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ABSTRACT

Epilepsy is a serious and widespread neurological disorder characterized by recurrent
seizures caused by excessive electrical activity of the brain. The aim of this study was to
investigate the effect of vanillic acid (VA) on generalized convulsions in rats. To evaluate the
anticonvulsant effect of VA, we used pentylenetetrazol (PTZ), a standard method for
analyzing convulsions. Fifty-six adult male Wistar rats (200+20 g) were randomly divided
randomly into 7 groups: Control (received PTZ and VA as vehicle); PTZ (80 mg/kg, 1.P);
PTZ+VA25, 50, 100 and 200 (received VA at doses of 25, 50, 100 and 200 mg/kg,
respectively) and PTZ+PHB (received phenobarbital 80 mg/kg). VA or normal saline was
administered 30 minutes before induction of PTZ convulsion. Immediately after PTZ
administration, the following was observed in the rats: (1) Latency to onset of convulsions,
(2) Number of convulsions and (3) death for the period of 60 min and convulsion behavior.
Pain, MDA, SOD and GPx were assessed in each group. The results of the present study
showed that VA had an anticonvulsant and analgesic effect in rats with PTZ-induced
convulsions. Also, MDA level decreased after VA administration, and GPx and SOD activities
were increased by VA in PTZ-induced rats. The results of the current study suggest that VA
may have an anticonvulsant effect by inhibiting and/or reducing PTZ -induced seizures in
Received: the rats used by increasing or somewhat impairing GABAergic neurotransmission.
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Introduction

Epilepsy is a common chronic neurological disorder
characterized by recurrent seizures caused by excessive
electrical activity of the brain. The medical treatment of
epilepsy consists mainly of the prevention of seizure
activity by antiepileptic drugs. Antiepileptic drugs
prevent seizures in about two thirds of patients [1,2].

The pharmacological treatment of seizures is primarily
based on the modulation of voltage-gated ion channels,
the enhancement of GABAergic inhibition and the
reduction of glutamatergic excitation[3]. All currently
available antiepileptic drugs are synthetic molecules[4].
Despite the optimal use of available antiepileptic drugs
(AEDs), many epilepsy patients are unable to control
their seizures. In addition, many patients suffer from the
severe side effects of chronic treatment, which may
include chronic toxicity, cognitive impairment, sedation
and teratogenesis[5]. Therefore, the search for newer,
more effective and safer neuroprotective agents for the
treatment of epilepsy should continue. It has been
scientifically proven that medicinal plants used in
traditional medicine for the treatment of epilepsy have
promising anticonvulsant effects in animal models, so
screening  for anticonvulsant effects can be
performed|6].

VA (4-hydroxy-3-methoxybenzoic acid) is a phenolic
derivative from edible plants and fruits and has
antibacterial[7], antimicrobial[8], antifilarial[9] and
hepatoprotective properties[10]. VA is a benzoic acid
derivative used as a flavoring agent. It is an oxidized form
of vanillin, which is formed during the conversion of
vanillin to ferulic acid [11, 12]. The largest amount of VA
in plants has been found in the roots of Angelica sinensis,
which is used in traditional Chinese medicine [13].

In this study, we aimed to evaluate the efficacy of VA
on generalized seizures in rats. To evaluate the
anticonvulsant activity of VA, we used PTZ, a standard
method for analyzing the efficacy of antiepileptic drugs
in generalized absence type epilepsy.

Materials and Methods

Drugs and test kits

Pentylenetetrazole (PTZ) and vanillic acid (VA) were
purchased from Sigma-Aldrich Chemical Company (St.

Louis, MO, USA). Phenobarbital sodium was
purchased from Daroupakhsh Company (Tehran,
Iran). Ketamine and xylazine were purchased from
Alfasan Company (Woerden, Holland). Kits for
glutathione peroxidase (GPx), superoxide dismutase
(SOD) and malondialdehyde (MDA) were purchased
from Zellbio (Zellbio, Germany).

