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ABSTRACT

Received: 29 Oct 2020 [YTE Oxidative stress plays an essential role in the pathogenesis of seizures. In this study, we investi-

Accepted: 02 Feb 2021 : gated the effect of ethyl acetate fraction of Tanacetum parthenium against oxidative brain damage in a
Available Online:010ct 2021 :  pentylenetetrazole(PTZ)-induced seizure model in mice.

: In this experimental study, mice were divided into 6 groups: control, PTZ, and 4
other groups that, besides PTZ, received 25, 50, 100, and 200 mg/kg of the fraction. PTZ (100 mg/kg)
and a fraction (30 min before PTZ) were administered intraperitoneally for 3 weeks. Delay in the onset of
the minimal clonic seizure (MCS), generalized tonic-clonic seizure (GTCS), and the level of oxidative stress
indexes in cortical and hippocampal tissues were measured.

Key words: [FTTE Pretreatment with fraction resulted in postponing the onset seizures in the Fraction+PTZ groups
Cortex, Hippocam- i compared to the PTZ group (P<0.05, P<0.01, and P<0.001). In addition, all doses of ethyl acetate fraction
pus, Tanacetum decreased the concentration of malondialdehyde (MDA) and increased the level of tom thiol groups and
parthenium, Oxida- the activity of superoxide dismutase and catalase enzymes in the brain tissues compared to the PTZ group.
tive stress, Pentylene- :  [ffalTarey Ethyl acetate fraction of Tanacetum parthenium attenuated PTZ-stimulated seizures through
tetrazole : improving brain tissue oxidative stress.
English Version caused by an imbalance between irritability and inhibition
of the brain with a tendency toward uncontrolled irritabil-
1. Introduction ity [2]. Epilepsy can be divided into two main types: 1)
epilepsy of the middle part of the temporal lobe, which
pilepsy is one of the most common neu- affects the hippocampus, parahippocampus, and amyg-
rological disorders that affect many peo- dala, 2) lateral lobe epilepsy, which affects the neocortex
ple worldwide [1]. Epilepsy is character- [3]. Experimental models of epilepsy induction were used
ized by reversible spontaneous seizures to study the pathophysiology of epileptic seizures and
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* Corresponding Author:
Akbar Anaeigoudari, PhD.

Address: Department of Physiology, School of Medicine, Jiroft University of Medical Sciences, Jiroft, Iran.
Tel: +98 (34) 43317902
E-mail: anaeiga317@gmail.com



http://hms.gmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://orcid.org/0000-0002-8349-3722
https://orcid.org/0000-0002-9843-3394
https://orcid.org/0000-0003-1524-2339
https://orcid.org/0000-0002-2118-1096
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anaeigoudari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31338249
https://orcid.org/0000-0002-1422-393X
https://doi.org/10.32598/hms.27.4.3491.1
http://legacy.earlham.edu/~peters/fos/bethesda.htm
https://crossmark.crossref.org/dialog/?doi=10.32598/hms.27.4.3491.1
http://legacy.earlham.edu/~peters/fos/bethesda.htm

October 2021. Vol 27. Issue 4

play an essential role in our better understanding of the
molecular mechanisms associated with seizure progres-
sion [4]. One of the animal models for studying epileptic
seizures is the model in which Pentylenetetrazole (PTZ)
is used [5]. Increased production of free radicals plays
an important role in the pathogenesis of a wide range of
neurological disorders, including epilepsy [6]. The hy-
persensitivity of the brain to oxidative damage highlights
the importance of knowing the role of oxidative stress
in the pathogenesis of seizures and epilepsy [7]. Scien-
tific evidence also suggests an association between long-
term seizures and oxidative damage to lipids, DNA, and
proteins [8]. In addition, neurotoxicity induced by some
neurotransmitters, including glutamate, is one of the main
mechanisms of neurological seizure disorder [9]. For ex-
ample, researchers have reported that neurotoxicity due
to glutamate overactivity leads to overproduction of nitric
oxide by the enzyme nitric oxide synthase, resulting in
neuronal damage induced by oxidative stress [10]. Sci-
entific evidence also shows that oxidative damage to bio-
molecules plays an essential role in neuronal hyperstimu-
lation, neuronal damage, and induction of seizures [11].
The results of recent studies confirm that dysfunction of
mitochondria as organs affecting oxidative phosphoryla-
tion and acute oxidative stress can predispose the brain to
epileptic seizures [12]. Scientific reports also indicate the
role of oxidative stress in neuronal damage in a model of
epilepsy induced by PTZ [13].

