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ARMARIO, A., M. GIL, J. MARTI, O. POL AND J. BALASCH. Influence of various acute stressors on the activity of adult 
male rats in a holeboard and in the forced swim test. PHARMACOL BIOCHEM BEHAV 39(2) 373-377, 1991.--The effects of 
various acute stressors on the activity of adult male rats in a holeboard and in the forced swim test were studied. When tested 
immediately or 24 h after 1 h exposure to noise, restraint in tubes or tail shock, no changes in either defecation rate or activity in 
the holeboard were observed. In contrast, immediately after 1 h immobilization in wood-boards, a reduction of the number of 
areas crossed and the number of head-dips was found. The inhibitory effect of immobilization on head-dips persisted 24 h later. 
The behavior of the rats in the forced swim test was classified into three categories: struggling, mild swim and immobility. The 
changes in behavior were critically dependent on the type of stressor, and more specifically on its intensity, that was evaluated 
with three different physiological parameters (serum prolactin, corticosterone and glucose levels). Thus, if tested immediately after 
stress, noise did not alter the response of the rats, restraint in tubes and tail shock-reduced immobility, and the latter stressor 
increased mild swim. In the second experiment, immobilization in wood-boards reduced struggling. Twenty-four hours after stress, 
noise, restraint in tubes or tail shock were without effect, but immobilized rats showed increased immobility and reduced mild 
swim activity. The present data clearly indicate that behavior of rats in a holeboard and in a forced swim situation are not related, 
and that acute stress could have a differential effect on the various categories of behavior in a forced swim situation. 

Acute stress Noise Tail shock Restraint Immobilization Holeboard Forced swim test 
Prolactin Corticosterone Glucose 

ACUTE exposure to stress induces a wide range of changes in 
behavior, including altered motor and/or exploratory activity (25, 
26, 38, 43, 44), analgesia and other sensorial deficits (1, 18, 
27), and poor performance in learning-related tasks (2, 
32, 40). 

Despite some controversies about its theoretical bases (15, 
19, 45), the behavior of rodents in forced swim situations has 
attracted especial attention since Porsolt et al. developed a test 
for the screening of antidepressants, based on this behavior (34-  
36). They found that well-established antidepressant treatments 
resulted in a reduction of the time the rats remained motionless. 
Further, several authors considered the possibility that experi- 
mental manipulations known to induce behavioral depression 
could increase immobility in forced swim situations. Since stress 
has been repeatedly related to depression (3, 12, 20, 21, 45), 
the effect of stress on the behavior of rodents in forced swim 
situations has been investigated in several laboratories. The re- 
sults are, however, controversial (16, 17, 31, 33, 37, 44). Al- 
though some discrepancies could be due to a differential effect 
of acute vs. chronic exposure to stress, contradictory results have 
been reported even with acute stress (31, 33, 37, 44). The 
present experiment aimed at a more systematic study of the in- 
fluence of the intensity of the stressor and the time elapsed be- 
tween stressor exposure and the forced swim test in the rat. In 

addition, to optimize the information obtained from the test, the 
behavior of the rats was classified into three categories: strug- 
gling, mild swim and immobility. It has been found that the 

th ree  behaviors do not respond homogeneously to treatments 
such as severe stress (44) and antidepressant administration (7). 
In addition, the ambiguity of what is considered immobility is 
considerably reduced. 

Tests of general and exploratory activity have been frequently 
associated to forced swim tests in order to show whether or not 
changes in the response to the forced swim tests were related to 
changes in general activity [e.g., (35)]. Therefore, in the present 
experiment, the influence of acute stress on general and explor- 
atory activity was also studied. 

METHOD 

Adult male Sprague-Dawley rats derived of IFFA-CREDO 
stocks and reared in the breeding center of our university were 
used. They were 60 days old (approximately 300 g) upon their 
arrival at the laboratory, and were housed, two per cage, in 
controlled conditions (lights on from 0700 to 1900 h, tempera- 
ture 22°C) for at least ten days before the experiments. Food 
and water were provided ad lib. 

