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Abstract
There has been much debate regarding the potential influence of stress on epilepsy. Many studies have reported that stress can affect
seizure susceptibility through eliciting either proconvulsant or anticonvulsant effects within the nervous system. In this study, we investigated
the potential anticonvulsant effect of a 10-min swim stress on convulsions induced by a single systemic injection of lithium chloride followed
4 h later with pilocarpine. Rats pretreated with lithium chloride and exposed to a 10-min swim stressor prior to pilocarpine injection displayed
a significant delay to seizure onset compared to unstressed rats or rats exposed to swim stress 10 min after lithium chloride, 2 h after lithium
chloride, or immediately after pilocarpine injection. We then determined whether administration of a glucocorticoid antagonist (mifepristone;
10 or 50 mg/kg), an a2-adrenergic antagonist (yohimbine; 2 or 5 mg/kg), or a nonspecific opioid blocker (naloxone; 0.2 or 1 mg/kg) could
prevent the anticonvulsant effect of swim stress. Only the high dose of yohimbine was capable of inhibiting the anticonvulsant effect of swim
stress on lithium–pilocarpine seizures. Our findings highlight the importance of an endogenous noradrenergic-dependent anticonvulsant
system in mediating the effects of swim stress on seizures. Further studies exploring the benefits of treatments with noradrenergic acting
drugs in epilepsy is well warranted.
D 2004 Elsevier Inc. All rights reserved.
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1. Introduction
The relationship between stress and epilepsy has long
been recognized (Mostofsky and Balashak, 1977). Stress is
commonly believed to precipitate and even exacerbate
seizures in some patients with epilepsy (Schmid-Schonbein,
1998). Prolonged periods of stress can profoundly reduce the
efficacy of various anticonvulsant treatments (Iancu et al.,
2002; Denicoff et al., 1994; Mastropaolo et al., 1992; Lipka
and Lathers, 1987). Although a multitude of both physical
and psychological stresses can influence the number of
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convulsions reported by patients (Neufeld et al., 1994;
Temkin and Davis, 1984; Rajna and Veres, 1989; Webster
and Mawer, 1989), the precise mechanism underlying the
relationship between stress and epilepsy remains unclear.
The major pathway implemented in coordinating the
consequences of stress in most mammalian species is the
hypothalamic–pituitary–adrenal (HPA) axis. Corticotropinreleasing factor (CRF)-expressing neurons within the
parvocellular component of the paraventricular nucleus of
the hypothalamus have been identified as one of the key
elements in the stress response. The typical biochemical
cascade in response to physiological and psychological
stresses involves the release of CRF from paraventricular
neurons into the hypophysial portal system that in turn
stimulates the proopiomelanocortin-producing cells within
the anterior lobe of the pituitary to release adrenocortico-
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trophic hormone (ACTH) into general systemic circulation
(Herman and Cullinan, 1997; Herman et al., 1996).
Circulating ACTH can then interact with adrenal cortex
receptors to stimulate the synthesis of steroids (steroidogenesis) as well as cause a marked elevation in plasma
glucocorticoids. Shunting of the stress response is provided
by the negative-feedback inhibition that results from
centrally circulating glucocorticoids acting within the initial
hypothalamic and limbic sites responsible for eliciting the
initial stress cascade (Vazquez, 1998; Sapolsky, 1994).
Neuroplastic changes to any of the key structures within the
HPA circuitry can quickly occur after the initial exposure to
a variety of stressors (Mercier et al., 2003; Sapolsky, 1994).
These changes can be both adaptive and beneficial in nature;
however, chronic exposures to stressful stimuli could lead to
pathological and maladaptive alterations within this circuit
and result in prolonged or even exaggerated HPA activity.
Dysfunctions to the HPA axis have been reported to occur in
a variety of neurological conditions, including epilepsy
(Nemeroff et al., 1984).
In various experimental models of epilepsy (see Fisher,
1989), many stressogenic factors can influence an animal’s
responsiveness to various convulsant compounds (Rae et al.,
1990). In support of these findings is that exposure to a
variety of acute stressors (such as 24-h food deprivation or
exposure to nociceptive stimulation) can significantly lower
the threshold required to evoke limbic motor seizures in
lithium–pilocarpine-treated rats (see Persinger et al., 2002).
Taken together, profound changes in the electrical characteristics of neurons may result from exposures to various
stressful conditions which in turn can increase the susceptibility of neuronal ensembles to evoke epileptiform discharges and alter the vulnerability of hippocampal neurons
to a variety of neurological insults.
Chronic and elevated levels of circulating stress hormones, such as cortisol in humans and corticosterone in rats,
have been shown to produce long-lasting excitatory effects
on the activity of hippocampal neurons and dentate granule
cells (Karst and Joels, 2003; Kole et al., 2001). Both acute and
chronic stresses can differentially affect susceptibility to
pentylenetetrazole-induced convulsions (De Lima and Rae,
1991). Moreover, sex differences in the circulation of
corticosteroids can affect the mortality associated with
convulsions induced through picrotoxin (Pericic et al.,
1996). Although many studies commonly highlight the
proconvulsant effects of stress, there have been a variety of
studies that have also shown the importance of certain acute
stressors in significantly attenuating the actions of various
chemoconvulsant drugs.
One such example is that exposure to a swim stressor can
exert a significant anticonvulsant action on a wide variety of
chemoconvulsant models of epilepsy (Pericic and Svob
2002). Many convulsant parameters have been shown to
change in response to swim stress exposure (Pericic and
Svob, 2002; Pericic et al., 2000, Rae et al., 1990). There are
evident changes in the sensitivity to bicuculline- (Pericic et

