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A C T H :  D i f f e r e n t i a l  E f f e c t s  o n  A v o i d a n c e  a n d  D i s c r i m i n a t i o n  

A divers i ty  of behav io ra l  effects  fol lowing var ious  
p i t u i t a r y - a d r e n a l  i n t e rven t ions  has been  reportedX-7 and  
is usual ly  a t t r i b u t e d  to  one of two  var iables :  1. t he  level 
of fear  or arousal  induced  by  the  t es t ing  s i tua t ion  s, 8 and  
2. the  r eac t iv i ty  of the  sub jec t  sample  ~, ~. 

This  p a p e r  descr ibes  a s t u d y  of t he  effect  of these  2 
var iables  on t h e  inf luence of exogenous  A C T H  on acqui-  
s i t ion of a Y - m a z e  b r igh tness  d i sc r imina t ion  b y  t h e  albino 
male  rat .  We  used the  Organon  p r e p a r a t i o n  of ACTI-I in 
z inc -phospha te  vehicle;  endocr ine  and  behaviora l  effects  
of s imilar  p r epa ra t i ons  h a v e  been  d o c u m e n t e d  in o the r  
publ ica t ions  ~,9. To examine  the  effect  of differences in 
level of fear  or arousal  we used 2 levels of footshock,  w i th  
t h e  sub jec t s  in each group being d iv ided  equal ly  be tween  
t h e  shock  levels;  and  to  examine  the  effect  of d i f ferences  
in ind iv idua l  r eac t iv i ty  to  shock  we fu r t he r  d iv ided  each  
group  on the  basis  of la tencies  on the  f irs t  t r ial  in the  
Y-maze.  Subjec ts  scoring above  the  med ian  la tency  were 
placed in group A (hypo-react ive) ,  those  below the  median,  
in group B (hyper-reaet ive) .  This  index  of subjec t  react i -  
v i t y  offers several  a d v a n t a g e s  over  some of t he  o the r s  
c o m m o n l y  used : 1. i t  is an index  of in s i tu ac t iv i tydes  it- 
able  because  of t h e  low in te rcor re la t ion  of var ious  indices 
of behav io ra l  r eac t iv i ty  *°, and  the i r  low corre la t ion  wi th  
pe r fo rmance  in avers ive  t es t ing  s i t u a t i o n s n ;  2. since the  
Ss were in jec ted  pr ior  to  t e s t ing  i t  was  necessary  to  h a v e  
an index  no t  a f fec ted  by  drug  t r e a t m e n t ;  p i lo t  e x p e r i m e n t s  
in a pole c l imb a p p a r a t u s  and  a shu t t l ebox ,  as well as sub-  
s equen t  analysis  of these  d a t a  (Table I) revealed  t h a t  th is  
i ndex  sat isf ies  th is  c r i te r ion;  and  3. i t  was  necessary  to  
use an index  uncon founded  b y  acquis i t ion  per formance ,  
and  th i s  cons idera t ion  I imi ted  in s i tu  measures  to  t he  f i rs t  
or ear ly  tr ials.  

Mater ials  and  method. 72 Wis t a r  male  albino ra t s  
(160 ± 15 g) were  t e s t ed  in a va rn i shed  p lywood  Y-maze ,  
the  a rms  of which  were 12 inches long, 6 inches wide, and  
18 inches high.  E a c h  a r m  was equ ipped  w i t h  a 15 w a t t  
house  l ight  a t  t he  far  end, and  foo t shock  (650 Vac ;  0.2 or 
0.4 mA) was  i n d e p e n d e n t l y  p rov ided  to  each  of t h e  3 a rms  
t h r o u g h  a Grason-S tad le r  gr id scrambler .  

The  sub jec t s  were g iven 2 s.c. in jec t ions  (behind the  
neck) of ACTH, vehicle  or saline. The f irs t  in jec t ion  was 
given 3 days  before t es t ing  and  the  second was given i d a y  
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before tes t ing.  The ACTH was in the  fo rm of long-act ing  
Cor t rophin  Zinc (Organon,  Oss, Hol land) ,  40 I U / c m  3, and  
the  dose was 10 I U / k g  b o d y  weight .  This  dose was  used b y  
DE WlED, BOHUS and  GREVEN ~, as well as in previous  
s tudies  in th is  l abora tory*2  The cont ro l  vehicle, a zinc- 
p h o s p h a t e  complex ,  was  p repa red  according to  DE WlED 2, 
and  t h e  saline group  was  inc luded  in response  to  t he  
f ind ing  5 t h a t  the  cont ro l  vehicle has  behaviora l  effects  un-  
der  some condi t ions .  

