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Abstract

Considering the high rate of epilepsy today, with respect to the insufficiency of the available 
therapies, new strategies and methods are recommended for medical treatment of epileptic 
patients. Therefore, the present study experimentally investigated the anticonvulsant effect 
of a herbal medicine candidate brassica nigra, by using kindling method. Sixty male mice 
were randomly selected and divided into six experimental groups (n = 10) including: 1-control, 
2-pentylentetrazole (PTZ)-kindled mice, 3-positive control group received valproate (100        
mg/Kg) as anti-convulsant drug, 4-5 and 6 received brassica nigra seed extract in three doses 
(75, 150 and 300 mg/Kg; IP). All groups except for the control ones were kindled by 11 period 
injections of PTZ (35 mg/Kg; IP). In the 12th injection, all groups except for the control group 
were tested for PTZ challenge dose (75 mg/Kg). However, the exhibited phases of seizure (0-6) 
were observed and noted till 30 min after the PTZ injection. At last, the brains of all the mice 
were removed and then malondialdehyde (MDA), superoxide dismutase (SOD) and nitric oxide 
(NO) levels of the brain tissues were determined. Statistical analysis of the data shows that the 
seed extract could reduce the intensity, improvement and duration of seizure. In addition, the 
brassica nigra extract increased the SOD and NO levels and decreased the MDA level in the 
brain tissues. Attained results show that the extract of Brassica nigra seed can be used in grand 
mal seizure treatment. Moreover, the antiepileptic effect of this extract is probably caused by 
its antioxidant properties and acts via enzyme activity mechanism.

Keywords: Epilepsy; Brassica nigra; PTZ; SOD; MDA; NO.

Copyright © 2012 by School of Pharmacy
Shaheed Beheshti University of Medical Sciences and Health Services

Iranian Journal of Pharmaceutical Research (2012), 11 (4): 1209-1217
Received: June 2011
Accepted: February 2012

* Corresponding author:
   E-mail: najafabady@yahoo.com

Introduction

Epilepsy is one of the most prevalent 
neurological disorders which affects about 0.5-
1 percent of the world’s population (1). Epilepsy 
is resulted from a recurrent spontaneously 
abnormal electrical discharge of a group of 
neurons in the brain and exhibits as seizure 
occurrence in the patients (2). Glutamate and 

γ-aminobutyric acid (GABA) are two important 
excitatory and inhibitory neurotransmitters in 
epilepsy (3, 4). In spite of the generally acceptable 
treatment of epilepsy by anticonvulsant drugs, 
about one-third of this population suffers from 
un-prevented neurological changes induced 
by epileptic seizures and also exhibit some 
accompanied side effects. The long time 
seizure-induced neuronal activity might result 
in neurological changes and finally is ended by 
neuronal death (5). Oxidative stress and free 
radicals production are of the most important 
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standard drug for epilepsy.

Experimental

Animals
In this experimental research, a total of 60 

male Albino mice weighing 20-25 g (Razi 
Institute, Iran) were randomly divided into six 
experimental groups including: 1- control, 2- 
PTZ-induced kindled, 3- positive control group 
which beside the PTZ received valproate 100 
mg /Kg (IP (Sigma, USA)) as an anti-convulsant 
drug, 4, 5 and 6- treatment groups which beside 
the PTZ received the brassica nigra seed extract 
in three doses of 75, 150 and 300 mg/Kg; IP. Ten 
mice were housed in each cage at temperature 
of 21 ± 2ºC and 12 h light-dark cycling. The 
mice had free access to standard food and tap 
water ad libitum. The experimental protocol 
was approved by the Ethic Committee of the 
University.

