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Background: Seizure is due to the abnormal electric activity of neurons in the brain. Because of the 
side effects of synthetic drugs, plant medicines can be used instead to control seizures. 

Objectives: This study aimed to investigate the effect of aerobic exercise and α-pinene on 
pentylenetetrazole-induced seizures in mature male rats.

Materials & Methods: A total of 40 Wistar male rats (weight: 200-250 g) were divided into five 
groups: control (receiving normal saline), positive control (receiving 1 mg/kg diazepam as an 
antiepileptic drug), aerobic exercise (receiving five sessions of exercise per week, each session 
for 30 min), α-pinene (receiving 200 mg/kg for 4 weeks), and aerobic exercise plus α-pinene. 
Thirty minutes after the intervention, 85 mg/kg Pentylenetetrazole (PTZ) was intraperitoneally 
administered to the rats in all experimental groups, and their seizure-related behaviors were 
observed and recorded.

Results: Combined use of α-pinene and aerobic exercise significantly increased the delay of onset 
of seizure (P<0.05) and decreased the duration of the tonic-clonic seizure (P<0.001) and the total 
duration of seizure P<0.001) compared to the control group.

Conclusion: The findings showed that the use of α-pinene together with exercise can have 
preventive effects against pentylenetetrazole-induced seizures in mature male rats through their 
antioxidant activity.
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Introduction 

ong-term and continuous antiepileptic 
drugs may result in numerous side effects. 
Hence, it is essential to search for tradi-
tional and plant medicines with minimum 
side effects [1]. The incidence of epilepsy 

is 7-9 per 1000 population. It occurs in all ages, races, 
and genders. Epileptic seizures occur due to an imbal-
ance in the inhibition and stimulation of neuronal con-
nections. This imbalance is caused by the sudden and 
uncontrolled discharge of neurons in the central nervous 
system [2].

 Epilepsy is a set of central nervous system disorders 
that manifest as abrupt, transient, repetitive, and unpre-
dictable seizures with sensory, motor, and autonomous 
origin [3]. Seizure is caused by factors such as infection, 
ischemia, and brain stroke [4], creating inflammation in 
the central nervous system. This inflammation can be 
followed by some neurological disorders. [5]. 

In addition to causing many limitations in daily activi-
ties, uncontrolled epilepsy can induce irreversible im-
pairments in the brain cells [6]. Nowadays, techniques 
with three mechanisms of effect, including enhancement 
of GABAergic activity, reduction of glutamate stimula-
tory flow, and modulation of ionic currents, especially 
sodium, calcium, and chloride ions, are used for treating 
epilepsy [7]. 

A common cause of epilepsy and seizure in humans 
and animals is the weakened GABAergic system [8]. 
Pentylenetetrazol (PTZ) induces seizure by inhibiting 
the chloride ion flow mediated by γ-Aminobutyric Acid 
(GABA) on the GABAA receptor and consequently re-
ducing the chloride ion inflow. GABAA is an inhibitory 
neurotransmitter receptor in the central nervous system 
of vertebrates. When it is active, the receptor chloride 
ion channel is opened, allowing chloride ion flow and 
neuronal hyperpolarization. This receptor has several al-
losteric binding sites through which various drugs can 
act and regulate the GABA-induced chloride ion flow 
[9]. Therefore, drugs that reinforce the GABAergic sys-

tem activity through GABAA receptors can effectively 
prevent PTZ-induced epilepsy [3]. 

Benzodiazepines, including diazepam, operate via such 
a mechanism, too [8]. Plant medicines contain numerous 
active compounds [3]. According to research, it is logical 
to conduct studies on plants that have been claimed to 
exert beneficial effects on the nervous system or to have 
antiepileptic effects, as mentioned in some studies [10]. 
α-Pinene is a member of bicyclic monoterpenes that is 
highly important commercially. As a major active com-
pound in many plants, α-pinene also inhibits acetylcho-
linesterase enzyme activity [11]. Pharmacologic studies 
have shown that the extracts of these plants have a wide 
range of activities such as anti-depression [12], antiepi-
leptic [13], and antioxidant activities [14]. 

