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ABSTRACT

Objectives: The objectives of the present investigation were to evaluate the memory impairment (MI) activity of eslicarbazepine (ESL) in temporal 
lobe epilepsy (TLE) at a normal and reduced dose, to evaluate the possible protective effect of nefiracetam (NEF) on MI induced by ESL at a normal 
and reduced dose, and to evaluate the antiepileptic activity of ESL on TLE in the presence and absence of NEF.

Methods: MI activity was evaluated by Barnes maze (BM) on lithium-pilocarpine-induced TLE in Wistar albino rats. Rats were trained by releasing 
from the portable start-up box after keeping sometimes inside, to find the fixed dark escape hole of BM. Mild aversive light overhead was used to 
motivate the finding. Animals failed to do so were guided manually. Trained animals were taken for the study and checked the escape latency time 
(ELT) and the error scores (error entry). The treatment was given for 1 month and MI activity was measured on every 7th day and antiepileptic activity 
on every 8th day. Phenytoin was used as standard antiepileptic drug (AED) to compare the MI extent of ESL.

Conclusion: The reduced dose of ESL and NEF combination was found to have synergized the protecting effect against MI compared to normal 
ESL and NEF group without altering anticonvulsant activity. However, further studies are required to elicit detailed protective activity of NEF on MI 
induced by ESL.
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INTRODUCTION

Epilepsy is a neurological disorder where the recurrent seizure occurs 
due to the abnormal electrical firing [1-5]. The main cause of epilepsy 
is not cleared known although some may develop epilepsy due to 
brain injury, stroke, tumor, drugs, genetic mutations, etc. [6]. Memory 
impairment (MI) is one of the key complications associated with 
epilepsy and its treatment by antiepileptic drugs (AEDs). The abnormal 
functions of the neurotransmitter of the brain may cause stress, fatigue 
with in brain that causes a lapse in memory. Moreover, temporal lobe 
deals with the memory storage and encoding [7,8]. The antiepileptic 
therapy induces MI, especially in the case of temporal lobe epilepsy 
(TLE) [9,10] is well reported. At high-dose sedation, unsteadiness and 
slurring of speech have been observed. Other side effects include nausea, 
rash, dysplasia, and MI. There is a need for minimizing the MI induced 
by epilepsy etiology and worsen condition by antiepileptic treatment. 
Based on the above facts, the present study is designed to evaluate the 
MI induced by eslicarbazepine (ESL) in lithium-pilocarpine-induced 
TLE in Wistar albino rats.

METHODS

Animals
Wister rats of either sex (200–250 g) were acquired from Biogen 
Laboratory, Bengaluru. The experimental work was carried out during 
the year 2016–2017. The animals were encased in cages made of 
polypropylene at around 23–27°C in light-dark cycle. The animals were 
provided food pellet and water ad libitum. A 7-day’s acclimatization 

period was allotted before the experiments to start. Groups of eight 
rats were used for the experiments. The experimental protocol was 
approved (Institutional Animal Ethics Committee [IAEC] No. 201/2016) 
by the IAEC of JSS College of Pharmacy, Mysore, Karnataka.

Drugs procurement
ESL and diazepam were procured from JSS Hospital, Mysore, and 
pilocarpine, lithium chloride, and nefiracetam (NEF) were procured 
from Sigma-Aldrich.

In vivo activities
Lithium-pilocarpine model [11-13]
Pilocarpine, a muscarinic agonist, causing the imbalance between 
excitatory and inhibitory transmission through the M1 activation 
resulting in the generation of status epilepticus development of 
spontaneous recurrent seizer [14]. Pilocarpine (30 mg/kg i.p.) was 
administered in combination with lithium chloride (3 mmol s.c), 
24 h before the pilocarpine induction to reduce its high dose and its 
mortality. The grouping and animals, treatment, and evaluation were 
done, as shown in Table 1 and Fig. 1.

