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A b stra c t

The E f f e c t s  of U n i l a t e r a l  Locus C o eru leu s  L e s io n s  

on H y p o tha lam ic  I n t r a c r a n i a l  S e l f - S t i m u l a t i o n  

and S le e p  in  t h e  F a t

by

J o r g e  F a r b e r

A d v ise r :  P r o f e s s o r  S tev en  J .  E llm an

The r o l e  o f  t h e  n u c le u s  lo c u s  c o e r u l e u s  (LC) o f  th e  

pons i n  i n t r a c r a n i a l  s e l f - s t i m u l a t i o n  (ICSS) and  s l e e p  

was i n v e s t i g a t e d  in  t h i s  s tu d y .  R a ts  were im p la n t e d  w i th  

ICSS e l e c t r o d e s  aimed a t  th e  LC, h y p o th a la m u s ,  and s u b ­

s t a n t i a  n i g r a .  One group o f s u b j e c t s  were  a l s o  im p la n te d  

w i th  EEG and EMG e l e c t r o d e s .  T h is  group u n d erw en t a 

s l e e p - d r u g  p arad igm  w hich t e s t e d  t h e  e f f e c t s  o f  d -  and 

1-am phetam ine (1 and 2 mg/kg) on h y p o th a la m ic  ICSS b e ­

f o r e  and a f t e r  th e  LC l e s i o n ,  and th e  e f f e c t s  o f  t h i s  l e ­

s io n  on th e  s l e e p  c y c l e .  B a s e l in e  s l e e p  r e c o r d i n g s  and 

d ru g  and s a l i n e  r a t e - i n t e n s i t y  f u n c t i o n s  w ere o b t a i n e d .  

U n i l a t e r a l  LC l e s i o n s  were th e n  p l a c e d  u n d e r ' t h e  LC e l e c ­

t r o d e  i p s i l a t e r a l  t o  the  ICSS s i t e s  w i th  t h e  u se  o f  a 

r a d i o  f r e q u e n c y  l e s i o n  maker. S u b j e c t s '  s l e e p  c y c le  was 

th e n  r e c o r d e d  f o r  72 h o u r s ,  fo l lo w e d  by a  2 0 -day  ICSS 

d r u g  p a ra d ig m  i d e n t i c a l  t o  th e  p r e - l e s i o n  s e q u e n c e .  In  

a  seco n d  group o f  s u b j e c t s ,  s t a b i l i z e d  h y p o th a la m ic  ICSS



r a t e - i n t e n s i t y  f u n c t i o n s  were o b t a i n e d .  I n  a d d i t i o n ,  s u b ­

s t a n t i a  n i g r a  ICSS b a s e l i n e  was o b t a i n e d  i n  tw o  s u b j e c t s  

o f  t h i s  g ro u p .  F o l lo w in g  t h e  LC l e s i o n ,  r a t e - i n t e n s i t y  

f u n c t i o n s  were g a t h e r e d  f o r  a t  l e a s t  1^ d a y s .

The f o l l o w in g  r e s u l t s  were o b ta in e d :  (1 ) LC l e s i o n s

w hich d e s t r o y e d  a t  l e a s t  90# o f  th e  LC o r  i t s  a s c e n d i n g  

b u n d le s  d i f f e r e n t i a l l y  a f f e c t e d  h y p o th a la m ic  ICSS. ICSS 

from  s i t e s  in  t h e  h y p o th a lam u s  t h a t  a r e  i n n e r v a t e d  by th e  

d o p a m in e rg ic  n i g r o s t r i a t a l  b u n d le  a n d / o r  t h e  n o r a d r e n e r ­

g i c  d o r s a l  b u n d le ,  was m arked ly  re d u c ed  o r  a b o l i s h e d  by 

t h e  LC l e s i o n  ( F i e l d s  o f  F o r e l ,  c r u s  c e r e b r i ,  and i n t e r ­

n a l  c a p s u le )  w i th  no r e c o v e r y  up t o  t h r e e  m onths a f t e r  

t h e  l e s i o n .  (2 )  ICSS from  h y p o th a la m ic  s i t e s  t h a t  a r e  

p r i m a r i l y  i n n e r v a t e d  by th e  n o r a d r e n e r g i c  v e n t r a l  b u n d le  

was n o t  re d u c ed  by th e  LC l e s i o n s  (MFB-LH and p e r i f o m i c a l  

r e g i o n ) .  In two s u b j e c t s ,  ICSS was f a c i l i t a t e d  a s  a  r e ­

s u l t  o f  th e  l e s i o n .  (3 )  LC l e s i o n s  p e rm a n e n t ly  r e d u c e d  

o r  a b o l i s h e d  s u b s t a n t i a  n i g r a  ICSS w i th o u t  r e c o v e r y  up t o  

two months a f t e r  t h e  l e s i o n .  (4 )  P r e - l e s i o n  d -am phetam ine  

was more e f f e c t i v e  i n  e n h a n c in g  ICSS from  th o s e  s i t e s  

t h a t  w ere  d e t r i m e n t a l l y  a f f e c t e d  by th e  LC l e s i o n  ( 9 : 1  

o v e r  s a l i n e  b a s e l i n e )  th a n  h y p o th a la m ic  s i t e s  t h a t  were 

n o t  re d u c e d  by t h e  LC l e s i o n s  (2 : 1 ) .  L -am phe tam ine  d id  

n o t  p ro d u c e  t h e s e  d i f f e r e n t i a l  e f f e c t s .  (5 )  P o s t - l e s i o n  

d -am phe tam ine , b u t  no t 1 -am phe tam ine , r e t u r n e d  r e d u c e d



h y p o th a la m ic  ICSS r e s p o n s e  r a t e s  and d e c r e a s e d  ICSS 

t h r e s h o l d  to  p r e - l e s i o n  l e v e l s .  ( 6 )  E x t e n s iv e  u n i l a t e r a l  

l e s i o n s  o f  t h e  d o r s a l  tegm entum  o f  t h e  pons w h ich  i n c l u d ­

ed th e  1C r e d u c e d  REM s le e p  w i th o u t  a f f e c t i n g  slow  wave 

s l e e p ,  w h ile  l e s i o n s  t h a t  d id  n o t  d e s t r o y  th e  LC com­

p l e t e l y  were n o t  e f f e c t i v e  i n  th e  l o n g - t e r m .  ( 7 ) 'No b e ­

h a v i o r a l  d e f i c i t s  o f  w e igh t l o s s e s  were c a u s e d  by t h e s e  

u n i l a t e r a l  1X  l e s i o n s .  (8 )  E x t e n t  o f  h i n d b r a i n  l e s i o n  

was n o t  r e l a t e d  to  m ag n itu d e  o f  e f f e c t  on ICSS. (9 )  I n  

one r a t  t e s t e d  f o r  s t im u lu s - b o u n d  e a t i n g ,  t h e  t h r e s h o l d  

o f  t h e  b e h a v i o r  was d r a s t i c a l l y  i n c r e a s e d  by th e  LC l e ­

s i o n ,  w h ile  ICSS in  th e  same a r e a  re m a in ed  v i r t u a l l y  u n ­

a f f e c t e d .

These r e s u l t s  show t h a t  d i s t a n t  and d i s c r e t e  u n i ­

l a t e r a l  l e s i o n s  can re d u c e  and  a b o l i s h  ICSS b e h a v i o r .  I t  

i s  t h u s  p ro v e n  t h a t  th e  c e n t r a l  r e w a rd  s y s te m  i s  n o t  r e ­

d u n d a n t  and c a p a b le  o f  r e c o v e r y .  F u r th e r m o r e ,  t h e  d i f f e r ­

e n t i a l  LC l e s i o n  e f f e c t s  on h y p o th a la m ic  ICSS d e m o n s t r a t e  

t h a t  the  hy p o th a lam u s  i s  n o t  a  u n i t a r y  ICSS c e n t e r ,  b u t  

r a t h e r  a  s i t e  t h a t  r e c e i v e s  i n p u t s  from d i f f e r e n t  ICSS 

sy s te m s .

Given t h a t  u n i l a t e r a l  l e s i o n s  o f t h e  n o r a d r e n e r g i c  LC 

e i t h e r  a b o l i s h  or d r a s t i c a l l y  r e d u c e  ICSS from  s i t e s  r i c h  

i n  dopamine ( s u b s t a n t i a  n i g r a ,  c r u s  c e r e b r i ,  i n t e r n a l  c a p ­

s u l e ,  and F i e ld s  o f  F o r e l ) ,  i t  i s  p o s t u l a t e d  t h a t  ICSS



v i

from  b o th  th e  n o r a d r e n e r g i c  d o r s a l  b u n d le  and th e  dopam in­

e r g i c  n i g r o s t r i a t a l  s y s te m  depend  on th e  i n t e g r i t y  o f  t h e  

LC. The r e s u l t s  o f  t h i s  e x p e r im e n t  l e n d  s u p p o r t  t o  a 

REM s le e p - I C S S  h y p o th e s i s  w hich  p o s t u l a t e s  an a n a to m ic a l  

an d  f u n c t i o n a l  r e l a t i o n s h i p  be tw een  REM s l e e p  and c e n t r a l  

r e w a r d .
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I n t r o d u c t i o n

A. The REM S le e p  ICSS H y p o th e s i s

In  1969s E llm an and S t e i n e r  h y p o t h e s i z e d  t h a t  t h e  

i n t r a c r a n i a l  s e l f - s t i m u l a t i o n  (ICSS) s y s te m  i s  p a r t  o f  t h e  

r a p i d  eye  movement (REM) s l e e p  n e tw o r k .  T h is  "REM-ICSS 

h y p o th e s i s "  p o s t u l a t e s ,  among o t h e r  t h i n g s ,  t h a t  ICSS and  

REM s l e e p  a re  r e l a t e d  and i n t e r c h a n g e a b l e ,  and  t h a t  po n ­

t i n e  s i t e s  In v o lv e d  in  t h e  phenomenon o f  REM s l e e p  a r e  

p a r t  o f  t h e  ICSS s y s te m . T h is  h y p o t h e s i s ,  w hich  i s  p a r t  

o f  a  t h e o r y  on th e  f u n c t i o n  o f  REM s l e e p  ( S t e i n e r  &

E llm an ,  1972), has g e n e r a t e d  a  number o f  p r e d i c t i o n s  t h a t  

have  b een  t e s t e d  in  t h e  l a s t  f i v e  y e a r s  and  w h ich  w i l l  be 

d e s c r ib e d  i n  t h i s  s e c t i o n .  F i r s t ,  h ow ever , t h e  v a r i o u s  

a s p e c t s  o f  REM s le e p  w i l l  be  r e v ie w e d .

A f te r  A se r in sk y  and K le i tm a n ’ s (1953) d i s c o v e r y  t h a t  

r a p i d  eye movements r e g u l a r l y  o c c u r r e d  d u r i n g  " low  v o l t a g e  

f a s t "  s l e e p ,  as m easu red  by e l e c t r o e n c e p h a l o g r a p h i c  (EEG) 

r e c o r d i n g ,  and t h i s  REM s t a g e  h ig h ly  c o r r e l a t e d  w i th  

d ream ing , a  new e r a  o f  r e s e a r c h  was la u n c h e d  on th e  p s y c h o -  

p h y s i o l o g i c a l  a s p e c t s  o f  REM s l e e p .  T h is  s t a g e  o f  s l e e p  

o c c u r s  p e r i o d i c a l l y  d u r in g  th e  n i g h t  i n  t h e  mammalian o r ­

g an ism  (REM s l e e p  does n o t  seem to  be p r e s e n t  i n  s u b s t a n ­

t i a l  amounts in  most non-m am m als) .  The REM s t a g e  h a s  a l s o  

been  r e f e r r e d  to  a s  " p a r a d o x i c a l "  s l e e p  ( J o u v e t  e t  a l , ,  

1964) b e c a u s e  o f  i t s  s i m i l a r i t i e s  to  t h e  w ak ing  s t a t e .

A sid e  from  th e  p h a s i c  o c c u r r e n c e s  o f  r a p i d  eye  m ovem ents,
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t h e  c o r t e x  (L oom is , H arvey , & H o b a r t ,  1937) a n d  o t h e r  c e n ­

t r a l  n e rv o u s  sys tem  (CNS) a r e a s  (B ro o k s  & B i z z i ,  1963) a r e  

I n t e n s e l y  a c t i v a t e d .  Y e t ,  m u sc le  a c t i v i t y  i s  by and l a r g e  

i n h i b i t e d  ( B e r g e r ,  1961; J o u v e t ,  1967; S w is h e r ,  1 9 6 2 ) ,  and  

t h e  o r g a n i s m 's  t h r e s h o l d  f o r  a r o u s a l  i s  a t  i t s  h i g h e s t  

( F o u lk e s ,  1 9 6 7 ) .  One o f  t h e  m ost s t r i k i n g  f e a t u r e s  o f  REM 

s l e e p  h a s  b een  te rm e d  t h e  "REM re b o u n d  e f f e c t " .  Dement 

( i 9 6 0 ) found  t h a t  when human s u b j e c t s  a r e  n o t  a l lo w e d  t o  

have  REM s l e e p  f o r  a  p e r i o d  o f  t i m e ,  a  l a r g e  p e r c e n t a g e  o f  

t h e  l o s t  REM s le e p  w i l l  be made up on t h e  n e x t  u n i n t e r ­

r u p te d  n i g h t .  T h is  phenomenon h a s  been  shown i n  o t h e r  

mammals a s  w e l l  ( J o u v e t ,  V i r n o n ,  D o lc im e , & J o u v e t ,  1964; 

Khazan & Saw yer, 1 9 6 3 ) .

From t h e  r e s u l t s  o f  a  s e r i e s  o f  p h a r m a c o l o g i c a l ,  b i o ­

c h e m ic a l ,  and  a n a to m ic a l  s t u d i e s ,  J o u v e t  ( 1 9 6 7 ,  1969) h a s  

p ro p o s e d  t h a t  t h e  s e r o t o n e r g i c  n u c l e i  o f  t h e  r a p h e  a r e  

r e s p o n s i b l e  f o r  nbn-REM s l e e p ,  w h i le  t h e  n o r a d r e n e r g i c  

n u c l e i  o f  t h e  p o n t i n e  lo c u s  c o e r u l e u s  (LC) a r e  i n v o l v e d  i n  

t h e  t r i g g e r i n g  and m a i n t a i n i n g  o f  REM s l e e p .  (The n e u r o -  

p h y s i o l o g l c a l  a s p e c t s  o f  REM s l e e p  w i l l  be d e s c r i b e d  i n  

f u l l e r  d e t a i l  i n  th e  n e x t  s e c t i o n . )  A lth o u g h  a  l a r g e  a*  

mount o f  r e s e a r c h  has  been c o n d u c te d  i n  t h e  a r e a  o f  REM 

s l e e p ,  and  a  number o f  I n t e r e s t i n g  t h e o r i e s  on t h e  func-? 

t i o n  o f  REM s l e e p  have been  p o s t u l a t e d ,  a  d e s c r i p t i o n  o f  

t h e  f i n d i n g s  and d i f f e r e n t  v iew s i s  beyond  t h e  s c o p e  o f
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t h i s  o v e rv ie w .  However, we would l i k e  t o  d e s c r i b e  t h r e e  

l i n e s  o f  th o u g h t  on th e  f u n c t i o n  o f  REM s l e e p  w hich  have  

been i n f l u e n t i a l  i n  th e  f o r m a t i o n  o f  E l lm an  and S t e i n e r ’s 

t h e o r y .  Dement (1965) has p ro p o se d  t h a t  REM s l e e p  i s  an  

h o m e o s ta t ic  mechanism  which d u r in g  t h e  REM p e r i o d  d i s ­

c h a rg e s  any " d r i v e "  b u i l d - u p  t h a t  h a s  o c c u r r e d  d u r i n g  th e  

w aking  s t a t e .  An o v e rf lo w  o f  " d r i v e "  ch a rg e  w i l l  b r i n g  

ab o u t a  REM p e r i o d .  The two o t h e r  t h e o r i e s  a r e  more n e u r o -  

p h y s i o l o g i c a l l y  i n c l i n e d .  They p o s t u l a t e  t h a t  e x t re m e  

a c t i v a t i o n  o f  t h e  CNS s e r v e s  as  endogenous  s t i m u l a t i o n  t o  

t h e  o rg an ism . R o ffw a rg ,  Muzzio and  Dement (1966)  have  

m a in ta in e d  t h a t  the  h ig h  l e v e l s  o f  REM s l e e p  seen  i n  i n ­

f a n t s  s e r v e s  to  f a c i l i t a t e  CNS m a t u r a t i o n .  E phron  and  

C a r r in g to n  (1966) b e l i e v e  t h a t  REM s l e e p  p r o v i d e s  c o r t i c a l  

t o n u s  i n  r e s p o n s e  to  t h e  f u n c t i o n a l  d e a f f e r e n t a t i o n  c a u s e d  

by non-REM s l e e p .

Ellm an and S t e i n e r ’ s t h e o r y  a c c e p t s ,  a t  l e a s t  p a r ­

t i a l l y ,  th e  n o t i o n  t h a t  th e  f u n c t i o n  o f  REM s l e e p  i s  t o  

p ro v id e  s t i m u l a t i o n  and i n n e r v a t i o n  t o  t h e  s l e e p i n g  mam­

m a l ia n  CNS, as p o s t u l a t e d  by E p h ro n  and C a r r i n g t o n  (1 966)  

and  R o ffw a rg ,  Muzio and  Dement (1 9 6 6 ) .  However, s i n c e  t h e  

m echanism  u n d e r  which REM s l e e p  f u n c t i o n s  i s  p a r t  o f  t h e  

REM-ICSS system , REM s le e p  h a s  v i t a l  i n f l u e n c e  on t h e  wak­

i n g  s t a t e .  The REM-ICSS sys tem  i s  p r i m a r i l y  a  m o t i v a t i o n a l  

o n e ,  and t h e r e f o r e  th e  o rg an ism  d ep en d s  on i t  f o r  s u r v i v a l .



I n  g e n e r a l  t e rm s ,  I t  can be d e s c r i b e d  a s  f o l l o w s :  D u r in g

t h e  waking s t a t e ,  th e  mammalian o rg a n ism  eng ag es  i n  i t s  

s p e c i e s - s p e c i f i c  r e p e r t o i r e  o f  a p p e t i t i v e  and  consum m atory 

b e h a v i o r s  ( fo o d  s e e k i n g ,  a g g r e s s i v e  b e h a v i o r s ,  s e x u a l  a t ­

te m p ts ,  e t c . )  t r i g g e r e d  by a  b u i l d - u p  i n  " d r i v e "  due t o  i n ­

t e r n a l  s t i m u l a t i o n .  D u r in g  s l e e p ,  t h i s  b u i l d - u p  c o n t i n u e s  

and  i t s  r e l e a s e  i s  marked by t h e  REM p e r i o d .  T h u s ,  th e  

same m echanism  w h ic h ,  d u r in g  th e  w ak ing  s t a t e  t r i g g e r s  t h e  

consummatory b e h a v i o r s ,  i s  a l s o  a c t i v a t e d  d u r i n g  REM s l e e p .  

T h is  may be why th e  m o to r  o u t f lo w  i s  i n h i b i t e d  d u r i n g  REM 

s l e e p .  I f  t h e  i n h i b i t o r y  n u c l e i  t h a t  c a u s e  th e  a t o n i a  d u r ­

in g  REM s l e e p  a r e  d e s t r o y e d ,  a s  J o u v e t  h a s  shown i n  t h e  

c a t  (1967)> t h e  o rg a n ism  w i l l  s t i l l  have  REM s l e e p  a n d ,  

d u r i n g  t h e  REM p e r i o d ,  " a c t  o u t"  a  w hole  r a n g e  o f  consum­

m a to ry  b e h a v i o r s .

A t w o - p a r t  n e tw o rk  s u b s e rv e s  t h e  REM-ICSS sy s tem  and 

i t s  m e d ia t i o n  of t h e  o rg a n is m ’ s m o t i v a t i o n a l  ( o r  " d r i v e " )  

s t a t e .  The " c e n t r a l  rew ard"  a s p e c t  o f  t h e  s y s te m  i s  a n  

i n t e r c o n n e c t e d  n e tw o rk  t h a t  e x te n d s  from  t h e  pons t h r o u g h  

a l l  " d r iv e "  c e n t e r s  in  th e  b r a i n ,  and p r o v i d e s  n o n - s p e c i f i c  

e x c i t a t i o n  to  a l l  p o s i t i v e l y  r e i n f o r c i n g  " d r i v e "  c e n t e r s .

I n  t h i s  sy s tem , ICSS o r i g i n a t e s  from th e  LC an d  a c t i v a t e s  

t h e  whole n e tw o rk  w i th o u t  e l i c i t i n g  any s p e c i f i c  b e h a v i o r  

o t h e r  th a n  ICSS. The second  a s p e c t  o f  t h e  REM-ICSS sy s te m  

In v o lv e s  th e  b r a i n  a r e a s  r e s p o n s i b l e  f o r  s p e c i f i c  consum -
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m a to ry  b e h a v i o r s  ( " d r i v e s " ) .  These d i f f e r e n t  l o c i  a r e  

i n t e r c o n n e c t e d  by way o f  th e  ICSS n e tw o rk .  W henever a  REM 

p e r io d  o c c u r s ,  and  w i th  i t  th e  a c t i v a t i o n  o f  th e  REM-ICSS 

sy s te m , t h e  ICSS n e tw o rk  i s  f i r e d  and  th e  t h r e s h o l d  o f  any  

o r  a l l  " d r i v e "  b e h a v io r s  i s  lo w e re d .  T h i s  t w o - p a r t  n e t ­

work i s  o p e r a t i v e  d u r i n g  w a k e fu ln e s s  a s  w e l l  a s  d u r in g  REM 

s l e e p .  T h u s ,  t h e  s t a t e  o f  th e  ICSS sy s te m  i n  g e n e r a l ,  and  

t h e  s t a t e  of any " d r i v e "  l e v e l  i n  p a r t i c u l a r ,  w i l l  be 

d e te r m in e d  by th e  s t a t u s  o f  th e  REM-ICSS sy s tem  and I t s  

lo c u s  o f  o r i g i n ,  t h e  LC.

In  o r d e r  t o  r e n d e r  t h i s  t h e o r y  t e s t a b l e ,  i t s  a u t h o r s  

have  d e s c r i b e d  th e  REM-ICSS sy s tem  i n  a n a t o m i c a l  and o p e r ­

a t i o n a l  t e r m s .  F i r s t ,  s in c e  u n d e r  such  a  s y s te m  ( a )  ICSS 

and REM a r e  s u b s e r v e d  by th e  same n e u r a l  n e tw o rk ,  (b )  t h e  

a c t i v a t i o n  o f  ICSS i s  d ep en d e n t  on t h e  REM s l e e p  m echan­

i s m s ,  and ( c )  d i s s i p a t i o n  o f  t h e  " d r i v e "  b u i l d - u p  dep en d s  

on t h e  REM p e r i o d  and ICSS sys tem  a c t i v i t y ,  a  r e l a t i o n s h i p  

and i n t e r c h a n g e a b i l i t y  be tw een  ICSS and REM s l e e p  was p r e ­

d i c t e d .  S t e i n e r  and E llm an  (1972) found  t h a t  ICSS t h r e s h ­

o ld s  a r e  lo w ered  and ICSS r a t e s  i n c r e a s e  i f  t h e  s u b j e c t s ,  

i n  t h i s  case  r a t s ,  have been  p r e v i o u s l y  REM -deprived . In  

a n o th e r  e x p e r im e n t ,  th e y  found t h a t  a l l o w in g  p r e v i o u s l y  

R EM -deprived s u b j e c t s  to  s e l f - s t i m u l a t e ,  s i g n i f i c a n t l y  r e ­

d u c es  t h e  e x p e c te d  REM re b o u n d .  T hese  r e s u l t s  a r e  i n  f u l l  

s u p p o r t  o f  th e  REM-ICSS h y p o t h e s i s .  REM d e p r i v a t i o n  p r e ­
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v e n t s  r e l e a s e  and d i s s i p a t i o n  o f  t h e  b u i l d - u p  i n  t h e  tw o -  

p a r t  REM-ICSS sy s tem , s in c e  i t  i s  no t f i r e d  d u r i n g  t h e  REM 

p e r i o d .  T h i s  w i l l  l e a d  t o  a  lo w e r in g  d f  t h e  t h r e s h o l d  in  

t h e  ICSS sy s te m , a s  was d e m o n s t r a te d  i n  t h e  f i r s t  e x p e r i ­

m en t.  S in c e  REM rebound  i s  a  r e f l e c t i o n  o f  a  REM-ICSS s y s ­

tem b u i l d - u p  b ro u g h t  abou t by REM d e p r i v a t i o n ,  s t i m u l a t i o n  

o f  t h e  sy s te m  w i l l  r e s u l t  i n  a  r e l e a s e  o f  t h e  b u i l d - u p  and  

th u s  l e s s  p r e s s u r e  on REM s l e e p  t o  make up i t s  d e p r i v a t i o n .  

T h is  was d e m o n s t r a t e d  in  th e  second  e x p e r im e n t .  The two 

f i n d i n g s  were s u b s e q u e n t ly  r e p l i c a t e d  by Cohen, Edelm an , 

Bowen, & Dement (1 9 7 2 ) .

Second, s in c e  th e  REM-ICSS sy s te m  p r o v id e s  t h e  o r g a n ­

ism  w ith  th e  s t i m u l a t i o n  n e c e s s a r y  f o r  th e  m a in te n a n c e  o f  

a  m o t i v a t i o n a l  s t a t e ,  th e  n e u r o n a n a to m ic a l  l o c i  r e s p o n s i b l e  

f o r  t h e  phenomenon of REM s le e p  a re  c e n t r a l  t o  t h e  t w o - p a r t  

n e tw o rk  and s h o u ld  t h e r e f o r e  s u p p o r t  ICSS b e h a v i o r .  We 

(E i lm a n ,  Ackermann, P a r b e r ,  M a t t i a c e ,  & S t e i n e r ,  1971*; 

F a r b e r ,  S t e i n e r ,  & E i lm a n ,  1971) an d  o t h e r s  (Crow, S p e a r ,

& A r b u th n o t t ,  1972; R i t t e r  & S t e i n ,  1973) c o n f i rm e d  t h i s  

p r e d i c t i o n  w i th  t h e  f i n d i n g  t h a t  t h e  DC o f  th e  p o n s ,  a  

n o r a d r e n e r g i c  (NA) n u c le u s ,  i s  an ICSS s i t e .

T h i r d ,  s in c e  REM s l e e p  a c t s  as  a  m echanism  t h a t  p e r ­

i o d i c a l l y  r e l e a s e s  t h e  b u i l d - u p  i n  t h e  REM-ICSS s y s te m ,  i f  

su ch  a  r e l e a s e  can be a c t i v a t e d  by d i r e c t  s t i m u l a t i o n  o f  

t h e  sy s tem , REM s le e p  i t s e l f  would n o t  be n e c e s s a r y  u n t i l
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a new b u i l d - u p  o c c u r r e d .  S p ie lm a n ,  M a t t i a c e ,  S t e i n e r ,  and  

E ilm an  (1973) fo u n d  t h a t  l a t e r a l  h y p o th a la m ic  (LH) ICSS 

s i g n i f i c a n t l y  re d u c e s  th e  amount o f  REM s l e e p  d u r i n g  t h e  

f i r s t  f o u r  h o u r s  f o l l o w i n g  s t i m u l a t i o n ,  t h u s  c o n f i r m i n g  

t h e  above p r e d i c t i o n .

F o u r th ,  s i n c e  th e  ICSS sys tem  i s  p a r t  o f  t h e  REM 

s l e e p  n e u r a l  n e tw o rk ,  and i s  f i r e d  d u r i n g  REM s l e e p ,  i t  

was p o s t u l a t e d  t h a t  th e  ICSS sy s tem  a t  l e a s t  p a r t l y  o r i ­

g i n a t e s  in  t h e  LC (an  ICSS s i t e  I n v o lv e d  in  t h e  t r i g g e r i n g  

and m a i n t a i n i n g  o f  REM s l e e p )  and  t h a t  th e  f i b e r s  s tem m ing 

from  th e  LC i n t e r c o n n e c t  t h i s  n u c le u s  w i th  l im b ic  ICSS 

s i t e s .  E i lm an ,  Ackermann, B o d n ar ,  J a c k l e r ,  and S t e i n e r  

(1975) r e p o r t  a  b e h a v i o r a l  r e l a t i o n s h i p  b e tw e e n  t h e  LH and  

t h e  LC, by way o f  an ICSS i n t e r a c t i o n .  They d e m o n s t r a t e d  

t h a t  below I C S S - th r e s h o ld  i n t e n s i t i e s  p r e s e n t e d  s i m u l t a n ­

e o u s ly  a t  t h e  LH and th e  LC w i l l  s u p p o r t  h ig h  ICSS r e s p o n s e  

r a t e s .

I n  o r d e r  to  u n d e r s ta n d  t h e  f u n c t i o n  o f  t h e  REM-ICSS 

s y s t e m , I n  t h e  o r g a n i s m 's  m o t i v a t i o n a l  ( o r  " d r i v e " )  s t a t e ,  

an  o p e r a t i o n a l  d e f i n i t i o n  o f  t h e s e  te rm s  i s  r e q u i r e d .  The 

te rm  " d r iv e "  b e h a v i o r s  can be s u b s t i t u t e d  by th e  te rm  

" s t im u lu s -b o u n d "  (SB) b e h a v i o r s .  These b e h a v i o r s  c a n  be 

e l i c i t e d  th r o u g h  e l e c t r i c a l  s t i m u l a t i o n  o f  b r a i n  s i t e s  

w h ich  a l s o  s u p p o r t  ICSS. The e l i c i t e d  b e h a v i o r  w ould  be 

s p e c i f i c  ( e a t i n g ,  d r i n k i n g ,  s e x ,  c a r r y i n g ,  e t c . ) ,  p a r t  o f
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t h e  b e h a v i o r a l  r e p e r t o i r e  o f  t h e  s u b j e c t ,  an d  a p p r o p r i a t e ­

ly  g o a l - o r i e n t e d  to w a rd  an  a c c e s s i b l e  o b j e c t .  By and 

l a r g e ,  t h e s e  SB b e h v i o r  s i t e s  a r e  l o c a t e d  i n  t h e  h y p o th a ­

lamus ( V a l e n s t e i n ,  Cox, & K a k o lew sk i ,  1 9 7 0 ) .  A c c o rd in g  t o  

th e  REM-ICSS t h e o r y ,  f i r i n g  o f  t h e  REM-ICSS sy s te m  i n  t h e  

waking s t a t e  w i l l  e i t h e r  a c t i v a t e  o r  lo w e r  t h e  a c t i v a t i o n  

t h r e s h o l d  o f  the  SB b e h a v i o r  n u c l e i  in  t h e  h y p o th a la m u s .  

D u irn g  REM s l e e p ,  t h e s e  n u c l e i  a r e  a l s o  a c t i v a t e d  b u t  mo­

t o r  o u tf lo w  i n h i b i t i o n  w i l l  p r e v e n t  e x h i b i t i o n  o f  t h e  b e ­

h a v io r .  D uirng  th e  w aking  s t a t e ,  an i n c r e a s e d  " d r i v e "  l e ­

v e l  w i l l  y i e l d  a  s p e c i f i c  b e h a v i o r  o r  lo w e r  i t s  t h r e s h o l d .  

D u r in g  s l e e p ,  such  an i n c r e a s e  w ould  d i s s i p a t e  d u r i n g  t h e  

REM p e r i o d .  T hus , ICSS and SB b e h a v i o r  t h r e s h o l d s  w i l l  be 

r e g u l a t e d ,  among o t h e r  f a c t o r s ,  by th e  REM-ICSS s y s te m .

The f a c t o r s  which w i l l  i n c r e a s e  " d r i v e "  l e v e l s  i n  t h e  o r ­

gan ism  w i l l  be b o th  I n t e r n a l  (n e u ro h u m o ra l ,  n e u r o p h y s i o l o -  

g i c a l ,  l e a r n e d )  and e x t e r n a l  ( a v a i l a b l e  s t i m u l u s ) .  S t e i n e r  

and  E i lm a n 's  (1972) e x p e r im e n ts  have  d e m o n s t r a t e d  th e  d e ­

pendence  o f  th e  ICSS t h r e s h o l d  on th e  s t a t e  o f  REM. A f u r ­

t h e r  p r e d i c t i o n  o f  t h e  t h e o r y  w ould  b e  t h a t  SB b e h a v i o r  

t h r e s h o l d s  wauld be lo w e re d  by REM d e p r i v a t i o n  due t o  t h e  

f a c t  t h a t  th e  REM p e r i o d  was n o t  a l lo w e d  t o  d e c r e a s e  t h e  

" d r iv e "  l e v e l  in  t h e  s p e c i f i c  a s p e c t  o f  t h e  REM-ICSS s y s ­

tem . S in c e  t h i s  sy s te m  s tem s from , and I s  d e p e n d e n t  on 

n u c l e i  In  t h e  pons and t h e i r  a c t i v a t i o n ,  th e  t h e o r y  p o s ­
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t u l a t e s  d i r e c t  c o n n e c t io n s  b e tw een  t h e  LC and t h e  hypo ­

th a la m u s .  The p o s s i b i l i t y  o f  su ch  a  c o n n e c t io n  h a s  b een  

s u g g e s te d  i n  E l l m a n 's  e t  a l . ' s  (1975) s im u l t a n e o u s  ICSS 

s t u d y .  We now p r e d i c t  t h a t  l e s i o n i n g  o f  t h e  LC a r e a  w i l l  

d i s r u p t  t h e  REM-ICSS system  and e i t h e r  a b o l i s h  ICSS o r  

d r a s t i c a l l y  i n c r e a s e  t h e  t h r e s h o l d  o f  ICSS and  SB b e h a v i o r .  

T h e o r e t i c a l l y ,  b i l a t e r a l  l e s i o n s  o f  t h e  LC w ould  d e t r i ­

m e n ta l ly  a f f e c t  t h e  REM-ICSS sy s te m , and  t h u s  t h e  m o t iv a ­

t i o n a l  s t a t e  o f  t h e  o rg a n is m .  A s id e  from  b e in g  i n v o lv e d  

i n  t h e  phenomenon o f  REM s l e e p  and b e in g  an  ICSS s i t e ,  

t h e  l i k e l i h o o d  o f  t h e  LC b e in g  t h e  o r i g i n  o f  t h e  REM-ICSS 

s y s te m  i s  e n h an ced  b ecau se  i t s  p a t t e r n  o f  c o l l a t e r a l  i n ­

n e r v a t i o n  i n f l u e n c e s  th e  w hole  b r a i n  i n  a  u n iq u e  way 

(which w i l l  be  d e s c r i b e d  i n  more d e t a i l  i n  t h e  n e x t  s e c ­

t i o n )  .

I n  summary, t h e  p r e s e n t  s tu d y  I s  b a se d  on t h e  f o l l o w ­

i n g  p o s t u l a t e s :  ( a )  The REM-ICSS sy s tem  p r o v i d e s  s t i m u l a ­

t i o n  to  th e  n o n - s p e c i f i c  ICSS n e tw o rk  and t h e  s p e c i f i c  SB 

b e h a v io r  n u c l e i ;  (b )  th e  LC, an  ICSS s i t e  p l a y i n g  a  c e n ­

t r a l  r o l e  i n  th e  REM s le e p  phenomenon, I s  t h e  n u c le u s  

from  w hich t h e  REM-ICSS system  o r i g i n a t e s .  T h e r e f o r e ,  

u n i l a t e r a l  l e s i o n s  o f  t h e  LC w i l l  l e a d  t o  t h e  a b o l i s h m e n t  

o r  d r a s t i c  r e d u c t i o n  i n  LH ICSS. They w i l l  a l s o  r e d u c e  

th e  amount o f  REM s l e e p .  M e th o d o lo g ic a l  c o n s i d e r a t i o n s  

w i l l  be d i s c u s s e d  i n  a  l a t e r  s e c t i o n  d e a l i n g  s p e c i f i c a l l y



w ith  l e s i o n s .

B. The Locus C o e ru le u s  and i t s  R ole  I n  REM S le e p

S in ce  th e  h y p o t h e s i s  o f  t h i s  e x p e r im e n t  a s s i g n s  a 

p i v o t a l  r o l e  i n  c e n t r a l  re w a rd ,  m o t i v a t i o n ,  and REM s l e e p  

t o  t h e  p o n t i n e  n u c l e u s  LC, i t  seems n e c e s s a r y  a t  t h i s  

p o i n t  t o  d e s c r i b e  i t s  known a n a to m ic a l  and f u n c t i o n a l  p r o ­

p e r t i e s .  The LC i s  a d e n s e ly  p a ck e d  n u c le u s  o f  l a r g e  

c e l l  b o d i e s ,  abou t 1400 i n  number ( D e s c a r r i e s  & S a u c i e r ,  

1 9 7 2 ) .  I t  l i e s  a t  t h e  f l o o r  o f  t h e  f o u r t h  v e n t r i c l e  and 

i s  b o r d e r e d  by th e  d o r s a l  t e g m e n ta l  n u c le u s  on i t s  m e d ia l  

s i d e  and by th e  n u c l e u s  o f  t h e  m e s e n c e p h a l ic  V on i t s  l a ­

t e r a l  s i d e  (Zeman & I n n e s ,  1 9 6 3 ) .  By u s e  o f  t h e  h i s t o -  

c h e m ic a l  f l u o r e s c e n c e  te c h n iq u e  o f  F a l c k ,  H i l l a i p ,  Thieme 

and  Torp (1 9 6 2 ) ,  i t  has b een  shown t h a t  t h e  c e l l  b o d ie s  

o f  t h e  LC o f  th e  r a t  a r e  o f  t h e  c a t e c h o l a m i n e r g i c  (CA) 

ty p e  (D a h ls t ro m  & Fuxe, 1 9 6 4 ) ,  a  l a r g e  amount o f  w hich  i s  

n o r e p in e p h r in e  (NE) ( C o r r o d i ,  F uxe , H am b erg er ,  & L Ju n g d a h l  

1970; F u x e ,  G o l d s t e i n ,  H o k f e l t ,  & Hyub, 1970; H i l l a r ,  Fuxe 

& D a h ls t ro m ,  1 9 6 6 ) .  The a r e a  J u s t  v e n t r a l  t o  t h e  a n t e r i o r  

a s p e c t s  o f  t h e  LC has  b een  r e f e r r e d  t o  a s  th e  " s u b c o e r u ­

le u s  (SC) (Maeda & S h im izu , 1972; O lson  & F u x e ,  1971) and 

i s  an i n t e g r a l  p a r t  o f  th e  c o e r u l e a r  s y s te m  i n  te rm s  o f  

i t s  a n a t o m i c a l  and  f u n c t i o n a l  c h a r a c t e r i s t i c s .  The c e l l  

b o d ie s  o f  t h e  SC, w hich c o n t a i n  NE, form  a  row o f



11

m u l t i p o l a r  c e l l s  t h a t  p a s s  from  t h e  a n t e r o - v e n t r a l  LC t o -
r  ■

w ards th e  more v e n t r a l l y  l o c a t e d  NA c e l l  b o d ie s  i n  t h e  

pons ( d e s c r i b e d  by D ah ls tro m  and Fuxe a s  a r e a s  A5 and A 7). 

(As w i l l  be d e s c r i b e d  f u r t h e r  on i n  more d e t a i l ,  t h e  c e l l  

b o d ie s  in  t h e  a n t e r o - v e n t r a l  LC and SC a r e  t h e  o r i g i n  o f  

a  p o n t l n e - l i m b i c  sy s tem  p a th w a y .)

The LC has  b een  d e s c r i b e d  a s  u n iq u e  i n  i t s  p a t t e r n  

o f  i n n e r v a t i o n  i n  b o th  th e  r a t ' s  (O lson  & F u x e ,  1971; R oss 

& R e i s ,  197^; U n g e r s t e d t ,  1971) and  c a t ' s  (Chu & Bloom, 

1974) CNS. One s i n g l e  n e rv e  c e l l  o f  t h e  d o r s o l a t e r a l  LC 

i s  c a p a b le  o f  i n n e r v a t i n g  a l l  c o r t i c e s  o f  t h e  b r a i n .  By 

means o f  i t s  d i f f u s e  c o l l a t e r a l  i n n e r v a t i o n ,  t h e  LC i n ­

f lu e n c e s  t h e  b r a i n  i n  a  u n iq u e  way.

J o u v e t  (1 9 6 9 )  h a s  shown t h a t  b i l a t e r a l  d e s t r u c t i o n  

o f  t h e  LC i n  t h e  c a t  a b o l i s h e s  REM s l e e p .  S p e c i f i c a l l y ,  

he and o t h e r s  (H en ley  & M o rr is o n ,  1969) hav e  found  t h a t  

b i l a t e r a l  l e s i o n s  o f  t h e  c a u d a l  p a r t  o f  t h e  LC do n o t  su p ­

p r e s s  th e  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  o f  REM s l e e p ,  b u t  

p roduce  th e  s o - c a l l e d  " h a l l u c i n a t o r y  b e h a v i o r " .  The c a t  

w i l l  o r i e n t  i t s e l f ,  a t t a c k ,  a n d  mount i n a p p r o p r i a t e  ob­

j e c t s  o r  no o b j e c t s  a t  a l l .

B i l a t e r a l  l e s i o n s  o f  t h e  e n t i r e  LC s u p p r e s s  REM 

s l e e p  t o t a l l y .  L e s io n s  o f  t h e  most a n t e r i o r  a s p e c t s  o f  

t h e  LC and i t s  a s c e n d in g  b u n d le  w i l l  t e m p o r a r i l y  i n c r e a s e  

b o th  REM and non-REM s l e e p .  J o u v e t  (1 972)  c o n c lu d e s  t h a t



t h e  a n t e r i o r  LC i s  c o n ce rn ed  w i th  p r o s e n c e p h a l i e  i n n e r v a ­

t i o n ,  w h i le  t h e  p h a s i c  and t o n i c  com ponents  o f  REM s l e e p  

depend  on t h e  c a u d a l  t w o - t h i r d s  o f  t h e  " c o e r u l e u s  com plex"  

Thus, J o u v e t  has shown t h a t :  (1 )  t h e  LC i s  c e n t r a l  i n  t h e

phenomenon o f  REM s l e e p ,  and (2) a t  l e a s t  i n  t h e  c a t ,  t h e  

LC can  be d i v i d e d  i n t o  two f u n c t i o n a l l y  d i s t i n c t  s y s te m s .  

T h is  s e c o n d  p o i n t  i s  im p o r t a n t  b e c a u s e ,  a s  w i l l  be s e e n  i n  

t h e  n e x t  s e c t i o n ,  d i s t i n c t i o n  w i t h i n  t h e  LC w i l l  be n e c e s ­

s a r y  i n  o r d e r  t o  s p e c i f y  CNS i n t e r c o n n e c t i o n s .

