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A b s t r a c t

NEUROCHEMICAL CHANGES IN CENTRAL CATECHOLAMINE SYSTEM!
FOLLOWING FRONTAL CORTICAL ABLATION IN RATS

by

B a rb a ra  T r a v i s

A d v i s e r s :  A s s o c i a t e  P r o f e s s o r  S herw in  W ilk
A s s o c i a t e  P r o f e s s o r  S t a n l e y  0 .  G l lc k

L e s io n s  o f  t h e  f r o n t a l  c o r t e x  have been  found  t o  r e a u l t  in  a 

g r a d u a l l y  I n c r e a s i n g  h y p e r s e n s i t i v i t y  t o  t h e  lo c o m o to r  e f f e c t s  o f  t h e  

c a t e c h o l a m i n e - r e l e a s i n g  d ru g  am phetam ine . I t  was t h e r e f o r e  d e c id e d  t o  

s t u d y  th e  e f f e c t s  o f  f r o n t a l  l e s i o n s  on c a te c h o la m in e  eystem a in  t h e  

b r a i n .

The f r o n t a l  c o r t e x  o f  r a t s  was removed by a s p i r a t i o n ,  and s t r i a t a l  

and h y p o th a la m ic  c a te c h o la m in e s  w ere  m e asu red  a t  d i f f e r e n t  t im e s  a f t e r  th e  

l e s i o n .  NE l e v e l s  i n  t h e  h y p o th a lam u s  o f  f r o n t a l  a n im a ls  w ere  24% lo w er 

th a n  in  sham a n im a ls  a t  one week a f t e r  s u r g e r y ;  t h i s  d i f f e r e n c e  was a b s e n t  

two weeks and f o u r  weeks a f t e r  s u r g e r y .  A s i g n i f i c a n t  d i f f e r e n c e  i n  s t r i a t a l  

DA l e v e l s  was f i r s t  d e t e c t e d  two weeks a f t e r  s u r g e r y ,  when f r o n t a l  a n im a ls  

had 26% more s t r i a t a l  DA th a n  sham a n im a l s .  By f o u r  weeks a f t e r  t h e  l e s i o n ,  

f r o n t a l  a n im a ls  had 36% more s t r i a t a l  DA.

DA m e ta b o l ism  was s t u d i e d  by m e a s u r in g  s t r i a t a l  HVA and DOPAC b e f o r e  

and a f t e r  t h e  a d m i n i s t r a t i o n  o f  p r o b e n e c id .  In  s p i t e  o f  t h e i r  h i g h e r  DA 

l e v e l s ,  f r o n t a l  a n im a ls  w ere  found t o  have  l e s s  s t r i a t a l  DOPAC, a m e t a b o l i t e  

w hich  h as  been  found  t o  c o r r e l a t e  w i th  d o p a m in e rg ic  a c t i v i t y .  The r a t e  o f  

s t r i a t a l  DA t u r n o v e r  was e s t i m a t e d  by m e a s u r in g  HVA and DOPAC l e v e l s  a f t e r  

t h e  a d m i n i s t r a t i o n  o f  p a r g y l l n e ,  a  d ru g  w hich i n h i b i t s  t h e  fo r m a t io n  o f  t h e s e
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m e t a b o l i t e s .  F r o n t a l  a n im a ls  w ere  found  t o  have  a  lo w e r  l c ^  o r  f r a c t i o n a l  

r a t e  c o n s t a n t  f o r  DA t u r n o v e r ,  0 .5 0  h r ”* a s  compared t o  0 .8 1  h r “* f o r  

sham a n i m a l s .

I t  was h y p o th e s i z e d  t h a t  t h e  i n c r e a s e  In  s t r i a t a l  DA l e v e l s  in  

f r o n t a l  a n im a ls  was due  t o  t h e  c o l l a t e r a l  s p r o u t i n g  o f  t h e  i n t a c t  d o p a ­

m in e r g ic  n l g r o - s t r i a t a l  sy s te m  t o  r e i n n e r v a t e  t h e  p o s t s y n a p t l c  s i t e s  t h a t  

were d e n e r v a t e d  by  t h e  f r o n t a l  l e s i o n .  I t  was t h e r e f o r e  d e c id e d  t o  m easu re  

t h e  In  v i t r o  u p ta k e  o f  H -DA by s t r i a t a l  s y n a p to s o m e s ,  h o p in g  t h a t  t h e  

m axim al v e l o c i t y  o f  u p ta k e  w ould c o r r e l a t e  w i th  t h e  number o f  d o p a m in e rg ic
3

t e r m i n a l s  p r e s e n t .  K in e t i c  a n a l y s i s  o f  sy n a p to so m a l  H -DA u p ta k e  r e v e a l e d  

no s i g n i f i c a n t  d i f f e r e n c e s  in  e i t h e r  Vmax o r  Kr be tw een  f r o n t a l  and  sham 

a n i m a l s .

I t  was c o n c lu d e d  t h a t  t h e  I n c r e a s e d  l e v e l s  o f  s t r i a t a l  DA in  f r o n t a l  

a n im a ls  may c o n t r i b u t e  t o  th e  h y p e r s e n s i t i v i t y  t h a t  t h e s e  a n im a ls  show t o  

t h e  lo c o m o to r  e f f e c t s  o f  am phetam ine .
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1

INTRODUCTION

The f r o n t a l  c o r t e x  h a s  b een  th e  o b j e c t  o f  I n t e n s e  I n v e s t i g a t i o n  

w i th  r e g a r d  t o  b e h a v i o r a l  r e c o v e r y  o f  f u n c t i o n .  F o r  e x a m p le , G l i c k ,  

Nakamura and J a r v l k  <1971) have shown t h a t  m ice  w i th  f r o n t a l  c o r t i c a l  

l e s i o n s  i n i t i a l l y  show a d e f i c i t  i n  p a s s i v e  a v o id a n c e  l e a r n i n g ,  b u t  

r e c o v e r  o v e r  a two t o  t h r e e  week p e r io d  o f  t i m e ,  in d e p e n d e n t  o f  e x p e r i e n c e .  

H a r r e l l  and I s a a c  (1969 ) made d eep  f r o n t a l  l e s i o n s  i n  r a t s  and found 

l a r g e  i n c r e a s e s  in  a c t i v i t y  d u r in g  t h e  f i r s t  two weeks a f t e r  s u r g e r y ;  

how ever , t h r e e  weeks a f t e r  t h e  o p e r a t i o n ,  a c t i v i t y  l e v e l  i n  th e  l i g h t  

had r e t u r n e d  t o  c o n t r o l  l e v e l s .  Kolb and Nonneman (1975) r e p o r t e d  t h a t  

o r b i t a l  f r o n t a l  l e s i o n s  p ro d u ce  a p h a g ia  and a d i p s i a  i n  r a t s ,  b u t  t h a t  

e a t i n g  and d r i n k i n g  b e h a v io r  resume by th e  seco n d  week a f t e r  s u r g e r y .

T hese  i n v e s t i g a t i o n s  d e m o n s t r a t e  t h a t  e x p e r im e n t a l  b r a i n  damage can  p roduce  

b e h a v i o r a l  d e f i c i t s  w hich change  as  a f u n c t i o n  o f  tim e  a f t e r  s u r g e r y .

T h is  s u g g e s t s  t h a t ,  f o l l o w in g  b r a i n  dam age, t h e r e  i s  some r e o r g a n i z a t i o n  

o f  f u n c t i o n  in  th e  b r a i n  s e c o n d a ry  t o ,  o r  in  re s p o n s e  t o  th e  o r i g i n a l  

damage.

S t r u c t u r a l  ch an g e s  have b een  r e p o r t e d  t o  t a k e  p l a c e  in  t h e  n e rv o u s  

sy s te m  s e c o n d a ry  t o  an e x p e r im e n t a l  l e s i o n .  F o r  exam ple , t r a n s a y n a p t l c  

a t r o p h y  may be n o te d  i n  c e l l s  t h a t  were n o t  o r i g i n a l l y  damaged. In  t h i s  

c a s e ,  the  ch an g es  t h a t  o c c u r  f o l l o w in g  th e  p r im a ry  l e s i o n  r e s u l t  i n  i n -  

c r e a s e d  n e u r o n a l  damage and c o u ld  c o n c e iv a b ly  be  r e s p o n s i b l e  f o r  f u r t h e r  

f u n c t i o n a l  im p a irm e n t .

T r a n s a y n a p t l c  a t r o p h y  h a s  been  s t u d i e d  e x t e n s i v e l y  i n  th e  v i s u a l  

s y s te m .  A f t e r  s e c t i o n  o f  t h e  o p t i c  t r a c t ,  c e l l s  i n  the  l a t e r a l  g e n i c u l a t e  

n u c le u s  show s i g n s  o f  s h r in k a g e  and a t r o p h y  (G arey  e t  a l . ,  1973 ; M atthew s



2

e t  a l . ,  1960; G le e s  e t  a l . ,  1 9 6 6 ) .  C ragg (1971) found e v id e n c e  o f  few er 

t e r m i n a l s  In  th e  v i s u a l  c o r t e x  a s  w e l l  a s  a t r o p h i c  chan g es  In  t h e  l a t e r a l  

g e n i c u l a t e  n u c le u s  a f t e r  o p t i c  t r a c t  s e c t i o n .  A t r o p h ic  chan g es  can  ta k e  

p l a c e  In  t h e  o p p o s i t e  d i r e c t i o n ,  t h a t  I s ,  In  t h e  n eu ro n  p re c e d in g  th e  

i n j u r e d  c e l l ,  as  w e l l  a s  i n  t h e  n e u ro n  r e c e i v i n g  I n f o r m a t io n  from th e  

I n j u r e d  c e l l .  T hus , a f t e r  a b l a t i o n  o f  t h e  o c c i p i t a l  c o r t e x ,  o p t i c  n e rv e  

t e r m i n a l s  show d e g e n e r a t i v e  c h an g es  (H oroup lan  e t  a l . ,  1973) as  w e l l  as  

r e t i n a l  g a n g l io n  c e l l s  (Van B u ren , 1 9 6 3 ) .

T here  a r e  r e p o r t s  in  th e  l i t e r a t u r e  o f  r e g e n e r a t i o n  by l e s l o n e d  

c e n t r a l  n e rv o u s  sy s te m  n e u r o n s .  F i b e r  sy s te m s  c o n t a i n i n g  th e  b io g e n ic  

am ines c an  be exam ined by f l u o r e s c e n t  h l s t o c h e m l c a l  t e c h n i q u e s  and have 

been  e x t e n s i v e l y  s t u d i e d  f o r  s i g n s  o f  r e g e n e r a t i o n .  A f t e r  making e l e c t r o *  

l y t i c  l e s i o n s  i n  r a t  m e se n c ep h a lo n ,  Katzman e t  a l .  (1971) found t h a t  

numerous f i n e ,  f l u o r e s c e n t  c a te c h o la m in e  (GA) f i b e r s  d e v e lo p e d  a ro u n d  th e  

a r e a  o f  t h e  l e s i o n  be tw een  7 and 19 days  a f t e r  s u r g e r y .  T hese  f i b e r s  

rem a ined  a f t e r  rem ova l o f  th e  s u p e r i o r  c e r v i c a l  g a n g l i a ,  i n d i c a t i n g  t h a t  

th e y  were o f  c e n t r a l ,  n o t  p e r i p h e r a l  o r i g i n .  They were b e l i e v e d  t o  r e p r e s e n t  

r e g e n e r a t i v e  s p r o u t i n g  o f  CA axons  t h a t  had b een  c u t  by t h e  l e s i o n .  T h is  

abnorm al f l u o r e s c e n c e  was no l o n g e r  p r e s e n t  7 weeks a f t e r  s u r g e r y ,  e x c e p t  

f o r  t h o s e  f i b e r s  in v a d in g  b lo o d  v e s s e l s .  Katzman and h i s  c o l l e a g u e s  o f f e r  

two p o s s i b l e  e x p l a n a t i o n s .  E i t h e r  t h e  a t t e m p t  a t  r e g e n e r a t i o n  was a b o r t i v e ,  

o r  t h e  t e r m i n a l s  e s t a b l i s h e d  s y n a p t i c  c o n t a c t s  away from th e  s i t e  o f  th e  

l e s i o n .  The h l s t o c h e m l c a l  m ethod I s  n o t  s e n s i t i v e  enough t o  d e t e c t  t h e  low 

c o n c e n t r a t i o n  o f  am ines  In  th e  p r e t e r m i n a l  p a r t  o f  axons w i th o u t  s p e c i a l  

t r e a t m e n t .  Thus t h e  axons o f  t h e  r e g e n e r a t e d  c e l l s  would no lo n g e r  be 

v i s i b l e  a f t e r  t h e i r  g row th  was co m p le ted  and c o n t a c t s  had b een  e s t a b l i s h e d .
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B jo rk lu n d  and S t e n e v i  (1971 ) made l e s i o n s  In  th e  m esen cep h a lo n  o f  

r a t s  and s t u d i e d  t h e  g row th  o f  t h e  c u t  axons  I n t o  t r a n s p l a n t e d  sm ooth 

m u s c le .  CA f i b e r s  were s e e n  t o  v i g o r o u s l y  In v ad e  t r a n s p l a n t s  o f  I r i s  

and m i t r a l  v a l v e  t i s s u e .  F i b e r s  c o n t a i n i n g  e i t h e r  n o r e p in e p h r in e  (NE) 

o r  dopamine (DA) grew i n t o  th e  i r i s  t r a n s p l a n t s  and were found up t o  

s i x  months a f t e r  s u r g e r y .  When t i s s u e s  w hich n o r m a l ly  have  l i t t l e  CA in n e r v a ­

t i o n  were t r a n s p l a n t e d ,  such  a s  d ia p h ra g m , u t e r u s ,  and s t r i a t e d  m u s c le ,  

th e y  were r a r e l y  Invaded  by th e  a b u n d a n t ly  s p r o u t i n g  axons a round  them .

The s tu d y  o f  B jo rk lu n d  and S te n e v i  e x te n d s  t h e  f i n d i n g s  o f  p l a s t i c i t y  

o f  c e n t r a l  CA n eu ro n s  and s u g g e s t s  t h a t  v a r i a b l e s  su ch  a s  ty p e  o f  f i b e r  

and t a r g e t  t i s s u e  a r e  im p o r t a n t .

B jo rk lu n d  e t  a l .  (1973 ) made d i s c r e t e  l e s i o n s  in  r a t  b r a i n  by i n ­

j e c t i n g  5 ,6 - d lh y d r o x y t r y p ta m ln e  i n t o  t h e  l a t e r a l  v e n t r i c l e .  T h is  d ru g  

c a u s e s  d e g e n e r a t i o n  o f  t e r m i n a l s  c o n t a i n i n g  5 - h y d r o x y t ry p ta m ln e  (5 -H T ).

T h is  method o f  l e s l o n l n g  would c a u se  l e s s  m o rp h o lo g ic a l  damage w i th  l e s s  

n e c r o s i s  and s c a r  t i s s u e  fo rm a t io n  th a n  would e l e c t r o l y t i c  o r  m e c h a n ic a l  

l e s i o n s .  S ig n s  o f  s p r o u t i n g  o f  5-HT axons were d e t e c t e d  10 t o  17 d a y s  

a f t e r  s u r g e r y .  T hree  m onths a f t e r  s u r g e r y ,  a b u n d an t 5-HT f i b e r s  w ere  

s e e n  in  th e  d ie n c e p h a lo n  and m ed u lla  r e s e m b l in g  no rm al 5-HT t e r m i n a l s  

In  t h e i r  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s .  New f i b e r s  were s e e n  a )  in  

a r e a s  t h a t  w e r e d e n e r v a te d  by th e  l e s i o n ,  b )  in  a r e a s  t h a t  w ere  n o t  d e n e r v a te d  

b u t  w hich n o rm a l ly  c o n ta i n  5-HT f i b e r s  and were t h e r e f o r e  h y p e r i n n e r v a t e d ,  and 

c )  in  a r e a s  t h a t  n o r m a l ly  do n o t  c o n t a i n  5-HT f i b e r s .  A p p a r e n t ly  t h e  d i s c r e t e  

c h e m ic a l  l e s i o n  c r e a t e d  c o n d i t i o n s  f a v o r a b l e  f o r  r e i n n e r v a t i o n  o f  a r e a s  

n o rm a l ly  c o n t a i n i n g  5-HT t e r m i n a l s .  However, abno rm al g row th  was a l s o  

d e t e c t e d .  T h u s ,  l e s i o n e d  axons may be c a p a b le  o f  r e - e s t a b l i s h i n g  a p p r o p r i a t e  

c o n n e c t io n s  u n d e r  s p e c i a l  c i r c u m s t a n c e s ,  b u t  may a l s o  show w hat a p p e a r s  to
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be random and ab n o rm al g ro w th .

C o l l a t e r a l  s p r o u t i n g  i s  a phenomenon s i m i l a r  t o  r e g e n e r a t i v e  

s p r o u t i n g .  T h is  t a k e s  p la c e  when a sy s te m  w hich I s  n o t  I n j u r e d  s p r o u t s  

t o  r e i n n e r v a t e  s y n a p s e s  l e f t  b a r e  by a sy s tem  w hich h a s  b een  l e s l o n e d .  

Goodman and H o re l  (1966) found  h i s t o l o g i c a l  e v id e n c e  o f  s p r o u t i n g  o f  o p t i c  

t r a c t  f i b e r s  a f t e r  rem oving  t h e  o c c i p i t a l  c o r t e x  o f  r a t s .  S p r o u t in g  was 

found o n ly  in  s p e c i f i c  l o c i  o f  v a r i o u s  o p t i c  n u c l e i  and v a r i o u s  r e a s o n s  

were d i s c u s s e d  t o  a c c o u n t  f o r  t h e  s p e c i f i c i t y .  C onvergence  o f  t h e  two 

f i b e r  sy s tem s  a t  t h e  s p e c i f i c  lo c u s  a p p e a r s  t o  be n e c e s s a r y  b u t  n o t  

s u f f i c i e n t .  T h e re  may be o t h e r  a f f e r e n t s  p r e s e n t  t h a t ,  i f  th e y  a r e  more 

num erous, s u c c e s s f u l l y  compete f o r  th e  d e n e r v a te d  s i t e s .  F u r th e r m o re ,  

t h e r e  may be to p o g r a p h ic  d i f f e r e n c e s  In  t h e  s y n a p t i c  c o n t a c t s  made by 

d i f f e r e n t  a f f e r e n t s .  C o r t i c a l  and o p t i c  a f f e r e n t s  may t e r m i n a t e  on 

d i f f e r e n t  n e u ro n s  o r  on d i f f e r e n t  p a r t s  o f  t h e  same n e u ro n .  A n o th e r  

p o s s i b i l i t y  m en tio n ed  was t h a t  s p e c i f i c i t y  i s  d e te rm in e d  by th e  c h e m ic a l  

c o d in g  o f  B y n a p t lc  t e r m i n a l  a r e a s .

Raisman (1969) and Ralaman and F i e l d  (1973) s t u d i e d  c o l l a t e r a l  

s p r o u t i n g  on th e  e l e c t r o n  m ic r o s c o p ic  l e v e l .  They l e s l o n e d  th e  f i m b r i a ,  

th u s  rem oving  th e  h ip p o cam p a l i n p u t  t o  t h e  s e p t a l  a r e a .  T h ese  f i b e r s  

n o rm a l ly  t e r m i n a t e  on th e  d e n d r i t e s  o f  s e p t a l  n e u r o n s .  When a n im a ls  were 

k i l l e d  one t o  s i x  m onths a f t e r  t h e  I n i t i a l  l e s i o n ,  i t  was d i s c o v e r e d  t h a t  

t h e s e  d e n e r v a te d  s i t e s  had b een  r e l n n v e r v a t e d .  The number o f  t e r m i n a l s  

making m u l t i p l e  c o n t a c t s  was I n c r e a s e d ,  s u g g e s t in g  t h a t  t h e  I n t a c t  t e r m i n a l s  

in  t h e  a r e a  had grown t o  r e l n n v e r v a t e  empty s y n a p t i c  a r e a s .  A s u b s e q u e n t  

l e s i o n  o f  t h e  m e d ia l  f o r e b r a l n  b u n d le  (MFB) I n p u t  t o  t h e  s e p t a l  a r e a  

cau sed  many o f  t h e s e  m u l t i p l e  c o n t a c t  p r o f i l e s  t o  d i s a p p e a r ,  I n d i c a t i n g
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t h a t  th e  MFB was one s o u rc e  o f  t h e  new t e r m i n a l s .  Many o f  t h e  new 

m u l t i p l e  c o n t r a c t  p r o f i l e s  rem a ined  a f t e r  MFB l e s i o n ,  so  o t h e r  f i b e r  

sy s te m s  m ust have s p r o u te d  a s  w e l l .  In  a com plem entary  e x p e r im e n t ,  le B lo n s  

w ere  made in  t h e  MFB. T hese  f i b e r s  n o rm a l ly  t e r m i n a t e  on b o th  th e  d e n d r i t e s  

and som ata  o f  s e p t a l  c e l l s .  I t  was found t h a t  f l m b r i a l  f i b e r s  s p r o u te d  

t o  t a k e  up t h e  d e n e r v a t e d  s i t e s ,  even  th o u g h  th e y  do n o t  n o rm a l ly  

t e r m i n a t e  on c e l l  b o d i e s . The r e i n n e r v a t i o n  a p p e a re d  t o  r e a c h  a peak  

a p p r o x im a te ly  one month a f t e r  t h e  i n i t i a l  l e s i o n .

Lynch e t  a l .  (1972) have  found e v id e n c e  o f  c o l l a t e r a l  s p r o u t i n g  

i n  a n o t h e r  a r e a  o f  t h e  b r a i n .  The hippocam pus r e c e i v e s  p r o j e c t i o n s  from 

th e  e n t o r h i n a l  c o r t e x  and th e  s e p t a l  a r e a .  The s e p t a l  p r o j e c t i o n  i s  th o u g h t  

t o  be c h o l i n e r g i c .  A f t e r  t h e  e n t o r h i n a l  c o r t e x  i s  l e s l o n e d ,  h l s t o c h e m l c a l  

e x a m in a t io n  o f  t h e  h ippocam pus r e v e a l s  t h e  d ev e lo p m en t o f  an  a c e t y l ­

c h o l i n e s t e r a s e  band i n  t h e  a r e a  n o rm a l ly  i n n e r v a t e d  by e n t o r h i n a l  a f f e r e n t s .  

T h is  band d e v e lo p s  o v e r  a  p e r io d  o f  30 t o  40 d ay s  and I s  e l i m i n a t e d  by 

s e p t a l  l e s i o n s .  The a u t h o r s  i n t e r p r e t  t h e s e  r e s u l t s  as  I n d i c a t i n g  t h a t  

t h e  c h o l i n e r g i c  s e p t a l  t e r m i n a l s  s p r o u t  in  r e s p o n s e  t o  t h e  p a r t i a l  d e n e r v a ­

t i o n  o f  t h e  h ip p o cam p u s .

S i m i l a r l y ,  Lynch e t  a l .  (1973) s t u d i e d  th e  c o n rn is s u r a l  p r o j e c t i o n  

t o  th e  h ippocam pus a f t e r  e n t o r h i n a l  l e s i o n s .  U s in g  h i s t o l o g i c a l  t e c h n i q u e s ,  

t h e y  found t h a t  th e  c o m m issu ra l  p r o j e c t i o n  i n c r e a s e d  f o l lo w in g  rem oval o f  

the  e n t o r h i n a l  i n p u t .  I n t e m e u r o n s  c o n t a i n i n g  ? f -a m in o b u ty r lc  a c id  (GABA) 

may a l s o  s p r o u t  f o l l o w in g  e n t o r h i n a l  l e s i o n s ,  s i n c e  t h e r e  i s  a t im e -d e p e n d e n t  

i n c r e a s e  In  g lu ta m a te  d e c a r b o x y la s e  a c t i v i t y  i n  th e  h ippocam pus o f  

l e s l o n e d  a n im a ls  (N a d le r  e t  a l . ,  1 9 7 4 ) .  T h is  s e r i e s  o f  e x p e r im e n t s  s u g g e s t s  

t h a t  t h e r e  i s  a l a c k  o f  s p e c i f i c i t y  r e g a r d i n g  th e  ty p e  o f  t e r m i n a l  t h a t
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can  r e i n n e r v a t e  a s t r u c t u r e .  Many o f  t h e  sy s te m s  t h a t  p r o j e c t  t o  a 

p a r t i a l l y  d e a f f e r e n t e d  s t r u c t u r e  can  s p r o u t  t o  i n n e r v a t e  new s i t e s .

The f u n c t i o n a l  s i g n i f i c a n c e  o f  c o l l a t e r a l  s p r o u t i n g  I s  n o t  known. 

Some I n v e s t i g a t o r s  t h i n k  I t  may c o n t r i b u t e  t o  r e c o v e r y  o f  f u n c t i o n  a f t e r  

b r a i n  damage. In  m ost e x p e r im e n t s ,  i t  I s  n o t  known w h e th e r  o r  n o t  th e  

new c o n n e c t io n s  a r e  f u n c t i o n a l .  S te w a rd ,  Cotman and Lynch (1974) r e p o r t e d  

e l e c t r o p h y s i o l o g i c a l  e v id e n c e  o f  f u n c t i o n a l  new c o n t a c t s .  A f t e r  rem oving  

t h e  e n t o r h i n a l  in p u t  to  th e  d e n t a t e  g y ru s  In  r a t s ,  th e y  found t h a t  f i b e r s  

from  th e  c o n t r a l a t e r a l  e n t o r h i n a l  c o r t e x  s p r o u te d  t o  i n n e r v a t e  t h e  d e a f f e r -  

e n te d  d e n t a t e  g y r u s .  By s t i m u l a t i n g  th e  c o n t r a l a t e r a l  e n t o r h i n a l  c o r t e x ,  

th e y  were a b l e  t o  r e c o r d  a s h o r t  l a t e n c y  evoked p o t e n t i a l  in  th e  p r e ­

v i o u s l y  d e a f f e r e n t e d  d e n t a t e  g y r u s .  T h is  i n d i c a t e s  t h a t  f u n c t i o n a l  

s y n a p s e s  w ere  e s t a b l i s h e d .  In  t h i s  c a s e  th e  r e i n n e r v a t i o n  may have  some 

s i g n i f i c a n c e  f o r  r e c o v e r y  o f  f u n c t i o n  s i n c e  th e  r e i n n e r v a t i n g  f i b e r s  a r e  

o f  t h e  same ty p e  a s  t h e  l e s l o n e d  f i b e r s .

On th e  o t h e r  h an d , c o l l a t e r a l  s p r o u t i n g  may I n c r e a s e  th e  d i s a b i l i t y  

b ro u g h t  a b o u t  by th e  i n i t i a l  l e s i o n  by e s t a b l i s h i n g  im p ro p er  o r  abno rm al 

c o n n e c t i o n s .  T hus , when th e  h ip p o c am p a l  in p u t  t o  th e  s e p t a l  n u c l e i  i s  

rem oved , t h i s  a r e a  becomes h y p e r in n e r v a t e d  by f i b e r s  from  th e  MFB. In  

t h i s  c a s e ,  s p r o u t i n g  may be i n c r e a s i n g  th e  im b a la n ce  in  s y n a p t i c  c o n n e c t io n s  

b ro u g h t  a b o u t  by th e  l e s i o n .  Some I n v e s t i g a t o r s  s u g g e s t  t h a t  c o l l a t e r a l  

s p r o u t i n g  may i n t e r f e r e  w i th  t h e  s u c c e s s f u l  r e - e s t a b l i s h m e n t  o f  n o rm a l 

c o n t a c t s  by o c c u p y in g  d e a f f e r e n t e d  s i t e s  b e f o r e  r e g e n e r a t i o n  i s  c o m p le ted  

(R aism an , 1 9 6 9 ) .

A t h i r d  p o s s i b i l i t y  i s  t h a t  new abnorm al c o n n e c t io n s  a r e  non­

f u n c t i o n a l  and a r e  e s s e n t i a l l y  n e u t r a l  i n  t h e i r  e f f e c t s .
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D e n e r v a t io n  s u p e r s e n a l t l v l t y  I s  an  exam ple o f  a f u n c t i o n a l  change 

w hich  t a k e s  p l a c e  in  r e s p o n s e  t o  n e rv o u s  sy s tem  damage and w hich t a k e s  a 

number o f  weeks t o  r e a c h  i t s  f u l l  e x t e n t .  T h is  phenomenon i s  w e l l  known 

in  th e  p e r i p h e r a l  n e rv o u s  s y s te m ,  w here  i t s  c h a r a c t e r i s t i c s  and t im e  c o u rs e  

have  been  s t u d i e d .

A f t e r  d e n e r v a t i o n  o f  t h e  n i c t i t a t i n g  membrane, t h e  e n s u in g  s u p e r -  

s e n s i t i v i t y  o f  th e  membrane t o  NE can  be d i v i d e d  i n t o  two com ponents  

(T r e n d e le n b u r g ,  1 9 6 6 ) .  The f i r s t  component i s  due  t o  l o s s  o f  th e  r e - u p t a k e  

m echanism . S in c e  r e - u p t a k e  i s  th e  m a jo r  mechanism  o f  CA I n a c t i v a t i o n ,  i t s  

l o s s  would l e a d  to  more t r a n s m i t t e r  r e m a in in g  in  t h e  sy n ap se  and th u s  

a g r e a t e r  e f f e c t  o f  a g iv e n  amount o f  t r a n s m i t t e r .  T h is  component I s  

supposed  t o  d e v e lo p  r a p i d l y ,  b e in g  co m p le te  by th e  second  p o s t o p e r a t i v e  

d a y .  However, i n  a sy s te m  w here  r e - u p t a k e  i s  n o t  th e  m a jo r  means o f  

t r a n s m i t t e r  i n a c t i v a t i o n ,  t h i s  component o f  s u p e r s e n s i t i v i t y  do es  n o t  e x i s t .  

F o r  ex am p le ,  a f t e r  d e n e r v a t i o n  o f  s k e l e t a l  m u s c le ,  th e  f i r s t  component 

d o e s  n o t  d e v e lo p  s i n c e  a c h o l i n e r g i c  sy s te m  i s  in v o lv e d .

The second  component i n  t h e  d ev e lo p m en t  o f  s u p e r s e n s i t i v i t y  i s  

e q u i v a l e n t  t o  th e  d e c e n t r a l i z a t i o n  e f f e c t .  D e c e n t r a l i z a t i o n  r e f e r s  t o  

t h e  d e s t r u c t i o n  o f  p r e g a n g l i o n i c  f i b e r s ,  a s  opposed  to  p o s t g a n g l i o n i c  f i b e r s .  

P o s t g a n g l i o n i c  f i b e r s  rem a in  I n t a c t  so  t h a t  I n a c t i v a t i o n  by r e - u p t a k e  can 

s t i l l  t a k e  p l a c e .  However, t h e r e  i s  s t i l l  a l o s s  o f  in p u t  t o  t h e  n i c t i t a t i n g  

membrane o r  o t h e r  t a r g e t  o r g a n ,  and a co m p en sa to ry  s u p e r s e n s l t i v l t y  d e v e l o p s .  

T h is  com ponent, w hich  i s  th o u g h t  t o  be p o s t s y n a p t i c ,  d e v e lo p s  g r a d u a l l y  

a t  l e a s t  up t o  fo u r  weeks a f t e r  d e c e n t r a l i z a t i o n  (L a n g e r ,  D ra sk o c z y ,  and 

T r e n d e le n b u r g ,  1 9 6 7 ) .  T h is  g r a d u a l  component I s  t h e  o n ly  one s e e n  a f t e r  

c h o l i n e r g i c  d e n e r v a t i o n  s i n c e  r e - u p t a k e  i s  n o t  t h e  m a jo r  means o f  ACh 

i n a c t i v a t i o n .
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E v id en c e  c o n s i s t e n t  w i th  th e  o c c u r r e n c e  o f  d e n e r v a t i o n  s u p e r s e n s i t l v -  

i t y  In  th e  c e n t r a l  n e rv o u s  s y s te m  has  a l s o  been  r e p o r t e d .  F o r  ex am p le ,  

U n g e r s t e d t  (19 7 1 a )  I n j e c t e d  6 -hydroxydopam lne  (6-OH-DA) u n i l a t e r a l l y  I n to  

t h e  s u b s t a n t i a  n i g r a  o f  r a t s .  T h is  r e s u l t e d  In  t h e  u n i l a t e r a l  d e g e n e r a t i o n  

o f  t h e  n l g r o - s t r l a t a l  DA t r a c t  and th e  d e n e r v a t i o n  o f  th e  s t r i a t u m .  When 

ap o m o rp h ln e ,  a d o p a m in e rg ic  a g o n i s t  was a d m in i s t e r e d  to  t h e s e  a n im a l s ,  

th e y  r o t a t e d  tow ard  th e  i n t a c t  s i d e .  The d i r e c t i o n  o f  t h e  r o t a t i o n  

I n d i c a t e d  t h a t  t h e r e  was g r e a t e r  a c t i v a t i o n  o f  th e  s t r i a t u m  on t h e  l e s l o n e d  

s i d e .  T h is  was ta k e n  a s  e v id e n c e  o f  th e  in c r e a s e d  s e n s i t i v i t y  o f  th e  

d e n e r v a te d  s i d e  t o  a g o n i s t  a g e n t s .  S e n s i t i v i t y  c o n t in u e d  t o  i n c r e a s e  f o r  

a p e r io d  o f  a t  l e a s t  one month a f t e r  th e  o p e r a t i o n .  U n g e r s t e d t  s t a t e d  

t h a t  s i n c e  apom orphlne  I s  n o t  th o u g h t  to  be i n a c t i v a t e d  by r e - u p t a k e ,  th e  

I n c r e a s e d  re s p o n s e  t o  t h i s  d ru g  was p ro b a b ly  due t o  p o s t s y n a p t l c  s u p e r ­

s e n s i t i v i t y .

These v a r io u s  s t r u c t u r a l  and f u n c t i o n a l  chan g es  t h a t  have  been  

found a f t e r  e x p e r im e n t a l  b r a i n  damage must be c o r r e l a t e d  w i th  n e u ro c h e m ic a l  

changes  a s  w e l l .  The f r o n t a l  c o r t e x  has  been e x t e n s i v e l y  s t u d i e d  w i th  

r e g a r d  t o  t h e  chan g es  t h a t  o c c u r  a f t e r  i t  I s  l e s l o n e d .  Changes In  b e h a v io r  

and In  d ru g  s e n s i t i v i t y  t h a t  t a k e  p la c e  g iv e  c l u e s  t o  some a s p e c t s  o f  th e  t i m e -  

d e p en d e n t  r e o r g a n i z a t i o n  t h a t  t h e  b r a i n  u n d e rg o e s  In  r e s p o n s e  t o  damage.

B e h a v io r a l  Changes t h a t  Occur A f t e r  F r o n t a l  L e s io n s  In  R ats

The p o s s i b l e  f u n c t i o n s  o f  t h e  f r o n t a l  c o r t e x  in  r a t s  have  been  

s t u d i e d  u s in g  th e  method o f  a b l a t i o n .  E x a m in a t io n  o f  t h e  b e h a v i o r a l  changes  

t h a t  o c c u r  a f t e r  f r o n t a l  l e s i o n s  m igh t s u g g e s t  which n e u ro c h e m ic a l  sy s tem s  

a r e  a f f e c t e d .
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D ivac  (1971) made f r o n t a l  c o r t i c a l  l e s i o n s  In  r a t s  and s t u d i e d  th e  

e f f e c t  on s p a t i a l  r e v e r s a l  r e t e n t i o n .  The a n im a ls  had to  choose  w hich 

com partm ent o f  a tw o-cham ber t e s t i n g  a p p a r a tu s  t o  e n t e r .  The c o r r e c t  

r e s p o n s e  c o n s i s t e d  o f  a l t e r n a t i n g  s i d e s  from one t r i a l  t o  t h e  n e x t .  He 

found t h a t  r a t s  w i th  m e d ia l  f r o n t a l  a b l a t i o n s  were t e m p o r a r i l y  Im p a ired  

on t h e  r e t e n t i o n  o f  t h i s  t a s k .  A n o th e r  g ro u p  o f  a n im a ls  underw en t c a u d a te  

l e s i o n s  and w ere even  more im p a i r e d .  The o b s e r v a t i o n  t h a t  f r o n t a l  and 

c a u d a te  l e s i o n s  can  p ro d u ce  s i m i l a r  d e f i c i t s  i s  n o t  u n u s u a l .  S in c e  th e  

f r o n t a l  c o r t e x  p r o j e c t s  t o  t h e  c a u d a te  n u c le u s  (Knook, 1 9 6 6 ) ,  I t  i s  e a sy  

t o  u n d e r s ta n d  how t h e i r  f u n c t i o n s  m ig h t  be  i n t e r r e l a t e d .  In  c o n f i r m a t io n  

o f  t h e s e  r e s u l t s ,  Wikmark e t  a l . (1973) r e p o r t e d  t h a t  r a t s  w i th  l e s i o n s  

i n  t h e  a n t e r o m e d i a l  f r o n t a l  c o r t e x  o r  t h e  c a u d a te  n u c le u s  were Im p a ire d  

on th e  r e t e n t i o n  o f  a s p a t i a l  d e la y e d  a l t e r n a t i o n  t a s k .  A g a in ,  th e  a n im a ls  

w i th  l e s i o n s  i n  t h e  c a u d a te  n u c le u s  w ere  more s e v e r e l y  Im p a ire d  th a n  th e  

f r o n t a l  a n im a l s .

Both th e  f r o n t a l  and s t r i a t a l  sy s te m s  have been  I m p l i c a t e d  In  

f e e d in g  b e h a v i o r .  L e s io n s  o f  th e  n l g r o - s t r l a t a l  sy s te m  p ro d u ce  s e v e r e  

a p h a g la  and a d i p s i a  ( U n g e r s t e d t ,  1 971c ;01 tm ans  and H arvey , 1 9 7 2 ) .  The 

a n im a ls  w i l l  d i e  i f  n o t  tu b e  f e d ,  and th e y  rem a in  a p h a g lc  and a d l p s i c  f o r  

v a r y in g  p e r io d s  o f  t im e  d e p e n d in g  on th e  e x t e n t  o f  th e  s t r i a t a l  damage 

( U n g e r s t e d t ,  1 9 7 1 c ) .  Kolb and Nonneman (1975) r e p o r t e d  t h a t  o r b i t a l  f r o n t a l  

l e s i o n s  In  r a t s  p ro d u ced  d e f i c i t s  In  e a t i n g  and d r i n k i n g  b e h a v i o r .  The 

a n im a l s ,  i f  s u s t a i n e d  by f o r c e d  f e e d i n g ,  g r a d u a l l y  resume e a t i n g  b e h a v io r .

The e f f e c t s  o f  f r o n t a l  and c a u d a te  l e s i o n s  a r e  n o t  a lw ays  t h e  same, 

n o r  c o u ld  th e y  be e x p e c te d  t o  be  i d e n t i c a l .  The two s t r u c t u r e s  d i f f e r  In  

t h e i r  a f f e r e n t  and e f f e r e n t  c o n n e c t i o n s ,  and in  t h e i r  h i s t o l o g y .  However, 

s i n c e  a p r o j e c t i o n  sy s te m  c o n n e c t s  t h e  two a r e a s ,  i t  I s  l o g i c a l  t o  suppose
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t h a t  t h e  a c t i v i t y  o f  one w i l l  a f f e c t  th e  a c tiv ity  o f  th e  o t h e r .

A n im als  w i th  f r o n t a l  c o r t i c a l  l e s i o n s  show a d i f f e r e n c e  In  s e n s i t i v i t y  

t o  am phetam ine , a d ru g  w hich I s  known t o  a f f e c t  c a te c h o la m in e  sy s te m s  in  

t h e  b r a i n .  A d le r  (1961) removed th e  f r o n t a l  c o r t e x  o f  r a t s  and s t u d i e d  

t h e i r  lo c o m o to r  r e s p o n s e  t o  am phetam ine a t  d i f f e r e n t  t im e s  a f t e r  s u r g e r y .

He found t h a t  th e y  w ere  h y p e r s e n s i t i v e  t o  th e  d r u g .  T h is  h y p e r s e n s i t i v i t y  

I n c r e a s e d  g r a d u a l l y ,  a s y m p to t ln g  a p p ro x im a te ly  4 weeks p o s t o p e r a t l v e l y ,  and 

was e v i d e n t  a t  l e a s t  up t o  26 weeks a f t e r  s u r g e r y .  B ecause  o f  t h i s  g r a d u a l  

tim e c o u r s e ,  A d le r  p ro p o sed  t h a t  th e  h y p e r s e n s i t i v i t y  was due  t o  d e n e r v a t l o n  

s u p e r s e n s i t i v i t y ,  a phenomenon w hich  i s  known t o  d e v e lo p  g r a d u a l l y  In  r e s p o n s e  

t o  d e a f f e r e n t a t i o n .

A d l e r ’ s r e s u l t s  were c o n f irm e d  by C l i c k  (1 9 7 0 ) ,  and by I v e r a e n ,  

W ilk in s o n  and Simpson (1 9 7 1 ) .  T hese  l a t t e r  a u t h o r s  r e p o r t e d  t h a t  f r o n t a l  

r a t s  showed I n c r e a s e d  s t e r e o t y p e d  b e h a v io r  a s  w e l l  a s  i n c r e a s e d  lo co m o to r  

b e h a v io r  In  r e s p o n s e  t o  am phetam ine . S t e r e o ty p e d  b e h a v io r  i s  u s u a l l y  

c h a r a c t e r i z e d  by r e p e t i t i v e  b i t i n g ,  g n aw ing , l i c k i n g ,  s n i f f i n g  and head  

movem ents. I t  u s u a l l y  em erges  a t  th e  h i g h e r  d o se  l e v e l s  o f  am phetam ine .

P a r a d o x i c a l l y ,  a n im a ls  w i th  f r o n t a l  l e s i o n s  d i s p l a y  h y p o a e n s i t l v l t y  

t o  t h e  e f f e c t s  o f  am phetam ine u n d e r  some c i r c u m s t a n c e s .  C l i c k  (1971) t e s t e d  

f r o n t a l  r a t s  on a s p a t i a l  d i s c r i m i n a t i o n  r e v e r s a l  t a s k  two weeks a f t e r  

s u r g e r y .  The a n im a ls  were c o n f r o n te d  w i th  two l e v e r s ;  t h e  c o r r e c t  one to  

p r e s s  f o r  a w a te r  rew ard  a l t e r n a t e d  on s u c c e e d in g  d a y s .  Both amphetamine 

and sco p o la m in e  I n t e r f e r e  w i th  t h e  p e r fo rm an c e  o f  t h i s  t a s k ,  b u t  f r o n t a l  r a t s  

w ere  l e s s  s e n s i t i v e  t o  th e  d i s r u p t i n g  e f f e c t  o f  amphetamine th a n  sham - op ­

e r a t e d  a n i m a l s .  The two g ro u p s  d id  n o t  d i f f e r  i n  t h e i r  s e n s i t i v i t y  t o  

s c o p o la m in e .  In  a n o t h e r  e x p e r im e n t  ( C l i c k ,  Nakamura and J a r v l k ,  1 9 7 1 ) ,  f r o n t a l  

m ice  were t e s t e d  on o n e - t r i a l  p a s s iv e  a v o id a n c e  l e a r n i n g .  A nim als  were
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shocked  upon s t e p p i n g  from  one com partm ent t o  t h e  o t h e r  o f  t h e  t e s t i n g  

a p p a r a t u s .  When t e s t e d  th e  f o l l o w in g  d a y ,  t h e y  c o u ld  show t h e i r  r e t e n t i o n  

o f  t h e  p ro c e d u re  by n o t  s t e p p i n g  i n t o  th e  n e x t  cham ber, o r  by d o in g  so  

o n ly  a f t e r  a lo n g  l a t e n c y .  I f  m ice  w i th  f r o n t a l  l e s i o n s  were t e s t e d  

soon a f t e r  s u r g e r y ,  th e y  showed a d e f i c i t  in  l e a r n i n g .  I f  t h e y  were 

t e s t e d  t h r e e  weeks p o s t o p e r a t i v e l y ,  t h e i r  p e rfo rm an c e  was e q u a l  t o  t h a t  

o f  sham a n im a l s ,  ev en  th o u g h  th e y  had r e c e i v e d  no p r e v io u s  t r a i n i n g .  

Amphetamine d i s r u p t s  t h i s  t a s k  in  no rm a l a n im a l s ,  b u t  f r o n t a l  m ice  became 

i n c r e a s i n g l y  h y p o s e n s l t i v e  t o  t h e  d i s r u p t i n g  e f f e c t s  o f  th e  d ru g  a s  t h e i r  

r e c o v e r y  p r o g r e s s e d .  When t h e i r  lo c o m o to r  a c t i v i t y  was s t u d i e d  in  r e ­

sp o n se  t o  th e  d r u g ,  f r o n t a l  m ice  d i s p l a y e d  th e  t y p i c a l  h y p e r s e n s i t i v i t y .

Thus t h e  change in  s e n s i t i v i t y  d ep en d s  on th e  n a t u r e  o f  t h e  t a s k .  G l ic k  

and M arsa n lc o  (1974) a t t r i b u t e  th e  c o n t r a d i c t o r y  r e s u l t s  t o  t h e  complex 

d o s e - r e s p o n s e  c u rv e  o b ta in e d  w i th  am phetam ine , w i th  f a c i l i t o r y  e f f e c t s  

a t  low d o s e s  and  d e p r e s s a n t  e f f e c t s  a t  h ig h  d o s e s .  They b e l i e v e  t h a t  

f r o n t a l  a n im a ls  show i n c r e a s e d  s e n s i t i v i t y  to  s l l  a c t i o n s  o f  am phetam ine 

b u t  t h a t  t h i s  i s  more so  f o r  t h e  f a c i l i t o r y  e f f e c t s  th a n  f o r  th e  

d e p r e s s a n t  e f f e c t s .

Dependency o f  Amph e ta m in e  A c t io n  on C a te c h o la m in e  System s

The f i n d i n g  t h a t  f r o n t a l  a n im a ls  a r e  h y p e r s e n s i t i v e  t o  t h e  s t i m u l a ­

t i o n  o f  lo c o m o to r  and  s t e r e o t y p e d  b e h a v io r  by am phetam ine i s  n o t  u n e x p e c te d .

