
Acute and Sub-chronic Anticonvulsant 
Effects of Edaravone on Seizure Induced by 
Pentylenetetrazole or Electroshock in Mice, 
Nitric Oxide Involvement

Abstract
Background: Edaravone is an anti-stroke medication that 
may have nitric oxide (NO) modulating properties. This 
study evaluated the role of NO in the acute and sub-chronic 
anticonvulsant effects of edaravone in murine models of 
seizures induced by intraperitoneal (IP) or intravenous (IV) 
injections of pentylenetetrazole (PTZ) or electroshock (maximal 
electroshock seizure [MES]).
Methods: 132 male albino mice were randomly divided into 22 
groups (n=6) and given IP injections of vehicle or edaravone 
either acutely or for eight days (sub-chronically). The seizure 
was induced by electroshock or PTZ (IP or IV). The following 
edaravone doses were used: 7.5, 10, 12.5 (acute); 5, 7.5, 10 (sub-
chronic) in IP PTZ model; 5, 7.5, 10 in IV PTZ model; and 5, 
10 mg/Kg in the MES. To evaluate NO involvement, 216 mice 
were randomly divided into 36 groups (n=6) and pretreated with 
vehicle, edaravone, a non-specific nitric oxide synthase (NOS) 
inhibitor: N(ω)-nitro-L-arginine methyl ester (L-NAME) (5 
mg/Kg), a specific nNOS inhibitor: 7-nitroindazole (7-NI) (60 
mg/Kg), or a combination of edaravone plus L-NAME or 7-NI, 
either acutely or for eight days before seizure induction. Doses 
of edaravone were as follows: in IP PTZ model: 12.5 (acute) 
and 10 (sub-chronic); in IV PTZ model: 10; and in the MES: 
5 mg/Kg. Data were analyzed using the one-way analysis of 
variance (ANOVA) followed by Tukey’s test (SPSS 18). P≤0.05 
was considered statistically significant.
Results: In the IP PTZ model, edaravone increased time 
latencies to seizures (P<0.001), prevented tonic seizures, and 
death. Edaravone increased the seizure threshold (P<0.001) in 
the IV PTZ model and shortened the duration of tonic hind-limb 
extension (THE) in the MES model (P<0.001). In comparison 
to mice treated with edaravone alone, adding L-NAME or 
7-NI reduced seizure time latencies (P<0.001), reduced seizure 
threshold (P<0.001), and increased THE duration (P<0.001).
Conclusion: Edaravone (acute or sub-chronic) could prevent 
seizures by modulating NO signaling pathways.
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What’s Known

• Edaravone has acute anti-seizure 
efficacy in numerous animal models of 
convulsion.
• Edaravone has nitric oxide modulating 
properties.

What’s New

• This study  investigated the following 
subjects for the first time:
• The sub-chronic anticonvulsant 
activity of edaravone and its anti-seizure 
effects in intravenous pentylenetetrazole 
and maximal electroshock tests
• The involvement of neuronal nitric 
oxide synthase in anti-seizure effects of 
edaravone
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Introduction 

Epilepsy is considered one of the most prevalent 
and disabling neurologic disorders worldwide. 
Epilepsy patients have recurring spontaneous 
seizures caused by the abnormal and excessive 
electrical activity of the brain.1 These patients 
are at risk of reduced life expectancy as well as 
a high risk of various injuries and psychological 
dysfunctions.1

Despite the development of various 
antiepileptic medications, about one-third 
of patients are resistant to the current 
pharmacological therapies and remain 
uncured.2, 3 Furthermore, the emergence of 
typical antiepileptic medications’ side effects 
has a significant negative impact on the 
patient’s compliance. Due to the side effects, 
a considerable number of patients may 
stop taking their prescriptions. On the other 
hand, many patients, particularly the elderly, 
have multiple underlying diseases and take 
numerous drugs, which increases the chance 
of drug interactions.4 Therefore, developing 
new antiepileptic medications with innovative 
mechanisms of action, increased efficacy, fewer 
adverse effects, and fewer drug interactions is 
an inevitable necessity. 

