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Introduction 
Seizure is a neurological disorder in which limited or wide 
areas of the brain have spontaneous activities and brain 
functions are impaired. Seizure is the second leading cause 
of neurological diseases after strokes (1). This neurological 
failure is severe, sudden and debilitating. About 1.6% of 
all age groups of the world's population are affected by 
the condition (2). Clinically, seizures are divided into 
two general and focal types. The most common type of 
seizure is its general type, and its symptoms include loss 
of consciousness and contraction of the tonic and colonic 
muscles. It usually lasts from 30 seconds to 3 minutes 
followed by a full recovery (3). In the focal type of seizure, 
abnormal motor and sensory behaviors can be seen, but 
consciousness remains unchanged (2,3). 

Oxidative stress is caused by the release of free 
radicals in the brain. They can play a role in the onset 
and progression of epilepsy, although antioxidants such 
as vitamin E and glutathione can prevent the spread of 
seizures (4,5). Oxidative stress causes the formation of 
reactive oxygen species and reactive nitrogen species, 
triggering many harmful mechanisms such as inhibition 

of mitochondrial function, increased calcium levels and 
enhanced lipid peroxidation (6). Nitric oxide (NO) is a 
neurotransmitter regulator produced by NO synthase 
(NOS) from L-arginine (7). It is known that NO is 
involved in the pathophysiology of seizure (8). It has 
also been found that many drugs in animal models cause 
anticonvulsant effects by inhibiting NOS (9).

According to the previous researches, medicinal plants 
and their active ingredients, with fewer side effects, can be 
used as adjuvant drugs or very suitable alternatives for the 
treatment of this disease (10). Therefore, we focused on 
the effects of anethole in the present study.

Anethole (1-methoxy-4-isopropyl) is a colorless and 
sweet terpenoid; this ingredient, which has the same flavor 
as fennel, is 10 times sweeter than sugar (11,12). Relaxant 
and antispasmodic properties, and anti-inflammatory, 
anticancer and analgesic qualities have been reported for 
this compound (13-15).

The aim of the present study was to evaluate the 
anticonvulsant effect of anethole in a pentylenetetrazole 
(PTZ)-model of seizure in male mice with respect to its 
possible effects on oxidative stress.
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Abstract
Background and aims: Epilepsy is a neurological disorder causing brain dysfunctions. Treatment and control 
of epilepsy have long been a challenge in medical sciences. Despite the variety of current anticonvulsant 
drugs, research continues to discover new drugs with the highest efficacy and the lowest side effects. In the 
present study, the anticonvulsant effects of anethole in the seizure induction with pentylenetetrazole (PTZ) 
were evaluated in a mice model with respect to its possible antioxidant effects. PTZ is known to cause 
generalized epilepsy in animal models. 
Methods: Accordingly, in this experimental study, 40 mice were divided into 5 groups; the first group 
received normal saline, the second group received 10 mg/kg diazepam, and the third to fifth groups were 
given anethole at 31.25, 62.5 and 125 mg/kg, respectively. Injections were conducted intraperitoneally for 
one week; then seizures were induced by the intravenous injection of 90 mg/kg PTZ. After determination 
of the duration of seizures in different groups, the mice were finally placed under deep anesthesia and their 
prefrontal cortex tissue was isolated to measure nitric oxide (NO), antioxidant capacity and malondialdehyde 
(MDA) concentrations. 
Results: The results showed that anethole increased the delay in the onset of seizures, decreased the amount of 
nitrite in the brain, enhanced antioxidant capacity, and reduced MDA content in a dose-dependent manner. 
Conclusion: Overall, our results indicated the anticonvulsant effects of anethole that could be mediated by 
inhibiting oxidative stress. 
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Materials and Methods
Animals
In this study, 40 NMRI male mice weighing 25-30 g and 
approximately aged 8-12 weeks were used. The mice were 
kept in a room under standard light and temperature 
conditions; they had free access to appropriate food and 
water. The present study was conducted as per the Guide 
for the Care and Use of Laboratory Animals (8th edition, 
National Academies Press) as adopted by the Committee 
on the Care and Use of Laboratory Animals of Shahrekord 
University. All efforts were made to ensure the least use of 
animals and improve their well-being.

