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Abstract

Regarding the therapeutic properties of Nigella sativa (NS), the effects of the plant hydro – 
alcoholic extract on learning, memory and brain tissues oxidative damage were investigated in 
penthylenetetrazole (PTZ) - induced repeated seizures.

There were 4 experimental groups including: 1- control group; received saline, 2- PTZ 
group ; received saline and PTZ (50 mg/Kg, i.p) , 3-PTZ- NS 200 and 4- PTZ- NS 400 ; 
received 200 and 400 mg/Kg of NS extract respectively,  before PTZ injection in 5 consecutive 
days. Seizure scores were lower in PTZ – NS 200 and 400, furthermore the seizure onset 
latencies were higher in these groups than PTZ group (P<0.05 and P<0.01 ). In Morris water 
maze, the time spent in target quadrant by PTZ group was lower than control group (P<0.05); 
while, 400 mg/Kg of the extract increased it (P<0.01). In the passive avoidance test, delay time 
to enter the dark by PTZ group was lower than control at 1 and 24 hours after training (P<0.01- 
P<0.001); while, 400 mg/Kg of the extract increased it (P<0.05).  The total thiol concentration 
in hippocampal and cortical tissues of PTZ group was reduced while, MDA concentration was 
higher than control (p<0.05 - p<0.001). Administration of the extract increased the total thiol 
and decreased the MDA concentrations (p<0.01- p<0.001). 

It is concluded that the hydro-alcoholic extract of NS possess beneficial effects on learning 
and memory impairments in repeated seizures model which is accompanied by antioxidant 
effects in the brain.
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Introduction

Neuronal hyperexcitability and excessive 

production of free radicals have been implicated 
in the pathogenesis of a considerable range of 
neurological disorders, including epilepsy. 
The increased susceptibility of the brain to 
oxidative damage highlights the importance of 
understanding the role of oxidative stress in the 
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learning, memory and cognition in human and 
animals models have been reported (12-15). In 
traditional medicine, NS has been suggested to 
be effective against epilepsy (16). The results of 
human and animal studies have shown that NS 
and thymoquinone have antiepileptic properties 
(16-22).

The anti  -oxidant effects of Nigella sativa 
and thymoquinone has been suggested (23, 
24). Hosseinzadeh et al (25). found that Nigella 
sativa oil and thymoquinone have  antioxidant 
effects during cerebral ischemia-reperfusion 
injury in rat hippocampus (25). The antioxidant 
effects of NS in other animals models of nervous 
system disorders have also been reported which 
sometimes have been confirmed by human 
studies (21, 26, 27). 

Regarding the role of brain tissues oxidative 
damage in memory impairments due to repeated 
seizure and based on the beneficial effects of NS 
on both seizures and memory impairments and 
the antioxidant effects of the plant which have 
been reported in traditional medicine and in 
the experimental studies,  the present study was 
designed in order to evaluate possible effects of 
hydro-alcoholic extract of NS on brain tissues 
oxidative damage and learning and memory in 
PTZ induced repeated seizures in rats.

Experimental

Preparing the plant extract 
Powdered seeds (100 g) of NS were extracted 

in a Soxhlet extractor with ethanol (70%). The 
resulting extract was concentrated under reduced 
pressure and kept at -20 oC until being used 
(yielded 32%).  The extract was dissolved in 
saline (4, 28).

Animals and the experimental protocol
Forty male Wistar rats (8 weeks old, 230 ± 

20 g) were kept at 22 ± 2 oC and 12 h light/dark 
cycle, started at 7:00 am. They were  randomly 
divided to four groups and treated according to 
the experimental protocol. All measurements 
were performed between 10 and 14 am. 

Group 1 (control group) received saline 
instead of NS extract or PTZ. The animals in 
group 2 (PTZ group) were treated by saline and 

pathophysiology of seizures and epilepsy (1). 
Furthermore, accumulating evidence 

revealed the importance of oxidative stress as a 
consequence epileptic seizures (1). It has been 
found that the prolonged seizures are followed by 
oxidative damage to lipids, DNA, and susceptible 
proteins (2). It has also been well documented 
that oxidative damage plays an important role 
in the pathogenesis and complications of other 
central nervous system (CNS) disorders such 
as learning and memory impairments while, 
antioxidants have been shown to prevent 
memory impairments in various experimental 
models (3, 4).  

Patients with epilepsy frequently manifest 
cognitive and affective disorders such as spatial 
memory deficit and impaired emotional learning 
(5) but according to other studies, the spatial 
memory has remained intact after recurrent 
seizures (6). Most obviously, the experiments 
have already confirmed that seizures are 
accompanied with oxidative damage to the 
parts of the brain such as the hippocampus and 
other parts of the limbic system (7). However, 
experimental evidence indicates that antioxidant 
compounds can protect against the neuronal 
damage observed during epilepsy. Studies have 
demonstrated that ascorbic acid can ameliorate 
oxidative stress in the hippocampus during 
seizures (7). It has been reported that even a brief 
seizure induced by a single injection of PTZ also 
impairs learning and memory (8).

