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Abstract: Epilepsy, a neuronal disorder has affected 1% of the world’s population.  Almost 35-40% of these patients get 
resistant to available anti-epileptic drugs (AEDs). Recent studies have shown the role of inflammation in the 
pathophysiology of epilepsy and a combination of anti-inflammatory and antiepileptic drugs could prove beneficial 
against epileptic seizures. Therefore, we aimed to examine the effect of levetiracetam (LEV) and diclofenac sodium 
(DFS) combination on pilocarpine (PLC) induced epileptic seizures in mice. Mice were divided into control and 
treatment groups. LEV alone and in combination with DFS was given for 3 days. On 3rd day after administering the 
required drugs, pilocarpine challenge was given intraperitoneally. Then, behavioral changes were observed for 90 
minutes, including latency to first seizure, continuous seizures, duration of continuous seizures, and survival rate. Results 
showed significant improvement in the latencies to first (P<0.001) and continuous seizures (P<0.05), duration of the 
continuous seizure (p=0.001), and survival rate (P<0.01) in the combination treatment group as compared to the control 
or individual drug treatment groups. DFS enhances the efficacy of LEV, however, further mechanistic studies will be 
required to conclude if DFS can be given in combination with LEV for epilepsy treatment.  
 
Keywords: Epilepsy, inflammation, pilocarpine, levetiracetam, diclofenac sodium. 
 
INTRODUCTION 
 
Epilepsy is a neurological disorder that has the tendency 
to generate recurrent seizures. Irrespective of the age 
group, epilepsy has affected around 50-70 million people 
worldwide (Trinka et al., 2019). Epileptic seizures are of 
two types; focal seizures- reported in 36% of epileptic 
patients and, generalized tonic-clonic seizures; mostly 
found in patients belonging to low- and middle-income 
states. Epilepsy is caused due to the hyper-excitability of 
neurons resulting in the excessive discharge of 
neurotransmitters (Chou  et al., 2020). 
 
Currently available anti-epileptic drugs (AEDS) 
effectively reduce the neuronal responses of the brain by 
averting the neuronal depolarization either via obstructing 
calcium or sodium channels, decreasing the excitation 
caused by the neurotransmitter glutamate, increasing the 
function of potassium channels, or enhancing the 
inhibitory effect of GABA (Glauser et al., 2013). Despite 
the availability of these drugs approximately 30-40% of 
epileptic patients develop resistance and do not respond to 
the available therapies (Yang et al., 2021). Therefore, 
there is a dire need to identify drugs that can be used in 
combination with available AEDs to enhance their 

efficacy and to target other etio-pathological factors such 
as inflammation. 
 
The role of inflammation in epileptogenesis has been 
revealed through extensive experimental studies on 
animal models of epilepsy and resected human brain 
tissues of epileptic patients. Studies have reported 
elevated expression of inflammatory markers like 1β, IL-
6, and TNF-α in epileptic animal models and patients. 
Ravizza et al. reported increased levels of IL-1β in 
astrocytes and microglial cells during epileptic seizures 
(Ravizza and Vezzani, 2006). Sinha and his colleagues 
found increased levels of proinflammatory cytokines in 
the serum of epilepsy patients in their post-ictal phase 
(Sinha et al., 2008). Studies have also reported elevated 
levels of IL-6 in the cerebrospinal fluid of the epileptic 
patients with generalized tonic-clonic seizures as 
compared to their plasma levels (Webster et al., 2017, 
Alapirtti et al., 2018) and it was also found increased in 
the serum during post-ictal phase (Gruol, 2015). 
 
Therefore, it is suspected that a potential anti-
inflammatory molecule could curtail epileptic seizures. 
For the same reason, some studies have evaluated the role 
of non-steroidal anti-inflammatory drugs. Further, When 
Jung et al, treated pilocarpine-induced status epilepticus 
with celecoxib (COX-2 inhibitor) the neuronal loss and *Corresponding author: e-mail: farina.hanif@duhs.edu.pk 
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microglial activation were prevented in the hippocampus 
of rodents (Jung et al., 2006). In another study when 
celecoxib was combined with prostaglandin E2 (PGE2) 
antibodies the seizures were reduced in pentylenetetrazol 
(PTZ) models (Oliveira et al., 2008). Diclofenac Sodium 
(DFS) is a non-steroidal anti-inflammatory drug 
(NSAIDs) drug, which is beneficial because of its 
inhibition of prostaglandin (PG) at the site of 
inflammation (Altman et al., 2015). It is a potent 
cyclooxygenase inhibitor that possesses anti-
inflammatory, antipyretic, and analgesic properties. It acts 
selectively on COX-2 but also acts non-selectively on 
COX-1 (Ajmone-Cat et al., 2010). 
 
