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Background/Aim: Current treatments for epilepsy have only indicative 
relief without smashing the pathological trademarks of the disease. The 
unmet need is to find new therapeutic active drug candidates for effective 
management of epilepsy and associated neurological disorders. The pres-
ent study aimed to examine the antiepileptic agonistic potential of rasagiline 
and acamprosate in epileptic mice model. 
Methods: Docking studies were performed to predict the binding interac-
tion of rasagiline and acamprosate towards N-methyl-D-aspartate (NMDA) 
glutamate receptors (PDB: 3QEL). The in vivo study was employed in 
Swiss albino mice. Acute epilepsy was induced by pentylenetetrazole 
(PTZ) and various behavioural and biochemical parameters were evaluat-
ed inconsistently with the pathophysiology of epilepsy.
Results: All the behavioural and biochemical parameters were found to 
be improved with an increase in rasagiline dosage. The maximum dose of 
the rasagiline (4 mg/kg, po) produces the maximal anti-epileptic effects. 
When rasagiline at dose 4 mg/kg was co-administrated with acamprosate 
400 mg/kg, the anti-epileptic potential was observed significantly higher 
than only rasagiline. Both compounds have good docking results with 
3QEL in comparison with the PDB-binded ligand. Docking studies of 
rasagiline and acamprosate highlighted that these drugs have potential in 
the inhibition of NMDA receptor subunit GluN1 and GluN2B and in vivo 
studies showed their agonistic potential against epilepsy.
Conclusion: The anti-epileptic potential of these drugs could be further 
explored using more specific anti-epileptic parameters. Further studies still 
required to be performed so as to explore its potential in clinical trials.

Key words: Acamprosate; Rasagiline; Epilepsy; Pentylenetetrazole; 
N-methylaspartate.

Abstract

Sandeep Kumar,1 Govind Singh,2 Manisha Chhikara,3 Sunil Shukla,4 Ramchander Khatri,5 
Mohammad Ovais Dar,1 Amit Lather,3 Tanuj Hooda1

Introduction

The uncontrollable and irregular electrical im-
pulses by a group of neurons in the central ner-
vous system (CN)S, induced the condition of 
epilepsy.1 As a consequence; the routine of the 
brain neurotransmission alters some sensual 
and behavioural functions.2 Symptoms include 

loss of awareness, tongue biting, tremors, falling 
down, twitching motions, urinary incontinence 
and scleroderma and atherosclerosis. According 
to the WHO report on epilepsy in 2024, approx-
imately 50 million people in the world have epi-
lepsy.3 Furthermore; many persons with epilepsy 
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Methods

Chemicals
The rasagiline and acamprosate were bought 
from Belco Pharma, Bahadurgarh, India and pen-
tylenetetrazole (PTZ) was purchased from SRL 
chemical suppliers. All other chemical used in the 
study were purchased from Sigma Aldrich (Merk, 
NJ, USA). 

Animals
Swiss albino mice having weight range 25-30 g, of 
both sexes were approved by the IAEC of MD Uni-
versity, Rohtak, India and were purchased from 
Animal House, Luvas University, Hisar, Haryana, 
India as per the guidelines prescribed by Commit-
tee for Control and Supervision of Experiments on 
Animals (CCSEA), New Delhi, India. CCSEA guide-
lines were used for all the experimentations on 
animals with all safety measurement. They were 
kept in groups of five with water ad libitum under 

in developing countries do not receive the neces-
sary healthcare support.4

The cellular damage and disease development 
in the CNS are largely regulated by free radical 
production. Oxidative stress is a condition where 
the pro-oxidant balance shifts in the direction of 
pro-inflammatory radicals, which could cause 
organic damage. Initially, the concept of oxida-
tive stress was conceptualised as an inequality 
of reactive oxygen species elimination and gen-
eration of new ones. This concept was initially 
believed to be detrimental to cells.5 Brain is the 
most aerobically active and highly susceptible 
to oxidative-induced damages. Previous stud-
ies suggested that oxidative injuries induced by 
the over production of free radicals have a major 
contribution to the beginning and development of 
epilepsy.6