Previous experimental studies show that natural com-
pounds in plant extracts are good sources for relieving sei-
zures and reducing their effects in epileptic patients [14].
Tanacetum parthenium belongs to the Cassian family and
is widely grown worldwide [15]. Parthenolide is one of
the most important compounds in the extract of this plant
with anti-migraine properties [16]. In addition, the extract
of this plant is used in traditional medicine to reduce fe-
ver, relieve asthma, and reduce inflammation [17]. Scien-
tific results show that the polyphenolic compounds and
flavonoids in the extract of Tanacetum parthenium have
anti-oxidant properties [ 18]. The researchers reported that
the alcoholic extract of this plant has anti-oxidant activ-
ity against diphenyl-2-picrylhydrazyl by neutralizing free
radicals [19]. The protective effects of this plant extract
against kidney damage caused by carbon tetrachloride by
improving the state of oxidative stress have also been doc-
umented [15]. Also, the anti-oxidant effects of this plant
extract against liver damage caused by excessive produc-
tion of free radicals along with lowering cholesterol and
triglycerides have been shown [20]. The results of our
previous study showed that the moderate dose (100 mg/
kg) of hydroalcoholic extract of Tanacetum parthenium
had the best effect against PTZ-induced seizures in mice
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by decreasing malondialdehyde levels and increasing lev-
els of tom thiols and the anti-oxidant enzymes superox-
ide dismutase and catalase. In contrast, the n-butanol and
aqueous fractions could not improve the oxidative brain
damage caused by PTZ-induced seizures [21]. Therefore,
compounds other than soluble compounds in n-butanol
and aqueous solvents of this plant may have a role in re-
ducing oxidative brain damage caused by pentylenetet-
razole-induced seizures. Therefore, to clarify the issue in
this study, the effects of ethyl acetate fraction of Tanace-
tum parthenium plant against oxidative brain damage in a
model of PTZ-induced seizures in rats were investigated.

2. Materials and Methods

To prepare the ethyl acetate fraction, 50 g of plant pow-
der was dissolved in 300 mL of ethanol and extracted us-
ing an extractor. Next, 10 g of dried ethanolic extract was
dissolved in 50 mL of distilled water and poured into a
decanter. Then 50 mL of n-butanol solvent was added to
it. In this stage, two phases are formed; the upper phase
contains soluble compounds in butanol. After separating
the two phases from each other, to prepare the ethyl ac-
etate fraction, the lower phase of the previous step was
poured into the decanter, and 50 mL of ethyl acetate sol-
vent was added to it. Two phases are formed again, the
upper phase containing ethyl acetate-soluble compounds.
After separation, the resulting solution was dried by an
incubator and stored for use [21].

This study is an experimental study in which 60 male
mice weighing 30+£5 g were randomly divided into 6
groups of 10 as follows: 1) control group, 2) pentylene-
tetrazole (PTZ) group, 3) PTZ + fraction with a dose of
25 mg/kg (Fraction25 + PTZ), 4) PTZ + fraction with a
dose of 50 mg/kg (Fraction50 + PTZ), 5) PTZ + fraction
with a dose of 100 mg/kg (Fraction100 + PTZ), and 6)
PTZ + fraction at a dose of 200 mg/kg (Fraction200 +
PTZ). The ethyl acetate fraction was injected intraperito-
neally for three weeks 30 minutes before pentylenetetra-
zole. Animals in the control group also received saline.
The animals were kept under standard conditions (tem-
perature 22°C-24°C, light period 12 hours of light and 12
hours of darkness, humidity 50%, and adequate access
to water and food). The dose of drugs in this study was
selected based on previous studies [21]. Before the be-
ginning of the experiments, the proposal of this plan was
presented in the Ethics Committee of Mashhad Univer-
sity of Medical Sciences. The ethical code (IR.MUMS.
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fm.REC.1397.134) belongs to the Ethics Committee of
Mashhad University of Medical Sciences.

