ASP7,, GLUgg, ASNg7, ASNey, ILEg;, GLNgy, HISgs, HIEg,, .
S1 -3.817 TRP: THRZ(G;[E:, PHE?; % s % 4 o THR200, HIEg4 (H'bondlng)
ARGsg, GLUgs, ASNg7, ASNe2, HIEes, THR200, PRO201, TRPs, .
S2 -3.164 H|394, GLNgz, ”—Egl GLUGQ, Hzo (H-bondlng)
PROgz02, PROz01, THR200, ASN62, ASNe7, HIEss, TRPs, GLUgs, .
S3 "315 | PHEz, PHEsm, ILEq,, GLNG, LEUs; H20 (H-bonding)
PRO202, PRO201, THR200, TRPs, ASNe2, ASNe7, HIEe4, ILEg, '
S4 -3.099 | GLNg, GLUgs, PHE 0, PHE 131, ASP71, ASP,, LEUs, GLUg, H20 (H-bonding)
LEUs7, ASP7,, ASP71, PHE70, GLUgo, ASNe7, ASNe2, HIEss,
S5 3422 | TRP, THR 00, PROg01, ILEes, GLNg;
ARGsg, GLUgo, ASNe7, ASNg2, GLNgy, ILEg;, HIEgs, TRPs, .
S6 3586 | THRuw PROw e PRO301, H,0 (H-bonding)
Compound AG 6KZP protein residues surrounding the compounds Residues with interferences
Sl 6 389 LEU1499, LEU8721 LEUQZO; PHEBSB: PHE9561 PHE917, ASNQSZ: ASN9521 LEUQZO: LYSl4621
e THRggl, THR352, GLNgzz, LYSMGZ GLNgzz (H—bonding)
PHEg7, PHEgss, LEUg20, LEU1490, LEUg7, LEU301, ILEg76,
S2 -5.546 | ILEsg7, THRo21, GLNo22, LY S1462, ASN3gs, ASNos2, TYRgs3, LYS1462, ASNos, (H-bonding)
GLYg51
PHEg17, PHEgss, LEUg20, LEU1499, LEUg72, LEUsg1, ILEg76, .
S3 -5.963 ILE3g7, LY Sy462, THRg21, GLNg22, ASN3gs, ASNos7, ASNgs2, LY Sz ASN%Z (H-_bondlng),
TYRos, GLYeg, PHEogss (pi—pi stacking)
”—E3791 LEU353: LEU18191 LEU3911 LEUlEOGy SER383y SER17761 | H .
S4 -6.665 | GLNisis, VALis20, VALigo3, VAL1s0s, VALggo, PHE 1500, PHEqss, éﬁg%&(gtgilzlt;?kigg)ndIng)’
PHE3gs, ASNzgs, THR 1777 ¥
S5 6.212 ILE3g7, ILEg76, GLNg22, THRg21, LY S1462, LEUg20, LEU1490, LYS1462, LEUg20, ASNgs> (H_
e LEUg7», ALA1502, PHEg17, PHEgss, TYRgs3, ASNgsz bonding)
LEUg20, LYS1462, ASNes, (H-
ILEg76, ILE3g7, LEUg7,, LEU1499, LEUg0, PHEg:7, PHEgse, - L
36 '6051 876 387 872 1499: 920 917. 956 bond|ng): PHE955 (pl_p|

LYS1462, THRg21, GLNgz2, TYRgs3, ASNos2, GLYes1

stacking)
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energy difference. According to the simulation, the
LUMO, HOMO, and their gap values can define the
inclination of molecules to act as bases as
opposed to acids. Due to the molecules' high
kinetic activity but low stability, the HOMO values
of all compounds ranged from -0.227 to -0.199 eV,
the LUMO values ranged from -0.092 to -0.087 eV,
and the HOMO-LUMO gap values ranged from -
0.135t0 -0.112 eV. These features were employed
in equations that allowed us to identify many
molecular properties such the ionization potential
(I) and the electron affinity (EA). The values of the
studied compounds ranged from 0.199 to 0.227 in
the case of their |, and from 0.087 to 0.092 in the
case of their EA. Their electronegativity (u) ranged
from 0.143 to 0.159, their softness (S) ranged from
14.81 to 17.85, and their hardness (n) ranged from
0.056 to 0.067.
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