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ROTH, K. A. AND R. J. KATZ. Stress, behavioral arousal, and open field activity-A reexamination of emotionality in the 
rat. NEUROSCI. BIOBEHAV. REV. 3(4) 247-263, 1979.--The effects of stress upon emotionality, and of emotionality 
upon the open field activity of rats have now been studied for over four decades. Controversy remains however regarding 
the degree to which stress alters behavior, and the direction of that change. One reason for this is the absence of an 
adequate behavioral definition of stress. The present series of experiments demonstrates a standard relatively nontraumatic 
stress induction procedure which may be used in conjunction with open field testing. Pre-exposure to moderately intense 
light and white noise facilitated open field activity as measured by initial activity, lowered defecation scores, and supple- 
mentary measures (rearing, grooming, center field penetration). Further parametric, psychoendocrine, and pharmacologi- 
cal studies characterized the nature of the facilitation, its time course, and its modification by other manipulations. Our 
results suggest the initial behavioral response to stress in an open field is activation. Previous studies may have differed in 
their results relating stress and behavior because of subtle procedural distinctions, some of which may be identified using 
the present technique. 
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OPEN field activity remains the primary unconditioned indi- 
cator of emotionality in laboratory investigations of a variety 
of species. The test involves single or repeated short dura- 
tion placements into a novel environment of limited com- 
plexity [7, 14, 28, 29, 60]. Defecation and various parameters 
of motor activity have been taken as the major indices of 
emotional reactivity, with rearing and grooming, and occa- 
sionally urination serving as supplementary measures of one 
or more underlying emotional states. The reliability and va- 
lidity of defecation and initial degree of ambulation are well 
established [1, 7, 32, 33] and additionally supported by ex- 
tensive factor analytic studies [15,51]. These studies have 
also identified possible determinants of open field behaviors 
in addition to emotionality. 

The simplicity and economy of the test combined with an 
increasing appreciation of the ecological validity of its de- 
pendent variables [7, 44, 51, 60] render it a valuable labora- 

tory procedure, at least in principle, and the potential exists 
for standardization across species and testing conditions. 
Despite the potential utility of the test, however, and an 
extensive literature now spanning four decades, controversy 
remains regarding a number of findings upon emotionality, 
stress, and their relation, as measured using typical open 
field procedures. While a number of reports suggest stress 
antecedent to, or concurrent with, open field testing is be- 
haviorally inhibitory, this is far from universally true. 
Examples of behaviorally inhibitory antecedent manipula- 
tions include primarily shock [5,39], fear conditioning [5, 8, 
9, 16, 30, 41, 44, 45] and isolation [2, 25, 27, 56]. Concomit- 
ant stress related manipulations which decrease activity in- 
clude the above conditions and also the presence of pred- 
ators [53], excess noise [14, 18, 22, 60], intense illumination 
[20,22], or a Pavlovian CS ÷ (conditioned stimulus) for shock 
[44]. 
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On the other hand, however, isolation has also been re- 
ported to decrease rather than increase emotionality, in a 
closely related design [61]. Also note [13] for a review of 
some of the theoretical and empirical issues associated with 
individual housing in rodents. Shock may not always pro- 
duce inhibition except at traumatic levels [5]; certain forms 
of noise stress facilitate behavior in open field related set- 
tings [10] and predators may have no effect upon open field 
activity or prey [17]. 

One possible cause of much discrepancy may be a lack of 
procedural standardization (see below). In the case of isola- 
tion stress, for example, Goldsmith et al. [25] have demon- 
strated that changes in both behavior and pituitary-adrenal 
activity are dependent upon time course, with the only evi- 
dence of a possible stress effect occurring after 6 months of 
isolation. Species differences may also account for some de- 
gree of variability [7]. A third, and perhaps equally important 
reason is that stress, while well defined as an endocrine and 
physiological state (i.e., as supranormal hypothalamic- 
pituitary-adrenal (HPA) activity, e.g., [55], is at best poorly 
defined behaviorally). Stress has alternately been equated by 
different researchers both with emotionality (i.e., a profile of 
increased defecation and freezing in the open field), or with 
generalized arousal [7,57]; however, both descriptions have 
been made with only limited controlled observation. Finally, 
and closely related to the latter, the evaluation of the acute 
behavioral effects of stress has often of necessity utilized 
animals that are debilitated physically. 

The present set of experiments was designed with several 
related aims. At the outset we asked if open field activity 
could provide a preliminary behavioral definition of one 
specific aspect of stress. In asking this we utilized a stress 
procedure which was relatively nondebilitating and non- 
traumatic in comparison with other stressors such as cold 
swim, shaker stress, or shock. This was done to minimize 
confounding exhaustion, trauma, debilitation, or ataxia with 
observed differences in behavioral performance. A second 
reason for the utilization of a single nontraumatic stress was 
to allow a more adequate and factorial study of one particu- 
lar stressor with potentially wider applicability. Not all stres- 
sors are equivalent in their actions or course (e.g. [43]). 
Given a behavioral definition of acute stress in the open field 
we further investigated the temporal parameters of the re- 
sponse, and its psychoendocrine and psychopharmacologi- 
cal concomitants. The series of seven experiments, then, 
offers an overview of one form of stress as both a psychoen- 
docrine and a behavioral response. 

GENERAL METHOD 

Subjects 

A total of 235 adult male Sprague-Dawley rats (Charles 
River Farms, Portage, MI) 70-80 days old at the start of 
testing were maintained on ad lib food (Teklad 4.0% fat ro- 
dent diet S-0836; Madison, WI) and tap water, and automati- 
cally programmed 12 hr/12 hr lighting cycles (lights on from 
07:00 to 19:00 hr). Subjects were housed 2 rats/cage in 
25× 18x 17 cm stainless steel cages. 

Apparatus 

Testing was carried out in a square white Plexiglas open 
field each side of which was 1.22 m and the height of which 
was 45 cm. The apparatus floor was divided into 16 equal 

squares 30.5 cm/side to allow the assessment of locomotion. 
The apparatus was cleaned thoroughly between tests by re- 
peated washing with tap water, followed by sponging until 
dry. 

Behavioral Procedure 

The subjects were habituated to the presence of an exper- 
imenter and typical noises associated with the experiment 
during the week preceding testing. On three or more occa- 
sions one or two laboratory personnel entered the room in 
which the subjects were housed to perform routine tasks at 
about the same period in the lighting cycle in which the ex- 
periment would later be run. Since security personnel also 
periodically checked the housing corridor the eventual pres- 
ence of an experimenter upon the test night was not a novel 
stimulus for the animals. 

