Research Journal of Pharmacognosy (RJP) 4(2), 2017: 45-51
Received: Oct 2016
Accepted: Jan 2017

Original article

The effect of hydroalcoholic extract of Pistacia vera on pentylenetetrazole-
induced kindling in rat

F. Fatehi®, I. Fatemi'?, A. Shamsizadeh, E. Hakimizadeh', Gh. Bazmandegan®, F.
Khajehasani’, M. Rahmani'?

Physiology-Pharmacology Research Center, Rafsanjan University of Medical Sciences, Rafsanjan, Iran.
*Physiology-Pharmacology Department, Rafsanjan University of Medical Sciences, Rafsanjan, Iran.
*Department of Pharmacology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran.
*Department of Radiology, Rasoul-e-Akram Hospital, Iran University of Medical Sciences, Tehran, Iran.

Abstract

Background and objectives: Most antiepileptic drugs that are commonly being used in the clinic
have a wide range of unwanted side effects; while some species of pistachios have been used in the
traditional medicine to treat epilepsy. The aim of the present study was to investigate the
anticonvulsant effects of the hydroalcoholic extract of Pistacia vera L. in pentylenetetrazole (PTZ)-
induced chemical kindling. Methods: this study was carried out on 40 male Wistar rats. Chemical
kindling was induced by intraperitoneal administration of PTZ (40 mg/kg) on every alternate day (30
days). The hydroalcoholic extract of P. vera (50 and 100 mg/kg) were administered orally every day
(30 days). In days which animals received both PTZ and extract, PTZ was injected 30 min after
extract administration. Convulsive behavior was observed for 30 min after PTZ injection and scored
according to racine scale. Diazepam was used as the reference anticonvulsant drug. Results:
Pretreatment with 50 and 100 mg/kg of P. vera extract decreased seizure scores, stage 4 latency and
stage 5 duration compared to the control group. The anti-epileptic effects of P. vera extract were
comparable to diazepam. Conclusion: The present findings demonstrated that the hydroalcoholic
extract of P. vera may inhibit the development of seizure behavior following chronic PTZ-induced
model of epilepsy in rats.
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Introduction

Epilepsy is one of the most common and serious cognitive and emotional impairments [3].

diseases of the central nervous system (CNS) that
affects about 1% of people worldwide [1].
Despite the new developments in understanding
of epilepsy, the exact pathogenic mechanisms of
epilepsy are still unclear [2]. It is found that
repeated and prolonged seizures can produce

Epilepsy reduces the patients’ quality of life and
greatly increases the risk of injury and even
mortality [4]. Approximately 30% of epileptic
patients are considered to be pharmacoresistant,
despite the using the available treatment [5].

Chemical kindling models have often been used
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for preclinical evaluation of antiepileptic drugs.
In this model, the seizure is induced by repeated
administration of subconvulsive doses of
pentylenetetrazole (PT2). These daily
administrations of PTZ decrease the seizure
threshold and a generalized seizure occurs [6].
Kindling is a valuable model for inducing
complex partial epilepsy in animal [7].

There are some drugs that provide a symptomatic
cure but sometimes have no efficacy, serious side
effects, and chronic toxicity. It is needed to
explore about new natural medicines for the
development of alternative and complementary
treatment of epilepsy [8]. There are several
reports that support the use plant extracts for the
treatment of epilepsy and show promising
antiepileptic activities in different animal models
[3,4]. Pistacia vera (Anacardiaceae) is native of
arid zones of Central and West Asia and its fruits
(pistachio) is used in traditional herbal medicine
[9]. Experimental studies have provided evidence
demonstrating various pharmacological effects of
pistachio such as antioxidant [10], anti-
nociceptive,  anti-inflammatory  [11] and
hepatoprotective activities [12]. It has been
shown that some species of Pistacia have CNS-
depressant activity. For example, P. integerrima
extracts have anticonvulsant activity in PTZ-
induced seizures [13]. Also, P. lentiscus has been
traditionally used as an antiepileptic agent.
However, there is no evidence to confirm its
effectiveness in epilepsy [14].

