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JODAR, L., M. TAKAHASHI AND H. KANETO. FS stress induces long-lasting memory facilitation: Involvement of
cholinergic pathways. PHARMACOL BIOCHEM BEHAV 53(3) 735-740, 1996.—We tested in vivo the hypothesis that
foot-shock (FS) stress-induced prolongation of latencies in the one-trial step-through passive avoidance learning task in mice
occurred through a long-term facilitation process. Whereas behavioral responses in control mice lasted for 24 h, decreasing
progressively in the subsequent days, FS-stress exposure for 15 min before training (pretraining), immediately after training
(posttraining), or 15 min before the test (pretest) resulted in a profound and sustained enhancement of test latencies that lasted
for at least 96 h. These facilitating effects disappeared when FS exposure was delivered with a 2- or 3-h difference with respect
to the training trial. Scopolamine (Scop) (1 mg/kg, intraperitoneally) 30 min before the training session caused impairment of
test latencies in control and pretest stressed animals, but failed to affect both pre- and posttraining FS stress-induced
enhancement. Our working hypothesis is that FS stress may increase the levels of acetylcholine in the presynaptic terminal or
the firing rate of cholinergic input. Animals pretreated with FS stress daily for 1 or 4 days followed by the acute schedule
described above showed no enhancements of test latencies. Pretraining Scop impaired test latencies in pre- and posttraining
and pretest stressed animals, suggesting that unpredictability is a critical factor in activating behavioral long-term facilitation.
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ASSOCIATIVE memory retention after classical conditioning
in the step-through type passive avoidance task, has been
shown to last at least 24 h, which suggests that it is a form of
long-term memory. The brain has the capacity to establish
different patterns of neural connections in response to the
demands of the environment. In this regard, we have shown
previously that a few environmental stressors alter learning
and memory processes. For instance, whereas forced-swim-
ming stress impairs retention in a passive avoidance paradigm,
a single exposure to foot-shock (FS) stress resulted in dramatic
increases of test latencies, suggesting a priori that FS exposure
facilitates retention (14). However, it remains unclear whether
FS stress exclusively produces a transient state of emotional
disorder characterized by cognitive disturbances or long-term
changes with an altered pattern of synaptic efficacy. We also

analyzed whether FS-induced behavioral improvements de-
pend on the time of exposure. Moreover, electric FS has been
reported to activate stress circuits involving alterations of neu-
rotransmitter content in presynaptic terminals as well as the
active zone of the synapse influencing synaptic efficacy (1,19).
In addition, long-term facilitation processes implicate the re-
lease of transmitters in both invertebrates and vertebrates (12).
Thus, a search for the neurochemical pathways mediating FS
stress-induced cognitive modifications was also a preeminent
objective.

Repeated exposure to stressors can produce behavioral
changes in a variety of learning tasks (9), which have been
referred to as part of learned helplessness effects (17). We also
considered how repeated FS stress exposure modifies behav-
ioral responses.

! To whom requests for reprints should be addressed. E-mail: takahasi@net.nagasaki-u.ac.jp.
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METHOD

Subjects and Experimental Conditions

Male mice of the ddY strain, weighing 18-20 g (Ohtsubo
Experimental Animals, Nagasaki, Japan), were housed in 42
X 26 X 15-cm plastic cages with ad lib access to food and
water under a natural day-night regime. After they reached
30-32 g of body wt. they were used for the experiments. All
experimental procedures were carried out in a quiet, air-
controlled laboratory, and animals were equilibrated to these
conditions for about 1 h before experimentation. All proce-
dures were carried out between 0900 and 1500 h to minimize
diurnal variation in learning responses. Animal handling was
gentle so as to reduce handling-induced stress variations in
learning behavior as much as possible.

Behavioral Procedure

Step-through, one-trial passive avoidance learning is a par-
ticularly fast learning procedure, and thus was selected as the
experimental paradigm for these studies.

The apparatus consisted of an illuminated and a dark com-
partment (each 4 x 13 X 19 cm) adjoining each other
through a small gate (3 cm diam.) with a grid floor of 2.5-mm
stainless-steel rods set 7 mm apart.