 Nigella sativa L. (NS) is an annual flowering 
plant native to different regions of southern 
Europe and some parts of Asia. The flowers are 
delicate and are usually colored pale blue and 
white with small black seeds (9). In traditional 
medicine, this herb is known for having a healing 
power so that it has been used in the Middle East 
and Far East for treating diseases such as asthma, 
headache, dysentery, infections, obesity, back 
pain, hypertension and gastrointestinal problems 
(9, 10). The results of previous experimental 
studies have supported the pharmacological 
effects of the seeds of NS or thymoquinone (9). 
It has been reported that the extract of NS seeds 
and thymoquinone showed the beneficial effects 
in a depression like behavior in rats which was 
accompanied with the level of serotonin in the 
brain (10, 11). The beneficial effects of NS on 
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injected by PTZ (50 mg/Kg, ip). Groups3-4   
(PTZ-NS 200) and (PTZ-NS 400) were treated 
by 200 and 400 mg/Kg of NS (ip) before each 
PTZ injection respectively. 

PTZ-induced repeated seizures
The animals were injected by 50 mg/Kg PTZ. 

Following each injection the rats were placed in 
a Plexiglas cage separately, and observed for 60 
minutes. The resultant seizures were classified 
according to a modified Racine scale as follows: 
1 － Mouth and facial movements; 2 － Head 
nodding; 3 － Forelimb clonus; 4 － Rearing; 
5－ Rearing and falling. The latency to the first 
sign of seizure and duration of seizures were also 
recorded (28). 

Morris water maze test
To evaluate spatial memory, the rats were 

tested in Morris water maze which is a black 
circular pool of 150 cm diameter and 60 cm 
height, filled with 24 – 26 °C water to a depth 
of 30 cm. It is divided geographically into four 
quadrants of North, East, South and West. In 
the center of the southeast quadrant, a circular 
Plexiglas platform (10 cm in diameter and 28 cm 
in height) was located, hidden 2 cm below the 
surface of water. 

Before starting the experiments, each rat was 
handled daily for 3 days and then the rats were 
accustomed to the water maze for 30 s without a 
platform.

Each rat participated in 12 trials, which were 
organized into three blocks of four trials (1 trial/
start position within a block). Each block was 
considered as a separate test session and the 
blocks were separated by 30 min intervals. The 
rats were randomly released in one of the four 
quadrants of the pool while facing the wall of 
the tank. On each trial, the rat was allowed to 
swim until it found and remained on the platform 
for 20 s. If 60 s had passed and the animal had 
not found the platform, it was guided to the 
platform and allowed to stay on the platform 
for 20 s. During all these stages a camera was 
installed above the pool to detect the pathway of 
the rats which was then received by a computer 
and recorded. The time latency to reach the 
platform and also the length of swimming path 
were compared among groups. In the retention 

phase (24 h later), the platform was removed and 
a 60-s probe trial was conducted to examine how 
well the rats had learned the exact location of 
the platform. The platform was removed, and the 
animals were allowed to swim for 60 seconds. 
The time spent in the target quadrant (Q1) was 
compared among groups (3, 29, 30). 

Passive avoidance test
The passive avoidance learning test based 

on negative reinforcement was carried out. 
The apparatus had a grid floor and comprised 
of two compartments: one dark and the other 
one lighted, with a small gate which connected 
these two parts. This test is performed with the 
knowledge that rats have a native preference 
to the dark environment. Before beginning the 
training session, the animals were familiarized 
with the apparatus for two successive days (5 min 
per day). On the ensuing day, they were placed 
in the lighted compartment and the time latency 
for entering the dark compartment, as well as 
the time spent in dark and light compartments 
were noted down. During the training phase, the 
animals were located in the lighted compartment 
while facing toward the walls and away from the 
gate and received an electric shock (1.5 mA, 2 s 
duration) when they were entered the dark part. 
The animals were then returned to their cages. In 
the retention or test phase, carried out at one and 
twenty four hours after the training sessions, the 
rats were placed in the light compartment and 
time latency to enter the dark compartment as 
well as the time spent by the animals in the dark 
and light compartments were recorded (31). 

Biochemical assessment
The animals were sacrificed after behavioral 

study, the brains were removed and dissected 
on an ice-cold surface and conserved for 
biochemical measurements.

Total thiol groups were measured using 
DTNB as a reagent. This reagent reacts with 
the thiol groups to produce a yellow colored 
complex which has a peak absorbance at 412 
nm (Ellman, 1959). Briefly, 1 mL Tris-EDTA 
buffer (pH=8.6) was added to 50 μL brain 
homogenates in 1ml cuvettes and the sample 
absorbance was read at 412 nm against Tris-
EDTA buffer alone (A1). Then 20 μL DTNB 
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reagent (10 mM in methanol) was added to the 
mixture and (stored in laboratory temperature) 
the sample absorbance was read again after 
15 minutes (A2). The absorbance of DTNB 
reagent was also read as a blank (B). Total thiol 
concentration (mM) was calculated from the 
following equation (3).

