
Pharmacology Biochemistry and Behavior, Vol. 3, pp. 139--142. ANKHO International Inc., 1975. Printed in the U.S.A. 

BRIEF COMMUNICATION 

Time Course for Plasma 11-Hydroxycorticosteroid 

Elevation in Rats during Stress I 

J. R. B A S S E T T  A N D  K. D. C A I R N C R O S S  

School o f  Biological Sciences, Macquarie University, North Ryde, 
N.S. W. 2113, Australia 

(Rece ived  15 March  1974)  

BASSETT, J. R. AND K. D. CAIRNCROSS. Time course for plasma ll-hydroxycorticosteroid elevation in rats during 
stress. PHARMAC. BIOCHEM. BEHAV. 3(1)139-142 ,  1 9 7 5 . -  The time course of plasma ll-hydroxysteroid elevation 
was studied in two stress situations: regular unsignalled foot shock which produces an intermediate steroid elevation 
and irregular signalled foot shock with the possibility of escape, which produces an extreme steroid elevation. The 
initial time course for steroid elevation followed a similar pattern for both treatment groups with the exception that in 
the irregular signalled group the plasma steroid elevation was more pronounced and there was an indication of biphasic 
response. The results are discussed in terms of possible inhibitory feedback pathways. 

Stress Corticosteroid elevation Inhibitory feedback 

B A S S E T T  et al. [ 1 ] in a p a r a m e t r i c  s t udy  on  the  cor t icos-  
t e r o n e  release in the  rat  ind ica ted  t w o  degrees of  cor t icos-  
te ro id  response  to stress, an i n t e r m e d i a t e  s teroid  e leva t ion  
( 5 0 - 6 0  u g / 1 0 0  ml p lasma)  and e x t r e m e  s teroid  e leva t ion  
( 9 0 - 1 0 0 u g / 1 0 0  ml plasma) .  In o rde r  to  exp la in  these  
results,  it was suggested the re  exists  a two  c o m p o n e n t  
sys tem act ing cen t ra l ly  "on the  h y p o t h a l a m i c - p i t u i t a r y -  
ad renocor t i ca l  sys tem.  In n o r m a l  c i r cums tances  cor t icos-  
t e r o n e  released in response  to  a s t ressor  acts  t h r o u g h  an 
i n h i b i t o r y  feed-back  m e c h a n i s m  on  the  h y p o t h a l a m u s  thus  
p reven t ing  fu r t he r  release of  ACTH f rom the  an t e r i o r  
p i tu i ta ry .  However ,  in s i tua t ions  involving a h igh  degree of  
psychologica l  stress it was suggested t h a t  the  i n h i b i t o r y  
f eedback  m e c h a n i s m  could be modi f i ed  or by-passed 
t h r o u g h  i nvo lvem en t  of  h igher  cen t res  such as the  
h i p p o c a m p u s .  

The  poss ib i l i ty  exists  however ,  t ha t  the  t w o  levels of  
s teroid  response  r epo r t ed  by  Basset t  et al. [1] do  no t  
ref lect  abso lu t e  d i f fe rences  in s tero id  levels. The  in te rme-  
diate  s teroid  response  m ay  ref lect  a s lower  t ime  course  for  
s teroid  e leva t ion  such  t h a t  s imilar  s tero id  levels would  be  
o b t a i n e d  even tua l ly  wi th  all stressors.  Converse ly  the  inter-  
med ia te  s teroid  response  may  ref lect  a h igh s tero id  response  
which ,  due  to  the  d i f fer ing stress pa ramete r s ,  is no t  main-  
ta ined  over  the  t r e a t m e n t  per iod.  In o rde r  to  clarify this  
po in t  the  t ime  course  for  p lasma s tero id  e leva t ion  was 

s tudied  in two  stress s i tuat ions .  The  t r e a t m e n t s  se lected 
were regular  unsignal led foo t - shock  (Reg.-unsig.)  s ince th is  
p roduced  i n t e rmed ia t e  s teroid e levat ion,  and i r regular  
signalled foo t - shock  wi th  the  poss ibi l i ty  o f  escape (Irreg.- 
sig. Escape)  as this  p r o d u c e d  e x t r e m e  p lasma s tero id  eleva- 
t ion  [ 1 ] .  