al., 2001; Drugan et al., 1985), picrotoxin-, and pentylenetetrazole-induced convulsions (Soubrie et al., 1980; Abel
and Berman, 1993) following a 10-min exposure to a swim
stressor.
In this study, we determined if exposure to a 10-min
swim stressor could significantly influence the latency to
seizure onset in rats subjected to the lithium–pilocarpine
model of epilepsy. To our knowledge, there have been no
studies to date that have investigated the effects of swim
stress in rodents tested in this epilepsy model. First, we were
interested in characterizing the anticonvulsant action from a
swim stress by determining the length of time this effect
would remain before rats were injected with pilocarpine and
assessment of seizure onset began. Following this we
assessed potential neurochemical mechanisms that might
underlie the anticonvulsant effect of swim stress. Our
findings suggest that exposure to a 10-min swim stressor
immediately before pilocarpine injection can significantly
delay the time to motor convulsion and that antagonism of
the a2-adrenergic system can dose-dependently block the
anticonvulsant effect of swim stress in this epilepsy model.

2. Methods
2.1. Subjects
A total of 72 male Wistar albino rats, approximately 90
to 150 days of age and weighing between 530 and 760 g,
were used in this study. All subjects were housed three per
cage in standard metal grid cages during the entire duration
of the study. They were housed at a constant temperature
(~20 8C) with food and water available ad libitum. The
light/dark cycle was 12-h light/12-h darkness with photophase onset at 0730 h. All testing procedures were
conducted during the midphotophase period. The procedures used in this study were approved by the local Animal
Care Committee and in compliance with the Canadian
Council for Animal Care (CCAC) guidelines.
2.2. Experiment 1
Rats were injected subcutaneously with lithium chloride
(3 mEq/kg) followed 4 h later by a single systemic injection
of pilocarpine (30 mg/kg). This pretreatment with lithium
chloride has been shown to reduce the convulsant dose of
pilocarpine by a factor of 10 and also reduce the variability
in seizure onset to approximately 30 min (F10 min;
Fournier and Persinger, 2004; Persinger et al., 1988,
2002). Following lithium chloride injection, rats were
removed from their home cages and subjected to a 10-min
swim stressor at various time points either before or after
injection of pilocarpine. We chose to administer our swim
stress at a 10-min duration because of its common use for
investigating the anticonvulsant effect of this stressogenic
condition in mice (Pericic et al., 2000).
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The swimming apparatus (135 cm diameter, 28 cm deep)
was filled with water to a height of 20 cm. The temperature
of the swimming apparatus was maintained between 18 and
19 8C. The different swim stress exposures were the
following: (1) 10 min following lithium chloride injection
(n=4), (2) 2 h after lithium chloride injection (n=4), (3) 10
min prior to injection of pilocarpine (n=4), or (4)
immediately after injection of pilocarpine (n=4). The total
duration of the swim stress was always 10 min. After
swimming, animals were quickly returned to their home
