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Groups of rats were exposed to training procedures that produce leverpress avoidance (Ex
periment 1) or escape (Experiment 2) behaviors. Plasma samples were obtained by decapitation 
after 30 sessions, and corticosterone concentrations were determined and compared with those 
of corresponding yoked and nonshocked (time-in-box) groups. The mean corticosterone level of 
the "avoiders" was lower than that of their yoked mates and not different from that of their non
shocked mates. This indicated a reduction in their arousal level with mastery of the avoidance 
response, which could not be accounted for by the reduction in numbers of shocks received. The 
mean corticosterone level of the "escapers" was as high as that of their yoked mates, and both 
levels were higher than that of the nonshocked group. 

The activation of the pituitary-adrenal system in 
response to stress in general (Selye, 1956) and to the 
avoidance situation in particular has been estab
lished and discussed by several authors (see Brush & 
Froelich, 1975; Di Giusto, Cairncross, & King, 1971; 
Gray, 1971; Leshner, 1978; Levine, 1971). Coover, 
Ursin, and Levine (1973) proposed that graded eleva
tions in plasma corticosterone follow aversive stimu
lation and can serve as an appropriate indicator of 
the associated arousal levels of the animal. They took 
three postsession plasma samples from their rats dur
ing the course of shuttle-box avoidance training and 
found elevations of plasma corticosterone levels at 
the beginning of training that decreased later when 
their animals' avoidance behavior had stabilized. 
Coover et a1. (1973) argued that the indicated de
crease in the arousal level of their rats was not nec
essarily due to a reduction in the frequency of elec
tric shocks associated with good avoidance perfor
mance. In support of their position, they found no 
significant correlation between the number of shocks 
received during the sampled sessions and the corre
sponding plasma corticoid levels of the animals. 
They also found that increases in the level of the hor
mone could be obtained following periods of no 
shocks (i.e., forced extinction). Coover et al. (1973) 
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therefore suggested that the avoidance situation be
comes less stressful as the rats achieve predictability 
and control of it. 

However, several issues remain unresolved. For ex
ample, the absence of a correlation between the num
ber of shocks and corticosterone levels could be due 
to the reported high variability of the latter (Davis, 
Porter, Livingstone, Herrmann, MacFadden, & Levine, 
1977; Weiss, 1971). Also, Coover et a1. (1973) did 
not separate such factors as habituation, adaptation, 
or sensitization to the shocks from those associated 
with mastery of the avoidance response. 

A clarification of the effects of the reduction in the 
number of shocks received as a consequence of avoid
ance responding, as well as the possible effects of 
habituation, adaptation, or sensitization are not 
available from the correlational approach. The use 
of a yoked-control procedure, in which another rat 
receives the same number and duration of shocks as 
its counterpart in the escape/avoidance situation, is 
required. The need for data from the use of the yoked
control procedure was also noted by Natelson, 
Krasnegor, and Holaday (1976). 

In addition, Coover et a1. (1973) did not report on 
the corticosterone levels of those rats that did not 
learn to avoid (presumably, about 280/0; see Brush, 
1966). Fjermestad (1976) conducted an experiment 
similar to that of Coover et a1. (1973) but used the 
leverpress avoidance situation. Following the initial 
elevations, he found similar decreases in plasma 
corticosterone levels to be associated with successful 
avoidance acquisition. However, no such significant 
decreases in stress hormone levels occurred in rats 
failing to acquire the avoidance response, whether by 
self-selection or in a group trained with conditions 
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that generally produce poor avoidance performance 
(see Berger & Brush, 1975). Only those animals that 
learned to avoid (60% or more avoidances), regard
less of the training conditions, showed reduced stress 
hormone levels at the end of the training when the be
haviors had stabilized. Fjermestad also found no sig
nificant correlations between corticosterone levels 
and numbers of shocks received. 