To induce seizures in mice, pentylenetetrazole (100 mg/
kg body weight) was injected intraperitoneally [22, 23].
The animals were then placed in a Plexiglas box, and their
convulsive behaviors were assessed for 60 min based on
the Becker 5-point method: stage 0, no response; stage
1, face and ear muscle impulses; stage 2, myoclonic im-
pulses without standing on two legs; stage 3, myoclonic
impulses with standing on two legs; stage 4, falling to one
side and tonic-clonic seizures; and stage 5, falling on the
back and generalized tonic-clonic seizures. If stages 4 and
5 were observed, the animal was considered convulsive
[24]. Acceleration of the onset of clonic seizures (mini-
mal clonic seizure [MCS]) and generalized tonic-clonic
seizures (GTCS) were considered the criteria of seizure
severity. After behavioral experiments, the animals were
killed, their brains were removed, and the hippocampal
and cortical tissues were isolated. Brain tissues were
homogenized in 1 mL of phosphate buffer. The homog-
enized tissue was then centrifuged at 3000 rpm for 15
minutes [25]. Finally, the supernatant was transferred to
the microtube and stored in a freezer at -80°C to measure
biochemical indicators of oxidative stress.

To measure malondialdehyde (MDA), 1 mL of the sam-
ple was added to 2 mL of a solution containing thiobarbi-
turic acid, trichloroacetic acid, and hydrochloric acid. The
mixture was boiled in a warm water bath for 40 min. After
reaching room temperature, the solution was centrifuged
at 1000 rpm for 10 min. The absorbance of the samples
was then read at 532 nm [25].

Reagent 2-nitrobenzoic acid (DTNB) was used to mea-
sure the concentration of tom thiol groups in brain tissues.
About 25 pL of this reagent was mixed with 50 pL of Tris,
420 pL of water, and 5 pL of samples. The sufficient vol-
ume of the mixture was then poured into the cuvette, and
the absorption rate was read at wavelengths of 412 nm.
Also, 495 uL of water was used as Blank [26].
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Superoxide Dismutase (SOD) activity was measured in
brain tissues using a calorimetric method. In this method,
the autooxidation of pyrogallol leads to superoxide pro-
duction. The reduction of tetrazolium molecules by su-
peroxide produces the red substance formazan with an ab-
sorption of 560 nm. In the presence of the enzyme SOD,
superoxide decomposes into hydrogen peroxide and oxy-
gen, and a decrease in the production of the red formazan
complex occurs [27].

The activity of the enzyme catalase in brain tissues was
based on the method in which hydrogen peroxide is bro-
ken down into water and oxygen by this enzyme. Briefly,
a mixture of potassium phosphate, hydrogen peroxide,
and samples was prepared. The absorbance was then read
at 240 nm. The decrease in absorption indicates a high
level of enzyme catalase activity [27].

The obtained data were analyzed by SPSSv. 20. After
ensuring the normality of behavioral and biochemical
data by the Kolmogorov-Smirnov test, 1-way analysis of
variance, and Tukey post hoc test was used to analyze and
compare groups. P<0.05 was considered to determine the
significance and comparison between groups.

3. Results

According to the results, intraperitoneal injection of
PTZ-induced generalized clonic and tonic-clonic sei-
zures in mice. Pretreatment with ethyl acetate fraction of
Tanacetum parthenium at doses of 50, 100, and 200 mg/
kg significantly delayed the onset of clonic seizures in
Fraction50 + PTZ, Fraction100 + PTZ, and Fraction200 +
PTZ groups compared to the PTZ group (P<0.001). In ad-
dition, the delay in the onset of clonic seizures was signifi-
cantly higher in the group treated with 200 mg/kg com-
pared to the groups treated with doses of 25, 50, and 100
mg (P<0.001) (Figure 1A). The results also showed that
injection of all four doses of ethyl acetate fraction caused
a significant delay in the onset of generalized tonic-clonic
seizures in the groups treated with the fraction compared
to the group injected with PTZ alone (P<0.05, P<0.01,
and P<0.001). Also, the delay in the onset of generalized
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Figure 1. Effect of different doses of ethyl acetate fraction of tanacetum parthenium on delayed onset of clonic (A) and generalized

tonic-clonic (B) PTZ injection

Data are presented as Mean+Standard Deviation. The number of mice in each group was 10. ¥*¥P<0.05, *P<0.01, and ***P<(.001
compared with pentylenetetrazole group. $*P<0.001 compared to Fraction25 + PTZ, Fraction + PTZ50 and Fraction + PTZ100 groups.

tonic-clonic seizures in the Fraction200 + PTZ group was
significantly higher compared to other groups treated with
the fraction (P<0.001) (Figure 1B).