Kindling
All animals except the control groups 

(group 1) were kindled by a total of 11 period 
injections of PTZ (35 mg/Kg; IP). PTZ (Sigma) 
was dissolved in sterile isotonic saline. Each 
administration was carried out every second day 
and in a period of 22 days. Mice were observed 
for 30 min after the last drug administration. After 
an additional 30 min, the mice were observed for 
lethality before returning to the home cage. The 
challenge dose of 75 mg/Kg PTZ was injected 
to the kindled mice on 26th day (the test day), 
which could produce convulsions (tonic-clonic) 
and lethality (5). In the four treatment groups 
(valproate and different doses of Brassica nigra), 
PTZ was administrated 30 min after the first 
treatment with valproate and different doses of 
Brassica nigra. However, the exhibited phases 
of seizure (0-6) were observed and categorized 
using the following scale (19) for 30 min after 
the PTZ injection. The scale introduces six 
phases as follows; 0: No response, 1: Ear and 
facial twitching, 2: Convulsive waves axially 
through the body, 3: Myoclonic body jerks, 4: 
Generalized clonic convulsions turn over into 
side position, 5: Generalized convulsions with 
tonic extension episode and status epilepticus, 6: 
Mortality.

mechanisms by which neurological disorders 
such as epileptic seizure occur (6, 7). Nitric 
oxide (NO) is known as a neurotransmitter in the 
brain that has shown paradoxical role in seizure 
modulation, as an inhibitor (8-10) and promoter 
(11, 12) in different cases. The final product of 
lipid peroxidation is malondialdehyde (MDA), 
while MDA level could be considered as an 
index of lipid peroxidation. Increased level 
of MDA, as an index of lipid peroxidation in 
the PTZ mice may lead us to the conclusion 
that free fatty acids and free radicals are made 
from membrane phospholipid metabolism. 
Superoxide dismutase (SOD) is an intracellular 
antioxidant enzyme that catalyses converting 
the peroxidase to hydrogen peroxide (H2O2) in 
order to protect the cell from superoxide radicals 
and oxidative stress.

Black mustard is a many-branched, 
aromatic, weedy annual plant, growing up to 4 
meters in height. It has showy, smallish yellow 
flowers. It belongs to the botanical family of 
Brassicaceae. Its seeds grow in long, slender 
pods. Each pod contains 10-12 brown or black 
seeds. Mustard seeds contain omega-3 fatty 
acids, essential oils, the minerals selenium, 
phosphorus, manganese, magnesium, iron, 
calcium, zinc, vitamins A, B-complex, and C, 
dietary fibre, protein, and phytonutrients (13). 
In Iranian traditional medicine, Brassica nigra 
seed has been used as a sedate for neurotic 
pain and rheumatoid arthritis, treatment of 
the brain and lung edema, paralysis, migraine 
and epilepsy (14). Experimental reports have 
shown the antioxidant (15), hypoglycemic (16), 
anticancer (17) and antimicrobial effect (18) 
of Brassica nigra seed. There are evidences 
implying the anti-epileptic effect of Brassica 
nigra in Iranian traditional medicine (14). 
Furthermore, the effect of this plant on oxidative 
stress and free radicals production is also 
reported (19). Therefore, in the present study 
we have investigated the antiepileptic effect of 
brassica nigra seed extract via assessing the 
anticonvulsant property of the plant. We have 
also tried to consider the antioxidant effect of 
the plant using MDA, NO and SOD assessment 
using the kindling method. We have also 
compared the anticonvulsant and antioxidant 
effects of Brassica nigra with valproate as a 
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Preparation of plant hydro-alcoholic extract
The medicinal plant of Brassica nigra seed 

was provided from the local market and was 
scientifically identified by the department of 
Botany of Shahed University. To prepare the hydro-
alcoholic extract, using percolation method, 50 g 
of cleaned Brassica nigra seed was crushed and 
mixed at ratio of 1 to 5 with ethanol 80% and kept 
for 24 h at room temperature. During this time, it 
was stirred several times. Then, the solution was 
transferred to a percolator and then the deposit 
was separated using paper filter. The tab of the 
percolator released 2-3 drops of the solution per 
minute. After filtration, it was maintained in a 
water bath at 40°C for 16 h to let the alcohol be 
evaporated from the filtered solution to reach a 
final concentration of 25% (20).

