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Rats were injected intracranially at various times after birth with either a control solution or 6-OHDA. At 35 days post-partum the animals 
were sacrificed and the cerebral corties removed, sliced and preincubated at 37 ~ for 30 min in Krebs-Ringer bicarbonate buffer. The buffer 
was changed and the incubations were continued for 15 min at which time NA (10-5M) was added. 6 rain later the samples were homogenized, 
cyclic AMP was isoiated, measured and expressed as pieomoles per mg sample protein. The values in the Figure represent the mean 
SEM and the number of separate experiments are noted at the base of the individual bar graphs. 

ce rebra l  co r t ex  of 35-day-old con t ro l  rats .  The  cyclic 
A M P  response  to  N A  was 6-9-fold  in t he  an i m a l s  in j ec ted  
w i t h  6 - O H D A  a t  e i t he r  b i r th ,  5 or 8 days  p o s t p a r t u m .  No 
e n h a n c e d  a c c u m u l a t i o n  of cyclic A M P  in response  to  N A  
was seen in t he  i n c u b a t e d  cerebra l  cor t ices  of t he  an ima l s  
in j ec ted  w i t h  6 - O H D A  a t  14 days  a f t e r  b i r th .  In  these  
and  ear l ier  s tud ies  a, 4 basa l  levels of t he  cyclic nuc leo t ide  
were n o t  af fected to a n y  apprec iab le  e x t e n t  fol lowing t he  
i n t r a c r a n i a l  in jec t ions  of 6 -OHDA.  I n  s u p p o r t  of p rev ious  
f ind ings  3, 4,16 t he  6 - O H D A  in jec ted  r a t s  t h a t  d e m o n s t r a t -  
ed a ' supe r sens i t ive '  cyclic A M P  response  to N A  were 
cons ide rab ly  smal le r  in  size t h a n  con t ro l  in j ec ted  li t-  
t e rma te s  and  d id  n o t  d e m o n s t r a t e  a n y  p o s t - d e c a p i t a t i o n  
muscu l a r  ac t iv i ty .  Moreover ,  these  d rug  t r e a t e d  an ima l s  
when  h a n d l e d  man i f e s t ed  a n  increased  i r r i t ab i l i t y  t h a t  
was  cha rac t e r i zed  b y  a fierce a t t a c k i n g  b e h a v i o r  s imi la r  
to  t h a t  in i t i a l ly  r epo r t ed  b y  PAL~ER a a n d  s u b s e q u e n t l y  
descr ibed  in de ta i l  b y  NAKAMURA a n d  THOXNEN 11 

Discussion. F r o m  t he  p re sen t  e x p e r i m e n t s  i t  is r ead i ly  
ev iden t  t h a t  i n t r a c r a n i a l  in jec t ions  of 6 - O H D A  a t  e i the r  
b i r t h  or sho r t l y  t h e r e a f t e r  lead to  a c o n s e q u e n t  a l t e r a t i o n  
of t he  r ecep to r  m o i e t y  of a d e n y l  cyclase in t h e  cerebra l  
cor tex  w h e n  t he  an i m a l s  r eached  t he  y o u n g  a d u l t  s tage.  
This  h y p e r a c t i v e  cond i t i on  of t h e  r ecep to r  m i g h t  ref lect  
an  i n v o l v e m e n t  of a d e n y l  cyclase in  t he  u n d e r l y i n g  
molecu la r  m e c h a n i s m s  associa ted  w i t h  t h e  p h e n o m e n o n  
of adrenerg ic  d e n e r v a t i o n  super sens i t iv i ty .  S imi la r  
i nves t i ga t i ons  us ing  a d u l t  r a t s  h a v e  descr ibed  a h y p e r -  
ac t ive  a d e n y l  cyclase fol lowing chemica l  de s t r uc t i on  or 
dep le t ion  of adrenerg ic  ne rve  end ings  2-4. Likewise,  
a d d i t i o n a l  s tud ies  h a v e  r epo r t ed  t h a t  d e s t r u c t i o n  of 
c a t e c h o l a m i n e  c o n t a i n i n g  n e r v e  end ings  leads to  super-  
sens i t ive  responses  of a m p h e t a m i n e  on d o p a m i n e  recept -  
ors 1~ a n d  N A  ac t ions  on i so la ted  a t r i a l  and  d u o d e n a l  
p r e p a r a t i o n s  ~8,19. 