Experiment 1 was designed to study the effects of various 
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stressors presumably differing in their intensity on holeboard and 
forced swim activities. The rats, 70 days old when tested, were 
randomly assigned to four conditions: l) controls (unstressed 
rats), 2) rats subjected to 1 h of noise provoked by alarm bell 
(85 dB) in a room separated from the animal house, 3) rats sub- 
jected to electric tail shock, and 4) rats subjected to 1 h restraint 
in tubes (6 cm diameter, 22 cm length) provided with several 
holes. In the latter case, cork sheets were introduced into the 
tubes to obtain a relatively high degree of movement restriction 
and to be sure that all rats were subjected to approximately the 
same degree of restraint (it is noteworthy to mention here that 
rats were selected by age rather than by body weight). The 
shocked rats were restrained in the same tubes as restrained rats 
(without cork sheets), and their tails taped to avoid body move- 
ments and tail retraction. The duration of each shock (0.5 mA) 
and the intervals between shocks were randomly programmed 
between 2-5 s and 10-110 s respectively. After being subjected 
to corresponding stress treatments some rats were immediately 
killed by decapitation or, alternatively, tested in the holeboard 
or in the forced swim task. Other rats from the four acute treat- 
ments were left undisturbed in the animal house until the next 
day when they were killed without any additional stress or, al- 
ternatively, tested in the holeboard or in the forced swim test. 
Those animals tested were not killed to avoid the confusion be- 
tween the influence of previous stress and testing on the physio- 
logical variables under investigation. Five to eight rats per group 
were used. The holeboard apparatus used was similar to that de- 
scribed by File and Wardill (14) except that the floor was di- 
vided into 16 areas of approximately the same size. The number 
of fecal boluses released (defecation), areas crossed, rearing, and 
head-dips were manually recorded for 4 min. A dip was consid- 
ered to take place when the head was introduced into the holes 
at least to the level of the eyes. In the forced swim test the rats 
were introduced in a transparent cylindrical tank similar to that 
described by Porsolt et al, (34-36), with water (25°C) up to 15 
cm, and their behavior recorded for 5 min with videotapes. Be- 
havior was scored from tape by one experimenter unaware of 
the treatment of the animals. The time spent making the follow- 
ing behaviors was measured with a stop-watch: (a) struggling, 
which occurred when the rats were diving, jumping or strongly 
moving all four limbs, the front limbs breaking around the sur- 
face of the water or scratching the walls, b) mild swim, which 
occurred when the rats swam around the tank while moving all 
four limbs, c) immobility, which occurred when the rats re- 
mained motionless except to maintain the head out of the water. 
The rats were killed by decapitation in a room adjacent to the 
animal house and the stress room. The trunk blood was collected 
and maintained in ice-cold water, and centrifuged at 4°C. The 
serum was frozen at - 2 0  °C. 

The results of Experiment 1 did not show an inhibition of 
activity in the two behavioral tests. Since such as inhibition has 
been previously described [e.g., (26,42)], Experiment 2 was de- 
signed to study the influence of a well-kown, more severe stres- 
sor such as immobilization. This experiment was carried out 6 
months later and the rats were 78 days old when tested. They 
were assigned to control or immobilization groups. The latter 
rats were subjected to 1 h immobilization in wood-boards as de- 
scribed previously (23). The general procedure, including the 
killing of some additional animals for physiological measures, 
was similar to that described for Experiment 1. 

Serum prolactin, corticosterone and glucose levels were mea- 
sured because we have previously demonstrated that they are 
good indices of the intensity of stress experienced by rats (9,10). 
Glucose was determined by the glucose-oxidase method using a 
commercial kit (Boehringer-Mannheim). Prolactin and cortico- 

TABLE 1 

EFFECT OF 1 H OF ACUTE EXPOSURE TO STRESSORS ON TIlE 
BEHAVIOR OF RATS IN A FORCED SWIM SITUATION 

Defecation Struggling Mild Swim Immobility 
Stressor (No.) (s) (s) (s) 