Sample preparation and biochemical assays
After the injection of the challenge dose 

of PTZ and behavioral analysis, mice were 
decapitated. The brains were removed quickly 
and were washed in cold saline for two times. 
They were placed in freezer (-30°C), in a glass 
bottle (less than 10 h). Then, the brain pieces 
(cutting the brain tissue using the scissors) 
were homogenized using four times ice-cold 
Tris-Hcl buffer (50 mM, pH = 7.4) for two 
min at 5000 rpm. MDA and NO levels were 
measured at this phase. The homogenized 
solution was then centrifuged for 60 min at 
5000×g to remove debris. The supernatant 
solution was then extracted with a mixture of 
ethanol : chloroform (a volume with ratio of 
5 : 3). After centrifugation at 5000×g for 30 
min, the clear upper layer (the ethanol phase) 
was taken and used for the evaluation of the 
SOD activity. All experiments were carried out 
at +4°C (5).

MDA evaluation
The MDA concentration (thiobarbituric acid 

reactive substances, TBARS) in the supernatant 
was measured according to the following 
protocol. Briefly, trichloroacetic acid and TBARS 
reagent were added to the supernatant, then 
mixed and incubated at 100˚C for 80 min. After 
being cooled on ice, samples were centrifuged 
at 1000×g for 20 min and the absorbance of the 
supernatant was read at 532 nm (21).

NO evaluation
Supernatant NO content was assayed by 

the Griess method. Since NO is a compound 
with a short 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 (22). The 
total nitrite was measured by Griess reaction. 
The absorbance was determined at 540 nm with 
a spectrophotometer (5).

SOD activity evaluation
SOD activity measurement was according to 

the following protocol. Briefly, supernatant was 
incubated with xanthine and xanthine oxidase 
in potassium phosphate buffer (pH = 7.8, 37°C) 
for 40 min and NBT was added. Blue formazan 
was then monitored spectrophotometrically at 
550 nm. The amount of protein that inhibited the 
NBT reduction to 50% of maximum was defined 
as 1 nitrite unit (NU) of SOD activity (23).

Statistical analysis
Data were expressed as mean ± SEM. 

Comparison of seizure phase in different 
injection periods was carried out using repeated 
measurement of two-way analysis of variance 
(ANOVA). Other data were subjected to one-way 
ANOVA and its related post-hoc tests. P-values 
less than 0.05 were considered as significant 
differences.

Results and Discussion

Effect of Brassica nigra on the PTZ-induced 
kindling intensity

Statistical analysis of results indicates that 
there are no significant differences among the 
experimental groups in seizure intensity until the 
7th injection (data is not shown). Moreover, as 
it is shown in Figure 1, hydro-alcoholic extract 
of Brassica nigra with 75 mg/Kg dose at 7th 
injection and with 150 mg/Kg at 9th and 11th 
injection were able to reduce the PTZ-induced 
seizure significantly [F (14, 2) = 4.63, p < 0.018]. 
However, valproate (100 mg/Kg) has reduced 
seizure intensity in all periods significantly. At 
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the 12th injection, (challenge dose), Brassica 
nigra 75 mg/Kg and valproate, had similar 
reducing effect on seizure intensity without any 
significant difference.

 
Effect of Brassica nigra on the PTZ-induced 

kindling factors
As could be seen in Figure 2, pretreatment 

of animals with different doses of Brassica 
nigra do not have any significant effect on the 
duration time that the mice reach to phase 5 
seizures. In addition, Figure 3 indicates that 
only pretreatments of mice with Brassica nigra 
75 mg/Kg and valproate 100 mg/Kg are able 
to reduce the period that mice remain in phase 
5 of seizure significantly [F (4, 45) = 1.44,                         
p < 0.02].

Effect of Brassica nigra on the biochemical 
indexes of oxidative stress and antioxidant

Table 1 indicates the brain levels of 
biochemical factor changes that are usually 
the indexes of oxidative stress in tissues, in 
kindled and non-kindled groups with or without 
pretreatment with valproate and brassica nigra 
extract. PTZ-induced kindling has significantly 
increased the MDA level in the brain tissue of 

kindled mice compared to the control group 
[F (4, 54) = 4.66, p < 0.001]. However, the 
significant reductive effect of PTZ on the SOD 
level in the brain as compared to control mice 
was also observed. Nonetheless, the NO level 
in the brain of kindled mice compared to the 
control group was unchanged.