Total thiol concentration (mM) = (A2-A1-B) 
× 1.07/0.05 × 13.6

Malondialdehyde (MDA) level , as an index 
of lipid peroxidation, also  was measured. 
MDA reacts with thiobarbituric acid (TBA) as a 
thiobarbituric acid reactive substance (TBARS) 
to produce a red colored complex which has 
peak absorbance at 535 nm. 2 mL from reagent 
of TBA/TCA/HCL was added to 1 mL of 
homogenate and the solution was heated in a 
water bath for 40 min. After cooling, the whole 
solution was centrifuged by 1000 g for 10 min. 
The absorbance was measured at 535 nm. The 
MDA concentration was calculated as follows: 
C(m) = Absorbance/( 1.65 × 105)(3).

Statistical analysis
The data were expressed as mean ± SEM. To 

compare the time latency, traveled path length 
and speed in water maze, two way ANOVA was 
used. To analyze the data of passive avoidance 
test as well as biochemical measurements, one-
way ANOVA followed by a post hoc comparison 
test was used. The criterion for the statistical 
significance was set at p < 0.05. 

Results

PTZ-induced repeated seizures
The seizure scores in both PTZ - NS 200 and 

PTZ- NS 400 groups were significantly lower 
than PTZ group on days 3 and 4 (P<0.01 and 
P<0.05 respectively; Figure 1 A). The latency 
to the onset of seizures was also significantly 
higher than PTZ group on days 4 and 5 (P<0.05 
and; P<0.01 Figure 1 B).  

Morris water maze test
There was no significant differences between 

PTZ and control groups neither in escape latency 
nor in traveled path (Figures 2A and 2B). There 
was no significant difference in time latency 
to reach the platform when the animals of the 
PTZ-NS 200 and PTZ – NS 400 groups were 
compared with PTZ group (Figure 2A). The 
traveled distance to reach the platform in both 
PTZ-NS 200 and PTZ – NS 400 groups were 
not different from PTZ group (Figure 2B; s). 
In the probe trial, the time spent in the target 
quadrant (Q1) by the animals of PTZ group was 
significantly lower than control group (Figure 
2C, p<0.05). The animals of PTZ-NS 400 group 
spent more time in target quadrant compared 
with PTZ group (Figure 2C, p<0.05) however, 
there was no significant difference between 
PTZ-NS 200 and PTZ groups. The speed of 
the animals of PTZ group was not significantly 
higher than that of control group (Figure 2D, 

Figure 1. Comparison of seizure score (A) and latency to the onset of seizures (B) between groups. Data are presented as mean ± SEM 
(n = 9-10 in each group). *p<0.05 and **p<0.01 compared to PTZ group. The animals were injected by PTZ and observed for 60 minutes. 
The animals of PTZ- NS 200 and PTZ- NS 400 groups were treated by 200 and 400 mg/Kg of Nigella sativa (NS) extract before PTZ 
injection. The animals of PTZ group received saline instead of NS extract. 
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p<0.001).Treatment by both 200 and 400 mg/Kg 
of the extract reduced the speed to the animals to 
reach the platform compared to PTZ group but 
the effects were not significant (Figure 2D).

There was no significant difference between 
PTZ and control groups neither in escape latency 
nor in traveled path. There was no significant 
difference in time latency to reach the platform 
when the animals of the PTZ-NS 200 and PTZ – 
NS 400 groups were compared with PTZ group. 
The traveled distance to reach the platform in 
both PTZ-NS 200 and PTZ – NS 400 groups 
were lower than PTZ group.

*p<0.05 compared to Control group, +p<0.05 
compared to PTZ group. The animals of PTZ- 
NS 200 and PTZ- NS 400 groups were treated 
by 200 and 400 mg/Kg of NS extract before PTZ 
injection. The animals of PTZ group received 
saline instead of NS extract. 

Passive avoidance test
The time latency for entering the dark 

compartment was lower in the PTZ group than 
control group1   h after taking a shock (Figure 
3A, P < 0.01). Treatment of the animals by 400 
mg/Kg of NS extract significantly increased the 
time latency for entering the dark compartment 1 
h after receiving a shock (Figure 3A, P < 0.05). 
However, there was no significant difference 
between PTZ-NS 200 and PTZ groups (Figure 
3A). The time latency for entering the dark 
compartment in PTZ treated rats was lower than 
control group   24 h after the shock (Figure 4A, 
P < 0.001). Administration of 400 mg/Kg of the 
NS extract increased non-significantly the time 
latency for entering the dark compartment 24 
hours after shock (Figure 3A). The time latency 
for entering the dark compartment didn’t change 
by 200 mg/Kg of the extract 24 h after taking a 
shock (Figure 3A).