Immediately After Stress 
Control 3.2 - 1.1 28.4 ± 6.0 79.7 ± 7.2 192.0 ± 9.9 
Noise 3.4 ± 0.8 49.1 ± 5.1 94.3 + 13.2 156.6 ± 13.9 
Restraint 2.7 ± 0.7 54.4 -+ 12.0 120.6 ± 11.5 125.1 ± 12.0" 
Tail shock 3.6 ± 0.6 44.9 ± 15.2 135.1 + 14.3" 120.1 ± 18.5' 

24 h After Stress 
Control 3.1 ± 0.8 59.0 ± 15.3 73.6 ± 5.0 163.7 _+ 16.5 
Noise 5.0 ± 0.6 47.9 - 8.9 79.1 ± 8.0 172.1 ± 5.4 
Restraint 2.5 ± 0.5 73.4 - 9.2 77.6 + 7.6 149.1 ± 12.7 
Tail shock 2.8 ± 1.1 72.6 ± 10.8 86.2 ± 8.4 142.4 ± 16.0 

Means ± SEM (n = 7-8) are represented. *,o<0.05 vs. control group 
(SNK test). 

sterone were determined by radioimmunoassay as previously de- 
scribed (4, 5, 9). 

The statistical significance of the results was analyzed by 
parametric test except when the variances were not homogeneous 
even after log. transformation, in which case nonparametric tests 
were used. In Experiment 1 serum prolactin, corticosterone and 
glucose levels and behavior in the forced swim test were ana- 
lyzed with parametric one-way ANOVA and behavior in the 
holeboard with the nonparametric Kruskal-Wallis test. Post hoc 
individual comparison of means was carried out with the Stu- 
dent-Newman-Keuls (SNK) test after parametric ANOVA or the 
Mann-Whitney U-test after nonparametric ANOVA. In Experi- 
ment 2 the Student t-test or the Mann-Whitney U-test was used. 

RESULTS 

Experiment 1 

The effect of the stressors on the response to the forced swim 
test is depicted in Table 1. The one-way ANOVA revealed a 
significant effect of the treatments on mild swim activity 

TABLE 2 

EFFECT OF 1 H EXPOSURE TO STRESSORS ON 
BEHAVIOR OF RATS IN A HOLEBOARD 

Defecation Areas Crossed Rearing Head-Dips 
Stressor (No.) (No.) (No.) (No.) 

Immediately After Stress 
None 1.7 ± 1.0 31.0 ± 7.8 7.8 ± 2.3 13.7 _ 2.7 
Noise 1.4 _ 0.8 40.4 ± 8.1 9.6 ± 1.9 14.6 _+ 2.2 
Restraint 0.2 ± 0.2 38.5 ± 7.3 6.8 ± 1.6 14.3 ± 4.8 
Tail shock 0.6 ± 0.4 35.8 ± 10.0 7.4 ± 0.9 18.2 _+ 3.0 

24 h After Stress 
None 1.0 +_ 0.5 48.3 ± 8.6 12.0 _+ 4.7 11.2 _+ 1.6 
Noise 2.2 ± 0.7 32.7 ± 9.2 7.0 ± 2.4 10.0 -4- 2.0 
Restraint 2.8 ± 0.8 36.5 ± 6.7 6.2 ± 2.4 8.8 _+ 1.8 
Tail shock 2.2 ± 0.2 47.5 ± 10.5 6.5 ± 1.6 9.8 _ 1.1 

Means - SEM (n= 5-7) are represented. 
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TABLE 3 

EFFECT OF 1 H EXPOSURE TO VARIOUS STRESSORS ON SOME 
PHYSIOLOGICAL VARIABLES 

Prolactin Corticosterone Glucose 
Group (ng/ml) (Ixg/dl) (mg/dl) 

Control 3.7 ± 0.6 4.0 ± 0.4 139.3 ± 2.0 
Noise 8.1 ± 2.0 14.0 ± 3.3t 143.0 ± 4.3 
Restraint 15.0 ± 4.0* 47.7 ± 3.4* 184.7 ± 11.3" 
Tail shock 14.3 ± 2.9* 53.1 ± 3.3* 162.3 ± 3.8* 

Means ± SEM (n =6) are represented. Means having different super- 
scripts differ statistically (SNK test). 