T h e re  h a s  b een  a g r e a t  d e a l  o f  r e s e a r c h  on t h e  n e u ro c h e m ic a l  b a s i s  f o r  t h e s e

r e s p o n s e s  t o  am phetam ine . Randrup and Munkvad (1966) i n h i b i t e d  th e  

s y n t h e s i s  o f  b o th  NE snd DA in  r a t  b r a i n  by a d m i n i s t e r i n g  c ^ - m e t h y l - p -  

t y r o s l n e  (AMFT). The s u b s e q u e n t  a d m i n i s t r a t i o n  o f  am phetam ine f a i l e d  t o
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p ro d u ce  th e  u b u s I  h y p e r a c t i v i t y  and s t e r e o t y p e d  b e h a v i o r .  However, i f  

3 ,4 - d lh y d r o x y p h e n y la l a n in e  (DOPA) was a d m in i s t e r e d  so  t h a t  CA s y n t h e s i s  

c o u ld  be resum ed , t h e  u s u a l  r e s p o n s e s  t o  am phetam ine were r e s t o r e d .  T h is  

s t u d y  shows t h a t  t h e  c a te c h o la m in e s  a r e  im p o r ta n t  f o r  am p h e tam in e -In d u ced  

b e h a v i o r ,  b u t  I t  d o es  n o t  d i f f e r e n t i a t e  be tw een  WE and DA, O th e r  i n v e s t i g a t o r s  

have  t r i e d  t o  i n h i b i t  t h e  s y n t h e s i s  o f  NE s e l e c t i v e l y  by a d m i n i s t e r i n g  a 

D A - - h y d r o x y l a s e  (DBH) i n h i b i t o r .  R andrup  and S c h e e l - K r u g e r  (1966) gave 

r a t s  d i e t h y l d i t h i o c a r b a m a t e  t o  I n h i b i t  NE s y n t h e s i s .  They found t h a t  th e  

lo c o m o to r  r e s p o n s e  t o  am phetam ine was b lo c k e d  w h e rea s  t h e  s t e r e o t y p i c  

r e s p o n s e  was n o t .  They c o n c lu d e d  t h a t  DA m e d ia te s  th e  l a t t e r  e f f e c t  w h i le  

NE m e d ia te s  t h e  fo rm e r .  S v en sso n  (1970) r e p o r t e d  t h a t  F1A-63, a n o t h e r  

DBH i n h i b i t o r ,  p a r t i a l l y  i n h i b i t e d  am phetam ine h y p e r a c t i v i t y ,  w h i l e  H 44/68 , 

a t y r o s i n e  h y d ro x y la s e  i n h i b i t o r ,  c o m p le te ly  i n h i b i t e d  such  a c t i v i t y .  The 

c o n c lu s io n  was t h a t  b o th  NE and DA a r e  im p o r ta n t  f o r  th e  e f f e c t .  These  

r e s u l t s  w ere  c h a l l e n g e d  by T h o rn b u rg  and Moore (1973) who, u n l i k e  t h e  

p r e v io u s  i n v e s t i g a t o r s ,  a d m in i s t e r e d  t h e  s y n t h e s i s  i n h i b i t o r s  i n  t h e  d i e t  

o f  m ice  r a t h e r  th a n  by i n t r a p e r i t o n e a 1 i n j e c t i o n .  T hese  d r u g s ,  when g iv e n  

l n t r a p e r l t o n e a l l y , r e s u l t  In  i r r i t a t i o n  and th u s  a r e  s t r e s s f u l .  U nder t h e s e  

c o n d i t i o n s  th e y  re d u c e  s p o n ta n e o u s  m o to r  a c t i v i t y  a s  w e l l  a s  am phetam ine- 

in d u c ed  a c t i v i t y .  When T h o rn b u rg  and Moore a d m in i s t e r e d  t h e  DBH i n h i b i t o r s  

in  t h e  d i e t ,  t h e r e  was no d e p r e s s i o n  o f  s p o n ta n e o u s  m o to r  a c t i v i t y ,  a l t h o u g h  

NE l e v e l s  w ere  as  low a s  t h o s e  found a f t e r  AMPT. F u r th e r m o r e ,  t h e  lo c o m o to r  

s t i m u l a n t  a c t i o n  o f  amphetamine was u n a l t e r e d  a f t e r  DBH i n h i b i t i o n .  However, 

when th e  s y n t h e s i s  o f  b o th  NE and DA was b lo c k e d  by AMPT( am phetam ine h y p e r ­

a c t i v i t y  was s u c c e s s f u l l y  i n h i b i t e d .  The a u t h o r s  c o n c lu d e d  t h a t  DA i s  

most im p o r ta n t  f o r  th e  lo c o m o to r  e f f e c t .  R o l i n s k l  and S c h e e l - K ru g e r  (1973)
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r e p o r t e d  t h a t  v e ry  low d o s e s  o f  DA a n t a g o n i s t s  b lo c k e d  t h e  lo c o m o to r  e f f e c t s  

o f  am phetam ine , w h i le  v e r y  h ig h  d o s e s  o f  NE a n t a g o n i s t s  p roduced  o n ly  a 

p a r t i a l  b lo c k a d e .  T h is  a l s o  I n d i c a t e s  t h a t  d o p a m in e rg ic  mechanism s m e d ia te  

th e  lo c o m o to r  e f f e c t .

Most a u t h o r s  a g r e e  t h a t  s t e r e o t y p e d  b e h a v io r  i s  m e d ia te d  by a d o p a ­

m in e r g ic  s y s te m .  When DOPA i s  a d m in i s t e r e d  t o  r a t a  p r e t r e a t e d  w i th  a 

monoamine o x id a s e  (MAO) i n h i b i t o r ,  t h e y  d i s p l a y  s t e r e o t y p e d  b e h a v i o r .  

S c h e e l - K r u g e r  and Randrup (1967) found t h a t  b lo c k in g  th e  s y n t h e s i s  o f  NE 

b u t  n o t  DA w i th  a DBH i n h i b i t o r  do es  n o t  i n t e r f e r e  w i th  th e  p ro d u c t io n  o f  

s t e r e o t y p e d  b e h a v io r  by DOPA.

T h e re  i s  some c o n t r o v e r s y  c o n c e r n in g  w hich a r e a  o f  th e  b r a i n  i s  th e  

p r im ary  s i t e  o f  a c t i o n  f o r  th e  lo c o m o to r  and s t e r e o t y p i c  a c t i o n s  o f  am p h e ta ­

m ine . Simpson and I v e r s e n  (1971) d e s t r o y e d  th e  d o p a m in e rg ic  s u b s t a n t i a  

n i g r a  o f  r a t s  e l e c t r o l y t i c a l l y  and found t h a t  t h e  no rm al lo c o m o to r  r e s p o n s e  

t o  am phetam ine was p r e v e n t e d ,  w h ile  s t e r e o t y p e d  b e h a v io r  was u n a l t e r e d .

S in c e  sp o n ta n e o u s  m o to r  a c t i v i t y  was u n im p a ire d  i n  l e s l o n e d  a n im a l s ,  th e y  

c o n c lu d e d  t h a t  m o to r  pa thw ays  had n o t  been  damaged by th e  l e s i o n .  The 

r e s u l t s  i n d i c a t e  t h a t  t h e  lo c o m o to r  e f f e c t s  o f  am phetam ine a r e  m e d ia te d  by t h e  

n l g r o - s t r l a t a l  s y s te m ,  w h e rea s  th e  s t e r e o t y p i c  e f f e c t s  a r e  n o t .

In  a l a t e r  e x p e r im e n t ,  C re e s e  and I v e r s e n  (1972) o b ta in e d  o p p o s i t e  

r e s u l t s .  L e s io n s  w ere  made i n  th e  s u b s t a n t i a  n i g r a  by t h e  i n j e c t i o n  o f

6-OH-DA. T h is  p re su m ab ly  would r e s u l t  i n  a more d i s c r e t e  o r  s e l e c t i v e  

l e s i o n  t h a n  e l e c t r o l y t i c  m e th o d s .  In  t h i s  e x p e r im e n t ,  l e s l o n e d  a n im a ls  

d i s p l a y e d  an  I n c r e a s e d  lo c o m o to r  r e s p o n s e  t o  am p hetam ine , w h i l e  s t e r e o t y p e d  

re s p o n s e s  w ere  a b o l i s h e d .  T hese  r e s u l t s  s u g g e s t  t h a t  t h e  n l g r o - s t r l a t a l  

sy s te m  m e d ia te s  th e  s t e r e o t y p i c  e f f e c t s  o f  am phetam ine , b u t  n o t  th e  

lo co m o to r  e f f e c t s .  B io c h e m ic a l  s t u d i e s  showed t h a t  s t r i a t a l  DA had b een
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r e d u c e d  by 8 5 -9 0  p e r  c e n t .  D e n e r v a t io n  s u p e r s e n s i t i v i t y  m igh t a c c o u n t  f o r  

t h e  I n c r e a s e d  lo c o m o to r  r e s p o n s e  to  am phetam ine , b u t  t h i s  would n o t  e x p l a i n  

t h e  l a c k  o f  s t e r e o t y p e d  b e h a v i o r ,  u n l e s s  t h e r e  I s  a d i f f e r e n t i a l  l o c a l i ­

z a t i o n  o f  t h e  two f u n c t i o n s  in  th e  s t r i a t u m .  The a u t h o r s  c o n c lu d e d  t h a t  

t h e  l o s s  o f  t h e  lo c o m o to r  r e s p o n s e  t o  am phetam ine in  t h e  p r e v io u s  p a p e r  

(Sim pson and  I v e r s e n .  1971) was due t o  t h e  a c c i d e n t a l  e l e c t r o l y t i c  

d e s t r u c t i o n  o f  com ponents o t h e r  th a n  t h e  DA s y s te m .  However, t h i s  do es  

n o t  e x p l a i n  why t h e  s t e r e o t y p i c  r e s p o n s e  was l e f t  i n t a c t  In  one e x p e r im e n t  

b u t  n o t  in  the o t h e r .  N a y lo r  and O l le y  (1972) made l e s i o n s  in  t h e  

s t r i a t u m  o f  r a t s  and found t h a t  a m p h e tam in e - in d u ced  s t e r e o t y p y  was e i t h e r  

a b o l i s h e d  o r  d i m in i s h e d .  Locom otor e f f e c t s  a p p e a re d  u n a l t e r e d .

In  a l a t e r  p a p e r ,  C re e s e  and I v e r s e n  (1975) c o n c lu d e d  t h a t  t h e  

n l g r o - s t r l a t a l  DA sy s te m  m ed ia te s  b o th  t h e  lo c o m o to r  and s t e r e o t y p i c  r e s p o n s e s  

t o  am phetam ine . B i l a t e r a l  i n j e c t i o n s  o f  6-OH-DA i n t o  t h e  s u b s t a n t i a  n i g r a  

o f  r a t s  r e s u l t e d  i n  t h e  r e d u c t i o n  o f  more th a n  99 p e r  c e n t  o f  s t r i a t a l  

t y r o s i n e  h y d ro x y la s e  a c t i v i t y .  F u r th e r m o r e ,  b o th  t h e  lo c o m o to r  and 

s t e r o t y p l c  r e s p o n s e s  t o  am phetam ine w ere  a b o l i s h e d .  To c o n t r o l  f o r  th e  

e f f e c t s  o f  t h e  NE d e p l e t i o n s  w hich  a l s o  o c c u r r e d ,  t h e  i n v e s t i g a t o r s  made 

l e s i o n s  o f  t h e  d o r s a l  o r  v e n t r a l  NE p a th w a y s ,  w hich  had no e f f e c t  on 

s t r i a t a l  t y r o s i n e  h y d r o x y la s e  a c t i v i t y .  In  t h e s e  c a s e s ,  t h e  lo co m o to r  and 

s t e r e o t y p i c  r e s p o n s e s  t o  amphetam ine w ere  n o t  b lo c k e d .  DA d e p l e t i o n  m ust 

be v i r t u a l l y  co m p le te  f o r  t h e  lo c o m o to r  r e s p o n s e  t o  am phetam ine t o  be b lo c k e d .  

T h i s  may be  t h e  r e a s o n  f o r  th e  c o n f l i c t i n g  r e s u l t s  in  th e  l i t e r a t u r e .  

E l e c t r o l y t i c  l e s i o n s  a r e  n e i t h e r  c o m p le te  n o r  d i s c r e t e .  I f  even  10 t o  15 

p e r  c e n t  o f  t h e  s t r i a t a l  DA t e r m i n a l s  re m a in  i n t a c t ,  an I n c r e a s e d  lo co m o to r  

r e s p o n s e  t o  am phetam ine o c c u r a  (C re e se  and I v e r s e n ,  1 9 7 2 ) ,  m ost l i k e l y  due 

t o  d e n e r v a t i o n  s u p e r s e n s l t i v l t y . T hus , t h e  a u th o r s  c o n c lu d e  t h a t  s t e r e o -
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ty p e d  b e h a v io r  r e q u i r e s  a h ig h  d e g re e  o f  s t r i a t a l  DA a c t i v i t y ,  w h i le  

lo c o m o to r  a c t i v i t y  r e q u i r e s  o n ly  a low d e g re e  o f  DA a c t i v i t y .

C hem ica l i m p l a n t a t i o n  s t u d i e s  add s u p p o r t  t o  t h e  d a t a  i m p l i c a t i n g  

s t r i a t a l  DA In  th e  d ev e lo p m en t  o f  s t e r e o t y p e d  b e h a v i o r . E r n s t  and S m e llck  

(1966) im p la n te d  c r y s t a l s  o f  DOFA o r  apom orphine  I n t o  t h e  s t r i a t u m  o f  

r a t a .  B oth  o f  t h e s e  d ru g s  p roduced  s t e r e o t y p e d  b e h a v i o r .  Fog and P akken- 

b e r g  (1971) i n j e c t e d  DA I n t o  t h e  s t r i a t u m ,  r e s u l t i n g  In  s t e r e o t y p e d  b e h a v io r  

and h y p e r a c t i v i t y .  S t r i a t a l  NE i n j e c t i o n s  had no e f f e c t ,  n o r  d id  DA 

i n j e c t i o n s  i n t o  t h e  th a la m u s  o r  h ippocam pus . F u r th e r m o r e ,  b i l a t e r a l  

e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  c a u d a te  n u c le u s  p ro d u c e s  s t e r e o t y p e d  b e h a v io r  

In  r a t s  (Zlm m erberg and C l i c k ,  1 9 7 4 ) .

T h u s ,  in  s p i t e  o f  some d e g r e e  o f  c o n t r o v e r s y ,  s t r i a t a l  DA h a s  been 

s t r o n g l y  i m p l i c a t e d  In  th e  m o to r  e f f e c t s  p roduced  by am phetam ine . S in c e  

a n im a ls  w i th  f r o n t a l  l e s i o n s  a r e  h y p e r s e n s i t i v e  t o  t h e s e  e f f e c t s ,  I t  

seemed r e a s o n a b le  t o  p ro p o se  t h a t  f r o n t a l  l e s i o n s  cau se  a change In  

s t r i a t a l  f u n c t i o n .  The f r o n t a l  c o r t e x  h a s  been found t o  p r o j e c t  

t o  th e  s t r i a t u m  (Knook, 1966 ; L e o n a rd ,  1 9 6 9 ) ,  so  t h a t  I t s  rem oval would 

p ro d u ce  a p a r t i a l  d e n e r v a t i o n  o f  t h i s  a r e a .  T h i s  d e n e r v a t i o n  m ig h t  be a t  l e a s t  

p e r t l y  r e s p o n s i b l e  f o r  t h e  h y p o th e s i z e d  change In  s t r i a t a l  a c t i v i t y .  I t  

was d e c id e d  t o  remove th e  f r o n t a l  p r o j e c t i o n  sy s te m  t o  th e  s t r i a t u m  by 

m aking  f r o n t a l  c o r t i c a l  l e s i o n s  and t o  s tu d y  th e  e f f e c t s  o f  t h i s  on th e  

d o p a m in e rg ic  n l g r o - s t r i a t a l  s y s te m .

S in c e  am phetam ine r e l e a s e s  NE a s  w e l l  a s  DA, I t  was d e c id e d  t o  

exam ine an  a r e a  o f  t h e  b r a i n  w hich  h a s  h ig h  NE l e v e l s ,  t h e  h y p o th a la m u s .

The h y p o th a lam u s  a l s o  r e c e i v e s  a m o d e ra te  In p u t  from  th e  f r o n t a l  c o r t e x  

(Knook, 1966; L e o n a rd ,  1 9 6 9 ) .
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N euroanatow y o f  t h e  F r o n t a l  C o r te x

Knook (1966) u n d e r to o k  a d e t a i l e d  s tu d y  o f  t h e  c o n n e c t io n s  o f  t h e  

r a t  f o r e b r a l n .  He found t h a t  t h e  r a t  s t r i a t u m  r e c e i v e s  f i b e r s  from  a l l  

a r e a s  o f  t h e  c e r e b r a l  c o r t e x .  T hese  f i b e r s  a p p e a r  t o  be c o l l a t e r a l s  

o f  th e  c o r t i c a l  p r o j e c t i o n  sy s te m  t h a t  ru n s  In  th e  I n t e r n a l  c a p s u le  

b e f o r e  d i s t r i b u t i n g  t o  o t h e r  b r a i n  a r e a s .  No e v id e n c e  c o u ld  be found 

f o r  a  r e v e r s e  p r o j e c t i o n ,  I . e .  f i b e r s  ru n n in g  from th e  s t r i a t u m  t o  th e  

c o r t e x .

C o r t i c a l  f i b e r s ,  e s p e c i a l l y  from th e  f r o n t a l  c o r t e x ,  were found to  

t e r m i n a t e  in  th e  l a t e r a l  p r e o p t i c  and l a t e r a l  h y p o th a la m ic  a r e a s .  A 

s m a l l e r  number o f  f i b e r s  w ere  found t o  t e r m i n a t e  i n  o t h e r  h y p o th a la m ic  

a r e a s ,  such  a s  t h e  m a m n ll la ry  b o d i e s ,  t h e  p o s t e r i o r  h y p o th a la m ic  a r e a ,  

and th e  su p ram am m llla ry  r e g io n .

A l a r g e  number o f  c o r t i c a l  f i b e r s  w ere  found to  le a v e  th e  i n t e r n a l  

c a p s u le  t o  p r o j e c t  t o  p r a c t i c a l l y  a l l  t h a l a m ic  n u c l e i .  S t i l l  o t h e r s  

t e r m i n a t e  i n  t h e  i n t e r p e d u n c u l a r  n u c l e u s ,  th e  zona i n c e r t a , and th e  co rp u s  

L u y s i .

Some m e s e n c e p h a l ic  n u c l e i  r e c e i v e  c o r t i c a l  p r o j e c t i o n s  v i a  th e  

p e d u n c u lo -m e s e n c e p h a l ic  t r a c t  which i s  l a r g e l y  o f  f r o n t a l  c o r t i c a l  o r i g i n ,  

w i th  a c o n s i d e r a b l e  p a r i e t a l  com ponent. A reas  i n n e r v a t e d  by t h i s  t r a c t  

i n c lu d e  t h e  c e n t r a l  g r e y ,  th e  o c u lo m o to r  n u c l e u s ,  th e  red  n u c l e u s ,  t h e  

r e t i c u l a r  f o r m a t i o n ,  and th e  s u b s t a n t i a  n i g r a .  The p r o j e c t i o n  t o  th e  

s u b s t a n t i a  n i g r a  a p p e a r s  t o  be v e r y  s m a l l .

No c o r t i c a l  p r o j e c t i o n  f i b e r s  c o u ld  be found in  th e  n u c le u s  accumbens 

o r  t h e  am y gda lo id  com plex , two a r e a s  o f  th e  b r a i n  which c o n ta i n  d o p a m in e rg ic  

t e r m i n a l s .
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The th a la m ic  c o n n e c t io n s  o f  t h e  f r o n t a l  c o r t e x  a r e  c o n s i d e r a b l e .

The p r e f r o n t a l  c o r t e x  ( t h a t  i s ,  th e  c o r t e x  o f  t h e  f r o n t a l  lo b e s  n o t  i n ­

c lu d in g  m o to r  c o r t e x )  i s  f r e q u e n t l y  d e f i n e d  as  th e  p r o j e c t i o n  a r e a  o f  th e  

d o r s o m e d la l  (MD) n u c le u s  o f  t h e  th a la m u s .  L eonard  (1969) u n d e r to o k  a 

d e t a i l e d  s tu d y  o f  t h e  c o r t i c a l  p r o j e c t i o n s  o f  t h i s  n u c le u s  in  th e  r a t .

By m aking l e s i o n s  i n  t h e  MD n u c le u s  and s tu d y in g  t h e  r e s u l t i n g  a n t e r o ­

g ra d e  d e g e n e r a t i o n ,  she  found e v id e n c e  o f  t e r m i n a l  d e g e n e r a t i o n  in  

s u l c a l  c o r t e x  and m e d ia l  c o r t e x .  S u l c a l  c o r t e x  c o v e r s  t h e  d o r s a l  l i p  o f  

t h e  r h i n a l  s u l c u s  and seems t o  r e c e i v e  in p u t  from th e  m e d ia l  p a r t  o f  t h e  

MD n u c l e u s .  T h is  a r e a  was n o t  a b l a t e d  i n  the  p r e s e n t  s t u d y .  M ed ia l  

c o r t e x  w ould In c lu d e  t h e  m e d ia l  w a l l  o f  t h e  f r o n t a l  lo b e ;  i t  r e c e iv e s  a 

p r o j e c t i o n  from  th e  l a t e r a l  p a r t  o f  t h e  MD n u c l e u s .  T h is  a r e a ,  i n  a d d i t i o n  

t o  t h e  d o r s a l  s u r f a c e  o f  th e  f r o n t a l  l o b e ,  was l e s i o n e d  in  t h e  p r e s e n t  

e x p e r im e n t .  No e v id e n c e  was found  o f  a p r o j e c t i o n  from MD t o  th e  d o r s a l  

s u r f a c e  o f  t h e  f r o n t a l  lo b e .

When L eonard  l e s i o n e d  th e  m e d ia l  c o r t e x  and  s t u d i e d  th e  r e s u l t i n g  

d e g e n e r a t i o n  p a t t e r n ,  sh e  found t h a t  i t  p r o j e c t e d  to  th e  s t r i a t u m ,  s u b -  

t h a la m u s ,  p r e t e c t a l  a r e a ,  s u p e r i o r  c o l l l c u l u s ,  m i d b r a in ,  and m id l in e  

s t r u c t u r e s  such  a s  th a la m u s  and h y p o th a la m u s .  The m e d ia l  f r o n t a l  c o r t e x  

sen d s  f i b e r s  to  t h e  l a t e r a l  MD n u c l e u s  o f  th e  th a la m u s  a s  w e l l  a s  r e c e i v i n g  

f i b e r s  from  i t .  The p r o j e c t i o n  from th e  MD n u c le u s  to  t h e  f r o n t a l  c o r t e x  

g i v e s  o f f  c o l l a t e r a l  f i b e r s  t h a t  I n n e r v a t e  th e  s t r i a t u m  and r e t i c u l a r  n u c l e u s .  

L e s io n s  o f  t h e  f r o n t a l  c o r t e x  d i d  n o t  p roduce  r e t r o g r a d e  d e g e n e r a t i o n  in  

t h e  MD n u c l e u s ,  i n d i c a t i n g  t h a t  th e  c o l l a t e r a l  i n n e r v a t i o n  rem a in s  i n t a c t .

L e s io n s  o f  t h e  v e n t r o m e d ia l  n u c le u s  o f  t h e  th a la m u s  p ro d u ced  e v id e n c e  

o f  a d i f f u s e  p r o j e c t i o n  t o  t h e  e n t i r e  f r o n t a l  c o r t e x .  T h is  n u c le u s  i s  th e  

homologue o f  t h e  v e n t r a l  l a t e r a l  and v e n t r a l  a n t e r i o r  n u c l e i  in  t h e  p r im a te ,
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th a la m ic  n u c le i  which a r e  in v o lv e d  in  th e  c o n t r o l  o f  m otor b e h a v io r . In  

a d d i t io n ,  d i f f u s e  p r o je c t io n s  e x i s t  betw een v e n t r a l  a re a s  o f  th e  m ed ia l 

c o r te x  and th e  a n t e r i o r  th a la m ic  n u c l e i .

The p r e f r o n ta l  c o r te x  o f  th e  r a t  la c k s  th e  g r a n u la r  la y e r  th a t  

c h a r a c te r iz e s  t h i s  a r e a  in  p r im a te s .  I t  a l s o  la c k s  th e  c o n s id e ra b le  number 

o f  I n t r a c o t t i c a l  a s s o c ia t io n  f i b e r s  c h a r a c t e r i s t i c  o f  h ig h e r  a n im a ls . 

F u rth e rm o re , th e  f r o n t a l  p r o je c t io n s  to  th e  tem p o ra l and l im b ic  c o r t i c a l  

a re a s  found in  h ig h e r  s p e c ie s  have n o t been  found in  th e  r a t .

S t r i a t a l  C on n ec tio n s 

The s t r ia tu m  r e c e iv e s  th r e e  main a f f e r e n t  sy s tem s: from  th e  c e r e b r a l  

c o r te x  (Knook, 1 9 6 6 ), th e  s u b s ta n t ia  n ig ra  (U n g e rs te d t,  19 7 1 b ), and c e r t a i n  

th a la m ic  n u c le i  (N auta and M eh ler, 1 9 6 9 ). The c o r t i c a l  p r o je c t io n  i s  

to p o g ra p h ic a l ,  w ith  th e  p r e f r o n ta l  c o r te x  p r o je c t in g  to  th e  a n te r o v e n t r a l  

re g io n  o f th e  c a u d a te  n u c le u s  (W ebster, 1965; L eonard , 1 9 6 9 ). The d opa­

m in e rg ic  in n e rv a t io n  o f  th e  s t r ia tu m  o r ig in a te s  i n  th e  zona com pacts o f  th e  

s u b s ta n t ia  n ig r a .  T here  i s  a l s o  some ev id e n ce  o f  a non -dopam inerg lc  pathw ay 

ru n n in g  from th e  n ig ra  to  th e  s t r i a tu m  ( F ib lg e r  e t  a l . ,  1 9 7 2 ). In  th e  

th a la m u s, th e  in t r a la m in a r  n u c le i  and th e  d o rso m ed la l n u c le u s  p r o je c t  to  

th e  s t r ia tu m  (N auta and 'M ehler, 1 9 6 9 ). The MD n u c le u s  has r e c ip r o c a l  

c o n n e c tio n s  w ith  th e  p r e f r o n ta l  c o r te x  (L eonard , 1 9 6 9 ). C o l l a t e r a l s  o f  th e  

same neuron in  th e  MD n u c le u s  may In n e rv a te  th e  p r e f r o n ta l  c o r te x  and 

a n t e r i o r  s t r i a tu m .

The s t r ia tu m  sends i t s  f i b e r s  to  th e  s u b s ta n t i a  n ig ra  (Bedard and 

L a ro c h e l ie ,  1973) and to  th e  g lo b u s  p a l l id u s  (S zabo , 1 9 6 2 ). Some o f  th e  

f i b e r s  te rm in a tin g  in  th e  g lo b u s  p a l l id u s  may be axon c o l l a t e r a l s  o f  f ib e r s  

In n e rv a t in g  th e  s u b s ta n t i a  n ig r a .  The pathway ru n n in g  from th e  s t r i a tu m  to
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th e  s u b s ta n t l e  n ig ra  may s e rv e  a s  a feed b ack  a y s te n  m o d u la tin g  n i g r a l  

a c t i v i t y .  S t im u la t io n  o f  c au d a te  c e l l s  o r  th e  f ib e r s  o f  th e  s t r l a t o -  

n l g r a l  pathway r e s u l t s  In  I n h ib i t io n  o f  n i g r a l  c e l l s . ( Y o s h I d a  and P re c h t ,

1971; McNair e t  a l . ,  1 9 7 2 ). The g lo b u s p a l l id u s  I s  th e  o u tp u t p a r t  o f  

th e  b a s a l  g a n g l ia .  I t  p r o je c t s  to  n u c le i  o f  th e  thalam us w hich a r e  

In v o lv ed  in  n o to r  b e h a v io r  (N au ta , 1 9 6 6 ). These n u c l e i ,  v e n t r a l  l a t e r a l  

and v e n t r a l  a n t e r i o r ,  p r o je c t  In  tu r n  to  p rem oto r c o r te x .  In  s d d l t lo n  to  

th e  th s la v u s ,  th e  g lo b u s  p a l l id u s  p r o je c t s  to  th e  n u c le u s  te g m e n ta l ls  

p ed u n cu lo p o n tln u s  In  th e  c a u d a l m esen cep h a lic  tegm entum .

Most o f th e  n eu ro n s In  th e  s t r l s t im i  a re  in te rn e u ro n s ,  t h a t  I s .  t h e i r  

axons do n o t leav e  th e  e t* la tu m  (Mensah and D eadw yler. 1 9 7 4 ). L ess th a n  

5 p e r  c e n t o f  s t r i a t a l  neu ro n s a re  o u tp u t c e l l s .  Many o f  th e  s t r i a t a l  

in te rn e u ro n s  a re  th o u g h t to  be c h o l in e r g ic  (KcGeer e t  a l . .  1971; B u tch e r 

and B u tc h e r . 19 7 4 ).

C a te c h o la m ine Pathways In  t h e  C e n tr a l  N ervous System

The CA pathw ays In  th e  b r a in  have been  t r a c e d  u s in g  th e  f lu o re s c e n c e  

h is to c h e m lc a l  method developed  by F a lc k  and H i l l a r p  (F a lc k . 1962; F a lc k  e t  a l . ,  

1 9 6 2 ). When t i s s u e s  a re  t r e a t e d  w ith  p ara fo rm sld eh y d e  gas u n d er th e  p ro p e r  

c o n d i t io n s ,  th e  c a te ch o lam in e s  p re s e n t  r e a c t  to  form in te n s e ly  f lu o r e s c e n t  

is o q u ln o l ln e  d e r i v a t iv e s .  CA pathw ays can th e n  be t r a c e d  u nder th e  

f lu o re s c e n c e  m ic ro sco p e .

S p e c ia l  m ethods m ust be used  to  d i s t i n g u i s h  betw een th e  NA and DA 

f lu o ro p h o re s .  A f te r  tre a tm e n t  w ith  H d , th e  e x c i t a t io n  s p e c t r a  o f  th e  

two f lu o r e s c e n t  p ro d u c ts  w i l l  d i f f e r  and th ey  can  be I d e n t i f i e d  u s in g  

m ic ro s p e c tro f lu o ro m e try .
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I* p*. .p«hyny .
1 . The N l g r o - S t r l a t a l  DA System : T h is  pathw ay o r ig in a t e s  in  th e

zona com pacta o f th e  s u b s ta n t i a  n ig r a .  The f i b e r s  ascend  in  th e  c ru s

c e r e b r i  and i n t e r n a l  c a p s u le ,  sp re a d  o u t in to  th e  g lo b u s p a l l i d u s ,  and 

In n e rv a te  th e  c a u d a te  n u c le u s  and putam en. F ib e rs  o f  t h i s  system  a r e  

a l s o  b e l ie v e d  to  te rm in a te  in  th e  c e n t r a l  n u c le u s  o f  th e  am ygdala.

2 . The M esollm blo  DA System ; The c e l l  b o d ie s  o f  th e s e  DA c e l l s  l i e

d o r s a l  to  th e  in te rp e d u n c u la r  n u c le u s .  T h e ir  f i b e r s  ascen d  j u s t  d o r s a l

t o  th e  m e d ia l f o r e b r a in  bundle  and te rm in a te  in  th e  n u c le u s  accum bens, th e  

n u c leu s  i n t e r s t i t i a l i s  s t r i a e  t e r m ln a l i s ,  and th e  tu b ercu lu m  o lf a c to r lu m .

3 . The T u b e ro - In fu n d lb u la r  DA System : T here a re  DA c e l l  b o d ie s  

p e re se n t in  th e  hyp o th alm u s. The c e l l s  in  th e  n u c le u s  a rc u a tu s  In n e rv a te  

th e  median em inence. C e l ls  t h a t  may be e n t i r e l y  ln tra h y p o th a la m ic  l i e  

l a t e r a l  t o  th e  p e r i v e n t r i c u l a r  n u c le u s .  A t h i r d  group w hich l i e s  d o r s o l a t e r a l  

t o  th e  d o rao m ed ia l n u c le u s  may g iv e  r i s e  to  a sc en d in g  f i b e r s .

4 . C o r t i c a l  DA T e rm in a ls : H b k fe lt  e t  a l .  (1974) re p o r te d  DA te rm in a ls  

in  th e  f r o n t a l ,  c in g u la r ,  e n t o r h in a l ,  am ygdalo id , and h ippocam pal a r e a s .

I I .  WE Pathways

T here a re  two m ain a sc en d in g  NE pathw ays.

1 . The D o rsa l IE  Pathw ay: T h is  o r ig in a te s  in  th e  lo c u s  c o e ru le u s ,

a n u c leu s  made up e n t i r e l y  o f  NE c e l l  b o d ie s .  F ib e r s  o r ig in a t in g  in  t h i s  

n u c le u s  in n e rv a te  th e  c e r e b r a l ,  h ippocam pal, and c e r e b e l l a r  c o r t i c e s ,  as 

w e l l  as  low er b r a in  stem  n u c l e i .  C o l l a t e r a l  f i b e r s  from th e  d o r s a l  pathway 

in n e rv a te  th e  i n f e r i o r  and s u p e r io r  c o l l l c u l l ,  th e  g e n ic u la te  b o d ie s  and , 

th e  th a la m ic  n u c l e i .
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2 . The V e n tra l NE Pathw ay: T hla  pathway re c e iv e *  f i b e r s  from  many 

n u c le i  In  th e  pons and m e d u lla . These f i b e r s  In n e rv a te  th e  m ed u lla , p o n s , 

m esen cep h alo n , d ie n c ep h a lo n  ( In c lu d in g  th e  h y p o th a lam u s), and s e p ta l  

a r e a .

T here I s  acme d e g ree  o f  o v e r la p  In  th e  te rm in a t io n  a r e a s  o f  th e  

two pathw ays. The d o r s a l  a s  w e ll  as  th e  v e n t r a l  system  c o n t r ib u te s  

te rm in a ls  to  th e  m ed u lla  and pons (U n g e ra te d t, 1971b). L o laou  (1969) 

found ev id en ce  o f  d o r s a l  te rm in a t io n  In  many h y p o th a lam ic  n u c le i  a s  w e l l .  

F u rth e rm o re , some NE te rm in a ls  in  th e  c e r e b r a l  and c e r e b e l l a r  c o r t i c e s  

w ere found to  o r i g i n a t e  from one o f  th e  b r a in  stem  n u c le i  w hich c o n t r ib u te s  

t o  th e  v e n t r a l  system  (And/n e t  a l . ,  1 9 6 7 ).

C atecho lam ine S y n th e s is  and M etabolism

The I n i t i a l  s te p  in  CA s y n th e s i s ,  th e  h y d ro x y le tIo n  o f  ty r o s in e  to  

DOPA la  th e  r a t e - l i m i t i n g  s te p  ( L e v i t t  e t  a l . ,  1 9 6 5 ). The enzyme c a ta ly z in g  

t h i s  r e a c t io n ,  ty ro s in e  h y d ro x y la se , r e q u ire s  t e t r a h y d r o p te r id ln e ,  Fe++ , 

and O2 f o r  maximal a c t i v i t y  (N ag a tsu , L e v i t t ,  and U n d e n frie n d , 1 9 6 4 ).

The enzyme la  s p e c i f i c  fo r  L - ty r o s ln e .  S im ila r  compounds such a s  D - ty ro s in e ,  

D L -m -ty ro s in e , ty ra m ln e , and L -try p to p h a n  w i l l  n o t s e rv e  a s  s a t i s f a c t o r y  

s u b s t r a t e s  (N ag a tsu , L e v i t t ,  and U n d en frien d , 1964) b u t p h e n y la la n in e  w i l l  

be h y d ro x y la te d . A lp h a -m e th y l-p - ty ro s ln e ,  a c o m p e titiv e  I n h i b i t o r ,  I s  

c o n v e rte d  to  some e x te n t  to  ^ - m e t h y l  DOPA (S p e c to r ,  S jo erd sm a, and 

U n d e n frie n d , 1965; N ag a tsu , L e v i t t ,  and U n d e n frie n d , 1 9 6 4 ). A number o f  

a ro a m tlc  compounds r e l a t e d  to  ty r o s in e  and DOPA can  I n h ib i t  th e  enzyme.

Many ty r o s in e  an a lo g u es  i n h i b i t  by com peting w ith  th e  s u b s t r a te  (U n d en frien d , 

Z a ltz m an -N lre n b e rg , and N ag a tsu , 1 9 6 5 ). C a te c h o l compounds I n h ib i t  by
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com peting  f o r  th e  red u ced  p t e r id in e  c o f a c to r ;  such  in h ib i t i o n  i s  n o t re v e rse d  

by s u b s t r a t e ,  b u t  by th e  a d d i t io n  o f  c o f a c to r  (U d e n fr ie n d , Z a ltzm an -N lren b e rg , 

and N ag a tsu , 1 9 6 5 ), T hus, e n d -p ro d u c t i n h ib i t i o n  may s e rv e  to  h e lp  r e g u la te  CA 

b io s y n th e s is  in  v iv o . In d eed , when t i s s u e  l e v e l s  o f  CA a re  in c re a s e d  by 

th e  a d m in is t r a t io n  o f  a monoamine o x id a se  i n h i b i t o r ,  th e  s y n th e s is  r a t e  

d e c l in e s  (Ja v o y , A g ld , B o u v et, and G lo w in sk i, 1 9 7 2 ).

DOPA is  d e c a rb o x y la te d  to  DA by th e  a c t io n  o f L -a ro m a tlc  amino a c id  

d e c a rb o x y la se . As th e  name im p l ie s ,  i t  i s  r a t h e r  n o n - s p e c i f i c ,  c a ta ly z in g  

th e  d e c a rb o x y la t io n  o f  o th e r  a ro m a tic  L-amino a c id s ,  such as p h e n y la la n in e , 

try p to p h a n , 5 -h y d ro x y try p to p h a n , and h i s t i d i n e  in  a d d i t io n  to  DOPA (Loven- 

b e rg , W elaabach, and U d e n frie n d , 1 9 6 2 ). I t  i s  s p e c i f i c  f o r  th e  L -iso m er. 

P y r ld o x a l p h o sp h a te  i s  r e q u ire d  as a c o f a c to r  and i s  a ls o  p re s e n t  a s  a 

p r o s th e t i c  g roup  bound a s  a S c h l f f ' s  b ase  (Awapara, Sandman, and H an ly , 1962; 

C h r is te n s o n , D airm an, and U d e n fr ie n d , 1 9 7 0 ).

The co n v e rs io n  o f  DA to  NE by DA-/i> -h y d ro x y la se  may be a r e g u la to ry  

s te p  in  th e  s y n th e s is  o f  t h i s  c a tech o lam in e  (T h ie r ry ,  B lan c , and G lo w in sk i, 

1 9 7 1 ). DBH i s  n o t v e ry  s p e c i f i c ;  i t  can h y d ro x y la te  o th e r  p h en y le th y lam ln es  

(L evin  and Kaufman, 1 9 6 1 ). I t  r e q u i r e s  a s c o rb ic  a c id  and O2 (L ev in , L evenberg , 

and Kaufman, 1 9 6 0 ). The enzyme c o n ta in s  Cu which i s  red u ced  by an e le c t r o n  

donor such a s  a s c o rb ic  a c id ;  th e  reduced  form a c t s  in  th e  p re se n c e  o f  oxygen 

to  h y d ro x y la te  th e  s u b s t r a te  and i s  a g a in  re o x ld lz a d  (Friedm an and Kaufman, 

1 9 6 5 ). Many i n h i b i t o r s  o f  DBH c o n ta in  t h i o l  g roups which b in d  th e  Cu++ .

T here a re  two m ajo r enzymes a c t iv e  in  CA c a ta b o l is m . C atecho lam ines 

can be deam lnated  by th e  a c t io n  o f  monoamine o x id a se  o r  0 -m e th y la te d  by 

c a te c h o 1 -0 -m e th y l t r a n s f e r a s e  (CGKT) o r  b o th .  Monoamine o x id a se  la  a a s o c la te d  

w ith  m ito c h o n d ria  (S chnaitm an , E rw in , and G ree n aw a lt, 1 9 6 7 ). The p ro d u c t o f
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t h i s  r e a c t io n  l a  an  a ld eh y d e  w hich la  th e n  e i t h e r  red u ced  to  an a lc o h o l  

o r  o x id iz e d  to  an a c id .  In  th e  caae  o f  DA, th e  a c id ic  m e ta b o li te *  

(d lh y d ro x y p h e a y la c e tlc  a c id  o r  DOPAC and h o n o v a n l l l lc  a c id  o r  KVA) p r e ­

dom inate  in  b r a in ,  w here l i t t l e  o f  th e  a lc o h o l l a  found (W llk and 

Z ln n e rb e rg , 1 9 7 3 ). The a c id  la  formed by th e  a c t io n  o f  a ld eh y d e  dehydro** 

genaae  (Duncan and S o u rk ea , 1 9 7 4 ). The a l t u a t i o n  la  re v e ra e d  In  NE m etabo llam  

In  b r a i n ,  w ith  th e  g ly c o la  (3 -m e th o x y -4 -h y d ro x y p h en y lg ly co l and 3 ,4  dehydroxy- 

p h e n y lg ly c o l)  p red o m in a tin g  In  b r a in  (R u tled g e  and Jo n aao n , 1967; M annarlno , 

K ira h n e r , and N aaho ld , 1 9 6 3 ). U alng a  a e n a i t lv e  me aa frag m en to g rap h ic  

p ro c e d u re , S jo q u ia t  (1475) waa a b le  to  d e t e c t  th e  lew le v e la  o f  3-m ethoxy- 

4 -hydroxym andelic  a c id  (VM4) p re a e n t In  b ra in  and c e re b ro e p in a l  f l u i d ,  and 

confirm ed  t h a t  c e r e b r a l  NE la  m e ta b o liz e d  p r e f e r e n t i a l l y  to  th e  g ly c o l  

re b b e r  th a n  to  th e  a c id .

Monoamine o x ld aae  la  r a t h e r  n o n e p a c if ic .  I t a  I n h ib i t io n  can  r e a u l t  

In  In c re a a e d  t le e u e  le v e la  o f  NE, DA, and 5 -HT (N eff and C o a ta , 1968;

T o z e r, N e f f ,  and B ro d le , 19 6 6 ).

C atecho lam inea  which have been r e le a a e d  in to  th e  aynapae can  be 

m e ta b o liz e d  by COMT. NE la  c o n v e rte d  to  m orm etanephrlne , and DA la  

c o n v e rte d  to  3 -m ethoxytyram lne (3-MT). The m ethy l donor In  t h i a  r e a c t io n  

l a  S -a d e n o a y lm e th lo n ln e ; d iv a le n t  c a t io n a  a re  r e q u ire d  by th e  enzyme 

and e u lfh y d ry l  g roup  b lo c k in g  ag e n ta  and tro p o lo n e a  w i l l  I n h ib i t  i t  

(A xelrod  and Tom chlck, 1 9 5 8 ). A w ide v a r i e ty  o f  c a te c h o l  compound* ean  

be m e th y la te d  by t h i a  enzyme, w hich t r a n a f e r a  th e  m ethy l group to  th e  hydroxy 

group  in  th e  3 p o a l t lo n .
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ASSESSMENT OF CATECHOLAMINE LEVELS IN STRIATUM AND HYPOTHALAMUS

Method*

svrasry

Male and fem ale S prague-D av ley  r a t a ,  a p p ro x im a te ly  3 months o ld  

and w eigh ing  ap p ro x im a te ly  250 g were s u b je c te d  to  f r o n t a l  c o r t i c a l  

a b la t io n  by a s p i r a t i o n  o f  t i s s u e .  A f te r  In d u c tio n  o f  a n e s th e s ia  w ith  

m e th o h e x lta l  (40 mg/kg I p ) ,  an in c i s io n  was made a lo n g  th e  m id lin e  o f  

th e  h e ad , and su b cu tan eo u s t i s s u e  was d e f l e c te d .  B i l a t e r a l  b u r r  h o le s  

ab o u t 5nm In  d ia m e te r  w ere d r i l l e d  th ro u g h  th e  s k u l l  a p p ro x im a te ly  0.5ran 

from  th e  m id lin e  and 0 .5  nm> In  f ro n t  o f  th e  c o ro n a l s u tu r e .  The f r o n t a l  

c o r te x  was removed by s u c t io n  th ro u g h  a 20 gauge n e e d le ,  and th e  In c is io n  

was c lo s e d .  B urr h o le s  were d r i l l e d  th ro u g h  th e  s k u l l s  o f  sham a n im a ls , 

b u t no t i s s u e  was rem oved.

An a d d i t io n a l  c o n t r o l  g roup  was p re p a red  to  see  i f  r e s u l t s  w ere 

s p e c i f i c  to  th e  f r o n t a l  c o r te x .  In  t h i s  g ro u p , b u r r  h o le s  w ere p la ce d  

0 ,5  ran a n t e r i o r  and l a t e r a l  to  lam bda, and th e  p o s te r i o r  c o r te x  was removed 

by s u c t io n .

H is to lo g y

H is to lo g ic a l  ex am in a tio n  o f  th e  b r a in s  o f  a s e p a ra te  group o f an im als  

re v e a le d  th e  e x te n t  o f  th e  l e s io n s .  A nim als w ere p e rfu se d  w ith  10% fo rm a lin . 

B ra in s  w ere removed and k e p t In  fo rm a lin  f o r  a  week. F o r ty j x  s e c t io n s  

were c u t and s ta in e d  w ith  Luxol b lu e  and c r e s y l  v i o l e t .