30 sec af ter  p lac ing S in a r m  I of t he  maze,  the  a rm in 
which S was located  and  a n o t h e r  a r m  to  t he  r igh t  or  lef t  
was  i l luminated .  5 sec la ter  electric shock was appl ied  to  
t he  grid bars  of the  2 i l lumina ted  a rms  unt i l  S en te red  the  
da rkened  arm.  The i l lumina t ion  and  foo t shock  were t h e n  
t e r m i n a t e d  s imul taneous ly .  This  p rocedure  was  fol lowed 
for  100 tr ials in a single session or unt i l  S m a d e  16 cor rec t  
choices ou t  of 20 consecu t ive  trai ls .  The  in te r - t r ia l  in te r -  
val  was 30 sec, and  the  pos i t ion  of the  d a r k e n e d  a rm rela- 
t ive  to  S was d e t e r m i n e d  by  a Ge l l e rmann  series *z. All 
t r a in ing  took place in a da rkened  room. 

In  order  to  e x a mi n e  the  effect  of these  i n t e rven t ions  on 
d i f fe ren t  aspec ts  of behav iou r  we took  measures  of b o t h  
l a t ency  and  errors. T h e y  were  m a n u a l l y  recorded  b y  an  
observer  who was  unaware  of t he  in jec t ion  t r e a t m e n t  of  
t he  subjec ts .  Only  the  f i rs t  e r ror  on each tr ial  was  scored.  
An error  was  def ined as ex tens ion  of head  and  forepaws  
unde r  t he  pa r t i t i on  mark ing  the  incorrec t  arm.  

Table I. Latencies on trial one 

UCS ACTH Saline Vehicle 

0.2 mA 6.08 5.08 6.70 
0.4 mA 6.04 6.06 6.50 

Values presented represent the I/x'4 - #x-Ti- transformation used in 
the statistical analysis. 

Table II. Mean number of Y-maze responses in less than 5sec 
(avoidance) lnade by subjects of low (A) and high (B) behavioral 
reactivity treated with ACTH (A), vehicle (V) or physiological saline 
(S), and tested at 2 levels of footshock, 0.2 mA or 0.4 mA. 

Group A Group B 

.UCS ACTH Saline Vehicle ACTH Saline Vehicle 

I I 
0.2 mA 8.5 13.6 I2.5 26.7 12.5 11.3 

I ~ I  I l 
0.4 mA 26.0 12.3 15.6 16.0 21.7 21.i 

f I 

Brackets indicate significant mean comparisons at p < 0.05. 

Table III. Mean errors to acquisition of two-choice brightness discri- 
mination in the Y-maze 

Group A Group B 

UCS ACTH Saline Vehicle ACTH Saline Vehicle 

0.2 mA 11.0 16.3 14.3 19.0 18.2 16.0 

0.4 mA 35.6 17.0 16.3 16.9 26.8 32.5 
1 ..... i I t 

Analysis of variance 14; triple interaction significant at p < 0.01 
(all 2,60; F 6.73). Brackets indicate mean comparisons significant at 
p < 0.05. 
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Results. Fi r s t - t r i a l  l a t e n c y :  Ana lys i s  of v a r i a n c e  of t he  
f i rs t  t r i a l  l a t enc ies  (correc ted  for  n o n - h o m o g e n e i t y  of 
v a r i a n c e  b y  t he  ~/x- and 1 /~1  t r a n s f o r m a t i o n ;  WI~ER 1~) 
r evea led  no  effect  of i n j ec t i on  or  u n c o n d i t i o n e d  s t i m u l u s  
(UCS) i n t e n s i t y  (Table  I). 

Cond i t i oned  a v o i d a n c e  r e s p o n d i n g  (CAR) : T he  des ign  of 
t he  p r e s e n t  t e s t i n g  s i t u a t i o n  was such  t h a t  t he  s ub j ec t  could 
avo id  foo t shock  in t i le  s t a r t i n g  a r m  b y  l eav ing  i t  d u r i n g  
the  5-sec pe r iod  b e t w e e n  cond i t i oned  s t imu lus  (CS) onse t  
a n d  UCS onset .  Ana lys i s  of v a r i a n c e  of such  a v o i d a n c e  
responses  (Table  I I )  r evea led  s ign i f i can t  (dr 2, 60; F 6.65; 
p < 0.01) i n t e r a c t i o n  of in jec t ion ,  b e h a v i o r a l  r e a c t i v i t y  
a n d  UCS  in t ens i ty .  Us ing  t he  e r ror  MS in  t h e  d e n o m i n a t o r  
of a t - tes t ,  i n d i v i d u a l  c o m p a r i s o n s  of m e a n  va lues  showed  
t h a t  in j ec t ions  of A C T H  s ign i f i can t ly  (p < 0.05) increased  
t he  n u m b e r  of CARs  of g roup  t3 sub jec t s  a t  0.2 rnA UCS 
i n t e n s i t y  ove r  those  of sa l ine  or  vehic te  con t ro l  s u b j e c t s ;  
t he  2 con t ro l  t r e a t m e n t s  d id  n o t  d i f fe r  in  effects.  More- 
over,  a t  t h e  0 . 4 m A  U C S level  A C T H  s ign i t i can t ly  
(p < 0.05) increased  t o t a l  CA R of g roup  A sub jec t s  ove r  
those  of sa l ine  or vehic le  t r e a t m e n t s ,  w h i c h  d id  no t  differ  
in  effect.  