Glutamate act as an important excitatory neu-
rotransmitter and glutamate receptors are lo-
cated in the spinal cord and brain. The N-meth-
yl-D-aspartate (NMDA) response depends upon 
the exclusive mixtures of subunits. The move-
ment of ions through NMDA receptor coupled ion 
channels is affected by the contribution of both 
the NR1 and NR2 subunits.7 The driving force for 
Na+ is reduced by disruption of energy metabo-
lism and neurotoxic abuses. Intercellular move-
ment of cations (ie Na+) is required for the depo-
larisation of neurons. Neuronal excitotoxicity is 
produced by the entry of extra Ca2+, which causes 
even cell death.8 Excitation of neurons occurs in 
the CNS because of NMDA receptors. Additional-
ly, to glutamatergic impulses transmitted from 
the entorhinal cortex in epilepsy pathology, glu-
tamate-mediated excitability may participate in 
epilepsy pathology. Furthermore, seizures may 
trigger selective excitotoxicity cell death by acti-
vating NMDA receptors.9

Studies showed that rasagiline as a selective 
MAO-B inhibitor and were approved by USFDA in 
2006 for the management of mechanical symp-
toms in Parkinson disease treatment. Along with 
MAO-B inhibitory activity, rasagiline indirect-
ly raises the level of gamma-aminobutyric acid 
(GABA), an inhibitory neurotransmitter, in the 
brain.10 Furthermore, rasagiline was also found 
to decrease glutamate excite-toxicity in neurons, 
by antagonizing NMDA and AMPA (α-amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid) glu-
tamate receptors.11, 12 Rasagiline has also shown 
antioxidant potential along with neuroprotective 
and neuro-restorative potential.13

Acamprosate is characterised as antagonism of 
NMDA receptors. It exerts its action by binding 
on acamprosate binding site.14 Moreover; acam-
prosate antagonizes potassium-induced increase 
in intracellular calcium in mice cultured mesen-
cephalic neurons is directly concentration-de-
pendent.15 It improves transmission of the GAB-
Aergic system by acting as its agonist.16 It shows 
anti-inflammatory action by decreasing the re-
lease of tumour necrosis factor-α (TNF-α).17

A docking score is a value that measures how 
likely a molecule is to bind to a target. Glide Score 
is a scoring function that predicts how tightly a 
ligand binds to a protein. Glide energy is a scor-
ing function used in the Glide docking program to 
evaluate the binding affinity of a ligand to a pro-
tein receptor. Dock Score, Glide Score and Glide 
energy helps in the identification of target sites 
of the ligand and the receptor molecule. Docking 
studies were performed to check the interaction 
of rasagiline and acamprosate towards NMDA 
glutamate receptors. On the basis of literature 
PDB 3QEL (NMDA receptor with subunit GluN1 
and GluN2B in complex with ifenprodil) was se-
lected for the docking studies. Docking score, 
glide score and glide energy in comparison with 
PDB ligand were used for the study.18 The current 
study was planned to assess the antiepileptic po-
tential of rasagiline and acamprosate in mice.
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natural day and night cycles. Cervical dislocation 
method was used for euthanasia described by 
Aguwa et al.19

Experimental model

PTZ-induced acute epilepsy
PTZ (60 mg/kg, intraperitoneally (ip)) was used 
for the induction of seizures. Animals were ob-
served during the first thirty minutes for be-
havioural convulsion parameters, ie, latency, 
duration of convulsions and total number of 
convulsions. An increase in latency, decrease in 
duration of convulsions and the number of con-
vulsions was considered as a measure of anti-ep-
ileptic potential.20

Treatment schedule
Animals were randomly separated into different 
six groups. Group 1 designed as control group. 
Epileptic seizures were induced in the remain-
ing five groups with the administration of PTZ 
(60 mg/kg, oral). Group 2 served as the vehicle. 
In groups 3, 4 and 5 rasagiline was administered 
at dose level of 1, 2 and 4 mg/kg respectively.21 
Group 6 administered with acamprosate (400 
mg/kg, oral) and co-administered with rasagiline 
(4 mg/kg, oral).22

Behavioural parameters
Following the thirty minutes of test drug(s) ad-
ministration, seizures were induced by PTZ (60 
mg/kg, ip). The animals were detected during the 
first thirty minutes for behavioural parameters, 
ie (a) latency, (b) duration of convulsions (c) a to-
tal number of convulsions.

Biochemical parameters
Tissue preparation. The mice’s brains were ex-
tracted following cervical dislocation and rapidly 
homogenised in ten times their body weight in 
phosphate buffer (pH 7.4, cold). Brains of animals 
were submerged in cold normal saline. For fifteen 
minutes, the homogenates were centrifuged at 
3000 rpm. After being separated and placed in an 
aliquot, cell pellets and supernatants were deep 
frozen at -20 °C till biochemical analysis.