F r o n ta l  le s io n s  ex ten d ed  from th e  f r o n t a l  p o le  to  th e  genu o f  th e  

co rp u s  c a llo su m . P o s t e r io r  le a io n s  ex ten d ed  c a u d a lly  to  th e  o c c i p i t a l  

p o le  and r o s t r a l l y  5 nan a n t e r i o r  to  th e  p o le . R io to g rap h s  o f  s im i l a r  le s io n s



can  be s ee n  In  t h e  p a p e r  o f  G l i c k  and G r e e n s t e l n  (1973a)

D la a e c t lo n a  and  Tj.»au_re_ P r e p a r a t i o n  f o r  A ssay

At 3 d a y s ,  1 w eek, 2 w eeks , and 4 weeks a f t e r  s u r g e r y ,  g ro u p s  o f  

a n im a ls  were k i l l e d ,  t h e i r  b r a i n s  q u i c k l y  rem oved, and t h e  s t r i a t u m  and 

h y p o th a lam u s  d i s s e c t e d  a c c o r d in g  t o  t h e  m ethod o f  G lo w in sk i  and 

I v e r s e n  (1 9 6 6 a ) .  A t r a n s v e r s e  c u t  was made c a u d a l  t o  th e  m am m illa ry  b o d ie s  

A n o th e r  c u t  was made a t  th e  l e v e l  o f  t h e  o p t i c  c h ia sm , m ark ing  th e  a n t e r i o r  

l i m i t  o f  t h e  h y p o th a la m u s .  The h y po tha lam us  was d i s s e c t e d  by m aking a 

h o r i z o n t a l  c u t  a t  t h e  l e v e l  o f  th e  a n t e r i o r  c o m n ls s u re .  The s t r i a t u m ,  

h a v in g  been  d iv id e d  by th e  c u t t i n g  o f  th e  o p t i c  ch ia sm , l a y  p a r t i a l l y  

in  th e  most a n t e r i o r  p a r t  o f  t h e  b r a i n ,  and p a r t i a l l y  In  th e  s e c t i o n  

p o s t e r i o r  t o  th e  c h ia sm . I t  was removed from b o th  p o r t i o n s  w i th  th e  

l a t e r a l  v e n t r i c l e  a s  t h e  m e d ia l  l i m i t  and th e  c o rp u s  c a l lo su m  a s  th e  

l a t e r a l  l i m i t ;  t i s s u e  w i th  a n o n - s t r i a t e d  a p p e a ra n c e  was d i s c a r d e d .

Each sam ple  was hom ogenized in  10 ml 0.4N p e r c h l o r i c  a c id  and c e n t r i ­

fuged  a t  2 7 ,0 0 0  g In  t h e  c o ld  f o r  13 m in u te s .  The s u p e r n a t a n t s  were 

s u b j e c t e d  t o  a n a l y s i s  o f  DA In  s t r i a t a l  sam p les  and NE In  h y p o th a la m ic  

sam p les  by a m o d i f i c a t i o n  o f  t h e  method o f  W eil -M a lh e rb e  (1 9 6 8 ) .

A ssaya

R eag en ts  f o r  t h e  dopamine a s s a y :

1 .  1M p h o s p h a te  b u f f e r ,  pH 7 . 2 :  D is s o lv e  1 3 . 8g N a ^P O ^H ^O  in  

w a t e r .  A d ju s t  pH t o  7 .2  w i th  5N NaOH and b r in g  volume t o  100 ml w i th  w a te r

2 .  27. sodium  m e ta p e r i o d a t e  (NalO^) : Should  be f r e s h l y  p r e p a r e d .

3 .  25% sodium  s u l f i t e  0 8̂2^0 ^ )  : Should  be f r e s h l y  p r e p a r e d .

4 .  5N NaOH.

5 .  NaOH-sodlum s u l f i t e  s o l u t i o n ;  Mix 5N NaOH and  25% sodium  s u l f i t e  

In  a  r a t i o  o f  4 vo lum es t o  1 volume l m n e d la t e l y  b e f o r e  u s e .
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6 .  7.2M p h o sp h o ric  s c l d :  B ring  125 ml o f  85% H3PO4 t o  250 ml w ith  w a te r .

7 . S to ck  BA s o lu t io n :  100^ ig /m l In  0.1N HCL. S to re d  a t  4°C; p re p a re d  

f r e s h  e v e ry  4 w eeks.

R eagents f o r  th e  n o re p in e p h rin e  a s s a y :

1 . 0.25% p o tass iu m  f e r r l c y a n id e  (% Fe (CN)g ) :  P rep ared  f r e s h  e v e ry

week.

2 . m e rcap to e th an o l-so d lu m  s u l f i t e  s o lu t io n :  Add 0 .2 5  ml m e rc a p to e th a n o l 

to  25 ml o f  a 20% sodium s u l f i t e  s o lu t io n ;  sh o u ld  be f r e s h ly  p re p a re d .

3 . N aO H -m ercaptoethanol-sodium  s u l f i t e  s o lu t io n :  Mix e q u a l volumes

o f  th e  m ercap to e th an o l-so d iu m  s u l f i t e  s o lu t io n  and 5N NaOH lim ed l a t e l y  b e fo re  

u s e .

4 . 5N NaOH.

5 . 10M a c e t i c  a c id  (CH3C00H)

6 . S to ck  NE s o lu t io n :  100^ ig /m l In  0 .1  N HCl. S to re d  a t  4°C . p re p a re d  

f r e s h  ev e ry  4  w eeks.

G en era l P r in c ip le s  o f  th e  H ydroxylndole Method o f  CA A n a ly s is : T is su e

sam ples a r e  homogenized In a c id  and g e n e r a l ly  k e p t a t  an  a c id  pH s in c e  

c a te c h o la m in e s  a r e  u n s ta b le  a t  a lk a l in e  pH. The ca te ch o lam in e s  a re  then  

i s o l a t e d  by a d s o rp tio n  o n to  alum ina and e lu t io n  w ith  a c e t i c  a c id .  In  

g e n e r a l ,  a lum ina (aluminum o x id e . AI2O3 ) w i l l  ad so rb  c a te c h o l  compounds 

m axim ally- a t  pH 8 to  8 .5  and th e s e  compounds can be e lu te d  w ith  a c id .

The c a te c h o la m in e s  a r e  n o n v e r te d  t o  h ig h ly  f lu o r e s c e n t  hydroxy in d o le s  

by a r e a c t io n  which p ro ceed s  in  two s ta g e s ,  o x id a tio n  and in tra m o le c u la r  

re a rra n g e m e n t. They a r e  f i r s t  o x id iz e d  to  an a d re n o ch ro m e -lik e  s t r u c t u r e .

T h is  m o lecu le  undergoes an In tr a m o le c u la r  rea rran g em en t in  th e  p re se n c e  o f  

c o n c e n tra te d  a l k a l i  t o  w hich has been added a re d u c in g  a g e n t .  The re d u c in g  

ag e n t i s  n e c e s s a ry  s in c e  th e  f lu o ro p h o re  I s  u n s ta b le  and m ust be p ro te c te d  

from f u r t h e r  o x id a t io n .  In  t h i s  way. th e  f lu o r e s c e n t  h y d ro x y ln d o le



d e r iv a t iv e  l a  form ed.

A fad ed  t la a u e  b la n k  l a  run  by add ing  th e  re d u c in g  a g e n t a f t e r  th e  

a l k a l i  I n s te a d  o f  to g e th e r  w ith  i t .  th u s  a llo w in g  th e  u n s ta b le  f lu o ro p h o re  

to  be d e s tro y e d .

C a lc u la t io n s  a re  based  on th e  f lu o re s c e n c e  produced by th e  o x id a t io n  

o f a known amount o f  amine which has been added to  an a l i q u o t  o f  sam ple .

M o d if ic a t io n  o f  th e  F lu o ro m e tr ic  M ethod: I n i t i a l l y ,  b r a in  sam ples

from  two an im als  had to  be po o led  f o r  t h i s  a s s a y .  The p ro ced u re  had 

to  be s c a le d  down so  t h a t  p o o lin g  would n o t be r e q u i r e d .  I t  was n e c e s sa ry  

to  e l u t e  th e  ca te ch o lam in e s  from  th e  a lum ina  column In  a s m a lle r  volum e, 

th u s  m aking th e  e lu a te  more c o n c e n tr a te d .  The e lu t io n  p a t te r n  was f o l -  

lowed w i t h - D A .  The p u r i ty  o f  th e  la b e le d  c a te ch o lam in e  was a s s e s s e d  

by t h i n  la y e r  chrom atography u s in g  a b u ta n o l :  a c e t i c  a c id :  H2O (2 5 :4 :1 0 )  

sy stem .

E lu t in g  w ith  m o la r i t i e s  o f  a c e t i c  a c id  h ig h e r  th a n  0 .2 M d ld  n o t 

r e s u l t  in  a more c o n c e n tra te d  e l u a t e .  D ec reas in g  th e  amount o f  a lum ina 

in  each  column from 0 .7  to  0 ,5  g a llow ed  th e  e lu t i o n  volume t o  be reduced  

from  10 ml to  5 m l.

I t  was n ex t n e c e s sa ry  to  s c a le  down th e  o x id a t io n  r e a c t io n  so  th a t  

I t  co u ld  be perform ed  on s m a l le r  vo lum es. S p e c ia l  m lc ro c u v e tte s  w ere 

used to  accommodate th e  s m a l le r  volum es.

F in a l  P ro c e d u re : Alumina (Uo*lm) was f i r s t  p u r i f i e d  o f  f i n e s ,  and

f lu o r e s c e n t ,  a l k a l i n e ,  and m e ta l co n tam in an ts  by h e a t in g  In  HCl, Two 

hundred  grama o f  a lum ina w ere s t i r r e d  in to  1 l i t e r  o f  2N HCl. The HCl 

was th e n  h e a te d  to  th e  b o i l in g  p o in t  f o r  20 m in u tes  w ith  c o n s ta n t  and 

v ig o ro u s  s t i r r i n g .  A f te r  f i l t e r i n g  on a s in te r e d  g la s s  fu n n e l ,  th e  

a lum ina was washed w ith  1 l i t e r  o f  h o t 2N HCl, and th e n  r in s e d  w ith  la rg e
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am ounts o f  d i s t i l l e d  w a te r .  The alum ina was th e n  t r a n s f e r r e d  to  a la rg e  

b e a k e r  and g e n t ly  m ixed w ith  1 l i t e r  o f  d i s t i l l e d  w a te r . The w a te r  

was poured  o f f  a f t e r  th e  l a r g e r  p a r t i c le s  had s e t t l e d , th u s  rem oving th e  

f in e  p a r t i c l e s  which m ight I n t e r f e r e  w ith  sam ple f lo w . The p ro c e ss  

was re p e a te d  u n t i l  th e  w a te r  was a t  n e u t r a l  pH. The a lum ina was f i l t e r e d  

u n d er s u c t io n  and d r ie d  in  an  oven a t  300°C f o r  2 h o u rs . I t  was s to r e d  

In  a  d e s ic c a to r  in  a t i g h t l y  c lo se d  c o n ta in e r .

B ra in  sam ples w ere hom ogenised in  10 ml 0 . 4N p e r c h lo r ic  a c id  

c o n ta in in g  0 .5  ml 10% EDTA and c e n tr i fu g e d  in  th e  c o ld  a t  27 ,000  g 

f o r  15 m in u te s . The s u p e rn a ta n t  was s to r e d  in  th e  f r e e s e r  and assay ed  

w ith in  3 d a y s .

F o r each  sam ple to  be ru n , 0 .5  g o f  th e  p u r i f i e d  a lu s iin a  was 

w eighed o u t in  a la r g e  t e s t  tu b e  and suspended  In  10 ml o f  0 . 1M ammonium 

a c e ta t e  s o lu t io n  w hich had been  a d ju s te d  to  pH 8 .0  by th e  a d d i t io n  o f  1M 

asmtonlum h y d ro x id e . To t h i s  su sp e n s io n  was added enough IN NaOH to  b r in g  

th e  f i n a l  pH to  8 .3  + 0 .1 ;  th e  amount o f  NaOH needed d i f f e r e d  f o r  each 

b a tc h  o f  a lu m in a . The alum ina was poured in to  g la s s  colum ns (K o n tes, 

C hrom aflex , 7 m i ID) in  w hich g la s s  wool was used  to  p lu g  th e  c o n s t r i c t i o n .

D i s t i l l e d  w a te r  waa used  to  wash th e  alum ina rem ain in g  in  th e  t e s t  tu b e

and to  wash down th e  a lum ina  in  th e  colum ns. The columns were n e v e r  

a llo w ed  to  ru n  d ry .

The b r a in  sam ples in  p e r c h lo r ic  a c id  w ere thawed and a d ju s te d  to  pH 

8 .4  u s in g  5N, IN , and f i n a l l y  0 . IN NaOH w ith  c o n s ta n t  s t i r r i n g .  The pH

had to  rem ain  c o n s ta n t  a t  8 .4  f o r  a t  l e a s t  3 m in u te s .

Sam ples w ere th e n  poured  o v e r  th e  alum ina colum ns. As th e  m eniscus 

approached  th e  to p  o f  th e  a lu m in a , th e  columns w ere washed w ith  10 ml 

i c e - c o ld  w a te r .  B e fo re  th e  columns co u ld  run  d r y ,  th e  ca te ch o lam in e s
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vere eluted with 3 a l  0.2M acetic  acid.

The e lu ite i  were adjuited to  pH 3,9 + 0,1 with IN NaOH and brought 

to i  conatant voluse, u iu illy  7 a l ,  with w iter, Three 1 a l  il lq u o ti  

were reaoved fros the i l u i t e ,  One aliquot waa the unknown, one (the 

itin d ird )  had a known anount of aalne or 23 ng NE) added to I t ,  

and one terved ai the t in u e  blank. The known amount of amine wu added 

In i  volume of 0,1 a l ;  therefore 0,1 a l  of water wai added to the unknown 

and the t ln u e  blank, The tubiequent reaction differed for DA and NE,

DA reaction: 0,13 e l  IN phoiphate buffer, pH 7,2 wai added to a l l  

tubei, The unknown and atandird were ouldlted with 0,03 a l  21 lodlua 

metaperiodate. A fter 1 minute, the oxidation wai Interrupted by the 

addition of 0,13 a l of the NaOH-aodlum lu l f t te  aolutlon, Four alnutee 

la te r ,  0,13 ml 7,2 M phosphoric acid wai added, The inqutnce of additions 

wai changed for the t in u e  blank, The blank wai oxldlted with 0,03 ml 

21 lodlua metaperlodate, After 1 minute, 0,12 ml SN NaOH wai added,

A fter another 10 minutes the procedure wai completed by adding 0,13 ml 

7.2H phosphoric acid and 0,03 ml 231 lodlum s u lf ite .

The tubes were then covered with parafllm and put In a 30°C water

bath fo r 43 minutes, A fter cooling to room temperature, fluorescence apectri 

were recorded using a Hitachi apectrofluorometer (MFF-2A) a t the following 

se ttings: a c tlv itlo n  wavelength 340 nm; activation l i l t  12 nm; emliilon 

wavelength 382 nm; emission l i l t  12 nm,

NE reaction: The unknown and standard were oxidized with 0,03 ml 

0,231 potinlum  ferrlcyanlde, Five minutes la te r ,  0,023 ml of the NaOH' 

mercaptoethanol-sodium su lf ite  solution wai used to interrupt the oxidation, 

After m other 4 minutes 0,13 ml 10M acetic  a d d  was added, Again, the

sequence of additions differed for the tissue  blink, Five minutei a f te r  the

blank had been oxidized with 0,03 ml 0,23l p o ta sa io  ferrlcyanlde,

0,123 ml 5N NiOH wai added, A fter waiting 10 minutei, the reaction was 

completed by the addition of 0,123 ml of the mercaptoethanol-sodium 

su lf ite  solution and 0,13 ml 10H ace tic  acid, Fluorescence spectra were 

recorded i t  the following se ttin g s : activation wavelength 400 nm; 

activation s i l t  12 nm; emission wavelength 472 nm; emission i l i t  10 nm, 

Calculations: The fluorescence of the unknown Is subtracted from 

th a t of the Internal standard to arrive i t  a figure for a known amount of 

amine, Sim ilarly, the blink reading Is subtracted from tha t of the 

unknown, A proportion l i  se t up using these figures.

In ternal standard (tut) 
In ternal standard -  unknown 
(fluorescence units)

i - M
unknown -  blink 

(fluorescence units)

The figure arrived at for the unknown Is multiplied by a correction f ic to r 

to account for the dilu tions that were made a f te r  the sample was applied on 

the alumina c o lo n , The f in a l value Is  expressed In termi otyig DA/g 

striatum or jig  ffi/g hypothalamus,

Many Identical samples were run with added NE or DA to  t e i t  recovery 

and reproducibility , The NE u s s y  gave 771 recovery with a v a ria b ility  of 

+61 (SEN), The recovery of DA was 751 with a v a riab ility  of + 51 (SEN).

^
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RESULTS

Changes In  H y p o th a lam ic  NE F o l lo w in g  L egIona

T a b le  1 shows t h e  h y p o th a la m ic  NE l e v e l s  o f  f r o n t a l , p o s t e r i o r ,  

and  sham a n im a ls  a t  v a r i o u s  t im e s  a f t e r  s u r g e r y .  Sham a n im a ls  w ere  com­

p a re d  t o  f r o n t a l  and p o s t e r i o r  a n im a ls  by a n a l y s i s  o f  v a r i a n c e .  I f  t h i s  

t e s t  i n d i c a t e d  s i g n i f i c a n c e ,  t h e  d i f f e r e n c e s  w ere  e x p lo r e d  f u r t h e r  u s in g  

s t u d e n t s '  t - t e s t .  A n a ly s i s  o f  v a r i a n c e  com paring  f r o n t a l  and sham a n im a ls  

o v e r  t im e  r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  th e  two g ro u p s  ( p - ^ 0 . 0 5 )  

and among t h e  v a r i o u s  t im e  p e r i o d s  ( p ^ O . O l ) .  T - t e s t s  r e v e a l e d  t h a t  NE 

l e v e l s  in  t h e  h y p o th a lam u s  o f  f r o n t a l  a n im a l s ,  w h i le  n o t  d i f f e r e n t  from 

sham v a l u e s  a t  3 days  a f t e r  s u r g e r y ,  showed a  24% d e c r e a s e  a t  1 week 

(p^L 0 . 0 5 ) .  T h is  d i f f e r e n c e  was a b s e n t  a t  2 weeks and 4 weeks a f t e r  

s u r g e r y ,  t h a t  i s , t h e  NE l e v e l s  r e t u r n e d  t o  c o n t r o l  v a l u e s .  Changes in  NE 

l e v e l s  in  p o s t e r i o r  an lm a la  seemed t o  p a r a l l e l  th o s e  In  f r o n t a l  a n lm a la ,  

b u t  d i d  n o t  a t t a i n  s t a t i s t i c a l  s i g n i f i c a n c e  a t  any t im e  p o i n t .

I n t e r e s t i n g l y ,  t h e  o p e r a t i o n  i t s e l f  a p p e a re d  t o  have  some n o n s p e c i f i c  

e f f e c t  on NE l e v e l s  s i n c e  sham v a l u e s  were found  t o  be s i g n i f i c a n t l y  low ered  

a t  3 days  a s  compared t o  4 weeks a f t e r  s u r g e r y  (p ^  0 . 0 2 5 ) .
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TABLE 1

HYPOTHALAMIC NE LEVELS AFTER SURGERY

Time A f t e r  
S u r g e r y Sham F r o n t a l P o s t e r i o r

3 day s 1 .9 + 0 .1 (N -13) 1 .8 + 0 .1  (N -9) 1 .8 + 0 .2  (N-5)

1 week 2 .1 + 0 .2 (N -9) 1 .6 + 0 .1  CN-9)* 1 .7 + 0 .3  (N-8)

2 weeks 2 .2 + 0 .2 (N-6) 2 .2 + 0 .3  (N -5) 2 .5 + 0 .5  (N-4)

4 weeks 2 .2 + 0 .1 (N -1 6 )* * 2 .1 + 0 .1  (N-16) 2 .3 + 0 .1  (N-9)

* p ^ 0 . 0 5  a s  compared t o  1 week sham a n lm a la .
**p  <£ 0 .0 2 5  a s  compared t o  3 day  sham a n lm a la .  

V a lu es  a r e  In  j ig /g  + SEM
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Change* In  S t r i a t a l  DA F o l lo w in g  L e s io n s

S t r i a t a l  DA l e v e l a  a f t e r  a u r g e r y  a r e  ahown In  T a b le  2 .  When f r o n t a l  

and sham a n i n a l s  w ere  compared u a ln g  a n a l y s i s  o f  v a r i a n c e , s i g n i f i c a n t  

d i f f e r e n c e s  w ere  r e v e a l e d  b e tw een  g ro u p s  and  o v e r  t im e .  No su ch  d i f f e r e n c e s  

w ere  found be tw een  p o s t e r i o r  and sham a n im a ls  u s i n g  t h i s  method o f  a n a l y s i s .

T - t e s t s  r e v e a l e d  t h a t  a t  3 d a y s  and  1 week f o l lo w in g  s u r g e r y ,  DA 

l e v e l s  i n  t h e  s t r i a t u m  o f  f r o n t a l  an im a l*  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

from  sham v a l u e s .  However, a t  2 weeks a f t e r  s u r g e r y ,  f r o n t a l  a n im a ls  were 

found t o  h av e  26% more s t r i a t a l  DA th a n  sham a n lm a la  (p 0 . 0 2 5 ) .  By 4 

weeks a f t e r  t h e  l e s i o n ,  t h e r e  was 367. more DA in  t h e  s t r i a t u m  o f  f r o n t a l  

a n im a ls  ( p ^ .  0 .0 0 1 ) .

A g a in ,  r e s u l t s  a f t e r  p o s t e r i o r  l e s i o n s  seemed t o  p a r a l l e l  t h o s e  a f t e r  

f r o n t a l  l e s i o n s .  They were much more v a r i a b l e  and w ere n o t  s t a t i s t i c a l l y  

d i f f e r e n t  from sham a n i m a l s .

In  o r d e r  t o  ju d g e  t h e  perm anence o f  t h e  e f f e c t s  o f  t h e  f r o n t a l  l e s i o n ,  

s t r i a t a l  DA l e v e l s  w ere  a s s a y e d  3 m onths a f t e r  l e s i o n i n g .  F r o n t a l  a n im a ls  

s t i l l  had s i g n i f i c a n t l y  h i g h e r  DA l e v e l s  (p iC  0 . 0 2 5 ) .  However c o n t r o l  o r  

sham l e v e l s  o f  DA w ere  h i g h e r  th a n  p r e v i o u s l y  found  ( p ^ .  0 . 0 0 5 ) ,  A lth o u g h  

t h i s  c o u ld  r e p r e s e n t  a t r u e  d e v e lo p m e n ta l  i n c r e a s e ,  i t  i s  m ost l i k e l y  due 

t o  unknown and u n c o n t r o l a b l e  f a c t o r s  s i n c e  th e  3 month g ro u p  was a s s e s s e d  

2 y e a r s  a f t e r  th e  o r i g i n a l  s e r i e s  o f  e x p e r im e n t s .
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TABLE 2 

STRIATAL DA LEVELS AFTER

Time A f t e r
S u rg e ry  

3 days 5 .9

Sham 

+ 0 .4 ( N - l l )

I  week 5 .4 + 0 .6 (N -7)

2 weeks 5 .3 ±  0 .3 (N -10)

4 weeks 5 .6 +  0 .2 (N -5)

3 months 6 .9 eo+l (N -7)

* p ^ - 0 . 0 2 5

** P ^ .  0 .0 0 1

V a lu es  a r e  In  u g /g  + SEM

SURGERY

F r o n t a l P o s t e r i o r

6 .6  + 0 .3 (N -14) 5 .8  + 0 .7 (N-4)

5 . 0  + 0 .5 (N -7) 4 .9  + 0 .4 (N-10)

6 .7  + 0 .5 (N -10)* 6 .3  +  0 .1 (N -6)

7 .6  +  0 .3 (N -9 )** 6 .4  + 0 .6 (N-6)

8 . 4  + 0 .4 (N -6 )*
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DISCUSSION

F r o n t a l  l e s i o n s  w ere  found t o  c a u s e  a  te m p o ra ry  lo w e r in g  o f  

h y p o th a la m ic  NE l e v e l s .  However, t h e r e  was some e v id e n c e  t h a t  t h e  sham 

o p e r a t i o n  had an  e f f e c t  on NE l e v e l s ,  a l th o u g h  a l e s s e r  one th a n  f r o n t a l  

c o r t i c a l  a b l a t i o n .  NE l e v e l s  w ere  lo w er  In  t h e  sham g ro u p  a t  t h r e e  daya 

t h a n  a t  l a t e r  t im e s  a f t e r  s u r g e r y .

T hus , t h e  s t r e s s  o f  t h e  o p e r a t i o n  may have  had some n o n s p e c i f i c  

e f f e c t  r e s u l t i n g  in  a te m p o ra ry  lo w e r in g  o f  NE l e v e l s ,  an e f f e c t  w hich 

was I n c r e a s e d  by f r o n t a l  l e s i o n s .  An a l t e r n a t e  e x p l a n a t i o n  would be t h a t  

t h e  sham o p e r a t i o n ,  in  w hich  b u r r  h o l e s  w ere  d r i l l e d  In  t h e  s k u l l  and bone 

f l a p s  rem oved , c au sed  some m in im a l f r o n t a l  c o r t i c a l  damage. T h is  l a  

p ro b a b ly  s o ,  s i n c e ,  when th e  b r a i n s  o f  sham a n im a ls  w ere  exam ined t h r e e  

d ay s  a f t e r  s u r g e r y ,  some d e g re e  o f  s w e l l i n g  was a lm o s t  a lw ays  o b s e r v e d .

In  rem oving  th e  f r o n t a l  c o r t e x ,  t h e r e  was l o s s  o f  a m o d e ra te  

p r o j e c t i o n  t o  t h e  h y p o th a la m u s .  T h i s  p r o j e c t i o n  I s  n o t  th o u g h t  t o  be 

n o r a d r e n e r g i c .  However, f r o n t a l  l e s i o n s  do remove t h e  t e r m i n a l s  o f  

n o r a d r e n e r g i c  f i b e r s  o r i g i n a t i n g  i n  t h e  lo c u s  c o e r u l e u s  ( U n g e r s t e d t ,  1 9 7 1 b ) .  

I n s t e a d  o f  a lo w e r in g  o f  NE l e v e l s  In  low er b r a i n  r e g i o n s ,  we m igh t e x p e c t  

a  te m p o ra ry  I n c r e a s e  due t o  t h e  amine a c c u m u la t io n  t h a t  t a k e s  p la c e  p ro x im a l  

t o  t h e  l e s i o n  a f t e r  an axon I s  t r a n s e c t e d  (D a h ls tro m  and F u x e ,  1 9 6 5 ) .  

S i m i l a r l y ,  I f  t h e r e  a r e  axon c o l l a t e r a l s  o f  t h e  sy s te m  w hich  t e r m i n a t e  a t  

low er l e v e l s ,  t h e s e  m ig h t  be e x p e c te d  t o  show an  I n c r e a s e  due  t o  t h e  r e -  

c h a n n e l ln g  o f  t h e  f lo w  o f  NE s t o r a g e  g r a n u l e s  from  t h e  t r a n s e c t e d  f i b e r s  to  

t h e  I n t a c t  c o l l a t e r a l s  (O lson  and F uxe , 1 9 7 1 ) .  However, su ch  I n c r e a s e s  

w ere  n o t  found a f t e r  f r o n t a l  l e s i o n s .
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A r e l a t e d  ex p erim en t was conducted  by R obinson e t  a l .  (1 9 7 5 ). They 

o cc lu d ed  th e  m idd le  c e r e b r a l  a r t e r y  o f r a t s ,  p ro d u c in g  a l e s io n  o f  th e  

l a t e r a l  p a r t  o f  th e  f r o n t o - p a r l e t a l  c o r te x .  They o b serv ed  d e c re a s e s  in  CA 

le v e l s  In  b o th  th e  c o r te x  and th e  b ra in  s tem . T h is  co u ld  be a t t r i b u t e d  

a c c o rd in g  to  th e  a u th o r s ,  to  th e  r e l e a s e  o f  c a te c h o la m in e s  l o c a l ly  a f t e r  

th e  I n te r r u p t io n  o f pathw ays o r ig in a t in g  in  th e  b r a in  s tem . A l t e r n a t iv e ly ,  

th e  I n ju ry  to  c o r t i c a l  te rm in a ls  cou ld  cau se  a s h i f t  in  s y n th e s is  from 

th e  p ro d u c tio n  o f c a tec h o la m in es  to  th e  p ro d u c tio n  o f  m a te r ia ls  f o r  a x o n s l 

s p ro u t in g .  T h is cou ld  acco u n t f o r  tem p o ra ry  d e c re a s e s  in  CA l e v e l s .

However, m ost o f  th e  d e c re a s e s  t h a t  w ere found w ere perm anen t. Only In  

th e  c o r te x ,  w here NE le v e l s  w ere d e c re a se d  a t  5 days a f t e r  th e  o p e r a t io n ,  

d id  th e s e  l e v e l s  r e tu r n  to  c o n t r o l  v a lu e s  by 20 and 40 days a f t e r  s u rg e ry . 

The h y p o th e se s  p re se n te d  co u ld  h e lp  to  e x p la in  th e  tem p o ra ry  d e c re a s e  in  

h y p o th a lam ic  NE le v e ls  found In  th e  p re s e n t  e x p e rim e n t.

The changes found in  th e  s t r i a t a l  DA system  a f t e r  f r o n t a l  le s io n s  

w ere much more i n t e r e s t i n g .  The r e s u l t s  co n firm  a r e p o r t  by N ie lso n  (1966) 

who a b la te d  th e  f r o n t a l  p o le  o f  r a t a  and found an In c re a se  In  DA, NE, 

and 5-HT in  th e  c a u d a te  n u c le u s  two to  th r e e  weeks a f t e r  s u rg e ry .  The 

In c re a s e  in  CA le v e ls  was d is p u te d  by Iv e rs e n  (1 9 7 1 ). She made f r o n t a l  

c o r t i c a l  a b la t io n s  In  r a t s  and found no In c re a s e  in  f o r e b r a ln  DA o r  NE 

th r e e  weeks p o s to p e r a t iv e ly . I t  la  q u i t e  l i k e l y  th a t  h e r  r e s u l t s  a re  

n e g a tiv e  b ecau se  th e  t i s s u e  a ssay ed  was n o t l im i te d  to  th e  s t r i a tu m .  T h is  

would te n d  to  d i l u t e  th e  c o n c e n tr a t io n  o f DA and make I t  much more d i f f i c u l t  

t o  d e te c t  s i g n i f i c a n t  d i f f e r e n c e s .  The c o n t r o l  le v e l  o f  DA found by Iv e rs e n  

(0 .6 9  u g /g )  I s  f a r  low er th an  t h a t  commonly re p o r te d  in  th e  l i t e r a t u r e  f o r  

r a t  s t r i a tu m .  N ie lso n  (1966) re p o r te d  a v a lu e  o f  4 ,6 6 ^ u g /g  w h ile  V a lz e l l l  

and G a r a t t l n l  (1968) q u o te  a f ig u r e  o f 5 .25  u g /g , much c lo s e r  to  th e  l e v e l s
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found  In  t h e  p r e s e n t  e x p e r im e n t .

R e s u l t s  a f t e r  p o s t e r i o r  l e s i o n s  a p p e a re d  t o  be s i m i l a r  t o  th o s e  

a f t e r  f r o n t a l  l e s i o n s  b u t  more v a r i a b l e  and n o t  a s  g r e a t ;  a n a l y s i s  

o f  v a r i a n c e  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  sham and p o s t e r i o r  

a n im a l s .  Both th e  f r o n t a l  c o r t e x  and t h e  p o s t e r i o r  c o r t e x  p r o j e c t  t o  t h e  

s t r i a t u m .  I t  would thuB be l o g i c a l  t o  e x p e c t  p o s t e r i o r  l e s i o n s  t o  a f f e c t  

t h e  s t r i a t u m  a s  w e l l  a s  f r o n t a l  l e s i o n s .  However, t h e  t e r m i n a t i o n s  o f  t h e  

f r o n t a l  and p o s t e r i o r  p r o j e c t i o n s  w i t h i n  t h e  s t r i a t u m  a r e  n o t  t h e  same.

The c o r t e x  p r o j e c t s  t o  th e  s t r i a t u m  t o p o g r a p h i c a l l y  (W e b s te r .  1 9 6 1 ) .

A n t e r i o r  c o r t i c a l  a r e a s  p r o j e c t  to  t h e  a n t e r i o r  p a r t  o f  t h e  s t r i a t u m ,  

w h i l e  p o s t e r i o r  c o r t e x  p r o j e c t s  t o  c a u d a l  s t r i a t u m .  T here  I s  a s i m i l a r  

t o p o g r a p h i c a l  o r g a n i z a t i o n  in  t h e  m e d i o l a t e r a l  p l a n e .

A l th o u g h  th e  d i f f e r e n c e  In  DA l e v e l s  be tw een  f r o n t a l  and sham 

a n im a ls  i s  n o t  s i g n i f i c a n t  a t  t h r e e  days  a f t e r  th e  o p e r a t i o n ,  t h e r e  I s  some 

s u g g e s t i o n  t h a t  t h e r e  I s  a change b ro u g h t  a b o u t  by th e  o p e r a t i o n  a t  t h i s  

t im e  p o i n t .  As in  th e  r e s u l t s  o f  th e  NE e x p e r im e n t ,  t h e  sham o p e r a t i o n  

may have  had  some s l i g h t  e f f e c t  on DA l e v e l s ,  and f o r  t h i s  r e a s o n ,  th e  

d i f f e r e n c e  b e tw een  f r o n t a l s  and shams d id  n o t  r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e .  

In d e e d ,  t h e  t h r e e - d a y  DA l e v e l s  in  t h e  sham g roup  I s  s l i g h t l y  h i g h e r  th a n  

t h o s e  found a t  o t h e r  t im e  p o i n t s .  In  t h e  f r o n t a l  g ro u p ,  t h e  t h r e e - d a y  DA 

l e v e l s  a r e  h i g h e r  th a n  a l l  Bham v a lu e s  and t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  

be tw een  th e  t h r e e - d a y  v a lu e  and th e  one week v a l u e ,  which I s  c l o s e r  t o  sham 

l e v e l s .  T h e re  may be a s h o r t - t e r m  I n c r e a s e  in  DA l e v e l s  a f t e r  f r o n t a l  

a b l a t i o n ,  and  t h e  mechanism  f o r  t h i s  I n c r e a s e  would be e x p e c te d  t o  be d i f f e r ­

e n t  from t h a t  u n d e r ly in g  t h e  lo n g - t e r m  i n c r e a s e .  The pe rm an en t i n c r e a s e  

a p p e a r s  o n ly  a f t e r  two w eeks .
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I t  I s  n o t  u n u s u a l  f o r  th e  chan g es  t h a t  t a k e  p la c e  a f t e r  b r a i n  damage 

t o  have  a  complex t l m e - c o u r s e , r e f l e c t i n g  m u l t i p l e  p r o c e s s e s .  T h is  i s  

e v i d e n t  i n  U n g e r s t e d t ’ s d a t a  (1971a) on t h e  e f f e c t s  o f  u n i l a t e r a l  n i g r o -  

s t r i a t a l  l e s i o n s .  An im b a la n ce  in  n i g r o - s t r i a t a l  d o p a m in e rg ic  f u n c t i o n  

b e tw een  t h e  two h e m isp h e re s  r e s u l t s  in  p o s t u r a l  asym m etry  and r o t a t i o n  

away from t h e  s i d e  o f  I n c r e a s e d  a c t i v i t y .  I f  t h e  n i g r o - s t r i a t a l  DA sy s te m  

on one s i d e  o f  t h e  b r a i n  l a  l e s i o n e d  by t h e  u n i l a t e r a l  I n j e c t i o n  o f  6 -OH-DA, 

t h e  an im a l  assum es a p o s t u r a l  asymmetry tow ard  t h e  s i d e  o f  t h e  l e s i o n  immed­

i a t e l y  upon w aking  up from  th e  o p e r a t i o n .  T h is  m igh t be e x p e c t e d ,  s i n c e  i t  

r e f l e c t s  g r e a t e r  a c t i v i t y  o f  t h e  I n t a c t  DA s y s te m . However, be tw een  24 

and 34 h o u rs  a f t e r  t h e  l e s i o n ,  th e  a n im a l  has  a te n d e n c y  t o  r o t a t e  to w ard s  

t h e  I n t a c t  s i d e .  T h is  te n d e n c y  most l i k e l y  r e f l e c t s  th e  r e l e a s e  o f  DA from 

d e g e n e r a t i n g  t e r m i n a l s  and can  b e  I n t e n s i f i e d  by a d m i n i s t e r i n g  an MAO 

I n h i b i t o r .  A f t e r  th e  amine has  d i s a p p e a r e d  from th e  d e g e n e r a t i n g  a x o n s ,  

t h e  an im a l  may show a c h r o n ic  d e v i a t i o n  to w ard  t h e  l e s i o n e d  s i d e ,  s i n c e  

d o p a m in e rg ic  a c t i v i t y  I s  o b v io u s ly  g r e a t e r  in  th e  I n t a c t  s i d e .  However, 

t h e  dev e lo p m en t o f  d e n e r v a t i o n  s u p e r s e n s i t i v l t y  on th e  l e s i o n e d  s i d e  s e r v e s  

t o  d e c r e a s e  t h e  im b a lan ce  be tw een  th e  s i d e s .  A t t h i s  p o i n t ,  t h e  a d m i n i s t r a ­

t i o n  o f  a  DA r e c e p t o r  s t i m u l a t o r ,  such a s  ap o m o rp h ln e ,  w i l l  f o r c e  t h e  a n im a l  

t o  r o t a t e  to w ard  t h e  i n t a c t  s i d e ,  d e m o n s t r a t in g  t h a t  t h e  d e n e r v a t e d  s t r i a t u m  

i s  more s e n s i t i v e  to  t h e  d r u g .

T h u s ,  a sy s te m  t h a t  l a  d e g e n e r a t i n g  may a c t u a l l y  show I n c r e a s e d  

a c t i v i t y  due to  r e l e a s e  o f  amine s t o r e s .  T h is  phenomenon I s  w e ll-k n o w n  In  

t h e  p e r i p h e r y ,  w here  th e  r e s p o n s e  o f  t h e  n l c t l t a t l a g  membrane o f  t h e  c a t  a f t e r  

d e n e r v a t i o n  i s  a l s o  com plex ( h a n g e r ,  1 9 6 6 ) .  Im m ed ia te ly  a f t e r  d e n e r v a t i o n ,  

t h e  membrane r e l a x e s .  However, a " d e n e r v a t lo n  c o n t r a c t i o n "  b e g in s  a b o u t  18
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t o  30 h o u rs  a f t e r  t h e  o p e r a t i o n  and l a s t s  f o r  a p p r o x im a te ly  10 t o  14 h o u r s ,  

r e f l e c t i n g  th e  r e l e a s e  o f  NE as  t h e  p o s t g a n g l i o n i c  f i b e r s  d e g e n e r a t e .  T h u s ,  

t h e  chan g es  a f t e r  l e a l o n l n g  may n o t  be  u n i d i r e c t i o n a l ,  b u t  may r e f l e c t  

s e v e r a l  d i f f e r e n t  m echan ism s , r e s u l t i n g  In  sw ings be tw een  d e c r e a s e d  and I n ­

c r e a s e d  a c t i v i t y  u n t i l  a  s t a b l e  end s t a t e  I s  r e a c h e d .

The t l m e - c o u r s e  o f  amine d e p l e t i o n  and  t h e  r e s u l t i n g  f u n c t i o n a l  

m a n i f e s t a t i o n s  o f  amine r e l e a s e  w i l l  d i f f e r  In  d i f f e r e n t  sy s te m s  and w i l l  

be a f f e c t e d  by t h e  l e n g t h  o f  t h e  d e g e n e r a t i n g  axon and w here  a lo n g  I t s  

l e n g t h  t h e  l e s i o n  I s  m ade. In  t h e  sy s te m  exam ined by L anger (1 9 6 6 ) ,  t h e  

NE l e v e l  o f  t h e  n i c t i t a t i n g  membrane i s  n o rm a l 24 h o u rs  a f t e r  d e n e r v a t i o n ,  

b u t  I s  d e p l e t e d  36 h o u r s  a f t e r  l e s i o n  ( K l r p e k a r  e t  a l . ,  1 9 6 2 ) .  The I n t e r v a l  

o f  am ine r e l e a s e  c o i n c i d e s  v e r y  w e l l  w i th  t h e  t l m e - c o u r s e  o f  t h e  d e g e n e r a t i o n  

c o n t r a c t i o n .  U n g e r s t e d t  (19 7 1 a)  found  t h a t  DA d e p l e t i o n  was c o m p le te  48 

h o u r s  a f t e r  a  l e s i o n  o f  th e  n i g r o - s t r i a t a l  sy s te m  w i th  6-OH-DA. T h is  f i t s  

f a i r l y  w e l l  w i th  th e  t im e  c o u r s e  o f  t h e  b e h a v i o r a l  r e s u l t s .  However,

F a u l l  and L a v e r ty  (1969) found a  more e x te n d e d  t lm e - c o u r s e  f o r  DA d e p l e t i o n  

i n  t h e  s t r i a t u m  a f t e r  p l a c i n g  e l e c t r o l y t i c  l e s i o n s  i n  t h e  s u b s t a n t i a  n i g r a  

o f  r a t s .  They found d e c r e a s e d  l e v e l s  by t h r e e  d a y s  a f t e r  s u r g e r y ,  w i th  

l e v e l s  c o n t i n u i n g  t o  f a l l  up t o  t e n  days  a f t e r  s u r g e r y .  Thus t h e  t lm e - c o u r s e  

o f  chan g es  found  a f t e r  b r a i n  damage w i l l  d i f f e r  a c c o r d in g  t o  th e  e x p e r im e n t a l  

c o n d i t i o n s .  I f  l e s i o n s  a r e  made i n  t h e  c e l l  b o d ie s  o f  n e u ro n s  and chan g es  a r e  

n o te d  In  t h e i r  t e r m i n a l s ,  t h e  t l m e - c o u r s e  w i l l  be  lo n g e r  th a n  t h a t  f o l lo w in g  

a more p ro x im a l  l e s i o n .  The t lm e - c o u r s e  o f  chan g es  In  t h e  p r e s e n t  e x p e r im e n t  

w ould  be e x p e c te d  t o  be lo n g  s i n c e  t h e  c e l l  b o d ie s  o f  n e u ro n s  o f  t h e  f r o n t o -  

s t r l a t a l  pa thw ay  w ere  removed and  t h e  e f f e c t s  o f  t h i s  w ere  s t u d i e d  In  a 

s t r u c t u r e  i n n e r v a t e d  by th e  t e r m i n a l s  o f  t h e s e  n e u r o n s .
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Some o f  t h e  ch an g es  n o te d  soon a f t e r  b r a i n  damage may be  n o n s p e c i f i c  

and te m p o ra ry  In  n a t u r e .  D e c re a se d  a c t i v i t y  can  r e s u l t  from  t h e  n o n s p e c i f i c  

sh o ck  t h a t  acco m p an ies  b r a i n  damage (C lassm an , 1971) and d e c r e a s e s  In  

a c t i v i t y  a r e  f r e q u e n t l y  a s s o c i a t e d  w i th  t h e  b u i l d - u p  o f  amine l e v e l s  (Roth  

e t  a l . ,  1 9 7 3 ) .  G lassm an (1971) r e p o r t e d  t h a t  a  c o r t i c a l  l e s i o n  c a u s e s  s u r ­

r o u n d in g  n o n - l e s i o n e d  t i s s u e  t o  show te m p o ra ry  d e f i c i t s  in  f u n c t i o n .  He 

d e s t r o y e d  p a r t  o f  t h e  so m a to se n so ry  c o r t e x  o f  c a t s  and r e c o r d e d  evoked 

p o t e n t i a l s  from  o t h e r  p a r t s  o f  t h i s  a r e a .  He found an  i n i t i a l  l o s s  o f  

r e s f io n s iv e n e s s  in  t h e s e  u n le a lo n e d  a r e a s  f o l lo w e d  by s lo w  re c o v e r y  o v e r  

a b o u t  a m onth . He p o s t u l a t e s  t h a t  th e  r e c o v e r y  o f  e x c i t a b i l i t y  m ig h t  be  due 

t o  such  f a c t o r s  a s  t h e  d e c r e a s e  in  edema and In  t o x i c  s u b s t a n c e s ,  g l i a l  

p r o l i f e r a t i o n ,  o r  t h e  r e - e s t a b l l s h m e n t  o f  b lo o d  s u p p ly  t o  t h e  a r e a .

I r w i n ,  C r i s w e l l  and K ako lew sk l (1973) r e c o rd e d  n o n l o c a l l z e d  p ro lo n g e d  

a low  p o t e n t i a l  b r a i n  waves and e p i s o d e s  o f  c o r t i c a l  s p r e a d in g  d e p r e s s i o n  

d u r i n g  a f i v e  day  r e c o v e r y  p e r io d  from b r a i n  s u r g e r y  in  r a t s .  T h e re  was a l s o  

a d e c r e a s e  in  m u l t i p l e  n e r v e  c e l l  a c t i v i t y  and i n  m o to r  b e h a v i o r .  T h u s ,  

e a r l y  c h an g es  d e t e c t e d  a f t e r  b r a i n  s u r g e r y  may be n o n s p e c i f i c  and te m p o ra ry .

T h e re  a r e  n o t  many r e p o r t s  in  t h e  l i t e r a t u r e  o f  I n c r e a s e s  i n  amine 

l e v e l s  In  r e s p o n s e  t o  n e rv o u s  sy s te m  l e s i o n s .  E xam in ing  t h e s e  r e p o r t s  may 

h e lp  us t o  f o r m u la t e  h y p o th e s e s  c o n c e r n in g  th e  mechanism  r e s p o n s i b l e  f o r  th e  

i n c r e a s e  In  t h e  p r e s e n t  s t u d y .

A f t e r  an axon i s  t r a n s e c t e d ,  h l s t o c h e m i c a l  e x a m in a t io n  o f  t h e  t i s s u e  

r e v e a l s  an a c c u m u la t io n  o f  t r a n s m i t t e r  p ro x im a l  t o  th e  l e s i o n  (D a h ls tro m  

and F u x e , 1965; Katzman e t  a l . ,  1 9 7 1 ) .  T h is  phenomenon h a s  b e en  used  t o  h e l p  

t r a c e  a m in e r g lc  pa thw ays i n  t h e  c e n t r a l  n e rv o u s  s y s te m ,  s i n c e  a x o n a l  amine l e v e l s  

a r e  n o rm a l ly  t o o  low t o  be d e t e c t e d  by h l s t o f l u o r e s c e n t  t e c h n i q u e s .  The 

t r a n s e c t e d  f i b e r s  a p p e a r  s w o l le n  and  d i s t o r t e d  and show i n t e n s e  f l u o r e s c e n c e  

due t o  amine a c c u m u la t io n s .  The b u i l d - u p  t a k e s  p la c e  v e r y  r a p i d l y ,  r e a c h in g
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a  p eak  24 h o u r s  a f t e r  t h e  l e s i o n .  The l e v e l s  may rem a in  h ig h  f o r  ab o u t 

12 d a y s ,  and th e n  g r a d u a l l y  d e c l i n e  ( D a h l s t r im  and F u x e t 1 9 6 5 ) .  T h is  

p r o c e s s  c a n n o t  be  r e s p o n s i b l e  f o r  th e  i n c r e a s e s  i n  DA s e e n  in  t h e  p r e s e n t  

e t u d y , s i n c e  t h e  n i g r o - s t r l a t a l  sy s tem  I t s e l f  was n o t  t r a n s e c t e d .