For the training trial, each animal was placed in the illumi-
nated compartment facing away from the dark one. When the
animal entered the dark compartment, an electric shock (ES)
of 0.6 mA was delivered through the grid floor until the ani-
mal returned to the illuminated compartment. Then, a plastic
door closed the adjoining gate between both compartments to
avoid reentrance. Ten seconds later, the animal was returned
to the home cage. At the test trial, 24 h after the training trial,
the animal was placed in the illuminated compartment, and
the latency to enter the dark compartment (maximum 600 s)
was measured.

Exposure to FS Stress

The apparatus consisted of a chamber (30 x 30 x 30 cm)
with a grid floor composed of 1.5-mm stainless-steel rods 7
mm apart from each other and divided into nine compart-
ments (10 x 10 x 30 cm) with transparent plastic walls. Mice
were placed individually in each compartment. A scrambled
electric shock (2 mA, 1-s duration) was delivered every 5 s for
5 min through the grid floor. To avoid effects on motivation,
control animals were placed on the grid floor for 5§ min with-
out receiving electric shock. Following stress delivery, mice
were returned to their home cages.

The effects of acute FS stress on passive avoidance test
latencies were evaluated in three sets of experiments. a) The
effects of FS stress at three different stages with respect to the
training and test trials: Mice were subjected to FS stress 15
min before training (pretraining), immediately after training
(posttraining), and 15 min before testing (pretest). Control
groups were placed in the chamber without receiving electric
shock. b) Long-lasting effects of FS stress: Pretraining, post-
training, and pretest arrangements were performed as de-
scribed earlier. The test trial was established for each group at
24, 48, 72, and 96 h after training. c¢) The effects of FS stress
at different times with respect to each arrangement: Different
groups were exposed to FS stress 15 min, 30 min, 2 h, or 3 h
before training, after training, or before the test trial.

The effects of repeated FS stress on passive avoidance test
latencies were measured after daily exposure to 5 min FS stress
for either 1 or 4 days consecutively. This was followed by the
acute schedule.
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Drug Used and Administration Schedule

Scopolamine (Scop)-HCl (Tokyo Kasei, Tokyo, Japan)
was administered IP, 30 min before training, in a volume of
0.1 m1/10 g body wt. The dose is expressed as the salt.

Control groups received saline instead of Scop. Timing and
dose of Scop were justified based on previous experiences
showing its ability to disrupt retention in the test session 24 h
later.

Statistical Analyses

Data are expressed as medians and ranges. All data were
analyzed using Kruskal-Wallis nonparametric one-way analy-
sis of variance (ANOVA) and subsequently with the two-tailed
Mann-Whitney U-test for paired comparisons. In all statisti-
cal evaluations, we used p < 0.05 as the criterion for statisti-
cal significance.

RESULTS

FS Stress Exposure Induced the Facilitation of Behavioral
Performance in the Passive Avoidance Paradigm

Pretraining, posttraining, and pretest exposure to FS stress
resulted in enhanced test trial latencies compared with those
elicited by control mice [x*(3) = 27.12, p < 0.01], showing
an incidence of maximum retention latency of 600 s in almost
all animals tested, but did not affect avoidance latencies at the
training trial (Fig. 1).

Long-Lasting Effects Induced by FS Stress Exposure

Pretraining, posttraining, and pretest FS stress exposure
resulted in a profound and sustained increase of test latencies
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FIG. 1. Effect of FS stress on retention test latencies of the one-trial
passive avoidance response in the step-through task. Mice were ex-
posed to FS stress 15 min before or immediately after the training
session, or 15 min before test trial. Step-through latencies at the train-
ing trial (C_J) and at the test session (). **p < 0.01 compared
with the test latencies of the control group. **p < 0.01 compared
with the training latencies of the control animals.
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FIG. 2. FS stress-induced behavioral long-term facilitation mea-
sured at different intervals of time. Mice were exposed to FS stress 15
min before or immediately after training, or 15 min prior to test
session, and retention latencies were measured at 24 (), 48 ( 2
72 (EE8), and 96 (EZZ) h after the training session. **p < 0.01
compared with the control group at the corresponding time. *p <
0.05 and **p < 0.01 compared with the control group tested 24 h
posttraining.

that reached a maximum of 600 s at least for 4 days in most of
the animals tested. Kruskal-Wallis ANOVA of test latencies
at 24, 48, 72, and 96 h revealed a significant effect of time
x(3) = 27.12, p < 0.01; x*(3) = 29.15, p < 0.01; *(3) =
18.00, p < 0.05; and x*(3) = 18.04, p < 0.05, respectively]
(Fig. 2).

