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Investigators have established that the performance of an incompletely learned avoidance task is a U shaped function of the 
time since the original partial acquisition. Thus rats perform more poorly when retested at intermediate time intervals ( I-8 
hr) after training than they do when tested at longer post-acquisition intervals (24-48 hr). Studies have suggested that such 
time-dependent deficits are not related to changes in learning ability, but rather result from shock-induced motor suppres- 
sion which interferes with active avoidance responding. Pharmacological studies utilizing drugs which effect cholinergic 
function have indicated that an inhibitory cholinergic system may be involved in mediating post-shock motor suppression. 
To obtain direct biochemical evidence for possible cholinergic mediation of post-shock motor suppression, measurements 
of high affinity choline uptake and acetylcholine turnover were made at varying time intervals following partial active 
avoidance training in F-344 rats. An increase in cholinergic function was found in the dorsal, but not the ventral hippocam- 
pus 30 min, I hr and 4 hr following acquisition training. These biochemical alterations were temporally correlated with 
deficits in active avoidance responding. We have reported that the immediate behavioral suppression observed in another 
rat strain (Sprague-Dawley, Zivic Miller Laboratoriesl, which exhibits inferior active avoidance performance, is similarly 
correlated with cholinergic activation in the dorsal hippocampus [ 17]. These data support the hypothesis that the dorsal- 
hippocampal cholinergic system is involved in the mediation of stress-induced behavioral suppression. Furthermore, strain 
differences in the temporal response of this system following exposure to stress may partially underlie previously observed 
strain differences in active avoidance performance. Such strain differences in neurochemical function provide a useful 
model for further investigations of the mechanisms involved in the effects of stress on motor-dependent behavior. 

Avoidance Stress Strain differences Acetylcholine 

S T U D I E S  in rats  have  repea ted ly  d e m o n s t r a t e d  that  in- 
comple t e ly  learned  ac t ive  a v o i d a n c e  tasks  are subjec t  to a 
t i m e - d e p e n d e n t  p e r f o r m a n c e  p h e n o m e n o n  k n o w n  as the 
" 'Kamin  Effect . '"  Kamin  [12] originally found that  when  rats  
are  r e t e s t ed  at i n t e rmed ia t e  in tervals  fol lowing part ial  ac t ive  
a v o i d a n c e  t ra in ing  they are infer ior  in p e r f o r m a n c e  to ra ts  
which  are re tes ted  e i the r  immedia te ly  or  24 hr  later.  The  
max imal  p e r f o r m a n c e  defici ts  in those  rat s t ra ins  which  have  
been  inves t iga ted  o c c u r  b e t w e e n  I and  6 hr  a f te r  initial train- 
ing [ I -3 .  19]. While  var ious  behav iora l  h y p o t h e s e s  have  been  
a d v a n c e d  to expla in  this p h e n o m e n o n  (for r ev iew see  [21), 
r ecen t  s tudies  indica te  tha t  shock- induced  m o t o r  suppres -  
s ion may  be r e spons ib le  for  t ime d e p e n d e n t  defici ts  in 
a v o i d a n c e  pe r fo rmance .  

Uti l izing Y-maze  b r igh tness  d i sc r imina t ion  task,  Bar re t t  
et ul. [7] were  able to d e m o n s t r a t e  that  F-344 rats  which  

exh ib i t ed  subs tan t ia l  per f i ) rmance  defici ts  at i n t e rmed ia te  
t ime in terva ls  a f te r  part ial  ac t ive  a v o i d a n c e  t ra in ing  still re- 
m e m b e r e d  where  to run,  but had difficulty in ini t iat ing the  
m o t o r  ac t iv i ty  requi red  to make  an avo idance  re sponse .  Fur-  
t h e r m o r e ,  they d e m o n s t r a t e d  that  the o c c u r r e n c e  of  the  
m o t o r  supp re s s ion  re spons ib le  for the o b s e r v e d  pe r fo rmance  
defici ts  occu r red  as a func t ion  of  the t ime since shock  expo-  
sure ,  not the t ime since initial a v o i d a n c e  training.  These  da ta  
indica ted ,  the re fore ,  that  the Kamin  effect  was  not due  to 
in t e r f e rence  with a s soc ia t ive  p rocesses ,  but  r a t h e r  suggested  
that  shock - induced  n e u r o c h e m i c a l  a l t e ra t ions  in the CNS 
p roduce  a t i m e - d e p e n d e n t  behav iora l  supp re s s ion  which  re- 
sul ts  in s u b s e q u e n t  pe r fo rmance  defici ts  in incomple te ly  
learned tasks  which  requi re  ac t ive  responding .  In con junc-  
t ion with these  s tudies ,  Bar re t t  and  co -worke r s  [7,19] also 
desc r ibed  a s t ra in  of  rat (Sprague-Dawley ,  Zivic  Miller Lab-  

tThis work was supported by USPHS grants MH29182, DA02050. and RR-05422 and the Tennessee Department of Mental Health and 
Mental Retardation. 