METHOD 

Anirnals 

Male CSF rats  8 7 - 9 3  days old were used in all experi-  
ments .  The  an imals  were housed  in groups  of  3 u n d e r  
c o n d i t i o n s  of  c o n s t a n t  t e m p e r a t u r e  and h u m i d i t y  (21 -+ 
0.5°C, 46% h u m i d i t y )  and subjec ted  to a 12 hr  n i g h t - d a y  
rou t ine  (l ight 8 a . m . - 8  p .m.)  beg inn ing  at least  14 days  
pr ior  to  c o m m e n c e m e n t  of  e x p e r i m e n t a t i o n  and c o n t i n u i n g  
un t i l  its conclus ion .  Food  and wa te r  were p rov ided  ad lib. 
B o t h  con t ro l  and  stressed rats  were housed  u n d e r  ident ica l  
condi t ions .  

Apparatus and Procedure 

The appa ra tus  and  stress pa rame te r s  for  the  Reg.-unsig. 
and Irreg.-sig. Escape groups  were the  same as tha t  descr ibed 
b y  Basset t  et al. [ 1 ] .  In  the  case of  the  Reg.-unsig. g roup  
naive an imals  were placed in a whi te  Plexiglas box  of  
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internal  dimensions 34 x 23 x 33 cm high with a grid f loor 
of  stainless steel 0.65 cm dia. rods set at 1.9 cm centers. The 
uncondi t ioned  stimulus (UCS) was 2 sec of  scrambled foot-  
shock repeated every 88 sec and delivered through the grid 
f loor  as a 2 mA, 50 pulses/sec d.c. square wave. The animals 
remained in the stress box for ei ther 2, 5, 10, 20, 25 or 
35 min and upon removal  were immedia te ly  sacrificed. 
Nine animals were stressed for each of  the stress periods 
ment ioned  above. For  the Irreg.-sig. Escape group the 
animals were placed in au tomated  1-way avoidance boxes  
(Lafayet te  Model  No. 85200)  described in detail  by Bassett 
et al. [1] .  An escape p la t form was made available to the 
animal by an au tomated  movable  part i t ion.  A light con- 
di t ioned stimulus o f  2 W was located on the wall of  the 
grid chamber  opposi te  to the escape pla t form.  The UCS was 
delivered by a generator-scrambler  through the grids as a 
2 mA, 50 pulses/sec square wave. Each rat was placed on 
the escape pla t form at the c o m m e n c e m e n t  of  the t rea tment  
s e s s i o n .  T rea tmen t  consisted of 7CS-UCS exposures 
randomly  placed in the 35 min session. On each trial the CS 
onset 4 sec before  the animal was pushed by the movable  
par t i t ion f rom the p la t form on to  the grid which was simul- 
taneous with the onset of  the UCS. At this the movable  
par t i t ion  immedia te ly  retracted and the animal was able to 
jump  from the grid to the  re-exposed p l a t fo rm with  a 
min imum latency of  0.3 sec. The UCS was terminated  by 
the return of  the animal to the pla t form.  Irreg.-sig. Escape 
animals were stressed daily, one session/day, for 4 days in 
order  to obtain  a min imum stable escape latency thus 
ensuring that  all animals would  receive approximate ly  the 
same durat ion for foo tshock  in the final stress session [ 1 ].  
Such a prolonged exposure to Irreg.-sig. Escape stress does 
not  affect  the ex t reme  steroid elevat ion produced  by this 
stressor [1] .  During the final stress session animals were 
removed after  2, 5, 10, 15, 20, 25 and 35 min exposure and 
immedia te ly  killed. The durat ion of  exposure in the final 
stress session and their  relat ion to the sequence of  intermit-  
tent  footshock is shown in Fig. 2. As with the Reg.-unsig. 
group 9 animals were stressed for each stress period. Both 
Reg.-unsig. and Irreg.-sig. Escape stress procedures  were 
carried out  be tween  the hours 9 a . m . - 1 2  noon.  