Antiepileptic activity [15,16]
By Racine scoring method, antiepileptic activity was scored in TLE 
rats. Diazepam of about 10 mg/kg was given intraperitoneally for the 
control group animals to halt the TLE at the Stage 4 to conserve the life 
of animal.
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Results: ESL-treated group animals had shown increased ELT and error scores, on comparison with control group, implying the MI as a 
result  treatment of  the AED ESL.  MI was dose dependent and shown decreased MI in animals treated with half  dose of  ESL.  When NEF was 
administered with the ESL significantly decreased the MI as well as showed potent anticonvulsant activity when compared to control and ESL alone 
treated  group.  The  levels  of  acetylcholinesterase  (AChE)  in  ESL  group  were  observed  to  be  increased  against  control  group.  Cotreatment  of  NEF 
results in decreased levels of AChE on comparison with control and the group treated with ESL.
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Barnes maze (BM) [17-19]
Visualized spatial learning and memory were estimated by employing 
the BM which has 18 holes that are uniformly separated along the 
circumference and made up of round platform placed at elevated level. 
An aversive bright light was used to encourage the rats to make entry 
into the escape box beneath the hole (Fig. 1). Animals were given visual 
clues kept distally around the maze surroundings to determine the 
special place of the hole to escape. The errors, such as head deflections 
and nose protrusions above any hole, where it cannot escape and also 
latency, the time that animal takes to determine the escape hole were 
measured.

Estimation of brain acetylcholinesterase activity [20]
Acetylcholinesterase activity was measured from the brain 
hippocampus region by Ellman et al. [20] method.

RESULTS

The animals were treated in different groups for 29 days, as shown in 
Table 1. It was observed that when ESL (40 mg/kg p.o.) administration 
to rats with pilocarpine-induced convulsions, there was a significant 
increase in escape latency time (ELT) (179.80±0.25 s) when compared 
to the normal group ELT (17.83±1.90 s) in the BM assessment. 
Impairment of ESL was found to be almost similar to phenytoin 
(PHT), a standard drug used in antiepileptic therapy. The reduced 

dose of ESL also did not show much difference in ELT (155.80±4.4 s). 
Administration of ESL half dose of 20 mg/kg along with NEF (10 mg/kg) 
with pilocarpine-induced convulsions resulted in a significant decrease 
in ELT of (36.10±2.60 s) when compared to the PHT (163.10±1.50 s) 
and control group (134.80±3.50 s).

In terms of error scores of BMs, in the same pilocarpine-induced 
TLE animals, there was a significant increase in error scores in ESL 
(40 mg/kg) treatment (27.44±0.69) when compared to the normal 
(0.31±0.41) and control group (19.11±0.69). The reduced dose of 
ESL (20 mg/kg) alone also shown dose-dependent decrease in error 
score (15.44±1.19) compared to ESL normal dose. It was observed 
that administration of NEF (10 mg/kg) along with reduced ESL 
(20 mg/kg) in pilocarpine-induced convulsions resulted in decrease in 
error score (2.14±0.80) when compared to the ESL (27.44±0.69), PHT 
(22.00±0.99), and ESL normal and NEF combination (9.44±0.87).

The anticonvulsant effect was measured to be effective if the Racine 
score becomes lesser in a scale of 0–5. The control group was given 
pilocarpine (30 mg/kg i.p.) with the pre-treatment of lithium chloride 
(3 mmol s.c), Racine score was observed, before reaching to 5 scoring, 
the control group was treated with diazepam (10 mg/kg i.p.) to stop 
the mortality. The ESL treatment groups Racine score (0.37±0.50) 
was found to be significant compared to control group (4.25±0.31). 
The reduced dose of ESL (20 mg/kg) and NEF (10 mg/kg) was found 
to have synergized the antiepileptic activity by decreasing the Racine 
score (0.00±0.00) compared to ESL and NEF normal combination 
group (1.00±0.20).

The acetylcholinesterase (AChE) levels were measured by the 
hippocampus region of the rat’s brain. This was observed more in 
the PHT (7.80±0.13) and ESL (8.38±0.09) treating group animal. The 
levels were observed to be decreased with the reduce ESL (3.92±0.17) 
dose. In the reduced ESL and NEF combination, dose (2.19±0.10) was 
found to be more potent than the normal combination of ESL and 
NEF (3.20±0.11).

DISCUSSION

The temporal lobe of the brain plays a crucial role in the formation of 
memory and storage. Any abnormality in this lobe, especially the TLE, 
can cause the memory dysfunction [9,21]. Moreover, there are various 
studies reported the worsening of MI caused by the AED therapy [22,23]. 
Our study was hypothesized, whether coadministration of nootropic 
drug, NEF along with the ESL can overcome the MI caused due to AED 
therapy.