6 - h y d r o x y d o p a m i n e  appea r s  to  se lec t ively  des t roy  
adrenerg ic  ne rve  end ings  a , s -n ,  however ,  a d i r ec t  neuro-  
toxic  effect  on cell bodies  has  been  descr ibed  7. W h e t h e r  

or no t  these  ac t ions  of 6 - O H D A  are p e r m a n e n t  in  a d u l t  
or deve lop ing  an ima l s  is sub j ec t  to  cons iderab le  de- 
b a t e  9,10,15,17, is, g0. I n  t he  r a t  b r a i n  t he  d e v e l o p m e n t  of 
cen t r a l  m o n o a m i n e  c o n t a i n i n g  neu rons  and  respec t ive  
synap t i c  connec t ions  comes a b o u t  a f t e r  b i r t h  9,12,13. 
P e r h a p s  in t he  p r e sen t  s t u d y  t h e  ear ly  in j ec t ions  of 
6 - O t l D A  (bir th ,  5 and  8 days  p o s t p a r t u m )  des t royed  t he  
fe ta l  ad renerg ic  neu rons  before  t he  capac i t y  to  r egenera te  
h a d  appeared .  In  t h i s  case t he  synap t i c  i n p u t s  t h a t  would  
n o r m a l l y  exe r t  a con t ro l l ing  inf luence  on  t he  r ecep to r  
s i tes  r e m a i n e d  a b s e n t  and  t he  i m m a t u r e  h y p e r a c t i v e  
e n z y m e  pers i s t ed  t h r o u g h o u t  deve lopmen t .  Conversely,  
t he  an ima l s  in j ec ted  a t  14 days  p o s t p a r t u m  m a y  h a v e  
reached  a s t a t e  of m a t u r a t i o n  such  as to  e i t he r  deve lop  
c o m p e n s a t o r y  m e c h a n i s m s  or r egenera te  suff ic ient  
adrenerg ic  n e r v e  end ings  t h a t  would u l t i m a t e l y  exe r t  a 
n o r m a l  m o d u l a t i n g  ac t ion  on  t h e  pos t  synap t i c  a d e n y l  
cyclase receptor .  These  p r e l i m i n a r y  obse rva t ions  on  t he  
d e v e l o p m e n t  of t he  adeny l  cyclase r ecep to r  shou ld  
p rov ide  a f r a m e w o r k  for f u r t h e r  inves t iga t ion .  

Zusammen/assung. Nachweis ,  dass  neugeborene  iRat ten  
(bis zum 8. Tag),  die i n t r a c e r e b r a l  m i t  6 - O H - D o p a m i n  
b e h a n d e l t  wurden ,  a m  35. L e b e n s t a g  eine U b e r e m p f i n d -  
l i chke i t  gegent iber  der  Adeny l zyk l a se - s t imu l i e r enden  
W i r k u n g  yon  N o r a d r e n a l i n  aufweisen.  
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Differences in Brain and Body  Weights  of Mice Caused by  Differential  Hous in~  1 

I t  is b e c o m i n g  inc reas ing ly  e v i d e n t  t h a t  s ign i f i can t  
differences  in t h e  gross a n d  microscopic  morpho log ies  of 
t he  b ra ins  of r oden t s  c an  be p roduced  b y  s imp ly  c h a n g i n g  
t h e i r  hous ing  cond i t ions  2-1a. The  changes  wh ich  d i f fe ren t ia l  

hous ing  causes  in  cerebra l  gross morpho logy ,  t h o u g h  
sl ight ,  can  be  cor re la ted  w i t h  more  p r o n o u n c e d  changes  in 
gross behaviorS,  Is, 14-19, in  b r a i n  c h e m i s t r y  a n d  m e t a -  
bo l i sm s, 13,1~, 19, 20-36, and  in t h e  pha rmaco log ica l  effects 



5 2 2  

Brain and body weights of isolated and aggregated mice 
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Brain weight (g) Body weight (g) (Brain wt./Body wt.) (100) 

Isolated mice 0.317 ~ 0.0014 (245) 22.88 • 0.20 (296) 1.386 ~_ 0.013 
Aggregated mice 0.308 ~ 0.0013 (251) 20.03 • 0.18 (303) 1.538 =c 0.016 
% Difference 2.9 14.2 11.0 
p-value <0.001 ~ 0.001 ~ 0.001 

Means • s tandard errors; numbers of mice in parentheses. 

For calculations of (Brain wt./Body wt.), combined standard errors (CSE) were calculated according to the following equation: 

Ba 

V )2 CSE = i - , in which B = brain weight, A = body weight and ~= a and ~= b were the respective standard errors of A and B. 