C. The P r o j e c t i o n s  o f  t h e  LC and o t h e r  CA S ystem s

A ccord ing  t o  t h e  REM-ICSS h y p o t h e s i s ,  t h e  LC p l a y s  a 

p i v o t a l  r o l e  i n  t h e  i n n e r v a t i o n  o f  t h e  s p e c i f i c  and  non­

s p e c i f i c  a s p e c t s  o f  t h e  REM-ICSS s y s te m .  I t  i s  t h e r e f o r e  

p o s t u l a t e d  t h a t  d i r e c t  c o n n e c t io n s  e x i s t  b e tw een  t h e  LC 

and h y p o th a la m ic  ICSS s i t e s .  A s id e  from  t h e  b e h a v i o r a l  

e v id e n c e  f o r  such  an i n t e r c o n n e c t i o n  (E ilm an  e t  a l . ,  1975) 

t h e  a n a to m ic a l  d a t a  i s  c o n t r o v e r s i a l .  D a h ls t ro m  and  Fuxe 

<1964) hav e  p o s t u l a t e d  t h a t  t h e  m onoam inerg ic  n u c l e i ,  

w hich  seem e x c l u s i v e l y  l o c a t e d  i n  t h e  lo w e r  b r a i n s t e m  and 

th e  m e s e n c e p h a lo n ,  a r e  an  im p o r ta n t  p a r t  o f  t h e  " a f f e r e n t  

l i n k  t o  th e  l im b ic  sy s tem "  (p . 4 7 ) .  A lth o u g h  a  number o f  

s t u d i e s  have shown t h a t  t h e  LC and o t h e r  h i n d b r a i n  n u c ­

l e i  a r e  a c c o u n t a b l e  f o r  a  l a r g e  p e r c e n t a g e  o f  NE s u p p l i e s  

t o  th e  b r a i n  (Anden, D a h ls t ro m , Fuxe, & L a r r s o n ,  1965; 

Anden, D a h ls tro m , F u x e ,  L a r s s o n ,  O lso n ,  & U n g e r s t e d t ,
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19 66 ; Anden, B u tc h e r ,  C o r r o d i ,  F uxe , & U n g e r s t e d t ,  1 9 7 0 ) ,  

U n g e r s t e d t  (1971) has  r e p o r t e d ' t h a  LC I n n e r v a t i o n ,  

a l t h o u g h  v e ry  d i f f u s e ,  I s  m in im a l I n  a r e a s  o f  t h e  hypo­

th a la m u s  a s s o c i a t e d  w i th  ICSS (LH and m e d ia l  f o r e b r a i n  

b u n d le  [MFB] ) .  U n g e r s t e d t  h a s  i d e n t i f i e d  two a s c e n d in g  

NE b u n d le s  w h ich  s tem  from  NE n u c l e i  i n  t h e  pons  and 

m e d u l la .  The d o r s a l  b u n d le  (DB) o r i g i n a t e s  f ro m  c e l l  

b o d ie s  in  t h e  LC and a s c e n d s  p a r a l l e l  and  s l i g h t l y  l a t e r o -  

v e n t r a l  t o  t h e  c e n t r a l  g r a y  o f  th e  m e se n c e p h a lo n .  The DB 

i n n e r v a t e s  th e  g e n i c u l a t e  b o d ie s  and e n t e r s  t h e  th a l a m ic  

n u c l e i .  I t  t h e n  j o i n s  th e  o t h e r  CA pa th w ay s  i n  I t s  b r i e f  

p a s s a g e  i n  t h e  MFB. A f t e r  p a s s in g  th r o u g h  t h e  sep tu m , i t  

u l t i m a t e l y  i n n e r v a t e s  th e  w hole c e r e b r a l  c o r t e x .  The c e l l  

b o d ie s  in  t h e  l a t e r a l  a s p e c t s  o f  t h e  LC g iv e  r i s e  t o  

c e r e b e l l a r  NE t e r m i n a l s .  T hus , t h e  LC g iv e s  r i s e  t o  NE 

t e r m i n a l s  th r o u g h o u t  th e  b r a i n ,  in  a  w id e s p r e a d  and d i f ­

f u s e  m anner ( F ig u r e  1 ) .

The v e n t r a l  b u n d le  (VB) o r i g i n a t e s  from  NE c e l l  b o d ie s  

i n  t h e  m e d u l l a  and  pons ( a r e a s  A l ,  A2, A5* and  A 7). T h is  

pathway t a k e s  a v e n t r o - m e d i a l  d i r e c t i o n  a lo n g  t h e  m esence­

p h a lo n  and d i e n c e p h a l o n ,  and i n n e r v a t e s  t h e  v e n t r a l  t e g ­

mentum, t h e  e n t i r e  h y p o th a la m u s ,  i n c l u d i n g  t h e  p e i i f o r n i c a l  

r e g io n  ( F ig u r e  1 ) .

A lthough  U n g e r s t e d t ' s  r e s u l t s  i n d i c a t e  t h a t  t h e  hypo­

th a la m u s  i s  m a in ly  i n n e r v a t e d  by th e  VB w i th  m in o r  c o n t r i ­

b u t io n s  o f  t h e  LC, two r e c e n t  s t u d i e s  have  r e p o r t e d  r e s u l t s



t o  t h e  c o n t r a r y .  T hese  new f i n d i n g s  a r e  p r i m a r i l y  due t o .  

t h e  f a c t  t h a t  th e  i n v e s t i g a t o r s  w ere  a b l e  t o  s e p a r a t e  th e  

LC i n t o  m o r p h o l o g ic a l l y  and  f u n c t i o n a l l y  d i f f e r e n t  a s p e c t s .  

They have th u s  b e en  a b le  t o  i d e n t i f y  a  t h i r d  b u n d le  i n  a d ­

d i t i o n  t o  t h e  VB and DB, w hich  o r i g i n a t e s  from  th e  SC. As 

d e s c r ib e d  a b o v e ,  t h e  NE c e l l  group encom passes  t h e  a n t e r o -  

v e n t r a l  a s p e c t  o f  th e  LC and i n c l u d e s  c e l l  b o d i e s  t h a t  c o n ­

n e c t  t h e  LC w ith  more v e n t r a l l y  l o c a t e d  NE n u c l e i .  Maeda 

and S h im izu  (1972) c la im  t h a t  t h e  SC c e l l  b o d ie s  i n n e r v a t e  

t h e  p e r i v e n t r i c u l a r  h y p o th a la m u s  by way o f  an  " in t e r m e d ­

i a t e  b u n d l e " .  T h is  b u n d le  t r a v e l s  be tw een  t h e  DB and VB. 

O lson  and Fuxe (1971) r e p o r t  v i r t u a l l y  t h e  same f i n d i n g  

w i th  t h e  d i f f e r e n c e  t h a t  t h e  SC, a c c o r d i n g  t o  them , se n d s  

i t s  f i b e r s  t o g e t h e r  w ith  t h e  VB, r a t h e r  t h a n  a  t h i r d ,  d i s ­

t i n c t  o n e .  A c co rd in g  t o  b o th  s t u d i e s ,  t h e  DB s tem s  from  

t h e  d o r s o - l a t e r a l  LC ( t h e  " p r i n c i p a l "  LC) and  i t s  f u n c t i o n  

i s  t h e  i n n e r v a t i o n  o f  a l l  c o r t i c e s .  The SC s e n d s  i t s  

f i b e r s i n  a  more v e n t r a l  d i r e c t i o n  and fo rm s a  p o n to - h y p o -  

th a la m ic  c o n n e c t i o n .  The VB s tem s  from  c e l l  b o d ie s  i n  t h e  

m ed u lla  and  i n n e r v a t e s  t h e  v e n t r a l  tegm entum  and t h e  h y p o ­

th a la m u s .  Both s t u d i e s  a l s o  r e p o r t  t h a t  t h e  c e l l  b o d ie s  

i n  t h e  SC a r e  l a r g e r  t h a n  t h o s e  i n  th e  p r i n c i p a l  LC.

Ross and  R e i s  (1974) lo o k e d  a t  t h e  l e v e l s  o f  d o p a ­

m ine- b e t a - h y d r o x y l a s e  i n  d i f f e r e n t  b r a i n  a r e a s  a f t e r  LC 

l e s i o n s .  They found t h a t  t h e  LC i n n e r v a t e s  v i r t u a l l y  t h e
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e n t i r e  n e u r o a x i s .  I n  p a r t i c u l a r ,  th e y  fo u n d  a  H0% t o  60% 

d e c r e a s e  o f  t h e  e n zy m e 's  a c t i v i t y  i n  t h e  m e d ia l  and l a t e r a l  

h y p o th a la m u s .  The o p t im a l  l e v e l  o f  d e c r e a s e  was r e a c h e d  

w i t h i n  12 d ay s  a f t e r  t h e  l e s i o n .

With th e  u se  o f  a  new and more s e n s i t i v e  f l u o r e s c e n c e  

t e c h n iq u e  w hich  em ploys a  g l y o x y l i c  a c i d  t i s s u e  t r e a t m e n t ,  

L i n d v a l l  and ^ J o r k lu n d  (197*0 have  found  t h a t  t h e  CA s y s ­

tems o f  th e  b r a i n  a r e  more numerous and more com plex  th a n  

p r e v i o u s l y  b e l i e v e d .  In  b r i e f ,  t h e y  d e s c r i b e  f o u r  m a jo r  

CA c o n d u c t i o n  p a th w ay s  t h a t  p r o j e c t  r o s t r a l l y  from  t h e  

m e d u l la ry  p o n t i n e  and m e s e n c e p h a l ic  CA c e l l  g r o u p s .  A l­

th o u g h  m ost c e l l s  from  t h e  LC p r o j e c t  a lo n g  one b u n d le ,  

t h e  d o r s a l  t e g m e n ta l  b u n d le  w hich  i s  i d e n t i c a l  t o  th e  d o r ­

s a l  b u n d le  o f  U n g e r s t e d t  (1 9 7 1 ) ,  th e  LC a l s o  g i v e s  r i s e  t o  

f i b e r s  t h a t  p r o j e c t  a lo n g  t h e  d o r s a l  p e r i v e n t r i c u l a r  s y s ­

tem and  t h e  c e n t r a l  t e g m e n ta l  t r a c t .

A lthough  t e n t a t i v e ,  th e  f o l l o w i n g  c o n c l u s i o n s  can  be 

drawn from  th e  above m e n t io n e d  r e s u l t s :  The LC i s  n o t  a

homogeneous n u c l e u s ,  b u t  r a t h e r  a n  a r e a  w i th  a n a t o m i c a l l y  

and  f u n c t i o n a l l y  d i s t i n c t  c e l l  g r o u p s .  The p r i n c i p a l  LC 

( d o r s o - l a t e r a l  and c a u d a l  a s p e c t s  o f  t h e  LC a r e a )  i s  p r i ­

m a r i ly  in v o lv e d  i n  t h e  NE i n n e r v a t i o n  o f  a l l  c o r t i c e s  and 

th a la m u s .  The SC ( a n t e r o - v e n t r a l  a s p e c t  o f  t h e  LC a r e a )  

i s  i n v o l v e d  i n  th e  i n n e r v a t i o n  o f  h y p o th a la m ic  a r e a s .  

T h e r e f o r e ,  any LC l e s i o n  t h a t  a f f e c t s  h y p o th a la m ic  ICSS
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m u s t  i n v o lv e  th e  SC. F u r th e r m o re ,  a c c o r d in g  t o  Ross and 

R e i s '  r e s u l t s ,  t h e  optimum l e v e l  o f  e f f e c t  may n o t  be s e e n  

u n t i l  12 days  p o s t - l e s i o n .

D. B r a in  L e s io n s  on ICSS: An O verview

By and l a r g e ,  m ost l e s i o n  s t u d i e s  on ICSS have  d e a l t  

w i th  th e  MFB-LH a r e a  and i t s  r o l e  i n  " c e n t r a l  r e w a r d " .  A l­

th o u g h  ICSS c an  be e l i c i t e d  from  a  number o f  l im b ic  and 

te g m e n ta l  a r e a s ,  many i n v e s t i g a t o r s  have  c o n s i d e r e d  th e  

MFB-IR a r e a  a s  e s s e n t i a l  f o r  p o s i t i v e  r e i n f o r c e m e n t .  T h is  

a s su m p tio n  was s u p p o r te d  by a  number o f  f i n d i n g s .  F i r s t ,  

i t  h a d  b e en  shown t h a t  th e  MFB was more s e n s i t i v e  t o  ICSS 

( lo w er  t h r e s h o l d ,  h ig h e r  r a t e s )  th a n  any o t h e r  ICSS s i t e  

(O lds  & O ld s ,  1 9 6 4 ) .  I n  a d d i t i o n ,  i f  a l lo w e d  t o ,  r a t s  

w ould  s e l f - s t i m u l a t e  f o r  many days taking o n ly  s h o r t  b r e a k s ,  

a s  i f  th e y  c o u ld  n o t  be s a t e d .  S eco n d , N a u ta  ( I 9 6 0 )  h a d  

d e m o n s t r a t e d  t h a t  th e  MFB i s  d e e p ly  I n v o lv e d  i n  t h e  l im b ic  

sy s te m  a n d  i t s  c i r c u i t s ,  and i s  an  im p o r t a n t  p a thw ay  t o  

m e se n c e p h a l ic  s t r u c t u r e s .  A ls o ,  G u i l l e r y  (1 9 5 7 )  and  N au ta  

(1958)  had  shown t h a t  th e  MFB i n t e r c o n n e c t s  t h e  s e p t a l  

a r e a ,  the  l a t e r a l  p r e o p t i c  and  h y p o th a la m ic  a r e a s ,  and t h e  

tegm entum , a l l  o f  which a r e  ICSS s i t e s ,  by way o f  i t s  a s ­

c e n d in g  and  d e sc e n d in g  f i b e r s .  T h u s ,  many i n v e s t i g a t o r s ,  

n o t i c i n g  th e  h ig h  c o r r e l a t i o n  b e tw een  ICSS s i t e s  an d  th e  

d i s t r i b u t i o n  o f  t h e  MFB ( G a l l i s t e l ,  19 73; L o r e n s ,  19 6 6 ;

O lds & O ld s ,  1969 ; V a l e n s t e i n  & C am p b e l l ,  1966) p o s t u l a t e d
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t h a t  t h e  MFB i s  the  a n a to m ic a l  " s u b s t r a tu m "  t h a t  m e d ia te s  

ICSS.

The r e s u l t s  o f  t h e  e x p e r im e n ts  t o  be  r e v ie w e d  i n  t h i s  

s e c t i o n  a r e  v e ry  v a r i a b l e  a n d ,  i n  many c a s e s ,  t h i s  v a r i a b i ­

l i t y  seems a s  h ig h  w i th in  one e x p e r im e n t  a s  b e tw een  a l l  o f  

them . T h e r e f o r e ,  c e r t a i n  m e th o d o lo g ic a l  f a c t o r s  s h o u ld  be 

d i s c u s s e d  b e f o r e  t h e s e  e x p e r im e n ts  a r e  r e v ie w e d .  ( a )  A 

number o f  t h e s e  s t u d i e s  i n v e s t i g a t e d  th e  e f f e c t s  o f  b i ­

l a t e r a l  MPB-LH l e s i o n s  on s e p t a l  o r  t e g m e n t a l  ICSS. 

T e i te lb a u m  and S t e l l a r  (195*0 and T e i t e lb a u m  and E p s t e i n  

(1962) have shown t h a t  such l e s i o n s  o f t e n  p ro d u c e  h y p o -  

p h a g ia  and  a d i p s i a ,  and t h a t  r e c o v e ry  t h e r e o f ,  i f  a t  a l l  

p o s s i b l e ,  i s  a  l e n g t h y  p r o c e s s .  Some s t u d i e s  r e p o r t  body 

w e igh t l o s s  i n  t h e i r  s u b j e c t s ,  and o t h e r s  r e p o r t  t h e  n eed  

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

s u b j e c t s  be g iv e n  ample tim e  f o r  r e c o v e r y  a f t e r  t h e  l e s i o n s  

i n  o r d e r  t o  a v o id  a  n o n - s p e c i f i c  e f f e c t  w h ich  may be  due t o  

some b o d i l y  d e b i l i t a t i o n  c a u s e d  by th e  l e s i o n .  C e r t a i n  

s t a n d a r d i z e d  m e a su re s  must b e  t a k e n  t o  s e e  i f  t h e r e  a r e  any 

l e s i o n  s i d e  e f f e c t s .  One s e n s i t i v e  m easure  would  be w eigh ­

in g  o f  t h e  a n im a l s .  A s u b j e c t  t h a t  c o n t i n u o u s l y  l o s e s  

w e ig h t  m ight v e ry  w e l l  show an  ICSS d e c re m e n t  b e c a u s e  o f  

d e b i l i t a t i o n  r a t h e r  th a n  b e c a u se  o f  t h e  l e s i o n ' s  e f f e c t  on 

ICSS.

(b) The e x p e r im e n t s  t h a t  r e p o r t  ICSS d e c re m e n ts  due



18

t o  b r a i n  l e s i o n s  by and l a r g e  r e p o r t  t h a t  t h e  l a r g e r  t h e  

l e s i o n  and t h e  c l o s e r  to  th e  ICSS e l e c t r o d e ,  t h e  l a r g e r  

t h e  e f f e c t .  A lth o u g h  i n  m ost c a s e s  t h e r e  i s  no e v id e n c e  

t h a t  th e  l e s i o n  has  t r a v e l e d  u n d e r  t h e  ICSS e l e c t r o d e ,  

s p e c i f i c i t y  o f  e f f e c t  i s  n o t  en h an c e d  by a  s l z e - d i s t a n c e -  

e f f e c t  c o r r e l a t i o n .  Any s t a t e m e n t s  o f  t h e  in v o lv e m e n t  o f  

a  s p e c i f i c  a r e a  i n  th e  phenomenon o f  ICSS becom es s t r o n g e r  

t h e  s m a l l e r  t h e  a r e a  d e s t r o y e d ,  and accom pan ied  by t h e  r e ­

a s s u r a n c e  t h a t  th e  l e s i o n  h as  n o t  t r a v e l e d  t o  t h e  ICSS 

s i t e .

(c) The b io c h e m ic a l  and a n a to m ic a l  e f f e c t s  o f  l e s i o n s  

do n o t  r e a c h  t h e i r  o p t im a l  l e v e l  u n t i l  f i v e  t o  12 days  

p o s t - l e s i o n  (M izuno & Nakamura, 1970; R oss & R e i s ,  1974; 

U n g e r s t e d t ,  1 9 7 1 ) .  On th e  o t h e r  h a n d ,  r e g e n e r a t i o n  o f  

f i b e r  t r a c t s  i s  a t  t im e s  p o s s i b l e  due t o  s p r o u t i n g  

(Katzman, B j*orklund, Owman, S t e n e d i ,  & W est,  1 9 7 1 ) .  Such

a  r e g e n e r a t i o n  c o u ld  o c c u r  w i t h i n  t h e : f i r s t  two weeks a f t e r  

t h e  l e s i o n .  I t  i s  t h e r e f o r e  c r u c i a l  t h a t  ICSS m easu re s  be 

t a k e n  r e l a t i v e l y  soon a f t e r  t h e  l e s i o n  ( w i t h i n  d a y s ) ,  and 

t h a t  t h e s e  m easu rem en ts  be ta k e n  o v e r  a  r e a s o n a b l e  p e r i o d  

o f  t im e  ( a t  l e a s t  two w eeks) w ith  p e r i o d i c  c h e c k s  f o r  ICSS 

r e c o v e ry  up t o  a t  l e a s t  40 day s  a f t e r  t h e  l e s i o n  (R oss & 

R e i s ,  1974).

(d) I f  a  g iv e n  l e s i o n  a f f e c t s  ICSS a t  a  d i s t a n t  s i t e ,  

t h i s  e f f e c t  may b e  due to  e i t h e r  one o r  b o th  o f  t h e  f o l l o w -
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l n g  p o s s i b i l i t i e s :  ( 1 ) t h e  l e s i o n  h a s  c a u s e d  a  d e c r e a s e

i n  t h e  n e u ro h u m o ra l  t r a n s m i t t e r  s u b s t a n c e  a t  t h e  ICSS 

s i t e ;  o r  ( 2 ) t h e  l e s i o n  has c a u se d  d e g e n e r a t io n  o f  some o r  

a l l  f i b e r s  u n d e r  th e  ICSS e l e c t r o d e .  I f  e i t h e r  p o s s i b i l i t y  

has  o c c u r r e d ,  t h e  change i n  ICSS p e rfo rm a n c e  w i l l  p ro b a b ly  

be r e f l e c t e d  i n  t h e  t h r e s h o l d  m e asu re ,  w h i l e  i t  may n o t  be 

r e f l e c t e d  I n  t h e  b a r - p r e s s  r a t e s .  The sy s te m  h a s  b e en  

r e n d e r e d  l e s s  s e n s i t i v e  t o  s t i m u l a t i o n  an d  now more i n t e n ­

s i t y  i s  n e e d e d  t o  e l i c i t  th e  b e h a v io r .  A t h r e s h o l d  mea­

s u r e  would r e v e a l  such a  c h an g e .  B a r - p r e s s  r a t e s  may o r  

may n o t  change , d e p e n d in g  on t h e  r e l a t i v e  i n t e n s i t y  u sed  

i n  t h e  s t u d y .  A number o f  I n v e s t i g a t o r s  have  shown t h a t  

b a r - p r e s s  r a t e s  a r e  n e i t h e r  t h e  b e s t  m easurem ent f o r  ICSS 

p e r fo rm a n c e  (Hodos & V a l e n s t e i n ,  1962; S t e i n e r ,  1 9 6 6 ) ,  n o r  

f o r  i t s  " v a l a n c e "  ( V a l e n s t e i n ,  1 9 6 4 ) .  A t y p i c a l  r a t e - i n -  

t e n s i t y  f u n c t i o n  i n  m ost ICSS s i t e s  t a k e s  an i n v e r t e d  U 

s h a p e .  T h u s ,  two d i f f e r e n t  i n t e n s i t i e s  may y i e l d  t h e  same 

r a t e s ,  y e t  one i s  a  p r e - p e a k  i n t e n s i t y  w h i l e  t h e  o t h e r  i s  

a  p o s t - p e a k  i n t e n s i t y .  A l l  t h e  s t u d i e s  l o o k in g  a t  t h e  e f ­

f e c t s  o f  l e s i o n s  on ICSS m easured  th e  r a t e s  o f  one i n t e n ­

s i t y  as t h e i r  d ep en d en t  v a r i a b l e .  A change  i n  t h i s  one 

m easu re  w i l l  n o t  n e c e s s a r i l y  i n d i c a t e  t h e  new s t a t e  o f  t h e  

o rg a n ism . F o r  i n s t a n c e ,  a  r a t  may have i t s  ICSS t h r e s h o l d  

a t  20 uA, and  i t s  peak  i n t e n s i t y  a t  60 uA where i t  p r e s s e s  

200 t im e s  p e r  m in u te .  An I n t e n s i t y  above 60 uA w i l l  y i e l d



lo w er r e s p o n s e  r a t e s  th an  p e ak  I n t e n s i t y .  I f  t h e  p r e -  

l e s i c n  i n t e n s i t y  c h o se n  i s  40 uA, where t h e  r a t  r e s p o n d s  

w i th  100 p r e s s e s  p e r  m in u te ,  a  lo w e r in g  o f  r e s p o n s e  r a t e s  

a f t e r  the  l e s i o n  may no t r e f l e c t  a  d e c rem e n t  i n  t h e  su b ­

j e c t ’ s ICSS b e h a v io r .  I t  may be t h a t  40 uA now r e p r e s e n t s  

an i n t e n s i t y  above  p e a k ,  and t h a t  t h e  a n im a l w ould  be more 

r e s p o n s iv e  a t  a  lo w er  i n t e n s i t y .  T h i s  w ould  r e f l e c t  an  i n ­

c r e a s e  i n  t h e  s u b j e c t ’ s s e n s i t i v i t y  to  s t i m u l a t i o n ,  s i m i l a r  

t o  t h e  e f f e c t  o b s e r v e d  a f t e r  a d m i n i s t r a t i o n  o f  an e n h a n c in g  

d ru g  (se e  n e x t  s e c t i o n ) .  A ls o ,  i f  t h e  p r e - l e s i o n  b a r - p r e s s  

l e v e l  i s  h i g h ,  any s i d e  e f f e c t  c a u s e d  by t h e  l e s i o n  (su c h  

a s  a c c e n t u a t i o n  o f  m o to r  in v o lv e m e n t  d u r in g  ICSS) may v e ry  

w e l l  d e b i l i t a t e  t o  th e  e x t e n t  t h a t  i t  c a n n o t  r e s p o n d  a t  

su ch  h ig h  r a t e s  a s  i t  may d e s i r e .  A t h r e s h o l d  m e a s u re ,  on 

t h e  o t h e r  h a n d ,  w here  th e  e f f o r t  r e q u i r e d  by t h e  s u b j e c t  

would be  m in im a l and s e n s i t i v i t y  t o  s t i m u l a t i o n  b e s t  e v a ­

l u a t e d ,  would r e f l e c t  more a c c u r a t e l y  ICSS s e n s i t i v i t y  

ch an g e s .  We t h e r e f o r e  p ro p o se  t h a t  a  r a t e - i n t e n s i t y  (RI) 

f u n c t io n  t h a t  m e asu re s  t h r e s h o l d ,  p e a k ,  p o s t - p e a k ,  and a t  

l e a s t  two i n t e r m e d i a t e  i n t e n s i t i e s ,  w ould b e s t  d e p i c t  

changes  i n  ICSS due t o  l e s i o n s .

(e) T h is  l e n g t h y  and s t r i c t  c r i t e r i a  I n  m eth o d o lo g y  

f o r  l e s i o n  s t u d i e s  I s  a b s o l u t e l y  n e c e s s a r y  I n  o r d e r  t o  

f u l l y  e v a l u a t e  l e s i o n  e f f e c t s .  S in c e  s u c h  c o n s e r v a t i v e  

c r i t e r i a  w ere  n o t  employed i n  t h e  s t u d i e s  t o  be  d e s c r i b e d ,
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I t  i s  n o t  s u r p r i s i n g  t h a t  t h e  r e s u l t s  w ere  v e ry  v a r i a b l e  

and  d i f f i c u l t  t o  l a t e r  e x p l a i n  and r e p l i c a t e .

I h e s e  l e s i o n  s t u d i e s  had  p r i m a r i l y  one o r  b o th  o f  t h e  

fo l lo w in g  o b j e c t i v e s :  (1 ) t o  s e e  i f  l e s i o n i n g  o f  t h e  MFB-

LH a r e a ,  t h e  h y p o t h e s i z e d  " s u b s t r a tu m "  o f  ICSS, w i l l  ab o ­

l i s h  ICSS a t  o t h e r  s i t e s ;  and  (2 )  t o  s e e  t h e  e f f e c t s  o f  

d i f f e r e n t  b r a i n  l e s i o n s  on MFB-LH ICSS.

Two s t u d i e s  t e s t e d  th e  e f f e c t s  o f  MFB-LH and m esen ce ­

p h a l i c  l e s i o n s  on s e p t a l  ICSS. Both  e x p e r im e n t s  (Boyd & 

C e l s o ,  1970; V a l e n s t e i n  & C am pbell,  1966) showed t h a t  

l e s i o n s  i n  and a ro u n d  th e  MFB-LH a r e a s  do n o t  a f f e c t  s e p t a l  

ICSS. A s m a l l  r e d u c t i o n  i n  s e p t a l  ICSS r a t e s  was o b s e r v e d  

f o r  a b o u t  t e n  d a y s  i f  t h e  l e s i o n s  were r e l a t i v e l y  s m a l l .  

L a r g e r  b i l a t e r a l  l e s i o n s  r e q u i r e d  p o s t - o p e r a t i v e  c a r e ,  

which i n  some I n s t a n c e s  l a s t e d  o v e r  one m on th . Once th e  

a n im a ls  r e c o v e r e d  from  t h e  o p e r a t i o n ,  s e p t a l  ICSS r e t u r n e d  

t o  p r e - l e s i o n  l e v e l s .  I t  s h o u ld  be n o te d  t h a t ,  i n  b o th  

s t u d i e s ,  t h e  p r e - l e s i o n  b a s e l i n e  r a t e s  f o r  t h e  one i n t e n ­

s i t y  c h o se n  were q u i t e  h ig h ,  and t h a t  t h r e s h o l d  m easu re s  

w e re n o t  t a k e n .  Boyd and  C elso  (1970) r e p o r t  on one s u b j e c t  

t h a t  s to p p e d  p r e s s i n g  i n  t h e  sep tum  a f t e r  a  l a r g e  b i l a t e r a l  

l e s i c n  t h a t  e x te n d e d  o v e r  t h e  m a m i l lo th a la m ic  t r a c t  and 

r e a c h e d  c a u d a l l y  i n t o  t h e  h a b e n u l o i n t e r p e d u n c u l a r  t r a c t  

T h is  s u b j e c t  d i d  n o t  l o s e  w eigh t and n e v e r  b a r - p r e s s e d  

a g a i n  f o r  ICSS. I n  m ost o f  Boyd and C e l s o ' s  c a s e s ,  t h e
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r a t e s  became much more v a r i a b l e  th a n  th e y  w ere  b e f o r e  t h e  

l e s i o n .  Both s t u d i e s  co n c lu d e  t h a t  t h e  sy s te m  u n d e r l y i n g  

ICSS b e h a v io r  c o n t a i n s  redundancy  and a  h ig h  c a p a c i t y  f o r  

r e o r g a n i z a t i o n .  Boyd and C e lso  c o n c lu d e  from  t h i s  s tu d y  

and  a  p r e v i o u s  one c o n d u c te d  i n  th e  same l a b o r a t o r y  (Boyd 

& G a rd n e r ,  1967) t h a t  a  s m a l l  a r e a  j u s t  a n t e r i o r  t o  t h e  

i n t r a p e d u n c u l a r  n u c le u s  i s  c e n t r a l  t o  ICSS b e h a v i o r .  

Whereas in  t h e  p r e v io u s  s tu d y  LH ICSS was r e d u c e d  by i p s i -  

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

n u c le u s ,  s e p t a l  ICSS d i s r u p t i o n  r e q u i r e d  b i l a t e r a l  d e s t r u c -
/

t i o n  o f  t h e  a r e a .  T h e i r  e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e  

i s  t h a t  e i t h e r  t h e  s e p t a l  ICSS sy s te m  i s  more d i f f u s e ,  o r  

t h a t  t h i s  a r e a  i s  n o t  a s  i m p o r t a n t  f o r  s e p t a l  ICSS a s  i t  

i s  f o r  IH ICSS.

The a u t h o r s ’ c o n c l u s i o n  t h a t  an a r e a  e x t e n d i n g  from  

t h e  a n t e r i o r  m a m i l lo th a la m ic  t r a c t  t o  t h e  h a b e n u l o i n t e r -  

p e d e n c u la r  n u c l e u s ,  and an a r e a  a n t e r i o r  t o  t h e  i n t e r -  

p e d u n c u la r  n u c l e u s ,  a r e  i n v o lv e d  in  s e p t a l  and  LH ICSS i s  

v e ry  t e m p t i n g ,  ye t  s p e c u l a t i v e  a t  b e s t .  F i r s t ,  t h e  e f f e c ­

t i v e  l e s i o n s  i n  b o th  s t u d i e s  a r e  v e ry  e x t e n s i v e  and o v e r ­

la p  w i th  a  number o f  s u r r o u n d in g  a r e a s .  S e co n d ,  o f  t h e  

t h r e e  a n im a l s  w ith  i d e n t i c a l  l e s i o n s  ( a s  d e s c r i b e d  by t h e  

a u t h o r s )  i n v o lv in g  t h e  m a m il lo th a la m ic  t r a c t ,  o n ly  one 

s u f f e r e d  an  a b o l i t i o n  o f  s e p t a l  ICSS. A n o th e r  r a t  d i e d ,  

and  t h e  t h i r d  one r e c o v e r e d  f u l l y  w i t h i n  a  week p o s t ­
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l e s i o n .  T h i r d ,  a l t h o u g h  m a m il lo th a la m ic  t r a c t  l e s i o n s  i n  

t h e  Boyd and G a rd n e r  (1967) s tu d y  d i d  i n d e e d  r e d u c e  LH 

ICSS, th e  m ost e f f e c t i v e  l e s i o n s  i n v o lv e d  a r e a s  i n  t h e  

v e n t r a l  m i d b r a i n .  T hese  ty p e s  o f  l e s i o n s  d i d  n o t  a f f e c t  

s e p t a l  ICSS. A lth o u g h  Boyd and C e l s o ' s  (1 970 ) e f f o r t  t o  

p o s t u l a t e  a n  a r e a  ( o t h e r  t h a n  t h e  MFB) t o  be c e n t r a l  t o  

ICSS b e h a v io r  i s  in d e e d  e x c i t i n g ,  t h e i r  own d a t a  do es  n o t  

s u p p o r t  t h i s  a t t e m p t .

The n o t i o n  t h a t  t h e  ICSS system  i s  v e ry  d i f f u s e  and 

re d u n d a n t  f i n d s  t e n t a t i v e  s u p p o r t  in  a  s tu d y  by A s d o u r ia n ,  

S t u t z ,  and R o c k l in  (1 9 6 6 ) .  Of 21 r a t s  w i th  b i l a t e r a l  h i p ­

pocam pal and th a la m ic  l e s i o n s ,  two s u b j e c t s  showed a  d e c r e ­

m ent i n  t h e  one r a t e  m e a s u re d ,  n in e  s u b j e c t s  showed a  s i g ­

n i f i c a n t  i n c r e a s e ,  and t e n  showed no e f f e c t .  T h e i r  a r g u ­

ment t h a t  i n h i b i t o r y  and f a c i l i t o r y  pa th w ay s  h a v e  been  i n ­

t e r f e r e d  w i th  i s  e x t r e m e ly  w eakened by t h e  f a c t  t h a t  p o s t ­

l e s i o n  b a s e l i n e s  were t a k e n  f o r  o n ly  t h r e e  t o  f i v e  d a y s .

S ince  t h e  p r e v i o u s  s t u d i e s  c i t e d  above h a v e  shown t h a t  

ICSS i s  n o t d e p e n d e n t  on th e  i n t e g r i t y  o f  t h e  MFB, a  number 

o f  s t u d i e s  have  lo o k e d  a t  t h e  e f f e c t s  o f  d i f f e r e n t  MFB com­

p o n e n t  l e s i o n s  and d i f f e r e n t i a l  b r a i n  l e s i o n s  on MFB-LH 

ICSS i t s e l f .

L orens  (1966) I n v e s t i g a t e d  t h e  e f f e c t s  o f  l e s i o n s  i n  

t h e  b a s a l  d i e n c e p h a lo n  and t e g m e n ta l  com ponents  o f  t h e  MFB 

on LH ICSS. I n  summary, L orens  f i n d s  s i g n i f i c a n t  r e d u c -



t l o n s  i n  LH-MFB ICSS s t i m u l a t i o n  t im e  ( t o t a l  amount o f  

t im e  t h e  b a r  was d e p r e s s e d  and s u b j e c t  was g e t t i n g  s t im u ­

l a t i o n )  when t h e  l e s i o n s  i n v o l v e  t h e  a n t e r o - l a t e r a l  hypo­

th a la m u s  (35# r e d u c t i o n )  a l o n e ,  t h e  a n t e r o - l a t e r a l  h y p o ­

th a la m u s  (ALH) i n  c o m b in a t io n  w i th  th e  v e n t r a l  m id b r a in  

tegmentum (33# r e d u c t i o n ) ,  th e  c e n t r a l  g re y  (53# r e d u c t i o n )  

t h e  p o n t i n e  r e t i c u l a r  f o r m a t i o n  (39# r e d u c t i o n ) ,  and  th e  

ALH and the  d o r s o m e d ia l  tegm entum  (53# r e d u c t i o n ) .  A l l  

l e s i o n s ,  e x c e p t  th e  ALH l e s i o n ,  w ere  b i l a t e r a l l y  p l a c e d .  

I n t e r e s t i n g l y  e n o u g h , b i l a t e r a l  l e s i o n s  o f  t h e  m id b r a in  

r e t i c u l a r  f o r m a t i o n  i n  c o m b in a t io n  w i th  t h e  ALH h ad  no 

e f f e c t  on ICSS, w h i l e  l e s i o n i n g  o f  t h e  m id b r a in  r e t i c u l a r  

fo r m a t io n  by i t s e l f  en h an c e d  ICSS s i g n i f i c a n t l y  (21# i n ­

c r e a s e ) ,  s u g g e s t i n g  t h a t  th e  c o m b in a t io n  l e s i o n s  c a n c e l l e d  

e a c h  o t h e r  o u t .  T hus , t h e  o n ly  s i t e  w hich  w ould a f f e c t  LH 

ICSS by i t s e l f  when l e s i o n e d  w ould  be th e  ALH, w hich  i s  

s p a t J i a l l y  v e ry  n e a r  t h e  LH. L o ren s  c o n c lu d e s  t h a t  LH ICSS 

i s  n o t  s o l e l y  d e p e n d e n t  on t h e  r o s t r a l  o r  c a u d a l  p r o j e c ­

t i o n s  o f  t h e  MFB, o r  b o th .

S ince  th e  m a jo r  p r o j e c t i o n s  o f  t h e  MFB w ere  dam aged, 

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

by V a l e n s t e i n  and  C am pbell (1966 ) and o t h e r s  t h a t  t h e  MFB 

d o es  not seem t o  be t h e  m e d i a t o r  o f  t h e  ICSS r e w a rd  s y s te m ,  

and t h a t  t h e  p a th w ay s  m e d ia t in g  t h e  b e h a v i o r  a r e  v e ry  d i f ­

f u s e l y  o r g a n i z e d .  One c r i t i c i s m  t h a t  c o u ld  be l e v e l e d  a t
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t h i s  s tu d y  i s  t h a t  t h e  s u b j e c t s  w ere  t e s t e d  f o r  s i x  d a y s ,

12 t o  14 d ay s  a f t e r  th e  l e s i o n .  S in c e  r e c o v e r y  o v e r  t im e  

h a s  been  r e p o r t e d  in  a n o th e r  s tu d y  ( V a l e n s t e i n  & C am p b e ll ,  

1966 ), t h e  p o s t - l e s i o n  d a t a  seems i n s u f f i c i e n t .  A ls o ,  

L o ren s  does  n o t  r e p o r t  any s y s t e m a t i c  p r o c e d u r e  t h a t  t e s t e d  

f o r  any s i d e  e f f e c t s  o f  t h e s e  l a r g e  l e s i o n s .

S in c e ,  a c c o r d in g  t o  Olds and Olds (1 9 6 9 ) ,  t h e  d a t a  on 

t h e  e f f e c t s  o f  l e s i o n s  on ICSS was i n c o n c l u s i v e  and con ­

f l i c t i n g  due t o  t h e  v a r i a n c e  i n  t h e  r e s u l t s  o f  v a r i o u s  e x ­

p e r im e n ts  and t h e  d i f f e r e n t  r e c o v e r y  p e r i o d s  a l l o w e d ,  t h e y  

d e c id e d  t o  r e - i n v e s t i g a t e  th e  r o l e  o f  th e  MFB a s  a  p o s s i b l e  

s u b s t r a tu m  o f  ICSS. They aimed t h e i r  s t u d y  a t  t h e  q u e s t i o n  

o f  w h e th e r  ICSS can  be a b o l i s h e d ,  and w h e th e r  d e s t r u c t i o n  

o f  t h e  a n t e r i o r  o r  p o s t e r i o r  a s p e c t s  o f  t h e  MFB i s  more 

e f f e c t i v e  i n  r e d u c in g  ICSS. T h ree  e x p e r im e n t s  w ere  co n ­

d u c te d  w here  s m a l l ,  medium, and l a r g e  l e s i o n s  w ere  p l a c e d  

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

MFB and t h e i r  e f f e c t s  were t e s t e d  on LH ICSS. P o s t - l e s i o n  

b a r - p r e s s  r a t e s  were  t a k e n  e i g h t  weeks a f t e r  t h e l l e s i o n  f o r  

a  p e r i o d  o f  two w eek s .  The h i g h e s t  r a t e  a c h ie v e d  d u r i n g  

t h e  f i v e - d a y  p r e - l e s i o n  b a s e l i n e  was com pared t o  t h e  h i g h ­

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

w e re ,  i n  m ost c a s e s ,  b i l a t e r a l  b u t  n o t  s y m m e t r i c a l ,  i n  

o r d e r  t o  a v o id  k i l l i n g  th e  a n im a l s .  S m a ll  a n t e r i o r  l e s i o n s  

had  no e f f e c t  o r  v e ry  i n s i g n i f i c a n t  e f f e c t  on p o s t e r i o r  MFB
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ICSS, w h i l e  s m a l l e r  p o s t e r i o r  MFB l e s i o n s  m a rk e d ly  i m p a i r ­

ed  a n t e r i o r  MFB ICSS (57% t o  9&% d e c r e m e n t s ) .  L arge  

l e s i o n s  a t  e i t h e r  th e  a n t e r i o r  o r  p o s t e r i o r  MFB c a u se d  

l a r g e  decrem en ts  i n  m  ICSS i n  s i x  o f  s e v e n  r a t s .  Medium 

s i z e  l e s i o n s  i n  th e  p o s t e r i o r  MFB caused  l a r g e r  d e c re m e n ts  

i n  LH ICSS th a n  a n t e r i o r  MFB l e s i o n s  d i d .

The a u t h o r s  p o i n t  ou t t h a t  g iv e n  t h e  l a r g e  s i z e  o f  

t h e  l e s i o n s ,  i t  i s  d i f f i c u l t  t o  d e l i n e a t e  one o r  more 

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

ICSS im p a irm e n t .  However, t h e y  s u g g e s t  t h a t  t h e i r  d a t a  

p o i n t s  t o  an a s c e n d in g  sy s tem  i n  ICSS, s i n c e  t h e  p o s t e r i o r  

l e s i o n s  were a lw ay s  more e f f e c t i v e .  They a l s o  p o i n t  o u t  

t h a t  th e  m ag n itu d e  o f  t h e  im p a irm en t d ep en d s  on " t h e  s i z e  

o f  t h e  t i s s u e  d e s t r o y e d  and t h e  p r o x i m i t y  o f  t h i s  d e s t r u c ­

t i o n  t o  th e  s e l f - s t i m u l a t i o n  p o i n t "  ( p .  1 2 6 3 ) .  The l a r g e r  

t h e  l e s i o n  and t h e  c l o s e r  t o  t h e  ICSS s i t e ,  t h e  s t r o n g e r  

t h e  e f f e c t .

In  a d d i t i o n  t o  O lds and Olds' (1969) own e v a l u a t i o n  o f  

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

l a r g e  s i z e ,  p r o x i m i t y  t o  t h e  ICSS e l e c t r o d e ,  and n o n - s p e ­

c i f i c i t y  o f  t h e  a r e a s  d e s t r o y e d ,  a  number o f  o t h e r  p r o c e ­

d u r a l  c r i t i c i s m s  c a n  be r a i s e d .  F i r s t ,  t h e y  t e s t e d  f o r  t h e  

e f f e c t s  o f  t h e  l e s i o n s  e i g h t  weeks a f t e r  t h e  o p e r a t i o n s ,  

th u s  m i s s i n g  t h e  r a t e  o f  r e c o v e r y ,  i f  a n y ,  o f  th e  l e s s  a f ­

f e c t e d  a n i m a l s ,  and more im p o r t a n t ,  t h e  t im e  c o u r s e  o f  t h e
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ICSS p o s t - l e s i o n  d e c r e m e n ts .  T h is  w ould  have a l lo w e d  com­

p a r i s o n  w ith  p r e v i o u s  s t u d i e s  a n d ,  i n  a d d i t i o n ,  g iv e n  some 

I n s i g h t  i n t o  t h e  p o s s i b l e  d e g e n e r a t i o n  r a t e  o f  t h e  d e ­

s t r o y e d  p a th w ay s .  S econd , t h e i r  p o s t - l e s i o n  d a t a  f o r  com­

p a r i s o n  was on ly  th e  h i g h e s t  r a t e  a c h ie v e d  d u r in g  a  tw o -  

week r u n .  S in c e  a n o th e r  l e s i o n  s tu d y  has  r e p o r t e d  t h a t  

p o s t - l e s i o n  ICSS r a t e s  in  th e  sep tum  a r e  much more v a r i a b l e  

t h a n  d u r i n g  p r e - l e s i o n  r u n s  (Boyd & C e l s o ,  1 9 7 0 ) ,  O lds and  

O lds ' (1969) p r e -  v e r s u s  p o s t - l e s i o n  ICSS c o m p a r iso n s  l e a v e  

o u t  s t a t i s t i c a l  i n f o r m a t i o n ,  and  a r e  th u s  i n c o m p le t e .