ZDr. Cooper is recipient of Neurobiology Training grant Award MH 15452. 
:~Requests for reprints should be addressed to Dennis E. Schmidt. 

457 



458 ('()()PI'~R, S C H M I D T  A N D  B A R R E T T  

orator ies ;  ZM) which was found to perform poorly in act ive 
avoidance  tasks independent  of  the length of  the retest inter- 
val. In fact ZM rats failed to demonst ra te  significant act ive 
avoidance  acquisit ion in a Y-maze tusk even after many re- 
peated daily training sessions.  A variety of  behavioral  meas- 
ures recorded in addition to the avoidance  response itself 
indicated that these animals were unique in the rapidity with 
which they became immobile  following the initial exposure  
to shock in a given training session. Thus,  although this 
strain was able to readily learn where to run m the Y-maze to 
escape shock,  the low probabili ty of  an act ive response vir- 
tually precluded their  making contact  with the avoidance  
cont ingency.  In subsequent  biochemical  studies with ZM 
rats we have shown that there was a specific increase in 
dorsal hippocampal  cholinergic function ~, hich was tempt)r- 
ally correla ted with the rapid onset of  behavioral  suppression 
in ZM rats [17]. This immediate  change in cholinergic time- 
lion w.as not observed  in F-344 animals which al ternat ively.  
become more act ive  immediate ly  follov,ing shock. 

More recent ly,  in a series of  studies by Anisman and co- 
workers .  [2-61 it was demonst ra ted  thal in a variety of  rodent 
strains the administrat ion of  shock produced neurochemical  
changes which resulted in deficits in the ability of  these 
animals to initiate and/or  maintain act ive motor  responding.  
Moreover .  these authors provided dal~.t which suggested that 
such temporal  motor  d e | t i t s  resulted from stress- induced 
deplet ion of  specific ca techolaminergic  pathways  in brain. 
Prior exposure  to unavoidable  shock was also shown to re- 
sult in a more rapid deplet ion of  these pathways following a 
subsequent  additional stress exposure ,  indicating thai the 
neurochemical  response of  the system has become "'sen- 
s i t i zed"  to repeated stress.  In addition to the data on cate- 
cholaminergic  function,  these authors further suggested thal 
a suppress ive  cholinergic inl'luence m;.ty be involved in 
mediat ing stress induced changes in motor  performance.  

The present manuscript  descr ibes  studies which demon-  
strafe that the post-acquisi t ion t ime-dependent  reduct ions  in 
act ive avoidance  per formance  v, hich can be observed  in 
F-344 rats (i.e.. the Kamin effect) are also temporal ly  cotre-  
lated with a specific increase in cholinergic function in the 
dorsal hippocampus.  

MI-THOl) 

F-344 rats (Harlan Industries),  55-6(} days of  age were 
housed in groups of  4--5 per cage and were maintained on an 
0700-1900 light cycle with food and water  provided ad lib. 
One week of  accl imation was al lowed before exper imenta-  
lion. 

A t'oidan( (, Pro(edut'e 

A standard Sidman avoidance  paradigm was used where  
rats were given training in a sound at tenuated enclosure  con- 
taining a 1 cubic foot Plexiglas cubicle with a floor composed  
of  16 stainless steel grids placed 1.5 cm apart. A scrambled 
shock (1.75 mA, I second duration) was del ivered through 
the grid t loor every  three seconds  if no responses  were 
made. The shock could be avoided by pressing a bar located 
4.9 cm above the floor. A bar press response delayed further 
shock delivery for 30 seconds.  Avoidance  responses (i.e., 
bar presses made during the 30 second interval) were calcu- 
lated by subtract ion of  escape  responses  (i.e., bar presses 
made in response to shock) from total bar presses.  All sub- 
jec ts  were  initially given 20 minutes of  avoidance  training 
and then removed  from the apparatus and randomly assigned 

