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A BST R AC T   

 

Aim: To investigate the possible anticonvulsive effect of the selective COX-2 inhibitor meloxicam in 

pentylenetetrazole (PTZ)-induced epileptic seizures in mice and to examine its possible role on inhibition and 

excitation balance in the brain. 

Method: 30 BALB-c albino mice (16-18 weeks old) weighing 30-33 gr were used. Animals were randomly 

divided into five groups (n = 6 for each group). Group 1: control, group 2: received saline (10 ml/kg, i.p.) 30 

minutes before PTZ (60 mg/kg i.p.) administration, group 3: received saline (10 ml/kg, i.p.) 30 minutes after 

PTZ (60 mg/kg i.p.) injection, group 4: received 60 mg/kg meloxicam i.p., 30 minutes before PTZ (60 mg/kg 

i.p.) administration. Group 5: received meloxicam (60 mg/kg i.p.) 30 minutes after PTZ injection (60 mg/kg, 

i.p.). The animals were observed for 30 minutes and the seizure stages and first myoclonic jerk times (FMJ) 

were recorded. After 24 hours, brain tissues were removed and the cortex and hippocampus were separated for 

biochemical assessments. ELISA method was used to measure GABA and glutamate levels. 

Results: Administration of meloxicam before PTZ induced seizure, reduced seizure stages and prolonged FMJ 

duration (p<0.05). Pre-treatment with meloxicam increased GABA levels in the cortex and decreased 

glutamate levels in the hippocampus (p<0.05). Post-treatment of meloxicam after PTZ-induced seizure 

increased GABA levels in the hippocampus (p<0.05). 

Conclusion: The results of our experimental study suggest that meloxicam has anti-convulsive effects and 

these effects may be mediated by GABA and glutamate, which are the main indicators of inhibition and 

excitation balance in the brain. 
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Introduction 

Epilepsy is a short-term paroxysmal disorder of 

brain function characterized by sudden, 

abnormal and hypersynchronous discharges 

and seizures observed in a group of neurons in 

the central nervous system [1]. Although many 

studies have been conducted to understand the 

underlying mechanism and to develop 

pharmacological treatment, our knowledge 

about the biological disorders that cause 

epilepsy is limited [2]. Because of this deficit, 

currently available anti-epilepsy treatment is 

symptomatic and ineffective in 30% of cases 

[3]. Therefore, more effective therapies should 

be developed to target epileptogenesis. Various 

molecular and cellular changes accompanying 

 Experimental Biomedical Research                                                   Original article 

mailto:bilalsahin@cumhuriyet.edu.tr
https://orcid.org/0000-0002-4419-1385
https://orcid.org/0000-0002-3261-4125
https://orcid.org/0000-0002-3477-7198


                                              Sahin et al.  / Exp Biomed Res. 2022; 5(1):48-57 

   
 

49 
 

epilepsy include inflammatory processes in the 

brain as well as inhibitory-stimulatory 

processes and an imbalance in the antioxidant 

system [4]. Studies aiming to elucidate the 

processes that lead to epilepsy have suggested 

that inflammation plays an important role both 

as a cause and a consequence of seizure 

development [5]. Additionally, several anti-

inflammatory drugs have been reported for 

antiepileptic activities [6,7]. In contrast, there is 

inverse evidence on the relationship between 

inflammation and epilepsy [2]. Consequently, 

further research is needed to understand this 

relationship. 

Cyclooxygenase-2 (COX-2) has received much 

attention for its important role in the 

development of various inflammatory 

processes over the past two decades, and 

therefore it involves in the formation of seizures 

and the development of epilepsy. The COX 

enzyme group consists of oxygenises that 

convert arachidonic acid to prostaglandins 

(PGs), which are pro-inflammatory mediators 

as COX-1 and COX-2 [8]. While COX-1 is 

mainly expressed in almost all tissue types, 

COX-2 is an inducible isoform-inducible 

enzyme that is primarily localized in immune 

cells such as macrophages and leukocytes, and 

it is upregulated in pathological conditions like 

neuronal death and neuronal hyper-excitability 

and is predominantly expressed in the brain [9]. 