In contrast, nonstressed animals subjected to one trial in
the passive avoidance learning paradigm showed a weaker be-
havioral response compared with stressed groups when tested
24 h after training, which decreased time-dependently over the
following days. Animals tested at 72 or 96 h posttraining
showed poor behavioral responses compared with those tested
24 h posttraining [x*(3) = 16.55, p < 0.01] (Fig. 2).

FS Stress-Induced Facilitation of Retention Latencies is Time
Dependent

FS stress exposure 15 or 30 min pretraining, posttraining,
or pretest provoked a marked increase of retention latencies
during the test session, which disappeared when the interval
between FS stress exposure and any of these arrangements was
2or3h [¥}(12) = 66.33, p < 0.01] (Fig. 3).

Effect of Scop on FS Stress-Enhanced Latencies

Pretraining Scop in nonstressed animals resulted in a pro-
found decrease of test trial latencies. However, test latencies
from animals subjected to pre- and posttraining FS stress were
not affected by pretraining Scop. In other words, the Scop-
induced amnesic effect was blocked by stress exposure. In
contrast, pretest stressed mice failed to antagonize the impair-
ing effects of Scop, exhibiting a marked loss of behavioral
performance [x*(7) = 58.34, p < 0.01] (Fig. 4).

In addition, the administration of Scop elicited amnesic
effects in mice exposed to FS stress 2 or 3 h pretraining, which
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was blocked when animals were subjected to FS stress 15 or 30
min before the training trial [x*(9) = 63.84, p < 0.01] (Fig. 5).

Repeated FS Stress Exposure Neither Elicits Long-Term
Facilitation nor Affects Scop-Induced Impaired Effects on
Memory

Daily exposure to FS stress for 1 or 4 consecutive days
followed by the acute schedule failed to enhance test latencies
compared with those of the control group in the three arrange-
ments tested.

Pretraining Scop administration elicited impaired test la-
tencies in all stressed groups. Nevertheless, whereas pretreat-
ment with FS exposure only once in posttraining stressed ani-
mals blocked partially the Scop impairing effect, 4 days of
FS pretreatment failed to affect Scop-induced impairment of
behavioral responses [x*(7) = 36.57, p < 0.01, after 2 days
of FS stress exposure and x*(7) = 36.01, p < 0.01, after 5
days of FS stress exposure] (Fig. 6).

DISCUSSION

The present data confirmed our previous experiment in
which test trial latencies were significantly prolonged in ani-
mals exposed to pre- or posttraining or pretest FS stress, indi-
cating that memory retention might be facilitated by FS stress
exposure (14).

The one-trial, step-through passive avoidance learning task
is useful to investigate neurochemical mechanisms of long-
term memory storage. Avoidance by mice entering the dark
room when a 20-V FS was applied in the training trial lasted
24 h, decreasing progressively in the following days. Then, 72
or 96 h following training, mice had a severe loss of behavioral
memory, indicating the progressive loss of activity of the mo-
lecular cascades that give rise to long-term memory. Animals
exposed to pre- or posttraining or pretest FS stress reached
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FIG. 3. Effect of FS stress exposure on test latencies measured at
different intervals of time. Animals were subjected to FS stress 15
min, 30 min, 2 h, or 3 h pretraining (-), posttraining
pretest ((T_]). Step-through latencies at the test session were assessed
24 h after training. **p < 0.01 compared with the control group.
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FIG. 4. Effect of FS stress on Scop-induced amnesic effects. Scop, 1
mg/kg, was administered 30 min before training. FS stress was deliv-
ered 15 min before or immediately after training, or 15 min before
testing. Step-through latencies at the test session, control groups
(given saline,[”_}); Scop groups (Ji). **p» < 0.01 compared with
the nonstressed control group; **p < 0.01 compared with the non-
stressed Scop group; *p < 0.01 compared with the correspondent
stressed group given saline.

latencies up to 600 s even 96 h after training, which appears to
represent a more stable phase of long-term memory storage.

