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Abstract

Background: A new approach in the treatment of epilepsy is to use new drugs with neuroprotective, antioxidant, and anti-
inflammatory effects.
Objectives: The study aimed to investigate the protective effects of Artemisia persica essential oil (EO) against pentylenetetrazol
(PTZ)-induced seizure in mice.
Methods: This experimental study was conducted at the Izeh Islamic Azad University, Iran. 70 male BALB/c mice were divided into
seven groups of 10 using simple random allocation, including control (normal saline), PTZ (35 mg/kg i.p. with 48 hours intervals
and then 60 mg/kg on the 10th day), interventions (PTZ plus daily i.p. injection of EO at doses of 50, 75, and 100 mg/kg), diazepam
(PTZ plus EO at a dose of 100 mg/kg + diazepam), and flumazenil (PTZ plus EO at a dose of 100 mg/kg + flumazenil) groups.
Results: The treatment of PTZ-kindled mice with 50 mg/kg of EO significantly reduced the seizure onset latency (P < 0.05). EO at
a dose of 100 mg/kg significantly decreased tonic seizures, head tics, and repeated spinning and jumping (P < 0.05). Diazepam
improved, and flumazenil weakened the anticonvulsant effects of the EO. The treatment of PTZ-kindled mice with EO (100 mg/kg)
significantly decreased nitric oxide and malondialdehyde, and increased the total antioxidant capacity in both serum and brain (P
< 0.05). EO at a dose of 100 mg/kg could significantly decrease IL-1β and TNF-α expression in the brain of epileptic mice (P < 0.05).
Conclusions: A. persica EO shows anticonvulsant effects through benzodiazepine receptor binding activity and modulation of ox-
idative stress and the inflammatory process.
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1. Background

Epilepsy is a chronic neurological disorder, in which
the altered neural activity in the brain leads to seizure. Dur-
ing an epileptic seizure, abnormal behavior, symptoms,
and feelings, including loss of consciousness, may occur
(1). Epilepsy is the most common neurological disorder
second to stroke and affects about 1% of the world’s pop-
ulation (2). Despite the unprecedented advances in the
development of antiepileptic drugs in recent years, the
number of patients who do not respond to drug therapy
has not changed significantly (3). In addition, most of
the available drugs only alleviate the symptoms without
having any significant effects on the progression of the
disease. Moreover, the continuous consumption of these
drugs also causes drug resistance and certain side effects
(3).

Kindling is a well-known technique to study epilepsy.

In this method, the repeated administration of a sub-
convulsive chemical or electrical stimulus leads to the de-
velopment of gradual seizures, which ultimately general-
ize into a tonic-clonic seizure (4).

Epileptic seizures disrupt the levels of excitatory and
inhibitory neurotransmitters. The seizure-induced exci-
totoxicity is associated with excessive production of free
radicals and reactive oxygen species (ROS), which leads
to neurodegeneration and dramatically affects the neu-
ronal function (5). In vitro studies have also shown that a
rapid inflammatory response occurs in the glial cells im-
mediately after the induction of epilepsy by electrical or
chemical stimuli. High expression of inflammatory cy-
tokines, such as tumor necrosis factor alpha (TNF-α) and
interleukin 6 (IL-6), in astrocytes, can reduce the seizure
threshold and the frequency of spontaneous seizures (6).
Hence, in recent years, the main strategy of epilepsy treat-
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ment has been seeking out new drugs with neuroprotec-
tive activities that can prevent or delay disease progres-
sion and development. Researchers have found that nat-
ural compounds with anti-inflammatory and antioxidant
activity hold great potential to prevent neuronal loss and
neurological disorders (5).

Artemisia persica is one of the most valuable plants of
the Artemisia genus (7). In Iranian traditional medicine, A.
persica has been used as an antiseptic, carminative, appe-
tizing, antiparasitic, antipyretic, and analgesic agent (8).
The phytochemical analysis of the A. persica essential oil
revealed the presence of α-pinene, 1, 8-cineole, sabinene
hydrate, pinocarveol, pinocarvone, Artedouglasia oxide
C, and Artedouglasia oxide D (8). Studies have demon-
strated antioxidant (7), anticancer (9), antimicrobial (10),
and antinociceptive (11) effects of A. persica essential.

2. Objectives

The present study was conducted to investigate
the protective effects of A. persica essential oil against
pentylenetetrazol (PTZ)-induced seizure.

3. Methods

3.1. Preparation of Essential Oil

First, the dried A. persica whole-plant from was bought
from a local market in Izeh, Khuzestan Province, and iden-
tified by an herbalist. Then, a reference sample was kept in
the Herbarium of the Islamic Azad University, Izeh Branch,
with voucher herbarium specimen No., 34565. The es-
sential oil was prepared by water distillation using a Cle-
venger apparatus. For this purpose, 50 g of the pulverized
plant was weighed and transferred into a 500-mL round-
bottomed flask, mixed with 200 mL of distilled water and
then heated to reach the distillation rate of 2 - 3 mL per
min. After four hours, the essential oil was collected, dried
with anhydrous sodium sulfate for 24 h, and stored in dark-
colored glass bottles at -20°C until use (7).