In addition, COX-1 is thought to be involved in 

the homeostatic production of PG while COX-

2 generally produces PGs related to 

pathophysiological processes [10]. In this 

context, COX-2 inhibitor drugs are used for 

treatments to reduce inflammation in both acute 

and chronic conditions [11]. In the past few 

years, a serious research has been done on the 

applicability of COX-2 as a treatment target in 

various neuro-inflammatory diseases, including 

epilepsy.  

The animal models for epilepsy have been 

frequently used to examine the potentiality of 

anti-convulsing effects of COX-2 inhibition 

and its effect on seizure activity and 

development. It has been observed that the 

findings differ in different seizure and treatment 

conditions. Meloxicam, a selective COX-2 

inhibitor, is used clinically to ease 

inflammation, swelling, stiffness, and joint pain 

that is associated with juvenile rheumatoid 

arthritis, osteoarthritis, and rheumatoid arthritis 

as part of class drugs called nonsteroidal anti-

inflammatory (NSAID)[2]. Meloxicam inhibits 

prostaglandin biosynthesis in inflammation 

through COX-2 inhibiting effect [12]. In 

previous studies, meloxicam was observed to 

increase the first myoclonic jerk (FMJ) time in 

acute pentylenetetrazole (PTZ) epilepsy model 

[13] and to reduce the levels of 

myeloperoxidase and malondialdehyde and to 

reintegrate the brain glutathione content [14]. 

Finally, in a study of kindling model epilepsy in 

mice, meloxicam reduced inflammation and 

oxidative stress, and thus it showed anti-

epileptic effects  [15]. Therefore, for the first 

time in this study, in PTZ-induced acute seizure 

mouse model, we examined whether pre- and 

post-treatment of meloxicam would affect 

seizure susceptibility through GABAergic and 

glutamatergic balance in the hippocampus and 

cortex. 

 

Materials and methods 

Animals  

Male adult BALB-c Albino 30-33 g mice (16-

18 weeks old) purchased from Sivas 

Cumhuriyet University were used for 

experiments. The animals were placed in a 

room with an ambient temperature of 22±3°C, 

with a stable humidity between 35–60% and 

with water and food ad libitum. All 

experimental procedures were performed under  
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the guidelines of the Local Ethics Committee of 

Sivas Cumhuriyet University (Registry 

Number: 65202830-050.04.04 dated 

24.02.2020). The animals were acclimated to 

laboratory conditions prior to the assay.  

 

Chemicals  

Pentylenetetrazole and meloxicam were 

dissolved in physiological saline. Solutions 

were freshly prepared for the experiment days. 

All chemicals used in the studies were of 

analytical purity. All drugs were purchased 

from Sigma-Aldrich Co., St Louis, MO, USA.  

 

Experimental protocols  

Thirty mice were randomly divided into five 

clusters for behavioral and biochemical 

evaluations (n = 6 for each groups). Group 1 

was control, group 2 was given intraperitoneal 

saline (10 ml/kg, i.p.) before 30 min PTZ (60 

mg/kg i.p.)[16,17], group 3 was given 

intraperitoneal saline (10 ml/kg, i.p.) after 30 

min PTZ injection (60 mg/kg i.p.), group 4 was 

injected 60 mg/kg meloxicam i.p. before 30 min 

PTZ (60 mg/kg i.p.), and group 5 was 

administered 60 mg/kg meloxicam i.p. after 30  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

min PTZ injection (60 mg/kg i.p.). To 

determine seizure stages, the Racine convulsion 

scale (RCS) was used as follows:  

 Phase 0 = no response after PTZ 

administration  

 Phase 1 = short or long-term ear and 

facial twitching 

 Phase 2 = myoclonic body jerks and 

severe myoclonic reflexes  

 Phase 3 = clonic forelimb convulsions, 

severe rearing-up on hind-legs and 

transition to clonic seizure  

 Phase 4 = short or long-term tonic clonic 

seizures  

 Phase 5 = Severe recurrent generalized 

tonic-clonic seizures 

 Phase 6 = lethal seizure/death 

For 30 min., mice were observed both for 

assessing seizure stage and recording the time 

of the first myoclonic jerk (FMJ) with Phase 3 

seizures [18]. Animals were sacrificed and the 

hippocampus and cortex tissues were removed 

for the assessment of biochemical parameters. 

