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Exposure to acute uncontrollable footshock increased utilization of central norepinephrine (NE), and in some brain 
regions, most notably the hypothalamus, a decline in amine concentrations was induced. Utilization of NE was likewise 
increased in mice exposed to footshock on 14 consecutive days, but the NE reduction was not evident, suggesting that the 
chronic stressor provoked a compensatory increase of amine synthesis. In mice that were decapitated 24 hr after the 
chronic shock regimen, NE concentrations exceeded those of nonshocked animals or mice decapitated immediately after 
the last shock session, possibly reflecting a sustained increase of amine synthesis. The altered NE utilization and concen- 
trations associated with chronic footshock were evident irrespective of whether the stressor was applied on a predictable 
schedule or on an intermittent basis, although the former treatment was somewhat more effective in increasing concentra- 
tions and utilization. 

Norepinephrine MHPG Stress Chronic 

SEVERAL behavioral disturbances typically associated NE following stressor termination [17]. Indeed, the e 
with acute uncontrollable stressors are not evident in hanced NE synthesis associated with chronic aversive stim 
animals that had been repeatedly exposed to the aversive lation was at least as pronounced 24 hr after stressor tern 
stimuli [19, 22, 25]. Likewise,  it has been demonstrated that nation as immediately after such treatment [11]. Furth¢ 
the effects of acute stressors on central norepinephrine (NE) more, it was reported that 24 hr after exposure to a chro~ 
concentrations may be absent in animals exposed to a re- stressor regimen the disappearance of  NE in animals treatq 
peated stressor regimen [4, 13, 22]. It has been demonstrated with a tyrosine hydroxylase inhibitor was less marked th~ 
that following acute stressor application the utilization and in nonstressed animals [17]. Thus, the possibility exists th 
synthesis of  NE are increased in several brain regions [4, 13, repeated exposure to a stressor results in the rapid mobili2 
21]. If  the stressor is sufficiently severe or protracted,  then tion of  amines in order  to contend with the immediate d 
the rate of amine utilization may exceed synthesis, resulting mands placed upon the organism. However ,  upon stress 
in net reduction of  amine concentrations [4, 20, 22, 23]. It is termination amine utilization rates decline, resulting in t] 
thought that the reduction of  NE concentrations may render conservation of  amines in order  to contend with .impendi: 
the animal less well prepared to contend with environmental stressors. 
demands,  thus permitting expression of  behavioral deficits. While a great deal is known about the variables whi~ 
With repeated stressor application a compensatory increase influence NE activity following acute stressor applicatio 
of  amine synthesis is provoked,  thereby assuring adequate  considerably less information is available concerning the fa 
amine supplies [4, 10, 13, 17, 22], Indeed,  following repeated tors that influence the effects of chronic stressors, For  i 
stressor application NE concentrations may actually exceed stance, the magnitude of the NE alterations are directly r 
those of  nonstressed animals [8,17], and hence the organism lated to acute stressor severity,  and it appears that the 1~ 
may be bet ter  prepared to deal with environmental demands,  alterations are more readily provoked in some brain regio: 

Although the alterations of  NE turnover and concentra- than in others [16,23]. It remains to be determined to wh 
tions associated with acute stressors of  moderate severity extent  stressor severity influences the NE variations induc, 
are fairly transient [4,23], more protracted NE alterations are by a chronic regimen, and whether the rate of neurochemk 
associated with a chronic stressor. For  instance, it was re- adaptation is comparable across brain regions. Behavio~ 
ported that 24 hr following chronic stressor application NE analyses have also indicated that the course of the adaptati~ 
concentrations exceeded those of  nonstressed animals [17]. may depend on the nature of the stressors employed. 
Such an effect may be clue to a sustained increase of  NE though repeated exposure to shock was shown to result 
synthesis [11,21] as well as a reduction in the utilization of  behavioral  adaptation [22,25], such an effect was not evide 
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TABLE 1 

MEAN (±S.E.M.) CONCENTRATIONS OF NE (t~g/g TISSUE) AS A FUNCTION OF THE NUMBER OF SHOCKS 
APPLIED AND THE TIME AFTER SHOCK TREATMENT 

Time Following Shock (Hr) 

