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The aim of this study was to investigate the effect of the loop diuretic, furosemide, on maximal 
electroshock- and leptazol-induced seizures in mice. Mice were given furosemide, phenytoin and 
diazepam intraperitoneally and after 30 min they were challenged with maximal electroshock (MES) or 
leptazol. In MES, furosemide at doses of 25 and 50 mg/kg did not protect against hind limb tonic 
extension (HLTE) while phenytoin (25 mg/kg) provided protection against HLTE. Furosemide at doses of 
25 and 50 mg/kg afforded protection against leptazol-induced Racine stage 4 seizures (P < 0.05), but 
100% (all the animals in a group surviving) protection was only provided at 30 min by the 50 mg/kg 
dose.  Diazepam at 2 mg/kg did not offer 100% protection at 30 min. Results provide evidence that 
furosemide is effective against leptazol-induced seizures, but not against maximal electroshock-
induced seizures; and the present results suggest that furosemide is more potent than diazepam 
against leptazol-induced seizures.  
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INTRODUCTION 
 
The maximal electroshock (MES) is a useful tool for 
evaluating generalized tonic-clonic (grand mal) seizures 
(Territo et al., 2007). In mice, MES-induced seizures 
consist of initial tonic flexion, then hind limb tonic 
extension (HLTE), followed by the stage of clonus and 
terminal stupor. The endpoint of efficacy is taken as 
inhibition or abolition of HLTE (Naveen et al., 2011; 
Porter et al., 1984).  Pentylenetetrazol (also known as 
leptazol  or   PTZ)   at   high   doses   interacts   with   the 
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Abbreviations: MES, maximal electroshock; GABA, 
gamma-amino butyric acid; NKCC1, isoform 1 of the Na+-
K+-2Cl co-transporter; KCC2, isoform 2 of the K+-2Cl co-
transporter; BDNF, brain-derived neurotrophic factor; 
TrkB, tropomyosin-related tyrosine kinase receptor B; 
NMDA, N-methyl-D-aspartate; ECS, extra-cellular space; 
NADPH, nicotinamide adenine dinucleotide phosphate 
hydrogen; SD, standard deviation; ANOVA, analysis of 
variance. 

