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IRWIN, J . P AHLUWALIA, R M ZACHARKO AND H ANISMAN. Central norepmephrme andplasma cortwoste- 
tone following acute and chromc stressors Influence of social tsolat~on and handhng PHARMACOL BIOCHEM 
BEHAV 24(4) 1151-1154, 1986.--Exposure to acute inescapable shock resulted m a dechne of hypothalamlc norepmephnne 
(NE), and an increase of plasma cort~costerone concentrations W~th repeated apphcat~on of the stressor over 15 succes- 
sive days the reduction of NE was ehmmated and concentrations of the amine actually exceeded those of control ammals 
In contrast to the NE variations, plasma corhcosterone concentrations were elevated mrrespectlve of whether m~ce received 
a single or repeated sessions of inescapable footshock Moreover, unhke NE concentrations, handhng m~ce on successive 
days m the absence of the shock treatment was sufficient to provoke a modest, but rehable increase of cort~costerone 
concentrations It is suggested that the hypethalamlc NE and plasma corttcosterone changes may be reflective of different 
attributes of the stressor or are subserved by different mechamsms It is suggested that variations m both these systems 
represent adapttve changes to meet environmental demands 

Stress Isolation Corttcosterone Noreplnephnne.  

S T R E S S O R  apphcat~on has  been  s h o w n  to inc rease  the 
u t ihza t ton  and  synthes~s of  n o r e p m e p h r m e  (NE)  ~n severa l  
b ra in  regions.  If  the  s t r e s so r  is uncon t ro l l ab le  and  suffi- 
c ient ly  severe ,  then  the  ra te  of  utd~zat~on m ay  e x c e e d  syn- 
thes ts ,  resul t ing  m a net  r educ t ion  of  N E  concentratmons [3, 
28, 29]. It ~s t hough t  tha t  the  r educed  amine  concentratmons 
may  r e n d e r  the  o r g a m s m  less well p repa red  to deal  w~th 
s u b s e q u e n t  e n v t r o n m e n t a l  d e m a n d s  Wi th  r epea ted  apphca-  
t ton o f  a s t r e s so r  the acttv~ty of  the  syn the t i c  e n z y m e s ,  
tyros~ne hydroxy lase  and  dopam~ne-/3-hydroxylase  m- 
c reases ,  and  h e n c e  the  N E  reduc t ion  ~s p r e v e n t e d  [13,27]. 
Indeed ,  ~t seems  tha t  tn ammals  repea ted ly  exposed  to a 
s t r e s so r  N E  c o n c e n t r a t t o n s  may  come  to exceed  those  o f  
n o n s t r e s s e d  a m m a i s  [10,22] It was  h y p o t h e s t z e d  tha t  the  
~ncreased N E  act~vtty and  levels  may leave the  o rgamsm 

be t t e r  p repa red  to deal  wt th  e n v t r o n m e n t a l  s t ressors ,  such  
that  pe r fo rmance  defict ts  typical ly  e n g e n d e r e d  by  acute  
shock  may  be  a b s e n t  fo l lowing a chron ic  shock  reg imen  [27]. 

Para l lehng the cen t ra l  N E  a l te ra t ions ,  sec re t ion  of  ad- 
renal  cort~cotds may  also be ~nfluenced by s t r e s so r  cont ro l -  
labili ty and  chromc~ty.  Fo r  ~nstance, ~t was  d e m o n s t r a t e d  
that  inc reases  ~n p lasma  co r t l cos t e rone  c o n c e n t r a t i o n s  were  
more  p ro found  af te r  an  uncon t ro l l ab le  s t r e s so r  than  af te r  a 
con t ro l lab le  s t ressor  [5]. Moreove r ,  it has  b e e n  repor ted  tha t  
fol lowing c h r o m c  s t r e s so r  apphca t ton  adap ta t ton  occu r s  
such  that  p l a sma  cor t~costerone levels  are lower  than  af te r  a 
s~ngle sess ion  of  avers~ve s t imula t ion  [4,12]. 