Superoxide dismutase (SOD) estimation. Using 
this approach, 0.15 mL of hydroxylamine hydro-
chloride to the mixture, which already included 
0.1 mL of supernatant, 1.9 mL of distilled water, 
0.15 mL of Triton-X100 and 75 µL of Nitro blue 
tetrazolium chloride (NBT). The mixture’s absor-
bance at 560 nm was then used to quantify the 

amount of superoxide dismutase (SOD) present 
in the supernatant that inhibited the reduction of 
NBT.23, 24

Catalase estimation. The reaction mixture had 
1mL of 0.01 M (7.0 pH) phosphate buffer, brain 
homogenate 0.1 mL, and 0.4 mL of 2M hydrogen 
peroxide. By adding 2 mL of the dichromate ace-
tic acid reagent, the process was stopped. Cat-
alase assayed through calorimeter at 620 NM. 
This procedure involved mixing 0.1 mL of brain 
homogenate with 0.4 mL of distilled water and 
0.1 mL of phosphate buffer 0.01 M, which had 
a pH of 7.4. Half a mL of 2M H2O2 solution was 
added to initiate the reaction. After cooling (be-
coming green), the mixture was measured at 
570 nm against a blank. Without the addition of 
H2O2 (2–10 mol/mL), the internal blank solution 
set was operated under the same circumstances. 
The concentration of catalase was articulated in 
moles of catalase/mg protein.25

Measurement of reduced glutathione (GSH). The 
treated sample was combined with an equivalent 
volume of 10 % trichloroacetic acid in order to 
separate the proteins. The sample is centrifuged 
at 2000 rpm for 10 minutes at 4 °C. Four mL of 
water, half a mL of 5-nitrobenzoic acid, two mL 
of buffer (pH 8.4) and 0.1 mL of the supernatant 
were added. The absorbance was measured at 
412 nm after 15 minutes.26

Malondialdehyde (MDA) estimation. A 0.2 mL of 
sodium lauryl sulphate (8.1 %), 1.5 mL of thiobar-
bituric acid (0.8 %) and 1.5 mL of ethanoic acid 
(20 %) with pH 3.5 were combined with 0.1 mL 
of the treated tissue sample. The mixture was 
heated to 100 °C for 60 minutes and then cooled 
under running water. Five mL of n-butanol-pyr-
idine (15:1 v/v) and one mL of distilled water 
were then added. After centrifuging it at 4,000 
rpm and shaking it hard for 10 minutes, a pink 
organic layer formed. The absorbance at 532 nm 
was measured using a Shimadzu UV-1800 dou-
ble beam spectrophotometer in comparison to a 
blank solution that comprised a reaction mixture 
free of brain homogenate supernatant. Tetra-me-
thoxy-propane was used to create a standard 
curve for the purpose of calculating the MDA con-
centration. The results were expressed as nmol/
mg protein.27

In silico studies
Schrodinger suite 2022-1 was used for in silico 
studies. Glide module was used to illustrate the 
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Effect of rasagiline and acamprosate 
on latency, duration and number of 
convulsions
Latency of convulsion was found least in the ve-
hicle-treated group. However, in drug-treated 
groups, a dose-dependent increase in latency for 
convulsion was observed, as illustrated in Figure 
1(a). Co-administration of drugs revealed a more 
significant rise in latency for convulsion when com-
pared to the vehicle-treated group.

The effect of rasagiline and acamprosate on the 
duration of convulsions is demonstrated in Fig-
ure 1(b). Different doses of rasagiline exhibited a 
noteworthy decrease in the duration of convul-
sions. But the co-administration with acamprosate 
showed a more noteworthy reduction in the dura-
tion of convulsions as compared to vehicle-treated 
group.

The number of convulsions in different groups 
is shown in Figure 1(c). In drug-treated groups, a 

Results 

interaction between rasagiline, acamprosate 
and NMDA-related core proteins. On the basis of 
mechanism of NMDR antagonist PDB: 3QEL. The 
target proteins were prepared via protein prepa-
ration wizard in Schrodinger. Water molecules 
were deleted along with addition of hydrogen at-
oms and energy minimisation was achieved us-
ing the OPLS_2005 force field. The grid box was 
generated at centre of the active site of target 
protein. The rasagiline and acamprosate were 
docked into the catalytic domain of protein hav-
ing PDB id 3QEL by using Grid-based Ligand Dock-
ing. The Dock score, Glide Score, Glide emodel and 
Glide energy were recorded for additional stud-
ies.28-31

Statistical analysis
After analysing the data using One-way ANOVA, 
the Bonferroni multiple comparison post-hoc test 
was run. The results were presented as mean ± 
SEM, and the statistical significance was denot-
ed by * or ** for p < 0.01 and 0.001, respectively. 
When comparing p values to the vehicle, p < 0.05 
was denoted by a ‘#’.

dose-dependent decrease in the number of con-
vulsions was observed. But co-administration 
of drugs displayed a more significant reduction 
in numbers of convulsions in contrast to the vehi-
cle-treated group.

