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Abstract 

Background  The aim was to evaluate the protective effect of hydroalcoholic extract of Anacyclus pyrethrum root 
(APE) against pentylenetetrazole (PTZ) drug which is used for inducing epileptic seizures in animal model.

Results  50 male rats were divided: control (without any intervention), positive control 1st (received PTZ 60 mg/kg, IP), 
first experimental group (PTZ + Extract 500 mg/kg, gavages, 30 min before PTZ), positive control 2nd (PTZ + Phaclofen, 
200 µg/µl, ICV), and second experimental group (PTZ + extract 500 mg/kg, gavage, 30 min before PTZ + Phaclofen 
200 µg/µl, ICV). Several parameters were assessed during 20 min and followed up for 1.5 h. Then, the data were ana-
lyzed. APE with a dose of 500 mg/kg increased the latency time of seizures in the first experimental group, compared 
to the positive control 1st, also, comparison of different groups in terms of Seizure Score at the 1st time (severity 
of first attack) had no significant difference (P-value = 0.51, P-value = 0.34). The mean of seizure attacks (event number) 
was significant between the first and second positive control groups (P-value = 0.01) and also between the second 
positive control and the first experimental group (P-value = 0.011). Significant changes were observed in the mean 
score of the first and second positive control groups (P-value = 0.001) and the first experimental and second posi-
tive control groups (P-value = 0.003). In addition, the second experimental group had significant changes compared 
to the first positive control group (P-value = 0.014), However, no significant changes were observed between the posi-
tive control and experimental groups in terms of the severity of seizures.

Conclusion  Results have shown both blocked GABAergic receptors A and B involved in epileptic seizures. In addi-
tion, APE root increased delay time of epileptic seizures, as well as reduces epileptic seizure in dose response state.
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Background
The history of epileptic disease goes back to about 2000 
B.C, and was called “falling sickness” [1]. Despite the 
wide range of knowledge in the field of neurodegenera-
tive diseases, including epilepsy, and extensive research 
in finding the mechanism of the disease, and discovery 
of anti-epileptic drugs, to date 50 million people suffer 
from this illness worldwide [2, 3]. Epilepsy is a multifac-
torial disease, and its etiology includes genetic, struc-
tural, brain tumors /trauma, CNS infections, or inborn 
error of metabolism [4, 5]. Epileptic seizures happen due 
to behavioral alternations in the neuronal circuits. It can 
lead to changes in the structure and function of the brain 
cells [4, 5]. Pentylenetetrazole (PTZ) is a chemical sub-
stance used to induce epileptic seizures in animal model 
[5]. It induces both acute and chronic (kindling) epileptic 
effects [5–7]. Single high injection dose of PTZ has shown 
to induce acute epileptic convulsion [5–7]. However, the 
mechanism of PTZ is not clear, and it acts as a selective 
antagonist of the GABAA receptor [3, 8]. PTZ has been 
suggested to block chloride entrance through binding 
with active site of GABA [8, 9]. Imbalance of inhibitory 
and excitatory systems might occur as a result of chlo-
ride ion reduction in the brain. This imbalance leads to 
convulsion or seizure [5, 9–11]. Phaclofen or phospho-
nobaclofen, as a selective blocker of GABAB receptors, 
binds to K channel by G protein that leads to convul-
sion [10, 12, 13]. Therefore, by blocking both receptors 
of GABAergic system by PTZ as a selective antagonist of 
GABAA receptors and Phaclofen as a selective antagonist 
of GABAB receptors was tried to determine the possible 
mechanism of APE on GABAergic system. Recently, peo-
ple tend to take traditional remedies more than synthetic 
drugs, because they believe that such herbal medicines 
have fewer side effects and are cheaper than synthetic 
drugs [14]. Anacyclus pyrethrum with different names, 
such as Aqarqarhaa in Greek, Persian, Indianan and 
Arabic, or Pellitory in English and Akarkara in Hindu, is 
considered a valuable herb in traditional medicine [15]. 
It has therapeutic effects, such as aphrodisiac, analgesia 
(tooth pain), anti-inflammatory, anti-rheumatism, and 
brain tonic [15]. Anacyclus pyrethrum plant contains sev-
eral phytocomponents, such as tannins, [16] flavonoids, 
terpenoids, essential oils, inulin, coumarins, alkaloid pel-
litorine, anacyclin, phenylethylamine, etc. [17, 18]. This 
plant can be harvested twice a year (June and April), 
but it might contain different components according to 
the time of harvest [15, 16]. Toxicity studies in animal 
model have shown that consumption of Anacyclus pyre-
thrum plant up to 2 g per kg/body weight is safe [14, 18, 
19]. Administration of the ethanolic extract of Anacyclus 
pyrethrum was previously reported to cure epileptic sei-
zures induced by maximum electric shock [15, 18]. The 