Shock 
Treatment .01 0.25 1.0 3.0 

Hypothalamus 

No Shock NE 1.181 ___ 0.022 
60 Shocks NE 0.978 ± 0.051" 1.064 ± 0.059* 1.181 ± 0.070 1.160 ± 0.033 
180 Shocks NE 1.043 ± 0.070* 1.033 ± 0.027* 1.125 --- 0.071 1.006 ± 0.178" 

Hippocampus 

No Shock NE 0.281 ± 0.007 
60 Shocks NE 0.241 ± 0.009* 0.268 ± 0.024 0.302 ± 0.019 0.286 ± 0.013 
180 Shocks NE 0.236 ± 0.021" 0.278 ± 0.005 0.294 ± 0.009 0.288 -+ 0.015 

Cortex 

No Shock NE 0.215 ± 0.009 
60 Shocks NE 0.223 _ 0.018 0.181 ± 0.013 0.227 ± 0.013 0.204 ± 0.007 
180 Shocks NE 0.189 ± 0.005 0.218 ± 0.014 0.207 ± 0.080 0.210 ± 0.012 

*p<0.05 relative to nonshocked animals. 

in animals that had been exposed to a chronic regimen in- Procedure 
voiving different types of stressors [6,8]. In effect, exposure 
to unpredictable and/or intermittent stressors may not permit Experiment 1 was conducted simply to assess the tiJ 
adequate adaptation. Accordingly, animals exposed to such course of the NE reduction associated with two levels 
a treatment may ultimately be less well prepared to deal with acute shock (60 vs. 180 shocks). Mice were individua 
subsequent environmental challenges, placed in the shock chambers and exposed to either 0, 60 

The present investigation was undertaken to assess 180 shocks of 6 sec duration over a 1.1 hr period, For the 
whether (a) increased NE concentrations associated with an shock group the stressor was applied at 60 sec interva 
uncontrollable stressor vary with the number of shock trials while in the 180 shock condition footshock was applied at 
animals receive during each session, (b) the increased NE sec intervals. Thus mice of each condition spent an equ 
concentrations are, in fact, more pronounced 24 hr after alent amount of time in the shock chambers. Mice were 
stressor termination than immediately afterward, and (c) the capitated either 0.01, 0.25, 1.0 or 3.0 hr after the shock s4 
course of the neurochemical adaptation is dependent on the sion (n=6/group), brains were removed, dissected and froz 
intermittence of the stressor regimen, in liquid nitrogen. Tissue was stored at -70~C until sub: 

METHOD quent fluorometric determination of norepinephrine. 
In the second experiment the effects of chronic exposl 

Subjects to 60 or 180 shocks on NE concentrations were assessed. 
each of 15 successive days mice were individually placed 

Four experiments involved 72, 80, 32 and 77 naive, male, the shock chambers for a 1.1 hr period. Independent grot 
CD-I mice obtained from Charles River tCanada} Ltd. at 
50-55 days of age. Mice were acclimatized to laboratory of mice in=  10/group) received 0, I, 3, or 15 shock sessic 

over a 15 day period. For groups that received 1 or 3 she 
conditions for 10-14 days before being employed as experi- sessions the shock was applied only on the last day(s), a 
mental subjects. For  the duration of the experiment mice on the preceding days mice were exposed to the appara 
were individually housed and permitted free access to food but not shocked. Half the mice received 60 shocks of 6 ,  
and water, duration (150 t~A) at intervals of 60 sec, whereas the rema 

ing mice received 180 shocks of 6 sec duration at 16 , 
Apparatus intervals. The possibility existed that the adaptation wo~ 