t o  r e t e s t  o r  non-retest  groups.  l h e  retest groups received 10 
minutes of  further testing ei ther 0. Ve. I, 4 or  24 hr l\)llowing 
acquisi t ion.  All retest animals were sacrificed immediately 
following the It) minute retest interval. Animals in the non- 
retest groups were returned to their home cages a n d  s a c -  

rificed at the appropriate  post-acquisit ion intervals. A third 
group of  cage controls ,  which were never  exposed to shock. 
were sacrificed along v, ith the retest and non-retest  groups to 
obtain a biochemical  baseline of  cholinergic function. 

Iligh A.{thzitv (h,,litl(' Upla,~(" 

Following decapitat ion,  hippocampi were rapidl} re- 
moved and dissected over  ice. Hippocampi  ,a ere further dis- 
scored to separate the dorsal I/3 from the ventral 2/3. Brains 
regions were then placed in 5 ml cold isotonic sucrose (0.32 
M ). I-ollowing homogenizat ion (glass-let]on pestle), s;tmples 
were centrifuged at 10(R) × g for 10 minutes to remo,,e cellu- 
lar debris. Supernatants  were then recentrifuged for 20 min- 
utes at 22.000 x g. The resulting synaptosomal  pellets wcrc 
resuspended in 1 ml cold isotonic sucrose.  

The rate of  N a  dependent  high aMnity choline uptake 
( [ I A ( U )  was measured by ~.t modification 111] of  the method 
of  Kuhar  ct a/. [13]. Briefl}. I00 /a.I of  the synaptosonlal  
suspension ~,~as incubated with 0.9 ml sodium phosphate buf- 
fer or sodium frec buffer 137%') containing I() " M (0.4 kt(i) 
:~H-cholinc iodide (TRK-179. A m c r s h a m - S e a r l c ) i n  1.5 ml 
Beckman microfuge tubes. Following 5 minute |net ,bat |on.  
the reaction was terminated and the pellets re-isolated by 
three minute centrifugation in a Beckman microfuge. The 
supernatant  ,aas discarded by careful decantat ion and thc 
pellets were gentl.',, surtace washed t'~vice v~.ith I ml cold 
isotonic saline. The bottom 2 cm of the tube was then cut and 
placed dircctl} in I0 ml of  A( 'S  counting lluid (Amcrshan]- 
S, earle) l\)r scintillation counting. Under  these coru.litions. 
the rate of  t,ptake ,a its linear between 2 and 8 minutes. Iiigh 
affinity choline uptake (i.e.. corrected for sodium free Io,a 
afl]nity background) was calculated on the basis of 
chol incacet )hrans l ' e rase  activity.  This method hits been 
shown Io be superior  to H A ( ' U  determined on lhe blasts., of 
total protein [ 1 II. 

A( c l v h h o l i n c  I r e r a n ' o r  

Relative acet!,. Icholine (A(.'h) turnover  v, as determined by 
measuring the rate of  decline in ACh levels l\)llowing intra- 
ventr icular  administrat ion of  hemicholinium-3 (1"1(.'-3) [ 161. 
For  determinat ion of  A(.'h t t trnover during shock adminis- 
tration, rats ,a, ere given 20 p.g H('-3.  phtced in the shock 
apparatus for 20 minutes and immediately sltcrificed by 
head-focussed microwave  irradiation [15]. ( 'ontrol  rats v,.ere 
given H(_'-3. phiced back in their home cages and similarly 
sacrificed 20 minutes later, in alternation ,a.ith their shocked 
counterparts .  For measurement  of  post-shock A( 'h  tttrn- 
over .  at the appropriate  time intervals after shock,  both the 
shocked rats and their non-shock controls  received 1t('-3 in 
alternation,  were returned lo their home cages and micro- 
wave  sltcrificed 20 minutes latter. A( 'h  levels v, ere measured 
by pyrolysis gas chromatography as previously described 
llgl. 

,$'&lli.~ l i (  ~l l  ,4 tlOIv.~ i.~ 

Analysis of  variance,  follow ed by ei ther New man-Kculs  
multiple compar ison or  Duncan ' s  muhiple range testing were 
used to compare  the vltrious control ,  retest and non-retest  
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groups  for possible  t ime d e p e n d e n t  d i f fe rences  in a v o i d a n c e  
behav io r ,  Ach t u r n o v e r  or high affinity chol ine  uptake.  