All testing began at 21:00 hr (i.e., 2 hr after the onset of 
the dark cycle). Both subjects were removed from their cage 
at the same time and placed in 48×27×20 cm polypropylene 
cages (Scientific Products series 140) for individual trans- 
port. The control (i.e., unstressed) rat was transported ap- 
proximately six m down an unlit corridor to the test room 
and immediately (i.e., less than 30 sec) tested. The experi- 
mental (stressed) animal was transported a similar distance 
to a brightly lit room. Lighting was provided by eight 70 W 
fluorescent lights. The transport cage was set 1.0 m from a 
speaker which emitted 95 dB white noise. After a 1 hr expo- 
sure to the noise-light stress the experimental animal was 
transported and tested in a manner otherwise identical to its 
control. 

For all subjects the test room was illuminated by six 
overhead mounted GE F96712R fluorescent lights which 
provided dim (500 mphot) red (=600-700 nm) illumination 
which was subliminal for the subjects but allowed experi- 
mental observation. A background noise of 20-30 dB was 
provided by the air circulation system. Subjects were placed 
in a corner of the open field facing the apparatus wall, and a 
timer was started. 

Depending upon individual experiments subjects were al- 
lowed six or twelve minutes prior to removal, with 3 rain re- 
cording intervals utilized throughout for selected meausres. 
Each subject was tested once. In order to assure maximal 
comparability both across experiments and with previously 
published experiments which generally utilized short expo- 
sure periods, data from the initial 3 rain interval were used as 
the primary behavioral indicators for a number of measures. 
The following measures were obtained: outside squares 
crossed, inside squares crossed, rearing. Also, latency to 
leave home square, time spent grooming, and a defecation 
score based upon boluses/session were recorded for the test 
interval. Finally, a summary measure of activation, consist- 
ing of an algebraic sum of ranks across the above categories 
was computed to allow an overall comparison of experi- 
mental manipulations. For n groups, groups were rank or- 
dered from least (1) to greatest (n) for each category, and an 
average taken of all ranks across categories. Categories were 
all ranked numerically except latency and defecation, which 
were ranked by reciprocals of actual values. It should be 
noted that this ranking procedure allowed relative compari- 
son within experiments, but did not permit comparison 
across experiments. 

All data are presented as means and standard errors, un- 
less otherwise stated. Analysis was by t-tests and analyses of 
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FIG. 1. Stress induced behavioral activation (outside squares). All data as mean and standard error. 
Experimental subjects were exposed to a noise-light stress for one hour prior to exposure to the open 

field. 

variance using randomized designs and repeated measures 
designs. All further post hoc comparisons utilized Sheffe- 
allowances for contrasts. Non-parametric techniques were 
used to supplement these primary measures when the as- 
sumptions necessary for the use of the former were not 
satisfied. For  all experiments three measures most typically 
employed in other designs (motor activity, latency to move, 
and defecation score) are presented in graphic form. To 
simplify the presentation of all additional data, tabular for- 
mat is consistently utilized throughout. 

EXPERIMENT 1 

The first experiment was designed to assess the effects of 
the stress procedure upon the dependent behavioral varia- 
bles, i.e., to offer a preliminary behavioral definition of the 
particular stress procedure using the open field. 

Subjects and Apparatus 

Forty-six rats identical to those described were randomly 
divided into experimental (stressed; n=16) and control 
(basal; n=30) groups, and tested using the standard proce- 
dure for a 12 rain recording interval. In addition, and to 
further verify the effectiveness of the stress procedure ten 
more animals (five for each group) were subjected to identi- 
cal procedures,  but sacrificed by decapitation without the 
behavioral test. Trunk blood was collected in heparinized 
containers and centrifuged at 2500 RPM for 20 min. Plasma 
was removed and frozen at -30°C for later determination of 
corticosterone by competitive protein binding assay using 
the method of Murphy [59]. 

RESULTS 

The stress procedure produced an initial state of  behav- 

ioral arousal, as seen on psychomotor  measures,  and a re- 
duction in emotionality as seen in a lowered defecation 
score. Between group comparisons for all measures are pre- 
sented in Figs. 1 to 3. The effects of stress upon motor activ- 
ity in outside squares was not significant, F(1,34)=1.9; 
p>0.05,  although both a time effect, F(3,144)=7.2; p<0.001, 
and interaction effect, F(3,144)=2.8; p<0.05,  were signifi- 
cant. A close examination of Fig. 1 indicates the significant 
interaction of groups and time consisted of  initially increased 
activity in the experimental group (0<0.05 Sheffe post hoc 
analysis) which underwent a rapid decline to a level lower 
than control over the course of observation. Moreover,  ini- 
tial latency to leave the home square was reduced in the 
stressed animals although not significantly, Fig. 2; t(44)= 1.0; 
p<0.05,  and defecation was significantly reduced in the 
stressed group (Fig. 3; t=3.2;  p<0.01 df as above). The 
remaining scores are presented in Table 1. It is evident that 
stress did not produce any remarkable changes in rearing. 
This is confirmed by an absence of significant groups, time 
or interaction effects (F ra t ios=l .6 ,  2.0, 1.3 df as above 
p<0.05).  There however was a significant stress induced 
elevation in inside squares crossed after stress, t(44)=2.1; 
p<0.05.  Moreover,  grooming was significantly elevated by 
stress (t=3.1). Finally, an overall comparison of  relative 
ranks indicates a significant behavioral elevation across 
categories in the stressed group (0<0.05 by randomization 
test). As an indication of the effectiveness of the stress pro- 
cedure on a physiological measure, it may be seen that 
plasma corticosterone was significantly elevated by the ex- 
perimental manipulation, t(8)=6.5, p<0.001. 

DISCUSSION 

The overall prof'de of  animals subjected to stress was 
of initial activation. The stressed animals appeared less 
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FIG. 2. Stress effects upon initial movement latency. All data as 
mean and standard error. Experimental subjects were exposed to a 

noise-light stress for one hour prior to testing in the open field. 

emotional as defined by several open field measures includ- 
ing activity, grooming, latency, and center field penetration 
(e.g. [1, 2, 14, 15, 25, 28, 29]). The stressed animals defe- 
cated less in the open field and were initially more active, 
although the activation response was relatively short and 
terminal activity levels were in fact lower than normal. It 
should be noted that the stress procedure did not eliminate 
the ability to defecate, since experimental rats often defe- 
cated just  prior to and after placement in the open field while 
being transported to the apparatus or on being removed from 
the open field (generally one to two boluses; unpublished 
observations). 