Footshock was administered in four identical black Plex- be most apparent when animals received a relatively la~ 
iglas chambers which measured 30× 14× 15 cm. The floor of number of shocks throughout the chronic regimen, but ch 
each chamber was composed of 0.32 cm stainless steel rods lenged on the day of decapitation with a smaller number 
spaced 1.0 cm apart (center to center), connected in series shock presentations. Accordingly, two additional grot 
through neon bulbs. In addition, the end walls of each were included in the experiment which were exposed tc 
chamber were lined with stainless steel plates which were and 15 days of shock, respectively. These groups recei~ 
connected in series with the grid floor. Shock (150 ~.A, 60 180 shocks on each day, except for the last day when only 
Hz, AC) was delivered to the grid floor through a 3000-V shocks were delivered. Immediately after the last shock s~ 
source, thereby providing relatively constant current. II- siou mice were decapitated, brains removed, dissected a 
lumination in each chamber was reduced by a 0.63 cm red • frozen for subsequent NE determination. 
Plexiglas roof. Experiment 3 was conducted to assess NE concentratic 
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HYPOTHALAMUS stressor, and thus influence NE turnover. In order 
Shocks 0¢r session T minimize the probability of learned responses being esta 
[~]60 [ ]  180/60 lished each shock session involved 360 shocks of 2 sec dm 

120 180 tion [3.7]. Earlier studies conducted in this laboratory h'. 
confirmed that a single shock session involving these p 

100 . . . . .  ~ L ~ -  ~ -  I ~ - ' 1  ~ . . . . . . . .  rameters led to a reduction of central NE concentratior 
while adaptation resulted from repeated predictable sho, 
[8]. As in the preceding experiments mice were individual 

80 housed and assigned to 4 treatment conditions. Unlike t] 
O preceding experiments the treatment procedures we 

O" applied over a 60, rather than a 15 day period. Mice of ol 
¢~ HIPPOCAMPUS T T group were exposed to the shock treatment (360 shocks, 
°~'° 120t T ~  J- ~ sec duration, 150/xA, only on the last day of the experime, 

Mice of the second group were exposed to the shock on t] 
.~W i i ~ _ ~ last l5 days, otherwise these animals, like those of the fil 

100 . . . . .  T . . . .  ~ . . . . . .  group, were left undisturbed in their cages, except to chan 
~" the cage bedding at 7 day intervals. Mice of the third grol 

likewise received 15 shock sessions; however, this proc 
80 r ~ . ~  ~ dure was not applied on successive days. Rather, shock se 
0~ I l q \ ' ~  t ~ \ ~  sions were applied on a variable schedule averaging eve 

Z I CORTEX fourth day (range=l-7 days). In each of the precedil 
o_ groups placement in the apparatus always occurred at tl 
if, 120 same time of day (i.e., between 1000 and 1200 hr). Mice 
O _ T the fourth group were treated like animals in the secol 

group, except that placement in the apparatus occurred 
Z 100 . . . . . . . . . . . . . . . . .  various times of the day on a random schedule (0900-18q 

hr). Four additional groups were handled and placed in t] 
80 apparatus just as the shock groups had been. However, t] 

shock treatment was not delivered. The final session for 
01 groups was applied on Day 60 between 1000 and 1200 

1 3 1 5 Thus, differences between groups could not be attributed 
DAYS OF SHOCK the time of day at which the last treatment was applie 

Immediately after the last session mice were decapitate 
FIG. 1. Concentrations of hypothalamic, hippocampal and cortical brains dissected and frozen. Tissue was stored at -700C f 
NE as percentage of control values (--S.E.M.) in mice exposed to subsequent determination of NE and MHPG using t] 
inescapable footshock on either 1,3 or 15 days. Mice received either HPLC procedure of Lasley et al. [ 14]. 
60 (solid bars) or 180 (hatched bars) shocks during each shock ses- 
sion (150 u-A, 6 sec duration). Two additional groups (cross hatched 
bars) received 180 shocks throughout the course of the shock regi- Amine  Determinat ions  
men, except for the last day when only 60 shocks were delivered. 

In Experiments I-3 tissue was homogenized in acidifi 
butanol, and NE extracted according to the procedure 