The experimental design is shown in detail in 

Figure 1. 

 

Figure 1. Experimental design of the study (created with BioRender.com). 
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Biochemical analysis of glutamate and 

gamma amino butyric acid (GABA) 

The cortical and hippocampal regions of brain 

tissues were homogenized at (pH 7.4) in ice-

cold Phosphate Buffered Saline (PBS) solution 

by using a manual homogenizer, and then they 

were centrifuged at 12.000g for 10 min at 4°C. 

The supernatants of the centrifuged 

homogenates were removed. Mice ELISA 

commercial kits (YL Biont, Shanghai, China, 

detection range: 24.69-2000pg/mL) were used 

to measure glutamate and GABA levels from 

cortical and hippocampal supernatants 

according to the manufacturer's instructions. In 

summary, standard and tissue samples were 

added to the plate and were incubated for 60 

minutes at 37°C. Following the wash stage, 

staining solutions     were     added   and   were  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

incubated for 15 minutes at 37°C. Stop solution 

was added and it was read as 450 nm. To 

determine the total protein content of samples, 

Bradford method was used to optimize 

outcomes from the hippocampus and 

cortex[19]. 

Statistical analysis  

The data were presented as mean ± SEM 

(standard error of the mean). For all data, the 

one-way analysis of variance (ANOVA) with 

Tukey post hoc comparisons test was used. The 

criterion for the statistical significance less than 

5% was accepted. 

 

Results 

The effect of Meloxicam on epileptic 

behaviour 

The epileptic seizure scores were significantly 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2A, B. The effect of Meloxicam on seizure stage and FMJ time 

 

 
Figure 3A, B.  Effect of meloxicam on GABA levels. (A), Cortex (B), Hippocampus. Values are 

presented as mean ± SEM. **p<0.01 compared with control group. ++p<0.01, +++p<0.001 compared 

with saline+PTZ group. ##p<0.01, ###p<0.001 compared with PTZ+saline group.  
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lower in meloxicam+PTZ group by comparison 

with the saline+PTZ group (p< 0.05).  (Figure 

2A).  

The FMJ time was significantly higher in 

meloxicam+PTZ group (1.44±0.03 min) by 

comparison with saline+PTZ group (1.24±0.02 

min) (p< 0.05). (Figure 2B). No seizure-related 

death was observed in mice during PTZ -

induced acute seizure experiments. 

 

The effect of Meloxicam on GABA levels in 

cortex and hippocampus 

In the cortex, there was no statistically 

significant difference between saline+PTZ and 

PTZ+saline group by comparison with control 

group (0.52±0.04 8 nmol/g protein) (p>0.05). 

On the other hand, there was a significant 

difference between meloxicam+PTZ group 

(0.69±0.8 nmol/g protein) by comparison with 

the saline+PTZ group (0.43±0.01 nmol/g 

protein) (p< 0.05). Otherwise, there was no 

statistically significant difference between 

PTZ+meloxicam and PTZ+saline group 

(p>0.05) (Figure 3A). In the hippocampus, 

GABA levels   were    significantly   higher   in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PTZ+meloxicam group (1.69±0.20 nmol/g 

protein) by comparison with the control 

(1.08±0.04 nmol/g protein) (p< 0.05) and 

PTZ+saline (0.86±0.03 nmol/g protein) 

(p<0.001) groups (1.23±0.04 nmol/g protein) 

(p<0.01).  