Regular physical activity, which can affect all body or-
gans and systems, is considered a necessity for a healthy 
lifestyle. Some studies have indicated that exercise plays 
a crucial role in the central nervous system functioning 
[15]. Other reports have shown that exercise can signifi-
cantly reduce seizure frequency [16]. Studies have also 
reported that the prevalence of seizures is reduced during 
and after exercise in epileptic patients. Some believe that 
deep breathing during exercise decreases the incidence 
of epileptic seizures by reducing CO2 [17]. Exercise re-
duces stress and increases freshness, thereby reducing 
epileptic seizures. Enhanced concentration during exer-
cise is also an important reason for reducing epileptic sei-
zures [17]. Hence, the present research aimed to explore 
the pretreatment effect of aerobic exercise and α-pinene 
on the PTZ-induced seizure in mature male rats. 

Materials and Methods 

A total of 40 male Wistar rats (weight: 200-250 g) were 
prepared from Ahvaz Jundishapur University of Medical 
Sciences and used in this study. The rats were kept in 
individual cages under standard 12/12 dark/light condi-
tions at 21±2°C, with free access to water and food. They 
were randomly divided into five groups (n=8) as follows: 
1) control group (received normal saline), 2) positive 
control group (DZP group: received 1 mg/kg diazepam 
as an antiepileptic drug), 3) α-pinene (Sigma Company, 
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American( group (received 200 mg/kg α-pinene), 4) 
swimming exercise group (EXE group: performed 30 
min before epilepsy induction), and 5) α-pinene plus 
swimming exercise (α-pinene + EXE: performed 30 
min before epilepsy induction and received 200 mg/kg 
α-pinene) (Figure 1).

Thirty minutes after administering these materials and 
or exercise, 85 mg/kg PTZ (Sigma Co.) was admin-
istered intraperitoneally to each rat [18]. The epileptic 
behavior of animals, including delay of onset of seizure, 
clonic seizure duration, tonic seizure duration, tonic-
clonic seizure duration, and the total time of seizure 
immediately and half an hour later, was recorded [18]. 
The swimming exercise protocol included four weeks of 
swimming exercise in 25-30°C water, five sessions per 
week, each session for 30 min [19] (Figure 1). 

Data were presented as mean±SEM and analyzed us-
ing the 1-way ANOVA and post hoc Tukey test in Excel 
and SPSS software. P<0.05 was considered statistically 
significant. 

Results 

The results of the ANOVA test showed that diazepam 
(positive control group) increased the delay of onset 
of  seizure (P<0.001) (Figure 2) and decreased clonic 
seizure duration (P<0.05), tonic-clonic seizure dura-
tion (P<0.001) (Figure 3), and the total time of seizure 
(P<0.001) (Figure 4) significantly compared to the nega-
tive control group (saline administration). 

Moreover, diazepam increased the tonic seizure dura-
tion compared to the control group, but the difference 
was significant statistically (Figure 5). Intraperitoneal 
administration of α-pinene (100 and 200 mg/kg) signifi-
cantly reduced the tonic and clonic-tonic seizure dura-
tion (P<0.001) and total seizure duration (P<0.05) com-
pared with the negative control group (Figures 4, 5 and 
6). Furthermore, administration of 200 mg/kg α-pinene 
had no significant effect on the delay of onset of  seizure 
and clonic seizure duration compared to the negative 
control group (Figures 2 and 3). 

40 Wistar
male rats 

five 
groups

I. control (receiving normal saline), 
II. positive control (receiving 1 mg/ kg diazepam as an 

anti-epileptic drug)
III. aerobic exercise (receiving five sessions of exercise 

per week, each session for 30 min),
IV. α-Pinene (receiving 200 mg/kg α-Pinene for 4 

weeks), 
V. aerobic exercise + α-Pinene

30minutes later 
intervention, 85 

mg/kg 
pentylenetetrazole

(PTZ) 

their seizure-
related 

behaviors were 
recorded. 