One and twenty-four hours after receiving 
the shock, the total time spent in the dark 
compartment by the animals of the PTZ group 
was  more than control group(Figure 3B, P < 
0.05 and P < 0.01 respectively). There was no 
significant difference between PTZ and PTZ- 
NS 200 groups in the total time spent in the 
dark at 1 or 24 hours after the shock (Figure 
3B). Pretreatment by 400 mg/Kg of the extract 
reduced the total time spent in the dark at both 

Figure 2. Comparison of time latency (A), the length of 
swimming path (B) to reach the platform and the time spent 
(C) in target quadrant (Q1) between groups. The comparison 
of speed was also shown in (D). Data are presented as mean ± 
SEM (n = 9-10 in each group). 
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Figure 3. Comparison of time latency for entering the 
dark compartment(A), the total time spent in the dark 
compartment(B), the total time spent in the light compartment 
(C) at 1 and 24 h after receiving the shock in the experimental 
groups. Data are presented as mean ± SEM (n = 9-10 in each 
group). *p<0.05, **p<0.01 and ***p<0.001 compared to control 
group, +p<0.05 compared to PTZ group. The animals were 
injected by PTZ and observed for 60 minutes. The animals of 
PTZ- NS 200 and PTZ- NS 400 groups were treated by 200 and 
400 mg/Kg of Nigella sativa extract before PTZ injection.  The 
animals of PTZ group received saline instead of Nigella sativa 
extract.

1 and 24 hours after receiving a shock (Figure 
3B, P < 0.05) however, 400 mg/Kg of the extract 
didn’t change the total time spent in the dark.

The results also showed that the time spent 
in the light compartment by the animals of PTZ 
group was lower than control group 24 h after 
receiving a shock (Figure 3C, P < P < 0.01) 
however, there was no significant difference at 
1 h after shock. Treatment of the animals by NS 
extract didn’t affect the time spent in the light 
compartment when the animals were examined 
at 1 and 24 h after receiving a shock (Figure 3C).

Biochemical assessment results
The total thiol concentration in hippocampal 

tissues of PTZ group was significantly lower 
than control animals (Figure 4A; p<0.01). In 
PTZ –NS 400 group, the hippocampal total 
thiol concentration was significantly higher than 
PTZ group (Figure 4A; p<0.01) however, 200 
mg/Kg of the extract didn’t show any effect. 
MDA concentration in hippocampal tissues of 
PTZ treated animals was higher than control 
ones (Figure 4B; p<0.001). Pretreatment of 
the animals by both 200 and 400 mg/Kg of NS 
extract decreased the MDA concentration in 
hippocampal tissues compared to PTZ group 
(Figure 4B; both p<0.001).

As the Figure 5A shows, the total thiol 
concentration in cortical tissues of PTZ group 
was significantly lower than control animals 
(Figure 5A; p<0.05). Administration of NS 
extract before each PTZ injection didn’t affect the 
total thiol concentration (Figure 5A). The results 
also showed that cortical MDA concentration 
in PTZ group was significantly higher than 
control group (Figure 5B; p<0.01). There was 
no significant difference in MDA concentration 
of cortical tissues among PTZ-NS 200, PTZ-NS 
400 and PTZ groups (Figure 5B).

Discussion

The results of the present study showed that 
PTZ- induced repeated seizures impaired learning 
and memory and also induced brain tissue 
oxidative damage in rats which was reduced 
by the NS extract. Oxidative stress is a basis 
for many neurological and neurodegenerative 
disorders. Oxidative stress is proposed to have 
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Figure 4. The total thiol concentration (A) and MDA 
concentration (B) in hippocampal tissues of 4 groups. Data are 
shown as mean ± SEM of 9-10 animals per group. 
**p<0.01 and ***p<0.001 compared to control group, ++p<0.01 
and +++p<0.001 compared to PTZ group.

Figure 5. The total thiol concentration (A) and MDA 
concentration (B) in cortical tissues of 4 groups. Data are 
shown as mean ± SEM of 9-10 animals per group. *p<0.05 and 
**p<0.01 compared to Control group.

a role in the pathogenesis of epilepsy (1). The 
presence of a high level of reactive oxygen 
species (ROS), including superoxide anions, 
hydroxyl radicals and hydrogen peroxide in the 
brain after seizures may confirm this idea(1). 
However, it has been also well documented 
that brain tissue oxidative damage has a role 
in the pathogenesis of the consequences of 
epilepsy (2). Accordingly, in the present study 
an increase in MDA level was observed which 
was accompanied by a reduction in total thiol 
groups in the brain tissues of animals subjected 
to PTZ-induced seizure. The elevation of ROS 
in the brain may lead to brain tissue oxidative 
damage which consequently causes problems 
such as depression, anxiety and memory loss 
(32). The results of the present study confirmed 
that elevation of MDA and decreasing of thiol 
group concentrations in brain tissues of PTZ 
treated rats were accompanied with learning 
and memory impairments. Some study results 
supported learning and memory decline in 

epileptic persons (5). Using kindled animals, it 
has been repeatedly reported that prolonged and 
recurrent seizure impairs learning and memory 
(33). The results of the present study showed 
that repeated seizures induced by injection of 
PTZ for 5 consecutive days also lead to memory 
impairments. It is also suggested that the effect 
of repeated seizure isn’t due to its effect on 
motor activity because its effect on swimming 
speed was positive in rats but it had a negative 
effects on memory criteria when the animals 
were examined in prob test to remember the 
location of the platform. Regarding the results 
of the present study the brain tissue oxidative 
stress as a link between seizures and memory 
impairments might be suggested.  