Glucocorticoid Assay 

Immedia te ly  fol lowing the last stress episode the animals 
were sacrificed by cervical dis locat ion and exsanguinated.  
The blood was collected in heparinized tubes and centri- 
fuged in order  to obtain  cell free plasma which was then  
frozen. Cor t icos terone  levels in plasma were de termined  
subsequent ly  by the f luorometr ic  me thod  of  Matt ingley 
[8 ] ,  which is specific for free 11-hydroxycort icosteroids .  

R E S U L T S  

A plot of  mean plasma cor t icosterone levels (-+ S.E.) 
versus dura t ion  of  stress for the Reg.-unsig. group is shown 
in Fig. 1. The  critical value for a significant difference 
be tween  any two means, as de termined by the Tukey  test, 
was 9.7 at the 5% level and 11.4 at the 1% level of  
conf idence (MS . . . . .  = 42.8, d f  = 64). The plasma 
cor t icosterone le~,~r~ose rapidly during the 10 min immedi-  
ately fol lowing c o m m e n c e m e n t  of  stress, and began to 
plateau after some 15 min. No fur ther  significant elevation 
occurred be tween  2 0 - 3 5  min of  stress, the peak steroid 
elevation being 51 -+ 2.3 ~g/100 ml plasma after 35 min. 
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FIG. 1. Time course of plasma corticosterone elevation following 
regular unsignalled foot-shock. Each point represents the the mean 

level of plasma steroid (-+ S.E.) derived from nine animals. 

These results are in close agreement  with those reported by 
Bassett et al. [ 1 ] where the plasma steroid elevation result- 
ing f rom the same stress parameters  was found to be 49 +- 
3 . 8 # g / 1 0 0  ml plasma after 45 min of  stress. It would 
appear, therefore,  that  the max imum steroid elevation 
resulting f rom regular unsignalled foo tshock  is maintained 
wi thou t  change during cont inued exposure  to the stressor 
for a 45 min period. 

A plot  of  mean plasma cor t icos terone levels (+ S.E.) 
versus dura t ion of  stress for the Irreg.-sig. Escape group is 
shown in Fig. 3. In this case the max imum steroid elevation 
after 35 rain of  stress was 90 -+ 6.4 #g/100 ml plasma. The 
critical value for a significant difference be tween  any two  
means was 23.0 at the 5% level and 27.2 at the 1% level of  
conf idence  (MS . . . . .  = 221.4, d f  = 56). These figures again 
correlate well w)[hU~hose repor ted  in our  earlier paper [1] 
where 35 min of  Irreg.-sig. Escape stress resulted in a 
steroid elevation of  89 +- 4.9 #g /100  ml plasma. 

DISCUSSION 

It can be seen f rom Figs. 1 and 3 that  the initial t ime 
course for elevation of plasma cor t icos terone follows a 
similar pat tern for bo th  t rea tment  groups with the excep- 
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FIG. 2. Irregular signalled footshock where escape is possible. The 
sequence of stress episodes in the last stress period, the mean escape 
latency for each stress episode (-+S.E.) and the time of killing are 

shown. 

t ion  t ha t  in the  Irreg.-sig. Escape group  the  p lasma s tero id  
e leva t ion  is more  p r o n o u n c e d  and  there  is an  ind ica t ion  of  a 
b iphasic  response.  With  b o t h  t r e a t m e n t s  the  s teroid  level 
ini t ia l ly  rose rap id ly  t h a n  p l a t eaued  to  a level wh ich  was 
m a i n t a i n e d  for  a pe r iod  of  at  least  45 min  in the  Reg.-unsig. 
group and 35 min  in the  Irreg.-sig. Escape group.  It  would  
appear  the re fo re ,  t h a t  the  resul ts  p resen ted  in ou r  prev ious  
s tudy  wh ich  ind ica ted  two  d i f fe ren t  levels of  s tero id  re- 
sponse  c a n n o t  be  exp la ined  on  the  basis of  d i f fe rences  in 
the  t ime  course of  p la sma  co r t i cos t e rone  e levat ion.  