immediately and 24 hr following a chronic shock regimen. Maickei et al. [15]. A fluorescent derivative was then pt 
Mice were randomly assigned to four treatment conditions pared using a minor modification of the method 
(n=8/group). One group of mice received 180 shocks (6 sec Richardson and Jacobowitz [17], and the resulting fiuorc 
duration, 150 ~.A at 16 see intervals) on each of 14 successive cence was measured using an Aminco-Bowman spectr 
days. Twenty-four hours following the last stress session fluorometer. 
mice were decapitated and brains removed and dissected as In Experiment 4 high performance liquid chromatograp] 
in Experiment 1. A second group received the same shock using a slight modification of t  he method of Lasley et al. [! 
treatment; however, prior to decapitation on the fifteenth was used to determined levels of NE and nonsuiphat, 
day mice received a session of 60 shocks (6 sec duration, 150 MHPG. Brain tissue was homogenized by sonification in ¢ 
/~A at 60 sec intervals). The third group received handling on M perchloric acid containing an appropriate amount 
each of 14 days, and on the fifteenth day exposed to a single 4-hydroxy-3-methoxyphenylethanol (MOPET) as an interr 
session of 60 shocks (150/xA) at 60 see intervals. The fourth standard. After centrifugation to remove particulate matte 
group served as a handling control and was not exposed to the supernatant was filtered using a 0.2 ~.m regenerated c, 
shock. Immediately thereafter mice were decapitated and lulose filter. Aliquots of the filtrate were injected onto 
tissue dissected for subsequent amine determination. As in Brownlee RP-18 Spheri-5 column (22x0.45 era) protected 1 
Experiment 1 tissue was stored at -70°C until subsequent a guard column of the same material (3x0.45 era). TI 
fluorometric determination of NE concentrations, mobile phase was comprised of 0.14 M monOchloracetic ac 

Experiment 4 was conducted to evaluate the effects of with 0.1 mM disodium EDTA, 1.2 mM sodium octyl sulpha 
chronic intermittent shock on NE conce.ntrations and on the and 5% acetonitrile (apparent pH 3.0). The water used in t] 
accumulation of the NE metabolite, MHPG. Earlier studies mobile phase was double distilled in glass and the solutil 
had indicated that the use of long duration shocks (6 sec) was degassed prior to use. The mobile phase flow was mai 
such as those used in the preceding studies favored the de- mined at 1.8 ml/min using a Waters 60~A pump, and samlc 
veiopment of a learned immobility response [7], which could injections into the HPLC system were controlled by a V~ 
ostensibly influence the perceived controllability of the ters WISP 71013 autoinjector. Amperometric detection w 



656 ANISMAN ET A 

performed using an LC-4B detector and a TL-5 glassy car- 
bon cell (Bioanalytic Systems), with an applied potential [ ]  NO SHOCK 

maintained at +0.80V against Ag/AgCI reference electrode. [ ]  1 x 60 
Output from the detector was plotted using a Hewlett- 
Packard 3390A integrator. ~ ]  14x ~80 

1,5C 4 
RESULTS AND DISCUSSION i [ ' ~  14 x 180 plus 1,60 

Acute Shock T 
The concentrations of  NE in each of  the brain regions at ~.~ . ~  

various intervals following a single shock session are de- ~ 1.25 
picted in Table 1. Several tissue samples were lost during the ~. 
course of the biochemical determinations, and hence the de- 
grees of  freedom for the analyses varied with the brain region 
examined. Control NE concentrations represent the pooled x m i 
values of  mice that were not shocked, and Dunnett 's tests 0. 
(a=0.05) were used to compare the effects of  the shock 7._ 
treatments to those of  nonshocked mice. Although hypotha- u~ 1.C ~ i _  ,N~ 
lamic NE concentrations of  mice that received the 60 and 180 ~ 
shock treatments did not differ from one another, both these z " 
treatments reduced NE concentrations at the 0.01 and 0.25 
hr intervals relative to nonshocked animals. Within 1 hr NE ×.¢,N~ 
concentrations of  mice that received 60 or 180 shocks were ~',: 
comparable to those of  nonshocked animals, but at the 3 hr .7~ .~ 
interval NE concentrations were again found to be signifi- , , ~  
candy reduced in the 180 shock group. The absence of  the HYPOTHALAMUS HIPPOCAMPUS CORTEX 
depletion at the 1 hr interval in the 180 shock group was 
likely a spurious result, since we typically have observed the FIG. 2. Concentrations of NE (/~g/g tissue__. S.E.M.) in hypotha 
NE reduction following 180 shocks to persist beyond this mus, hippocampus and cortex of mice exposed to various shc 
interval [2]. However, it will be noted that at the 3 hr interval regimens. Mice were decapitated either immediately after expost 
in the 180 shock group the variability in NE concentrations is to the apparatus without being shocked (black bars), a single sessi 
appreciably greater than at other intervals, possibly reflect- of 60 shocks of 6 sec duration. 150/~A (cross hatched bars), or 
ing differential NE recovery rates across animals. The hip- sessions of 180 shocks on successive days followed by a session 