Edaravone (3-methyl-1-phenyl-2-pyrazoline-
5-one) is a potent free radical scavenger with 
neuroprotective properties. It has been used to 
treat stroke and amyotrophic lateral sclerosis 
(ALS) with no serious side effects or drug 
interactions.5 Edaravone protects neurons by 
quenching free radicals and inhibiting lipid 
peroxidation. On the other hand, recent findings 
suggested that edaravone, in addition to its free 
radical scavenging activity, may have modulating 
effects on nitric oxide (NO) production.6, 7 In 
addition to mediating several physiological 
functions, NO is a key mediator in maintaining 
central nervous system (CNS) homeostasis.8 
Various studies emphasized the role of NO 
in epilepsy.9-11 NO has the potential to either 
act as an anticonvulsant or a proconvulsant 
agent.12, 13 Diverse roles of NO in epilepsy result 
from the type of seizure, the source of NO, 
its concentration, and other neurotransmitter 
systems that may be involved.14, 15 The precise 
mechanism by which NO acts as an endogenous 
anti-seizure mediator is still unknown. However, 
it was proposed that NO has a negative 
modulatory effect on N-methyl-D-aspartate 
(NMDA) receptor functions.16 Furthermore, 
NO may inhibit the gamma-aminobutyric acid-
transaminase enzyme and increase the Gamma-
aminobutyric acid (GABA) concentration.17 

NO is synthesized from its precursor 

L-arginine by three non-specific nitric oxide 
synthase (NOS) isoforms, all of which are 
present in the CNS. Two isoforms (eNOS and 
nNOS) are constitutively expressed, while one 
isoform (iNOS) is inducibly expressed.18, 19 In 
pathological conditions, iNOS catalyzes the 
synthesis of high levels of NO.20 NO is a free 
radical that easily interacts with other reactive 
oxygen species, mainly superoxide, to produce 
peroxynitrite, a highly reactive free radical 
which mediates inflammatory effects.21 Under 
physiological conditions, the concentration of 
NO fluctuates within the range of low values22 
and is produced mainly by nNOS and eNOS. 
NO derived from eNOS maintains the CNS 
microcirculation.23 The nNOS seems to be 
the main enzyme target in the central nervous 
system. The NO generated by nNOS is involved 
in neuronal homeostasis by regulating CNS 
microcirculation, synaptogenesis, synaptic 
plasticity, and neurotransmitter release.24, 25 
Therefore, it might be able to prevent seizure.26

The purpose of this study was to evaluate 
the acute and sub-chronic anticonvulsant 
activity of edaravone on murine models of 
generalized tonic-clonic seizure induced by 
intraperitoneal (IP) or intravenous (IV) injections 
of pentylenetetrazole (PTZ) or electroshock 
(maximal electroshock seizure [MES]). We 
also aimed to investigate the probable effect 
of edaravone on NOS enzymes, particularly 
nNOS, and assessed its significance in the anti-
seizure activity of edaravone.

Materials and Methods

Male albino mice (n=348), weighing 25-35 g, 
were obtained from the Laboratory Animal 
Breeding Center of Shiraz University of Medical 
Sciences (Shiraz, Iran). They were randomly 
assigned to 58 experimental groups (n=6 per 
group). The mice were housed in colony cages 
(5-6 mice in each cage) with free access to 
food and drinking water. They were kept under 
standard housing conditions (12-hour light:dark 
cycle, 25-35% humidity, and temperature 23±2 
˚C). The animals were acclimated at least three 
days before the onset of the study. The time for 
the experiments was between 10.00 AM to 2.00 
PM. All the animal care and behavioral tests 
were carried out in accordance with the Guide for 
the Care and Use of Laboratory Animals.27 The 
study was approved by the Ethics Committee of 
Shiraz University of Medical Sciences, Shiraz, 
Iran (code: IR.SUMS.REC.1394.S296). 

Chemicals Preparation
Pentylenetetrazole, edaravone, 
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N(ω)-nitro-L-arginine methyl ester (L-NAME), 
and 7-nitroindazole (7-NI) were purchased 
from Sigma-Aldrich (St. Louis, Mo, USA). The 
compounds were dissolved in physiological 
saline, and the solutions were freshly prepared 
on the day of the experiments. 