The seed extract of NS has been used as a 
natural remedy for treating of a number of illnesses 
and conditions for many years (9). The effects 
of NS on learning and memory have also been 
suggested. NS oil enhanced learning and memory 
abilities of the rats when examined using eight-
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arm radial arm maze (14). Using Morris water 
maze also, NS improved learning and memory 
impairments due to global cerebrovascular 
hypoperfusion in rats (12). Protective effects of 
Nigella sativa against diabetes induced learning 
and memory impairment has also been reported 
(15). Results from human studies also confirmed 
the beneficial effects of NS on memory, attention 
and cognition without any side effects on kidney, 
heart and liver (13) 

Mohamed et al. (2005) showed that treatment 
of rats with thymoquinone prevented the 
experimental autoimmune encephalomyelitis 
(34), which was probably due to its antioxidant 
and anti-inflammatory properties (35). The 
antioxidant effects of NS and thymoquinone 
have been repeatedly reported to be comparable 
to the effects of vitamine E and vitamine C (23, 
25). However it was not compared to other 
well-known antioxidants, the results of the 
present study also showed that pretreatment by 
NS extract prevented elevation of MDA brain 
tissue concentration while it enhanced total thiol 
concentration.  

Moreover, it has been previously reported that 
hippocampal neurodegeneration after chronic 
toluene exposure in rats was prevented by NS 
oil and thymoquinone (36). Hosseinzadeh et 
al. have also shown that NS and thymoquinone 
prevented lipid peroxidation increment in 
hippocampal proteins following global cerebral 
ischemia-reperfusion injury model in rats (25). 
The anti-Parkinson’s activity of NS was also 
accompanied with the antioxidant effects (27, 
37). The antioxidant effects of NS oil was 
comparable to the effects of valproate in PTZ 
induced kindled mice (26). Antiepileptic effect 
of NS and its ability to inhibit excessive ROS 
formation in PTZ - induced seizures has been 
reported (26). A neuroprotective effect of NS 
in an experimental model of spinal cord injury 
in rats has also been attributed to its antioxidant 
capability (38). It has been shown that NS extract 
and thymoquinone attenuated oxidative stress 
and neuropathy in diabetic rats (39). Regarding 
these reports and the results of present study, it 
seems that NS attenuates both seizures severity 
and brain tissues oxidative damage and protects 
learning and memory impairments in rats. It does 
not seem that the effect of the extract be due to 

its effect on motor activity because both doses of 
the extract reduced the speed compared to PTZ 
group but they enhanced the time spent in target 
quadrant in prob test.

NS was also found that modulates the 
brain content of excitatory and inhibitory 
neurotransmitters such as aspartate and glutamate, 
GABA and glycine (40). NS increased GABA 
released from cultured neurons whereas secretion 
of glutamate, aspartate, and glycine were 
decreased. (41). Regarding these findings and the 
sedative and depressive effects of NS observed 
in-vivo, the changes of inhibitory/excitatory 
amino acids levels may have a role in the effects 
which was seen in the present study. The effects 
of NS and thymoquinone on pentobarbital-
induced hypnosis, locomotor activity and motor 
coordination which have been previously reported 
might also be conceivable (18). 

Hosseinzadeh and Parvardeh using a PTZ 
model showed that thymoquinone prolonged 
the onset of seizures and reduced the duration 
of myoclonic seizures and reduced mortality 
rate however, in maximal electroshock (MES) 
model, thymoquinone failed to reduce the 
duration of seizure, whereas exhibited a complete 
protection against mortality. In this study 
the interactions with opioid and GABAergic 
systems were suggested as possible mechanisms 
(18). However, thymoquinone didn’t show the 
protective activity on percentage of protection 
of animals against MES- induced tonic seizures 
in another study (42). Thymoquinone has been 
reported to have anti-epileptic effects in children 
with refractory seizures (19). In another study 
NS aqueous extract, and its volatile oil and 
hymoquinone, showed antiepileptic effects using 
PTZ induced seizures model and potentiated 
the effects of valproate (43). Nigella sativa oil 
reduced the sensitivity of kindled mice to the 
convulsive effects of PTZ and mortality rate 
while, valproate was ineffective in preventing 
development of any of these effects (26). It was 
also shown that thymoquinone in both PTZ 
and MES- induced seizure models increased 
sodium valproate potency and also reduced the 
hepatotoxic effects of sodium valproate (44).

Furthermore, it has been postulated that 
Nigella sativa oil and thymoquinone produced 
antinociception in the formalin test by releasing 
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endogenous opioid peptides in the CNS, and 
causes an antinociceptive tolerance following 
repeated administration (45). It was also shown 
that the antinociceptive effect of morphine was 
reduced in thymoquinone and NS oil-pretreated 
mice (45). The ability of the hydroalcoholic 
extract of NS to change morphine induced 
conditioning place preference may also confirm 
the interaction of the plant with opioid system 
(46). Therefore, it might be suggested that NS 
and its ingredients have interaction with opioid 
system to reduce seizure severity and prevent 
memory impairments which was seen in the 
present study but it needs to be more investigated. 

