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Background: Stressful conditions affect the brain's neurotransmission and neural pathways that are involved in
seizure susceptibility. Stress alters the intensity and/or frequency of seizures. Although evidence indicates that
chronic stress exerts proconvulsant effects and acute stress has anticonvulsant properties, the underlying mech-
anismswhichmediate these effects are not well understood. In the present study, we assessed the role of endog-
enous opioids, endocannabinoids, as well as functional interaction between opioid and cannabinoid systems in
the anticonvulsant effects of acute foot-shock stress (FSS) against pentylenetetrazole (PTZ)-induced seizures in
mice.
Methods: Prolonged intermittent FSS was chosen as an acute stress model. Seizure threshold was determined
after 30min of stress induction inmaleNavalMedical Research Institute (NMRI)mice (20–30 g). Opioid and can-
nabinoid receptor antagonists were administered before animal placement in the FSS apparatus.
Results:Acute FSS significantly decreased seizure susceptibility in animals. The administration of the cannabinoid
receptor 1 (CB1) antagonist, AM251, completely blocked the anticonvulsant effect of acute FSS at the doses of 1
pg/kg–100 μg/kg but not at 1 fg/kg. Pretreatment with the nonspecific opioid receptor antagonist, naltrexone
(NTX), significantly inhibited the anticonvulsant effects of acute FSS at 1 and 2mg/kg but not at 0.3 mg/kg. How-
ever, coadministration of the subeffective doses of AM251 (1 fg/kg) and NTX (0.3 mg/kg) reversed the anticon-
vulsant effects of acute FSS.
Conclusions: Opioid and cannabinoid systems are involved in the anticonvulsant effects of acute FSS, and these
neurotransmission systems interact functionally in response to acute FSS.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Exposure to acute and chronic stress hasmany effects on brain activ-
ity and development and is able to alter seizure susceptibility in humans
and animals [1]. Experiencing stressful events is associated with a vari-
ety of physiological, biochemical, and pathological changes in both pe-
ripheral organs and the central nervous system (CNS) and is

considered as a risk factor for the development of neurological and psy-
chiatric disorders [2–5]. Epilepsy is considered as one of the most com-
mon devastating neurological disorders and affects more than 50
million people worldwide [6]. Evidence indicates that stress level has
a great impact on seizure susceptibility [7]. Based on the severity, dura-
tion, and nature of stressors, previous studies have reported that stress-
ful events have different effects on seizures [8–10]. In experimental
animal models, acute stressors (such as restraint stress, swim stress,
cold-restraint stress, and foot-shock stress (FSS)) are known for their
anticonvulsant properties while chronic stressors have been reported
to increase seizure susceptibility [11–15]. There are several endogenous,
neural, and endocrinological mechanisms that are involved in
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anticonvulsant effects of acute stress. In this regard, gamma-
aminobutyric acid (GABA)-ergic and noradrenergic neurotransmission,
the hypothalamus–pituitary–adrenal (HPA) axis, the and opioid system
have been reported to be involved in acute stress response [14,16]. Pre-
vious studies have revealed that acute stress is able to increase both ex-
pression and release of endogenous opioid peptides in CNS [17,18].
Morphine as a potent opioid receptor agonist exerts biphasic effects
on seizure threshold. Our lab has shown that morphine at low doses
has anticonvulsant effects whereas at relatively higher doses, it is
proconvulsant in different animal models of seizure [16,19,20]. Further,
it has been shown that the endogenous cannabinoid system contributes
to stress response [21–25]. Moreover, exogenous cannabinoids affect
seizure threshold by modulating excitatory and inhibitory neurotrans-
mitters in the brain regions associated with epileptogenesis through
cannabinoid type 1 (CB1) receptors [26–32].

Opioid and cannabinoid systems are well known to have several
functional interactions in both physiological and pathophysiological
processes such as nociception, drug addiction, convulsion, hypothermia,
immune regulation, anxiety, intestinal motility, and locomotion [33–
36]. Several lines of research showed that exogenous cannabinoids in-
duce release of endogenous opioid peptides and also suggested the
same signal transduction pathways for these two important neuro-
transmission systems [37].

Based on this background, the primary aim of this study was to in-
vestigate the role of endogenous opioids and endocannabinoids in the
anticonvulsant effects of acute FSS in mice. In addition, the possible in-
teraction between opioid and cannabinoid systems in seizure threshold
alterations in response to acute FSS was also investigated.

2. Materials and methods

2.1. Animals

Male Naval Medical Research Institute (NMRI) mice weighing 20–
30 g were used in this study. The animals were kept in colony cages
(4–6 mice in each cage) with free access to food and water under
standardized conditions with a 12 h light–dark cycle and a controlled
temperature (24 ± 1 °C). The animals were acclimatized to the experi-
mental room before performing the experiments. All tests were con-
ducted between 10:00 a.m. and 2:00 p.m. All procedures were in
accordance with the institutional Guideline for the Care and Use of Lab-
oratory Animals and were approved by the Tehran University Ethics
Committee.