The present results suggest that a mild stress initially is 
behaviorally activating. They offer several behavioral meas- 
ures of stress which might prove useful in further 
psychoendocrine studies. One question which the first ex- 
periment raises is whether the observed behavioral activa- 
tion is a product of antecedent stress, or an effect of removal 
from a highly stressful environment to a possibly less stress- 
ful testing situation. This was further investigated in Exper- 
iment 2. 
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FIG. 3. Stress effects upon defecation. All data as mean and stan- 
dard error. Experimental subjects were exposed to a noise-light 

stress for one hour prior to testing in the open field. 

EXPERIMENT 2 

We initially observed a behavioral facilitation of open 
field activity in rats after stress. One interpretation of this 
rests with the activating effects of stress while a second 
suggests that removal from a stressful situation produced 
some degree of relief which then contributed to the observed 
facilitation effect. By the first interpretation, continued 
stress through testing should not affect the behavioral out- 
come. By the second interpretation, testing with continued 
stressors present should reduce typical experimental activa- 
tion. We therefore tested animals with and without a continu- 
ing stress during the test procedure to examine these two 
predictions. 

METHOD 

Subjects and Behavioral Procedure 

Ten adult male Sprague-Dawley rats identical in descrip- 
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T A B L E  1 

EFFECTS OF ACUTE NOISE STRESS UPON BEHAVIORAL 
ACTIVATION IN AN OPEN FIELD (MEAN --_ STANDARD ERROR) 

Control Experimental 
Measure score score p* = 

Rearing 
(min 0-3) 9.3 +_ 1.0 9.8 _+ 1.5 n.s. 

Rearing 
(min 3-6) 8.9 _+ 1.0 10.0 _+ 1.0 n.s. 

Rearing 
(min 6-9) 9.7 _+ 1.0 6.9 +_ 1.4 n.s. 

Rearing 
(min 9-12) 8.7 _+ 0.8 7.3 _+ 1.4 n.s. 

Center field 
penetration 3.9 _+ 1.1 8.4 _+ 2.0 0.05 

Grooming 
(sec) 17.5 _+ 2.5 45.9 __ 11.8 0.01 

Mean activation 
(composite of 
other scores) 1.0 _+ 0.0 2.0 _+ 0.0 0.05 

Corticosterone 
(/zg/dL) 12.9 _+ 5.1 51.9 _+ 4.4 0.001 

*Probability of across cells difference, statistics in text. 
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FIG. 5. Effects of continued vs offset stress upon movement la- 
tency. All data as mean and standard error. All rats were stressed 
with stress either continued through the test or terminated with 

placement in the open field. 

6 
Minutes  

FIG. 4. Effects of continued vs offset stress upon activity (outside 
squares). All data as mean and standard error. All rats were stressed 
with stress either continued during the test or terminated upon 

placement in the open field. 

t ion and  hous ing  to those  p rev ious ly  desc r ibed  were  sub- 
j ec t ed  to the  s t anda rd  s t ress  p rocedu re  ( E x p e r i m e n t  1) or  a 
s t ress  p r o c e d u r e  ident ical  to the  a b o v e  in which  the  whi te  
noise  c o n t i n u e d  t h rough  test ing.  In the  p r e s e n t  des ign  a 6 
min  tes t  (i .e. ,  two 3-min in tervals )  was  employed .  

RESULTS 

The  con t inued  s t ress  p roduced  no  r e m a r k a b l e  a l te ra t ions  
in the  b e h a v i o r  of  the  ra ts  in c o m p a r i s o n  wi th  the  initial 
s t ress  p rocedure .  The  absence  of  effect  upon  outs ide  squares  
may  be  o b s e r v e d  in Fig. 4 (F  ra t ios  for  g roups ,  tr ials and  
i n t e r ac t i on=0 .3 ,  0.7, 0 . 1 ; d f  in all c a s e s =  1, 8 p > 0 . 0 5 ) .  Tes t s  
upon  scores  for  l a tency  (Fig. 5) and  de feca t ion  (Fig. 6) are 
also not  s ignif icant  (t v a l u e s = 0 . 5 ,  1.1, r espec t ive ly ;  d f=8) .  
Scores  for  rear ing,  c e n t e r  field pene t r a t i on  and  overa l l  ac- 
t iva t ion  are p r e s e n t e d  in Tab le  2 (F ra t ios  for  rear ing  groups  
trials and  in te rac t ion  e f f ec t s=0 .3 ,  0.7, 0.1, df= 1.7; p > 0 . 0 5 ;  t 
va lue  for  c e n t e r  field p e n e t r a t i o n = 0 . 1 ,  p > 0 . 0 5 ) .  No  ra ts  in 
e i the r  group s h o w e d  subs tan t ia l  or  c o n s i s t e n t  grooming.  Be- 
cause  all scores  were  less t han  10 sec  t he se  da ta  are  not  
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FIG. 6. Effects of continued vs offset stress upon defecation. All 
data as mean and standard error. All rats were stressed with stress 
either continued through the test or terminated with placement in the 

open field. 

presented separately.  Close inspect ion of  all measures  indi- 
cated a virtual identity for the two groups.  This is conf i rmed 
by the summary  measure  (Table 2, t=0) .  

DISCUSSION 

The present  results failed to find any unique effect  of  
stress offset  upon open field activity in compar ison with a 
group receiving cont inued stress. While it might be argued 
that it is difficult to rule out  any effect  of  offset with the 
present ly employed  sample size the vir tual  identity of  the 
two groups also argues against any major  stress offset  effect. 
Stress offset  therefore  may not be a significant determinant  
of  the dependent  behavioral  variables under  the present ly 
defined condit ions.  

The low level of  grooming seen in Exper iment  2 is a direct  

T A B L E  2 

EFFECTS OF ACUTE NOISE STRESS UPON OPEN FIELD ACTIVITY 
(MEAN + STANDARD ERROR)--STRESS OFFSET AT TIME OF TEST 

OR CONTINUED THROUGH TEST INTERVAL 

C o n t i n u o u s  s t r e s s  O f f s e t  s t r e s s  
Measure s c o r e  s c o r e  / , * <  

Rearing 
(min 0-3) 41.2 + 6.2 40.4 _+ 3.7 n.s. 

Rearing 
(min 3-6) 27.0 _+ 5.1 27.0 + 4.4 n.s. 

Center field 
penetration 3.2 _+_ 1.6 3.0 ___ 0.8 n.s. 

Mean activation 
(composite of 
other scores) 1.5 _+ 0.2 1.5 ~ 0.2 n.s. 