3.2. Laboratory Animals and Grouping

This experimental study was conducted at the Izeh Is-
lamic Azad University, Khuzestan Province, Iran, during
summer and autumn 2018. The study protocol was ap-
proved by the Ethics Committee of Izeh Islamic Azad Uni-
versity (Code number: 15330513962002) in 2018. 70 male
BALB/c mice weighing 25 - 30 g were purchased from the
Animal Breeding Facility Centre of Pasteur Institute, Karaj,
Iran. They were kept in four standard cages in groups of

four in the Breeding Centre and Animal House of Izeh Is-
lamic Azad University, under controlled conditions (12:12-
hour light/dark cycle at 22 ± 2°C) with ad libitum constant
access to standard water and food. All animal procedures
were based on the Guide for the Care and Use of Laboratory
Animals (12). After two weeks of acclimatization, the mice
were divided into seven groups of 10 using simple random
allocation. The intraperitoneal (i.p.) injection of PTZ at a
dose of 35 mg/kg every 48 hours for nine days and then at a
dose of 60 mg/kg on the 10th day was used to develop the
kindling model as described previously (13). The control
group received i.p. injection of normal saline (1 mL/kg body
weight) for 10 days. The PTZ-kindled mice received the i.p.
injection of PTZ as previously mentioned. The intervention
groups received daily i.p. injection of A. persica essential oil
at doses of 50, 75, and 100 mg/kg body weight, 30 minutes
before PTZ injection for 10 days. The positive control group
received the daily i.p. injection of A. persica essential oil at
a dose of 100 mg/kg for 10 days and the i.p. injection of di-
azepam (2 mg/kg) on the 10th day, 30 minutes before PTZ
injection. The flumazenil-treated group received the daily
i.p. injection of A.persicaessential oil at a dose of 100 mg/kg
for 10 days, and the i.p. injection of flumazenil (2 mg/kg
body weight) on the 10th day, 30 minutes before PTZ injec-
tion.

The seizure threshold (ST)/seizure onset latency of each
animal was recorded for 30 minutes after the final in-
jection of PTZ on the 10th day. The seizure severity pa-
rameters including whole body seizures, head and upper
limb seizures, head tics, and spinning and jumping were
recorded. The seizure threshold (ST) and severity were
recorded for all animals by a blind person how was un-
aware of treatment in each group. Then, the animals un-
derwent general anesthesia by chloral hydrate and blood
samples were collected from the heart of the animal. The
collected blood samples were then centrifuged (15 min-
utes at 3000 rpm) to separate sera that were immedi-
ately stored at -70°C for biochemical analysis. The mice
were then sacrificed and brain tissues were removed. The
10% brain tissue homogenate (W/V) was prepared in 0.1 M
sodium phosphate buffer (pH 7.4) and stored at -70°C until
biochemical analysis.

Measurement of lipid peroxide level: Briefly, 200 µL
of serum/brain homogenate was added to a test tube and
mixed with 1.5 mL of acetic acid (20%, pH 3.5), 1.5 mL of thio-
barbituric acid (TBA, 0.8%), and 200 µL of sodium dodecyl
sulfate (SDS, 8.1%). Then 700µL of distilled water was added
to each tube and heated in a boiling water bath for 60 min-
utes. After cooling under tap water, 1 mL of distilled water
and 5 mL of n-butanol/pyridine were added to each tube
and shaken vigorously. The resulting solutions were then
centrifuged (4000 rpm for 10 minutes), and the optical ab-
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sorption of the supernatant was recorded at 532 nm. Lipid
peroxide levels were determined using a standard calibra-
tion curve and expressed asµmol of malondialdehyde (14).

Measurement of total antioxidant capacity: The antiox-
idant capacity of serum and tissue homogenate was mea-
sured using the ferric reducing antioxidant power (FRAP)
assay. The working FRAP reagent was prepared by mixing
10 mL of 0.25 M acetate buffer (pH 3.6), 2.5 mL of 10 mM TPTZ
in 40 mM HCl, and 2.5 mL of 20 mM FeCl3.6H2O. 25µL of tis-
sue homogenate/serum was added to 1.5 mL of freshly pre-
pared FRAP solution and left at 37°C for 10 minutes. After
incubation, the optical absorption at 593 nm was recorded
(14).

3.3. Measurement of Nitric Oxide (NO•) Level

NO• is a diatomic free radical with extremely short
physiological half-life. In biological systems, it is rapidly
oxidized to stable end products such as nitrates (NO3-) and
nitrite (NO2-). Therefore, the total nitrite content in serum
and tissue homogenate was assessed as the index of NO•

production. Briefly, 300 µL of serum/tissue homogenate
was added to 600 µL of 75 mM ZnSO4 solution and cen-
trifuged at 1000 g for five minutes at room temperature.
The resulting supernatant was incubated with copper cad-
mium granules in a glycine-NaOH buffer in order to con-
vert nitrate to nitrite. The total nitrite level was measured
by the Griess reaction. 1 mL of the sample was added to
a Griess solution (1 mL of 0.5% sulfanilamide and 0.05%
n-naphthalene diamine hydrochloride), and after 30 min-
utes of incubation in the dark, the absorbance at 545 nm
was recorded (13).