aim of the present research was to evaluate the protective 
effect of hydroalcoholic extract of Anacyclus pyrethrum 
root in animal epileptic model treated with pentylenetet-
razole drug, as a gold standard for induced epileptic sei-
zure and also to evaluate the possible mechanism of this 
plant on GABAergic system.

Methods
Plant material

The dried roots of Anacyclus pyrethrum were pur-
chased from a local market, and a voucher specimen 
(No: PM1090-) by faculty of pharmacy, Shiraz University 
of Medical Sciences, Shiraz, Iran, was deposited in the 
herbarium.

Preparation of extract
After cleaning and drying in air, the root of Anacyclus 

pyrethrum was ground and powdered. The second step 
in preparing hydro-alcohol extract of the roots of Anacy-
clus pyrethrum was percolation with ethanol 70% which 
was poured in the percolator device. Then, the extract 
was concentrated  using rotatory evaporator and dried in 
vacuum oven.

Animals used
Fifty male Sprague Dawley rats (200–250  g) aged 

3  months were purchased from animal laboratory of 
Shiraz University of Medical Sciences randomly and 
divided into 5 groups, 10 per group. As described by 
Wan Nor Arifin and Wan Mohd Zahiruddin, in animal 
studies, which are examined in five groups, the optimal 
sample size is a maximum of 3–5 rats [20]. Due to the 
severe intervention and the possibility of death, twice the 
maximum number of samples was selected. It should be 
noted that nine rats were excluded from the study due 
to various reasons, such as improper placement of the 
implanted cannula, cannula detachment, non-induction 
of seizure symptoms after PTZ injection and death. Thus, 
the exact number of rats in each group was as follows: 
control = 10, positive control 1st = 8, positive control 
2nd = 9, experiment 1st = 7, experiment 2nd = 7. The ani-
mals had free access to standard food (chow) and water. 
They were housed in standard cages with a 12-h light/
dark cycle and maintained at 25 ± 3.0  °C temperature. 
The plexiglass cages were 46  cm in length by 25  cm in 
width by 15 cm in height; cage bedding consisted of heat-
treated pine shavings spread at a depth of 4 cm. The indi-
vidual rat was considered the experimental unit within 
the study.

Methods to prevent bias
All rats were identified by earmarks and numbered 
accordingly. Random numbers were generated using the 
standard = RAND() function in Microsoft Excel. Ani-
mals from experimental group were always treated and 
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assessed first, followed by control group. Test time was 
between 9 am and 5 pm and each animal tested at a dif-
ferent time each test day.

Evaluation of anticonvulsant activity
Epilepsy was induced chemically with PTZ (Sigma 
Chemical Co.), as described by Vohora et  al. [21]. PTZ 
(as a blocker of GABA-A receptor), (60 mg/kg, i.p.), and 
phaclofen (Sigma Chemical Co) as a blocker of GABA-β 
receptor (200 μg/μl, icv.) as standard convulsing agents 
were used to induce epilepsy in rats for comparison. The 
control animals were kept without any intervention. The 
first positive control group received single dose of intra-
peritoneal injection of 60  mg/kg PTZ dissolved in nor-
mal saline to induce epilepsy [22]. The second positive 
control group received intracerebroventricular injection 
of 200 μg/µL phaclofen and intraperitoneal injection of 
60 mg/kg PTZ. The first experimental group was fed with 
500  mg/kg APE 30  min before PTZ injection [22]. The 
second experimental group was fed with 500 mg/kg APE 
30  min before PTZ injection and ICV injection of 200 
μg/µL phaclophen. Hydroalcoholic extract of Anacyclus 
pyrethrum was dissolved in distilled water and adminis-
tered orally by gavage. It is noted that the epileptic sei-
zures were induce in the positive control groups but the 
same volume of distilled water was used instead of APE. 
Mortality was observed after 24 h.