Experimental design

Fifty-six adult male Wistar rats (200+20 g) were
obtained from the central animal laboratory of Ahvaz
Jundishapur University of Medical Sciences (AJUMS),
Ahvaz, Iran. The rats were maintained in an animal
house at constant temperature (22 + 2°C) and
humidity (55-60%) in a 12:12h light-dark cycle and
were fed food pellets and water, ad libitum. All
experiments were conducted during the light phase
of the cycle (between 8:00 am and 5:00 pm) and were
performed in accordance with the NIH Guide for the
Care and Use of Laboratory Animals and with the
approval of the AJUMS Animal Care and Use
Committee (ethics code: IR.AJUMS.REC.1394.668).
We attempted to minimize stress to the animals and
reduce the number of rats used in this study. All
animals were treated for 1 day (5 min) prior to the
experiments. The animals were randomly divided into
7 groups (n = 8):

1. Control; rats received vehicle of PTZ (0.5 ml
normal saline, i.p.) and vehicle of VA (0.5 ml
normal saline containing DMSO, i.p.).

2. PTZ; rats injected PTZ (80 mg/kg, I.P) and vehicle
of VA (normal saline containing DMSO, i.p.).

3. PTZ+VA25; rats injected PTZ (80 mg/kg, i.p.) and
VA (25 mg/kg, i.p.).

4. PTZ+VASO0; rats injected PTZ (80 mg/kg, i.p.) and
VA (50 mg/kg, i.p.).

5. PTZ+VA100; rats injected PTZ (80 mg/kg, i.p.) and
VA (100 mg/kg, i.p.).

6. PTZ+VA200; rats injected PTZ (80 mg/kg, i.p.) and
VA (200 mg/kg, i.p.).

7. PTZ+PHB (Positive control); rats injected PTZ (80
mg/kg, i.p.) and Phenobarbital (80 mg/kg, i.p.).
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Figure 1. Timing of the study

In the PTZ-treated groups VA or normal saline was
administered 30 minutes before the induction of the
PTZ-convulsion. The treatment schedule and the
intervals for estimating the different parameters are
shown in Figure 1.

VCollection of brain samples

At the end of the experiments, the rats were deeply
anesthetized with ketamine and xylazine (90 mg/kg
and 20 mg/kg, respectively) and then decapitated.
The brain was quickly removed, rinsed with normal
saline and frozen. All samples were stored at -80 °C
until further processing.

Lipid peroxidation (LPO) assay

Tissues were homogenized in cold KCl solution
(1.5%) to obtain a 10% homogenate suspension,
which was used to measure thiobarbituric acid
reactive substances (TBARS) values expressed as
malondialdehyde (MDA) equivalents. TBARS levels,
an index of LPO generated by free radicals, were
measured. MDA reacts with TBA to form a red colored
complex that has the highest absorbance at 532 nm.
Briefly, 3 ml phosphoric acid (1%) and 1 ml TBA (0.6%)
were added to 0.5 ml homogenate in a centrifuge
tube and the mixture was heated in a boiling water
bath for 45 minutes. After cooling, 4 ml of n-butanol
was added to the mixture and mixed with the shaker
for 1 min. Centrifugation was then carried out at
2000xg for 20 min. The colored supernatant was
transferred to a new tube and its absorbance was
read at 532 nm. The TBARS content was determined
using 1,1,3,3-tetramethoxypropane as a standard.
The standard curve of MDA was created for the
concentration range of 0—20 uM[14].

Glutathione peroxidase (GPx) activity assay

GPx activity was measured using the colorimetric
assay kit for glutathione peroxidase activity (Zellbio,
Germany). One unit is defined as the amount of
enzyme that oxidizes 1 umol of NADPH to NADP* P
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minute ynder the conditions of the assay kit at 25°C.
Superoxide dismutase (SOD) activity assay

SOD activity was measured using the superoxide
dismutase (SOD) activity assay kit (Zellbio, Germany).