Keesey and  Powley (1973) c o n t in u e d  th e  e x a m in a t io n  o f  

LH-MPB c o n t r i b u t i o n  t o  c e n t r a l  rew ard  and  t o  t h e  r e g u l a ­

t i o n  o f  body w e ig h t .  B i l a t e r a l  l e s i o n s  w ere  p l a c e d  a t  t h e  

LH and  t h e i r  e f f e c t s  on p o s t e r i o r  h y p o th a la m ic  and v e n t r a l  

te g m e n ta l  ICSS w ere  m e asu re d .  Im m e d ia te ly  a f t e r  t h e  

l e s i o n ,  t h e  r a t s  e i t h e r  f a i l e d  t o  s e l f - s t i m u l a t e  o r  d id  

so  a t  v e ry  low r a t e s .  However, w i t h i n  f i v e  d a y s ,  t h e  

r a t e s  o f  r e s p o n d in g  s t a r t e d  a s t e a d y  i n c r e a s e  w h ich  l a s t e d  

f o r  two w eeks . A f t e r  t h e  second  week p o s t - l e s i o n ,  ICSS 

r a t e s  s t a b i l i z e d  and re m a in e d  so  f o r  t h e  r e s t  o f  t h e  e i g h t -  

week t e s t i n g  p e r i o d .  T h is  t e r m i n a l  l e v e l  c o r r e s p o n d e d  t o  

a b o u t  55% o f  p r e - l e s i o n  r a t e s .  Body w e ig h t  was a l s o  r e ­

duced  a f t e r  t h e  l e s i o n  and I t  r e a c h e d  a c o n s t a n t  l e v e l  

( 835S o f  n o rm a l)  i n  t h e  t h i r d  week a f t e r  t h e  l e s i o n .  The 

a u t h o r s  c o n c lu d e d  t h a t  LH damage i s  i n v e r s e l y  r e l a t e d  t o



b o th  p o s t - l e s i o n  ICSS l e v e l s  and  w e ig h t  m a in te n a n c e ,  and 

t h a t  body w e ig h t  m a in te n a n c e  i s  d i r e c t l y  r e l a t e d  t o  t h e  

c h ro n ic  r e d u c t i o n  o f  ICSS r a t e s .

A lthough  t h e i r  r e s u l t s  seem t o  s u p p o r t  o u r  v iew  t h a t  

th e  n o n - s p e c i f i c  r e w a rd  s y s te m  i s  i n t e r c o n n e c t e d  w i th  t h e  

l o c i  r e s p o n s i b l e  f o r  s p e c i f i c  d r i v e  b e h a v io r s  ( i n  t h i s  

c a s e ,  fo o d  i n t a k e ) ,  t h e i r  e f f e c t s  on body w e ig h t  l o s s  

c o u ld  be d i r e c t l y  due to  b i l a t e r a l  LH l e s i o n s  ( E p s t e i n  & 

T e i te lb a u m ,  1 9 6 2 ) ,  and  t h e  d e b i l i t a t i n g  e f f e c t  t h e r e o f  

c o u ld  have d i r e c t l y  a f f e c t e d  ICSS r a t e s  i n  te rm s  o f  p e r ­

form ance an d  n o t  m o t i v a t i o n .  I n  o t h e r  w o rd s ,  t h e  LH l e ­

s io n s  may no t have  re d u c e d  v e n t r a l  t e g m e n ta l  ICSS p e r  s e , 

b u t  r a t h e r  t h e y  a f f e c t e d  body w e ig h t  w hich  i n  t u r n  a f f e c t ­

ed  ICSS. The a c t u a l  e f f e c t  on ICSS may hav e  b een  l o s t  

due t o  th e  f a c t  t h a t  o n ly  one I n t e n s i t y  was u se d  and a  

more r e l i a b l e  m easu re  o f  s e n s i t i v i t y ,  t h e  t h r e s h o l d ,  was 

n o t  t a k e n .

A d i f f e r e n t  e x p e r im e n t a l  a p p ro a c h  t o  s t u d y  t h e  r o l e  

o f  t h e  MFB was em ployed by M adrigan  and  A l b e r t  (1971) and 

Nakajim a (1 9 7 2 ) .  S in c e  th e  l e s i o n  s t u d i e s  d e s c r i b e d  above  

p ro d u ced  c o n t r o v e r s i a l  and I n c o n c l u s i v e  r e s u l t s , t h e s e  i n ­

v e s t i g a t o r s  p ro d u c e  tem p o ra ry  l e s i o n s  i n j e c t i n g  p r o c a i n e  

i n t o  t h e  MFB-LH a r e a .  P r o c a in e  becomes a  u s e f u l  l o c a l  

a n e s t h e t i c  s in c e  i t  r e d u c e s  t h e  t r a n s f e r  o f  sod ium  io n s  

a c r o s s  t h e  n e u r o n a l  membrane and t h u s  p r e v e n t s  t h e  g e n e r a ­



t i o n  o f  n e r v e  im p u l s e s .

M adrigan and A l b e r t  (1 9 7 1 )  u n i l a t e r a l l y  i n j e c t e d  p r o ­

c a in e  i n t o  th e  MFB r e g i o n  w h i le  t h e  r a t s  were s e l f - s t i m u ­

l a t i n g  from  e i t h e r  t h e  septum  o r  p r e o p t i c  a r e a .  T h is  p r o ­

ced u re  was p ro p o s e d  by th e  i n v e s t i g a t o r s  b e c a u s e  o f  i t s  

im m edia te  e f f e c t  and  s h o r t  d u r a t i o n .  P r o c a i n e  p ro d u c e d  

s t r o n g  s u p p r e s s i o n s  o f  ICSS r a t e s  on t h e  i p s i l a t e r a l  s i d e ,  

w h i l e  c o n t r a l a t e r a l  i n j e c t i o n s  r e s u l t e d  i n  s i g n i f i c a n t l y  

l e s s  s e v e r e  d e c r e m e n ts .  T h ese  e f f e c t s  w ere  p ro d u c e d  w i t h  

i n j e c t i o n s  a l l  a lo n g  th e  MPB. I n j e c t i o n s  i n t o  t h e  MFB-LH 

a r e a  a s s o c i a t e d  w i th  f e e d in g  b e h a v i o r  p ro d u c e d  a  s u p p r e s ­

s io n  i n  b a r - p r e s s i n g  f o r  fo o d .  I n j e c t i o n s  i n t o  a r e a s  n o t  

a s s o c i a t e d  w i th  f e e d i n g  d i d  n o t  s u p p r e s s  b a r - p r e s s i n g  f o r  

f o o d .  The a u th o r s  c o n c lu d e d  t h a t  t h e  MFB i n  i t s  e n t i r e t y  

i s  i m p o r t a n t  f o r  s e p t a l  and p r e o p t i c  IC SS. They c la im  t h e  

p r e v io u s  l e s i o n  s t u d i e s  d i d  n o t  a f f e c t  t h e  MPB i n  i t s  e n ­

t i r e t y  and t h e r e f o r e  r e c o v e r y  o c c u r r e d .

We b e l i e v e  t h a t  t h e s e  r e s u l t s  a r e  b e t t e r  e x p l a i n e d  

by o u r  model o f  s p e c i f i c  ICSS p a th w ay s  s tem m ing  from  l o ­

c a l i z e d  CA n u c l e i .  R oss and  R e i s  (197*0) U n g e r s t e d t  (1971)) 

and  L o izo u  (1969)  showed t h a t  l a r g e  p o r t i o n s  o f  t h e  sep tum  

and  p r e o p t i c  a r e a s  a r e  i n n e r v a t e d  by th e  LC by way o f  t h e  

d o r s a l  b u n d le .  S in c e  t h i s  DB t r a v e l s  th r o u g h  a  r e l a t i v e l y  

s m a l l  p o r t i o n  o f  t h e  MPB, l e s i o n s  p l a c e d  i n  t h e  MPB i n  

o r d e r  t o  a f f e c t  s e p t a l  and p r e o p t i c  ICSS, w i l l  n e c e s s a r i l y



h a v e  to  be v e ry  p r e c i s e  and s p e c i f i c .  V a l e n s t e i n  and 

Cam pbell ( 1 9 6 9 ) and Boyd and C e lso  (1970) d i d  n o t  p l a c e  

s p e c i f i c  MFB l e s i o n s  and t h e r e f o r e  may have  a f f e c t e d  t h e  

DB o n ly  some o f  t h e  t im e ,  and th u s  a f f e c t e d  s e p t a l  ICSS on 

an  a lm o s t  random  b a s i s .  M adrigan  and  A l b e r t  (1971)»  on 

t h e  o t h e r  h a n d ,  a f f e c t  t h e  whole MFB and th u s  t h e  a r e a  

th ro u g h  w hich th e  DB p a s s e s  on i t s  way t o  t h e  sep tu m , and  

c o n s e q u e n t ly  re d u c ed  s e p t a l  ICSS.

N akajim a (1972) p o s t u l a t e d  t h a t  b o th  t h e  LH and t h e  

v e n t r a l  tegm entum  (VT) a r e  p a r t  o f  th e 's a m e  ICSS s y s te m .

He r e a s o n s  t h a t  s i n c e  th e  VT i s  an ICSS s i t e  i n t o  w hich  

MFB f i b e r s  sen d  i t s  p r o j e c t i o n s  t o  form t h e  l im b ic  m id b r a in  

a r e a  (N a u ta ,  1 9 5 8 ) ,  t h e  VT co u ld  be c o n s i d e r e d  a s  t h e  

c a u d a l  e x t e n s i o n  o f  th e  MPB. Some o f  t h e  r e s u l t s  o f  l e ­

s i o n  s t u d i e s  d e s c r i b e d  ab o v e ,  w hich  t e s t e d  VT l e s i o n s  on 

LH ICSS and v ic e  v e r s a ,  s u p p o r t  N a k a j im a 1s h y p o t h e s i s  

(Boyd & G a rd n e r ,  1967; K eesey  & P ow ley , 1973,; O lds & O ld s ,  

1 9 6 9 ) ,  w h i le  o t h e r s  do n o t  (Boyd & G a rd n e r ,  1967; L o r e n s ,  

1 9 6 6 ) .  I n  a d d i t i o n  t o  p r o c a in e  i n j e c t i o n s ,  N akajim a  a l s o  

p l a c e d  g lu ta m a te  i n j e c t i o n s  i n t o  e i t h e r  t h e  LH o r  VT and 

lo o k e d  a t  t h e i r  e f f e c t s  on th e  o t h e r  s i t e ’ s ICSS. G l u t a ­

mate  h a s  t h e  o p p o s i t e  e f f e c t  o f  p r o c a i n e ,  n am ely ,  i t  p r o ­

duces n e u r a l  e x c i t a t i o n .  I n  summary, i t  was fo u n d  t h a t  

u n i l a t e r a l  p r o c a i n e  i n j e c t i o n s  i n t o  t h e  VT o r  LH r e d u c e d ,  

b u t  d i d  n o t  a b o l i s h ,  ICSS from  t h e  LH o r  VT r e s p e c t i v e l y .
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G lu ta m a te  enhanced  VT ICSS when i n j e c t e d  i n t o  th e  LH, b u t  

when i n j e c t e d  i n t o  t h e  VT, i t  enhanced  LH ICSS i n  some 

a n im a ls ,  bu t i t  a l s o  s u p p r e s s e d  LH ICSS i n  o t h e r  s u j b e c t s .  

C o n t r a l a t e r a l  i n j e c t i o n s  a f f e c t e d  th e  i p s i l a t e r a l  a n d  

c o n t r a l a t e r a l  s id e s  s i m i l a r l y .  The a u th o r  c o n c lu d e s  t h a t  

ICSS i n  any p a r t  of th e  system  a c t i v a t e s  t h e  e n t i r e  s y s te m  

th r o u g h  th e  d e s c e n d in g  as w e l l  as th e  a s c e n d in g  p a th w a y s ,  

and th r o u g h  b i l a t e r a l  as  w e l l  as u n i l a t e r a l  c o n n e c t i o n s .

As i n  th e  p r e v i o u s l y  d e s c r ib e d  e x p e r im e n t s ,  t h i s  one 

o n ly  u sed  one i n t e n s i t y  and m easu red  p r e s s e s  a s  a n  in d e x  

o f  t h e  i n j e c t i o n  e f f e c t s .  I t  would seem l o g i c a l  t h a t  s i n c e  

t h e  a u t h o r  em ployes  g lu ta m a te  and p r o c a in e  a s  an  a c t i o n  

p o t e n t i a l  m a n ip u la t io n ,  a  t h r e s h o l d  m easu re  o f  ICSS would 

be  more a p p r o p r i a t e .  A l s o , , I t  i s  h a rd  t o  e x p l a i n  why 

g lu ta m a te  had d i f f e r e n t i a l  e f f e c t s  on LH ICSS when i n j e c t ­

ed  i n t o  th e  VT. One p o s s i b l e  e x p l a n a t i o n  may be t h a t  

g lu ta m a te  i n j e c t i o n s  i n t o  th e  LH w i l l  a lw ay s  en h an ce  VT 

ICSS b e c a u s e  e i t h e r  th e  e s s e n t i a l  ICSS t e r m i n a l s  a r e  i n  

t h e  LH, o r  th e  LH i s  t r u l y  a  mixed d o p a m in e rg ic  an d  NE 

ICSS sy s tem  (as  p ro p o s e d  by C a l v i e r  & R o u t t e n b e r g ,  197*0 . 

G lu tam ate  I n j e c t i o n s  i n t o  th e  VT may v a ry  a c c o r d in g  t o  w hat 

n eu ro h u m o ra l  s i t e  i n  t h e  VT I s  a f f e c t e d .  I f  i t  a f f e c t s  t h e  

d o p a m in e rg ic  A9 c e l l  g ro u p , i t  may a f f e c t  LH ICSS d i f f e r ­

e n t l y  t h a n  i f  i t  a f f e c t s  th e  NE f i b e r s  o f  p a s s a g e  to w a rd s  

t h e  MFB-IH a r e a .  I t  must be p o i n t e d  out t h a t  any c o n c l u -



s i o n s  a s  t o  s p e c i f i c  ICSS pa thw ays  a r e  o n ly  t e n t a t i v e ,  

s i n c e  N akajim a  was n o t  a b le  to  d e te r m in e  t h e  e x t e n t  o f  

s p r e a d  o f  t h e  i n j e c t i o n .

I n  summary, a l l  t h e  l e s i o n  s t u d i e s  d e s c r i b e d  above 

have  c o n t r a d i c t o r y  r e s u l t s  and do n o t  e l u c i d a t e  t h e  i n f l u ­

e n ce  and r o l e  p l a y e d  by a  s p e c i f i c  n e u r o a n a to m ic a l  s i t e  i n  

t h e  phenomenon o f  ICSS. T h i s  i s  due t o  a  number o f  f a c ­

t o r s :  (1 )  L e s io n s  a r e ,  m ost o f  t h e  t i m e ,  t o o  e x t e n s i v e  t o

d e te rm in e  one o r  more l o c i  t h a t  a f f e c t  t h e  b e h a v i o r ;  (2 ) 

Recovery p e r i o d s  a r e  i n s u f f i c i e n t  and  do n o t  t r a c e  t h e  

l o n g - t e r m  e f f e c t s  o f  th e  l e s i o n s ;  (3 )  P o s s i b l e  s i d e  e f ­

f e c t s  c a u s e d  by t h e  l e s i o n  a re  n o t  e v a l u a t e d  and c a n ,  a t  

t i m e s ,  be t h e  d i r e c t  c a u s e  f o r  t h e  ICSS e f f e c t s  s e e n ;  (4 )  

A l l  s t u d i e s  u se  one i n t e n s i t y  where a  f u l l - r a n g e  r a t e - i n -  

t e n s i t y  f u n c t i o n  i s  d e s i r a b l e  due t o  e x p e c t e d  s e n s i t i v i t y  

changes  in  ICSS; (5) S in ce  a lm o s t  a l l  s t u d i e s  a r e  c o n ­

c e rn e d  w i th  t h e  q u e s t i o n  i f  t h e  MFB i s  t h e  s u b s t r a t u m  f o r  

ICSS, p r im a r y  a t t e n t i o n  i s  g e a r e d  to w a rd s  a  c o m p le te  a b o ­

l i t i o n  o f  t h e  ICSS phenomenon, and  p a r t i a l  e f f e c t s  a r e  n o t  

p r o p e r l y  e v a l u a t e d .  T h is  l a s t  p o i n t  i s  v e r y  i m p o r t a n t  i n  

te rm s  o f  ou r own REM-ICSS h y p o t h e s i s .  R a th e r  t h a n  p o s t u ­

l a t e  t h a t  ICSS i s  a  d i f f u s e ,  u n s p e c i f i e d  s y s t e m ,c a p a b l e  o f  

r e o r g a n i z a t i o n ,  our model p r o p o s e s  a  n o n - s p e c i f i c  sy s te m  

w hich  to u c h e s  upon a l l  ICSS s i t e s  and  t h a t  s tem s  from  

n u c l e i  i n  t h e  h i n d b r a i n .  T h e r e f o r e ,  we b e l i e v e  t h a t  ICSS
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f ro m  s p e c i f i c  s i t e s  w i l l  be a b o l i s h e d  i f  t h e  n u c l e i  o f  

o r i g i n  a r e  d e s t r o y e d .  But we a l s o  b e l i e v e  t h a t  some s i t e s  

w i l l  be on ly  p a r t i a l l y  a f f e c t e d  b e c a u s e :  ( a )  a t  t i m e s ,  a

l e s i o n  may n o t  c o m p le te ly  d e s t r o y  t h e  n u c l e i  o f  o r i g i n ;  

o r  (b )  t h e  ICSS s i t e  i s  mixed and r e c e i v e s  i n n e r v a t i o n  

from  a num ber o f  n u c l e i  w h ic h ,  a l t h o u g h  i n t e r c o n n e c t e d ,  

a r e  i n  and  by th e m s e lv e s  s u f f i c i e n t  t o  s u p p o r t  ICSS. I t ,  

t h e r e f o r e ,  becom es ve ry  im p o r t a n t  t o  f u l l y  e v a l u a t e  even  

p a r t i a l  e f f e c t s  o f  l e s i o n s  on ICSS i n  o r d e r  t o  d e te r m in e  

t h e  amount o f  i n p u t  t h e  ICSS s i t e  r e c e i v e s  from t h e  l e -  

s io n e d  l o c u s .  By a d o p t in g  t h i s  v ie w ,  we may be a b l e  t o  

e x p l a i n  t h e  amount o f  v a r i a n c e  i n  t h e  r e s u l t s  o f  t h e  

s t u d i e s  sum m arized a b o v e .  The ICSS sy s te m  i s  n o t  n e c e s ­

s a r i l y  a  d i f f u s e  one , b u t  e a c h  ICSS s i t e  may r e c e i v e  one 

o r  s e v e r a l  p a th w ay s  o r i g i n a t i n g  i n  h i n d b r a i n  n u c l e i .  The 

r e s u l t s  i n  t h e s e  e x p e r im e n t s  may r e f l e c t  a  b y -c h a n c e  e f ­

f e c t  i n  a  s y s te m  where t h e  s p e c i f i c  p a th w ay s  i n n e r v a t i n g  

s p e c i f i c  ICSS s i t e s  a re  d i s r u p t e d  t h r o u g h  a  p r o c e d u r e  w here  

t h e s e  p a th w ay s  a r e  unknown and t h e  lo c u s  o f  o r i g i n  o f  an  

ICSS s i t e  i s  a l s o  unknown. In  o t h e r  w o rd s ,  ICSS s i t e  A 

h a s  a  m ain  p a thw ay  o f  i n n e r v a t i o n ,  X, and  an  a d d i t i o n a l  

p a th w a y ,  Y, w hich a l s o  i n n e r v a t e s  i t  bu t t o  a  l e s s e r  e x -
i •

i

t e n t .  I n  a d d i t i o n ,  o t h e r  ICSS s i t e s  can  be i n n e r v a t e d  by 

e i t h e r  Y o r  X o r o t h e r  p a th w a y s .  An e x p e r im e n t  w hich  

w i l l  h o t  p o s t u l a t e  t h e s e  p o s s i b i l i t i e s  and s p e c !  fy  th e



ICSS l o c i  and  pa th w ay s  in v o lv e d  w i l l  r a r e l y  p l a c e  a  l e ­

s io n ;  t h a t  e n t i r e l y  a b o l i s h e s  ,ICSS.

R e c e n t ly ,  German and Bowden (197*0 have t r i e d  t o  e x ­

p l a i n  th e  a b o v e -m e n t io n e d  l e s i o n  s t u d i e s  i n  te rm s  o f  a CA 

ICSS s y s te m .  They have s u g g e s te d  t h a t  t h e  e f f e c t i v e  l e ­

s i o n s  w hich d i s r u p t e d  LH and  s e p t a l  ICSS i n t e r r u p t e d  NE 

i n n e r v a t i o n  by th e  b u n d le s  stem m ing from  t h e  pons and t h e  

m e d u l la .  They b a se  t h e i r  c la im  on c o m p a r iso n s  b e tw een  t h e  

e f f e c t i v e  l e s i o n s  and U n g e r s t e d t ' s  (1971) d ia g ra m s  o f  t h e  

CA s y s te m s .  A l th o u g h t  t h i s  h y p o th e s i s  i s  v e ry  t e m p t in g ,  

a  number o f  e f f e c t i v e  "CA b u n d le  l e s i o n s "  were i n  com bina­

t i o n  w i th  h y p o th a la m ic  l e s i o n s  c l o s e  t o  t h e  ICSS e l e c t r o d e .  

F u r th e r m o re ,  some o f  th e  l e s i o n e d  a r e a s  t h a t  a p p e a r  t o  

o v e r l a p  w i t h  U n g e r s t e d t ' s  b u n d le s  d i d  n o t  p ro d u c e  t h e  e f ­

f e c t ,  w h ile  o t h e r  a r e a s  t h a t  do n o t  o v e r l a p  w i t h  any 

b u n d le s  d id  n o t a f f e c t  ICSS. In  a d d i t i o n ,  su ch  c o m p ar iso n s  

a r e  w eakened by th e  f a c t  t h a t  t h e y  a r e  b a s e d  on h an d -d raw n  

d ia g ra m s  r a t h e r  th a n  th e  a c t u a l  h i s t o l o g y .

E. N eurohum ora l T r a n s m i t t e r  S u b s ta n c e s  and  ICSS

Many I n v e s t i g a t o r s  have been  s e a r c h i n g  f o r  t h e  n e u r o ­

h u m o ra l  t r a n s m i t t e r  s u b s t a n c e  (NHTS) r e s p o n s i b l e  f o r  t h e  

m e d ia t io n  o f  " c e n t r a l  r e w a rd " ,  o r  ICSS. R e s e a rc h  i n  t h i s  

a r e a  o f  ICSS has I n t e n s i f i e d  due t o  D ah ls tro m  and F u x e 's  

(1964) and s u b s e q u e n t  d e l i n e a t i o n s  o f  t h e  m onoam inerg ic
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pa thw ays  in  t h e  b r a i n .  In  a d d i t i o n  t o  t h e  MFB-LH a r e a ,  

w hich i s  l a r g e l y  "mixed" i n  te rm s  o f  NHTS's, ICSS b e h a v io r  

can  a l s o  be e l i c i t e d  from  t h e  LC (Crow e t  a l . ,  1972;

E llm an  e t  a l . ,  1974; R i t t e r  & S t e i n ,  1973) w h ich  has  p r i ­

m a r i l y  NE c e l l  b o d ie s  ( U n g e r s t e d t ,  1 9 7 1 ) 5 f ro m  t h e  su b ­

s t a n t i a  n i g r a  (SN) (Crow, 1972; R o u t t e n b e r g  & M a lsb u ry ,  

1969) w hich  i s  l a r g e l y  a  d o p a m in e rg ic  s t r u c t u r e  (Anden e t  

a l . ,  1 9 6 6 ;  D a h ls t ro m  & Eltxe, 1964; U n g e r s t e d t ,  1 9 7 1 ) ,  and  

from  th e  a r e a  s u r r o u n d in g  t h e  d o r s a l  ra p h £  (M a rg u le s ,

1 9 6 9 )> w hich i s  s e r o t o n e r g i c  (D a h ls t ro m  & F u x e , 1 9 6 4 ) .

The q u e s t i o n  o f  i n t e r e s t  i s  w h e th e r  ICSS b e h a v i o r  a t  t h e s e  

s i t e s  i s  b e in g  s u b s e r v e d  by e i t h e r :  ( a )  t h e  s p e c i f i c  mono-

a m in e rg ic  c e l l  b o d ie s  and f i b e r s  w hich  l i e  i n  t h e  im m ed ia te  

v i c i n i t y  o f  t h e  e l e c t r o d e ;  (b )  a  NHTS whose c e l l  b o d ie s  

sen d  f i b e r s  o f  p a s s a g e  u n d e r  t h e  e l e c t r o d e ;  o r  ( c )  a  com­

b i n a t i o n  o f  NHTS's which a r e  m u tu a l ly  p o t e n t i a t i n g .  In  

o r d e r  t o  a s c e r t a i n  NHTS s p e c i f i c i t y  i n  ICSS b e h a v i o r ,  

s t u d i e s  have  made u se  o f  p h a r m a c o lo g i c a l  a g e n t s  w hich w i l l  

cause  e i t h e r  an enhancem ent o f  NHTS t r a n s m i s s i o n  a t  t h e  

sy n a p s e ,  i t s  b lo c k a g e ,  i t s  d e p l e t i o n ,  o r  t h e  d e s t m i c t i o n  o f  

th e  N H TS-producing c e l l  b o d ie s  and  t h e i r  t e r m i n a l s .

Aside from  i t s  p r e s e n c e  i n  a  number o f  ICSS s i t e s ,  

s e r o t o n i n  (5-HT) i s  a l s o  r e l e a s e d  when ICSS s i t e s  a r e  s t i ­

m u la te d  (A g h a ja n ia n ,  R o s e c ra n s ,  & S h e a rd ,  1 9 6 7 ) .  T h is  i s  

n o t  v e ry  s u r p r i s i n g ,  s i n c e  one s u c h  s i t e  ( t h e  MFB-LH a r e a )
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r e g u l a t e s  t h e  m a in te n a n c e  o f  5-HT and NE I n  th e  r a t  b r a i n  

t r a n s g y n a p t i c a l l y  ( H e l l e r  & Moore, 1 9 6 5 ) .  A lth o u g h  a  num­

b e r  of s t u d i e s  have  s u g g e s te d  t h a t  5-HT p l a y s  a  r o l e ,  

a l b e i t  m in o r ,  in  th e  m e d ia t io n  o f  MPB-LH ICSS (G ib s o n ,  

McGeer, & McGeer, 1970; P o s c h e l  & NJnteman, 1968; S t a r k ,  

Boyd, & F u l l e r ,  1 9 6 4 ) ,  o t h e r s  hav e  r e p o r t e d  t h a t  5-HT d e ­

p l e t i o n  does  n o t  a f f e c t  ICSS (B lack  & C o o p er ,  1970; C o o p er ,  

B la c k ,  & P a o l i n o ,  1971; M arg u les ,  1969 ).

The s t u d i e s  t h a t  s u g g e s t  5-HT in v o lv e m e n t  i n  ICSS 

s t u d i e d  t h e  e f f e c t s  o f  5-HT d e p l e t o r s  and e n h a n c e r s  on 

ICSS t h r e s h o l d s  r a t h e r  t h a n  on one i n t e n s i t y  w here  r e l a ­

t i v e l y  h ig h  r a t e s  a r e  y i e l d e d .  I t  h a s  b e en  p o i n t e d  o u t  

t h a t  i n t e n s i t i e s  a ro u n d  t h r e s h o l d  g e n e r a l l y  a p p e a r  t o  be 

most s e n s i t i v e  t o  d ru g s  ( S t e i n e r ,  1 9 6 6 ) .  F o r  i n s t a n c e ,  

amphetamine r a i s e s  r e s p o n s e  r a t e s  a t  t h r e s h o l d  i n t e n s i t i e s ,  

l e a v e s  m idd le  i n t e n s i t i e s  r e l a t i v e l y  u n a f f e c t e d ,  and d e ­

c r e a s e s  r a t e s  a t  h ig h  i n t e n s i t i e s  ( S t e i n e r  & S t o k e l y ,  1973). 

T h u s ,  an i n t e n s i t y  above t h r e s h o l d  may be l e f t  u n a f f e c t e d ,  

o r  be  a f f e c t e d  i n  t h e  o p p o s i t e  d i r e c t i o n  i n  r e l a t i o n  t o  

t h e  a c t i o n  o f  th e  d r u g .

B lack  and Cooper (1970) and Cooper e t  a l .  (1971) 

looked  a t  t h e  e f f e c t s  o f  D L - p - c h lo r o p h e n y la la  d n e  (PCPA), 

a  t r y p t o p h a n  h y d r o x y la s e  i n h i b i t o r  t h a t  d e p l e t e s  5-HT, 

and fo u n d  no d e c re m e n ts  in  LH and s e p t a l  ICSS a t  an  I n t e n ­

s i t y  t h a t  y i e l d e d  h ig h  r e s p o n s e  r a t e s .  S t a r k  e t  a l .  (1964)
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found  t h a t  one d ru g  t h a t  c a u s e s  a n  e l e v a t i o n  o f  b r a i n  5-HT 

(D L -p h e n ip ra z in e  h y d r o c h l o r i d e )  and one d ru g  t h a t  a c t s  as  

a  5-HT a n t a g o n i s t  ( D -2 - b ro m o ly s e r g ic  a c i d  d i e t h y l a m i d e )  

low ered  ICSS t h r e s h o l d s  in  d o g s .  G ibson  e t  a l .  (1970) 

fo u n d  t h a t  a g e n t s  w h ich  dep le  t e  5-HT (D L -5 -b ro m o try p to p h a n ,  

PCPA, D L - 6 - f l u o r o t r y p t o p h a n )  m i ld ly  r a i s e  ICSS t h r e s h o l d  

i n  r a t s .

Those s t u d i e s  which lo o k e d  a t  t h r e s h o l d  i n t e n s i t i e s  

r a t h e r  th a n  th e  l e s s  d r u g - s e n s i t i v e  h ig h  i n t e n s i t i e s  

showed t h a t  d i f f e r e n t  5-HT l e v e l s  d i f f e r e n t i a l l y  a f f e c t  

ICSS. I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h i s  NHTS i s  i n v o lv e d  

i n  th e  m e d i a t i o n  o f  ICSS. These  same s t u d i e s ,  h o w ev er ,  

a l s o  showed t h a t  th e  r o l e  o f  CA's i n  ICSS i s  s i g n i f i c a n t l y  

more i n f l u e n t i a l  th an  t h a t  o f  5-HT. (The r o l e  o f  CAf s i n  

ICSS w i l l  be d e s c r i b e d  i n  d e t a i l  f u r t h e r  a lo n g  i n  t h i s  s e c ­

t i o n .  )

M argu les  (1969) i n v e s t i g a t e d  th e  NHTS p r o p e r t i e s  o f  

t h e  ICSS s i t e  i n  t h e  v i c i n i t y  o f  t h e  s e r o t o n e r g i c  d o r s a l  

r a p h £ .  He found  t h a t  ICSS r a t e s  were i n c r e a s e d  u n d e r  a d ­

m i n i s t r a t i o n  o f  d -a m p h e tam in e ,  a  NE r e l e a s e r .  These  r a t e s  

d e c r e a s e d  i f  c h lo r p r o m a z in e ,  a  NE b l o c k e r ,  was a d m i n i s t e r e d .  

ICSS r a t e s , w e r e ,  h o w ev er ,  u n a f f e c t e d  by t h e  5-HT d e p l e t o r ,  

PCPA. M argules  c o n c lu d e d  t h a t  ICSS In  t h e  d o r s a l  tegm entum  

i s  s u b s e r v e d  by n o r a d r e n e r g i c  f i b e r s  o f  p a s s a g e ,  r a t h e r  

th a n  5-HT c e l l  b o d ie s  i n  t h e  v i c i n i t y  o f  t h e  e l e c t r o d e .



The f h c t  t h a t  CA's p l a y  a  m a jo r  r o l e  I n  t h e  m e d ia t io n  

o f  MFB-IH and s e p t a l  ICSS has  b een  d e m o n s t r a t e d  i n  a  num­

b e r  o f  s t u d i e s .  D e p l e t i o n  o f  CA 's a f t e r  s y s te m ic  a d m in i ­

s t r a t i o n  o f  a l p h a - m e t h y l - p a r a - t y r o s i n e  (AMPT), 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 ,  d e c r e a s e s  ICSS r a t e s  and i n c r e a s e s  

ICSS t h r e s h o l d  in  t h e  MFB-LH a r e a  (B la c k  & C ooper , 1970; 

C ooper e t  a l . ,  1971; G ibson  e t  a l . ,  1970; P o s c h e l  & 

N intem an, 1 9 6 6 ) ,  th e  LC ( R i t t e r  & S t e i n ,  1 9 7 3 ) ,  an d  t h e  

septum (Cooper e t  a l . ,  1 9 7 1 ) .  The s u p p r e s s i v e  e f f e c t s  o f  

AMPT w ere  r e v e r s e d  by a  s m a l l  do se  o f  m e tham phetam ine , a  

CA mimic ( P o s c h e l  & N in tem an, 1 9 6 6 ) .  I t  i s  n o t  c l e a r  from  

t h e s e  s t u d i e s  w hich  one o f  t h e  C A 's ,  dopam ine o r  NE, i s  i n ­

v o lv e d  i n  ICSS, s i n c e  AMPT a f f e c t s  b o th  CA's e q u a l l y  

( S p e c to r ,  S Jo e rd sm an , & U n d e n f r le n d ,  1965) • B r e e s e ,

Howard and  Leahy (1971) d e m o n s t r a t e d  t h a t  dopam ine  and NE 

c o n c e n t r a t i o n ;  r e d u c t i o n s  t h r o u g h  t h e  a d m i n i s t r a t i o n  o f  6 -  

hydroxydopam ine  re d u c e d  MFB ICSS by 50$ .

S t e in  and co w o rk e rs  have  p o s t u l a t e d  t h a t  t h e  CA i n ­

v o lv e d  i n  t h e  m e d ia t i o n  o f  ICSS i s  NE r a t h e r  t h a n  dop am in e . 

F i r s t ,  i t  was shown t h a t  NE was r e l e a s e d  i n t o  t h e  sy n a p s e  

a f t e r  ICSS a t  t h e  MFB ( S t e i n  & W ise, 1 9 6 9 ) .  S eco n d , Wise 

and S t e in  (1969) lo o k ed  a t  th e  e f f e c t s  o f  s e l e c t i v e  NE 

d e p l e t i o n .  A d m i n i s t r a t i o n s  o f  e i t h e r  d i s u l f i r a m  o r  d i -  

e t h y l d i t h i o c a r b o n a t e  (DEDTC) s h a r p l y  r e d u c e d  MFB ICSS.

Both d rugs  i n h i b i t  d o p a m in e - b e t a - h y d r o x y la s e  and t h u s  d e -



p l e t e  NE. They were a b l e  to  r e i n s t a t e  ICSS w ith  i n t r a -  

v e n t r i c u l a r  i n j e c t i o n s  o f  1-NE, t h e  b i o l o g i c a l l y  a c t i v e  

i s o m e r .  I n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  dopam ine o r  

5-HT d id  n o t  r e s t o r e  ICSS. T h i r d ,  S t e i n  and Wise (1975) 

r e p o r t e d  t h a t :  ( a )  d -am phe tam ine  i s  n in e  t im e s  a s  p o t e n t

i n  t h e  enhancem en t o f  i n t e r n a l  c a p s u le  ICSS t h a n  1 -am phe­

ta m in e ;  (b) s u p p r e s s i o n  o f ICSS by apom orph ine  c o u ld  b e  r e ­

v e r s e d  by d -am phe tam ine  bu t n o t  by 1 -a m p h e tam in e ; and ( c )  

i n t r a - v e n t r i c u l a r  i n j e c t i o n s  o f  1-NE b u t  n o t  dop am in e ,  

s i g n i f i c a n t l y  i n c r e a s e d  MFB ICSS. S in c e  T a y lo r  a n d  S n y d e r  

(1970) had shown t h a t  d -am phe tam ine  i s  e i g h t  to  t e n  t im e s  

a s  p o t e n t  a s  1-am phetam ine i n  NE t e r m i n a l s ,  b u t  e q u i p o t e n t  

i n  d o p a m in e rg ic  t e r m i n a l s ,  S t e i n  and V/ise i n t e r p r e t e d  t h e i r  

f i n d i n g s  to s u p p o r t  t h e i r  n o t io n  t h a t  NE i s  c e n t r a l  i n  t h e  

phenomenon o f ICSS. R i t t e r  and  S t e i n  (1973) found  t h a t  

c h lo rp ro m a z in e  and AMPT s u p p re s s e d  LC IC SS, w h i le  p im o z id e ,  

a  d o p a m in e rg ic  r e c e p t o r  b l o c k e r ,  had  no  e f f e c t .  E l lm an  e t  

a l .  (1975.) have  shown t h a t  LC ICSS i s  e n h a n c e d  by  d-am phe­

ta m in e  t o  a  s i g n i f i c a n t l y  g r e a t e r  e x t e n t  t h a n  by 1 -am phe-  

ta m in e .  T h u s ,  a  number o f  e x p e r im e n t s  have shown t h a t  ICSS 

i n  many s i t e s  i s  s u b s e r v e d  by NE.

However, th e  n o t io n s  t h a t  NE i s  th e  m ost Im p o r ta n t  

NHTS in  ICSS, and t h a t  ICSS i s  b a s i c a l l y  a  NA s y s te m , h av e  

r e c e n t ly  b e en  c h a l l e n g e d .  P o s c h e l  (1969) fo u n d  t h a t  mono­

amine o x id a se  M o d k ad e  d id  n o t en h an ce  ICSS in  t h e
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SN a s  i t  d id  i n  t h e  MFB. A lth o u g h  P o s c h e l  d id  n o t  p ro p o s e  

a  d i f f e r e n t  NHTS f o r  ICSS a t  t h a t  l e v e l  o f  t h e  m esence­

p h a lo n ,  P h i l l i p s  and F i b i g e r  (1973 ) d i d ,  a f t e r  o b t a i n i n g  

d i f f e r e n t i a l  e f f e c t s  o f  d- and 1 -am phetam ine  from  th e  SN 

and th e  MFB. They found  t h a t  d -am phe tam ine  was s e v e n  t o  

t e n  t im e s  more e f f e c t i v e  i n  e n h a n c in g  MFB ICSS t h a n  t h e  1 -  

iso m e r .  However, t h e  two iso m e rs  e n h an ced  SN ICSS e q u a l l y .  

T h e i r  h y p o t h e s i s  t h a t  two s y s te m s ,  one NE, t h e  o t h e r  d o p a ­

m in e r g ic ,  m e d ia te  ICSS f i n d s  s u p p o r t  i n  a  r e c e n t  e x p e r im e n t  

r e p o r t e d  by E l lm an ,  Ackermann, B o d n ar ,  J a c k l e r ,  and 

S t e i n e r  (197 6 ) .  They found t h a t  t h e  LC and t h e  DB ICSS i s  

more s e n s i t i v e  t o  d -  th a n  1 -am p h e tam in e , w h e rea s  ICSS s i t e s  

a t  t h e  m id v e n t r a l  p e r i a q u e d u c t a l  a r e a  a r e  e q u a l l y  s e n s i t i v e  

t o  bo th  i  so m ers .

B e l l u z z i ,  R i t t e r ,  W ise, and  S t e i n  (1975) a t t e m p t e d  t o  

show t h a t  SN ICSS i s  p r i m a r i l y  a  f u n c t i o n  o f  t h e  a s c e n d in g  

NE b u n d le s  p a s s i n g  i n  th e  v i c i n i t y  o f  t h e  m e s e n c e p h a l ic  

d o p a m in e rg ic  c e l l  g ro u p s  t e s t e d  by P h i l l i p s  and F i b i g e r .  

B e l lu z z i  e t  a l .  showed t h a t  k n i f e  t r a n s s e c t i o n s  and 6 -  

hydroxydopam ine l e s i o n s  o f  b o th  th e  DB and VB t o g e t h e r  v i r ­

t u a l l y  a b o l i s h e d  SN ICSS f o r  t h r e e  d a y s .  A f t e r  12 d a y s ,  SN 

ICSS had r e t u r n e d  t o  4055 t o  6055 o f  t h e  p r e - c u t  l e v e l .  They 

fo u n d  t h a t  b o th  t h e  k n i f e - c u t  and  t h e  6 -hy d ro x y d o p am in e  

l e s i o n  s e p a r a t e l y  had  g r e a t l y  r e d u c e d  NE b r a i n  l e v e l s ,  w i th  

l i t t l e  r e d u c t i o n  o f  s t r i a t a l  d o p a m in e rg ic  l e v e l s .  They



a l s o  found  t h a t  NE i n h i b i t i o n  th r o u g h  DEDTC i n j e c t i o n s  d e ­

c r e a s e d  SN ICSS, b u t  t h i s  d e c r e a s e  was r e v e r s e d  th ro u g h  

i n t r a v e n t r i c u l a r  i n j e c t i o n s  o f  1-NE. T h is  r e v e r s a l  was n o t  

o b ta in e d  w i th  dopamine i n j e c t i o n s .  They c o n c lu d e  t h a t  SN 

ICSS i s  n o t  i n d e p e n d e n t  o f  NE.

R e c e n t ly ,  C o o p er ,  C o t t ,  and  B re e s e  (1 9 7 1*) have c la im e d  

t h a t  th e y  w ere  a b l e  to  d i f f e r e n t i a l l y  a f f e c t  d o p a m in e rg ic  

an d  NE l e v e l s  th r o u g h  d i f f e r e n t  t r e a t m e n t s  o f  6 -h y d r o x y -  

dopam ine. „ They r e p o r t  t h a t  t h e  e n h a n c in g  e f f e c t s  o f  d -  

amphetamine and t h e  r e d u c in g  e f f e c t s  o f  AMPT i n  MPB ICSS 

were d ep en d en t on th e  b r a i n  l e v e l s  o f  dopamine and  n o t  NE. 

A cco rd ing  t o  t h e s e  i n v e s t i g a t o r s ,  t h e  f i n d i n g s  s u p p o r t  t h e i r  

h y p o th e s i s  t h a t  t h e  d o p a m in e rg ic  sy s te m  i s  d e e p ly  i n v o lv e d  

i n  t h e  m a in te n a n c e  o f  ICSS.

I n  summary, a l t h o u g h  5-HT h a s  b e en  shown t o  be  I n ­

v o lv ed  in  t h e  m e d ia t io n  o f  ICSS, t h e  d a t a  s u g g e s t  t h a t  t h e  

m ain  r e s p o n s i b i l i t y  f o r  th e  m a in te n a n c e  o f  t h i s  b e h a v io r  

l i e s  w i th  t h e  CA 's . D e s p i te  t h e  f a c t  t h a t  d -  and 1-am phe­

tam ine  w i l l  d i f f e r e n t i a l l y  a f f e c t  ICSS d e p e n d in g  on t h e  

lo c u s  o f  s t i m u l a t i o n ,  th e  p u z z le  s t i l l  r e m a in s  a s  t o :  ( a )

t h e  e x i s t e n c e  o f  two s e p a r a t e  ICSS s y s te m s ,  one NE, t h e  

o th e r  d o p a m in e rg ic ,  a s  p ro p o s e d  by  P h i l l i p s  an d  F i b i g e r j  

o r  (b )  t h e  p re d o m in a n ce  o f  one sy s te m  (NE) w i th  th e  p o t e n ­

t i a t i o n  o f  a  s e c o n d ,  l e s s  s i g n i f i c a n t  one ( d o p a m in e r g i c ) ,  

a s  p ro p o s e d  by S t e i n  and c o w o rk e r s . W hichever t h e  c a s e  may



b e ,  t h e  r e s u l t s  d e t a i l e d  above do a s s i g n  a  r o l e ,  a l b e i t  

c o n t r o v e r s i a l ,  t o  t h e  d o p a m in e rg ic  sy s te m  i n  t h e  m e d ia t io n  

o f  ICSS. C l a v i e r  and R o u t t e n b e r g  (197*0 have r e p o r t e d  t h a t  

l e s i c n s  p l a c e d  a t  t h e  MFB w i l l  p ro d u c e  d e g e n e r a t i o n s  i n  a l l  

t h r e e  sy s te m s  o f  p a s s g e ,  t h e  DB, t h e  VB, and  th e  n i g r o -  

n e o s t r i a t a l  sy s te m  stem m ing from th e  SN. I f  t h e  d o p am in e r­

g ic  system  i s  i n v o l v e d  i n  MFB-LH ICSS, a s  h a s  b een  s u g ­

g e s t e d ,  t h e  q u e s t i o n  rem a in s  a s  t o  why ICSS i n  t h i s  a r e a  i s  

so much rrore a f f e c t e d  by d -am p h e tam in e  t h a n  1-a m p h e tam in e .  

