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INTRODUCTION  

Epilepsy and seizures disorders affect 50 million 

people around the world and contribute to morbidity and 

mortality [1]. The use of antiepileptic drugs is limited due 

to the vast array of adverse effects. Such as cognitive 

impairment, effective disorders and recurring seizures [2]. 

Hence, there is a need for the development of new 

antiepileptic drugs with fewer adverse effects and high 

efficacy. Pentylenetetrazole, a prototype chemoconvulsant, 

is commonly employed for inducing experimental 
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ABSTRACT 

 The present study aims to investigate the involvement of nitric oxide (NO) in the convulsive state induced by 

pentylenetetrazole (PTZ). Moreover, to evaluate the anticonvulsant effects of resveratrol on nitric oxide alternation in the 

PTZ induced epilepsy in rats. Adult male albino rats were divided into 8 groups: control group (CN), PTZ induced epileptic 

non treated rats, epileptic rats treated with L-argenine (NO precursor) 30 min prior to convulsant state with PTZ, epileptic 

rats treated with N (G) nitro L-argenine (L-NOARG) (NO synthtase inhibitor) 30min prior to convulsive state, epileptic 

rats treated with resveratrol 30 min before induction of experimental epilepsy with PTZ, epileptic rats treated with 

coadministration of L-argenine and resvestrol 30 min prior to convulsive state induced  by PTZ, epileptic rats treated with 

coadministration of L-NORAG and  resveratrol 30 min prior to convulsive state induced by PTZ, and epileptic rats treated 

with coadministration of L-argenine, L-NORAG and resveratrol 30 min prior to convulsive state. The latency and duration 

of tonic-clonic seizures were recorded. Present work revealed that convulsive state induced by PTZ resulted in significant 

elevation (p≤0.05) of NOx (NO metabolites, NO
2-

 plus NO
3-

 as indices of NO generation), compared with normal rats. L-

argenine induced significant elevation (P≤0.05) in cortical NOx and non-significant increase in the duration of clonic 

seizures, but both L-NORG and resveratrol significantly reduce (p≤0.05) both cortical NOx and duration of clonic seizures 

compared with epileptic treated group. Combined administration of L-argenine and resveratrol resulted in significant 

increase of both cortical NOx and duration of clonic seizures compared with resveratrol treated epileptic group. Moreover, 

combined administration of L-NOARG and resveratrol  resulted in significant reduction (P≤0.05) of both cortical NOx and 

duration of clonic seizures. The last result was reversed by co-administration of L-argenine to L-NOARG and resveratrol 

which resulted in significant increase of cortical NOx and the duration of clonic seizures. This study reflects that NO has a 

significant effect on the PTZ- induced seizures. Moreover, the involvement of NO pathway in the mechanism of action of 

resveratrol seems probable, since the effect of NOSi was reversed by L-argenine. The present data promising 

anticonvulsant and potent antioxidant effects of resveratrol in reducing nitric oxide and induction of seizures in epileptic 

animals. 
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for the evaluation of antiepileptic agents. A part from 

blocking the chloride ionopore coupled to GABA receptors, 

seizures excite toxicity and free radical generation have 

been implicated in the mechanism of seizures induced by 

PTZ [3]. 

Seizures discharge are initiated in the parietal area, 

then generalized through the hippocampus. It is well 

established that alternation in excitatory and inhibitory 

aminoacids play a crucial role in the initiation, spread and 

termination of epileptic activity [4]. Oxidative stress and 

free radicals production are of the most important 

mechanisms by which neurological disorders such as 

epileptic seizure occur [5]. NO is known as a 

neurotransmitter in the brain that has shown paradoxical 

role in seizure modulation, as an inhibitor [6,7] and 

promoter [8]  in different cases. Nitric oxide (NO) has 

recently been shown to be a novel class of neurotransmitter 

and cell to cell signaling agent [9]. It is produced in neurons 

and glia by the enzyme nitric oxide synthetase (NOS) and 

induces the formation of guanylate cyclase and it has been 

shown to contribute to glutamate excitotoxicity. Its role in 

epileptic activity is unclear. NO is formed from L-argenine 

by the enzyme NO synthase (NOS) [10] and the 

involvement  of NO in epileptic disorders has been shown 

in experiments with systemic injection  of NOS inhibitors 

[11,12]. However, NOS inhibitor treatment has been 

reported to augment [13] or to inhibit experimentally 

induced seizures. 