The improvement in epileptic seizures due to the use of 
NSAIDS suggests that they could be used in combination 
with AEDS and may become a possible therapy for 
epileptic patients who are resistant to available AEDS. 
Since no data is available regarding the combination of 
DFS and standard AED i.e. Levetiracetam (LEV) against 
epilepsy, the present study is therefore planned to 
evaluate the effect of DFS in combination with 
levetiracetam (LEV) on the severity of seizures in 
pilocarpine (PLC) induced epilepsy mice model. 
 

MATERIALS AND METHODS 
 

Animals 
Albino male Naval Medical Research Institute (NMRI) 
strain mice weighed around 24-30grams were used in the 
study. The mice were given free access to food and water 
and kept in 12 hours light and dark cycle. All the 
experimental procedures were performed in accordance 
with the ethical guidelines defined by Institutional 
Review Board and Animal Ethical Committee DUHS. 
Approval IDs are IRB-1332/DUHS/Approval/2019/ and 
AR.IRB-015/DUHS/Approval/2019/025 respectively. 
International guidelines for animal use and care by 
Committee on Animal Research and Ethics (CARE) were 
also followed. 
 
Drugs Dosage 
All clinical standard drugs were purchased from local 
pharmacies. Dilutions were made by utilizing 
commercially available sterile normal saline. Doses (mg) 
were calculated for administration according to the weight 
of animals, followed by the volume to be administered 
(mg/ml). For DFS, 2.5mg/ml drug solution was prepared 
and only 0.1ml of this solution was used to be 
administered intraperitoneally to provide a 10mg/kg dose. 
(Hasani et al., 2011, Lahoti et al., 2014). For LEV, 
15mg/kg dose was prepared by making a dilution with 5 
mg/ml strength and a final volume of 0.08 ml of this 
solution was injected i.p. to fulfill dose requirements. 
(Loscher and Honack, 1993; Klitgaard et al., 1998; 
McArthur and Borsini, 2008). For PLC: a 200mg/kg dose 
was prepared by using a 2% solution with a concentration 
of 20mg/ml and finally, 0.25 ml of this solution was given 

subcutaneously to mice. (Curia et al., 2008; Vizzani, 
2009) 
 

Experimental Groups 
Animals were divided into the following five experimental 
groups (n=12/group).  
(i) Normal control (received 0.9% normal saline), (ii) 
Disease model group i.e. PLC only, (administered 
200mg/kg pilocarpine), (iii) drugs only control i.e. LEV + 
DFS (The animals were administered 10mg/kg diclofenac 
sodium and 15mg/kg levetiracetam with a difference of 
15 minutes).  (iv) LEV only treatment group i.e. LEV + 
PLC group (received 15mg/kg levetiracetam and 
200mg/kg pilocarpine) and (v) drug combination 
treatment group i.e. LEV+ DFS + PLC administered 
10mg/kg diclofenac sodium and after 15mins, 15mg/kg 
Levetiracetam and 200mg/kg pilocarpine). 
 
The drugs were administered intraperitoneally for 3 
consecutive days. On the third day, a challenge dose of 
pilocarpine (200mg/kg) was given to the mice in all the 
experimental groups except the normal control and the 
drug combination control group. Following the 
administration, the behavioral changes of the mice were 
observed. 
 

Behavioural Evaluation 
After administration of the pilocarpine challenge dose, 
behavioural changes were evaluated for 90 minutes. The 
parameters evaluated included survival percentage, 
latencies to first and continuous seizures, duration of 
continuous seizures, and the percentage of mice that 
experienced continuous seizures. 
 

Survival percentage 
After the administration of pilocarpine, levetiracetam, and 
diclofenac sodium to all the mice according to their 
respective groups, they were observed for 90 minutes. 
The number of mice that experienced extreme status 
epilepticus leading to death and the number of mice that 
survived were counted and used to calculate the survival 
percentage of the total mice population.  
 
