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High dosage of cannabidiol (CBD)
alleviates pentylenetetrazole-induced
epilepsy in rats by exerting an anticonvulsive effect
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Abstract: The study was designed to investigate the effect of various concentrations of cannabidiol (CBD) in rats
with chronic epilepsy. The chronic epilepsy rat model was prepared by intraperitoneally injecting pentylenetetrazole
to the rats pre-treated with CBD (10, 20 and 50 mg/kg) for 28 consecutive days. Behavioral measurements of
convulsion following pentylenetetrazole treatment and morphological changes of the hippocampal neurons with
hematoxylin and eosin staining were used to observe the epileptic behaviour. Immunohistochemistry was used
to detect the expression levels of glial fibrillary acidic protein and inducible nitric oxide synthase (iNOS) in the
hippocampus. The mRNA expression of N-methyl-D-aspartic acid (NMDA) receptor subunits (NR1 and NR2B) was
detected by reverse transcription polymerase chain reaction. The results revealed a significant decrease in the daily
average grade of epileptic seizures on treatment with CBD (50 mg/kg). The neuronal loss and astrocyte hyperplasia
in the hippocampal area were also decreased. CBD treatment did not affect the expression of iNOS in the hippocampus; however, the expression of NR1 was decreased significantly. Thus, CBD administration inhibited the effect of
pentylenetetrazole in rats, decreased the astrocytic hyperplasia, decreased neuronal damage in the hippocampus
caused by seizures and selectively reduced the expression of the NR1 subunit of NMDA. Therefore, CBD exhibits an
anticonvulsive effect in the rats with chronic epilepsy.
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Introduction
Epilepsy, a common disease of the nervous
system has an incidence rate of 0.4-0.7% as
per the epidemiology survey. Epilepsy is one of
the most common diseases of the brain, affecting at least 50 million people globally [1]. There
are some of the neurological disorders like
cerebral tumors, arteriovenous malformation,
cavernous hemangioma, craniocerebral injury
and cerebral cortical dysplasia which are frequently complicated with epilepsy. It is reported that there is formation of lesions which damage the brain structure and impair the nerve
conduction function [2]. About 30-40% of the
supratentorial brain gliomas are complicated
with epilepsy and the epilepsy incidence rate of
low-grade gliomas is estimated to be 70% [2-5].
Despite development of a number of new antiepileptic drugs, epilepsy could not be significantly reduced and is a challenge to the clini-

cians [6, 7]. For the discovery of novel antiepileptic drugs (AEDs) efficacy and safety is established in animal models [8]. For any given seizure type the more predictive the animal model,
the greater is the likelihood of efficacy in human
clinical trials [9].
Many plants, known for their anticonvulsant
activity are subjected to phytochemical and
pharmacological studies [10, 11]. This process
resulted in the identification of some potent
anticonvulsant candidates. Cannabidiol (CBD,
Figure 1) a constituent of the hemp seed exhibits potent anticonvulsant activity. CBD is produced and stored in the glandular structures of
the plant and its concentration is higher in most
fiber and oil varieties of hemp. The CBD possess anticonvulsive, anti-epileptic, and antimicrobial properties [12, 13]. Although the specific physiological actions of CBD are yet to be
determined, reports have confirmed that CBD
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razole + 10 mg/kg CBD; iv) 20 mg/kg CBD
group, given pentylenetetrazole + 20 mg/kg
CBD, and v) 50 mg/kg CBD group, given pentylenetetrazole + 50 mg/kg CBD.
Behavioral observations of convulsion

Figure 1. Structure of cannabidiol (CBD).