Tail-flick test

The latency for tail-flick (tail retraction) was
determined using the standard tail-flick test [15]. Rats
were placed on the analgesia meter (M.T 9500, Borj
Sanat Co. Tehran-lran) equipped with an infrared
heat source directed at three different parts of the tail
4 to 7 cm from the distal end (at 3-min intervals), and
the mean value was chosen as the latency. When the
animal wagged its tail, a photocell was activated, and
the time between activation of the heat source and
the tail wagging latency was recorded as an index of
pain sensitivity. The stimulus intensity was adjusted
so that the latency for tail flicking was 3 to 4 sec; to
avoid tissue injury, a cut-off time of 10 sec was used.
One day before the test, the animals were allowed to
habituate to the apparatus, for two min[16].

PTZ test

Convulsions were induced by intraperitoneal
administration of 80 mg/kg PTZ. The maximum
seizure was precisely defined by tonic extension of
the hind limbs at an angle of nearly 180° to the plane
of the body axis. VA was administered at doses of 25,
50,100 and 200 mg/kg 30 minutes prior to PTZ
injection. Immediately after PTZ administration , the
following was observed in the rats: (1) onset of
convulsions (elapsed time from PTZ injection to onset
of convulsion), (2) duration of convulsion (number of
rats showing convulsions), and (3) death during the 60
-minute period and convulsive behavior[17].

Epileptic behaviors
Behavioral convulsions were categorized as follows:

Class I, hypoactivity and oral and facial automatisms;
Class Il, head nodding and chewing; Class lll, forelimb
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clonus without rearing; Class IV, bilateral forelimb
clonus and rearing; Class V, rearing and loss of
posture. The rats were observed constantly for 60
minutes after PTZ injection for the occurrence of
limbic seizures and status epilepticus. The latency to
the first occurrence of convulsive behavior (forelimb
clonus) and the latency to the onset of status
epilepticus were also recorded[18].

Tail flick test

Latencies to respond to a heat stimulus were
measured using Tail flick apparatus (Borj Sanat,
Tehran, Iran, 2012). The animals were kept in
Plexiglas restraints throughout the experiment. A
medium intensity light beam (40% of maximum
intensity) was then shone on the rat’s tail when the
start button was pressed. The irradiation was quickly
stopped by a flexor reflex of the tail over a light
sensor. The interval between the resumption of light
emission and the flexor reflex of the tail was recorded
by the automatic timer as tail flick latency. Irradiation
was automatically terminated after 10 seconds (cut-
off time) when the animal no longer responded to the
pain stimulus. The tail flick test was performed three
times for each animal with an interval of 5 minutes
between the two tests. The average of the latencies
for each rat was calculated[19].

Statistics

The results were expressed as mean values + SEM.
Statistical analysis was performed using Graphpad
Prism software (Ver. 6) and one-way ANOVA followed
by Tukey’s post hoc test for comparisons between
groups. The Kruskal-Wallis test was used for the
convulsion scale data. A p-value of less than 0.05 was
considered a significant difference.

Results
Epileptic behaviors

VA at all doses significantly reduced the duration of
convulsions compared to the PTZ group [Figure 2,
p<0.001]. The standard antiepileptic drug
phenobarbital sodium (80 mg/kg) was completely
effective against PTZ-induced seizures compared to
the PTZ group [Figure 2, p<.001]. VA at a dose of 200
mg/kg significantly delayed the onset of convulsions
compared to the PTZ group [Figure 3, p<0.01]. The
administration of VA had no effect on the extent of
convulsions in the different groups compared to the
PTZ group [Figure 4]. In addition, VA at a dose of 50
mg/kg reduced the number of convulsions
compared to the PTZ group (Figure 5, p<0.01). Other
VA doses had no effect on the number of
convulsions [Figure 5].