60 shocks (white bars). An additional group of mice that received 
pocampal NE reductions induced by the stressor were fairly sessions of 180 shocks on successive days was decapitated 24 
transient, with NE concentrations reaching control levels after the last shock session (hatched bars). 
within 0.25 hr of  shock termination (see Table 1). Finally, 
systematic variations of  cortical NE were not provoked by 

the shock treatment, shocks per session, nor did the amine levels differ as a ful 
tion of  whether mice received 1, 3 or 15 shock sessiol 

Chronic Shock Dunnett 's tests (a=0.05), however, confirmed that in h 
Since the chronic study was conducted in several rep- pocampus 15 sessions of 60 shocks significantly increas 

NE concentrations relative to nonshocked anima 
lications, the NE concentrations were converted to percent Likewise, 60 or 180 shocks applied on 15 consecutive d~ 
of  nonshocked animals. Analysis of  variance of the percent were found to increase cortical NE concentrations relative 
change of  hypothalamic NE indicated that the 60 and 180 nonshocked mice, Clearly, repeated exposure to a stres., 
shock treatments did not differentially influence amine con- 
centrations, F(1,41)=0.88, p>0.10. Likewise, the interac- effectively increased NE concentrations, and such an effc 
t i o n s b e t w e e n t h e N u m b e r o f D a y s o f S h o c k a n d t h e N u m b e r  was evident even if the shock treatment, when acut~ 
of Shocks applied during each session did not approach applied, did not provoke a significant decline of NE conc~ 
statistical significance, F(2,41)< 1. However, NE levels were trations. Furthermore, it appeared that 60 and 180 shoc 

administered daily were equally effective in producing t influenced by the Number of  Days of  Shock mice received, 
neurochemical adaptation. F(2.41)=5.55, p<0.05. Newman-Keuls multiple compari- 

sons (~=0.05) revealed that hypothalamic NE concentra- 
tions were higher in mice that received 15 sessions of  foot- Chronic Shock: Immediate and 24 Hr Variations 

shock than in animals that received a single shock session Figure 2 displays the concentrations of  NE followi 
(see Fig. 1). Dunnett 's tests (c~=0.05) also revealed that hy- acute shock, immediately alter repeated shock, and 24 
pothalamic NE concentrations in mice that received 15 following the repeated shock regimen (Experiment 
shock sessions exceeded those of  nonshocked mice. Con- Analysis of variance confirmed that hypothalamic NE lev, 
centrations of  hypothalamic NE in mice that received 180 were reduced in mice that received the shock treatment i 
shocks on a single occasion appeared to be somewhat lower mediately prior to decapitation, F(1,23)=5.28, and increas 
than that of nonsho.cked mice; however, Dunnetrs  tests re- in animals that had been exposed to the chronic shock re 
vealed that this difference did not reach statistical signifi- men, F(1,23)=8.08, p<0.01. Since a priori predictions h 
cance, been made concerning the effects of the two chronic sho 

Concentrations of NE in hippocampus and cortex were conditions, Newman-Keuls multiple comparisons of  t 
not found to differ between mice that received 60 or 180 simple effects were conducted. These comparisons cc 
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I NO SHOCK IHANOLED) those of mice that received 15 sesssions of shock expos1 P~I1;HOCK irrespective of whether the shocks were applied over s~ 
1. so i ' ~  cessive days or on an intermittent schedule. Indeed, in m 
t .  4o ~" ~ ~ ~ b ~ z ~  that received the chronic schedule of inescapable shock 1 

~ ' 1 .  zo concentrations were not reduced relative to animals that 1~ 
to t .  oo only been exposed to the apparatus. 
z 0.1;o Analysis of variance of the MHPG concentrations 

o] vealed a significant Shock treatment x Schedule interacti( 

I F(3,69)=3.64, p<0.05. Newman-Keuls multiple comp~ 
0.1;o I" ~ sons (a=0.05) confirmed that relative to the nonshock c( 