Finally, Coover et al. (1973) and Fjermestad (1976) 
obtained repeated samples of plasma from their rats 
following several selected sessions during the course 
of their escape/avoidance training. Under such con
ditions, it is conceivable that the extra time required 
for anesthesia with highly aroused animals may have 
allowed the stress of the sampling procedure to alter 
the plasma corticosterone levels. Leshner (1978, 
p. 255) and others have reported that a rise in gluco
corticoid secretion is detectable within 3-5 min after 
the onset of a stressor. Therefore, a single sampling 
by decapitation is preferable because it minimizes 
any possible reaction by the rapidly responding 
pituitary-adrenal system from the sampling per se. 

EXPERIMENT 1 

With this experiment, we attempted to replicate the 
reduction in plasma corticosterone levels that accom
panies mastery of an avoidance response (Coover 
et aI., 1973; Fjermestad, 1976), but with the additiop. 
of a yoked-control group to examine the effects of 
the reduced number of shocks received as a conse
quence of the avoidance behavior of the experimental 
animals. The possible effects of any type of altera
tion in the sensitivity of the rats that may result from 
the prolonged exposure to the shocks could also be 
detected. Escape/avoidance training using the suc
cessful 6O-sec signal-shock interval (see Berger & 
Brush, 1975, Experiment 2) was presented for 30 ses
sions to be certain that the animals' behavior had 
stabilized prior to the plasma sampling by decapi
tation. 

Method 
Subjects. Forty-eight adult male Sprague-Dawley albino rats 

were obtained from Taconic Farms, Germantown, New York. 
All were experimentally naive and weighed between 245 and 370 g 
upon arrival. The animals were maintained on a cholesterol
supplemented diet (Lasser, Roheim, Edelstein, & Eder, 1973), be
cause they were also part of our investigation for the American 
Heart Association of the effects of psychological stress on lipid 
metabolism. The diet consisted of IOJo cholesterol, IOOJo olive oil, 
and 89OJo Purina Lab Chow. The colony room was continuously 
illuminated. 

Apparatus. Four BRS-Foringer Series 900 and two BRS/LVE 
Model 143 operant conditioning chambers were used. Three of the 
six chambers (two BRS-Foringer and one BRS/L VEl were pro
grammed for the escape/avoidance conditions. The other three 
were used for the yoked-control treatment and therefore had no 
levers or signals. The shock source for each of the yoked chambers 
was cued by the shock programmer for one of the adjacent escape/ 

avoidance chambers. Each chamber was enclosed in an outer box 
for attenuation of external sounds. The warning signal for all ap
propriate boxes was a I,OOO-Hz tone provided by a BRS-Foringer 
AU-902 audio generator. It raised the 72-dB noise level, from the 
ventilating fan in each box, to 79 dB (SPL). 

In the BRS-Foringer boxes, the safety signal carne from pulsing 
28-V dc through two 14-V (GE 1893) bulbs wired in series at I Hz. 
These bulbs were located over the center of the conditioning cham
bers on the ceiling of their outer boxes. Their grid shocks carne 
from BRS-Foringer SC-901 shock scramblers and were generated 
by BRS-Foringer SG-901 shock sources. The safety signal for the 
BRS/LVE box was provided by pulsing a single 28-V (GE 1820) 
bulb, located at the top of the lever panel, with 28-V dc at 1 Hz. 
Their grid shocks carne from BRS/L VE SG-903 shock generators 
through BRS/L VE SC-922 shock scramblers. 

For all the boxes, a shock intensity of 2 rnA was set by placing 
an ac milliammeter across adjacent grid bars. General illumination 
in each chamber was provided by a 28-V (GE 1820) cue light, 5 cm 
over the lever, which was operated at 20-V ac from an isolated 
source. Each lever required an operating force of 12 g. 

Procedure. The animals were assigned randomly to one of the 
three groups. The experimental group (E) contained 16 rats. Each 
animal was assigned a yoked-control mate (Group Y) that was run 
at the same time as its experimental mate in an adjacent chamber. 
The rats in Group Y received unpredictable, uncontrollable grid 
shocks in the same sequence, order, and duration as did their 
escape/avoidance mate (when it failed to avoid), because their 
shock sources were cued together. Finally, a group of 16 animals 
served as a time-in-box control (Group TIB) for any effects due to 
daily handling and box exposure. These animals spent the same 
amount of time as all the others in the apparatus but without any 
signals or shocks. This triplet design is similar to that used by Weiss 
(1971). 