Study design
The mice were randomly divided into 5 groups (n=8) as 
follows; the first group received normal saline and the 
second group was given diazepam at 10 mg/kg. The third 
to fifth groups were given anethole at 31.25, 62.5 and 
125 mg/kg, respectively (16). In all groups, agents were 
injected intraperitoneally for one week, and then PTZ was 
injected intravenously to induce seizure.

Determination of seizure threshold 
In order to determine the seizure threshold in mice, we 
performed a previously described procedure.

Briefly, a winged infusion set (30 gauge) was used to 
infuse PTZ (0.5%) at a constant rate of 1 ml/min into the 
tail vein of the freely moving subject. The infusion was 
stopped whenever forelimb clonus followed by the full 
clonus of the body (began with running and then loss 
of righting reflex) occurred. The minimal dose of PTZ 
(mg/kg body weight) needed to induce a clonic seizure 
was considered as the index of seizure threshold. Because 
PTZ was administrated at a constant rate (1 ml/min), the 
duration to induce seizure depended on the dose and time 
of PTZ injection (17).

Measurement of total antioxidant capacity 
Animals were euthanized under deep anesthesia and 
then prefrontal cortex was removed. Total antioxidant 
capacity (TAC) was then determined using the FRAP 
(ferric reducing ability of plasma) method at 37°C and 
pH 3.6, according to a previously described procedure 
(18). Absorbance was measured after 30 minutes and 
reported in proportion to the combined ferric reducing/
antioxidant power of the antioxidants in protein. The 
results were expressed as mmol Fe2+/mg protein.

Measurement of malondialdehyde 
The malondialdehyde (MDA) level of the prefrontal 
cortex was measured according to a previously described 
method (19). By using thiobarbituric acid (TBA) and 
the method based on the development of colorful 
chromophores, following the reaction of TBA with MDA, 
the concentration of MDA was determined. Finally, the 
absorbance of the supernatants was measured at 562 nm 
for the prefrontal cortex specimens using ELISA reader. 

Nitrite assay
The Griess reaction was run to measure nitrite, as 
described previously. To describe briefly, the standard 
curves for nitrite were prepared; then the samples (50 µL 
of serum and 100 µL of tissue suspensions) were added 
to the Griess reagent. Proteins were precipitated by 
adding 50 µL of 10% trichloroacetic acid (Sigma-Aldrich). 
The contents were centrifuged, and the supernatants 
were transferred to a 96-well flat-bottomed microplate. 
Absorbance was read at 520 nm using a microplate reader, 
and the final values were calculated from the standard 
calibration plots (20).

Statistical analysis
Statistical analysis was performed using SPSS 18. One-
way analysis of variance (ANOVA) followed by Tukey's 
post hoc test was used to conduct data analysis. Values 
were expressed as mean ± SEM. P<0.05 was considered 
significance level.

Results
Anethole increased seizure threshold
The results showed that anethole at 62.5 and 125 mg/kg 
as well as diazepam significantly increased the seizure 
threshold in comparison to the group given normal saline 
(P<0.001; Figure 1). 

Anethole decreased nitrite level in the prefrontal cortex
As illustrated in Figure 2, the level of nitrite in the 
prefrontal cortex in the groups receiving anethole at 
31.25 (P<0.01), 62.5 (P<0.001) and 125 mg/kg (P<0.001) 
significantly decreased when compared to the saline-
treated group.

Anethole increased TAC in the prefrontal cortex
As illustrated in Figure 3, the TAC in the prefrontal cortex in 
the groups treated with anethole at 62.5 (P<0.001) and 125 
mg/kg (P<0.001), as well as diazepam (P<0.05) significantly 
increased in comparison to the saline-treated group.

Anethole decreased the MDA level in the prefrontal 
cortex
As shown in Figure 4, the MDA level in the prefrontal 
cortex of the groups receiving anethole at 31.25 (P<0.01), 
62.5 (P<0.001) and 125 mg/kg (P<0.001) significantly 
decreased in comparison to the saline-treated group.