inhibits maximal electroshock and pentylenetetrazole induced seizures in rat models [1418]. It is believed that selective reduction of
NMDA receptor [15, 16] and the inhibition of
nitric oxide synthase [14, 18] may be responsible for the seizure inhibition. The present study
was performed to examine the anticonvulsive
effects of CBD in pentylenetetrazole-induced
chronic epilepsy rat models.
Materials and methods
Cannabidiol (CBD), pentylenetetrazole were
purchased from Sigma (Sigma, St. Louis, MO,
USA).
Animals
Male Sprague-Dawley rats were obtained from
Chengdu Dashuo Biological Technology Co.,
Ltd., Chengdu, China. The animals weighed 170
± 10 g and were acclimatized to the housing
facilities before 7 days of use in the experiments. Rats were maintained on a 12 h lightdark cycle and had free access to standard diet
and water. The use of experimental animals
was performed in accordance with the National
Institute of Health Guide for the Care and Use
of Laboratory Animals. The use was approved
by the Local Committee on Animal Use and
Protection.
Treatment strategy
For inducing convulsion the rats in CBD and
model control groups were intraperitoneally
administered pentylenetetrazole (35 mg/kg)
daily for 28 consecutive days. The rats were
randomly assigned to five groups with 8 each: i)
normal control group, injected only saline; ii)
model control group, received saline 1 h before
intraperitoneal injection of pentylenetetrazole;
iii) 10 mg/kg CBD group, received pentylenetet-
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After pentylenetetrazole injection the behavior
of each animal was observed for 1 h on fivepoint scale. The seizure activity was scored as:
no response, stage 0; ear and facial twitching,
stage 1; convulsive wave throughout the body,
stage 2; myoclonic jerks, stage 3; turn onto
their side, stage 4; and turn over onto their
back, stage 5. For each of the animal the grade
of convulsion was recorded daily. The rats with
stable epileptic behavior for 5 days were considered as kindling rats and for such animals
kindling rate was calculated.
Sample preparation
On completion of the treatment the animals
were sacrificed to dissect out the entire brain
under cold condition. The half of the hippocampus was stored at -80°C for reverse transcription polymerase chain reaction (RT-PCR) experiments. The other half was fixed in paraformaldehyde, embedded in paraffin and then cut into
2-μm thick sections using a microtome.
Hematoxylin and eosin staining
The paraffin embedded slices were deparaffinized and then stained with hematoxylin and
eosin. The slices were examined under light
microscope (BX51M; Olympus, Tokyo, Japan;
magnification, ×10). In each slice, hippocampal
CA3, CA1 and DG regions were examined to
observe the changes in morphology of the hippocampal neurons.
Immunohistochemistry
Polink-2 Plus® HRP Polymer Detection System
(PV-9001; GBI Labs, Mukilteo, WA, USA) was
used for the immunostaining of the brain slices.
The sections were dehydrated in graded ethanol series and incubated with rabbit anti-mouse
glial fibrillary acidic protein (GFAP) antibody
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA). The sections were washed with phosphate-buffered saline (Shanghai Generay
Biotech Co., Ltd.), incubated with poly horseradish peroxidase anti-rabbit secondary antibody
(PV-9001). The avidin-biotin complex and
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Leica microscope equipped
with a digital camera was used
for the examination and imaging of the sections (Leica,
Solms, Germany).
Image analysis

Figure 2. A. Behavioral scores of the animals for each group. B. Average light
density (IOD/Area) values of inducible nitric oxide synthase expression in the
CA1 and CA3 regions of the hippocampus. CBD, cannabidiol.

Table 1. Severity and the kindling rate of rats in each treatment
group
Group

Sample
(n)
8
8
8
8
8

Survival
rate
8/8
8/8
8/8
8/8

Seizure grade
Moderate ( Severe (
≤ III)
≥ III)
2/8
6/8
4/8
4/8
6/8
2/8
7/8
1/8

Kindling
rate
8/8
8/8
7/8
4/8

The sections were focussed
under the microscope (magnification, ×20) and five high
power field areas were randomly selected. The average
number of positive cells in the
hippocampal CA1 and CA3
areas were calculated for the
quantification of GFAP expression. Prism 3.0 software
(GraphPad Software, Inc., San
Diego, CA, USA) was used to
plot the data obtained. For the
quantification of iNOS expression we used ImagePro Plus
6.0 (Media Cybernetics, Inc.,
Rockville, MD, USA) software.
The iNOS immunohistochemical images were analysed to
calculate the average light
density values (IOD/area) for
each section of five randomly
selected high power fields in
the hippocampal CA1 and CA3
areas (magnification, ×40).
RT-PCR