A r e l a t e d  phenomenon la  t h a t  o f  c o l l a t e r a l  a c c u m u la t io n .  I f  th e  

axon o f  a n e u ro n  h a s  more th a n  one b r a n c h ,  t r a n s e c t i n g  one  b ra n c h  may 

r e s u l t  In  I n c r e s s e d  am ine l e v e l s  in  c o l l a t e r a l  f i b e r s .  F o r  ex am p le ,  

n e u ro n s  In  t h e  lo c u s  c o e r u l e u s  I n n e r v a t e  b o th  t h e  c e r e b r a l  and c e r e b e l l a r  

c o r t i c e s .  When th e  r o s t r a l  p r o j e c t i o n  t o  t h e  c e r e b r a l  c o r t e x  I s  c u t ,  

t h e  NE n e r v e  t e r m i n a l s  o f  t h e  c e r e b e l l a r  c o r t e x  show an I n c r e a s e  In  f l u o r e s ­

c e n c e  sev e n  d ay s  a f t e r  t h e  l e s i o n  (O lson  and Fuxe , 1 9 7 1 ) ,  The a u th o r s  

s u g g e s t  t h a t  b ra n c h e s  o f  th e  same c e l l  t e r m i n a t e  In  t h e  c o r t e x  and c e r e b e l lu m .

When t h e  f lo w  o f  a m in e - c o n t a in in g  s t o r a g e  g r a n u le s  i s  b lo c k e d  r o s t r a l l y  by 

t r a n s e c t i o n ,  t h e  f lo w  o f  th e  g r a n u l e s  i s  d i r e c t e d  i n t o  axon c o l l a t e r a l s  to  

t h e  c e r e b e l lu m .

Moore e t  a l .  (1971) r e p o r t e d  a p e r s o n a l  com m unication  from U n g e r s t e d t

on th e  t lm e - c o u r s e  o f  i n c r e a s e d  amine l e v e l s  due t o  c o l l a t e r a l  a c c u m u la t io n .

A c c o rd in g  t o  U n g e r s t e d t ,  t h e  I n c r e a s e  r e a c h e s  a maximum w i t h i n  a  few day s

a f t e r  s u r g e r y  and g r a d u a l l y  s u b s i d e s  o v e r  a  p e r io d  o f  s e v e r a l  w eeks .

S i m i l a r l y ,  P i c k e t  a t  a l .  (1973) r e p o r t e d  t h a t  t h e  CA a c c u m u la t io n s  p r e s e n t

In  t h e  i n t a c t  c o l l a t e r a l s  o f  s e v e re d  axons  a t  f i v e  day s  a f t e r  s u r g e r y  had

d i s a p p e a r e d  by 15 d ay s  a f t e r  s u r g e r y .  S in c e  I t  a p p e a r s  to o  r a p i d l y  and  i s  

n o t  p e rm a n en t ,  t h e  phenomenon o b s e rv e d  by P l c k e l  e t  a l  (1973) do es  n o t ,  e x p l a i n

t h e  perm anen t I n c r e a s e  In  DA l e v e l s  found  in  th e  p r e s e n t  e x p e r im e n t .

P l c k e l  e t  a l .  (1 9 7 4 )  found e v id e n c e  f o r  t h e  s p r o u t i n g  o f  I n t a c t  c o l l a t e r a l a  

o f  l e s i o n e d  a x o n s .  She made p a r t i a l  l e s i o n s  o f  t h e  s u p e r io r  c e r e b e l l a r  

p e d u n c le ,  th u s  i n j u r i n g  NE axons  o r i g i n a t i n g  in  th e  lo c u s  c o e r u l e u s
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and t e r m i n a t i n g  in  t h e  c e r e b e l lu m .  T h i r t y  day s  l a t e r ,  u s in g  r a d i o a u t o g r a p h i c  

m e th o d s ,  she  found an  i n c r e a s e  In  t h e  n o r a d r e n e r g i c  i n n e r v a t i o n  o f  t h e  

h ip p o cam p u s , an  i n n e r v a t i o n  w hich  a l s o  o r i g i n a t e s  in  t h e  lo c u s  c o e r u l e u s .  

P resum ab ly  t h e  h ip p o cam p a l a f f e r e n t s  s p r o u te d  in  r e s p o n s e  t o  i n j u r y  o f  

c o l l a t e r a l s  i n n e r v a t i n g  t h e  c e r e b e l lu m .  S p r o u t in g  i s  n o t  d e t e c t a b l e  u n t i l  

a ro u n d  two weeks a f t e r  s u r g e r y  ( P i c k e l  e t  a l . ,  1973 ; Moore e t  a l . ,  1 9 7 1 ) .  I t  w i l l  

be c o n s id e r e d  in  more d e t a i l  l a t e r  on.

T h e re  i s  some p o s s i b i l i t y  t h a t  c o l l a t e r a l s  o f  t h e  n i g r o - s t r l a t a l

sy s te m  w ere i n j u r e d  when th e  f r o n t a l  c o r t e x  was a b l a t e d .  D A -c o n ta in in g
^  *

n e rv e  t e r m i n a l s  have  been  found in  th e  c e r e b r a l  c o r t e x  ( H o k fe l t  e t  a l . ,

1974; T h i e r r y  and G lo w in s k i ,  1 9 7 3 ) .  H o k f e l t  e t  a l .  (1974) found h i a t o -  

ch em lca l  e v id e n c e  o f  DA t e r m i n a l s  In  t h e  f r o n t a l , c l n g u l a r ,  e n t o r h l n a l  and 

a m y gda lo id  a r e a s ,  a s  w e l l  as  p a r t s  o f  t h e  h ip p o cam p a l f o r m a t i o n .  They saw 

no e v id e n c e  o f  DA c e l l  b o d i e s ,  c o n c lu d in g  t h a t  t h e  DA t e r m i n a l s  have  an 

e x t r a c o r t l c a l  o r i g i n .

L i n d v a l l  e t  a l ,  (1974) t r i e d  t o  d i s c o v e r  t h e  o r i g i n  o f  th e  c o r t i c a l  

DA t e r m i n a l s  by l e a i o n i n g  D A -c o n ta in in g  c e l l  g ro u p s  i n  t h e  m esen cep h a lo n  

and d e t e r m in in g  w h e th e r  t h i s  removed t h e  DA f l u o r e s c e n c e  in  th e  c o r t e x .

T h e i r  d a t a  i n d i c a t e  t h a t  th e  DA n u c le u s  w hich  s u r r o u n d s  th e  a n t e r i o r  p a r t  o f  

th e  i n t e r p e d u n c u l a r  n u c le u s  (AlO in  t h e  te rm in o lo g y  o f  D a h ls tro m  and Fuxe ,

1964) p r o j e c t s  t o  t h e  f r o n t a l  c o r t e x ,  w h i l e  t h e  DA I n n e r v a t i o n  o f  t h e  a n t e r i o r  

c i n g u l a t e  g y ru s  h a s  I t s  o r i g i n  in  th e  l a t e r a l  p a r t  o f  th e  s u b s t a n t i a  n i g r a .

The AlO c e l l  g ro u p  a l s o  p r o j e c t s  t o  th e  n u c le u s  accumbens and th e  o l f a c t o r y  

t u b e r c l e ;  t h e  DA s y s te m  a r i s i n g  in  th e  s u b s t a n t i a  n i g r a  a l s o  p r o j e c t s  t o  th e  

s t r i a t u m .  I t  i s  q u i t e  p o s s i b l e  t h a t  c o l l a t e r a l s  from  t h e  same n eu ro n  

I n n e r v a t e  more th a n  one s t r u c t u r e .  F u r th e r m o r e ,  l e s i o n s  o f  t h e  m e d ia l  f r o n t a l  

c o r t e x  a s  p e rfo rm ed  in  t h e  p r e s e n t  s tu d y  i n f r i n g e d  upon th e  a n t e r i o r  p a r t  o f
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t h e  c in g u lu m .  The l e s i o n  e x t e n d e d  p o s t e r i o r l y  t o  t h e  s n t e r l o r  p s r t  o f  t h e  

c o rp u s  c a l l o s u m ,  snd  t h e  c l n g u l s t e  g y ru s  c u r v e s  a ro u n d  t h e  c a l l o s u m .  I f  

c o l l a t e r s l s  o f  d o p a m in e r g i c  n i g r a l  n e u ro n s  were  I n j u r e d  in  t h e  o p e r a t i o n ,

I t  c o u ld  b e  e x p e c t e d  t o  a f f e c t  o t h e r  a r e a s  I n n e r v a t e d  by t h e  same s y s te m  by t h e  

p r o c e s s e s  a l r e a d y  d i s c u s s e d .

The c o n c e n t r a t i o n  o f  DA i n  t h e  c o r t e x  I s  low ( a p p r o x i m a t e l y  0 .1  

t o  0 . 2 / i g / g ,  T h i e r r y  e t  a l . ,  1 9 7 3 ) .  The q u e s t i o n  a r i s e s  a s  t o  w h e t h e r  

s u ch  a low c o n c e n t r a t i o n  c o u ld  a c c o u n t  f o r  t h e  m a g n i tu d e  o f  t h e  chan g es  s e e n  

In  t h e  s t r i a t u m .  However,  c o l l a t e r a l  damage c o u l d  a f f e c t  t h e  a c t i v i t y  o f  

t h e  e n t i r e  n e u r o n .  I n j u r y  t o  a c o l l a t e r a l  can r e s u l t  In  d e c r e a s e d  t u r n o v e r  o f  CA 

t h r o u g h o u t  t h e  n e u ro n  a s  a  r e s u l t  o f  a " f u n c t i o n a l  l e s i o n . "  T h i s  phenomenon 

was d e s c r i b e d  by U n g e r s t e d t  ( 1 9 7 4 ) .  A f t e r  c o r t i c a l  l e s i o n s  d e s t r o y i n g  

n o r a d r e n e r g i c  f i b e r s  a r i s i n g  from t h e  l o c u s  c o e r u l e u s ,  I n c r e a s e d  amine l e v e l s  

a r e  n o te d  i n  t h e  c o l l a t e r a l  f i b e r s  I n n e r v a t i n g  t h e  c e r e b e l l u m .  I n  s p i t e  o f  

i n c r e a s e d  NE l e v e l s ,  t h e  c e r e b e l l a r  F u r k l n j e  c e l l s  s u r r o u n d e d  by t h e s e  

t e r m i n a l s  i n c r e a s e  t h e i r  a c t i v i t y .  They a r e  t h u s  r e s p o n d i n g  a s  though  t h e r e  

were  a d e c r e a s e  In  n o r a d r e n e r g i c  t r a n s m i s s i o n ,  o r  a s  th o u g h  t h e y  we re  

d e n e r v a t e d .  T hus ,  t h e  i n c r e a s e  i n  amine  l e v e l s  may be  due  t o  d e c r e a s e d  

t u r n o v e r  and m e ta b o l i s m .  The a u t h o r s  s u g g e s t  t h a t  l e s l o n i n g  one c o l l a t e r a l  

o f  a  n eu ro n  r e s u l t s  In  a  " f u n c t i o n a l  l e s i o n "  o f  t h e  e n t i r e  c o l l a t e r a l  

n e tw o rk  o f  t h a t  n e u r o n .  The d u r a t i o n  o f  t h i s  d e c r e a s e d  a c t i v i t y  was n o t  

d e t e r m i n e d .

I n c r e a s e s  In  amine l e v e l s  f o l l o w i n g  l e s i o n s  can  b e  due  t o  i n c r e a s e d  

s y n t h e s i s  a s  w e l l  a s  d e c r e a s e d  m e t a b o l i s m .  The i n c r e a s e  i n  s t r i a t a l  DA 

l e v e l s  f o l l o w i n g  l e s i o n s  o f  t h e  n i g r o - s t r l a t a l  s y s t e m  h as  been  s t u d i e d  in  

d e p t h  by  R o th ,  W a l t e r s ,  and A g h a ja n l a n  ( 1 9 7 3 ) .  I f  t h e  Im pulse  f low  i n
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d o p a m in e r g i c  n e u ro n s  I s  b lo c k e d  e i t h e r  by  l e s l o n l n g  t h e  n i g r o - s t r l a t a l  

pa thway o r  by  I n j e c t i n g  i n t o  t h i s  pa thway a  l o c a l  a n e s t h e t i c , an I n c r e a s e  

I n  s t r i a t a l  DA l e v e l s  r e s u l t s  ( W a l t e r s  e t  s i . ,  1973;  S t o c k  e t  s i . ,  1973;

Agld  e t  s i . ,  1 9 7 4 ) .  T h i s  can be  p a r t i a l l y  e x p l a i n e d  by t h e  d e c r e a s e d  

m e ta b o l i s m  o f  DA s i n c e  DOFAC l e v e l s  f s l l  a s  w e l l  a s  t h e  r a t e  o f  DA d i s a p p e a r  

ance  a f t e r  t h e  a d m l n l s t r s t i o n  o f  - m e t h y l - p - t y r o s i n e  (W a l t e r s  e t  a l . ,  1973; 

Roth e t  e l . ,  1 9 7 3 ) .  However,  a l t h o u g h  t h e  a c t i v i t y  o f  t h e  d o p a m in e r g i c  

sy s t e m  i s  s h a r p l y  i n h i b i t e d ,  t h e  r a t e  o f  DA s y n t h e s i s  i s  I n c r e a s e d .  T h i s  

has  been  shown by  d e m o n s t r a t i n g  an i n c r e a s e d  I n c o r p o r a t i o n  o f  l a b e l e d  

t y r o s i n e  i n t o  DA, and an  I n c r e a s e  i n  DOPA l e v e l s  a f t e r  DOPA d e c a r b o x y l a s e  

i n h i b i t i o n  (Agld e t  a l . ,  1974;  Kehr e t  a l . ,  1 9 7 2 ) .  T h e re  I s  much d a t a  t o  

i n d i c a t e  t h a t  t y r o s i n e  h y d r o x y l a s e  a c t i v i t y  i s  m o d u la te d  by t h e  d e g r e e  o f  

DA r e c e p t o r  a c t i v i t y  i n  the s y n a p t i c  a r e a .  DA r e c e p t o r  s t i m u l a t i n g  and 

b l o c k i n g  a g e n t s  have  p ro d u ced  e f f e c t s  vdiich s u p p o r t  t h i s  t h e o r y .  The 

a d m i n i s t r a t i o n  o f  ap o m o rp h ln e ,  a DA r e c e p t o r  s t i m u l a n t ,  w i l l  r e s u l t  i n  a 

d e c r e a s e  In  DA s y n t h e s i s  (Kehr  e t  a l . ,  1 9 7 2 ) .  A DA r e c e p t o r  b l o c k i n g  a g e n t  

such  s s  h a l o p e r l d o l  o r  c h l o r p r o m a z i n e  w i l l  c a u s e  an i n c r e a s e  i n  DA s y n t h e s i s  

(Kehr e t  a l . ,  1972; Nyback and S e d v a l l ,  19 7 1 ) .  To show t h a t  t h e s e  e f f e c t s  

a r e  r e c e p t o r - m e d i a t e d  and n o t  d e p e n d e n t  upon f i r i n g  r a t e ,  t h e  n i g r o - s t r l a t a l  

pa thway was l e a l o n e d  (Kehr e t  a l . ,  1 9 7 2 ) .  The I n c r e a s e  i n  t y r o s i n e  h y d ro x y -  

l a t l o n  u s u a l l y  found a f t e r  such  a l e s i o n  was a n t a g o n i z e d  by t h e  a d m i n i s t r a ­

t i o n  o f  a r e c e p t o r  s t i m u l a t i n g  a g e n t .  When Im pulse  f low  I s  I n t e r r u p t e d ,  

t h e r e  w i l l  be l e s s  DA r e l e a s e d  I n t o  t h e  s y n a p t i c  a r e a  and l e s s  DA r e c e p t o r  

a c t i v a t i o n .  T h i s  c o n d i t i o n  s e r v e s  t o  a c t i v a t e  t y r o s i n e  h y d r o x y l a s e  and to  

I n c r e a s e  DA s y n t h e s i s .  Thus t h e r e  i s  a  co m p en sa to ry  mechanism t o  c o u n t e r a c t  

d e c r e a s e d  d o p a m in e r g i c  a c t i v i t y .

Once t h e  new s t e a d y - s t a t e  l e v e l  o f  DA has  been  e s t a b l i s h e d  a f t e r  a 

l e s i o n ,  t h e  r a t e  o f  DA s y n t h e s i s  and t h e  l e v e l s  o f  DOPAC r e t u r n  t o  n o rm a l ,
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w h i l e  DA l e v e l s  r e m a in  h ig h  (Roth  e t  a l . ,  1973;  W a l t e r s  e t  a l . ,  1 9 7 3 ) .  The 

a u t h o r s  p r o p o s e  t h a t  e i t h e r  t h e  f e e d b a c k  mechanism o f  e n d - p r o d u c t  I n h i b i t i o n  

i s  r e l a t i v e l y  i n s e n s i t i v e  u n d e r  t h e s e  c o n d i t i o n s ,  o r  t h a t  somehow t h e  

acc u m u la te d  DA i s  n o t  a b l e  t o  I n f l u e n c e  t h e  r a t e - l i m i t i n g  s t e p .  They 

b e l i e v e  t h a t  t h e  newly s y n t h e s i z e d  DA i s  p a r t i c u l a t e - b o u n d  and t h e r e f o r e  

d o es  n o t  h ave  a c c e s s  t o  t y r o s i n e  h y d r o x y l a s e .  F u r t h e r m o r e ,  t h e  a d m i n i s t r a t i o n  

o f  <£. - m e t h y l - p - t y r o s l n e  a f t e r  t h e  new DA l e v e l s  have  been  r e a c h e d  has  

no e f f e c t  on t h e  I n c r e a s e d  l e v e l s  ( W a l t e r s  e t  a l . ,  1 9 7 3 ) ,  s u g g e s t i n g  

t h a t  t h e  I n c r e a s e d  l e v e l s  o f  amine a r e  In  some way p r o t e c t e d  from r e l e a s e  

and m e t a b o l i s m .

S t i m u l a t i o n  o f  t h e  n i g r o - s t r l a t a l  s y s t e m ,  b o t h  e l e c t l c a l l y  and  by  t h e  

a d m i n i s t r a t i o n  o f  d r u g s  such  a s  h a l o p e r i d o l  and c h lo r p r o m a z i n e  which c au se  

i n c r e a s e d  f i r i n g  r a t e ,  a l s o  r e s u l t s  I n  I n c r e a s e d  DA s y n t h e s i s .  However,  

i n  t h i s  c a s e ,  t h e r e  I s  an i n c r e a s e  In  t h e  l e v e l s  o f  DOPAC (Bunney e t  s i . ,

1 9 7 3 ) .  T h i s  I s  In c o n t r a s t  t o  t h e  i n c r e a s e  i n  s y n t h e s i s  and d e c r e a s e  i n  

m e ta b o l i s m  t h a t  t a k e  p l a c e  a f t e r  t h e  I n t e r r u p t i o n  o f  Im pulse  f lo w  by 

l e s i o n i n g .  T h u s ,  t h e  n i g r o - s t r l a t a l  s y s t e m  a p p e a r s  u n ique  s i n c e  I t  r e sp o n d s  

t o  b o t h  an I n c r e a s e  and d e c r e a s e  I n  a c t i v i t y  w i t h  an I n c r e a s e  i n  s y n t h e s i s .  

A f t e r  n i g r o - s t r l a t a l  l e s i o n s  t h e  DA l e v e l s  must e v e n t u a l l y  d e c l i n e  a s  t h e  

s y s t e m  d e g e n e r a t e s ,  s o  t h e  u l t i m a t e  t i m e - c o u r s e  o f  t h i s  phenomenon i s  n o t  

y e t  known. I f  f r o n t a l  l e s i o n s  r e s u l t  I n  I n j u r y  o r  s h o ck  t o  t h e  n i g r o - s t r l a t a l  

s y s t e m  a s  d i s c u s s e d  a b o v e ,  t h i s  p r o c e s s  c o u ld  c o n t r i b u t e  t o  changes  i n  s t r i a t a l  

DA l e v e l s  t h a t  o c c u r  soon  a f t e r  s u r g e r y .  However t h i s  p r o c e s s  would n o t  

a c c o u n t  f o r  an  i n c r e a s e  t h a t  d i d  n o t  become e v i d e n t  u n t i l  two weeks a f t e r  

s u r g e r y .
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D e n e r v a t i o n  s u p e r s e n s i t l v i t y  i s  a phenomenon t h a t  t a k e s  an e x t e n d e d  

p e r i o d  o f  t im e  t o  f u l l y  d e v e l o p .  A l th o u g h  l o s s  o f  t h e  r e - u p t a k e  i n a c t i v a t i o n  

mechanism and l o s s  o f  m e t a b o l i z i n g  enzymes may p l a y  a  r o l e ,  s u p e r s e n s i t l v i t y  

i s  t h o u g h t  t o  I n v o lv e  a  p o s t - s y n a p t i c  a d a p t a t i o n  s i m i l a r  t o  t h a t  f o l l o w i n g  

d e n e r v a t i o n  o f  s k e l e t a l  m usc le  (A x e ls so n  and T h e s l e f f ,  1 9 5 9 ) .  When m usc le  

i s  d e n e r v a t e d ,  t h e r e  g r a d u a l l y  d e v e l o p s  a n  e n l a r g e m e n t  o f  t h e  c h e m o s e n s l t l v e  

a r e a ,  u n t i l  t h e  e n t i r e  s u r f a c e  o f  t h e  m u sc le  f i b e r  i s  a s  r e s p o n s i v e  t o  ACh 

a s  t h e  end p l a t e  r e g i o n .  T h i s  i s  t h o u g h t  t o  be  due  t o  t h e  d e v e lo p m en t  o f  

ACh r e c e p t o r s  a l o n g  t h e  s u r f a c e  o f  t h e  m usc le  f i b e r ,  w h e rea s  t h e  r e c e p t o r s  

a r e  n o r m a l l y  c o n f i n e d  t o  t h e  end p l a t e  r e g i o n  (Berg e t  a l . , 1972;  Klmuro 

and Kimura ,  1 9 7 3 ) .

U n g e r s t e d t  (1971a)  s t u d i e d  t h e  s u p e r s e n s i t l v i t y  t h a t  d e v e l o p s  f o l l o w i n g  

n i g r o - s t r l a t a l  l e s i o n s .  When t h e  DA i n n e r v a t i o n  o f  t h e  s t r i a t u m  l a  removed,  

i t  becomes more s e n s i t i v e  t o  d o p a m in e r g i c  a g e n t s .  A f r o n t a l  l e s i o n  a l s o  

r e s u l t s  i n  a  p a r t i a l  d e n e r v a t i o n  o f  t h e  s t r i a t u m  and t h i s  m ig h t  r e s u l t  in  

t h e  d ev e lopm en t  o f  a  d e n e r v a t i o n  s u p e r s e n s i t l v i t y .  T h i s  may be why a n im a l s  

w i t h  f r o n t a l  l e s i o n s  d i s p l a y  a  h y p e r s e n s i t i v i t y  t o  c a t e c h o l a m l n e r g l c  d r u g s .  

However,  a l t h o u g h  t h e  t r a n s m i t t e r  In v o lv e d  in  t h e  f r o n t o - s t r l a t a l  p r o j e c t i o n  

i s  unknown, i t  i s  n o t  th o u g h t  t o  be a c a t e c h o l a m i n e .  T h i s  n o n s p e c i f i c i t y  

co u ld  be a c c o u n te d  f o r  by p r o p o s i n g  t h a t  t h e  f r o n t a l  and s t r i a t a l  sy s te m s  s y n a p s e  

c l o s e  t r  e ac h  o t h e r  on t h e  same c e l l s  i n  t h e  s t r i a t u m .  S p e c i f i c i t y  may 

depend  on t h e  j u x t a p o s i t i o n  o f  s y n a p t i c  t e r m i n a t i o n s .

D e n e r v a t i o n  s u p e r s e n s i t l v i t y  which  d e v e lo p s  p e r i p h e r a l l y  c an  show some 

d e g r e e  o f  n o n s p e c i f i c i t y  ( S h a r p l e s s ,  1 9 6 4 ) .  When t h e  a d r e n e r g i c  I n n e r v a t i o n  

o f  t h e  n i c t i t a t i n g  membrane i s  removed, t h e  membrane becomes more s e n s i t i v e  t o  

t h e  a c t i o n s  o f  ACh and 5-HT a s  w e l l  a s  NE. S e c t i o n  o f  t h e  s y m p a t h e t i c  f i b e r s  

t o  t h e  s a l i v a r y  g la n d  r e s u l t s  in  i n c r e a s e d  s e n s i t i v i t y  t o  b o th  a d r e n e r g i c
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and c h o l i n e r g i c  a g e n t s ;  s e c t i o n  o f  t h e  p a r a s y m p a t h e t i c  I n n e r v a t i o n  b r i n g s  

a b o u t  t h e  same r e s u l t .

G l i c k  and G r e e n s t e l n  (1973b)  have  p u b l i s h e d  some d a t a  s u g g e s t i n g  t h a t  

a u n i l a t e r a l  f r o n t a l  a b l a t i o n  r e s u l t s  i n  a d e n e r v a t i o n  s u p e r s e n s i t l v i t y  

o f  t h e  I p s i l a t e r a l  s t r i a t u m  t o  t h e  e f f e c t s  o f  am phetam ine .  Amphetamine w i l l  

c a u s e  a n i m a l s  w i t h  a u n i l a t e r a l  f r o n t a l  a b l a t i o n  t o  r o t a t e  t o w a rd s  t h e  I n t a c t  

s i d e ,  i n d i c a t i n g  t h a t  t h e r e  i s  g r e a t e r  d o p a m i n e r g i c  a c t i v i t y  in  the d e n e r v a t e d  

B t r i a t u m .  F u r t h e r m o r e ,  I t  t a k e s  two weeks f o r  t h i s  r o t a t i o n a l  b e h a v i o r  

t o  em erg e .  T h i s  can  be e x p l a i n e d  by p o s t u l a t i n g  t h a t  t h e  p a r t i a l l y  d e n e r v a t e d  

s t r i a t u m  becomes I n c r e a s i n g l y  more s e n s i t i v e  t o  d o p a m in e r g i c  a g e n t s ,  even 

though  t h e  s y s t e m  t h a t  was removed i a  n o t  d o p a m i n e r g i c .  I f  f r o n t a l  l e s i o n s  

made t h e  p a r t i a l l y  d e n e r v a t e d  s t r i a t u m  h y p e r s e n s i t i v e  t o  I t s  d o p a m in e r g i c  

I n n e r v a t i o n ,  I t  c o u l d  r e s u l t  In  d e c r e a s e d  t u r n o v e r  o f  t h e  DA s y s te m  by 

f e e d b a c k  m echan ism s .  T h i s  I n  turn  m igh t  b r i n g  a b o u t  an i n c r e a s e  i n  DA l e v e l s  

a s  s u p e r s e n s i t l v i t y  p r o g r e s s e d .

The t l m e - c o u r s e  o f  t h e  d e v e lo p m en t  o f  d e n e r v a t l o n  s u p e r s e n s i t l v i t y  

must be  c o n s i d e r e d  and r e l a t e d  t o  t h e  r e s u l t s  i n  t h e  p r e s e n t  e x p e r i m e n t .  

A l th o u g h  s u p e r s e n s i t l v i t y  t a k e s  s e v e r a l  weeks t o  r e a c h  i t s  maximum, i t  becomes 

e v i d e n t  s h o r t l y  a f t e r  s u r g e r y .  When t h e  n i c t i t a t i n g  membrane o f  t h e  c a t  

I s  d e c e n t r a l i z e d ,  t h e  r e - u p t a k e  mechanism and m e t a b o l i z i n g  enzymes a r e  l e f t  

I n t a c t .  U nde r  t h e s e  c o n d i t i o n s ,  p o s t s y n a p t l c  s u p e r s e n s i t l v i t y  d e v e l o p s  

g r a d u a l l y  f o r  a t  l e a s t  f o u r  weeks ( L a n g e r ,  D r a s k o c z y ,  and T r e n d e l e n b u r g ,  1 9 6 7 ) .  

U n g e r s t e d t  (1971a )  f i r s t  n o t e d  s u p e r s e n s i t l v i t y  t o  apom orph lne  be tw een  one 

and two days  a f t e r  l e s l o n l n g  t h e  n i g r o - s t r l a t a l  s y s t e m  w i t h  6 -OH-DA. I t  

i n c r e a s e d  g r a d u a l l y  f o r  up t o  121 d a y s  a f t e r  s u r g e r y .  I f  a s l o w l y  I n c r e a s i n g  

s u p e r s e n s i t l v i t y  t o  DA r e s u l t e d  In  a  d e c r e a s e  i n  DA t u r n o v e r  w i t h  a  c o n s e q u e n t  

u se  in  DA l e v e l s ,  i t  m igh t  become e v i d e n t  b e f o r e  a two week d e l a y .
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A n o t h e r  p o s s i b i l i t y  t h a t  must be c o n s i d e r e d  i s  t h a t  t h e  s y n a p s e s  d e n e r ­

v a t e d  by t h e  f r o n t a l  l e s i o n  a r e  r e i n n e r v a t e d  by c o l l a t e r a l  s p r o u t s  from 

t h e  n i g r o - s t r l a t a l  s y s t e m .  T h i s  would r e s u l t  i n  a g r a d u a l  i n c r e a s e  i n  

s t r i a t a l  DA l e v e l s .  C o l l a t e r a l  s p r o u t i n g  o f  an a d r e n e r g i c  s y s te m  was demon­

s t r a t e d  by  Moore ,  B j o r k l u n d ,  and S t e n e v i  ( 1 9 7 1 ) .  These  a u t h o r s  l e s i o n e d  t h e  

h ippocam pus  i n  r a t s ,  thus rem oving  t h e  h ip p o c am p a l  p r o j e c t i o n  t o  t h e  s e p t a l  

n u c l e i .  The s e p t a l  a r e a  a l s o  r e c e i v e s  a n o r a d r e n e r g i c  i n p u t  v i a  t h e  m e d ia l  

f o r e b r a i n  b u n d l e .  H l s t o c h e m l c a l  e x a m i n a t i o n  r e v e a l e d  l i t t l e  o r  no change  

i n  t h e  n o r a d r e n e r g i c  I n n e r v a t i o n  t h r e e  o r  e i g h t  d ay s  p o s t o p e r a t i v e l y .

However,  by  15 days  a f t e r  l e a l o n i n g ,  t h e r e  was a  c l e a r  I n c r e a s e  i n  t h e  number 

o f  c a t e c h o l a m i n e  t e r m i n a l s  i n  t h e  d e n e r v a t e d  s e p t a l  a r e a .  The i n c r e a s e  was 

even  more marked I n  t h e  b r a i n s  o f  a n i m a l s  examined  30 ,  60 and 100 days  

a f t e r  s u r g e r y .  Thus ,  t h e  i n c r e a s e  a p p e a r s  t o  be p e r m a n e n t ,  a t  l e a s t  up t o  

100 d a y s .  B io c h e m ic a l  s t u d i e s  a l s o  showed t h a t  HE l e v e l s  I n c r e a s e d  w i t h  t im e  

a f t e r  t h e  l e s i o n .  The t i m e - c o u r s e  o f  t h i s  phenomenon a g r e e s  v e r y  w e l l  

w i t h  t h e  I n c r e a s e  i n  DA l e v e l s  found i n  t h e  p r e s e n t  e x p e r i m e n t .

A d o p a m in e r g i c  s y s te m  was examined f o r  c o l l a t e r a l  s p r o u t i n g  by Moore,  

B j o r k l u n d ,  and S t e n e v i  ( 1 9 7 4 ) .  By a b l a t i n g  t h e  o l f a c t o r y  b u l b ,  t h e y  removed 

a p r im a ry  p r o j e c t i o n  t o  t h e  o l f a c t o r y  t u b e r c l e .  The o l f a c t o r y  t u b e r c l e  i s  

known t o  r e c e i v e  a c o n s i d e r a b l e  DA i n n e r v a t i o n .  H l s t o c h e m l c a l  e x a m i n a t i o n  

s u g g e s t e d  a n  I n c r e a s e  i n  t h e  DA I n n e r v a t i o n ,  b u t  t h i s  was v e r y  d i f f i c u l t  

t o  d i s t i n g u i s h  b e c a u s e  o f  t h e  d e n s i t y  o f  t h e  n o rm a l  I n n e r v a t i o n .  B io c h e m ic a l  

s t u d i e s  i n d i c a t e d  t h a t  t h e r e  was a  45% i n c r e a s e  i n  DA l e v e l s  a t  30 days  

a f t e r  t h e  o p e r a t i o n .  I t  was s u g g e s t e d  t h a t  t h e  d o p a m in e r g i c  s y s te m  s p r o u t e d  

t o  r e l n n e r v a t e  t h e  s y n a p s e s  l e f t  b a r e  by t h e  o l f a c t o r y  b u lb  a b l a t i o n .

Some i n v e s t i g a t o r s  t h i n k  t h a t  changes  t h a t  t a k e  a lo n g  t im e  t o  a p p e a r
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may be  due t o t r a n s s y n a p t i c  mechan ism s .  F o r  ex am p le ,  Moore and H e l l e r

(1967)  made l e s i o n s  In  t h e  m e d i a l  f o r e b r a l n  b u n d le  o f  r a t s  and  found t h a t  

i t  t o o k  12 d ay s  f o r  t h e  l e v e l s  o f  b r a i n  5-HT and NE t o  s t a b i l i z e  a t  60% 

o f  c o n t r o l  l e v e l s .  Because  o f  t h i s  p r o lo n g e d  t i m e - c o u r s e ,  t h e y  a t t r i b u t e d  t h e  

change t o  t r a n s s y n a p t i c  e f f e c t s ,  a l t h o u g h  o t h e r  i n t e r p r e t a t i o n s  a r e  p o s s i b l e .

T r a n s s y n a p t i c  mechanisms have  been  i m p l i c a t e d  i n  t h e  t i m e - d e p e n d e n t  

changes  I n  b r a i n  NE l e v e l s  which o c c u r  f o l l o w i n g  o l f a c t o r y  b u l b  a b l a t i o n  

(Pohorecky  and C h a lm er s ,  1971;  P o h o rec k y ,  L a r e n ,  and Wurtman, 1969;  P ohorecky ,  

Zigmond, H e im e r , and Wurtman, 1 9 6 9 ) ,  The a u t h o r s  found a  f a l l  i n  t e l e n c e p h a l l c  

NE which  t h e y  c o n s i d e r e d  t o  be  due  t o  t h e  d e g e n e r a t i o n  o f  NE n e u ro n s  o r i g i n a t i n g  

In  t h e  o l f a c t o r y  b u l b .  B r a in  s t e m  NE was unchanged  1 ,  7 and 14 d ay s  a f t e r  

b u lb  a b l a t i o n ,  b u t  was i n c r e a s e d  by  15% 21 and 45 d ay s  a f t e r  t h e  l e s i o n .

B ecause  o f  t h e  p r o lo n g e d  t i m e - c o u r s e ,  and b e c a u s e  no d i r e c t  c o n n e c t i o n s  a r e  

known t o  e x i s t  be tw een  t h e  o l f a c t o r y  b u lb  and  t h e  b r a i n  s t e m ,  t h e  a u t h o r s  

c o n c lu d e d  t h a t  t h e  chan g es  o b s e r v e d  were  due  t o  t r a n s s y n a p t i c  e f f e c t s .

One c o u ld  p o s t u l a t e  many d i f f e r e n t  n e u r o n a l  c i r c u i t s  whereby  f r o n t a l  

l e s i o n s  c o u l d  a f f e c t  t h e  n l g r o - s t r i a t a l  s y s t e m  t r a n s s y n a p t l c a l l y .  The 

f r o n t a l  c o r t e x  p r o j e c t s  t o  many low er  b r a i n  a r e a s .  Some o f  t h e s e  a r e a s  

i n  t u r n  may n o r m a l l y  m o d u la te  t h e  a c t i v i t y  o f  t h e  n i g r o - s t r l a t a l  s y s t e m .

Loss  o f  f r o n t a l  i n p u t  would d i s r u p t  such  m o d u l a t i o n .

Some i n v e s t i g a t o r s  have  found e v i d e n c e  o f  a s m a l l  c o r t i c a l  p r o j e c t i o n  

t o  t h e  n i g r a  I t s e l f  (Knook, 1 9 6 6 ) ,  a l t h o u g h  t h e r e  i s  some c o n t r o v e r s y  

a b o u t  t h i s  (C osw e l l  and Sedgw ick ,  1 9 7 3 ) .  The s low  r i s e  i n  DA l e v e l s  may r e f l e c t  

some k in d  o f  r e s p o n s e  t o  t h e  l o s s  o f  f r o n t a l  i n p u t  t o  t h e  n i g r a .

As a n o t h e r  ex am p le ,  t h e  f r o n t a l  c o r t e x  i s  known t o  send  p r o j e c t i o n s  t o  

t h e  d o r s o m e d l a l  and l n t r a l a m l n a r  n u c l e i  o f  t h e  th a la m u s  (Knook, 1966;
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Leonard ,  1 9 6 9 ) .  These p r o j e c t i o n s  would d e g e n e r a t e  a f t e r  f r o n t a l  l e s i o n s .

The d o r s o m e d la l  and I n t r a l a m l n a r  n u c l e i  i n  t u r n  send f i b e r s  i n t o  t h e  s t r i a t u m ,  

t h u s  m o d u la t in g  i t s  a c t i v i t y  (Nauta  and M eh le r ,  19 6 9 ) .  I t  has  been  found 

t h a t  e l e c t r i c a l  s t i m u l a t i o n  o f  an i n t r a l a m l n a r  n u c l e u s  r e s u l t s  i n  t h e  r e l e a s e  

o f  DA from t h e  s t r i a t u m  (McLennan, 1964) .  With t h e  l o s s  o f  f r o n t a l  i n p u t ,  

the  t h a l a m i c  e f f e c t  on t h e  n i g r o - s t r i a t a l  sy s tem  would be d i s t u r b e d  and might 

r e s u l t  In  a  change in  amine l e v e l s .  Many o t h e r  such  t r a n s s y n a p t i c  pathways 

from t h e  f r o n t a l  c o r t e x  t o  t h e  n i g r o - s t r i a t a l  s y s t e m  can be p o s t u l a t e d .

Examples have been g iv e n  o f  i n c r e a s e d  amine l e v e l s  a s s o c i a t e d  w i th  

d e c r e a s e d  amine m e tabo l i sm .  However,  I n s t a n c e s  o f  I n c r e a s e d  amine l e v e l s  and 

I n c r e a s e d  t u r n o v e r  have a l s o  been d e s c r i b e d .  F o r  exam ple ,  Salama and Goldberg  

(1973)  found i  12Z I n c r e a s e  In  NE l e v e l s  i n  th e  h i n d b r a i n  o f  r a t s  s ev en  days  

fo l l o w i n g  l e s l o n l n g  o f  t h e  s e p t a l  a r e a .  No o t h e r  p o s t o p e r a t i v e  t ime  p o i n t  

was examined, so  t h a t  t i m e - c o u r s e  o f  t h i s  I n c r e a s e  l a  unknown. The a u t h o r s  

e s t i m a t e d  NE t u r n o v e r  in  the  h i n d b r a i n  by a d m i n i s t e r i n g  o ^ -* » ® th y l -p - ty ro s in e  

and c a l c u l a t i n g  t h e  r a t e  c o n s t a n t s  f o r  NE d e c l i n e .  They e s t i m a t e d  t h a t  

t u r n o v e r  was I n c r e a s e d  by 760% i n  l e s l o n e d  a n i m a l s .  The a u t h o r s  o f f e r e d  as  

a p o s s i b l e  e x p l a n a t i o n  t h a t  a l e s i o n  o f  t h e  s e p t a l  a r e a  r e s u l t e d  i n  t h e  r e l e a s e  

o f  i n h i b i t o r y  I n f l u e n c e s  on h i n d b r a i n  s t r u c t u r e s  and t h i s  I n c r e a s e d  n e u r a l  

a c t i v i t y .

Some a u t h o r s  have  a s i m i l a r  c o n c e p t io n  o f  t h e  e f f e c t  o f  f r o n t a l  l e s i o n s  

on t h e  s t r i a t u m  (Bolme, Fuxe, and L i d b r i n k ,  1972; I v e r s e n ,  W i lk in s o n  and Simpson, 

19 7 1 ) .  B e h a v io r a l  and e l e c t r o p h y s l o l o g i c a l  s t u d i e s  s u g g e s t  t h a t  t h e  f r o n t a l  and 

n i g r a l  i n p u t s  t o  t h e  s t r i a t u m  have a n t a g o n i s t i c  e f f e c t s ,  w i th  f r o n t a l  s t i m u l a ­

t i o n  e x c i t i n g ,  and n i g r a l  s t i m u l a t i o n  i n h i b i t i n g  s t r i a t a l  c e l l s  (Buchwald 

e t  a l . ,  1973;  Connor ,  1 9 7 0 ) .  Removal o f  t h e  f r o n t a l  p r o j e c t i o n  l e a v e s  th e  

s t r i a t u m  u n d e r  p r e d o m in a n t ly  d o p am in e rg ic  c o n t r o l .  As a l r e a d y  d i s c u s s e d ,



a c t i v a t i o n  o f  t h e  n l g r o - a t r l a t a l  d o p a m in e r g i c  s y s te m  r e s u l t s  i n  an i n c r e a s e  

i n  m otor b e h a v i o r .  When t h e  o p p o s in g  f r o n t a l  s y s t e m  i s  no  l o n g e r  p r e s e n t ,  

b e h a v i o r a l  a c t i v a t i o n  and a h y p e r s e n s i t i v i t y  t o  d r u g s  a f f e c t i n g  t h e  n i g r o -  

s t r l a t a l  s y s t e m  m ig h t  be  e x p e c t e d .  F u r t h e r m o r e ,  DA t u r n o v e r  m igh t  I n c r e a s e  

s i n c e  t h e  s y s t e m  o p p o s in g  i t s  a c t i v i t y  h a s  been  removed.

On t h e  o t h e r  h a n d ,  t h i s  Im ba lance  be tween f r o n t a l  and n i g r a l  i n p u t  

t o  t h e  s t r i a t u m  m igh t  i n i t i a t e  a co m p en sa to ry  d e c r e a s e  In  DA m e t a b o l i s m  and 

t h i s  d e c r e a s e  in  m e ta b o l i s m  c o u ld  c o n t r i b u t e  t o  t h e  b u i l d - u p  o f  DA l e v e l s .

O b v io u s ly ,  s t e a d y - s t a t e  amine l e v e l s  t e l l  l i t t l e  ab o u t  t h e  a c t i v i t y  

o f  t h e  s y s te m .  I n c r e a s e d  l e v e l s  can be a s s o c i a t e d  w i t h  e i t h e r  an I n c r e a s e  

o r  d e c r e a s e  in  a c t i v i t y .  I t  seemed most i m p o r t a n t  t o  d e t e r m i n e  w h e th e r  t h e  

i n c r e a s e  i n  s t r i a t a l  DA l e v e l s  i n  f r o n t a l  a n i m a l s  was a s s o c i a t e d  w i t h  a 

change In  t h e  a c t i v i t y  o f  t h e  d o p a m in e r g i c  s y s te m .
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DOPAMINE METABOLITE STUDIES

D i f f e r e n t  A pp ro ach es  t o  t h e  E s t i m a t i o n  o f  T u r n o v e r

T u r n o v e r  I s  t h e  r a t e  a t  which  a  b i o c h e m i c a l  i s  renew ed .  I n  a 

n e u r a l  s y s t e m ,  i t  I s  t h o u g h t  t o  be  a r e f l e c t i o n  o f  t h e  a c t i v i t y  o f  t h e  s y s te m .  

T u r n o v e r  I s  t h e  r e s u l t  o f  a b a l a n c e  be tw een  t h e  r a t e  o f  amine s y n t h e s i s  

and t h e  r a t e  o f  m e ta b o l i s m .  At s t e a d y - s t a t e  c o n d i t i o n s ,  i t  i s  assumed 

t h a t  t h e  r a t e  o f  s y n t h e s i s  i s  e q u a l  t o  t h e  r a t e  o f  m e t a b o l i s m .  S i m i l a r l y ,  

t h e  r a t e  o f  m e t a b o l i t e  f o r m a t i o n  must be e q u a l  t o  t h e  r a t e  o f  m e t a b o l i t e  

e l i m l n a t i o n  I f  s t e a d y - s t a t e  c o n d i t i o n s  p r e v a i l .  Most o f  t h e  d i f f e r e n t  methods  

t h a t  a r e  used  t o  e s t i m a t e  t u r n o v e r  make use  o f  t h e s e  r e l a t i o n s h i p s .

1 .  I n t r a c e r e b r a l  i n j e c t i o n  o f  l a b e l e d  DA: L a b e led  DA I s  i n j e c t e d  i n t o  

t h e  v e n t r i c u l a r  c a v i t i e s  o f  t h e  a n im a l  o r  d i r e c t l y  i n t o  a d e a i r e d  b r a i n  

s t r u c t u r e  u s i n g  s t e r e o t a x i c  c o o rd in a fe e s .  The d i s a p p e a r a n c e  o f  t h e  l a b e l  i s  

f o l l o w e d  by k i l l i n g  t h e  a n im a l  a t  d i f f e r e n t  t i m e s  a f t e r  i n j e c t i o n  and m e a s u r in g  

t h e  d e c l i n e  In  t h e  s p e c i f i c  a c t i v i t y  o f  DA. I t  i s  assumed t h a t  t h e  r a t e  o f  

d i s a p p e a r a n c e  o f  i n j e c t e d  amine w i l l  r e f l e c t  t h e  r a t e  o f  u t i l i z a t i o n  o f  

endogenous  s t o r e s .

DA w i l l  n o t  c r o s s  t h e  b lo o d  b r a i n  b a r r i e r  i f  a d m i n i s t e r e d  s y s t e m l c a l l y , 

and s o  must be I n j e c t e d  i n t r a c e r e b r a l l y .  T h i s  means t h a t  t h e  a n im a l  must 

be  s u b j e c t e d  t o  a s t r e s s f u l  o p e r a t i o n .  I t  i s  hoped t h a t  when i n j e c t e d  in  

low c o n c e n t r a t i o n s ,  t h e  DA w i l l  be t a k e n  up s p e c i f i c a l l y  by DA n e u r o n s .  