3.4. Measurement of IL-1β and TNF-α Gene Expression

The total cellular RNA of mice brain samples was ex-
tracted using the method of acid guanidium thiocyanate
phenol/chloroform extraction. Mice brain samples had
been frozen previously in an adequate volume of acid
guanidium thiocyanate solution and kept at -80°C until
use for RNA extraction. The extracted RNA was monitored
by spectrophotometric absorbance (260 nm) and agarose
gel electrophoresis with ethidium bromide staining. For
reverse transcription, 1 µg of purified total RNA was used
for incubation with 1µM oligo (dT) and 200 units of MMLV
reverse transcriptase from a Clontech first strand cDNA
synthesis kit. The RT-PCR was performed using an aliquot
(5 µL of a 1/10 dilution) of the cDNA of each sample. The
PCR primers used are listed in Table 1. DNA amplification
was carried out in 1x Taq polymerase buffer, 1.5 mM MgCl2

(supplemented with 50 µM dNTP), 0.25 µM of 5’ and 3’-
specific primers, 1 µCi of [α-32p], and 2 units of Taq poly-
merase (Promega C) in a final volume of 50 µL. The mix-

ture was overlaid with mineral oil and amplified for 30 cy-
cles (denaturation: 1 minute at 94°C, annealing: 1 minute
at 60°C, extension: 1 minute at 72°C), followed by a final ex-
tension for 7 minutes at 72°C and storage at 4°C in a Trio-
thermoblock. 10 µL of cDNA products were size-separated
by electrophoresis on a 10% acryl/bisacrylamide gel and
stained with ethidium bromide (15µg/mL). Each band was
excised from the gel and the quantity of 32p incorporated
was measured in a scintillation counter (15).

3.5. Statistical Analysis

Data were analyzed using SPSS20 software. The
Kolmogorov-Smirnov test was used to determine the nor-
mal distribution of data. All data were normally dis-
tributed and therefore were subjected to a parametric test.
In addition, the Levene’s test showed that all groups had
an equal variance. Thus, the one-way analysis of variance
(ANOVA) followed by Turkey’s test was used to identify sta-
tistical differences between the mean values of the groups.
All data were presented as mean ± SD and a P value of less
than 0.05 was considered statistically significant.

4. Results

Seizure latency and the frequencies of tonic seizures,
whole body seizures, head and upper limb seizures, head
tics, and spinning and jumping in the study groups are
illustrated in Figure 1. According to the results, treat-
ment with A. persica essential oil at a dose of 50 mg/kg sig-
nificantly increased the seizure latency compared to the
PTZ-kindled group (P < 0.05). A. persica essential oil at
a dose of 100 mg/kg significantly reduced tonic seizures,
and at all three doses significantly decreased the frequency
of head tics and spinning and jumping (P < 0.05 and <
0.001, respectively). In mice given 100 mg/kg of essential
oil and flumazenil, head tics and spinning and jumping
were not significantly different from those in the PTZ kin-
dling group. Treatment with 100 mg/kg of essential oil and
diazepam significantly increased seizure latency and de-
creased the frequencies of tonic seizures, head and upper
limb seizures, body seizures, head tics, and repeated spin-
ning and jumping compared to the PTZ-treated group (P <
0.01, < 0.05, and < 0.001, respectively).

Table 2 indicates that the successive injection of PTZ
into mice led to a significant increase in the malondialde-
hyde (MDA) level and a significant reduction in the antiox-
idant capacity of the brain and serum (P < 0.001). The
treatment of PTZ-kindled mice with A. persica essential oil
at doses of 50, 75, and 100 mg/kg significantly decreased
the brain and serum levels of MDA (P < 0.001). The total
antioxidant capacity significantly improved in the sera of
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Table 1. Forward and Reverse Primers for Each Gene

Genes Forward Reverse

GAPDH (control gen) GTA TTG GGC GCC TGG TCA CC CGC TCC TGG AAG ATG GTG ATG G

IL-1β 5 ’ - TTGACGGACCCCAAAAGATG AGAAGGTGCTCATGTCCTCA- 3 ’

TNF-α ACT GAA CTT CGG GGT GAT TG GCT TGG TGG TTT GCT ACG AC
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Figure 1. Comparison of seizure latency (A) and the frequencies of tonic seizures (B), whole body seizures (C), head tics (D), upper and lower limb seizure (E), and repeated
spinning and jumping (F) between study groups. Data are given as means± SD (n = 9). Significant difference compared to the PTZ-treated group. * P < 0.05; ** P < 0.01; *** P <
0.001. APEO, Artemisia persica essential oil; PTZ, pentylenetetrazol; APEO50, 50 mg/kg; APEO75, 75mg/kg; APEO100, 100 mg/kg.