Four days after arrival, the stressed animals (Groups E and Y) 
were placed on the cholesterol-supplemented diet, and they re
mained on it for 15 days prior to, as well as throughout, the escape/ 
avoidance training period. Our prior observations had shown that 
the stressed groups ate significantly less of the diet than did the 
time-in-box control group. Therefore, Group TIB was started on 
the diet and run I day behind the others throughout the experi
ment. They were fed an amount equal to the mean intake of the 
other two animals in their triplet (which, as a group, ate essentially 
the same amounts) for the previous day. They also remained on 
the diet for 15 days prior to, as well as throughout, the training 
period. No food was available for any group during the daily train
ing sessions. 

On the day before the escape/avoidance training sessions began, 
the animals were allowed to explore their experimental chambers 
for 51 min with only the house lights and fans operating. The 
typical training trial began with the onset of the warning signal, 
which lasted for 60 sec. At the end of this interval, if no avoidance 
leverpress occurred, a .5-sec shock was delivered to the rat via the 
grid floor. Additional shock pulses were presented on a I-min vari
able interval schedule, in the presence of the warning signal, until 
a leverpress did occur. A press during the warning signal, but be
fore the first shock pulse, was recorded as an avoidance response, 
whereas a response following the occurrence of one or more shock 
pulses was classified as an escape response. The consequences of 
the press were the same in each case. A leverpress terminated the 
warning signal and the train of shock pulses if it had been initiated 
and started a 5-min safe period accompanied by the flashing-light 
safety signal. An escape response occurring during any .5-sec 
shock pulse could reduce its duration. The number of shock pulses 
received was recorded. 

The 51-min daily training sessions held the duration of stress ex
posure constant and allowed for a maximum of 10 trials to occur, 
but the actual number in each session depended on the animal's re
sponse latencies. It was possible for an animal to spend the entire 
session in the presence of the initial warning signal, and, if the rat 
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failed to respond, it would receive approximately SI of the .S-sec 
shock pulses. The last trial of the day could be terminated at any 
time by the end of the session, leaving the animals in the presence 
of the houselight and fan until they were remov.ed from the cham
bers. 

Two sets of triplets were run during each daily session, begin
ning at 8 a.m. and ending at approximately 4 p.m. This arrange
ment generally insured that a representative from each group was 
run during every session throughout each day, in an attempt to 
balance out differences in steroid levels associated with the time 
of the session. The animals in Group TIB were distributed among 
all the experimental chambers to control for any differences attrib
utable to the apparatus alone, and they were exposed to only the 
houselight and ventilating fan during the training sessions. 

Directly following their 30th session, the rats were removed 
from the operant chambers in random order. Upon removal, each 
was weighed, carried to an adjoining room, and decapitated imme
diately, and its trunk blood was collected in heparinized, soap-free 
tubes. The plasma was separated and frozen for later analysis 
(blind) of its corticosterone content by the fluorometric method 
of Glick, Von Redlich, and Levine (1964), as modified by Brush 
(Note I) . 

Results 
Group E's mean percentages of avoidance re

sponses, based on the individual animal's five-session 
block medians, are presented in Figure 1 (solid lines) 
for comparison purposes. Overall, over 60% was ob
tained by the third block; mean performance climbed 
to over 70070 during the last two blocks. A one-way 
within analysis of variance showed that the percent
age of avoidances increased significantly over the 
training period [F(5,75)= 17.07, P < .05]. A Newman
Keuls test showed that the percentage of avoidances 
in all subsequent blocks was greater than in Block I, 
and that Blocks 5 and 6 were also higher than Block 2 
(ps < .05). The total percentage of avoidances for the 
30 training sessions was obtained for each rat, based 
on its total number of trials. The group median of 
these total percentages was 69.9070. 