U n f o r t u n a t e l y ,  a s  S n y d e r  and  Coyle  (1969) have  shown,  t h e  NE u p t a k e  s y s te m  

a p p e a r s  t o  have  a  g r e a t e r  a f f i n i t y  f o r  DA t h a n  f o r  NE. Fuxe and U n g e r s t e d t  

(1966)  found t h a t  NE and o^-m ethy l -N E  i n j e c t e d  i n t r a v e n t r l c u l a r l y  can  be 

t a k e n  up by DA n e u r o n s  and t h a t  5-HT n e u r o n s  can  t a k e  up ^ - m e t h y l - N E .

In  a d d i t i o n  t o  d i f f u s e  a c c u m u l a t i o n  i n  b r a i n  t i s s u e ,  t h e r e  was e x t r a n e u r o n a l
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b i n d i n g  o f  NE in  p e r i c y t e s  and e n d o t h e l i a l  c e l l s .  They a l s o  o b s e r v e d  t h a t  

u p t a k e  was l i m i t e d  t o  t h o s e  p a r t s  o f  t h e  n eu ro n  t h a t  were  n e a r  t h e  v e n t r i c l e .  

U p take  a p p e a r s  t o  be  g r e a t e s t  a t  t h e  s i t e  o f  i n j e c t i o n  and d e c r e a s e s  w i t h  

i n c r e a s i n g  d i s t a n c e  from t h e  s i t e ,  r a t h e r  t h a n  r e f l e c t i n g  endogenous  l e v e l s .  

F u r t h e r m o r e ,  e v e n  v e r y  s m a l l  amounts  o f  amine w i l l  change  s t e a d y  s t a t e  

l e v e l s  when i n j e c t e d  l o c a l l y ,  and s u b s e q u e n t  m e t a b o l i s m  may n o t  r e f l e c t  

t u r n o v e r  u n d e r  s t e a d y - s t a t e  c o n d i t i o n s .  A l s o ,  i n j e c t e d  amine may be 

m e t a b o l i z e d  b e f o r e  b e i n g  t a k e n  up by n e u r o n s  so t h a t  i t s  m e t a b o l i c  f a t e  

would n o t  be a  good l n d i e a t l o n o f  what o c c u r s  p h y s i o l o g i c a l l y .  F i n a l l y ,  

when exogenous  amine i s  t a k e n  up  by  a n e u r o n ,  i t s  i n t r a c e l l u l a r  d i s t r i b u t i o n  

may n o t  r e f l e c t  t h a t  o f  endogenous  s t o r e s  (G lo w in s k i  and I v e r s e n ,  1 9 6 6 b ) .

2 .  I n j e c t i o n  o f  l a b e l e d  p r e c u s o r :  I f  a  l a b e l e d  p r e c u r s o r  i s

a d m i n i s t e r e d  and t h e  amine i s  s y n t h e s i z e d  e n d o g e n o u s l y ,  i t s  d i s t r i b u t i o n  

s h o u ld  b e t t e r  r e f l e c t  t h a t  o f  t h e  n a t u r a l l y  o c c u r r i n g  s u b s t a n c e .  F u r t h e r m o r e ,  

t h e  p r e c u r s o r ,  u n l i k e  t h e  amine  i t s e l f ,  can  c r o s s  t h e  b lo o d  b r a i n  b a r r i e r  

and can  t h e r e f o r e  be  a d m i n i s t e r e d  s y s t e m i c a l l y . I n  t h e  c a s e  o f  DA, two 

d i f f e r e n t  p r e c u r s o r s  a r e  a v a i l a b l e :

( a )  T y r o s i n e e  The c o n v e r s i o n  o f  t y r o s i n e  t o  DOPA i s  r a t e - l i m i t i n g  i n  CA 

b i o s y n t h e s i s .  T h e r e f o r e ,  t h e  r a t e  o f  DA s y n t h e s i s  a s  w e l l  a s  t h e  r a t e  o f  

DA l o s s  can be  s t u d i e d  a f t e r  t h e  a d m i n i s t r a t i o n  o f  t h l a  p r e c u r s o r .  However,  

t h e  amount o f  l a b e l  i n c o r p o r a t e d  i n t o  DA w i l l  be  v e r y  s m a l l .  T h i s  would make 

a c c u r a t e  m easu rem en ts  v e r y  d i f f i c u l t  s i n c e  t h e  d e c l i n e  i n  s p e c i f i c  a c t i v i t y  

o v e r  t im e  i s  e x p o n e n t i a l .  B ecause  t y r o s i n e  i s  In v o lv e d  i n  many d i f f e r e n t  

m e t a b o l i c  p a th w ay s ,  i t  i s  d i f f i c u l t  t o  s u c c e s s f u l l y  s e p a r a t e  t h e  m e t a b o l i t e s  

one I s  i n t e r e s t e d  i n  from t h e  o t h e r s .  F u r t h e r m o r e ,  t h e  l a b e l e d  t y r o s i n e  

remaina  in  t h e  b r a i n  f o r  a l o n g  p e r i o d  a f t e r  i n j e c t i o n . s o  t h a t  s y n t h e s i s  

c o n t i n u e s  and t u r n o v e r  i s  u n d e r e s t i m a t e d  (U d e n f r l e n d  and Z a l t z m a n - N i r e n b e r g ,



1963) .  The DA s p e c i f i c  a c t i v i t y  w i l l  be i n  p a r t  d e te r m in e d  by t h e  s p e c i f i c  

a c t i v i t y  o f  t h e  p r e c u r s o r .  T h e r e f o r e  i t  1b im p o r t a n t  t o  c o r r e c t  f o r  t h e  

chan g in g  s p e c i f i c  a c t i v i t y  o f  t h e  p r e c u r s o r  in  making c a l c u l a t i o n s .  However, 

s i n c e  t y r o s i n e  a c t s  as a p r e c u r s o r  i n  many m e t a b o l i c  pa thw ays ,  i t s  t o t a l  

s p e c i f i c  a c t i v i t y  may n o t  a c c u r a t e l y  r e f l e c t  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  

poo l  in v o lv e d  i n  CA s y n t h e s i s .

(b) DOPA: By i n j e c t i n g  l a b e l e d  DOPA, one can b y - p a s s  t h e  r a t e - l i m i t i n g

s t e p  i n  CA b i o s y n t h e s i s  and o b t a i n  a g r e a t e r  d e g re e  o f  i n c o r p o r a t i o n  o f  

l a b e l  th a n  w i th  t y r o s i n e .  However, t h e  r a t e  o f  i n c o r p o r a t i o n  can n o t  be 

used as  an index  o f  t h e  r a t e  o f  s y n t h e s i s  s i n c e  t h e  r a t e - l i m i t i n g  s t e p  i s  

no t  i n v o lv e d  i n  t h e  c o n v e r s i o n  o f  DOPA t o  DA. F u r th e r m o r e ,  s i n c e  t h e  enzyme 

which d e c a r b a x y l a t e a  DOPA t o  DA (L - a r o m a t i c  amino a c i d  d e c a r b o x y l a s e )  i s  

r e l a t i v e l y  n o n - s p e c i f i c ,  DOPA can be d e c a r b o x y l a t e d  i n  n o n -d o p a m in e rg ic  

n e u r o n s .

3. S y n t h e s i s  i n h i b i t i o n :  The r a t e - l i m i t i n g  s t e p  i n  CA b i o s y n t h e s i s

can be i n h i b i t e d  by  I n j e c t i o n  o f  ^ - m e t h y l - p - t y r o s i n e .  I t  i s  assumed t h a t  

a f t e r  s y n t h e s i s  i n h i b i t i o n ,  t h e  r a t e  o f  amine d i s a p p e a r a n c e  w i l l  be c o r ­

r e l a t e d  w i t h  t h e  r a t e  o f  amine u t i l i z a t i o n .  A MPT i s  a r e v e r s i b l e  and com­

p e t i t i v e  i n h i b i t o r  o f  t h e  c o n v e r s i o n  o f  t y r o s i n e  t o  DOPA, and a d e q u a te  

c o n c e n t r a t i o n s  o f  th e  d rug  must be m a i n t a i n e d  in  o r d e r  t o  e n s u r e  c o n t in u e d  

maximal i n h i b i t i o n .

A d rug  which i n h i b i t s  CA s y n t h e s i s  would be e x p e c t e d  to  have c e n t r a l  

ne rvous  sys tem  as  w e l l  a s  au tonomic  e f f e c t s .  S p e c t o r  e t  a l .  (1965) found a 

r e d u c t i o n  in  m o to r  a c t i v i t y  and m usc le  to n e  a s  w e l l  a s  m io s i s  a f t e r  the  

a d m i n i s t r a t i o n  o f  AMFT. These e f f e c t s  cou ld  be r e v e r s e d  by th e  a d m i n i s t r a t i o n  

o f  DOPA, b u t  not  5-HTF,
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4 .  I n h i b i t i o n  o f  m e t a b o l i s m :  A monoamine o x i d a s e  i n h i b i t o r  i s

a d m i n i s t e r e d  t o  i n h i b i t  t h e  m e ta b o l i s m  o f  t h e  am ine .  The r e s u l t i n g  d e c r e a s e  

i n  m e t a b o l i t e  l e v e l s  o r  i n c r e a s e  in  amine  l e v e l s  i s  m easured  o v e r  t i m e .

I t  i s  hoped t h a t  t h e  r a t e  a t  which  t h e s e  changes  t a k e  p l a c e  r e f l e c t s  th e  

r a t e  o f  amine m e ta b o l i sm  u n d e r  normal  c o n d i t i o n s .

T o z e r ,  N e f f ,  and B ro d ie  (1966) used  t h i s  method t o  e s t i m a t e  5-HT 

t u r n o v e r  i n  r a t  b r a i n .  They a d m i n i s t e r e d  an  MAO i n h i b i t o r  and measured  

b o th  t h e  I n c r e a s e  in  5-HT l e v e l s  and t h e  d e c r e a s e  in  m e t a b o l i t e  ( 5 - h y d r o x y -  

i n d o l e a c e t l c  a c i d ,  5-HIAA) o v e r  t i m e .  The l e v e l s  o f  5-HIAA d e c l i n e d  e x ­

p o n e n t i a l l y  a f t e r  t h e  a d m i n i s t r a t i o n  o f  an MAO I n h i b t o r .  P l o t t i n g  t h e  log  

o f  5-HIAA c o n c e n t r a t i o n  a s  a f u n c t i o n  o f  t im e  p roduced  a s t r a i g h t  l i n e  and 

t h e  s l o p e  o f  t h i s  l i n e  enab led  a r a t e  c o n s t a n t  f o r  5-HIAA f o r m a t i o n  t o  be  

c a l c u l a t e d .  M u l t i p l y i n g  t h e  r a t e  c o n s t a n t  by t h e  s t e a d y - s t a t e  l e v e l  o f  

5-HIAA gave a f i g u r e  f o r  t h e  t u r n o v e r  o f  5-HIAA. T h i s  f i g u r e  sh o u ld  be e q u a l  

t o  t h e  r a t e  o f  5-HT t u r n o v e r  u n d e r  s t e a d y - s t a t e  c o n d i t i o n s .  They a l s o  

m easured  changes  i n  5-HT l e v e l s  a f t e r  MAO i n h i b i t i o n ,  and found l i n e a r  

I n c r e a s e s  up t o  90 m i n u t e s .  C a l c u l a t i o n s  o f  5-HT sy n th e o iB  b ased  on 5-HT 

l e v e l s  a f t e r  MAO i n h i b i t i o n  a g r e e d  v e r y  w e l l  w i t h  t h e  c a l c u l a t i o n s  b a se d  on 

5-HIAA l e v e l s .

Methods f o r  t u r n o v e r  e s t i m a t i o n  which  depend on m e t a b o l i t e  f o r m a t i o n  

and e l i m i n a t i o n  a r e  most  s u i t a b l e  f o r  s u b s t a n c e s  su ch  as  5-HT f o r  which  t h e r e  

i a  t h o u g h t  t o  be  one  main m e t a b o l i t e .  When t h e  m e t a b o l i c  pa thway i s  more 

complex ,  as  i t  i s  f o r  t h e  c a t e c h o l a m i n e s ,  t h e s e  methods  may be l e s s  a c c u r a t e .  

I t  i s  a lw ay s  p o s s i b l e  t h a t  an I m p o r t a n t  m e t a b o l i t e  i s  n o t  b e i n g  measured  o r  

t h a t  m e ta b o l i s m  i s  b e i n g  s h i f t e d  t o  an a l t e r n a t e  r o u t e .  S i m i l a r l y ,  i f  

m e ta b o l i s m  i s  b l o c k e d ,  some amine may be l o s t  by d i f f u s i o n .
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5 .  I n h i b i t i o n  o f  m e t a b o l i t e  t r a n s p o r t :  P r o b e n e c i d  i s  a d r u g

which  h a s  been  found t o  b l o c k  t h e  a c t i v e  t r a n s p o r t  o f  some a c i d i c  m e t a b o l i t e s  

o u t  o f  t h e  b r a i n  ( N e f f ,  T o z e r ,  and B r o d i e , 1967; W e r d i n i u s ,  1 9 6 7 ) .  I t  

a p p e a r s  t o  work  by c o m p e t i t i v e  i n h i b i t i o n  o f  t h e  o r g a n i c  a c i d  t r a n s p o r t  

s y s t e m  (F ishm an ,  1 9 6 6 ) ,

N e f f ,  T o z e r ,  and B ro d ie  (1967)  m easu red  t h e  r a t e  o f  5-HIAA a c c u m u la ­

t i o n  i n  t h e  b r a i n s  o f  r a t s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  p r o b e n e c i d .  They

found t h a t  t h e  l e v e l s  o f  5-HIAA i n c r e a s e d  l i n e a r l y  f o r  90 m i n u t e s .  The

r a t e  o f  a c c u m u l a t i o n  was assumed t o  be  e q u a l  t o  t h e  r a t e  o f  5-HIAA f o r m a t i o n .  

The t u r n o v e r  f i g u r e  a r r i v e d  a t  a g re e d  v e r y  w e l l  w i t h  t h e  one c a l c u l a t e d  a f t e r  

i n h i b i t i n g  t h e  f o r m a t i o n  o f  5-HIAA by a d m i n i s t e r i n g  an  MAO I n h i b i t o r .

P r o b e n e c i d  a l s o  i n h i b i t s  t h e  t r a n s p o r t  o f  HVA o u t  o f  t h e  b r a i n .  

W e r d in iu s  (1967)  found a 2 t o  3 f o l d  I n c r e a s e  i n  s t r i a t a l  HVA l e v e l s  3 .5  

h o u r s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  200 mg/kg p r o b e n e c i d  t o  r a t s .

When d r u g s  a r e  used  t o  m easu re  t u r n o v e r ,  t h e r e  a r e  c e r t a i n  c o n s i d e r a ­

t i o n s  t h a t  s h o u l d  be k e p t  i n  mind .  F i r s t  o f  a l l ,  when an e x p e r i m e n t a l  and 

c o n t r o l  g ro u p  a r e  b e i n g  compared t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e  two g roups  

migh t  show d i f f e r e n t i a l  s e n s i t i v i t y  t o  t h e  d r u g  o r  t h a t  t h e r e  m ig h t  be  an 

I n t e r a c t i o n  b e tw ee e n  t h e  e f f e c t  o f  t h e  d r u g  and t h e  e x p e r i m e n t a l  c o n d i t i o n s . 

A l s o ,  most d r u g s  have  more t h a n  one e f f e c t ,  even  though  t h e  i n v e s t i g a t o r  may 

n o t  be aware  o f  a l l  o f  them. Drugs  t h a t  have  c e n t r a l  n e rv o u s  s y s te m  e f f e c t s  

change t h e  b e h a v i o r  o f  t h e  a n im a l  and may have  s e c o n d a r y  e f f e c t s  b e c a u s e  o f  

t h i s .  F u r t h e r m o r e ,  one i s  a t t e m p t i n g  t o  g a i n  i n f o r m a t i o n  a b o u t  t h e  n o rm a l  

s t a t e  o f  t h e  s y s te m  by I n t e r f e r i n g  w i t h  s t e a d y - s t a t e  c o n d i t i o n s ,  t h a t  i s ,  

by i n h i b i t i n g  s y n t h e s i s  o r  m e t a b o l i s m .  S y n t h e s i s  i n h i b i t i o n  may I n t e r f e r e  

w i t h  amine u t i l i z a t i o n  and may g i v e  r e s u l t s  which  do  n o t  a c c u r a t e l y  r e f l e c t
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s t e a d y - s t a t e  c o n d i t i o n s .  S i m i l a r l y ,  i n h i b i t i o n  o f  CA m e ta b o l i s m  w i t h  an 

MAO i n h i b i t o r  i s  known t o  d e c r e s s e  t h e  r a t e  o f  amine s y n t h e s i s  by a  p r o c e s s  

o f  e n d - p r o d u c t  i n h i b i t i o n  (Jav o y  e t  a l . , 1 9 7 2 ) ,

P r e s e n t  Approach 

I t  was d e c i d e d  t o  a d o p t  an a p p ro a c h  tow ard  t u r n o v e r  t h a t  would 

I n v o l v e  m e a s u r in g  m e t a b o l i t e s .  T h i s  would a v o id  t h e  d a n g e r s  o f  l a b e l e d  

DA b e i n g  t a k e n  up n o n s p e c i f i c a l l y  and c h a n g in g  s t e a d y - s t a t e  c o n d i t i o n s  o f  DA, 

o r  l a b e l e d  DOPA b e in g  m e t a b o l i z e d  t o  DA in  n o n - d o p a m in e r g i c  n e u r o n s .  

F u r th e r m o r e  i t  was f e l t  t h a t  m e a s u r in g  m e t a b o l i t e s  would r e s u l t  in  t h e  

most  d e t a i l e d  a n a l y s i s  o f  t h e  s y s te m  s i n c e  p r e s e n t  c o n c e p t s  c o n c e r n i n g  CA 

m e ta b o l i sm  d e s c r i b e  two r o u t e s  o f  i n a c t i v a t i o n .  The amine may be d e a m ln a te d  

i n t r a c e l l u l a r l y  by m i t o c h o n d r i a l  MAO, o r  i t  may be i n a c t i v a t e d  e x t r s n e u r o n a l l y  

by COMT.

M e t a b o l i t e  l e v e l s  were m easu red  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :

a )  b a s e l i n e  l e v e l s

b )  l e v e l s  f o l l o w i n g  p r o b e n e c i d

c) l e v e l s  f o l l o w i n g  p a r g y l i n e
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F l u r o m e t r l c  Assay  o f  DA M e t a b o l i t e s

F l u o r o m e t r i c  methods o f  m e a s u r i n g  HVA have  been  d e s c r i b e d  In  t h e  

l i t e r a t u r e .  I n i t i a l  a t t e m p t s  t o  s e t  up t h e  method o f  Gerbode and Bowers

(1968)  were  u n s u c c e s s f u l .  B r a in  sam ples  were  homogenized i n  0 . 4  N 

p e r c h l o r i c  a c i d  and c e n t r i f u g e d .  The pH was a d j u s t e d  t o  5 . 5  w i th

and t h e  sam ples  were  c e n t r i f u g e d  a g a i n .  The s u p e r n a t a n t  was a c i d i f i e d ,

s a t u r a t e d  w i t h  NaCl,  and t h e  a c i d s  were  e x t r a c t e d  I n t o  e t h y l  a c e t a t e .  The 

a c i d s  were  t h e n  b a ck  e x t r a c t e d  i n t o  p h o s p h a te  b u f f e r ,  pH 8 . 5 .  A f t e r  

a d j u s t i n g  t o  an a l k a l i n e  pH, HVA was o x i d i z e d  w i t h  K^Fe(CN)g and t h e  

o x i d a t i o n  i n t e r r u p t e d  w i t h  c y s t e i n e .  F l u o r e s c e n c e  s p e c t r a  were r e c o r d e d .

T h i s  m e thod ,  o r i g i n a l l y  i n t e n d e d  f o r  c e r e b r o s p i n a l  f l u i d ,  gave 

v e r y  h i g h  b l a n k s  which would o b s c u r e  t h e  HVA p e a k s .  The s o u r c e  o f  t h e s e

e l e v a t e d  b l a n k s  was found t o  be t h e  e t h y l  a c e t a t e , which would  mix t o  a

c e r t a i n  e x t e n t  w i t h  t h e  p h o s p h a te  b u f f e r .  E f f o r t s  t o  r e d u c e  t h e  b l a n k s  

by u s i n g  d i f f e r e n t  o r g a n i c  s o l v e n t s ,  d i f f e r e n t  b u f f e r s ,  d i f f e r e n t  c o n c e n t r a ­

t i o n s ,  e t c .  were  a l l  u n s u c c e s s f u l .

B e t t e r  r e s u l t s  were  o b t a i n e d  u s i n g  t h e  f l u o r o m e t r i c  method o f  

Anden e t  a l .  ( 1 9 6 3 ) .  A f t e r  h o m o g e n iz a t io n  i n  0.4N p e r c h l o r i c  a c i d  and 

c e n t r i f u g a t i o n ,  b r a i n  sam ples  were  a d j u s t e d  t o  pH 6 . 5  w i th  KjCO^ and r e  - 

c e n t r i f u g e d .  The s u p e r n a t a n t  was washed w i t h  c h l o r o f o r m .  The aqueous  

p h ase  was a c i d i f i e d ,  s a t u r a t e d  w i t h  NaCl ,  and t h e  a c i d s  w ere  e x t r a c t e d  

I n t o  e t h e r .  Any s a l t  w a t e r  which  m igh t  have  re m a in ed  in  t h e  o r g a n i c  

phase  was removed by p l a c i n g  t h e  e t h e r  In  a d r y  i c e - a c e t o n e  b a t h  f o r  1 h o u r ,  

t h e n  Im m ed ia te ly  f i l t e r i n g .  The a c i d s  w ere  b a ck  e x t r a c t e d  I n t o  T r i s - a c e t a t e



b u f f e r ,  pH 8 . 5 .  A f t e r  a d d in g  NH^OH, HVA was o x i d i s e d  w i t h  l ^ F e f C N ) ^  The 

o x i d a t i o n  was s to p p e d  by t h e  a d d i t i o n  o f  c y s t e i n e  and t h e  f l u o r e s c e n c e  

s p e c t r u m  r e c o r d e d .

R e s u l t s  were  good ,  w i t h  s a t i s f a c t o r y  b l a n k s  and 887. r e c o v e r y .

However,  t h e  s e n s i t i v i t y  o f  t h e  method would  n o t  a l l o w  d e t e r m i n a t i o n s  on 

sam ples  from s i n g l e  a n i m a l s .  S e v e r a l  b r a i n  sam ples  would have t o  be p o o l e d ,  

a s  r o u t i n e l y  r e p o r t e d  i n  th e  l i t e r a t u r e .  F u r t h e r m o r e ,  K i r s c h b e r g  (1972) 

found t h a t  o t h e r  a c i d  m e t a b o l i t e s  p r e s e n t  i n  b i o l o g i c a l  s a n p l e s  I n t e r f e r e  

w i th  t h e  f o r m a t i o n  o f  t h e  HVA f l u o r o p h o r e  (a  d im e r  o f  HVA), and t h i s  

g i v e s  f a l s e l y  lowered  v a l u e s .

I n i t i a l l y ,  DOPAC was a l s o  m easu red  f l u r o m e t r i c a l l y . The e x t r a c t i o n  

p r o c e d u r e  was i d e n t i c a l  t o  t h e  one u sed  in  t h e  HVA a s s a y .  A f t e r  t h e  DOPAC 

was e x t r a c t e d  i n t o  T r i a - a c e t a t e  b u f f e r ,  pH 8 . 5 ,  i t  was r e a c t e d  w i t h  a 

f r e s h  m i x t u r e  o f  r e d i s t i l l e d  e t h y l e n e d i a m i n e  and AM NH^Cl ( 1 : 1 . 3  v / v ) .

The sam ples  were  h e a t e d  i n  a w a t e r  b a t h  a t  50°C f o r  20 m i n u t e s  w i t h  s h a k i n g  

and t h e  e x c l u s i o n  o f  l i g h t .  A f t e r  c o o l i n g  t o  room t e m p e r a t u r e ,  s am p les  

were  r e a d  i n  t h e  f l u o r o m e t e r .

The most  s e v e r e  l i m i t a t i o n  o f  t h i s  a s s a y  was e s t a b l i s h i n g  a 

s a t i s f a c t o r y  b l a n k .  The use  o f  H2O2 t o  d e s t r o y  f l u o r e s c e n c e  was u n s a t i s f a c t o r y .  

An u n h e a t e d  b l a n k  gave  f a l s e l y  lowered  f l u o r e s c e n c e .  Running a b r a i n  a r e a  which  

s h o u ld  have  low l e v e l s  o r  no DOPAC (such  a s  th e  c e r e b e l l u m )  was d e c i d e d  

upon a s  t h e  b e s t  s o l u t i o n ,  b u t  t h i s  was f a r  from an i d e a l  b l a n k .

S i n c e  t h e  f l u o r o m e t r i c  methods a v a i l a b l e  f o r  t h e  d e t e r m i n a t i o n  o f  HVA 

and DOPAC were  l e s s  t h a n  s a t i s f a c t o r y ,  an  a t t e m p t  was made t o  d e v i s e  a 

s e n s i t i v e  and s p e c i f i c  gas  c h r o m a t o g r a p h i c  method .

Gas C h ro m a to g ra p h ic  A ssay  o f  DA M e t a b o l i t e s

An I n i t i a l  a t t e m p t  t o  m easure  HVA I n v o lv e d  e x t r a c t i n g  from an a c i d i f i e d  

sample  i n t o  e t h y l  a c e t a t e  and b a c k  e x t r a c t i n g  t h e  a c i d s  i n t o  f^CO^. The
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aq u eo u s  p hase  was a c i d i f i e d  and s a t u r a t e d  w i t h  NaCl ,  and HVA was e x t r a c t e d  

i n t o  e t h y l  a c e t a t e .  The a c i d s  were  e s t e r f l e d  u s i n g  p e n t a f l u o r o p r o p i o n i c  

a n h y d r i d e  (FFPA) and p e n t a f l u o r o p r o p a n o l  ( P F P ) . I n  u s i n g  t h i s  m e thod ,  t h e  

s a l t s  u sed  in  t h e  e x t r a c t i o n  p r o c e d u r e  were  c a r r i e d  o v e r  a n d ,  b e i n g  h y d r o s c o p i c ,  

l e d  t o  h y d r o l y s i s  o f  t h e  d e r i v a t i v e .

A s i m p l i f i e d  p r o c e d u r e  In v o lv e d  w ash ing  t h e  a c i d i f i e d  s am p le s  w i th  

t o l u e n e ,  t h e n  e x t r a c t i n g  t h e  a c i d s  i n t o  e t h y l  a c e t a t e .  HVA was r e a c t e d  w i th  

PFPA and PFP.

R e s u l t s  from t h e  l a s t  p r o c e d u r e  were  v e r y  v a r i a b l e ,  f r e q u e n t l y  

y i e l d i n g  no p e a k s .  E v e n t u a l l y  i t  was d i s c o v e r e d  t h a t  a c o n t a m i n a n t  i n  t h e  

e t h y l  a c e t a t e  was o x i d i z i n g  t h e  a c i d s .  D i f f e r e n t  b r a n d s  and b a t c h e s  o f  

e t h y l  a c e t a t e  were  t e s t e d ,  g i v i n g  v a r i a b l e  r e s u l t s .  S u b s t i t u t i o n  o f  e t h e r  

f o r  e t h y l  a c e t a t e  r e s u l t e d  in  lo w er  b a c k g r o u n d ,  a s  t h e  e t h e r  e x t r a c t e d  l e s s  

i n t e r f e r i n g  m a t e r i a l  from t h e  s am p le .  The a d d i t i o n  o f  sodium d i e t h y l d l t h i o -  

c a r b a m a te  t o  t h e  e t h e r  (1 m g / lb  e t h e r )  r e s u l t e d  i n  improved r e c o v e r y  and 

r e p r o d u c i b i l i t y  o f  t h e  method.  M oreover ,  i t  was found t h a t  DOPAC c o u ld  

be e x t r a c t e d  t o g e t h e r  w i th  HVA and b o th  m e t a b o l i t e s  m easured  s i m u l t a n e o u s l y .

The p r o p i o n i c  a c i d  homologs o f  HVA and DOPAC were  used  a s  i n t e r n a l  

s t a n d a r d s .

F i n a l  P r o c e d u r e  

M a t e r i a l s  and r e a g e n t s :

1.  P e n t  af l u o r o p r o p i o n i c  a n h y d r i d e  (PFPA): P i e r c e  Chem ica l  C o . ,  R o c k f o r d ,  111.

2. 2 , 2 , 3 , 3 , 3 - p e n t a f l u o r o - l - p r o p a n o l  (PFP) :  P e n i n s u l a  Chem ica l  R e s e a r c h ,

G a i n e s v i l l e ,  F l a .

3.  H o m o v a n i l l i c  a c i d  (HVA): Sigma C hem ica l  C o . ,  S t .  h o u i s ,  Mo.

4 .  3 , 4 - d i h y d r o x y p h e n y l a c e t i c  a c i d  (DOPAC): Sigma C hem ica l  Co.

5.  4 - h y d r o x y - 3 - m e t h o x y p h e n y l p r o p i o n i c  a c i d  (HMPPA): P r e p a r e d  from 4 - h y d r o x y - 3 -

m e th o x y c in n am ic  a c i d  ( A l d r i c h  Chem ica l  C o . ,  Milwaukee ,  W i s . )  by  c a t a l y t i c
“ v

h y d r o g e n a t i o n  ( S j o q u l s t  and A nggard ,  1 9 7 2 ) .
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6.  3 ,4 - d ih y d r o x y p h e n y l p r o p i o n i c  a c i d  (DOPPA): A l d r i c h  Chemical Co.

7. E t h e r :  E l e c t r o n i c g r a d e  E-138 ,  F i s h e r  Chemical C o . ,  P i t t s b u r g h ,  Pa.

1 mg sodium d l e t h y l d i t h i o c a r b a m a t e  was added t o  each  1 l b  can o f  

e t h e r  t o  r e t a r d  p e r o x id e  fo r m a t i o n  and i n c r e a s e  r e c o v e r y .  The 

e t h e r  was s t o r e d  in  t h e  r e f r i g e r a t o r .

8. IN HC1

9. T o luene :  Nanograde ,  M a l i n k c r o d t .

Rats  were k i l l e d  by d e c a p i t a t i o n  and t h e  s t r i a t u m  r a p i d l y  d i s s e c t e d  

ou t  and homogenized in  1 ml IN HC1. The homogenate was c e n t r i f u g e d  in  t h e  

c o ld  a t  12 ,000  g f o r  10 m i n u t e s .  T y p i c a l l y  lOO^ul o f  t h e  s u p e r n a t a n t  

was removed f o r  a n a l y s i s .  T h i s  was u s u a l l y  e q u i v a l e n t  t o  6 -9  mg o f  t i s s u e .  

HMPPA and DOPPA, t h e  p r o p i o n i c  a c i d  homologs of  HVA and DOPAC, were added 

a s  i n t e r n a l  s t a n d a r d s .  The samples  were e x t r a c t e d  w i th  1 ml t o l u e n e ,  

which was t h e n  d i s c a r d e d .  They were  th e n  e x t r a c t e d  w i th  1 ml c o ld  e t h e r .

The e t h e r  was t r a n s f e r r e d  t o  a s m a l l  s l l a n l z e d  g l a s s  tube  and e v a p o r a t e d  

to  d r y n e s s  u n d e r  n i t r o g e n .  The r e s i d u e  was d e r l v a t i z e d  by r e a c t i n g  w i th  

40 ^ul o f  PFPA and 1 0 ^ i l  o f  PFP f o r  10 m in u te s  a t  75°C. The tu b e s  were 

co o led  u n d e r  t a p  w a t e r ,  and t h e  e x c e s s  r e a g e n t s  blown o f f  u n d e r  n i t r o g e n .

An a d d i t i o n a l  25 j i l  o f  PFPA was added and a l lo w ed  t o  r e a c t  f o r  5 m in u te s  

a t  75°C. Again  t h e  tu b es  were co o led  under  t a p  w a te r  and t h e  e x c e s s  r e a g e n t  

removed under  n i t r o g e n .  The r e s i d u e  was d i s s o l v e d  in  100^*1 e t h y l  a c e t a t e  and ,  

t y p i c a l l y ,  1 ^ i l  was i n j e c t e d  o n to  t h e  gas  chrom atograph  f o r  a n a l y s i s .  The 

f l o w - d ia g r sm  f o r  t h e  p ro c e d u re  can be seen  i n  F ig u r e  1.
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F i g u r e  1 .  E x t r a c t i o n  and d e r l v a t i z a t I o n  p r o c e d u r e  f o r  t h e  a s s e s a m e n t  o f  

DOPAC and HVA.
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A P a c k a r d  7400 s e r i e s  gas  ch ro m a to g ra p h  was u s e d .  I n j e c t i o n s  were  

made o n t o  a c o l l e d  g l a s s  column m e a s u r in g  6 f t  by 4 mn ID and packed w i t h  

3% JXR c o a t e d  on gas  chrotn Q 100 /1 2 0  mesh (A p p l ied  S c i e n c e  L abs .  , S t a t e  

C o l l e g e ,  P a . )  The t r i t i u m  s o u r c e  o f  t h e  e l e c t r o n  c a p t u r e  d e t e c t o r  was a 

150 mCl t r i t i u m  f o i l .

N i t r o g e n  was u sed  a s  t h e  c a r r i e r  gas  a t  a f l o w  r a t e  o f  60 m l /m ln .  The 

i n l e t  t e m p e r a t u r e  was 175°C, t h e  column 135°C, and t h e  d e t e c t o r  180°C.

C a l c u l a t i o n s  were  b a se d  on t h e  peak  h e i g h t  o b t a i n e d  w i t h  known amounts  

o f  HVA and DOPAC a s  compared t o  t h e i r  r e s p e c t i v e  i n t e r n a l  s t a n d a r d s .  These  

were  4 - h y d r o x y - 3 - m e t h o x y p h e n y l p r o p l o n i c  a c i d  (HMPPA) and 3 , 4 - d i h y d r o x y -  

p h e n y l p r o p l o n l c  a c i d  (DOPPA), t h e  p r o p i o n i c  a c i d  homologs o f  HVA and DOPAC. 

These  c o n t a i n  t h e  same f u n c t i o n a l  g ro u p s  a s  HVA and DOPAC, d i f f e r i n g  o n ly  

by t h e  p r e s e n c e  o f  one a d d i t i o n a l  m e th y le n e  g roup  on th e  s i d e  c h a i n  ( F i g .

2 ) .  The I n c r e a s e d  l e n g t h  o f  t h e  s i d e  c h a i n  I n c r e a s e d  t h e  r e t e n t i o n  t im e  

o f  t h e s e  compounds,  e n a b l i n g  them t o  be  s e p a r a t e d  from HVA and DOPAC.

No p eak s  w ere  found in  s t r i a t a l  t i s s u e  c o i n c i d i n g  w i t h  t h o s e  o f  t h e  i n t e r n a l  

s t a n d a r d s .  The HMPPA: HVA and DOPPA: DOPAC r e s p o n s e  f a c t o r s  were  e s t i m a t e d  

and  used  t o  d e t e r m i n e  t h e  unknown amounts  o f  HVA and DOPAC i n  t h e  s a m p l e s .
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F i g u r e  2.  I n t e r n a l  s t a n d a r d s  f o r  DOPAC and HVA a s s a y .



J
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I N T E R N A L  S T A N D A R D S  FOR DOPAC A N D  H VA A S SA Y

HO  —̂  Q  ^ - c h 2 c h 2 c o o h  

HO'

H 0  \  O  / - C H 2 C H 2 C O O H  

CH30 '

3,4-Di hydroxy phenyl propionic acid 

(DOPPA)

4 -h y d ro x y - 3 -methoxy phenyl propionic ocic 

{ HMPPA)



67

R e s u l t s

The d e r l v a t l z s t l o n  r e a c t i o n s  f o r  DOPAC and f o r  HVA a r e  shown in  

F i g u r e s  3 and 4 r e s p e c t i v e l y .  The s t r u c t u r e s  o f  t h e  d e r i v a t i v e s  wefe  

c o n f i r m e d  by  mass  s p e c t r o m e t r y  ( F i g u r e s  5 and 6 ) .

F i g u r e  7 shows a t y p i c a l  chromatogram a s s e s s i n g  m e t a b o l i t e  l e v e l s  in  

7 mg r a t  s t r i a t a l  t i s s u e .  The s e n s i t i v i t y  o f  t h e  p r o c e d u r e  a l l o w e d  f o r  

t h e  q u a n t i t a t i o n  o f  b o th  m e t a b o l i t e s  i n  a s  l i t t l e  a s  1 mg s t r i a t a l  t i s s u e  

( F i g u r e  8 ) .  C o n t r o l  r a t  s t r i a t a l  t i s s u e  was found t o  c o n t a i n  0 . 9 0  >ug/g 

+  0 .2 1  S .D .  (N-12)  DOPAC and 0 . 6 6  >ug/gm + 0 . 1 6  S ,D . (N-12) HVA.

S p e c i f i c i t y  was d e t e r m i n e d  on s e v e r a l  column p a c k i n g s .  The 

r e t e n t i o n  t im e  o f  t h e  sample  HVA d e r i v a t i v e  was compared t o  t h a t  o f  t h e  

s t a n d a r d  HVA d e r i v a t i v e  on columns o f  JXR, OV-1. 0V-17,  S i l a r  5-CP,  and OV-225. 

The sample  and s t a n d a r d  DOPAC d e r i v a t i v e s  were compared on columns o f  JXR,

0V-1 ,  and S E -54 .  B es t  r e s u l t s  were  o b t a i n e d  on a 37. JXR column a t  H 5 ° C .

F u r t h e r  e v i d e n c e  f o r  s p e c i f i c i t y  was t h e  a b s e n c e  o f  DOPAC and HVA 

peaks  In  s am p le s  o b t a i n e d  from r a t  h y p o th a la m u s  ( F i g u r e  9) an a r e a  i n  which  

DA l e v e l s  a r e  low ( L a v e r t y  and Sharman,  1 9 6 5 ) .

Drug s t u d i e s  were  c a r r i e d  o u t  t o  o b t a i n  f u r t h e r  e v i d e n c e  f o r  s p e c i f i c i t y .  

R a t s  were  I n j e c t e d  w i t h  p r o b e n e c i d  (200 m g/kg ,  i p )  and t h e i r  s t r i a t a l  m e t a b o l i t e  

l e v e l s  m easured  two h o u r s  l a t e r .  The HVA c o n c e n t r a t i o n  d o u b le d  b u t  t h e r e  was 

no s i g n i f i c a n t  change  in  DOPAC l e v e l s .  A n o th e r  g ro u p  o f  r a t s  was i n j e c t e d

w i t h  p a r g y l i n e  (75 m g/kg ,  i p ) .  An h o u r  l a t e r  t h e  l e v e l s  o f  b o t h  DOPAC and

HVA had f a l l e n  t o  u n d e t e c t a b l e  am oun ts .

M e t a b o l i t e  r e c o v e r y  and  t h e  r e p r o d u c i b i l i t y  o f  t h e  method were  a s s e s s e d

by ad d in g  known amounts  o f  HVA and DOPAC t o  d i s t i l l e d  w a t e r  and r u n n i n g  m u l t i p l e  

s am p le s  t h r o u g h  t h e  p r o c e d u r e . The r e c o v e r y  o f  HVA was 95% w i t h  a s t a n d a r d  

d e v i a t i o n  o f  + 4%. DOPAC r e c o v e r y  was 847. w i t h  a s t a n d a r d  d e v i a t i o n  o f  + 5%.
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F i g u r e  3.  D e r i v e t i z a t i o n  r e a c t i o n  f o r  DOPAC.
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F i g u r e  4 .  D e r i v a t i z a t i o n  r e a c t i o n  f o r  HVA.
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r  . g u r e  5. Mass s p e c t r u m  o f  DOPAC d e r i v a t i v e .
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F i g u r e  6.  Mass s p e c t r u m  o f  HVA d e r i v a t i v e .
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F i g u r e  7 .  Chromatogram o f  DOPAC and HVA in  7 mg r a t  s t r i a t a l  t i s s u e .
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F i g u r e  8 .  ChromaCogran o f  DOPAC and HVA In  1 mg r a t  s t r i a t a l  t i s s u e .
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F i g u r e  9.  Chromatogram o f  r a t  h y p o th a lam u s  I l l u s t r a t i n g  t h e  l a c k  

peaks  f o r  DOPAC and HVA.
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M e ta b o l i te  L eve ls  Four Weeks a f e r  S u rg e ry

The f r o n t a l  c o r t e x  was a b l a t e d  i n  a  g ro u p  o f  r a t s  a s  a l r e a d y  d e s c r i b e d ;

a sham g ro u p  was a l s o  p r e p a r e d .  F o u r  weeks a f t e r  s u r g e r y , t h e  a n i m a l s  

were  k i l l e d  and s t r i a t a l  HVA and DOPAC m easu red  by gas  c h r o m a to g r a p h y .

Some a n i m a l s  r e c e i v e d  an  i p  i n j e c t i o n  o f  200 mg/kg p r o b e n e c i d  (Merck,

S h a rp e  and Dohme) two h o u r s  b e f o r e  s a c r i f i c e .  As p r e v i o u s l y  d i s c u s s e d ,  

p r o b e n e c i d  h a s  been  found t o  b l o c k  t h e  t r a n s p o r t  o f  HVA o u t  o f  t h e  b r a i n  

( W e r d i n i u s ,  1 9 6 7 ) .  By m e a s u r i n g  t h e  i n c r e a s e  i n  HVA o v e r  t i m e ,  t h e  r a t e  

o f  m e ta b o l i s m  of  DA t o  HVA can be e s t i m a t e d .  The d ru g  was d i s s o l v e d  in  

0.1N NaOH and t h e  pH a d j u s t e d  t o  7 .

P r o b e n e c id  a d m i n i s t r a t i o n  r e s u l t e d  i n  a l a r g e  I n c r e a s e  i n  s t r i a t a l  

HVA l e v e l s  i n  b o t h  sham and f r o n t a l  a n i m a l s  ( T a b le  3 ) .  DOPAC l e v e l s  

were  u n a f f e c t e d  by t h e  d o s e  u sed  (T ab le  4 ) .  The d a t a  was s u b j e c t e d  t o  an 

a n a l y s i s  o f  v a r i a n c e .  F r o n t a l  a n i m a l s  were  found t o  have  s i g n i f i c a n t l y  

l o w e r  DOPAC l e v e l s  ( p ^ . 0 , 0 5 ) .  Ho s i g n i f i c a n t  d i f f e r e n c e  was found  i n  

HVA l e v e l s .  T h u s ,  a t  f o u r  weeks a f t e r  s u r g e r y ,  when t h e r e  i s  36% more DA 

i n  t h e  s t r i a t u m  o f  f r o n t a l  a n i m a l s ,  sham a n im a l s  were  found t o  have  24% 

more s t r i a t a l  DOPAC.

E a r lv  M e ta b o l i te  L e v e ls

M e t a b o l i t e  l e v e l s  were  m easu red  i n  a n o t h e r  g ro u p  t h r e e  days  a f t e r  

s u r g e r y  (T ab le  5 ) ,  b e f o r e  t h e  new s t e a d y - s t a t e  i n  DA l e v e l s  was a c h i e v e d .

Ho s i g n i f i c a n t  d i f f e r e n c e s  were  o b s e r v e d .
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B a s e l in e

P robenec id

TABLE 3

STRIATAL HVA FOUR WEEKS AFTER SURGERY

SKams 

0 . 7 5  + 0 .0 5  (N-7)

(200 mg/kg)  1 . 4 7  ±  0 .0 7  (N-12)

F r o n ta l ®

0 . 6 8  + 0 .0 7  (N-9) 

1 .3 2  +  0 . 0 9  (N-10)

V a lu e s  a r e  i n  / i g / g  + SEM
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TABLE 4

STRIATAL DOPAC FOUR WEEKS AFTER SURGERY

Shams F r o n t s l a

No d r u g  0 . 9 3  + 0 . 1 0  (N-7) 0 . 7 6  + 0 . 0 6  (N-9)

P r o b e n e c id  (200 mg/kg)  1 .0 1  + 0 . 0 9  (N-12)  0 .8 2  +  0 .0 7  (N-10) *

V a lu e s  a r e  i n  u g / g  +  SEM 

* p ^ 0 . 0 5 ,  a n a l y s i s  o f  v a r i a n c e
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HVA

DOPAC

TABLE 5

STRIATAL DA METABOLITES THREE DAYS AFTER SURGERY

Shams F r o n t a l a

0 .6 3  + 0 .0 7  (N-6) 0 .6 5  + 0 .0 3  (N-6)

0 . 8 9  ±  0 .1 2  (N-6)  0 .9 5  +  0 . 1 3  (N-6)

V a lu es  a r e  In  y ig /g  + SEM
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Use o f  Par g y l l n e  to  E v a lu a te  DA Turnover

T u r n o v e r  was e s t i m a t e d  by m e a s u r i n g  th e  d e c l i n e  In  m e t a b o l i t e  l e v e l s  

f o l l o w i n g  MAO I n h i b i t i o n .  P a r g y l l n e  was s e l e c t e d  t o  I n h i b i t  t h e  f o r m a t i o n  

o f  HVA and DOPAC. D i f f e r e n c e s  In  t h e  r a t e s  o f  d e c l i n e  o f  m e t a b o l i t e s  

f o l l o w i n g  p a r g y l l n e  would s u g g e s t  t h a t  t h e r e  I s  a d i f f e r e n c e  In  t u r n o v e r  

be tween  t h e  two g ro u p s  o f  r a t s .

