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The purpose of this study was to evaluate the action of two types of stressors in
Sprague-Dawley (S-D) and Lewis (LEW) rats differing in their hypothalamic-
pituitary-adrenal axis activity on locomotion and rearing in an open space. Exposure to
restraint immobilization alone (IMO) or this immobilization combined with cold water
(22 °C) immersion (IMO+C) lasted for 1 h and started 2 or 5 h before the test. To
evaluate the acute and persisting effects of both stressors, four trials were performed in
one-week intervals; rats were exposed to the stressors in trial 1 and 3. While in LEW
rats both acute stressors produced reduction of locomotion and rearing in all stressed
groups, S-D rats responded with a decrease of both parameters only after IMO+C
presented 2 h before testing. Neither strain displayed a changed performance one week
after the first stress exposure. One week after the second stress exposure rats of both
strains exhibited a tendency to an increase of both parameters reaching the significance
in several experimental groups. The findings indicate: a) the IMO+C produced stronger
behavioral alteration than IMO alone; b) the behavioral responses to stressors were
more pronounced in LEW compared to S-D strain; c) change from the reduction of
activity to its increase may be interpreted as bi-directional manifestation of long-term
effects of immobilization stress.

K e y w o r d s : immobilization�cold stress, Lewis and Sprague-Dawley rats, exploratory activity

INTRODUCTION

Various stressors produce differential effects, which are frequently referred to as
stressor specific response (1-3). Some of our investigations suggest the existence
of stressor specific response to stressors consisting of restraint or restraint
combined with cold-water immersion. These two stressors differentially altered
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spontaneous behavior of Wistar rats in the open field or performance of Wistar and
Lewis rats in the Y-maze learning task (4, 5). These two stressors also differentially
influenced plasma ACTH in Wistar rats (6). The differences found may result from
different proportion of emotional and physical components of their action (1,7,8).

It has been recognized that organisms within the same species can differ
markedly in their response to stress and various substances (9-11). Understanding
why individuals exhibit differential responses to stress is important not only to
make progress in research concerning stress vulnerability but also to find means
for effective stress treatment and prevention of stress-related illnesses.

Outbred Sprague-Dawley rats are the maternal strain for inbred Fischer 344
and Lewis strains, the latter being known to have a deficient activity of
hypothalamic-pituitary-adrenal (HPA) axis. Many studies have used these strains
as models for physiological and behavioral studies (e.g. 12-15). In our previous
study we found that restraint combined with cold stress differentially influenced
acquisition and extinction in Sprague-Dawley and Lewis rats in passive
avoidance learning task (16). In experiments exploring the effect of restraint on
stress hormones, we observed a lower response of circulating corticosterone in
Lewis compared to Sprague-Dawley rats (11).

The purpose of this experiment was to evaluate the influence of rat strains with
different activity of HPA axis on their behavior affected by two types of restraint
stress; the combination of restraint with cold (6) seems to induce a stronger
physical impact than restraint alone. To assess the influence of these factors, we
investigated behavior of rats in an open space, which enables the determination
of spontaneous motor activity and may allow the interpretation of the registered
motor patterns in terms of exploratory motivation and emotional reaction. Adult
male Sprague-Dawley and Lewis rats were exposed to immobilization (restraint)
alone or immobilization combined with water immersion, and behavioral
parameters in the testing device were evaluated 2 and 5 hours after stressor
application. The possible persistence of stressor effects was investigated one
week later. In order to explore possible augmentation of stressor-induced
behavioral alteration to further stressogenic event, the whole procedure was
repeated once again. We hypothesized that for behavioral consequences the stress
type as well as rat strain could be relevant.

MATERIALS AND METHODS

Animals

Forty male Sprague-Dawley (S-D) and forty Lewis rats (LEW) (Charles-River Laboratories,
Sulzfeld, Germany), with average starting body weights 235 and 215 g, respectively (age of two
months), were used. Animals had free access to a standard pellet food and water. Rats were housed
in a box for storage of SPF animals (FluFrance, Vissous, France) with a controlled light regime
maintained on a 12-h light/dark cycle (lights on 6h and off at 18h), temperature (22 + 1 °C), relative
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humidity 50-70 %, and constant air pressure. Four rats were housed per cage (42 x 26 x 25 cm).
Behavioral tests were performed from 8 a.m. to 1 p.m. Treatment of animals was in accordance with
the Declaration of Helsinki Guiding Principles on Care and Use of Animals (DHEW Publication,
NHI 80-23). The study was approved by the Ethical Review Committee on First Faculty of
Medicine, Charles University in Prague.

