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ABSTRACT

This study attempts to address the necessity of developing substitute
therapies for antiepileptic medications. It suggests utilizing molecu-

docking; DFT study lar docking and dioxoisoindoline derivatives in a theoretical chemical
investigation to identify possible substitute medications that could

be used in the treatment of epilepsy. In this study five compounds

show different activities against particular proteins related to epi-
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ues when it is associated with the three studied proteins. A density
functional theory (DFT) approach was employed in order to identify
the highest occupied molecular orbital (HOMO) and the lowest un-
occupied molecular orbital (LUMO) for the five herein studied com-
pounds; it was also used in order to calculate the gap between HOMO
and LUMO, the ionization potential, the electron affinity, the elec-
tronegativity, as well as the softness and hardness of the molecules,
among other chemical characteristics. Overall, this study highlights
the need of developing efficient epilepsy treatments and provides a
preliminary analysis of possible drugs.
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Epilepsy is a neurological disease
characterized by rapid, irregular,
or excessive neuronal excitation in

the brain’s grey matter. It is char-
acterized by recurring episodes of
uncontrollable movements, which
can affect one or more parts of the
body. In different areas of the brain,
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a group of cells can be exposed to severe electrical
discharge during epileptic seizures. These seizures
may be mild (in the form of muscle spasms and
loss of concentration) or severe (including spasms
for long periods). The occurrence of these seizures
ranges from once a year to many times per day'.
Treatment is carried out after the accurate diagnosis
of the condition. Medications with regular follow-up
can be used in order to control epilepsy in most of
the cases; the surgical procedure is the last option al-
lowing us to control seizures that cannot be treated
with medications? Several methods of examination
techniques are used in order to diagnose epileptic
seizures, such as blood tests, computed tomography,
clinical examination, and magnetic resonance imag-
ing®. In the majority of the cases, these tests are not
crucial for the diagnosis of epilepsy, but they reveal
the key causes of these seizures and they define the
most effective treatment approach for them*.

As far as the epilepsy treatment is concerned, the
classification of epilepsy is one of the most impor-
tant steps when assessing the patient’s condition.
It has an impact on every clinical consultation, but
it also has a significant impact on basic and clini-
cal epilepsy research as well as the development of
new treatments. A framework for comprehending
the type of seizures the patient has, the additional
seizure types that are more likely to develop in that
person, the potential triggers for their seizures as
well as, frequently, their prognosis, are all defined by
classification. In addition, classification provides in-
formation on the risks associated with comorbidities
such as learning disabilities, intellectual disabilities,
mental health conditions (such as the autism spec-
trum disorder), and mortality risks (such as sudden
unexpected death in epilepsy). For the development
of effective compounds in the treatment of epileptic
seizures, many studies have employed quantitative
structure-activity relationship (QSAR and 3D-QSAR)
methodologies that have contributed to the antic-
ipating that the activities of the new components
would have fewer side effects®. Five dioxoisoindo-
line derivatives were designed and assessed in this
study as possible substitute medications for epilep-
sy. The purpose of the study was to ascertain wheth-
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er these derivatives have a high binding affinity (AG)
for particular brain proteins related to epilepsy. We
should note that his study is a component of a larger
research effort to synthesize new dioxoisoindolines
that may have anticonvulsant properties.

2. Methodology

CB-Dock was used in order to predict the possible
molecular interactions between the target proteins
and the small chemicals. We have, herein, docked
five dioxoisoindoline compounds (R1-R5) against
the protein active sites of the proteins 10HV (4-am-
inobutyrate-aminotransferase; pig), 3F8E (couma-
rins as suicide carbonic anhydrase inhibitors), and
6KZP (calcium channel ligand), and have obtained
the crystal structures of the receptor molecules from
the Protein Data Bank. The chemical structures were
built with the proper 2D-orientation in ChemOffice
(ChemDraw version 20.0). For every structure, MM2
energy minimization was carried out in order to de-
termine the potential energy surface, taking into ac-
count elements like thermal and steric energy. The
models’ final conformations were identified®. More-
over, by utilizing the Gaussian program and the den-
sity functional theory (DFT), the three most preva-
lent interactions (between the assessed proteins and
the assessed compounds) with residue involvement
were found to be the chelation bonding, the H-bond-
ing, and the pi-pi stacking. The five compounds’ effi-
cacies were also determined (Table 1).