*Probability of across cells difference, statistics in text. 

function of  the shorter  test interval.  Litt le grooming occurs  
during the initial 6 min of  a given test,  and grooming for 
shorter  tests is a less reliable measure.  While the behavioral  
response  is established as an immediate  consequence  of  the 
stress procedure ,  its course  over  time is not known.  Experi-  
ment  3 therefore examined the effects of  an interposed delay 
be tween  stress and testing, and its effect upon stress induced 
arousal. 

E X P E R I M E N T  3 

Exper iment  3 systematical ly varied the interval be tween 
stress and test,  ranging from a zero delay (i.e.,  a replication 
of  Exper iment  1) to 96 hr. 

METHOD 

Subjects and Procedure 

Thir ty-seven rats identical to those in Exper iment  1 were 
subjected to the standard stress or  control  procedure  (Exper-  
iment 1). In addit ion to a test at 0 hr (Exper iment  1) the 
fol lowing stress-test  intervals were  employed:  1 hr, 3 hr, 24 
hr, 48 hr, 96 hr. During the stress-test  intervals subjects were  
re turned to their  normal  housing which included the pres- 
ence of  a cagemate .  At the start of  the appropriate  interval 
the rats were  then t ransported and tested,  as previously de- 
scribed. A 6 rain test  (two 3-min intervals) was used. Based 
upon previous results (Exper iments  1 and 2) the first 3-min 
period was used as an indicator of  the initial stress response 
for outside squares locomotion.  

RESULTS 

AS in Exper iment  1, the stress p roduced  an immediate  
behavioral  act ivat ion in compar ison with the control  group. 
Moreover ,  the act ivat ion had a t ime course  of  1-3 hr, after 
which the animals showed a behavioral  depression which 
returned to normal  o v e r  the remainder  of  testing. This is 
most  evident  in Fig. 7, depict ing outside squares crossed in 
min 0-3, F(6,34)=5.4;  p<0.005.  La tency  to leave home 
square (Fig. 8) was not  significant al though the direct ion o f  
change was consis tent  with the act ivat ion effect and the t ime 
course  of  locomotor  activity (F ra t io=  1.9, df as above).  
Other  significant effects  included defecat ion (Fig. 9) (F=2.4-  
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FIG. 7. Time course of stress induced activation (outside squares). 
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movement). All data as mean and standard error. Rats were given no 
stress or a standard one hour noise-light stress, and tested at varying 
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df as above  p<0.05) .  Rearing (Table 3) fol lowed the t ime 
course  as the o ther  variables but was not significant. Center  
field penetra t ion was significantly al tered ove r  t ime (F=2 .4 ,  
df as above  p<0.05) .  Grooming scores  were  too low and 
inconsistent  to measure .  No  subjects showed more than 10 
sec of  grooming.  A summary  measure  of  act ivat ion was sig- 
nificant across  t ime (Fig. 10) (X2(4)=28, p<0 .01  by Fr iedman 
two-way analysis o f  var iance [54]). 

FIG. 9. Time course of stress induced activation (defecation score). 
All data as mean and standard error. Rats were given no stress or a 
standard one hour noise-light stress, and tested at varying post- 

stress intervals. 

DISCUSSION 

The various stress measures  all changed with a roughly 
similar t ime course.  The act ivat ion response  was o f  less than 
3 hr duration and was fol lowed by a depress ion of  act ivi ty 
thereafter .  Act ivi ty  recovered  to initial levels  by the close of  
testing at 96 hr. 

It might be noted that the present  t ime course  of  activa- 
tion resembles  that of  a number  of  o ther  stress and psy- 
choendocr ine  syndromes  (e.g., stress induced analgesia 
[3,11] and the incubation of  fear af ter  avoidance  learning 
[40]). The established mediat ion of  these  other  syndromes  
through the hypothalamic  pituitary adrenal  axis (HPA) and 
through endogenous opiate systems might offer insight into 
the current  results.  Particularly it suggests that H P A  activity 
or endogenous  opiate act ivi ty may be involved in the ob- 
served facilitation. Having  established a t ime course  for the 
initial behavioral  effect,  we next  asked whether  it was stable 
across tests. 

E X P E R I M E N T  4 

It is well established that initial open field act ivi ty reflects 
a different motivat ion than subsequent  act ivi ty ove r  repeated 
tests [7, 15, 19, 32] with repeated testing increasing motor  
activity which may be related to explorat ion or  territoriality. 
One quest ion regarding stress induced behavioral  arousal 
then concerns  its pers is tence with repeated testing. Experi-  
ment  3 suggested that the effect  has a short (3 hr) course  
following one stress exposure .  The present  exper iment  
asked a related question.  Would the effect  be present  upon a 
second (repeated) test? The present  exper iment  examined 
this quest ion,  using a 3-group design. 

METHOD 

Subjects and Procedures 

A total of  24 rats identical in descript ion to those of  Ex- 
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TABLE 3 
TIME COURSE OF STRESS INDUCED ACTIVATION (MEAN AND STANDARD ERROR) 

Group 
Control Stress Stress Stress Stress Stress Stress 

(no stress) (0 hr) (1 hr) (3 hr) (24 hr) (48 hr) (96 hr) y*= 

Measure 
Rearing 

(0-3) 17.1 _+ 1.8 21.8 _+ 2.8 20.3 _+ 1.3 17.7 _+ 2.2 12.0 _+ 4.4 15.0 _+ 2.2 17.0 ± 4.7 n.s. 

Rearing 
(3-6) 15.7 _+ 2.3 19.8 _+ 2.8 18.8 _+ 1.3 14.2 _+ 1.8 13.5 -+ 2.9 15.6 -+ 3.8 14.5 ~ 3.7 n.s, 

Center field 
penetration 2.9 -4- 1.1 3.6 +_ 0.4 5.7 _+ 1.1 1.5 _+ 0.8 t.3 _+ 0.8 1.8 +_ 1.6 3.5 ___ 2.1 <0.05 

*Probability of across cells difference, statistics in text. 
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FIG. 10. Summary measure of activation based on mean ranks. 
Mean and standard error. Rats are given no stress or a standard one 
hour noise-light stress, and tested at varying post-stress intervals. 

periment 1 were randomly assigned to one of three groups. 
Group 1 was an unstressed control group (see Experiment 1). 
Group 2 was an experimental (stress) group (see Experiment 
1) which was re-tested at 24 hr. Group 3 was initially tested 
24 hr after stress (see Experiment 3) and was also re-tested 
24 hr later. A 12-rain test interval was utilized throughout. 
The present design permitted the evaluation of a repeated 
tests effect with respect to control performance, initial per- 
formance, and performance of a group with equivalent test- 
ing delay. 

