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Abstract: Objective: The aim of the study to elicit effects of pure quercetin in pentylenetetrazole (PTZ) and picrotoxin 
induced seizures. Materials and methods: Each animal group was divided into six groups and composed of six rats. 
Rats were assigned to the following experiments and groups (G): (G1) PTZ 45 mg/kg + DMSO; (G2) PTZ 45 mg/kg + 
5 mg/kg quercetin; (G3) PTZ 45 mg/kg + 10 mg/kg quercetin; (G4) PTZ 45 mg/kg + 20 mg/kg quercetin; (G5) PTZ 
45 mg/kg + 40 mg/kg quercetin; (G6) Picrotoxin 5 mg/kg + DMSO; (G7) Picrotoxin 5 mg/kg + 10 mg/kg quercetin; 
(G8) Picrotoxin 5 mg/kg + 20 mg/kg quercetin. In all groups quercetin were injected 30 min before PTZ and picro-
toxin applications. Results: Compared to PTZ, quercetin significantly prolonged onset of the seizure in 10 mg/kg (P 
< 0.05) and reduced the seizure stage in 10 mg/kg quercetin injected group (P < 0.01). Compared to PTZ, quercetin 
also declined the generalized seizure duration at 10 mg/kg (P < 0.01) and 20 mg/kg (P < 0.05) doses. At the doses 
of 5 mg/kg and 40 mg/kg quercetin there were no significant changes in seizure parameters. Development of 
picrotoxin induced seizures is slower than in PTZ. Quercetin was found to be unable to prevent seizure in picrotoxin 
induced seizures. Surprisingly, quercetin also significantly reduced the onset of seizures at the dose of 20 mg/kg (P 
< 0.05). Conclusion: quercetin (at doses of 10 and 20 mg/kg i.p) prevented seizures in PTZ (45 mg/kg i.p) induced 
seizures. Especially, 10 mg/kg PTZ prolonged onset of seizures, reduced the seizure duration and seizure sever-
ity score in comparison with control group. At a higher (40 mg/kg) dose quercetin failed to prevent PTZ induced 
seizures. In addition 20 mg/kg quercetin significantly reduced the onset of seizures that suggest a preconvulsive 
effect. 20 mg/kg quercetin reduced the onset of picrotoxin induced seizures. In picrotoxin model, it may be claimed 
that quercetin at higher doses accelerate the epileptic activity owing to its antagonistic effect on GABAA. Further 
investigations are needed to explore the mechanisms of the antiepileptic and preconvulsant effects of quercetin.
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Introduction

Epilepsy is a one of the most common chronic 
neurological disorder that influences 1-3% of 
mankind [1]. Despite the availability of new 
antiepileptic drugs, 30% of the epileptic 
patients still have uncontrolled seizures. For 
this rationale, several experimental seizure 
models have been performed in order to under-
stand the crucial mechanisms of epileptic dis-
orders and to discover new drugs for seizure 
management [2, 3]. Pentylenetetrazole (PTZ) 
[4] and picrotoxin [5] are commonly used com-
pounds to establish seizure models. 

Flavonoids have been found to have favorable 
effects in cardiovascular diseases and cancer 
patients [6]. Moreover these compounds have 
antioxidant, anti-inflammatory, antitumoral and 
antiviral effects [7, 8]. 

Quercetin is one of the most widely existing fla-
vonoids in fruits and vegetables [9]. Quercetin 
is a an antioxidant [10] and free radical scaven-
ger [11] and has been reported to have anti-
inflammatory [12], anticoagulant [13], anti-isch-
emic [14], neuroprotective [15] and anticonvul-
sant effects [16]. Quercetin also improved the 
spatial memory impairment and neuronal death 
induced by repeated cerebral ischemia [17]. 
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quercetin were injected 30 min. before PTZ and 
picrotoxin applications. Each animal group was 
composed of six rats. Quercetin, picrotoxin and 
pentylenetetrazole were purchased from Sigma 
(St. Louis, MO, USA). PTZ was dissolved in ster-
ile physiological saline, but quercetin and picro-
toxin were dissolved in DMSO. PTZ, picrotoxin 
and quercetin injected intraperitoneally.

The severity of the behavioral PTZ induced sei-
zures was scored in accord with Racine scale 
[28]: 0-No behavioral changes; 1-Facial move-
ments, ear and whisker twitching; 2-Myoclonic 
convulsions without rearing; 3-Myoclonic con-
vulsions with rearing; 4-Clonic convulsion with 
loss of posture; 5-Generalized clonic-tonic 
seizures.