As it was mentioned NS is containing many 
compounds, the main of them is thymoquinone. 
In the present study the ingredient(s) responsible 
for the effects of the extract was not known and 
it needs to be investigated in future. Recently, 
it is reported that besides thymoquinone, the 
main ingredient which has an important role in 
pharmacological effects of NS, other component(s) 
may also be involved in the results of the present 
study. More recently, melanin has been shown to 
occur abundantly in the seed coats of NS (47). 
On the other hand, according to a number of 
botanical sources, melanin has been found to 
act as an immunomodulator (48, 49). Therefore, 
involvement of this ingredient of NS may also be 
suggested as a possible compound which plays a 
role in the result of the present study. 

Conclusion

The results of the present study showed that 
the hydro-alcoholic extract of Nigella sativa 
prevented learning and memory impairments as 
well as brain tissue oxidative damage after PTZ 
- induced repeated seizure in rats. These results 
support the traditional belief about the beneficial 
effects of Nigella sativa on the nervous system. 
Further studies are required for determining 
(confirming) the protective effect of Nigella 
sativa.

Acknowledgments

Authors would like to thank the Vice 
President of Research in Mashhad University of 
Medical Sciences for the financial support.

References

Devi PU, Manocha A and Vohora D. Seizures, 
antiepileptics, antioxidants and oxidative stress: an 
insight for researchers. Expert. Opin. Pharmacother. 
(2008) 9: 3169-3177.
Kudin AP, Kudina TA, Seyfried J, Vielhaber S, Beck H, 
Elger CE and Kunz WS. Seizure-dependent modulation 
of mitochondrial oxidative phosphorylation in rat 
hippocampus. Eur. J. Neurosci. (2002) 15: 1105-1114. 
Khodabandehloo F, Hosseini M, Rajaei Z, Soukhtanloo 
M, Farrokhi E and Rezaeipour M. Brain tissue 
oxidative damage as a possible mechanism for the 
deleterious effect of a chronic high dose of estradiol on 
learning and memory in ovariectomized rats. Arquivos 
de Neuro-psiquiatria (2012) 71: 313-319.
Hosseini M, Mohammadpour T, Karami R, Rajaei 
Z, Sadeghnia HR and Soukhtanloo M. Effects of 
the hydro-alcoholic extract of Nigella Sativa on 
scopolamine-induced spatial memory impairment in 
rats and its possible mechanism. Chin. J. Integr. Med. 
Epub. (2014) 1742-1745.
Dodrill CB. Progressive cognitive decline in 
adolescents and adults with epilepsy. Prog. Brain Res. 
(2002) 135: 399-407. 
Lamberty Y and Klitgaard H. Consequences of 
Pentylenetetrazole Kindling on Spatial Memory and 
Emotional Responding in the Rat. Epilepsy Behav. 
(2000) 1: 256-261. 
Tome Ada R, Feitosa CM and Freitas RM. Neuronal 
damage and memory deficits after seizures are reversed 
by ascorbic acid? Arquivos de Neuro-psiquiatria 
(2010) 68: 579-585. 
Mao RR, Tian M, Yang YX, Zhou QX, Xu L and Cao J. 
Effects of pentylenetetrazol-induced brief convulsive 
seizures on spatial memory and fear memory. Epilepsy 
Behav. (2009) 15: 441-444. 
Ali BH and Blunden G. Pharmacological and 
toxicological properties of Nigella sativa. Phytother. 
Res. (2003) 17: 299-305. 
Hosseini M, Zakeri S, Khoshdast S, Yousefian FT, 
Rastegar M, Vafaee F, Kahdouee S, Ghorbani F, 
Rakhshandeh H and Kazemi SA. The effects of Nigella 
sativa hydro-alcoholic extract and thymoquinone on 
lipopolysaccharide - induced depression like behavior 
in rats. J. Pharm. Bioallied. Sci. (2012) 4: 219-25. 
Perveen T, Haider S, Zubari NA, Saleem S, Sadaf 
S and Batool Z. Increased 5-HT levels following 
repeated administration of nigella sativa l.(black seed) 
oil produce antidepressant effects in rats. Sci. Pharm. 
(2013) 82: 161-170
Azzubaidi MS, Saxena AK, Talib NA, Ahmed QU and 
Dogarai BB. Protective effect of treatment with black 
cumin oil on spatial cognitive functions of rats that 
suffered global cerebrovascular hypoperfusion. Acta 
Neurobiol. Exp. (2012) 72: 154-165. 
Bin Sayeed MS, Asaduzzaman M, Morshed H, Hossain 
MM, Kadir MF and Rahman MR. The effect of Nigella 
sativa Linn. seed on memory, attention and cognition 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