E r r o r s :  T h e  n u m b e r  of er rors  d u r i n g  acqu i s i t i on  of t he  
two-choice  d i s c r i m i n a t i o n  b y  g roups  A a n d  B was differen-  
t i a l l y  in f luenced  b y  A C T H  a t  t he  0.4 m A  UCS in t ens i ty ,  
b u t  n o t  a t  t h e  0.2 m A  level.  A t  t h e  h i g h e r  U C S  level  in-  
j e c t i on  of A C T H  s ign i f i can t ly  (p < 0.01) increased  t h e  
e r rors  to  acqu i s i t i on  of g roup  A s u b j e c t s  a n d  s ign i f i can t ly  
(p < 0.01) decreased  t h e  e r rors  of g r o u p  t3 s u b j e c t s  
(Tab le  I I I ) .  

I t  m i g h t  be  sugges ted  t h a t  t h e  large  d i f ferences  in  e r ror  
scores r e p r e s e n t  a se lec t ive  b ias  i n t r o d u c e d  b y  d iv id ing  t he  
t r e a t m e n t  g roups  acco rd ing  to f i rs t  t r i a l  l a tency .  Such  a 
b ias  could c o n c e i v a b l y  h a v e  been  i n t r o d u c e d  if g roup  A 
inc luded  a l a rger  p r o p o r t i o n  of sub jec t s  m a k i n g  er rors  on  
t r ia l  one. However ,  e x a m i n a t i o n  of t h e  d a t a  shows t h a t  
m o s t  sub j ec t s  (72%) m a d e  a cor rec t  choice  (i.e. en t e r ed  
t h e  non-e lec t r i f ied  a rm)  on  t r i a l  one,  a n d  e l i m i n a t i n g  t h e  
ef fec t  of t h e  sub j ec t s  m a k i n g  a n  inco r rec t  r e sponse  on  t r a i l  
one  d id  n o t  a l t e r  t h e  r e l a t i onsh ips  or  s t a t i s t i c a l  p robab i l i -  
t ies  r e p o r t e d  here.  

Discussion. I t  cou ld  be  a r g u e d  t h a t  t he  n u m b e r  of con-  
d i t i oned  a v o i d a n c e  responses  a s ub j ec t  would  score in 
l eav ing  t he  s t a r t i n g  a r m  of t he  Y - m a z e  m i g h t  be  a func-  
t ion  of t h e  s tage  of l ea rn ing  of t h e  2-choice d i sc r imina t ion ,  
a n d  t h u s  t h a t  t h e  C A R  (Table  I I )  and  er ror  (Table  I I I )  
d a t a  are  n o t  i n d e p e n d e n t .  C o m p a r i s o n  of Tab le s  i I  a n d  
I I I  r evea l s  a more  compl ex  s i tua t ion .  A t  t h e  tow level  of 
foo t shock  A C T H  h a d  no  effect  u p o n  errors ,  b u t  d id  a f fec t  
CARs  of g roup  B, whi le  a t  t h e  h i g h e r  level  of foo t shock  
A C T H  af fec ted  t h e  e r rors  of b o t h  g roups  A a n d  B, b u t  
on ly  in f luenced  t he  C A R s  of g roup  A. 