Figure 1: Effect of rasagiline and acamprosate on: (a) Latency of 
convulsions, (b) Duration of convulsions, (c) Numbers of convul-
sions (in first 30 min) in mice

R1, R2, and R4 represent rasagiline when administered 1, 2 and 4 mg/kg, po, 
respectively. AC400 represent acamprosate 400 mg/kg, po.

Kumar et al. Scr Med. 2025 May-Jun;56(3):463-72.
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Figure 2: Effect of rasagiline and acamprosate on: (a) Superoxide dismutase (SOD), (b) Catalase, (c) Malondialdehyde (MDA), (d) 
Reduced glutathione (GSH) level in mice brain

R1, R2, and R4 represent rasagiline when administered 1, 2 and 4 mg/kg, po, respectively. AC400 represent acamprosate 400 mg/kg, po.

Effect of rasagiline and acamprosate on 
SOD level
In Figure 2(a), the SOD levels in the various treat-
ment groups are displayed. Comparing the group 
treated with the vehicle to the one treated with 
various medication dose concentrations, the level 
of SOD improved dramatically. However, the com-
bination demonstrated a higher degree of SOD 
amplification.

Effect of rasagiline and acamprosate 
on catalase level
It was discovered that the vehicle group’s cata-
lase level was significantly lesser than the con-
trol groups. In comparison to other treatment 
groups, the co-administration of both rasagiline 
and acamprosate resulted in a significantly high-
er increase in the catalase level, as seen in Figure 
2(b). However, the amount of catalase enzyme in-
creased in a concentration-dependent way with 
treatment of rasagiline.

Effect of rasagiline and acamprosate 
on MDA level
Figure 2(c) illustrates the impact of rasagiline 
and its combination on the MDA level. The group 
treated with the vehicle had a significant in-
crease in MDA levels, however there was a con-
centration-dependent decrease in rasagiline. 
Nonetheless, compared to those receiving a vehi-
cle treatment, co-administration of rasagiline (4 
mg/kg) with acamprosate (400 mg/kg) resulted 
in a more notable decrease in the MDA level.

Effect of rasagiline and acamprosate 
on GSH level 
The GSH levels in the various treatment groups 
are displayed in Figure 2(d). When compared 
to the control, the GSH level in the car dropped 
dramatically. Rasagiline, on the other hand, en-
hanced the amount of GSH concentration in a de-
pendent manner; nevertheless, the combination 
showed a greater improvement in GSH levels than 
the group that received vehicle treatment.

Kumar et al. Scr Med. 2025 May-Jun;56(3):463-72.
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Docking results
Docking results have been shown in Table 1. The 
binding pattern of rasagiline with 3QEL, showed 
interaction with PRO 78, PHE 114, ILE 111, GLN 
110, ALA 107, GLU 106, THR 233 and PHE 176. 
GLU 106 forms hydrogen bond with the electro-
negative atom of rasagiline shown in Figure 3. 

Table 1: Docking results of rasagiline and acamprosate against PDB: 3QEL

PDB Ligand Docking 
score

Glide
score

Glide
emodel

Glide
energy

3QEL
3QEL Ligand

Rasagiline

Acamprosate

-8.685

-8.370

-7.577

-8.685

-8.370

-7.577

-69.397

-62.786

-59.109

-61.725

-58.657

-57.496

Figure 3: The binding pattern of rasagiline with 3QEL

While the binding pattern of acamprosate with 
3QEL wrapped by GLU 106, ALA 107, GLN 110, 
THR 174, TYR 175, PHE 176, PRO 177, MET 207, 
THR 233 and GLU 236. GLN 110 and GLU 236 
forms hydrogen bond with the electronegative 
atom of acamprosate shown in Figure 4.