Vafaee F et al. / IJPR (2015), 14 (2): 547-557

556

in healthy human volunteers. J. Ethnopharmacol. 
(2013) 148: 780-786. 
Sahak MK, Mohamed AM, Hashim NH and Hasan 
Adli DS. Nigella sativa oil enhances the spatial 
working memory performance of rats on a radial arm 
maze. Evid. Based Compl. Altern. Med.(2013) 2013: 5.
Roghani M. The effect of Nigella sativa on learning and 
memory in male diabetic rats. Basic Clin. Neurosci. 
(2009) 1: 32-34.
Abdollahi Fard M and Shojaii A. Efficacy of Iranian 
traditional medicine in the treatment of epilepsy. 
Biomed. Res. Int. (2013)2013: 8.
Hosseinzadeh H, Parvardeh S, Nassiri-Asl M and 
Mansouri MT. Intracerebroventricular administration 
of thymoquinone, the major constituent of Nigella 
sativa seeds, suppresses epileptic seizures in rats. Med. 
Sci. Monit. (2005) 11: 106-110. 
Hosseinzadeh H and Parvardeh S. Anticonvulsant 
effects of thymoquinone, the major constituent of 
Nigella sativa seeds, in mice. Phytomed. (2004) 11: 
56-64. 
Akhondian J, Kianifar H, Raoofziaee M, Moayedpour 
A, Toosi MB and Khajedaluee M. The effect of 
thymoquinone on intractable pediatric seizures (pilot 
study). Epilepsy Res. (2011) 93: 39-43. 
Akhondian J, Parsa A and Rakhshande H. The effect 
of Nigella sativa L. (black cumin seed) on intractable 
pediatric seizures. Med. Sci. Monit. (2007) 13:            
555-559.
Shawki M, El Wakeel L, Shatla R, El-Saeed G, Ibrahim 
S and Badary O. The clinical outcome of adjuvant 
therapy with black seed oil on intractable paediatric 
seizures: a pilot study. Epileptic. Disord. (2013) 15: 
295-301. 
Noor NA, Aboul Ezz HS, Faraag AR and Khadrawy 
YA. Evaluation of the antiepileptic effect of curcumin 
and Nigella sativa oil in the pilocarpine model of 
epilepsy in comparison with valproate. Epilepsy Behav. 
(2012) 24: 199-206. 
Ismail M, Al-Naqeep G and Chan KW. Nigella sativa 
thymoquinone-rich fraction greatly improves plasma 
antioxidant capacity and expression of antioxidant 
genes in hypercholesterolemic rats. Free Radic Biol. 
Med. (2010) 48: 664-672. 
Uz E, Bayrak O, Kaya A, Bayrak R, Uz B, Turgut FH, 
Bavbek N, Kanbay M and Akcay A. Nigella sativa oil 
for prevention of chronic cyclosporine nephrotoxicity: 
an experimental model. Am. J. Nephrol. (2008) 28: 
517-522. 
Hosseinzadeh H, Parvardeh S, Asl MN, Sadeghnia 
HR and Ziaee T. Effect of thymoquinone and Nigella 
sativa seeds oil on lipid peroxidation level during 
global cerebral ischemia-reperfusion injury in rat 
hippocampus. Phytomed. (2007) 14: 621-627. 
Ilhan A, Gurel A, Armutcu F, Kamisli S and Iraz M. 
Antiepileptogenic and antioxidant effects of Nigella 
sativa oil against pentylenetetrazol-induced kindling in 
mice. Neuropharmacol. (2005) 49: 456-464. 
Sandhu KS and Rana AC. Evaluation of antiparknsons 