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

overwhelms th e  d o p a m in e rg ic  i n p u t ,  b u t  th e  d o p a m in e rg ic  

i n p u t  i s  s i g n i f i c a n t  n o n e t h e l e s s .  T h e r e f o r e ,  i t  c a n  be 

h y p o th e s i z e d  t h a t  once  th e  NE i n p u t  i s  r e d u c e d ,  t h e  d o p a ­

m in e rg ic  i n p u t  w i l l  become more a p p a r e n t  and t h e  d-am phe­

ta m in e  o v e r  1 -am phe tam ine  r a t i o  w i l l  be r e d u c e d .  We 

w an ted  t o  t e s t  t h i s  p o s s i b i l i t y ,  and t h e r e f o r e  r a n  one 

g roup  o f  s u b j e c t s  on d- and 1-am phe tam ine  b e f o r e  and  a f t e r  

LC l e s i o n ,  i n  o r d e r  to  a s s e s s  any ch an g e s  i n  d -  o r  1 -  

amphetam ine e f f e c t s  due to  l e s i o n s  i n  th e  NE n u c l e i  o f  t h e  

LC. I f  SN ICSS i s  p a r t  o f  a  s e p a r a t e  d o p a m in e rg ic  s y s te m ,  

LC l e s i o n s  w i l l  n o t  a f f e c t  t h i s  ICSS s i t e .

F . The H y p o th ese s  and Some P r o c e d u r a l  C o n s id e r a t io n s

Given t h a t  t h e  LC i s  im p o r t a n t  i n  t h e  phenomenon o f  

REM s l e e p  and h a s  been  p o s t u l a t e d  t o  be t h e  n u c l e u s  o f  

o r i g i n  o f  t h e  REM-ICSS s y s te m , t h e  f o l l o w i n g  h y p o th e s e s



h a v e  been made:

(1 )  LC l e s i o n s  w i l l  d e c r e a s e  r a t e s  and i n c r e a s e  

t h r e s h o l d s  In LH ICSS;

(2) These l e s i o n s  s h o u ld  n o t  a f f e c t  SN ICSS i f  t h i s  

s i t e  i s  p a r t  o f  a  s e p a r a t e  d o p a m in e rg ic  ICSS sy s te m ;

(3 )  D -am phetam ine, bu t n o t  1 -am p h e tam in e ,  w i l l  tem­

p o r a r i l y  r e s t o r e  LH ICSS t o  p r e - l e s i o n  l e v e l s ;

(4 )  I f  th e  l e s i o n s  r e d u c e  NE l e v e l s  a t  t h e  ICSS 

s i t e  a n d  dopamine a l s o  p a r t i c i p a t e s  i n  th e  p o t e n t i a t i o n  

o f  t h e  b e h a v io r ,  t h e  r a t i o  o f  d -am phe tam ine  o v e r  1-am phe­

ta m in e  e f f e c t s  on ICSS w i l l  be r e d u c e d  a f t e r  t h e  l e s i o n ;

(5) I f  th e  LC l e s i o n s  a f f e c t  LH ICSS, t h e y  w i l l  a l s o  

b r i n g  abou t a  r e d u c t i o n  i n  REM s l e e p .

I n  o r d e r  t o  t e s t  t h e s e  h y p o t h e s e s ,  a  num ber o f  p r o c e ­

d u r a l  c r i t e r i a  must be e s t a b l i s h e d .  F i r s t ,  s i n c e  b i l a t e r *  

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

m e n ta l  e f f e c t s  on t h e  o rg a n ism  ( s e e  s e c t i o n  D on l e s i o n s ) ,  

LC l e s i o n s  w i l l  be p la c e d  u n i l a t e r a l l y  and t h e i r  e f f e c t s  

w i l l  be t e s t e d  a t  l e a s t  on th e  i p s i l a t e r a l  s i t e .  S e co n d ,  

g iv e n  t h a t  s p e c i a l  c o n s i d e r a t i o n s  must be  t a k e n  w i t h  d e ­

g e n e r a t io n  tim e c o u r s e ,  p o s s i b l e  s p r o u t i n g ,  te m p o ra ry  

p o s t - l e s i o n  s id e  e f f e c t s ,  and  ICSS " r e o r g a n i z a t i o n "  ( te rm s  

d e s c r i b e d  i n  s e c t i o n  D), th e  e f f e c t s  o f  t h e  l e s i o n s  a r e  

m o n i to r e d  f o r  a  minimum amount o f  tim e t h a t  w i l l  a l lo w



f o r  t h e  o c c u r r e n c e  of any o f t h e s e  f a c t o r s  (14 to  16 

d a y s ) .  T h is  i s  fo l lo w e d  by p e r i o d i c  c h e c k s  on ICSS up t o  

a  minimum of one month a f t e r  t h e  l e s i o n .  F o u r t h ,  s u b j e c t s ’ 

w e ig h ts  w i l l  be c o n t in u o u s ly  m o n i to r e d  i n  o r d e r  t o  a s c e r ­

t a i n  an y  n o n - s p e c i f i c  a f f e c t s  on ICSS o t h e r  th a n  t h e  l e ­

s io n  i t s e l f .  F i f t h ,  a f u l l  r a t e - i n t e n s i t y  f u n c t i o n  i s  

o b t a in e d  t h a t  encom passes  t h r e s h o l d ,  i n t e r m e d i a t e ,  p e a k ,  

and a f t e r - p e a k  i n t e n s i t i e s  i n  o r d e r  t o  b e t t e r  a s s e s s  t h e  

e f f e c t s  o f  th e  d ru g s  and th e  l e s i o n s .  T h is  t y p e  o f  s t r i c t  

p ro c e d u re  r e d u c e s  t o  a  minimum th e  amount o f  v a r i a n c e  e x ­

p e r i e n c e d  i n  th e  a b o v e - d e s c r ib e d  l e s i o n  s t u d i e s .

L es io n  t e c h n i q u e . S in c e  a  number o f  i n v e s t i g a t o r s  

have  d e m o n s t ra te d  t h a t  th e  m orpho logy  o f  b r a i n  l e s i o n s  

depend l a r g e l y  on b o th  ty p e s  o f  e l e c t r o d e  u s e d  and  c u r ­

r e n t  a p p l i e d  (D iC ara  e t  a l . ,  1974; G o ld , 1975; R a b in ,  1968; 

R eyno lds , 196 3 ) ,  t h e  u se  o f  t h i s  t e c h n i q u e  demands c a r e ­

f u l  a p p l i c a t i o n .  Gold (1975) r e p o r t s  t h a t  d i r e c t  c u r r e n t  

(DC) r e d u c e s  i r o n  d e p o s i t s .  F u r th e r m o r e ,  " s lo w  l e s i o n s "  

( e . g .  100 juA f o r  200 s e c o n d s )  d e s t r o y  more t i s s u e  t h a n  

" f a s t  l e s i o n ’’ ( e . g .  2 mA f o r  10 s e c o n d s ) ,  a l t h o u g h  t h e  

same number o f  coulombs a r e  d e l i v e r e d .  He p r o p o s e s  t h e  

p o s s i b i l i t y  t h a t  i r o n  d e p o s i t s  ex p an d  t h e  l e s i o n  o v e r  

t i m e .

R ey n o ld s '  (1963) f i n d i n g  t h a t  r a d i o - f r e q u e n c y  (RF) 

l e s i o n s  p la c e d  i n  th e  v e n t r o m e d ia l  h y p o th a la m u s  by  v/ay o f  

s t a i n l e s s  s t e e l  e l e c t r o d e s  do n o t  p ro d u ce  th e :  h y p e r p h a g ic
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symptoms t h a t  r e s u l t  fr&m DC l e s i o n s  f u r t h e r  d e m o n s t r a t e s  

t h e  d i f f e r e n t i a l  e f f e c t s  t h a t  r e s u l t  from  v a r i o u s  l e s i o n  

p a r a m e te r s .  R eynolds p r o p o s e s  t h a t  h y p e r p h a g ia  e f f e c t s  

a r e  due t o  i r r i t a t i o n  p ro d u c e d  by m e t a l l i c  d e p o s i t s .

T h is  has b e e n  s u p p o r te d  by th e  f i n d i n g s  by R abin  (1 9 6 8 ) .

D iC ara  e t  a l .  (1974) found  t h a t  w h i le  RP was e q u a l l y  

e f f e c t i v e  f o r  d e s t r o y i n g  n u c l e i  and f i b e r s ,  DC c u r r e n t  d e ­

s t r o y s  n u c l e i  b u t  s p a r e s  p e r i p h e r a l  f i b e r  t r a c t s .  T h u s ,  

u n l e s s  th e  e l e c t r o d e  i s  im p in g in g  d i r e c t l y  on t h e  f i b e r  

t r a c t s ,  DC l e s i o n s  w i l l  c u rv e  a ro u n d  f i b e r s  i n  t h e  v i c i ­

n i t y  and  p ro d u c e  uneven d e s t r u c t i o n .

S ince  o u r  aim was t o  d e s t r o y  LC n u c l e i  and t h e i r  a s ­

c e n d in g  p r o j e c t i o n s ,  RP p a r a m e te r s  were c h o se n .  In  a d d i ­

t i o n ,  th e  RP c u r r e n t  was p a s s e d  v i a  s t a i n l e s s  s t e e l  e l e c ­

t r o d e s .  T h is  a p p ro ach  has b een  shown t o  p r e v e n t  m e t a l l i c  

d e p o s i t s  (Aronow, I9 6 0 ;  R e y n o ld s ,  196 3 ) .

I n  te rm s  of th e  amount o f  mA d e l i v e r e d  i n  t h i s  s i t e ,  

i n  o r d e r  t o  p ro d u ce  th e  l e s i o n s  ( s e e  P r o c e d u r e ) ,  th e  f o l ­

low ing c o n s i d e r a t i o n  must be t a k e n :  RP c u r r e n t s  i n  t h e

m agn itude  o f  10 .0  t o  4 0 .0  mA d e l i v e r e d  f o r  th e  d u r a t i o n  

o f  5 t o  50 s e c o n d s ,  p ro d u c e  b r a i n  l e s i o n s  from 0 . 5  t o  2 . 0  

mm. i n  d i a m e t e r .  These  p a r a m e t e r s  p ro d u c e  t h e  same s i z e  

l e s i o n s  as  DC c u r r e n t s  v a ry in g  from  0 .8  t o  2 .0  mA f o r  s i x  

t o  20 s ec o n d s  (D iC ara  e t  a l . ,  1 9 7 4 ) .



S t i m u l a t i o n  t e c h n i q u e . Our aim was t o  s t i m u l a t e  

s p e c i f i c  a r e a s  w i th in  th e  h y p o th a lam u s  and t o  t e s t  f o r  

t h e  d i f f e r e n t i a l  e f f e c t s  o f  th e  LC l e s i o n s  a t  t h e s e  s i t e s  

V a l e n s t e i n  and Beer (1962) have shown t h a t  b i p o l a r  s t im u ­

l a t i o n  i s  more d i s c r e t e  t h a n  c o n v e n t i o n a l  m o n o p o la r  t e c h ­

n i q u e s .  We have th u s  c h o se n  b i p o l a r  s t i m u l a t i o n  p a r a ­

m e te r s  i n  o r d e r  to  a l lo w  p r e c i s e  s p e c i f i c a t i o n  o f  t h e  ana  

to m ic a l  s i t e s  u n d e r  th e  e l e c t r o d e .



Method

S u b je c t s

F o r t y - f o u r  m ale  a l b i n o  r a t s  (H oltzm an) w e i ^ i i n g  350 - 

515 gms. a t  t h e  t im e  o f  t h e  o p e r a t i o n  were u s e d .

S u rg e ry

S u b j e c t s  vrere a n e s t h e t i z e d  w i th  a  m ix tu r e  o f  sodium  

p e n t o b a r b i t o l  and c h l o r a l  h y d r a t e  c o m b in a t io n  ( E q u i t h e s i n ,  

J e n s e n )  I n j e c t e d  i n t r a p e r i t o n e a l l y  ( i . p . )  (d o se  a p p r o x i ­

m a te ly  3 m l / k g ) .  They were t h e n  im p la n te d  w i t h  t h e  u s e  o f  

a  Kopf s t e r e o t a x i c  i n s t r u m e n t  w i t h  b i p o l a r ,  s t a i n l e s s  s t e e l  

e l e c t r o d e s  ( P l a s t i c  P r o d u c t s )  w hich  were c o m p le te ly  i n s u ­

l a t e d  e x c e p t  a t  t h e  t i p  (0 . 2*1 mm. w id th  b e tw een  t h e  t i p s ) .  

I n  a l l  s u b j e c t s ,  e l e c t r o d e s  were a im ed  a t  t h e  LC u n i l a t e r ­

a l l y  o r  b i l a t e r a l l y .  I n  a d d i t i o n  to  t h e  LC e l e c t r o d e ,  30 

s u b j e c t s  had  e l e c t r o d e s  aimed a t  t h e  LH (LC-LH g r o u p ) ,  

e i g h t  s u b j e c t s  had e l e c t r o d e s  aimed a t  t h e  LH an d  SN (LC- 

SN-LH g r o u p ) ,  and  in  s i x  s u b j e c t s ,  t h e  zona  i n c e r t a  was 

aimed f o r  (LC-ZI g ro u p )  (T a b le  1 ) .  I n  o r d e r  t o  maximize 

t h e  s u c c e s s  r a t e  o f  ICSS i m p l a n t s ,  1*1 o f  t h e  30 LC-LH su b ­

j e c t s  were  im p la n te d  a t  b o th  s i t e s  b i l a t e r a l l y .  I n  such  

c a s e s ,  due t o  t h e  c l o s e  p r o x i m i t y  o f  t h e  ICSS s i t e s  t o  m id­

l i n e ,  e l e c t r o d e s  were e n t e r e d  a t  a  m e d i o l a t e r a l  a n g l e .  The 

lam bda and  bregm a s u t u r e  l i n e s  s e r v e d  as p o i n t s  o f  r e f e r ­

e n ce  f o r  t h e  d e r i v a t i o n  o f  c o o r d i n a t e s  ( F ig u r e  2 ) .  The 

i n c i s o r  b a r  was s e t  a t  - 5  mm. i n  o r d e r  t o  a v o id  p u p c t u r i n g



o f  th e  t r a n s v e r s e  s in u s  w ith  th e  LC e l e c t r o d e .

The LC c o o r d i n a t e s  w ere :  0 .3  mm. p o s t e r i o r  t o  lambda

l i n e ,  1 .0  mm. l a t e r a l  t o  t h e  m i d - s a g g i t a l  s u t u r e ,  and  7 . 0  

mm. from  th e  s u r f a c e  o f  t h e  s k u l l  f o r  s t r a i g h t  e n t r y ;  and 

0 . 3  mm. p o s t e r i o r  to  lam bda l i n e ,  3 .0  mm. a t  a  16°  a n g l e  

l a t e r a l  t o  t h e  m i d - s a g g i t a l  s u t u r e ,  and 7*3 mm. from  th e  

s u r f a c e  o f  t h e  s k u l l  f o r  a n g le d  e n t r y .  Lambda l i n e  was a  

h y p o t h e t i c a l  t r a n s v e r s e  l i n e  a l i g n e d  w i th  t h e  lam bda 

s u t u r e  a t  2 .0  mm. l a t e r a l  from lam bda p o i n t  ( F ig u r e  2 ) .

The c o o r d i n a t e s  f o r  t h e  LH im p la n t s  w e re :  0 .2  mm.

a n t e r i o r  t o  t h e  m id p o in t  be tw een  lam bda p o i n t  and  b regm a , 

1 .5  mm. l a t e r a l  t o  t h e  m i d - s a g g i t a l  s u t u r e ,  and 8 .7  mm. 

f ro m  t h e  s u r f a c e  o f  th e  s k u l l  f o r  s t r a i g h t  e n t r y ;  0 . 3  mm. 

a n t e r i o r  t o  t h e  m id p o in t  b e tw ee n  lam bda p o i n t  a n d  bregm a, 

2 . 9  mm. a t  a  10°  a n g le  l a t e r a l  t o  t h e  m i d - s a g g i t a l  s u t u r e ,  

and 9 . 1  mm. from t h e  s u r f a c e  o f  t h e  s k u l l .

ZI e l e c t r o d e s  were aimed a t  t h e  m id p o in t  be tw een  

lambda p o in t  and  b re g m a ,  1 . 7  mm. l a t e r a l  t o  t h e  m i d - s a g g i ­

t a l  s u t u r e ,  and 8 . 5  mm. fi*om t h e  s u r f a c e  o f  t h e  s k u l l .

SN c o o r d i n a t e s  were 2 .2  mm. p o s t e r i o r  t o  t h e  m id p o in t  

b e tw een  lam bda p o i n t  and b reg m a , 2.0  mm. l a t e r a l  t o  t h e  

m i d - s a g g i t a l  s u t u r e ,  and 8 . 2  mm. from  t h e  s u r f a c e  o f  t h e  

s k u l l .  I n  most c a s e s ,  u n i l a t e r a l  i m p l a n t s  were on th e  

l e f t  s id e  o f  t h e  b r a i n .



C o r t i c a l  sc rew s  and m u sc le  e l e c t r o d e s  were a t t a c h e d  

i n  22 o f  t h e  o p e r a t e d  s u b j e c t s  ( f o u r  LC -ZI, two LC-SN-LH, 

s i x  LC-LH u n i l a t e r a l ,  and t e n  LC-LH b i l a t e r a l  s u b j e c t s )  

(T ab le  1 ) in  o r d e r  t o  o b t a i n  EEG and EMG r e c o r d i n g s .  EEG 

l e a d s  were c o n n e c te d  to  two s t a i n l e s s  s t e e l  s c re w s  o f  6 . 0  

mm. l e n g t h .  One sc rew  was p l a c e d  a t  2 .0  mm. a n t e r i o r  t o  

t h e  m id p o in t  b e tw een  lam bda p o i n t  and b regm a, 1 . 0  mm. 

l a t e r a l  t o  t h e  m i d - s a g g i t a l  s u t u r e ,  and  a t  1 .0  mm. a n t e r ­

i o r  t o  bregm a; t h e  o t h e r  sc rew  was p l a c e d  a t  1 .0  mm. l a ­

t e r a l  t o  th e  m i d - s a g g i t a l  s u t u r e .  Both screw s  were p l a c e d  

i p s i l a t e r a l l y .  A b i p o l a r  s t a i n l e s s  s t e e l  e l e c t r o d e  was 

unwound, s t r i p p e d  o f  a b o u t  1 .0  cm. o f  t h e  T e f l o n  Form var 

i n s u l a t i o n ,  and  e a c h  p o le  was t i g h t l y  wound a ro u n d  one 

s c r e w ,  s e p a r a t e l y ,  making s u r e  t h a t  c o n t a c t  was made b e ­

tw een  th e  p o l e  and  t h e  s k u l l .  A sec o n d  b i p o l a r  s t a i n l e s s  

s t e e l  e l e c t r o d e  was s t r i p p e d  b a r e  o f  i n s u l a t i o n  f o r  a p p r o x ­

im a te ly  3.0  cm. and  wrapped a ro u n d  t h e  b e l l y  o f  t h e  n u c h a l  

m u sc le  f o r  EMG r e c o r d i n g .  I n  a l l  s u b j e c t s ,  t h e  p l a s t i c  

e l e c t r o d e  c a p s  were f i x e d  to  t h e  s k u l l  w i th  d e n t a l  a c r y l i c  

and  s t a i n l e s s  s t e e l  s c r e w s .  F o l lo w in g  t h e  o p e r a t i o n ,  t h e  

s k i n  was s u t u r e d  and a  5 t o  10 day r e c o v e r y  p e r i o d  was a l ­

low ed .

T h is  new EMG r e c o r d i n g  t e c h n i q u e  was d e v e lo p e d  i n  our 

l a b o r a t o r y ,  s in c e  o t h e r s  ( p e r s o n a l  co m m u n ica tio n )  hav e  r e ­

p o r t e d  d i f f i c u l t i e s  in  r e c o r d i n g  to n u s  chan g es  i n  t h e  r a t ' s
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n e c k  m u s c l e s .

P r o c e d u re

All; s u b j e c t s  were m a in ta in e d  on an  ad  l i b  s c h e d u le  f o r  

fo o d  and  w a t e r ,  and  were h o u sed  i n d i v i d u a l l y .  A f t e r  r e ­

c o v e ry  from t h e  o p e r a t i o n ,  s u b j e c t s  were t r a i n e d  t o  p r e s s  

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

t r o d e  s i t e .  ICSS t e s t s  w ere  run  i n  a  20 cm. w id e ,  40 cm. 

l o n g ,  22 cm. h ig h  P l e x i g l a s  o p e r a n t  cham ber, p l a c e d  i n  an 

o p en , s o u n d -d e a d e n e d  L a f a y e t t e  e n c l o s u r e .  A L eh ig h  V a l le y  

r e t r a c t a b l e  l e v e r ,  2.0  cm. lo n g  and 3 cm. w id e ,  l o c a t e d  

4 .0  cm. above th e  f l o o r ,  p r o t r u d e d  i n t o  t h e  cham ber. A 

f o r c e  o f  20 gms. on th e  l e v e r  was s u f f i c i e n t  t o  a c t i v a t e  a 

m ic r o s w i tc h  an d  c o n s t i t u t e d  t h e  m e a s u ra b le  r e s p o n s e .  S o l i d  

s t a t e  and e l e c t r o m e c h a n i c a l  p rogram m ing  e q u ip m en t d e l i v e r e d  

a  . 25- s e c .  t r a i n  d u r a t i o n  o f  60- c y c l e ,  s i n u s o i d a l  waive 

s t i m u l a t i o n  a f t e r  e a c h  r e s p o n s e .  The s t i m u l a t o r  and  m oni­

t o r i n g  o s c i l l o s c o p e  were a l l  i s o l a t e d  from g ro u n d .  S tim u ­

l a t i o n  was a d j u s t a b l e  from 0-10  v o l t s  r o o t  mean s q u a r e  (RMS). 

Wave form and s t i m u l u s  i n t e n s i t y  were c o n t i n u o u s l y  m oni­

t o r e d  by o b s e r v i n g  th e  v o l t a g e  d ro p  a c r o s s  a  1 , 000 -ohm r e ­

s i s t o r  i n  s e r i e s  w ith  th e  s u b j e c t  on a  H e w le t t  P a c k a rd  

#110-B c a th o d e  r a y  o s c i l l o s c o p e .  S u b j e c t s  were a l lo w e d  t o  

s e l f - s t i m u l a t e  a t  e a c h  i n t e n s i t y  f o r  7- m in .  p e r i o d s .

Changes i n  c u r r e n t  I n t e n s i t y  o c c u r r e d  d u r i n g  a  1 -m in . 

t im e o u t  b e tw ee n  e a c h  7-m in .  p e r i o d  when t h e  l e v e r  was r e -



t r a c t e d  from  t h e  cham ber.

S u b je c t s  w ere  sh ap ed  by th e  method o f  s u c c e s s iv e  a p ­

p r o x im a t io n  a t  s e v e r a l  i n t e n s i t i e s  from  15-250  m icroam ps 

OuA) d u r in g  a  1 - 1 /2  h o u r  s e s s i o n  o v e r  s e v e r a l  c o n s e c u t i v e  

d a y s .  T r a i n i n g  alw ays began w i th  t h e  IH s i t e  and was th e n  

fo l lo w e d  by t h e  LC o r  SN l o c u s .  LC ICSS was m ax im ized  by 

sh a p in g  t h e  s u b j e c t  f o r  a t  l e a s t  f o u r  d a y s  a t  t h a t  s i t e ,  

and  i n  some c a s e s ,  a l t e r n a t i n g  s t i m u l a t i o n  b e tw een  th e  LC 

and  t h e  LH. S u b j e c t s  w ith  e l e c t r o d e s  t h a t  s u p p o r t e d  ICSS 

a t  b i l a t e r a l  LH p la c e m e n ts  were ru n  e a c h  day a t  b o th  LH 

s i t e s .  The LH s i t e  i p s i l a t e r a l  o f  t h e  LC e l e c t r o d e  t h a t  

y i e ld e d  t h e  h i g h e s t  r e s p o n s e  r a t e  was r u n  f i r s t , , We em­

p lo y e d  t h i s  p r o c e d u r e  b e c a u s e  we assum ed t h a t  h ig h  r e ­

sponse  r a t e s  a t  t h e  p o n t in e  s i t e  r e f l e c t e d  d i r e c t  im p in g e ­

ment o f  t h e  e l e c t r o d e  on t h e  LC (E llm an  e t  a l . ,  197*0.

F o llo w in g  ICSS t r a i n i n g ,  LH r a t e - i n t e n s i t y  f u n c t i o n s  

were o b ta in e d  d a i l y  a t  t h e  same t im e  e a c h  d a y .  Only s u b ­

j e c t s  t h a t  r e l i a b l y  s e l f - s t i m u l a t e d  w ere  u s e d  i n  t h e  e x ­

p e r im e n t .  S u b j e c t s  were t e s t e d  a t  a  minimum o f  s i x  d i f ­

f e r e n t  i n t e n s i t i e s ,  c h o se n  t o  encom pass  t h e  r a n g e  o f  i n ­

t e n s i t i e s  o v e r  vfaich th e  s u b j e c t s  would  r e l i a b l y  s e l f -  

s t i m u l a t e .  At t h e  end  o f  each  s e s s i o n ,  a  7 -m in .  e x t i n c t i o n  

p e r i o d  was r u n .  R a t e - i n t e n s i t y  f u n c t i o n s  c o n t a i n e d  one  i n ­

t e n s i t y  which y i e l d e d  a  mean r e s p o n s e  r a t e  o f  l e s s  t h a n  an 

a r b i t r a r i l y  d e f i n e d  t h r e s h o l d  o f  t e n  r e s p o n s e s  p e r  m in u te



o v e r  t h e  l a s t  f i v e  m in u te s  o f  t h e  7-m in .  p e r i o d ,  one i n ­

t e n s i t y  a t  o r  above  t h r e s h o l d ,  and f o u r  o r  more i n t e n s i t i e s  

above t h r e s h o l d ,  i n c l u d i n g  t h e  i n t e n s i t i e s  w hich  y i e l d e d  

p e a k  r a t e s .  T h i s  p r o c e d u r e  was r e p e a t e d  u n t i l  r a t e - i n t e n ­

s i t y  f u n c t i o n s  s t a b i l i z e d .  R a t e - i n t e n s i t y  f u n c t i o n s  c o l ­

l e c t e d  o v e r  t h e  n e x t  f o u r  days  were c o n s i d e r e d  a s  e i t h e r  

p r e - l e s i o n  o r  p r e - d r u g  b a s e l i n e ,  d e p e n d in g  on w h ich  g ro u p  

t h e  s u b j e c t  was a s s i g n e d  t o .  S u b j e c t s  w ere  s e p a r a t e d  i n t o  

two g ro u p s ;  one g roup  u n d e rw en t a  s l e e p - d r u g  p a ra d ig m ,  

w h i le  th e  o t h e r  g roup  u n d e rw en t  LC l e s i o n s  im m e d ia te ly  

a f t e r  t h e  f o u r - d a y  b a s e l i n e  r u n .

A. The s l e e p - d r u g  p a ra d ig m .  The s u b j e c t s  t h a t  were 

t e s t e d  f o r  t h e  e f f e c t s  o f  d -  and 1-am phe tam ine  b e f o r e  and 

a f t e r  LC l e s i o n s  were a l s o  r e c o r d e d  t o  a s s e s s  t h e  e f f e c t s  

o f  LC l e s i o n s  on t h e  s l e e p  c y c le  ( s e e  F ig u r e  3 ) .  S u b j e c t s  

w ere  k e p t  c o n t i n u o u s l y  i n  r e d - l i g h t  i l l u m i n a t i o n  and  n o t  

s t i m u l a t e d  f o r  a  minimum o f  f o u r  d a y s .  S e v e n ty - tw o  (72) 

h o u rs  o f  c o n t in u o u s  EEG and  EMG r e c o r d i n g s  were o b t a i n e d  on 

e a c h  r a t .  R e c o rd in g s  were made on a  G ra ss  p o ly g r a p h ,  model 

#7 8 . F o l lo w in g  t h i s  p r o c e d u r e ,  t h e  f o u r - d a y  p r e - d r u g  b a s e ­

l i n e  was ru n ,  f o l l o w e d  by a  2 4 -d ay  d ru g  p a ra d ig m  w hich  

t e s t e d  f o r  th e  e f f e c t s  o f  s a l i n e ,  d -  and  1 -am phe tam ine  (1 

and  2 mg/kg i . p . )  on LH r a t e - i n t e n s i t y  f u n c t i o n s .  S u b je c t s  

were ru n  f o r  f o u r  c o n s e c u t i v e  days a t  t h e  same t im e  e a c h  

day and  a t  t h e  same v a lu e s  and seq u en ce  o f  i n t e n s i t i e s .
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E a c h  d ru g  was a d m i n i s t e r e d  two t im e s  o v e r  two s u c c e s s i v e  

3 -day  s e q u e n c e s .  Drug was a d m i n i s t e r e d  on t h e  second  day 

o f  e a c h  s e q u e n c e ;  d a y s  one and  t h r e e  s e r v e d  a s  p r e -  and 

p o s t - d r u g  s a l i n e  c o n t r o l s .  The low dose (1  m g/kg) o f  

e i t h e r  d -  o r  1-am phe tam ine  was a d m i n i s t e r e d  f i r s t ,  f o l l o w ­

e d  b y  th e  2 mg/kg d o s e .  The seq u e n c e  o f  d -  o r  1 -a m p h e ta -  

mine was c o u n t e r b a l a n c e d  a c r o s s  a n im a l s .

On d ru g  d a y s ,  s u b j e c t s  w ere  i n j e c t e d  l n t r a p e r i t o n -  

• e a l l y  w i th  e i t h e r  d -  o r  1-am phe tam ine  a t  a d o sag e  o f  1 o r  

2 mg/kg o f  body w e ig h t ,  a d m i n i s t e r e d  i n  c o n c e n t r a t i o n s  o f  

1 o r  2 mg/ml i n  0 . 9% no rm a l s a l i n e  s o l u t i o n ,  25 m in u te s  

b e f o r e  t h e  s e s s i o n .  On p r e -  and  p o s t - d r u g  d a y s ,  o n ly  

s a l i n e  (1 o r  2 m l .  0 . 9# n o rm a l s a l i n e / k g .  body w e ig h t )  was 

i n j e c t e d  25 m in u te s  b e f o r e  t h e  s e s s i o n .

F o l lo w in g  t h e  d rug  t e s t ,  s u b j e c t s  w ere  r u n  a g a i n  on 

r a t e - i n t e n s i t y  f u n c t i o n s  u n t i l  s t a b l e .  They were t h e n  

p l a c e d  i n  r e d - l i g h t  i l l u m i n a t i o n  f o r  a  p e r i o d  o f  t h r e e  d a y s .  

D u r in g  t h i s  a d a p t a t i o n  p e r i o d ,  s u b j e c t s  were n o t  g iv e n  a c ­

c e s s  t o  ICSS. They ware t h e n  a n e s t h e t i z e d  and l e s i o n s  w ere 

p l a c e d  a t  t h e  LC s i t e  w i th  a  r a d i o  f r e q u e n c y  G ra ss  L e s io n  

M aker, m odel #LM^A. The l e s i o n s  a r e  p ro d u c e d  by p a s s i n g  a  

2 -8  mA a n o d a l  c u r r e n t  th r o u g h  th e  e l e c t r o d e  t i p  t o  an  i n ­

d i f f e r e n t  c a th o d e  ( m e ta l  p l a t e  o r  a n a l  t u b e )  f o r  a  d u r a t i o n  

o f  30 s e c s .  F o l lo w in g  th e  l e s i o n s ,  72 h o u rs  o f  c o n t in u o u s  

EEG and EMG p o ly g r a p h  r e c o r d i n g s  were o b t a i n e d  i n  e a c h  s u b -
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j e c t .  Ten to  14 day s  a f t e r  t h e  LC l e s i o n ,  s e l f - s t i m u l a t i o n  

b a s e l i n e  and d rug  p a rad ig m  i d e n t i c a l  t o  t h e  p r e - l e s i o n  

p a ra d ig m  was ru n .  S u b j e c t s  t h a t  showed a  r e d u c t i o n  o f  LH 

ICSS p o s t-L C  l e s i o n  were checked  f o r  r e c o v e r y  p e r i o d i c a l l y  

up t o  t h r e e  months a f t e r  th e  l e s i o n s .

Those s u b j e c t s  t h a t  d id  n o t  show an  LH ICSS d ec rem en t 

were s a c r i f i c e d  a f t e r  t e r m i n a t i o n  o f  t h e  p o s t - l e s i o n  d r u g  

p a ra d ig m ,  s i n c e  th e  tim e co u rse  f o r  p o s s i b l e  f i b e r  d e g e n e r a ­

t i o n  o r  n e u ro h u m o ra l  t r a n s m i t t e r  d e p l e t i o n  i s  a maximum o f  

12 d ay s  (R o ss  & R e i s ,  1974; U n g e r s t e d t ,  1 9 7 1 ) .  A l l  s u b j e c t s  

t h a t  had  s e l f - s t i m u l a t e d  from t h e  LC s i t e  b e f o r e  t h e  l e s i o n  

w ere t e s t e d  a t  t h a t  s i t e  a f t e r  t h e  l e s i o n ,  t o  make s u r e  

t h a t  a t  l e a s t  t h e  f i b e r s  o r  c e l l  b o d ie s  d i r e c t l y  u n d e r  t h e  

e l e c t r o d e  had b e en  d e s t r o y e d .  Had th e  s u b j e c t  s t i l l  s e l f ­

s t i m u l a t e d  from t h a t  e l e c t r o d e ,  t h a t  s i t e  w ould  have  b een  

l e s i o n e d  a g a i n .

S ince  i t  had been  r e p o r t e d  t h a t  b i l a t e r a l  LC l e s i o n s  a f ­

f e c t  memory c o n s o l i d a t i o n  (A n le z a rk  e t  a l . ,  1 9 7 3 ) ,  t h e  p o s t -  

l e s i o n  p a ra d ig m  f o r  t h o s e  s u b j e c t s  t h a t  showed a  LH ICSS d e ­

c rem en t i n c l u d e d  p r im in g  and s h a p in g  a t  a l l  i n t e n s i t i e s  d u r ­

i n g  th e  f i r s t  two m in u te s  o f  th e  7-m in .  t r i a l  i f  th e  s u b j e c t  

f a i l e d  t o  e m it  a  r e s p o n s e  w i th in  t h a t  t i m e .  They w ere  a l s o  

t e s t e d  a t  h ig h e r  i n t e n s i t i e s ,  i n  a d d i t i o n  t o  t h e  p r e - l e s i o n  

i n t e n s i t i e s ,  t o  e s t a b l i s h  i f  h ig h  r e s p o n s e  r a t e s  c o u ld  

s t i l l  be e l i c i t e d .  A f t e r  th e  p o s t - l e s i o n  drug  p a ra d ig m ,
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s u b j e c t s  were n o t  ru n  f o r  a p p r o x im a te ly  one m onth , and  

w ere  th e n  r e - r u n  on a  f o u r - d a y  p o s t - l e s i o n  " r e c o v e r y  

c h e c k " .

A f te r  c o m p le t io n  o f  t h e  ICSS p a ra d ig m ,  a l l  s u b j e c t s  

were a g a in  a d a p te d  to  r e d - l i g h t  i l l u m i n a t i o n  f o r  t h r e e  

d a y s ,  and 24 h o u r s  o f  EEG and EMG r e c o r d i n g s  w ere  o b t a i n e d .  

F o l lo w in g  t h i s ,  the. a n im a ls  were i n j e c t e d  w i th  a n  o v e rd o s e  

o f  E q u i t h e s i n  and p e r f u s e d  v i a  an  i n t r a c a r d i a c  n e e d le  w i th  

0 . 9# norm al s a l i n e  s o l u t i o n  fo l lo w e d  by 10# f o r m a l i n  s o l u ­

t i o n .  The b r a i n s  were th e n  removed from  t h e  c r a n i a  and 

k e p t  i n  10# f o r m a l i n  fo r  a t  l e a s t  t h r e e  d a y s .  F ro ze n  

c o r o n a l  s e c t i o n s ,  40um t h i c k ,  were  s t a i n e d  w i th  l u x o l  f a s t  

b l u e  and c r e s y l  v i o l e t ,  a c c o r d in g  t o  t h e  m ethod o f  K lu v e r -  

B a r r e r a  (1 9 5 3 ) .

S leep  r e c o r d i n g s  were s c o r e d  " b l i n d "  i n  u n i t s  o f  30 -  

s e c .  e p o c h s .  S c o r a b le  ep o ch s  were c l a s s i f i e d  a s  e i t h e r  

"aw ak e" ,  "REM", " s lo w  wave s l e e p " ,  "awake-REM" ( A -R ), " s l e e p -  

REM" (S -R ) ,  o r  "m ix ed " .  T h is  l a s t  c a t e g o r y  was u s e d  f o r  

ep o ch s  i n  w hich n e i t h e r  o f  t h e  t h r e e  o th e r  s t a g e s  o c c u p ie d  

t h e  m a j o r i t y  o f  t h e  ep o ch . A l l  t h r e e  c a t e g o r i e s ,  "A-R", 

"S -R " ,  and "m ixed" were u s e d  when t h e  e p o ch  c o n t a i n e d  a  

frag m en t b u t  n o t  a  m a j o r i t y  o f  REM s l e e p .  In  su ch  c a s e s ,

REM was t a b u l a t e d  i n  u n i t s  o f  o n e - f i f t h  o f  t h e  epoch  

( " p e r i o d s  REM") and was in c lu d e d  i n  t h e  f i n a l  t a l l y  o f  

s l e e p  s t a g e s .  T hus , a l l  REM s l e e p  o f  3 seco n d s ' o r  more



d u r a t i o n  was a c c o u n te d  f o r .

B. N on-drug  p a ra d ig m . I n  t h i s  p a ra d ig m ,  s u b j e c t s  

w ere  l e s i o n e d  im m e d ia te ly  a f t e r  t h e  f o u r  d ay s  p r e - l e s i o n  

b a s e l i n e  ru n  d e s c r i b e d  above . T h i s  p r o c e d u r e  i n c l u d e d  th e  

L0-LH and LC-SN g r o u p s .  A l l  s u b j e c t s  t h a t  s e l f - s t i m u l a t e d  

from  t h e  LC e l e c t r o d e  t h a t  was l e s i o n e d  were t e s t e d  f o r  

ICSS a t  t h a t  s i t e  f o l lo w in g  t h e  l e s i o n .  I f  ICSS c o u ld  

s t i l l  be e l i c i t e d ,  th e  s i t e  was l e s i o n e d  a g a i n  w i t h i n  two 

days  and  r e - t e s t e d  f o r  ICSS.

One day f o l l o w i n g  th e  LC l e s i o n ,  t h e  s u b j e c t s  w ere  

s t a r t e d  on a  l ^ - d a y  b a s e l i n e  r u n .  I f  t h e  s u b j e c t s  showed 

LH o r  SN ICSS d e c r e m e n ts ,  t h e y  w ere " s h e lv e d "  f o r  a p p r o x i ­

m a te ly  one month, and th e n  ru n  a g a i n  f o r  a  f o u r - d a y  r e c o v ­

e r y  b a s e l i n e .  In  t h r e e  s u b j e c t s ,  t h i s  p r o c e d u r e  was r e ­

p e a t e d  one month l a t e r .  The s u b j e c t s  t h a t  d i d  n o t  show an 

ICSS decrem en t a f t e r  th e  LC l e s i o n  w ere  e i t h e r  s a c r i f i c e d  

a f t e r  th e  1 4 -d a y  ru n ,  o r  w ere  l e s i o n e d  a g a i n  a t  t h e  same 

s i t e  a t  a  h i g h e r  v o l t a g e .  I f  t h e  seco n d  l e s i o n  was i n e f ­

f e c t i v e ,  t h e  s u b j e c t  was s a c r i f i c e d  an d  p r o c e s s e d  i n  t h e  

m anner d e s c r i b e d  ab o v e .

C. E l e c t r o d e  p la c e m e n t  and l e s i o n  s i z e  a s s e s s m e n t s .  

The s t a i n e d  b r a i n  s e c t i o n s  w ere exam ined u n d e r  t h e  m ic r o ­

sco p e  and e l e c t r o d e  lo c u s  and  s i z e  o f  l e s i o n s  w ere  e v a ­

l u a t e d  " b l i n d "  by two in d e p e n d e n t  J u d g e s .  ICSS p la c e m e n ts  

w ere  c l a s s i f i e d  i n  te rm s  o f  t h e  n e u r o a n a to m i c a l  s i t e  u n d e r



t h e  t i p  o f  th e  e l e c t r o d e  and i n  te rm s  o f  U n g e r s t e d t ' s  

( 1 9 7 1 ) d e s c r i p t i o n  o f  t h e  m onoam inerg ic  n u c l e i  and p a t h ­

w ays . The s i z e  o f  th e  l e s i o n s  p l a c e d  u n d e r  t h e  LC e l e c ­

t r o d e  were e v a l u a t e d  i n  te rm s  o f t h e  p e r c e n t a g e  d e s t r u c t i o n  

o f  t h e  n e u r o a n a to m ic a l  s i t e s  a f f e c t e d  by t h e  l e s i o n  and 

U n g e r s t e d t ' s  (1971) d e s c r i p t i o n  o f  t h e s e  a r e a s .
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Re s u i t  s

S e v e n te e n  s u b j e c t s  c o m p le ted  t h e  e x p e r im e n t .  T a b le  2 

summarizes t h e  e x t e n t  o f  th e  LC l e s i o n s  i n  e a c h  s u b j e c t  i n  

t e r m s  o f  t h e  a r e a s  a f f e c t e d  and  p e r c e n t a g e  deimaged. A 

seco n d a ry  l e s i o n  a t  t h e  LC c o n t r a l a t e r a l  t o  t h e  e l e c t r o ­

l y t i c  l e s i o n  was found in  s u b j e c t  95E (F ig u re 4 B ) .  I t  was 

e s t i m a te d  t h a t  t h e  LC i n  t h i s  s u b j e c t  had  b een  b i l a t e r a l l y  

o b l i t e r a t e d  and t h e r e f o r e  t h i s  s u b j e c t ' s  d a t a  was a n a ly z e d  

s e p a r a t e l y .  In  two s u b j e c t s  (62E and 1 0 F ) ,  i t  was e s t i ­

m ated  t h a t  20# t o  35# o f  LC c e l l  b o d ie s  c o u ld  s t i l l  i n n e r ­

v a t e  a n t e r i o r  a r e a s  o f  t h e  b r a i n  by way o f  i n t a c t  DB 

f i b e r s .  In  a d d i t i o n ,  a  s e c o n d a ry  l e s i o n  was fo u n d  i n  s u b ­

j e c t  62E w hich  d e s t r o y e d  20# o f  t h e  VB i n  i t s  a s c e n t  t h r o u g h  

t h e  p o s t e r i o r  m id b r a in .  These  two s u b j e c t s  w e re  t h e r e f o r e  

e x c lu d e d  from  t h e  e x p e r i m e n t a l  g ro u p s  and  fo rm ed  a  s e p a r ­

a t e  c o n t r o l  g ro u p .  F ig u r e  4a i l l u s t r a t e s  t h e  e x t e n t  and 

o v e r la p  of t h e  LC l e s i o n s  i n  t h e s e  two s u b j e c t s  i n  a  c a u d o -  

r o s t r a l  s e r i e s  o f  b r a i n  s e c t i o n s .