Kumar et al. Scr Med. 2025 May-Jun;56(3):463-72.
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According to the data published by WHO in the 
year 2024, epilepsy has a prevalence of approxi-
mately 50 million people worldwide. Due to the 
increased prevalence and inability of anticonvul-
sant drugs to respond appropriately, highlighted 
attention is required in the development of new 
generation anticonvulsant drugs.32

Dopamine is metabolised by the MAO enzyme 
(especially MAO-B). It affects the redox status of 
neuronal and glial cells, which contributes to ox-
idative stress. The neuroprotective properties of 
MAO inhibitors and the distinct function of MAO 
have been demonstrated. MAO-B converts MPTP 
to MPP+ by oxidation; blocking MAO-B stops 
MPTP oxidation and hence, MPP+ neurotoxicity. 
These findings point to a link between MAO-B 
and neuronal death in neurodegenerative diseas-
es. These inhibitors reduce the oxidation of sub-
strates and oxygen-free radicals, mediate the cell 
death signal pathway in mitochondria and pro-
mote endurance by inhibiting apoptotic Bcl-2 and 
neurotrophic factors.

Discussions

Figure 4: The binding pattern of acamprosate with 3QEL

When compared to control, rasagiline and aca-
mprosate both showed antioxidant effects in 
PTZ-induced seizure model. ROS are highly re-
active oxidising molecules. Their inequalities 
cause the activation of cellular defence mecha-
nisms. Due to this, oxidative stress gets increas-
es which damage the biomolecules and lead to 
cells dis-functioning. Increased ROS also causes 
deregulation of redox-sensitive signalling path-
ways and the death of neuronal cells.33 ROS-in-
duced changes in GABA neurotransmission were 
revealed in ground breaking research examining 
the worldwide. The impact of increased oxidative 
stress leads to damage in neurons. It also affects 
the transmission of neurons to synapses and the 
excitability of neurons.

The administration of MAO–B inhibitor and 
GABA agonist to PTZ-treated mice minimises ox-
idative stress and reduced the severity of brain 
and oxidative damage. Inference may be drawn 
that MAO–B inhibitors and GABA agonists could 
be a useful adjunct to reduce the risk of brain ox-
idative damage in epileptic mice. 

Kumar et al. Scr Med. 2025 May-Jun;56(3):463-72.
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Many epileptic patients do not receive proper 
treatment because of not knowing about an-
ti-epileptic drugs, deficiency of educational be-
liefs, humiliation and poor health organisation. 
Anti-epileptic potential of rasagiline was ob-
served in a dose-dependent manner amongst 
the evaluated three doses of rasagiline (1, 2, 
and 4 mg/kg). All the parameters (latency of 
convulsion, duration of convulsion, total num-
bers of convulsions and biochemical) evaluated 
in the study showed a noteworthy restoration 
with the enhancement in the dose of rasagiline. 
The highest dose of rasagiline (4 mg/kg) has 
shown maximum anti-epileptic potential as 
compared to other doses used in the study. 
When this best effective R4 was administered 
in co-administration with acamprosate (400 
mg/kg), the anti-epileptic potential was found 
to be increased many folds as compared to the 
rasagiline per se. The mechanism of action 
of rasagiline and acamprosate towards glu-
tamate NMDA-related core proteins defensi-
ble by using docking studies on Schrodinger 
software and their result showed interaction. 
Docking and in vivo studies suggest anti-epi-
leptic potential of rasagiline and acamprosate. 
The anti-epileptic potential of these drugs can 
be explored using more specific anti-epileptic 
parameters. Also, these drugs may be evaluat-
ed in other models of epilepsy.

Conclusion

The study was approved by the IAEC of MD Uni-
versity, Rohtak, India with an approval letter No: 
360-73, dated 5 May 2016.
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The epileptic episodes also disturb some sensu-
al anal behavioural functions.34 Co-administra-
tion of rasagiline and acamprosate considerably 
shortens the length of convulsion; nevertheless, 
treatment of rasagiline and acamprosate to PTZ 
produced epileptic mice to enhanced latency of 
convulsion in a dose-dependent way. Notewor-
thy, ROS and matrix metalloproteinases (MMPs) 
are considered as main contributors to the patho-
genesis of epilepsy which leads to apoptosis and 
necrosis of neuronal cells. The ROS generated 
after the mechanical facilitated injury induces 
lipid peroxidation. Although both, rasagiline and 
acamprosate play a significant role in the avoid-
ance in contradiction of ROS mediated brain tis-
sue irregularities. Previous studies reported that 
acamprosate has strong free radical scavenging 
properties to reduce lipid peroxidation.35 In the 
current study when compared with the vehi-
cle-treated group, rasagiline in different dosages 
and in co-administration with acamprosate re-
markably reduces the level of MDA. The ROS aug-
mented oxidative stress in epilepsy also causes 
the depletion in enzymatic activity of various an-
tioxidant enzymes. Catalase breaks the hydrogen 
peroxides into water and oxygen and protects the 
cell from oxidative damage; is an important anti-
oxidant enzyme present in the body and elevates 
during the epileptic condition. GSH is also an im-
portant antioxidant found in all animal cells, pro-
tecting the cells from hydroxyl and superoxide 
radical damage.36 Results affirm that rasagiline 
either alone or in co-administration with acam-
prosate significantly increases the level of SOD, 
catalase and GSH in mice brain, when compared 
with the vehicle-treated group, indicating the po-
tential pharmacological potential of co-adminis-
tration of rasagiline with acamprosate in dimin-
ishing the ROS induced oxidative stress. 