PTZ-kindled mice receiving 50, 75, and 100 mg/kg of A. per-
sica essential oil and the brains of PTZ-kindled mice receiv-
ing 100 mg/kg of A. persica essential oil (P < 0.001). There
were no significant differences in serum MDA and brain an-
tioxidant capacity between the PTZ-kindled group and the
group treated with flumazenil plus 100 mg/kg of essential
oil.

As shown in Figure 2, PTZ injections caused a partial
and insignificant increase in the serum nitric oxide levels.
The treatment of PTZ-kindled mice with A. persica essential
oil at doses of 50, 75, and 100 mg/kg significantly decreased
the serum level of nitric oxide (P < 0.001). There was no sig-
nificant difference in the serum nitric oxide level between
the PTZ-kindled group and the group treated with flumaze-

nil plus 100 mg/kg of essential oil.

The comparison of IL-1β and TNF-α expression between
the study groups is shown in Table 3. As shown, the treat-
ment of PTZ-kindled mice with different doses of A. persica
essential oil significantly reduced IL-1β expression com-
pared to PTZ-kindled mice. IL-1β expression also showed
a significant reduction in the groups treated with A. per-
sica essential (100 mg/kg) plus diazepam or Flumazenil (Ta-
ble 3). A. persica essential oil at a dose of 100 mg/kg signifi-
cantly reduced TNF-α expression compared to PTZ-kindled
mice but increased its expression at doses of 50 and 75
mg/kg.
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Table 2. Comparison of Total Antioxidant Capacity and Malondialdehyde Between the Study Groupsa

Total Antioxidant Capacity

Serum, µM/mLb Brain, µM/gb

Experimental Group

Control 146.78 ± 58.36*** 312.85 ± 75.93***

PTZ 456.57 ± 66.57 117.85 ± 53.72

APEO50 274.12 ± 37.84*** 203.75 ± 49.58

APEO75 301.75 ± 130.38*** 225.37 ± 28.11

APEO100 320.00 ± 24.61*** 240.47 ± 98.81**

APEO100+Diazepam 355.50 ± 26.09*** 235.00 ± 124.63*

APEO100+Flumazenil 243.06 ± 117.51*** 180.71 ± 40.88

Lipid peroxidation

Control 147.42 ± 37.46*** 129.00 ± 18.12***

PTZ 353.14 ± 51.86 476.64 ± 50.36

APEO50 217.62 ± 112.80*** 265.00 ± 76.63***

APEO75 217.62 ± 50.73*** 227.50 ± 56.23***

APEO100 235.87 ± 51.10** 146.12 ± 25.73***

APEO100+Diazepam 127.00 ± 70.93*** 134.50 ± 36.96***

APEO100+Flumazenil 264.57 ± 23.52 336.51 ± 28.59***

Abbreviations: APEO, Artemisia persica essential oil; PTZ, pentylenetetrazol; APEO50, 50 mg/kg; APEO75, 75 mg/kg; APEO100, 100 mg/kg.
a Values are expressed as means ± SD (n = 10).
b Significant difference compared to PTZ-kindled group (* P < 0.05; ** P < 0.01; *** P < 0.001).

Table 3. Comparison of IL-1β and TNF-α Expression Between the Study Groupsa

Groups IL-1β Expressionb TNF-α Expressionb

PTZ 1.00 ± 0.27 1.00 ± 0.45

APEO50 0.74 ± 0.28* 4.12 ± 1.00*

APEO75 0.18 ± 0.02* 3.55 ± 1.1*

APEO100 0.06 ± 0.08* 0.64 ± 0.12*

APEO100+Diazepam 0.14 ± 0.01* 2.86 ± 0.43*

APEO100+Flumazenil 0.08 ± 0.002* 0.41 ± 0.12*

Abbreviations: APEO, Artemisia persica essential oil; PTZ, pentylenetetrazol; APEO50, 50 mg/kg; APEO75, 75 mg/kg; APEO100, 100 mg/kg.
a Values are expressed as mean ± SD (n = 9) and show the fold increase of genes expression compared to PTZ-kindled mice.
b Significant difference compared to the PTZ-kindled group (* P < 0.05).

5. Discussion

This study investigated the protective effects of A. per-
sica essential oil against PTZ-induced seizures in mice. The
results showed that treatment with A. persica essential oil
at a dose of 50 mg/kg significantly increased seizure on-
set latency. A. persica essential oil at a dose of 100 mg/kg
significantly decreased the frequencies of tonic seizures,
head tics, and repeated spinning and jumping. Treatment
with 100 mg/kg of the essential oil plus diazepam (GABA
agonist) produced the greatest anticonvulsant effects in
epileptic mice (significant increase of seizure onset latency

and significant reduction of whole body seizures, tonic
seizures, head tics, and repeated spinning and jumping
compared to the PTZ group). Flumazenil (GABA antago-
nist) reduced the anticonvulsant effects of A. persica essen-
tial oil; thus, the frequency of tonic seizures, head tics, and
spinning and jumping did not significantly differ between
the PTZ-treated group and the group given essential oil
(100 mg/kg) plus flumazenil.