The experiment protocol diagram.
Figure 1. The experiment protocol diagram

Figure 2. Effect of aerobic exercise and α-pinene on the delay of onset of PTZ-induced seizure compared to the control group

(One-way ANOVA, Post hoc Tukey test, n=8, ***P<0.001, * P<0.05)
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As indicated, four weeks of swimming exercise alone 
significantly decreased tonic seizure, clonic seizure, clon-
ic-tonic seizure, and the total seizure duration (P<0.001) 
compared to the control group (Figures 3, 4, 5 and 6). 
In addition, four weeks of swimming exercise alone in-
creased the delay of onset of seizures compared to the 
control group, but the difference was not statistically sig-
nificant (Figure 2). Furthermore, combined α-pinene use 
and swimming exercise significantly increased the delay 
of onset of seizure and decreased duration of the tonic 
seizure (P<0.05), and clonic-tonic seizure (P<0.001), 
and the total duration of the seizure (P<0.001) compared 
to the control group (Figures 2, 4, 5 and 6). Moreover, 
swimming exercises together with α-pinene reduced 
clonic seizures compared with the control group, but the 
difference was not statistically significant (Figure 3).

Discussion

Studies have shown that exercise decreases seizure fre-
quency and neuronal activity. This effect is associated 
with neurotransmitters, whose release during an exercise 
activity is increased. Many studies have shown that the 
level of catecholamines increases after acute exercise 
activity [6]. Regular exercise activities enhance the nor-
epinephrine level and metabolites in different brain areas 
[20]. It has been reported that norepinephrine has an in-
hibitory effect on the development of seizures, and its 
reduction facilitates epileptic activities [21]. 

Furthermore, dopamine, one of the most abundant 
catecholamines, has been recently found to contribute 
to the pathophysiology of epilepsy and modulation of 

Figure 3. Effect of aerobic exercise and α-pinene on the duration of PTZ-induced clonic seizure compared to the control group

(One-way ANOVA, Post hoc Tukey test, n=8, *P<0.05, ***P<0.001)

Figure 4. Effect of aerobic exercise and α-pinene on the total duration of PTZ-induced seizure compared to the control group

(One-way ANOVA, Post hoc Tukey test, n=8, *P<0.05, ***P<0.001)
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epileptic attacks [22]. Exercise alters the dopamine level 
in the brain of animals [23]. In this regard, the connec-
tion point of D1 and D2 receptors of dopamine has been 
found to reduce in the temporal lobe of epileptic patients 
[24]. Another neurotransmitter involved in epilepsy is 
GABA, the most important inhibitory neurotransmitter 
in the central nervous system. The activity of the GABA 
system is diminished in epileptic patients [25]. 

The present study investigated the pretreatment effect 
of aerobic exercise and α-pinene on PTZ-induced epi-
lepsy in male rats. The exercise plus α-pinene use sig-
nificantly decreased delay of onset of seizures, tonic sei-
zures, clonic seizures, clonic-tonic seizures, and the total 

duration of the seizure. The results of this study are in 
line with those showing the effect of aerobic exercise on 
decreasing the seizure rate. Arida et al. [26] reported that 
physical activity reduced epileptic seizures in epileptic 
rats. These researchers also studied the effect of aquatic 
exercise on epileptic seizures and found that aquatic 
physical activity reduced epileptic disorders. Training 
can stimulate GABA neuropeptide, which suppresses 
hippocampal excitability [27]. 

Evidence also shows that cerebral neurotransmit-
ters are influenced by exercise. The inhibitory effect of 
noradrenaline on the kindling also suggests that altered 
neurotransmitter systems due to physical activity can 

Figure 5. Effect of aerobic exercise and α-pinene on the duration of PTZ-induced tonic seizure compared to the control group

(One-way ANOVA, Post hoc Tukey test, n=8, *P<0.05, ***P<0.001)

Figure 6. Effect of aerobic exercise and α-pinene on the duration of PTZ-induced clonic-tonic seizure compared to the control 
group

(One-way ANOVA, Post hoc Tukey test, n=8, ***P<0.001)
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modulate inhibition/excitation balance, which reduces 
the development and frequency of seizures [28]. For in-
stance, noradrenaline is increased in the rats with physi-
cal activity and has inhibitory effects on kindling. Its 
elimination has also been found to facilitate the develop-
ment of seizures in the hippocampus of kindled rats [29]. 