The  d i s j u n c t i o n  in  t h i s  t a s k  b e t w e e n  t he  ef fec t  on  t h e  
a v o i d a n c e  c o m p o n e n t  a n d  t h e  d i s c r i m i n a t i o n  c o m p o n e n t  
h a s  cons ide r ab l e  t heo re t i c a l  s ignif icance.  I t  h a s  b e e n  sug-  
ges ted  t h a t  t h e  b e h a v i o r a l  in f luence  of p i t u i t a r y - a d r e n a l  
i n t e r v e n t i o n s  m a y  b e  m a x i m a l  u n d e r  c o n d i t i o n s  of low 
fea r -a rousa l  6. T h e  t a sks  on  w h i c h  t h i s  n o t i o n  is ba sed  in- 
c lude o n e - w a y  ac t ive  a v o i d a n c e  ex t inc t ion ,  pass ive  avo id-  
ance  a n d  C E R  6. I n  each  of t he se  t a sks  t he re  is some f o r m  
of response  supp re s s ion  u n d e r  l a t ency- sens i t ive  condi t ions .  
The  resu l t s  in  t h e  p r e s e n t  s t u d y  of t h e  l a t ency - sens i t i ve  
(avoidance)  c o m p o n e n t  of t he  Y - m a z e  t a sk  s u p p o r t  a n d  
e x t e n d  t h i s  sugges t ion  in t h a t  t he  b e h a v i o r a l  effect  of 
A C T H  is p r e s e n t  in  t he  h y p e r - r e a c t i v e  sub jec t s  a t  t h e  lo- 
wer  foo t shock  level ,  a n d  is o b s c u r e d  in  t he se  sub jec t s  b y  
t he  more  i n t e n s e  footshock,  Moreover ,  t hese  d a t a  also show 
t h a t  a t  t h e  h i g h e r  foo t shock  level  t h e  effects  of A C T H  on  
CAR are  r evea led  in sub j ec t s  of  a d i f f e r en t  a c t i v a t i o n  
level.  However ,  t h e  d i s c r i m i n a t i o n  (error) measu re  pre-  
sents  a d i f f e ren t  p a t t e r n  of effects  a l toge ther .  The  m a x i -  
m u m  effect  of A C T H  a p p e a r s  a t  t he  h ighe r  foo t shock  level  
a n d  is obscu red  a t  t h e  lower  level  of i n t ens i t y .  

In  more  genera l  t e r m s  these  resu l t s  c lear ly  show t h a t  
A C T H  effects  wil l  be  seen as v a r y i n g  w i t h  t h e  t y p e  of be- 
hav io ra l  measu re  used  as wel l  as w i t h  t h e  t y p e  of s i tua t ion .  
The  theo re t i ca l  a n d  e x p e r i m e n t a l  l i t e r a t u r e  p rov ides  nei-  
t h e r  e x p l a n a t i o n  n o r  p r e c e d e n t  for  these  r e su l t s ;  ou r  con- 
clusion is t h a t  e x p l o r a t i o n  of t h e  b e h a v i o r a l  a n d  physiolo-  
gical  effects  of A C T H  us ing  a wide  r a n g e  of b e h a v i o r a l  
s i t ua t ions  a n d  indices  wil l  b e  essen t i a l  before  more  r o b u s t  
theore t i ca l  s t a t e m e n t s  c a n  be  jus t i f ied .  

Zusammen/assung. A n d a u e r n d e  A C T H - B e h a n d l u n g  be- 
e inf luss t  sowohl  V e r m e i d u n g s -  als a u c h  F e h l e r k o m p o n e n -  
t en  im Z w e i w a h l - Y - L a b y r i n t h t e s t .  Die E i n w i r k u n g e n  wa- 
ren  yon  de r  In tens i t~ i t  des  E l e k t r o s c h o c k s  wie auch  yon  
der  Reak t i ons f~h igke i t  de r  T ie re  abh~ngig .  
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M o d i f i k a t i o n e n  d e r  N e b e n n i e r e n r i n d e n f u n k t i o n  i n  v i t r o  d u r c h  3 -  u n d  4 - P y r i d i n d e r i v a t e  x 

I n  u n s e r e n  b e i d e n  l e t z t e n  Mi t t e i l ungen  f iber  dieses 
T h e m a  h a b e n  wi r  die 13edeutung y o n  S te ro iden  als  H e m m -  
s toffe  bzw. R e g u l a t o r e n  d i s k u t i e r t  ~ u n d  f iber  v e r s c h i e d e n e  
N - H e t e r o c y c l e n  wie G l u t a r i m i d e  u n d  Benzy l imidazo le  als  
B locke r  de r  Desmolase  bzw.  de r  l l f l - H y d r o x y l a s e  u n d  de r  
1 7 - H y d r o x y l a s e  b e r i c h t e t  3. 

I n  de r  vo r l i egenden  A r b e i t  wird e ine  Re ihe  yon  Py r id in -  
De r iva t en ,  die die N e b e n n i e r e n r i n d e n f u n k t i o n  in v i t ro  in 
d i f fe renz ie r t e r  Weise  modif iz ieren ,  beschr i eben .  Auf  die 
Spezif i tXt  de r  H e m m w i r k u n g  e in iger  be re i t s  1Xnger be-  
k a n n t e r  Der iva te ,  wie M e t o p i r o n  ®, Su-9055, Su-10603,  
h a b e n  wir  vo r  e in igen  J a h r e n  h ingewiesen .  ~ 

W i r  b e n t i t z t e n  die g le ichen  N e b e n n i e r e n g e w e b e p r i i p a -  
r a t i o n e n  u n d  I n k u b a t i o n s t e c h n i k e n  u n d  b e d i e n t e n u n s  
de r  g le ichen A n a l y t i k  u n d  I n t e r p r e t a t i o n ,  wie wir  sie a n  
a n d e r e r  Ste l le  aus f i ih r l i ch  b e s c h r i e b e n  h a b e n  ~,~. Als Mass 
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