The  poss ib i l i ty  of  the  ex is tence  o f  a two  c o m p o n e n t  
sys tem act ing cen t ra l ly  on  the  h y p o t h a l a m i c - p i t u i t a r y -  
ad renocor t i ca l  sys tem can n o w  be re -examined .  Such  a two 
c o m p o n e n t  sys tem need no t  involve solely neura l  connec-  
t ion  to the  h y p o t h a l a m u s .  Stressful  s t imul i  have  been  
classified as h u m o r a l  or  neura l  accord ing  to w h e t h e r  t hey  
tr igger the  release o f  ACTH in the  absence  or p resence  of  a 
c e n t r a l  n e r v o u s  inpu t  to  the  h y p o t h a l a m i c - p i t u i t a r y  
c o m p l e x  [2, 3, 5, 6 ] .  Makara  et  al. [7] suggested t h a t  i t  
may  be the  severi ty  of  the  stress wh ich  d e t e r m i n e s  t he  
e x t e n t  of  the  h u m o r a l  or  neura l  c o m p o n e n t .  More severe 
t r a u m a  may  rap id ly  ac t iva te  no t  on ly  neura l  b u t  also 
h u m o r a l  p a t h w a y s  tr iggering f u r t h e r  ACTH release. Such  a 
suggest ion would expla in  the  i n t e r m e d i a t e  and  e x t r e m e  
s teroid  levels seen in these  e x p e r i m e n t s  as well  as the  
b iphas ic  appea rance  of  the  e x t r e m e  s teroid  response  since 
the  h u m o r a l  c o m p o n e n t  is s lower  in onse t  [ 7 ] .  

Dif ferences  in the  ra te  o f  rise of  p lasma s tero id  levels 
may  also d e t e r m i n e  the  level o f  s tero id  response .  Jones  
e t  al. [4]  f o u n d  t ha t  the  i n h i b i t o r y  ac t ion  of  co r t i co s t e rone  
on  f u r t h e r  release o f  ACTH was rate  sensitive.  There  was a 
crit ical ra te  of  rise of  p lasma co r t i cos t e rone  in excess of  
which  the  stress r e sponse  was inh ib i t ed .  Rates  of  rise less 
t han  the  cri t ical  values did no t  a f fec t  the  stress response .  
Jones  e t  al. [4]  found ,  however ,  t h a t  the  i n h i b i t o r y  feed- 
back  con t ro l  could be sa tu ra ted  at  h igh  p lasma cort i -  
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FIG. 3. Time course of plasma corticosterone elevation following 
irregular signalled footshock where escape is possible. Each point 
represents the mean level of plasma steroid (-+S.E.) derived from 

nine animals. 

cos tero id  c o n c e n t r a t i o n s  and  w h e n  this  occur red  the  s teroid  
response  to  stress was no  longer  inh ib i t ed .  In the  p resen t  
series of  e x p e r i m e n t s  the  ra te  of  rise o f  p lasma s tero id  in 
b o t h  the  Reg.-unsig. and  Irreg.-sig. Escape groups  is in 
excess of  the  cri t ical  value p roposed  in the  Jones  s tudy.  As 
a resul t  of  this  the  degree of  s teroid  release would  be  
l imi ted  b y  the  i n h i b i t o r y  f eedback  con t ro l  p r o d u c i n g  an  
i n t e rmed ia t e  e levat ion.  However ,  in the  case of  Irreg.-sig. 
Escape t r e a t m e n t  which  p roduces  a h igh  degree of  psycho-  
logical stress, the  p lasma s teroid  level is greater .  In  th is  
s i tua t ion  sa tu ra t ion  of  the  i n h i b i t o r y  f eedback  m e c h a n i s m  
could occur.  The  b iphas ic  response  and e x t r e m e  s te ro id  
levels d e m o n s t r a t e d  in Fig. 3 could the re fo re  ref lect  a 
r ecep to r  s a tu ra t i on  of  the  f eedback  con t ro l  sys tems  and  
c o n s e q u e n t  l i f t ing of  the  i nh ib i t i on  of  ACTH release. 
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