(p<0.02) and immobility (p<0.005), but not on struggling, as 
measured immediately after stress. Individual comparisons indi- 
cated that noise had no effect on behavior, shock significantly 
increased mild swim activity, and both restraint and shock sig- 
nificantly decreased immobility. Twenty-four hours after stress 
no significant effect of the treatments was found. 

Neither immediately after stress nor 24 h later, acute expo- 
sure to the various stressful stimuli altered defecation rate or the 
variables related to activity/exploration (Table 2). 

As Table 3 shows, serum prolactin, corticosterone and glu- 
cose levels were significantly increased by stress as revealed by 
ANOVA (p<0.007 for prolactin, p<0.001 for corticosterone 
and glucose). Individual comparisons of means revealed that se- 
rum prolactin levels were significantly increased in restrained 
and shocked rats, but not in noise-stressed rats, that showed in- 
termediate levels between control and restrained (or shocked) 
rats. Corticosterone levels were increased by the three stressors, 
the effect being milder after noise than after restraint or tail 
shock. Glucose was not modified by noise but did by restraint 
and tail shock. 

Experiment 2 

Immediately after stress, immobilization significantly re- 
duced struggling (p<0.01) without altering mild swim activity 
or immobility (Table 4). Twenty-four hours later, immobilized 
rats showed reduced mild swim activity (p<0.01) and increased 
immobility (p<0.05). 

Behavior in the holeboard is depicted in Table 5. Immedi- 

TABLE 4 

EFFECT OF 1 H IMMOBILIZATION (IMO) ON BEHAVIOR OF RATS 
IN A FORCED SWIM SITUATION 

Defecation Struggling Mild Swim Immobility 
Stressor (No.) (s) (s) (s) 

Immediately After Stress 
Control 5.1 -+ 0.7 59.5 --- 8.9 125.6 ± 12.7  114.9 ± 17.9 

t t 
IMO 1.0 ± 0.4 16.1 ± 1.3 150.9 ± 16.8  133.0 _ 17.5 

24 h After Stress 
Control 4.7 ___ 0.6 60.2 __+ 7.4 138.2 ± 8.2 101.6 _ 10.5 

t * 
IMO 2.2 --+ 0.9 77.3 ± 9.3 91.4 ± 31.8 131.3 ± 25.5 

TABLE 5 

EFFECT OF I H IMMOBILIZATION (IMO) ON BEHAVIOR OF RATS 
IN A HOLEBOARD 

Stressor Defecation Areas Crossed Rearing Head-Dips 

Immediately After Stress 
Control 1.3 -+ 0.8 24.8 ± 8.5 5.7 ± 2.7 8.5 __- 1.3 

t t 
IMO 0.1 --- 0.I 5.6 - 0.9 3.1 --- 1.6 4.1 - 0.7 

24 h After Stress 
Control 1.6 ± 0.8 22.2 ± 6.9 5.5 --- 1.9 9.0 _ 1.7 

IMO 1.7 --- 0.5 9.8 --- 1.7 5.1 - 1.6 3.0 --- 0.4 

Means _ SEM (n= 6-8) are represented. *p<0.05, tp<0.01 

ately after 1 h immobilization, stressed rats showed reduced num- 
ber of areas crossed (p<0.01) and head-dips (p<0.01). Twenty- 
four h later the effect persisted with regard to head-dips only 
(p<0.05).  

The prolactin, corticosterone and glucose levels from the 
second experiment are shown in Table 6. IMO caused a strong 
increase in the three variables (p<0.001 vs. unstressed group in 
the three cases). 