Valproate administration was only able to 
significantly decrease the brain’s NO activity in 
the PTZ-kindled mice compared to the control 
and non-treated PTZ-kindled mice [F (4, 45) 
= 10.21, 0.001] and did not change MDA and 
SOD level in the brain tissue. Interestingly, in 
the pretreated group with 150 and 300 mg/
Kg doses of brassica nigra, the NO brain 
content had a significant increase compared to 
the other groups. The MDA level of the brain 
tissue, only in brassica nigra treated group (300                             
mg/Kg) compared to the PTZ-kindled mice, has 
been significantly decreased [F (4, 45) = 3.19,                    
p < 0.001]. Finally, the effective dose of brassica 
nigra on the lowering of SOD level of the brain 
compared to the control and PTZ-kindled mice 
was 150 mg/Kg.

Brassica nigra seed has been used as a 
treatment for epilepsy in Iranian traditional 
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Figure 1. Effect of Brassica nigra pretreatment on the PTZ-induced kindling intensity. BN shows Brassica nigra. *p < 0.05 and                         
**p < 0.01 indicate significant differences as compared to PTZ-kindled group.
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medicine (13). In the present research, it is 
observed that Brassica nigra seed extract could 
reduce the intensity, improvement and duration 
time of PTZ-induced seizure. Our data analysis 
showed that the hydro-alcoholic Brassica nigra 
extract in lower dose could significantly reduce 
the duration time that mice remain in phase 
5 of seizure. It indicates that our results are in 
consistence with previous reports. Experimental 
researches suggest the existence of flavonoids 
with antioxidant effects in the hydro-alcoholic 
Brassica nigra seed (6). The seed also consists 
of vitamin A that is a potent antioxidant. So, 
vitamin A is able to prevent the kindling and 

convulsion, and is also able to inhibit the 
challenge of dose-induced tonic seizure (24), 
one of the mechanism’s actions of the plant that 
could be related to it.

Free radicals are involved in pathogenesis of 
many diseases such as epilepsy. The important 
effect of free radicals is membrane lipid 
peroxidation and tissue injury by which results in 
cell membrane destruction and its dysfunction. 
Normally, biological effects of free radicals in 
the body is controlled by a lot of antioxidants 
such as vitamins A, C and E, glutathione and 
also via anti-oxidant enzymes like glutathione 
reductase (GR), glutathione peroxidase (GP), 
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Figure 2. Effect of valproate (100 mg/Kg) and three doses of brassica nigra (75, 150 and 300 mg/Kg) on the latency of arriving to phase 
5 of seizure. n = 10 in each group. VA and BN indicate valproate and brassica nigra respectively.

Figure 3. Effect of valproate (100 mg/Kg) and three doses of brassica nigra (75, 150 and 300 mg/K) on the remaining time in the phase 
5. n = 10 in each group. VA and BN indicate valproate and brassica nigra respectively. *: p < 0.05 shows significant difference as 
compared to PTZ-kindled group.
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SOD and catalase (25, 26). Generalized epilepsy 
is accompanied by reversible convulsing and 
can induce some species of reactive oxygen 
and superoxide in the brain (27, 28). Since 
it is supposed that free radicals mediate the 
convulsion improvement, nowadays, searching 
for antiepileptic drugs with antioxidant and 
neuroprotective effects are of interests. However, 
some scientists suggest that only NMDA 
receptor activation and NO production, without 
glutamine synthetase inhibition are involved in 
the seizure (29).

Frantseva et al., using mice with amygdale 
convulsion, have shown the production of 
oxygen radicals following the seizure, and 
probably these radicals are involved in the 
seizure improvement and convulsion-induced 
neuronal death. They have also shown that 
seizure is able to increase lipid peroxidation in 
both hemispheres and cell death in all areas of 
hippocampus. Interestingly, they have observed 
that during the seizure, antioxidants inhibit the 
lipid peroxidation in both hemispheres and cell 
death in the hippocampus (30).