Picrotoxin-induced seizure severity scored as 
1-Facial and body tremors; 2-Myoclonic jerk of 
the whole body; 3-Clonic convulsions of the 
whole body; 4-Generalized clonic-tonic convul-
sions with flexion of hind limbs; 5-Generalized 
clonic-tonic convulsions with extension of hind 
[5]. 

Behavioral activity was observed for 30 min 
after PTZ injection, for 60 min after picrotoxin 
injection. Onset of seizure, seizure stage and 
generalized seizure duration were recorded.

Results

Antiepileptic effects of quercetin on PTZ in-
duced seizures

Compared to PTZ (114.4 ± 33.91), Quercetin 
significantly prolonged onset of the seizure in 
10 mg/kg (292.50 ± 167.10) (P < 0.05) (Figure 
1). Compared to PTZ (3.83 ± 0.47), Quercetin 
significantly reduced the seizure stage in 10 
mg/kg (2.16 ± 0.54) quercetin injected group 
(P < 0.01) (Figure 2). Compared to PTZ (246.66 
± 122.16), Quercetin also declined the general-
ized seizure duration at 10 mg/kg (18.0 ± 6.34) 
(P < 0.01) and 20 mg/kg (107.5 ± 59.55) (P < 
0.05) doses (Figure 3). At the doses of 5 mg/kg 
(227.0 ± 100.02) and 40 mg/kg (213.0 ± 
94.69) quercetin there were no significant 
changes in seizure parameters (Figure 3).

Effects of quercetin on picrotoxin induced sei-
zures

Development of picrotoxin induced seizures is 
slower than in PTZ (Figures 1, 4). Quercetin was 
found to be unable to prevent seizure in picro-

One of the pathophysiological mechanisms of 
epileptic seizures is an imbalance between 
excitatory and inhibitory amino acids in the 
brain. Therefore many of the antiepileptic drugs 
are used to ameliorate this imbalance. 
Glutamate and γ-amino butyric acid (GABA) are 
the major excitatory and inhibitory neurotrans-
mitters in the central nervous system, respec-
tively [18]. It is suggested that quercetin may 
affect γ-amino butyric acid (GABA) [19] and glu-
tamate receptors [20]. Pentylenetetrazole and 
picrotoxin have excitatory effects associated 
GABA antagonism that induces seizures in 
rodents [4, 5].

Some quercetin containing plant extracts have 
antiseizure effects in experimental epilepsy 
models [21-23]. Moreover, There are some 
studies investigating influence of pure querce-
tin on epileptic activity [15, 16, 24-26]. However, 
to the best of our knowledge, there is no study 
investigating the effect of quercetin on picro-
toxin induced seizure in English literature. 
There are studies on PTZ induced seizures; 
however they are induced by higher doses of 
PTZ [16, 26] or PTZ kindling [27]. Therefore, the 
present study is designed to elicit effects of 
pure quercetin in pentylenetetrazole (PTZ) and 
picrotoxin induced seizures. 

Materials and methods

The animals were provided by the Experimental 
Research Center of Mustafa Kemal University 
at Hatay. Prior to the experiments, this study 
was permitted by the Ethical Committee for 
Animal Experiments at the Mustafa Kemal 
University (2012-08/15-7), all the experiments 
were performed in agreement with the guide-
lines of the European Community Council for 
experimental animal care. Male albino rats of 
the Wistar strain (11-15 weeks of age, weighing 
220 ± 30 g) were used in the study. Rats were 
housed separately in a 12-h light: 12 h dark 
cycle (lights on at 08:00 am-08:00 pm), at a 
temperature of 22 ± 1°C and 50-55% humidity. 
Water and food were given ad libitum.

Rats were assigned to the following experi-
ments and groups (G): (G1) PTZ 45 mg/kg + 
DMSO; (G2) PTZ 45 mg/kg + 5 mg/kg querce-
tin; (G3) PTZ 45 mg/kg + 10 mg/kg quercetin; 
(G4) PTZ 45 mg/kg + 20 mg/kg quercetin; (G5) 
PTZ 45 mg/kg + 40 mg/kg quercetin; (G6) 
Picrotoxin 5 mg/kg + DMSO; (G7) Picrotoxin 5 
mg/kg + 10 mg/kg quercetin; (G8) Picrotoxin 5 
mg/kg + 20 mg/kg quercetin. In all groups 
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toxin induced seizures. Surprisingly, quercetin 
also significantly reduced the onset of seizures 
at the dose of 20 mg/kg (441.83 ± 59.96) (P < 
0.05) (Figure 4). There was no significant 
change in 10 mg/kg (716.66 ± 110.96) querce-
tin injected group in comparison with picrotoxin 
group (761.66 ± 12.23), according to onset of 
seizures (Figure 4). There was no significant 
change in 10 mg/kg (999.33 ± 198.30) and 20 
mg/kg (894.66 ± 135.96) quercetin injected 
group in comparison with picrotoxin group 
(1225.83 ± 539.81), according to seizure dura-
tion (Figure 5). There was no significant change 
in 10 mg/kg (4.5 ± 0.54) and 20 mg/kg (5.0 ± 
0.0) quercetin injected group in comparison 
with picrotoxin group according to seizure score 
(5.0 ± 0.0) (Figure 6).