activity of Nigella sativa(Kalonji) seeds in 
chlorpromazine induced experimental animal model. 
Int. J. Pharm. Pharm. Sci. (2013) 5: 884-888.
Ebrahimzadeh Bideskan AR, Hosseini M, 
Mohammadpour T, Karami R, Khodamoradi M, Nemati 
Karimooy H and Alavi H. Effects of soy extract on 
pentylenetetrazol-induced seizures in ovariectomized 
rats. Zhong Xi Yi Jie He Xue Bao (2011) 9: 611-618. 
Sadeghian R, Fereidoni M, Soukhtanloo M, Azizi-
Malekabadi H and Hosseini M. Decreased nitric oxide 
levels in the hippocampus may play a role in learning 
and memory deficits in ovariectomized rats treated by 
a high dose of estradiol. Arquivos de Neuro-psiquiatria 
(2012) 70: 874-879. 
Assadian Narenji S, Naghdi N, Oryan Sh and 
Azadmanesh K. Intrahippocampal injection of 3α diol 
(a testosterone metabolite) and indomethacin (3α-hsd 
blocker), impair acquisition of spatial learning and 
memory in adult male rats. Iran. J. Pharm. Res. (2013) 
12: 457-469.
Naghibi SM, Hosseini M, Khani F, Rahimi M, Vafaee 
F, Rakhshandeh H and Aghaie A. Effect of aqueous 
extract of crocus sativus l. on morphine-induced 
memory impairment. Adv. Pharmacol. Sci. (2012) 
2012: 7.
Costello DJ and Delanty N. Oxidative injury in 
epilepsy: potential for antioxidant therapy? Expert. 
Rev. Neurother. (2004) 4: 541-553. 
Mortazavi F, Ericson M, Story D, Hulce VD and 
Dunbar GL. Spatial learning deficits and emotional 
impairments in pentylenetetrazole-kindled rats. 
Epilepsy Behav. (2005) 7: 629-638. 
Mohamed A, Afridi DM, Garani O and Tucci M. 
Thymoquinone inhibits the activation of NF-kappaB in 
the brain and spinal cord of experimental autoimmune 
encephalomyelitis. Biomed. Sci. Inst. (2005) 41: 388.
Salem ML. Immunomodulatory and therapeutic 
properties of the Nigella sativa L. seed. Int. 
Immunopharmacol. (2005) 5: 1749-1770.
Kanter M. Nigella sativa and derived thymoquinone 
prevents hippocampal neurodegeneration after chronic 
toluene exposure in rats. Neurochem. Res. (2008) 33: 
579-588. 
Sedaghat R, Roghani M and Khalili M. neuroprotective 
effect of thymoquinone, the nigella sativa bioactive 
compound, in 6-hydroxydopamine-induced hemi-
parkinsonian rat model. Iran. J. Pharm. Res. (2014) 
13: 227-234.
Kanter M, Coskun O, Kalayci M, Buyukbas S and 
Cagavi F. Neuroprotective effects of Nigella sativa 
on experimental spinal cord injury in rats. Hum. Exp. 
Toxicol. (2006) 25: 127-133. 
Hamdy NM and Taha RA. Effects of Nigella sativa oil 
and thymoquinone on oxidative stress and neuropathy 
in streptozotocin-induced diabetic rats. Pharmacol. 
(2009) 84: 127-134. 
Arafa NM, Abdel-Rahman M, El-khadragy MF and 
Kassab RB. Evaluation of the possible epileptogenic 
activity of ciprofloxacin: the role of Nigella sativa 

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

The effect of Nigella sativa on learning and memory after repeated seizures in rats

557

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

on amino acids neurotransmitters. Neurochem. Res. 
(2013) 38: 174-185. 
El-Naggar T, Gomez-Serranillos MP, Palomino OM, 
Arce C and Carretero ME. Nigella sativa L. seed extract 
modulates the neurotransmitter amino acids release 
in cultured neurons in-vitro. J. Biomed. Biotechnol. 
(2010) 2010: 8.
Łuszczki JJ, Wlodarczyk M, Glensk M, Marzeda 
E, Durmowicz D and Floredk-Luszczki M. Effects 
of various naturally occurring compounds (arbutin, 
borneol, esculetin, esculin, ellagic acid, gallic 
acid, hesperidine, piperitol, piperonal, quercetin, 
thymoquinone and ursolic acid) against maximal 
electroshock-induced seizures in mice. Curr. Issues 
Pharm. Med. Sci. (2013) 26: 135-139.
Raza M, Alghasham AA, Alorainy MS and El-Hadiyah 
TM. Potentiation of Valproate-induced Anticonvulsant 
Response by Nigella sativa Seed Constituents: The 
Role of GABA Receptors. Int. J. Health Sci. (2008) 
2: 15-25. 
Raza M, Alghasham AA, Alorainy MS and El-Hadiyah 
TM. Beneficial interaction of thymoquinone and 
sodium valproate in experimental models of epilepsy: 
reduction in hepatotoxicity of valproate. Scientia 
Pharm. (2006) 74: 159.

Abdel-Fattah AM, Matsumoto K and Watanabe H. 
Antinociceptive effects of Nigella sativa oil and its 
major component, thymoquinone, in mice. Europ. J. 
Pharmacol. (2000) 400: 89-97. 
Anvari M, Seddigh A, Shafei MN, Rakhshandeh H, 
Talebi AH, Tahani MR, Saeedjalali SM and Hosseini 
M. Nigella sativa extract affects conditioned place 
preference induced by morphine in rats. Anc. Sci. Life 
(2012) 32: 82-88. 
El-Obeid A, Al-Harbi S, Al-Jomah N and Hassib 
A. Herbal melanin modulates tumor necrosis factor 
alpha (TNF-alpha), interleukin 6 (IL-6) and vascular 
endothelial growth factor (VEGF) production. 
Phytomed. (2006) 13: 324-333. 
Avramidis N, Kourounakis A, Hadjipetrou L and 
Senchuk V. Anti-inflammatory and immunomodulating 
properties of grape melanin: inhibitory effects on paw 
edema and adjuvant induced disease. Arzneimittel-
Forschung (1998) 48: 764-771.
Mohagheghpour N, Waleh N, Garger SJ, Dousman L, 
Grill LK and Tusé D. Synthetic Melanin Suppresses 
Production of Proinflammatory Cytokines. Cellular 
Immunol. (2000) 199: 25-36.

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

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

Tell us if we are wrong? 
Visit http://www.ijpr.ir

www.SID.ir

www.sid.ir