It has been observed that antioxidants inhibit 
the PTZ-induced seizure significantly and 
reduce the seizure-induced oxidative stress (5). 
Furthermore, in epileptic patients, the serum level 
of antioxidants is reduced and lipid peroxidation 
is increased and both effects are correctable with 
antiepileptic drugs (26). In addition, possibly 
PTZ is a starter of various processes such as 
membrane phosphorylation, proteolysis, and 
nuclease and consequently release of free 

fatty acids, diasylglycerols, eicosanoids, lipid 
peroxides and free radicals (31). In the present 
study, significant increase of MDA as an index 
of lipid peroxidation and meaningful reduction 
of antioxidant enzyme (SOD) in the PTZ-
induced kindled group lead to the production of 
free radicals and existence of oxidative stress 
in the brain of the kindled mice. Therefore, 
this research is in accordance with the theory 
that in the PTZ-induced animals, the oxidative 
stress is possibly one of the parameters that 
participate in the pathophysiology of epilepsy. 
In the present study, 300 mg/Kg of Brassica 
nigra could decrease the MDA level compared 
to the PTZ mice, in a way that one can conclude 
probably the antioxidant effect of Brassica nigra 
was able to decrease the oxidative injury, lipid 
peroxidation and MDA reduction. Possibly, the 
reductive effect of the brassica nigra extract on 
the seizure was resulted from the antioxidant 
property of the plant.

SOD is from antioxidant enzymes and 
catalyzes the conversion of superoxide to 
hydrogen peroxide and in this way, protects 
the cell against the superoxide and consequent 
oxidative stress. In the present study, it is observed 
that Brassica nigra 150 mg/Kg could increase 
the SOD level compared to the PTZ mice. This 
result can lead to the conclusion that probably 
Brassica nigra seed with antioxidant effect and 
deletion of free radicals is able to preserve the 
antioxidant enzyme SOD and consequently 
affect seizure intensity and duration.

Nowadays, NO is known as an important 

U/mg protein SODnmol/g protein MDAMicromole/g protein NOEnzyme
Groups

0.13 ± 001.89 17.69 ±0.03 0.53 ±Control

0.1 ± 0.01*25.63 ± 2.11 *0.6 ± 0.03PTZ

0.13 ± 0.0320.46 ± 1.980.4 ± 0.04*#PTZ + valproate

0.12 ± 0023.61 ± 1.230.66 ± 0.07PTZ + BN (75 mg/Kg)

0.16 ± 0.01*#26.21 ± 1.640.74 ± 0.03*#PTZ + BN (150 mg/Kg)

0.14 ± 0.0218.29 ± 1.18 #0.81 ± 0.06 *#PTZ + BN (300 mg/Kg)

Brain levels of NO, MDA and SOD are compared in six groups. In each group, n = 10 and BN indicates brassica nigra. * and # show 
significant differences as compared to control and PTZ-kindled groups respectively (p < 0.05).

Table 1. The effect of valproate and three doses of brassica nigra on the NO, MDA and SOD levels of brain tissue on the PTZ-
kindled mice.
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neurotransmitter that in addition to various 
physiological duties, is also related to synaptic 
plasticity, neuronal excitability regulation, 
and epileptic activity (8, 32). Controversial 
effects of NO have been obtained on the PTZ-
induced convulsion. Oliveria et al. in 1997 have 
shown that NOS inhibition in kindling model 
amplifies the 60 mg/Kg PTZ-induced seizure 
intensity, but has protective effect against 80 
mg/Kg PTZ-induced tonic seizures (33). So, 
they have concluded that the proconvulsant 
or anticonvulsant activity of NOS and NO 
inhibitors is dependent on the PTZ dose and 
the seizure model. Researchers have attributed 
the protective and inhibitory effect of NOS on 
high doses of PTZ to the contribution of NO 
in the proconvulsant effect of limbic system 
(33, 34). Using nNOS  mice (lacking nNOS 
gene) and nNOS (neuronal NO synthetase) 
inhibitors, they have concluded that basic and 
enhanced levels, implies negative and positive 
modulatory effects respectively (34). It is 
suggested that the anticonvulsant role of NO 
is related to an implied feedback of NO on 
the NMDA receptor activation via different 
mechanisms (8). However, NO is known as a 
molecule that can easily react with O2.- radicals 
in the brain and reduce the oxidative stress-
induced damage by eliminating free radicals 
(25). Controversial results make difficulties in 
predicting pro or anti-convulsant effect of NO 
molecule. Anyway, in the present research, the 
NO level is decreased in PTZ group compared 
to the control and is increased significantly in 
brassica nigra-treated group (300 mg/Kg) 
compared to the PTZ mice. This indicates 
that probably brassica nigra seed extract can 
have suppressing effect on seizures via NO 
synthesis mechanism activation. Probably, the 
reduced level of NO in PTZ mice is resulted 
from free radicals production at seizure time, 
and its consumption due to its cleaning effect. 
Besides, the enhanced level of NO in the group 
treated with brassica nigra seed extract is due 
to its antioxidant effect by which it eliminates 
O2-radicals, and consequently prevents lipid 
peroxidation and oxidative stress-induced injury 
that result in the NO level increment.