According to our investigations, the antiepileptic
effect of P. vera has not been studied so far. The
present study was designed to examine the effects
of hydroalcoholic extract of P. vera on PTZ-
kindled seizures in male rats.

Experimental

Chemicals

PTZ and Dimethyl sulfoxide (DMSO) was
purchased from Sigma Chemical Company
(Poole, UK). Diazepam was obtained from
Chemidarou Company (Tehran, Iran).

Plant material
Dried P. vera fruits (pistachio) were purchased
from a herbal market in Rafsanjan, Iran and

authenticated by Hamid Alipour, (Pistachio
Research Institute, Rafsanjan, Iran).

Extraction

Dried and finely powdered fruits (100 g) were
macerated in 1 L of ethanol (80%) for 72 h to
obtain the total extract using maceration method.
The solvent was evaporated under low pressure
in a rotary evaporator (Rotavap, England). The
pistachio extract (PE) was frozen and stored at -
20 °C. For administration, the extract was
dissolved freshly in dimethyl sulfoxide 10%
(DMSO, Sigma-Aldrich, Germany).

Animals

Forty male Wistar rats (250-300 g) were obtained
from the animal house of School of Medicine,
Rafsanjan University of Medical Sciences,
Rafsanjan, Iran. The temperature of the animal
house was 24 + 2 °C with a 12-hour-light/12-
hour-dark cycle (lights on at 07:00). The animals
were kept in cages with free access to food and
water. The ethical guidelines for using
experimental animals were followed in all tests in
accordance with ethical committee acts of
Rafsanjan University of Medical Sciences and
the European Communities Council Directive 24
November 1986 (86/609/EEC). All experiments
were done at the same time in the morning (10-12
AM) to avoid a circadian rhythm bias.

Kindling model

Animals were injected intraperitoneally with
subconvulsive doses of PTZ (40 mg/kg) in
normal saline every other day by a total of 15
injections. After each injection, the convulsive
behavior was observed for 30 min and scored as
follows (racine scale): no response, stage O;
hyperactivity, vibrissae twitching, stage 1; head
nodding, head clonus and myoclonic jerks, stage
2; unilateral forelimb clonus, stage 3; rearing and
bilateral forelimb clonus, stage 4; generalized
tonic-clonic seizure and loss of writing reflex,
stage 5 [15].

Treatment groups
Rats were randomly assigned to four
experimental groups (10 animals in each group)
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as follows: (1) Control group (rats received 1mL
of 10 % DMSO as vehicle orally); (2) Extract 50
group (rats received 50 mg/kg PE orally); (3)
Extract 100 group (rats received 100 mg/kg PE
orally); (4) Dazepam group (rats received
diazepam as reference drug, 1 mg/kg
intraperitoneally). Drugs and vehicle were
administered every day for 30 days. In days
which animals received both PTZ and
drugs/vehicle, PTZ was injected 30 min after
drugs/vehicle administration.

Statistical Analysis

The results were reported as meanxstandard error
of the mean (SEM). The statistical analyses were
performed using one-way analysis of variance
(ANOVA) by SPSS (v.20). The comparison
between experimental groups was performed
with complementary post-hoc Tukey test and p
values less than 0.05 were considered as
significant differences.

Results and Discussion

Figure 1 illustrates the effect of PE in the PTZ
model of kindling. The results showed that
repeated administration of PTZ that was injected
on every other day for 15 sessions (control
group) gradually decreased seizure threshold,
which was manifested as increased seizure
scores. Moreover, administration of different
doses of PE (50 and 100 mg/kg) did not elicit
significant changes between rats that received
DMSO and those received different doses of PE.
Diazepam as control drug at the dose of 1 mg/kg
completely protected animals from PTZ-induced
seizures. The effects of PE on PTZ-induced
seizure intensity have been presented in figure 2.
In animals treated with PE (50 and 100 mg/kg),
the seizure intensity was significantly decreased
compared to the control group (p<0.01 and
p<0.05, respectively). As shown in figure 3,
administration of PE at doses of 50 and 100
mg/kg produced a significant decrease in S5D
time compared to the control group (all p<0.001).
The PE did not decrease seizure stage in PTZ-
induced kindling. However, at the dose of 50 and
100 mg/kg produced a significant increase in S4L
(p<0.001) (figure 4). Treatment with diazepam (1