Sensitization is a form of nonassociative learning in which
the response to a test stimulus is enhanced as a consequence of
delivering a strong, usually noxious stimulus to an animal. It
has been studied widely in the gill- and siphon-withdrawal
reflex in Aplysia californica, which involves changes in synap-
tic effectiveness produced by the modulation of transmitter
release at a common locus (7,8). In vertebrates, LTP is the
most common experimental model to describe how newly ac-
quired information can be converted into a more long-lasting
form of memory (5). Our results support the idea that animals
exposed to environmental stress exhibit increased passive be-
havioral responses when subsequently confronted with a novel
stressful situation (16,21), and suggest the development of a
long-term facilitation process (sensitization) as an explanation
of the molecular changes that might be involved in the transi-
tion to forms of memories of longer duration, dependent not
only on the intensity of the stimuli (14) but also on the time of
application.

It can be argued, however, that longer latencies in the test
trial may not necessarily be due to memory reinforcements
but to deficits in locomotor activity or emotional alterations
caused by an aversive stimulus such as FS. Neither emotional-
ity nor motor activity are likely to be the main explanations
for FS-induced increases of test latencies, for several reasons.
First, abnormal behavior such as freezing was not observed in
the training or test trials of both stressed and nonstressed
animals. Second, in each arrangement, several circumstances
eliminate emotional and locomotor disturbances as being the
main causes of behavioral facilitation: a) In the pretraining
arrangement, exposure to FS stress both 15 and 30 min prior
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to the training trial elicited a significant enhancement of test
latencies, indicating that either memory or emotional/motor
activity factors were altered. First, training latencies of non-
stressed and stressed groups did not differ from each other,
ruling out an emotional or motor component at least on the
training trial. Second, the possibility that FS stress could pro-
duce a long-term effect on motility or emotion was tested by
exposure to FS stress 2 or 3 h before training. If either motor
or emotional factors were involved in FS-induced test latency
enhancements, one would expect those latencies to be in-
creased in the test trial 24 h later. On the contrary, latencies
were not different from those of control animals. In addition,
it is doubtful that emotional factors remained persistent 72 or
96 h after the training trial. Third, because an essential role of
central cholinergic systems is well recognized, FS stress effects
on Scop-treated animals support the idea that FS acts as a
sensitizing stimulus on passive avoidance learning. Scop, a
muscarinic receptor antagonist, is capable of impairing test
latencies when administered before training. As shown in Fig.
5, Scop-induced impairing effects were blocked when animals
were exposed to FS stress 15 or 30 min pretraining, but not 2
or 3 h before. b) In the posttraining arrangement, the same
line of reasoning can be followed to explain FS stress-induced
enhancements of test latencies. Here, nevertheless, training
latencies measured before exposure to stress cannot exclude
emotionality or motor disturbances. c) In the pretest arrange-
ment, the fact that 72 or 96 h after training, mice exposed to
FS stress 15 min before the test were able to remember the
task that control mice have almost completely forgotten made
emotionality an important factor. Although 2 or 3 h pretest
exposure to FS stress did not increase latencies significantly,
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F1G. 5. Effect of pretraining FS stress on Scop-induced amnesic ef-
fects measured at different intervals of time. Animals were exposed to
FS stress 15 min, 30 min, 2 h, and 3 h before training. Scop. 1 mg/kg,
was administered 30 min before training. Step-through latencies at the
test session, control groups (given saline,[__]); Scop groups (§
"*p < 0.01, *p < 0.05 compared with the nonstressed control group,
*p < 0.01 compared with the nonstressed Scop group; *p < 0.01
compared with the correspondent stressed group given saline.
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FIG. 6. Effects of repeated FS stress exposures and Scop on acute FS
stress-induced facilitation of retention latencies. (A) Mice were ex-
posed to FS stress on the 1st day. On the 2nd day, the same schedule
used for the acute exposure was followed. (B) Mice were exposed daily
to FS stress for 4 consecutive days. On the 5th day, the same schedule
used for the acute exposure was followed. Scop, 1 mg/kg, was always
injected 30 min before training. Step-through latencies at the test
session, control (given saline, [_]); Scop (EJ). *» < 0.05, **p <
0.01 compared with the respective control; ++p < 0 01 compared
with the correspondent control of the stressed groups; *p < 0.05 com-
pared with the correspondent stressed group given saline.

this may not imply time-dependent sensitization but the partial
loss of the emotional component added by FS. Experiments
using Scop gave some support to the hypothesis that considers
FS stress to be a sensitizing stimulus. In this regard, if FS
stress acted as an anxiogenic, one would expect that Scop-
induced impairing effects would be blocked as they were in
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the pre- and posttraining arrangements. Surprisingly, Scop-
treated animals showed an acute impairment when exposed to
FS-stress 15 min pretest. Moreover, repeated daily exposure
to FS stress for just 2 days was able to return test latencies to
control levels. Thus, the primary exposure to FS stress, as
an unpredictable event, seems critical for the activation of
behavioral long-term facilitation. In any case, further experi-
ments are required to find definite answers to these questions.