As shown in Figures 2-A and 3-A, the amount of malo-
ndialdehyde as an indicator of oxidative stress due to lipid
peroxidation in hippocampal and cortical tissues in ani-
mals treated with PTZ was significantly higher than in the
control group (P<0.001). Injection of all four doses of eth-
yl acetate fraction of Tanacetum parthenium significantly
reduced the concentration of this oxidative stress index
in Fraction25 + PTZ, Fraction 50 + PTZ, Fraction100 +
PTZ, and Fraction200 + PTZ groups compared to PTZ
group (P<0.05 to P<0.001).

The results also showed that the level of tom thiol groups
in brain tissues in animals of the PTZ group was signifi-
cantly lower than the control group (P<0.001). Fraction
injection resulted in a significant increase in the content
of tom thiol groups in hippocampal and cortical tissues
in Fraction25 + PTZ, Fraction50 + PTZ, Fraction100 +
PTZ, and Fraction200 + PTZ groups compared to the
PTZ group (P<0.05 and P<0.01) (Figures 2B and 3B).

Evaluation of the activity of SOD and catalase enzymes
in brain tissues also showed that the activity of these
anti-oxidant enzymes in the PTZ group was significantly
lower than in the control group (P<0.05 and P<0.01). Ac-
cording to the results, injection of plant ethyl acetate frac-
tion significantly increased the activity of these enzymes
in hippocampal and cortical tissues in Fraction50 + PTZ,

Fraction100 + PTZ, and Fraction200 + PTZ groups com-
pared to the PTZ group (P<0.05 and P<0.01) (Figures 2C
& D; 3C and 3D).

4. Discussion

In the current study, intraperitoneal injection of Pentyl-
enetetrazole (PTZ) resulted in severe neuronal depletion
with accelerated onset of colonized seizures and general-
ized tonic-clonic seizures. According to scientific reports,
oxidative and nitrous stress plays a significant role in the
pathophysiology of seizures [28]. Oxidative and nitrous
stress is caused by an imbalance between the production
of reactive oxygen and nitrogen species and the reduction
of the capacity of the endogenous anti-oxidant system to
eliminate free radicals [29]. The brain is very sensitive to
oxidative stress and nitrous stress due to its high metabol-
ic activity [30]. Overproduction of reactive oxygen and
nitrogen species can increase neuronal excitability and
neuronal death through various mechanisms, including
damage to neurotransmitter receptors and ion channels
[31]. In animal models, seizures induced by kainic acid
[32] and PTZ [33] also increase oxidative stress and neu-
ronal death. The current study results also show high con-
centrations of malondialdehyde, low levels of tom thiol
groups, and decreased levels of superoxide dismutase and
catalase activity in hippocampal and cortical tissues in
the PTZ-treated group compared with the control group.
Based on these results, it appears that the high neuronal
excitability observed in the PTZ group compared to the
control group was due to the induction of oxidative brain
damage by PTZ.

Asgharzadeh F, et al. Effect of Tanacetum Parthenium on PTZ-caused Brain Damage. The Horizon of Medical Sciences. 2021; 27(4):486-501
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Figure 2. Effect of different doses of ethyl acetate fraction of tanacetum parthenium on malondialdehyde concentration (A), tom
thiol groups (B), superoxide dismutase (SOD), (C) and catalase (CAT) (D) in the hippocampal tissue of the brain

Data are presented as mean =+ standard deviation. The number of mice in each group was 10. ™ P<0.01 and ™" P<0.001 compared to
the control group. ** P<0.05, "P<0.01, and *""P<0.001 compared to the pentylenetetrazole (PTZ) group.

Tanacetum parthenium is one of the plants used in tra-
ditional medicine that its anti-asthmatic, anti-fever, anti-
inflammatory, anti-diabetic and anti-migraine effects have
been studied and approved [15, 20]. Scientific evidence
has shown that the use of this plant improves the fre-
quency and severity of migraine headaches in children.
This effect has been attributed to its reducing serotonin
release and attenuating inflammatory responses [34]. In
the PTZ-induced epileptic model, delay in the onset of
clonic seizures and generalized tonic-clonic seizures are
considered important indicators of seizure severity [22].
According to the current study results, pretreatment with
ethyl acetate fraction of Tanacetum parthenium reduced
the severity of seizures caused by PTZ injection. Delay in
the onset of clonic and tonic-clonic seizures in the groups
treated with fractions of this plant compared to the group
treated with PTZ confirms this finding.