 Resveratrol (3,5,4′-trihydroxystilbene) is a 

polyphenolic phytoalexin that occurs naturally in many 

plant parts and products, such as grapes, berries, red wine, 

and peanut skins [14] and has numerous beneficial health 

effects. Evidence indicates that resveratrol exerts 

neuroprotective effects against diabetes-induced oxidative 

damage [15,16]. Resveratrol is also cardioprotective [17] 

anti-inflammatory [18] prevents certain cancers [19]. 

The present study aims to investigate the 

involvement of NO in the convulsive state induced by 

pentylenetetrazole. Moreover, to evaluate the possible anti-

epileptogenic effects of resveratrol on nitric oxide 

alternation in the PTZ treated rats.  

 

MATERIAL AND METHODS  

Animals used 

                     Adult male albino rats, weighing 140±20 gm 

were used for the experiment brought from (Experimental 

Animal Breeding Farm, Helwan - Cairo). All animals were 

housed in controlled laboratory condition at 20 -25C in a 

12h light/dark cycle and had free access to standard 

laboratory chow (El-Nasr Company, Abou-Zaabal, Cairo, 

Egypt) and water. They have acclimatized for one week and 

were caged (6/cage) in fully ventilated room (at room 

temperature) in pharmacology department, Benha Faculty 

of Medicine. All experimental protocols were approved by 

the committee of Benha University. 

Drugs:  

- Resveratrol (Sigma-Aldrich, MO, USA). 

- L-argenine (Winlab. Leicestershire U.K) 

- Pentylenetetrazole (Leptazole) El-Nile Pharmacochem. 

Co. 

- N(G) Nitro-L-argenine (Sigma Chemical Co. St. Louis, 

Mo, USA) 

 

Design study 

 To investigate the role of NO in epileptogenesis 

of rats and its involvement of the antiepileptic effects of 

resveratrol, an experimental model of epilepsy was created 

by injection of PTZ in a dose 60 mg/kg I.P [20] in rats. 

Pentylenetetrazole (PTZ) was prepared daily by dissolving 

in normal saline. Test materials were administered in a 

volume not exceeding 10mg/kg, 30 min. before the seizure 

induction by PTZ. Animals were observed for myoclonic 

jerk latency and the occurrence of generalized tonic 

seizures up to 30 min. after PTZ injection [21]. The ability 

of a drug to prevent the seizures or delay/ prolong the 

latency or onset of the tonic hind-limb extensions was 

considered as an indication of anticonvulsant activity. 

Epilepsy was induced in 8 groups of rats (n= 12 in each 

group): 

 

Group (1): Control group, this group did not receive any 

drug they were given equivalent amount of drug vehicle 

I.P. 

Group (2): Epileptic non treated rats. 

Group (3): Epileptic rats were treated with L-argenine 

(150mg/kg I.P) 30 min prior to convulsive challenge with 

PTZ (60mg/kg I.P). 

Group (4): Epileptic rats were treated with N (G) nitro L-

argenine (120 mg/kg I.P) 30 min prior to convulsive state 

induced with PTZ (60 mg/kg I.P). 

Group (5): Epileptic rats were treated with resveratrol (80 

mg/kg I.P) 30 min before induction of experimental 

epilepsy with PTZ (60mg/kg I.P). 

Group (6): Epileptic rats treated with coadministration of 

L-argenine (150mg/kg I.P) and resveratrol (80mg/kg I.P) 

30 min prior to convulsive state induced by PTZ (60mg/kg 

I.P). 

Group (7): Epileptic rats treated with coadministration of 

L-NORAG (120mg/kg I.P) and resveratrol (80 mg/kg I.P). 

Group (8):  Epileptic rats treated with coadministration of 

L-argenine (150mg/kg I.P), L-NORAG (120mg/kg I.P) and 

resveratrol (80 mg/kg I.P) 30 min prior to convulsive 

challenge with PTZ (60mg/kg I.P).  

 The doses of the drugs used in the present work 

were according to previous pilot experiments [22,23]. The 

duration of clonic seizures were detected in each group and 

represented as mean ±S.E. 