All p-values were determined using a two-tailed Student 's  t-test. 

a n d  m e t a b o l i c  d i s p o s i t i o n s  of v a r i o u s  p s y c h o - a c t i v e  
a g e n t s  s u c h  as  D - a m p h e t a m i n e  a n d  Li+~s ,~9,2t ,~-aa .  I t  
h a s  a l so  b e e n  s h o w n  t h a t  m a r k e d  d i f f e r e n c e s  in  t o t a l  b o d y  
w e i g h t  c a n  be  p r o d u c e d  b y  t h e  e x p o s u r e  of r a t s  or  m i c e  to  
' i s o l a t e d '  ( ' i m p o v e r i s h e d ' )  v s  ' a g g r e g a t e d '  or  ' e n r i c h e d '  
environments~,~~ ~,aa. D u r i n g  t h e  p a s t  2 y e a r s  
s e v e r a l  s t u d i e s  h a v e  b e e n  c o n d u c t e d  in  o u r  l a b o r a t o r y  in  
w h i c h  t h e  n e u r o c h e m i c a l  e f f ec t s  of  d i f f e r e n t i a l  h o u s i n g  
we re  e x a m i n e d  u s i n g  C-57 B l a c k  mi ce .  S i nce  in  al l  of  
t h e s e  s t u d i e s  m a t c h e d ,  m a l e ,  w e a n l i n g  l i t t e r m a t e s  we re  
s u b j e c t e d  to  i s o l a t e d  v s  a g g r e g a t e d  h o u s i n g  c o n d i t i o n s  20 
for  p e r i o d s  of  4 - 1 1  w e e k s  a n d  s i n c e  b o d y  w e i g h t s  a n d  
b r a i n  ( ro s t r a l  to  t h e  i n f e r i o r  eo l l i cu l i ;  e x c l u d i n g  t h e  
c e r e b e l l u m )  w e i g h t s  w e r e  c a r e f u l l y  r e c o r d e d ,  i t  b e c a m e  
p o s s i b l e  t o  c o m p a r e  s t a t i s t i c a l l y  t h e s e  p a r a m e t e r s  b e t w e e n  
v e r y  l a r g e  p o p u l a t i o n s .  

R e s u l t s  s h o w n  in  t h e  T a b l e  i n d i c a t e ,  b y  c o m p a r i n g  t h e  
b r a i n  w e i g h t s  of  245 i s o l a t e d  a n d  251 a g g r e g a t e d  mice ,  
t h a t  t h e  b r a i n s  of  a g g r e g a t e d  m i c e  a r e  s l i g h t l y  s m a l l e r ,  a 
d i f f e r e n c e  w h i c h  c o u l d  n o t  p o s s i b l y  be  s h o w n  u s i n g  s m a l l  
p o p u l a t i o n s  of a n i m a l s  I t  is s h o w n  a lso  t h a t  t h i s  s m a l l  
d i f f e r e n c e  in  b r a i n  w e i g h t  of  o n l y  2 . 9 %  (p ~ 0.001) w a s  

c o r r e l a t e d  w i t h  a m u c h  g r e a t e r  d i f f e r e n c e  in  t o t a l  b o d y  
w e i g h t  ( 1 4 . 2 % ;  p < 0.001).  F u r t h e r  c a l c u l a t i o n s  (Tab le ,  
c o l u m n  3) i n d i c a t e d  t h a t  t h e  b r a i n  w e i g h t / b o d y  w e i g h t  
r a t i o  w a s  s i g n i f i c a n t l y  g r e a t e r  for  a g g r e g a t e d  t h a n  for  
i s o l a t e d  m i c e ;  i. e., t h e  b r a i n ,  a s  e x c i s e d ,  r e p r e s e n t e d  a 
g r e a t e r  f r a c t i o n  of t h e  t o t a l  b o d y  w e i g h t  w h e n  t h e  m i c e  
we re  s u b j e c t e d  to  g r o u p  h o u s i n g .  T h e  d i f f e r e n c e  in  t h i s  
l a s t  p a r a m e t e r  c a u s e d  b y  d i f f e r e n t i a l  h o u s i n g  m a y  wel l  
be  of  f u n d a m e n t a l  i m p o r t a n c e  in  e x p l a i n i n g  f u r t h e r  t h e  
e f f ec t s  w h i c h  c h a n g e s  in  t h e  e n v i r o n m e n t  p r o d u c e  o n  
b r a i n  c h e m i s t r y  a n d  b e h a v i o r .  

Rdsumd. D e s  c h a n g e m e n t s  p r o n o n c 6 s  d u  p o i d s  d u  c o r p s  
e t  d n  c e r v e a u  o u t  6t6  c a u s 6 s  c h e z  d e s  s c u r f s  en  les e x p o s a n t  
5. de s  e n v i r o n m e n t s  d i f f 6 r e n t s  p e n d a n t  4 - 1 1  s e m a i n e s .  
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