DISCUSSION 

The present data demonstrate that the effect of acute stress 
on rat behavior in a forced swim situation is critically dependent 
on the type of stressor and the time elapsed between stress and 
testing. In the present experiment we tried to relate the changes 
in behavior to the intensity of the stressor. This was evaluated 
in the present experiment by three independent physiological 
variables, prolactin, corticosterone and glucose levels in serum, 
all of which have been repeatedly considered as good markers 
of stress intensity (9,10). Although the results obtained with the 
three measures were not strictly similar, taken together it appears 
clear that noise stress was less severe than restraint or tail shock. 
The latter stressors which presumably differ in various char- 
acteristics show a similar elevation of prolactin, corticosterone 
and glucose levels, and also a very similar effect on the test. 
Therefore, it might be tentatively assumed that stressor intensity 
could exert a major effect of the behavior of rats in the forced 
swim test. 

Thus, immediately after stress, a mild stressor such as noise 
was without effect and two middle intensity stressors such as 
shock and restraint in tubes decreased immobility, this decrease 
being not at expense of an increase in struggling (a more es- 
cape-oriented response) but in mild swim activity. When a more 

TABLE 6 

PHYSIOLOGICAL RESPONSE TO 1 H IMMOBILIZATION (IMO) 

Prolactin Corticosterone Glucose 
Group (ng/ml) (I.~g/dl) (mg/dl) 

Control 1.7 + 0.6 1.2 --- 0.1 144.5 _ 2.1 

IMO 45.9 __. 4.7 55.4 _+ 4.1 315.9 __. 23.8 

Means ± SEM (n = 7-8) are represented. *p<0.05, tp<0.01. Means _ SEM (n = 6-8) are represented. *p<0.001. 
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severe stressor such as immobilization was used (Experiment 2), 
it specifically inhibited struggling behavior. Although unstressed 
animals showed somewhat different values for the behavioral 
variables analyzed, it should be taken into consideration that the 
first experiment was carried out 6 months before the second and 
such as differences are not unexpected in behavioral studies. In 
addition, the effect of acute immobilization on the forced swim 
test has been repeatedly observed in our laboratory (unpublished 
results). 

Only the most severe stressor (immobilization) modified be- 
havior in the test carried out 24 h after stress, the immobilized 
rats showing normal struggling behavior, decreased mild swim 
activity and increased immobility. 

The finding that the three components of behavior in the 
forced swim test are not homogeneously influenced by stress, 
supports the validity of separating them. Although the theoreti- 
cal interpretation of the changes observed could be at present 
speculative, mild swim might be the reflection of arousing prop- 
erties of middle intensity stressors, while struggling behavior 
could be a more escape-oriented response only reduced by ex- 
tremely severe and debilitating situations [see (44)]. 

Other studies have focussed on the effect of stress on behav- 
ior in forced swim situations. Comparison with the present work 
reveals important methodological differences. Thus two labora- 
tories have used mice as subjects. Whereas Nomura et al. (27) 
observed that acute exposure to tail shock increased immobility 
when the mice were tested between 30 min and 7 days after the 
stress session, Prince and Anisman (37) reported that shocked 
mice showed reduced immobility when tested just after stress 
and increased immobility when tested 24 h later. In rats, Weiss 
et al. (44) exposed rats to 2 h of severe electric shock and 90 
min later they tested the rats in a water tank for 15 min. They 
found that inescapable, but not escapable, shock decreased strug- 
gling in the first 5 min of exposure to the tank. It appears likely 
in view of our present results that contradictory results could be 
partially explained assuming that nonsevere stressors cause in- 
vigoration, whereas severe stressors cause debilitating effects. 
Even with a severe stressor such as immobilization, the duration 
of exposure to it might be important since we have found no 
effect of 15 rain immobilization on the response to the same 
forced swim test carried out 24 h after stress (unpublished data). 
In sum, in addition to the influence of the intensity of the stres- 
sor, the effect of the species as well as the time elapsed 
between stressor exposure and testing appear to influence the 
results. 