Cen t ra l  N E  and  p lasma  cor t~costerone va r i a t ions  have  
been  ~mphcated ~n subse rv ing  the  behav io ra l  and  phys ica l  
pa tho log ies  assoc ta ted  wt th  s t r e s so r s  [I ,  21, 25]. H o w e v e r ,  
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because NE and cortlCOld alterations are affected similarly 
by averslve stimuli, it is often difficult to dlstingmsh their 
relative contributions Indeed, it has been assumed that the 
congruency between the hypothalamlc NE and plasma corti- 
costerone variations associated with stressors are related to 
one another That is, the reduced availability of hypotha- 
lamic NE following stressor apphcatlon may limit the inhibi- 
tory effect on CRF release ordinarily exerted by this amine, 
thereby increasing ACTH secretion and the consequent in- 
crease of  plasma cortlcold concentrations Indeed, it was 
suggested that evaluation of  endocrine activity may provide 
an effective method of  indirectly assessing brain functioning 
[23] Yet, there is considerable evidence indicating that hy- 
pothalamlc transmitters other than NE, including acetyl- 
choline, dopamlne and serotonln, which are influenced by 
stressors Ill also contribute to CRF secretion [20] 
Moreover, it has been demonstrated that stressors that do 
not appreciably influence NE concentrations may have very 
profound effects on plasma cortlcosterone concentrations 
[28,29], and manipulations which greatly influence NE may 
not affect cortlcosterone in a like manner (cf If, 5. 28]) 
Furthermore. it is entirely possible that corticold and amine 
variations may be influenced by different attributes of  the 
stressor (e g ,  arousal, anxiety, pain, previous stress his- 
tory), and, thus may not be similarly affected by all sires- 
SOtS 

In view of the proposition that stressors may contribute to 
the provocation or exacerbation of  psychological and physi- 
cal pathology, and that such effects may be related to altera- 
tions of  corticoids and central amines, it was of  interest to 
determine whether variations of these endogenous sub- 
stances would occur concomitantly ]nasmuch as the effects 
of acute and chronic stressors on NE and corticosterone 
have been examined independently, it was the purpose of the 
present investigation to establish concurrently whether the 
effects of  these treatments on NE concentrations would be 
paralleled by variations of plasma corticosterone In addi- 
tion, it has been demonstrated that background conditions 
(e g ,  social housing conditions, handling, shipping and 
maintenance of  animals) upon which a stressor is apphed 
may influence both plasma corticosterone [7, 21, 24] and 
central NE concentrations and turnover [2, 17, 26] and may 
also affect the development of physical pathologies [25] Ac- 
cordingly, in the present investigation the contribution of  
handling and housing conditions on stressor provoked NE 
and corticosterone variations were also evaluated 

METHOD 

SubJects 

A total of 95 male, CD-I mice, 55-60 days of age, were 
obtained from Charles River (Canada) Lid Mice were 
housed in groups of 5 in standard polypropylene cages for 14 
days prior to being used as experimental subjects Through- 
out the experiment mice were maintained on a 12 hr light/ 
dark cycle, and were permitted free access to food and 
water 

Apparatus 

Footshock was delivered in four identical black Plexiglas 
chambers which measured 30x 14× 15 cm, and were covered 
by red Plexiglas lids to reduce illumination. The floor of  each 
chamber was made up of  0 32 cm stainless steel rods spaced 
1 0 cm apart (center to center) The grid rods were connected 

in series with neon bulbs, and shock (150 g.A, 60 Hz, AC) was 
delivered to the grid through a 3,000 V source The end walls 
of each chamber were lined with stainless steel, connected in 
series with the grid floor 