In the chemical kindling model with 
PTZ, which is identified by an increase in the 

seizure induction potential, GABA receptor 
is involved (36, 37). PTZ in single dose or 
repeated administration can affect GABAergic 
system. Furthermore, it has been reported 
that PTZ is able to block the flow of chloride 
ionophore complex to the GABA receptor (38). 
Flumazenil, as an antagonist of benzodiazepine 
binding site of GABAA receptor increased the 
GABA-dependent chloride uptake in cultured 
cortical neurons (39). Using the flutamide 
(androgen receptor antagonist) and flumazenil 
(benzodiazepine receptor) in PTZ-induced 
kindled mice, has shown that the PTZ action 
is applied via benzodiazepine receptor (40). 
Our results and these findings taken together, 
show that probably the anti-seizure effect of 
Brassica nigra is via GABAergic system and 
benzodiazepine receptor.

In conclusion, the present research indicates 
that hydro-alcoholic brassica nigra extract have 
anti-seizure effect on PTZ-induced kindling in 
mice. In addition, since the experimental epilepsy 
is mediated by oxidative stress and free radicals, 
it could be suggested that brassica nigra is able 
to prevent seizures by an antioxidant mechanism. 
However, the involvement of GABA receptor 
agonists in the Brassica nigra anti-seizure effect 
should not be ruled out.

References

Michael-Titus A, Revest P and Shortland P. The 
Nervous System. Churchill Livinstone, (2007).
Chawla S, Aneja S, Kashyap R and Mallika V. Etiology 
and clinical predictors of intractable epilepsy. Pediatr. 
Neurol. (2002) 27: 186-91.
Bernard S, Chang MD, Daniel H and Lowenstien MD. 
Mechanisms of disease epilepsy. New Engl. J. Med. 
(2003) 349: 1257-66.
Krivoshein AV and Hess GP. The mechanism of 
alleviation by phenobarbital of the malfunction of an 
epilepsy-linked GABA (A) receptor. Biochem. (2006) 
45: 11632-11641.
Ilhan A, Gurel A, Armutcu F, Kamilsi S and Iraz M. 
Antiepileptogenic and antioxidant effects of Nigella 
sativa oil against pentylentetrazole-induced kindling 
in mice. Neuropharm. (2005) 49: 456-64.
Oliver CN, Starke-Reed PE, Stadtman ER, Lin GJ, 
Correy JM and Floyd RA. Oxidative damage to brain 
proteins, loss of glutamine synthetase activity and 
production of free radicals during ischemia/reperfusion 
induced injury to gerbil brain. Proc. Natl. Acad. Sci. 
USA (1990) 87: 5144-7.