The mean corticosterone levels obtained from the 
plasma samples are illustrated in Figure 2. One sam
ple from Group TIB was lost during centrifugation. 
The lighter bars in the left panel, labeled "60-sec con
dition, " show the terminal plasma corticosterone 
levels (± standard error) of Group E, Group Y, and 
Group TIB. A one-way analysis of variance revealed 
that there was a significant treatment effect [F(2,44) 
=9.57, p < .05]. Newman-Keuls comparisons showed 
that the mean corticosterone level of Group E was 
lower than that of Group Y (p < .05), and that both 
were higher than Group TIB (ps < .05). 

Only 10 of the rats actually mastered the avoidance 
response (defined as 60070 total avoidance and above). 
The mean plasma corticosterone level of this sub
group of "avoiders," together with those of their 
yoked and time-in-box control mates, are shown by 
the dar'ker bars in the left panel of Figure 2. A one
way analysis of variance, recomputed with just these 
data, yielded a significant treatment effect [F(2,27) = 
5.31, P < .05]. The corticosterone levels of the 
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Figure 1. Percent avoidance responses as a function of tbe 
means of five-session block medians. Tbe solid lines represent tbe 
performance of tbe group trained witb a 6O-sec signal-sbock inter
val (Experiment I). The dashed lines represent the performance 
of the group trained with the IO-sec signal-shock interval (Experi
ment 2). 

"avoiders" and their time-in-box control mates both 
differed from those of the yoked-control animals 
(ps < .05, Newman-Keuls), but not from each other. 
The mean hormone level of the six animals that at
tained totals of less than 60070 avoidances (mean = 
28.2070) was 29.48 ± 5.44 mg/l00 ml. 

The total number of shocks received by each rat in 
Groups E and Y over the 30 sessions was obtained. 
The mean for the entire group was 218.8. 

Discussion 
The 6O-sec signal-shock interval produced gener

ally reliable leverpress avoidance behavior in Group E. 
The associated lower plasma corticosterone levels of 
Group E, compared with those of their yoked-control 
mates in Group Y, indicated a decrease in their arousal 
in relation to their mastery of the leverpress avoid
ance task. With the data from the poorer performers 
(below 60070 total avoidances) excluded, the effect 
was even more pronounced. In fact, the mean plasma 
corticosterone levels of the "avoiders" were not sig
nificantly above those of their time-in-box control 
mates that received no shocks. Furthermore, the 
lower hormone levels cannot simply be the result of 
receiving fewer shocks or of some type of habitua
tion, because such effects would have also reduced 
the corticosterone levels of Group Y. 

These findings agree with those of Coover et al. 
(1973), who used the shuttle box. They are supported 
by those of Fjermestad (1976) with the leverpress 
procedure and, most recently, by those of DeVito 
(1979), who observed a gradual reduction in plasma 
corticosterone over training sessions using a proce
dure similar to the present one, but with a 30-sec 
signal-shock interval. Such results also reflect the ap
parent "nonchalance" of animals after they have 
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Figure 2. The concentrations of corticosterone obtained from plasma samples taken immediately following the 30th escape/avoidance 
training session. The three lighter bars in the left panel show the mean levels of the entire group trained with the 6O-sec signal-shock in
terval condition (Experiment 1), the yoked-control group, and the time-in-box control group. The three darker bars in the left panel 
represent the mean corticosterone levels of the subgroup "avoiders" that obtained 60070 or more avoidances and their yoked and time
in-box mates, respectively. Similarly, the lighter bars in the right panel show the mean corticosterone levels of the entire group trained 
with the 10-sec signal-shock interval condition (Experiment 2) and those of the two corresponding control groups. The darker bars in the 
right panel show the mean corticosterone levels of the subgroup of "escapers" that obtained 30070 avoidances or below and their yoked 
and time-in-box mates, respectively. 

mastered an avoidance response, which has been 
commented on by Coover et al. (1973), Solomon and 
Wynne (1954), and others. 

EXPERIMENT 2 

The second experiment was aimed at measuring the 
terminal plasma corticosterone concentrations of rats 
that fail to acquire the leverpress avoidance response. 
The hormone levels of those self-selected six animals 
in Experiment 1 that avoided the initial brief shocks 
less than 60"10 of the time were relatively higher than 
those of the rats that mastered the avoidance task. 
However, by using the same escape/avoidance train
ing procedure, but with a lO-sec signal-shock inter
val, it was possible to insure that most of the rats 
would remain in the escape phase (Berger & Brush, 
1975). The same control conditions as in Experi
ment 1 were used again for the same reasons as be
fore. 