~. o. e5 I" ~ ~ ~ dition a single session of inescapable shock increased: o.2ol ~ ~ ~ ~ cumulationofthemetabolite, a s d i d e x p o s u r e t o l 5 s h ~  
t a o .  t5 sesssions. Moreover, the accumulation of MHPG was sigt 

icantly greater following repeated shock sessions than afte 
o. 1o single session. As in the case of the NE concentrations, tl 

o Actrre c ~ t m z c  c~oNzc  c~oNzc  occurred irrespective of the schedule of shock delivery, I"NTEII~J4ZT ZNTERMZT though predictable shock was somewhat more effective 
('rXMEI tear) this respect. Indeed, comparisons between the chro~ 

shock regimens revealed that shock applied at the same th 
FIG. 3. Concentrations of hypothalamic NE (-S.E.M.) in mice that of day over 15 successive days resulted in a somewl 
received either a single Session of inescapable shock (acute), 15 
sessions of inescapable shock on consecutive days between 1000 greater increase of MHPG concentrations relative to th( 
and 1200 hr (chronic), 15 sessions of inescapable shock at varying seen in mice that had been exposed to the stressor on l 
times of the day (chronic intermit--time), or on 15 occasions ran-  intermittent schedules (0.05<p<0.10). These data suggq 
domly applied over 1 60 day period (chronic intermitwday). Control that upon acute exposure to a stressor the utilization of NF 
groups (solid bars) were placed in the apparatus at equivalent times, increased, and the depletion of NE under these conditic 
but shock was withheld, results from synthesis not keeping pace with demand. W 

repeated exposure to a stressor further increases of NE ut 
zation are incurred possibly reflecting an adaptive change 

firmed that hypothalamic NE concentrations were higher in meet environmental demands. Inasmuch as NE content 
mice exposed to repeated shock and decapitated 24 hr later tions are not reduced under these conditions it is likely tl 
relative to nonshocked animals or animals that were decapi- the increased utilization was accompanied by a compen: 
tated immediately after the chronic shock session, As in the tory increase of amine synthesis. 
case of the hypothalamic NE variations, concentrations of Analysis of the hippocampai NE concentrations reveal 
hippocampal NE were increased in mice that had been ex- only a significant main effect of the Treatment schedu 
posed to repeated shock, F(1,23)=5.72, p<0.05. Finally, the F(3,59)=4.72, p<0.05. Newman-Keuls multiple c0n~pa 
analysis of cortical NE concentrations revealed that the Re- sons revealed that mice that received the chronic she 
peated Shock treatment significantly elevated NE concen- treatment at the same time of day or at different times of t 
trations, F(1,23)=5.76, p<0.05. In addition, the interaction day had higher NE concentrations than acutely shock 
between the Chronic Shock treatment and Acute Shock ex- mice or mice that had received the shock treatment on t 
posure approached statistical significance, F(1,23)=3.59, intermittent schedule. Although the Schedule × She 
p =0.072. Pairwise comparisons revealed that acute shock treatment interactions did not reach statistical significance 
produced a marginal reduction of NE concentrations is important to indicate that the treatment schedule har( 
(p<0.10), and such an effect was not evident in mice that had affected NE concentrations in nonshocked mice, and most 
received the Repeated Shock treatment. Indeed, as seen in the variance associated with the main effect of the Treatm¢ 
Fig. 2, in mice that received repeated shock NE concentra- schedule was attributable to the variations of NE content] 
(ions exceeded those of animals that had only received a tions in the acutely shocked and intermittently shock 
single session of inescapable shock, animals. 