Stress procedure

Animals of both strains were exposed to two types of acute restraint (immobilization) stressors
for 60 minutes (6, 16, 17). Restraint alone (IMO) was applied by fixing forelimbs and hindlimbs of
the rat with adhesive plaster; then the animal was restrained in a snug-fitting plastic-mesh. This
mesh was bent to conform to the size of individual animal and a bandage fixed this shape of mesh.
When combined immobilization with water immersion (IMO+C), restrained rats were immersed in
the water bath (22 °C) in such a way that the upper 1/4 of the animal was outside of water. After
the exposure to IMO+C the rats were dried and all rats were returned to the home cage. Both
stresses were applied for 1 hour and started 2 or 5 hours before the onset of stress. Control animals
remained untreated and were tested directly after their removal from the home cage.

Design

Rats of each strain were randomly assigned to one of five groups: control group (CO) - no
stress; groups exposed for 1 hour to stressors 2 h before testing - IMO(2) and IMO+C(2); groups
exposed for 1 hour to stressors 5 h before testing - IMO(5) and IMO+C(5). Each group consisted
of eight animals. Over a period of four weeks behavioral activity of rats was tested four times in
one-week intervals. During the first and third trial the animals were exposed to stressors before
testing; in the second and fourth trial no stress was administered and all rats were tested directly
after their removal from home cages.

Behavioral measurements

The testing apparatus (Coulbourn Instruments Inc., PA, USA) consisted of an arena (41x41x41
cm) with an automated monitoring system. One grid of infrared sensor beams was mounted 3 cm
above the floor to measure the locomotor activity. The second tier of beams was mounted 16.5 cm
above the floor to measure vertical (rearing) activity. The Tru Scan 99 software allows the recording
of the following behavioral parameters: (1) total movement distance in cm (TMD); (2) total number
of rearing including wall-leaning. Unlike some behavioral tests that were performed under intensive
light (e.g. 18), all experiments were done in a dimly illuminated room with shielded 25W bulb in
the corner of the room. Behavior was recorded for 15 min.

Statistics

All statistical tests were conducted using the Systat 10 software (SPSS, Inc., Chicago, USA).
First, two-way ANOVA was performed, the factors being rat strain (2 levels) and treatment (5
levels). Second, a one-way ANOVA followed by the Bonferroni�s method was done to compare
differences among groups within a given strain for individual trials. Third, ANOVA for repeated
measures was used for calculation of repeated testing during four weeks lasting experiment. Finally,
t-test was performed to compare the difference between both strains within a given stress insult for
individual trials. Statistical significance was accepted when p<0.05 (two-tailed). To simplify the
result section statistical data for trial 1 (two-way ANOVA) are included only. Results are presented
as means ± SEM.
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RESULTS

Effect of stressors on locomotion

Fig. 1 depicts total movement distance of rats in four subsequent trials
performed in one-week intervals with (trial 1 and 3) and without (trial 2 and 4)
application of the stressor. A two-way ANOVA for trial 1 showed significant
effects for the factor strain [F(1,70) = 4.73, p = 0.033] and factor treatment
[F(4,70) = 29.9, p< 0.001]. Differences between responses due to rat strain and
treatment were significant also in trials 3 and 4, but not in trial 2.

Trial 1: S-D rats subjected to IMO+C(2) exhibited a significant reduction of
TMD as compared with other groups including controls (p < 0.001). All stressed
LEW groups exhibited lower TMD in comparison to the control one (p < 0.001).
The comparison of S-D and LEW revealed statistical differences between groups
IMO+C(2) (p<0.01) and IMO(2) (p < 0.05).

Trial 2: No differences in TMD were observed among controls and stressed
groups of both S-D and LEW rats.

Trial 3: When compared to controls as well as to other stressed groups a
significant reduction of TMD was found again in S-D rats exposed to IMO+C(2)
(p < 0.01). In LEW rats only IMO+C(2) and IMO+C(5) reduced TMD (p < 0.05).
Finally, LEW rats exposed to IMO+C(5) exhibited lower TMD than S-D animals
(p < 0.05).

Trial 4: In S-D rats no differences in TMD were found. Three groups of LEW
rats - IMO(2), IMO+C(5) and IMO(5) - exhibited significantly higher TMD as
compared to the control group (p < 0.01). In S-D rats no differences in
locomotion among groups were found. Control LEW rats and those exposed to
IMO+C(2) exhibited statistically lower level of locomotion as compared to S-D
animals (p < 0.05).

We add that the comparison of changes in TMD over four repeated trials
revealed a significant decrease in LEW but not in S-D controls. The comparison
of CO animals in four repeated trials revealed significant differences in LEW
[F(3,28) = 32,7, p < 0.001] but not in S-D rats. Bonferroni´s post-test showed a
significant decrease of locomotion in controls of LEW rats in trials 3 and 4.

Effect of stressors on rearing

Fig. 2 depicts the total number of rearing of S-D and LEW rats. A two-way
ANOVA for trial 1 showed significant effects for the factor strain [F(1,70) = 37.4,
p<0.001] and factor treatment [F(4,70) = 25.0, p<0.001]. Differences between
responses due to rat strain and treatment were significant also in trial 2, 3 and 4.