RESUI.IS 

Figure llt and Ih represent the mean number of  bar 
presses made and mean number of  shocks received, respec- 
tively,, during the t`ao I0 rain acquisit ion periods, as `aell as 
dur ing  the 10 rain retest  sess ion at the indica ted  training- 
re tes t  t ime in tervals .  

The re  `acre no signif icant  d i f fe rences  among the g roups  
dur ing  e i the r  the first or  second  10 rain acquis i t ion  per iods  on 
e i the r  the shock or bar  press  meatstlre. Thus ,  the acquis i t ion  
means  p resen ted  in Fig. la and Ih represen t  the means  from 
the pooled values  frorn all sub, iects. Using t - tes ts  for corre-  
lated l l leinls It) c o m p a r e  per f t ) rmance  bet `aeen the first and 
second  I0 rain per iods  it ,,~.as found thal  the subjec t s  made  
more  bar  p resses ,  I(3<-)) 6. lit,/>.-: 0.01, and rece ived  signifi- 
cant ly  lc~a er s h o c k s . / ( 3 9 ) -  I I .{R"~./><0.()1. dur ing the second  
Ill rain t+f acq tds i t ion  thitn dur ing  the first I0 rnhl, indicat ing 
that the sLlb.lect:,,+ +~crc learning the avo idance  con t ingency .  

()no `aay analys is  of  va r iance  c o m p u t e d  on the re tes t  da ta  
s h o w e d  Ihat both  the n t tmber  of  shocks  rece ived ,  
l ' ( 4 . 3 5 ) - h . 5 7 ,  / J<0.01.  and the ntli 'nber of  iivoidamce re- 
sptiilSeS nlade,  F ( 4 . 3 5 ) - 7 . 4 .  I )< .0.()1, vliried its it funct ion  of  
the t ra in ing-re tes t  interval .  As can he seen in the l]gurcs,  the 
n t tn lber  of  r e sponses  `a'iis glei t tesl  art the immedia te  re tes t  
interval  and fc`aest at the I hr interval ,  while the oppos i te  
was true for the shock  dala.  

Nepala te  repea ted  measu re s  analys is  of  va r iance  ,acre 
c o m p u t e d  c o m p a r i n g  the first and second ten rain acquis i t ion  
pc t iods  with the 10 rain re tes t  sess ion  on bo th  shock  atnd bar  
press  measures .  Anal.,,sis of  the bar  press  da ta  indica ted  a 
significant  retest  in terval  x test  sess ion  (acquis i t ion or  re- 
text) in te rac t ion .  1 : (4 ,35)-8 .4 ,  /~.<t).01. ~.~,hich ~+~,as due 
pr imari ly  to the g rea te r  n u m b e r  of  bar  presses  made  by the 
immedia te  retest  gr tmp c o m p a r e d  It) their  acquisit ion data.  
"lhe same analysis+ c o m p a r i n g  the second  I0 rain of  acquisi-  
tion with the retest  data ,  :.list revealed  a s ignif icant  re tes t  
interval  × text sess ion  in te rac t ion .  [:(4,.45)=36, p < 0 . 0 5 .  
Nttbsequent  texts on the s imple main el'l~'cls showed  that  the 
I. 4 and 24 hr grot tps made  signif icant ly (i~<0.05) fewer  
:.tw~idance bar  p l¢sses  dur ing  the re tes t  sess ion  than dl.tring 
the second  10 rain t~f acquis i t ion .  The  resul ts  | ' toni the same 
analys is  on the shock da ta  indicated that  the Sl.lb.iects in the 
immedia te  retest  groups  rece ived  fc`aer shocks  dur ing  re tes t ,  
F(4+69)-9<,),/~-:0.05, than dur ing  lhe first It) rain of  acquisi-  
t ion. Ho ,aevcr ,  the rats  in the I hr. F(4 .69)~ 11.25, / )<[) .01,  
and 4 hr, | : ( 4 , 6 9 ) - 7 . 3 ,  p~ 0 .05 .  g roups  rece ived  a signifi- 
canl ly  g rea le r  nun lbe r  of  shocks  d m i n g  retes t  than they had 
expe r i enced  dur ing the l~rsl It) rain of acquis i t ion .  Tes t s  
c o m p a r i n g  the rete~,t da ta  v, ilh the second  IO nlhl of  acquisi-  
tion revealed that rats tes ted  i/, hr, F (4 ,66 ) -7 .g2 ,  l~-:t).05, I 
hr. F(4.66) 21.6.1~<0.01,  and 4 hr, F(4,66)+ Ig.3. p+---O.01, 
follo`aing acquis i t ion  rece ived  signif icant ly more  shocks  dur- 
ing retest ,  while the n u m b e r  of  shocks  rece ived  hy the im- 
media te  and 24 hr retesl  g roup  were not different  from the 
n u m b e r  rece ived  dur ing  the second  10 rain acquis i t ion  sex- 
s i t ' i n .  

