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Introduction: Seizure is one of the most important diseases of the Central Nervous System (CNS) that affects about 1% to 2% of humans. Seizure is
caused due to a symmetrical electrical discharge in a group of neurons in the CNS. Betulinic Acid (BA) is known as a potent antioxidant with different
effects that have been mentioned in many research studies. In this study, the impact of BA was evaluated on pentylenetetrazol-induced seizure.

Materials and Methods: In this study, 48 male Wister rats were used weighing between 215 and 250 g. The animals were randomized into six
groups, each consisting of eight rats. Treatment groups were treated with different doses of BA (25, 50, and 100 mg/kg); positive and negative control
groups received phenobarbital (80 mg/kg) and normal saline (10 mg/kg), respectively, 30 minutes before pentylenetetrazol injection (50 mg/kg,
intraperitoneally). Then, parameters such as convulsion time, latency to convulsion, pain, passive avoidance memory, and antioxidant status were
studied.

Results: The results revealed that BA possesses dose-dependent influence and the dose of 100 mg/kg has the maximum effect for increasing the
latency to convulsion and reducing the convulsion time. Moreover, BA significantly reduced oxidative damage in the rats’ brain tissue compared with

the PTZ-kindled group.
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Conclusion: Based on the results obtained in this study, BA can effectively control pentylenetetrazol-induced seizures.

Introduction

Epilepsy is the term for a set of conditions described by
intermittent impulsive seizures. Up to 5% of the world’s population
suffers from epilepsy (Hosseinzadeh and Sadeghnia, 2007).
Numerous theories have been put forth to elucidate the reason for
primary or idiopathic epilepsy, such as changes in some typical
neurotransmitter systems, such as glycine, glutamatergic, and
GABAergic neurotransmitter systems (Engelborghs et al., 2000,
Ure and Perassolo, 2000). Several molecules such as opioids and
nitric oxide have been proposed as possible neurotransmitters
or backward messengers, but none of these explanations is
entirely satisfactory (Rakhade et al., 2012, Rowley et al., 2012).
Pentylenetetrazol (PTZ), a selective blocker of the chloride channel
attached to the GABA, receptor complex, is the most common
chemoconvulsant utilized for the assessment of Antiepileptic Drugs
(AEDs) (Dhir, 2012). An adequate high dose of PTZ can yield a

range of seizure activities that vary from slight myoclonic jerks
to face and forelimbs clonus without loss of righting reflex which
is identified as Minimal Clonic Seizure (MCS) to clonic seizures
of limbs with loss of righting reflex) to a full tonic extension of
both forelimbs and hind limbs (generalized as tonic- Generalized
Tonic-Clonic Seizures (GTCS) (Koutroumanidou et al., 2013).
Oxidative stress in the central nervous system has been observed in
several rodent models of experimental epilepsy, like the amygdala-
kindling model, the kainic acid model, the PTZ-kindling model,
and acute PTZ-induced seizures (Obay et al., 2008). Oxidative
stress is a toxicological condition that happens in the body and
stimulates various sorts of reactive species, including Reactive
Oxygen Species (ROS) and Reactive Nitrogen Species (RNS)
(Ermak and Davies, 2002). Oxidative stress is considered as one of
the pathological processes that result in the onset and development
of central nervous system injury by forcing a permanent change
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in lipid membranes, proteins, DNA, and more significantly,
controlling paths that control biological tasks (Scannevin et al.,
2012). The present treatment of epilepsy by recent Antiepileptic
Drugs (AEDs) is accompanied by adverse effects and chronic
toxicity, and teratogenic effects. In other words, with the existing
AEDs treatment, about 30% of the patients still suffer from seizures
(Perucca and Gilliam, 2012). Betulinic Acid (BA) is a pentacyclic
triterpenoid commonly found in fruit shells, leaves, and stem
barks. BA is primarily recognized for its anti-tumor and anti-
inflammatory properties (Lu et al., 2011). Based on the theory that
oxidative stress is implicated in epilepsy, some methods designed
for decreasing such stress can help stop or reduce the progression of
seizures. In recent years, a growing body of evidence has pointed to
a possible antioxidant role for BA (Lu et al., 2011, Fu et al., 2011).
Therefore, the present study was conducted to evaluate the BA’s
effect on seizures elicited by PTZ in rats. The potential antioxidant
effects of BA were considered as well.