In silico study results of rasagiline and acampro-
sate towards glutamate NMDA-related core pro-
teins justified their mechanism of action. Dock 
Score, Glide Score, Glide energy and binding af-
finities of rasagiline and acamprosate towards 
proteins such as NMDA resulting in antiepileptic 
activity. Presented study indicates the potential 
of rasagiline and acamprosate towards epilep-
sy management and can be utilised together for 
more effective outcomes.

Kumar et al. Scr Med. 2025 May-Jun;56(3):463-72.



471

Conceptualisation: SK 
Methodology: GS, AL, TH 
Validation: GS 
Formal analysis: TH
Investigation: GS, SK 
Data curation: AL, MOD
Writing – original draft: AL, TH 
Writing - review and editing: AL, TH
Visualisation: RCK, MC, SS
Supervision: GS

Author contributions

References

1.	 Santhosh NS, Sinha S, Satishchandra P. Epilepsy: Indian 
perspective. Ann Indian Acad Neurol. 2014;17:S3-S11. 
doi: 10.4103/0972-2327.128643.

2.	 Kobylarek D, Iwanowski P, Lewandowska Z, Limphai-
bool N, Szafranek S, Labrzycka A, et al. Advances in the 
potential biomarkers of epilepsy. Front Neurol. 
2019;10(458):1-26. doi: 10.3389/fneur.2019.00685.

3.	 World Health Organization [Internet]. Epilepsy. [Cited: 
7-Mar-2024]. Availabe at: https://www.who.int/news-
room/fact-sheets/detail/epilepsy.

4.	 Thurman DJ, Begley CE, Carpio A, Helmers S, Hes-
dorffer DC, Mu J, et al. The primary prevention of epi-
lepsy: A report of the Prevention Task Force of the In-
ternational League against Epilepsy. Epilepsia. 
2018;59(5):905-14. doi: 10.1111/epi.14068.

5.	 Ghosh S, Sinha JK, Khan T, Devaraju KS, Singh P, Vai-
bhav K, et al. Pharmacological and therapeutic ap-
proaches in the treatment of epilepsy. Biomedicines. 
2021;9(1):1-14. doi: 10.3390/biomedicines9050470.

6.	 Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte 
D, et al. Oxidative stress, aging, and diseases. ClinIn-
terv Aging. 2018;13:757. doi: 10.2147/CIA.S158513.

7.	 Pierrefiche O, Daoust M, Naassila M. Biphasic effect of aca-
mprosate on NMDA but not on GABAA receptors in spon-
taneous rhythmic activity from the isolated neonatal rat 
respiratory network. Neuro Pharmacol. 2004;47(1):35-
45. doi: 10.1016/j.neuropharm.2004.03.004.

8.	 Geronzi U, Lotti F, Grosso S. Oxidative stress in epilep-
sy. Expert Rev Neurother. 2018;18(5):427-34. doi: 
10.1080/14737175.2018.1465410.

9.	 Carter BE, Monsivais P, Drewnowski A. The sensory op-
timum of chicken broths supplemented with calcium 
di-glutamate: A possibility for reducing sodium while 
maintaining taste. Food Qual Prefer. 2011;22(7):699-
703. doi: 10.1016/j.foodqual.2011.05.003.

10.	 Meldrum BS. Excitotoxicity and selective neuronal loss 
in epilepsy. Brain Pathol. 1993;3(4):405-12. doi: 
10.1111/j.1750-3639.1993.tb00768.x.