Behavioral Seizure Evaluation Methods
Intraperitoneal PTZ-induced Seizure: 

The generalized tonic-clonic seizure in mice 
was induced by a single IP injection of PTZ 
(85 mg/Kg).28, 29 The animals were monitored 
for the incidence of convulsion or mortality. 
Following PTZ injection, latency periods to the 
first myoclonic jerk and generalized clonic or 
tonic contractions were recorded. Myoclonic jerk 
is defined as a quick, shock-like contraction of 
one or more muscles that lasts for one to two 
seconds. Clonus is characterized by contractions 
and relaxations of all four limbs simultaneously, 
as well as a tail erection lasting longer than five 
seconds. Tonus is defined as the extension of 
the forelimb and/or hind limb.30 Latency time is 
the interval between PTZ injection and the onset 
of myoclonic, clonic, or tonic seizures. 

Intravenous PTZ-induced seizure: In 
this method of inducing seizure, PTZ was 
administered intravenously into the mice 
tails using a syringe pump. The infusion was 
continued until the emergence of the first clonic 
seizure. The minimal dose of PTZ (mg/Kg of 
mouse weight) required to induce clonic seizure 
was considered as an index of seizure threshold.

Electroshock model of seizure: In this 
method, an electroconvulsive apparatus (Model 
7800, Ugo Basile, Camerino, Italy) was used, 
and an alternating electric current (50 Hz, 50 
mA, and 0.2 s) was transmitted through the ears 
of mice via ear electrodes.31 The ear electrodes 
were moistened with normal saline before being 
attached to the ears of the mice. Electroshock 
induces a range of motor convulsions that are 
dependent on the intensity of the electrical 
stimulation current.32 Before conducting the 
experiments, it was determined what electrical 
current mice would require to induce hind-limbs 
extension in them. Data were expressed as tonic 
hind-limb extension duration (THE).

Treatment
Three methods, including IP and IV 

administrations of PTZ, and maximal electroshock 
seizure (MES) were administered to assess the 
anticonvulsant activity of edaravone in mice. There 
were two primary phases to the experiments. In 
the first phase of the experiment, acute and sub-
chronic anticonvulsant effects of edaravone were 
assessed. In the second phase of the experiment, 

the role of NO in the anticonvulsant activity of 
edaravone was investigated. Edaravone was 
administered intraperitoneally to different groups 
of mice. In the acute series of the experiments, 
edaravone was injected 30 minutes before the 
administration of PTZ or inducing electroshock. 
In the sub-chronic series of the experiments, 
edaravone was injected intraperitoneally for 
eight days, and the last dose was injected 30 
minutes before administering PTZ or inducing 
electroshock. In the second phase of the 
experiment, to evaluate the possible involvement 
of NO in the anticonvulsant effects of edaravone, 
L-NAME (5 mg/Kg), a nonspecific NOS inhibitor, 
or 7-NI (60 mg/Kg), a specific neuronal NOS 
inhibitor, was administered 30 minutes before the 
final dose of edaravone and 60 minutes before 
injecting PTZ or inducing electroshock. 

By using the simple randomization method, 
348 male albino mice were distributed into 
58 groups (n=6 per group). The groups were 
categorized as follows:
1. Evaluation of the acute anti-seizure activity of 
edaravone
1A. Intraperitoneal PTZ-induced seizure 
model
Group 1: Vehicle
Groups 2, 3, and 4: Edaravone (7.5, 10, 12.5  
mg/Kg)
1B. Intravenous PTZ-induced seizure model
Group 5: Vehicle
Groups 6, 7, and 8: Edaravone (5, 7.5, 10 mg/Kg)
1C. Maximal electroshock (MES) 
Group 9: Vehicle
Groups 10 and 11: Edaravone (5, 10 mg/Kg)
2. Evaluation of the sub-chronic anti-seizure 
activity of edaravone
2A. Intraperitoneal PTZ-induced seizure 
model
Group 12: Vehicle
Groups 13, 14, and 15: Edaravone (5, 7.5, 10 
mg/Kg)
2B. Intravenous PTZ-induced seizure model
Group 16: Vehicle
Groups 17, 18, and 19: Edaravone (5, 7.5, 10  
mg/Kg)
2C. Maximal electroshock (MES) 
Group 20: Vehicle
Groups 21 and 22: Edaravone (5, 10 mg/Kg)
3. Evaluation of NO involvement in the acute 
anti-seizure activity of edaravone
3A. Intraperitoneal PTZ-induced seizure model
Group 23: Vehicle
Group 24: Edaravone (12.5 mg/Kg) 
Group 25: L-NAME (5 mg/Kg)
Group 26: 7-NI (60 mg/Kg)
Group 27: Edaravone (12.5 mg/Kg)+L-NAME (5 
mg/Kg) 