Researchers argue that GABAergic and glutamatergic
systems play important roles in the process of epilepsy.
It was shown that drugs that enhance the synaptic lev-
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Figure 2. Comparison of serum nitric oxide levels between the study groups. Data
are given as means± SD (n = 9). Significant difference compared to the PTZ-kindled
group. *** P < 0.001. APEO, Artemisia persica essential oil; PTZ, pentylenetetrazol;
APEO50, 50 mg/kg; APEO75, 75 mg/kg; APEO100, 100 mg/kg.

els of GABA by inhibiting its catabolism or increasing its
reabsorption are effective antiepileptic drugs. Benzodi-
azepines are one of such drugs that increase the binding of
GABA to its receptors, thereby increasing the frequency of
chloride channels opening. In addition, it has been argued
that a number of GABA inhibitors such as deoxypyridox-
ine, isoniazid, thiosemicarbazide, and L-allylglycine can
cause seizures (16). In the present study, diazepam boosted
the anticonvulsant effects of A. persica essential oil and
flumazenil alleviated its anticonvulsant effects, indicat-
ing that the activity of the essential oil is exerted via the
GABAergic system.

In the present study, a significant increase in the lipid
peroxides and nitric oxide levels and a significant reduc-
tion in the total antioxidant capacity of both serum and
brain were observed in PTZ-kindled mice. Oxidative stress
of the central nervous system has been reported in sev-
eral animal models of epilepsy, such as the amygdala-
kindling model of temporal lobe epilepsy (17), the kainic
acid model of temporal lobe epilepsy (18), pentylenetetra-
zol (PTZ)-kindling model of focal epilepsy (19), and acute
PTZ-induced seizures (20). Increased lipid peroxidation
and hemolysis of erythrocytes have also been reported in
patients with epilepsy compared to healthy people (21).

It has been stated that PTZ triggers a variety of bio-
chemical processes including the activation of membrane
phospholipases, proteases, and nucleases (22). Changes in

the metabolism of membrane phospholipids lead to the
over-production of lipid peroxides and free radicals. Free
radicals can exacerbate epileptic seizures directly by inac-
tivating glutamine synthetase and glutamate decarboxy-
lase, which disturbs the process of excitatory (glutamate)
and inhibitory (GABA) neurotransmitters synthesis (23). In
the present study, the treatment of epileptic mice with A.
persica essential oil was observed to increase the antioxi-
dant capacity and decrease the nitric oxide and MDA levels
of both serum and brain. Therefore, it can be argued that
A. persica essential oil exert protective effects against PTZ-
induced epilepsy by fighting against oxidative neuronal in-
jury and boosting the antioxidant defense.

So far, no study has been conducted to investigate the
in vivo antioxidant effects of A.persicaessential oil but its in
vitro antioxidant effects have been demonstrated in some
studies (8, 24). As mentioned above, the phytochemicals
identified in A. persica essential oil include α-pinene, 1,8-
cineole, sabinene hydrate, pinocarveol, pinocarvone, Arte-
douglasia oxide C, and Artedouglasia oxide D (8). In a study,
α-pinene and 1, 8-cineole were observed to produce protec-
tive effects against hydrogen peroxide-induced oxidative
damage of PC12 cells (25).

In the present study, the treatment of epileptic mice
with 100 mg/kg of A. persica essential oil resulted in a sig-
nificant reduction in IL-1β and TNF-α expression. In re-
cent years, accumulating evidence has suggested that nu-
merous immune and inflammatory processes such as the
over-production of pro-inflammatory cytokines occur in
the brain after the induction of seizure in experimental
animal models or in clinical cases of epilepsy (26). Some
inflammatory cytokines such as IL-1 and beta-HMGB1 have
been reported to modify the activity of NMDA receptors
through increasing their phosphorylation. Inflammatory
cytokines have also been reported to overstimulate seizure
by inhibiting glutamate reuptake in astrocytes (27). In ad-
dition, IL-1β and TNF-α injections were shown to decrease
the expression of GABAA receptors and GABA-induced chlo-
ride ion flow, which ultimately exacerbated seizure sever-
ity and duration in mice. In this regard, it was shown that
anti-inflammatory drugs could reduce the severity of some
types of epilepsy in animal models (28). In the present
study, the efficacy of A. persica essential oil in reducing
brain inflammation was demonstrated for the first time, as
100 mg/kg of the essential oil significantly reduced the ex-
pression of IL-1β and TNF-α in PTZ-kindled mice. In previous
studies, the anti-inflammatory effects of α-pinene and 1, 8-
cineole have been demonstrated (15, 29). Given that these
compounds are abundantly found in the essential oil of
Artemisia, it seems that the neuroprotective effects of A. per-
sica essential oil are due to the presence of the compounds
with anti-inflammatory effects.
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Our results demonstrated that the essential oil ex-
tract of A. persica possesses anticonvulsants activity via the
suppression of oxidative stress and pro-inflammatory cy-
tokines. One of the strengths of this study was the assess-
ment of several mechanisms involved in the PTZ-induced
seizure process to determine the exact mechanism of the
essential oil effects. This study has intrinsic limitations
common to the pharmacological assessment of herbal
remedies. One of the most important steps in the produc-
tion of herbal remedy is to produce a standard herbal drug
with special and constant components that can be repro-
duced. In general, the type and amount of chemical com-
pounds found in the medicinal plants are affected by sev-
eral factors such as the genetic differences, geographical
location, harvest time, soil quality, plant part used, and
method of plant processing. Therefore, it is necessary to
determine the active components of the plants and evalu-
ate their activities (30).