R a t s  u nde rw en t  f r o n t a l  c o r t i c a l  a b l a t i o n  o r  a sham o p e r a t i o n  and 

were u sed  f o u r  weeks l a t e r .  The a n i m a l s  were  k i l l e d  and t h e  s t r i a t u m  

removed f o r  a s s a y  20 m i n u t e s  a f t e r  an  I p  I n j e c t i o n  o f  75 mg/kg p a r g y l l n e  ■ 

HC1 d i s s o l v e d  In  s a l i n e  (A b b o t t  L a b s . ) ,  o r  40 m i n u t e s  a f t e r  an i p  i n j e c t i o n  

o f  150 mg/kg p a r g y l l n e .  The two d o s e s  had been shown t o  be e q u i v a l e n t  In  

t h e i r  e f f e c t s .  They were  compared s o  a s  t o  e n s u r e  t h a t  t h e  lo w e r  dose  

r e s u l t e d  i n  c o m p le te  i n h i b i t i o n .  Twenty m in u te s  a f t e r  t h e  i n j e c t i o n  o f  

75 mg/kg p a r g y l l n e ,  u n l e s l o n e d  a n i m a l s  had 0 .1 7  + 0 .01  SEM u g /g  DOPAC and 

0 . 4 0  +  0 . 0 2  SEM^ug/g HVA in  t h e  s t r i a t u m .  Twenty m i n u t e s  a f t e r  t h e  

a d m i n i s t r a t i o n  o f  150 mg/kg p a r g y l l n e ,  s t r i a t a l  DOPAC was 0 . 1 8  + 0 .0 1  SEM 

Mg/g w h i l e  HVA was 0 . 3 9  + 0 . 0 1  SEM u g / g .

C a l c u l a t i o n s  f o r  M e t a b o l i t e  D a t a :  I n h i b i t i n g  MAO w i th  p a r g y l l n e

r e s u l t s  in  a d e c l i n e  in  m e t a b o l i t e  l e v e l s  which f o l l o w  s i m p l e  f i r s t  o r d e r  

k i n e t i c s  (W le se l  e t  a l . ,  1 9 7 3 ) .  The r a t e  o f  d e c l i n e  In m e t a b o l i t e  l e v e l s  

I s  d e s c r i b e d  by t h e  e q u a t i o n

- d m l  -  fct_Mj * ( l )
d t

Equa t ion  (1 )  can be r e a r r a n g e d  t o  g iv e

-dlMl -  k d t ,  (2 )
m
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and upon I n t e g r a t i o n  becomes

wherejj tc]  r e p r e s e n t s  m e t a b o l i t e  c o n c e n t r a t i o n  a t  t im e  z e r o ,  a n d { M j r e p r e s e n t s

m e t a b o l i t e  c o n c e n t r a t i o n  a t  some s u b s e q u e n t  t i m e .  At t h e  h a l f t i m e  o f  

m e t a b o l i t e  d e c l i n e ,  t h e  r a t i o  o f  |_M(^/^Mjwill be e q u a l  t o  2 ,  Thus

In ( Mol ■* In  2 * k t ^  
[M j *

C o n v e r t i n g  t o  common l o g s :

% *
(4 )

2 . 3  log  2 -  k t ^  

0 .6 9 3  -  k t ^

<5)

(6 )

By f i n d i n g  t h e  h a l f - t i m e  o f  m e t a b o l i t e  d e c l i n e  e x p e r i m e n t a l l y  and  

i n s e r t i n g  i t  i n t o  t h e  above e q u a t i o n ,  one can c a l c u l a t e  t h e  f r a c t i o n a l  

r a t e  c o n s t a n t  (k)  o f  m e t a b o l i t e  f o r m a t i o n .  One can  th e n  c a l c u l a t e  m e t a b o l i t e  

t u r n o v e r  a c c o r d i n g  t o  t h e  fo rm u la

S i n c e  t h e  d e c l i n e  in  m e t a b o l i t e  l e v e l s  o v e r  t ime  f o l l o w i n g  p a r g y l l n e  

I s  an e x p o n e n t i a l  f u n c t i o n ,  p l o t t i n g  t h e  l o g s  o f  t h e  m e t a b o l i t e  l e v e l s  s h o u ld  

g i v e  a s t r a i g h t  l i n e .  The b e s t  s t r a i g h t  l i n e s  were  p l o t t e d  by  t h e  method 

o f  l e a s t  s q u a r e s .  The y - l n t e r c e p t s ,  r e f l e c t i n g  s t e a d y - s t a t e  c o n c e n t r a t i o n s ,  

were found n o t  t o  d i f f e r  s i g n i f i c a n t l y  when sham and f r o n t a l  g ro u p s  were  

com pared .  However,  a s  d e t e r m i n e d  e x p e r i m e n t a l l y ,  t h e s e  d i f f e r e n c e s  a r e  

in  f a c t  s i g n i f i c a n t  f o r  DOPAC, th o u g h  n o t  f o r  HVA ( s e e  T a b l e s  3 and 4 ) .

The h a l f - t i m e s  ( t ^ )  o f  m e t a b o l i t e  d e c l i n e  were  o b t a i n e d  by  ex am in in g  

t h e  l i n e s .  These  f i g u r e s  were  i n s e r t e d  i n t o  t h e  e q u a t i o n

T u r n o v e r  “  k ( s t e a d y - s t a t e  c o n c e n t r a t i o n ) .

k t ^  -  0 . 6 9 3
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so  t h a t  t h e  f r a c t i o n a l  r a t e  c o n s t a n t s  co u ld  be c a l c u l a t e d .  By m u l t i ­

p l y i n g  t h e  f r a c t i o n a l  r a t e  c o n s t a n t s  by t h e  s t e a d y - s t a t e  c o n c e n t r a t i o n s ,  

t u r n o v e r  f i g u r e s  f o r  DOPAC and HVA were  c a l c u l a t e d .

Under s t e a d y - s t a t e  c o n d i t i o n s ,  t h e  r a t e  o f  DA s y n t h e s i s  s h o u ld

be e q u a l  t o  t h e  r a t e  o f  DA m e t a b o l i s m .  Assuming t h a t  most  o f  t h e  DA

in  th e  b r a i n  i s  c o n v e r t e d  t o  e i t h e r  DOPAC o r  HVA:

DA t u r n o v e r  =* nmoles  HVA/g/hr + nmoles  DOPAC/g/hr 

Sham Group: The h a l f - l i f e  f ° r  DOPAC was 0 , 1 9  h r  and th e

f r a c t i o n a l  r a t e  c o n s t a n t  ( k )  was 3 . 5 6  h r - ^ . By m u l t i p l y i n g  k by t h e  

s t e a d y - s t a t e  c o n c e n t r a t i o n  o f  DOPAC, a t u r n o v e r  r a t e  o f  1 9 .7  n m o l e s / g / h r  

was c a l c u l a t e d .  HVA had a t ^  o f  0 .3 1  h r  and a k v a l u e  o f  2 .27  h r " ^ .

The t u r n o v e r  was c a l c u l a t e d  t o  be 9 . 3  n m o l e s / g / h r .  Thus t o t a l  m e ta b o l i s m  

(DOPAC+HVA) was 2 9 . 0  n m o l e s / g / h r .

F r o n t a l  Group: DOPAC had a t ^  o f  0 .1 9  h r ,  a f r a c t i o n a l  r a t e

c o n s t a n t  o f  3 .67  h r “* , and t u r n o v e r  r a t e  of  1 6 .6  n m o l e s / g / h r .  The t ^

f o r  HVA was 0 . 3 1 ,  w i t h  a k o f  2 .2 7  h r  and a t u r n o v e r  r a t e  o f  8 . 5  n m o le s /  

g / h r .  T h i s  made a t o t a l  t u r n o v e r  r a t e  o f  2 5 .1  n m o l e s / g / h r .

Assuming t h a t  HVA and DOPAC a r e  t h e  m a jo r  m e t a b o l i t e s  o f  DA, t h e  

sum o f  t h e l i  r a t e s  o f  f o r m a t i o n  can be t a k e n  t o  r e p r e s e n t  t h e  r a t e  o f  DA 

m e t a b o l i s m .  Under  s t e a d y - s t a t e  c o n d i t i o n s ,  t h i s  would a l s o  be e q u i v a l e n t  

t o  t h e  r a t e  o f  DA s y n t h e s i s .  Thus ,  t h e  r a t e  o f  DA m e t a b o l i t e  f o r m a t i o n  

s h o u l d  be e q u a l  t o  t h e  r a t e  o f  DA t u r n o v e r .  By d i v i d i n g  t h e  r a t e  o f
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t u r n o v e r  by th e  s t e a d y - s t a t e  l e v e l  o f  DA, t h e  f r a c t i o n  o f  t h e  DA p o o l  

t h a t  I s  renewed p e r  u n i t  t im e  can be c a l c u l a t e d .  T h i s  l a  c a l l e d  t h e  

o r  f r a c t i o n a l  r a t e  c o n s t a n t  f o r  DA t u r n o v e r .  The in  sham

a n i m a l s  was found t o  be 0 .8 1  hr~^ w h i l e  in  f r o n t a l  a n i m a l s  i t  was o n ly  

0 .5 0  h r ' 1 .
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D i s c u s s i o n

Dopamine M e ta b o l i sm  In  Sham Ap-foslw

In o r d e r  t o  e s t i m a t e  DA t u r n o v e r  from t h e  r a t e  o f  f o r m a t i o n  o f  i t s  

m e t a b o l i t e s ,  t h e  f o l l o w i n g  a s s u m p t i o n s  w ere  made: (1 )  HVA and DOPAC a c c o u n t  

f o r  most DA m e t a b o l i s m .  (2) The two m e t a b o l i t e s  a r i s e  from s e p a r a t e  

p a th w ay s .  W i e s e l  e t  a l .  (1973)  c a r r i e d  o u t  t u r n o v e r  s t u d i e s  on r a t  s t r i a t u m  

on t h e  a s s u m p t io n  t h a t  HVA i s  t h e  m a j o r  DA m e t a b o l i t e  i n  t h e  b r a i n ,  i . e .  

t h a t  a lm o s t  a l l  t h e  DA i s  m e t a b o l i z e d  t o  HVA, These  a u t h o r s  a d m i n i s t e r e d  

p a r g y l l n e  and m easu red  c h an g es  In  HVA l e v e l s  by g a s  ch ro m a to g rap h y -m ass  

f r a g m e n to g r a p h y .  Prom t h e  r a t e  o f  d e c l i n e ,  t h e y  c a l c u l a t e d  a f r a c t i o n a l  

r a t e  c o n s t a n t  3 .4 4  h r " * .  By m u l t i p l y i n g  t h i s  f i g u r e  by t h e  s t e a d y -

s t a t e  l e v e l  o f  HVA (4 .1  n m o l e / g ) ( t h e y  e s t i m a t e d  t h e  t u r n o v e r  o f  HVA t o  be 14 

n m o l e / g / h r .  Assuming t h a t  HVA i s  t h e  m a jo r  DA m e t a b o l i t e ,  a t  s t e a d y - s t a t e  

c o n d i t i o n s ,  t h e  r a t e  o f  DA t u r n o v e r  s h o u ld  be e q u a l  t o  t h e  r a t e  o f  HVA 

f o r m a t i o n ,  t h a t  i s ,  14 n m o l e / g / h r .  T h i s  f i g u r e ,  which d o es  n o t  t a k e  

i n t o  a c c o u n t  DOPAC f o r m a t i o n ,  i s  l e s s  t h a n  h a l f  o f  t h a t  o b t a i n e d  in  t h e  

p r e s e n t  e x p e r i m e n t s .  W ie s e l  and h i s  c o l l e a g u e s  c a u t i o n e d  t h a t  t h e i r  f i g u r e  

was o n l y  an a p p r o x i m a t i o n ,  s i n c e  o t h e r  DA m e t a b o l i t e s  m igh t  be o f  some 

I m p o r tan c e  in  e s t i m a t i n g  t u r n o v e r .

I f  DOPAC i s  p r e s e n t  in  t h e  b r a i n  m e re ly  a s  a p r e c u r s o r  t o  HVA, 

i t  would n o t  be p r o p e r  t o  sum b o th  m e t a b o l i t e s  i n  e s t i m a t i n g  DA t u r n o v e r .  

However,  t h e r e  i s  some i n d i c a t i o n  in  t h e  l i t e r a t u r e  t h a t  most o f  t h e  DOPAC 

in  t h e  a t r i a t u m  i s  n o t  f u r t h e r  m e t a b o l i z e d  t o  HVA. I f  DOPAC r e p r e s e n t s  an 

a l t e r n a t e  r o u t e  o f  m e ta b o l i s m ,  i t  c an n o t  be e x c lu d e d  when e s t i m a t i n g  r a t e s  

o f  DA t u r n o v e r .
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R o f f le r -T a r lo v  a t  a l ,  (1971) a d m in la ta ra d  t o  mica d rugs  which a ra  

known to  In c ra a a a  ay n th e a la  o f  HVA. When O -m athy la tlon  waa I n h ib i t e d  

w ith  t ro p o lo n e ,  t h e  fo rm ation  o f  HVA in  th e  a t r l a t i a  waa I n h ib i t e d ,  b u t 

only  a am all In c ra a a a  In  DOPAC lav a  la  waa obaerved . Thla in d ic a te d  to  th e  

a u th o re  t h a t  DOPAC la  n o t  u s u a l ly  the  p re c u rs o r  of HVA bu t t h a t  moat HVA 

la  formed from 3-MT a t  s s i t e  where DOPAC Is  no t p r e s e n t .  The sm all In c re a se  

In  DOPAC a f t e r  t ro p o lo n e  may r e f l e c t  a sm a ll  amount o f  HVA t h a t  la  formed 

from DOPAC. I f  3-MT s e rv e s  as  a p re c u r s o r  to  HVA, a s  R o f f le r -T a r lo v  e t  a l .  

s u g g e s t ,  t h e r e  la  no need to  measure I t  in  a d d i t io n  to  HVA in  c a l c u l a t i o n s  

o f  DA tu rn o v e r .

Data fo llo w in g  p robenec id  su p p o rt  th e  s u g g e s t io n  t h a t  HVA and DOPAC 

a re  formed a t  d i f f e r e n t  s i t e s .  P robenecid  i n h i b i t s  th e  t r a n s p o r t  of HVA 

ou t o f  th e  b r a i n ,  b u t  b lo ck s  DOPAC t r a n s p o r t  on ly  a t  to x ic  doses  (Spano 

and N e f f ,  1972; R o f f le r -T a r lo v  e t  a l . ,  1971). T h is  was confirm ed in  th e  

p re se n t  s tu d y  In which a la r g e  in c r e a s e  In  HVA bu t no s i g n i f i c a n t  change 

In  DOPAC le v e l s  waa found a f t e r  th e  a d m in is t r a t io n  o f  p ro b en ec id ,  Thla 

su g g e s ts  t h a t  th e s e  m e ta b o l i te s  a re  p re se n t  a t  d i f f e r e n t  s i t e s  In  n e u ra l  

t i s s u e  so  t h a t  th ey  a re  no t e q e a l ly  a c c e s s ib l e  t o  th e  d ru g , DOPAC la  though t 

to  be formed I n t r a n e u r o n a l ly  by th e  a c t io n  o f  m ito c h o n d r ia l  MAO ( R o f f l e r -  

T a rlo v  e t  a l . ,  1971), Moat HVA l a  thought to  be formed e x t r a n e u ro n a l ly  

a f t e r  th e  I n i t i a l  O -m ethy la tlon  o f  DA by COMT, an e x t r a n e u ro n a l  ensyme 

(Broch and Ponnum, 1972).

Spano and N eff  (1972) a tu d le d  DA tu rn o v e r  In th e  guinea p ig  s t r i a tu m  

by us ing  r a d io is o to p e s  and by m easuring  In c re a s e s  In m e ta b o l i te  l e v e l s  

fo llo w in g  p robenec id  a d m in i s t r a t i o n .  They gave a p u lse  I n j e c t io n  o f H ^ - ty ro s ln e  

Ip  and measured changea in  th e  s p e c i f i c  a c t i v i t y  o f  DA over  t im e ,  c o r r e c t in g



92

t h e i r  c a l c u l a t i o n s  f o r  th e  s p e c i f i c  a c t i v i t y  o f  th e  rem ain in g  H ^ - ty ro s ln e ,

They e s t im a te d  a tu rn o v e r  r a t e  f o r  DA o f  32 n m o le s /g /h r .  They were a b le  

to  co n f irm  t h e i r  tu rn o v e r  e s t im a t io n  by a d m in i s t e r in g  600 mg/kg p ro b en ec id  Ip  

and m eaaurlng  HVA and DOPAC f l u o r o m c t r i e s l l y .  As a l r e a d y  d i s c u s s e d ,  a l th o u g h  

bo th  o f  th e s e  m e ta b o l i t e s  a r e  o rg a n ic  a c l d a ,  th e y  a re  d i f f e r e n t i a l l y  

a f f e c t e d  by p ro b e n e c id ,  HVA was m axim ally  a f f e c t e d  by a doae o f  200 mg/kg,

DOPAC showed no I n c re a s e  u n t i l  400 mg/kg was i n j e c t e d  and in c r e a s e d  l i n e a r l y  

f o r  a t  l e a s t  1 hour a f t e r  th e  I n j e c t i o n  o f  600 mg/kg. H ig h e r  d o ses  were 

no t t e s t e d  becau se  o f  th e  t o x i c  e f f e c t s  o f  t h e  d ru g .  About 15 n m o le s /g /h r  

o f  each  m e ta b o l i t e  waa formed a f t e r  th e  a d m i n i s t r a t i o n  o f  600 mg/kg o f  p ro b en e­

c i d ,  r e p r e s e n t i n g  s t o t a l  m e ta b o l i t e  fo rm a tio n  o f  30 n m o le s /g /h r .  T h is  f ig u r e  

was ta k e n  t o  be e q u iv a le n t  t o  DA tu rn o v e r  under s t e a d y - s t a t e  c o n d i t i o n s .

I t  a g re e s  v e ry  w e l l  w ith  th e  one e s t im a te d  by fo l lo w in g  th e  c o n v e rs io n  o f 
3 1H - t y r o s i n e  t o  HJ -DA. T h is  s tu d y  s u g g e s ts  t h a t  DOPAC Is  an Im p o rtan t 

DA m e ta b o l i t e  and n o t  m ere ly  a p r e c u r s o r  o f  HVA. T h e re fo re  I t  must be ta k e n  

I n to  c o n s id e r a t i o n  in  any e s t i m a t i o n  o f  DA tu rn o v e r  based  on m e ta b o l i t e  

l e v e l s .

The p r e s e n t  e s t i m a t i o n  o f  HVA tu r n o v e r  may be u n d e re s t im a te d ,  a ln c e  I t  

l a  p o s s ib l e  t h a t  some HVA I s  b e in g  formed from p r e - e x i s t i n g  s t o r e s  o f  DOPAC 

even a f t e r  MAO I n h i b i t i o n .  Even ta k in g  i n t o  a cco u n t  t h i s  p o s s i b i l i t y ,  th e  

r a t e  o f  fo rm a tio n  o f  DOPAC ( 1 9 .7  n m o le s /g /h r )  a p p e a rs  t o  be much g r e a t e r  

th a n  t h a t  o f  HVA ( 9 . 3  n m o le a /g /h r ) , e s t a b l i s h i n g  DOPAC as  a m a jo r  DA 

DA m e t a b o l i t e .

HVA and DOPAC l e v e l s  have been  found to  c o r r e l a t e  w i th  d o p a m in e r g i c  a c t i v i t '  

Drugs such as  h a l o p e r l d o l  and ch lo rp ro m a s ln e  which In c re a s e  th e  f i r i n g  r a t e  

o f  do p am in erg ic  neu rons  (Bunney a t  a l . ,  1973) r e s u l t  In  In c re a s e d  HVA (Andln,

1972; O 'K eefe e t  a l . ,  1970)  and DOPAC (Bunney e t  a l . ,  1973)  l e v e l s .  Roth 

e t  a l .  (1973)  r e p o r te d  t h a t  s t i m u l a t i o n  o f  DA neurona In th e  n l g r o - s t r l a t a l
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sys tem  r e s u l t s  In  sn  I n c r e s s e  In  s t r l s t s l  DOPAC l e v e l s ,  w h i le  I n t e r r u p t i o n  

o f  Im pulse e e t l v l t y  by l e s lo n ln g  th e  system  o r  by I n j e c t i n g  sn  s n e s t h e t l c  

r e s u l t s  In  s  d e c re a s e  In  DOPAC l e v e l s ,  P earson  and Sherman (1974) found 

t h a t  e l e c t r i c a l  s t i m u l a t i o n  o f  th e  p r e g a n g l io n ic  n e rv e  r e s u l t e d  In  s 

372% I n c r e s s e  in  t h e  c o n c e n t r a t i o n  o f DOPAC as  w e l l  as a 78% I n c re a s e  In 

HVA l e v e l s  I n  the sy m p a th e t ic  g a n g l io n .  Thus, bo th  DOPAC and HVA may be 

I n d ic a t o r s  o f  dopam inerg ic  a c t i v i t y .

Comparison o f  DA M etabolism  in  F r o n ta l  and Sham Animals

A lthough f r o n t a l  an im a ls  have 36% mors s t r i a t a l  DA th an  sham an im als  

fo u r  weeks a f t e r  s u rg e r y ,  th e  m e ta b o l i t e  s t u d i e s  show t h a t  t h e r e  I s  no 

p r o p o r t i o n a l  I n c re a s e  in  th e  a c t i v i t y  o f  th e  dopam in erg ic  system , s in c e  th e  

k v a lu e s  f o r  HVA and DOPAC a r e  I d e n t i c a l  In  th e  two g ro u p s .  There was a 

sm a l l  b u t  s i g n i f i c a n t  d i f f e r e n c e  In  th e  s t e a d y - s t a t e  l e v e l s  o f  DOPAC, w ith  

f r o n t a l  an im als  h av ing  t h e  lo\*er l e v e l .  The f r a c t i o n a l  r a t e  c o n s ta n t  f o r  

DA In  sham an im als  was c a l c u l a t e d  to  be 0 .81  h r “* w h ile  In  f r o n t a l  an im als  

th e  kpA was on ly  0 ,5 0  h r - * . T h is  means t h a t  a s m a l l e r  p ro p o r t io n  o f  th e  

DA poo l o f  f r o n t a l  an im a ls  r e p l a c e s  i t s e l f  p e r  u n i t  t im e as  compared to  

sham a n im a ls .

In  o r d e r  to  t r y  t o  e x p la in  how t h e  rem oval o f  th e  f r o n t a l  c o r t e x  

can pe rm an en tly  a f f e c t  th e  n i g r o - a t r l a t a l  dopamine sy s tem , i t  I s  n e c e s s a ry  

to  d e s c r ib e  th e  p r e s e n t  co n cep t o f  s t r i a t a l  o r g a n iz a t io n  and th e  feedback  

mechanisms t h a t  a r e  th o u g h t  to  o p e r a te  In  th e  sy s tem .

As h as  been d e s c r ib e d  e a r l i e r ,  th e  s t r i a t u m  r e c e iv e s  s p r o j e c t io n  

from b o th  th e  c o r t e x  and th e  s u b s t a n t i a  n i g r a .  Many I n v e s t i g a t o r s  b e l i e v e  

t h a t  t h e  c o r t i c a l  In p u t  to  th e  s t r i a t u m  e x e r t s  an e f f e c t  o p p o s i te  t o  t h a t  

o f  th e  n i g r a l  I n p u t .  The s t r i a t u m  I t s e l f  I s  th o u g h t t o  have an i n h i b i t o r y  

e f f e c t  on m otor b e h a v io r .  For exam ple, M e t t l e r  e t  a l ,  (1939) r e p o r t e d  t h a t
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s t r i a t a l  a t im u l a t i o n  In  c a t s  and monkays r e s u l t s  In  th e  I n h i b i t i o n  o f  move­

ments induced  by s t i m u l a t i o n  o f  th e  m o to r  c o r t e x .  S i m i l a r l y , L i l e s  and 

Davis (1969) found t h a t  s t i m u l a t i o n  o f  th e  a n t e r o v e n t r a l  r e g io n  o f  th e  

head o f  t h e  c a u d a te  n u c le u s  o f  c a t s  i n h i b i t e d  c o r t l c a l l y  Induced movement.

T h is  a r e a  o f  th e  c a u d a te  r e c e i v e s  a p r o j e c t i o n  from th e  p r e f r o n t a l  c o r te x  

(W ebster ,  1965) and o th e r  i n v e s t i g a t o r s  have r e p o r te d  t h a t  p r e f r o n t a l  s t i m u l a ­

t i o n  r e s u l t s  In  th e  i n h i b i t i o n  o f  sp o n tan eo u s  o r  c o r t l c a l l y  Induced movements 

(Tower, 1936). T hus, t h e  p r e f r o n t a l  c o r te x  may do t h i s  by a c t i v a t i n g  th e  

s t r i a t a l  sy s tem , as  th e  a c t i v a t i o n  o f an i n h i b i t o r y  system  would r e s u l t  

in  th e  I n h i b i t i o n  o f  m otor b e h a v io r .  E l e c t r o p h y s io l o g l e a l  s t u d i e s  i n d i c a t e  

t h a t  c o r t i c a l  s t i m u l a t i o n  may Indeed have an e x c i t a t o r y  e f f e c t  on s t r i a t a l  

n eu rons  (Rocha-M iranda, 1965; L i l e s ,  1973; Buchwald e t  a l . ,  1973).  F u r th e rm o re ,  

p r e f r o n t a l  l e a io n s  have r e s u l t e d  in  h y p e r k i n e t i c  te n d e n c e s  in  many s p e c ie s  

(Hannon and B ader, 1974; Iv e ra e n ,  W ilk in so n ,  and Simpson, 1971; R ic h te r  

and H in es ,  1 9 3 8 ) ,  a s  have s t r i a t a l  l e s i o n s  (Harmon and B ader,  1974; M e t t l e r  and 

M e t t l e r ,  1942; D av ia ,  1958).

I f  f r o n t a l  c o r t i c a l  and s t r i a t a l  a c t i v a t i o n  seem t o  have an i n h i b i t o r y  

e f f e c t  on m oto r  b e h a v io r ,  th e  n i g r a l  dopam inerg ic  system  ap p e a rs  to  have 

an o p p o s i te  e f f e c t .  C a te c h o la m in e - r e le a s in g  d rugs  such a s  amphetamine w i l l  

cause  an I n c r e a s e  in  locom otor and s te r e o ty p e d  b e h a v io r  (Randrup and Hunkvad, 

1 9 6 6 ) .  S t r i a t a l  Im p la n ts  o f  c r y s t a l s  o f  DOPA o r  apomorphlne produce 

s te r e o ty p e d  b e h a v io r  (E rn s t  and S m ellk ,  1966),  w h i le  i n t r a s t r l a t a l  i n j e c t i o n s  

o f  DA r e s u l t  in  h y p e r a c t i v i t y  and s te r e o ty p e d  b e h a v io r  (Fog and Pakkenberg , 

1 9 7 1 ) .

Many s t u d i e s  have su g g e s te d  t h a t  DA r e l e a s e d  fx>m n i g r a l  e f f e r e n t s  

i n h i b i t s  th e  s t r l s t u m ;  th e  i n h i b i t i o n  o f  an i n h i b i t o r y  system  would r e s h l t  

in  b e h a v io r a l  a c t i v a t i o n .  The e l e c t r i c a l  s t i m u l a t i o n  o f n i g r a l  c e l l s  has 

been  found t o  d e c re a s e  th e  f i r i n g  r a t e  o f  a t r l a t a l  neu rons  In  most c a s e s  

(Connor, 1 9 7 0 );  a s t r i a t a l  n eu ron  t h a t  waa I n h i b i t e d  by n i g r a l  s t i m u l a t i o n
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waa a l s o  I n h i b i t e d  by t h e  m l c r o l o n t o p h o r e t l c  a p p l i c a t i o n  o f  DA. McLennan 

and York (1967) a l a o  r e p o r t e d  t h a t  d i r e c t  a p p l i c a t i o n  o f  DA t o  c a u d a te  

c e l l s  r e s u l t s  most  o f t e n  In t h e i r  i n h i b i t i o n .  Hers  and Z l e g l g a n s b e r g e r  

(1966) found t h a t  such  DA a p p l i c a t i o n  i n h i b i t e d  b o th  t h e  sp o n tan e o u s  

f i r i n g  o f  c au d a te  c e l l s  as w e l l  a s  t h e  f i r i n g  produced by amino a c id  

a p p l i c a t i o n  o r  t h a l a m i c  s t i m u l a t i o n .

I f  t h e  n l g r o - s t r l a t a l  and f r o n t o - s t r l a t a l  sys tem s  do Indeed  have  

o p p o s i t e  e f f e c t s ,  I t  l a  v e r y  l i k e l y  t h a t  t h e  removal o f  one w i l l  c au se  

some change In  t h e  a c t i v i t y  o f  t h e  o t h e r  In  o r d e r  t o  compensa te  f o r  t h e  

imblance  o f  a f f e r e n t s  i n t o  t h e  e t r l a t u m .  One m igh t  e x p e c t  a d e c r e a s e  In 

n l g r o - s t r l a t a l  a c t i v i t y  t o  compensa te  f o r  t h e  l o s a  o f  f r o n t a l  I n p u t .

Such a d e c r e a s e  In  a c t i v i t y  and m e ta b o l i sm  cou ld  r e s u l t  In i n c r e a s e d  

l e v e l s  o f  DA. The m a jo r  weakness  o f  t h l a  e x p l a n a t i o n  l i e s  In  I t s  f a i l u r e  

t o  e x p l a i n  t h e  two week d e l a y  In  t h e  r i s e  o f  DA l e v e l s  a f t e r  f r o n t a l  

l e s i o n s .  F r e q u e n t l y  t r a n s s y n a p t i c  e f f e c t s  a r e  invoked t o  h e l p  e x p l a i n  

such an e x ten d e d  t i m e - c o u r s e .

There  i s  e v id e n c e  i n  t h e  l i t e r a t u r e  t h a t  com pensa tory  mechanisms 

a r e  o p e r a t i v e  in  t h e  n l g r o - s t r l a t a l  d o p a m in e rg ic  s y s te m .  F o r  exam ple ,  

Sherman e t  a l .  (1967) measured  HVA l e v e l s  i n  monkey s t r i a t u m  one t o  

f o u r  months a f t e r  making e l e c t r o l y t i c  l e s i o n s  which I n t e r r u p t e d  th e  n l g r o -  

s t r l a t a l  sy s te m .  They found t h a t  DA l e v e l s  were  reduced  t o  a much 

g r e a t e r  e x t e n t  t h a n  HVA l e v e l s ,  i . e .  t h e  HVA:DA r a t i o  was I n c r e a s e d  a f t e r  

l e s l o n l n g .  The r a t i o  In  c o n t r o l  sam ples  ranged  from 1 . 3  t o  1 . 7 .  F o l low ing  

l e s i o n s ,  t h e  r a t i o  ranged  from 2 . 1  t o  9 . 9 ,  a c o n s i d e r a b l e  i n c r e a s e .  The 

f a l l  In  DA l e v e l s  r e f l e c t s  th e  d e g e n e r a t i o n  o f  DA f i b e r s .  The much s m a l l e r  

d e c r e a s e  in  HVA l e v e l s  s u g g e s t s  t h a t  t h e  t u r n o v e r  o f  DA In t h e  r e m a in in g
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c e l l s  I n c r e a s e s  In  o r d e r  Co com pensa te  f o r  t h e  d r a s t i c  r em ova l  o f  

d o p a m i n e r g i c  i n p u t .

A g ld ,  Javoy  and G lo w in s k l  (1973)  found s i m i l a r  e v i d e n c e  one month 

a f t e r  a 6-OH-DA l e s i o n  o f  t h e  n i g r o - s t r i a t a l  s y s t e m  o f  r a t s .  W hi le  s t r i a t a l  

DA l e v e l s  f e l l  i n  a d o s e  r e l a t e d  f a s h i o n ,  DA s y n t h e s i s  a s  m easu red  w i t h  

r a d i o c h e m i c a l  m e thods  d e c r e a s e d  t o  a  much l e s s e r  e x t e n t .  T h i s  s t u d y  

s u g g e s t s  t h a t  I n c r e a s e d  t u r n o v e r  o r  h y p e r a c t i v i t y  o f  r e m a in in g  I n t a c t  

d o p a m i n e r g i c  n e u r o n s  c o m p en sa te s  f o r  d e c r e a s e d  DA l e v e l s .  I n  t h e  p r e s e n t  

s t u d y ,  removing  t h e  f r o n t o - s t r l a t a l  s y s t e m  m ig h t  a l s o  r e s u l t  in  com­

p e n s a t o r y  c h an g es  i n  t h e  n l g r o - s t r l a t a l  s y s t e m .  Removing a m o d u l a t i n g  

I n f l u e n c e  on t h e  s t r i a t u m ,  one which  may have e f f e c t s  o p p o s i t e  t o  t h a t  

o f  t h e  n i g r a l  s y s t e m ,  may b r i n g  a b o u t  a c o m p e n s a to ry  d e c r e a s e  i n  a c t i v i t y  

o f  t h e  d o p a m i n e r g i c  s y s te m  t o  r e s t o r e  t h e  b a l a n c e  be tw een  a f f e r e n t s .

T h i s  m igh t  a c c o u n t  f o r  t h e  l o w e r  m e t a b o l i t e :  DA r a t i o  and t h e  d e c r e a s e d  

DOPAC l e v e l s  found i n  t h e  p r e s e n t  s t u d y .

D o p am in e rg ic  a c t i v i t y  can  be  m o d u la te d  by  n e u r o n a l  f e e d b a c k  l o o p s .  

Many i n v e s t i g a t o r s  have  d e m o n s t r a t e d  t h e  e x i s t e n c e  o f  a f i b e r  s y s te m  r u n n i n g  

from t h e  s t r i a t u m  t o  t h e  s u b s t a n t i a  n i g r a  (V one ida ,  1 9 6 0 ) .  Yosh ida  and 

F r a c h t  (1971)  found t h a t  e l e c t r i c a l  s t i m u l a t i o n  o f  c a u d a t e  c e l l s ,  o r  t h e  

f i b e r  s y s te m  r u n n i n g  from t h e  c a u d a t e  t o  t h e  n i g r a  r e s u l t e d  i n  an  i n h i b i t i o n  

o r  h y p e r p o l a r i s a t i o n  o f  n i g r a l  n e u r o n s .  McNair e t  a l .  (1972)  a l s o  r e p o r t e d  

t h a t  s t i m u l a t i o n  o f  t h e  c a u d a t e  n u c l e u s  r e s u l t s  in  t h e  i n h i b i t i o n  o f  c e l l  

f i r i n g  i n  t h e  s u b s t a n t i a  n i g r a .  T h u s ,  t h e  s t r i a t o - n l g r a l  f i b e r  s y s t e m  

may p r o v i d e  f e e d b a c k  i n h i b i t i o n  o f  t h e  d o p a m in e r g i c  s y s te m  a c c o r d i n g  t o  

t h e  l e v e l  o f  a c t i v i t y  o f  t h e  c a u d a t e .

T h e re  a r e  many o t h e r  exam ples  i n  t h e  l i t e r a t u r e  o f  c o n t r o l  o r  com­

p e n s a t o r y  c h an g e s  i n  d o p a m i n e r g i c  a c t i v i t y .  I f  a  DA r e c e p t o r  s t i m u l a n t
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s u ch  s s  apom orph lne  I s  a d m i n i s t e r e d ,  DA s y n t h e s i s  w i l l  d e c r e a s e  (Kehr  

e t  a l . , 1972)  and  t h e  d o p a m i n e r g i c  n e u r o n s  w i l l  d e c r e a s e  t h e i r  f i r i n g  

r a t e  (Bunney e t  a l . ,  1 9 7 3 ) .  O b v i o u s l y ,  t h i s  would t e n d  t o  r e s t o r e  

t h e  s y s te m  t o  i t s  n o rm a l  l e v e l  o f  a c t i v i t y .  S i m i l a r l y ,  i f  a DA 

r e c e p t o r - b l o c k i n g  a g e n t ,  su c h  a s  h a l o p e r l d o l  o r  c h l o r p r o m a z l n e  i s  

a d m i n i s t e r e d ,  t u r n o v e r  w i l l  I n c r e a s e  s o  a s  t o  overcome t h e  t r a n s m i s s i o n  

b l o c k .  T h u s ,  t h e r e  w i l l  be a n  I n c r e a s e  i n  DA s y n t h e s i s  (Kehr e t  a l . ,

1972; Nyback and S e d v a l l ,  1 9 7 1 ) ,  an i n c r e a s e  i n  HVA l e v e l s  (Anden, 1972; 

O 'K e e f f e  e t  a l . ,  1970) a s  w e l l  a s  i n c r e a s e d  d i s a p p e a r a n c e  o f  ^C-D A  

(Nyback,  1 9 7 2 ) .  T h e re  w i l l  a l s o  be a l a r g e  I n c r e a s e  i n  t h e  r a t e  o f  

f i r i n g  o f  DA n e u r o n s  (Bunney e t  a l . ,  1 9 7 3 ) .

The d e c r e a s e  i n  DOPAC l e v e l s  found f o u r  weeks a f t e r  f r o n t a l  l e s i o n s  

was n o t  g r e a t .  However,  d e c r e a s e d  m e t a b o l i s m  may c o n t r i b u t e  t o  I n c r e a s e d  

amine l e v e l s  and  y e t  be  u n d e t e c t a b l e  once  t h e  new s t e a d y - s t a t e  ha s  been  

e s t a b l i s h e d .  The work o f  Roth e t  a l .  (1973)  and  W a l t e r  e t  a l .  (1973)  

h a s  a l r e a d y  b e e n  d e s c r i b e d  in  w hich  an i n t e r r u p t i o n  o f  d o p a m in e r g i c  

a c t i v i t y  l a  a s s o c i a t e d  w i t h  I n c r e a s e d  s y n t h e s i s  and d e c r e a s e d  m e ta b o l i s m  

o f  DA. A f t e r  t h e  e s t a b l i s h m e n t  o f  a  new s t e a d y - s t a t e  l e v e l  o f  DA, s y n t h e s i s  

and m e t a b o l i s m  r e t u r n  t o  norm a l  w h i l e  amine l e v e l s  r e m a in  h i g h .  The newly  

a cc u m u la t e d  amine a p p e a r s  t o  be  p a r t l e u l a t e - b o u n d  and p r o t e c t e d  from 

m e t a b o l i s m  and r e l e a s e .  We w ere  s t i l l  a b l e  t o  d e t e c t  a  l o w e r in g  o f  DOPAC 

l e v e l s  In  f r o n t a l  a n i m a l s  f o u r  weeks a f t e r  t h e  l e s i o n .  S in c e  DOPAC 

l e v e l s  may r e f l e c t  I n t r a n e u r o n a l  m e t a b o l i s m  o f  DA, t h e  low ered  DOPAC l e v e l s  

may i n d i c a t e  t h a t  a p o r t i o n  o f  t h e  I n t r a n e u r o n a l  DA i s  n o t  a c c e s s i b l e  t o  

MAO.
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A l th o u g h  t h e r e  I s  much l o g i c  t o  t h e  h y p o t h e s i s  t h a t  d e c r e a s e d  

m e ta b o l i s m  l e d  t o  a n  I n c r e a s e  In  DA l e v e l s ,  I t  d o es  n o t  e x p l a i n  why 

t h e r e  l a  a  two week d e l a y  b e f o r e  t h e  I n c r e a s e  In  DA l e v e l s  becomes 

e v i d e n t .  I t  may be  t h a t  t h e  r e d u c t i o n  I n  m e ta b o l i s m  I s  s l i g h t  and 

t h a t  t h e  p r o c e s s  t a k e s  s e v e r a l  weeks t o  r e a c h  I t s  f u l l  e x t e n t .  I n  

o r d e r  t o  t e s t  t h e  h y p o t h e s i s  t h a t  e a r l y  c h an g e s  In  DA m e ta b o l i s m  con* 

t r l b u t e d  t o  t h e  f i n a l  I n c r e a s e  In  DA l e v e l s ,  m e t a b o l i t e s  w ere  a s s e s s e d  

t h r e e  d a y s  a f t e r  s u r g e r y .  No s i g n i f i c a n t  d i f f e r e n c e s  were  o b s e r v e d  

be tw een  f r o n t a l  and sham a n l s i a l s .  T h i s  f i n d i n g  a p p o se s  t h e  c o n t e n t i o n  

t h a t  an  e a r l y  d e c r e a s e  i n  DA t u r n o v e r  c o n t r i b u t e d  t o  a g r a d u a l  I n c r e a s e  

I n  DA l e v e l s .  However,  I t  l a  n o t  I n c o n s i s t e n t  w i t h  t h e  two week d e l a y .

I n  o r d e r  t o  a r r i v e  a t  a  d e f i n i t i v e  c o n c l u s i o n ,  a v e r y  e x t e n s i v e  t im e*

c o u r s e  o f  DA m e ta b o l i sm  f o l l o w i n g  s u r g e r y  would have  t o  be u n d e r t a k e n .

I t  may be  t h a t  t h e  d e g e n e r a t i n g  f r o n t o - s t r l a t a l  s y s te m  s t i l l  e x e r t s  

some e f f e c t  f o r  a s h o r t  p e r i o d  a f t e r  t h e  l e s i o n .  U n g e r s t e d t  (1971a)  

made a u n i l a t e r a l  i n j e c t i o n  o f  6*OH-DA and found t h a t  t h e  l e s l o n e d  

n l g r o - s t r l a t a l  s y s t e m  e x e r t e d  a s t r o n g e r  e f f e c t  t h a n  t h e  I n t a c t  s y s te m  

be tw een  24 and 34 h o u r s  a f t e r  s u r g e r y ,  m os t  l i k e l y  b e c a u s e  o f  t h e  r e l e a s e  

o f  DA from d e g e n e r a t i n g  t e r m i n a l s .  A l th o u g h  an e x t e n s i v e  t l m e - c o u r s e

o f  DA t u r n o v e r  would be  d e s i r a b l e ,  I t  was d e c i d e d  t h a t  a  more p r o m i s in g

h y p o t h e s i s  was t h a t  o f  c o l l a t e r a l  s p r o u t i n g .

Removing t h e  f r o n t a l  I n p u t  t o  t h e  s t r i a t u m  p ro d u c e s  a p a r t i a l  

d e n e r v a t i o n .  I f  t h e  n l g r o - s t r l a t a l  d o p a m in e r g i c  sy s te m  underw en t  

c o l l a t e r a l  s p r o u t i n g  t o  r e l n n e r v a t e  t h e  p o a t s y n a p t l c  s i t e s  l e f t  b a r e  

by  t h e  f r o n t a l  l e s i o n ,  s t r i a t a l  DA l e v e l s  would be  e x p e c t e d  t o  r i s e  

g r a d u a l l y .  T h i s  would I n c r e a s e  t h e  a l r e a d y  e x i s t i n g  im b a la n ce  b e tw ee n  t h e  

l e s l o n e d  f r o n t o - s t r l a t a l  s y s t e m  and t h e  i n t a c t  n l g r o - s t r l a t a l  s y s t e m .
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In  r e s p o n s e  t o  t h i s  g row ing  Im b a la n c e ,  t h e  t u r n o v e r  o f  s t r i a t a l  DA 

m ig h t  be e x p e c t e d  t o  d e c r e a s e  r e l a t i v e  t o  t h e  I n c r e a s e d  p o o l  s i z e ,  

t h u s  t e n d i n g  t o  keep  t h e  a c t i v i t y  o f  t h e  sy s tem  w i t h i n  n o rm a l  l i m i t s .  

The t l m e - c o u r s e  r e q u i r e d  f o r  c o l l a t e r a l  s p r o u t i n g  t o  o c c u r  c o r r e l a t e s  

v e r y  w e l l  w i t h  t h e  t i m e - c o u r s e  o f  DA I n c r e a s e  s e e n  In  t h e  p r e s e n t  

e x p e r i m e n t .  The DA i n c r e a s e  i s  f i r s t  s e e n  a t  two weeks I s  even  g r e a t e r  

a t  f o u r  w eeks ,  and re m a in s  e l e v a t e d  a t  t h r e e  months  p o s t o p e r a t i v e l y .
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UPTAKE OF H3-DOPAMINE BY STRIATAL SYNAPTOSOMES

S p r o u t i n g  i n  a  c a t e c h o l a m i n a r g l c  s y s te m  l a  u s u a l l y  s t u d i e d  

u s i n g  f l u o r e s c e n t  h l s t o c h e s t l c a l  m e th o d s .  However,  a s  a l r e a d y  n o t e d  by 

Moore e t  a l .  ( 1 9 7 4 ) .  t h e  f l u o r e s c e n c e  h i s t o c h e m i c a l  method I s  n o t  

s e n s i t i v e  enough t o  d e t e c t  I n c r e a s e s  I n  I n n e r v a t i o n  when t h e  n o rm a l  

I n n e r v a t i o n  I s  v e r y  d e n s e ,  a s  I s  t h e  c a s e  In  t h e  s t r i a t u m .  I t  waa 

d e s i r a b l e  t o  a p p r o a c h  t h e  p ro b lem  by n e u r o c h e m i c a l  t e c h n i q u e s  t h a t  would 

be  more q u a n t i t a t i v e .  D e t e r m i n a t i o n  o f  t h e  k i n e t i c s  o f  t h e  u p t a k e  o f  H3 -DA 

by s t r i a t a l  sy n ap to so m es  o f f e r e d  an a l t e r n a t i v e  a p p r o a c h .

P h y s i o l o g i c a l  S i g n i f i c a n c e  o f  Uptake

The p r im a r y  means o f  c a t e c h o l a m i n e  i n a c t i v a t i o n  a f t e r  r e l e a s e

I n t o  t h e  s y n a p t i c  s p a c e  I s  r e - u p t a k e  i n t o  t h e  p r e s y n a p t i c  t e r m i n a l .  A f t e r
3

t h e  I n j e c t i o n  o f  H -NE, t h e  amine can  b e  found In  t i s s u e s  which a r e  

s y m p a t h e t i c a l l y  i n n e r v a t e d  (Whitby e t  a l . .  1961;  Kbpln .  Gordon ,  and H o r s t .  