Method 
SUbjects. Forty-eight adult male rats of the same strain and 

weight range as those in Experiment 1 were obtained from the 
same source. They were also maintained on the same diet. 

Apparatus. The apparatus was the same as that u.sed in Experi
ment 1 above. 

Procedure. The triplet design (Weiss, 1971) was used. Every de· 
tail of the procedure was as described for Experiment 1, except that 

the experimental group (E) was trained with a lO-sec signal-shock 
interval. 

Results 
The group mean percentages of avoidance re

sponses of five-session medians for Group E are also 
presented in Figure 1 (broken lines). Their perfor
mance was relatively stable over the entire training 
period. They were generally unable to avoid most of 
the shocks, although they did efficiently escape from 
them. These data were analyzed as in Experiment 1. 
The results yielded a significant effect [F(5,75) = 12.23, 
P < .05]. However, the Newman-Keuls comparisons 
showed that the effect was due to the fact that the 
percentages of avoidances in Blocks 2 and 6 were sig
nificantly above those in Block 1 (ps < .05) and not 
to a general increase over trial blocks as in Experi
ment 1. None of the other blocks differed from each 
other (p > .05). The total percentage of avoidances 
for the 30 training sessions was again obtained for 
each rat, based on its total number of trials. The me
dian of these total percentages was 15.2%. 

The mean corticosterone levels obtained from the 
terminal plasma samples are illustrated by the lighter 
bars in the right panel of Figure 2, under the "10-sec 
condition" heading. A plasma sample from Group 
TIB was lost through a procedural error. A one-way 
analysis of variance indicated that there was a signifi-
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cant treatment effect [F(2,44) = 21.80, p < .05). 
Newman-Keuls comparisons showed that the corti
costerone concentrations of Groups E and Y did not 
differ from each other (p > .05), but were both higher 
than those of Group TIB (ps < .05). 

Not all the rats failed to acquire the avoidance re
sponse. Thirteen were identified as having remained 
in the escape phase of training (defined as 30070 total 
avoidances or below). The plasma corticosterone 
concentrations of these " escapers" were compared 
with those of their associated control mates by another 
one-way analysis of variance [F(2,35) = 20.58, p < .05) . 
Once again, Newman-Keuls tests showed that the 
stress hormone levels of Groups E and Y were statis
tically equivalent (p > .05) and higher than those of 
Group TIB (ps < .05). The levels of these subgroups 
are shown by the darker bars in the right panel of 
Figure 2. The remaining three animals in Group E 
attained above 30070 total avoidances (mean = 42.8070) 
and had a mean plasma corticosterone concentration 
of 19.10 ± 3.62 mg/l00 ml. 

The total number of shocks received by each ani
mal in the shocked groups during the entire 30 ses
sions was also tabulated. The overall mean was 385.9. 

Discussion 
As expected, the lO-sec signal-shock interval con

dition continued to disrupt the lever press avoidance 
performance of most of the rats for the extended pe
riod of training, resulting in an average of less than 
16070 avoidances over the 30 sessions. In addition, as 
indexed by their corticosterone concentrations on the 
last day, the arousal levels of Group E were as high 
as those of their yoked-control counterparts in 
Group Y. Even though the rats in Group E had learned 
to escape from the train of shock pulses, the onset of 
the initial shock pulses at the end of the signal-shock 
interval was, for them, essentially uncontrollable, 
and their corticosterone concentrations reflect high 
arousal levels similar to those of their helpless (yoked) 
partners (see Weiss, 1971). 

Interestingly, the mean level of Group Y in the 
present experiment was actually slightly lower than 
that of the corresponding group (Y) in Experiment 1 
that received considerably fewer shocks, thereby ruling 
out the numbers of shocks received as the determiner 
of the animals' corticosterone response. However, 
the corticosterone levels of the animals in Group E 
in both experiments were roughly inversely related to 
their levels of avoidance performance. 