Furthermore, GABA levels were higher in 

meloxicam+PTZ group (1.22±0.04 nmol/g 

protein) by comparison with saline+PTZ group 

(0.83±0.03 nmol/g protein) (p< 0.05). 

However, no statistically significant difference 

was found between PTZ+meloxicam 

(1.62±0.16 nmol/g protein) and PTZ+saline 

group in the hippocampus (p>0.05) (Figure 

3B). 

No seizure-related death was observed in mice 

during PTZ-induced acute seizure experiments. 

 

The effect of Meloxicam on glutamate levels 

in cortex and hippocampus 

In the cortex, no statistically significant 

difference was found between saline+PTZ and 

meloxicam+PTZ groups (p> 0.05). Similarly, 

there was no statistically significant difference 

between PTZ + saline   and   PTZ + meloxicam 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Effect of meloxicam on glutamate levels. (A), Cortex (B), Hippocampus. Values are 

presented as mean ± SEM. **p<0.01 compared with control group. ++p<0.01, +++p<0.001 compared 

with saline+PTZ group. ##p<0.01, ###p<0.001 compared with PTZ+saline group. 
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groups (p> 0.05). Contrarily, glutamate levels 

were significantly higher in the saline+PTZ 

(1.82±0.04 nmol/g protein) and PTZ+saline 

group (1.82±0.05 nmol/g protein) by 

comparison with the control group (1.13±0.03 

nmol/g protein) (p< 0.01). Moreover, glutamate 

levels were higher in the meloxicam+PTZ 

group (1.75±0.20 nmol/g protein) by 

comparison with the control group (p< 0.05). 

However, in the cortex, no significant 

difference was found in PTZ+meloxicam group 

(1.62±0.16 nmol/g protein) by comparison with 

the control group (p> 0.05) (Figure 4A). In the 

Hippocampus, glutamate levels in saline+PTZ 

(4.50±0.35 nmol/g protein), PTZ+saline 

(4.88±0.12 nmol/g protein) and 

PTZ+meloxicam groups (4.41±0.16 nmol/g 

protein) were higher than the control group 

(2.12±0.22 nmol/g protein) (p=0.0001). 

However, glutamate levels in meloxicam+PTZ 

group (2.42±0.25 nmol/g protein) were 

significantly lower than saline+PTZ group (p< 

0.001) (Figure 4B). In addition, there was no 

statistically significant difference between 

PTZ+saline and PTZ+meloxicam groups (p> 

0.05). 

 

Discussion 

In the present study, it is shown that 

administration of meloxicam, a COX-2 

inhibitor, before and after PTZ-induced acute 

seizures in mice reduces seizure stages and 

increases FMJ, and therefore it shows an 

anticonvulsant activity. Preliminary 

administration of meloxicam has increased 

GABA levels both in the cortex and 

hippocampus, and it has decreased glutamate 

levels in the hippocampus. On the other hand, 

administration of meloxicam after seizure 

induction has no effect on glutamate levels, but 

it has increased GABA levels in the 

hippocampus. These findings suggest that the 

anticonvulsant activity of meloxicam in acute 

PTZ-induced seizures in mice may be mediated 

through the levels of GABA and glutamate, two 

of the most important molecules in the 

inhibition and excitation processes in brain. 

In brain, COX-2 is expressed in discrete 

neuronal populations, particularly in the cortex 

and hippocampus [20]. In many reports, it has 

been stated that COX-2 plays a significant role 

in some neurological disorders such as 

Alzheimer's disease [21], traumatic brain injury 

[22], cerebral ischemia [23], and epilepsy [24]. 

The effect of COX-2 inhibitors on seizure type 

and seizure activity may vary according to 

different seizure and treatment conditions. Pre-

treatment with selective COX-2 inhibitors 

nimesulide and rofecoxib for 45 minutes prior 

to seizure induction has demonstrated the 

diverse efficacy of COX-2 inhibitors in 3 

different types of seizure models in mice. These 

inhibitors have showed anti-convulsing 

activities by increasing the mean onset time of 

seizures and by reducing seizure duration in 

bicuculline- and picrotoxin-induced seizures; 

on the other hand, they have revealed no effect 

in maximal electroshock-induced seizures [7]. 