LC l e s i o n s  I n  t h e  r e m a in in g  14 s u b j e c t s  e i t h e r  d e ­

s t r o y e d  100# o f  th e  LC c e l l  b o d ie s  a t  t h e  l e v e l s  o f  t h e  an ­

t e r i o r  pons and t h e  p o n s -m id b ra in  t r a n s i t i o n  a r e a ,  i n t e r ­

c e p te d  and  d e s t r o y e d  th e  DB i n  i t s  a s c e n t  f ro m  t h e  LC, o r  

damaged enough  LC c e l l  b o d ie s  and a s p e c t s  o f  t h e  DB so t h a t  

no more t h a n  10# o f  LC c e l l  b o d ie s  from  e i t h e r  l e v e l  c o u ld  

I n n e r v a t e  r o s t r a l  b r a i n  a r e a s .  F ig u r e  5 i l l u s t r a t e s  t h e  e x ­



t e n t  an d  o v e r l a p  o f  th e  LC l e s i o n s  I n  t h e s e  14 s u b j e c t s  

an d  shows U h g e r s t e d t ' s  (1971) maps o f  h i n d b r a i n  CA n u c l e i  

p a th w ay s .

P h o to m ic ro g ra p h s  o f  h i s t o l o g i c a l  s e c t i o n s  ( F ig u r e  6 , 

7 , 8 , 9 , 10 , 11 , and 12 ) show th e  e x t e n t s  o f  t h e  p o n t i n e  

l e s i o n s  in  7 s u b j e c t s .  The s p r e a d  o f  t h e s e  l e s i o n s  i n t o  

t h e  a r e a s  a d j a c e n t  t o  t h e  LC a re  d e s c r i b e d  i n  T a b le  2 .  A l­

th o u g h  t h e  d e s t r u c t i o n  of n e ig h b o r i n g  s t r u c t u r e s  i s  m in i ­

mal i n  s u b j e c t s  69F and  1G ( F ig u r e s  9 and  1 2 ) ,  i t  i s  more 

e x t e n s i v e  in  s u b j e c t s  57E a n d  76E ( F i g u r e s  6 and  7 ) .

T ab le  3 l i s t s  t h e  b r a i n  s i t e s  im p inged  upon by th e  

h y p o th a la m ic  e l e c t r o d e s  i p s i l a t e r a l  t o  t h e  LC l e s i o n  i n  

a l l  17 s u b j e c t s .  Each n e u r o a n a to m i c a l  s i t e  i s  a l s o  d e ­

s c r i b e d  in  te rm s o f  th e  m onoam inerg ic  n u c l e i  and axons o f  

p a s s a g e  u n d e r  t h e  e l e c t r o d e  t i p ,  a c c o r d i n g  to  U n g e r s t e d t* s  

(1971) d e s c r i p t i o n s  and d ia g ra m s .  R e f e r e n c e  t o  Konig and 

K l i p p e l 1 s  (1963) d iag ram s  i s  g iv e n  f o r  e a c h  e l e c t r o d e  s i t e  

F ig u r e  13 i l l u s t r a t e s  t h e  a r e a s  d i r e c t l y  u n d e r  each  e l e c ­

t r o d e  in  an a n t e r i o r - t o - p o s t e r i o r  s e r i e s  o f  b r a i n  s e c t i o n s  

and compares them  to  I M g e r s t e d t ' s  i l l u s t r a t i o n s .

The h y p o th a la m ic  e l e c t r o d e  t i p s  o f  t h e  14 s u b j e c t s  

w i th  90$ t o  100$ o f  th e  e n t i r e  LC l e s i o n e d  w ere  l o c a t e d  i n  

go u r  g e n e r a l  a r e a a s .  T a b le  4 sum m arizes  t h e  h i s t o l o g i c a l  

p la c e m e n ts  o f  t h e  h y p o th a la m ic  e l e c t r o d e s  i n  te rm s  o f  

t h e s e  fo u r  a r e a s ,  and th e  number o f  s u b j e c t s  i n  e a c h  g roup

F our e l e c t r o d e s  were l o c a l i z e d  i n  th e  zona  i n c e r t a - H 2



F i e l d s  o f  E b r e l  a r e a ,  d o r s a l  t o  th e  h y p o th a lam u s  (D-H 

g r o u p ) .  Of t h e s e ,  two were a t  th e  l e v e l  o f  t h e  a n t e r i o r  a s ­

p e c t s  o f  th e  s u b th a la m ic  n u c l e u s ,  in  a r e a s  l a r g e l y  i n n e r ­

v a t e d  by th e  DB and DA n i g o s t r i a t a l  (NS) b u n d le s  ( s u b j e c t s  

60E and 69F ) .  F ig u r e  14B shows a  p h o to m ic ro g r a p h  o f  su b ­

j e c t  60F.'s h y p o th a la m ic  e l e c t r o d e  im p in g e m e n t .  The t h i r d  

s u b j e c t ' s  e l e c t r o d e  was l o c a t e d  d o r s o l a t e r a l  t o  t h e  d o r s o -  

m e d ia l  n u c l e u s  o f  th e  h y p o th a lam u s  ( p a r s  d o r s a l i s )  a t  t h e  

l e v e l  o f  t h e  m a m il lo th a la m ic  t r a c t  ( s u b j e c t  7 F ) . T h is  a r e a  

r e c e i v e s  axons from th e  DB and c o i n c i d e s  w i th  t h e  DA c e l l  

g roup  A13 w hich i s  p a r t  o f  t h e  t u b e r o - i n f u n d i b u l a r  DA s y s ­

tem . The t h i r d  s u b j e c t ' s  e l e c t r o d e  ( s u b j e c t  86E) was a t  a 

more a n t e r i o r  l e v e l ,  v e n t r o l a t e r a l l y  t o  t h e  m a m il lo th a la m ic  

t r a c t  and d o r s a l  t o  th e  LH n u c l e u s .  T h is  a r e a  i s  a l s o  i n ­

n e r v a t e d  by th e  DB i n  i t s  p a s s a g e  i n t o  th e  MFB ( U n g e r s t e d t ,  

1971) and to  some e x t e n t  by th e  n i g r o s t r i a t a l  b u n d le  (L 

( L i n d v a l l  & B jo r k lu n d ,  197*0.

I n  t h r e e  s u b j e c t s ,  th e  h y p o th a la m ic  e l e c t r o d e s  im p in g ­

ed  on  t h e  t i p  o f  th e  c ru s  c e r e b r i  (CC-H g r o u p ) .  Of t h e s e ,  

two w ere  l o c a t e d  a t  t h e  l e v e l  o f  th e  p o s t e r i o r  h y p d th a la m ic  

n u c le u s  ( s u b j e c t s  76E and 7 0 F ) ,  and one was a t  a  more a n t e ­

r i o r  p la c e m e n t ,  i n t e r n a l  c a p s u l e  ( s u b j e c t  68E) a t  t h e  l e v e l  

o f  t h e  a n t e r i o r  p o r t i o n s  o f  t h e  d o rs o m e d ia l  h y p o th a la m ic  nuc 

l e u s .  The a r e a  d i r e c t l y  u n d e r  t h e s e  t h r e e  e l e c t r o d e s  i s  

l a r g e l y  and p r i m a r i l y  i n n e r v a t e d  by th e  DA n i g r o s t r i a t a l  sy s  

tern a s c e n d in g  from th e  SN (Anden e t  a l . ,  1965; L i n d v a l l  &
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Bj'6r k lu n d ,  1974; U n g e r s t e d t ,  1 9 7 1 ) .  P h o to m ic ro g ra p h s  o f  

th e s e  t h r e e  s u b j e c t s '  e l e c t r o d e  t i p s  a r e  shown i n  F ig u r e s  

14A (S 68E ), 15B (S 7 6E ) , and  15D (S 7 0 F ) .

Ih e  l o c a t i o n  o f  t h e  e l e c t r o d e  t i p s  i n  f i v e  s u b j e c t s

was a lo n g  t h e  MFB a t  v a r io u s  l e v e l s  o f  t h e  h y p o th a la m u s

(MFB g r o u p ) .  I n  two s u b j e c t s ,  th e  e l e c t r o d e s  w ere  l o c a t e d

on t h e  l a t e r a l  p a r t  o f  t h e  MFB, b r u s h i n g  t h e  c r u s  c e r e b r i .

One e l e c t r o d e  p lace m e n t  ( s u b j e c t  92F) was p o s t e r i o r  to  t h e

l a t e r a l  h y p o th a la m ic  n u c le u s  ( F ig u r e  15C). The o t h e r  ( s u b -
«

j e c t  57E) was i n  t h e  p o s t e r i o r  MFB-LH a r e a  ( F ig u r e  1 5 A ).

Two o th e r  e l e c t r o d e  p la c e m e n ts  ( s u b j e c t s  96E and 1G) w ere  

i n  t h e  MFB-LH a t  th e  l e v e l  o f  t h e  d o r s o m e d ia l  h y p o th a la m ic  

n u c l e u s .  F ig u r e  14c shows t h e  e l e c t r o d e  t i p  o f  s u b j e c t  1G. 

The f i f t h  e l e c t r o d e  was l o c a t e d  i n  t h e  d o r s a l  a s p e c t  o f  

t h e  MFB-LH a t  t h e  a n t e r i o r  l e v e l  o f  t h e  d o r s o m e d ia l  n u c l e u s  

( s u b j e c t  78E ) .  The e x t e n t  o f  t h e  MFB on w hich  t h e s e  f i v e  

e l e c t r o d e s  im p in g e  i s  h e a v i l y  i n n e r v a t e d ,  t h r o u g h o u t ,  by 

t h e  VB, w i th  c o n t r i b u t i o n s  o f  t h e  DB and t h e  DA s y s te m s  a t  

th e  MFB's d o r s o l a t e r a l  l e v e l  ( L i n d v a l l  & B jo r k lu n d ,  1974; 

U n g e r s t e d t ,  1 9 7 1 ) .

The h y p o th a la m ic  e l e c t r o d e s  o f  two s u b j e c t s  w ere  l o ­

c a t e d  i n  th e  p e r i f o r n i c a l  r e g io n  v e n t r a l  t o  t h e  f o r n i x  and 

m e d ia l  t o  t h e  MFB-LH (F-H g r o u p ) .  S u b j e c t  7 5 E 's  e l e c t r o d e  

was a t  th e  l e v e l  o f  t h e  s u b th a la m ic  n u c l e u s ,  s u b j e c t  1 5 F 's  

e l e c t r o d e  was a t  t h e  l e v e l  o f  t h e  a n t e r i o r  a s p e c t s  o f  t h e
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d o r s o m e d ia l  h y p o th a la m ic  n u c l e u s .  F ig u r e  l^D shows t h e  h i s ­

t o l o g i c a l  s e c t i o n  o f  s u b j e c t  1 5 F ’ s h y p o th a la m ic  p la c e m e n t .

The e x t e n t  o f  t h e  l e s i o n s  i n  t h e s e  fo u r  s e p a r a t e  h y p o t h a l a ­

mic g ro u p s  i s  i l l u s t r a t e d  i n  F ig u re  16 .

Of t h e  two s u b j e c t s  w i th  l e s s  t h a n  80% o f  t h e  e n t i r e  LC
A

l e s i o n e d ,  one (62E) had  i t s  h y p o th a la m ic  e l e c g r o d e  im p in g ­

i n g  on th e  MFB-LH a t  th e  l e v e l  o f  t h e  a n t e r i o r  h y p o th a la m ic  

n u c l e u s ,  th e  sec o n d  s u b j e c t  (10F) had  i t s  e l e c t r o d e s  on t h e  

d o rs o m e d ia l  n u c le u s  o f  th e  h y p o th a la m u s .  S u b j e c t  95E’ s h y p -  

p o th a la m ic  e l e c t r o d e  i p s i l a t e r a l  t o  t h e  e l e c t r o l y t i c  LC l e ­

s i o n  was l o c a t e d  u n d e r  th e  f o r n i x ,  a t  t h e  l e v e l  o f  t h e  a n ­

t e r i o r  h y p o th a la m ic  n u c le u s .

Two o f  th e  lM s u b j e c t s  w i th  o v e r  90% o f  t h e  LC d e s t r o y ­

ed  a l s o  had e l e c t r o d e s  aimed a t  t h e  SN (SN g r o u p ) .  Both  

e l e c t r o d e s  im pinged  on th e  SN, one on t h e  zona  com pacta  

( s u b j e c t  1G), and one on th e  SN p a r s  l a t e r a l i s  ( s u b j e c t  6 9 F ) . 

T h is  a re a  i s  d e s c r i b e d  a s  r i c h  i n  DA c e l l  b o d ie s  (g ro u p  A 9). 

F ig u r e  17 i l l u s t r a t e s  th e  e l e c t r o d e  p la c e m e n ts  and t h e  c a t e ­

c h o la m in e s  p r e s e n t  a t  t h a t  l e v e l .  A p h o to m ic ro g r a p h  o f  s u b ­

j e c t ’ s 1G SN e l e c t r o d e  i s  shown i n  F ig u r e  1 8 .  T a b le  5 shows 

th e  f i v e  i n t e n s i t i e s  chosen  to  encom pass  t h e  r a t e - i n t e n s i t y  

f u n c t io n s  o f  h y p o th a la m ic  and  SN ICSS i n  t h e  14 s u b j e c t s .

Of th e  fb u r  h y p o th a la m ic  a r e a  g ro u p s  d e s c r i b e d  a b o v e ,  

two showed a  s i g n i f i c a n t  and  p e rm a n en t  d e c r e a s e  i n  ICSS 

r a t e s  accom panied  by a  l a r g e  i n c r e a s e  i n  ICSS t h r e s h o l d .

B oth  t h e  CC-H and D-H g ro u p s  showed t h i s  e f f e c t  d u r i n g  t h e
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f o u r - d a y  p o s t - l e s i o n  b a s e l i n e  t r i a l s .  F i g u r e s  19 an d  20 

show th e  p r o p o r t i o n a l  changes  o f  b o th  t h e  CC-H and D-G 

g ro u p s ,  r e s p e c t i v e l y ,  a t  e ach  o f  th e  f i v e  i n t e n s i t i e s ,

(ch o sen  to  encom pass th e  s u b je c t s *  r a t e - i n t e n s i t y  f u n c t i o n s ) .  

The c u rv e s  r e p r e s e n t  s t a n d a r d i z e d  s c o r e s  w here  p r e - l e s i o n  

r e s p o n s e  r a t e s  a t  each i n t e n s i t y  i s  u n i t y ,  a n d  p o s t - l e s i o n  

r e s p o n s e  r a t e s  a r e  e x p r e s s e d  as a  r a t i o  o f  t h e  p r e - l e s i o n  

r a t e s .  These two g roups  showed no r e c o v e ry  o f  ICSS t o  p r e ­

l e s i o n  l e v e l s ,  e i t h e r  d u r i n g  t h e  l o n g - t e r m  p o s t - l e s i o n  b a s e ­

l i n e  days  or t h e  r e c o v e r y  ch eck  t e s t s  ( F i g u r e s  19 and  2 0 ) .  

F ig u r e s  21-27 show th e  r a t e - i n t e n s i t y  f u n c t i o n  c u rv e s  f o r  

p r e - l e s i o n ,  l o n g - t e r m  p o s t - l e s i o n ,  and r e c o v e r y  c h e c k  b a s e ­

l i n e  m eau sre s  o f  th e  sev en  s u b j e c t s  from  t h e  CC-H and  D-H 

g ro u p s .  F ig u r e s  22 and 2*1 a l s o  show t h a t  t h e  a d d i t i o n a l  

i n t e n s i t i e s  cn p o s t - l e s i o n  t r i a l s  do n o t  y e i l d  r e s p o n s e  

r a t e s  c o n p a r a b le  to  p r e - l e s i o n  b a s e l i n e  d a y s .

Two s u b j e c t s  in  t h e  CC-H group  showed an  im m ed ia te  and 

p e rm a n en t  a b o l i t i o n  in  ICSS ( F i g u r e s  21 and 2 2 ) .  The t h i r d  

s u b j e c t  (70F) showed no p o s t - l e s i o n  ICSS e f f e c t ,  and was 

r e - l e s i o n e d  16 days  l a t e r .  T h e re  was no im m e d ia te  e f f e c t  

on ICSS a f t e r  th e  second  l e s i o n  (se e  F ig u r e  2 8 ) ;  h o w e v e r ,  

a  g r a d u a l  i n c r e a s e  o f  t h r e s h o l d  and d e c r e a s e  o f  r e s p o n s e  

r a t e s  o c c u r r e d  over th e  n e x t  12 d a y s ,  a f t e r  w hich  t h e  s u b ­

j e c t  s t a b i l i z e d .

T ab le  6 shows t h a t  a l l  f o u r  s u b j e c t s  i n  th e  D-H 

g roup  show a marked r e d u c t i o n  i n  ICSS r e s p o n s e  r a t e s ,



accom pan ied  by an  i n c r e a s e  i n  ICSS t h r e s h o l d  a f t e r  t h e  

LC l e s i o n .  F i g u r e s  24 , 25 , 26 , and 27 i l l u s t r a t e  f o r  

each  i n d i v i d u a l  s u b j e c t  th e  RI f u n c t i o n s  o f  p r e -  and  p o s t ­

l e s i o n  b a s e l i n e  r u n s .  The p o s t - l e s i o n  a f f e c t  was im m edi­

a t e  and  p e rm a n e n t .  However, i n  none o f  t h e s e  s u b j e c t s  

was ICSS c o m p le te ly  a b o l i s h e d .  Of t h e  f i v e  i n t e n s i t i e s  

ch o se n  to  r e p r e s e n t  th e  f u l l  r a n g e  o f  t h e  s u b j e c t s '  RI 

f u n c t i o n ,  t h e  f i r s t  two i n t e n s i t i e s  w ere  t h e  m ost a f f e c t ­

ed  by t h e  l e s i o n .  The p e r c e n t a g e  ICSS r e s p o n s e  r e d u c t i o n s  

a t  t h e s e  two i n t e n s i t i e s ,  a s  com pared t o  p r e - l e s i o n  mea­

s u r e s ,  i n  a l l  s u b j e c t s  r a n g e d  from  49% to  96% im m e d ia te ly  

a f t e r  th e  l e s i o n  (S -B L ),  56% t o  88% d u r i n g  t h e  l o n g - t e r m  

BL (L -B L ), and  40% t o  100% d u r in g  t h e  r e c o v e r y  c h eck  BL 

(R-BL). R e d u c t io n s  a t  t h e  t h r e e  h i g h  i n t e n s i t i e s  r a n g e d  

from  14% t o  88% d u r in g  s h o r t - t e r m  BL r u n s ,  10% t o  74% d u r ­

in g  lo n g - t e r m  BL d a y s ,  and  27% t o  100% on r e c o v e r y  check  

BL r u n s .  F i g u r e s  24 and  26 show t h e  f u l l  RI f u n c t i o n  was 

a f f e c t e d  by t h e  LC l e s i o n  i n  two s u b j e c t s  (60E a n d  7 F ) .  

This r e d u c t i o n  o f  ICSS r e s p o n s e  r a t e s  and  i n c r e a s e  i n  

t h r e s h o l d  o c c u r r e d  im m e d ia te ly  a f t e r  t h e  l e s i o n ,  and  r e ­

mained u n ch an g ed  up to  t h r e e  m onths a f t e r  t h e  l e s i o n .  

S u b j e c t  86E ( F ig u r e  25 ) showed a  p o s t - l e s i o n  d e c re m e n t  a t  

t h e  f i r s t  two i n t e n s i t i e s  above  t h r e s h o l d ,  and a t  p eak  

i n t e n s i t y  d u r i n g  b o th  S-BL and L-BL t r i a l s .  However, t h e  

two i n t e r m e d i a t e  i n t e n s i t i e s  were n o t  a f f e c t e d .  The
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f o u r t h  s u b j e c t  i n  t h i s  group (69F) was a f f e c t e d  by th e  

l e s i o n  a t  a l l  i n t e n s i t i e s  on a l l  t h r e e  p o s t - l e s i o n  b a s e ­

l i n e  m e a s u r e s ,  e x c e p t  a t  th e  lo w e s t  i n t e n s i t y  above 

t h r e s h o l d  d u r i n g  R-BL. A lth o u g h  th e  a v e r a g e  r e s p o n s e  

r a t e s  a t  th e  f i r s t  i n t e n s i t y  d u r in g  th e  R-BL was lo w er  

t h a n  d u r i n g  t h e  p r e - l e s i o n  t r i a l ,  r e s p o n s e  r a t e s  f o r  t h e s e  

two m e a su re s  o v e r l a p  in  te rm s  o f  t h e  s t a n d a r d  e r r o r  Of 

t h e  mean ( F ig u r e  27 ) .

F ig u r e s  29 and 30 i l l u s t r a t e  t h e  RI f u n c t i o n s  o f  p r e -  

and p o s t - l e s i o n  t r i a l s  o f  s u b j e c t s  75E and  15F (F-H g r o u p ) .  

A verage  r e s p o n s e  r a t e s  f o r  f i v e  i n t e n s i t i e s  r e p r e s e n t i n g  

t h e  f u l l  RI f u n c t i o n  f o r  p r e - l e s i o n  and p o s t - l e s i o n  mea­

s u r e s ,  and t h e  p o s t -  o v e r  p r e - r a t i o  o f  r e s p o n s e  r a t e s  a r e  

shown i n  T a b le  6 . The f i r s t  LC l e s i o n  i n  s u b j e c t  15F 

p roved  n o t  e f f e c t i v e  I n  r e d u c in g  r e s p o n s e  r a t e s  a t  any o f  

t h e  i n t e n s i t i e s .  T h u s ,  s u b j e c t  15F was l e s i o n e d  a  s ec o n d  

t im e  a t  a  h i g h e r  v o l t a g e .  D u r in g  b o th  t h e  im m e d ia te  and  

lo n g - t e r m  BL r u n s ,  t h e  f i r s t  two i n t e n s i t i e s  above t h r e s h ­

o ld s  were n o t  a f f e c t e d  by t h e  l e s i o n ;  t h e  t h i r d  i n t e n s i t y  

showed a n  i n c r e a s e  i n  r e s p o n s e  r a t e s  f o l l o w i n g  th e  l e s i o n ,  

w h i le  t h e  two peak  i n t e n s i t i e s  were r e d u c e d  a f t e r  t h e  

l e s i o n .  S in c e  t h i s  s u b j e c t  showed no m arked r e d u c t i o n  

o v e r a l l  i n  ICSS a f t e r  LC l e s i o n s ,  i t  was s a c r i f i c e d  a f t e r  

L-BL r u n .

The second  s u b j e c t  in  t h i s  g r o u p ,  75E, d i d  n o t  show
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an a f f e c t  a f t e r  t h e  f i r s t  l e s i o n ,  and  was l e s i o n e d  a g a i n  

a t  t h e  h ig h e r  v o l t a g e .  As s e e n  I n  F ig u r e  2 9 ,  t h i s  s u b j e c t  

showed a  m arked r e d u c t i o n  a t  a l l  i n t e n s i t i e s  im m e d ia te ly  

a f t e r  t h e  l e s i o n  and d u r in g  t h e  lo n g - t e r m  p o s t - l e s i o n  

b a s e l i n e  r u n .  H owever, when t e s t e d  f o r  r e c o v e r y  one month 

a f t e r  t h e  l e s i o n ,  t h e  RI f u n c t i o n  a s  com pared  t o  p r e - l e ­

s i o n  l e v e l s ,  y i e l d e d  an i n c r e a s e  i n  r e s p o n s e  r a t e s  a t  t h e  

f i r s t  a b o v e - t h r e s h o l d  i n t e n s i t y ,  no a f f e c t  a t  th e  two i n ­

t e r m e d ia t e  i n t e n s i t i e s ,  and a  r e d u c t i o n  o f  r e s p o n s e  r a t e s  

a t  t h e  two l a s t  i n t e n s i t i e s .

F ig u r e s  31 t o  35 i l l u s t r a t e  t h e  RI f u n c t i o n s  o f  p r e ­

l e s i o n  and p o s t - l e s i o n  t r i a l s  f o r  t h e  s u b j e c t s  i n  t h e  MFB- 

H g ro u p .  Means o f  f i v e  i n t e n s i t i e s  f o r  p r e -  and  p o s t ­

l e s i o n  t r i a l s  and th e  p o s t  : p r e - l e s i o n  r e s p o n s e  r a t e  

r a t i o  a re  sum m arized  i n  T ab le  6 . E x c e p t  f o r  s u b j e c t  57E, 

a t  t h e  f i r s t . i n t e n s i t y  above t h r e s h o l d ,  a l l  f i v e  s u b j e c t s  

showed r e c o v e r y  from  LC l e s i o n s  when t e s t e d  on t h e  R-BL 

t r i a l .  However, th e  r a t e s  and  p a t t e r n s  o f  r e c o v e r y  d i f ­

f e r e d  among s u b j e c t s .  S u b j e c t s  57E and  92F ( F ig u r e s  31 

and  34) showed a  s t r o n g  r e d u c t i o n  o f  ICSS r e s p o n s e  r a t e s  

im m e d ia te ly  a f t e r  t h e  l e s i o n  (S -B L ).  T h is  r e d u c t i o n  was 

s t i l l  a p p a r e n t  d u r i n g  L-BL t r i a l .  However, d u r in g  r e c o v e r y  

b a s e l i n e  m e a s u re s ,  b o th  s u b j e c t s  had  r e t u r n e d  t o  p r e - l e s i o n  

r e s p o n s e  r a t e  l e v e l s  a t  a l l  i n t e n s i t i e s  e x c e p t  a t  t h e  f i r s t  

i n t e n s i t y  o f  s u b j e c t  57E and t h e  l a s t  i n t e n s i t y  o f  s u b j e c t  

92F. The h y p o th a la m ic  e l e c t r o d e s  in  t h e s e  two s u b j e c t s  

have  b e e n  d e s c r i b e d  above a s  im p in g in g  on th e  l a t e r a l  a s ­
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p e c t s  o f  t h e  MFB b o r d e r i n g  w i th  t h e  c ru s  c e r e b r i .  The a r e a  

under 9 6 F 's  LC e l e c t r o d e  was l e s i o n e d  t h r e e  t im e s  w i th  i n ­

t e r v a l s  o f  14 t o  18 days b e tw een  l e s i o n s .  None o f  th e  l e ­

s i o n s  p ro v e d  e f f e c t i v e  i n  e i t h e r  a b o l i s h i n g  ICSS, d e c r e a s ­

i n g  o r  i n c r e a s i n g  ICSS t h r e s h o l d s ,  o r  r e d u c i n g  ICSS r e ­

s p o n se  r a t e s  a t  a l l  i n t e n s i t i e s  ( F ig u r e  3 3 ) .  Im m e d ia te ly  

a f t e r  th e  t h i r d  l e s i o n ,  o n ly  t h e  l a s t  two i n t e n s i t i e s  ( t h e  

h i g h e s t  two i n t e n s i t i e s )  were a f f e c t e d  by t h e  l e s i o n  by a  

r e d u c t i o n  o f 15$ o f  r e s p o n s e  r a t e s .  On t h e  lo n g  b a s e l i n e  

r u n ,  t h i s  r e d u c t i o n  was lo w ered  t o  5% t o  9%. T h i s  an im a l  

was s a c r i f i c e d  a f t e r  t h e  lo n g  b a s e l i n e  t r i a l .  S u b j e c t  78E 

showed a  r e d u c t i o n  o f  ICSS a t  a l l  i n t e n s i t i e s  on t h e  S-BL 

t r i a l  ( F ig u r e  36).  However, t h i s  s u b j e c t ' s  r e s p o n s e  

r a t e s  r e t u r n e d  to  p r e - l e s i o n  l e v e l s  d u r i n g  t h e  L-BL r u n .  

D uring  t h i s  s e q u e n c e ,  t h e  t h i r d  i n t e n s i t y  was r e d u c e d  by 

39$ , a s  compared t o  p r e - l e s i o n  m e a s u re s .  The l a s t  two i n ­

t e n s i t i e s  showed an i n c r e a s e  i n  r e s p o n s e  r a t e s .  The r e ­

c o v e ry  b a s e l i n e  showed r e s p o n s e  r a t e s  a p p r o x im a t in g  p r e ­

l e s i o n  l e v e l s .  S u b je c t  1G ( F ig u r e  35) showed no d e c r e a s e  

o f  r e s p o n s e  r a t e s  im m e d ia te ly  a f t e r  t h e  l e s i o n .  However, 

r e s p o n s e  r a t e s  i n c r e a s e d  g r a d u a l l y  o v e r  L-BL a n d  R-BL. 

U l t i m a t e l y ,  p o s t - l e s i o n  r a t e s  r e a c h e d  a  126$ t o  297# i n ­

c r e a s e  ov e r  p r e - l e s i o n  r a t e s .

In summary, a s  i l l u s t r a t e d  i n  F i g u r e s  21 t o  36 and 

T a b le  6, LC l e s i o n s  a f f e c t  ICSS d i f f e r e n t i a l l y ,  d e p e n d in g  

on th e  s p e c i f i c  a n a to m ic a l  s i t e  im p in g ed  on by t h e  ICSS



e l e c t r o d e .  T hese  f i g u r e s  show t h a t  th e  CC-H g roup  and  

t h e  D-H group have a  m arked and perm anen t r e d u c t i o n  o f  

ICSS r e s p o n s e  r a t e s ,  w h i le  th e  MFB-H and P-H g ro u p s  

show an  i n i t i a l  r e d u c t i o n  im m e d ia te ly  a f t e r  t h e  l e s i o n ,  

w i th  r e c o v e r y  o v e r  tim e and a c t u a l  f a c i l i t a t i o n  i n  two 

s u b j e c t s .

The 14 s u b j e c t s  d e s c r i b e d  above w ere  g rouped  i n t o  

two s e p a r a t e  g ro u p s ,  a c c o r d in g  t o  t h e  v e n t r a l  b u n d le  

in v o lv e m e n t  under th e  h y p o th a la m ic  ICSS e l e c t r o d e .  In  

o th e r  w ords , s u b j e c t s  o f  g ro u p s  F-H an d  MFB-H were 

grouped t o g e t h e r  (VB-H g ro u p )  and compared t o  th e  two 

h y p o th a la m ic  g roups w ith  n i g r o s t r i a t a l  and DB i n v o l v e ­

ment. (NS-DB g ro u p ) .  The two s e t s  o f  g rouped  d a t a  were 

t e s t e d  f o r 'h o m o g e n e i ty  o f  v a r i a n c e .  I t  was found  t h a t  

i n  b o th  s e t s ,  a s  i l l u s t r a t e d  i n  T a b le  6 , t h e  p r e - p o s t  

l e s i o n  v a r i a n c e  a c r o s s  i n t e n s i t i e s  was n o t  hom ogeneous. 

T h e r e f o r e ,  no a n a l y s i s  o f  v a r i a n c e  co u ld  be  em p lo y ed , 

a s  i t  w ould  v i o l a t e  t h e  a s s u m p t io n s  o f  t h e  F t e s t .  How­

e v e r ,  t h e r e  i s  h o m ogeneity  i n  t h e  p r e - p o s t  l e s i o n  v a r i ­

ance  a c r o s s  s u b j e c t s .  T h e r e f o r e ,  a t - t e s t  a n a l y s i s  was 

p e r fo rm e d  to  t e s t  i f  t h e  l e s i o n  s i g n i f i c a n t l y  a f f e c t e d  

r e s p o n s e  r a t e s  a t  e ach  i n t e n s i t y .  T a b le  7 sum m arizes  

t h e  d a t a  in  te rm s  o f  t h e  two g ro u p s ,  t h e i r  p r e -  an d  

p o s t - l e s i o n  r a t e s ,  and p r o p o r t i o n a l  ch an g e s  a f t e r  t h e  

t h e  l e s i o n .  By th e  use o f  a  t - t e s t  f o r  r e l a t e d  m e a s u re s ,
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i t  was found t h a t  th e  VB-H group was s i g n i f i c a n t l y  a f f e c t ­

ed  by th e  l e s i o n  a t  th e  f i r s t  i n t e n s i t y  d u r i n g  t h e  S-BL 

t r i a l  ( p < .0 5 ) ;  how ever, no o t h e r  I n t e n s i t y  was s i g n i f i ­

c a n t l y  r e d u c e d  d u r i n g  t h a t  ru n .  No o t h e r  s i g n i f i c a n t  r e ­

d u c t io n s  were found a t  any i n t e n s i t y  d u r in g  t h e  L-BL and 

R-BL t e s t s  ( p > . 1 0 ) .  The NS-DB g ro u p ,  on t h e  o t h e r  h a n d ,  

showed a  s i g n i f i c a n t  d i f f e r e n c e  b e tw een  p r e -  and  p o s t ­

m easures  a t  a l l  i n t e n s i t i e s ,  th ro u g h o u t  t h e  e x p e r im e n t .  

R esponse  r a t e s  a t  a l l  i n t e n s i t i e s  duri 'ng  S-BL, L-BL, and  

R-BL were s i g n i f i c a n t l y  re d u c e d  ( p < . 0 5 ) .

In  o rd e r  t o  e v a l u a t e  t h e  r e l a t i v e  e f f e c t  o f  t h e  l e ­

s io n  a t  each  i n t e n s i t y ,  s t a n d a r d i z e d  s c o r e s  w ere  d e r iv e d  

from  t h e  p o s t - l e s i o n  b a s e l i n e  m e a s u re s .  In  o t h e r  w o rd s ,  

i n t e n s i t i e s  were compared i n  te rm s  o f  t h e  p e r c e n t a g e  

ICSS r a t e  r e d u c t i o n s  p ro d u c e d  by t h e  l e s i o n s .  These  

s t a n d a r d i z e d  s c o r e s  w ere  a l s o  u sed  to  com pare t h e  VB-H 

g roup  t o  th e  NS-DB group t o  s e e  i f  t h e s e  two g ro u p s  

d i f f e r e d  from each  o t h e r  a t  a l l  i n t e n s i t i e s  on p o s t ­

l e s i o n  EL m e a s u re s .  NS-DB ICSS r a t e s  w ere  s i g n i f i c a n t l y  

more re d u c ed  th a n  ICSS r a t e s  o f  t h e  VB g ro u p  (Mann- 

Whitney U T e s t ,  p < . 0 0 1 ) .

S ince  i t  i s  a l r e a d y  known t h a t  th e  l e s i o n s  w i l l  s i g ­

n i f i c a n t l y  a f f e c t  a l l  i n t e n s i t i e s  o f  th e  NS-DB g roup  and  

n o t  t h e  MFB g ro u p ,  a c c o r d in g  t o  th e  p r e v i o u s l y  d e s c r i b e d



s t a t i s t i c s ,  a  n o n p a r a m e t r i c  s t a t i s t i c  was em ployed  t o  d e ­

te rm in e  i f  i n t e n s i t y  i s  a  s i g n i f i c a n t  v a r i a b l e  i n  te rm s  

o f  l e s i o n  e f f e c t s .  Assum ing t h a t  each  p r e - l e s i o n  BL 

l e v e l s  a t  e ac h  i n t e n s i t y  i s  u n i t y ,  one can  a s s e s s  t h e  e f ­

f e c t  o f  t h e  l e s i o n  a t  e a c h  i n d i v i d u a l  i n t e n s i t y  by c a l c u ­

l a t i n g  th e  p o s t - l e s i o n  BL : p r e - l e s i o n  BL r a t i o  and  r a n k ­

in g  e ac h  i n t e n s i t y  f o r  each  i n d i v i d u a l  s u b j e c t  i n  te rm s  o f  

t h e  e f f e c t  o f  th e  l e s i o n .  T a b le  8 shows t h e  r a n k e d  d a t a  

f o r  e a c h  s u b j e c t  i n  a l l  p o s t - l e s i o n  c o n d i t i o n s  and  a t  e ac h  

i n t e n s i t y .  The F r ied m an  two-way a n a l y s i s  o f  v a r i a n c e  by 

r a n k s  (Xr ) ( S i e g e l ,  1956) d e t e r m in e s  w h e th e r  t h e  r a n k  

t o t a l s  d i f f e r  s i g n i f i c a n t l y .  T h i s  t e s t  com pares  f a v o r a b ly  

w i th  t h e  m ost p o w e r f u l  p a r a m e t r i c  t e s t ,  t h e  F t e s t .  S in c e  

t h e  im p o r ta n c e  o f  t h e  i n t e n s i t y  i n  d e t e r m in in g  t h e  l e s i o n  

e f f e c t  a p p l i e s  o n ly  vrtiere ICSS has n o t  b e e n  t o t a l l y  a b o ­

l i s h e d *  t h e  two CC-H s u b j e c t s  (76E and  68E) t h a t  showed 

co m p le te  a b o l i t i o n  o f  ICSS a f t e r  t h e  l e s i o n ,  w ere  n o t  i n ­

c lu d e d  i n  t h i s  a n a l y s i s .  W hile  t h e  e f f e c t s  o f  t h e  l e s i o n  

i n  t h e  VB group w ere  n o t  d e p e n d e n t  on t h e  i n t e n s i t i e s  

t e s t e s  ( p > . 3 0 ) ,  th e  NS-DB g r o u p s '  p e r c e n t a g e  d e c r e a s e  i n  

ICSS p e r fo rm a n c e  d ep en d s  on th e  i n t e n s i t y  t e s t e d  ( p < . 0 0 1 ) .

T ab le  9 sum m arizes  t h e  r e s u l t s  o b t a i n e d  from  t h e  SN 

s u b j e c t s  d u r in g  p r e - l e s i o n  BL and t h e  p o s t - l e s i o n  S-LB, 

L-LB, and  R-LB t r i a l s .  F ig u r e  37 i l l u s t r a t e s  t h e  r e s u l t s  

o f  s u b j e c t  1G. In  t h i s  c a s e ,  t h e  s u b j e c t  d i d  n o t  show a
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l e s i o n  e f f e c t  im m e d i a t e l y  a f t e r  t h e  l e s i o n .  However,  I t s  

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

L-BL r u n ,  and s t a b i l i z e d  w i t h o u t  any f u r t h e r  d e c r e a s e  

when t e s t e d  a g a in  d u r i n g  t h e  R-LB t e s t .  S u b j e c t  69F,  on 

t h e  o t h e r  hand ,  showed a  s t r o n g  p o s t - l e s i o n  e f f e c t  w i t h  

an  i n c r e a s e  in  ICSS t h r e s h o l d  i m m e d ia t e ly  a f t e r  t h e  l e ­

s i o n ,  and m a i n t a i n e d  t h i s  e f f e c t  w i t h  a  s l i g h t  r e c o v e r y ,  

up t o  th e  R-BL ( F i g u r e  38) .  P r o p o r t i o n a l  m e asu re s  f o r  

t h e s e  two s u b j e c t s  a s  a  g roup  a re  r e p r e s e n t e d  i n  F i g u r e  39 

f o r  a l l  t h r e e  p o s t - l e s i o n  b a s e l i n e  t r i a l s .  Both  s u b j e c t s  

a s  a  group showed s i g n i f i c a n t  d e c r e m e n t s  a t  a l l  i n t e n s i ­

t i e s  d u r i n g  t h e  l o n g  b a s e l i n e  and r e c o v e r y  b a s e l i n e  a s  

measured  by a  t - t e s t  o f  r e l a t e d  means (p < .  0 5 ) .

F i g u r e s  40, 41, and 42 summarize  t h e  above  m e n t io n e d  

f i n d i n g s  f o r  a l l  t h r e e  g ro u p s :  t h e  VB g r o u p ,  t h e  NS-DB

g r o u p ,  and  t h e  SN g r o u p ,  f o r  a l l  t h r e e  p o s t - l e s i o n  b a s e ­

l i n e  m e a s u re s  in  t e rm s  o f  t h e  p r o p o r t i o n a l  e f f e c t s  o f  t h e  

l e s i o n .

D- and L-Amphetamlne E f f e c t s

I n  o r d e r  t o  a s s e s s  t h e  d -  and  1 -am phe tam ine  e f f e c t s  

on ICSS, p r e -  and p o s t - l e s i o n ,  s u b j e c t s  were  p o o l e d  and  

a n a ly z e d  a c c o r d i n g  t o  t h e  h i s t o l o g i c a l  r e s u l t s .  Two 

groups  were formed: a  VB-H g r o u p ,  and a  NS-DB g r o u p .  Of

t h e  18 s u b j e c t s  run  in  t h e  p a r a d i g m ,  e i g h t  s u b j e c t s  w ere  

t e s t e d  f o r  t h e  e f f e c t s  o f  d -  and 1 -am phe tam lne  e f f e c t s  b e ­

f o r e  t h e  LC l e s i o n .  One o f  t h e  s u b j e c t s , 1 0 F ,  was e x c l u d e d
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f r o m  t h e  a n a l y s i s  f o r  two r e a s o n s :  ( 1 )  t h e  LC l e s i o n  was

t o o  s m a l l j  (2 )  i t s  h y p o th a l a m ic  e l e c t r o d e  im p in g e d  on t h e  

d o r s o m e d ia l  h y p o th a lm u s ,  an  a r e a  n o t  c l e a r l y  d e f i n e d  i n  

t e rm s  o f  i t s  r e u r o h u m o r a l  i n n e r v a t i o n .  The MFB g roup  i n ­

c lu d e d  s u b j e c t  62E in  a d d i t i o n  t o  s u b j e c t s  8 7E and 57E. 

A l though  t h i s  s u b j e c t  was e x c lu d e d  from a p o s t - l e s i o n  a n a ­

l y s i s ,  g i v e n  t h a t  t h e  LC was l e s s  t h a n  90$ d e s t r o y e d ,  t h e  

p r e - l e s i o n  d a t a  i s  i n c l u d e d  so t h a t  a  l a r g e r  s a n p l e  o f  

t h e  MFB u nder  p r e - l e s i o n  s c r e e n i n g  p r o c e d u r e s  c a n  be ob­

t a i n e d .  The NS-DB group  i n c l u d e d  s u b j e c t s  68E, 60E, 7F> 

and 86e . S u b j e c t  86E was n o t  t e s t e d  on t h e  p o s t - l e s i o n  

d r u g  p a r a d ig m  s i n c e  t h e  s u b j e c t  had  t o  be s a c r i f i c e d  f o r  

a  r e a s o n  u n r e l a t e d  t o  th e  e x p e r i m e n t .  However,  i t  i s  b e ­

l i e v e d  t h a t  t h e  i n c l u s i o n  o f  t h i s  s u b j e c t  t o  t h e  NS-DB 

group  adds  i n f o r m a t i o n  a b o u t  p r e - l e s i o n  d -  and 1 - a m p h e t a -  

mine e f f e c t s  and  t h e i r  d i f f e r e n t i a t i o n .  T a b l e  10 summar­

i z e s  th e  d a t a  o f  b o th  g r o t p s  i n  t e rm s  o f  t h e  m u l t i p l i c a t i v e  

e f f e c t  o f  t h e  d a t a  f o r  p r e - l e s i o n  amphetamine  t e s t s .  The 

f i r s t  two i n t e n s i t i e s  r e p r e s e n t  a t - t h r e s h o l d  and  a b o v e ­

t h r e s h o l d  i n t e n s i t i e s ,  t h e  t h r e e  l a s t  i n t e n s i t i e s  r e p r e ­

s e n t  an  i n t e r m e d i a t e  r e s p o n s e  r a t e  i n t e n s i t y  and  two p e ak  

r a t e  i n t e n s i t i e s ,  r e s p e c t i v e l y .  F i g u r e s  4<3 and i l l u s ­

t r a t e  t h e  e f f e c t s  o f  one mg/kg o f  am phe tam ine ,  d -  and 1 - ,  

on h y p o t h a l a m i c  ICSS. A l th o u g h  b o t h  g ro u p s  were  a f f e c t e d  

by  d -am phe tam ine  b u t  n o t  by 1 -a m p h e tam in e ,  t h e  NS-DB group
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was s i g n i f i c a n t l y  more a f f e c t e d  by d -amphetam ine  t h a n  was 

t h e  VB group (Mann-Whitney U t e s t ,  p > . 0 5 ) .  No d i f f e r e n c e s  

were o b s e r v e d  i n  t h e  l^am phe tam ine  e f f e c t s  b e tw ee n  b o t h  

g r o u p s .  The a f f e c t s  a r e  most s t r i k i n g  a t  t h e  two i n t e n s i ­

t i e s  c o r r e s p o n d i n g  t o  t h r e s h o l d  i n t e n s i t i e s .  The 2 mg/kg 

amphetamine t r i a l s  a re  i l l u s t r a t e d  i n  F i g u r e s  45 and 46.