mg/kg) exhibited 100% protection from seizures
in the PTZ-induced convulsion model (the
measured indices have not been shown).
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Figure 1. Effect of pistachio extract at the doses of 50 and
100 mg/kg on seizure intensity in seizures induced by PTZ.
The extract was given orally 30 min prior to PTZ that was
injected every other day (n=10 rats). Values are mean+SEM.
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Figure 2. Effect of pistachio extract at the doses of 50 and
100 mg/kg on cumulative seizure intensity in seizures
induced by PTZ. The extract was given orally 30 min prior
to PTZ that was injected every other day and the convulsive
behavior was observed for 30 min (n=10 rats). Values are
mean+SEM. *p<0.05 and **p<0.01 compared with control

group.

PTZ is a known chemoconvulsant model for
studying the pathogenesis of refractory epilepsy
and evaluation of the antiepileptic drugs. One
well-accepted mechanism by which PTZ induces
convulsions is by inhibiting gamma-aminobutyric
acid (GABA) neurotransmission via binding
to picrotoxin site of the GABA type A (GABA,)
receptor and reduces chloride conductance [16].
Drugs that excite or inhibit GABA, receptor can
attenuate and enhance seizures, respectively [17].
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Figure 3. Effect of pistachio extract at the doses of 50 and

100 mg/kg on cumulative state 5 duration time in seizures
induced by PTZ. The extract was given orally 30 min prior
to PTZ that was injected every other day and the convulsive

behavior was observed for 30 min (n=10 rats). Values are

mean+SEM. ***p<0.001 compared with control group.
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Figure 4. Effect of pistachio extract at the doses of 50 and
100 mg/kg on the cumulative latency of stage 4 in seizures
induced by PTZ. The extract was given orally 30 min prior
to PTZ that was injected every other day and the convulsive
behavior was observed for 30 min (n=10 rats). Diazepam
could protect the animal from seizures in the PTZ-induced
convulsion model therefor the measured indices were not
shown. Values are mean+SEM. ***p<0.001 compared with
control group.

Drugs like diazepam and phenobarbital can
prevent seizure by enhancing GABA, receptor
[18]. Previous studies have used herbal extract
for treating seizures, for example, Valeriana
officinalis and Rosa damascena have been shown
to elicit anticonvulsant effects [19,20]. It has also
been reported that some species of Pistacia such
as P. integerrima extracts have anticonvulsant

activity by modulation of the GABA, receptor
or blocking sodium channels [13]. In the present
study, we demonstrated that the pistachio extract
exhibited anticonvulsant activity in PTZ-induced
seizures in rats. Since PTZ-induced convulsions
are related to suppression of GABA
neurotransmission, pistachio extract may possibly
show anticonvulsant activity by enhancing the
activation of GABA, receptors or interfering
with GABAergic mechanisms and facilitating the
GABA-mediated opening of chloride channels.
Ziaee and Hosseinzadeh reported that P. vera
hydroalcoholic extract has antianxiolytic, muscle
relaxant and hypnotic effects that may be
explained by enhancing GABAEergic
neurotransmission. This further supports the
hypothesis that PE may affect GABAergic
mechanism(s) to exert its anticonvulsant activity
in PTZ seizure model [21]. According to the
previous study, the plant methanol extract was
relatively safe (non-toxic) in mice at the doses
used in this study [13]. Because the
anticonvulsant activity of PE was accompanied
by a decrease in S5D and an increase in S4L, it
could be concluded that both partial and
generalized seizure stages might have been
affected by the extract [22].