A study on epileptic rats indicated that aerobic exer-
cises have no impact on reducing epileptic disorders, 
which is not in agreement with the results of the pres-
ent study. Based on the discussion mentioned above, it 
seems that the discrepancy between the results of the 
present study and those of Vannucci Campus et al. [30] 
regarding the effect of aerobic exercise on decreasing 
seizures in epileptic female rats is due to the intensity 
of exercises, especially in the final weeks of treatment, 
because these exercises have been classified as high-
intensity exercises. 

Studies have shown that PTZ-kindling experimental 
epilepsy reduces healthy neurotransmitters in the hip-
pocampal dentate gyrus, while exercise postpones the 
morphological changes of healthy neurons in the hippo-
campal dentate gyrus [31]. A study showed that aerobic 
exercise decreases seizure intensity in male rats, with 
no difference between the intensities of seizures in the 
pregnant and non-pregnant rats [32]. Another study in 
Nigeria indicated that physiotherapists play a pivotal 
role in rehabilitating epileptic children. Regular physical 
exercise has psychological and physiological advantages 
for epileptic children [33]. 

Studies have reported that Yoga affects electroenceph-
alogram stability and the autonomic nervous system; 
hence, it can be used as a non-pharmaceutical interven-
tion to improve health and reduce the adverse effects of 
epilepsy [34]. 

In one study, the researchers examined the relationship 
between exercise and seizure frequency. In Scandinavia, 
while 10% of the population with epilepsy experienced 
more seizures due to strenuous physical activity, the 
other 30%-40% with epilepsy experienced a moderate 
reduction in seizures following regular physical activity. 
Subsequent studies have shown the possible role of fla-
vonoids on the central nervous system [35].

According to studies, α-pinene is one of the main con-
stituents of Artemisia annua, which shows anticonvul-
sant effects through the binding activity of benzodiaz-
epine receptors and modulation of oxidative stress and 
inflammatory process [36].

A current study by Etemadi Kermani et al. has shown 
that choyl extract can affect the seizure process caused 
by pentylenetetrazole and reduce the seizure time [37].

Also, according to Behzad Nia et al., the hydroalcohol-
ic extract of mountain tea has anticonvulsant properties. 
This effect may be due to the presence of the operating 
system of this extract on the central benzodiazepine [38].

Pereira et al. [39] reported that acute administration 
of coumarins increases the release of prefrontal corti-
cal GABA, probably by affecting the GABAA receptor. 
Since aminobutyric plays a key role in inhibiting neu-
rons, coumarin can improve epileptic seizures. Keisalari 
et al. [40] evaluated the effect of Ferula assa-foetida hy-
droalcoholic extract on PTZ-induced antiepileptic and 
antioxidant activities in male mice. They reported the 
presence of monoterpenes such as α-pinene and β-pinene 
in Ferula assa-foetida, which have suppressive effects on 
PTZ-induced seizures.

GABA receptor analogs such as α-pinene and ver-
benone have been reported in many plant compounds, 
including choy [14]. Alphapenic has a kinetic effect on 
gabadard receptors and increases postsynaptic chloride 
ion current [41]. Also, some penin analogs can cause idio-
pathic epilepsy in power mice and are known to amplify 
the chloride current induced by GABAA receptors. Lin-
alool is a monoterpene present as the main compound in 
several aromatic plant species, including choy [42], and 
exerts its anticonvulsant effect through the glutamatergic 
system [9]. In general, according to the results of the pres-
ent study and other studies, exercise reduces stress and 
increases freshness, which in turn reduces the epileptic 
seizures [43]. A wide range of evidence shows that ab-
normalities of the neurotransmitter systems such as sero-
tonin, noradrenaline, dopamine, glutamate, and GABA 
are observed in mood disorders and epilepsy. Physical ac-
tivity can modulate several neurotransmitter systems [44]. 

According to the present study and other studies, exercise 
reduces stress, increases freshness, and decreases epileptic 
seizures [43]. A wealth of evidence shows that abnormali-
ties of the neurotransmitter systems such as serotonin, nor-
adrenaline, dopamine, glutamate, and GABA are observed 
in mood disorders and epilepsy. Physical activity can modu-
late several neurotransmitter systems [45]. 

Conclusion 

Since α-pinene is the main compound of plant ex-
tracts, it can be used in preventive activities and exercise 
against neurodegenerative diseases. 
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