3. Results and Discussion

Molecular docking is a theory of molecular model-
ling that explains the fit between two or more pro-
teins and ligands, which is dictated by “AG”. A better
match between the chemical molecule and the pro-
tein is indicated by a larger negative AG value’. This
study has used quantum mechanical computations
and molecular level theory to examine how different
substances interact with anticonvulsant-active pro-
teins (Table 1). When comparing the obtained results
with those of the antiepileptic medication phenytoin
(AG =-8.3 kJ]/mol), it is evident that the five assessed
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Table 1. Binding affinity (AG) and 10HV, 3F8E, and 6KZP protein residues surrounding the assessed compounds. Amino-ac-
id abbreviations used: ALA, alanine; ARG, arginine; ASN, asparagine; ASP, aspartic acid; CYS, cysteine; GLU, glutamic acid;
GLN, glutamine; GLY, glycine; HG, mercury (Hg) atom; 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.

0
0\
\
HO
\g/g[é HZN/
(0]

Compounds 1 2 3
R1 CHOH H H
R2 H H OH
R3 CF, H H
R4 H CN H
R5 H C,H, H
Compounds | AG (k]/mol) | 10HV protein residues surrounding the compounds Residues with
interferences
R1 -8.7 ARG, GLY,, ,GLY,,, HIS ,, PHE , GLU, , GLU,, , ASN,,, SER ., | PHE,,, (pi-pi stacking);
SER,,, SER, , ILE_, CYS ., LYS, ., ASP, ., VAL, ,GLN, ,THR, , GLY,., GLU, . (H-bonding)
R2 -9 CYs,,, GLY ., GLY,, ,SER ., SER,, SER,  ASN,,, GLU, PHE,, (pi-pi stacking);
GLU,,, PHE , HIS , ARG, ., ASB, ., VAL, , 01 GLY,. , ASP, . (H-bonding)
R3 -9.3 ARG, GLY ,GLY . HIS PHE ,ASN  SER _, SER,,, HIS,,, GLY .., SER,,.
SER,, CYS, ., LYS . ILE , GLN,, VAL, A (H-bonding)
R4 -8.9 ARG,,,, GLY,,, GLY . HIS ,, PHE , GLN, , VAL, , ASP, PHE,, (pi-pi stacking);
ASN_,., SER,.., SER, , SER, , CYS ., Glu,, Glu, GLY . (H-bonding)
RS -8.9 CYS,,, GLY .., GLY,,, SER ., SER,, SER,,, ASN ,, GLN, , PHE,, (pi-pi stacking);
GLU,,, GLU,,, VAL, , ASP,, ARG ,,, ARG,,, HIS , PHE SER,,., LYS_,,, MET,,,
LYS_ ., MET, ,THR . (H-bonding)
Compounds | AG (k]/mol) | 3F8E protein residues surrounding the compounds Residues with
interferences
R1 -7.8 TRP,, HIE,, HIE,, HG,,, LYS ., ASN_, ASN_, ALA , GLN,,, HIS,,, | TRP, (pi-pi stacking); H,0
THR, , PRO, , PRO,, (H-bonding)
R2 -7.4 PRO,,, PRO, ,, TRP, ASN,,, ASN_, HIE , ILE , GLN,,, VAL , , PHE , | PRO, , HIE , GLN_, H,0
(H-bonding)
R3 -8 PRO,,,, PRO,, THR,, TRP, ASN_, ASN_, HIE, GLU_, PHE ., |PRO, , HIE, (H-bonding)
ILE , GLN,, VAL
R4 -7.3 GLU,,, ASN,,, ASN_, HIE , LEU,, ARG, GLN,,, ILE,, THR, GLN,,, GLU,,, H,0
PRO,.,, TRP, (H-bonding)
R5 -6.7 TRP,, PRO,, , THR,,, ASN,,, ASN_, HIE,,, GLU,,, PHE, , PHE ., |HIE_, TRP, (H-bonding)
ASP_,ASP_, GLN,, ILE_, LEU_
Compounds | AG (k]/mol) | 6KZP protein residues surrounding the compounds Residues with
interferences
R1 -8 LEU,,, LEU,, . LEU _  LEU,  ASN,  ILE  ILE  PHE,  PHE_,|ASN, , GLN,, (H-bonding)
PHE1‘§09‘ SER}B’%' THR?‘.?’ GLNQ??' TYR‘)‘. VAL1 505 VAL1R7?' 1820
R2 -8 GLN,,,, THR,, , LEU,, , LEU, ., LEU_ ,, LEU  , PHE  , LEU_, PHE,, (pi-pi stacking);