RESULTS 

It should be noted initially that the presence of a differen- 
tial effect of tests across groups would be most evident as a 
significant interaction of groups by days. The present design 
replicated two previous findings, and in addition found a 

differential tests effect upon arousal. The two findings which 
were replicated were an initial stress induced behavioral 
arousal, and the delayed test effect, which appeared prev- 
iously and in the present design as a depression of activity 
with a 24 hr test interval. Figures l l A  and B present the 
effects of the experimental manipulations upon outside 
squares. A presents the first test, and B the repeated test. 
Both within and between tests effects were significant as was 
the groups by tests interaction, F( ratios, respectively= 10.2, 
53.2, 10.3; df=3, 63; 2, 21; 6, 65; p<0.005 in all cases, al- 
though a groups effect per se was not significant, 
F(2,21)=0.03; p>0.05. An interaction effect was also signifi- 
cant for latency (Fig. 12) although groups and days main 
effects were only marginally so (F=4.8, 2.0, 1.5; df=2, 21; 
2,21; 1,21, respectively, p<0.05, <0.05, <0.05). A similar 
pattern held for defecation (Fig. 13), F(2,21)=3.6; p<0.05, 
although main effects of groups and days were not, F=0.9, 
0.2, dr=2, 21; 1, 21, respectively, p>0.05). Rearing scores 
(Table 4) showed significant trials effects (F=31.5; df as 
above; p<0.05) although neither groups nor interaction ef- 
fects showed this pattern F=0.6,  0.9; p>0.05; df as above). 
The grooming score (Table 4) was marginally significant for 
groups (F=2.7, p<0.09) and significant for days (F=4.0; df 
as above, p<0.05). The interaction effect however was not 
significant (F=2.2; df as above, p=0.1). The inside squares 
(Table 4) measure was significant over days (F=30, p<0.05) 
but neither for groups nor interaction (F=0.2; df as above: 
p >0.05). Summary measures for the three groups indicated a 
significant interaction effect (F =5.3; p <0.05) and days effect 
(F=8.1; p<0.05) although groups did not differ ( F = I . I :  
p >0.05; df in all cases as above). 

DISCUSSION 

The present findings, taken as a whole, both replicate 
earlier findings regarding the arousal effect and its time 
course at least for such key measures as defecation and ac- 
tivity. They also suggest that a repeated tests design reduced 
differences across groups. The convergence of all groups in 
trial two across several measures as measured by significant 
interaction is consistent with other reports [14, 52, 59, 64]. 
The failure to observe major differences between Group 2 in 
its second test and Group 3 in its first test suggest the stress 
effect is relatively transient across tests and does not affect 
subsequent tests. 
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FIG. 11. A and B: Repeated tests effect upon stress induced activa- 
tion (outside squares). All data as mean and standard error. First test 
in A, second test in B. Subjects were given no stress or a standard 

one hour stress. Two tests were spaced 24 hr apart. 

Bo th  b a s e d  upon  the  p r e s en t  e x p e r i m e n t  and  E x p e r i m e n t  
3, it might  well  be  a rgued tha t  whi le  s t ress  as e m p l o y e d  in the  
p r e sen t  des ign  is ac t iva t ing ,  the  ac t iva t ion  is re la t ively  t ran-  
s ient  within and  ac ross  tests .  This  m a y  sugges t  tha t  s t ress  
de l ivery  ac ross  t ime  or  tes t s  involves  mult iple  m e c h a n i s m s  
r a t h e r  than  a c o n t i n u u m  of  responding .  T he  prec ise  ident i -  
f ica t ion of  one  or  more  behav io ra l ,  endoc r ine ,  or  phar-  
macologica l  co r re l a t e s  of  the  s t ress  effects  r ema ins  an  issue 
which  will be  a d d r e s s e d  in s u b s e q u e n t  expe r imen t s .  

Clear ly s ince  the  physiological  s t ress  r e s p o n s e  is depen-  
den t  upon  hypo tha l amic -p i tu i t a ry -ad rena l  ac t iv i ty  [55] one  
logical s t ra tegy invo lves  i n t e rven t ion  wi th in  this  sys tem.  The  
nex t  expe r imen t s  e x a m i n e d  the  roles  of  adrena l  and  pi tu i tary  
act iv i ty ,  r espec t ive ly .  

FIG. 13. A and B: Repeated tests effect upon stress induced activa- 
tion (defecation score). All data as mean and standard error. Sub- 
jects received no stress or a standard one hour stress. Two tests 

were spaced 24 hr apart. 

E X P E R I M E N T  5 

In E x p e r i m e n t  5 ad r ena l ec tomized  an imal s  were  sub- 
j e c t e d  to the  s t anda rd  s t ress  p r o c e d u r e  ( E x p e r i m e n t  1) to 
examine  the  con t r i bu t ion  of  an  in tac t  adrena l  sys t em upon  
s t ress  induced  ac t iva t ion .  I f  adrena l  ac t iv i ty  is a n e c e s s a r y  
c o m p o n e n t  of  the  ac t iva t ion  r e s p o n s e  t hen  in te r fe rence  wi th  
the  adrena l  r e s p o n s e  should  r educe  the  behav io ra l  act iva-  
t ion.  

METHOD 

Subjects and Procedure 

Ten  adul t  male  Sprague-Dawley  ra ts  were  adrena lec-  
t omized  u n d e r  50 mg/kg sod ium pen toba rb i t a l  anes thes ia .  
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TABLE 4 
REPEATED TESTS EFFECTS UPON STRESS ELICITED BEHAVIORS (MEAN AND 

STANDARD ERROR) 

Group 
Stress-delayed 

Control Stress (24 hr) p*= 

Test one 
Measure 

Rearing 
(0--3/ 10.4 ± 1.2 12.7 ± 2.8 12.0 ± 4.8 n.s. 

Center field 
penetration 6.4 + 2.7 8.2 + 4.5 4.3 _+. 2.1 n.s. 
(0-121 

Mean score 1.8 ± 0.2 3.0 + 0.0 1.2 ± 0.2 0.05 

Test two 
Measure 

Rearing 
(0-3) 16.8 ± 1.8 18.8 ± 3.7 16.7 ± 4.9 n.s. 

Center field 
penetration 13.1 + 3.9 17.0 ± 6.6 14.8 ± 2.9 n.s. 
(0-12) 

Mean activation 
score 2.3 ± 0.3 2.6 ± 0.2 1.2 ± 0.2 n.s. 

*Probability of across cells difference, statistics in text. 

One week was allowed for recovery, during which time the 
rats were maintained with a dietary supplement of 0.9% 
sodium chloride in their drinking water. Other descriptions 
of procedures were identical to previous reports (Experi- 
ment 11. A 12-min test interval was employed. 