picrotoxin site of the gamma-amino butyric acidA (GABAA) 
receptor to inhibit the specific binding of GABA and cause 
convulsions. Leptazol-induced convulsion is now known 
to lead to widespread hippocampal apoptotic neuronal 
cell death by activation of caspase-3 (Nasser et al., 
2009). Though leptazol-induced convulsions may be 
considered as more characteristic of grand-mal, the 
leptazol (PTZ) seizure model is also considered valid for 
human generalized myoclonic and absence seizures 
(Kumar and Madhab, 2011; Kent and Webster, 1983). 
Four stages of PTZ-induced seizures (Racine, 1972) are 
generally recognized: (0) no seizure; (1) stage of facial 
automatisms; (2) stage of head nodding and jerks; (3) 
stage of forelimb clonus; (4) stage of rearing and falling 
with forelimb clonus (generalized motor seizures) which 
may be taken to be the endpoint of efficacy. Phenytoin, 
by its stabilization of the sodium channel in the inactive 
state and by its inhibition of the calcium channel, blocks 
and prevents post-tetanic potentiation, limits development 
of maximal seizure activity and reduces the spread of 
seizures (Sankar and Holmes, 2004); attributes that have 
made it useful also for  leptazol-induced seizures (Leach 
et  al.,   1991).   Phenytoin   can   also   cause   reciprocal 
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modulation of glutamate and GABA release which leads 
to simultaneous reduction in synaptic excitation and an 
increase in inhibition in cortical networks (Cunningham et 
al., 1999). Phenytoin may paradoxically facilitate 
epileptogenesis and precipitate absence seizures since it 
may indirectly increase hypersynchronisation of neuronal 
discharges (Murthy, 2011). Diazepam, which enhances 
GABAergic mechanisms, has been found to be 
protective, alone or in combination, against leptazol-
induced seizures (Billimoria et al., 1981) and MES-
induced seizures (Srivastava and Gupta, 2001). 
Investigators have hinged the anti-epileptic actions of 
furosemide on its diuretic mechanisms (Hesdorffer et al., 
2001; Holtkamp et al, 2003). Plausible as this seemed, it 
did not explain the magnitude of furosemide’s 
antiepileptic action as compared to other carbonic 
anhydrase-inhibiting diuretics, such as acetazolamide 
(Staley, 2002) or cation-chloride co-transporter blocking 
diuretics, such as bumetanide (Margineau and Klitgaard, 
2006). Moreover, the antiepileptic effect of furosemide 
has not been related to a change in CSF osmolality as it 
is the case with mannitol (Stringer and Pan, 1997). 
Furosemide may interfere with the packaging of the 
excitatory neurotransmitter, glutamate, into synaptic 
vesicles reducing the ability of a nerve terminal to release 
glutamate. Furosemide could also interfere with glial 
glutamate transport, reducing glial-neuronal glutamate 
recycling necessary for sustained synaptic transmission 
(Staley et al., 1998). Furosemide blocks the inwardly 
directing cation-chloride co-transporter, NKCC1, at lower 
micromolar concentrations than for the outwardly 
directing cation chloride co-transporter, KCC2 (Friauf et 
al., 2011). This blocking effect of high doses of 
furosemide on KCC2 has the same time-course as low 
chloride solution in decreasing epileptic activity 
(Hochman et al., 1999), inferring that prevention of 
neuronal extrusion of [Cl-] by KCC2-blockers may result in 
decreases in [Cl-]o that can be anti-epileptogenic, while 
the blocking action of furosemide on NKCC1 may 
decrease cell volume and increase extracellular space 
that is shrinked by ictal episodes probably mediated by 
the epileptogenicity of tropomysin-related tyrosine kinase 
receptorB (TrkB), the brain-derived neurotrophic factor 
(BDNF) receptor (He et al., 2004). Additionally, 
furosemide may synergise with BDNF in the induction of 
neuropeptide Y release which is one of the 
neuromodulators involved in seizure termination (Lado 
and Moshe, 2008).   

The aim of this study was to evaluate the effect of the 
loop diuretic, furosemide, in the PTZ and MES models of 
epilepsy in mice and to compare its anticonvulsant effect 
with that of diazepam in the PTZ model and with phenytoin 
in the MES model. 
 

 
MATERIALS AND METHODS 

 
Male albino mice  (20 to 40 g)  were  allowed  to  acclimatize  in  the 

 
 
 
 
University’s Animal House for two weeks before they were divided 
into groups of 6 mice each in separate labeled cages for control 
(0.2 ml of 10% Tween 80), furosemide at doses of 25 and 50 
mg/kg; phenytoin at a dose of 25 mg/kg and diazepam, at dose of 2 
mg/kg. They were then transported to the Laboratory and one hour 
elapsed before the injections were given intra-peritoneally (ip). 
 
 
PTZ-induced seizures 

 
In this model, the effects of the control group, the diazepam 
groupand the furosemide groups were compared. The injections 
were given intra-peritoneally as stated earlier. After 30 min, 70 
mg/kg of pentylenetetrazol (leptazol) was administered ip. Animals 
were observed for onset and character of myoclonic spasms and 
tonic-clonic convulsions (Racine stage 4 generalized motor 
seizures) up to 60 min after leptazol injection. The animals could 
convulse and recover (when protection is assumed) or convulse 
and die. 100% protection is assumed if no animal in the group 
convulses and dies. Arumugam et al. (2009) reported that the 
percentage of prevention of mortality in a group of rodents (n = 6) 
was a useful index of protection by antiseizure agents. Latency was 
determined by the time needed for the development of unequivocal 
sustained seizure activity which is Racine stage 4 (Khosla and 
Pandhi, 2001). 
 
 
MES-induced seizures 
 
In another related experiment, groups of mice with 6 in each group 
were given same doses of control injection, Furosemide and 
phenytoin. After 30 min, maximal electroshock was delivered by a 
Rodent Shocker convulsiometer through ear clips. Seizure 
induction was by alternating current of 50 mA and stimulus duration 
was 0.2 s. Animals were observed closely for 2 min for duration or 
abolition of HLTE which was the endpoint of efficacy and an 
indication of seizure prevention (Browning, 1992). Drugs were 
purchased from Sigma-Aldrich via Rovet Chemicals, Benin-City. 
 