I n  t h i s  c a s e ,  a g a i n ,  a t  t h r e s h o l d  and i n t e r m e d i a t e  i n t e n s i ­

t i e s ,  the  NS-DB group  shows a  more marked d -am phe tam ine  

e f f e c t  t h a n  does  t h e  VB group  . The number o f  s a m p le s  f o r  

t h e  2 mg/kg g ro u p s  a r e  r e d u c e d  by th e  f a c t  t h a t  s i g n s  o f  

h y p e r a c t i v i t y  c au sed  by th e  h ig h  dosages  a u t o m a t i c a l l y  

v o id e d  t h e  t e s t .

F ig u r e  47 i l l u s t r a t e s  t h e  e f f e c t s  o f  d -  and 1-amphe­

tam ine  cn NS-DB s e l f - s t i m u l a t i o n  a f t e r  LC l e s i o n s .  F i g ­

u r e s  48 t o  51 i l l u s t r a t e  t h e  e f f e c t s  o f  d -  and 1 - a m p h e ta -  

m in e ,  1 and 2 mg/kg, f o r  s u b j e c t  76E a f t e r  LC l e s i o n  ■

( T a b le  11) .  F i g u r e  52 i l l u s t r a t e s  t h e  p r o p o r t i o n a l  d -  and  

1-amphetamine  e f f e c t s  a>fte r LC l e s i o n s  i n  r e l a t i o n  t o  p r e -  

l e s i c n  b a s e l i n e  which i s  h e ld  a s  u n i t y .  As d e s c r i b e d  

b e f o r e ,  p o s t - l e s i o n  b a s e l i n e  i s  m arked ly  low er  t h a n  p r e ­

l e s i o n  u n i t y  b a s e l i n e .  One mg/kg of  1 -am phe tam ine  does  

n o t  p r o d u c e  any marked r e t u r n  t o  p r e - l e s i o n  l e v e l s .  How­

e v e r ,  1 mg/kg o f  d -am phe tam ine  r e t u r n s  r e s p o n s e  r a t e s  t o  

p r e - l e s i o n  l e v e l s .  Two mg/kg o f  1 -am phe tam ine  r e t u r n s  

ICSS t h r e s h o l d  t o  p r e - l e s i o n  l e v e l s ,  w h i l e  2 mg/kg o f  d -  

amphetamine i s  more e f f e c t i v e  a t  h i g h e r  i n t e n s i t i e s .
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LC Lesions on the Sleep Cycle

The s l e e p  d a t a  was a n a l y z e d  by com par ing  t im e  awake 

and  p e r c e n t a g e  REM f o r  th e  same t im e  o f  day p e r i o d s  on 

p r e - l e s i o n  as p o s t - l e s i o n  BL, f o r  a l l  s u b j e c t s  t e s t e d .

T a b l e  12 sum m arizes  t h e  f i n d i n g s  i n  t e r m s  o f  REM p e r c e n t ­

age  and  t ime awake d u r i n g  p r e - l e s i o n ,  p o s t - l e s i o n ,  and  r e ­

covery  EL’ s .  Both  p r e -  and p o s t - l e s i o n  m e asu re s  i n c l u d e  

30 h o u r s  of  EEG and EMG r e c o r d i n g ;  r e c o v e r y  check  c o v e r s  

12 hours  of  r e c o r d i n g .  A l l  m easures  i n c l u d e  t h e  n i g h t l y  

p a r t  o f  t h e  c i r c a d i a n  rh y th m .  S u b j e c t s  were d i v i d e d  i n t o  

two c a t e g o r i e s :  t h o s e  w i th  c o m p le te  LC l e s i o n s  ( s u b j e c t s

60E, 68E,  57E, and  7F)(Group I ) ,  and  s u b j e c t s  w i th  p a r ­

t i a l  l e s i o n s  ( Ss 62E & 10P)(Group  I I ) ( F i g u r e 4 A ) . G i v e n  t h a t  

s m a l l  sample  i n v o l v e d ,  t h e  on ly  s i g n i f i c a n t  d i f f e r e n c e  r e ­

v e a l e d  by  a t - t e s t  o f  r e l a t e d  d i f f e r e n c e s  o c c u r r e d  i n  

Group I ,  co m p ar in g  p r e - l e s i o n  and  p o s t - l e s i o n  REM p e r c e n t ­

age  ( p - ^ . 0 5 ) .  No d i f f e r e n c e s  were found i n  b o t h  REM p e r ­

c e n t a g e  and t im e  awake in  Group I I  and t ime awake i n  

Group I ;  no r  were t h e r e  any d i f f e r e n c e s  i n  t im e  awake b e ­

tw een  Groups I I  and I .  P o s t - l e s i o n  r e c o v e r y  c h eck s  were  

n o t  o b t a i n e d  from s u b j e c t s  7F and 1 OF s i n c e  t h e i r  EEG and 

EMG r e c o r d i n g s  were  u n s c o r a b l e .  Of t h e  t h r e e  s u b j e c t s  

f rom  which r e c o v e r y  r e a d i n g s  were  o b t a i n e d ,  s u b j e c t s  60E 

and 68E d id  n o t  show a REM p e r c e n t  r e t u r n  t o  p r e - l e s i o n  BL, 

s u b j e c t  62E showed a  s l i g h t  i n c r e a s e  i n  REM p e r c e n t ,  and  

s u b j e c t  57E 's  REM l e v e l  r e t u r n e d  to  a  p r e - l e s i o n  l e v e l .



D i s c u s s i o n

In summary, t h e  f o l l o w i n g  r e s u l t s  w ere  f o u n d ' . i n  

t h i s  e x p e r i m e n t :  (1 )  LC l e s i o n s  w hich  d e s t r o y  a t  l e a s t

90% o f  t h e  LC o r  i t s  a s c e n d i n g  b u n d l e s  m a rk e d ly  r e d u c e  

ICSS r e s p o n s e  r a t e s  and  d r a s t i c a l l y  i n c r e a s e  ICSS t h r e s h ­

o l d s ,  and I n  some a n im a l s  a b o l i s h  ICSS e n t i r e l y ,  i n  s u b ­

j e c t s  whose e l e c t r o d e s  a r e  l o c a t e d  I n  t h e  h y p o t h a l a m i c  

r e g i o n  i n n e r v a t e d  by t h e  DB, t h e  n i g r o s t r i a t a l  b u n d l e ,  o r  

bo th ;  (2 )  ICSS i n  s u b j e c t s  whose h y p o t h a l a m i c  e l e c t r o d e s  

impinge on a r e a s  t h a t  a r e  l a r g e l y  and  p r i m a r i l y  i n n e r ­

v a t e d  by the  VB a r e  n o t  r e d u c e d  by t h e s e  l e s i o n s ;  (3 )  LC 

l e s i o n s  red u ce  SN ICSS r e s p o n s e  r a t e s ;  (4 )  d -am phe tam ine  

a f f e c t s  NS-DB ICSS d i f f e r e n t l y  t h a n  i t  d o e s  VB-H ICSS; 

While  t h r e s h o l d  i n t e n s i t i e s  a r e  e n h a n c e d  by d - a m p h e t a -  

mine i n  a  9 : 1 r a t i o  o v e r  s a l i n e  m e a s u re s  i n  t h e  NS-DB 

a r e a ,  t h i s  r a t i o  i s  2 : 1 a t  most i n  t h e  VB-H a r e a .  

N e i t h e r  h y p o t h a l a m i c  a r e a  i s  e n h an c e d  by 1 -a m p h e tam in e ;

(5) d -am phe tam ine ,  b u t  n o t  1 -a m p h e tam in e ,  r e t u r n s  r e ­

duced NS-DB ICSS r e s p o n s e  r a t e s  and  d e c r e a s e d  ICSS 

t h r e s h o l d  t o  p r e - l e s i o n  l e v e l s ;  (6 )  u n i l a t e r a l l y  p l a c e d  

LC l e s i o n s  w i l l  r e d u c e  REM s l e e p ,  w h i l e  l e s i o n s  t h a t  do 

no t  d e s t r o y  one s i d e  o f  t h e  LC c o m p l e t e l y  w i l l  n o t  be  a s  

e f f e c t i v e .

The LC l e s i o n s  g r e a t l y  re d u c e  h y p o t h a l a m i c  s e l f ­

s t i m u l a t i o n  a n d ,  I n  some c a s e s ,  a b o l i s h e d  t h e  b e h a v i o r



e n t i r e l y .  The s e r e n d i p i t y  o f  t h e s e  f i n d i n g s  a p p e a r  two­

fo ld :  ( 1 ) t h i s  a b o l i t i o n  o r  r e d u c t i o n  i s  s e l e c t i v e

w i t h i n  t h e  h y p o th a l a m ic  a r e a ;  ( 2 ) t h e  l e s i o n s  o f  t h i s  

-NA n u c l e u s  has a  d e t r i m e n t a l  e f f e c t  on h y p o t h a l a m i c  

s i t e s  r i c h  i n  dopamine.  T h i s  s u r p r i s i n g  f i n d i n g  i s  a d ­

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

s t i m u l a t i o n  can be a b o l i s h e d  w i t h  a  r e l a t i v e l y  s m a l l ,  

d i s c r e t e  u n i l a t e r a l  and  d i s t a n t  l e s i o n .  T h u s ,  t h i s  e x ­

p e r im e n t  shows t h a t  s e l f - s t i m u l a t i o n  can  be a b o l i s h e d  and 

t h a t  ICSS b e h a v i o r  i s  n o t  n e c e s s a r i l y  a  d i f f u s e  s y s te m  

which i s  r e d u n d a n t  and c a p a b l e  o f  r e c o v e r y .

B efo re  d i f f e r e n t  and complex h y p o t h e s e s  t h a t  can  

e x p l a i n  th e  o b t a i n e d  r e s u l t s  a r e  p o s t u l a t e d ,  a number o f  

i m p o r t a n t  p r o c e d u r a l  and c o n t r o l  a s p e c t s  must be p o i n t e d  

o u t .  F i r s t ,  t h e s e  u n i l a t e r a l  l e s i o n s  d i d  n o t  r e s u l t  i n  

w e igh t  l o s s e s  i n  t h e  r a t s ,  n o r  were t h e r e  any b e h a v i o r a l  

d e f i c i t s  o b s e r v e d .  T h u s ,  the  o b t a i n e d  r e s u l t s  were  n o t  

a r t  i f a c t u a l  n o n - s p e c i f i c  s i d e  e f f e c t s  c a u s e d  by n e u r o ­

l o g i c a l  i n j u r y .  S econd ,  t h e  s i z e  o f  t h e  l e s i o n  does  n o t  

c o r r e l a t e  w i th  t h e  s i z e  o f  t h e  e f f e c t .  Com par isons  o f  

p h o to m ic r o g r a p h s  o f  t h e  LC l e s i o n s  and c o r r e s p o n d i n g  e f ­

f e c t s  i l l u s t r a t e  t h i s  p o i n t .  While  t h e  h i n d b r a i n  l e ­

s i o n s  in  s u b j e c t s  70P ( F i g u r e  1 0 ) ,  69F ( F i g u r e  9)> and  

1G ( F ig u r e  12) were s m a l l  and l i m i t e d  t h e m s e l v e s  t o  t h e  

LC, t h e s e  l e s i o n s  d i f f e r e n t i a l l y  a f f e c t e d  h y p o t h a l a m i c



ICSS. S u b j e c t s  69F and 7 0 F ' s  r e s p o n s e  r a t e s  were g r e a t l y  

r e d u c e d ,  w h i l e  ICSS i n  s u b j e c t  1G was f a c i l i t a t e d .  On 

the  o t h e r  hand,  s u b j e c t s  w i t h  e x t e n s i v e  h i n d b r a i n  l e s i o n s  

( S u b j e c t  57E, F i g u r e  6 ;  S u b j e c t  76E, F i g u r e  7) were a l s o  

d i f f e r e n t i a l l y  a f f e c t e d  by the  l e s i o n s  ( F i g u r e s  31 and 

2 2 ) .  I n  a d d i t i o n ,  s u b j e c t  1G showed ICSS f a c i l i t a t i o n  

a t  th e  MFB-LH ( F i g u r e  3 5 ) ,  b u t  ICSS a b o l i t i o n  i n  t h e  SN 

(F i g u r e  37) .  T h u s ,  g iv en  t h e  l i m i t e d  e x t e n t  o f  t h e s e  

l e s i o n s  to  b e g in  w i th  as lo n g  a s  t h e  LC i s  d e s t r o y e d ,  

t h e  m a g n i tu d e  o f  th e  e f f e c t  depends  on t h e  ICSS s i t e  im­

p in g e d  on r a t h e r  t h a n  l e s i o n  s i z e .

T h i r d ,  a  p o s s i b l e  a rgum ent  t h a t  s p r e a d  o f  c u r r e n t  

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

hy p o th a lam u s  can  be r u l e d  out on two c o u n t s :  (1 )  S t i ­

m u l a t i o n  was d e l i v e r e d  t h r o u g h  b i p o l a r  e l e c t r o d e s .  T h i s  

method a l lo w s  a n a t o m i c a l  s p e c i f i c t y  as  opposed  t o  mono- 

p o l a r  s t i m u l a t i o n  ( V a l e n s t e i n  & B e e r ,  1 9 6 2 ) .  (2 )  I f

some s p r e a d  o f  c u r r e n t  to  an  a d j a c e n t  a r e a  d i d  n o t  o c c u r ,  

th e  f a c t  s t i l l  r e m a in s  t h a t  t h e  LC l e s i o n  a b o l i s h e d  ICSS 

b e h a v i o r ,  even  i f  i t  were  from an a d j a c e n t  ICSS s i t e .

Even so ,  t h e r e  can be no q u e s t i o n  t h a t  ICSS from t h a t  

a d j a c e n t  s i t e  depends  on th e  i n t e g r i t y  o f  t h e  LC.

Ihe  s p r e a d  o f  c u r r e n t  a rgum en t  i s ,  f u r t h e r m o r e ,  

weakened by th e  r e s u l t s  o f  s u b j e c t s  60E and 76E. Both 

s u b j e c t s  showed e i t h e r  ICSS r e d u c t i o n  o r  a b o l i t i o n  f o l -



l o w in g  t h e  LC l e s i o n  ( F i g u r e s  24 and  2 2 ) .  I n  b o t h  c a s e s ,  

p o s t - l e s i o n  i n t e n s i t i e s  were i n c r e a s e d  up t o  80 juA o v e r  

p r e - l e s i o n  i n t e n s i t i e s .  Y e t ,  no i n c r e a s e  o f  ICSS r e ­

sponse  r a t e s  cou ld  be e l i c i t e d .  I n  a d d i t i o n ,  p r e - l e s i o n  

ICSS t h r e s h o l d s  f o r  b o t h  s u b j e c t s  were  s i m i l a r  t o  t h r e s h ­

o lds  o f  s u b j e c t s  t h a t  were n o t  a f f e c t e d  by t h e  l e s i o n  

(Tab le  5) .

F o u r t h ,  t h e  method employed i n  t h i s  e x p e r i m e n t  t o  

t e s t  s u b j e c t s  f o r  l o n g  p e r i o d s  o f  t im e  a f t e r  t h e  l e s i o n ,  

r e v e a l e d  v a l u a b l e  i n f o r m a t i o n  i n  t e r m s  o f  r e c o v e r y  or  

d e c r em e n t s  o v e r  t im e  and p a t t e r n s  t h e r e o f ,  i n  c o n j u n c t i o n  

w i t h  t h e  s p e c i f i c i t y  o f  t h e  ICSS s i t e  i n v o l v e d .  T h i s  

was the  c a s e  o f  most s u b j e c t s  t e s t e d  I n  t h i s  e x p e r i m e n t .  

While ICSS from some p l a c e m e n t s  was im m e d i a t e l y  a f f e c t e d  

( s u b j e c t s  60E, 68E, and 76E) ,  o t h e r  s i t e s  showed g r a d u a l  

d ec rem en ts  (70F) o r  g r a d u a l  r e c o v e r y  (87E, 92F, 1G).

From t h e  f a c t o r s  e n u m e r a t e d  a b o v e ,  t h e  r e s u l t s  o f  

t h i s  e x p e r im e n t  show t h a t  l e s i o n  s t u d i e s  on ICSS r e q u i r e  

a  s t r i c t  m e tho d o lo g y ,  w i t h o u t  which  co n fo u n d ed  and r a n ­

dom r e s u l t s  can  be o b t a i n e d .

The r e s u l t s  o f  t h e s e  e x p e r i m e n t s ,  some o f  which 

were p r e d i c t e d  w h i l e  o t h e r s  were s u r p r i s i n g ,  r e q u i r e  a 

model c a p a b l e  o f  e x p l a i n i n g  and i n t e g r a t i n g  t h e  r e s u l t s  

o f  p r e v i o u s  l e s i o n  and p h a r m a c o l o g i c a l  ICSS s t u d i e s .



F i r s t ,  t h i s  e x p e r im e n t  c o n f i r m s  t h e  h y p o t h e s i s  t h a t  ICSS 

b e h a v i o r  can  b e  a b o l i s h e d  and  i s  n o t  a  r e d u n d a n t  p h e n o ­

menon c a p a b le  o f  r e c o v e r y .  However,  t h e  f i n d i n g  t h a t  

ICSS from a r e a s  r i c h  i n  dopamine r e q u i r e s  t h e  i n t e g r i t y  

o f  t h e  NA n u c l e i  o f  t h e  LC, seems p a r a d o x i c a l  I n  l i g h t  

o f  S t e i n  and W i s e ' s  (1969 ) and Cooper e t  a l . ' s  (197*0 

f i n d i n g s  and  t h e  p r o p o s e d  d i s t i n c t i o n  b e tw ee n  d i f f e r e n t  

DA and NA ICSS sys tem s  ( P h i l l i p s  & F i b i g e r ,  1 9 7 3 ) .  S e ­

cond, the  e f f e c t s  of  th e  l e s i o n s  on ICSS a r e  f a r  more 

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

l e s i o n  s t u d i e s  (Boyd & G a r d n e r ,  1967; L o r e n s ,  1966; Olds 

& Olds ,  1969; V a l e n s t e i n  & Cam pbel l ,  1 9 6 6 ) .  T h i r d ,  t h e  

d i f f e r e n t i a l  e f f e c t s  o f  d -  and  1 -am phe tam ine  on  ICSS 

va ry  a c c o r d i n g  to  h y p o t h a l a m i c  s i t e s  i n v o l v e d .  The 

v a r i a t i o n  c o r r e l a t e s  w i t h  t h e  m agn i tude  o f  t h e  LC l e s i o n  

e f f e c t .  T h i s  f i n d i n g  i n  c o n j u n c t i o n  w i t h  t h e  r e s t o r a ­

t i o n  of  ICSS a f t e r  i t s  d e c r e a s e  due to  t h e  LC l e s i o n ,  

r e q u i r e s  t h e  p o s t u l a t i o n  o f  a  complex p o l y s y n a p t i c  and  

mixed ICSS s y s t e m .

The f a c t  t h a t  t h e  e f f e c t s  o f  t h e s e  l e s i o n s  on ICSS 

a r e  more c o n s i s t e n t  and r e l i a b l e  t h a n  t h o s e  o b t a i n e d  i n  

p r e v i o u s  l e s i o n  s t u d i e s  i s  e x p l a i n e d  by  a number  o f  

r e a s o n s :

(1) The h y p o t h e s e s  o f  t h i s  e x p e r i m e n t  p r e d i c t e d  

t h a t  s p e c i f i c  ICSS s i t e s  a re  p a r t  o f  one o r  s e v e r a l  ICSS



sys tem s  i n n e r v a t e d  by known n o r a d r e n e r g i c  n u c l e i .  T h u s ,  

t h e  l e s i o n s  i n  t h i s  e x p e r i m e n t  were  p l a c e d  in  an a r e a  

t h a t  i n n e r v a t e s  a  known m onoam inerg ic  s y s t e m ,  namely th e  

LC-DB sys tem .  The p r e d i c t i o n  t h a t  ICSS from  a n a t o m i c a l  

s i t e s  v h ic h  r e c e i v e  f i b e r s  from t h i s  s y s t e m  would  be 

d e t r i m e n t a l l y  a f f e c t e d  by t h e  LC l e s i o n  was c o n f i r m e d .  

P r e v io u s  l e s i o n  s t u d i e s  d id  n o t  p o s t u l a t e  s p e c i f i c  ICSS 

n e tw o r k s ,  b u t  r a t h e r  s e a r c h e d  f o r  one ICSS c e n t e r .  These  

s t u d i e s  were b a se d  on t h e  h y p o t h e s i s  t h a t  su c h  a  " r e w a rd  

c e n t e r "  would m e d ia t e  a l l  ICSS b e h a v i o r .  I n  t h e s e  

s t u d i e s ,  a cc o u n t  was n o t  t a k e n  o f  t h e  f a c t  t h a t  t h e  

n eu ro h u m o ra l  t r a n s m i t t e r  s u b s t a n c e s  i n v o l v e d  a t  anatom­

i c a l  s i t e s  r e l a t e d  t o  ICSS may be d i f f e r e n t ,  a l t h o u g h  

t h i s  was i m p l i e d  by the  work o f  D a h l s t r o m  and Fuxe i n  

1964. R a t h e r ,  t h e s e  s t u d i e s  t o o k  n e u r o a n a t o m i c a l  and  b e ­

h a v i o r a l  f a c t o r s  i n t o  c o n s i d e r a t i o n .  F o r  one ,  t h e  MFB 

was th o u g h t  to  i n t e r c o n n e c t  a l l  ICSS s i t e s ,  and  a l s o  ICSS 

from t h e  MFB-LH a r e a  seemed most s e n s i t i v e .  I n  a d d i t i o n ,  

ICSS models t h a t  d i d  t a k e  t h e  monoamines i n t o  a c c o u n t  

a l s o  p o s t u l a t e d  one ICSS sy tem ( A r b u t h n o t t  e t  a l . ,  1970; 

D re s s e ,  19 6 6 ) .

A l though  an e x p l a n a t i o n  f o r  t h e  few p o s i t i v e  f i n d ­

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

a t e n t a t i v e  h y p o t h e s i s  can  be b a s e d ,  w i t h i n  l i m i t s ,  on



t h e  r e s u l t s  o f  t h i s  s t u d y  and  the  CA maps o u t l i n e d  by 

th e  Sweidsh  i n v e s t i g a t o r s  ( L i n d v a l l  & B j o r k l u n d ,  197*0 

U n g e r s t e d t ,  1971) .

I t  i s  p o s s i b l e  t h a t  i n  Lorens* ( 1 9 6 6 ) ,  Boyd and 

G a r d n e r ' s  (1967) and Olds and O ld s '  (1969)  s t u d i e s ,  t h e  

l e s i o n s  which r e d u c e d  h y p o th a l a m ic  ICSS d e s t r o y e d  p a r t s  

o f  th e  CA b u n d l e s  which i n n e r v a t e  t h e  ICSS s i t e s .  How­

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

s i o n  e f f e c t s  on ICSS n o t  only depend  on which  b u n d le s  

a re  d e s t r o y e d ,  b u t  a l s o  on t h e  s p e c i f i c  s i t e  w i t h i n  t h e  

h y p o th a lam u s  which r e c e i v e s  mixed i n p u t s  f rom  d i f f e r e n t  

CA pa thways  and in  a c t u a l i t y  be a l o c u s  o f  two ICSS s y s ­

tems .  T h e r e f o r e ,  t h o s e  h y p o t h a l a m i c  ICSS s i t e s  d e s ­

c r i b e d  in  the  p r e v i o u s  l e s i o n  s t u d i e s  as  a  s i n g l e  ICSS 

s i t e  a r e ,  i n  f a c t ,  r e c i p i e n t s  o f  two o r  more CA i n n e r v a ­

t i o n  b u n d l e s .  Our r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  

h y p o th a la m u s  i s  no t  a u n i t a r y  ICSS c e n t e r ,  b u t  r a t h e r  a 

p o o l  o f  d i f f e r e n t  ICSS sy s te m s  which can  be d i f f e r e n t i ­

a t e d  by way o f  s p e c i f i c  h i n d b r a i n  l e s i o n s  t h a t  i n v o l v e  

s p e c i f i e d  CA n u c l e i .

(2) The p o s s i b l e  t ime c o u r se  o f  l e s i o n  e f f e c t s  was 

not t a k e n  i n t o  c o n s i d e r a t i o n .  Some s t u d i e s  l o o k e d  o n ly  

a t  a  s h o r t  t ime  p e r i o d  which  s a t i s f i e d  t h e  5 t o  9 day 

t ime c o u r s e  f o r  f i b e r  d e g e n e r a t i o n  t o  o c c u r ,  b u t  n o t  t h e  

12-day t ime c o u r se  f o r  NHTS d e p l e t i o n ( R o s s  & R e i s ,  197*0.



The d i f f e r e n t  t ime c o u r s e s  o f  ICSS a b o l i t i o n  o r  r e c o v e r y  

found i n  t h i s  p r e s e n t  s tu d y  and i l l u s t r a t e d  a b o v e ,  s u p ­

p o r t s  t h i s  l a s t  p o i n t .

(3) This  e x p e r im e n t  has  d e m o n s t r a t e d  t h a t  even  

th o s e  s i t e s  which  do n o t  show a p e rm a n en t  ICSS d e c rem e n t  

from t h e  LC l e s i o n  a r e  a f f e c t e d  f o r  a b o u t  4 t o  6 days  

a f t e r  the  l e s i o n  (S-BL),  w i th  th e  f i r s t  i n t e n s i t y  above  

t h r e s h o l d  b e i n g  s i g n i f i c a n t l y  d e c r e a s e d .  Those  s t u d i e s  

t h a t  d id  no t  f o l l o w - u p  f o r  a  lo n g  enough p e r i o d  may n o t  

have a l lo w e d  f o r  f u l l  r e c o v e r y  i n  s i t e s  which  do n o t  

have th e  ICSS b e h a v i o r  m e d i a t e d  by t h e  l e s i o n e d  s i t e .

(4) A s s e s s i n g  the  e f f e c t s  o f  a l e s i o n  on o n ly  one 

i n t e n s i t y  measure  which v a r i e d  from s t u d y  t o  s t u d y  i n  . 

te rms  of  i t s  v a lu e  on t h e  r a t e - i n t e n s i t y  f u n c t i o n  c o u l d  

have e i t h e r  a c c e n t u a t e d  or  m i s s e d  t h e  e f f e c t s .  I n  t h i s  

e x p e r i m e n t ,  i t  was found t h a t  i n  t h e  MPB g ro u p ,  on ly  t h e  

f i r s t  i n t e n s i t y  was s i g n i f i c a n t l y  a f f e c t e d  d u r i n g  S-BL 

( im m e d ia t e ly  a f t e r  t h e  l e s i o n ) .  On t h e  o t h e r  h a n d ,  t h e  

NS-DB and the  SN g ro u p s  d i d  no t  show t h e  same m agn i tude  

o f  e f f e c t  a t  a l l  i n t e n s i t i e s .  Peak i n t e n s i t i e s ,  a l t h o u g h  

s i g n i f i c a n t l y  a f f e c t e d ,  were p r o p o r t i o n a l l y  l e s s  r e d u c e d  

than  i n t e n s i t i e s  t h a t  y i e l d e d  lo w e r  r a t e s  (T ab le  8 ) .

(5) The u s u a l  s i d e  e f f e c t s  r e s u l t i n g  from b i l a t e r a l  

l e s i o n s  ( h y p o p h a g i a ,  a d i p s i a ,  t u r n i n g ,  e t c . )  were n o t  ob­

s e r v e d  i n  t h i s  s t u d y  ( T a b l e  14) .



In summary, t h e  n e e d  f o r  t h e  p r o c e d u r a l  c o n s i d e r a ­

t i o n s  o u t l i n e d  i n  t h e  i n t r o d u c t i o n  s e c t i o n  were c o n f i rm e d  

by t h e  r e s u l t s .  The p r o c e d u r e  e n a b l e d  t h e  d i s c r i m i n a ­

t i o n  b e tw ee n  t em p o ra ry  and l o n g - t e r m  l e s i o n  e f f e c t s ,  and  

a l s o  t h e  e v a l u a t i o n  o f  the  e f f e c t s  on a  c o m p le te  r a t e -  

i n t e n s i t y  f u n c t i o n .  T h u s ,  r e l i a b l e  r e s u l t s  were  o b t a i n e d  

w i th  s m a l l ,  d i s t a n t ,  and  u n i l a t e r a l l y  p l a c e d  l e s i o n s .

To what e x t e n t  were  the  h y p o t h e s e s  c o n f i r m e d ?

F i r s t ,  t h e  l e s i o n s  not o n ly  g r e a t l y  r e d u c ed  h y p o t h a l a m i c  

ICSS, but i n  some c a s e s  th e y  a l s o  a b o l i s h e d  t h i s  b e h a ­

v i o r  e n t i r e l y .  However,  some a r e a s  o f  t h e  h y p o th a la m u s  

were no t  a f f e c t e d  by t h e s e  l e s i o n s .  S p e c i f i c a l l y ,  ICSS 

from th e  MFB-LH and p e r i f o r n i c a l  a r e a s  w hich  r e c e i v e  

l a r g e  c o n t r i b u t i o n s  f rom  t h e  NA v e n t r a l  b u n d l e ,  were  

no t  r e d u c e d  by t h e  LC l e s i o n  on a  l o n g - t e r m  b a s i s .

There  was r e c o v e r y  o v e r  t i m e .  A reas  t h a t  a r e  p r i m a r i l y  

i n n e r v a t e d  by th e  d o p a m in e rg ic  n i g r o s t r i a t a l  pa thway  

( c ru s  c e r e b r i - i n t e r n a l  c a p s u l e )  s temming from th e  SN and 

a r e a s  t h a t  a r e  i n n e r v a t e d  by b o th  d o p a m in e r g i c  f i b e r s  

and  NA d o r s a l  f i b e r s  ( F i e l d s  o f  F o r e l )  were m arked ly  

a f f e c t e d  by t h e  LC l e s i o n .  I n  a d d i t i o n ,  ICSS from one 

a r e a  t h a t  has  been a s s o c i a t e d  w i t h  a  DA s y s t e m ,  t h e  SN, 

was a l s o  g r e a t l y  a f f e c t e d  by  t h e  l e s i o n .  T h i s  had n o t  

been p r e d i c t e d  by th e  h y p o t h e s e s .  These  r e s u l t s  by no 

means weaken t h e  p ro p o s e d  FEM-ICSS m ode l .  On t h e  con­



t r a r y ,  th e y  seem to  s u p p o r t  some o f  t h e  p r i n c i p a l  n o ­

t i o n s  and  add  new d im e n s io n s  to  i t ,  which  w i l l  be  d i s ­

c u s s e d  l a t e r  i n  t h i s  s e c t i o n .

S ince  th e  LC l e s i o n s  d i f f e r e n t i a l l y  a f f e c t e d  hypo­

t h a l a m i c  s e l f - s t i m u l a t i o n ,  d e p e n d in g  on th e  n e u r o a n a t o m i -  

c a l  s t r u c t u r e  im pinged  on by the  e l e c t r o d e  and  th e  

n e u ro h u m o ra l  i n n e r v a t i o n  o f  t h e  s i t e ,  t h e s e  f i n d i n g s  r e ­

q u i r e  a new n o n - u n i t a r y  o u t l o o k  i n t o  t h e  h y p o t h a l a m i c  

a r e a  i n  t e rm s  o f  c e n t r a l  r e w a r d .

Second,  th e  p r e d i c t i o n  t h a t  d -am phe tam ine  b u t  n o t  

1 -amphetam ine  would t e m p o r a r i l y  r e s t o r e  t h e  a b o l i s h e d  o r  

r e d u c e d  ICSS b e h a v i o r  was c o n f i r m e d  by  t h e  r e s u l t s  o f  

t h i s  e x p e r i m e n t . The f a c t  t h a t  d -am phe tam ine  b u t  n o t  

1-amphetamine  (1 mg/kg) r e s t o r e s  h y p o t h a l a m i c  ICSS t o  

p r e - l e s i o n  l e v e l s  a p p e a r s  t o  p o i n t  to w a r d s  a  d ependence  

o f  t h i s  a r e a ’ s r e w a r d  p r o p e r t i e s  on NA i n n e r v a t i o n .

This  f i n d i n g  i s  even more s t r i k i n g  s i n c e  t h e s e  h y p o t h a l a ­

mic s i t e s  ( c r u s  c e r e b r i  and  F i e l d s  o f  F o r e l )  r e c e i v e  

l a r g e  c o n t r i b u t i o n s  from DA f i b e r s .  S in c e  a  number o f  

s u b j e c t s  which showed ICSS a b o l i t i o n  were  t e s t e d  a t  i n ­

t e n s i t i e s  r e a c h i n g  up t o  75 uA above p r e - l e s i o n  peak  

i n t e n s i t y  c u r r e n t s  w i t h o u t  r e s t o r i n g  ICSS b e h a v i o r  ( F i g ­

u re s  22 and 2 4 ) ,  i t  seems u n l i k e l y  t h a t  t h e  p o s t - d - a m p h e -  

tam ine  e f f e c t  i s  on s p a r e d  n e i g h b o r i n g  NA f i b e r s .  In  

a d d i t i o n ,  1 -amphetam ine  d i d  n o t  show a more e n h a n c i n g



e f f e c t  a f t e r  t h e  l e s i o n  t h a n  i t  d i d  p r e - l e s i o n .  T h i s  i n ­

d i c a t e s  t h a t  t h e  DA s y s te m  i n v o l v e d  in  t h i s  r e g i o n  h a s  

no t  t a k e n  o v e r  ICSS b e h a v i o r  and t h u s  i s  n o t  a  s u f f i c i e n t  

c o n d i t i o n  f o r  c e n t r a l  r e w a r d .  The r e t u r n  o f  ICSS b e h a ­

v i o r  to  p r e - l e s i o n  b a s e l i n e  w i th  d -am p h e tam in e  may be 

e v id e n c e  t h a t  t h i s  i s o m e r  i s  a c t i n g  a s  a  NA p o s t - s y n a p t i c  

a g o n i s t  to  t h e  LC d o r s a l  b u n d le  whose l i n k  and p o t e n t i a ­

t i o n  to  the  DA ICSS s y s t e m  h a s  been  d i s c o n t i n u e d  by t h e  

LC l e s i o n .  These  r e s u l t s  s u p p o r t  t h e  n o t i o n  o f  ICSS 

p o t e n t i a t i o n  by, and t h e  n e c e s s i t y  o f ,  a  REM-ICSS sys tem  

stemming from t h e  NA n u c l e i  o f  t h e  LC. I n  a d d i t i o n ,  t h e  

p r e -  and p o s t - l e s i o n  amphetamine e f f e c t s  i n d e e d  r e f l e c t  

an i n t e r e s t i n g  mixed c a t e c h o l a m i n e r g i c  s y s t e m .  The f u l l  

model and e x p l a n a t i o n  t h e r e o f  w i l l  be d e s c r i b e d  l a t e r  i n  

t h i s  s e c t i o n .

T h i r d ,  t h i s  e x p e r im e n t  has  d e m o n s t r a t e d  t h a t  ICSS 

from t h e  d o p a m in e rg ic  SN, where  ICSS i s  e q u a l l y  p o t e n ­

t i a t e d  by b o th  d- and  1 -am phe tam ine  and w h ich  g iv e s  

r i s e  t o  t h e  n i g r o s t r l a t a l  s y s t e m ,  i s  s t r o n g l y  a f f e c t e d  

by t h e  LC l e s i o n .  A t e n t a t i v e  c o n c l u s i o n  from t h e s e  r e ­

s u l t s  ( t o  be d e t a i l e d  l a t e r  in  t h i s  s e c t i o n )  i s  t h a t  

t h i s  s e l f - s t i m u l a t i o n  s y s t e m  depends  on t h e  i n t e g r i t y  

o f  th e  n o r a d r e n e r g i c  LC and  i t s  p o t e n t i a t i o n .  T h i s  

argument i s  s t r e n g t h e n e d  b y  t h e  f a c t  t h a t  t h i s  d o p a m in e r ­

g ic  sys tem  i n n e r v a t e s  t h e  c ru s  c e r e b r i - I n t e r n a l  c a p s u l e  

a r e a  and  p a r t l y  t h e  F i e l d s  o f  F o r e l  ( L i n d v a l l  &



B j o r k l u n d ,  197*J; U n g e r s t e d t ,  1971)> a r e a s  f rom which  

ICSS was e i t h e r  a b o l i s h e d  on d e c r e a s e d .  Given t h a t  no 

known d i r e c t  a n a t o m i c a l  c o n n e c t i o n s  e x i s t  b e tw een  t h e  

LC and the  SN, and t h a t  SN ICSS I s  v i r t u a l l y  a b o l i s h e d  

a f t e r  LC l e s i o n s ,  I t  c a n n o t  b e  c l a i m e d  t h a t  SN ICSS i s  

a  r e s u l t  o f  s t i m u l a t i o n  o f  v e n t r a l  n o r a d r e n e r g i c  f i b e r s  

o f  p a s s a g e  under  th e  SN e l e c t r o d e  ( B e l l u z z i  e t  a l . ,  197*0.

F o u r t h ,  the  r e s u l t s  o f  t h e  s l e e p  d a t a  s u g g e s t ,  a l ­

though  n o t  c o n c l u s i v e l y ,  t h a t  t h e  LC i n  t h e  r a t  i s  i n ­

v o lv ed  i n  t h e  phenomenon o f  REM  s l e e p .  The f a c t  t h a t  

FEM  s l e e p  was not c o m p l e t e l y  a b o l i s h e d ,  and t h a t  i t  

showed some r e t u r n  ov e r  t im e  ( s u b j e c t  57E) i s  p r o b a b l y  

due to  th e  f a c t  t h a t  t h e  l e s i o n s  were u n i l a t e r a l .

The r e s t o r a t i o n  o f  h y p o t h a l a m i c  ICSS b e h a v i o r  by d -  

am phetam ine ,  t h e  s e l e c t i v e  a b o l i t i o n  o f  LC l e s i o n s  o f  

ICSS from h y p o t h a l a m i c  s i t e s  r i c h  i n  dopam ine ,  i n  a d d i ­

t i o n  to  the  SN a b o l i t i o n ,  p o i n t s  t o  t h e  p o s s i b i l i t y  t h a t  

the  lo cu s  o f  i n t e r a c t i o n  between ICSS from th e  d o p a m in e r ­

g ic  S N - n i g r o s t r i a t a l ' s y s t e m  and ICSS from t h e  NA LC-DB 

sys tem i s  a n t e r i o r  t o  th e  SN. These  r e s u l t s  s u g g e s t  t h a t  

the  LC l e s i o n s  have d i s r u p t e d  t h e  s u p p l y  o f  t h e  n e u r o -  

humora l  t r a n s m i t t e r  s u b s t a n c e s  n e c e s s a r y  to  s u p p o r t  o r  

p o t e n t i a t e  ICSS a t  t h e  a f f e c t e d  s i t e s .

This  i s  th e  f i r s t  s t u d y  t h a t  r e v e a l s  an ICSS s y s t e m  

t h a t  i s  a b o l i s h e d  by a d i s t a n t  and s p e c i f i c  l e s i o n .  I t



a l s o  r e v e a l s  t h e  e x i s t e n c e  o f  a t  l e a s t  one a d d i t i o n a l  

L C - in d ep e n d en t  ICSS s y s t e m ,  t h e  v e n t r a l  b u n d l e - h y p o t h a ­

lamic  sy s te m ,  t h a t  i n  a d d i t i o n  t o  n o t  b e in g  a f f e c t e d  by 

th e  d e s t r u c t i o n  o f  the  LC, r e s p o n d s  t o  one p h a r m a c o l o g i c a l  

a g e n t ,  d -am phe tam ine ,  d i f f e r e n t l y  t h a n  does  t h e  NS-DB 

sys tem  ( F i g u r e s  43 t o  46) .

Whereas i t  was p r e d i c t e d  t h a t  LH-MFB ICSS would be 

p e r m a n e n t l y  and m ark ed ly  r e d u c e d  by t h e  l e s i o n ,  and ICSS 

a s s o c i a t e d  w i th  the  DA s y s te m  would n o t  be a f f e c t e d ,  th e  

r e v e r s e  was found i n  t h e  e x p e r i m e n t .  While  i t  i s  n o t  

s u r p r i s i n g  t h a t  ICSS o b t a i n e d  f rom  t h e  h y p o t h a l a m i c  a r e a  

t h a t  i s  i n n e r v a t e d  by th e  DB i s  r e d u c e d  by t h e  d e s t r u c ­

t i o n  o f  t h i s  p a t h w a y ' s  c e l l  b o d i e s ,  i t  seems p e c u l i a r  a t  

f i r s t  t h o u g h t  t h a t  the  DA s y s t e m ,  which  h a s  no  known 

c o n n e c t i o n s  w i th  th e  LC s y s t e m ,  s h o u l d  be so  m a rk e d ly  a f ­

f e c t e d  by th e  LC l e s i o n .  F u r t h e r m o r e ,  i t  w ou ld  have  b e en  

e x p e c t e d  t h a t  t h e  LH-MFB a r e a ,  which  i n t e r a c t s  w i t h  t h e  

LC in t e rm s  of  ICSS (E l lm an  e t  a l . ,  1975) and which r e ­

p o r t e d l y  r e c e i v e s  between 40$ to  60$ o f  i t s  NE i n n e r v a ­

t i o n  from t h i s  n u c l e u s  (Ross  & R e i s ,  1 9 7 4 ) ,  would  be 

d e t r i m e n t a l l y  a f f e c t e d  by t h e  LC l e s i o n .  The r e s u l t s  o f  

t h i s  s t u d y ,  however ,  i n d i c a t e  t h a t  t h e  DA s y s te m  and 

th e  LC sys tem  i n t e r a c t  i n  t h e i r  m e d i a t i o n  o f  ICSS. The 

q u e s t i o n  a r i s e s ,  t h e n ,  how does t h i s  i n t e r a c t i o n  m a n i f e s t  

i t s e l f ,  and where i s  t h e  n e u r o a n a t o m i c a l  l o c u s  o f  t h e  i n -



t e r a c t i o n ?

In an a t t e m p t  t o  u n d e r s t a n d  how t h e  two NE sy s te m s  

(DB and VB) a r e  In d e p e n d e n t  o f  each o t h e r  i n  t e r m s  o f  

ICSS b e h a v i o r  and how t h e  DA and DB s y s t e m s  i n t e r a c t  i n  

t h i s  b e h a v i o r ,  i t  seems w o r t h w h i l e  to  a n a ly z e  f i r s t  t h e  

VB a r e a  s y s te m  and i t s  p o s s i b l e  m e d i a t i o n  o f  an i n d e p e n ­

d e n t  ICSS n e t w o r k .  The r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  t h e  

LC s y s te m  i s  no t  n e c e s s a r y  f o r  t h e  m a i n t e n a n c e  o f  MFB 

ICSS and F-H. The r e d u n d a n cy  and r e c o v e r y  a b i l i t y  o f  

t h i s  a r e a  m a n i f e s t s  i t s e l f  w i t h i n  days  a f t e r  t h e  l e s i o n .  

However, p o s t - l e s i o n  ICSS p a t t e r n s  i n  MFB-LH and F-H 

s u b j e c t s  was n o t  u n i f o r m .  T h e i r  RI f u n c t i o n s  were 

s l i g h t l y ,  t h o u g h  no t  s i g n i f i c a n t l y ,  a l t e r e d  by t h e  l e ­

s i o n s .  I m m e d ia t e ly  a f t e r  t h e  l e s i o n ,  t h e  t h r e s h o l d  i n ­

t e n s i t y  f i r s t  shows a r e d u c t i o n  o f  r e s p o n s e  r a t e s .  A lso ,  

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

out t h e  e x p e r im e n t  i n  some s u b j e c t s  (78E and 9 2 F ) ,  w h i l e  

th e y  a re  e n h an c e d  i n  o t h e r s  (57E and 1G).  F u r t h e r m o r e ,  

the  ICSS t h r e s h o l d  i n  one s u b j e c t  (57E) r e m a in e d  r a i s e d  

th r o u g h o u t  th e  e x p e r i m e n t .