Discussion

The present study showed that quercetin 
administration (10 and 20 mg/kg i.p.) reduced 

generalized seizure duration in PTZ induced 
seizures. Quercetin also significantly decreased 
the seizure severity score and prolonged the 
onset of seizure at 10 mg/kg dose in PTZ 
induced seizure. However, quercetin did not any 
change of the seizure severity in picrotoxin 
induced seizures. Contrary to other previous 
studies [16, 26] we used an intermediate dose 
of PTZ (45 mg/kg) to induce seizure in this 
study, and we found significant antiepileptic 
effects of quercetin at lower doses in compari-
son these previous studies. Moreover, to our 
knowledge, this is the first study investigating 
the effect of quercetin on picrotoxin induced 
seizure.

In vitro and in vivo studies indicated that flavo-
noids may pass the blood-brain barrier and 
have many effects on the central nervous sys-

Figure 1. Onset of the seizure of quercetin on PTZ 
induced seizures. Quercetin significantly prolonged 
onset of the seizure (p < 0.05) in 10 mg/kg quer-
cetin injected group. PTZ = Pentylenetetrazole, Q = 
Quercetin, *: p < 0.05.

Figure 2. Seizure stage of quercetin on PTZ induced 
seizures. Quercetin significantly reduced the seizure 
stage (p < 0.01) in 10 mg/kg quercetin injected 
group. PTZ = Pentylenetetrazole, Q = Quercetin, **: 
p < 0.01.

Figure 3. Generalized seizure duration of quercetin 
on PTZ induced seizures. Quercetin also declined 
the generalized seizure duration at 10 mg/kg (p < 
0.01) and 20 mg/kg (P < 0.05) doses (Figure 3). At 
the doses of 5 mg/kg and 40 mg/kg quercetin there 
were no significant changes in seizure parameters. 
PTZ = Pentylenetetrazole, Q = Quercetin, *: p < 0.05 
and **: p < 0.01.

Figure 4. Onset of the seizure of quercetin on pic-
rotoxin induced seizures. Quercetin significantly re-
duced the onset of seizures at the dose of 20 mg/kg 
.p. (p < 0.05). Q = Quercetin, *: p < 0.05.
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tem [29]. It has been also reported that querce-
tin can pass the blood brain barrier [30]. 

Several quercetin containing plant extracts 
including Abelmoschus manihot, Pongamia pin-
nata, Hypericum montbretti, Argyreia speciosa, 
Anisomeles malabarica and Drosera burmannii 
have anticonvulsant effect in experimental epi-
lepsy models [21-23, 31-33]. Hypericum mont-
bretti [23] and Argyreia speciosa [31] extracts 
have been reported to be effective in PTZ (80 
mg/kg, i.p.) induced seizures in mice. It has 
been suggested that quercetin is one of the 
phytochemical responsible for the antiseizure 
effect of Pongamia pinnata PTZ (80 mg/kg, i.p.) 
induced seizures in rats [22]. In addition, it is 
reported that Drosera burmannii alcoholic 
extract also delayed the onset of convulsions in 
PTZ induced (70 mg/kg, i.p.) seizures [33]. 
Moreover, it was found that Anisomeles mala-
barica extract is effective in PTZ induced sei-
zures. However, in that study pure quercetin at 
doses (at the doses 25 and 50 mg/kg, i.p.) 
have been reported failed to prevent PTZ (80 
mg/kg, i.p.) induced convulsions [32]. Similarly, 
Nieoczym et al. reported that quercetin (at 
doses ranging from 100 to 800 mg/kg) did not 
prevent seizures in i.v. PTZ infusion test [16]. In 
this context, it may be suggested that quercetin 
is not unique responsible for the anticonvulsant 
properties of mentioned plants at a single dose 
and quercetin is not effective against high dose 
PTZ (80 mg/kg) induced seizures. 