The thne  d e p e n d e n t  a l t e ra t ions  in dorsal  h ippocampa l  
I I A ( ' U  are p resen ted  in F"ig. 2. Th ree  × five ana lys i s  of  
var iance  reveals  significant  group,  1:(2,105)=7.7()1, / j<0 .OI .  
and t ime,  F(2. 105)-5 .7g0 ,  p.-.0.()l,  effects.  S u b s e q u e n t  tes ts  
on s imple matin effects  showed  a significant  wtr ia t ion of  the 
re tes t  g roup  ac ross  t ime.  F(4.102)=4.g0, p<:O.01, while 
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FIG. I. Mean number of bar presse'+-'SEM (a) ntade and 
shocks+Sl'iM (b) taken during a 20 minute Sidman avoidance ac- 
quisition period and during stlbseqllent retesting. A total of 40 rats 
v,.erc given initial training and sub-groups ol 'g rats were then re- 
tested ,it the indicated times follo,aing training, l 'here reas no differ- 
ence in the 2{| minutes acquisition behavior of the sub-groups and 
the acquisititm ctJr~,c represents the pooled data from all rats. 
*p- O.t)5 vs. the First l0 nlillUteS ofacqui,,ition Ic,u'ning..i.p, 0.05 vs. 
the ,.econd It) mhltltes +,+f ;requisition learning. 

neither the control nor the non-relest groups varied signifi- 
cantly its a funct ion  of  t ime.  N e w m a n - K e u l s  mult iple com- 
par i son  test ing fur ther  revea led  that at bo th  the I hr and 4 hr 
t ime point ,  chol ine  uptake  values  for the re-lest  group were  
s ignif icant ly  different  (p<,0.05) from e i the r  cont ro l  or non- 
retest  values.  Similar  ana lys is  also revealed  that the rate of  
chol ine  uptake  for the re tes t  grotnp at the 4 hr period was 
s ignif icant ly  different  f rom tlptake values for the re tes t  
g roups  at all o the r  t ime in tervals  (p<:0.05). 

Figure 3 r ep resen t s  the values  for the h ippoeampa l  A ( ' h  
tu rnover .  Analys i s  of  var iance  revealed it s ignificant  t ime,  
F (3 .56)=7 .61 ,p - -O.01 ,  and group,  F( 1,56)=5.34,  p<() .05,  ef- 
i"cct and a significant  t ime x group  in te rac t ion .  1":(3,56).-6.73, 
p - :0 .05 .  Fu r the r  analys is  using the Duncan  muhip le  range 
tes t ing revea led  that  at both  the @l-g0 rain and  the 120-140 
rain post shocks  interval  h ippocampa l  ACh t u r n o v e r  `aas 
s ignif icant ly  e leva ted  (i~<:0.05). 

l)tS('USStO>~ 

The data presented here provide direct hiochemical evi- 
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FIG. 2. The change in Na" dependent high affinity choline uptake in 
dorsal hippocampus following Sidman avoidance training. Eighty 
rats were given 20 minutes of Sidman avoidance training and divided 
into 5 retest and 5 non-retest groups of 8 rats each. At the indicated 
intervals after training the retest groups received an additional 10 
minutes Sidman training and were then sacrificed in alternation with 
the non-retest group and a group of 8 home cage controls which 
received no Sidman training. Following sacrifice, dorsal hippocam- 
pus was removed and HACU measured as indicated. Choline uptake 
is expressed as pmol choline/nm ACh synthcsized±S~-M. *,o<0.05 
vs. control and non-retest groups. +p<O.05 vs. O. 30 min. I hr and 24 
hr retest groups. 
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FIG. 3. Relative ACh turnover in dorsal hippocampus fol lowing 
Sidman avoidance training. Control rats received only 20 #g H('-3 
and were returned to their home cage for 20 minutes prior to sac- 
rifice. The 0-20 minutes shock period rats received 20 #g H('-3 and 
then received 20 minutes Sidman avoidance training prior to sac- 
rifice in alternation with control group rats. i)ost-shock rats received 
20 u,g t-t(_'-3 at 0, 60 or 120 minutes after Sidman training, were 
returned to their home cage for 20 minutes prior to sacrifice in aher- 
nation v, ith control group rats. Each group contained a minimum of 
8 rats. *p<'O.05. 