Moezi L, Pirsalami F, Dastgheib M, Oftadehgan S, Purkhosrow A, Sattarinezhad E

332 Iran J Med Sci May 2023; Vol 48 No 3

Group 28: Edaravone (12.5 mg/Kg)+7-NI (60  
mg/Kg) 
3B. Intravenous PTZ-induced seizure model
Group 29: Vehicle
Group 30: Edaravone (10 mg/Kg) 
Group 31: L-NAME (5 mg/Kg)
Group 32: 7-NI (60 mg/Kg) 
Group 33: Edaravone (10 mg/Kg)+L-NAME (5 
mg/Kg) 
Group 34: Edaravone (10 mg/Kg)+7-NI (60  
mg/Kg)
3C. Maximal electroshock (MES)
Group 35: Vehicle
Group 36: Edaravone (5 mg/Kg) 
Group 37: L-NAME (5 mg/Kg)
Group 38: 7-NI (60 mg/Kg)
Group 39: Edaravone (5 mg/Kg)+L-NAME (5 
mg/Kg) 
Group 40: Edaravone (5 mg/Kg)+7-NI (60  
mg/Kg)
4. Evaluation of involvement of NO in the sub-
chronic anti-seizure activity of edaravone
4A. Intraperitoneal PTZ-induced seizure model
Group 41: Vehicle
Group 42: Edaravone (10 mg/Kg) 
Group 43: L-NAME (5 mg/Kg)
Group 44: 7-NI (60 mg/Kg)
Group 45: Edaravone (10 mg/Kg)+L-NAME (5 
mg/Kg) 
Group 46: Edaravone (10 mg/Kg)+7-NI (60 mg/
Kg)
4B. Intravenous PTZ-induced seizure model
Group 47: Vehicle
Group 48: Edaravone (10 mg/Kg) 
Group 49: L-NAME (5 mg/Kg)
Group 50: 7-NI (60 mg/Kg)
Group 51: Edaravone (10 mg/Kg)+L-NAME (5 
mg/Kg) 
Group 52: Edaravone (10 mg/Kg)+7-NI (60 mg/Kg)
4C. Maximal electroshock (MES)
Group 53: Vehicle
Group 54: Edaravone (5 mg/Kg) 
Group 55: L-NAME (5 mg/Kg)
Group 56: 7-NI (60 mg/Kg)
Group 57: Edaravone (5 mg/Kg)+L-NAME (5 
mg/Kg)  
Group 58: Edaravone (5 mg/Kg)+7-NI (60 mg/Kg)

Statistical Analysis
Data were presented as means±SEM. 

Statistical analysis was performed using SPSS 
statistical software, version 18 (IBM, USA). 
To assess the dose-response data, one-way 
analyses of variance (ANOVA) followed by the 
Tukey post hoc test were used. To determine 
the protective effects of edaravone against 
tonic seizure and death, Chi square test was 
used. A P value of ≤0.05 was considered  

statistically significant.

Results

The Effects of Edaravone on Intraperitoneal 
PTZ-induced Seizure

The acute effects of edaravone (7.5, 10, 
and 12.5 mg/Kg) on latency times to myoclonic 
and clonic seizures are illustrated in figure 1A. 
According to data analysis, edaravone (12.5 
mg/Kg) significantly prolonged latency times to 
myoclonic jerk and clonic seizure as compared 
to the vehicle group (P<0.001). When the acute 
effects of edaravone (7.5, 10, and 12.5 mg/Kg) 
were assessed for tonic seizure and mortality 
rate, it was revealed that edaravone (12.5 mg/Kg) 
provided more protection than the vehicle group 
against both the tonic seizure and the mortality 
rate (P=0.03 for both tonic seizure and mortality 
protection) (table 1). Figure 1B depicts the acute 
effects of nitric oxide synthase inhibitors (NOSIs) 
(L-NAME or 7-NI) and edaravone (12.5 mg/Kg) 
co-administration on latency times to myoclonic 
and clonic seizures. Data analysis revealed that 
NOSIs significantly reduced the anticonvulsant 
effect of edaravone (P<0.001). The results of 
acute treatments of mice with NOSIs (L-NAME 
or 7-NI) plus edaravone (12.5 mg/Kg) on tonic 
seizure and mortality rate are summarized in 
table 2. Analysis of data demonstrated that 
co-administrations of NOSIs with edaravone 
significantly decreased the effects of edaravone 
on tonic seizure and mortality rate (P=0.05).