It should be noted that we used a dose of 50 mg/ml of 
PTZ, but did not receive any feedback. Then, the appro-
priate dosage 60 mg/kg of PTZ was used for the study as 
the dose which produces 100% generalized tonic clonic 
seizures with minimal mortality. In addition, in the case 
of hydroalcoholic extract of APE, a dose of 100 and 

500 mg/kg was used for the study; however, the dose of 
500  mg/kg was the appropriate dosage. Therefore, we 
used this dose for the rest of the study (Fig. 1).

The onset and duration of convulsions were noted 
and recorded. The APE ability to prevent the convulsion 
activity or delay the latency or onset of the seizure was 
considered as an index of anti- convulsant activity. The 
following parameters were assessed: latency time, num-
ber of events, seizure intensity (total sum scores in each 
rat instead of attack) and sum of scores (total sum of all 
the seizure scores for each rat). The parameters were 
assessed during 20 min and due to the presence of con-
vulsive movements in some animals after this time, they 
were followed up for 1.5 h. The control animals were kept 
without any intervention. Attacks strength was deter-
mined by revised Racine’s scoring system [23].

ICV injection
The heads of the animal were fixed by mouth and ear 
bars of a stereotaxic instrument (Stoelting Co.). A stain-
less steel cannula was placed in the right lateral ven-
tricle according to the Paxinos rat brain atlas guides 
(bregma: + 0.3 mm anterior, − 1.0 mm right lateral ven-
tricle and −  3.0  mm ventral). Then, the implanted can-
nula was secured to the surface of the skull bone through 
micro-jewelry screws and dental acryl cement. At the 
end of the surgery, animals were housed into an indi-
vidual cage, and 7  days after recovery, Phaclofen drug 
was injected into the right lateral ventricle via Hamilton 
syringe (2 μl/animal). Giemsa dye injection was used to 
assess the cannula place[24]. The rats were anesthetized 
by intraperitoneal injection of 80 mg/kg ketamine (Sigma 
Aldrich Co.)

Fig. 1  Effect of injection of different doses of hydroalcoholic extract 
of the root of the APE on the threshold of the onset of seizure 
(mean ± standard error) induced by intraperitoneal injection of PTZ. 
P < 0.05 = * showed a significant difference compared to the positive 
control group

Fig. 2  Effect of APE on seizure latency against PTZ 
and phaclofen-induced seizure
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Statistical analyses
The data were analyzed by SPSS software (Version: 22). 
The statistical tests used were ANOVA and Tukey and 
non-parametric tests. P-values < 0.05 were considered as 
statistically significant.

Results
Anacyclus pyrethrum root extract with a dose of 
500 mg/kg increased the latency time of seizures in the 
first experimental group, relative to positive control 
1st, but was not significant (P-value = 0.51) (Fig. 2). In 
addition, comparison of different groups in terms of 
Seizure Score at the 1st time (severity of first attack) 
had no significant difference (P-value = 0.34) (Fig.  3). 
Significant changes were observed in the mean of sei-
zure attacks of the first and second control positive 

groups (P-value = 0.010) and also between the sec-
ond control positive and first experimental group 
(P-value = 0.010), but no significant changes were 
observed between the second experimental group com-
pared to the first and second positive control groups 
(P-value = 0.23 and P-value = 0.49) (Fig. 4). In addition, 
significant changes were observed in the mean scores of 
the first control positive with the second control posi-
tive (P-value = 0.001); between the first experimental 
group and 2nd control positive group (P-value = 0.003); 
and between the first positive control and first exper-
imental group with the 2nd experimental group, 
respectively (P-value = 0.014, P-value = 0.032) (Fig.  5). 
However, there was no significant change between the 
2nd experimental group and the 2nd control positive. 
(P-value = 0.82) (Fig. 5). The other measured parameter 
was the severity of epilepsy; no significant changes were 
found between the positive control and experimental 