Materials and Methods

Chemicals

Pentylenetetrazol (PTZ) was obtained from Sigma, and
phenobarbital was obtained from Tolidaru Pharmaceuticals
(Tehran, Iran). Thiobarbituric Acid (TBA), Bovine Serum
Albumin (BSA), and Bradford reagent were bought from Sigma
Company (Sigma-Aldrich Company, St. Louis, MO, USA). All
substances and reagents were of analytical grade. Betulinic acid
was acquired from Roche Company (Germany).

Animals

Adult male Wistar rats weighing 215-250 g were obtained
from the animal house of Ahvaz Jundishapur University of
Medical Sciences (AJUMS). The rats were held in polypropylene
cages and had ad libitum access to standard diet and tap water.
The animals were kept under a controlled temperature (20+2°C)
in a 12 h light, 12 h dark cycle. The animals had a minimum
adaptation period of one week before the experiments. The
experiments were done in conformity with the Animal Ethics
Committee’s guidelines for using experimental animals approved
by AJUMS (IR.AJUMS.REC.1395.138).

Study Design

To conduct the tests, the animals were divided into 6 groups
and then weighed, numbered, and treatment administered.
The treatment groups were intraperitoneally injected with 25,
50, and 100 mg/kg (in 10 mL/kg normal saline) of BA. The
negative and positive controls were treated with saline (10
mL/kg) and phenobarbital (80 mg/kg), respectively, through
intraperitoneal injections. The PTZ group only received PTZ (50
mg/kg) without any treatment. Thirty minutes after BA or saline
injection, PTZ was injected intraperitoneally to all groups. This
process was followed by measuring the convulsion time, latency
to convulsion, pain, and passive avoidance memory.

Dose-Response Study (Seizure Onset and Duration of
Seizure)

PTZ was solved in 0.9% saline and injected Intraperitoneally
(IP). After PTZ injection, each animal was individually caged,
and the intervals between PTZ injections and the first observation
of convulsion symptoms were measured to determine the time of
onset. The time of seizure was calculated as the interval between
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the beginning and the end of convulsions.

Tail-Flick Test

An automatic tail-flick algesiometer (U. Basile, Comerio,
Italy) was utilized to measure the reaction latencies, according
to the original method of D’Amour and Smith. The light beam
was focused on the animal’s tail almost 4 cm from the tip, and
the power was fine-tuned, so baseline digits were between 2 and
3 s (D’AMOUR and SMITH, 1941).

Step-Through Passive Avoidance Task

Passive avoidance performance was carried out in two
identical light and dark square boxes (20%x20x20 cm) separated
by a sliding door (5%5 cm), as described by Kim et al. The
illuminated compartment contained a 50 W bulb, and the floors
of both compartments were composed of 2-mm thick stainless
steel rods spaced 1 cm apart. The rats were initially placed in
the illuminated compartment for the acquisition trial, and the
door between the two compartments was opened 10 s later.
Immediately after rats entering the dark compartment, the door
was automatically closed, and an electrical foot shock (0.5 mA
for 3 s) was delivered through the stainless steel rods. To test
memory, after 24 h, each rat was placed in the light chamber
again, and after 10 s, the sliding door was opened, and the delay
before entering the dark compartment was recorded as memory
latency (step-through latency). The maximum time considered in
the passive avoidance test was 300 s (Kim et al., 2007).

Sample Collection

After measuring the convulsion parameters, the rats were put
under deep anesthesia by ketamine/xylazine (90/10 mg/kg). The
animals were decapitated, and their brains were removed and
rapidly rinsed with cold saline. Then the brains were weighed
and homogenized for tissue antioxidant evaluations.