The sub-chronic effects of edaravone (5, 7.5, 
and 10 mg/Kg) on latency times to myoclonic and 
clonic seizures are shown in figure 1C. Analysis 
of data showed that edaravone (5, 7.5, and 10 
mg/Kg) increased latency times to myoclonic and 
clonic seizures significantly more than the vehicle 
group (P<0.001). The sub-chronic effects of 
edaravone (5, 7.5, and 10 mg/Kg) on tonic seizure 
and mortality rate are shown in table 3. Edaravone 
(7.5 and 10 mg/Kg) was found to be more effective 
than the vehicle group in preventing tonic seizure 
and mortality rate (P=0.05).

Figure 1D illustrates the effects of sub-chronic 
co-administration of NOSIs (L-NAME or 7-NI) 
and edaravone (10 mg/Kg) on myoclonic and 
clonic seizure latency times. The latency times 
to myoclonic and clonic seizures were observed 
to be significantly shorter when NOSIs (L-NAME 
and 7-NI) were administered in combination with 
edaravone (10 mg/Kg) than when edaravone 
(10 mg/Kg) was administered alone (P<0.001). 
The results of sub-chronic treatments of mice 
with co-administrations of NOSIs (L-NAME or 
7-NI) and edaravone (10 mg/Kg) on tonic seizure 
and mortality rate are summarized in table 4.  
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Figure 1: (A) Acute pretreatment of mice with edaravone (12.5 mg/Kg, IP) caused significant prolongation of latency times to 
the onsets of both myoclonic and clonic seizures induced by PTZ (85 mg/Kg, IP) in comparison to the vehicle group (P<0.001). 
(B) Acute pretreatment of mice with edaravone (12.5 mg/Kg, IP) plus L-NAME (5 mg/Kg, IP) or edaravone (12.5 mg/Kg, IP) plus 
7-NI (60 mg/Kg, IP) significantly reduced the latency times to the onsets of both myoclonic and clonic seizures induced by PTZ 
(85 mg/Kg, IP) in comparison to those for edaravone (12.5 mg/Kg, IP) alone (P<0.001 for both co-administrations of LNAME 
plus edaravone or 7-NI plus edaravone). (C) Sub-chronic pretreatment of mice with edaravone (5, 7.5, 10 mg/Kg, IP) for eight 
days, resulted in significant prolongation of latency times to the onsets of both myoclonic and clonic seizures induced by PTZ 
(85 mg/Kg, IP) in comparison to the vehicle group (P<0.001). (D) Sub-chronic pretreatment of mice with edaravone (12.5 mg/Kg, 
IP) plus L-NAME (5 mg/Kg, IP) or edaravone (12.5 mg/Kg, IP) plus 7-NI (60 mg/Kg, IP) for eight days, reduced the latency times 
to both myoclonic and clonic seizures induced by PTZ (85 mg/Kg, IP) in comparison to the administation of edaravone alone 
(P<0.001 for both co-administrations of LNAME plus edaravone or 7-NI plus edaravone). ***P≤0.001 represents significant 
differences with the vehicle group, ###P≤0.001 represents significant differences with edaravone. ED: edaravone; L-NAME: N 
(ω)-nitro-L-arginine methyl ester; 7-NI: 7-nitroindazole

Table 1: Effects of acute pretreatment of mice with different doses of edaravone on the incidences of tonic seizures and 
mortality in intraperitoneal PTZ-induced model of seizure
Groups
(n=6)

Tonic seizure protection (%) P value Mortality protection (%) P value

Vehicle 44.40 44.40
Edaravone (7.5 mg/Kg) 42.91 0.41a 42.91 0.41a

Edaravone (10 mg/Kg) 42.93 0.32a 42.93 0.32a

Edaravone (12.5 mg/Kg) 71.42* 0.03a 71.42* 0.03a

Percentages of the protections against the incidences of tonic seizure and mortality subsequent to intraperitoneal injections 
of PTZ (85 mg/Kg) were compared between the studied groups using the Chi square test. aThe group was compared with the 
vehicle group. *P≤0.05 was considered significant.
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When compared to edaravone (10 mg/Kg) alone, 
NOSIs were found to provide less protection 
against tonic seizure and mortality (P=0.04). 