RESULTS 

Adrenalectomy produced no obvious behavioral deficits 
in the activation response of stressed animals. Results are 
presented in Figs. 14 through 16 and Table 5. It may be seen 
that stress produced an increase in outside squares crossed 
(Fig. 14), F groups (1,81=6.9; p<0.05, F time (2,41=14.9; 
p <0.001, F interaction (2,24) =2.8; p <0.06. Neither latency 
(Fig. 15) nor defecation (Fig. 16) showed a significant stress 
effect, although changes were in a predicted direction, t(9)= 
1.1, 0.7; p<0.05. Rearing scores also showed significant 
effects of time and interaction (Table 5; F=42.6, 4.1 df as 
above; p<0.001, 0.01, respectively). On the other hand a 
main effect of groups was not evident (F=2.3, df as above 
p>0.05). Center field penetration was elevated by stress, but 
was only marginally significant (t=2.1; p<0.06). The proce- 
dure also significantly increased grooming, Fig. 16; 
t(9)=10.0, p<0.01. The summary measures for basal vs 
stressed subjects were significantly different by randomiza- 
tion test (Table 5, p<0.05). 

DISCUSSION 

Previous reports upon adrenal involvement in open field 
activity have been equivocal with some reports suggesting 
adrenal mediation of emotionality and other reports failing to 

find effects [1, 4, 12, 22, 23, 45, 46, 50, 57]. Adrenal weights, 
ascorbate content, or circulating steroids have been taken as 
indicators of both involvement and relative non- 
involvement. It is no t  a major purpose of this discussion to 
critique the validity of previous approaches, and more de- 
tailed discussion may be found in references [1,13] and [571. 
Nonetheless, no evidence of adrenal involvement is obvious 
from the present findings. 

In Experiment 1 the emotional activation we observed 
occurred in conjunction with increased corticosterone, indi- 
cating possible HPA involvement. The present results with 
adrenalectomized subjects suggest that the adrenal glands 
are not normally necessary for the observed behavioral ef- 
fect. Overall, the present results are consistent with an 
extra-adrenal mediation of stress induced arousal. 

EXPERIMENT 6 

While there is no evidence of a facilitatory adrenal contri- 
bution to the observed behavioral arousal it remains possible 
that the pituitary-adrenal axis or at very least some other 
hypophyseal system is involved and this may be evident 
from experimental intervention at the level of the 
hypophysis. To investigate the possible involvement of the 
pituitary gland we repeated the stress procedure using both 
intact and hypophysectomized rats. Should either the HPA, 
the pituitary-gonadal axis, the posterior pituitary hormones 
or other pituitary systems be involved in the stress response, 
this may be apparent by comparing the basal and stress in- 
duced behaviors of normal and hypophysectomized rats. 
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FIG. 14. Effect of adrenalectomy on stress induced activation (out- 
side squares). All data as mean and standard error. Adrenalec- 
tomized subjects were given no stress or a standard one hour stress. 

METHOD 

Subjects and Apparatus 

A 2 x 2  factorial  design using six subjects/cel l  was used to 
test pituitary involvement  in stress induced arousal.  The  two 
factors  were  basal vs stress and hypophysec tomy  vs control.  
Rats  were  identical to those already descr ibed.  Hypophysec-  
tomies  or  sham operat ions  were  ca rded  out  by the b reeder  a 
minimum of  two weeks  prior to testing. The  operat ion was 
carried out under  e ther  anesthes ia  and uti l ized a 
parapharyngeal  approach for surgical removal  of  the 
hypophysis .  To maintain their  normal  heal th hypophysec-  
tomized subjects were  administered a 0.9% sodium chloride 

40. 

~r 
LI.I 
03 

4- 

U 
flJ 

t.) 

Cl 
J 

r" 
UI 

~r 

30, 

20' 

10 

5 5 

ADX A D X  

Bas a t St ressed 

FIG. 15. Effect of adrenalectomy on stress induced activation (la- 
tency to initial movement). All data as mean and standard error. 
Adrenalectomized subjects were given no stress or a standard one 

hour stress. 

solution and a daily supplement  of  fruit (oranges) in addition 
to normal  laboratory chow. To prevent  undue  biasing of  ex- 
per imental  condit ions normal subjects rece ived  an equiv- 
alent fruit supplement.  The  present  design used a 12 min test  
interval.  

RESULTS 

While a stress induced elevat ion in act ivi ty was evident  in 
both exper imental  groups,  they were  not  different from each 
other.  H y p o p h y s e c t o m y  did not measurably  al ter  any aspect  
of  the activation.  H y p o p h y s e c t o m y  also produced  few major  
alterations in unst ressed open field performance.  Figure 17 
presents  data for outs ide squares.  It may be seen that stress 
equally increased initial activity in both exper imental  
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FIG. 16. Effect of adrenalectomy on stress induced activation (defe- 
cation score). All data as mean and standard error. Adrenalec- 
tomized subjects were given no stress or a standard one hour stress. 

groups, and that this increase declined to below normal 
levels by the end Of the test period. Both groups, time and 
interaction effects were significant (F=14.1, 9.6, 7.7, re- 
spectively, df=3,20; 3,60; 9,60; p<0.001 in all cases). Other 
significant effects across groups include latency, Fig. 13; 
F(~,20)=3.1, p<0.05, and defecation, Fig. 19; F=3.4,  dfas 
above, p <0.05). A groups effect was also significant for rear- 
ing activity (Table 6: F=3.21, df as above, p<0.05) although 
neither time nor interaction effects were significant (F=.8,  
1.3 df as above p <0.05). Center field penetration followed a 
pattern similar to the above and was significant (Table 6: 
F=3.4,  dfas above, p<0.05). Grooming was affected in the 
predicted manner but was not significant (F=I .4 ,  df as 
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FIG. 17. Effect of hypophysectomy and stress upon behavioral ac- 
tivation (outside squares). All data as mean and standard error. Con- 
trol or hypophysectomized rats were given no stress or a standard 

one hour stress in a factorial design. 

above, p<0.05). Summary measures of emotionality for 
sham and hypophysectomized controls were significant in 
the predicted ordering of effects (Table 6: X'-'r=9.3, p<0.05). 
Necropsies were performed upon five of the twelve hypo- 
physectomized subjects, and these indicated complete ab- 
sence of pituitary tissue. The completeness of the operation 
was further confirmed by the substantially lowered body 
weights of hypophysectomized subjects. The 110-160 g, as 
opposed to a weight range of 160-200 g for sham operated 
rats. 