The lithium-pilocarpine model of TLE resembles the human TLE [22]. 
In case of animal model, the TLE was evaluated by the Racine scores, 
lesser the scores better the potency of the drug. The cognitive functions 
were assessed by BM [17,24]. Escape latency and error score were 
assessed in BM, as shown in Figs. 2 and 3, the ESL-induced groups 
showed more MI than the control group. On the other hand, ESL reduced 
dose group was seen to have less MI (Figs. 2 and 3), but it did not show Fig. 1: Depiction of the study protocol

Table 1: Groupings, treatment, and assessment

Groupings Treatment Assessments
Normal Vehicle (0.5% Na-CMC) p.o. daily for 29 days Every 7th day antiepileptic activity and every 8th day 

cognitive functions were assessed for the entire study 
period
Estimation of brain acetylcholinesterase level at the end 
of treatment period

Control Vehicle p.o. daily for 29 days+Pilocarpine on every 7th day
Phenytoin (PHT) 25 mg/kg p.o. daily for 29 days+Pilocarpine on every 7th day
ESL ND 40 mg/kg p.o. daily for 29 days+Pilocarpine on every 7th day
ESL RD 20 mg/kg p.o. daily for 29 days+Pilocarpine on every 7th day
ESL ND+NEF 40 mg/kg p.o. and NEF (10 mg/kg p.o.) for 29 days+ 

Pilocarpine on every 7th day
ESL RD+NEF 20 mg/kg p.o. and NEF (10 mg/kg p.o.) for 29 days+ 

Pilocarpine on every 7th day
NEF 10 mg/kg p.o. for 29 days+Pilocarpine on every 7th day
ESL: Eslicarbazepine, ND: Normal dose, RD: Reduced dose, NEF: Nefiracetam
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potent antiepileptic activity than ESL normal dose. The result suggested 
that the treatment with the ESL in epileptic condition increases in the 
declines of the cognitive function with the higher doses. It was even 
observed that the MI of ESL was dose dependent.

In the combination of ESL and NEF, dose reduces the MI significantly than 
ESL but not as compared to ESL reduce dose and NEF combination. ESL 
reduced dose and NEF combination was shown to have a synergistic effect 
to reduce MI without altering its antiepileptic activity (Figs. 4 and 5).

Fig. 2: Memory impairment activity of eslicarbazepine (ESL) and its correction by nefiracetam on temporal lobe epilepsy-induced 
epileptic rats (escape latency). Data are expressed as mean±standard error of the mean, n=8, a – significant when compared to control 

(p≤0.05), b – significant when compared to phenytoin (p≤0.05), c – significant when compared to ESL (p≤0.05)

Fig. 3: Memory impairment activity of eslicarbazepine (ESL) and its correction by nefiracetam on temporal lobe epilepsy-induced 
epileptic rats (error scores). Data are expressed as mean±standard error of the mean, n=8, a – significant when compared to control 

(p≤0.05), b – significant when compared to phenytoin (p≤0.05), c – significant when compared to ESL (p≤0.05)

Fig. 4: Antiepileptic activity of eslicarbazepine (ESL) and nefiracetam alone and in combination on temporal lobe epilepsy-induced 
epileptic rats (convulsive scores). Data are expressed as mean±standard error of the mean, n=8, a – significant when compared to control 

(p≤0.05), b – significant when compared to phenytoin (p≤0.05), c – significant when compared to ESL (p≤0.05)
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The AChE data also supported that the combination of reducing dose 
of ESL and NEF has synergized the effect to reduce the MI compared to 
normal dose combination [22].

CONCLUSION

The major drawback of antiepileptic treatment is MI notably in epilepsy 
of temporal lobe because temporal lobe of brain is the major part which 
deals with the memory encoding and storage. The objective of the 
present study in brief was treating epilepsy by reducing the MI induced 
by ESL. The MI was seen more in ESL-treated group compared to 
control as AEDs aggravate more MI. The ESL half doses also reduce the 
MI but not as compared to control group. When given NEF, a nootropic 
agent combined with ESL reduces MI but not as in case on comparison 
with ESL reduced dose and NEF combination. The combination of ESL 
reduced dose and NEF was seen to have a synergistic effect to reduce 
the V without altering the antiepileptic effect in lithium-pilocarpine-
induced TLE in rats model.
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