5.1. Conclusions

A. persica essential oil at a dose of 100 mg/kg showed
protective effects against PTZ-induced seizure, which may
be due to the modulation of GABA receptors and the inhi-
bition of oxidative stress markers and brain inflammation.

Acknowledgments

The authors would like to thank the staff of the Labora-
tory of Islamic Azad University, Izeh Branch, Iran, for assist-
ing in conducting this work. This paper was derived from
an MSc thesis.

Footnotes

Authors’ Contribution: Mojgan Daneshkhah did all the
testes. Mahbubeh Setorki designed test-analyse and pre-
pared the article.

Conflict of Interests: The authors declare that there is no
conflict of interest.

Ethical Considerations: The study protocol was approved
by the Ethics Committee of Izeh Islamic Azad University
(Code number: 15330513962002) in 2018.

Funding/Support: Authors paid all the costs of this re-
search.

References

1. Kobow K, Blumcke I. Epigenetics in epilepsy. Neurosci Lett.
2018;667:40–6. doi: 10.1016/j.neulet.2017.01.012. [PubMed: 28111355].

2. Ip Q, Malone DC, Chong J, Harris RB, Labiner DM. An update on the
prevalence and incidence of epilepsy among older adults. Epilepsy
Res. 2018;139:107–12. doi: 10.1016/j.eplepsyres.2017.11.022. [PubMed:
29220741].

3. Hauser WA. Questioning the effectiveness of newer antiseizure
medications. JAMA Neurol. 2018;75(3):273–4. doi: 10.1001/jamaneu-
rol.2017.3069. [PubMed: 29279885].

4. Loscher W. Animal models of seizures and epilepsy: Past, present,
and future role for the discovery of antiseizure drugs. Neurochem
Res. 2017;42(7):1873–88. doi: 10.1007/s11064-017-2222-z. [PubMed:
28290134].

5. Tambe R, Jain P, Patil S, Ghumatkar P, Sathaye S. Antiepilepto-
genic effects of borneol in pentylenetetrazole-induced kindling in
mice. Naunyn Schmiedebergs Arch Pharmacol. 2016;389(5):467–75. doi:
10.1007/s00210-016-1220-z. [PubMed: 26887325].

6. Franke H, Kittner H. Morphological alterations of neurons and as-
trocytes and changes in emotional behavior in pentylenetetrazol-
kindled rats. Pharmacol Biochem Behav. 2001;70(2-3):291–303. doi:
10.1016/S0091-3057(01)00612-8. [PubMed: 11701200].

7. Ahmadvand H, Amiri H, Dalvand H, Bagheri S. [Various antioxidant
properties of essential oil and hydroalcoholic extract of Artemisa per-
sica]. J Birjand Univ Med Sci. 2014;20(4):416–24. Persian.

8. Siadat SA, Direkvand-Moghadam F. [Study of phytochemical charac-
teristics Artemisia persica boiss in Ilam province]. Advanc Herb Med.
2017;3(2). Persian.

9. Taghizadeh Rabe SZ, Mahmoudi M, Ahi A, Emami SA. Antiprolifera-
tive effects of extracts from Iranian artemisia species on cancer cell
lines. Pharm Biol. 2011;49(9):962–9. doi: 10.3109/13880209.2011.559251.
[PubMed: 21592012].

10. Ramezani M, Fazli-Bazzaz BS, Saghafi-Khadem F, Dabaghian A.
Antimicrobial activity of four artemisia species of Iran. Fitoter-
apia. 2004;75(2):201–3. doi: 10.1016/j.fitote.2003.11.006. [PubMed:
15030925].

11. Ebrahimi T, Setorki M, Dastanpour N. [Antinociceptive effects of
Artemisia persica boiss essential oil in male mice using formalin and
tail immersion tests]. QomUniv Med Sci J. 2019;12(11):23–31. Persian.

12. Institute of Laboratory Animal Resources (US); Committee on Care;
National Institutes of Health (US); Division of Research Resources.
Guide for the careanduseof laboratoryanimals. 8th ed. Washington D.C:
National Academies; 1985.