Scientific evidence indicates the critical role of anti-ox-
idant compounds in cell defense against reactive oxygen

and nitrogen species [35, 36]. Researchers have reported
that anti-oxidant compounds, including vitamin E, can
reduce the production of oxidative stress indicators and
weaken seizure frequency [37]. In addition, recent stud-
ies have shown that compounds that increase glutathione
levels protect the brain against oxidative stress, reduce
epileptic seizures, prevent neuronal death, and improve
cognitive impairment [31]. Lipid peroxidation is one of
the important indicators of oxidative stress, and free radi-
cal scavenging is also an important anti-oxidant mecha-
nism in inhibiting lipid peroxidation and malondialde-
hyde production [38]. The results of studies show that
the methanolic extract of Tanacetum parthenium could
improve kidney damage caused by carbon tetrachloride
by reducing oxidative stress. This effect was accompa-
nied by a decrease in the level of malondialdehyde and an
increase in the level of anti-oxidant enzymes from super-
oxide dismutase and glutathione peroxidase in kidney tis-
sue [15]. Also, the hepatoprotective effect of methanolic
extract of this plant has been documented by increasing

Asgharzadeh F, et al. Effect of Tanacetum Parthenium on PTZ-caused Brain Damage. The Horizon of Medical Sciences. 2021; 27(4):486-501
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Figure 3. Effect of different doses of ethyl acetate fraction of tanacetum parthenium on malondialdehyde concentration (A), tom
thiol groups (B), Superoxide Dismutase (SOD) (C) and Catalase (CAT) (D) in the cortical tissue of the brain

Data are presented as MeantStandard Deviation. The number of mice in each group was 10. “P<0.05, 'P<0.01 and ""P<0.001
compared with the control group. “P<0.05, "P<0.01, and *** P<0.001 compared to the Pentylenetetrazole (PTZ) group.

the levels of glutathione peroxidase and superoxide dis-
mutase enzymes [38]. In addition, in our previous study,
the effect of n-butanol and aqueous fractions of Tanac-
etum parthenium on oxidative damage caused by PTZ-
induced seizures was studied. Based on the behavioral
results, both fractions could delay the onset of tonic and
tonic-clonic seizures. However, based on biochemical
results, these two fractions could not improve the oxida-
tive damage caused by an injection of pentylenetetrazole
in brain tissue [21]. In the current study, the effect of the
ethyl acetate fraction of this plant was investigated. The
results showed that, in addition to increasing the delay in
the onset of seizures, the ethyl acetate fraction of the plant
could also improve the oxidative stress situation caused
by PTZ in brain tissue.

According to the results, the level of malondialdehyde
in brain tissue decreased while the level of tom thiol
groups and the activity of catalase and superoxide dis-
mutase increased. Flavonoids are among the plant com-

pounds that can be separated by ethyl acetate, which have
anti-inflammatory and anti-oxidant properties [39]. The
researchers reported that the flavonoid-rich ethyl acetate
fraction of Acacia hydaspica could protect kidney tissue
from oxidative damage caused by the anti-cancer com-
pound doxorubicin [40]. According to these reports, it is
possible that in the current study, flavonoid compounds in
the ethyl acetate fraction of Tanacetum parthenium plant
against oxidative brain damage in PTZ-induced seizures
were involved. Still, this issue needs further study in the
future. Finally, it is suggested that the effect of the ethyl
acetate fraction of Tanacetum parthenium on neuronal
death due to seizures induced by PTZ be investigated in
future studies. In addition, it is suggested that the effects
of parthenolide extracted from the Tanacetum parthenium
plant on seizures be studied.

In summary, the ethyl acetate fraction of Tanacetum

parthenium, like its n-butanol and aqueous fractions, re-
duced PTZ-stimulated seizures. According to the results,

Asgharzadeh F, et al. Effect of Tanacetum Parthenium on PTZ-caused Brain Damage. The Horizon of Medical Sciences. 2021; 27(4):486-501
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the ethyl acetate fraction, unlike the other two fractions,
improved the state of oxidative stress caused by seizures
stimulated by pentylenetetrazole in brain tissue.
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