-0.4
-0.2

0
0.2
0.4
0.6
0.8
1

1.2
1.4
1.6

se
iz

ur
e 

se
ve

rit
y 

sc
or

e 
fo

r t
he

 fi
rs

t a
tta

ck

Group
Fig. 3  Effect of APE on seizure score at the 1st time against PTZ 
and phaclofen-induced seizure
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Fig. 5  Effect of APE on the mean score against PTZ 
and phaclofen-induced seizure. P < 0.05 = * showed a significant 
difference compared to the positive control group
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groups in the severity of seizures (P-value = 0.17) 
(Fig. 6).

Discussion
After stroke, epilepsy is the 2nd neurological disorder in 
the world. The wide spectrum of systemic side effects, as 
well as cognitive impairments, are due to anti-epileptic 
drugs [21]. PTZ is a blocker of the GABA-A receptor. 
It induces convulsing effects after one single injection 
(acute method) or repeated administrations (chronic 
method). It performs its effects through GABAergic, glu-
tamatergic and cholinergic systems [25]. In contrast to 
synthetic drugs, medical plants are used by patients more 
owing to their wide pharmacological effects and struc-
tural variety as well as low cost [22].

According to the results of this study, hydroalcoholic 
extract of Anacyclus pyrethrum root could averagely 
increase the seizure latency about 11  s compared with 
the first positive group; however, this increase was not 
statistically significant (P-value = 0.51) (Fig.  2). In addi-
tion, comparing different groups based on the seizure 
score for the 1st time did not have any significant dif-
ference (P-value = 0.34), and, averagely, the first seizures 
seen among the groups took score one (Fig. 3).

For precise understanding of the effect of Anacyclus 
pyrethrum plant on the GABAergic system and disso-
ciation of its effect on GABA-A and GABA-B subunits, 
phaclofen drug which is a selective antagonist of GABA 
B was injected to the animals as intracerebroventricu-
lar (ICV) [12]. As expected, in the second positive con-
trol group where the animals received phaclofen besides 
PTZ, they had more events and also higher scores com-
pared with the first positive control group (PTZ alone) 
(P-value = 0.01 and P-value = 0.01) (Figs.  4 and 5). This 
increase is due to the fact that in addition to inhibition 
of GABA-A receptors through PTZ, GABA-B receptors 
were blocked in the second positive control group.

This indicates that both GABA-A and GABA-B recep-
tors play a role in seizure inhibition. In addition,  by 
restraining GABA neurotransmitter, the irritability rate 
of the neurons would increase significantly and lead to an 
increase in the number of seizure attacks.

Comparison of the experimental group number one 
and the first positive control group did not reveal any 
significant variance regarding the number of events 
(P-value = 1), but these changes were significant com-
pared to second positive control group (P-value = 0.01) 
(Fig.  4). In addition, comparison of second experimen-
tal group with first and second positive control groups 
showed that this plant was able to reduce the number of 
seizure events; however, these changes were not statisti-
cally significant (P-value = 0.49, P-value = 0.23) (Fig. 4).

Probably, using doses higher than 500  mg/kg of Ana-
cyclus pyrethrum root extract as the single dose or daily 
gavage of this extract before the seizure induction may 
show more protection of itself compared with seizures, 
and decrease the number of events significantly, as in 
a study by Zaidi et  al., good anticonvulsant effects have 
been obtained from a dose of 800  mg/kg of the extract 
[26].

It is also possible that in case the duration between giv-
ing the extract by gavage to the animal and PTZ injection 
as intra-peritoneal is more than 30  min, the probability 
of oral absorption, and consequently, the effect of the 
extract in the animal body would get higher, where there 
would be a need for performing more studies to find out 
the preciseness of these hypotheses.