The existence of a consolidation period implies that synap-
tic modification, and thus the formation of long-term mem-
ory, can be disrupted by external events interfering with the
cellular and biochemical consolidation cascade. In addition, it
has been established that the increase in synaptic effectiveness
mediating long-term synaptic facilitation results from an en-
hancement of transmitter release (5,7,8). In this regard, it is
generally believed that cortical cholinergic inputs, as well as
organized cholinergic projections in the striatum and basal
nuclear complex, are involved in cognition —that is, attention
and learning and memory processes (11).

This study showed that FS stress-induced increases on test
latencies lasted at least 96 h, which is consistent with other
reports indicating that ACh-induced excitability changes can
be long-lasting and thus represent a mechanism of neural plas-
ticity (3,10,15,20). Our working hypothesis is that FS stress
may increase the firing rate of ACh in the brain. Higher levels
of ACh would increase synaptic effectiveness of the neural
circuit controlling passive avoidance response. This possibility
is empirically supported by systemic administration of a single
dose (1 mg/kg) of Scop causing a profound amnesic effect
that completely disappeared by exposing the mice to 15 min of
pretraining FS, or by immediate posttraining FS. This suggests
that increased levels of endogenous ACh induced by FS expo-
sure would compete with exogenously administered Scop for
muscarinic binding, and shows selective blocking of the Scop-
induced amnesic effect and a sustained enlargement of behav-
ioral responses. On the contrary, exposure to FS stress 15 min
before the test failed to enhance test latencies in animals given
pretraining Scop, indicating that Scop antagonism of muscarinic
receptors before training would block the triggering signal re-
sponsible for the induction of the consolidation process in the
passive avoidance behavioral task. Further, exposure to FS stress
2 or 3 h before training failed to block Scop-induced impairing
effects, presumably because of the progressive decrease of ACh
levels, thereby being unable to antagonize Scop actions.

Application of repeated FS stress did not significantly en-
hance test trial latencies compared with those elicited by the
nonstressed group. In animal models of chronic stress, the
acute response to a stressor often habituates when the stressor
is presented repeatedly (4,18). The data revealed in our experi-
ment indicate that daily pretreatment to FS stress for 1 or 4
consecutive days followed by the acute schedule was enough
to return test latencies to control levels. Unpredictability of
the stressor seems to be a critical factor when considering
habituation (16). Furthermore, previous experiments in our
laboratory showed that FS stress-induced analgesia was re-
duced to 50% by a single repetition of FS stress (13). On the
other hand, repeated FS stress-induced behavioral disturb-
ances in several learning tasks have been frequently associated
with learned helplessness effects (2). However, because ani-
mals repeatedly stressed rendered latencies similar to those of
the control groups, it seems that the passive avoidance re-
sponse is not affected in itself, and only the behavioral facili-
tation induced by acute FS disappears.

It is possible that repeated stress exposure provoked weaker
cholinergic input stimulation, and thus a lower release of ACh
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failing to activate the long-term consolidation process. Sup-
porting this assertion, administration of Scop in a dose that
elicited no effects when followed by a single exposure to FS
stress provoked a loss of behavioral responses in both pre-
training and posttraining stressed animals when subjected to
daily pretreatment for 1 or 4 days to FS stress.

JODAR ET AL.

ACKNOWLEDGEMENTS

This work was supported in part by a Grant-in-Aid for Scientific

Research (No. 05671831) from the Ministry of Education, Science,
and Culture of Japan. The completion of this research was financed
by the Japanese-German Center Berlin SEP fellowship.

REFERENCES

. Abercombrie, E. D.; Nisebaum, L. K.; Zigmond, M. J. Impact

of acute and chronic stress on the release and synthesis of norepi-
nephrine in brain: Microdialysis studies in behaving animals. In:
Kvetnansky, R.; McCarty, R.; Axelrod, J., eds. Stress: Neuroen-
docrine and molecular approaches. New York: Gordon and
Breach Science; 1992:29-42.