15001
2
A
g Kk
-g 1000~ T
—1
g ﬁf-# BEH  Hu
g i sl
Z 500-
E iaidid
(=]
S T
0 1 | 1 ‘ | T 1 T
AN D D Q)
60 Q&(‘) XQQ% V’J?: VE: \Q ,»Q
S P I U
R Q& Q& Q&(‘) Q({\)

Fig. 2. Effects of VA on convulsion duration in different groups. Values are as mean = SEM (n = 8). Data were analyzed by one-way ANOVA followed
by Tukey’s post hoc test. **p<0.05 vs. control group, ###p<0.001 vs. PTZ group. PTZ = Pentylenetetrazol, PhB = Phenobarbital, VA= Vanillic acid.
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Fig. 3. Effects of VA on convulsion latency in different groups. Values are as mean + SEM (n = 8). Data were analyzed by one-way ANOVA followed
by Tukey’s post hoc test. **p<0.05 vs. PTZ group. PTZ = Pentylenetetrazol, PhB = Phenobarbital, VA= Vanillic acid.
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Fig. 4. Effects of VA on convulsion scale in different groups. Values are as mean + SEM (n = 8). Data were analyzed by Kruskal-Wallis test. PTZ =
Pentylenetetrazol, PhB = Phenobarbital, VA= Vanillic acid.
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Fig. 5. Effects of VA on number of convulsions in different groups. Values are as mean + SEM (n = 8). Data were analyzed by one-way ANOVA
followed by Tukey’s post hoc test. **¥p<0.05 vs. PTZ group. PTZ = Pentylenetetrazol, PhB = Phenobarbital, VA= Vanillic acid.
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Tail-flick test

Figure 6 shows a significant reduction in the latency
of tail flicking in the PTZ group compared to the control
group (P<0.01). in contrast, treatment of the animals
with phenobarbital or various doses of VA significantly
increased the latency of tail flick latency compared to
the PTZ group (p<0.001).

Biochemical analysis

PTZ-induced seizures significantly increased the
MDA content, and treatment with VA at a dose of

May 2023. Vol 2. No 2

100 and 200 mg/kg reduced the MDA content
compared to the PTZ group [p<0.001, Figure 7].
Animals treated with PTZ showed a decrease in GPx
activity, which was restored by VA at a dose of 100
mg/kg [p<0.05, Figure 8]. Other VA doses (25, 50 and
200 mg/kg) had no effect on GPx activity compared
to the PTZ group [Figure 8]. PTZ also caused a
decrease in SOD activity [p<0.05, Figure 9], and VA
at a dose of 200 mg/kg prevented this effect [P
<0.001, Figure 9]. VA at a dose of 25, 50 and 100
mg/kg failed to restore SOD activity [Figure 9].
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Fig. 6. Effects of VA on tail flick latency in different groups. Values are as mean + SEM (n = 8). Data were analyzed by one-way ANOVA followed
by Tukey’s post hoc test. **p<0.01 vs. control group, ###p<0.001 vs. PTZ group. PTZ = Pentylenetetrazol, PhB = Phenobarbital, VA= Vanillic acid.
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Fig. 7. Effects of VA on MDA level in different groups. Values are as mean + SEM (n = 8). Data were analyzed by one-way ANOVA followed by
Tukey’s post hoc test. ***p<0.001 vs. control group, ##p<0.001 vs. PTZ group. PTZ = Pentylenetetrazol, PhB = Phenobarbital, VA= Vanillic acid.
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Tukey’s post hoc test. *p<0.05 vs. control group, #p<0.05 vs. PTZ group. PTZ =

20~
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post hoc test. *p<0.05 vs. control group; #p<0.01 and ###p<0.001 vs. PTZ group

Discussion

The results of the present study showed that VA had
an anticonvulsant and analgesic effect in rats with
PTZ-induced convulsions. VA had no effect on passive
avoidance memory at different doses. In addition,
MDA levels decreased after VA administration and
GPx and SOD activities were increased by VA in PTZ-
induced rats.
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Fig. 8. Effects of VA on GPx activity in different groups. Values are as mean + SEM (n = 8). Data were analyzed by one-way ANOVA followed by

Pentylenetetrazol, PhB = Phenobarbital, VA= Vanillic acid.
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Fig. 9. Effects of VA on SOD activity in different groups. Values are as mean + SEM (n = 8). Data were analyzed by one-way ANOVA followed by Tukey’s

. PTZ = Pentylenetetrazol, PhB = Phenobarbital, VA= Vanillic acid.