Latency to first and continuous seizures 
After the drugs administration the mice were examined to 
observe the onset of first and continuous seizures. The 
time delay in which they experienced seizures was 
selected as their latency to first and continuous seizures. 
 
Duration of continuous seizures 
The mice were observed from the start of continuous 
seizures till the time they were dissected. This period was 
calculated as the duration of continuous seizures.  
 
STATISTICAL ANALYSIS 
 
The data were analyzed using a statistical package for the 
social sciences (SPSS)-21 software. Further, the data were 
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analyzed using one-way analysis of variance (ANOVA) 
followed by Bonferroni’s post hoc test, and all the p 
values below 0.05 were considered significant. 
 

RESULTS 
 
Behavioural Evaluations 
After the administration of pilocarpine, diclofenac 
sodium, and levetiracetam according to their respective 
experimental groups, the mice were evaluated for 90mins 
for the following parameters.  

 
Fig. 1: Effect of drug combination on the percentage of 
survival rate of mice. The percentage survival was 
observed 100% in the control and LEV + DFS groups. 
The least survival rates were observed in the PLC group. 
While the LEV+DFS+PLC group has a higher survival 
rate when compared with the LEV+PLC group. A 
significant increase in the survival rate was observed 
LEV+DFS+PLC in comparison PLC group.  

 
Fig. 2: Effect of drug combination on mean latency to 
first seizure. The longest delay to the first seizure was 
observed in the LEV+DFS+PLC group of about 30mins, 
while when compared with the LEV+PLC group they 
experienced it within 12mins, a statistically significant 
increase in LEV + DFS + PLC group. The least latency 
was observed in the PLC group of about 6mins when 
compared with LEV + DFS + PLC group there was a 
significant decrease in PLC alone. 

Effect of drugs on survival rate 
When the experimental groups were evaluated for the 
effect of drugs on survival rate, it was observed to be 
100% in the normal control and drugs only control group 
i.e. LEV + DFS (fig. 1) On the contrary, the survival rate 
in the disease model group (PLC only) was reduced to 
17%. In comparison to PLC, only the survival was much 
higher (58%) in animals receiving LEV treatment (LEV + 
PLC) which was further improved to 85% in the 
combination treatment group (LEV+DFS+PLC), (P ≤ 
0.05). 

 
Fig. 3: Effect of drug combination on mean latency to 
continuous seizures. The latency for the continuous 
seizures was significantly increased to approximately 50 
mins in the LEV+DFS+PLC group from 17mins as 
compared to the PLC group. While the LEV+PLC group 
experienced continuous seizures within 38mins. 
 
 

 
Fig. 4: Effect of drug combination on the duration of 
continuous seizures. The longest duration of continuous 
seizures was observed in the PLC group while no 
continuous seizures were observed in the control and 
LEV+DFS group. In the LEV+DFS+PLC group, the 
duration of continuous seizures was 12mins which when 
compared to the PLC group there was a significant 
increase to 38mins. In the LEV+PLC group, the 
continuous seizures remained for 24mins. 
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Latencies to First Seizure 
When the pilocarpine challenge was given to the mice, it 
was observed that the seizures started in the first 30-
40mins. The mice experienced different types of seizures, 
some experienced mild to severe head and neck seizures 
at the start while in some mice the first seizure was a full-
body jerk. The shortest delay in the first seizure was 
around 6mins and was observed in the disease model i.e. 
PLC only group and they had seizure onset with a full-
body jerk. Whereas the mice of the combination treatment 
group experienced the longest delay of about 30 minutes. 
This increase in latency to first seizure was significant as 
compared to either PLC only or the LEV+PLC group (P< 
0.001). The control groups experienced no epileptic 
seizures hence ignored in the fig. 2. 
 
Latency to Continuous Seizures 
When the mice were evaluated for latency to continuous 
seizure, the disease model group experienced the onset of 
severe continuous seizures within 17 minutes and their 
severity was observed to be increasing with time. In the 
case of the LEV+PLC group, the latency to continuous 
seizures was around 38 mins. However, the difference in 
latency was not significant when compared to PLC only 
group (P>0.05). While a significant increase in the latency 
to continuous seizures (50 mins) was observed in the 
combination treatment group i.e. LEV+DFS+PLC as 
compared to the disease model or PLC only group 
(P<0.05). The control group and the combination group 
had no continuous seizures therefore they were not 
included in fig. 3.  
 