DISCUSSION 

While a stress effect was demonstrated, pituitary in- 
volvement in the latter was not. One previous report [24] 
examined the activity of hypophysectomized rats and found 
evidence of hypophysectomy induced increases in explora- 
tion, particularly rearing. In fact close examination of Table 
5 confirms this. This is also reflected in a slightly elevated 
summary measure of activation. As in this earlier report, 
however, no other major changes were noted. While the 
methods of observation and testing differ considerably 
across studies, the present results may be taken as a confir- 
mation and extension of prior studies. 

EXPERIMENT 7 

One further class of candidates for examination is the 
endogeneous opiates. These compounds are believed to be 
involved in stress [3,11] and are related to endocrine hor- 
mones based upon patterns of biosynthesis and release [24, 
26, 42, 62]. The final experiment therefore examined the ef- 
fects of opiate blockade upon stress induced arousal. Exper- 
iments upon the immunohistochemical localization of ad- 
renocorticotrophic hormone (ACTH) and upon its normal 
synthesis and release suggest endorphins may also be in- 
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TABLE 5 
EFFECTS OF ADRENALECTOMY UPON STRESS INDUCED ACTIVATION 

(MEAN AND STANDARD ERROR) 

Group 
Adrenalec tomized Adrenalec tomized 

control s t ressed p* = 

Measure  
Rearing 

(0-3) 12.4 _+ 2.5 
Rearing 

(3-6) 6.2 _+ 1.7 
Center  field 

penetrat ion 0.6 _ 0.7 
Grooming 35.0 _+ 8.6 
Mean activation 

score 1.0 +_ 0.0 

20.4 _+ 1.8 n.s .  

7.8 _+ 2.0 n.s.  

3.0 _+ 1.7 n.s .  
40.6 ___ 8.4 n.s .  

2.0 + 0.0 <0.01 

*Probability of  across  cells difference, stat ist ics in text.  

volved in stress---we have previously suggested a role for 
endorphins in behavioral activation, e.g., [36, 37, 38]. We 
therefore investigated the effects of narcotic blockade upon 
stress induced behavioral activation. 

METHOD 

Subjects and Experimental Design 

T h e  e x p e r i m e n t  u s e d  22 a d u l t  m a l e  S p r a g u e - D a w l e y  r a t s  
m a i n t a i n e d  in a m a n n e r  i d e n t i c a l  to  E x p e r i m e n t  1. A 2 x 2  
f ac to r i a l  e x p e r i m e n t a l  d e s i g n  w a s  e m p l o y e d ,  in  w h i c h  b a s a l  
o r  s t r e s s e d  r a t s  w e r e  s u b j e c t e d  to  e i t h e r  v e h i c l e  o r  n a r c o t i c  
b l o c k a d e .  T h e  p r o c e d u r e s  w e r e  i den t i c a l  to  E x p e r i m e n t  1, 
e x c e p t  t h a t  all s u b j e c t s  r e c e i v e d  a 1 m l / k g  i n j e c t i o n  o f  v e h i c l e  

or narcotic antagonist 1 hr prior to the behavioral test. The 
antagonist was naltrexone, a specific and long lasting an- 
tagonist, with a standard low 2 mg/kg dosage based upon 
previous experiments [34,37]. 

RESULTS 

As in previous experiments the stress procedure was ef- 
fective in producing behavioral activation. Moreover nal- 
trexone, while often without effect itself, nonetheless re- 
versed the activated state to baseline. The experimental ef- 
fects are shown in Figs. 20 to 22. There was a marginally 
significant groups effect of stress upon outside squares, Fig. 
20; F(3,18)=44, p<0 .09 ,  and both interaction and time were 
also significant (F=9.6 ,  2.1, df=3, 54; 9, 54 p<0.001; <0.05) 
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FIG. 18. Effect of  hypophysec tomy  and s t ress  upon latency to initial 
movement .  All data  as mean  and s tandard error. Control or  
hypophysec tomized  rats were given no s t ress  or  a s tandard one hour  
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design. 
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T A B L E  6 

EFFECTS OF HYPOPHYSECTOMY AND STRESS UPON OPEN FIELD ACTIVITY 
(MEAN AND STANDARD ERROR) 

Group 
Sham basal Sham stressed Hypox basal Hypox stressed p*= 

Measure 
Rearing 

(min0-3) 11.0_ + 1.0 12.5 + 1.5 14.0_ + 2.0 15.0.+ 2.0 n.s. 
Reari ng 

(min 3-6) 10.0 .+ 2.0 11.0 .+ 1.0 12.5 + 3.5 12.0 _+ 2.0 n.s. 
Center field 

penetration 0.2 .+ 0.2 4.2 .+ 1.5 5.0 .+ 2.0 3.6 .+ 1.4 <0.05 
Grooming 

(sec) 82.0 .+ 40.0 106.0 _+ 12.0 55.0 _+ 10.0 100.0 -- 15.0 <0.05 
Mean activation 

score 1.1 _+ 0.2 3.1 .+ 0.03 2 .4+  0.04 3.4 _+ 0.03 <0.05 

*Probability of across cells difference, statistics in text. 
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FIG. 20. Effect of opiate blockade by Naltrexone (2 mg/kg) and 
stress upon behavioral activation (outside squares). All data as mean 
and standard error• Drug or vehicle injected rats were given no 

stress or a standard one hour stress in a factorial design. 
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FIG. 21. Effect of opiate blockade by Naltrexone (2 mg/kg) and 
stress upon latency to initial movement. All data as mean and stan- 
dard error. Drug or vehicle injected rats were given no stress or a 

standard one hour stress in a factorial design. 

suggesting a differential  effect  had occurred .  A converse  pat- 
tern was  found for latency;  however ,  it was  only marginally 
significant,  Fig. 21, F(3,18)=2.2;  p<0 .01 .  Defecat ion scores  
showed  a similar and statistically significant pat tern;  Fig. 22, 
F(3,18) = 3.1, p <0.05. A marginally significant groups  effect  
also occur red  for  rearing,  Table 7; F(3,18)=2•5,  p <0 .09 ,  and 
again t ime was  a significant factor ,  F(3,18)= 18.7, p<0 .001 ,  
while there  was  no effect  of  interact ion,  F(3,18)= 1.7, p <0.1.  
Inside square showed  a different  non-signif icant  pat tern  
(Table 7, F=0 .7 ;  p<0.05) .  There  was  also significant group 
effects  for  grooming,  Table 7; F(3,18) = 4.2, p <0•02. The four  
groups  were  significantly different  upon the summary  meas-  
ure (x2r = 14.3, p <0•05)• As may be seen this r ep resen t s  an 
effect  of  s t ress  and opiate b lockade  of  s t ress  (Table 7). 