cages until pilocarpine injection was required. Approximately 5 min before injections were to be administered, the
subject was taken to a separate room, injected with
pilocarpine, and placed in a seizure observational cage until
seizure onset had occurred. The subjects that received swim
stress 10 min before pilocarpine injection were not returned
to their home cages after exposure; instead, these animals
were quickly transported to the seizure inducing room,
injected with pilocarpine, and placed in separate observational cages. Another group of rats (n=4) that did not receive
the swim stress served as a nonstressed control group.
The latency to seizure onset [SOT; defined as a
conspicuous forepaw clonus, rearing, and falling motor
sequelae (stage V motor seizures, see Racine, 1972)] was
recorded for each animal. Electroencephalographic recordings at the time of forelimb clonus, rearing, and falling
convulsive behavior have shown the presence of clear
paroxysmal (bepileptiformQ) discharges (Cavalheiro et al.,
1987; Turksi et al., 1989). After each rat was injected with
pilocarpine, we set the maximum allotted time for the
observation of seizure onset to be 60 min. Rats that did not
exhibit an observable behavioral seizure during this period
were assigned a value of 60 min (the maximum time that
could be allotted for seizure onset). This time frame was
chosen based upon previous published work (Persinger et
al., 1988) and unpublished observations (N.M. Fournier and
M.A. Galic) that have shown that rats which do not
convulse within 60 min after pilocarpine injection do not
exhibit indicators of status epilepticus (stages do not
normally progress past stage II seizures on the Racine
seizure classification scale), nor do they exhibit any
observable histopathological evidence indicative of neuronal damage or gliosis following treatment (Persinger et al.,
1988).
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stress or nonswim stress groups and then treated with either
naloxone (at 0.2 or 1 mg/kg s.c), yohimbine (at 2 or 5 mg/kg
s.c.), mifepristone (RU 486: at 10 or 50 mg/kg s.c.), or
physiological saline (0.9% s.c.) 10 min before exposure to
their respective swim stress condition. Our rationale to
administer the drugs at these dosages came from previous
pharmacological studies that had revealed differential
effects from these drugs on various chemoconvulsant and/
or electrical stimulation models of epilepsy at these dosages
(see Shan et al., 2004; Pericic et al., 2001; Homayoun et al.,
2002; Jackson and Nutt, 1993; Velisek and Mares, 1992;
Mariani, 1989; Loscher and Czuczwar, 1987; Baran et al.,
1985). Rats in the nonswim stress groups were given one of
the above drug injections 20 min prior to pilocarpine. All
drugs used in this study were obtained from Sigma (St.
Louis, MO, USA) and administered at a volume of 1 ml/kg.
The latency to seizure onset (SOT) was recorded in a
manner similar to that described above.
2.4. Statistical analyses
All analyses were completed using SPSS software loaded
on a VAX 4000 computer. Between group differences in
SOT were examined using a one-way analysis of variance
(one-way ANOVA) with appropriate post hoc tests (Tukey).
The criterion for statistical significance was set at Pb0.05.