11.	 Si Z, Wang A, Liu J, Zhang Z, Hu K. Typical clinical and 
imaging manifestations of encephalitis with anti-γ-am-
inobutyric acid B receptor antibodies: Clinical experi-
ence and a literature review. Neurol Sci. 2019;40(4):769-
77. doi: 10.1007/s10072-018-3679-5.

12.	 Finberg JPM, Rabey JM. Inhibitors of MAO-A and MAO-B 
in psychiatry and neurology. Front Pharmacol, 
2016;7:1-15. doi: 10.3389/fphar.2016.00340.

13.	 Bonneh-Barkay D, Ziv N, Finberg JPM. Characterization 
of the neuroprotective activity of rasagiline in cerebel-
lar granule cells. Neuropharmacology. 2005;48(3):406-
16. doi: 10.1016/j.neuropharm.2004.10.016.

14.	 Dimpfel W, Hoffmann JA. Effects of rasagiline, its me-
tabolite aminoindan and selegiline on glutamate re-
ceptor mediated signalling in the rat hippocampus 
slice in vitro. BMC Pharmacol. 2011;11(1):1. doi: 
10.1186/1471-2210-11-2.

15.	 Zornoza T, Cano MJ, Polache A, Granero L. Pharmacolo-
gy of acamprosate: an overview. CNS Drug Rev. 
2003;9(3):359-374. doi: 10.1111/j.1527-3458.2003.
tb00260.x.

16.	 Dannon PN, Rosenberg O, Schoenfeld N, Kotler M. Aca-
mprosate and baclofen were not effective in the treat-
ment of pathological gambling: Preliminary blind rater 
comparison study. Front Psychiatry. 2011;2:1-4. doi: 
10.3389/fpsyt.2011.00033.

17.	 Sternberg Z, Cesario A, Rittenhouse-Olson K, Sobel RA, 
Leung YK, Pankewycz O, et al. Acamprosate modulates 

This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Funding

The data that support the findings of this study 
are available from the corresponding author 
upon reasonable individual request.

Data access

Sandeep Kumar (SK):
0000-0003-3898-9582
Govind Singh (GS):
0000-0001-7906-5744
Manisha Chhikara (MC):
0009-0009-3017-5147
Sunil Shukla (SS):
0000-0002-1621-2652
Ramchander Khatri (RCK):
0009-0005-8594-4354
Mohammad Ovais Dar (MOD):
0000-0003-4003-6836
Amit Lather (AL):
0000-0001-5147-3586
Tanuj Hooda (TH):
0000-0002-6701-586X

Author ORCID numbers

Kumar et al. Scr Med. 2025 May-Jun;56(3):463-72.



472

experimental autoimmune encephalomyelitis. Inflam-
mopharmacology. 2012;20(1):39-48. doi: 10.1007/
s10787-011-0097-1. 

18.	 Hooda T, Sharma S, Goyal N. Synthesis, in-silico design-
ing, SAR and microbiological evaluation of novel amide 
derivatives of 1-(4-Nitrophenyl)-2-(3-methylbenzo[b]
thiophen-6-yl)-1H-benzo[d]imidazole-5-carboxylicAcid. 
IJPER. 2020;54(2):471-83. doi: 10.5530/ijper.54.2.54.

19.	 Aguwa US, Eze CE, Obinwa BN, Okeke SN, Onwuelingo SF, 
Okonkwo DI, et al. Comparing the effect of methods of rat 
euthanasia on the brain of wistar rats: cervical disloca-
tion, chloroform inhalation, diethyl ether inhalation and 
formalin inhalation. J Ad Med Medical Res. 2020;32(17):8-
16. doi: 10.9734/jammr/2020/v32i1730636.

20.	 Van Erum J, van Dam D, de Deyn PP. PTZ-induced sei-
zures in mice require a revised Racine scale. Epilepsy 
Behav. 2019;95:51-5. doi: 10.1016/j.yebeh.2019.02.029.

21.	 Gupta T, Syed YM, Revis AA, Miller SA, Martinez M, 
Cohn KA, et al. Acute effects of acamprosate and MPEP 
on ethanol Drinking-in-the-Dark in male C57BL/6J 
mice. Alcohol Clin Exp Res. 2008 Nov;32(11):1992-8. 
doi: 10.1111/j.1530-0277.2008.00787.x.

22.	 Okano M, Takahata K, Sugimoto J, Muraoka S. Selegiline 
recovers synaptic plasticity in the medial prefrontal 
cortex and improves corresponding depression-like 
behavior in a mouse model of Parkinson’s disease. 
Front Behav Neurosci. 2019;13:176. doi: 10.3389/fn-
beh.2019.00176.