Estimation of Oxidative Stress Parameters of Tissues

The brain tissues were sliced into tiny pieces with scissors
and homogenized in cold phosphate buffer (pH=8) at 10% (w/v)
concentration (weight by volume) by a homogenizer (Heidolph,
Germany). The uninterrupted cells and their fragments were
moved using a refrigerated centrifuge (1000 rpm, 10 min,
4°C) (Hettich Zentrifugen, Germany). Protein content in the
homogenates was estimated by Bradford’s method (Bradford,
1976), and the crystalline BSA was used as the standard. The
supernatant was used to assess the Malondialdehyde (MDA),
Superoxide Dismutase (SOD), and Glutathione Peroxidase
(GPx) by standard methods.

Lipid Peroxidation Assays

The peroxidation of lipid was assessed by determining the
MDA amount by the Thiobarbituric Acid (TBA) color reaction
utilizing the method depicted by Buege and Aust. In short, 0.5 mL
of brain supernatant was mixed with 1.5 mL of Trichloroacetic
acid (TCA, 10%, w/v); the samples were centrifuged (4000 rpm,
10 min), and 1.5 mL of every supernatant sample were moved
to a test tube that included 2 mL of TBA solution (0.67%, w/v).
It was kept in boiling water for 30 min, creating a pink solution.
Then the combination was cooled instantly, and the absorbance
was measured at 532 nm by a spectrophotometer. The MDA
concentration was computed upon the absorbance coefficient of
the TBA-MDA compound (e=1.56x10° cm™ M™) and stated as
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nmol/mg protein [17].

Superoxide Dismutase Activity (SOD) Assay

The activity of SOD was measured by a calorimetry ELISA
assay kit (Zell Bio, GmbH, Ulm, Germany). In this test, the SOD
activity was stated as units per microgram of brain protein.

Glutathione Peroxidase (GPx)

GPx activity was measured by Fecondo and Augusteyn’s
method (Ma et al., 2010). The method was based on the indirect
measurement of GPx activity. Glutathione disulfide (GSSG)
produced by GPx is reduced at a constant rate by GR with
NADPH (Sigma-Aldrich, USA) as a cofactor. The oxidation rate
of Nicotinamide adenine dinucleotide phosphate (NADPH) was
observed to be 340 nm. The results were reported as U/g protein.

Statistical Analysis

The obtained data were expressed as Meant+SEM, and all
statistical assessments were conducted by a one-way ANOVA
test followed by Tukey’s post hoc analysis. P values less than
0.05 were considered significant.

Results

Convulsion Parameters

The average delay in the onset of seizures was significantly
increased with 100 mg/kg of BA compared to the PTZ group
(P<0.05). Besides, the average interval in the onset of seizures on
the doses of 25 and 50 mg/kg did not show a significant increase
compared to the PTZ group (Figure 1A). The convulsion times
in groups injected with BA in doses of 50 and 100 mg/kg were
significantly decreased compared with the positive control group
(P <0.05, Figure 1B).
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Tail-Flick Test

PTZ was administered intraperitoneally (50 mg/kg) to
produce an increment in tail-flick reaction latency compared
with saline control animals (Figure 2). However, this increase
was not significant. The tail-flick response decreased in the group
that received BA. Moreover, the tail-flick response in the group
injected with 50 mg/kg BA significantly reduced compared with
the PTZ group (P<0.05).

Effect of Betulinic Acid on Step-Through Passive Avoidance
Task

PTZ was administered intraperitoneally (50 mg/kg) to produce
a significant decrease in step-through latency task compared to
the saline control animals (P<0.05, Figure 3). Administration of
BA and phenobarbital increased step-through latency. Moreover,
this latency was significantly increased in groups injected with
100 mg/kg BA and phenobarbital compared to the PTZ group
(P<0.001, P<0.01, respectively).