The Effects of Edaravone on IV PTZ-induced 
Seizure

The effects of acute and sub-chronic 
edaravone (5, 7.5, and 10 mg/Kg) administrations 
on IV PTZ-induced clonic seizure threshold are 
shown in figures 2A and 2B. When compared 
to the vehicle group, acute treatment of mice 
with edaravone (7.5 and 10 mg/Kg) and sub-
chronic treatment with edaravone (10 mg/
Kg) significantly increased seizure threshold 
(P<0.001).

Figures 2C and 2D show the effects of 
co-administration of NOSIs (L-NAME or 7-NI) with 
acute or sub-chronic doses of edaravone (10 mg/
Kg) on IV PTZ-induced seizure threshold. In both 
series of acute and sub-chronic experiments, 

NOSIs significantly decreased the edaravone’s 
(10 mg/Kg) anticonvulsant effects (P<0.001).

The Effects of Edaravone on Electroshock-
induced Seizure

Figures 3A and 3B indicate the effects 
of acute and sub-chronic administrations of 
edaravone (5 and 10 mg/Kg) on the electroshock-
induced seizure. Edaravone (5 and 10 mg/
Kg) significantly decreased the length of THE 
induced by electroshock in both series of acute 
and sub-chronic experiments (P<0.001). 

The effects of co-administration of NOSIs 
(L-NAME or 7-NI) and acute or sub-chronic 
doses of edaravone (5 mg/Kg) on electroshock-
induced seizure threshold are shown in figures 
3C and 3D, respectively. In both series of acute 
and sub-chronic experiments, NOSIs (L-NAME 
or 7-NI) significantly reduced the anticonvulsant 
effect of edaravone (5 mg/Kg, P<0.001).

Table 2: Effects of acute administrations of NOS inhibitors and edaravone on the incidences of tonic seizure and mortality in 
intraperitoneal PTZ-induced model of seizure
Groups
(n=6)

Tonic seizure protection (%) P value Mortality protection (%) P value

Vehicle 44.43 44.43
Edaravone (12.5 mg/Kg) 71.43* 0.05a 71.43* 0.05a

L-NAME 50.01 0.13a 50.01 0.13a

7-NI 50.25 0.21a 50.25 0.21a

Edaravone (12.5 mg/Kg)+L-NAME 46.32* 0.05b 46.32* 0.05b

Edaravone (12.5 mg/Kg)+7-NI 40.51* 0.05b 40.51* 0.05b

Percentages of the protections against the incidences of tonic seizure and mortality subsequent to intraperitoneal injections 
of PTZ (85 mg/Kg) were compared between the studied groups using the Chi square test. aThe group was compared with the 
vehicle group. bThe group was compared with the edaravone group. *P≤0.05 was considered significant.

Table 3: Effects of sub-chronic treatment with different doses of edaravone on the incidences of tonic seizure and mortality in 
intraperitoneal PTZ-induced model of seizure
Groups
(n=6)

Tonic seizure protection (%) P value Mortality protection (%) P value

Vehicle 44.42 44.42
Edaravone (5 mg/Kg) 48.11 0.15a 48.11 0.15a

Edaravone (7.5 mg/Kg) 85.71* 0.05a 85.71* 0.05a

Edaravone (10 mg/Kg) 85.73* 0.05a 85.73* 0.05a

Percentages of the protections against the incidences of tonic seizure and mortality subsequent to intraperitoneal injections 
of PTZ (85 mg/Kg) were compared between the studied groups using the Chi square test. aThe group was compared with the 
vehicle group. *P≤0.05 was considered significant.

Table 4: Effects of sub-chronic administrations of NOS inhibitors and edaravone on the incidences of tonic seizure and 
mortality in intraperitoneal PTZ-induced model of seizure
Groups
(n=6)

Tonic seizure protection (%) P value Mortality protection (%) P value

Vehicle 40.02 40.02
Edaravone (10 mg/Kg) 85.71* 0.03a 85.71* 0.03a

L-NAME 52.04 0.14a 50.04 0.14a

7-NI 55.33 0.23a 50.23 0.23a

Edaravone (10 mg/Kg)+L-NAME 48.02* 0.04b 48.02* 0.04b

Edaravone (10 mg/Kg)+7-NI 47.05* 0.04b 47.05* 0.04b

Percentages of the protections against the incidences of tonic seizure and mortality subsequent to intraperitoneal injections 
of PTZ (85 mg/Kg) were compared between the studied groups using the Chi square test. aThe group was compared with the 
vehicle group. bThe group was compared with the edaravone group. *P≤0.05 is considered significant.
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Discussion