Duration of Continuous Seizures 
The next parameter evaluated was the average duration of 
continuous seizures (fig. 4). The continuous seizures 
experienced by the disease model group were of increased 
severity leading to death and longest duration i.e. 38mins. 
When the disease group was compared with the 
combination treatment group (DFS+LEV+PLC) not only 
there was a significant decrease in the duration of 
continuous seizures but there was a difference in the 
severity of the epileptic seizures also (P<0.001). While no 
significant difference was observed when PLC was only 
compared with the LEV+PLC group. The control and the 
combination group had no seizures at all during the 
90mins of behavioral evaluation after the drug 
administration.  
 
DISCUSSION 
 
Regardless of the advances in the research on epilepsy, 
countless patients have recurrent seizures even while 
undergoing treatments and among them, around 30-40% 
are resistant to the available AEDS (Yang et al., 2021). 
Therefore, there is a need to elucidate the 
pathophysiological mechanisms of epilepsy to acquire 
new therapies. Inflammation is one of the 

pathophysiological mechanisms causing epilepsy. Several 
experimental studies have reported the role of 
inflammation in epileptogenesis as it is increasing the 
proinflammatory cytokines levels resulting in neuronal 
damage (Billiau et al., 2007, Sinha et al., 2008, Gruol and 
D. L., 2015, Li et al., 2018). In this regard, we aimed to 
investigate the combined protective effect of 
Levetiracetam and Diclofenac sodium on PLC induced 
epileptic seizures in different experimental groups.  
 
The results of our study demonstrated that there was a 
significant increase in the survival rate of treatment 
groups which was maximum in the combination treatment 
group, showing the neuroprotective effect of 
Levetiracetam which was further enhanced with 
diclofenac. Whereas the lowest survival rates in diseases 
models were declined due to the proconvulsant nature of 
pilocarpine and excessive activation of muscarinic 
receptors. These results were in-lined with the study of 
Oliveria et al 2005, providing evidence that pilocarpine 
induces high mortality rates while it is decreased in the 
mice treated with levetiracetam (Oliveira et al., 2005).  
 
The delay in the mean latencies in the onset of first and 
continuous seizures observed in our study was similar to 
the results found in several studies 16-17 (Glien et al., 
2002, Zheng et al., 2010). The latency was decreased by 
LEV via inhibition of calcium influx which leads to 
reduced neurotransmitter release 18( Klitgaard, 2001) and 
prolonged hyperpolarization of GABA gated current 19 
(Niespodziany et al., 2001). On the other hand, the 
duration of the seizures was significantly decreased in the 
combination treatment group. This was possible because 
LEV targeted the synaptic vesicle protein 2A (SV2A) 
preventing neurotransmitters’ release 20-21 (Rigo et al., 
2002, Nowack et al., 2011), and DFS worked as a 
cyclooxygenases inhibitor preventing inflammation which 
is a well-known pathophysiological factor in 
epileptogenesis (Vezzani et al., 2000, Lynch et al., 2004, 
Maroso et al., 2011a, Maroso et al., 2011b). The data 
revealed that there was a synergistic effect of diclofenac 
sodium on the efficacy of levetiracetam. These results are 
further supported by the study of Almaghour et al in 
which the duration of seizures was reduced in mice by the 
combined use of different NSAIDs with another 
antiepileptic drug i.e. diazepam (Almaghour et al., 2014). 
 
As LEV and DFS is a novel drug combination with an 
unknown pathway of their combined effect, it was 
possible that the combination would have led to some 
severe reactions. For this reason, the combination group 
(LEV + DFS) was investigated in which no mice suffered 
seizures at all and when they were dissected their organs 
showed normal morphological features as observed in the 
control group.  
 
Further, the present study is study limited to the acute 
model, and only behavioral aspect has been taken into 
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consideration, in future molecular studies on the same 
drug combination and on chronic epileptic models should 
be done. 
 
CONCLUSION  
 
From the results of the present study, it can be concluded 
that diclofenac sodium increases the efficacy of 
levetiracetam against epileptic seizures. However, 
detailed new molecular and mechanistic studies are 
needed to further confirm their combined utility in 
epileptic patients. 
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