d e n c e  for a t empora l  re la t ionsh ip  b e t w e e n  inc reases  in 
do r sa l -h ippocampa l  chol inerg ic  func t ion  and  the  behav io ra l  
supp re s s ion  which  occu r s  at specif ic  t ime per iods  fol lowing 
shock  exposu re  in F-344 rats.  These  inc reases  in H A C U  and 
A C h  t u r n o v e r  in the  dorsal  h i p p o c a m p u s  are cor re la ted  with 
defici ts  in a v o i d a n c e  p e r f o r m a n c e  at I and  4 hr fol lowing 
initial a v o i d a n c e  t r a in ing . .The  behav io ra l  da ta  d e m o n s t r a t e  
tha t  when  the  acqu i s i t ion  of  ac t ive  a v o i d a n c e  by F-344 rats  is 
incomple te  (i .e. ,  f u r the r  exposu re  to the cor rec t  con t ingency  
is requi red) ,  the  t ime d e p e n d e n t  supp re s s ion  o f  m o t o r  act iv-  
ity which  occurs  s u b s e q u e n t  to shock  s t ress  is incompa t ib le  
with  such  successfu l  e x p o s u r e  and  defici ts  in acquis i t ion  be- 
c o m e  appa ren t .  T h e s e  defici ts  are qui te  d rama t i c  when  it is 
cons ide red  tha t ,  desp i te  20 rain o f  pr ior  exposu re  to the 
a v o i d a n c e  con t i ngency ,  g roups  of  F-344 rats  re tes ted  at in- 
t e rmed ia t e  t ime in terva ls  d isplay less abil i ty to avoid  than  do 
comple te ly  na ive  ra ts  (i.e.,  first 10 min of  acquis i t ion ;  Fig. 1 ). 

We  have  prev ious ly  r epor ted  that  the  m a r k e d  mo to r  sup- 
p ress ion  which  o c c u r s  in a n o t h e r  s t ra in  of  ra ts  (Zivic Miller,  
Sp rague-Dawley)  as an immedia te  r e s p o n s e  to shock  is 
a lso cor re la ted  with an  inc rease  in dorsa l  h ippocampa l  
chol inerg ic  func t ion  [17]. The  rapid behav io ra l  suppres s ion  
seen  in Z-M rats  is a lso incompa t ib le  with the  m o t o r  act ivi ty  
which  is neces sa ry  to d i scove r  a v o i d a n c e  con t ingenc ie s  and 
the re fo re  resul t s  in infer ior  a v o i d a n c e  acquis i t ion  by Z-M 
rats.  The  cor re la t ion  o f  s t ress  induced  m o t o r  r e sponse  sup- 
p ress ion  and  a l t e ra t ions  in dorsal  h i ppocam pa l  chol inerg ic  
func t ion  in two behav io ra l ly  d is t inct  rat s t ra ins  the re fore  
p rov ides  ev idence  that  ac t iva t ion  o f  an inh ib i to ry  chol inerg ic  
sys t em in the dorsa l  h i p p o c a m p u s  par t i c ipa tes  in p n x l u c t i o n  
of  m o t o r  supp re s s ion  and suggests  tha t  t empora l  changes  in 

this  sys t em may bc invo lvcd  in regulat ing s t ress - induced ,  
t ime d e p e n d e n t  a l t e ra t ions  in ac t ive  a v o i d a n c e  b e h a v i o r  (i.e, 
such  as Kamin  effect).  