Cne t e n t a t i v e  e x p l a n a t i o n  i s  t h a t  h i g h  r e s p o n s e  

r a t e s  a t  h i g h e r  i n t e n s i t i e s  p r o d u c e s  r e c r u i t m e n t  o f  DB 

f i b e r s  and enhance  ICSS. I t  m igh t  be t h a t  a f t e r  t h e  LC 

l e s i o n ,  t h e s e  f i b e r s  do n o t  r e s p o n d  t o  s t i m u l a t i o n  any 

mare ,  and r e s p o n s e  r a t e s  a t  t h o s e  i n t e n s i t i e s  a r e  r e -



d u c ed .  Th is  h y p o t h e s i s  i s  t e n t a t i v e l y  s u p p o r t e d  i n  p a r t i ­

c u l a r  by t h e  r e s u l t s  i n  two s u b j e c t s ,  78E and  92F ( F i g ­

u re s  32 and  3*0.

The r e t u r n  of  ICSS r a t e s  t o  p r e - l e s i o n  l e v e l s  i n  

t h e s e  two s u b j e c t s  was p a r t i c u l a r l y  s lo w .  The h y p o th a ­

lamic  e l e c t r o d e s  o f  t h e s e  two s u b j e c t s  Im p inged  on th e  

l a t e r a l  a s p e c t s  o f  th e  MFB b o r d e r i n g  on t h e  c r u s  c e r e b r i  

and p o s s i b l y  i n n e r v a t i n g  some o f  t h e  d o p a m in e r g i c  s y s t e m  

f i b e r s .  E v id e n c e  f o r  t h i s  e x p l a n a t i o n  i s  found  i n  t h e  

p h o t o m i c r o g r a p h  o f  s u b j e c t  9 2 F ' s  ICSS e l e c t r o d e  p l a c e m e n t  

a t  i t s  most c a u d a l  e x t e n t  ( F ig u r e  5 4 ) .  While  t h e  t i p  o f  

the  e l e c t r o d e  was p r e d o m i n a n t l y  i n  t h e  MFB ( F i g u r e  15C),  

a  s m a l l  p a r t  o f  one e l e c t r o d e  p o le  im p in g e d  on t h e  c r u s  

c e r e b r i .

A l though  57E 's  t h r e s h o l d  was r a i s e d  a f t e r  t h e  l e ­

s i o n ,  i t  seems s i g n i f i c a n t  t h a t , a f t e r  r e c o v e r i n g  from

the  l e s i o n  d u r i n g  S-BL o r  L-BL t r i a l s ,  t h e  VB-H group  
«

as  a  whole  had h i g h e r  r e s p o n s e  r a t e s  a t  t h e  f i r s t  two 

i n t e n s i t i e s .  A p o s s i b l e  i n t e r p r e t a t i o n  o f  t h i s  f i n d i n g  

i s  t h a t  t h i s  ICSS sy s te m  i s  c o m p e n s a t in g  f o r  t h e  l o s s  o f  

the  " r e w a r d "  p r o p e r t i e s  o f  t h e  NS-DB ICSS n e t w o r k .

This  h y p o t h e s i s  r e q u i r e s  th e  p o s t u l a t i o n  o f  a  f a c i l i t a -  

t ory  i n t e r a c t i o n  b e tw een  b o t h  ICSS s y s t e m s .

The l e s i o n  e f f e c t s  on two s u b j e c t s  (57E and 1G) ICSS 

g ive  s u p p o r t  t o  t h e  " f a c i l i t a t i o n "  h y p o t h e s i s .  A l th o u g h



t h e  IX! l e s i o n  a b o l i s h e d  SN ICSS i n  1G, i t  i n c r e a s e d  r e ­

sponse  r a t e s  and lowered  th e  t h r e s h o l d  o f  t h a t  same 

s u b j e c t ’ s MFB-LH ICSS s i t e  ( F i g u r e s  35 and 3 7 ) .  I n  a d ­

d i t i o n ,  t h e  LC l e s i o n  g r e a t l y  i n c r e a s e d  th e  SB e a t i n g  

t h r e s h o l d  e l i c i t e d  from s u b j e c t  5 7 E ' s  l a t e r a l  h y p o t h a l a ­

mic e l e c t r o d e  (T ab le  1 3 ) .  However,  ICSS r e s p o n s e  r a t e s  

i n  t h i s  s u b j e c t  were e l e v a t e d .  A r e c e n t  s t u d y  ( M a r s h a l l  

e t  a l . ,  197*0 s u g g e s t s  t h a t  t h e  h y p o t h a l a m i c  syndrome 

( a p h a g i a  and a d i p s i a )  i s  a  phenomenon r e l a t e d  t o  t h e  

n i g r o s t r i a t a l  s y s t e m  stemming from th e  SN. By i m p l i c a ­

t i o n ,  i t  would seem t h a t  t h e  in v o lv e m e n t  o f '  t h e  h y p o th a ­

lamus in  e a t i n g  i s  r e l a t e d  t o  t h e  DA f i b e r s  o f  t h e  NS 

s y s te m .  Thus ,  in  b o t h  1G and 57E, t h e  LC l e s i o n  d e t r i ­

m e n t a l l y  a f f e c t e d  b e h a v i o r s  wich by i m p l i c a t i o n  a re  

p a r t  o f  a  DA n e tw o rk . (S N  ICSS b e c a u s e  o f  d -  and 1-amphe­

tamine  e q u i p o t e n t i a t i o n ,  P h i l l i p s  & F i b i g e r ,  1973; h y p o ­

t h a l a m i c  e a t i n g  b e ca u s e  o f  t h e  o c c u r r e n c e  o f  t h e  h y p o t h a ­

lamic  syndrome w i t h  NS l e s i o n s ,  M a r s h a l l  e t  a l . ,  197*0.

At t h e  same t im e ,  MFB-LH ICSS from b o th  t h e  s u b j e c t s  was 

f a c i l i t a t e d .  From t h i s ,  a t  l e a s t  two h y p o t h e s e s  can  be 

f o r m u l a t e d :

(1) That t h e  ICSS n e tw o r k  (VB-ICSS) which  i s  no t  

d e p en d en t  on th e  p o t e n t i a t i o n  and i n t e g r i t y  o f  t h e  LC 

com pensa tes  f o r  the  d e f i c i t  o f  t h e  d i s r u p t e d  r e w a r d  s y s ­

tem, . i . e . ,  LC n i g r o s t r i a t a l  s y s t e m .  The f a c i l i t a t i o n  r e ­



s u i t i n g  i n  t h e s e  two c a s e s  may be a  d i r e c t  o b s e r v a t i o n  

o f  CNS r e c o v e r y  o f  f u n c t i o n ,  which i n  t h i s  c a s e  i s  com­

p e n s a t i o n  o f  one rew ard  s y s te m  f o r  a d e f i c i t  c r e a t e d  in  

a n o t h e r .  D e f i n i t e  e v id e n c e  f o r  t h e  phenomenon o f  ICSS 

f a c i l i t a t i o n  i n  d i f f e r e n t  ICSS s i t e s  f o l l o w i n g  h i n d b r a i n  

l e s i o n s  has been d e m o n s t r a t e d  by M a t t l a c e  ( p e r s o n a l  com­

m u n i c a t i o n )  .

(2) The s eco n d  e x p l a n a t i o n  f o r  the  f a e i l i t a t o r y  e f ­

f e c t  a t  some MFB ICSS s i t e s  i s  t h a t  th e  LC i n p u t  i s  i n h i ­

b i t o r y .  Such an e x p l a n a t i o n ,  h ow ever ,  i s  s p e c u l a t i v e  a t  

b e s t  and r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .

Ihe  p o s s i b i l i t y  t h a t  a  s e p a r a t e  NE v e n t r a l  b u n d le  

system o p e r a t e s  I n d e p e n d e n t l y  from DB and DA i n p u t s  I n  

t h e  m e d i a t i o n  o f  c e n t r a l  rew ard  i s  r a i s e d  i n  s t u d i e s  by 

A r b u t h n o t t  e t  a l . (1970, 1971) and D re s s e  ( 1 9 6 6 ) .  Al­

though t h e i r  c o n c l u s i o n s  a r e  no t  a lw ays  i n  a g r e e m e n t ,  

t h e y  have  shown t h a t  s t i m u l a t i o n  o f  a r e a s  which  r e c e i v e  

p r i m a r i l y  v e n t r a l  bund le  f i b e r s  c a u s e  NE d e p l e t i o n  o f  

v e n t r a l  l im b ic  a r e a s .  M a t t i a c e  ( p e r s o n a l  com m unica t ion )  

p o s t u l a t e d  t h a t  i f  t h i s  I s  i n d e e d  t h e  c a s e ,  ICSS from 

a r e a s  o f  t h e  h y p o th a la m u s  which a r e  h e a v i l y  i n n e r v a t e d  

by t h e  v e n t r a l  b u n d le  (LH-MFB and p e r l f o r n i c a l  r e g i o n )  

shou ld  be d e t r i m e n t a l l y  . a f f e c t e d b b y  l e s i o n s  o f  NA n u c l e i  

i n  th e  pons  and m e d u l l a  which c o n t r i b u t e  t o  t h e  v e n t r a l  

b u n d le .  T h i s  h y p o t h e s i s  f i n d s  t e n t a t i v e  s u p p o r t  i n  

M a t t i a c e ' s  c u r r e n t  s t u d y .



A lthough  MFB-LH and F-H ICSS i s  n o t  d r a s t i c a l l y  r e ­

duced by th e  l e s i o n s ,  and  even  f a c i l i t a t e d  i n  some c a s e s ,  

the  e f f e c t s  a r e  n o t  u n i fo r m .  The r e d u c t i o n s  o f  NS-DB 

ICSS, a l t h o u g h  d r a s t i c ,  a r e  n o t  u n i f o r m  e i t h e r .  From t h e  

r e s u l t s  o f  l e s i o n s  on FB-H d e s c r i b e d  up t o  t h i s  p o i n t ,  

and t h o s e  on NS-DB ICSS y e t  t o  be d e s c r i b e d ,  one t e n a b l e  

c o n c l u s i o n  seems t h e  most e v i d e n t :  The c h a r a c t e r i s t i c s

of  CA i n n e r v a t i o n  t h r o u g h o u t  t h e  h y p o th a la m u s  d i f f e r s  

from s i t e  t o  s i t e .  T h i s  f a c t  h a s  r e c e n t l y  been  c l a r i f i e d  

by L i n d v a l l  and B j o r k l u n d ' s  (197^) e l u c i d a t i n g  s tu d y  of  

CA p a th w ay s .  The r e s u l t s  o f  o u r  s t u d y  a r e  i n  f u l l  

ag reem ent  w i t h  t h e i r  f i n d i n g s .  I t  i s  c l e a r  from o u r  r e ­

s u l t s  t h a t  t h e  m agn i tude  o f  t h e  LC l e s i o n  e f f e c t s  on 

ICSS i s  d e p e n d e n t  on t h e  amount o f  d i f f e r e n t  CA i n p u t s  

to  the  ICSS s i t e .

An added c h a r a c t e r i s t i c  o f  i n t e r e s t  i n  t h i s  VB-H 

group i s  t h e  f a c t  t h a t  1 mg/kg o f  d -am phe tam ine  does  not 

markedly  enhance  I C S S , i n  c o n t r a s t  t o  t h e  DB-NS g r o u p , a n d  

a s  i t  has  g e n e r a l l y  been r e p o r t e d  t o  do a t  o t h e r  CA 

ICSS s i t e s .  I t  i s  q u i t e  p o s s i b l e  t h a t  t h i s  ICSS s y s te m ,  

be ing  m a in ly  n o r a d r e n e r g i c  and g e n e r a l l y  a c t i v a t e d  a t  

low t h r e s h o l d s ,  a l r e a d y  f u n c t i o n s  a t  an o p t i m a l  l e v e l .  

Thus, enhancement  o f  t h e  r e s p o n s i b l e  n e u r o h u m o r a l  s u b ­

s t a n c e  w i l l  no t  g r e a t l y  f a c i l i t a t e  t h e  s y s t e m .  In  a d d i ­

t i o n ,  a  d o se  o f  1 mg/kg o f  d -amphetamine  may b e  t o o



l a r g e  and o v e r - a c t i v a t e  t h e  s y s te m  t o  t h e  e x t e n t  t h a t  no 

c l e a r  b e h a v i o r a l  e f f e c t s  can  be o b s e r v e d .  I f  t h i s  I s  I n ­

deed the  c a s e ,  a s m a l l e r  dose w i l l  p r o d u c e  a. more marked 

enhancement o f  s e l f - s t i m u l a t i o n .  T h i s  h y p o t h e s i s  seems 

t o  be s u p p o r t e d  by t h e  f a c t  t h a t  t h e  e f f e c t  o f  2 mg/kg 

of  d -am phe tam ine  on MFB-LH ICSS t h r e s h o l d s  i s  m arked ly  

s m a l l e r  t h a n  t h e  1 mg/kg d o s e .  At any r a t e ,  t h e  r e s u l t s  

c l e a r l y  show t h a t  t h e  two ICSS s y s t e m s ,  t h e  VB sys tem  

and t h e  DB-SN sys tem ,  r e s p o n d  d i f f e r e n t l y  to  t h e  same 

d oses  of t h i s  p h a r m a c o l o g i c a l  a g e n t .

Ihe  p o s s i b i l i t y  s h o u l d  no t  be  d i s c o u n t e d  t h a t  ICSS 

a t  t h e  MFB-LH may a l s o  be  s u b s e r v e d  by an a d d i t i o n a l  

n e u ro h u m o ra l  s u b s t a n c e  o t h e r  t h a n  t h e  known C A 's .  A 

number of  s t u d i e s  (D a h l s t ro m  & Fuxe ,  1964;  U n g e r s t e d t ,  

1971) h ave  r e v e a l e d  t h a t  t h i s  MFB a r e a  a l s o  r e c e i v e s  

5-HT and a e e t y l c h o l i n e r g i c  i n n e r v a t i o n .  I t  w o u ld ,  t h e r e ­

f o r e ,  n o t  be s u r p r i s i n g  i f  t h e s e  n e u r o h u m o r a l  s u b s t a n c e s  

had a  r o l e  in  t h e  m e d i a t i o n  o f  CISS a t  t h a t  s i t e .

B es id e s  h a v in g  d e m o n s t r a t e d  t h a t  a t  l e a s t  two ICSS 

sys tem s  can f u n c t i o n  i n d e p e n d e n t l y  o f  e a c h  o t h e r ,  t h e  r e ­

s u l t s  o f  t h i s  e x p e r im e n t  make i t  p o s s i b l e  t o  e x p l a i n  t h e  

c o n f l i c t i n g  r e s u l t s  o f  p r e v i o u s  e x p e r i m e n t s .  F o r ,  when­

e v e r  an e x p e r i m e n t  c l a i m s  to  have  d e m o n s t r a t e d  t h a t  ICSS 

in  g e n e r a l  i s  s u b s e r v e d  by one o r  a n o t h e r  s y s t e m  o r  

n e u ro h u m o ra l  s u b s t a n c e ,  one w i l l  now have  t o  c o n s i d e r  t h e



p o s s i b i l i t y  t h a t  what i s  n e c e s s a r y  and s u f f i c i e n t  f o r  one 

sys tem  may not be f o r  a n o t h e r .  A s ec o n d  i m p o r t a n t  c o n s i ­

d e r a t i o n  i s  our f i n d i n g  t h a t  c l o s e  s t r u c t u r e s  w i t h i n  t h e  

hypo tha lam us  a re  not n e c e s s a r i l y  p a r t  o f  t h e  same ICSS 

ne tw o rk .

A number of  e x p e r i m e n t s  have a d d r e s s e d  t h e m s e l v e s  t o  

t h e  i n v e s t i g a t i o n  o f  t h e  i n v o lv e m e n t  o f  t h e  d i f f e r e n t  

monoamines in  t h e  m e d i a t i o n  o f i ’r e w a r d .  Some have  c l a i m e d  

t h a t  l a t e r a l  h y p o th a l a m ic  ICSS i s  m e d ia t e d  by NE ( S t e i n  & 

Wise,  1 9 6 9 ) .  O th e r s  have  shown t h a t  DA (C ooper  e t  a l . ,  

1974) or  5-HT ( S t a r k  e t  a l . ,  1964; G ib so n  e t  a l . ,  1970) 

may be n e c e s s a r y  f o r  t h e  m a in te n a n c e  o f  t h e  ICSS s y s te m .  

Given the  r e s u l t s  o f  t h i s  e x p e r i m e n t ,  i t  i s  q u i t e  p o s s i b l e  

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

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

a  s y s te m  among two o r  more.

E v idence  f o r  the  e x i s t e n c e  o f  d i f f e r e n t  NE ICSS s y s ­

tems s tems from C l a v i e r  and R o u t t e n b e r g ' s  (1973)  i n v e s ­

t i g a t i o n  o f  t h e  r o l e  of  th e  m onoam ine rg ic  p a th w ay s  i n  

ICSS by way o f  l e s i o n i n g  h y p o t h a l a m i c  ICSS s i t e s .  The 

c o n c l u s i o n s  from t h e i r  e x t e n s i v e  and c a r e f u l  s t u d y  i s  

t h a t  th e  main m onoam inerg ic  i n p u t s  f o r  ICSS r i s e  from t h e  

LC v i a  th e  NA DB and t h e  DA s y s t e m s  o r i g i n a t i n g  from a r e a s  

A9 and A10. A l th o u g h  t h e y  m in im ize  VB in v o lv e m e n t  i n  

ICSS b e h a v i o r ,  t h e y  d i d  f i n d  t h e  MFB l e s i o n s  c a u s e  d e ­



g e n e r a t i o n s  a lo n g  the  VB as w e l l .

In  summary, t h e  s t u d i e s  by S t e i n  and  Wise ( 1 9 6 9 ) ,  

D re sse  (1966) and  b o t h  A r b u t h n o t t  e t  a l .  (1 9 7 0 ,  1971)  on 

one h a n d ,  and  C l a v i e r  and R o u t t e n b e r g  (197*0 on  t h e  o t h e r  

s u p p o r t  o u r  c o n t e n t i o n  t h a t  DB and VB ICSS s y s t e m s  a r e  

i n d e p e n d e n t  and d i f f e r e n t i a b l e .

At t h i s  p o i n t ,  the  enigma t o  be s o l v e d  i s  t h e  r e l a ­

t i o n s h i p  be tween DA ICSS and DB ICSS. As m e n t io n e d  b e ­

f o r e ,  no known n e u r o a n a t o m i c a l  c o n n e c t i o n s  b e tw e e n  t h o s e  

sy s te m s  have  been d e s c r i b e d .  In  t e rm s  o f  t h e  r e s u l t s  ob­

t a i n e d  i n  t h i s  e x p e r i m e n t ,  i t  i s  n o t  s u r p r i s i n g  t h a t  

s e l f - s t i m u l a t i o n  from the  h y p o t h a l a m i c  a r e a  a s s o c i a t e d  

w i th  t h e  DB i s  re d u c ed  by LC l e s i o n s .  I n  a d d i t i o n ,  how­

e v e r ,  s e l f - s t i m u l a t i o n  i s  p r a c t i c a l l y  a b o l i s h e d  from t h e  

h y p o th a l a m ic  a r e a  t h r o u g h  which the  DA sy s te m s ,  s temming 

from t h e  S N ,p a s s .  A ls o ,  ICSS i n  b o t h  s u b j e c t s  w i t h  SN 

e l e c t r o d e s  was d r a s t i c a l l y  a f f e c t e d  by t h e  l e s i o n .  Ac­

c o r d i n g l y ,  P h i l l i p s  and P i b i g e r ' s  (1973)  c l a i m  t h a t  t h e  

NA and DA sys tem s  a r e  s e p a r a t e  i s  n o t  b o r n e  o u t  by t h e  

r e s u l t s  o f  t h i s  e x p e r i m e n t .  On t h e  o t h e r  h and ,

B e l l u z z i  e t  a l . ’ s (197*0 c la im  t h a t  SN s e l f - s t i m u l a t i o n  

i s  NA r a t h e r  t h a n  DA does  n o t  seem t e n a b l e  i n  l i g h t  o f  

the  f i n d i n g  t h a t  bo th  d -  and 1 -am phe tam ine  e q u a l l y  e n ­

hance  ICSS a t  t h i s  s i t e .  The r e s u l t s  o f  t h i s  e x p e r im e n t  

seem t o  i n d i c a t e  an  i n t r i c a t e  r e l a t i o n s h i p  b e tw ee n  t h e



LC-DB and DA-NS s y s t e m s .  T h i s  r e l a t i o n s h i p  and i n t e r a c ­

t i o n  between b o t h  sys tem s  does  n o t  t a k e  p l a c e  a t  t h e  SN, 

but r a t h e r  a t  t h e  h y p o tha lam us  o r  more a n t e r i o r  s i t e .

Some e v id e n c e  s u p p o r t i n g  t h i s  h y p o t h e s i s  i s  o b t a i n e d  

from Huang and  R o u t t e n b e r g * s  (1970)  s t u d y .  They found 

t h a t  l e s i o n s  of  h y p o t h a l a m i c  s e l f - s t i m u l a t i o n  s i t e s  

p roduced  d e g e n e r a t i o n  o f  f i b e r s  t r a c e a b l e  t o  t h e  SN p a r s  

compacta .  I n  a d d i t i o n ,  SN p a r s  com pac ta  l e s i o n s  r e s u l t e d  

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

S t i m u l a t i o n  o f  t h e  LH r e s u l t e d  i n  a  d e c r e a s e  o f  a c t i v i t y  

i n  n eu rons  l o c a t e d  i n  t h e  SN p a r s  c o m p a c ta .  They con­

c lude  t h a t  "an i n t i m a t e ,  t h o u g h  p o o r l y  u n d e r s t o o d  r e l a ­

t i o n  b e tw ee n  t h e  l a t e r a l  h y p o th a la m u s  and  s u b s t a n t i a  

n i g r a  p a r s  compacta"  (p .  *130) i s  i n d i c a t e d  by t h e i r  con­

v e r g e n t  d a t a .  Of g r e a t  i n t e r e s t  t o  our  h y p o t h e s i s  i s  

t h e i r  f i n d i n g  t h a t  l e s i o n i n g  o f  t h e  H2 F i e l d s  o f  F o r e l  

d id  not p roduce  c h r o m a t o l y s i s  i n  t h e  l a t e r a l  h y p o th a l a m u s .  

However, th e y  were a b l e  t o  d e m o n s t r a t e  c h r o m a t o l y s i s  i n  

th e  SN p a r s  compacta  f o l l o w i n g  l e s i o n s  a t  t h e  H2 F i e l d s  

o f  F o r e l  ICSS s i t e .  They e x p r e s s e d  t h e i r  u n c e r t a i n t y  

"w he the r  s e l f - s t i m u l a t i o n  from H2 F i e l d s  o f  F o r e l  depends  

on t h e  i n t e g r i t y  o f  f i b e r s  r u n n i n g  from MFB t o  H2" (p .  

*131).

The r e s u l t s  o f  th e  p r e s e n t  s t u d y  p r o p o s e  an ICSS 

model which w i l l  e x p l a i n  t h e  i n t e r a c t i o n  and  r e l a t i o n -



s h ip  be tw een  DB and NS ICSS. I n  a d d i t i o n ,  i t  w i l l  t r y  t o  

i n t e r g r a t e  c o n f l i c t i n g  r e s u l t s  from p r e v i o u s  s t u d i e s .

The ICSS i n t e r a c t i o n  between t h e  d i f f e r e n t  s y s t e m s  can  

be e x p l a i n e d  in  te rm s  o f  a  DB p o t e n t i a t i o n  r o l e  i n  SN 

and NS ICSS. A l e s i o n  o f  t h e  LC would  r e d u c e  t h e  NA i n ­

n e r v a t i o n  a t  t h e  p o i n t  o f  i n t e r a c t i o n  be tw een  t h e  DB and 

NS s y s t e m s .  Once t h i s  o c c u r s ,  ICSS from t h e  DA sys tem  

i s  a b o l i s h e d .  The f a c t  t h a t  DB ICSS was n o t  a b o l i s h e d ,  

w hereas  SN and NS ICSS were  e i t h e r  c o m p l e t e l y  a b o l i s h e d  

o r  m ark e d ly  r e d u c e d ,  can  be i n t e r p r e t e d  in  t e rm s  o f  t h e  

l e v e l s  of  NE needed  in  o r d e r  t o  m a i n t a i n  DA ICSS, and 

a l s o  i n  te rm s  o f  s y n a p t i c  m e d i a t i o n  o f  t h e  i n t e r a c t i o n  

be tween both  sy s te m s .  Thus ,  i f  t h e  LC l e s i o n  r e d u c e s  

the  a v a i l a b l e  NE i n  t h e  DB sys tem  by 50%, t h i s  amount 

would s t i l l  be s u f f i c i e n t  t o  a t  l e a s t  p a r t i a l l y  s u s t a i n  

th e  b e h a v i o r .  However,  t h i s  may n o t  be t h e  c a s e  i n  

t e m s  of  t h e  NA p o t e n t i a t i o n  o f  t h e  DA s y s t e m ,  f o r  i f  

the  amount o f  s t i m u l a t i o n  o f  t h e  DA sy s tem  which  would  

n o rm a l ly  be s u f f i c i e n t  to  p roduce  ICSS p r o d u c e s  s y n a p t i c  

t r a n s m i s s i o n  i n t o  t h e  DB s y s t e m ,  w h ich  i n  t u r n  m e d i a t e s  

the  r e i n f o r c i n g  p r o p e r t i e s  o f  ICSS, t h i s  same amount o f  

s t i m u l a t i o n  on t h e  DA s y s te m  may n o t  be s u f f i c i e n t  t o  

e x c i t e  the  DB, now f u n c t i o n i n g  a t  50% o f  i t s  c a p a c i t y .

I f  t h i s  were i n  f a c t  th e  c a s e ,  t h e  LC s y s te m  would  be 

i m p l i c a t e d  in  a u n iq u e  r o l e  a s  a p o t e n t i a t o r  o f  ICSS. 

However,  i f  t h i s  were t h e  r o l e  o f  t h e  LC s y s t e m ,  i t  seems



a t  l e a s t  a t  f i r s t  g l a n c e ,  d i f f i c u l t  t o  e x p l a i n  t h e  r e ­

s u l t s  of t h e  p r e - l e s i o n  d- and 1 -am p h e tam in e  p a r a d ig m .

I t  would have been  e x p e c t e d  t h a t  1 -am phe tam ine  be a s  

e f f e c t i v e  as  d -am phe tam ine  i n  e n h a n c i n g  ICSS, s i n c e  we 

a re  a l s o  d e a l i n g  w i t h  a DA s y s t e m .  However ,  t h e  p o s t u l a ­

t i o n  o f  a NA p o t e n t i a t i o n  sys tem  e x p l a i n s  t h e s e  r e s u l t s .  

I f  t h e  m e d i a t o r  o f  ICSS i n  t h i s  sys tem  i s  t h e  DB, which 

a l s o  p o t e n t i a t e s  th e  DA p a th w ay s ,  t h e n  i t  i s  t h e  e n h a n c e ­

ment o f  NE r e l e a s e  which  w i l l  f a c i l i t a t e  ICSS, r a t h e r  

th a n  1 -am p h e tam in e ,  which would n o t  a c t  on th e  p o t e n t i a ­

t o r .  In  a d d i t i o n ,  d -am phe tam ine  a l s o  e n h a n c e s  dopamine 

and the  r e s u l t s  r e f l e c t  an  a d d i t i v e  e f f e c t  o f  d - a m p h e ta ­

mine on bo th  CA's .  The p o s t - l e s i o n  d -  and 1 - a n p h e ta m i n e  

r e s u l t s  a l s o  t e n d  t o  s u p p o r t  th e  p o s t u l a t e d  r o l e  o f  t h e  

LC as a  p o t e n t i a t i n g  s y s t e m  i n  t h e  mechanisms o f  ICSS.

The f a c t  t h a t  a  t e m p o r a r y  r e t u r n  o f  r e s p o n s e  r a t e s  t o  

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

o f  d -am phe tam ine ,  i n d i c a t e s  t h e  n e c e s s i t y  o f  t h i s  t r a n s ­

m i t t e r  s u b s t a n c e  i n  t h e  m e d i a t i o n  o f  ICSS i n  b o t h  t h e  DA 

and NA s y s t e m s .

I f  t h e  l e s i o n  r e s u l t s  o f  r e p r e s e n t a t i v e  s u b j e c t s  

a r e  p l o t t e d  a s  power  f u n c t i o n s  by  t r a n s f o r m i n g  t h e  i n t e n ­

s i t y  and r a t e  v a l u e s  i n t o  l o g a r i t h m i c  s c a l e s ,  t h e  r e s u l t s  

g ive  f u r t h e r  i n f o r m a t i o n  a b o u t  th e  mechanisms o f  t h e  r e ­

ward s y s t e m s .  F i r s t ,  i t  w i l l  be  assumed t h a t  no changes



i n  th e  p o s t - l e s i o n  f u n c t i o n  a s  compared  t o  t h e  p r e ­

l e s i o n  f u n c t i o n  i n d i c a t e s  t h a t  the  s y s t e m  has  n o t  b e en  

a f f e c t e d .  Second ,  t h e  p o s s i b l e  c h an g es  i n  a  p o s t - l e s i o n  

f u n c t i o n  w i l l  r e f l e c t  t h e  new s t a t e s  i n  t h e  s y s te m  t h e  

f o l l o w i n g  way: a change  i n  th e  i n t e r c e p t  a l o n e ,  b u t  no t

the  s l o p e ,  i s  r e f l e c t i v e  o f  a  q u a n t i t a t i v e  b u t  n o t  q u a ­

l i t a t i v e  change .  I n  t e rm s  o f  ICSS,  t h i s  would  mean t h a t ,  

e x p e r i e n t i a l l y ,  t h e  r e t a r d i n g  p r o p e r t i e s  and  t h e  r e l a ­

t i o n s h i p  be tween t h e  s t i m u l u s  and t h e  s e n s a t i o n  o f  r e ­

ward have n o t  b e e n  a f f e c t e d .  However,  t h e  s t i m u l u s  i n ­

t e n s i t y  n e c e s s a r y  f o r  th e  b e h a v i o r  has  c h an g e d .  T h i s  

c o u ld  r e f l e c t  a  d e c r e a s e  o r  i n c r e a s e  i n  t h e  n e u r o h u m o r a l  

t r a n s m i t t e r  i n v o l v e d .  An example o f  su ch  a  c a s e  would  be 

the  e f f e c t s  o f  d -amphetam ine  on th e  r a t e - i n t e n s i t y  f u n c ­

t i o n ,  where t h e  whole f u n c t i o n  i s  s h i f t e d  t o  t h e  l e f t  

S t e i n e r  & S t o k e l y ,  1973) .  I n  a  power c u rv e  r e p r e s e n t a ­

t i o n ,  i t  would d i f f e r  from th e  s a l i n e  RI f u n c t i o n  i n  

te rm s  of  a h i g h e r  i n t e r c e p t  v a l u e ,  b u t  no s l o p e  c h an g e .

A change  i n  t h e  s l o p e ,  however ,  would r e f l e c t  t h a t  

the  q u a l i t a t i v e ,  o r  e x p e r i e n t i a l ,  a s p e c t  o f  t h e  s t i m u l u s -  

s e n s a t i o n  r e l a t i o n s h i p  h a s  c h an g e d .  I n  o t h e r  w o rd s ,  t h e  

rew ard  p r o p e r t i e s  o f  th e  s t i m u l a t i o n  h ave  b e en  a l t e r e d .  

F ig u r e  53 i l l u s t r a t e s  th e  l o g - l o g  f u n c t i o n  o f  p r e - l e s i o n  

and p o s t -L - B L  and R-BL i n  f o u r  s u b j e c t s  r e p r e s e n t i n g  e a c h  

ICSS group (CC-H, D -H ,  MFB-LH, and  SN). Sequence  A



( s u b j e c t  96E) shows t h a t  th e  p r e -  and p o s t - l e s i o n  f u n c ­

t i o n s  do not d i f f e r  i n  e i t h e r  s l o p e  o r  i n t e r c e p t  m e a s u r e s .  

The r e s u l t s  a re  d i f f e r e n t ,  h o w e v e r ,  i n  t h e  o t h e r  t h r e e  

g ro u p s .  The two D-H group s u b j e c t s  show an e f f e c t  i n  

bo th  the  i n t e r c e p t  and t h e  s l o p e  v a l u e s  ( F i g u r e  5 3 ) -  In  

o t h e r  w o rd s ,  the  LC l e s i o n  h a s  n o t  o n ly  d r a s t i c a l l y  r e ­

duced th e  r e i n f o r c i n g  p r o p e r t i e s  o f  t h i s  s y s t e m ,  b u t  

the  c h a r a c t e r i s t i c s  o f  t h e  s t i m u l a t i o n  have  b e e n  c h an g e d .  

In  t e rm s  of  the  s t i m u l u s - s e n s a t i o n  r e l a t i o n s h i p ,  t h e  sub­

j e c t  i s  now r e s p o n d i n g  t o  an e x p e r i e n t i a l l y  d i f f e r e n t  

sys tem.  A l th o u g h  t h e  SN s u b j e c t ' s  (1G) f u n c t i o n s  d i f f e r  

i n  t e r m s  of bo th  t h e  s l o p e  and t h e  i n t e r c e p t  ( o r  t h r e s h ­

o l d ) ,  th e  l a t t e r  ha s  no t  been  as d r a s t i c a l l y  i n c r e a s e d  

a s  i n  th e  DB-NS g ro u p .  Thus ,  th e  q u a n t i t a t i v e  v a l u e  o f  

the  s t i m u l a t i o n  a t  low i n t e n s i t i e s  has  n o t  b e e n  d r a s t i c ­

a l l y  changed ,  but t h e  s t i m u l a t i o n - s e n s a t i o n  r e l a t i o n s h i p  

has been g r e a t l y  a l t e r e d .

Th is  p s y c h o p h y s i c a l  a n a l y s i s  o f  t h e  d a t a  c o n f i r m s
r "

the  p r e v i o u s l y  s t a t e d  h y p o t h e s i s  t h a t  t h e  MFB-LH ICSS i s  

not a f f e c t e d  by th e  LC l e s i o n s  and may be p a r t  o f  a 

d i f f e r e n t  ICSS s y s t e m .  However,  t h e  d i f f e r e n t i a l  e f f e c t s  

of the  l e s i o n  on t h r e s h o l d  i n t e n s i t i e s  ( i n t e r c e p t )  i n  t h e  

DB-NS g ro u p ,  on one h a n d ,  and  SN group on t h e  o t h e r ,  may 

add i n f o r m a t i o n  a s  t o  the  r e l a t i o n s h i p  b e tw ee n  t h e s e  two 

s y s te m s .  The f a c t  t h a t  t h e  q u a l i t y  o f  th e  ICSS i n  b o t h
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sys tem s  h a s  been a l t e r e d  b y  th e  LC l e s i o n  r e f l e c t s  t h e  

r e l i a n c e  o f  t h e i r  rew ard  p r o p e r t i e s  on t h e  i n t e g r i t y  o f  

th e  LC-DB. The s u r p r i s i n g l y  s m a l l e r  e f f e c t  on SN-ICSS 

t h r e s h o l d  c o u ld  be e x p la i n e d  by  p o s t u l a t i n g  an axoaxom ic 

c o n n e c t io n  be tw een  t h e s e  two s y s te m s  a t  a l e v e l  a n t e r i o r  

to  the  SN.

In o r d e r  to  u n d e r s t a n d  t h e  i n t e r a c t i o n  b e tw een  th e  

DA SN system  and t h e  NA LC s y s te m ,  a  number o f  f a c t o r s  a l ­

read y  d e s c r i b e d  in  th e  I n t r o d u c t i o n  s h o u ld  be r e s t a t e d .  

F i r s t ,  P h i l l i p s  and F L b ig e r  (1973 ) have shown t h a t  d -  and 

1-am phetam ine have an e q u i v a l e n t  enhancem en t on SN ICSS. 

Second, C ooper e t  a l .  (1974 ) c la im  t h a t  t h e  e n h a n c in g  

p r o p e r t i e s  o f  d -am phe tam ine  on h y p o th a la m ic  ICSS a re  no t 

o b se rv ed  i f  th e  DA sy s te m  i s  d i s r u p t e d .  I f  t h i s  i s  in d e e d  

th e  c a s e ,  th e  am phetam ine e f f e c t s  on p o s t-L C  l e s i o n  ICSS 

r e p o r t e d  i n  t h i s  e x p e r im e n t  i n d i c a t e  t h a t  t h e s e  l e s i o n s  

have n o t  d i s r u p t e d  t h e  DA sy s tem . The i n t e r a c t i o n  b e ­

tween th e  SN and t h e  LC sy s tem  c o u l d ,  t h e r e f o r e ,  be e x ­

p l a i n e d  t h e  f o l l o w i n g  way: S t i m u l a t i o n  o f  t h e  SN p r o ­

duces e x c i t a t i o n  o f  t h e  LC sy s te m  by  way o f  a  s y n a p t i c  

dcpamine t r a n s m i s s i o n .  T h e r e f o r e ,  b o th  t h e  d -  and 1 -  

iso m ers  w hich  a f f e c t  DA and NE e q u a l l y , w i l l  en h an c e  ICSS 

e l i c i t e d  from  th e  SN. I n  te rm s  o f  t h e  a b o v e -m e n t io n e d  

LC l e s i o n  e f f e c t s  can SN ICSS, t h i s  i n n e r v a t i o n  o f  t h e  LC 

system  by t h e  SN f i b e r s  would  s t i l l  o c c u r  i f  t h e  LC ICSS
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system  had n o t  been c o m p le te ly  a b o l i s h e d .  T h u s ,  th e  

e f f e c t s  o f  t h e  LC l e s i o n  on SN ICSS would n o t  be a s  d r a s ­

t i c  a t  t h r e s h o l d  i n t e n s i t i e s ,  w hich  r e f l e c t  t h e  e l i c i t a ­

t i o n  o f  an a c t i o n  p o t e n t i a l  o f  t h e  LC-DB f i b e r s ,  a s  on 

th e  o v e r a l l  RI f u n c t i o n  w hich  depends  on  th e  NE l e v e l s  

a t  th e  DB t e r m i n a l s .  I t  i s  p r e d i c t e d  from  t h i s  model 

t h a t  a-SN l e s i o n  w i l l  n o t  a f f e c t  DB o r  LC ICSS, s in c e  

th e  DB-LC re w a rd  sy s te m  i s  not d e p e n d e n t  on th e  i n t e g r i t y  

of th e  SN. F ig u r e  55 i s  a  s c h e m a t ic  r e p r e s e n t a t i o n  o f  

th e  p ro p o se d  SN-DB m odel o f  i n t e r a c t i o n .

H o v j  does  t h i s  DB-NS ICSS sy s te m  c o r r e s p o n d  t o  t h e  

p o s t u l a t e d  REM-ICSS sy s tem ?  We had p o s t u l a t e d  t h a t  th e  

REM-ICSS s y s te m  m e d ia te s  t h e  n o n - s p e c i f i c  ICSS and t h e  

s p e c i f i c  " d r iv e "  b e h a v i o r  s y s te m s .  The f i r s t  p a r t  o f  th e  

h y p o th e s i s  i s  p a r t i a l l y  s u p p o r te d  by t h e s e  r e s u l t s .  I t  

a p p e a rs  t h a t  th e  LC, i n  a d d i t i o n  t o  m e d i a t i n g  t h e  DB ICSS 

sy s tem , a c t s  as a p o t e n t i a t o r  o f  t h e  DA=ICSS s y s te m .  At 

t h i s  p o i n t  i n  t i m e ,  i t  seems t h a t  MFB-ICSS i s  l a r g e l y  i n ­

d ep en d en t o f  th e  REM n e tw o rk .  However, a  number o f  f a c ­

t o r s  must be ta k e n  i n t o  a c c o u n t .  I t  i s  v e r y  p o s s i b l e  

t h a t  c o m p le te  a b o l i t i o n  o f . a l l  ICSS a c t i v i t y  w i l l  r e q u i r e  

a  b i l a t e r a l  d e s t r u c t i o n  o f  t h e  REM s l e e p  c e n t e r .  In  a d d i ­

t i o n ,  a l th o u g h  th e  s l e e p  d a ta  t e n d s  t o  show t h a t  t h e  LC 

i n  th e  r a t  i s  in v o lv e d  i n  t h e  m echanism s o f  REM s l e e p ,  

o th e r  a r e a s  i n  t h e  pons may a l s o  be i n v o l v e d .  Hobson and



McCarley (1973) have  c la im e d  t h a t  In  t h e  c a t ,  n u c l e i  

which l i e  v e n t r a l  to  th e  LC r e g u l a t e  REM s l e e p .

The r o l e  o f  th e  REM-ICSS sy s te m  I n  t h e  m e d ia t io n  o f  

" d r i v e " ,  o r  SB b e h a v i o r s ,  i s  to u c h e d  on i n  some p i l o t  

d a ta  g a th e r e d  i n  t h i s  e x p e r im e n t .  S u b je c t  57E, i n  a d d i ­

t i o n  to  s u p p o r t i n g  ICSS from i t s  MFB e l e c t r o d e ,  was 

a l s o  a  SB e a t e r .  I t  was fo u n d  t h a t ,  a l th o u g h  l e s i o n i n g  

o f  th e  LC p ro d u c e d  on ly  a  te m p o ra ry  r e d u c t i o n  i n  ICSS, 

th e  t h r e s h o l d  f o r  SB e a t i n g  was d r a s t i c a l l y  r a i s e d  a f t e r  

th e  l e s i o n ,  and rem a ined  r a i s e d  f o r  t h e  d u r a t i o n  o f  th e  

e x p e r im e n t ,  lo n g  a f t e r  ICSS had  r e t u r n e d  t o  p r e - l e s i o n  

l e v e l s  (T a b le  1 3 ) .  T h is  d a ta  g iv e s  t e n t a t i v e  s u p p o r t  t o  

th e  n o t i o n  t h a t  th e  ICSS sy s te m  s u b s e r v e d  by t h e  LC i n ­

c lu d e s  th e  s p e c i f i c  s y s te m  t h a t  m e d ia te s  SB b e h a v i o r s ,  

and t h a t  t h e s e  b e h a v i o r s  a r e  n o t p a r t  o f  t h e  VB s y s te m .

In a d d i t i o n  to  t h e  p o s t u l a t e d  r o l e  o f  t h e  REM-ICSS 

system  i n  NE and DA ICSS and  " d r iv e "  b e h a v i o r s  p a r t i a l l y  

s u p p o r te d  by t h i s  s tu d y ,  th e  r e s u l t s  o f  t h i s  e x p e r im en t  

add an  a d d i t i o n a l  com ponent t o  t h e  REM-ICSS sy s te m  in  

te rm s o f  t h e  r o l e  o f  r e in f o r c e m e n t  and m o t i v a t i o n  i n  

l e a r n e d  b e h a v i o r s .  A num ber o f  s t u d i e s  have  shown t h a t  

lo n g - te rm  r e t e n t i o n  i s  d e p e n d e n t  on REM s l e e p  ( F i s h b e i n ,  

1967, 1970;  L e c o n te  e t  a l . ,  1 9 7 3 ) .  In  a d d i t i o n ,

A n ze la rk  e t  a l .  (1973) have shown t h a t  b i l a t e r a l  LC l e ­

s io n s  p ro d u ce  l e a r n i n g  d e f i c i t s .  Z is  e t  a l . (1 9 7 ^ )
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d e m o n s t r a t e d  t h a t  SN l e s i o n s  I n t e r f e r e  w i t h  t h e  a c q u i s i ­

t i o n  o f  l e a r n e d  i n s t r u m e n t a l  r e s p o n s e s .  The SN and i t s  

c ru s  c e r e b r i  t r a c t s  have  b een  d e s c r i b e d  a s  a " w a y - s t a t i o n "  

in  c o r t i c a l  e x t r a p y r a m id a l  d i s c h a r g e  ( E l l i o t t ,  1 9 6 9 ) .