Trial 1: In S-D animals a significant reduction of rearing was found in
IMO+C(2) group as compared to controls (p < 0.001). This test also showed that
IMO+C(2) exposed rats exhibited lower rearing activity than in groups treated by
other stressors (p<0.05). In LEW animals, all stressed groups showed a
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Fig. 1. The effects of restraint stress (IMO) and restraint combined with cold (IMO+C) on the total
movement distance (expressed in cm) in S-D and LEW rats. Four trials were performed in one-week
intervals; trials 1 and 3 = with stress insult, trials 2 and 4 = without stress insult (for details see
Methods). Statistical significance in all tests is for p<0.05: (a) within a given strain: * versus control
group, + versus all other stressed groups, (b) within the same stressor insult: °versus S-D rats.
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Fig. 2. The effects of restraint stress (IMO) and restraint combined with cold (IMO+C) on the total
number of rearing in S-D and LEW rats. Four trials were performed in one-week intervals; trials 
1 and 3 = with stress insult, trials 2 and 4 = without stress insult (for details see Methods). Statistical
significance in all tests is for p<0.05: (a) within a given strain: * versus control group, + versus other
stress groups, x versus IMO(5); (b) within the same stressor insult: ° versus S-D rats.
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significantly lower rearing as compared to the control group (p < 0.001); the
reduction in IMO+C(2) group being the strongest. Rearing activity in IMO+C(5)
group was lower than that in IMO(5) group (p < 0.05). A significantly lower
rearing activity was found in all stressed LEW groups as compared with S-D ones
(p < 0.001).

Trial 2: All previously stressed LEW groups exhibited lower rearing activity
than S-D rats (p < 0.05).

Trial 3: A significant reduction of rearing in S-D rats exposed to IMO+C(2)
was found (p < 0.01). As LEW rats concerns no rearing was observed in
IMO+C(2) group. Also the other stressed groups displayed reduced rearing
when compared to the controls (p < 0.05). Except for IMO+C(2) group, a
significant reduction of rearing was found in all stressed LEW as compared
with S-D rats (p < 0.05).

Trial 4: There was an significant increase of rearing in both strains in groups
IMO(2) and IMO+C(5) compared to controls (p < 0.05). All stressed LEW rats
exhibited lower rearing activity than S-D animals (p < 0.05).

The comparison of CO animals in four repeated trials showed strain
differences [F(1.56) = 12.9, p < 0.001] and differences due to test repetition
[F(3.56) = 13.2, p < 0.001]. Repeated measurements revealed differences in LEW
controls only [F(3.28) = 29.9, p < 0.001]. Bonferroni�s post-test showed a
significant decrease of rearing of CO in the third and fourth trials (p < 0.05).

DISCUSSION

It has been sufficiently proved that various rat strains behave in a different way
when submitted to a particular experimental situation (e.g. 15, 19-22), including
exposure to a stressor (16, 23-26). The present study confirmed that the same
holds true for S-D and LEW rats. When tested for the spontaneous behavior in a
rectangular arena enabling registration of locomotion and rearing, no differences
between the control rats were found during the first session. In contrast, the four
times repeated exposure revealed a significant activity decline in LEW rats only,
indicating habituation to the unfamiliar environment in this strain. In experiments
using the open field test, LEW rats did not differ in the locomotor activity from
S-D and Fischer 344 rats, the difference being found in movement patterns (27).
On the other hand, LEW rats demonstrated a clear between-sessions habituation,
i.e. reduction of the overall activity from day to day, while no such phenomenon
was observed in Fischer 344 rats (14).

IMO+C and IMO decreased locomotion and rearing behaviors in both tested
strains. However, while in LEW rats a decrease in these behavioral parameters
was found in all stressed groups, in S-D rats only group subjected to IMO+C(2),
representing the strongest stressogenic effect, displayed the detrimental effect. In
the study comparing restraint alone and restraint performed at 4 °C a decrease of



spontaneous motility in S-D rats was observed only after exposure to cold stressor
(26). Another evidence of a higher sensitivity to the stressors in LEW, compared
to S-D rats, comes from the stronger suppression of locomotion in IMO+C(2) and
IMO(2) and of rearing in all stressed LEW groups. The second exposure to the
stressors resulted in a similar decrease of locomotion and rearing in S-D and
LEW rats in relation to controls. These results (trial 3) suggest more pronounced
suppression of behavioral performance in LEW than in S-D rats, the difference
reaching significance in animals subjected to IMO+C(5) and IMO(5). Although
the recorded activities appear more suppressed after the second stress application,
especially in LEW rats, the lower control values in trial 3 do not allow the
comparison with the results in trial one. Taken together, the present results show
that behavioral consequences are observable 1 and 4 hours after the termination
of a single acute exposure to both stressors in LEW rats, while only IMO+C(2)
induced analogous behavioral alterations in S-D rats. The difference between
IMO and IMO+C was found also in the previous study performed in Wistar rats:
restraint combined with cold induced stronger suppression of locomotion and
rearing in the open field than restraint alone (5).