As to the mean scores, according to the results, changes 
between the control groups one and two were statistically 
significant (P-value = 0.001); also, there were significant 
changes between the experimental group one and control 
group two (P-value = 0.003). Comparison of the experi-
mental group two with the first positive control group 
showed that the difference was also statistically signifi-
cant (P-value = 0.014). In addition, significant changes 
were seen between the experimental groups one and two 
(P-value = 0.032) (Fig. 5). Probably, better results could be 
reached through increasing the dosage and duration of 
giving the extract to the animal by gavage.

Another variable evaluated was the severity of epilepsy; 
no significant difference was seen among the groups 
(Fig.  6). In fact, PTZ causes seizure through GABAA 
receptor [25, 27]. When this receptor is active, its chlo-
ride channel is open and leads to chlorine ion flow and 
nervous hyperpolarization [8].

Pentylenetetrazole decreases the receptor’s activities 
through connection to its chlorine channel, and in this 
way its epileptogenesis effects are induced [28, 29]. This 
can suggest that one of the possible mechanisms of Ana-
cyclus pyrethrum root restraining effect on seizure would 
be through its effect on the GABAergic system.

Although the second experimental group did not have 
any significant differences regarding the number of 
events and mean score, hydroalcoholic extract of Ana-
cyclus pyrethrum root has been capable of generating 
more decrease in these two parameters compared with 
the first experimental group and first positive control 
group in which GABAA has been blocked only due to the 
PTZ effect. Therefore, possibly hydroalcoholic extract of 
Anacyclus pyrethrum root exerts its anti-epileptic effect 
mostly through affecting GABAB receptors. Better results 
may be reached  using a higher dose of the extract.

This plant extract contains flavonoid factors such as 
apigenin [30, 31]. Apigenin connects to benzodiazepine 
receptors [32], known as fortifiers of the chloride ion flow, 
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and causes an increase in chlorine conduction through 
affecting the receptor’s chloride channel (GABAA) [33, 
34], which might be one of the possible mechanisms of 
this plant for dealing with seizures derived from PTZ. 
Therefore, it is possible that Anacyclus pyrethrum anti-
epileptic effects are related to the presence of flavonoid 
compounds [35, 36].

It has been determined that Anacyclus pyrethrum 
exerts its anti-oxidant effects because of the presence of 
polyphenol compounds such as flavonoid which are anti-
oxidant compounds [37]. Polyphenol flavonoids derived 
from plants perform anti-oxidant activities through 
mechanisms, such as ROS inhibition and lipid peroxida-
tion [30]. Therefore, these compounds might be effective 
in induction of hydroalcoholic extract of Anacyclus pyre-
thrum root anti-epileptic effects. Of course, this issue 
needs further investigation and research.

According to scientific reports, cyclooxygenase 
restraint has been proved by the alkamides extracted 
from Anacyclus pyrethrum [22, 38], it could be proposed 
that maybe some Anacyclus pyrethrum anti-epileptic 
effects are due to cyclooxygenase enzyme inhibition. 
Activation of cyclooxygenase enzyme would lead to 
increase in free radicals synthesis [39, 40]. Peroxynitric 
and hydroxide are the main peroxidases that are formed 
after epilepsy derived from PTZ [40, 41].

The reason why the hydroalcoholic extract of Anacy-
clus pyrethrum root in a dose of 500 mg/kg could not sig-
nificantly decrease the seizure latency and also epilepsy 
severity may be due to the fact that extract anti-epileptic 
substances did not have enough strength in this field, or 
their concentration in the volume used was low. Moreo-
ver, it is possible that using a larger sample size can give 
better results. Therefore, it is suggested that future stud-
ies be performed with concentrations above 500 mg/kg of 
the extract and a larger sample size.

Conclusions
Results of this study have shown that both GABAA and 
GABAB receptors play a role in the seizure inhibition, and 
administration by oral gavage of hydroalcoholic extract of 
Anacyclus pyrethrum root could decrease the numbers 
of events and total score and increase delay time of epi-
leptic seizures with a dose of 500 mg/kg; however, these 
changes were not statistically significant, and performing 
complementary research for finding the effective compo-
nents on the anticonvulsant activity of Anacyclus pyre-
thrum root is suggested.
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