DISCU SSION 

The presen t  f indings suggest  a possible  role for  endoge-  
nous  opiates  in behavioral  arousal.  Looking  at the major  be- 
havioral  measures  it appears  that  opiate  b lockade  reve r sed  
the normal  act ivat ion response•  This is a specific effect  since 
no obvious  effects  o f  na l t rexone  may be seen  in uns t ressed  
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TABLE 7 

EFFECTS OF OPIATE BLOCKADE BY NALTREXONE (2 mg/kg) AND STRESS UPON OPEN 
FIELD ACTIVITY 

Group 
Vehicle Vehicle Naltrexone Naltrexone 

basal stressed basal stressed p*= 

Measure 
Rearing 

(min 0-3) 17.8 _+ 1.6 22.0 _+ 3.0 12.3 _+ 1.4 13.2 -4- 2.0 <0.05 
Rearing 

(min 3-6) 15.8 _+ 2.8 19.9 -+ 2.6 10.5 -+ 1.4 12.0 _+ 2.1 
Center field 

penetration 
(0-12) 8.0 _+ 5.8 8.4 + 2.9 3.5 -+ 2.4 2.8 -+ 1.2 <0.05 

Grooming 15.0 +_ 3.3 39.6 _+ 14.7 8.3 + 2.5 7.8 -+ 3.3 <0.05 
Mean activation 

score 2.4 _+ 0.3 4.0 _+ 0.0 2.0 _+ 0.3 1.6 -+ 0.3 <0.05 

*Probability of across cells difference, statistics in text. 
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FIG. 22. Effect of opiate blockade by Naltrexone (2 mg/kg) and 
stress upon defecation. All data as mean and standard error. Drug or 
vehicle injected rats were given no stress or a standard one hour 

stress in a factorial design. 

animals. A pharmacologically specific system therefore ap- 
pears to mediate one aspect of stress (i.e., behavioral coping 
and activation). This extends the range of effects of endoge- 
nous opiates and offers a possible mediator for the observed 
effects. 

G E N E R A L  DISCUSSION 

The present series of seven experiments directly ad- 
dressed the behavioral definition of one aspect of  stress. 
Clearly it would be premature to advance a claim of gener- 
ality past the present model. Other stress procedures and 
behavioral measures may yield quite different results. 
Nonetheless, the findings of the seven reported experiments 
might be useful as a model system with potentially greater 
generality and heuristic value. 

Experiment 1 suggested that a non-traumatic procedure 
produced a behaviorally activated state. This state was re- 
markably (if also somewhat counterintuitively) similar to the 
state of non-emotionality as defined in previous open field 
studies, e.g. [1, 7, 14, 19, 29]. As previous studies have 
noted, fear may decrease open field activity [44] and more 
emotional rats tend to show a profile of reduced activity [7]. 
Additional experiments defined the determinants and pa- 
rameters of the activated state, and in addition replicated the 
initial finding on three subsequent occasions. 

The present findings suggest that stress and the HPA are 
amenable to behavioral study, just as sexual behavior and 
the hypothalamic pituitary gonadal system have been. While 
adrenalectomy and hypophysectomy are both singularly in- 
effective, other approaches, making use of opiate blockade, 
suggest at least one possible mediator of the syndrome. This 
last finding is consistent with other reports [3,26]. It is 
possible to view endogenous opiates as mediators of emo- 
tional states. Under highly arousing circumstances they ap- 
pear to facilitate activity, possibly through a direct activating 
effect or alternately as inhibitors of the emotionality, freez- 
ing, and other forms of inhibition. This last suggestion finds 
support in other paradigms [35]. 

It would appear from the present set of findings that at 
least within the confines of open field activity, stress may be 
conceptualized as several parallel but distinctive systems of 
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coping.  The  H P A  sys tem is clearly i nvo lved  in s t ress  and  its 
physiological  regulat ion.  A second  sys t em apparen t ly  de- 
pends  upon  one  or  more  e n d o g e n o u s  opiates .  This  sys tem 
clear ly  cont ro l s  severa l  a spec t s  of  behav io ra l  coping.  Physi-  
ological and  psychologica l  cop ing  may be dif ferent ia l ly  
media ted ,  at least  u n d e r  the p re sen t  c i r cums tances .  It should  
be  no ted  tha t  a l though  no  ev idence  for  H PA  i n v o l v e m e n t  in 
s t ress  re la ted  behav io r s  was  found ,  a role for  cent ra l  
hypophysea l - r e l a t ed  pept ides  still r ema ins  poss ib le  in the 
p r e sen t  syndrome .  Since physiological  s t ress  s y n d r o m e s  are 
t hough t  to be  per iphera l ly  med ia ted ,  this  none t he l e s s  implies 
a degree  of  d issocia t ion.  W h e t h e r  yet o the r  sys t ems  are 
act ive ,  and  the  roles of  these  sys tems  remain  to be  deter-  
mined .  The  ex is tence  of  a b iphas ic  t ime course  and complex  
in te rac t ions  upon  repea ted  tes t ing  suggest  the  p r e s e n t  effects  
may be  c i r cumscr ibed ,  t r ans ien t ,  and in fact  a spec t s  of  yet 
more  complex  behav io ra l  p rocesses .  

While  the  p re sen t  resul t s  suggest  opia te  i n v o l v e m e n t  
o the r  r ecen t  repor t s  suggest  cer ta in  behav io ra l ly  ef fec t ive  
s t ressors  may  d e p e n d  upon  bra in  c a t e c h o l a m i n e s  [6]. These  
f indings  are not  necessar i ly  inimical  a l though the prec ise  
p rocedura l  and  neu ropha r m aco l og i ca l  in te r re la t ions  of  the 
p re sen t  and  o ther ,  e.g. [6] f indings is as yet  not  unde r s tood .  

We suggest  ex t r eme  care  is n e c e s s a r y  in the  housing,  

t r anspor t  and  general  t r ea tmen t  of  subjec ts ,  especial ly  since 
the magn i tude  of  s t imula t ion  neces sa ry  to p roduce  changes  
in the emot iona l i ty  is not  e s tab l i shed  and  may conce ivab ly  
be small. In r ecen t  pre l iminary  obse rva t i ons  we have  no ted  
s t ress  induced  arousal  af ter  noise  s t ress  exposu re s  as shor t  
as five minutes .  (In prepara t ion) .  

As we and o thers ,  e.g. 1131 have  no ted ,  at least  some of  
the  con t rove r sy  upon  emot iona l i ty  and  open  field may be a 
func t ion  of  l abora to ry  p r o c e d u r e s  and  s t ressors .  
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