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origin and  inser t ion  (Figure 1). In  ano the r  group of 
6 frogs, a po r t i on  of lilac nerve  f rom the  middle  of t he  
femur  to  the  pos ter ior  t ib io- f ibular  b ranches  was r emoved  
carefully w i t h o u t  in jur ing  the  major  vascular  supply,  
followed by  the  removal  of gas t rocnemius  muscle.  

Results and discussion. Two animals  f rom each group 
were sacrificed regular ly  1, 2 and 7 m o n t h s  af ter  t he  
opera t ion.  In  t he  group where  the  nerve  supply  was  kep t  
in tac t ,  1 m o n t h  af ter  ab la t ion  the  muscle  regenera te  was 
seen as a smal l  band,  8 m m  in d iameter ,  ex t end ing  be- 
tween  the  origin and  insert ion,  bu t  connect ions  were no t  
es tabl ished by  m o s t  of t he  muscle  bands  (Figure 2). 
2 m o n t h s  af ter  the  operat ion,  the  muscle regenera te  
appeared  ex t end ing  f rom the  origin to  t he  insert ion.  The 
regenera ted  muscle  was abou t  half  of the  original size, 
13 m m  in d iameter ,  b u t  lacked the  normal  shape (Figure 
3). Regenera t ion  was comple te  b y  7 m o n t h s  af ter  the  
removal .  Here  t he  muscle was  a lmos t  ident ica l  to  the  
contro l  muscle of t he  opposi te  l imb, excep t  for i ts  
s l ight ly  reduced  size (Figure 4). 

W h e r e  the  nerve  has  been  r emoved  before cu t t ing  the  
muscle,  only a heal ing of the  cut  ends  occurred and  no 
t race  of regenera t ion  was evident ,  even af ter  7 m o n t h s  of 
abla t ion.  

W h a t  has been  recorded by o ther  workers  relates  
main ly  to regenera t ion  af ter  minc ing  and  implan t ing  
muscle  f ragments .  The p resen t  s t u d y  reveals  for t he  f i rs t  
t ime  the  spon taneous  regenera t ive  abi l i ty  of t he  gastroc-  
nemius  muscle  of frog and  also the  significance of the  
nerve  in muscle regenera t ion  process  n; ~ 

Zusammenfassung. Die spon tane  Neub i ldung  des 
Gas t rocnemiusmuske ls  und  die Rolle des Nerven  in der 
Muskelneubi ldung des Frosches  Rana tigrina sind un te r -  
sucht  worden.  
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The Cyclic AMP Response to Noradrenalin in Young Adult Rat Brain Following Post-Natal 
Injections of 6-Hydroxydopamine ~ 

Catecholamines  readi ly  s t imula te  the  fo rma t ion  of 
cyclic 3",5"-adenosine m o n o p h o s p h a t e  (cycIic AMP) in 
incuba ted  t issue slices of r a t  b ra in  2-4. Moreover,  an 
i nvo lvemen t  of cyclic AMP in adrenergic  t ransmiss ion  
processes has been  descr ibed 5. I n t r a v e n t r i c u l a r  in jec t ions  
of 6 -hyd roxydopamine  (6-OHDA) which  produce  a 
selective des t ruc t ion  of ca techolamine  nerve  endings  in 
the  r a t  bra in  6-~1, subsequen t ly  lead to an enhanced  s t im-  
u la t ion  of cyclic A M P  by  noradrena l in  (NA) in v i t ro  3,~. 
Fur the rmore ,  dur ing pos tna t a l  deve lopmen t  of the  bra in  
prior  to  t he  appearance  of monoamine  conta in ing  nerve  
endings  9,~2,~ the  adenyl  cyclase receptor  t h a t  is re- 
spons ive  to  these  neurohormones  exis ts  in a s imilar  
hype rac t ive  condi t ion  14. Recen t ly  i t  was r epor ted  t h a t  
in ject ions  of 6-OI-IDA into  roden t s  a t  b i r t h ; r e s u l t e d  in 
behaviora l  changes,  we igh t  loss and defici ts  in bra in  NA 
con t en t  when  the  animals  reached  adu l thood  9, ls-17. In  
t he  p resen t  s t u d y  6 -OHDA was in jec ted  in t rac ran ia l ly  
into ra t s  a t  var ious t imes  af ter  b i r t h  in order  to  assess 
the  effect  of des t ruc t ion  of adrenergic  neurons  on the  
subsequen t  NA- induced  s t imula t ion  of cyclic AMP in 
incuba ted  t issue slices of cerebral  cortex::' f rom young  
adul t  animals .  

Methods. The expe r imen t s  were carried out  using 
Sprague D a w l e y - H o l t z m a n  rats.  L i t t e r m a t e s  were inj ec ted  
in t racrania l ly  w i th  e i ther  a cont ro l  solut ion (0.1% 
ascorbic acid) or 6 -OHDA (250 ag in 0.1% ascorbate  in 
10 tzl) a t  var ious  t imes  af ter  b i r t h  and  were ma in t a ined  
wi th  the i r  respect ive  mothers .  At  35 days  p o s t p a r t u m  
the  animais  were  sacrificed and the  cerebral  cortices 
removed,  sliced and  p re incuba ted  for 30 miu in Krebs-  
Ringer  b i ca rbona te  buffer.  The buffer  was changed and 
af ter  15 min  fu r ther  incubat ion,  NA (10 -~ M) was added.  

6 rain la ter  t he  samples  were homogenized  and cyclic 
AMP was isolated and de t e rmined  by  me t h o d s  descr ibed 
previous ly  2-4. Cyclic AMP is  expressed as picomoles  per  
mg sample  prote in .  

Results. The resul ts  of t he  p re sen t  expe r imen t s  are 
dep ic ted  in the  Figure.  In  the  presence  of NA cyclic 
AMP levels were cons i s ten t ly  e levated  2-3-fold in the  
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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 