13. Han D, Yamada K, Senzaki K, Xiong H, Nawa H, Nabeshima T. Involve-
ment of nitric oxide in pentylenetetrazole-induced kindling in rats. J
Neurochem. 2000;74(2):792–8. [PubMed: 10646532].

14. Goel R, Saxena P. Pycnogenol protects against pentylenetetrazole-
induced oxidative stress and seizures in mice. Curr Clin Pharmacol.
2018. doi: 10.2174/1574884714666181122110317. [PubMed: 30465512].

15. Santos FA, Rao VS. Antiinflammatory and antinociceptive ef-
fects of 1,8-cineole a terpenoid oxide present in many plant
essential oils. Phytother Res. 2000;14(4):240–4. doi: 10.1002/1099-
1573(200006)14:4<240::AID-PTR573>3.0.CO;2-X. [PubMed: 10861965].

16. Treiman DM. GABAergic mechanisms in epilepsy. Epilepsia. 2001;42
Suppl 3:8–12. doi: 10.1046/j.1528-1157.2001.042suppl.3008.x. [PubMed:
11520315].

17. Frantseva MV, Perez Velazquez JL, Tsoraklidis G, Mendonca AJ, Adam-
chik Y, Mills LR, et al. Oxidative stress is involved in seizure-induced
neurodegeneration in the kindling model of epilepsy. Neurosci.
2000;97(3):431–5. doi: 10.1016/s0306-4522(00)00041-5.

18. Gluck MR, Jayatilleke E, Shaw S, Rowan AJ, Haroutunian V. CNS ox-
idative stress associated with the kainic acid rodent model of exper-
imental epilepsy. Epilepsy Res. 2000;39(1):63–71. doi: 10.1016/S0920-
1211(99)00111-4. [PubMed: 10690755].

19. Gupta YK, Veerendra Kumar MH, Srivastava AK. Effect of Centella asi-
atica on pentylenetetrazole-induced kindling, cognition and oxida-
tive stress in rats. Pharmacol Biochem Behav. 2003;74(3):579–85. doi:
10.1016/s0091-3057(02)01044-4.

Iran Red Crescent Med J. 2019; 21(2):e85021. 7

http://dx.doi.org/10.1016/j.neulet.2017.01.012
http://www.ncbi.nlm.nih.gov/pubmed/28111355
http://dx.doi.org/10.1016/j.eplepsyres.2017.11.022
http://www.ncbi.nlm.nih.gov/pubmed/29220741
http://dx.doi.org/10.1001/jamaneurol.2017.3069
http://dx.doi.org/10.1001/jamaneurol.2017.3069
http://www.ncbi.nlm.nih.gov/pubmed/29279885
http://dx.doi.org/10.1007/s11064-017-2222-z
http://www.ncbi.nlm.nih.gov/pubmed/28290134
http://dx.doi.org/10.1007/s00210-016-1220-z
http://www.ncbi.nlm.nih.gov/pubmed/26887325
http://dx.doi.org/10.1016/S0091-3057(01)00612-8
http://www.ncbi.nlm.nih.gov/pubmed/11701200
http://dx.doi.org/10.3109/13880209.2011.559251
http://www.ncbi.nlm.nih.gov/pubmed/21592012
http://dx.doi.org/10.1016/j.fitote.2003.11.006
http://www.ncbi.nlm.nih.gov/pubmed/15030925
http://www.ncbi.nlm.nih.gov/pubmed/10646532
http://dx.doi.org/10.2174/1574884714666181122110317
http://www.ncbi.nlm.nih.gov/pubmed/30465512
http://dx.doi.org/10.1002/1099-1573(200006)14:4<240::AID-PTR573>3.0.CO;2-X
http://dx.doi.org/10.1002/1099-1573(200006)14:4<240::AID-PTR573>3.0.CO;2-X
http://www.ncbi.nlm.nih.gov/pubmed/10861965
http://dx.doi.org/10.1046/j.1528-1157.2001.042suppl.3008.x
http://www.ncbi.nlm.nih.gov/pubmed/11520315
http://dx.doi.org/10.1016/s0306-4522(00)00041-5
http://dx.doi.org/10.1016/S0920-1211(99)00111-4
http://dx.doi.org/10.1016/S0920-1211(99)00111-4
http://www.ncbi.nlm.nih.gov/pubmed/10690755
http://dx.doi.org/10.1016/s0091-3057(02)01044-4
http://ircmj.com


DaneshkhahM and Setorki M

20. Patsoukis N, Zervoudakis G, Panagopoulos NT, Georgiou CD,
Angelatou F, Matsokis NA. Thiol redox state (TRS) and oxida-
tive stress in the mouse hippocampus after pentylenetetrazol-
induced epileptic seizure. Neurosci Lett. 2004;357(2):83–6. doi:
10.1016/j.neulet.2003.10.080. [PubMed: 15036580].