The role of oxidative stress in pathophysiology of
epilepsy has been well characterized. Animal
studies have demonstrated that during PTZ-
induced seizures, lipid peroxidation (LPO)
increases, while antioxidant enzyme activities
decrease. It has been reported that GABAa
receptors are highly sensitive to oxidative stress
and free radicals could reduce GABAa
neurotransmission [23]. Some studies have
shown the protective effects of antioxidants like
ascorbic acid and alphatocopherol against
seizure. These suggest that free radicals may be
implicated in epilepsy [24]. Also, it has been
shown that free radicals can induce seizures
directly by inactivating glutamate decarboxylase,
thereby causing an abnormal accumulation of this
excitatory  neurotransmitter in  the brain.
Glutamate opens the NMDA receptors and
permits Ca**-influx and Ca"™ increases nitric
oxide (NO) formation via activating calmodulin
[25]. Previous reports indicated that NO plays an
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important role in PTZ-induced seizures [26].
Diazepam as a reference anticonvulsant drug
exerts its anticonvulsant effects by enhancing
GABAergic neurotransmission and inhibiting NO
formation [27]. It has been well established in
some studies that pistachio elicits significant
antioxidant activity similar to the synthetic
antioxidants [28]. A recent study in humans has
shown that pistachio significantly improves
oxidative status and reduced circulating
inflammatory biomarkers in inflammatory bowel
diseases [29]. Accordingly, it is a possibility that
pistachio can decrease the seizure score through
inhibition of oxidative stress.

The main active constituents of pistachio are
naringenin, eriodyctyol, daizein, genistein,
guercetin, kaempferol, apigenin, and luteolin
[30]. Some of these natural chemicals have
significant protective effects in animal models of
seizure. For example, in a recent study, it has
been  demonstrated that apigenin  had
anticonvulsant effects via antioxidative properties
[31]. Another study revealed that terpinen-4-ol
has a depressant effect on the central nervous
system and significant anticonvulsant activity
through the GABAergic system and decreasing
the sodium current [32]. So it is inferred that
apigenin and terpinen-4-ol in pistachio could be
responsible for the anticonvulsant properties
exhibited by this plant.

In the present study, the hydroalcoholic extract of
pistachio showed anticonvulsant activity. Oral
administration of hydroalcoholic extract of P.
vera significantly reduced the seizure intensity as
well as the duration of S5D and significantly
increased the S4L produced by PTZ in rats.
Diazepam as the reference anticonvulsant drug
completely abolished the seizures and protected
all the animals against PTZ- induced seizures. To
the best of our knowledge, this is the first
scientific report on the anticonvulsant activity of
pistachio in literature. However, further studies
are required to clarify the mechanism(s) and the
active compound(s) involved in this effect.

Acknowledgements
This work was supported by a grant from
Research Deputy of Rafsanjan University of

Medical Sciences (grant number 19489),
Rafsanjan, Iran.

Declaration of interest

The authors declare that there is no conflict of
interest. The authors alone are responsible for the
content of the paper.

References

[1] Pitkanen A, Sutula TP. Is epilepsy a
progressive disorder? Prospects for new
therapeutic approaches in temporal-lobe
epilepsy. Lancet Neurol. 2002; 1(3): 173-
181.

[2] Sendrowski K, Sobaniec W. Hippocampus,
hippocampal  sclerosis and  epilepsy.
Pharmacol Rep. 2013; 65(3): 555-565.

[3] Kiasalari Z, Khalili M, Roghani M, Heidari
H, Azizi Y. Antiepileptic and antioxidant
effect of hydroalcoholic extract of Ferula
assa foetida gum on pentylentetrazole-
induced kindling in male mice. Basic Clin
Neurosci. 2013; 4(4): 299-312.