Chol inergic  mo to r  r c sponse  inhibi t ion,  func t ion ing  to op- 
pose  ca t ccho lamine rg ica l ly  media ted  m o t o r  r e sponse  ac- 
t ivat ion as part  of  a ba l anced  sys tem to regulate  r e sponse  
ra tes  was first sugges ted  by Car l ton  in 1963 19,10]. This  
model ,  and o the r  s u b s e q u e n t  hypo the t i ca l  models  (see re- 
cent  rev iew 12]) suggest  that  shock  exposu re  dur ing act ive 
avo idance  t ra in ing elicits c a t e c h o l a m i n e  release which  
p roduces  behav iora l  a rousa l  and  inc reased  mo to r  act ivi ty.  It 
is fu r the r  h y p o t h c s i z e d  that  this  c a t echo l amine  release re- 
sui ts  in a homeos t a t i c  r ebound  of  inhib i tory  chol incrgic  
func t ion  resul t ing in s u b s e q u e n t  a t t enua t ion  of  the Icvel of 
shock  induced  mo to r  act ivi ty .  Such  a s imple model ,  in which  
chol inergic  inhib i t ion  func t ions  only as a d i rec t  inh ib i tory  
f eedback  loop opposed  to ca t echo lamine rg i c  ac t iva t ion  does  
not ,  howeve r ,  p rov ide  an adequa t e  exp lana t ion  for the neu- 
rochemica l  even t s  which  we have  o b s c r v c d  in F-344 and 
Z-M rats.  F-344 rats  which  wcrc not rc - s t ressed  (i.e.,  not 
rc tes ted ,  but  sacr i f iced at app ropr i a t e  pos t -acquis i t ion  inter- 
vals) but which  were  similarly shocked  dur ing  acquis i t ions  
tr ials ,  did not show a signif icant  increase  in H A C U  as was 
o b s e r v e d  in the i r  r c tcs tcd  coun te rpa r t s .  If  suppress ive  
chol inerg ic  ac t iva t ion  were occur r ing  as a s imple t ime- 
d e p e n d e n t  inhib i tory  r ebound  to c a t e c h o l a m i n e  release re- 
sul t ing from thc initial s t rcss  ep isode ,  an increase  in H A C U  
should  also have  occu r r ed  in the non- re te s t  group.  Rather .  
the  sys tem appea r s  to ope ra te  such that  in the F-344 rats .  the 
initial shock  exposu re  " s e n s i t i z e d "  the regula t ion of  dorsal  
h ippocampa l  chol inerg ic  neu rons  so that  they were  more  
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readily ac t iva t ed  upon  r e -exposure  to s u b s e q u e n t  s t ressf id  
st imuli .  Such  sens i t i za t ion  may also be respons ib le  for the 
s ta t is t ical ly  insignif icant  but  very  cons i s t en t  inc reases  in 
H A C U  values  which  were  o b s e r v e d  in the  non- re te s t  g roup  
vs. the cont ro l  rats.  A s imilar  sens i t i za t ion  of  ca techo la -  
minergic  sys t ems  to more  rapid deple t ion  by repea tcd  s t ress-  
ful even t s  has  also prev ious ly  been  d e m o n s t r a t e d  (for re- 
v iew,  scc [211. 

The  motor  b e h a v i o r  of  Z-M rats  dur ing  initial shock  expo-  
sure  fu r the r  suggests  that  a s imple inhibi tory  f eedback  model  
|\~r chol incrg ic  mo to r  supp re s s ion  is not comple te ly  sat is lac-  
tory.  W h e n  Z-M rats are exposed  to shock  s t ress  they  do not 
e x p e r i e n c e  initial mo to r  ac t iva t ion ,  but ra ther ,  immedia te ly  
b e c o m e  suppressed .  It is difficult  to u n d e r s t a n d  how such  an 
immedia te  suppres s ion ,  which  was also cor re la ted  with an 
immedia te  inc rease  in dorsal  h ippocampa l  chol inerg ic  func- 
t ion [17], could  occu r  as a s econda ry  even t  to ca techo la -  
minergical ly  media ted  arousal  when  such  arousal  appea r s  to 
bc absen t .  It is more  pa r s imon ious  to suggest  that in these  
rats chol inerg ic  inhibi t ion occu r s  as a pr imary  reac t ion  to 
s t ress .  

These  da ta ,  the re fore ,  while not incons i s t en t  with a 
ca t ccho laminc rg i c -cho l ine rg i c  ba lance  as a fac tor  in regulat-  
ing behav iora l  a rousa l ,  no r  with s t r e s s -med ia t ed  ca tcchola -  
mine  re lease ,  do a l t e rna t ive ly  suggest  that  the chol inerg ic  
suppres s ive  por t ion  of  such  a ba l anced  sys tem is independ-  
ent ly  regulated and  may have  a pr imary ,  r a the r  than  jus t  a 
f ecdback  rolc.  in gove rn ing  the level of  behav iora l  r c sponsc  
to s t ressful  st imuli .  