It was found that 1 h exposure to a mild (noise) or middle 
intensity (restraint in tubes) stressors did not alter holeboard ac- 

tivity in adult male rats. It is, therefore, unlikely that the en- 
hancement of mild swim activity observed in restrained rats 
would have been due to an unspecific increase in activity in all 
novel situations. With a severe stressor such as immobilization 
in wood-boards a profound inhibition of some components of ac- 
tivity/exploration such as the number of areas crossed and the 
number of head-dips was observed. This inhibition of activity in 
the holeboard was accompanied by an inhibition of struggling, a 
behavior which presumably requires higher motor effort than 
mild swim. It is, therefore, tempting to assume that immobiliza- 
tion caused a debilitating action on several motor activities. The 
inhibitory effect of immobilization on these variables related to 
activity/exploration is consistent with previous reports using var- 
ious stressors (11, 24, 26, 29, 38, 42, 43). The persistency of 
some of the effects 24 h later is also consistent with a previous 
report (22). 

Other authors have reported that acute stress increases activ- 
ity in the open-field, especially by increasing the exploration of 
inner areas, in rats and mice (26,40). The reasons for the dis- 
crepancies are unclear. Changes in the characteristics of the ap- 
paratus used in the test, the intensity of the stressors and the 
duration of the test should be taken into account. In addition, 
the procedures used in manipulating the animals during the days 
of acclimation to the laboratory might also contribute. Thus var- 
ious laboratories have found that previous exposure to chronic 
unpredictable stress reduced the behavioral activation caused by 
acute exposure to a novel stressor (16, 21, 41). It might be hy- 
pothesized that chronic exposure to stressors unspeciflcally de- 
sensitizes the animals in response to an unknown stressor. In 
this case the process of desensitization might be restricted to be- 
havioral activation because pituitary-adrenal response to a novel 
stressor is not reduced by previous chronic exposure to stress 
(6,8). Failure to find behavioral activation after various nonse- 
vere stressors in the present experiment would be the conse- 
quence of the ordinary entry into the animal room and handling 
of the rats. 

From the present results it could be concluded that: 1) no 
simple relationship exists between stress and forced swim behav- 
ior, the effect being critically dependent of the intensity of the 
stressor; and 2) classification of behavior into various categories 
might contribute to a better understanding of the effects of ex- 
perimental manipulations such as stress exposure [(44), present 
data] and antidepressant administration (7). 

ACKNOWLEDGEMENT 

This work was supported by a grant from the DGICYT (PB86- 
0030). 

REFERENCES 

1. Amit, Z.; Galina, Z. H. Stress-induced analgesia: adaptive pain sup- 
pression. Physiol. Rev. 66:1091-1120; 1986. 

2. Anisman, H.; Sklar, L. S. Catecholamine depletion in mice upon 
reexposure to stress: mediation of the escape deficits produced by 
uncontrollable shock. J. Comp. Physiol. Psychol. 93:610~i25; 
1979. 

3. Anisman, H.; Zacharco, R. M. Depression: the predisposing influ- 
ence of stress. Behav. Brain Sci. 5:89-137; 1982. 

4. Armario, A.; Campmany, L.; Lopez-Calderrn, A.; Jolin, T. 
Chronic stress reduced GH response to the serotonin agonist 5-meth- 
oxy-N,N-dimethyltryptamine but did not alter pituitary-adrenal, pro- 
lactin or TSH responses in the rat. Stress Med. 6:133-139; 1990. 

5. Armario, A.; Castellanos, J. M. A simple procedure for direct cor- 
ticosterone radioimmunoassay in the rat. Rev. Esp. Fisiol. 40:437- 
44; 1984. 

6. Armario, A.; Castellanos, J. M.; Balasch, J. Effect of chronic noise 
on corticotropin function and on emotional reactivity in adult rats. 

Neuroendocrinol. Lett. 6:121-127; 1984. 
7. Armario, A.; Gavald~t, A.; Martf, O. Forced swimming test in rats: 

effect of desipramine administration and the period of exposure to 
the test on struggling behavior, swimming, immobility and defeca- 
tion rate. Eur. J. Pharmacol. 158:207-212; 1988. 

8. Armario, A.; Hidalgo, J.; Giralt, M. Evidence that the pituitary-ad- 
renal axis does not cross-adapt to stressors: comparison to other 
physiological variables. Neuroendocrinology 47:263-267; 1988. 