Intermittent Shock GENERAL DISCUSSION 

The concentrations of hypothalamic NE in the intermit- In accordance with earlier investigations [15, 20, 21 
tent shock study are shown in Fig. 3. Analysis of variance acute exposure to inescapable shock enhanced the utilizati 
revealed that NE concentrations in hypothalamus varied as a of NE, and provoked a transient reduction in the content] 
funttion of whether animals were exposed to footshock, tion of this amine. As reported by Nakagawa et al. [15], t 
F(1,69)=3.94, p=0.051, and the Schedule of treatment appli- effectiveness of the stressor in reducing NE concentratie 
cation, F(3,69)=11.88, p<0.01. The Shock treatment x varied across brain regions, being more readily apparent 
Schedule interaction approached, but did not reach, statisti- the hypothalamus than in the hippocampus and cortex. A 
cal significance, F(3.69)=2.51, p =0.066. Newman-Keuls ditionally, it appeared that the time course for the NE vat 
multiple comparisons were nevertheless conducted between tions was dependent on the number of shocks mice receive 
the means of the simple main effects, since a priori predic- as well as the brain region examined. The reduction of b 
(ions had been made concerning this interaction. These induced by 60 shocks persisted for only a brief period, ] 
comparisons (a=0.05) confirmed that a single shock session turning to control values within 1 hr in the hypothalarnus, 
reduced NE concentrations relative to similarly treated non- within 15 min in the hippocampus. Following 180 shocks, tl 
shocked animals. Moreover, levels of NE in mice that re- reduction of hypothalamic NE was still present 3 hr after t 
ceived a single shock session were significantly lower than shock session. These data are consistent with studies she' 
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ing that the N E  reduct ions  were  more persistent  as s t ressor  whereas  utilization rates rapidly decline towards or  beh 
intensity increased [16]. Using more  severe  footshock than those o f  nonst ressed animals [17]. 
that employed  in the present  invest igat ion,  Weiss et al. [22] The N E  reduct ion ordinari ly associa ted with acute shc 
likewise noted regional specificity with respect  to the re- was absent  in mice that had rece ived  repeated exposure  
covery  of  N E  concentrat ions .  In particular,  it was obse rved  the stressor.  This was observed  regardless of  whe ther  sho 
that N E  concent ra t ions  within the locus coeruleus  did not was presented  on a predictable or  an intermit tent  schedu 
return to control  levels  until 72 hr  af ter  s t ressor  terminat ion,  Thus,  it appears  that the adaptat ion was not entirely deper 
while in hypothalamus control  levels  o f  the amine were  de- ent  on the s t ressor  being presented on a systemat ic  schedu 
tected 48 hr after shock terminat ion.  Inasmuch as some of  Yet ,  it will be recal led that NE  levels  and the accumulat i  
the behavioral  dis turbances  associa ted with uncontrol lable  o f  M H P G  were  somewhat  greater  in mice that had receiv 
stressors are relat ively transient,  while others are fairly per- the shock t rea tment  on a predictable schedule than in mi 
sistent [1, 5, 7, 24] it may  be essential  not  only to cons ider  that rece ived  the shock on an intermit tent  basis. While t 
the magnitude o f  the amine variat ions p rovoked  by avers ive  magnitude of  the NE  and M H P G  variat ions as a function 
stimuli,  but also the pers is tence o f  these al terat ions [23]. the predictable and intermittent  shock t reatments  was r 

In contras t  to the effects  o f  acute  inescapable shock,  re- sufficiently large to accept  unequivocal ly  that this variable 
duct ions o f  N E  were  not evident  fol lowing repeated applica- fundamental  in determining the course  o f  the adaptation,  tl 
tion o f  the s tressor .  Fol lowing administrat ion o f  inescapable  possibil i ty cer ta inly warrants  considerat ion.  Indeed,  it h 
shock o v e r  15 consecut ive  days concent ra t ions  o f  N E  equal-  been  repor ted  that al though behavioral  adaptatiort  occurs  f 
led or  exceeded  those  o f  nonshocked animals.  This was the lowing repeated exposure  to a predictable stressor,  t 
case i r respect ive  o f  whether  mice rece ived  60 or  180 shocks magnitude of  behavioral  alterations are more pronounc  
during each session. Since the utilization of  N E  was greater  when animals are exposed  to s tressors  on an intermittel 
af ter  chronic  than after  acute shock,  it is likely that the in- unpredictable  schedule (cf. [6, 9, 19, 22]). 
c reased  concent ra t ion  o f  N E  associa ted  with the chronic  reg- 
imen was at tr ibutable to a compensa to ry  increase of  amine ACKNOWLEDGEMENTS 
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