3. Results
3.1. Experiment 1
The results from a one-way ANOVA demonstrated a
robust effect for SOT and swim stress [ F(4,15)=26.66;
Pb0.001; g 2=0.88]. Post hoc tests revealed that rats exposed
to the swim stress 10 min before pilocarpine injection
exhibited a greater latency to convulse when compared to all
other groups (Table 1). The SOTs in rats that were exposed
to the stressogenic swim stimulus 10 min or 2 h after lithium
chloride application were not significantly different from the
SOTs of nonstressed control rats. Interestingly, the rats
exposed to the swim stress immediately after pilocarpine
injection displayed a seizure onset that was comparable to
the SOT observed in nonstressed controls or rats from

2.3. Experiment 2
For the second part of the study, a total of 52 male Wistar
rats (three to four animals per group) were used. These
subjects were of the same age and were housed under
identical conditions as those described above. For this
experiment, rats were injected with lithium chloride (3 mEq/
kg s.c.) and 4 h later injected with pilocarpine (30 mg/kg).
In order to assess the involvement of specific neurochemical
systems that might mediate the anticonvulsant effect from
swim stress, subjects were randomly assigned to either swim

Table 1
The mean SOT (in minutes) and standard error of the mean (S.E.M.) for
animals exposed to a 10-min swim stress for different time intervals with
respect to the injection of pilocarpine (PILO)
Group

Mean

S.E.M.

Nonswim-stressed controls
3 h 50 min before PILO
2 h before PILO
10 min before PILO
Immediately after PILO

30.05
23.47
20.23
57.08*
32.56

3.95
2.18
3.39
1.83
2.05

* Significantly different ( Pb0.001) from all other groups.
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specific swim stress conditions (i.e., 10 min or 2 h after
lithium chloride swim stress conditions).
3.2. Experiment 2
Fig. 1 illustrates the mean seizure onset time (SOT) for
all swim stress/drug conditions. A highly significant difference was found for SOT and swim stress/drug conditions
[ F(13,38)=9.31; Pb0.0001; g 2=0.76]. Because the assumption of homogeneity of variance was violated, a nonparametric Kruskal–Wallis test was performed to ensure that
the significant differences observed were valid. The results
confirmed the statistical finding of differences in SOTs for
animals exposed to the various swim stress and drug
conditions [H=37.38; df=13; Pb0.001].
In nonstressed animals, post hoc tests revealed that there
were no significant differences in SOT for rats pretreated
with yohimbine or naloxone compared to saline-treated
(nonstressed) controls. This indicates that pretreatment with
any of these compounds approximately 20 min before
administration of pilocarpine has no effect on the subsequent emergence of convulsions induced in this model of
epilepsy. Rats treated with mifepristone at 10 mg/kg before
swim stress showed no difference in SOT compared to
nonstressed controls. A marginally significant difference
( P=0.07) in SOT was reported for nonstressed rats treated
with the high dose of mifepristone compared to nonstressed
controls. There was a trend for these rats to exhibit a faster
onset to convulsions compared to nonstressed controls.
In swim-stressed animals, post hoc tests revealed that rats
pretreated with naloxone displayed SOT latencies that were
significantly higher than nonstressed controls (Fig 1). There
were also no differences in SOT for swim-stressed animals
treated with naloxone at either 0.2 or 1 mg/kg. Mifepristone
treatment before swim stress at either doses displayed SOT
latencies that were significantly higher than nonstressed
controls. Rats that were either pretreated with naloxone or
mifepristone and exposed to the swim stress all displayed
SOTs that were not significantly different from salinetreated swim-stressed animals (Fig. 1). These findings

suggest that neither opioid nor glucocorticoid antagonism
were sufficient in suppressing the accompanied increase in
SOT elicited by swim stress.
For rats pretreated with yohimbine at 2 mg/kg prior to
swim stress, the seizure onset latency was not significantly
different from swim-stressed rats or nonswim-stressed
controls (Fig. 1). However, when yohimbine was administered at 5 mg/kg prior to swim stress, there was a significant
reduction in time to the onset of seizures compared to
swim-stressed controls. These animals were not significantly different from nonswim-stressed controls. Together,
these findings suggest that the anticonvulsant effect that
normally accompanies exposure to a 10-min swim stressor
prior to seizure induction can be prevented through
antagonism of the a2-adrenergic system in a dose-dependent fashion.