In this research, we assessed the ability of 
edaravone in acute and sub-chronic IP doses to 
prevent seizures induced by PTZ (IP and IV) or 
electroshock. In the IP PTZ model, pretreatment 
of mice with edaravone increased time latencies 
to the onsets of myoclonic and clonic seizures 
and protected against tonic seizures and 
mortality. In the IV PTZ model, edaravone 
increased the seizure threshold. In the MES 
model, edaravone decreased the duration of 
THE. Comparatively to mice pretreated with 
edaravone alone, the addition of  L-NAME or 
7-NI reduced time latencies to the seizures 
induced by IP PTZ, reduced seizure threshold 
in IV PTZ model, and increased THE duration 
in the MES model. These animal models are 
routinely used to screen the anti-seizure activity 
of various compounds, and each evaluates a 
distinct feature of epilepsy.33 MES is a model 

for inducing an acute generalized tonic-clonic 
seizure in animals. Acute generalized absence-
type seizures are produced using the PTZ 
-induced seizure model.34 We can infer from 
the findings that edaravone may offer protection 
against generalized seizures of both absence 
and tonic-clonic types. It should be highlighted 
that the IV and IP PTZ models induced distinctive 
seizure patterns due to the difference in the rate 
and extent of PTZ delivery to the brain tissue. 
Indeed, depending on how PTZ is administered, 
multiple neuroanatomical regions are involved 
in the onset of seizures. A single seizure cluster 
was generated in the IV PTZ model, while a large 
number of small seizure clusters were produced 
in the IP PTZ model.30, 35 The mechanism of action 
of PTZ in inducing seizures is that it binds to the 
picrotoxin and benzodiazepine binding sites on 
GABAA receptors and blocks the normal current 
of chloride ion, resulting in depolarization of the 
neurons and induction of epileptic seizure.36 

Figure 2: The graphs shows the mean±SEM of clonic seizure threshold induced by intravenous infusion of PTZ in mice pretreated 
with acute or sub-chronic intraperitoneal infusion of edaravone (A) Acute pretreatment of mice with edaravone (7.5, 10 mg/Kg, 
IP) increased the seizure threshold more than the vehicle group (P<0.001). (B) Acute pretreatment of mice with concomitant 
injections of edaravone (10 mg/Kg) plus L-NAME (5 mg/Kg, IP) or 7-NI (60 mg/Kg, IP) decreased the seizure threshold in 
comparison to the edaravone alone (P<0.001 for both co-administrations of L-NAME plus edaravone or 7-NI plus edaravone). 
(C) Sub-chronic pretreatment of mice with edaravone (10 mg/Kg, IP) for eight days, significantly increased the seizure threshold 
as compared to the vehicle group (P<0.001). (D) Sub-chronic pretreatment of mice with concomitant injections of edaravone 
(10 mg/Kg) plus L-NAME (5 mg/Kg, IP) or 7-NI (60 mg/Kg, IP) for eight days decreased the seizure threshold in comparison 
to edaravone alone (P≤0.001 for both co-administrations of L-NAME plus edaravone or 7-NI plus edaravone). ***P≤0.001 
represents significant differences with the vehicle group, ### P≤0.001 represents significant differences with edaravone. ED: 
Edaravone; L-NAME: N (ω)-nitro-L-arginine methyl ester; 7-NI: 7-nitroindazole
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Therefore, it can be said that edaravone might 
activate GABAA receptors. On the other hand, 
the PTZ-induced seizure model was used to 
determine the onset or threshold of seizure, and 
the MES model evaluated the propagation of 
an induced seizure. Depending on the seizure 
severity and threshold, different models might 
produce different outcomes.37, 38 Concerning the 
anti-seizure activity of edaravone in the MES 
model of seizure as well as the PTZ-induced 
seizure models, our findings demonstrated that 
edaravone not only prevented seizure propagation 
but also suppressed the impulse initiation and 
elevated the seizure threshold. Moreover, in 
several animal models of seizures, edaravone 
was shown to have anti-seizure activity.39-41 
Edaravone indicated anti-seizure activity in 
several murine models of seizure such as the 
pilocarpine-induced model,39 penicillin-induced 
model,40 and amygdala kindling.41 All of these 
animal models, however, replicated the focal 
(partial) type of epilepsy. In a different research, 