1 9 6 4 ) .  I f  t h e  s y m p a t h e t i c  I n n e r v a t i o n  I s  d e s t r o y e d ,  t h e  a b i l i t y  t o  

t a k e  up I n j e c t e d  amine i s  a b o l i s h e d  o r  r e d u c e d  ( H e r t t i n g  e t  a l . .  1961 ;  

H e r t t l n g  & S c h i e f t h a l e r .  1 9 6 4 ) .  I n d i c a t i n g  t h a t  u p t a k e  n o r m a l l y  o c c u r s

I n t o  t h e  p o s t g a n g l i o n i c  n o r a d r e n e r g i c  n e r v e  t e r m i n a l .  R a d l o a u t o g r a p h l c
2

s t u d i e s  have  c o n f i rm e d  t h a t  H -NE l a  t a k e n  up i n t o  t h e  p r e t e r m l n a l  p o r t i o n  

o f  t h e  axon (Wolfe e t  a l . .  1 9 6 2 ) .
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C h a r a c t e r i s t i c s  o f  Uptake  I n t o  S y m p a t h e t i c a l l y  I n n e r v a t e d  Organa

S in c e  t h e  c a t e c h o l a m i n e s  a r e  h i g h l y  p o l a r  m o l e c u l e s ,  t h e r e  m us t  

e x i s t  some s p e c i a l i z e d  mechanism t o  a i d  i n  t h e i r  t r a n s p o r t  a c r o s s  

b i o l o g i c a l  membranes .  H^-NE u p ta k e  I n t o  p e r f u s e d  s y m p a t h e t i c a l l y  i n n e r ­

v a t e d  o r g a n s  I s  e n e r g y  and t e m p e r a t u r e  d e p e n d e n t .  I t  I s  d e c r e a s e d  by 

I n h i b i t o r s  o f  o x i d a t i v e  m e t a b o l i s m  and g l y c o l y s i B  ( K l r p e k a r  and Wakade,

1968;  Wakade and F u r c h g o t t ,  1 9 6 8 ) ,  and by  r e d u c i n g  t h e  I n c u b a t o r  t e m p e r a ­

t u r e  t o  0°C (Green and M i l l e r ,  1 9 6 6 ) .  I s o l a t e d  o r g a n s  o r  t i s s u e  s l i c e s  

can  a c c u m u la t e  NE a g a i n s t  a c o n c e n t r a t i o n  g r a d i e n t  (Green and M i l l e r ,

1 9 6 6 ) .  Amine t r a n s p o r t  f o l l o w s  M t c h a e l i s - M e n t e n  k i n e t i c s  ( I v e r s e n ,  1 9 6 3 ) ,  

and ha s  an  a b s o l u t e  r e q u i r e m e n t  f o r  Na+ i o n s  ( H o r s t ,  K op ln ,  and Ramey,

1968; I v e r s e n  and K r a v l t z ,  1 9 6 6 ) .

Synaptosoroes

Uptake  p r o c e s s e s  can be  s t u d i e d  u s i n g  sy n ap to so m es  a s  w e l l  a s  

I n t a c t  o r g a n s  o r  t i s s u e  s l i c e s .  When b r a i n  t i s s u e  i s  g e n t l y  homogenized 

i n  i s o t o n i c  s u c r o s e ,  t h e  n e r v e  t e r m i n a l s  a r e  t o m  from t h e  r e s t  o f  t h e  

n e u r o n .  The membranes o f  t h e s e  t e r m i n a l s  r e s e a l  t h e m s e l v e s  t o  form rounded 

s t r u c t u r e  c a l l e d  s y n a p to s o m e s .  These  s t r u c t u r e s ,  when examined by e l e c t r o n  

m ic r o s c o p y ,  lo o k  v e r y  s i m i l a r  t o  n e r v e  t e r m i n a l s  i n  I n t a c t  t i s s u e .

Gray and W h i t t a k e r  (1962)  s u b j e c t e d  homogenates  o f  g u in e a  p i g  c e r e b r a l  

c o r t e x  t o  a s u b c e l l u l a r  f r a c t i o n a t i o n  p r o c e d u r e  and examined t h e  f r a c t i o n s  

by e l e c t r o n  m i c r o s c o p y .  The b r a i n  t i s s u e  was homogenized In  0 .3 2  M s u c r o s e  

and t h e  homogenate  was c e n t r i f u g e d  a t  1000 g f o r  10 m i n u t e s .  The p d l l e t  (P^)  

c o n s i s t e d  o f  n u c l e i ,  and c e l l  d e b r i s .  The s u p e r n a t a n t  (S^)  was r e c e n t r i -  

fuged  a t  1 7 ,0 0 0  g f o r  55 m i n u t e s .  The r e s u l t i n g  p e l l e t  wa* s u b j e c t e d
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t o  a  d i s c o n t i n u o u s  d e n s i t y  g r a d i e n t  s e p a r a t i o n  y i e l d i n g  t h r e e  f r a c t i o n s :  

f r a c t i o n  A c o n t a i n e d  m y e l in  f r a g m e n t s , f r a c t i o n  B sy n a p to s o m e s ,  and 

f r a c t i o n  C m i t o c h o n d r i a .  The synap tosom es  in  f r a c t i o n  B showed many 

o f  t h e  c h a r a c t e r i s t i c s  o f  n e r v e  t e r m i n a l s  i n  s i t u . They c o n t a i n e d  

hUmerous s y n a p t i c  v e s i c l e s  and f r e q u e n t l y  a m i t o c h o n d r i o n .  O f te n  a 

p o s t s y n a p t i c  membrane was a t t a c h e d  t o  t h e  s y n ap to so m e ,  fo rm ing  a s y n a p t i c  

r e g i o n  s i m i l a r  in  a p p e a r a n c e  t o  t h e  s y n a p s e s  s ee n  in  i n t a c t  t i s s u e *

J o n es  and B r e a r l e y  (1972)  s t u d i e d  th e  u l t r a s t r u c t u r e  o f  synap tosom es  

p r e p a r e d  from r a t  c e r e b r a l  c o r t e x  and Judged i t  t o  be v e r y  s i m i l a r  t o  

t h a t  o f  n e r v e  t e r m i n a l s  o f  i n t a c t  c e r e b r a l  c o r t e x .  F in e  d e t a i l s  o f  t h e  

s y n a p t i c  r e g i o n  i n c l u d e d  a p o s t s y n a p t i c  t h i c k e n i n g ,  d e n se  m a t e r i a l  in  

t h e  i n t r a c l e f t  r e g i o n ,  and a n e tw o rk  w i t h i n  t h e  p r e s y n a p t l c  e l e m e n t .  

B io c h e m ic a l  S t u d i e s  on Synaptosomes

I s o l a t e d  sy n ap to so m es  u s u a l l y  c o n t a i n  m i t o c h o n d r i a  and a r e  c a p a b l e  

o f  r e s p i r a t i o n .  T hus ,  t h e y  use  oxygen ,  m e t a b o l i z e  g l u c o s e ,  p y r u v a t e ,  

and Krebs* c y c l e  I n t e r m e d i a t e s ,  and g e n e r a t e  ATP and p h o s p h o c r e a t l n e  

( B r a d f o r d ,  1 9 6 9 ) .  They a r e  c a p a b l e  o f  many b i o s y n t h e t i c  r e a c t i o n s  and 

can  c o n v e r t  g l u c o s e  I n t o  a s p a r t a t e ,  g l u t a m a t e ,  g l u t a m i n e ,  a l a n i n e ,  and 

GABA ( B r a d f o r d  and Thomas, 1 9 6 9 ) .  They a l s o  c a r r y  o u t  p r o t e i n  s y n t h e s i s  

( A u t i l i o  e t  a l . ,  1 9 6 8 ) .  E ne rgy  p r o d u c t i o n  f o r  p r o t e i n  s y n t h e s i s  a p p e a r s  

t o  t a k e  p l a c e  I n t r a s y n a p t o s o m a l l y , s i n c e  I t  can  be b l o c k e d  by t h e  a d d i t i o n  

o f  i n h i b i t o r s  o f  g l y c o l y s i s ,  t h e  K r e b s '  c y c l e ,  o r  o x i d a t i v e  p h o s p h o r y l a t i o n  

( A u t l l l o  e t  a l . ,  1968; Morgan and A u s t i n ,  1 9 6 9 ) .  A b d e l - L a t l f  e t  a l .  (1968) 

found t h a t  synap tosom es  were  a b l e  t o  i n c o r p o r a t e  l?^pj o r t h o p h o s p h a t e  

I n t o  n u c l e o t i d e s ,  p h o s p h o p r o t e i n s , and p h o s p h o l i p i d s .
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S u b s t a n c e s  which  a r e  t h o u g h t  t o  be n e u r o t r a n s m i t t e r s ,  such  a s  ACh, 

NE, 5-HT, and DA, have been  found In  s y n a p to s o m a l  f r a c t i o n s  ( In o u y e  e t  a l . ,  

1963; M lch ae lao n  and W h i t t a k e r ,  1963; L ave r^y  e t  a l . ,  1 9 6 3 ) .  F u r t h e r ­

m ore ,  t h e r e  i s  e v i d e n c e  t h a t  synap tosom es  a r e  c a p a b l e  o f  s y n t h e s i z i n g  

t h e s e  compounds.  K aro b a th  (1971) found e v id e n c e  o f  t y r o s i n e  h y d r o x y l a s e  

a c t i v i t y  In  i a o l a t e d  s y n a p to s o m e s .  R o d r iq u e z  De L o r e s  A m a l z  and De 

R o b e r t I s  (1964)  m easured  5-HTP d e c a r b o x y l a s e  a c t i v i t y  in  I s o l a t e d  n e r v e  

e n d i n g s .  Grahame-Smith  (1967)  found t r y p t o p h a n - 5 - h y d r o x y l a s e  a c t i v i t y .  

S i m i l a r l y ,  Haga (1971)  r e p o r t e d  t h a t  sy n ap to so m es  were  a b l e  t o  t a k e  up 

^ ^ C - c h o l i n e  and c o n v e r t  i t  t o  ^C-ACH.

Synaptosoma l  T r a n s p o r t  Systems

Synaptosomes  a r e  c a p a b l e  o f  t h e  a c t i v e  t r a n s p o r t  o f  a v a r i e t y  o f  

i o n s  and m o l e c u l e s .  They have  h ig h  c o n c e n t r a t i o n s  o f  Na+ -t(*' ATPase ,  

can  a c t i v e l y  e x t r u d e  Na+ (L ing  and A b d e l - L a t l f ,  1 9 6 8 ) ,  and a c t i v e l y  

a c c u m u la t e  K+ ( E s c u e t a  and A p p e l ,  1 9 6 9 ) .  Logan and Synder  (1971) 

found e v i d e n c e  f o r  t h e  u p t a k e  o f  s e v e r a l  amino a c i d s  by  sy n ap to so m e s  p l u s  

a s p e c i a l  h ig h  a f f i n i t y  sy s te m  f o r  g l u t a m a t e ,  a s p a r t a t e ,  and g l y c i n e .

The u p ta k e  o f  l a b e l e d  amines  I n t o  sy nap tosom es  s h a r e s  many o f  

t h e  c h a r a c t e r i s t i c s  o f  u p t a k e  i n t o  i n t a c t  n e r v e  t e r m i n a l s  I . e .  i n  v i v o  

o r  I n t o  p e r f u s e d  o r g a n s .  Synap tosomes  a r e  a b l e  t o  t r a n s p o r t  amines  

a g a i n s t  an a p p a r e n t  c o n c e n t r a t i o n  g r a d i e n t  (S y n d er  and C o y le ,  1 9 6 9 ) .

U ptake  I s  t e m p e r a t u r e  d e p e n d e n t  ( H a r r i s  and B a l d e s s a r l n i ,  1973a; B a l d e s -  

s a r l n l  and  V ogt ,  1971) and I s  maximal when Na+ and K4- Ions  a r e  p r e s e n t  

a t  p h y s i o l o g i c a l  c o n c e n t r a t i o n s  (C o lbu rn  e t  a l . ,  1968 ;  H a r r i s  and 

B a l d e s s a r l n i ,  1 9 7 3 b ) .  F u r t h e r m o r e ,  I t  i s  d e p en d e n t  upon a  s o u r c e  o f  

e n e r g y  such  a s  g l u c o s e .  Compounds which  I n t e r f e r e  w i t h  e n e r g y  m e ta b o l i sm  

such a s  d l n l t r o p h e n o l  and NaCN i n h i b i t  u p ta k e  (White  and Keen, 1 9 7 0 ) .
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S ynap tosom a l  u p t a k e  o f  DA a p p e a r s  t o  f o l l o w  M ic h a e l i s - M e n te n  k i n e t i c s  

(S y n d e r  and  C o y le ,  1969; H a r r i s  and B a l d e s s a r l n i ,  1 9 7 3 a ) ,  The e q u a t i o n  

d e s c r i b i n g  t h e  r e l a t i o n s h i p  b e tw een  v e l o c i t y  o f  u p t a k e  and t h e  s u b s t r a t e  

c o n c e n t r a t i o n  I s  t h e  same a s  t h e  M ic h a e l i s - M e n te n  e q u a t i o n .

v  -  Vmax f s j
*T + LS ]

w here  v ■ v e l o c i t y ,

Vmax “  maximal  v e l o c i t y

s u b s t r a t e  c o n c e n t r a t i o n

K̂ , ■ t h e  a p p a r e n t  M ic h a e l i s - M e n te n  c o n s t a n t ;  t h e  s u b s t r a t e  c o n c e n t r a ­
t i o n  t h a t  r e s u l t s  In  h a l f  t h e  maximal v e l o c i t y .

s h o u l d  r e f l e c t  t h e  a f f i n i t y  be tw een  t h e  u p t a k e  B i t e  and t h e  s u b s t r a t e  

m o l e c u l e .  A low I n d i c a t e s  t h a t  t h e  a f f i n i t y  i s  h i g h ,  t h a t  i s ,  a low 

s u b s t r a t e  c o n c e n t r a t i o n  r e s u l t s  In  h a l f  t h e  maximal v e l o c i t y .  The Vmax 

o r  maximal v e l o c i t y  I s  a r e f l e c t i o n  o f  t h e  t o t a l  number o f  u p t a k e  s i t e s  

p r e s e n t .  The 1® in d e p e n d e n t  o f  t h e  number o f  u p t a k e  s i t e s .

S u b c e l l u l a r  s t u d i e s  i n d i c a t e  t h a t ,  when b r a i n  homogenates  a r e  I n c u b a t e d  

w i t h  l a b e l e d  amine ,  t h e  amine I s  s e l e c t i v e l y  c o n c e n t r a t e d  by s y n a p to s o m e s .

F o r  e x am p le ,  H a r r i s  and  B a l d e s s a r l n i  ( 1 9 7 3 a ) ,  a f t e r  I n c u b a t i n g  b r a i n  hotno-
3

g e n a t e s  w i t h  H -CA, s u b j e c t e d  t h e s e  hom ogena tes  t o  c o n t i n u o u s  s u c r o s e  d e n s i t y  

g r a d i e n t  u l t r a c e n t r i f u g a t i o n .  They found a  peak  o f  r a d i o a c t i v i t y  a t  a 

d e n s i t y  c o r r e s p o n d i n g  t o  t h e  s y n a p to s o m a l  f r a c t i o n .  They s u b j e c t e d  a  ^  

f r a c t i o n ,  c o n t a i n i n g  s y n a p to s o m e s ,  m i t o c h o n d r i a ,  and s m a l l  m y e l in  f r a g m e n t s ,  

t o  o s m o t i c  s h o c k  by s u s p e n s i o n  In  d i s t i l l e d  w a t e r .  More t h a n  8571 o f  t h e  

t o t a l  r a d i o a c t i v i t y  was r e l e a s e d ,  i n d i c a t i n g  t h a t  such  r a d i o a c t i v i t y  was 

p r e s e n t  In  a membrane e n c l o s e d  p a r t i c l e .  M i t o c h o n d r i a  a p p e a r e d  t o  be 

r e s i s t a n t  t o  h y p o - o s m o t i c  s h o c k .  F u r t h e r m o r e ,  when a  1?2 f r a c t i o n  was pu t  

on a d i s c o n t i n u o u s  s u c r o s e  d e n s i t y  g r a d i e n t ,  o n l y  6% o f  t h e  r a d i o a c t i v i t y
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was found t o  be  a s s o c i a t e d  w i t h  m i t o c h o n d r i a .  Coyle  and A x e l r o d  (1971)  

p r e p a r e d  4 0 ,0 0 0  g p e l l e t s  from i n c u b a t e d  b r a i n  homogenates  and s u b j e c t e d  

them t o  s u b c e l l u l a r  f r a c t i o n a t i o n s .  The peak  o f  r a d i o a c t i v i t y  c o i n c i d e d  

w i t h  t h e  peak  o f  o c c lu d e d  l a c t a t e  d e h y d ro g e n a s e  a c t i v i t y  (a  m a rk e r  f o r  

s y n ap to s o m a l  c y t o p l a s m ) ,  and b o th  o c c u r r e d  a t  a s u c r o s e  d e n s i t y  a s s o c i a t e d  

w i th  s y n a p to s o m e s .  These  peaks  were  e a s i l y  d i f f e r e n t i a t e d  from t h e  peak 

o f  monoamine o x i d a s e  a c t i v i t y  (a  m a rk e r  f o r  m i t o c h o n d r i a ) ,  which o c c u r r e d  

a t  a h i g h e r  d e n s i t y  o f  s u c r o s e .



Methods

R e a g e n t s :

1 .  K r e b s - R i n g e r  s o l u t i o n :

122mM NaCl

4 . 9  mM KC1

0.87mM Ca Cl2 .2H20

0 . 1 3mM Na2EDTA

1 . 2  mM MgS04 -7H20

1 . 2  mM kh2 P04

1 0 .3  mM Na2HP04

1 1 . 8  mM g l u c o s e

1 .1  mM a s c o r b i c  a<

Two s t o c k  s o l u t i o n s  were  made up a t  5 t im e s  t h e  f i n a l  c o n c e n t r a t i o n  

S o l u t i o n  a 

NaCl 

KC1

CaCl2 .2H20

Na2EDTA

MgS04 .7H20 

S o l u t i o n  b

Na2HP04

G l u c o s e ,  a s c o r b i c  a c i d ,  and n i a l a m i d e  ( 1 2 .5  uM) were  added  f r e s h  f o r  

e ach  e x p e r i m e n t .  The pH was a d j u s t e d  t o  7 . 4  b e f o r e  b r i n g i n g  t h e  s o l u t i o n  

t o  th e  p r o p e r  volume w i t h  w a t e r .  The f i n a l  s o l u t i o n  was o x y g e n a te d  f o r  

a b o u t  10 m in u te s  b e f o r e  u s e .

2 .  0 .3 2  M s u c r o s e

3 ,  H^-DA (New E n g lan d  N u c l e a r )  
s p e c i f i c  a c t i v i t y  8 Ci/mmole
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The i n i t i a l  p r o c e d u r e  u sed  was a  m o d i f i c a t i o n  o f  t h e  method 

o f  Sn y d e r  and  Coyle  ( 1 9 6 9 ) .  B r i e f l y ,  b r a i n  s am p le s  were  homogenized  

In  10 vo lum es  o f  c o l d  0 .3 2  M s u c r o s e  and c e n t r i f u g e d  In  t h e  c o ld  a t  

1000 g f o r  10 m i n u t e s  t o  remove heavy  c e l l  d e b r i s  and n u c l e i .  The 

s u p e r n a t a n t  was s t i r r e d  g e n t l y ,  and 0 . 1  ml a l i q u o t s  were  added t o  2ml 

K r e b s - R i n g e r - p h o s p h a t e  medium c o n t a i n i n g  10 i p r o n i a z i d ,  an MAO i n h i b i t o r .  

The s am p les  were  p r e - l n c u b a t e d  a t  37°C f o r  5 m in u te s  w i t h  s h a k i n g ,  a f t e r  

w h ich  d i f f e r e n t  c o n c e n t r a t i o n s  o f  l a b e l e d  amine were  added and t h e  

i n c u b a t i o n  c o n t i n u e d  f o r  a n  a d d i t i o n a l  5 m i n u t e s .  The i n c u b a t i o n  was 

s to p p e d  by p l a c i n g  t h e  s am p les  on I c e .  C o n t r o l  sam ples  c o n t a i n e d  b o th  

t i s s u e  and l a b e l e d  am ine ,  b u t  were  k e p t  on I c e  a t  a l l  t i m e s .  C o n t r o l  

v a l u e s ,  w h ich  r e p r e s e n t e d  n o n - s p e c i f i c  b i n d i n g  o f  l a b e l ,  w e re  s u b t r a c t e d  

from sample  v a l u e s .  As a l r e a d y  d i s c u s s e d ,  a c t i v e  u p t a k e  i s  t e m p e r a t u r e  

d e p e n d e n t  w h e rea s  n o n - s p e c i f i c  b i n d i n g  l a  n o t .

A f t e r  I n c u b a t i o n ,  t h e  sam ples  were  c e n t r i f u g e d  a t  2 2 ,0 0 0  g f o r  

30 m in u te s  In  o r d e r  t o  s e d im e n t  t h e  s y n a p to s o m e s .  A l l q u o t a  o f  t h e  

s u p e r n a t a n t s  were  removed f o r  c o u n t i n g  t o  d e t e r m i n e  t h e  r a d i o a c t i v i t y  

p r e s e n t  I n  t h e  medium. The p e l l e t s  were  r i n s e d  g e n t l y  5 t im e s  w i t h  

5 ml i c e  c o l d  0 .9 Z  NaCl, They were  t h e n  r e s u s p e n d e d  In  2 ml 0.4N 

p e r c h l o r i c  a c i d ,  t h u s  d i s r u p t i n g  t h e  sy n ap to so m es  and r e l e a s i n g  t h e  

r a d i o a c t i v i t y .  The sam ples  were  c e n t r i f u g e d  a t  1000 g f o r  10 m i n u t e s ,  

and an a l i q u o t  o f  t h e  r e s u l t i n g  s u p e r n a t a n t  removed f o r  c o u n t i n g .  T h i s  

would  d e t e r m i n e  t h e  amount o f  l a b e l e d  amine  t a k e n  up by  t h e  t i s s u e .

From t h i s  I n f o r m a t i o n ,  a t i s s u e / m e d i u m  (T/M) r a t i o  waa c a l c u l a t e d :
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T/M r a t i o  -  cpm/g t i s s u e  
cptn/ml medium

A T/M r a t i o  g r e a t e r  t h a n  1 i n d i c a t e s  t h a t  t h e  t i s s u e  ha s  a c t i v e l y  

I n c o r p o r a t e d  t h e  l a b e l e d  a m in e .

U s in g  t h i s  m o d i f i e d  m ethod ,  no  u p ta k e  o f  l a b e l e d  amine waa fo u n d .

I n  t h e  method o f  Sn y d e r  and Coyle  ( 1 9 6 9 ) ,  synap tosom es  were s ed lm e n te d  

a t  4 8 ,0 0 0  g f o r  30 m in u te s  a f t e r  I n c u b a t i o n ,  a l t h o u g h  22 ,0 0 0  g s h o u ld  

be s u f f i c i e n t .  When t h i s  h i g h e r  speed  o f  c e n t r i f u g a t i o n  was t e s t e d ,  

p o s i t i v e  r e s u l t s  were  o b t a i n e d .  The T/M r a t i o  was 11 a t  an  amine 

c o n c e n t r a t i o n  o f  1 0 - ^M a f t e r  a 5 m in u te  i n c u b a t i o n  p e r i o d .

Synaptosomes  s h o u ld  s e d im e n t  a t  22 ,0 0 0  g , b u t  p o s i t i v e  r e s u l t s  

were  o b t a i n e d  o n l y  a f t e r  s e d i m e n t a t i o n  a t  4 8 ,0 0 0  g .  I t  was s u s p e c t e d  

t h a t  u p t a k e  was b e i n g  measured  in  s m a l l e r  s u b c e l l u l a r  p a r t i c l e s , r a t h e r  

th a n  I n t a c t  s y n ap to s o m e s .

The method o f  B a l d e s s a r l n i  and Vogt ( 1 9 7 1 ) ,  was a l s o  e v a l u a t e d .

A f t e r  b r a i n  homogenates  a r e  i n c u b a t e d  w i t h  l a b e l e d  am ine ,  t h e  sy nap tosom es  

a r e  i s o l a t e d  by u l t r a f i l t r a t i o n  i n s t e a d  o f  c e n t r i f u g a t i o n .  M l l l i p o r e  

f i l t e r s  a r e  used which  have  a pore  s i z e  t h a t  t r a p  s y n a p to s o m e s ,  b u t  a l l o w  

t h e  p a s s a g e  o f  s m a l l e r  s p e c i e s .  T h i s  method o f  o b t a i n i n g  sy n ap to so m es  

a p p e a r s  t o  be more s p e c i f i c  t h a n  p r e p a r i n g  a 4 8 ,0 0 0  g p e l l e t .  B a l d e s a a r i n l  

and Vogt found t h a t  t h e  r a d i o a c t i v i t y  t r a p p e d  by p a s s i n g  s am p les  o v e r  an 

0 . 8  urn pore  s i z e  M l l l i p o r e  f i l t e r  was o n l y  12.3% o f  t h e  r a d i o a c t i v i t y  

e x t r a c t a b l e  from t h e  4 8 ,0 0 0  g p e l l e t .  S u b c e l l u l a r  d i s t r i b u t i o n  s t u d i e s  

r e v e a l e d  t h a t  f i l t r a t i o n  s u c e s s f u l l y  removes t h e  peak  o f  r a d i o a c t i v i t y
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a s s o c i a t e d  w i th  s y n a p to s o m e s .  T h e r e f o r e ,  t h e  4 8 ,0 0 0  g p e l l e t  must i n c l u d e  

a c o n s i d e r a b l e  amount o f  r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  p a r t i c l e s  o t h e r  

t h a n  s y n a p to s o m e s .  Such m a t e r i a l  would be t o o  s m a l l  t o  be  t r a p p e d  by  a

f i l t e r  w i t h  a p o re  s i z e  o f  0 . 8  um.

U s in g  f i l t r a t i o n ,  t h e r e  was a p rob lem  w i th  c o n s i s t e n t l y  h ig h  b l a n k s .

About 17, o f  th e  l a b e l e d  amine was b i n d i n g  t o  t h e  f i l t e r ,  even when no

t i s s u e  was p r e s e n t .  D i f f e r e n t  f i l t e r s  were  t e s t e d  b u t  d i d  n o t  improve 

upon t h e  M i l l i p o r e  f i l t e r  b e c a u s e  t h e  pore  s i z e  was c r u c i a l .  Washing 

t h e  f i l t e r s  w i th  l a r g e  amounts o f  b u f f e r  a f t e r  f i l t r a t i o n  d i d  no t  h e l p  

t o  r e d u c e  b l a n k  l e v e l s .  So ak in g  t h e  M l l l i p o r e  f i l t e r s  in  c o l d  DA t o  

s a t u r a t e  t h e  b i n d i n g  s i t e s  d i d  n o t  r e d u c e  b l a n k s .  T h i s  s u g g e s t e d  t h a t  

t h e  h ig h  b l a n k s  were  due t o  a c o n t a m i n a n t  in  t h e  l a b e l e d  DA. The p u r i t y  

o f  t h e  l a b e l e d  amine was t e s t e d  by t h i n  l a y e r  ch ro m a to g ra p h y  ( s i l i c a  

g e l  GF, A n a l t e c h  I n c . ,  Newark , D e law are )  in  a b u t a n o l :  a c e t i c  a c i d ;  

w a t e r  ( 2 5 : 4 : 1 0 )  s y s t e m .  A s m a l l  peak  was found ,  e q u i v a l e n t  t o  a p p r o x i -  

m a t e l y  5Z o f  t h e  a u t h e n t i c  H-^-DA p e ak .  A v e r y  m inor  c o n t a m i n a n t  would 

be  s u f f i c i e n t  t o  p roduce  h i g h  b l a n k s  and o b s c u r e  a s m a l l  amount o f  

a c t i v e  i n c o r p o r a t i o n .  T h e r e f o r e  t h e  amine was f u r t h e r  p u r i f i e d  by 

p a s s i n g  o v e r  a lu m in a .  An a lum ina  column was p r e p a r e d  as d e s c r i b e d  

in  t h e  s e c t i o n  on t h e  f l u o r o m e t r i c  d e t e r m i n a t i o n  o f  c a t e c h o l a m i n e s .  A f t e r  

d i l u t i n g  t h e  l a b e l e d  amine t o  10 ml w i t h  w a t e r  and a d d in g  0 . 5  ml 10Z 

EDTA, t h e  pH of  t h e  s o l u t i o n  was a d j u s t e d  t o  8 . 4  w i t h  NaOH and p a s s e d  

o v e r  a column c o n t a i n i n g  0 . 5  g a lu m in a .  A f t e r  w ash ing  t h e  column w i t h  10 ml 

d i s t i l l e d  w a t e r ,  t h e  l a b e l e d  DA was e l u t e d  w i t h  5 ml ° .2M  a c e t i c  a c i d .

The e l u a t e  was c o n c e n t r a t e d  by l y o p h l l l z a t l o n ,  t h e  amine t a k e n  up  in  

0 . 1 5  N t a r t a r i c  a c i d  and s t o r e d  in  t h e  f r e e z e r .  The p u r i f i c a t i o n  p r o c e d u r e  

e l i m i n a t e d  t h e  c o n t a m i n a t i n g  peak  and reduced  b l a n k  v a l u e s  t o  s a t i s f a c t o r y  

l e v e l s .
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A n o t h e r  p rob lem  e n c o u n t e r e d  was v a r i a b i l i t y  In  d u p l i c a t e  s a m p l e s .

S i n c e  o n l y  one f i l t e r i n g  s t a n d  was a v a i l a b l e  f o r  a l l  s a m p l e s , t h e  sam p les  

had t o  be k e p t  on i c e  f o r  v a r y i n g  p e r i o d s  o f  t im e  b e f o r e  t h e y  c o u ld  be 

f i l t e r e d ;  t h i s  p r o c e s s  t o o k  up t o  an h o u r .  T h i s  m ig h t  have  been c o n t r i b u t i n g  

t o  t h e  v a r i a b i l i t y .  C r o s s - c o n t a m i n a t i o n  had been  e 1 imitkated a s  a f a c t o r .

The u se  o f  a m u l t i - s a m p l e  f i l t e r i n g  a p p a r a t u s  ( M l l l i p o r e  3025 Sampling  

M a n i f o l d )  e l i m i n a t e d  t h l a  p ro b le m .  Samples  were  I n c u b a t e d  In  s t a g g e r e d  

f a s h i o n  and f i l t e r e d  l m n e d l a t e l y  a f t e r  t h e  i n c u b a t i o n  p e r i o d  w i t h o u t  b e in g  

k e p t  on i c e .

When t im e  o f  i n c u b a t i o n  was v a r i e d ,  i n c o r p o r a t i o n  was l i n e a r  o v e r  

10 m i n u t e s  a t  37°C, w i t h  d e c r e a s e d  i n c o r p o r a t i o n  a f t e r  15 m i n u t e s .

T h i s  may be  a r e f l e c t i o n  o f  t h e  f r a g i l e  n a t u r e  o f  synap tosom es  which 

can  b r e a k  down i f  k e p t  a t  h ig h  t e m p e r a t u r e s  f o r  lo n g  p e r i o d s  o f  t i m e .

T h i s  i s  s i m i l a r  t o  t h e  phenomenon n o t e d  by P h i l i p p u  and B eyer  (1973) f o r  

c a u d a t e  v e s i c l e s .  When I n c u b a t e d  w i t h  ^C-DA a t  25°C i n  t h e  p r e s e n c e  

o f  ATP and magnes ium, t h e  v e s i c l e s  showed maximum u p ta k e  a f t e r  20 m i n u t e s ,  

and t h i s  l e v e l  rem a ined  f a i r l y  c o n s t a n t  f o r  a n o t h e r  20 m i n u t e s .  At 37°C, 

u p t a k e  r e a c h e d  a peak  a f t e r  2 . 5  m in u te s  and t h e n  g r a d u a l l y  d e c l i n e d .  The 

a u t h o r s  a t t r i b u t e d  t h i s  t o  t h e  t h e r m o - l a b i l i t y  o f  t h e  v e s i c l e s .  T h i s  mpy 

be  t h e  r e a s o n  t h a t  in  t h e  p r e s e n t  e x p e r i m e n t  g r e a t e r  i n c o r p o r a t i o n  was 

found when no p r e - i n c u b a t i o n  p e r i o d  was u s e d .  The sy n ap to so m es  may b e g in  

t o  b r e a k  down d u r i n g  t h e  p r e - i n c u b a t i o n  p e r i o d .  S in c e  a l o n g e r  I n c u b a t i o n  

p e r i o d  would make t h e  h a n d l i n g  o f  many s am p les  more c o n v e n i e n t ,  t h e  i n c u b a t i o n  

t e m p e r a t u r e  was d e c r e a s e d  t o  27°C and t h e  i n c u b a t i o n  t ime I n c r e a s e d  t o  15 

m i n u t e s .  No p r e - i n c u b a t i o n  p e r i o d  was u s e d .



I l l

F i n a l  P r o c e d u r e

The f i n a l  method used  was a m o d i f i c a t i o n  o f  t h e  f i l t r a t i o n  method 

o f  B a l d e s s a r l n i  and Vogt ( 1 9 7 1 ) .  R a ts  w i t h  f r o n t a l  o r  sham l e s i o n s  were 

d e c a p i t a t e d  f o u r  weeks p o s t o p e r a t i v e l y .  The s t r i a t u m  was q u i c k l y  

d i s s e c t e d  and homogenized i n  20 volumes  o f  i c e - c o l d  0 . 3 2  M s u c r o s e  in  

Thomas AA59 h o m o g e n iz a t io n  t u b e s ,  u s i n g  8 up-and-down s t r o k e s .

The homogenates  were  c e n t r i f u g e d  in  t h e  c o ld  a t  1000 g f o r  10 

m i n u t e s  t o  remove n u c l e i  and heavy  c e l l  d e b r i s .  The s u p e r n a t a n t s  ( S ^ ) ,  

c o n t a i n i n g  s y n a p t o s o m e s , among o t h e r  c e l l u l a r  s t r u c t u r e s ,  were s t i r r e d  

g e n t l y  and d i l u t e d  w i t h  K r e b s - R i n g e r  s o l u t i o n  t o  make a c o n c e n t r a t i o n  

o f  2 mg w e t  w e i g h t  t l s s u e / 0 . 8 m l .  A l i q u o t s  o f  t h i s  s o l u t i o n  were  removed 

f o r  i n c u b a t i o n .

The t o t a l  i n c u b a t i o n  volume was 1 ml and c o n s i s t e d  o f  ( a )  0 . 8  ml 

c ru d e  s y n a p to s o m a l  s u s p e n s i o n  c o n t a i n i n g  synap tosom es  d e r i v e d  from 2 mg 

wet w e i g h t  t i s s u e ,  ( b )  5 . 0  x 1 0 " H  m oles  H^-UA e q u i v a l e n t  t o  0 . 4  ^ C l  

d e l i v e r e d  i n  a volume o f  0 . 1  ml K r e b s - R i n g e r  s o l u t i o n ,  ( c )  an a p p r o p r i a t e  

c o n c e n t r a t i o n  o f  u n l a b l e d  DA d e l i v e r e d  in  a volume o f  0 . 1  ml K reb s -  

R in g e r  s o l u t i o n  s o  a s  t o  make t h e  f i n a l  t o t a l  DA c o n c e n t r a t i o n  1 x 10*7M,

2 x 1 0 ’ 7M, 5 x 1 0 -7 M, o r  9 . 5  x 10_7M.

Samples  w ere  k e p t  on i c e  u n t i l  I n c u b a t e d ;  th e  H-DA was added 

j u s t  b e f o r e  I n c u b a t i o n .  Samples  were  i n c u b a t e d  w i t h  c o n s t a n t  s h a k in g  

f o r  15 m i n u t e s  a t  27°C. C o n t r o l  t u b e s  c o n t a i n i n g  b o th  t i s s u e  and l a b e l e d  

amine w ere  t r e a t e d  I d e n t i c a l l y ,  b u t  k e p t  on i c e .

A f t e r  I n c u b a t i o n ,  s am p le s  were  f i l t e r e d  im m e d ia t e ly  u s i n g  M l l l i p o r e  

f i l t e r s ,  25mm In  d i a m e t e r  w i t h  a pore  s i z e  o f  0 . 8  Aim ( M l l l i p o r e  C o r p . ,  

B e d f o r d ,  M a s s . )  which  had been  p r e - m o l s t e n e d  by s o a k i n g  In K r e b s - R l n g e r  

s o l u t i o n .  A f t e r  f i l t r a t i o n ,  e ach  f i l t e r  was washed w i t h  10 ml K re b s -  

R ln g e r  s o l u t i o n ,  t r a n s f e r r e d  t o  a c o u n t i n g  v i a l ,  and d i s s o l v e d  by th e  a d d i ­

t i o n  o f  1 ml C e l l o s o l v e  ( F i s h e r ) .  Ten ml s c i n t i l l a t i o n  f l u i d  ( B r a y ' s )  waa 

added  t o  eac h  v i a l ,  and sam n les  were c o u n t e d .
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R e s u l t s

R e s u l t s  w ere  a n a l y z e d  u s i n g  t h e  L ln ew e av e r -B u rk  e q u a t i o n ,  which 

i s  a l i n e a r  t r a n s f o r m a t i o n  o f  t h e  M i c h a e l i s - M e n te n  e q u a t i o n ;

l  -  14. . 1 + 1
v  Vmax [_Sj Vmax

In t h i s  p l o t ,  t h e  s l o p e  I s  Kj and t h e  y i n t e r c e p t  r e p r e s e n t s  1
VflOTT Vmax

F o r  each  a n i m a l ,  t h e  v e l o c i t y  o f  u p t a k e  was m easu red  a t

f o u r  d i f f e r e n t  s u b s t r a t e  c o n c e n t r a t i o n s .  The method o f  l e a s t  s q u a r e s

waB used  t o  c a l c u l a t e  t h e  b e s t  s t r a i g h t  l i n e  d e s c r i b i n g  t h e  p l o t  o f

1 a g a i n s t  1 .  T hus ,  a v a l u e  o f  K*, and Vmax was found f o r  e ach  i n d i v i d u a l
v Csj T
a n i m a l .

As can  be s ee n  In  T a b l e  6 ,  t h e  Kj f o r  t h e  s t r i a t a l  s y n a p to s o m a l
_7

u p t a k e  o f  DA was found t o  be  1 . 2  x 10 M in  sham a n i m a l s .  T h i s  a g r e e s  

q u i t e  w e l l  w i t h  v a l u e s  found  In  t h e  l i t e r a t u r e .  H a r r i s  and B a l d e s s a r l n i  

r e p o r t e d  a Kj o f  1 x 1 0 -7 M in  one p a p e r  (1 9 7 3 a ) ,  and 2 x 10"^M in  a 

second  p a p e r  (1 9 7 3 b ) .  S n y d e r  and  Coyle  (1969) found a h i g h e r  Kj o f  

4 x 10_7M.

The Vmax i n  t h e  p r e s e n t  e x p e r im e n t  c a n n o t  be compared w i t h  o t h e r s  

in  t h e  l i t e r a t u r e  s i n c e  t h e  t e m p e r a t u r e  o f  i n c u b a t i o n  d i f f e r e d .  T h i s  

would have  a l a r g e  e f f e c t  on t h e  v e l o c i t y  o f  u p t a k e .  ICj. may a l s o  show 

t e m p e r a t u r e  d e p en d e n c y .

T he re  was no s i g n i f i c a n t  d i f f e r e n c e  be tween  f r o n t a l  and sham 

a n im a l s  In  e i t h e r  t h e  Vmax o r  Kry o f  s y n a p to s o m a l  u p t a k e .
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TABLE 6

KINETIC CONSTANTS OF STRIATAL SYNAPTOSOMAL UPTAKE

Sham F r o n t a l

Vmax* 1 3 .1  + 2 . 0  (N-7) 1 3 . 6  + 1 . 7  (N-8)

Km x 1 0 " 7M 1 . 2  + 0 . 2  (N-7) 1 . 8  + 0 . 2  (N-8)

^  o
Vmax l a  In pmolea/m g/15 tnln a t  27 C

Vaiuea  a r e  ahown + SEM
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Discussion
3

K i n e t i c  a n a l y s i s  o f  t h e  u p t a k e  o f  H -DA I n t o  s t r i a t a l  synap tosom es  

d i d  n o t  r e v e a l  any s i g n i f i c a n t  d i f f e r e n c e s  be tw een  f r o n t a l  and sham 

a n im a l s  f o u r  weeks a f t e r  s u r g e r y .  I f  Vmax I s  Indeed  a m easure  o f  

t h e  number o f  u p ta k e  s i t e s  and I f  t h e  number o f  u p t a k e  s i t e s  i s  

c o r r e l a t e d  w i t h  t h e  number o f  n e r v e  t e m A l n a l s ,  t h e n  t h e  d a t a  do 

n o t  s u p p o r t  t h e  h y p o t h e s i s  c o n c e r n i n g  t h e  c o l l a t e r a l  s p r o u t i n g  o f  t h e  

d o p a m in e r g i c  sy s te m  in  f r o n t a l  a n i m a l s .  S t i l l ,  b e c a u s e  o f  p rob lem s in  

m e th o d o lo g y ,  t h l a  h y p o t h e s i s  c a j n o t  be  d i s c a r d e d  w i t h  c e r t a i n t y .

The most d i r e c t  method o f  d e m o n s t r a t i n g  t h e  c o l l a t e r a l  s p r o u t i n g  

o f  a c a t c c h o l a m l n e r g l c  s y s t e m  i s  v i a  h l s t o c h e m l c a l  f l u o r e s e n c e .  In  

t h i s  m e th o d ,  t i s s u e  sp ec im en s  a r e  t r e a t e d  w i t h  fo rm a ld e h y d e  gas  

r e s u l t i n g  In f l u o r e s c e n t  monoamine p r o d u c t s  ( F a l c k , 1 9 6 2 ) .  Nerve 

t e r m i n a l s  c o n t a i n i n g  monoamines ean t h e n  be v i s u a l i z e d  u n d e r  t h e  f l u o r e a c e n c e  

m i c r o s c o p e .  However,  t h i s  method c a n n o t  be u sed  t o  d e t e c t  I n c r e a s e s  In 

i n n e r v a t i o n  when c o n t r o l  l e v e l s  a r e  v e r y  d e n se  (Moore e t  a l . ,  1 9 7 4 ) .

S in c e  t h e  d o p a m i n e r g i c  I n n e r v a t l a i  o f  t h e  s t r i a t u m  i s  v e r y  d e n s e ,  a method 

was chosen  t h a t  co u ld  be q u a n t i t a t e d  and would be  more l i k e l y  t o  d e t e c t  

d i f f e r e n c e s  be tw een  e x p e r i m e n t a l  g r o u p s .

T he re  a r e  many p r e c e d e n t s  in  t h e  l i t e r a t u r e  f o r  t h e  use  o f  s y n a p to s o m a l  

u p t a k e  a s  an Index  o f  t h e  number o f  n e r v e  t e r m i n a l s  p r e s e n t .  However,  t h e  

d i f f e r e n c e s  exsmlned  were  u s u a l l y  much g r e a t e r  t h a n  t h e  one  e x p e c t e d  in  

t h e  p r e s e n t  s t u d y .

Many I n v e s t i g a t o r s  have  u sed  s y n a p to s o m a l  u p t a k e  t o  t r a c e  r e g e n e r a t i o n  

o f  n e r v e  t e r m i n a l s .  F o r  ex am p le ,  J o n s s o n  and Sachs  (1972)^ a f t e r  p r o d u c in g
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a chem ica l  sympathectomy In  mice by t h e  a d m i n i s t r a t i o n  o f  6-OH-DA, 

used t h i s  method t o  s t u d y  t h e  r e g e n e r a t i o n  o f  a d r e n e r g i c  n e rv e  t e r m i n a l s  

In  i r i s e s  and a t r i a .  They found a v e r y  good c o r r e l a t i o n  be tween t e r m i n a l  

r e g e n e r a t i o n  measured  by f l u o r e s c e n c e  h i s t o c h e m i s t r y  and t h e  deve lopm ent
i  3

o f  H J -N E  u p t a k e .  H -N E  u p ta k e  was v e r y  low ln sn ed la te ly  f o l l o w i n g  sympa­

thec tom y and i n c r e a s e d  t o  80% o f  c o n t r o l  l e v e l s  a f t e r  f o u r  weeks ,  Kj. v a l u e s  

were t h e  same In  c o n t r o l  and e x p e r i m e n t a l  g r o u p s ,  w h i l e  t h e  Vmax d i f f e r e d .

Coyle  and A xe l rod  (1971) t r a c e d  t h e  developm ent  o f  r a t  CNS a d r e n e r g i c
•%

sys tem s  from 14 days  o f  g e s t a t i o n  t o  a d u l th o o d  u s in g  sy n ap to so m a l  H -NE 

u p ta k e  as  an index  o f  t h e  number o f  n e rv e  t e r m i n a l s .  K i n e t i c  a n a l y s i s  

r e v e a l e d  t h a t  t h e  Vmax o f  u p ta k e  r e a ch e d  a d u l t  l e v e l s  by  28 days  o f  age .

Kuhar, A g h a j e n l a n ,  and Roth (1972) made l e s i o n s  i n  th e  m ld b r a ln  

rap h e  n u c l e i  o f  r a t a ,  th u s  I n t e r r u p t i n g  s e r o t o n e r g i c  pathways which 

I n n e r v a t e  f o r e b r a l n  a r e a s .  They r e p o r t e d  a v e ry  good c o r r e l a t i o n  be tween 

r e d u c t i o n  in  5-HT l e v e l s ,  t r y p t o p h a n  h y d r o x y la s e  s c t i v l t y ,  and synap tosom al  

up ta k e  o f  H-*-5HT i n  d i f f e r e n t  r e g i o n s  o f  t h e  b r a i n .  F l u o r e s c e n c e  h l a t o -  

c h em lca l  e s t i m a t e s  o f  5-HT t e r m i n a l s  p a r a l l e l e d  t h e  b io c h e m ic a l  r e s u l t s .

These examples  i n  t h e  l i t e r a t u r e  s u g g e s te d  t h a t  t h e  method o f  

synap tosom al  u p t a k e  would be s e n s i t i v e  enough t o  a l l o w  d e t e c t i o n  o f  a 

sm a l l  I n c r e a s e  In  DA I n n e r v a t i o n .  In  most o t h e r  I n v e s t i g a t i o n s ,  com par isons  

were made between g roups  w i t h  normal i n n e r v a t i o n  and g ro u p s  w i th  l i t t l e  

o r  no i n n e r v a t i o n .  S in c e  In t h e  p r e s e n t  s t u d y ,  t h e r e  waa o n ly  a 36% i n ­

c r e a s e  i n  DA l e v e l s ,  t h e  e x p e c te d  d i f f e r e n c e  between g ro u p s  was c o m p a r a t i v e l y  

s m a l l .  F u r th e r m o r e ,  s i n c e  t h e  normal s t r i a t a l  DA I n n e r v a t i o n  I s  v e ry  h i g h ,  

i t  m ight  make I t  more d i f f i c u l t  t o  d e t e c t  d i f f e r e n c e s .  I t  may be  t h a t  

synap tosom a l  u p t a k e ,  l i k e  h l a t o c h e m l c a l  f l u o r e c e n c e  la  n o t  s e n s i t i v e  enough 

t o  d e t e c t  I n c r e a s e s  when b a s e l i n e  l e v e l s  a r e  h i g h .
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S ynaptosom es  a r e  v e r y  f r a g i l e ,  and even  when g r e a t  c a r e  l a  used  

In  t h e i r  p r e p a r a t i o n ,  t h e  y i e l d  may be  q u i t e  v a r i a b l e .  T h u s ,  i t  h a s  

been  t h e  e x p e r i e n c e  in  t h i s  l a b o r a t o r y  and o t h e r s  ( B a r k e r ,  J o h n so n ,  

p e r s o n a l  c o m m u n ic a t io n s )  t o  f i n d  c o n s i d e r a b l e  v a r i a b i l i t y  from day t o  

day  in  t h e  d e t e r m i n a t i o n  o f  Vmax, w h e rea s  e s t i m a t i o n s  o f  Kp rem a in  

q u i t e  c o n s i s t e n t .  N a t u r a l l y ,  t h i s  would make m o d e ra te  d i f f e r e n c e s  

d i f f i c u l t  t o  d e t e c t .