Pro¢edure 

Mice were assigned to either an isolated or grouped hous- 
ing condition (5/cage) and exposed to one of 5 treatments 
(n=8-10/group) Mice in three of  these groups were placed in 
the apparatus for a 1 I hr period on each of  15 days These 
animals were exposed to footshock on either all 15 days, on 
the last 3 days, or only on the last day of the experiment 
(360 shocks, 2 sec duration, 9 sec intertrial interval) Mice of 
the remaining two groups were not shocked Animals of  one 
group were, however, placed in the apparatus on each of 15 
days, whereas mice of  the other group were not removed 
from their home cages and were left undisturbed throughout 
the 15 day period (except to change cage bedding on Day 7) 
Immediately following the last shock session mice were de- 
capitated, brains removed, dissected and frozen in liquid m- 
trogen Additionally, trunk blood was collected and cen- 
trifuged, and plasma samples frozen Samples were stored at 
-70°C until concentrations of brain NE were determined 
using a modification of the hydroxyindole method [15,16], 
and plasma corticosterone concentrations were assessed 
fluorometrically [6] 

RESULTS 

Analysis of  variance revealed that hypothalamic NE con- 
centratlons were not influenced appreciably by the housing 
condition Concentrations of the amine were, however. 
found to vary as a function of the shock treatment mice 
received, F(4,87)=3.00, p < 0  05 Newman-Keuls multiple 
comparisons (a=0.05) of  the shock main effect indicated 
that a single shock session provoked a modest reduction of 
NE relative to nonhandled animals (p<0 10) Consistent 
with our earlier observations [ 10] NE levels following 3 ses- 
sions of shock did not differ from those of nonshocked 
animals, while concentrations of the amine following 15 
shock sessions significantly exceeded those of both non- 
shocked groups 

It was previously reported that reductions of  hlppocampal 
NE are less readily provoked than are the hypothalamic NE 
reductions, although a reduction of hippocampal NE can be 
achieved provided that the stressor is relatively intense or of  
sufficient duration [10,19] In the present investigation acute 
shock did not result in a reduction of hlppocampal NE con- 
centrations This was the case even when the shock was 
applied over 3 consecutive days Together with the earlier 
observations, it appears that in order for hippocampal NE 
reductions to be provoked a stressor of sufficient intensity or 
duration must be applied during a single session 

Paralleling the variations of hypothalamm NE. analysis of 
the plasma corticosterone concentrations revealed that the 
housing manipulation was w~thout effect, while the shock 
treatment significantly influenced steroid concentrations, 
F(4,85)=42 28, p < 0  01 Newman-Keuls multiple compari- 
sons (a=0 05) indicated that corticosterone concentrations 
were elevated irrespective of  whether mice received I, 3 or 
15 shock sessions This finding is clearly distinguishable 
from the central NE variations where i and 15 shock ses- 
sions had opposite effects The Newman-Keuls multiple 
comparisons also confirmed that in nonshocked mice that 
had been handled throughout the chronic phase of  the study 
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FIG I Concentranons of norepmephnne (±S E M ) tn hypothala- 
mus and hlppocampus, and the concentrations of plasma corttcoste- 
rone as a funcuon of housing condmon and stress treatment 
N H = nonhandled-nonshocked, N S = handled-nonshocked Numbers 
(I. 3, 15) denote the number of shock sessions m~ce received 

cortlcosterone concentrations significantly exceeded those 
of mice which had neither been handled nor exposed to 
shock. Handling itself has been shown to be a moderate 
stressor which ordinarily produces an increase of plasma 
corticosterone [23] It was expected that by prehandhng 
animals adaptation to this procedure would be established, 
and consequently cortlcosterone concentrations would be 
reduced relative to animals that had not been handled previ- 
ously The fact that corhcosterone concentrations were ele- 
vated m repeatedly handled m~ce provisionally suggests that 
the use of th~s procedure over the 15 day period had, con- 
trary to expectation, served to increase the stressfuiness of 
the situation It might have been expected that the effects of 
handling on cortlcosterone secretion would vary as a func- 
tion of the background stimulation that animals received 
However, the effects of handling were comparable in 
grouped (that received stimulation from conspeclfics) and 
~ndlvidually housed animals. 