21. de Araujo Filho GM, Martins DP, Lopes AM, de Jesus Brait B, Furlan AER,
Oliveira CIF, et al. Oxidative stress in patients with refractory tempo-
ral lobe epilepsy and mesial temporal sclerosis: Possible association
with major depressive disorder? Epilepsy Behav. 2018;80:191–6. doi:
10.1016/j.yebeh.2017.12.025. [PubMed: 29414551].

22. Geronzi U, Lotti F, Grosso S. Oxidative stress in epilepsy.Expert RevNeu-
rother. 2018;18(5):427–34. doi: 10.1080/14737175.2018.1465410. [PubMed:
29651881].

23. Ergul Erkec O, Arihan O, Kara M, Karatas E, Erten R, Demir H, et al. Ef-
fects of Leontice leontopetalum and Bongardia chrysogonum on ox-
idative stress and neuroprotection in PTZ kindling epilepsy in rats.
Cell Mol Biol. 2018;64(15):71. doi: 10.14715/cmb/2017.64.15.12.

24. Rashidch A, Qureshi MZ, Raza SA, William J, Arshad M. Quantitative
determination of antioxidant potential of Artemisia persica. A U B:
Chimie. 2010;19(1).

25. Porres-Martinez M, Gonzalez-Burgos E, Carretero ME, Gomez-
Serranillos MP. In vitro neuroprotective potential of the monoter-

penes alpha-pinene and 1,8-cineole against H2O2-induced oxidative
stress in PC12 cells. Z Naturforsch C. 2016;71(7-8):191–9. doi: 10.1515/znc-
2014-4135. [PubMed: 27352445].

26. Bartolini L, Libbey JE, Ravizza T, Fujinami RS, Jacobson S, Gail-
lard WD. Viral triggers and inflammatory mechanisms in pediatric
epilepsy. Mol Neurobiol. 2018. doi: 10.1007/s12035-018-1215-5. [PubMed:
29978423].

27. Hu S, Sheng WS, Ehrlich LC, Peterson PK, Chao CC. Cytokine effects
on glutamate uptake by human astrocytes. Neuroimmunomodulation.
2000;7(3):153–9. doi: 10.1159/000026433. [PubMed: 10754403].

28. Deli M, Marchi N, Granata T, Freri E, Ciusani E, Ragona F, et al. Efficacy
of anti-inflammatory therapy in a model of acute seizures and in a
population of pediatric drug resistant epileptics. PLoS ONE. 2011;6(3).
e18200. doi: 10.1371/journal.pone.0018200.

29. Rufino AT, Ribeiro M, Judas F, Salgueiro L, Lopes MC, Cavaleiro
C, et al. Anti-inflammatory and chondroprotective activity of (+)-
alpha-pinene: structural and enantiomeric selectivity. J Nat Prod.
2014;77(2):264–9. doi: 10.1021/np400828x. [PubMed: 24455984].

30. Mahmoud AA, Gendy ASH, Said-Al Ahl HAH, Grulova D, Astatkie T, Ab-
delrazik TM. Impacts of harvest time and water stress on the growth
and essential oil components of horehound ( Marrubium vulgare ).
Sci Horticult. 2018;232:139–44. doi: 10.1016/j.scienta.2018.01.004.

8 Iran Red Crescent Med J. 2019; 21(2):e85021.

http://dx.doi.org/10.1016/j.neulet.2003.10.080
http://www.ncbi.nlm.nih.gov/pubmed/15036580
http://dx.doi.org/10.1016/j.yebeh.2017.12.025
http://www.ncbi.nlm.nih.gov/pubmed/29414551
http://dx.doi.org/10.1080/14737175.2018.1465410
http://www.ncbi.nlm.nih.gov/pubmed/29651881
http://dx.doi.org/10.14715/cmb/2017.64.15.12
http://dx.doi.org/10.1515/znc-2014-4135
http://dx.doi.org/10.1515/znc-2014-4135
http://www.ncbi.nlm.nih.gov/pubmed/27352445
http://dx.doi.org/10.1007/s12035-018-1215-5
http://www.ncbi.nlm.nih.gov/pubmed/29978423
http://dx.doi.org/10.1159/000026433
http://www.ncbi.nlm.nih.gov/pubmed/10754403
http://dx.doi.org/10.1371/journal.pone.0018200
http://dx.doi.org/10.1021/np400828x
http://www.ncbi.nlm.nih.gov/pubmed/24455984
http://dx.doi.org/10.1016/j.scienta.2018.01.004
http://ircmj.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Preparation of Essential Oil 
	3.2. Laboratory Animals and Grouping
	3.3. Measurement of Nitric Oxide (NO[Please insert \PrerenderUnicode{â�¢} into preamble]) Level
	3.4. Measurement of IL-1β and TNF-α Gene Expression
	Table 1

	3.5. Statistical Analysis

	4. Results
	Figure 1
	Table 2
	Figure 2
	Table 3

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interests
	Ethical Considerations
	Funding/Support

	References