Effect of Betulinic Acid on Oxidative Stress

For additional evaluation of the probable mechanism engaged
with the protecting influence of BA on PTZ-induced seizures,
MDA formation and antioxidant enzymes (SOD and GPx)
were evaluated. Antioxidant enzymes play a prominent role in
resistance against the toxicity induced by free radicals. Figure 4A
presents the brain rates of oxidant/antioxidant stress indicators in
the non-kindled and kindled rats. Compared with other groups,
PTZ kindling (PTZk) created a substantial rise in the MDA
content of brain tissue, which is a sign of lipid peroxidation.
The PTZk-induced increase in MDA content of the tissue was
significantly restricted by BA action. Moreover, the groups that
received 25 and 100 mg of BA exhibited a significant decrease in
MDA compared with the PTZk group (P<0.05).
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Figure 1: Comparison of latency to convulsion (A) and average convulsion time (B) in various groups
Abbreviations: PTZ: Pentylenetetrazol; PhB: Phenobarbital; BA: Betulinic Acid (25, 50, and 100 mg/kg).
In Figure 1A: ***Significant difference (P<0.001) between the PhB group and the PTZ group (P<0.001).
###Significant difference (P<0.001) between the BA100 group and the PTZ group (P<0.001).
In Figure 1B: ***Significant difference between the PTZ group and the control group (P<0.001).
$$$Significant difference between the PhB group and the PTZ group (P<0.001).
## & ### There are significant differences between the BAS0, BA 100, and PTZ groups (P<0.01 and P<0.001, respectively).
Statistical analyses were performed by one-way ANOVA followed by Tukey's post hoc test. Values are presented as the mean+SEM (n-8).
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Figure 2: Comparison of average tail-flick latency in various groups
Abbreviations: PTZ: Pentylenetetrazol; PhB: Phenobarbital; BA: Betulinic Acid (25, 50, and 100 mg/kg). There were no significant differences
between various groups, except between BAS0 and PTZ groups (#P<0.05). Statistical analyses were performed by one-way ANOVA followed
by Tukey's post hoc test. Values are presented as the mean+SEM (n-8).
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Figure 3: Comparison of average step-through latency in various groups
Abbreviations: PTZ: Pentylenetetrazol; PhB: Phenobarbital; BA: Betulinic Acid (25, 50, and 100 mg/kg).
**Significant difference (P<0.01) between the control group and the PTZ group. $$Significant difference between the PhB group and the PTZ
group (P<0.01). ###Significant difference between the BA100 group and the PTZ group (P<0.001). Statistical analyses were performed by one-
way ANOVA followed by Tukey's post hoc test. Values are presented as the mean+SEM (n-8).

G 83& ##

204 T 0.24 |
### ﬁ-?-#
Hith T T
TH% &~
51 T
o 0- T
- T T T D\ Q ‘G,
¢ L PH L @ <
@ oF D

T 0.1 focd
. 0.0 , i . .
b S

> @ A P e
L P - S S
F o & ¢ F

SOD (Ufug protein)
GPx (Uimg protein)

MDA (nmolfug protein)
3

& &€

e &

PTZ (50 mg/kg) PTZ (50 mglkg)

PTZ (50 mglkg)
Figure 4: Comparison of average MDA (A), SOD (B), and GPx (C) between various groups.
Abbreviations: PTZ: Pentylenetetrazol; PhB: Phenobarbital; BA: Betulinic Acid (25, 50, and 100 mg/kg).
In Figure 4A: **Significant difference (P<0.001) between the control group and the PTZ group (P<0.001).
&&&Significant difference between PhB group and PTZ group (P<0.001). ###Significant difference (P<0.001) between BA25 and BA100
groups with the PTZ group (P<0.001).
In Figure 4B: ##Significant difference between the BA25 group and the PTZ group (P<0.01).
In Figure 4C: ***Significant difference between the PTZ group and the control group (P<0.001).
#, ## & ### Significant differences between BA25, BAS0, and BA100 groups and the PTZ group (P<0.05, P<0.01, and P<0.001, respectively).
Statistical analyses were carried out by one-way ANOVA followed by Tukey's post hoc test. Values are presented as the mean+SEM (n-8).
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The MDA rates of brain tissues in the treated groups stayed
close to the control group.

Superoxide Dismutase (SOD) activity was nearly similar in
all the groups except group 4, which was pretreated with 25 mg
of BA. This group showed a significant increase (P<0.05) in the
SOD level (Figure 4B). There was a fundamentally lower amount
of GPx in the PTZk group compared with the others (Figure
4C, P<0.05). BA-treated groups demonstrated significantly
greater levels of GPx compared with the PTZk group (P<0.05).
Additionally, this increase was dose dependent.