The above findings do not appear to agree with 
those of Davis et al. (1977), who found a decrease in 
the plasma corticosterone concentrations of rats after 
15 days of unsignaled lever press escape training, sim
ilar to that reported by Coover et al. (1973) with rats 
in the shuttle-box avoidance task. However, there 
are a number of important methodological differ-

ences between the present and the Davis et al. (1977) 
studies that complicate attempts to compare them. 
The decrease in corticosterone level reported by the 
latter authors was based upon within-subjects com
parisons with previous elevations earlier in the train
ing, rather than in comparison with yoked-control 
animals, as in the present study. Davis et al. (1977, 
Experiment 2) did provide a group of rats with in
escapable shocks, equated in number, distribution, 
and mean duration to those received by the rats in 
their first experiment. However, that procedure was 
not exactly comparable to the present yoked-control 
procedure because the .25-sec shocks were presented 
on a fixed-intervaI30-sec schedule and were therefore 
temporally predictable. Weiss (1970) reported lower 
plasma corticosterone level with predictable, as com
pared with unpredictable, shocks in yoked pairs of 
rats. The corticosterone data were reported by Davis 
et al. (1977) in terms of percentage change from the 
animals' mean basal levels, and those mean basal 
values were quite different from each other. There
fore, we cannot determine if the animals in Experi
ments 1 and 2 of Davis et al. (1977) differed signif
icantly in corticosterone level on the 15th day of their 
training, and that information was not provided by 
the authors. Finally, the intensity and duration of the 
shocks differed between the present study and that of 
Davis et al. (1977). The latter used .4-rnA shocks av
eraging .25 sec in duration, whereas 2-mA, .5-sec 
shocks were used in the present study. 

It is not possible to determine from the present ex
periments whether the elevations in plasma cortico
sterone observed with Group E in Experiment 2 were 
the result of their failure to learn the avoidance re
sponse or the cause of that failure . Support for the 
latter position comes from several theorists who have 
proposed that the relationship between arousal and 
performance is nonmonotonic (e.g., see Ferguson, 
1976, chap. 6). It is possible that the animals in that 
group were sufficiently aroused to be on the down 
side of an inverted-U function. One possible inter
pretation would then be that the elevation in endog
enous corticosterone observed may have actually 
been causally related to the poor avoidance perfor
mance. There is ample evidence that shows that exog
enous corticosterone and related steroids reduce 
fear-motivated responding (e.g., Weiss, McEwen, 
Silva, & Kalkut, 1969, 1970, with adrenalectomized 
rats), and they facilitate extinction of avoidance be
havior (e.g., Leshner, 1978, p. 262; Wimer sma 
Greidanus, 1970, with intact rats) . Furthermore, 
Delft (1970) showed that pretraining and stress levels 
of endogenous corticosterone were inversely related 
to the rats' ability to learn the avoidance response in 
the pole-jump situation, and also that fewer intertrial 
responses were associated with the higher hormone 
levels. In their review, DiGiusto et al. (1971) con~ 
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eluded that the condition of high adrenocorticotrophic 
hormone, high glucocorticoid levels associated with 
avoidance training in intact animals, may retard or 
enhance the acquisition of these responses, depend
ing on the difficulty of the task or the stage of acqui
sition. Judging from the frequent reports of training 
difficulties (e.g., Bolles, 1970; Meyer, Cho, & 
Wesemann, 1960) and the problems with competing 
behaviors (see Hoffman & fleshier, 1962), the lever
press is a difficult task for avoidance training. This 
suggests that high endogenous levels of corticosterone 
may be antagonistic to leverpress avoidance perfor
mance. The 10-sec signal-shock interval used in Ex
periment 2 may not allow the reported initially high 
level of corticosterone to adapt out during the course 
of the avoidance training (Coover et al., 1973; 
Fjermestad, 1976) and may reinforce its conditioned 
occurrence as a generalized response to the warning 
signal and apparatus (Coover et al., 1973), thus in
hibiting avoidance responding. 

REFERENCE NOTE 

1. Brush, F. R. Personal communication, July 1976. 
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