9. Armario, A.; L6pez-Calder6n, A.; Jolin, T.; Castellanos, J. M. 
Sensitivity of anterior pituitary hormones to graded levels of psy- 
chological stress. Life Sci. 39:471--475; 1986. 

10. Armario, A.; Montero, J. L.; Balasch, J. Sensitivity of corticoste- 
rone and some metabolic variables to graded levels of low intensity 
stresses in adult male rats. Physiol. Behav. 37:559-561; 1986. 

11. Arnsten, A. F. T.; Berridge, C.; Segal, D. S. Stress produces opi- 
oid-like effects on investigatory behavior. Pharmacol. Biochem. Be- 
hav. 22:802-809; 1985. 



B E H A V I O R A L  EFFEC T S  OF  S T R E S S  377 

12. Bidzinska, E. J. Stress factors in affective diseases. Br. J. Psychia- 
try 144:161-166; 1984. 

13. Borsini, F.; Meli, A. Is the forced swimming test a suitable model 
for revealing antidepressant activity? Psychopharmacology (Berlin) 
94:147-160; 1988. 

14. File, S. E.; Wardill, A. G. Validity of head-dipping as a measure 
of exploration in a modified holeboard. Psychopharmacologia 44: 
53-59; 1975. 

15. Freeman, G. B.; Thurmond, J. B. Brain amines and effects of 
chlordiazepoxide on motor activity in response to stress. Pharmacol. 
Biochem. Behav. 22:665-670; 1985. 

16. Garcia-M~quez, C.; Armario, A. Chronic stress depresses explor- 
atory activity and behavioral performance in the forced swimming 
test without altering ACTH response to a novel acute stressor. 
Physiol. Behav. 40:33-38; 1987. 

17. Garcia-M~rquez, C.; Armario, A. Interaction between chronic stress 
and clomipramine treatment in rats. Effects on exploratory activity, 
behavioral despair, and pituitary-adrenal function. Psychopharmacol- 
ogy (Berlin) 93:77-81; 1987. 

18. Grilly, D. M.; Dugovics, J. P. Effects of immobilization stress on 
shock discrimination performance in rats. Physiol. Behav. 29:1077- 
1081; 1982. 

19. Jesberger, J. A.; Richardson, J. S. Animal models of depression: 
parallels and correlates to severe depression in humans. Biol. Psy- 
chiatry 20:764-784; 1985. 

20. Katz, R. J. Animal models and human depressive disorders. Neuro- 
sci. Biobehav. Rev. 5:247-251; 1981. 

21. 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. Biobehav. Rev. 5:247-251; 1981. 

22. Kennett, G. A.; Chaouloff, F.; Marcou, M.; Curzon, G. Female rats 
are more vulnerable than males in an animal model of depression: 
the possible role of serotonin. Brain Res. 382:416-421; 1986. 

23. Kvetnansky, R.; Mikulaj, L. Adrenal and urinary catecholamines in 
rats during adaptation to repeated immobilization stress. Endocrinol- 
ogy 87:738-743; 1970. 

24. Lanum, J.; Campbell, M. E.; Blick, D. W.; Knox, J.; Wheeler, T. 
G. Effects of restraint on open-field activity, shock avoidance learn- 
ing, and gastric lesions in the rat. Anim. Learn. Behav. 12:195- 
201; 1984. 

25. Lee, E. H. Y.; Tsai, M. J.; Chai, C. Y. Stress selectively influ- 
ences center region activity of mice in an open field. Physiol. Be- 
hav. 37:659~62; 1986. 

26. Lehnert, H.; Reinstein, D. K.; Strowbridge, B. W.; Wurtman, R. 
J. Neurochemical and behavioral consequences of acute, uncontrol- 
lable stress: effects of dietary tyrosine. Brain Res. 303:215-223; 
1984. 

27. Leitner, D. S. Multisensory deficits in rats produced by acute expo- 
sure to cold swim stress. Behav. Neurosci. 103:151-157; 1989. 

28. Maier, S. F. Learned helplessness and animal models of depression. 
Prog. Neuro-Psychopharmacol. Biol. Psychiatry 8:435-446; 1984. 