The  A ( ' h  t u r n o v e r  data  also provide  indirect  ev idence  
which  suggests  the t i m e - dependen t  sens i t i za t ion  of  the hip- 
pocampa l  chol inerg ic  sys t cm seen fol lowing shock s t ress  in 
F-344 rats  is not specific only to shock  but will occu r  in 
r e sponse  to o the r  forms of  s t ress  as well. In making  the ACh 
tu rnover  m e a s u r e m e n t s  which shows a significant increase  in 
ACh tu rnover  at the indicated time intervals  following acqui- 
sition trials, the data  presented  in Fig. 3 was de te rmined  in 
non - r c t e s t cd  rats.  This  is in con t ras t  to H A C U  data ,  in which  
a s ignif icant  increase  in chol ine  up take  was o b s e r v e d  only in 
rats  which  were  re tes ted  (i .e. .  r e - s t ressed l .  We bel ieve  that  
the ansv, er to this  appa ren t  pa radox  lies in the me thod  re- 
qui red  l\,r e s t imat ing  AC'h tu rnover .  To make  such  de te rmi-  
na t ions ,  rats were  taken  at appropr ia t e  in te rva ls  fol lowing 

initial shock  exposu re  and .  while consc ious ,  were  given in- 
t r aven t r i cu l a r  in ject ions  of  HC-3. This  p rocedu re  requires  
cx t cns ive  handl ing  and close res t ra in t  for a per iod of  several  
minutes .  Tha t  these  rats  show increased  ACh t u r n o v e r  com-  
pared  to ra ts  which  were  similarly hand led  and injected w, ith 
HC-3, but which  were  not sub jec ted  to pr ior  shock  exposu re  
suggests  to us that  the increase  in ACh tu rnove r ,  s imilar  to 
that  seen in H A C U  in r e - shocked  rats ,  r e p r e s e n t s  a " 'sen-  
si t ized'"  chol inergic  r e sponse  to handl ing  s t ress  and is evi- 
dent  only at the appropr ia t e  t imes fol lowing the initial shock  
exposure .  Thus ,  the s t ress  of  the HC-3 inject ion p rocedu re  
p roduced  t ime -dependen t  chol inergic  changes  s imilar  to 
those  seen in r e sponse  to the s t ress  of  addi t ional  avo idance  
t ra ining.  

()n the behav iora l  level ,  the d e m o n s t r a t i o n  of  a t ime- 
d e p e n d e n t  pe r fo rmance  dcficit  in a S idman  avo idance  
parad igm prov ides  in format ion  on  the p robab le  impor t ance  
of  shock- induced  behav iora l  suppres s ion  in govern ing  re- 
sponses  to s t ressful  st imuli .  Previous  s tudies  have  pr imari ly  
util ized shut t le  box or Y-maze  avo idance  pa rad igms  which  
requi re  subs tan t ia l  l o c o m o t o r  act ivi ty  for successf id  
avo idance .  Tha t  s ignif icant  pe r fo rmance  defici ts  are also 
readily appa ren t  in a paradigm which  rcqui res  little locomo- 
tor  b e h a v i o r  for successful  avo idance  suggests  that  a wide 
range of  r e sponse  repe to r ies  may be sens i t ive  to shock-  
induccd  suppress ion .  

In s u m m a r y ,  wc have  p resen ted  b iochemica l  and behav-  
ioral ev idence  which  suppor t  the hypo thes i s  that  the tcm- 
poral ly dis t inct  behav iora l  suppres s ion  which  can  be ob- 
se rved  in var ious  roden ts  s t ra ins  fol lowing s t ress  is 
media ted ,  at least  in part .  via ac t iva t ion  of  a suppress ive  
do r sa l -h ippocampa l  chol inerg ic  sys tem.  Moreover .  the da ta  
suggest  tha t  such  chol inerg ic  ac t iva t ion  does  not o c c u r  sim- 
ply as a direct  homeos ta t i c  negat ive  f eedback  r e sponse  to 
ca t echo lamine rg i c  behav iora l  exc i ta t ion ,  but  ra ther ,  is a 
complex  and i ndependen t ly  regulated r e sponse  cont ro l  
pa thway  which  shows  dramat ic  var ia t ion  be tween  rat 
s t ra ins .  
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