Moreover, chronic administiration may be more 
effective that Nassiri-Asl administered querce-
tin (25 and 50 mg/kg, i.p.) for 7 days and 30 
min before PTZ (90 mg/kg) administration on 

seventh day. They have showed that quercetin 
prolonged seizure onset and decreased gener-
alized seizure duration [26]. However, in a study 
quercetin at doses of 25, 50, and 100 mg/kg 
unable to prevent PTZ kindling, quercetin 50 
mg/kg exceptionally improved memory retriev-
al in the retention tests of a passive avoidance 
task [27]. On the other hand, it was reported 
that quercetin had protective effects against 
PTZ (60 mg/kg i.p.) induced convulsions in 
mice with alcohol abstinence when given 
repeatedly for 6 days. In that study, it was found 
that acute quercetin administration following 
ethanol withdrawal also ameliorated PTZ-
induced epileptic seizures [24]. In that study, 
quercetin (25 and 40 mg/kg) completely pre-
vented lower dose PTZ (40 mg/kg) induced sei-
zures in mice with alcohol abstinence [24]. 
Similarly, we found that quercetin attenuated 
PTZ induced seizures in Wistar albino rats.

Moreover, in another study it was shown that 
quercetin administration (40 mg/kg/day; i.p.) 
decreased seizure severity and duration of 
amygdala electrical kindling epileptic seizures. 
In our study, quercetin (at doses of 10 and 20 
mg/kg i.p.) prevented seizures in PTZ (45 mg/
kg i.p.) induced seizures. Especially, 10 mg/kg 
PTZ prolonged onset of seizures, reduced the 
seizure duration and seizure severity score in 
comparison with control group. At a higher (40 
mg/kg) dose quercetin failed to prevent PTZ 
induced seizures. In addition 20 mg/kg querce-
tin significantly reduced the onset of seizures 
that suggest a proconvulsive effect. 

Growing evidence suggested that quercetin 
has adverse effects [34]. It was demonstrated 
that feeding rats with high doses of quercetin 
(2% or 4%) induced nephropathy [35]. Addi- 

Figure 5. The seizure duration of quercetin on pic-
rotoxin induced seizures. There was no significant 
change in 10 mg/kg and 20 mg/kg quercetin inject-
ed group in comparison with picrotoxin group. Q = 
Quercetin.

Figure 6. The seizure score of quercetin on picrotoxin 
induced seizures. There was no significant change in 
10 mg/kg and 20 mg/kg quercetin injected group in 
comparison with picrotoxin group. Q = Quercetin.
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tionally, it was reported that mice with a quer-
cetin supplemented  diet (0.1%) had significant-
ly reduced mice life expectancy [36].

It is accepted that PTZ is the most common 
used chemoconvulsant in order to observe the 
effects of antiepileptic drugs. It is confirmed 
that PTZ is an inhibitor of chloride channels 
associated with GABAA receptors and induces 
epileptic activity via reducing GABA [4, 37].

Similarly, it is demonstrated that picrotoxin 
decreases inhibitory transmission via blocking 
the chloride channel related with the GABAA 
receptors [5]. Differential application methods 
of these two drugs can induce various seizure 
models. It was suggested that low dose PTZ 
(20-30 mg/kg) and low dose picrotoxin (1.5 
mg/kg) induced seizure models mimic absence 
epilepsy. It was also proposed that intermedi-
ate dose of these drugs (45 mg/kg for PTZ, 1.8 
mg/kg for picrotoxin) induced clonic seizures. 
In our study we used an intermediate dose of 
PTZ and a high dose of picrotoxin [38].

NMDA and AMPA receptor antagonists and 
GABA receptor agonists have antiepileptic 
effects on experimental seizure models [39, 
40]. In this context, Goutman et al. suggested 
that quercetin inhibited GABA(A), a4-h2 nico-
tinic, AMPA-kainate and 5-HT3 serotonin recep-
tors [19]. It is well known that GABA(A) blockers 
can induce seizures. In our study 20 mg/kg 
quercetin reduced the onset of picrotoxin 
induced seizures.

Conclusions

Quercetin (at doses of 10 and 20 mg/kg i.p.) 
prevented seizures in PTZ (45 mg/kg i.p.) 
induced seizures. Especially, 10 mg/kg PTZ 
prolonged onset of seizures, reduced the sei-
zure duration and seizure severity score in com-
parison with control group. At a higher (40 mg/
kg) dose quercetin failed to prevent PTZ 
induced seizures. In addition 20 mg/kg querce-
tin significantly reduced the onset of seizures 
that suggest a preconvulsive effect. 20 mg/kg 
quercetin reduced the onset of picrotoxin 
induced seizures. In picrotoxin model, it may be 
claimed that quercetin at higher doses acceler-
ate the epileptic activity owing to its antagonis-
tic effect on GABAA. Further investigations are 
needed to explore the mechanisms of the anti-
epileptic and preconvulsant effects of quer- 
cetin.
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