[4] Jalili C, Salahshoor M, Pourmotabbed A,
Moradi S, Roshankhah S, Darehdori AS,
Motaghi M. The effects of agueous extract of
Boswellia Serrata on hippocampal region
CAL1 and learning deficit in kindled rats. Res
Pharm Sci. 2014; 9(5): 351-360.

[5] Bhutada P, Mundhada Y, Bansod K, Dixit P,
Umathe S, Mundhada D. Anticonvulsant
activity of berberine, an isoquinoline alkaloid
in mice. Epilepsy Behav. 2010; 18(3): 207-
210.

[6] Hansen SL, Sperling BB, Sanchez C.
Anticonvulsant and antiepileptogenic effects
of GABA A receptor ligands in
pentylenetetrazole-kindled  mice. Prog
Neuropsychopharmacol Biol Psychiatry.
2004; 28(1): 105-113.

[7] Kupferberg H. Animal models used in the
screening of antiepileptic drugs. Epilepsia.
2001; 42(s4): 7-12.

[8] Engel Jr J. Surgery for seizures. N Engl J
Med. 1996; 334(10): 647-653.

49



Fatehi F. et al.

[9] Shahraki J, Zareh M, Kamalinejad M,
Pourahmad J. Cytoprotective effects of
hydrophilic and lipophilic extracts of
Pistacia vera against oxidative versus
carbonyl stress in rat hepatocytes. Iran J
Pharm Res. 2014; 13(4): 1263-1277.

[10] Tomaino A, Martorana M, Arcoraci T,
Monteleone D, Giovinazzo C, Saija A.
Antioxidant activity and phenolic profile of
pistachio (Pistacia vera L., variety bronte)
seeds and skins. Biochimie. 2010; 92(9):
1115-1122.

[11] Ahmad NS, Waheed A, Farman M, Qayyum
A. Analgesic and anti-inflammatory effects
of Pistacia integerrima extracts in mice. J
Ethnopharmacol. 2010; 129(2): 250-253.

[12] Parvardeh S, Niapoor M, Hosseinzadeh H.
Hepatoprotective activity of Pistacia vera L.
gum extract in rats. J Med Plants. 2002; 1(4):
27-34.

[13] Jain P, Tambe R, Sancheti J, Nahire M,
Bhardwaj A, Sathaye S. Screening of
Pistacia integerrima extracts for their
anticonvulsant activity in acute zebrafish and
rodent models of epilepsy. Int J Nutr
Pharmacol Neurol Dis. 2015; 5(2): 56-63.

[14] Abdollahi Fard M, Shojaii A. Efficacy of
Iranian traditional medicine in the treatment
of epilepsy. Biomed Res Int. 2013; Article ID
692751.

[15] Vieira V, Glassmann D, Marafon P, Pereira
P, Gomez R, Coitinho AS. Effect of
diclofenac  sodium on seizures and
inflammatory profile induced by kindling
seizure model. Epilepsy Res. 2016; 127(1):
107-113.

[16] Corda M, Giorgi O, Longoni B, Orlandi M,
Biggio G. Decrease in the function of the y-
Aminobutyric acid-coupled chloride channel
produced by the repeated administration of
pentylenetetrazol to rats. J Neurochem. 1990;
55(4): 1216-1221.

[17] White HS. Comparative anticonvulsant and

mechanistic profile of the established and
newer antiepileptic drugs. Epilepsia. 1999;
40(5): 2-10.

[18] Meldrum B. GABA-agonists as anti-
epileptic agents. Adv Biochem
Psychopharmacol. 1981; 26(2): 207-216.

[19] Homayoun M, Seghatoleslam M, Pourzaki
M, Shafieian R, Hosseini M, Ebrahimzadeh
Bideskan A. Anticonvulsant and
neuroprotective effects of Rosa damascena
hydro-alcoholic extract on rat hippocampus.
Avicenna J Phytomed. 2015; 5(3): 260-270.

[20] Rezvani ME, Roohbakhsh A, Allahtavakoli
M, Shamsizadeh A. Anticonvulsant effect of
aqueous extract of Valeriana officinalis in
amygdala-kindled rats: possible involvement
of adenosine. J Ethnopharmacol. 2010;
127(2): 313-318.