23.	 Shukla S, Sharma S, Vasudeva N, Hooda T. Danshensu 
attenuates diabetes associated cognitive dysfunction 
by markedly reversing oxidative stress, Aβ and AChE 
activity. IJPER. 2024a;58(2):503-9. doi: 10.5530/
ijper.58.2.56.

24.	 Kono Y. Generation of superoxide radical during autox-
idation of hydroxylamine and an assay for superoxide 
dismutase. Arch Biochem Biophys. 1978;186(1):189-
95. doi: 10.1016/0003-9861(78)90479-4.

25.	 Shukla S, Sharma S, Vasudeva N, Hooda T. Ameliorative 
effect of cichoric acid against diabetes associated cog-
nitive decline with emphasis on neurobehavioral ac-
tivity, Aβ and AChE. IJPER. 2024b;58(2):595-602. doi: 
10.5530/ijper.58.2.66.

26.	 Chandra J, Mahadimane PV, Saqib A, Sukumaran S, Chan-
dra S. Barium Chloride impairs physiology and brain glu-
tamate in Cirrhinusmrigala during a short period of inter-
action. Egypt J Aquat Biol Fish. 2020;24:995-1003. doi: 
144745_6127d36f 7f5eb6df1caae60876f92e97.pdf.

27.	 Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in 
animal tissues by thiobarbituric acid reaction. Anal 
Biochem. 1979;95(2):351-8. doi: 10.1016/0003-
2697(79)90738-3.

28.	 Lather A, Sharma S, Khatkar A. Development of 
Aesculin derivatives with antioxidant, antimicrobial 
and GlcN-6-P synthase inhibition based potential natu-
ral preservative. BMC Chemistry. 2021;15(45):1-12. 
doi: 10.1186/s13065-021-00769-8.

29.	 Lather A, Sharma S, Khatkar A. Virtual screening of novel 
glucosamine-6-phosphate synthase inhibitors. CCHTS. 
2018;21(3),1-12. doi: 10.2174/1386207321666180330 
114457.

30.	 Hooda T, Sharma S, Goyal N. In-silico Designing, Syn-
thesis, SAR and Microbiological Evaluation of Novel 
Amide Derivatives of 2-(3-methylbenzo[b]thiophen-6-
yl)-1-(3-nitrophenyl)-1H-benzo[d]imidazole-5-car-
boxylicAcid. IJPER. 2019;53(3 Suppl 2):s437-s450. doi: 
10.5530/ijper.53.3s.117.

31.	 Hooda T, Sharma S, Goyal N. Synthesis, in-silico, design-
ing, microbiological evaluation and structure activity 
relationship of novel amide derivatives of 1-(2,4-dini-
trophenyl)-2-(3-methylbenzo[b]thiophen-6-yl)-1h-ben-
zo[d]imidazole-5-carboxylic acid, polycyclic aromatic 
compounds. Ind J Pharm Educat Res. 2022;42(6);3361-
76. doi: 10.1080/10406638.2020.1869793.

32.	 Jobst B, Thomas G. Critical review of the responsive 
neurostimulator system for epilepsy. Med Devices Evid 
Res. 2015;8:405-11. doi: 10.2147/MDER.S62853.

33.	 Goldenberg MM. Overview of drugs used for epilepsy 
and seizures: etiology, diagnosis, and treatment. P T. 
2010 Jul;35(7):392-415. PMID: 20689626.

34.	 Sies H, Berndt C, Jones DP. Oxidative stress. Annu Rev 
Biochem. 2017;86:715-48. doi: 10.1146/annurev-bio-
chem-061516-045037.

35.	 Branco CS, Scola G, Rodrigues AD, Cesio V, Heinzen H, 
Godoy A, et al. Organic and conventional yerba mate 
(Ilex paraguariensis A. St. Hil) improves metabolic re-
dox status of liver and serum in wistar rats. Antioxi-
dants 2013;2(2):100-9. doi: 10.3390/antiox2030100.

36.	 Verma S, Sinha R, Kumar P, Amin F, Jain J, Tanwar S. 
Study of Convolvulus pluricaulis for antioxidant and an-
ticonvulsant activity. Cent Nerv Syst Agents Med Chem. 
2012;12(1):55-9. doi: 10.2174/187152412800229161.

Kumar et al. Scr Med. 2025 May-Jun;56(3):463-72.