PHE,_, ASN__, GLY,, LYS, ASN,_, LYS,, ., (H-bonding)
R3 -9 PHE,_, PHE, , LEU,. LEU_, LEU,,, TYR,, ASN,,, GLY,_, PHE,_, (pi-pi stacking);
ILE,.,ILE_,LYS , ., GLN, 6 THR,, ALA ., ASN,_,, LYS , ., (H-bonding)
R4 -8.2 ASN,.,, ASN ., TYR,,, PHE_, PHE, , PHE, , LEU, LEU,,, ASN,_,, LYS ,., (H-bonding)
LEUR 2! LEU1AQQ’ THRQ71' LYS14F|7' ILE 6 ALAmm
R5 -8.4 GLN,,,, THR,,, LEU,,,LEU ., LEU,  LEU, PHE, ,PHE,, GLN,,,, ASN,,, (H-bonding)
PHESGS’ PHE1503’ ALAlSOS' LYSl462’ VAL865’ CY5869’ ILE876’ ASN952' GLY951
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compounds interact with the protein 10HV and ob-
tain a larger negative AG value; this means that they
are more effective than phenytoin and, particularly,
this is the case for compound R3 (which has a value
of AG =-9.3 k] /mol). Compounds R1 and R3 have ex-
hibited the highest affinity for the protein 3F8E, with
a AG value of -7.8 and -8 kJ/mol, respectively; these
are both higher than the AG value of the drug pheny-
toin with the protein, which is equal to -7.4 kJ/mol.
Compound R2 has exhibited the same value AG as
the drug, while compounds R4 and R5 have scored
a lower value than the drug. The binding with the fi-
nal protein 6KZP has shown that compound R3 has
a AG value similar to that of the drug (equal to -9 k]/
mol), while the other compounds have a lower AG
value. Compounds that exhibited more negative val-
ues than the drug have the potential to be effective
antiepileptic medications. Based on our results, it is
clear that compound R3 has the highest negative val-
ues for AG when interacting with the three proteins,
thereby indicating that it is more active and could be
used as an anticonvulsant drug. In DFT, an atomistic
simulation has computed a range of important fea-
tures, such as the highest occupied molecular orbital
(HOMO) and the lowest lying unoccupied molecular
orbital (LUMO). The HOMO values of all compound
ranged from -0.268 to -0.232 eV, while the LUMO
values were between -0.125 and -0.110 eV; there-
fore their gap ranged from 0.121 to 0.146 eV. These
features were employed in equations in an attempt
to identify many molecular properties such as the
ionization potential (I) and the electron affinity (EA).
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The values of the studied compounds ranged from
0.146 to 0.121 for I, from 0.110 to 0.125 for EA, from
0.171 to 0.196 for electronegativity, from 13.612
to 16.467 for softness, and from 0.060 to 0.073 for
hardness®.

4. Conclusion

Our results reveal that most of the assessed com-
pounds (being dioxoisoindoline derivatives) have
the potential to display anticonvulsant activity, with
the most promising finding resulting from the asso-
ciation of 10HV with compound R3 (AG = -9.3 kJ/
mol). In addition, this same compound has also ex-
hibited a high AG value with the other two proteins:
-8 k] /mol with 3F8E and -9 k] /mol with 6KZP.
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