Discussion

In the present study, PTZ deceased latency to convulsion,
produced seizures, decreased memory, and increased oxidative
stress in all rats. In animals that received BA, the convulsion
time decreased, and the latency to convulsion increased. In
the treated groups, resistance to pain increased, and memory
improved in the passive avoidance task (Figures 1-3). These
findings (decreased convulsion time and increased latency to
convulsion) indicated the anticonvulsant properties of BA. Also,
PTZ increased oxidative stress in the whole brain; and treatment
with BA increased the antioxidant capacity of the brain.

With regard to the amelioration of antioxidant parameters
(Figure 4), it was concluded that this effect might be related to
the antioxidant property of BA. This result is consistent with the
study of Rajaei et al., which showed that antioxidant and anti-
inflammatory agents could improve aversive memory in the
oxidative damage of the brain (Rajaei et al., 2016). In another
study, Manigandan and Ramanathan studied mangrove-derived
ligands such as avicenol A, BA, and lupeol against Alzheimer
receptor proteins. Their findings showed that caspase inhibitors,
antioxidants, and anti-inflammatory agents, such as BA and
triterpenoid, could effectively be used to treat Alzheimer disease
(Manigandan and Ramanathan, 2014).

Growing evidence has shown that cellular injury aided by
oxidative stress contributes to the beginning and development
of several brain diseases. Numerous research studies have been
completed to improve supplementary and alternate drugs for
decreasing oxidative stress and refining brain tasks. Beneficial
agents from widely-accepted sources, for example, BA, are
mainly effective for the treatment of oxidative stress states since
they have the potential and capacity to decrease the noxiousness
of drugs (Lu et al., 2011).

Oxidative stress in the central nervous system has been found
in some rodent models of experimental epilepsy, for instance,
the PTZ-kindling model (Rauca et al., 1999). The PTZ-kindling
model is considered an improved vulnerability to seizures after
injection of primarily sub-convulsive dosages of PTZ terminating
in general tonic-clonic seizures. PTZ is a particular blocker of the
chloride ionophore complex of the GABA  receptor, and later
repetitive or single-dose injection results in a reduction in the
GABAergic role (Ilhan et al., 2005) and to the motivation and
adjustment of the compactness or sensibility of diverse glutamate
receptor subtypes in various brain areas (Schroeder et al.,
1998). PTZ may also activate different biochemical procedures,
including the activation of membrane phospholipases, proteases,
and nucleases (Dhir, 2012). Noticeable changes in membrane
phospholipid metabolism lead to the release of Free Fatty Acids
(FFAs), diacylglycerols, eicosanoids, lipid peroxides, and free
radicals (Ilhan et al., 2005).
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Both enzymatic and non-enzymatic antioxidant systems are
crucial for cellular reaction to manage oxidative stress in the
physiological state. Thus, an increment in different oxidative
stress markers such as MDA and a reduction in another
antioxidant such as Glutathione (GSH) and antioxidant enzymes
comprising CAT and SOD intensely support the presence of
oxidative stress impairment (Zhu et al., Dey and Lakshmanan,
2013, Karabulut et al., 2010). Antioxidant enzymes (SOD,
GPx, and CAT) are the main line of defense against oxidative
tissue injury (Rodriguez et al., 2004). SOD has an essential
role in purifying toxic intermediates and changing O, into
H,0,. Furthermore, CAT breaks down H,O, into non-poisonous
products (Wu et al., 2016). MDA has been utilized as a marker
of lipid peroxidation for years and has remained one of the
lipid peroxidation items. It has been used as an easy tool for
evaluating lipid peroxidation in biological resources (Draper and
Hadley, 1990). Some investigations have established that the
deactivation of free radicals by antioxidant agents may decrease
the quantities of PTZ oxidative injury and, along these lines,
defend the brain (Rahmati et al., 2013, Kiasalari et al., 2012).