(1)

(2)

(3)

(4)

(5)

(6)

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

Kiasalari Z et al. / IJPR (2012), 11 (4): 1209-1217 

1216

Rauca C, Zerbe R and Janze H. Formation of free 
hydroxyl radicals after pentylentetrazol-induced 
seizure and kindling. Brain Res. (1999) 847: 347-51.
Buisson A, Lakhmeche N, Verrecchia C, Plotkine M and 
Boulu RG. Nitric oxide: an endogenous anticonvulsant 
substance. Neuroreport (1993) 4: 444-446.
Tabrizian K, Najafi S, Belaran M, Hosseini-
Sharifabad A, Azami K, Hosseini A, Soodi M, Kazemi 
A, Kebriaeezadeh A and Sharifzadeh M. Effects 
of selective iNOS inhibitor on spatial memory in 
recovered and non-recovered ketamine induced-
anesthesia in wistar rats. Iranian J. Pharm. Res. (2010) 
313-320.
Theard MA, Baughman VL, Wang Q, Pelligrino DA 
and Albrecht Rf. The role of nitric oxide in modulating 
brain activity and blood flow during seizure. 
Neuroreport (1995) 6: 921-924.
Osonoe K, Mori N, Suzuki K and Osonoe M. 
Antiepileptic effects of inhibitors of nitric oxide 
synthase examined in pentylenetetrazol-induced 
seizures in rats. Brain Res. (1994) 663: 338-340.
Nidhi G, Balakrishnan S and Pandhi P. Role of nitric 
oxide in electroshock and pentylenetetrazole seizure 
threshold in rats. Clin. Pharmacol. (1999) 21: 609-612.
Nielsen PV and Rios R. Inhibition of fungal growth on 
bread by volatile components from spices and herbs, 
and the possible application in active packaging, with 
special emphasis on mustard essential oil. Int. J. Food 
Microbiol. (2000) 60: 219-29.
Zargari A. The Medicinal Plants. Vol. 1, Tehran 
University Press, Tehran (1991) 231-226.
Sujatha R and Srinivas L. Modulation of lipid 
peroxidation by dietary components. Toxicol. In-vitro 
(1995) 9: 231-236.
Anand P, Murali YK, Tandon V, Murthy PS and Chandra 
R. Insulinotropic effect of aqueous extract of Brassica 
nigra improves glucose homeostasis in streptozotocin 
induced diabetic rats. Exp. Clin. Endocrinol. Diabetes 
(2009) 117: 251-6.
Tseng E, Kamath A and Morris ME. Effect of organic 
isothiocyanates on the P-glycoprotein and MRP1-
mediated transport of daunomycin and vinblastine. 
Pharm. Res. (2002) 19: 1509-1515.
Gómez de Saravia SG and Gaylarde CC. The 
antimicrobial activity of an aqueous extract of Brassica 
nigra. Biodet. Biodegrad. (1998) 41: 145-148.
Kim HY, Yokozawa T, Cho EJ, Cheigh HS, Choi JS 
and Chung HY. In-vitro and in-vivo antioxidant effects 
of mustard leaf (Brassica juncea). Phytother. Res. 
(2003) 17: 465-71.
Heidari MR and Abbasifard M. Evaluation of 
the analgesic effect of Brassica nigra in mice. J. 
Mazandaran Univ. Med. Sci. (2002) 12: 18-26.
Fernandez J, Perez-Alvarez A and Fernandez-lopez JA. 
Thiobarbituric acid test for monitoring lipid oxidation 
in meat. Food Chem. (1997) 99: 345-353.
Cortas NK and Wakid NW. Determination of inorganic 
nitrate in serum and urine by a kinetic cadmium-