The p o s s i b i l i t y  t h a t  s y n a p to s o m a l  u p t a k e  i s  n o t  s p e c i f i c  enough t o  

d e t e c t  chan g es  i n  one amine s y s t e m  must  be  c o n s i d e r e d .  F o r  e x am p le ,  

i n  some i n s t a n c e s ,  t h e  CA u p t a k e  mechanism may n o t  be a b l e  t o  d i s c r i m i ­

n a t e  b e tw een  DA and NE. S y n d e r  and C oy le  (1969)  d i d  a r e g i o n a l  a n a l y s i s  

o f  t h e  u p t a k e  o f  H^-DA and H^-NE i n t o  r a t  b r a i n  s y n a p t o s o m e s , In  

e x t r a a t r l a t a l  a r e a s ,  DA c o m p e t i t i v e l y  i n h i b i t e d  t h e  u p t a k e  o f  NE w i t h  

an i n h i b i t o r y  c o n s t a n t  (Ki) e q u a l  t o  I t s  own a f f i n i t y  c o n s t a n t  

s u g g e s t i n g  t h a t  t h e  two amines  a r e  u s i n g  t h e  same t r a n s p o r t  s y s t e m .  

P a r a d o x i c a l l y ,  t h e  s p e c i f i c  u p t a k e  s y s t e m  f o r  NE a p p e a r s  t o  have  a 

g r e a t e r  a f f i n i t y  f o r  DA ( r e f l e c t e d  by  a lower  K j)  t h a n  f o r  NE. The Kj, 

f o r  DA was low er  t h a n  t h a t  f o r  NE i n  a l l  r e g i o n s  t e s t e d ,  even  in  p r e d o m i n a n t l y  

n o r a d r e n e r g i c  a r e a s  such  a s  t h e  h y p o th a l a m u s .  The s t r i a t u m  showed a 

low er  a f f i n i t y  f o r  DA t h a n  t h e  o t h e r  a r e a s  t e s t e d .  NE a p p e a r e d  t o  u se  

t h e  DA u p t a k e  sy s te m  i n  t h e  s t r i a t u m ,  a i n c e  i t  c o m p e t i t i v e l y  I n h i b i t e d  t h e  

u p t a k e  o f  DA i n t o  s t r i a t a l  sy n ap to so m es  w i th  a Ki e q u a l  t o  i t s  K^, P r o b a b ly  

b e c a u s e  o f  f a c t o r s  su ch  a s  t h e s e ,  t h e  Vmax f o r  NE was n o t  c o r r e l a t e d  w i th  

t h e  amount o f  e n d o g e n o u s  NE p r e s e n t .  T h u s ,  t h e  h i g h e s t  Vmax f o r  NE was 

found  I n  t h e  s t r i a t u m ,  and t h e r e  was n o t  much d i f f e r e n c e  be tw een  a r e a s  

h ig h  in  NE and a r e a s  c o m p a r a t i v e l y  low in  t h i s  amine .  The s t r i a t a l  u p ta k e
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s y s te m  shoved  a much g r e a t e r  a f f i n i t y  f o r  DA t h a n  f o r  NE, and t h u s  

a p p e a r s  t o  be  s p e c i f i c  f o r  DA, F u r t h e r m o r e  even  though  NE n e r v e  

t e r m i n a l s  a p p e a r  t o  c o n c e n t r a t e  DA v e r y  e f f i c i e n t l y ,  t h e  c o n t r i b u t i o n  

o f  such  t e r m i n a l s  i n  a p o p u l a t i o n  o f  s t r i a t a l  synap tosom es  would be 

m i n i m a l ,

DA and NE a r e  v e r y  s i m i l a r  In  s t r u c t u r e .  T h i s  p r o b a b l y  a c c o u n t s  

f o r  t h e  r e l a t i v e  n o n s p e c l f l c l t y  b e tw een  them. In  o t h e r  i n s t a n c e s ,  

s y n a p to s o m a l  u p t a k e  a p p e a r s  t o  be  r a t h e r  s p e c i f i c  when low c o n c e n t r a ­

t i o n s  o f  amines  a r e  u s e d .  Many I n v e s t i g a t o r s  have  found e v i d e n c e  o f  

two u p ta k e  mechanisms a t  t h e  s y n a p to s o m a l  membrane.  The h ig h  a f f i n i t y  

mechanism I s  s p e c i f i c  and o p e r a t e s  a t  low amine c o n c e n t r a t i o n s .  The 

low a f f i n i t y  s y s te m  i s  n o n s p e c i f i c  and w i l l  t a k e  up many d i f f e r e n t  

amines  I f  t h e y  a r e  p r e s e n t  In  h ig h  c o n c e n t r a t i o n s .

Coyle  and Snyder  (1969)  found e v i d e n c e  o f  h i g h  and low a f f i n i t y  

mechanisms f o r  DA In  sy n ap to so m es  t a k e n  from d i f f e r e n t  b r a i n  r e g i o n s .

D o u b l e - r e c i p r o c a l  p l o t s  o f  u p t a k e  vs  DA c o n c e n t r a t i o n  r e v e a l e d  two 

l i n e a r  components  d i f f e r i n g  w i d e l y  i n  t h e i r  a f f i n i t y  c o n s t a n t s .  However,  

o n ly  one component was e v i d e n t  In  sy n ap to so m es  p r e p a r e d  from t h e  s t r i a t u m .

Kuhar,  Roth and A g h a ja n l a n  (1972)  found a s e l e c t i v e  d e c r e a s e  i n  t h e  

s y n a p to s o m a l  u p t a k e  o f  low c o n c e n t r a t i o n s  o f  5-HT a f t e r  making l e s i o n s  

In a s e r o t o n e r g i c  pathway o f  t h e  b r a i n .  T h i s  d e c r e a s e  was n o t  as  

g r e a t  I f  t h e  c o n c e n t r a t i o n  o f  5-HT In  t h e  I n c u b a t i o n  medium was i n c r e a s e d ,  

s u g g e s t i n g  t h a t  a t  h ig h  c o n c e n t r a t i o n s ,  t h e  5-HT was b e i n g  a cc u m u la te d  

by  n o n - s e r o t o n e r g l c  t e r m i n a l s .  F u r t h e r m o r e ,  t h e  u p t a k e  o f  DA o r  NE 

was n o t  a f f e c t e d  by t h e s e  l e s i o n s .  I f  l e s i o n s  were  made In  a n o n - s e r o t o n e r g l c  

pathway o f  t h e  b r a i n ,  t h e  u p t a k e  o f  5-HT was n o t  r e d u c e d .  These  r e s u l t s  

I n d i c s t e  t h a t  a t  low i n c u b a t i o n  c o n c e n t r a t i o n s ,  5-HT i s  s e l e c t i v e l y  t a k e n  

up by  sy n ap to so m es  o r i g i n a t i n g  from s e r o t o n e r g i c  n e u r o n s .
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S i m i l a r l y ,  Zigmond e t  a l .  (1971) made l e s i o n s  i n  t h e  l a t e r a l
3

hy p o th a lam u s  o f  r a t s  and found a  d e c r e a s e  i n  H -NE u p t a k e  by t e l e n -

c e p h a l l c  s y n a p to s o m e s ,  a l o n g  w i t h  a d e c r e a s e  i n  NE l e v e l s .  The l e s i o n
■1

d i d  n o t  a f f e c t  t h e  u p t a k e  o f  H - s e r i n e .  F u r t h e r m o r e ,  i n t e r r u p t i o n  o f  

a s e r o t o n e r g i c  pathway by l e s i o n i n g  t h e  c e n t r a l  g r e y  a r e a  o f  t h e  

m e sen cep h a lo n  r e s u l t e d  i n  a  d e c r e a s e  i n  f o r e b r a i n  5-HT l e v e l s ,  b u t  

n o t  i n  t h e  d e g r e e  o f  s y n a p to s o m a l  H -NE u p t a k e .

The n a t u r e  o f  c o l l a t e r a l  s p r o u t s  may make them more d i f f i c u l t  t o  

d e t e c t  t h a t  no rm a l  n e r v e  t e r m i n a l s .  F o r  ex am p le ,  t h e y  may be  more 

f r a g i l e  th a n  o t h e r  t e r m i n a l s  and  t h e r e f o r e  t h e i r  y i e l d  may be  l e s s .  

S i m i l a r l y ,  t h e y  may n o t  f u n c t i o n  s s  norm al  t e r m i n a l s  and t h u s  n o t  c o n ­

t r i b u t e  an a p p r o p r i a t e  number o f  u p t a k e  s i t e s .  F u r t h e r m o r e ,  Raiaman 

( 1 9 6 9 ) ,  i n  s t u d y i n g  t h e  c o l l a t e r a l  s p r o u t i n g  o f  t h e  m e d i a l  f o r e b r a i n  

b u n d le  I n p u t  t o  t h e  s e p t a l  n u c l e i  a f t e r  a l e s i o n  o f  t h e  f o m l c a l  i n p u t ,  

found an I n c r e a s e  in  t h e  number o f  d o u b le  s y n a p s e s  and m u l t i p l e  co n ­

t a c t s .  T h i s  would n o t  i n v o l v e  g row th  o f  new t e r m i n a l s ,  b u t  e x t e n s i o n s  

o f  a l r e a d y  e x i s t i n g  o n e s .  T h u s , a l t h o u g h  a new sy s tem  i s  r e l n n e r v a t l n g  

a d e n e r v a t e d  s t r u c t u r e ,  such  an e x t e n s i o n  o f  s y n a p t i c  a r e a  would n o t  

r e s u l t  i n  new t e r m i n a l s  and co u ld  n o t  be  d e t e c t e d  in  an e x p e r im e n t  on 

s y n a p to s o m a l  t r a n s p o r t .  However,  such  r e i n n e r v a t i o n  m ig h t  r e s u l t  i n  

l a r g e r  s y n a p to s o m e s .  I f  t h i s  were  t h e  c a s e ,  t h e  l a r g e r  s y n a p to s o m e s ,  

h a v in g  d i f f e r e n t  s e d i m e n t a t i o n  p r o p e r t i e s ,  m igh t  have  been  l o s t ,  L a v e r t y  

e t  a l .  (1963)  found t h a t  t h i s  c o u ld  happen  when t h e y  s t u d i e d  t h e  d i s t r i b u ­

t i o n  o f  sy n ap to so m es  upon f r a c t i o n a t i o n  o f  dog c a u d a t e  n u c l e u s .  A p p a r e n t l y  

t h e  s t r i a t a l  synap tosom es  o f  t h e  dog have  a v e r y  w ide  r a n g e  o f  s i z e s .  The 

f i r s t  p e l l e t  (P ^ ) ,  o b t a i n e d  by c e n t r i f u g i n g  s t r i a t a l  homogenates  a t  lOOOg, 

was found by e l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  t o  c o n t a i n  l a r g e  sy n a p to s o m e s .
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T h u s , t h e s e  l a r g e  sy n ap to so m es  would be  a b s e n t  from t h e  c ru d e  s y n a p to s o m a l  

f r a c t i o n  a f t e r  t h i s  I n i t i a l  c e n t r i f u g a t i o n .  T h i s  m ig h t  o c c u r  w i t h  

sy n ap to so m es  t h a t  a r e  e n l a r g e d  due t o  t h e  e x t e n s i o n  o f  s y n a p t i c  co n ­

t a c t s .

T h e re  I s  t h e  q u e s t i o n  o f  w h e t h e r  endogeneous  l e v e l s  o f  DA 

a f f e c t  u p t a k e .  T h a t  I s ,  w i l l  a synaptosome w i t h  h i g h e r  I n i t i a l  DA 

l e v e l s  have  t h e  same u p ta k e  p r o p e r t i e s  a s  norm al  sy n a p to s o m e s ,  o r  

would t h e r e  be  l e s s  u p t a k e  due t o  t h e  p a r t i a l  s a t u r a t i o n  o f  s t o r a g e  

s i t e s .  Some I n v e s t i g a t o r s  t h i n k  i t  l a  l i k e l y  t h a t  endogenous  s t o r e s  o f  

amine a r e  p a r t i a l l y  d e p e l e t e d  when t h e  t i s s u e  I s  homogenized  in  am ine-  

f r e e  s u c r o s e  ( B a l d e s s a r l n l  and V ogt ,  1971) .  R a i t e r l  and Lev i  (1973) 

have  found t h a t  some amines  a r e  d e p l e t e d  when aynap tosom es  unde rgo  

sudden c o o l i n g ,  a s  t h e y  c e r t a i n l y  do  when t h e  t i s s u e  I s  homogenized In 

I c e - c o l d  s u c r o s e .  A r e l a t e d  phenomenon was s t u d i e d  by  P h l l l p p u  and 

B eyer  (1 9 7 3 ) .  They found t h a t  when s t r i a t a l  s u b c e l l u l a r  v e s i c l e s  were 

i n c u b a t e d  a t  37°C w i t h  no exogenous  am ine ,  t h e  endogenous  DA s t o r e s  

w ere  s h a r p l y  r e d u c e d .  When th e y  were  I n c u b a t e d  In  t h e  p r e s e n c e  o f  

^ C -D A ,  t h e y  a c t i v e l y  t r a n s p o r t e d  t h e  exogeneous  DA, b u t  t h e  endogenous  

s t o r e s  s t i l l  f e l l  t o  v e r y  low l e v e l s .  Thus,  a t  l e a s t  a t  t h e  v e s i c u l a r  

l e v e l ,  endogenous  s t o r e s  a r e  n o t  m a i n t a i n e d  and would t h e r e f o r e  a p p e a r  

u n l i k e l y  t o  a f f e c t  maximal u p t a k e .

C o l l a t e r a l  s p r o u t i n g  i s  n o t  a s p e c i f i c  p r o c e s s .  Ralsman (1969)  

found t h a t  more t h a n  one s y s te m  s p r o u t e d  t o  r e I n n e r v a t e  t h e  s e p t a l  a r e a  

a f t e r  r e m o v a l  o f  t h e  h ip p o cam p a l  I n p u t .  I f  t h e r e  a r e  many a f f e r e n t  sy s te m s  

i n n e r v a t i n g  t h e  t a r g e t ,  t h e r e  may be  c o m p e t i t i o n  f o r  t h e  d e n e r v a t e d  s i t e s  

and t h i s  c o u ld  make i t  more d i f f i c u l t  t o  d e t e c t  c h an g e s  In  one s p e c i f i c
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s y s t e m .  I t  i s  l i k e l y  t h a t  many sy s te m s  t h a t  have  f a v o r a b l e  p o s i t i o n s  

In r e l a t i o n  t o  t h e  d e n e r v a t e d  s i t e s  w i l l  make new c o n t a c t s .

On t h e  o t h e r  h an d ,  n o t  a l l  e f f e r e n t s  t o  a p a r t i a l l y  d e n e r v a t e d  

s t r u c t u r e  a r e  in  a p o s i t i o n  f a v o r a b l e  f o r  s p r o u t i n g .  T he re  a r e  e x ­

amples  o f  n e g a t i v e  r e s u l t s  I n  t h e  l i t e r a t u r e  and p o s s i b l e  r e a s o n s .

Moore e t  a l .  (1974) c a u t i o n  t h a t  t h e r e  may be s e v e r a l  p r e r e q u i s i t e s  

f o r  t h e  phenomenon t o  o c c u r .  F l r a t ,  t h e  p r o j e c t i o n  removed must be 

c o n s i d e r a b l e .  Removing t h e  h ip p o cam p a l  I n p u t  t o  t h e  l a t e r a l  p r e o p t i c  

a r e a  does  n o t  r e s u l t  In  t h e  s p r o u t i n g  o f  t h e  a d r e n e r g i c  I n n e r v a t i o n  

(Moore e t  a l . ,  1 9 7 1 ) .  T h i s  may be b e c a u s e  t h e  h ip p o cam p a l  I n n e r v a t i o n  i s  

n o t  heavy  enough .  A second  r u l e  I s  t h a t  t h e  s p r o u t i n g  s y s t e m  must  a l s o  

be  o f  a s i g n i f i c a n t  d e n s i t y .  The rem ova l  o f  th e  heav y  h ip p o c am p a l  p r o ­

j e c t i o n  t o  t h e  l a t e r a l  mammil la ry  n u c l e u s  does  n o t  r e s u l t  In  t h e  

s p r o u t i n g  o f  t h e  s p a r s e  a d r e n e r g i c  i n p u t  (Moore, B j o r k l u n d ,  and S t e n e v i ,  

1 9 7 4 ) ,  However,  In o u r  s y s t e m ,  t h e  d o p a m in e r g i c  p r o j e c t i o n  t o  t h e  

s t r i a t u m  i s  c o n s i d e r a b l e .

P r o x i m i t y  may a l s o  be  an I m p o r t a n t  f a c t o r .  The s p r o u t i n g  s y s t e m  

must have  a f a v o r a b l e  p o s i t i o n  In  t h e  s y n a p t i c  a r r a n g e m e n t  In  r e l a t i o n  

t o  t h e  d e n e r v a t e d  s i t e s  and t h e  o t h e r  sy s te m s  p r e s e n t .  F o r  e x am p le ,  

a d r e n e r g i c  s p r o u t i n g  i s  n o t  found In  t h e  d o r s a l  l a t e r a l  g e n i c u l a t e  

n u c l e u s  a f t e r  r e t i n a l  a f f e r e n t s  a r e  removed, b u t  I s  found a f t e r  t h e  

c o r t i c a l  a f f e r e n t s  t o  t h i s  n u c l e u s  a r e  removed ( S t e n e v i  e t  a l . ,  1 9 7 2 ) .  

P e rhaps  t h e  a d r e n e r g i c  t e r m i n a l s  a r e  more p ro x im a l  t o  t h e  c o r t l c o g e n l c u -  

l a t e  s y n a p s e s  w h e rea s  o t h e r  sy s te m s  a r e  In  a b e t t e r  p o s i t i o n  t o  r e I n n e r v a t e  

t h e  r e t l n o g e n l c u l a t e  s y n a p s e s .

I f  t h e  n l g r o s t r i a t a l  s y s te m  d o es  n o t  s p r o u t  a f t e r  f r o n t a l  l e s i o n s ,  

i t  may be  b e c a u s e  o f  t h e  s y n a p t i c  a r r a n g e m e n t  In t h e  s t r i a t u m .  I m p o r t a n t  

f a c t o r s  may be which a f f e r e n t s  t e r m i n a t e  In  t h e  same r e g i o n  o f  t h e  n u c l e u s ,
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which  end on t h e  same n e u r o n s , and w h e th e r  t h e y  make a x o d e n d r i t i c  o r  

a x o so m a t l c  c o n t a c t a .

I f  DA were  n o t  p r e f e r e n t i a l l y  l o c a l i z e d  In  t h e  n e r v e  t e r m i n a l ,  

i n c r e a s e d  DA l e v e l s  would n o t  n e c e s s a r i l y  be  c o r r e l a t e d  w i t h  an I n c r e a s e d  

number o f  DA tormina I s ,  L a v e r t y  e t  a l .  (1963)  c o n c lu d e d  from t h e i r  

e x p e r i m e n t s  on t h e  dog c a u d a t e  n u c l e u s  t h a t  DA h a s  p r i m a r i l y  a c y t o ­

p la s m ic  l o c a l i z a t i o n .  DA was found p r e d o m i n a n t l y  i n  t h e  h ig h  speed  

s u p e r n a t a n t  (63%) a s  opposed  t o  t h e  p a r t i c u l a t e  f r a c t i o n ,  and had a 

d i s t r i b u t i o n  s i m i l a r  t o  t h a t  o f  l a c t a t e  d e h y d r o g e n a s e ,  a c y t o p l a s m i c  m a rk e r .  

In  c o n t r a s t ,  c a u d a t e  ACh and 5-HT, and h y p o t h a l a m i c  NE were  r e c o v e r e d  

p r i m a r i l y  in  t h e  p a r t i c u l a t e  f r a c t i o n .

The g e o m e t ry  o f  s y n a p s e s  may be i m p o r t a n t  in  d e t e r m i n i n g  w h e th e r  

o r  n o t  sy n ap to so m es  form upon t i s s u e  h o m o g e n i z a t i o n .  S y n a p t i c  e n d in g s  

a r i s i n g  from th e  axon t e r m i n a l ,  c a l l e d  b o u to n s  t e r m i n a u x ,  a r e  t h e  ty p e  

most f r e q u e n t l y  s ee n  In  e l e c t r o n  m i c r o g r a p h s .  When p r e s y n a p t i c  e l e m e n t s  

o c c u r  a l o n g  t h e  l e n g t h  o f  t h e  a x o n ,  t h e y  a r e  c a l l e d  b o u to n s  an p a s s a n t .

T h i s  l a t t e r  form may n o t  s h e a r  and  s e a l  as  w e l l  a s  b o u to n s  t e r m in a u x  

and t h u s  may n o t  form s y n a p to s o m e s .  Were r e i n n e r v a t i o n  t o  o c c u r  by t h e  

f o r m a t i o n  o f  b o u to n s  i n  p a s s a n t ,  such  s t r u c t u r e s  m igh t  be u n d e t e c t a b l e  

by m e a s u r in g  th e  s y n a p to s o m a l  t r a n s p o r t  o f  DA.
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GENERAL DISCUSSION 

Even th o u g h  t h e r e  a r e  r e s e r v a t i o n s  c o n c e r n i n g  t h e  n e g a t i v e  r e s u l t s  

o f  t h e  s y n a p to s o m a l  u p t a k e  e x p e r im e n t ,  t h e s e  n e g a t i v e  r e s u l t s  w i l l  

have  t o  be a c c e p t e d  In  f o r m u l a t i n g  t h e  f i n a l  c o n c l u s i o n s .  P e rh ap s  

more s e n s i t i v e  methods  c o u ld  anawer t h e  q u e s t i o n  more  d e f i n i t i v e l y  i n  

t h e  f u t u r e .  H i s t o l o g i c a l  e x a m in a t io n  would be  t h e  m os t  d i r e c t  and 

t h e  most d e s i r a b l e .  A s t u d y  on t h e  e l e c t r o n  m i c r o s c o p i c  l e v e l  m igh t  

r e v e a l  w h e t h e r  t h e r e  i s  a change in  t h e  s y n a p t i c  a r r a n g e m e n t  o f  t h e  

s t r i a t u m ,  su ch  a s  an  i n c r e a s e  in  m u l t i p l e  s y n a p t i c  c o n t a c t s .  L e s i o n i n g  

t h e  n i g r o - s t r i a t a l  s y s te m  f o u r  weeks a f t e r  f r o n t a l  c o r t i c a l  a b l a t i o n  

m ig h t  r e v e a l  an I n c r e a s e d  number o f  d e g e n e r a t i n g  t e r m i n a l s  upon 

e l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n .  T h i s  would b e  s t r o n g  e v i d e n c e  t h a t  

t h e  n i g r o - s t r i a t a l  s y s t e m  had undergone c o l l a t e r a l  s p r o u t i n g .

F u r t h e r  e x a m i n a t i o n  m igh t  r e v e a l  t h a t  o t h e r  s t r i a t a l  s y s te m s  had 

s p r o u t e d .  N o n s p e c i f i c  s p r o u t i n g  cou ld  be  m e a s u re d  h i s t o l o g i c a l l y  o r  

by m e a s u r in g  o c c l u d e d  l a c t i c  a c id  d e h y d r o g e n a s e  (LDH) . LDH I s  a c y t o ­

p la s m ic  m a r k e r .  T h a t  f r a c t i o n  o f  LDH e n c l o s e d  w i t h i n  s y n a p to s o m a l  p a r t i c l e s  

r e f l e c t s  s i z e  o r  q u a n t i t y  o f  sy n ap to so m es .  I f  o t h e r  s y s t e m s  had  s p r o u t e d ,  

t h e  a n i m a l s  m ig h t  d i s p l a y  changed s e n s i t i v i t y  t o  d r u g s  w hich  r e l e a s e  

t h e s e  t r a n s m i t t e r s , t h o u g h  n o t  n e c e s s a r i l y  t o  d i r e c t  a g o n i s t s .

At p r e s e n t  t h e  I n c r e a s e  in  s t r i a t a l  DA c a n  b e s t  b e  s e e n  as  t h e  r e s u l t  

o f  an  a t t e m p t  t o  co m pensa te  f o r  the  Im b a la n ce  i n  a f f e r e n t s  t o  t h e  s t r i a t u m  

a f t e r  t h e  f r o n t a l  p r o j e c t i o n  i s  removed. F r o n t a l  a n i m a l s  were  found 

t o  have  s l i g h t l y  lo w er  l e v e l s  o f  DOPAC t h a n  sham a n i m a l s  f o u r  weeks p o s t ­

o p e r a t i v e  l y .  Reduced m e ta b o l i sm  co u ld  have  c o n t r i b u t e d  t o  a m o d e ra te  

I n c r e a s e  i n  DA l e v e l s .  T r a n s  s y n a p t i c  mechanisms c o u l d  be  Invoked  t o  

a c c o u n t  f o r  t h e  e x t e n d e d  t i m e - c o u r s e  o f  t h e  phenomenon. One c o u ld  h y p o t h e s i z e
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t h a t  t h e  s t r i a t o - n i g r a l  f i b e r  s y s te m  I s  In v o lv e d  in  m e d i a t i n g  t h e  

e f f e c t .  As a l r e a d y  d i s c u s s e d ,  t h i s  sy s te m  i s  t h o u g h t  t o  p l a y  a r o l e  

In  m o d u l a t i n g  n i g r a l  a c t i v i t y  i n  r e l a t i o n s h i p  t o  t h e  l e v e l  o f  a c t i v i t y  

i n  t h e  s t r i a t u m .  The h y p o t h e s i s  co u ld  be t e s t e d  by  l e s l o n i n g  t h e  

s t r l s t o - n i g r a l  s y s t e m  and s t u d y i n g  t h e  e f f e c t  o f  t h i s  o r  DA l e v e l s  

b o t h  b e f o r e  and a f t e r  f r o n t a l  l e s i o n s .

A d e f i n i t i v e  an sw er  t o  t h i s  q u e s t i o n  would r e q u i r e  a v e r y  com ple te  

t l m e - c o u r s e  o f  DA l e v e l s ,  r a t e  o f  s y n t h e s i s ,  and r a t e  o f  m e ta b o l i s m .

No s i g n i f i c a n t  d i f f e r e n c e s  i n  m e t a b o l i t e  l e v e l s  were  found t h r e e  days  

a f t e r  s u r g e r y ,  A d i r e c t  a p p ro a c h  t o  t h e  q u e s t i o n  would be  t o  measure  

e l e c t r o p h y s i o l o g l c a l  a c t i v i t y  i n  t h e  n i g r o - s t r i a t a l  s y s t e m  b o t h  b e f o r e  

and a t  v a r i o u s  t im e s  a f t e r  f r o n t a l  l e s i o n s .  C om plim enta ry  e x p e r i m e n t s  

would I n v o l v e  s t i m u l a t i n g  t h e  f r o n t a l  c o r t e x  in  n o n - l e s l o n e d  a n i m a l s  

and e x am in in g  t h e  e f f e c t  o f  t h i s  on DA t u r n o v e r  and on e l e c t r i c a l  a c t i v i t y  

in  t h e  n i g r o - s t r i a t a l  s y s t e m .  Some s t u d i e s  o f  t h i s  t y p e  have  a l r e a d y  

b e e n  d e s c r i b e d .  F o r  ex am p le ,  c o r t i c a l  s t i m u l a t i o n  has  been  found t o  

have  an  e x c i t a t o r y  e f f e c t  on s t r i a t a l  n eu rons  ( L i l e s ,  1973; fiuchwald 

e t  a l . ,  1 9 7 3 ) .

A p p a r e n t l y  e n d - p r o d u c t  i n h i b i t i o n  does  n o t  p r e v e n t  t h e  r i s e  i n  

DA l e v e l s  a l t h o u g h  i t  l a  b e l i e v e d  t o  c o n t r i b u t e  t o  t h e  c o n t r o l  o f  DA 

s y n t h e s i s .  T h i s  mechanism a c t s  t o  d e c r e a s e  amine s y n t h e s i s  i n  r e s p o n s e  

t o  i n c r e a s e d  amine l e v e l s ,  b u t  l a  n o t  s e n s i t i v e  enough t o  p r e v e n t  l e v e l s  

from r i s i n g  in  t h e  f i r s t  p l a c e .  F o r  exam ple ,  a f t e r  t h e  a d m i n i s t r a t i o n  

o f  an  MAO i n h i b i t o r ,  endogenous  l e v e l s  o f  DA r i s e ,  and t h e  r a t e  o f  DA 

s y n t h e s i s  i s  r e d u c ed  ( Jav o y  e t  a l . ,  1 9 7 2 ) .  The d e c r e a s e  i n  DA s y n t h e s i s  

a f t e r  MAO i n h i b i t i o n  does  n o t  p r e v e n t  DA l e v e l s  from r i s i n g  h ig h  above 

norm al  l e v e l s .
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A r e l a t e d  phenomenon haa a l r e a d y  been  d e s c r ib e d  In  th e  work o f 

Roth e t  a l .  (1 9 7 3 ). They found an In c re a s e  In  DA le v e l s  a a s o c la te d  w ith  

a d e c re a se  in  do p am in erg ic  a c t i v i t y ,  and th e  In c re a s e d  l e v e l s  do n o t 

a p p e a r  to  be a f f e c te d  by e n d -p ro d u c t I n h i b i t i o n .  They a t t r i b u t e  t h i s  e i t h e r  

to  th e  r e l a t i v e  I n s e n s i t i v i t y  o f  en d -p ro d u c t i n h ib i t i o n  o r  to  th e  accum ula­

t i o n  o f  DA in  p o o ls  w hich do n o t have a c c e s s  to  ty r o s in e  h y d ro x y la se , th e  

r a t e - l l m i t i n g  enzyme In  DA s y n th e s i s .

Of c o u r s e ,  th e r e  I s  p ro b a b ly  more th a n  one p ro c e ss  o c c u r r in g  a f t e r  

f r o n t a l  l e s i o n s .  The th e o ry  t h a t  d e n e rv a t io n  s u p e r s e n s l t l v l t y  o ccu rs  

m ight be e x p lo re d  f u r th e r  by a d m in is te r in g  d ru g s  t h a t  s t im u la te  th e  

r e c e p to r  d i r e c t l y ,  r a t h e r  th a n  I n d i r e c t l y  by r e l e a s in g  endogeneous amine 

s t o r e s .  Sosm thlng s im i l a r  to  t h i s  was done by Fuxe and U n g e rs te d t 

(1 9 7 0 ). These I n v e s t ig a to r s  made t r a n s e c t lo n a  a t  d i f f e r e n t  l e v e l s  In  

f r o n t  o f  bregm a, th u s  s e p a r a t in g  f r o n t a l  from p o s t e r i o r  a re a  o f  th e  

b r a in .  They th e n  a d m in is te re d  b o th  apom orphlne , a d i r e c t  DA a g o n is t  

and c a ta p r e s a n ,  a d i r e c t  NE a g o n i s t .  L estoned  an im a ls  d is p la y e d  In c re a se d  

s e n s i t i v i t y  to  th e  b e h a v io ra l  e f f e c t s  o f  th e  d ru g s ,  i . e .  in c re a s e d  

e x p lo r a to ry  b e h a v io r  ( r e a r in g  and ru n n in g )  and In c re a s e d  a g g re s s iv e  behav­

i o r .  T h is  b e h a v io r  co u ld  be e x p la in e d  by a d e n e rv a tio n  s u p e r s e n s l t l v l t y  

to  DA and NE r e s u l t i n g  from th e  l e s i o n .  However, th e  a u th o rs  I n te r p r e te d  

i t  a s  th e  r e s u l t  o f  rem oving I n h ib i to r y  c o r t i c a l  p r o je c t io n s  to  o th e r  

b r a in  a r e a s ,  e s p e c i a l l y  th e  l im b ic  sy stem . S tu d y in g  d ru g  s e n s i t i v i t y  a t  

s e v e r a l  tim e p o in ts  a f t e r  le s lo n ln g  m igh t h e lp  to  d i s t i n g u i s h  betw een 

th e  two p o s s i b i l i t i e s .  D e n e rv a tio n  s e n s i t i v i t y  haa been  found In  many 

system s to  ta k e  around  fo u r  weeks to  re a c h  I t s  maximum. The e f f e c t  o f
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removing  a p r o j e c t i o n  would be  e x p e c t e d  t o  r e a c h  i t s  e n d - p o i n t  a f t e r  

a much s h o r t e r  p e r i o d  o f  t i m e .  Again  e l e c t r o p h y s i o l o g i c a l  e x a m i n a t i o n  

would be more d i r e c t .  DA c o u ld  be i n j e c t e d  i n t o  t h e  s t r i a t u m  v i a  

m i c r o i e n t o e l e c t r o p h o r e s i s  and t h e  r e s p o n s e  o f  s t r i a t a l  n e u r o n s  c o u ld  

be compared i n  f r o n t a l  and sham g r o u p s .

I f  t h e  t r a n s m i t t e r  o f  t h e  f r o n t o - s t r i a t a l  sy s te m  w ere  known, i t  

would s u g g e s t  a whole  s e r i e s  o f  e x p e r i m e n t s  s i m i l a r  t o  t h e  ones  p e r ­

formed by  U n g e r s t e d t  (1971a)  and o t h e r s  a f e r  l e s l o n l n g  t h e  n i g r o - s t r i a t a l  

s y s t e m .  F o r  ex am p le ,  a n i m a l s  c o u ld  be  t e a t e d  f o r  t h e  d e v e lo p m en t  o f  

d e n e r v a t i o n  s u p e r s e n s l t l v l t y  t o  a g o n i s t s  o f  t h e  t r a n s m i t t e r  a f t e r  

f r o n t a l  l e s i o n s .  F u r t h e r m o r e ,  i t  would be v e r y  i n t e r e s t i n g  t o  s e e  

w h e th e r  auch d r u g s  a n t a g o n i z e  t h e  e f f e c t s  o f  amphetamine and t h e  f u n c t i o n s  

o f  t h e  n i g r o - s t r i a t a l  DA s y s t e m .  C h r o n ic  a d m i n i s t r a t i o n  t o  f r o n t a l  a n i m a l s  

m igh t  a n t a g o n i z e  t h e  d e v e lo p m en t  o f  h y p e r s e n a i t l v l t y  t o  am phetam ine .

T h i s  would s u g g e s t  t h a t  a n o n s p e c i f i c  d e n e r v a t i o n  s u p e r s e n s l t l v l t y  p l a y s  

a r o l e  i n  th e  changed r e s p o n s e  t o  am phetam ine .  The a g o n i s t i c  a g e n t ,  by 

m im ick in g  t h e  no rm al  s t a t e ,  m ig h t  a l s o  a n t a g o n i z e  t h e  i n c r e a s e  i n  DA 

l e v e l s  t h a t  t a k e s  p l a c e  a f t e r  f r o n t a l  l e s i o n s .

In  o r d e r  t o  e x p l a i n  how f r o n t a l  l e s i o n s  a f f e c t  t h e  n i g r o - s t r i a t a l  

s y s t e m ,  I t  h a s  been  n e c e s s a r y  t o  p o s t u l a t e  t h e  o p e r a t i o n  o f  f e e d b a c k  

mechanisms such  a s  n e u r o n a l  f e e d b a c k  l o o p s .  T h i s  i s  b e c a u s e  t h e  s y s te m  

as  d e s c r i b e d  I s  n o t  e q u i v a l e n t  t o  a p e r i p h e r a l  d a n e r v a t l o n .  A l th o u g h  

t h e  s t r i a t u m  i s  p a r t i a l l y  d e n e r v a t e d ,  changes  a r e  n o t e d  i n  a s y s te m  which 

o r i g i n a t e s  i n  t h e  s u b a t a n t l a  n i g r a .  I n  o r d e r  t o  examine t h e  way In  which  

t h e  d o p a m in e r g i c  n i g r o - s t r i a t a l  s y s t e m  r e a c t s  t o  b e i n g  d e n e r v a t e d ,  i t  would 

be  n e c e s s a r y  t o  l e s i o n  an a r e a  which p r o j e c t s  h e a v i l y  t o  t h e  p a r s  com pac ts
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o f  t h e  s u b e t e n t l e  n l g r e  and s u b s e q u e n t l y  s t u d y  DA f u n c t i o n  In  t h e  

s t r i a t u m .  T h i s  would be e q u i v a l e n t  t o  making a p r e g a n g l i o n i c  l e s i o n  

and s t u d y i n g  t h e  p o s t g a n g l i o n i c  n e u r o n .

A l th o u g h  s t e a d y - s t a t e  l e v e l s  o f  DA were  h i g h e r  In  f r o n t a l  a n i m a l s ,  

m e t a b o l i t e  s t u d i e s  showed t h a t  t h e  a c t i v i t y  o f  t h e  s y s te m  I s  k e p t  w i t h i n  

normal  l i m i t s  o r  b e lo w .  T hus ,  u n d e r  n o n - d r u g  c o n d i t i o n s ,  t h e  DA-mediated 

b e h a v i o r  o f  t h e  a n im a l  i s  k e p t  n e a r  n o rm a l .  However,  when t h e  CA- 

r e l e a s l n g  d r u g  amphetamine i s  a d m i n i s t e r e d ,  t h e  I n c r e a s e d  s t o r e s  a r e  

r e l e a s e d .  T h i s  co u ld  a c c o u n t  f o r  t h e  h y p e r s e n s i t i v i t y  t o  some o f  t h e  

e f f e c t s  o f  t h e  d r u g  shown by f r o n t a l  a n i m a l s .

T h i s  would n o t  e x p l a i n  a l l  t h e  c h an g es  shown by f r o n t a l  a n i m a l s  

t o  am phetam ine .  As a l r e a d y  d i s c u a s e d ,  f r o n t a l  a n im a l s  may d i s p l a y  

h y p o -  o r  h y p e r s e n s i t i v i t y  t o  t h e  d r u g  a c c o r d i n g  t o  t h e  t a s k  I n v o l v e d .

T h e re  may be  many r e a s o n s  f o r  t h i s .  F i r s t  o f  a l l ,  amphetamine a f f e c t s  

b o th  n o r a d r e n e r g i c  and d o p a m in e r g i c  s y s te m s  ( C a r l s s o n ,  1970; Fuxe and 

U n g e r s t e d t ,  1 9 7 0 ) ,  c a u s i n g  r e l e a s e  o f  CA and I n h i b i t i n g  r e - u p t a k e .  

F u r t h e r m o r e ,  t h e r e  a r e  many d i f f e r e n t  NE and DA sy s te m s  In  t h e  b r a i n ,  

p re sum ab ly  s e r v i n g  d i f f e r e n t  f u n c t i o n s .  The e f f e c t s  o f  amphetamine a r e  

n o t  l i m i t e d  t o  t h e  r e l e a s e  and i n h i b i t i o n  o f  r e - u p t a k e  o f  th e  c a t e c h o l a ­

m in e s .  I t  a l s o  I n h i b i t s  monoamine o x i d a s e  ( G lo w ln s k i ,  A x e l r o d ,  and 

I v e r s e n ,  1 9 6 6 ) .  T h i s  may c a u s e  I t  t o  e f f e c t  o t h e r  b i o g e n i c  amines  i n  

t h e  b r a i n .  I t  may a l s o  have  a d i r e c t  p o s t - s y n a p t i c  e f f e c t  ( F e l t z  and 

DeChamplain ,  19 7 3 ) .  The d i r e c t  e f f e c t  i s  minor  b u t  m igh t  I n c r e a s e  a f t e r  

t h e  deve lo p m en t  o f  d e n e r v a t i o n  s u p e r s e n s l t l v l t y .  However,  s t r i a t a l  DA 

h a s  b e en  I m p l i c a t e d  i n  t h e  l o c o m o to r  and s t e r e o t y p i c  a f f e c t s  o f  am phe ta ­

mine (C re e se  and I v e r s e n ,  1 9 7 5 ) .  I n c r e a s e d  l e v e l s  o f  s t r i a t a l  DA in 

f r o n t a l  a n im a l s  cou ld  be e x p e c t e d  t o  m odify  t h e i r  r e s p o n s e  t o  th e  d r u g .
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SUttfeRY

F r o n ta l  c o r t i c a l  le a io n s  a re  known to  r e s u l t  In  h y p e r s e n s i t iv i t y  

to  th e  locom otor e f f e c t s  o f  th e  c a te c h o la m in e - re le a s in g  d rug  am phetam ine.

T h is  h y p e r s e n s i t iv i t y  In c re a s e s  w ith  tim e  a f t e r  s u rg e ry ,  asy m p to tin g  

ap p ro x im a te ly  fo u r  weeks p o s t - o p e r a t i v e ly . I t  was th e r e f o r e  h y p o th e s iz e d  

t h a t  f r o n t a l  le s io n s  would e f f e c t  ca tech o lam in e  system s in  th e  b r a in .

F r o n ta l  le s io n s  r e s u l te d  in  a tem p o ra ry  lo w erin g  o f  h y p o th a lam ic  

NE le v e l s  one week a f t e r  s u rg e ry ;  NE l e v e l s  r e tu rn e d  to  c o n t r o l  v a lu e s  

by two weeks a f t e r  s u rg e ry .  S t r i a t a l  DA le v e l s  f i r s t  showed an In c re a s e  

two weeks p o s to p e r a t iv e ly  and In c re a se d  s t i l l  f u r th e r  fo u r  weeks a f t e r  

th e  l e s io n .

I t  was su g g es te d  th a t  a am a ll d e c re a s e  in  th e  r a t e  o f DA m etabo lism  

co u ld  lead  to  a g ra d u a l in c re a s e  in  DA l e v e l s .  F r o n ta l  an im als  w ere found 

to  have l e s s  s t r i a t a l  DOPAC fo u r  weeks a f t e r  s u rg e ry .  However, m e ta b o li te  

l e v e l s  th r e e  days a f t e r  s u rg e ry  showed no s i g n i f i c a n t  d i f f e r e n c e s  betw een 

f r o n t a l  and sham a n im a ls . I t  was d e c id e d  th a t  an e x te n s iv e  tlm e -c o u rse  

o f DA m etabo lism  would be n e c e s sa ry  to  co n firm  o r  deny th e  h y p o th e s is .

D en e rv a tio n  s u p e r s e n s l t l v l t y  was a l s o  c o n s id e re d . I f  th e  p a r t i a l l y  

d e n e rv a te d  s t r ia tu m  became more s e n s i t i v e  to  DA, i t  would r e s u l t  in  a 

d e c re a s e  in  DA m etabo lism  by feed b ack  m echanism s. T h is  co u ld  cau se  DA 

le v e l s  t o r l * e  as  s u p e r s e n s l t l v l t y  g r a d u a l ly  p ro g re s s e d . T e s tin g  t h i s  hypo­

t h e s i s  would a l s o  r e q u i r e  a com plete  t lm e -c o u rs e  o f p o s to p e ra t iv e  DA m e tab o l­

ism aa w e ll  as  d rug  s e n s i t i v i t y  s tu d ie s  u s in g  DA a g o n is t s .

The m ajo r weakness o f  th e  above h y p o th ese s  i s  t h a t  th e y  do n o t acco u n t 

f o r  th e  two week d e la y  b e fo re  th e  In c re a s e  in  DA le v e ls  becomes e v id e n t .  

C o l l a t e r a l  s p ro u t in g  would a cc o u n t f o r  a two week d e la y  fo llo w ed  by In c re a s e s  

a t  l e a s t  u n t i l  fo u r  weeks a f t e r  s u rg e ry .  I t  was su g g e s te d  th a t  th e  n ig r o -  

s t r i a t a l  sy stem  sp ro u te d  in  re sp o n se  to  th e  p a r t i a l  d e n e rv a tio n  o f  th e
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s t r i a t u m  by f r o n t a l  l e s i o n s .  T h i s  h y p o t h e s i s  was t e s t e d  by  m e a s u r in g
3

t h e  s t r i a t a l  s y n a p to s o m a l  u p t a k e  o f  H -DA. The r e s u l s  were  I n c o n c l u s i v e ,  

b u t  t h e  r e s u l t s  o f  e x p e r i m e n t s  u s i n g  a more s e n s i t i v e  method m ig h t  be 

more d e f i n i t i v e .

I f  t h e  i n c r e a s e  I n  DA l e v e l s  I s  s e e n  a s  t h e  r e s u l t  o f  a d e c r e a s e  

In  DA m e ta b o l i s m ,  t r a n s s y n a p t i c  mechanisms c o u ld  be Invoked t o  a c c o u n t  

f o r  t h e  d e l a y .  S e v e r a l  sy s te m s  l e a d i n g  I n d i r e c t l y  from t h e  f r o n t a l  

c o r t e x  t o  t h e  s u b s t a n t i a  n i g r a  were d e s c r i b e d  and  would have  t o  be 

i n v e s t i g a t e d .

I t  was c o n c lu d e d  t h a t  t h e  I n c r e a s e d  l e v e l s  o f  s t r i a t a l  DA i n  

f r o n t a l  a n i m a l s  may h e l p  t o  e x p l a i n  t h e i r  h y p e r s e n s i t i v i t y  t o  t h e  lo c o m o to r  

e f f e c t s  o f  am phetam ine .  However,  u n d e r  n o n - d r u g  c o n d i t i o n s ,  t h e  d e c r e a s e d  

t u r n o v e r  o f  s t r i a t a l  DA r e l a t i v e  t o  t h e  l a r g e r  poo l  s i z e  t e n d s  t o  keep  

t h e  DA-medla ted b e h a v i o r  o f  t h e  a n im a l  w i t h i n  no rm a l  l i m i t s .
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