This study backs up this theory that PTZ-induced seizure
action concurs with higher oxidative stress in brain tissue. The
raised amount of MDA, a biomarker of lipid peroxidation, reveals
augmented free radical production in the Pentylenetetrazol-
kindled (PTZk) rats. The PTZk-induced increase of the MDA
amount in the brain tissue was considerably averted by BA action.
Thus, the considerably lower amounts of MDA in the brain of
BA-+PTZk rats compared with PTZk rats specifies the reduction
of lipid peroxidation. There was a concurrent diminution in
the GPx action in PTZk rats. GPx is an intrinsic antioxidant
enzyme, and it acts in response to the free radicals and inhibits
the generation of hydroxyl radicals, the greatest toxic form of
free radicals. Throughout this protective procedure, Glutathione
peroxidase (GSH-Px) changes reduced glutathione to its
oxidized form. The reduced GPx action in PTZk rats observed in
this study specifies that there was an expanded generation of free
radicals, and the reduced GPx was exhausted through the way
of opposing oxidative stress. The reduction in MDA content and
increment in the SOD and GPx actions in the BA+PTZk group
might result from the antioxidant quality of BA.

Many researchers have studied the effects of natural
products on chemically-induced seizures. In a similar study,
Souza et al. studied the antioxidant activity of caffeine in PTZ-
induced convulsions and oxidative injury in rats. Their results
demonstrated that a chronic rather than acute (single dose)
caffeine regime reduced the length of PTZ-induced convulsions
in mature male Wistar rats as documented via cortical
Electroencephalographic (EEG) and behavioral studies (Souza
etal., 2013).

Conclusion

The present study’s findings showed that BA, with its antioxidant
activity, is an anticonvulsant compound. It is further concluded
that the possible protective effect of BA might be the result of
its free radical-scavenging, antioxidant activity, and inhibition of
lipid peroxidation.

Acknowledgments

This article was part of Rasool Baitsayyah MSc thesis.

Jundishapur Journal of Physiology. 2021 May; 2(1); 51-57



Baitsayyah R. et al.

This work was supported by the Deputy of Research of Ahvaz
Jundishapur University of Medical Sciences (Grant No. APRC-
95-11) and was done in Ahvaz Physiology Research Center. We
also thank Mr. Khoshnam and Mr. Ghaderi for their scientific
aid in analyzing the method that significantly improved the
manuscript.

Conflict of interest: The authors declared no conflict of interest.

Ethical Permission: The experiments were done in conformity
with the Animal Ethics Committee’s guidelines for using
experimental animals approved by AJUMS (IR.AJUMS.
REC.1395.138).

Authors’ Contribution: Study concept and design: Yaghoob
Farbood, Alireza Sarkaki

Acquisition of data: Rasool Baitsayyah

Analysis and interpretation of data: Yaghoob Farbood, Seyyed
Ali Mard

Drafting of the manuscript: Rasool Baitsayyah, Yaghoob Farbood
Statistical analysis: Seyyed Ali Mard, Seyyed Ali Mard

Study supervision: Alireza Sarkaki

Funding: This work was supported by the Deputy of Research
of Ahvaz Jundishapur University of Medical Sciences (Grant
No. APRC-95-11).

References

1. Bradford, M. M. 1976. A Rapid And Sensitive Method
For The Quantitation Of Microgram Quantities Of Protein
Utilizing The Principle Of Protein-Dye Binding. Arnalytical
Biochemistry, 72, 248-254.

2. D’amour, F. E. & Smith, D. L. 1941. A Method For
Journal  Of
Pharmacology And Experimental Therapeutics, 72, 74-79.

3. Dey, A. & Lakshmanan, J. 2013. The Role Of Antioxidants
And Other Agents In Alleviating Hyperglycemia Mediated

Determining Loss Of Pain Sensation.

Oxidative Stress And Injury In Liver. Food & Function, 4,
1148-1184.

4. Dhir, A. 2012. Pentylenetetrazol (Ptz) Kindling Model Of
Epilepsy. Current Protocols In Neuroscience, 9.37. 1-9.37.
12.

5. Draper, H. H. & Hadley, M. 1990. Malondialdehyde
Determination As Index Of Lipid Peroxidation. Methods In
Enzymology, 186, 421-431.