PTZ may have an anticonvulsant effect by inhibiting
the action of GABA at GABA-A receptors[20]. GABA is
an important inhibitory neurotransmitter in the brain,
and inhibition of its neurotransmission is thought to
be the main factor in epilepsy[21]. Increasing GABA-
ergic neurotransmission inhibits seizures, while
inhibiting neurotransmission stimulates seizures[22].
The resistance of mice to PTZ-induced seizures by the
standard anticonvulsants, phenobarbitone and
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diazepam is predictable, subsequently many authors
have shown that they exert their anticonvulsant
effects by enhancing GABA-mediated inhibition[23].
CNS effects have been described for various
phytochemicals. The antispasmodic effect has been
recognized , alkaloids [24], essential oils[25],
flavonoids [26], triterpenic steroids and triterpenoid
saponins are described to have anticonvulsant action
in several experimental seizure models for example
PTZ[27, 28]. In addition, various flavonoids have been
shown to act as benzodiazepine-like molecules in the
central nervous system and can alter GABA-
generated chloride currents in animal models of
anxiety, sedation and convulsions [26].

Free radicals are considered the most likely
candidates responsible for the neuronal changes that
mediate the behavioral deficits in neurodegenerative
disorders. Antioxidants are effective in rodent models
of epilepsy, stroke and Alzheimer’s disease [29]. The
results of the current study suggests that VA may
have an anticonvulsant effect by inhibiting and/or
reducing PTZ -induced seizures in the rats used by
increasing or somewhat impairing GABAergic
neurotransmission.

This study also investigated the effect of VA on
oxidative stress in PTZ-induced convulsion. Rats
pretreated with VA at doses of 100 and 200 mg/kg
showed a significant decrease in brain MDA content
compared to the PTZ group. GPx is an endogenous
antioxidant within the free radicals and prevents the
formation of hydroxyl radicals, the most toxic form of
free radicals [29]. The decrease in GPx and SOD in rats
of the PTZ group found in the present study indicates
that free radical formation was increased and that the
reduced glutathione and SOD were depleted during
the process of combating oxidative stress [30]. The
decrease in MDA and the increase in GPx and SOD
levels in rats of the PTZ+VA group indicates that VA
had good antioxidant effect. Several studies have also
shown that the antioxidant effect of medicinal plants
is due to the presence of polyphenols and flavonoids
[31]. VA is a significant antioxidant due to the
presence of the carboxyl group [32].

The results of the present study that VA has an
analgesic effect in rats with PTZ-induced convulsions.
Kim et al. showed that VA significantly suppressed the
expression of cyclooxygenase-2 in dextran sulfate

sodium (DSS)-induced ulcerative colitis. In addition,
they observed that plasma levels of interleukin (IL)-6
were higher in the DSS-treated group than in the
control group, but these elevated levels were reduced
by the administration of VA [33]. VA had an inhibitory
effect on inflammatory mediators by suppressing NF-
kB in lipopolysaccharide-stimulated mice[34].

Various studies have demonstrated the efficacy of
VA in the treatment of immune or inflammatory
reactions. For instance, VA increased the activity of
human lymphocyte proliferation and the secretion of
interferon-gamma in  human peripheral blood
mononuclear cells [35].

Conclusion

The results of the present study show that VA has an
anticonvulsant and analgesic effect in PTZ-induced
rats with convulsion. In addition, VA decreased MDA
levels and increased GPx and SOD activity in the PTZ
groups receiving VA. The results of the current study
suggest that VA has anticonvulsant and analgesic
effects and could inhibit and/or reduce PTZ -induced
seizures in rats through its antioxidant activity.
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