4. Discussion
An injection of lithium chloride (3 mEq/kg) followed 4 h
later by a single systemic injection of pilocarpine (30 mg/
kg) can reliably evoke limbic motor convulsions which
produce an expression of brain damage and impairment
similar to that found in human patients affected with
temporal lobe epilepsy (Honchar et al., 1983). In the present
study, we found that swim stress 10 min before seizures
induced by the lithium–pilocarpine method exerted a
profound delay to the onset of behavioral convulsions
compared to animals that were in unstressed conditions. We
also found that antagonism of the a2-adrenergic receptor
from a high dose of yohimbine was able to block the
anticonvulsant effect mediated by swim stress.
Exposure to a 10-min swim stress revealed a timedependent anticonvulsant action against lithium–pilocarpine-induced convulsions. The potent anticonvulsant effect
from a swim stress occurred only when swim exposures were
limited to the 10 min prior to seizure induction. A swim stress
exposure at either 10 min or 2 h following lithium chloride
injection had no substantial effect on SOT. This suggests that

Fig. 1. The mean seizure onset time (FS.E.M.) for rats pretreated with saline, low-dose yohimbine (lo-YOH: 2 mg/kg), high-dose yohimbine (hi-YOH: 5 mg/kg),
low-dose naloxone (lo-NAL: 0.2 mg/kg), high-dose naloxone (hi-NAL; 1 mg/kg), low-dose mifepristone (lo-MIFE; 10 mg/kg), or high-dose mifepristone
(hi-MIFE; 50 mg/kg) prior to swim stress or non swim stress conditions. *Significant difference from non swim-stressed control rats ( Pb0.001).
#
Significant difference from swim-stressed rats ( Pb0.05).
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whatever the action that mediates the anticonvulsant effect of
swim stress may be, the effect is relatively short lasting and
limited to when the exposure to the stress occurred in the time
frame associated with seizure induction.
That activation in the neurocircuitry underlying stress
could lead to the precipitation of seizures in certain forms of
human epilepsy has been well documented (Hrachovy,
1997). An elevation in serum cortisol has been reported in
epileptic patients (Wang et al., 2001; Pritchard, 1991).
Despite the apparent widespread use of ACTH and corticosteroid treatments for regulating convulsions within the
epileptic population (Hrachovy, 1997), strong proconvulsant
effects following administration of ACTH have also been
reported (Tartara et al., 1983). Interestingly, the pro- or
anticonvulsant effects mediated by circulating stress hormones might be related to the type of model employed to
elicit convulsions, as well as from the type of stressful
stimulus used to activate endogenous stressogenic circuits
(Persinger et al., 2002; Hrachovy, 1997).
The molecular consequences of stress have been shown
to be dependent on the modulation from a variety of
different neurochemical systems, including glucocorticoid,
noradrenergic, and opiate systems (Rittenhouse et al., 2002;
Schramm et al., 2001; Molina et al., 1994; Conner-Kerr et
al., 1993). Moreover, the involvement of these specific
neurochemical systems in modulating the threshold to evoke
epileptiform activity in the limbic system has also been well
established for a variety of animal models of epilepsy (see
Rhodes et al., 2004; Liu et al., 2003; Homayoun et al., 2002;
McEwen, 2001; Hong et al., 1993; Siggins et al., 1986). Our
results suggest that the accompanied anticonvulsant action
from exposure to swim stress is highly dependent upon the
activation of the a2-adrenergic system, because antagonism
of this receptor by high doses of yohimbine produced a
significant drop in the time required to display behavioral
convulsions. None of the other systems tested (glucocorticoid- or opioid-based) were able to produce a similar change
in SOT for swim-stressed animals. The SOT in high-dose
yohimbine-treated animals exposed to the swim stress was
virtually identical to that of nonstressed controls, further
strengthening our conclusion that the anticonvulsant mechanism underlying swim stress is presumably through a
noradrenergic-based system. These findings further support
the earlier report from Pericic et al. (2000) showing that the