Total RNA was prepared using
Sepasol (Nacalai Tesque),
according to the manufacturer’s protocols. Using M-MLV
reverse transcriptase (Life
Technologies Japan Ltd.), total
A marked decrease in the rate of severe grade seizures was observed in CBD treatRNA was reverse-transcribed
ment groups compared with the model control group. The CBD treatment group (50
using a thermal cycler (Takara
mg/kg) also showed significant difference in the kindling rates.
PCR Thermal Cycler SP: Takara
Bio Inc., Shiga, Japan). To
diaminobenzidine were used to obtain a visible
determine mRNA expression levels, real-time
reaction product. As a negative control, the
quantitative RT-PCR analysis was performed
specimens in the control experiments were prowith a Light Cycler System (Roche Diagnostics)
cessed without primary or secondary antibodusing SYBR green fluorescence signals. The folies. The immunostaining of inducible nitric
lowing specific primers were used: NR1, foroxide synthase (iNOS) was performed in a simiward 5’-‘GCTGCACGCCTTTATCTG-3’ and reverse
lar manner, however, the primary antibodies
5’-TCCTACGGGCATCCTTGT-3’; NR2b, forward
were substituted with rabbit anti-mouse iNOS
5’-CACGGTGCCTTCAGAGTT-3’ and reverse
anti-body (Santa Cruz Biotechnology, Inc.). A
5’-CCTCCTCCAAGGTGACAA-3’. The PCR prodNormal control
Model control
CBD 10 mg/kg
CBD 20 mg/kg
CBD 50 mg/kg
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Figure 3. Decreased neuronal injury in the hippocampal region of CBD-treated rats. The hippocampus region of rats
was sectioned and stained using hematoxylin and eosin to compare the severity of neuron loss between the (A)
normal control, (B) model control and (C) the CBD groups (magnification, × 4).

ucts were separated using electrophoresis on a
2.0% agarose gel. The intensity of the bands
was analyzed using BioSense SC-810 Gel
Documentation System (Shanghai Bio-Tech
Co., Ltd., Shanghai, China) and Gel-Pro 3.1 software (Media Cybernetics, Inc., Bethesda, MD,
USA).
Statistical analysis
Each assay was performed in triplicates. The
data were expressed as the mean ± standard
deviation (S.D.). SPSS 16 software was used for
all statistical analyses. One-way analysis of
variance (ANOVA) was used to determine the
significant differences in two comparisons.
Statistical significance was set at P < 0.05.
Results
CBD treatment reduces the severity of pentylenetetrazole-induced chronic seizures
The effect of CBD on pentylenetetrazole
induced chronic seizures was examined by
measuring convulsions using a five-point scale.
It was observed that the rats reached a completely kindled condition after 30 days of the
treatment. In two CBD treatment groups with
higher CBD dosage (20 and 50 mg/kg), the
daily average seizure grades were significantly
lower compared with those of the model control group (P < 0.001; Figure 2A). However, the
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CBD treatment groups with lower CBD dosage
(10 and 20 mg/kg) as well as model control
groups showed the same kindling rate (Table
1).
CBD has no effect on the expression of iNOS
We examined the effect of CBD on the expression of iNOS in the CA1 and CA3 areas of the
hippocampus. The average light density (IOD/
Area) values of iNOS-positive regional expression were obtained. The results showed a markedly higher IOD/Area values for the pentylenetetrazole group compared with the normal
group (P < 0.05). However, treatment with CBD
caused a significant decrease in the rats of
CBD group compared to control group.
This suggested that iNOS activity may be
increased in chronic epileptic seizures, however, the long-term usage of CBD does not significantly inhibit iNOS expression (Figure 2B).
CBD treatment decreases cell injury in the hippocampal area of pentylenetetrazole-treated
rats
The microscopic examination of the hippocampal pyramidal cells revealed irregular distribution, abnormal structures, wider interspaces
and even loss of cells in the model control rat
group compared to normal group. However, the
animals in CBD group showed reduced neuro-
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Figure 4. A. Hyperplasia of astrocytes in the hippocampus of CBD-treated rats was reduced. Immunostaining of
GFAP was performed on the sections to detect increased astrocyte expression. The expression of astrocytes in the
normal control group and the CBD group was decreased compared with the model control group (magnification, ×
4; boxed area, magnification, × 20). B. The number of GFAP positive cells was counted from five randomly selected
microscopic fields (magnification, × 20) and plotted. Data are presented as the mean ± the standard deviation.
CBD, cannabidiol; GFAP, glial fibrillary acidic protein.

nal loss in the hippocampal area (Figure 3).
Thus CBD treatment decreased the cell injury
in the hippocampal area of pentylenetetrazoletreated rats.
Treatment with CBD suppresses astrocytic hyperplasia
The hematoxylin and eosin staining and image
analysis of the CA1 and CA3 hippocampal
regions of normal rats revealed the presence of
few scattered, light brown-yellow GFAP-positive
cells in the normal rats. GFAP-positive cells
8824