The role of time elapsed between the stress termination and behavioral testing
was most pronounced as a stronger suppression of exploratory behavior after
IMO+C(2) than after IMO+C(5) stressor in both strains. In S-D rats IMO+C(2)
was the only stressogenic insult inducing the behavioral deficit. LEW rats
displayed reduced locomotion and rearing even after IMO+C(5) application;
there were either no or minor differences in the effects of restraint alone at the two
used intervals. These results support the notion of the role of physical impairment
of joint and muscle function as well as general motor coordination in animals
shortly after the cold exposure (26).

In trial 2 performed one week after stressor presentations, the locomotor score
of both strains returned to control values. A decrease in rearing in comparison
with controls also disappeared in both strains, however, the recovery in LEW rats
did not reach that of S-D ones. In trial 4, in contrast to deficit in locomotion and
rearing induced by acute stress exposure, we observed a tendency to enhanced
locomotion in the previously stressed rats of both strains reaching significance in
LEW rats in all groups except for IMO+C(2). Higher rearing frequency occurred
in both strains in groups IMO+C(5) and IMO(2). Probably due to stronger
tendency to habituate, shown in the controls (28), the locomotion and especially
rearing values were lower in LEW compared to S-D rats.

The open field test is commonly used and pharmacologically validated test for
evaluating anxiety in animals in an unfamiliar environment (29-31) and the
stress-induced reduction of exploration is considered as being related to increased
fear and/or anxiety. Single or repeated sessions of immobilization reduced
exploration in laboratory rodents (5, 32-34), however, also no changes have been
reported (35-37). The disparate results may be related to many variables in the
used experimental design, the intensity, duration and chronicity of the applied
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stressor, together with constitutional factor. In the present study we observed
significant differences between S-D and LEW rats, on the other hand, the two
stressors differentiated in the locomotory reduction in the shortest stress-testing
interval only. It has been reported that LEW rats more often avoid the central zone
of the open field, the open arms of the elevated plus maze and the white
compartment of the black and white box than SHR animals; the findings have
been interpreted in terms of more anxiety-related behavior of LEW strain (12,
31). LEW rats also exhibited greater stress-induced increases in anxiety-like
behaviors than S-D or Fischer 344 rats (38). Here, the control LEW and S-D rats
exhibited similar locomotion and rearing in the first trial and the differences could
be observed after the stress exposure only.

Various types of stressors have been shown to induce behavioral alterations
lasting for a long period after the stress exposure (8, 39-41). Long-term
locomotion reduction was observed also after immobilization (32, 33, 42). In the
present study effects of IMO and IMO+C on locomotion and rearing disappeared
during one-week interval after the first stress exposure, but testing performed one
week after the repeated stress session (trial 4) revealed an increase of exploratory
behavior in several groups of stressed S-D and LEW rats. These long lasting
stress effects were more pronounced in LEW rats: they displayed increased
locomotion as well as rearing score, while S-D rats exhibited only enhanced
rearing in IMO(2) and IMO+C(5) groups.

The deficits in exploratory activity produced by stressors like restraint or
inescapable foot-shock have been interpreted as being related to increased fear
and/or anxiety (7, 8, 33, 34, 42). However, also an initial unsustained increase in
locomotor activity was observed (39, 40). The increase of locomotion and rearing
seen in the present study several days after the acute post-stressor reduction
indicates changes in behavioral responsiveness to the identical environmental
stimuli. Symptoms that arise in the aftermath of a traumatic event include
increased psychophysiological arousal (43), which may underlie changes in the
internal excitability of stressed animals and consequently determine the
behavioral response to the environmental challenge. Changes from reduction to
increase may be interpreted as bi-directional manifestations of the long-term
stress effect. The stressor-induced biobehavioral alterations displaying bi-
directional expression have been included in proposed criteria for the animal
model of posttraumatic stress disorder (PTSD) (43, 44).

In summary, the findings show that the used plastic-mesh restrainer induced
stress of sufficient severity to induce both acute and long-term behavioral
alterations. The results also support the view that S-D and LEW rats may respond
differentially to the stressors. LEW rats exhibited a more pronounced decrease in
locomotion and rearing after acute stressors than the S-D rats, and only LEW rats
exhibited the increase in locomotion in the last session one week after the second
stressor exposure. Notably, the only behavioral change seen in S-D rats exposed
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to IMO+C(5), IMO(2) and IMO(5) was the increased rearing in the last trial
expressing thus the long-term aftermath of these stressors.
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