elevation in threshold to evoke convulsions by picrotoxin
following swim stress in mice can be suppressed by
preadministration of a2-adrenergic antagonists.
It was interesting to find that when mifepristone was
administered at a high dose to unstressed animals, a
significant shortening to the onset of motor convulsions
occurred, whereas lower doses tended to delay the time to
seizure onset. Mifepristone is known to have strong
inhibitory effects at progesterone/glucocorticoid receptors.
An elevation in CRF levels can also be found following
exposure to mifepristone treatment (Hardwick et al., 1989).
Pronounced excitatory and epileptogenic effects may also
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result from elevations in centrally circulating CRF (Piekut
and Phipps, 1998). Because endogenous progesterone and
the progesterone metabolite, 3a,5a-THP, can possess
antiepileptic effects in some patients affected with epilepsy
(Rhodes et al., 2004) and in a variety of animal models of
epilepsy (Frye, 1995), it was not surprising to find that at
high doses, mifepristone tended to lower the time to seizure
onset in unstressed animals. Moreover, strong support for
the involvement of progesterone’s metabolite in eliciting
pronounced anticonvulsant actions is supported by the
observation that administration of finasteride, a 5a-reductase inhibitor (which can block the metabolism of progesterone to 3a,5a-THP) can cause an increase in the number
of seizures reported in both human and animal epileptics
(Rhodes et al., 2004).
A variety of stressful conditions have been shown to
affect noradrenergic neurons of the locus ceruleus (Valentino et al., 1993). Stress can influence the firing rate of locus
ceruleus neurons and cause a release of noradrenaline in
brain regions that correspond with rich noradrenergic
innervation (Bremner et al., 1996; Mabry et al., 1995). An
increase in both central and plasma noradrenaline have been
found in humans and rats following seizures (Shouse et al.,
2001; Meierkord et al., 1994). After damage to noradrenergic terminals from the locus ceruleus, a microinfusion of
bicuculline into the anterior piriform can elicit status
epilepticus (Giorgi et al., 2003). Ferencz et al. (2001) also
supported a role of the noradrenergic system in epilepsy by
showing that direct lesions to the ascending noradrenergic
pathway facilitated ventral hippocampal kindling. Magdaleno-Madrigal et al. (2002) and Fernandez-Guardiola et al.
(1999) have both suggested that the delay in amygdalakindled convulsions observed after prestimulation of the
vagal complex or nucleus of the solitary tract might be
related to the subsequent noradrenergic-driven increase in
rapid eye movement sleep that occurs following stimulation.
Administration of clonidine, a noradrenergic alpha (2)
agonist, can delay amygdala kindling (Yoshioka et al.,
2000; Shouse et al., 1996). And finally, the efficacy of the
ketogenic (high fat, low carbohydrate) diet in abating
convulsions has recently been shown to be dependent upon
the possession of an intact and functional noradrenergic
system (Szot et al., 2001). These studies strongly link a
modulatory influence from the central noradrenergic pathway on limbic motor seizures and epilepsy.
Many of the brain regions implemented in the circuitry
that underlies swim stress are also the same areas that
receive dense noradrenergic innervation from the locus
ceruleus (Aston-Jones and Shipley, 1995). Furthermore, the
piriform cortex, a region of high noradrenergic innervation
(Aston-Jones and Shipley, 1995), shows increased FOS
immunoreactivity following swim stress (Duncan et al.,
1993). It is interesting to note that the piriform cortex has
also been considered a critical structure for the initiation and
spread of seizures to other limbic and cortical areas
(Peredery et al., 2000). Considering the strong innervation
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from noradrenergic terminals to this structure, significant
modulatory actions from the noradrenergic system at this
site after exposure to a swim stress is likely.
It was extremely puzzling to observe that for rats exposed
to the 10 min of swim stress immediately after pilocarpine
injection, no effect on seizure onset was present; whereas,