6. Engelborghs, S., D’hooge, R. & De Deyn, P. 2000.
Pathophysiology Of Epilepsy. Acta Neurologica Belgica,
100, 201-213.

7. Ermak, G. & Davies, K. J. 2002. Calcium And Oxidative
Stress: From Cell Signaling To Cell Death. Molecular
Immunology, 38, 713-721.

8. Fu, J.-Y,, Qian, L.-B., Zhu, L.-G., Liang, H.-T., Tan, Y.-N.,
Lu, H.-T., Lu, J.-F., Wang, H.-P. & Xia, Q. 2011. Betulinic
Acid Ameliorates Endothelium-Dependent Relaxation In
L-Name-Induced Hypertensive Rats By Reducing Oxidative
Stress. European Journal Of Pharmaceutical Sciences, 44,
385-391.

9. Hosseinzadeh, H. & Sadeghnia, H. 2007. Protective Effect
Of Safranal On Pentylenetetrazol-Induced Seizures In The
Rat: Involvement Of Gabaergic And Opioids Systems.

Jundishapur Journal of Physiology. 2021 May; 2(1); 51-57

10.

11.

12.

13.

14.

19.

20.

21.

22.

23.

Phytomedicine, 14,256-262.

Ilhan, A., Gurel, A., Armutcu, F., Kamisli, S. & Iraz, M.
2005. Antiepileptogenic And Antioxidant Effects Of Nigella
Sativa Oil Against Pentylenetetrazol-Induced Kindling In
Mice. Neuropharmacology, 49, 456-464.

Karabulut, A., Karabulut, E., Kiran, T., Ocak, S. & Otlu, O.
2010. Oxidant And Antioxidant Activity In Rabbit Livers
Treated With Zoledronic Acid. Transplantation Proceedings,
42, 3820-3822.

Kiasalari, Z., Khalili, M., Roghani, M. & Sadeghian, A.
2012. Antiepileptic And Antioxidant Effect Of Brassica
Nigra On Pentylenetetrazol-Induced Kindling In Mice.
Iranian Journal Of Pharmaceutical Research: Ijpr, 11, 1209.
Kim, D. H., Jeon, S.J., Jung, J. W., Lee, S., Yoon, B. H., Shin,
B. Y, Son, K. H., Cheong, J. H,, Kim, Y. S. & Kang, S. S.
2007. Tanshinone Congeners Improve Memory Impairments
Induced By Scopolamine On Passive Avoidance Tasks In
Mice. European Journal Of Pharmacology, 574, 140-147.
Koutroumanidou, E., Kimbaris, A., Kortsaris, A.,
Bezirtzoglou, E., Polissiou, M., Charalabopoulos, K. &
Pagonopoulou, O. 2013. Increased Seizure Latency And
Decreased Severity Of Pentylenetetrazol-Induced Seizures
In Mice After Essential Oil Administration. Epilepsy
Research And Treatment, 2013.

. Lu, Q., Xia, N., Xu, H., Guo, L., Wenzel, P., Daiber, A.,

Munzel, T., Forstermann, U. & Li, H. 2011. Betulinic Acid
Protects Against Cerebral Ischemia—Reperfusion Injury In
Mice By Reducing Oxidative And Nitrosative Stress. Nitric
Oxide, 24, 132-138.

. Ma, L., Liu, J., Li, N., Wang, J., Duan, Y., Yan, J., Liu, H.,

Wang, H. & Hong, F. 2010. Oxidative Stress In The Brain
Of Mice Caused By Translocated Nanoparticulate Tio2
Delivered To The Abdominal Cavity. Biomaterials, 31, 99-
105.

. Manigandan, V. & Ramanathan, T. 2014. In Silica Docking

Of Mangrove Derived Ligands Against Alzheimer’s
Receptor Proteins. Current Research In Neuroscience, 4, 18-
24.

. Obay, B. D., Tagdemir, E., Tumer, C., Bilgin, H. M. &

Atmaca, M. 2008. Dose Dependent Effects Of Ghrelin
On Pentylenetetrazole-Induced Oxidative Stress In A Rat
Seizure Model. Peptides, 29, 448-455.