were markedly higher in number with more
intense staining, as well as thicker and extended neuritis in the model control group. However,
CBD treatment resulted in a significant increase
in GFAP expression but the number of GFAPpositive cells and the level of staining were less
compared with the model control group. The
neurites were relatively thinner and shorter.
The CBD treatment group showed significant
differences compared to the model control
group (Figure 4). Thus, suggesting that CBD
suppressed astrocytic hyperplasia.
Int J Clin Exp Med 2015;8(6):8820-8827
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Figure 5. A. Detection of NMDAR1 mRNA expression in the rat hippocampus using reverse transcription polymerase chain reaction. A, normal control group; B,
model control group; C1, C2 and C3, Cannabidiol groups (10, 20 and 50 mg/kg,
respectively). B. Quantification of NMDAR1 mRNA expression of the five groups.
The Y axis indicates the ratio of optical density (OD) of the samples to the corresponding internal standard (β-actin). Data are expressed as the mean ± standard
error of the mean (n = 10). *P < 0.05, **P < 0.01, compared with the normal
control group. ΔP < 0.01, for comparisons between the cannabidiol group and the
model control group. NMDAR1, N-methyl-D-aspartic acid receptor; CBD, cannabidiol; PTZ, pentylenetetrazole.

CBD treatment decreases the expression of
the NMDA receptor
The effect of CBD treatment on changes in the
expression of NMDA receptor was studied by
analysing NR1 and NR2b mRNA expression in
the rat hippocampus (Figure 5A). The results
revealed a marked decrease in the quantity of
NR1 mRNA in the CBD treatment groups (40
and 80 mg/kg) compared to the model control
group (Figure 5B). The suppression of hippocampal NR1 was significant in the rats treated
with 80 mg/kg compared with animals treated
with 20 mg/kg. Thus, CBD treatment suppresses the actions of the hippocampal NR1 (Figure
5B). However, CBD treatment did not affect the
expression of NR2b mRNA (data not shown).
Discussion
Our study clearly demonstrates that CBD
administration protects against pentylenetetra8825

zole-induced chronic seizures in rats. In addition,
the CBD treated rats
exhibited
significantly
lower astrocytic hyperplasia
and
neurological
defects in the hippocampal area compared with
rats in the model control
group. The expression of
the NMDA1 receptor was
selectively suppressed in
CBD-treated rats. The rats
treated with a high dose of
CBD (20 and 50 mg/kg/d)
showed a clear inhibitory
effects. This is believed to
be due to the rapid metabolism of CBD in the peripheral tissues. The bloodbrain barrier may also
restrict the penetration of
CBD into the brain [19].
Therefore, an adequate
peripheral dose is required to produce apparent protective effects.

Astrocytes comprise an
important class of glial
cells in the brain. It is
reported that epilepsy
leads to an increase in the
number of astrocytes and
changes in their morphology and function.
Astrocytes are known to play a crucial role in
the mechanisms underlying epilepsy [20]. It
reported that astrocytes are involved in the
maintenance of the inflammatory state during
epilepsy by releasing inflammatory cytokines.
These cytokines directly alter the excitability of
the neurons and promote mossy fiber budding
of the dentate gyrus to form an excitability loop,
which may induce seizures [21]. Our results
from GFAP immunohistochemistry demonstrated that CBD was able to significantly reduce
hippocampal astrocytic cell proliferation in a
dose-dependent manner following pentylenetetrazole-induced seizures. This may contribute
to the inhibitory effect of CBD on seizures.
Development of seizures is induced by the activation of NMDA receptors and it is observed
that in convulsant animal models binding sites
of NMDA receptors are upregulated. Administration of NMDA receptor antagonists has
Int J Clin Exp Med 2015;8(6):8820-8827
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been shown to inhibit convulsion in the animal
models [22]. The results from our study
revealed a significant inhibition of NR1 mRNA
expression on treatment with CBD (20 and 50
mg/kg). However, CBD did not affect the
expression of NMDA R2b mRNA receptor.
It is reported that loss of cells increases the
potential for seizure activity which in turn result
in neuronal death. This process is believed to
be involved in the chronic course of epilepsy
[23]. Earlier pentylenetetrazole was showed to
decrease the number of hippocampal neurons
in seizures [24]. Our results revealed a significant decrease in the cell loss in rat hippocampus on treatment with CBD. It also suppresses
the progression of seizures and protects neuronal damage.
The results from our study revealed enhanced
iNOS expression in the hippocampus on administration of pentylenetetrazole. However, CBD
was not found to significantly inhibit iNOS
expression.
Conclusions
The present study demonstrates that CBD protects against pentylenetetrazole-induced chronic seizures, decreases astrocytic hyperplasia, decreases neuronal cell loss and selectively suppresses NMDA1 receptor in the hippocampus.
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