Discussion
Our findings showed that anethole exerted anticonvulsant 
effect in the PTZ-induced seizure in mice. We observed 
that anethole decreased nitrite and MDA levels, while it 
increased the TAC in the prefrontal cortex. The results 
also demonstrated that anethole probably increased the 
seizure threshold via its antioxidant properties. 

Although standard treatments can control epilepsy 
attacks, millions of people have uncontrolled epilepsy 
despite use of chemical anticonvulsants; therefore, 
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researches continue to discover new drugs, with higher 
efficacy and fewer side effects (21). Medicinal plants 
and their compounds have been used for management 
of various diseases across the world. Because of their 
pharmacological effects, effectiveness and low side effects, 
researchers are considering these compounds as adjuvant 
therapies for treatment of diseases (22). 

Anethole is an alkenyl benzene (1-methoxy-4-(1-
propenyl)benzene) present in the essential oils of various 
plants, mainly fennel, cinnamon, and anise (23). Previous 
studies have reported several pharmacological properties 

for anethole, including anti-neuroinflammatory, 
hepatoprotective, nephroprotective and antidiabetic 
effects (23-25). Ample evidence has demonstrated 
neuroprotective effects of the compound. In this regard, 
previous studies have determined that anethole attenuates 
behavioral changes following social isolation stress (26), 
and mitigates neuropathic pain induced by chronic 
constriction injury (27). In this study, we observed that 
administration of anethole increased the seizure threshold 
in PTZ-induced seizure in mice. Our results also showed 
that anethole could significantly delay the onset of seizure 
following induction with PTZ. 

Previous studies have shown that oxidative stress is 
involved in the pathophysiology of seizure (28,29). In this 
regard, it has been shown that agents with antioxidant 
effects mitigate seizure attacks (30). Researches have 
shown that increase in the MDA level is associated with 
proconvulsant effects while decrease in the MDA level 
is accompanied with anticonvulsant effects (31,32). 
Furthermore, ample experimental evidence has shown 
that some agents with potential anticonvulsant effects 
increase the TAC in the brain and consequently seizure 
threshold (33,34). In terms of the role of the nitrergic 
system and NO in the pathophysiology of seizure, it has 
been determined that there is a direct correlation between 
NO level and the intensity of seizure (35,36). As well, it 
has been demonstrated that agents that reduce the levels 
of nitrite significantly increase the seizure threshold. 
Furthermore, reducing level of nitrite is involved in the 
anticonvulsant effects of some anticonvulsants (37,38). 
In line with aforementioned studies, our results showed 
that anethole increased TAC and reduced the levels of 
nitrite and MDA in the prefrontal cortex, indicating that 
anethole has antioxidant properties and is therefore likely 
to increase the seizure threshold in the PTZ-induced 
seizure in mice.

Conclusion 
We concluded that anethole, partially at least, exerts 
anticonvulsant effect (increases seizure threshold) in the 
PTZ-induced seizure in mice via its antioxidant properties.

Figure 1. The seizure threshold (in seconds) in experimental groups. Data 
were presented as mean ± SEM and analyzed using one-way ANOVA 
followed by Tukey's post-hoc test. ***P<0.001; as compared with the 
saline-treated group. Diaz: Diazepam; Ane: Anethole.

Figure 2. The level of nitrite in the prefrontal cortex in experimental 
groups. Data were presented as mean ± SEM and analyzed using one-way 
ANOVA followed by Tukey's post-hoc test. **P<0.001 and ***P<0.001; as 
compared with the saline-treated group. Diaz: Diazepam; Ane: Anethole.

Figure 3. The total antioxidant capacity of the prefrontal cortex in 
experimental groups; Data were presented as mean ± SEM and analyzed 
using one-way ANOVA followed by Tukey's post-hoc test, * P<0.05 and 
*** P<0.001; as compared with the saline-treated group. Diaz: Diazepam; 
Ane: Anethole.

Figure 4. Level of malondialdehyde in the prefrontal cortex in experimental 
groups. Data were presented as mean ± SEM and analyzed using one-way 
ANOVA followed by Tukey's post-hoc test, **P <0.01 and *** P <0.001, as 
compared with the saline-treated group. Diaz: Diazepam; Ane: Anethole.
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