Perucca, P. & Gilliam, F. G. 2012. Adverse Effects Of
Antiepileptic Drugs. The Lancet Neurology, 11, 792-802.
Rahmati, B., Khalili M., Roghani, M. & Ahghari,
P. 2013. Anti-Epileptogenic And Antioxidant Effect
Of Lavandula Officinalis Aerial Part Extract Against
Pentylenetetrazol-Induced Kindling In Male Mice. Journal
Of Ethnopharmacology, 148, 152-157.

Rajaei, Z., Hosseini, M. & Alaei, H. 2016. Effects Of Crocin
On Brain Oxidative Damage And Aversive Memory In A
6-Ohda Model Of Parkinson’s Disease. Arquivos De Neuro-
Psiquiatria, 74, 723-729.

Rakhade, S. N., Fitzgerald, E. F., Klein, P. M., Zhou, C., Sun,
H., Huganir, R. L. & Jensen, F. E. 2012. Glutamate Receptor
1 Phosphorylation At Serine 831 And 845 Modulates Seizure
Susceptibility And Hippocampal Hyperexcitability After
Early Life Seizures. Journal Of Neuroscience, 32, 17800-
17812.

Rauca, C., Zerbe, R. & Jantze, H. 1999. Formation Of Free
Hydroxyl Radicals After Pentylenetetrazol-Induced Seizure

56



Baitsayyah R. et al.

24.

25.

26.

27.

And Kindling. Brain Research, 847, 347-351.

Rodriguez, C., Mayo, J. C., Sainz, R. M., Antolin, I,
Herrera, F., Martin, V. & Reiter, R. J. 2004. Regulation Of
Antioxidant Enzymes: A Significant Role For Melatonin.
Journal Of Pineal Research, 36, 1-9.

Rowley, N. M., Madsen, K. K., Schousboe, A. & White,
H. S. 2012. Glutamate And Gaba Synthesis, Release,
Transport And Metabolism As Targets For Seizure Control.
Neurochemistry International, 61, 546-558.

Scannevin, R. H., Chollate, S., Jung, M.-Y., Shackett, M.,
Patel, H., Bista, P., Zeng, W., Ryan, S., Yamamoto, M. &
Lukashev, M. 2012. Fumarates Promote Cytoprotection Of
Central Nervous System Cells Against Oxidative Stress Via
The Nuclear Factor (Erythroid-Derived 2)-Like 2 Pathway.
Journal Of Pharmacology And Experimental Therapeutics,
341,274-284.

Schroeder, H., Becker, A., Grecksch, G., Schroeder, U. &
Hoellt, V. 1998. The Effect Of Pentylenetetrazol Kindling
On Synaptic Mechanisms Of Interacting Glutamatergic

57

28.

29.

30.

31.

And Opioid System In The Hippocampus Of Rats. Brain
Research, 811, 40-46.

Souza, M. A., Mota, B. C., Gerbatin, R. R., Rodrigues,
F. S., Castro, M., Fighera, M. R. & Royes, L. F. F. 2013.
Antioxidant Activity Elicited By Low Dose Of Caffeine
Seizures  And
Oxidative Damage In Rats. Neurochemistry International,
62, 821-830.

Ure, J. A. & Perassolo, M. 2000. Update On The
Pathophysiology Of The Epilepsies. Journal Of The
Neurological Sciences, 177, 1-17.

Wu, J.-G., Kan, Y.-J., Wu, Y.-B., Yi, J., Chen, T.-Q. &
Wu, J.-Z. 2016. Hepatoprotective Effect Of Ganoderma
Triterpenoids Against Oxidative Damage Induced By Tert-

Attenuates  Pentylenetetrazol-Induced

Butyl Hydroperoxide In Human Hepatic Hepg2 Cells.
Pharmaceutical Biology, 54.1-10.

Zhu, R., Wang, Y., Zhang, L. & Guo, Q. Oxidative Stress
And Liver Disease. Hepatology Research, 42, 741-749.

Jundishapur Journal of Physiology. 2021 May; 2(1); 51-57