 
Statistical analysis 
 
Results are expressed in seconds (s) ± standard deviation (SD). 
Mann-Whitney non-parametric test was used to compare two 
groups for significant difference and was considered significant if  P 
< 0.05. Analysis of variance (ANOVA) was used for multiple sample 
analysis followed by post-hoc Tukey’s test and P < 0.05 was taken 
to be significant difference. 

 
 
RESULTS 
 
Table 1 shows that there is a significant dose-response 
relationship to furosemide F(2, 15) = 14.35, (P < 0.05). 
Effect was maximal with the 50 mg/kg dose against 
leptazol-induced seizures which provided 100% 
protection as compared to the 66.6% protection provided 
by diazepam. Period of onset of Racine stage 4 
convulsions with furosemide was dose-dependent. 

In the MES model of epileptic seizures, none of the 
furosemide dosage provided protection while the 
phenytoin dose provided 100% protection against MES- 
induced seizures; but the furosemide doses reduced the 
duration of HLTE significantly (P < 0.05) as compared to 
controls (Table 2). 
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Table 1. Effect of Furosemide and Diazepam on Leptazol-Induced Seizures at 30 min. 
 

Group  Seizure onset  (s ± SD) P Protection (%) Mortality (%) 

Control     

0.2 ml  20.5 ± 2.3  0 100 

     

Furosemide     

25 mg/kg 82.00 ± 1.8 <0.05 50 50 

50 mg/kg 100.00 ± 3.00 < 0.05 100 0 

     

Diazepam     

 2 mg/kg  100.5 ± 3.1 < 0.05 66.6 33.3 
 

Order of magnitude of response was furosemide > diazepam. The effect of furosemide, maximal at 50 
mg/kg, was dose-dependent and the difference in period of onset of seizures (latency) between test and 
control groups was statistically significant (P < 0.05). 100% protection is assumed if no animal in a group 
convulses and dies. 

 
 
 

Table 2. Effect of Furosemide and Phenytoin on MES -Induced Seizures at 30 min. 

 

Group  Mean duration of HLTE (s ± SD) Protection (%) Mortality (%) 

Control    

0.2 ml 16.5 ± 3.5 0 100 

    

Furosemide    

25 mg/kg 12.0 ± 4.6 (P < 0.05) 0 100 

50 mg/kg 6.3 ± 3.9 (P < 0.05) 0 100 

    

Phenytoin    

 20 mg/kg  0 (P < 0.05) 100 0 
 

At the chosen doses, furosemide offered no protection to mice against MES-induced seizures; but 
reduced the duration of HLTE significantly compared to control (P < 0.05) which was dose-dependent. 
0% protection is assumed if no animal in a group survives the convulsive episodes. 

 
 
 
DISCUSSION 
 
The experimental results confirm the only previous work 
on the protective action of furosemide against leptazol-
induced seizures by Kielczewska-Mrozikiewicz (1968). 
The present result, also, is in agreement with the 
previous report (Luszczki et al., 2007) that furosemide did 
not protect mice against MES-induced convulsions and is  
at variance with the report of Hesdorffer et al. (2001) that 
the diuretic, furosemide, provided protection against 
MES-induced seizures. Our results showed that 
furosemide is, nevertheless, able to reduce the duration 
of HLTE of MES-induced seizures and this may be 
responsible for its potentiation of valproate against MES-
induced seizures reported by Luszczki et al. (2007). 
Further work may be necessary to determine the 
differential effect between furosemide and bumetanide, 
another loop diuretic, and between furosemide and a 
calcium channel blocker, such as nifedipine, that 
modulates NMDA receptor function so as to shed more 
light  on  the  mechanism   of   action   of   furosemide   in 

protecting mice against leptazol-induced convulsions. 
The sodium-potassium-chloride co-transporter inhibitor, 

furosemide, has been found recently to possess a wide 
spectrum of activity which includes anticonvulsant 
activity. An emerging body of evidence points to the 
efficacy of furosemide as a neurochemical with 
neuroprotective effects (Ahmad et al., 1976, 1977). A 
primary mechanistic explanation for furosemide’s ability 
to terminate seizures may be its ability to prevent 
sustained Ca

