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INTRODUCTION 

Ornithine deca rboxy lase  (EC 4 . 1 . 1 . 1 7 )  ca t a lyzes  the convers ion  of ornithine to the 

diamine pu t r e sc ine ,  the f i rs t  and perhaps r a t e - l imi t ing  s tep in polyamine b iosyn thes i s  

(1,2) .  In a va r i e ty  of rapidly growing sys tems  from bacter ia  (3-5),  D.  Melanogas te r  (6,7) 

and amphibian embryo (8), to chick embryo (9-11) regenera t ing  mouse and rat l ive r  (12-15) 

and cent ra l  nervous sys tem (16,17),  polyamines  and nuc le ic  ac ids  vary in a pa ra l l e l  f ash ion .  

St imulat ion of animal  and bac te r i a l  RNA polymera se in v i t ro  by phys io log ic  concent ra t ions  

of polyamines  has been we l l  documented (18-20).  Recent ev idence  sugges t s  that  polyamines  

are s t imulated by cyc l ic -AMP (21,22) and may ac t  as  a primary "second messenge r "  rep lac ing  

the cor t i so l  requirement  of mouse mammary gland in t i s sue  cul ture (23). 

Anderson and Schanberg have  shown that  fe ta l  and neonata l  rat brain has a cha rac -  

t e r i s t i c  orni thine deca rboxy l a se  (ODC) deve lopmenta l  pattern which is s e n s i t i v e  to hormonal 

manipula t ion,  and have sugges ted  that  per turbat ions of this pattern may be an ear ly  and 

e a s i l y  determined index of cent ra l  nervous sys tem maturation (24,25).  Morphine has  a 

va r i e ty  of e f fec t s  on protein and nuc le i c  acid  metabol ism (26). The purpose of this  study was 

to determine  whether  maternal  morphine adminis t ra t ion  a f fec t s  the brain deve lopmenta l  

ODC pattern in the pups .  

METHODS 

Gravid Sprague-Dawley  (Zivic-Mil ler )  rats  were obtained 10 days  p o s t - f e r t i l i z a t i o n ,  

caged sepa ra t e ly ,  and g iven  food and water  ad l ib .  Thir teen days  p o s t - f e r t i l i z a t i o n ,  sub-  

cu taneous  in jec t ions  of morphine hydrochlor ide  were  begun.  Animals were g iven 2.5 mg/kg  

every  12 hr and the dose  was  doubled every  2 days  unti l  40 mg/kg  was being adminis tered  
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p e r  i n j e c t i o n  ( f i r s t  d a y  p o s t - p a r t u m )  and  t h e n  m a i n t a i n e d  a t  t h i s  l e v e l  for  t h e  r e m a i n d e r  of t h e  

s t u d y .  C o n t r o l s  r e c e i v e d  e q u a l - v o l u m e  i n j e c t i o n s  of  n o r m a l  s a l i n e .  

ODC w a s  d e t e r m i n e d  a s  p r e v i o u s l y  r e p o r t e d  (24) ,  w i t h  t h e  s l i g h t  m o d i f i c a t i o n  of  0 . 5  

mM p y r i d o x a l  p h o s p h a t e  a n d  0 . 5  mM d i t h i o t h r e i t o l  b e i n g  a d d e d  to t h e  i n c u b a t i o n  m i x t u r e .  

RESULTS AND DISCUSSION 

As s h o w n  in  T a b l e  1,  p u p s  of  m o r p h i n e - t r e a t e d  m o t h e r s  h a v e  a h i g h e r  l e v e l  of  ODC 

a t  e v e r y  t i m e  p o i n t  e x a m i n e d .  F u r t h e r ,  t h e  d i f f e r e n c e  b e t w e e n  p u p s  of  m o r p h i n e - t r e a t e d  

m o t h e r s  a n d  c o n t r o l s  a p p e a r s  to  i n c r e a s e  w i t h  a g e .  Th i s  d e l a y  in  t h e  p o s t n a t a l  f a l l  of  ODC 

i s  s i m i l a r  to  t h a t  r e p o r t e d  w h e n  c o r t i s o l  w a s  a d m i n i s t e r e d  to  n e o n a t a l  r a t  p u p s ,  a n d  i s  c o n -  

s i s t e n t  w i t h  a d e l a y  in c e n t r a l  n e r v o u s  s y s t e m  m a t u r a t i o n  (25) .  I t  c a n  a l s o  be  s e e n  from 

T a b l e  1 t h a t  t o t a l  w e t  w e i g h t  o f  b r a i n  in  e x p e r i m e n t a l  p u p s  w a s  b e l o w  t h a t  of  c o n t r o l s ,  w i t h  

t h e  pe r  c e n t  d e c r e a s e  (10%) r e m a i n i n g  f a i r l y  c o n s i s t e n t  a t  t h e  l a t e r  t ime  p o i n t s .  

Table 1. Effect of maternal morphine administration on the developing brains of offspring 

P o s t n a t a l  a g e  N ODC a c t i v i t y  W e t  w e i g h t  of  b r a i n  (%) 
(days )  (% c o n t r o l  ± S . E . M . )  ( c o n t r o l  ± S . E . M .  ) 

2 17 128 + 7 99 • 5 

. 

5 20 1 6 8 +  12 8 4 +  5 

10 19 1 9 4 +  l 0  % 89 ± 4 

7* 2 ~" 18 18 309 + 91 ~: 

* 

P< 0.05 P< 0.025 tp< 0.001 

Clinical studies suggest that infants of opiate-addicted mothers have a variety of 

central nervous system difficulties and in several animal species opiates seem to be asso- 

ciated with growth retardation and developmental central nervous system abnormalities (27-33) 

Opiates alter GNS protein synthesis in vivo and in vitro (34-36). Whether the opiates are 

working directly through ODC to alter protein synthesis or the altered ODC is merely an 

early reflection of modified protein synthesis is unclear. Another possibility would be that 

these drugs affect ODC indirectly through hormonal mechanisms. This latter possibility is 

especially interesting since morphine administration is well recognized to cause an increase 

in serum glucocorticoids and, as was pointed out above, administration of cortisol in the 

neonatal period causes a delay in the maturation pattern of ODC similar to that reported 

above when morphine is administered (25,36). 

Our findings of an altered ODC pattern in the brains of pups of drug-treated mothers 
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support the hypothesis that chronic opiate administration to the pregnant or lactating female 

interferes with the biochemical maturation of brain in the offspring. Further, our findings 

glve additional support to the use of ODC as a sensitive index of CNS maturation. 
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