Liu and others investigated the acute (but not 
sub-chronic) protective effects of edaravone in 
the IP PTZ seizure model.42 To the best of our 
knowledge, the sub-chronic anti-seizure activity 
of edaravone in the generalized absence type 
of tonic-clonic seizures has never been studied, 
and this is the first study on this subject. In the 
second phase of this study, we investigated the 
involvement of NO in the mechanism of anti-
seizure activity of edaravone. In the present 
study, NOS inhibitors were found to reduce 
the anti-seizure activity of edaravone in both 
acute and sub-chronic series of the experiment. 
These findings could be attributed to the role 
of NO in the mechanism of edaravone’s anti-
seizure mechanism. Therefore, we can infer that 
edaravone may induce the gene expressions or 
enzyme activities of eNOS or nNOS enzymes. 
Several other studies reported the interactions 
between edaravone and NOS enzymes. 
Following irradiation, edaravone reversed the 
decreased expression of eNOS mRNA and 

Figure 3: The graphs shows the mean±SEM of the duration of tonic hind-limb extension (THE) in mice pretreated with acute or 
sub-chronic intraperitoneal doses of edaravone: (A) Acute pretreatment of mice with edaravone (5, 10 mg/Kg, IP) decreased THE 
duration in comparison to the vehicle group (P<0.001). (B) Acute pretreatment of mice with concomitant injections of edaravone 
(5 mg/Kg, IP) plus L-NAME (5 mg/Kg, IP) or 7-NI (60 mg/Kg, IP) significantly increased THE duration  in comparison to the 
administration of edaravone alone (P<0.001 for both co-administrations of LNAME plus edaravone or 7-NI plus edaravone). 
(C) Sub-chronic pretreatment of mice with edaravone (5, 10 mg/Kg, IP) for eight days, decreased THE duration as compared 
to the vehicle group (P<0.001). (D) Sub-chronic pretreatment of mice with concomitant injections of edaravone (5 mg/Kg, IP) 
plus L-NAME (5 mg/Kg, IP) or 7-NI (60 mg/Kg, IP) for eight days significantly increased THE duration in comparison to the 
administration of edaravone alone (P<0.001 for both co-administrations of LNAME plus edaravone or 7-NI plus edaravone). 
***P≤0.001 represents significant differences with the vehicle group, ###P≤0.001 represents significant differences with 
edaravone. ED: Edaravone; L-NAME: N (ω)-nitro-L-arginine methyl ester; 7-NI: 7-nitroindazole
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protein in the rabbit ear artery.43 Additionally, 
edaravone enhanced the expression of the 
eNOS gene in human umbilical vein endothelial 
cells in a rabbit model of spinal cord injury 
brought on by ischemia-reperfusion.44 It 
was also shown that edaravone may reduce 
nNOS gene expression.44, 45 At physiological 
conditions, the NO generated by nNOS, had 
a crucial role in the regulation of neuronal 
and vascular homeostasis.26, 46 However, at 
higher concentrations, it might be involved 
in inflammatory pathways.47 In the present 
study, 7-NI attenuated the protective effects of 
edaravone against seizure. This result might 
be attributed to the concentration-dependent 
nature of the effects of nitric oxide produced by 
nNOS. We concluded that 7-NI might enhance 
the edaravone-induced reduction in nNOS gene 
expression or enzyme activity. Therefore, the 
NO concentration might be reduced to the levels 
lower than the physiological level required to 
preserve neuronal homeostasis, and as a result, 
7-nitroindazole diminished the protective effects 
of edaravone. However, this point requires further 
investigation to be confirmed. This study has a 
limitation. It lacks the measurement of mRNA or 
protein levels of NOS enzymes to confirm the 
important role of nitric oxide modulating activity of 
edaravone in producing anticonvulsant properties 
of this drug. However this work provides valuable 
results for future studies in this field.

Conclusion

The findings of the current study suggested 
that pretreatment with acute or sub-chronic 
doses of edaravone may have protective effects 
against absence and tonic-clonic types of acute 
generalized seizure. Further findings of this 
research showed that edaravone might exert 
its anti-seizure activity at least partially through 
NOS modulating pathways, particularly nNOS.
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