2+
 intracellular increases due to 

hyperglutamatergic excitotoxicity (Sanchez-Gomez et al., 
2011),  a property it now seems to share with other 
NMDA receptor antagonists, such as the calcium channel 
blockers (Palmer et al., 1993). Besides, furosemide, 
which induces BDNF release (Szekeres et al., 2010), 
may enhance the seizure-terminating effect of 
neuropeptide Y (Binder et al., 2001) which is upregulated 
by BDNF. Furthermore, changes in chloride transporter 
expression contribute to human epileptiform activity 
(Huberfeld et al., 2007) with increased sodium-
potassium-chloride  cotransporter  (NKCC1)  and   altered  
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distribution of the neuron-specific potassium-chloride 
cotransporter (KCC2) (Reid et al., 2000; Aronica et al., 
2007), and molecules such as furosemide acting on 
these transporters may be useful antiepileptic drugs. Reid 
et al. (2000) had suggested that the KCC2 co-transporter 
may be upregulated in those instances, such as global 
ischaemia when the loop diuretics which are blockers of 
the co-transporter may be effective in terminating 
seizures. Modulation of electrical field interactions via the 
extra-cellular space (ECS) might also contribute to 
neuronal hypersynchrony and epileptogenicity and 
present evidence suggesting that non-synaptic 
mechanisms play a critical role in modulating the 
epileptogenicity of the human brain. Furosemide and 
other drugs that modulate the extra-cellular space 
(Gutschmidt et al, 1999; Hochman et al, 1999; Hochman 
et al, 1995) might possess clinically useful antiepileptic 
properties, while avoiding the side-effects associated with 
the suppression of neuronal excitability (Haglund and 
Hochman, 2005) being exhibited by drugs, such as the 1, 
4-benzodiazepines. 

Studies have also shown that furosemide can 
reversibly suppress low Ca

2+
-induced and low Mg

2+
-

induced epileptiform activity. Amplitudes of evoked field 
potentials underwent an initial slight increase followed by 
a significant reduction after prolonged furosemide 
treatment. Furosemide more potently blocks leptazol-
induced epileptiform activity in our experiments than 
diazepam. Endogeneous field effects in the CNS play 
functional roles and they are thought to contribute to 
epileptogenesis (Weiss and Faber, 2010)

 
and there is 

evidence for a role of field effects (ephaptic transmission) 
in rhythmogenesis in cortex and hippocampus (Buzsaki, 
2002). The administration of furosemide suppresses 
leptazol-induced epileptic activity potently in the human 
cortex probably by also reducing field effect interactions 
(ephaptic transmission) (Haglund and Hochman, 2005; 
Weiss and Faber, 2010; Dudek et al., 1989) more than 
diazepam.     

Recent studies have shown evidence that the 
persistently high levels of brain-derived neurotrophic 
factor (BDNF) engendered by ictal activity may be pro-
necrotic through activation of NADPH oxidase (Kim et al., 
2002; Park et al., 2006) and that the Bcl-2-associated 
protein X (Bax) blocker furosemide (Lin et al., 2005) 
which is anti-apoptotic may serve in this instance as a 
neuroprotective. Also, since oxidative stress (Ikonomidou, 
2002), inflammatory mediators and hyperglutamatergic 
excitotoxicity too underlie epileptogenesis and epileptic 
brain injury, antioxidants such as furosemide (Hamelink 
et al., 2005) may play a greater role in future in 
preventing  neurodegeneration from being a cause of and 
sequel of  epilepsy (Vercueil, 2004; Koyama and Ikegaya, 
2005).  

In conclusion, the present experimental results show 
that furosemide significantly and dose-dependently 
suppressed  leptazol-induced  convulsions  in  mice   and 
displayed   no   protective   effect   against    MES-induced  

 
 
 
 
seizures in this in vivo study. 
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