It shows that the administration of the COX-2 

inhibitor rofecoxib at 2 mg/kg and 4 mg/kg 

increases the seizure threshold, but it does not 

show that there are any anticonvulsive effects at 

a low dose, and consequently, there is a dose-

dependent effect [25]. Pre-treatment with the 

selective COX-2 inhibitor, celecoxib, also 

shows the anticonvulsant effects in 60 minutes 

before seizure induction in the PTZ-induced rat 

model [26]. Similarly, in our study, pre-

treatment with meloxicam shows the 

anticonvulsant effect in 30 minutes before 

seizure induction. Moreover, selective COX-2 

inhibitor, etoricoxib, shows an anticonvulsant 

effect both in PTZ-induced rat model and 

genetic Wag/Rij absence epilepsy rat model. 
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However, a number of studies suggest that pre-

treatment with COX-2 inhibitors could have a 

proconvulsive effect [27,28].  

Animal models of epilepsy, including PTZ-

induced acute seizures, are widely used to 

identify molecules with anticonvulsant 

potential and to investigate their efficacy. PTZ 

exerts its convulsive effect by inhibiting the 

GABAA receptor. Decreased GABAergic 

activity and increased glutaminergic system 

activity are shown as the most frequent causes 

of seizures [29]. GABAA receptor and a ligand-

gated chloride channel mediate inhibitory 

transmission at synapses. In the present work, 

we have found that PTZ-induced epileptic 

seizure activity decreases due to the pre- and 

post-treatment with the COX-2 inhibitor 

meloxicam. COX-2 mRNA and protein 

induction, for the first time, have been revealed 

in the hippocampus and cerebral cortex tissues 

of rats in a seizure model induced by a 

maximum electroconvulsive shock [20]. In the 

same study, it is also shown that COX-2 

induction is regulated by glutamatergic N-

methyl-D-aspartate (NMDA) receptor-

dependent synaptic activity. Several studies 

have demonstrated that meloxicam prevents 

ischemia-induced excitotoxicity by changing 

the transcript levels of different genes of the 

glutamatergic system, especially NMDA and 

AMPA receptor subunits [30–32].  

PGE2, the major product of COX-2, binds EP1 

receptor with a higher affinity which is a 

subfamily of G protein-coupled receptors 

(GPCRs). It has been suggested that COX-2 

inhibitors exhibit an anticonvulsant activity by 

reducing PGE2 production and lead to a 

decrease in EP receptor activation, and as a 

result, they reduce calcium ion entry and the 

release of the excitatory neurotransmitter 

glutamate, thereby blocking seizures [33]. 

These findings are consistent with this current 

study in which meloxicam decreases glutamate 

levels in the hippocampus. Activation of COX-

2 also increases oxidative stress by increasing 

the production of free radicals. Increased 

oxidative stress causes continuous apoptosis of 

GABAergic neurons, leading to an increase in 

glutamate-mediated excitation in neuronal 

network [34]. Selective COX-2 inhibitor, NS-

398, causes up-regulation in the expression of 

GABAA receptors, thus, it prevents epileptic 

seizures by reducing neuronal excitability via 

MAPK/ERK pathway in hippocampus in 

pilocarpine-induced status epilepticus in rats 

[35]. Similarly, in our study, both pre- and post- 

treatments with meloxicam have increased 

GABA levels in the cortex and hippocampus. 

The data suggest that meloxicam shows its anti-

convulsive effect by increasing GABAergic 

activity with pre- and post- treatments and by 

reducing glutamatergic activity in hippocampus 

via pre- treatment. 

 

Conclusion 

In conclusion, meloxicam shows an anti-

epileptic effect on mice both in pre- and post-

treatments through GABA and glutamate in 

PTZ-induced acute seizure models. However, 

there is a need for further research to understand 

the underlying mechanisms. 
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