DISCUSSION 

Consistent with previous reports [4, 23, 24], exposure to 
footshock in the present ,nvestigatlon resulted in a marked 
increase of plasma cortlcosterone This was the case regard- 
less of whether mice received l, 3 or 15 shock sessions 
These groups did not defter from one another, and there was 
httle md~cation of adaptation with repeated shock exposure 
Although ~t has been reported that the increased cort~coste- 
tone concentrations ordinarily assooated with acute sires- 
sots are diminished following repeated stressor apphcat~on 
[4], such an outcome was not evident after repeated handling 
or footshock in the present investigation Other investigators 
have likewise failed to detect an adaptation effect with a 
w~de variety of stressors, including placement in a novel 
environment [7,9], saline injection, cold exposure, forced 
running, immobdtzatlon and footshock [9, l l, 12l The 
source for the divergent results seen across laboratories is 
not ~mmediately evident; however, given the large number 

of social, orgamsmlc and experiential variables that influ- 
ence cortlcosterone secretion [23], the differential outcomes 
are not particularly surprising. 

The effects of handhng and repeated shock exposure on 
central NE concentrations were distinct from those of 
plasma cortlcosterone. Whereas handling increased plasma 
cortlcosterone levels, this manipulation did not mfluence 
hypothalamtc NE concentrations. Furthermore, while corti- 
costerone concentrations remained elevated after both acute 
and repeated shock, the variations of NE concentrations 
associated with acute shock were eliminated in chronically 
shocked animals. In fact, the NE concentrations associated 
with chromc shock were diametrically opposed to those seen 
after acute shock. Clearly, the variations of central NE 
associated with stressor application are incongruent with the 
corticoid alterations engendered by these treatments As 
such, these data suggest that variations of NE and cortlco- 
sterone may reflect different attributes of the stressor (e g ,  
arousal, defense styles) or are subserved by different under- 
lying mechanisms. 

The amine and steroid alterations following acute and 
chronic stressor application may be reflective of efficient 
adaptive responses to environmental demands, Earlier work 
in this and in other laboratories [10, 14, 26, 28, 29] revealed 
that following acute stressor application NE release exceeds 
utilization, resulting m a net reduction of amine concentra- 
tions [I,29] As a result the organism's ability to contend 
with environmental stressors may be impaired. Following 
chronic stressor application NE release proceeds at an ac- 
celerated rate, but a compensatory increase of amine syn- 
thesis may be provoked, thus resulting in increased NE con- 
centratlons [1,10]. As in the present report, it was observed 
that concentrations of NE in chronically shocked animals 
may actually come to exceed those of nonshocked animals 
[1,22] Moreover, the increased synthes~s and concentra- 
tions may persist for some time after stressor termination, 
thereby assunng adequate amme stores m the event that the 
stressor Is again encountered [26]. It is thought that the in- 
creased amine synthesis and concentrations may be essential 
m order for the animal to meet immediate environmental 
demands, and would augment the preparedness of the or- 
gamsm to deal w~th impending stressors. 

It has long been maintained that corhcosterone secretion 
in response to stressors would ensure that the organism 
would be optimally prepared to deal with environmental de- 
mands (e.g,  through increased availability of blood glucose, 
anti-inflammation) Under some conditions adaptation in the 
form of reduced corticosterone secretion may not be ev~- 
dent, and m fact, enhanced corticosterone secretion may be 
apparent after a repeated stressor regimen [8,9] The factors 
which determine whether adaptation or sensitization of 
glucocortlcold activity would occur have not yet been de- 
termined. However, in considering the adaptive value of 
pituitary-adrenal activation, ~t is significant that glucocor- 
ticoids actually suppress some physiological processes (e.g., 
~mmune functioning) Thus, it was suggested that one of the 
primary functions of the stressor-provoked glucocorticold 
secretion is to protect the organism from potential physiolog- 
ical overshoots, which could have adverse consequences, 
e g ,  autoimmune disorders [18] Following this line of rea- 
soning, it might be expected that the adrenal cortex would be 
capable of generating a rapid response to acute stressors. 
This system, however, would be relatively resistant to adap- 
tation, and would occur only after homeostasis had been 
achieved m other systems. 
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