29. Nabeshima, T.; Matsuno, K.; Kamei, H.; Noda, Y.; Kameyama, 

T. Electric footshock-induced changes in behavior and opioid recep- 
tor function. Pharmacol. Biochem. Behav. 23:769-775; 1985. 

30. Nishimura, H.; Tsuda, A.; Oguchi, M.; Ida, Y.; Tanaka, M. Is im- 
mobility of rats in the forced swim test "behavioral despair?" 
Physiol. Behav. 42:93-95; 1988. 

31. Nomura, S.; Shimizu, J.; Kametami, H.; Kinjo, M.; Watanabe, M.; 
Nakazawa, T. Swimming mice: in search of an animal model for 
human depression. In: Langer, S. Z.; Takahashi, R.; Segawa, T.; 
Briley, M., eds. New vistas in depression. Oxford: Pergamon Press; 
1982:203-210. 

32. Overmier, J. B.; Seligman, M. E. P. Effects of inescapable shock 
upon subsequent escape and avoidance learning. J. Comp. Physiol. 
Psychol. 63:23-33; 1967. 

33. Platt, J. E.; Stone, E. A. Chronic restraint stress elicits a positive 
antidepressant response on the forced swim test. Eur. J. Pharmacol. 
82:179-181; 1982. 

34. Porsolt, R. D. Behavioral despair. In: Enna, S. J.; Malick, J. B.; 
Richelson, E., eds. Antidepressants: Neurochemical, behavioral and 
clinical perspectives. New York: Raven Press; 1981:121-139. 

35. Porsolt, R. D.; Anton, G.; Blavet, N.; Jalfre, M. Behavioural de- 
spair in rats: a new model sensitive to antidepressant treatments. 
Eur. J. Pharmacol. 47:379-391; 1978. 

36. Porsolt, R. D.; Le Pichon, M.; Jalfre, M. Depression: a new model 
sensitive to antidepressant treatments. Nature 266:730-732; 1977. 

37. Prince, C. R.; Anisman, H. Acute and chronic stress effects on per- 
formance in a forced-swim task. Behav. Neural Biol. 42:99-119; 
1984. 

38. Reinstein, D. K.; Lehnert, H.; Scott, N. A.; Wurtman, R. Tyrosine 
prevents behavioral and neurochemical correlates of an acute stress 
in rats. Life Sci. 34:2225-2231; 1984. 

39. Roth, K. A.; Katz, R. J. Stress, behavioral arousal, and open field 
activity--a reexamination of emotionality in the rat. Neurosci. 
Biobehav. Rev. 3:247-263; 1979. 

40. Seligman, M. E. P.; Maier, S. F. Failure to escape traumatic shock. 
J. Exp. Psychol. 74:1-9; 1967. 

41. Soblosky, J. S.; Thurmond, J. B. Biochemical and behavioral cor- 
relates of chronic stress: Effects of tricyclic antidepressants. Phar- 
macol. Biochem. Behav. 24:1361-1368; 1986. 

42. Stone, E. A. Swim-stress-induced inactivity: relation to body tem- 
perature and brain norepinephrine, and effects of d-amphetamine. 
Psychosom. Med. 32:51-59; 1970. 

43. Weiss, J. M.; Bailey, W. H.; Pohorecky, L. A.; Korzeniowski, D.; 
Grillione, G. Stress-induced depression of motor activity correlates 
with regional changes in brain norepinephrine but not in dopamine. 
Neurochem. Res. 5:9-22; 1980. 

44. Weiss, J. M.; Goodman, P. A.; Losito, B. G.; Corrigan, S.; 
Charry, J. M.; Bailey, W. H. Behavioral depression produced by 
an uncontrollable stressor: relationship to norepinephrine, dopamine, 
and serotonin levels in various regions of rat brain. Brain Res. Rev. 
3:167-205; 1981. 

45. Willner, P. The validity of animal models of depression. Psycho- 
pharmacology (Berlin) 83:1-16; 1984. 