2.2. Chemicals

The following drugs were used throughout the study: AM251 (N-
(piperidin-1-yl)-5-(4-iodophenyl)-1-(2,4-dichlorophenyl)-4-methyl-
1H-pyrazole-3-carboxamide), a specific CB1 receptor antagonist (Tocris,
UK); naltrexone (NTX), a nonspecific opioid receptor antagonist,
(Sigma, UK); and pentylenetetrazole (PTZ), a GABA receptor antagonist,
(Sigma, UK). The NTX and PTZ were dissolved in sterile isotonic saline
solution, but AM251 was prepared in DMSO. AM251 and NTX were ad-
ministered intraperitoneally (i.p.) in a volume of 10 mL/kg of a mouse's
bodyweight. The PTZwas administered intravenously (0.5%, i.v.) to per-
form seizure experiments.

2.3. Acute FSS

Acute stress was induced using a plexiglass box (30 × 30 × 40 cm
high) with a steel-rod floor (29 parallel rods, 0.3 cm in diameter set 1
cm apart). Foot shock (3-mA scrambled shock stimulus, 50 Hz) was de-
livered through a scrambler to the grid floor. Animals were exposed to
prolonged foot shock for 30 min (1-s pulses delivered every 5 s). The
animals were acclimatized to the foot-shock apparatus for 25 min be-
fore stress induction. We injected saline (10 mL/kg) to the control

mice and put them in the apparatus without any shock delivery for a
specific time [38,39].

2.4. Seizure threshold assessment

An infusion pump (Harvard, USA) slowly infused PTZ (0.5%) at a
constant rate of 1 mL/min into the lateral tail veins of unrestrained
freely moving mice via a 30-gauge dental needle that was inserted
into the mice's tails and secured by a narrow piece of adhesive tape. In-
fusion was stopped when forelimb clonus followed by full clonus of the
mice body was observed. The minimum dose of PTZ (mg/kg of mouse
weight) for induction of clonic seizure wasmeasured as an index of sei-
zure threshold. The threshold is dependent on the PTZ dose and time
and is considered as a standard experimental method of clinical clonic
seizures [40].

2.5. Treatments

According to our previously published study [11], prolonged and in-
termittent FSS was chosen as an established paradigm to exert anticon-
vulsant effects against PTZ-induced seizures. In the first experiment, the
effects of acute FSS on the PTZ-induced seizure threshold were evalu-
ated. Animals received 10-mL/kg saline before being placed for 30min
in the apparatuswith orwithout FSS. Seizure thresholdwas determined
1, 15, 30, and 60 min after FSS termination. In the second experiment,
the possible involvement of opioid or cannabinoid systems in the anti-
convulsant effects of FSS was assessed. In this experiment, the PTZ-in-
duced seizures were determined after treating animals with NTX (0.3,
1, and 2 mg/kg) 15 min before or AM251 (1 fg/kg, 1 pg/kg, 1 ng/kg, 1
μg/kg, 10 μg/kg, and 100 μg/kg) 30 min before they were placed in the
apparatus with or without FSS. The third experiment was performed
to assess the interaction between opioid and cannabinoid systems.
The subeffective doses of NTX and AM251, which by themselves did
not have any effect on the seizure threshold, were coinjected. Animals
were treated with a combination of NTX (0.3 mg/kg) 15 min before
and AM251 (1 fg/kg) 30 min before being placed in the apparatus
with or without FSS.

2.6. Statistics

One-way analysis of variance (ANOVA) followed by Tukey multiple
comparisons using GraphPad Prism software version 6 was used to an-
alyze the data of clonic seizures. Data are expressed asmean± S.E.M. P
b 0.05 was considered the significance level between the groups.

3. Results

3.1. Effects of acute FSS on seizure threshold

As depicted in Fig. 1, prolonged FSS induced a significant increase in
the seizure threshold in the PTZ model of clonic seizures. Fig. 1 also
shows the time courses of the anticonvulsant effect of FSS in mice.
Data have shown that the maximum anticonvulsant effect was mani-
fested when tests were performed 1 min after stress induction and
lasted for 30 min after the stress session. When the mice were tested
60 min after stress induction, no anticonvulsant effect was noticed.

3.2. Administration of AM251, a selective CB1 receptor antagonist, abro-
gated the anticonvulsant effects of acute stress

The effect of AM251 administration on the seizure threshold is
shown in Fig. 2. AM251 injection did not alter the seizure threshold in
nonstressed animals in comparison with the saline-injected
nonstressed group (F (8, 36) = 0.1244, P N 0.05, Fig. 2A). However,
AM251 administration significantly reversed the stress-induced anti-
convulsant effect. AM251 injection at the doses of 1 pg/kg (P b 0.01),
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