[21] Ziaee T, Hosseinzadeh H. Muscle relaxant,
hypnotic and anti-anxiety effects of Pistacia
vera gum hydroalcoholic extract in mice. J
Med Plants. 2010; 9(36): 96-105.

[22] Suzuki K, Omura S, Ohashi Y, Kawai M,
lwata Y, Tani K, Sekine Y, Takei N, Mori N.
FK506 facilitates chemical kindling induced
by pentylenetetrazole in rats. Epilepsy Res.
2001; 46(3): 279-282.

[23] Aguiar CC, Almeida AB, Araujo PV, de
Abreu RN, Chaves EM, do Vale OC, Macedo
DS, Woods DJ, Fonteles MM, Vasconcelos
SM. Oxidative stress and epilepsy: literature
review. Oxid Med Cell Longev. 2012; Article
ID 795259.

[24] Ambrogini P, Minelli A, Galati C, Betti M,
Lattanzi D, Ciffolilli S, Piroddi M, Galli F,
Cuppini  R. Post-seizure  a-tocopherol
treatment decreases neuroinflammation and
neuronal degeneration induced by status
epilepticus in rat hippocampus. Mol
Neurobiol. 2014; 50(1): 246-256.

[25] Kumar A, Lalitha S, Mishra J. Hesperidin
potentiates the neuroprotective effects of
diazepam and gabapentin against
pentylenetetrazole-induced convulsions in

50 RJP 4(2), 2017: 45-51



The effect of Pistacia vera on pentylenetetrazole-induced kindling in rat

mice: possible behavioral, biochemical and
mitochondrial alterations. Indian  J
Pharmacol. 2014; 46(3): 309-318.

[26] Kim DK. Increased seizure susceptibility
and up-regulation of NnNOS expression in
hippocampus following recurrent early-life
seizures in rats. J Korean Med Sci. 2010;
25(6): 905-911.

[27] Fernandez Cancio M, Fernandez Vitos EM,
Imperial S, Centelles JJ.  Structural
requirements of benzodiazepines for the
inhibition of pig brain nitric oxide synthase.
Mol Brain Res. 2001; 96(1): 87-93.

[28] Hosseinzadeh H, Sajadi Tabassi SA, Milani
Moghadam N, Rashedinia M, Mehri S.
Antioxidant activity of Pistacia vera fruits,
leaves and gum extracts. Iran J Pharm Res.
2012; 11(3): 879-887.

[29] Gentile C, Perrone A, Attanzio A, Tesoriere
L, Livrea M. Sicilian pistachio (Pistacia vera
L.) nut inhibits expression and release of
inflammatory mediators and reverts the

increase of paracellular permeability in IL-
1B-exposed human intestinal epithelial cells.
Eur J Nutr. 2015; 54(5): 811-821.

[30] Bozorgi M, Memariani Z, Mobli M, Salehi
Surmaghi MH, Shams Ardekani MR, Rahimi
R. Five Pistacia species (P. vera, P.
atlantica, P. terebinthus, P. khinjuk, and P.
lentiscus): a review of their traditional uses,
phytochemistry, and pharmacology.
Scientific World J. 2013; Article 1D 219815.

[31] Han JY, Ahn SY, Kim CS, Yoo SK, Kim
SK, Kim HC, Hong JT, Oh KW. Protection
of apigenin  against  kainate-induced
excitotoxicity by anti-oxidative effects. Biol
Pharm Bull. 2012; 35(9): 1440-1446.

[32] Nobrega FF, Salvadori MG, Masson CJ,
Mello CF, Nascimento TS, Leal Cardoso JH,
de Sousa DP, Almeida RN. Monoterpenoid
terpinen-4-ol exhibits anticonvulsant activity
in  behavioural and electrophysiological
studies. Oxid Med Cell Longev. 2014; Article
ID 703848.

51