. Abrahansen, G. C.; Stock, H. S.; Caldorone, B. J.; Rosellini,

R. A. Learned helplessness inducing foot shock can exacerbate
morphine responsiveness. Physiol. Behav. 54:289-294; 1993.

. Andrade, R. Cell excitation enhances muscarinic cholinergic re-

sponses in rat association cortex. Brain. Res. 548:81-93; 1991.

. Bassett, J.; Cairncross, K. D.; King, M. G. Parameters of novelty

shock predictability and response contingency in corticosterone
release in the rat. Physiol. Behav. 10:901-907; 1973.

. Bliss, T. V. P.; Collingridge, G. L. Synaptic model of memory: Long-

term potentiation in the hippocampus. Nature 361:31-39; 1993.

. Cole, S. O. Effects of benzodiacepines on acquisition and perfor-

mance: A critical assesment. Neurosci. Biobehav. Rev. 10:265-
272; 1986.

. Dale, N.; Scharer, S.; Kandel, E. R. Long-term facilitation in

Aplysia involves increases in transmitter release. Science 239:282-
285; 1988.

. Dale, N.; Kandel, E. R. L-glutamate may be the fast excitatory

transmitter of Aplysia sensory neurons. Proc. Natl. Acad. Sci.
USA 90:7163-7167; 1993.

. De Cola, J. P.; Rosellini, R. A.; Warren, D. A. A dissociation of

the effects of control and prediction. Learn. Motiv. 19:269-282;
1988.

. Delacour, J.; Houcine, O.; Costa, J. C. Evidence for a choliner-

gic mechanism of “learned” changes in the responses of barrel
field neurons of the awake and undrugged rat. Neuroscience 34:
1-8; 1990.

. Di Chiara, G.; Morelli, M.; Consolo, S. Modulatory functions of

20.

21.

neurotransmitters in the striatum: ACh/dopamine/NMDA inter-
actions. Trends Neurosci. 17:228-233; 1994.

. Hawkins, R. D.; Kandel, E. C.; Siegelbaum, S. A. Learning to

modulate transmitter release: Themes and variations in synaptic
plasticity. Ann. Rev. Neurosci. 16:625-665; 1993.

. Izumi, R.; Takahashi, M.; Kaneto, H. Involvement of different

mechanisms, opioid and nonopioid forms, in the analgesia in-
duced by foot shock (FS) and immobilized-water immersion (IW)
stress. Jpn. J. Pharmacol. 33:1104-1106; 1983.

. Jodar, L.; Takahashi, M.; Kaneto, H. Effects of FS-, PSY, and

SW-stress on the learning and memory processes: Involvement of
opioidergic pathways. Jpn. J. Pharmacol. 67:143-147; 1995.

. Juliano, S. L.; Ma, W.; Eslin, D. Cholinergic depletion prevents

expansion of topographic maps in somatosensory cortex. Proc.
Natl. Acad. Sci. USA 88:780-784; 1991.

. Katz, R. J.; Roth, K. A.; Carroll, B. J. Acute and chronic stress

effects on open-field activity in the rat: Implications for a model
of depression. Neurosci. Biochem. Rev. 5:247-251; 1981.

. Maier, S. F.; Seligman, M. E. P. Learned helplessness: Theory

and evidence. J. Exp. Psychol. 105:3-46; 1976.

. Pitman, D. L.; Ottenweller, J. E.; Natelson, B. H. The effect of

the stressor intensity on habituation and sensitization of glucocor-
ticoid responses in rats. Behav. Neurosci. 104:28-36; 1990.

. Saito, H.; Nishiyama, N.; Segawa, M. Learning stress and the

brain cholinergic system. In: Kvetnansky, R.; McCarty, R.; Axel-
rod, J., eds. Stress: Neuroendocrine and molecular approaches.
New York: Gordon and Breach Science; 1992:99-113.

Sillito, A. M.; Kemp, J. A. Cholinergic modulation of the func-
tional organization of the cat visual cortex. Brain. Res. 289:143-
145; 1983.

Van Dijken, H. H.; Van der Heyden, J. A. M.; Mos, J.; Tilders,
F. J. H. Inescapable foot shocks induce long-lasting and behav-
ioral changes in male rats. Physiol. Behav. 51:787-794; 1992.