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

reduction method. Chem. Chemistry (1990) 36: 1440-3.
Sun Y, Oberley LW and Li Y. A simple method for 
clinical assay of superoxide dismutase. Clin. Chem. 
(1988) 34: 497-500.
Sayyah M, Yousefi-pour M and Narenjakar J. Anti-
epileptogenic effect of ß-carotene and vitamin A in 
pentylentetrazole-kindling model of epilepsy in mice. 
Epilepsy Res. (2005) 63: 11-16.
Ilhan A, Iraz M, Kamisli S and Yigitoglu R. 
Pentylenetetrazol-induced kindling seizure attenuated by 
Ginkgo biloba extract (EGb 761) in mice. Prog. Neuro-
Psychopharmacol. Biol. Psychiatr. (2006) 1504-1510.
Sudha K, Rao AV and Rao A. Oxidative stress and 
antioxidants in epilepsy. Clin. Chim. (2001) 303: 19-24.
Halliwell B and Gutteridge MC. Oxygen is Poisonous: 
an Introduction to Oxygen Toxicity and Free Radicals 
in Biology and Medicine. 2nd ed., Clarendon Press, 
Oxford (1991) 1-20. 
Gutteridge JM and Halliwell B. Reoxygenation injury 
and antioxidant protection: a tale of two paradoxes. 
Arch. Biochem. Biophys. (1990) 283: 223-6. 
Lapouble E, Montécot C, Sevestre A and Pichon J. 
Phosphinothricin induces epileptic activity via nitric 
oxide production through NMDA receptor activation 
in adult mice. Brain Res. (2002) 957: 46-52.
Frantseva MV, Perez-Velazquez JL, Tsoraklids G, 
Mendoca AJ, Adamchik Y and Mills LR. Oxidative 
stress is involved in seizure-induced neurodegeneration 
in the kindling models of epilepsy. Neuroscience 
(2000) 97: 431-5.
Doctor SV, Costa LG and Murphy SD. Effect of 
trimethyltin on chemically-induced seizures. Toxicol. 
Lett. (1982) 13: 217-23.
Starr MS and Starr BS. Paradoxical facilitation of 
pilocarpine-induced seizures in the mouse by MK-
801 and the nitric oxide synthesis inhibitor L-NAME. 
Pharmacol. Biochem. Behav. (1993) 45: 321-325. 
Oliveira PR, Del-Bel EA, Oliveira JA, Mishra PK, Jobe PC 
and Carcia- Cairasco N. Anticonvulsant and proconvulsant 
roles of nitric oxide in experimental epilepsy models. 
Braz. J. Med. Bio. Res. (1997) 30: 971-979.
Tsuda M, Suzuki T and Misawa M. Aggravation of 
DMCM-induced seizure by nitric oxide synthase 
inhibitors in mice. Life Sci. (1997) 60: 339-343.
Itoh K and Watanabe M. Paradoxical facilitation of 
pentylentetrazol-induced convulsion susceptibility 
in mice lacking neuronal nitric oxide synthase. 
Neuroscience (2009) 159: 735-743.
Hansen SL, Sperling BB and Sánchez C. Anticonvulsant 
and antiepileptogenic effects of GABAA receptor 
ligands in pentylenetetrazole-kindled mice. Prog. 
Neuropsychopharmacol. Biol. Psychiatr. (2004) 28: 105-13.
Liu Z, Vergnes MA, Depaulis and Marescaux 
C. Involvement of intrathalamic GABAB 
neurotransmission in the control of absence seizures in 
the rat. Neuroscience (1992) 48: 87-93.
Huang RQ, Bell-Horner CL, Dibas MI, Covey DF, 
Drewe JA and Dillon GH. Pentylenetetrazole-induced 

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

Antiepileptic and Antioxidant Effect of Brassica nigra on Pentylenetetrazol-Induced

1217

This article is available online at http://www.ijpr.ir

inhibition of recombinant gamma-aminobutyric acid 
type A (GABA(A)) receptors: mechanism and site of 
action. J. Pharmacol. Exp. Ther. (2001) 298: 986-995.
Miller LG, Heller J, Lumpkin M, Weill CL, Greenblatt DJ 
and Shader RI. Augmentation of GABAA receptor function 
by chronic exposure to GABA-neutral and GABA-negative 
benzodiazepine ligands in cultured cortical neurons. 

(39)

Biochem. Pharmacol. (1990) 40: 1337-1344.
Ahmadiani A, Mandgary A and Sayyah M. Epilepsia, 
anticonvulsant effect of flutamide on seizures induced 
by pentylenetetrazole: involvement of benzodiazepine 
receptors. Epilepsia (2003) 44: 629-35.

(40)

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

or
 http:// ijpr.sbmu.ac.ir

www.SID.ir

www.SID.ir