                At the end of the experiments, rats were 

decapitated, the skull was opened, cerebral cortex was 

dissected and its NO was estimated as nitrite (NO
2-

) and 

nitrates (NO
3-

).Supernatant NO content was assayed by the 

Griess method [24]. Since NO is a compound with a short 
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half-life and is rapidly converted to the stable end products 

of nitrate (NO3-) and nitrite (NO2-), the principle of the 

assay is the conversion of nitrate into nitrite by cadmium 

and followed by color development with Griess reagent 

(sulfanilamide and n-naphthyl ethylenediamine) in acidic 

medium. The total nitrite was measured by Griess reaction. 

The absorbance was determined at 540 nm with a 

spectrophotometer. NO
3-

 was measured in the same 

samples according the method described by Hashiguchi et 

al [25]. 

 

Statistical analysis: Results of the present work were 

presented as mean± S.E. P values were calculated by 

unpaired (t) test, P≤0.05 was taken as the limit of 

significance. 

 

RESULTS 

1- Effect of Resveratrol against PTZ-induced seizures: 

                 when resveratrol was administered at dose of 80 

mg/kg 30 min prior to PTZ challenge, the latency of 

myoclonic jerks increased significantly (p<0.05) as 

compared with PTZ. There was also a decrease in the 

incidences of generalized tonic-clonic convulsions (Figure 

1). Moreover, resveratrol decreased cortical level of nitric 

oxide significantly (p<0.05) as compared with PTZ 

(Figure2). 

 

Figure 1. Effect of L-argenine (150mg/kg I.P), L-NOARG (120mg/kg I.P), resveratrol (80 mg/kg I.P and co-administration of 

L-argenine (150mg/kg I.P) + resveratrol (80 mg/kg I.P) and effect of L-NORG (120 mg/kg I.P) + resveratrol (80mg/kg I.P) and 

combined administration of L-argenine (150mg/kg I.P)+L-NOARG (120 mg/kg I.P) + resveratrol (80 mg/kg I.P) against 

epilepsy-induced by PTZ (60mg/kg I.P) in male adult rats measured in seconds  (means ±S.E) 

N:B # non-significant effect in compared with epileptic non treated group 

 
 *significant effect in compared with epileptic non treated group.     **significant effect   compared with resveratrol (RESV.) 

group 

 

Figure 2. shows the concentration of NOx (ug/gm) in cerebral cortex of rat’s brain and the effect of L-argenine (150mg/kg I.P), 

L-NOARG (120 mg/kg I.P), resveratrol (80 mg/kg I.P), and combined effects of L-NOARG (120 mg/kg I.P.) + Resveratrol (80 

mg/kg I.P) and lastly co-administration of L-argenine (150mg/kg I.P) +L-NOARG (120 mg/kg I.P) + Resveratrol (80 mg/kg I.P) 

against PTZ induced seizures in rats. 

 



Vol 4 | Issue 3 | 2014 | 133-138. 
 

136 | P a g e  
 

DISCUSSION 
             Epilepsy is a common disorder, affecting roughly 

0.5% of the population. The first line antiepileptic drugs 

(AEDs) such as benzodiazepines and phenytoin used for the 

treatment of status epileptics are ineffective in ~40% of 

patients [26,27]. So, efficient alternative therapies are 

necessary for preventing status epileptics-induced mortality 

and morbidity.  

             The treatment of epilepsy remain far from adequate 

primarily due to inadequate understanding of the 

pathophysiology of seizures whether or not, a disturbance 

of excitatory or inhibitory transmission is part of the  

mechanism of epilepsy. Convulsant drugs, such as PTZ are 

often used. It has been found that activity in inhibiting PTZ 

induced convulsions is a fairly good index of effectiveness 

against seizures [28]. NO content in rat’s brain cortex was 

determined by measuring NO metabolites as indices of NO 

generation. 

               In the present study L-argenine, substrate for NO 

generation, significantly increased the duration of clonic 

seizures.  These results were in line with McNamara et al, 

who reported that L-argenine at different doses (75, 150, 

and 300 mg/kg) increased the intensity of current required 

to produce a threshold seizure and significantly decreased 

the dose of PTZ required to produce a threshold seizure. 

Han et al reported that L-arginine increased seizure severity 

in response to subconvulsive dose of NMDA, suggesting 

that NO is a proconvulsant mediator.  