exposing an animal to the same swim stress 10 min before
pilocarpine injection exerted a powerful and potent delay to
convulsion. There may be numerous possibilities for why
such an effect was found. Swim stress can cause an increase
in the release of endogenous noradrenaline in brain regions
that normally receive noradrenergic innervation (Mabry et
al., 1995). A peak elevation in plasma noradrenaline can be
observed approximately 10 to 15 min following exposure to
swimming at 20 8C (Mabry et al., 1995). An increase in
both the frequency of spontaneous postsynaptic currents and
firing rate of cultured hippocampal neurons within 3 to 5
min following application of pilocarpine has also been
reported (Priel and Albuquerque, 2002). This effect is
presumably the result of increased activity at glutamatergic
synapses that in turn produces an imbalance between
excitatory and inhibitory (GABAergic) transmission (Priel
and Albuquerque, 2002). Therefore, the antiepileptogenic
effect from a swim stress 10 min before pilocarpine
injection would correspond to a time frame when the
increase release in endogenous noradrenaline resulting from
swim stress occurs and the period when the initial imbalance
between excitatory and inhibitory transmission produced by
pilocarpine begins. Obviously, in rats that received the swim
stress immediately following pilocarpine injection, the peak
noradrenaline response would have occurred at a time
significantly past the period when the initial imbalance
between excitatory and inhibitory transmission appeared.
Therefore, no anticonvulsant effect from swim stress would
be found in this condition.
Many studies have shown that a definitive relationship
between stress and the frequency (and severity) of convulsions in epileptic patients exists (Mostofsky and Balashak, 1977; Schmid-Schonbein, 1998). Animal studies have
found that exposure to an acute stressor (such as 24-h food
deprivation or thermal-induced nociception) prior to the
induction of convulsions by the lithium–pilocarpine method
or through other methods, can cause a significant lowering in
the threshold required to elicit seizures and behavioral
convulsions (Persinger et al., 2002; Reddy and Rogawski,
2002; Post and Weiss, 1998; Donzanti et al., 1985).
Generally, the time of observation of forelimb clonus and
its electrical characteristics can occur faster in stressed rats
compared to unstressed rats (Persinger, 2002). However, in
this study, we report that exposure to a 10-min swim stressor
can exhibit a powerful anticonvulsant action on the induction
of seizures in the lithium–pilocarpine model of epilepsy.
Taken together, the type of stressor and how it impacts upon
the neurocircuitry and neurochemistry of the animal may be
one of the most important factors regarding whether stress
will express an anticonvulsant or proconvulsant effect.

Our findings also extended the previous report from
Pericic et al. (2000) in two important ways. First, by
evaluating if this swim stress procedure would also yield a
significant anticonvulsant effect in a different species of
animals (i.e., rats) tested. And second, by determining if a
swim stress exposure that has been found to previously elicit
strong anticonvulsant effects against picrotoxin-induced
convulsions would also produce similar actions against
lithium–pilocarpine-induced convulsions. Although potent
interactions between cholinergic and GABAergic systems
following seizures have been described previously (Hamani
and Mello, 2002), seizures that are induced by picrotoxin (a
GABA-related convulsant) or pilocarpine (a cholinergicrelated convulsant) can differ quite substantially in their
mechanism of epileptogenesis and in their histopathological
consequences. The anticonvulsant effect mediated from a
swim stress, approximately 10 min prior to convulsions
induced through lithium–pilocarpine, requires activation of
an endogenous anticonvulsant circuit that involves the a2adrenergic system. These findings suggest a critical involvement of noradrenergic transmission in the modulation of
epilepsy. Further work investigating the use of noradrenergic
drugs as a treatment option against limbic epilepsy is needed.
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