              Epileptic rats pretreated with L-NOARG, showed 

significant reduction of both cortical NOx content and 

duration of clonic seizures. Akula et al 29] examined the 

effect of systemic injection of L-NOARG on PTZ induced 

seizures reaching the conclusion that L-NOARG 

preferentially suppressed tonic generalized extension and 

prolonged its onset latency. PTZ induced seizures are 

related to the activation of NMDA receptors and to 

competitive inhibition of GABA neurotransmission. GABA 

and NMDA increase intracellular Ca2+ which activate NO 

synthase [30]. Thus L-NOARG inhibition of NOS could 

help to suppress NO and seizures. NO is formed from L-

argenine by the enzyme NO synthae and the involvement of 

NO in epileptic disorder has been shown in experiments 

with systemic injection of NOS inhibitors [31].   

             However, NOS inhibitor treatment has been 

reported either to augment or inhibit experimentally 

induced seizures. Acute effects of NO might involve an 

influence of NO on NMDA- mediated neurotransmission. 

NO has a complex influence on this mediated 

neurotransmission. NO has a complex influence on this 

neurotransmission. It may mediate that NMDA-induced 

increase in cGMP but simultaneously inhibit the NMDA-

induced increase in intracellular Ca2+ and NOS activity, 

and block NMDA receptor. The influence of NO on 

NMDA neurotransmission may vary widely according to 

epilepsy model, drug concentration, and site of injection 

which might explain the range of conflicting results on the 

role of NO in NMDA-mediated events such as epilepsy 

[32] demonstrated that exogenously applied NO or its 

precursors can enhance seizure triggering activity. 

             Bashkatova et al [33] found dramatic elevation of 

NO production was found during PTZ-induced epileptiform 

seizures. These results suggesting a potential role for NO in 

mechanisms regulating seizures induction and propagation. 

Rajasekaran et al [34] reported evidence for a trigger role of 

neuronally produced NO in epileptogenesis induced by 

picrotoxin. 

             Result of the present study also, showed that 

resveratrol significantly reduced cortical NOx and duration 

of clonic seizures. These results are in line with other 

studies showing the positive effects of resveratrol and other 

polyphenols [35] on nitric oxide synthase. A study by 

Virgili and Contestabile [36] was the first to suggest a 

neuroprotective property for resveratrol against excitotoxic 

brain injury. Another study demonstrated the protective 

effect of resveratrol pretreatment on kainic acid  induced 

seizures and oxidative stress [37].  They suggested that 

cGMP/NO system may participate in neuroprotective 

effects of resveratrol. Also, Bastianetto et al [38] reported 

participation of NO in neuroprotective abilities of 

resveratrol and other red wine constituents against nitric 

oxide‐related toxicity in cultured hippocampal neurons. 

Furthermore, a study has shown neuroprotection when 

resveratrol was administered prior to intra-cortical 

placement of FeCl3 [39]. In the absence of resveratrol 

treatment, FeCl3 treated animals exhibited significant 

epileptiform electroencephalogram (EEG) discharges and 

increased levels of the oxidative stress marker 

malondialdehyde in the brain tissue. However, in animals 

that received resveratrol (20 or 40 mg/kg i.p.) 30 min prior 

to FeCl3 treatment, the onset of the epileptiform EEG 

discharges was delayed and malondialdehyde levels were 

reduced. 

             In order to prove the involvement of NO in the 

antiepileptic effect of resveratrol. Results of the present 

work showed that combined administration of L-argenine 

and resveratrol resulted in significant elevation of cortical 

NOx and increased the duration of clonic seizures. Gupta et 

al [40] found that the antiepileptic activity of resveratrol 

against PTZ induced clonic and tonic seizures was reversed 

by L-argenine. Moreover, combined administration of L-

NOARG and resveratrol resulted in significant reduction of 

cortical NOx and duration of clonic seizures, but this effect 

was completely reversed by combined administration of L-

argenine to both resveratrol and L-NORAG. Similar results 

were obtained by Padin et al [41].   

                In conclusion, results of the present work 

revealed that NO may be involved in seizures induced by 

PTZ model and suggest that NO may be involved in 

anticonvulsant effect of resveratrol against PTZ induced 

seizures. It appears that resveratrol has a promise as a 

therapeutic drug for acute seizure-induced chronic epilepsy 

development.  
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