I h u s ,  th e  SN, p l a y i n g  a m a jo r  r o l e  i n  t h e  m o d u la t io n  o f  

motor o u t f l o w ,  i s  a l s o  in v o lv e d  in  l e a r n i n g .  I t  i s  p o s ­

t u l a t e d  t h a t  th e  f u n c t i o n i n g  o f  t h i s  s p e c i f i c  s y s te m  

r e l i e s  on t h e  i n t e g r i t y  o f  t h e  REM-ICSS sy s tem  and i t s  

m e d ia t io n  o f  r e i n f o r c e m e n t ,  i n  o t h e r  w o rd s ,  th e  f i r i n g  

o f  th e  n o n - s p e c i f i c  ICSS sy s te m .  T h u s ,  n o t  o n ly  a r e  

" d r iv e "  b e h a v io r s  m e d ia te d  by t h e  REM-ICSS s y s te m ,  b u t  

t h i s  s y s te m ,  b e c a u s e  of i t s  r e i n f o r c e m e n t  m e d ia t io n  p r o ­

p e r t i e s ,  i s  n e c e s s a r y  f o r  th e  o c c u r r e n c e  o f  l e a r n i n g .

This  h y p o th e s i s  can be c a r r i e d  f u r t h e r  i n t o  t h e  r o l e  o f  

the  LC i n  t h e  o n to g e n s i s  o f  th e  o rg a n is m s  and i t s  a c q u i ­

s i t i o n  of a d a p t i v e  b e h a v i o r s .  Such b e h a v io r s  w ould  be 

i n t e r n a l l y  r e i n f o r c e d  b y  t h e  f i r i n g  o f  t h e  REM-ICSS s y s ­

tem. ( I t  i s  m eed less  t o  say  t h a t  t h e  o r g a n i s m ’s e x p e r ­

ie n c e  of p o s i t i v e  r e i n f o r c e m e n t  t h r o u g h  t h e  f i r i n g  o f  

the  REM-ICSS sy s te m  w i l l  o c c u r  w i th o u t  t h e  a r t i f i c i a l l y  

s u p p l i e d  e l e c t r i c a l  s t i m u l a t i o n . )  T h e r e f o r e ,  th e  o rg a n ­

ism w i l l  a c q u i r e  i t s  b e h a v i o r a l  r e p e r t o i r e  i n  t h e  form  o f  

m otor o u tp u t  th ro u g h  t h e  m o d u la t io n  o f  p o s i t i v e  r e i n f o r c e ­

ment by th e  REM-ICSS s y s te m .  T h i s  h y p o t h e s i s ,  t h e r e f o r e ,  

a l s o  e x p l a i n s  t h e  r e s u l t s  r e l a t i n g  l e a r n i n g  t o  REM s l e e p ,
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th e  LC, and  th e  SN.

In c o n t r a s t  t o  Olds and Olds (1 9 6 9 )  f i n d i n g  t h a t  

t h e  l e s i o n s  t h a t  most a f f e c t  ICSS a r e  c lo s e  t o  th e  e l e c ­

t r o d e  s i t e  and l a r g e  in  s i z e ,  we have  fo u n d  t h a t  s m a l l ,  

d i s t a n t ,  and s p e c i f i c  u n i l a t e r a l  l e s i o n s  a r e  c a p a b le  o f  

a b o l i s h i n g  a  c o m p le te  ICSS s y s te m .  These  f i n d i n g s  i n d i ­

c a t e  t h a t  the  LC, w hich  i s  i n v o lv e d  i n  t h e  m echanism s o f  

REM s l e e p ,  m e d ia te s  an ICSS sy s te m  by way o f  i t s  own p a r ­

t i c u l a r  pa thw ays  and by p o t e n t i a t i n g  a d e p e n d e n t  DA s y s ­

tem. T hus , th e  r e s u l t s  o f  t h i s  e x p e r im e n t  a t  l e a s t  

p a r t i a l l y  s u p p o r t  th e  n o t i o n  o f  a REM-ICSS s y s te m ,  and 

add a  new and e x c i t i n g  d im e n s io n  t o  t h e  i n t e r a c t i o n  b e ­

tween t h i s  system  and th e  s u b s t n a t i a  n i g r a  DA s y s te m .

This  d im en s io n  i s  i n  t h e  n a t u r e  o f  a  REM-ICSS n e tw o rk  I n ­

v o lv ed  in  t h e  r e i n f o r c e m e n t  p r o p e r t i e s  o f  m o t iv a te d  and 

l e a r n e d  b e h a v i o r s .
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TABLE 1

S u b j e c t  Groups -  ICSS S i t e s  Aimed F o r

Group N Im p la n ts
N w i th  

r e c o r d i n g  
e l e c t r o d e s

LC-LH 14 B i l a t e r a l 10

16 U n i l a t e r a l 6

LC-SN-LH 8 U n i l a t e r a l 2

LC-ZI 6 U n i l a t e r a l 4

44 22



TABLE 2

P e r c e n t a g e  D e s t r u c t i o n  o f  LC and A d ja c e n t  A reas  by E l e c t r o l y t i c  L e s io n
f -------—

S if L e v e l LC DB VB MLF Mesc
V

SCP-
BC DTN

60# A n t e r i o r  po n s 100% 100% 0 100% 100% 20% 100%

T r a n s i t i o n a l  a r e a 100% 100% 0 100% 100% 30* 100%

P o s t e r i o r  m id b ra in (100%) 100% 15% 100% 100% 40% 100%

68E A n t e r i o r  po n s 100% 100% 0 0 100% 90* 20%

T r a n s i t i o n a l  a r e a 100% 100% 35* 100% 100% 100% 100%

P o s t e r i o r  m id b r a in (100%) 100% 25% 100% 0 0 100%

76E A n t e r i o r  pons 100% 100% 0 0 100% 20% 70%

T r a n s i t i o n a l  a r e a 100% 100% 0 0 50% 20% 50%

P o s t e r i o r  r a id b ra in ( 40%) 100% 10% 0 0 0 0

86e A n t e r i o r  p o n s 100% 90% 0 0 100% 100% 0

T r a n s i t i o n a l  a r e a 100% 100% 5* 0 95* 30* 40%

P o s t e r i o r  m id b r a in ( 65%) 80% 0 0 50* 15*
CO

0
i t i n u e d



TABLE 2 (c o n t in u e d )

s  # L e v e l LC DB VB MLF Mese
V

SCP-
BC DTN

7P A n t e r i o r  p o n s 15? 20? 0 0 50? 0 0

T r a n s i t i o n a l  a r e a 40? 70? 0 0 . 100? 30? 0

P o s t e r i o r  m id b r a in (100?) 100? 0 0 100? 10? 0

70P A n t e r i o r  pons 10% 0 0 0 80? 0 0

T r a n s i t i o n a l  a r e a 100% 100? 0 0 100? 50? 95?

P o s t e r i o r  m id b r a ln ( 20%) 50? 0 0 0 0 0

69F A n t e r i o r  pons 4o? 0 0 0 0 0 0

T r a n s i t i o n a l  a r e a 100% 100? 0 0 100? 20? 20?

P o s t e r i o r  m id b r a i n ( 95%) 0 0 0 0 0 0

92F A n t e r i o r  p o n s 95% 95? 0 0 100? 70? 0

T r a n s i t i o n a l  a r e a 100% 100? 0 0 100? 95? 5?

P o s t e r i o r  m id b r a in ( 0 ) 100? 15? 0 0 0 0

57E A n t e r i o r  pons 10055 100? 0 0 80? 0 70?

T r a n s i t i o n a l  a r e a 100? 100? 0 100? 100? 80?
con t

100?
. in u e d



TABLE 2 (c o n t in u e d )

s  # L e v e l LC DB "VB MLF Ms sc  
V

SCP-
BC DTN

P o s t e r i o r  m id b r a in ( 1 0 0 %) 1 0 0 % 0 1 0 0 % 1 0 0% 1 0 0 % 1 0 0 %

75E A n t e r i o r  p o n s 6 5 % 0 0 0 0 0 0

T r a n s i t i o n a l  a r e a 8 0 % 4 0 % 0 0 4 0 % 0 4 0 %

P o s t e r i o r  m id b r a in ( 0 ) 1 5 % 0 0 0 0 0

78E A n t e r i o r  pons 1 5 % 0 0 0 0 0 0

T r a n s i t i o n a l  a r e a 100% 7 0 % 0 0 4 0 % 1 5 % 0

P o s t e r i o r  m id b r a in ( 1 0 0 %) 8 0 % 5 % 100% 9 0 % 2 0 % 0

96E A n t e r i o r  po n s 9 5 % 6 0 % 0 0 5 % 5% 0

T r a n s i t i o n a l  a r e a 100% 7 0 % 0 0 6 0 % 5 % 5 %

P o s t e r i o r  m id b r a in ( 9 0 %) 7 0 % 0 0 6 0 % 5 % 0

1 5 P A n t e r i o r  po n s 0 0 0 0 0 0 0

T r a n s i t i o n a l  a r e a 1 00% 9 0 % 0 0 9 0 % 1 5 % 90%

P o s t e r i o r  m id b r a in ( 9 0 % 3 0 % 0 4 0 % 0 0

c<

0

a n t in u e d



TABLE 2 (c o n tin u e d )

s  # L e v e l LC DB VB MLF Mesc
V

SCP-
BC DTN

1G A n t e r i o r  pons 70% 0 0 0 100? 0 0

* T r a n s i t i o n a l  a r e a 100? 30? 0 0 100? 20? HO?

P o s t e r i o r  m id b ra in ( 50?) 20? 0 0 0 0 0

6 2E A n t e r i o r  pons 0 0 0 0 0 0 0

T r a n s i t i o n a l  a r e a 50% 20? 0 0 50? 15? 0

P o s t e r i o r  m id b r a in (1 0 0 %) 60? 20?* 0 70? 20? 0

10F A n t e r i o r  pons 80? 0 0 0 0 U 30?

T r a n s i t i o n a l  a r e a 30? 0 0 0 0 0 70?

P o s t e r i o r  m i d b r a i n ( 0 ) 0 0 0 0 0 0

95E A n t e r i o r  p o n s 0 0 0 0 0 0 0

T r a n s i t i o n a l  a r e a 100? 95% 0 0 90? 70? 20?

P o s t e r i o r  m i d b r a i n (1 0 0 ?) 100? 30? 80? 100? 90? 100?

95E* A n t e r i o r  pons 90?* 0 ,;* 0 0 10?* 5?* 10?*

T r a n s i t i o n a l  a r e a 90? 10?* 0 0 90?* 5%*
con

20?*
t i n u e d



TABLE 2 (c o n t in u e d )

s  # L e v e l LC DB

P o s t e r i o r  m i d b r a i n (100?)* 60?

* S eco n d ary  l e s i o n

VB MLF Me sc  
V

SCP-
BC DTN

0 50?* 80?* 10?* 20?*

M
roo\



TABLE 3

H ypothalam ic ICSS S i t e s  I p s i l a t e r a l  t o  LC L es io n

S u b j e c t  No. A n a to m ica l
s i t e

M onoam inerg ic  n u c l e i  
o r  f i b e r s

K onig  & 
K l i p p e l  

A t l a s

60E H2 F o r e l D o r s a l  NE b u n d le  , NS-DA p .  39

68E I n t e r n a l  c a p s u le N i g r o s t r i a t a l - D A  s y s te m 33

76E Crus c e r e b r i N i g r o s t r i a t a l - D A  s y s te m 39

86E H2 F o r e l D o r s a l  NE b u n d le  , NS-DA 35

7F H2 F o r e l D o rs a l  NE b u n d le -A 1 3 36

70 F Crus c e r e b r i N i g r o s t r i a t a l - D A  s y s te m 38

69F H2 F o r e l D o rs a l  NE bundle,, NS-DA 37

92F MFB V e n t r a l  NE b u n d le 40

57E MFB-LH V e n t r a l  NE b u n d le 37

75E P e r i f o r n i c a l V e n t r a l  NE b u n d le 38

78E MFB-LH V e n t r a l  NE b u n d le 32

96E MFB-LH
1

V e n t r a l  NE b u n d le 36
c o n t in u e d



TABLE 3 (c o n t in u e d )

S u b j e c t  No. A n a to m ic a l
s i t e

M onoam inerg ic  n u c l e i  
o r  f i b e r s

K onig  & 
K l i p p e l  

A t l a s

15F P e r i f o m i c a l V e n t r a l  NE b u n d le p .  34

1G MFB-LH V e n t r a l  NE b u n d le 36

62E MPB-LH V e n t r a l  NE b u n d le 31

10P D o rso m ed ia l  n u c l e u s Mixed NE t e r m i n a l s 36

95E P e r i f o r n i c a l V e n t r a l  NE b u n d le 33



TABLE 4

H ypothalam ic ICSS Groups

Group A rea CA sy s te m s  
i n v o lv e d S u b j e c t  No.

_  j

D -H  g ro u p F i e l d s  o f  F o r e l  
(H2) -  zona 
i n c e r t a

NS-DA,
NE-DB 4 6 0 E ,8 6 E ,7 F ,6 9 F

CC-H g ro u p C rus c e r e b r i  -  
i n t e r n a l  c a p s u l e

NS-DA 3 68E, 76e , 70F

MFB g roup M ed ia l  f o r e b r a i n  
b u n d le

NE-VB 5 57E ,7 8 E ,9 2 E ,9 0 E ,1 G

F -H  g ro u p P e r i f o r n i c a l  a r e a NE-VB _2

14

75E, 15F

a

129
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TABLE 5

C u r r e n t  V a lues  (uA) o f  F iv e  I n t e n s i t i e s  

Chosen t o  Encompass R a t e - I n t e n s i t y  F u n c t io n  

i n  h y p o th a la m ic  and  S u b s t a n t i a  N ig ra  ICSS

S #
ICSS I n t e n s i t i e s (uA)
s i t e 1 2 3 4 5

60E D-H 24 .8 28 .3 35.4 42.4 56.6

68E C-C 63.6 7 0 .7 77 .8

00•.=3*OO 9 1 .9

76E C-C 2 8 .3 35.4 38.9 42.4 46.0

86E D-H 31 .8 35 .4 56.6 70 .7 99 .0

7F D-H 31.8 3 5 .4

-=r•C\J•=r 5 6 .5 -

69F D-H 8 4 .8 88.4 99.0 1 0 6 .1 1 2 7 .3

70F C-C 4 2 .4 56 .6 ' 70 .7 1 2 7 .3 14 1 .4

57E MFB-LH 17.7 21 .2 24 .8 28 .3 31.8

78E MFB-LH 42.4 49 .5 56.6 84.8 99.0

96E MFB-LH 21 .2 24 .8 28 .3 42. 4 49.5

92F MFB 2 1 .2 24 .8 28 .3 42.4 56.6

1G MFB-LH 28.3 35.4 42.4 56.6 70.7

75E F-H 3 5 .4 38 .9 5 6 .6 70 .7 48 .8

15F F-H 3 1 .8 35.4 70 .7 '9 1 .9 1 0 6 .1

69F SN 11 3 .0 1 2 1 .1 1 4 1 .4 1 5 5 .5 1 6 9 .5

1G SN 14 1 .4 1 5 5 .5 1 6 9 .5 1 8 3 .8 2 1 2 .1



TABLE 6

P r e -  a n d  P o s t - L e s i o n  ICSS R a t e s ,  and P o s t - L e s i o n / P r e - L e s i o n  R esponse  

P e r c e n t a g e s  a t  f i v e  I n t e n s i t i e s  o f  R a t e - I n t e n s i t y  F u n c t io n s

S u b j e c t  N o . C o n d i t i o n
S-BL ( p o s t - l e s i o n )

11 12 13 14 15

CC-H group

68E P r e - l e s i o n 1 1 .8 0 1 3 .0 0 1 6 .1 0 1 6 .6 0 1 6 .8 0

P o s t - l e s i o n 1 .7 0 1 .3 0 2 .3 0 1 .5 0 1 .1 0

P o s t / p r e 0 .14 0 .10 0 .1 4 0 .0 9 0 .0 6

76E P r e - l e s i o n 1 5 .9 0 7 2 .6 0 5 8 .8 0 5 5 .2 0 4 1 .4 0

P o s t - l e s i o n 0 .5 0 0.0 0 .10 0 .0 0 .0

P o s t / p r e 0 .00 0 .00 0 .00 0 .0 0 0 .0 0

70F P r e - l e s i o n 2 5 .7 0 8 2 .6 0 11 8 .2 0 1 4 3 .6 0 1 3 6 .4 0

P o s t - l e s i o n 8 .3 0 3 0 .2 0 8 3 .4 0 1 3 6 .0 0 14 0 .4 0

c o n t in u e d



TABLE6 - continued

S u b j e c t  No. C o n d i t io n
S-BL ( p o s t - l e s i o n

11 12 13 14 15

P o s t - l e s i o n 3-6 1 2 .3 3 3 .5 6 0 .8 9 3 .5

P o s t / p r e 0 .2 7 0 .5 1 0 .5 3 0 .5 3 0 .7 2

p r e 1 2 2 .6 3 6 8 .6 5 3 2 .2 6 7 6 .5 4 7 0 .3

p o s t 26 .9 8 2 .8 2 4 6 .1 3 9 7 .7 3 1 9 .5

X p o s t / p r e 0 .1 9 0 .2 1 0 .3 9 0 .4 4 0 .4 6

con tin u ed



TABLE 6 -  continued

S-BL ( p o s t - l e s i o n )
Subj e d t  N o . C o n d i t io n 11 12 13 14 15

P o s t  / p r e 0 .30 0 .36 0 .70 0 .95 1 .0 3

DB-H group

60E P r e - l e s i o n 1 2 .6 0 17-60 3 7 .6 0 4 8 .3 0 4 0 .3 0

P o s t - l e s i o n 2 .0 0 0 .70 4 .60 1 0 .3 0 1 0 .9 0

P o s t / p r e 0 .16 0 .04 0 .12 0 .2 1 0 .2 7

86E P r e - l e s i o n 1 6 .9 0 3 3 .9 0 6 7 .0 0 7 9 .6 0 1 0 6 .5 0

P o s t - l e s i o n 2 .4 0 4 .00 5 7 .8 0 5 7 .3 0 7 3 .6 0

'•P o s t /p re 0 .14 0 .18 0 .86 0 .7 2 0 .6 9

7F P r e - l e s i o n 2 5 -90 1 2 5 .0 0 1 7 1 .0 0 2 1 7 .5 0 -

P o s t - l e s i o n 8.40 3 4 .3 0 6 5 .5 0 1 2 1 .8 0 -

P o s t / p r e 0 .32 0 .26 0 .38 0 .6 1 -

69F P r e - l e s i o n 1 3 .8 0 2 3 .9 0 6 3 .5 0 1 1 5 .7 0 1 2 9 .0 0

c o n t in u e d
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TABLE 6 (continued)

S ubjec t  No. C o n d i t io n
L-BL ( p o s t - l e s i o n )

I I 12 13 14 15

CC-H group

6 8 e P r e - l e s i o n 11 .8 1 3 .0 1 6 .1 1 6 .6 1 6 .8

P o s t - l e s i o n 3 .3 1 .9 2 .8 2 .1 3 .0

P o s t / p r e 0 .2 8 0 .15 0 .17 0 .1 3 0 .1 8

7 6 e P r e - l e s i o n 15.9 72.6 5 8 .8 5 5 .2 4 1 .4

P o s t - l e s i o n 0 .3 0 .7 0 .3 1 .5 1 .9

P o s t / p r e 0 .0 3 0 .0 1 0 .02 0 .00 0 .0 3

70 F P r e - l e s i o n 25 .7 82 .6 1 1 8 .2 1 4 3 .6 1 3 6 .4

P o s t - l e s i o n 1 .8 9 .1 30 .9 90 .1 9 8 .1

P o s t / p r e 0 .0 7 0 .1 1 0.26 0 .63 0 .7 2
c o n t in u e d



TABLE 6 (continued)

Subj e c t  No. C o n d i t io n
L-BL ( p o s t - l e s i o n )

I I 12 13 15

DB-H g roup

6 OE P r e - l e s i o n 12.6 17 .6 37 .6 4 8 .3 4 0 .3

P o s t - l e s i o n 3 .3 6 .9 9 .8 20 .0 22 .6

P o s t / p r e 0 .2 6 0.39 0 .26 0 .4 1 0 .5 6

86E P r e - l e s i o n 16 .9 33.9 67.0 79 .6 1 0 6 .5

P o s t - l e s i o n 2 .1 6 .1 60 .4 74 .2 7 8 .2

P o s t / p r e 0 .1 2 0 .18 0 .90 0 .9 2 0 .7 3

7F P r e - l e s i o n 25 .9 1 2 5 .0 1 7 1 .0 2 1 7 .5 -

P o s t - l e s i o n 6 .4 2 3 .7 5 4 .1 1 5 8 .4 -

P o s t / fc re 0 .2 5 0 .19 0 .32 0 .73 -

6 9F P r e - l e s i o n 13 .8 23 .9 63 .5 1 1 5 .7 1 2 9 .0

P o s t - l e s i o n 2 .2 6 .6 24.8 5 8 .8 1 0 9 .0
c o n t i r



TABLE 6 (continued)
d— I.

Subj e c t  No. C o n d i t io n
L-BL ( p o s t - l e s i o n )

11 12 13 14 15

P o s t / p r e 0 .16 0.28 0 .39 0 .5 1 0 .8 5

p re 1 2 2 .6 3 6 8 .6 5 3 2 .2 6 7 6 .5 4 7 0 .3

p o s t 19 .3 55 .0 1 8 3 .1 4 0 5 .1 3 1 2 .8

X P o s t / p r e 0 .1 7 0 .19 0 .33 0 .4 7 0 .5 1

c o n t in u e d



TABLE 6 (continued)

S u b j e c t  No. C o n d i t io n
R - B L ( p o s t - l e s i  o n )

11 12 13 14 15

CC-H group

6 8E P r e - l e s i o n 11 .8 13 .0 16 .1 16 .6 1 6 .8

P o s t - l e s i o n 0 .4 0 .2 0 .5 0 .2 0 .9

P o s t / p r e 0 .0 3 0 .02 0 .03 0 .0 1 0 .0 5

76E P r e - l e s i o n 1 5 .9 76.6 58 .8 5 5 .2 4 1 .4

P o s t - l e s i o n 0 .4 1 .5 1 .9 6 .2 2 .2

P o s t / p r e 0 .0 0 0 .00 0.00 0 .10 0 .0 5

70 P P r e - l e s i o n 2 5 .7 82 .6 1 1 8 .2 1 4 3 .6 1 3 6 .4

P o s t - l e s i o n 0 .8 0 .1 0 .7 93 .4 8 4 .7

P o s t / p r e 0 .0 3 0 .00 0 .00 0 .65 0 .6 2

continued



TABLE 6 (continued)

S u b j e c t  No. C o n d i t io n
R-BL ( p o s t - l e s i o n )

11 12 13 14 15

DB-H gro u p

6 OE P r e - l e s i o n 1 2 .6 17.6 37.6 48 .3 4 0 .3

P o s t - l e s i o n 1 .2 0 .1 6 .1 11 .4 1 5 .7

P o s t / p r e 0 .1 0 0.00 0.16 0.24 0 .3 9

7F P r e - l e s i o n 25-9 1 2 5 .0 1 7 1 .0 2 1 7 .5 -

P o s t - l e s i o n 0 .3 16 .9 48 .9 1 4 8 .5 -

P o s t / p r e 0 .0 1 0 .14 0 .2 9 0.68 -

6 9F P r e - l e s i o n 13 .8 23.9 63.5 1 1 5 .7 129-0

P c s t - l e s i o n 8 .3 6 .5 21 .9 45 .4 9 3 .8

P o s t / p r e 0 .6 0 0.27 0 .35 0 .39 0 .7 5

pre 1 0 5 .7 3 3 4 .7 4 6 5 .2 5 9 6 .9 3 6 3 .8

p o s t 1 1 .4 2 5 .3 80.0 3 0 5 .1 1 9 7 .2
CO



TABLE 6 ( continued)

S u b j e c t  No. C o n d i t io n
R-BL ( p o s t - l e s i o n )

11 12 13 14 15

X P o s t / p r e 0 .13 0 .14 0.14 0 .34 0 .3 7

c o n t in u e d

139



TABLE 6 (continued)

S u b j e c t  N o. C o n d i t io n
S-BL

11 12 13 14 15

MFB-H group

57E P r e - l e s i o n 42.0 85 .6 1 4 6 .2 1 8 8 .4 1 9 7 .0

P o s t - l e s i o n 4 .8 19 .7 48 .6 77 .0 1 0 4 .7

P o s t / p r e 0 .11 0 .25 . 0 .57 0 .4 1 0 .5 3

78 E P r e - l e s i o n 1 2 .4 16 .7 46 .7 96 .3 1 0 5 .4

P o s t - l e s i o n 9 .1 9 .9 22 .9 8 2 .4 8 4 .9

P o s t / p r e 0 .73 0 .59 0 .49 0 .86 0 .8 1

9 6E P r e - l e s i o n 2 1 .3 56 .0 1 1 2 .2 1 9 8 .1 1 8 8 .7

P o s t - l e  s i o n 2 4 .7 64 .8 1 0 5 .6 1 6 9 .2 1 6 7 .1

P o s t / p r e 1.16 1.16 0 .94 0 .85 0 .8 9

continued



TABLE 6 (con tinued)

S u b j e c t  No. C o n d i t io n

S-BL

11 12 13 14 15

9 2F P r e - l e s i o n 2 6 .8 63 .2 1 0 0 .3 2 1 5 .7 2 1 4 .8

P o s t - l e s i o n 7 .5 24 .3 46 .5 1 8 6 .6 0 .8 1

1G P r e - l e s i o n 2 1 .0 72.9 1 6 7 .1 2 0 3 .9 1 9 0 .6

P o s t - l e s i o n 2 0 .7 95.9 1 7 8 .5 2 1 7 .8 2 1 3 .8

P o s t / p r e 0 .9 9 1 .31 1 .07 1 .07 1 .1 2

P-H g ro u p

75E P r e - l e s i o n 2 2 .7 64 .3 1 6 2 .2 2 0 3 .4 1 8 9 .7

P o s t - l e s i o n 2.8 17 .0 1 1 9 .6 1 5 4 .0 1 4 5 .7

P o s t / p r e 0 .1 2 0 .2 6 0.74 0 .76 0 .7 7

15F P r e - l e s i o n 1 6 .3 25.6 81 .0 8 9 .3 9 8 .5

P o s t - l e s i o n 1 2 .1 25 .0 88.8 81.7 7 7 .6

P o s t / p r e 0 .7 4 0 .98 1 .10 0 .9 1 0 .7 9

c o n t in u e d



TABLE 6 (continued)

S u b j e c t  No. C o n d i t io n
S-BL

11 12 13 14 15

P re 1 6 2 .5 3 8 4 .2 8 1 5 .7 1 1 9 5 .1 1 1 8 4 .7

P o s t 81 .7 2 5 6 .6 6 1 0 .5 9 6 8 .7 9 6 7 .3

X P c s t / p r e 0 .59 0 .7 3 0 .7 7 0 .8 2 0 .8 2

c o n t in u e d



TABLE 6 -  continued

S u b j e c t  No.
L-BL

11 12 13 14 13

MFB-H group

5 7E P r e - l e s i o n 42 .0 85.6 1 4 6 .2 1 8 8 .4 1 9 7 .0

P o s t - l e s i o n 6 .2 45 .2 1 1 1 .3 143-7 1 6 5 .9

P o s t / p r e 0 .15 0 .5 3 0 .78 0 .7 6 0 .8 4

78E P r e - l e s i o n 12.4 16 .7 46 .7 9 6 .3 1 0 5 .4

P o s t - l e s i o n 12 .8 1 4 .2 21 .3 1 1 8 .4 1 2 4 .7

P o s t / p r e 1 .03 0 .85 0 .6 9 1 .2 2 1 .1 8

96E P r e - l e s i o n 21 .3 56 .0 1 1 2 .2 1 9 8 .1 1 8 8 .7

P o s t - l e s i o n 22 .4 66 .8 98 .6 1 8 0 .7 1 7 9 .0

P o s t / p r e 1 .05 1 .1 9 0 .88 0 .9 1 0 .9 5

continued



TABLE 6 -  continued

S u b j e c t  No. C o n d i t i o n
L -BL

11 12 13 14 15

9 2 F P r e - l e s i o n 2 6 .8 63 .2 1 0 0 .3 2 1 5 .7 2 1 4 .8

• P o s t - l e s i o n 13 .2 32 .3 56.2 1 9 5 .0 1 7 7 .3

P o s t / p r e 0 .49 0 .5 1 0 .56 0 .9 0 0 .8 3

1G P r e - l e s i o n 21 .0 72.9 1 6 7 .1 2 0 3 .9 1 9 0 .6

• P o s t - l e s i o n 43 .2 1 2 0 .8 2 0 3 .9 2 2 4 .4 2 2 1 .0

P o s t / p r e 2 .50 1 .67 1 .35 1 .1 2 1 .2 1

F-H group

75E P r e - l e s i o n 2 2 .7 6 4 .3 1 6 2 .2 2 0 3 .4 1 8 9 .7

P o s t - l e s i o n 14.4 21 .6 1 3 3 .9 1 7 4 .0 1 7 1 .7

P o s t / p r e 0 .64 0.34 0 .8 3 0 .8 5 0 .9 0

15F P r e - l e s i o n 16 .3 25.6 81 .0 8 9 .3 9 8 .5

P o s t - l e s i o n 13.2 2 6 9 .8 92 .6 8 8 .2 8 4 .1
c o n t i n u e



TABLE 6 -  continued

S u b j e c t  No. C o n d i t io n

P o s t / p r e

p re

p o s t

X P o s t / p r e

L-BL

11 12 13 14 15

0 .81 1 .05 1 .1 4 0 .9 9 0 .8 5

1 6 2 .5 3 8 4 .2 8 1 5 .7 1 1 9 5 .1 1 1 8 4 .7

1 2 5 .4 327-9 7 2 8 .8 1 1 2 4 .2 1 1 2 3 .5

0 .95 0 .8 8 0.89 0 .96 0 .9 7



TABLE 6 -  continued

R- BL
S u b j e c t  No. C o n d i t i o n

11 12 13 14 15

MFB-H group

57E P r e - l e s i o n 42 .0 85.6 1 4 6 .2 1 8 8 .4 1 9 7 .0

P o s t - l e s i o n 6 .1 96 .2 1 5 1 .3 1 9 6 .6 1 9 5 .0

P o s t / p r e 0 .15 1 .12 1 .03 1 .04 0 .9 9

78E P r e - l e s i o n 12 .4 16 .7 46 .7 9 6 .3 1 0 5 .4

P o s t - l e s i o n 8 .3 2 0 .9 37 .8 9 1 .6 1 1 6 .1

P o s t / p r e 0 .67 1.26 0 .8 1 0 .9 5 1 . 0 .

92F P r e - l e s i o n 26 .8 63 .2 1 0 0 .3 2 1 5 .7 2 1 4 .8

P o s t - l e s i o n 37.4 73 .1 1 1 1 .6 1 9 8 .2 1 6 9 .7

P o s t / p r e 1 .4 0 1.16 1 .1 1 0 .9 2 0 .7 9

co n tin u ed



TABLE 6 -  continued

S u b j e c t  N o. C o n d i t io n
R- BL

11 12 13 14 15

1G P r e - l e s i o n 2 1 .0 72.9 1 6 7 .1 2 0 3 .9 1 9 0 .6

P o s t - l e s i o n 6 2 .4 1 6 7 .8 2 5 4 .4 2 5 7 .4 2 4 4 .2

P o s t / p r e 2 .97 2 .3 0 1 .52 1 .2 6 1 .2 8

F-H group

75E P r e - l e s i o n 22 .7 64 .3 1 6 2 .2 2 0 3 .4 1 8 9 .7

P o s t - l e s i o n 37.0 72.4 1 3 6 .1 1 5 8 .3 1 3 7 .0

P o s t / p r e 1 .62 1.12 0 .84 0 .78 0 .7 2

■ ; pre 1 2 4 .9 3 0 2 .6 7 0 3 .5 9 9 7 .0 9 9 6 .0

p o s t 1 5 1 .2 4 3 0 .4 6 9 1 .2 9 0 2 .1 8 6 2 .0

X P o s t / p r e 1.36 1.39 1 .06 0 .9 9 0 .9 6
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TABLE 7

Summary o f  P r e -  and  P o s t - L e s i o n  ICSS R a te s  and  

P e r c e n t a g e s  o f  H y p o th a lam ic  S u b j e c t s

S u b je c t C o n d i t io n 11 12 13 14 15

S-BL ( p o s t - l e s i o n )

NS-DB p r e 122.6 368.6 532 .2 6 7 6 .5 4 7 0 .3
g roup  

(n  = 7) p o s t 2 6 .9 8 2 .8 246 .1 397-7 31 9 .5

X P o s t / p r e 0 .1 9 0 .2 1 0 .3 9 0 .4 4 0 .4 6

L-BL ( p o s t - l e s i o n )

NS -DB p r e 122 .6 368 .6 532 .2 6 7 6 .5 4 7 0 .3
g ro u p  

(n  -  7) p o s t 1 9 .3 5 5 .0 1 8 3 .1 4 0 5 .1 3 1 2 .8

X P o s t / p r e 0 .1 7 0 .1 9 0 .3 3 0 .4 7 0 .5 1

R-BL ( p o s t - l e s i o n )

NS-DB p re 105 .7 334 .7 465 .2 5 9 6 .9 3 6 3 .8
group  

n = 6) p o s t 1 1 .4 2 5 .3 8 0 .0 3 0 5 .1 1 9 7 .2

X P o s t / p r e 0 .1 3 0 .1 4 0 .1 4 0 .3 4 0 .3 7

S-BL ( p o s t - l e s i o n )

VB-H p r e 162 .5 384 .2 8 1 5 .7 1 1 9 5 .1 1 1 8 4 .7
g ro u p  

(n  = 7) p o s t 8 1 .7 256 .6 610 .5 9 6 8 .7 9 6 7 .3

X P o s t / p r e 0 .5 9 0 .7 3 0 .7 7 0 .8 2 0 .8 2

c o n t in u e d



TABLE 7 -  continued
%r......................... . m :  , "vj

S u b je c t C o n d i t io n 11 12 13 14 15

L-BL (p o s t - l e s i o n )

v b - h
group 

(n  = 7)

p r e

p o s t

162.5

125.4

384 .2

327.9

815.7

728.8

11 9 5 .1

1124 .2

11 8 4 .7

1 1 2 3 .5

X P o s t / p r e 0 .9 5 0 .8 8 0 .8 9 0 .9 6 0 .9 7

R-BL ( p o s t - l e s i o n )

VB-H 
group  

(n  = 5)

p r e

p o s t

124.9

151 .2

302.6

430.4.

703.5

6 9 1 .2

9 9 7 .0

9 0 2 .1

9 9 6 .0

8 6 2 .0

X P o s t / p r e 1 .3 6 1 .3 9 1 .0 6 0 .9 9 0 .9 6



TABLE 8
Ranked Lesion E ffe c ts

S n o . S-BL L-BL

■ 1 "

R-BL
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

7 OP 1 2 3 4 5 1 2 3 4 5 3 1 1 5 4

60E 3 1 2 4 5 1 .5 3 1 .5 4 5 2 1 3 4 5

86E 1 2 5' 4 3 1 2 b 5 3 1 2 3 4 5

7F 2 1 3 b 5 2 1 3 4 5 — - - ■ - -

69F 1 2 3 .5 3.5 5 1 2 3 4 5 1 2 3 4 5

8 8 16 .5 19 .5 23 6 .5 10 1 4 .5 21 23 7 6 11 17 19
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TABLE 9

SN-IC P o s t - L e s i o n  R a te s  and  P o s t / P r e  R a t i o s

S u b j e c t  No . C o n d i t io n
S -BL

11 12 13 14 15

SN group

6 9G P r e - l e s i o n 2 4 .1 34 .1 47 .2 5 3 .7 6 1 .0

P o s t - l e s i o n 2 .8 0 .8 12 .9 2 5 .0 2 7 .3

P o s t / p r e 0 .12 0 .02 0 .27 0.46 0 .4 5

1G P r e - l e s i o n 31 .4 65.9 84 .7 9 7 .6 1 0 1 .4

P o s t - l e s i o n 52 .7 6 3 .8 76.0 6 9 .0 9 1 .0

P o s t / p r e 1 .68 0 .97 0 .90 0 .7 1 0 .9 0

p r e 55.5 1 0 0 .8 1 3 1 .9 1 5 1 .3 1 6 2 .4

p o s t 55 .5 64 .6 88 .9 9 4 .0 1 1 8 .3

X P o s t / p r e 0 .90 0.49 0.59 0 .5 9 0 .6 7
c o n t in u e d
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TABLE 9 -  continued

S u b j e c t  No. C o n d i t i o n
L--BL

11 12 13 14 15

6 9G P r e - l e s i o n 2 4 .1 34.9 47 .2 5 3 .7 6 1 .0

P o s t - l e s i o n 7 .4 9 .3 16 .4 27.2 2 6 .8

P o s t / p r e 0 .30 0.26 0.34 0 .5 1 0 .4 4

1G P r e - l e s i o n 31.4 65 .9 84 .7 9 7 .6 1 0 1 .4

P o s t - l e s i o n 28 .3 3 3 .7 43 .2 4 5 .7 6 1 .8

P o s t / p r e 0 .90 0 .51 0 .5 1 0 .4 7 0 . 6 1

p re 55 .5 1 0 0 .8 1 3 1 .9 1 5 1 .3 1 6 2 .4

p o s t 35 .7 4 3 .0 59 .6 7 2 .9 8 8 .6

X P o s t / p r e 0 .60 0.39 0.43 0 .4 9 0 .5 3

continued



TABLE 9 -  c o n tin u e d

S u b j e c t  No . C o n d i t io n
R-BL

11 12 13 14 15

6 9G P r e - l e s i o n 2 4 .1 34.9 47 .2 5 3 .7 6 1 .0

P o s t - l e s i o n 5 .2 7 .2 12.5 15 .5 1 6 .9

P o s t / p r e 0 .2 1 0 .2 1 0.26 0 .2 9 0 .2 8

1G P r e - l e s i o n 31.4 65 .9 84 .7 97 .6 1 0 1 .4

P o s t - l e s i o n 14 .0 18 .3 21.2 22 .9 1 8 . 1

P o s t  / p r e 0 .45 0 .2 8 0 .25 0 .2 3 0 .1 8

p r e 55 .5 1 0 0 .8 1 3 1 .9 1 5 6 .3 1 6 2 .4

p o s t 19 .2 25.5 33 .7 38 .4 3 5 .0

X P o s t / p r e 0 .33 0.25 0 .25 0 . 26- 0 .2 3



TABLE 10

M u l t i p l i c a t i v e  P r e - l e s i o n  D- and L-am phetam ine  E f f e c t s  o v e r  S a l i n e  

(1  and  2 m gA g) on Two Ify p o th a lam ic  Groups a t  F iv e  I n t e n s i t i e s

D-am phetam ine L -am phetam ine

1 mg/kg 1 m g/kg

DB-NS g ro u p n= 4 9 .8 0 3 .5 0 1.80 1 .4 0 1 .2 0 n=4 1 .3 0 1 .5 0 1 .1 0 1 .0 0 0 .9 0  f

VB-H g ro u p n=3 0-6i» 1 .44 1 .6 2 1 .1 6 1 .0 8 n=3 0 .5 0 0 .8 0 0 .8 0 1 .1 0 1 .0 0

1 2 3 4 5 1 2 3 4 5

2 mg/kg 2 mg/kg

DB-NS g ro u p n=4 3 .4 0 2 .1 5 1 .5 4 1 .2 9 1 .1 3 n=3 2 .4 6 2 .1 6 1 .4 5 1 .1 3 0 .9 0

VB-H g ro u p n=2 1.27 1.67 1 .8 0 1 .1 9 1 .2 1 n=2 1 .8 9 0 .5 7 0 .8 9 1 .1 6 1 .2 0

1 2 3 4 5 1 2 3 4 5



T a b l e  11

P r e -  a n d  P ost-L C  L e s io n  ICSS an d  P ost-L C  L e s io n  D- and  L -am phetam ine  

E f f e c t s  on ICSS -  S u b je c t  #76E -  Crus C e r e b r i

I n t e n s i t y
(uA)

B a s e l in e  
n = 8

B a s e l in e  
n = 4

S a l i n e  
n = 8

D -am phe ta-  
mine 

1 mg/kg 
n = 2

D -am p h e ta -  
mine 

2 mg/kg 
n = 2

L -a m p h e ta -  
mine 

1 mg/kg 
n = 2

L -am p h e ta ­
mine 

2 mg/kg 
n = 2

2 1 .2 0 .1 0 .0 - - - -

2 4 .7 2 .7 0 .3 - - - -

2 8 .3 1 5 .9 0 .0 0 .4 0 .6 1 .8 0 .4 0 .2

3 1 .8 5 3 .1 0 .0 - - - - -

3 5 .^ 7 2 .6 0 .2 1 .0 0 .4 7 1 .0 0 .3 0 .1

3 8 .9 5 8 .8 0 .0 0 .5 1 1 .1 87 -7 3 .9 7-7

42 .4 5 5 .2 0 .0 2 .1 1 4 .3 8 0 .2 1 4 .6 3 7 .7

4 6 .0 4 1 .4 0 .0  . 2 .8 3 6 .1 8 4 .5 9 .9 2 6 .3

4 9 .5 41. 2 0 .3 1 .6 2 8 .3 8 4 .3 1 1 .4 2 1 .5

5 3 .0 - 0.0 2 .7 3 3 .9 7 7 .3 4 .9 2 9 .4

5 6 .5 1 8 .7 0 .0 0 .5 2 4 .0 7 6 .6 9 -5 3 1 .6

continued



TABLE 11 -  continued

I n t e n s i t y
(uA)

B a s e l i n e  
n = 8

B a s e l in e  
n = 4

S a l i n e  
n = 8

D -am p h e ta -  
mine 

1 mg/kg 
n = 2

D -am p h e ta -  
mine 

2 mg/kg 
n  = 2

L -a m p h e ta -  
mine 

1 mg/kg 
n  = 2

L -am p h e ta ­
mine 

2 mg/kg 
n = 2

6 3 .6 - - 1 .1 9 .0 4 6 .6 1 2 .6 1 0 .6

7 0 .7 - 0 .3 1 .8 9 .5 3 7 .5 1 1 .5 9 .0

0 0 .1 0 .0 0 .2 0 .3 0 .2 0 .0 0 .1



TABLE 12

Com parison  o f  S le e p  S ta g e s  P r e -  and P os t-L C  L e s io n

1

S n o .
E x te n t l e s i o n P r e - l e s i o n  BL 

(30 h r s . r e c o r d i n g )
P o s t - l e s i o n  BL 

(30 h r s . r e c o r d i n g )
R eco v ery  check  

(12 h r s . r e c o r d i n g ,
LC DB REM % REM %

3 m o s . p o s t - l e s i o n )  
REM %

y

6 OE 100% 100% 1 6 .1 7 .9 4 .5

68E
/

100% 100% 17.6 1 1 .9 1 1 .2

57E 100% 100% 14 .1 8.4 1 8 .3

7F
\

30% 100% 1 1 .6 3 .4 -

X - - 14.9 7 .9 -

h
25% 60% 1 8 .8 1 2 .4 1 3 .7

10F
X

552 0% 1 4 .6 1 3 .6 -

X - - 17 .6 1 3 .0 -
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TABLE 13

S t im u lu s -B o u n d  E a t i n g  T h r e s h o ld  i n  pA (R50) f o r  S u b j e c t  #57E 

i n  t h e  L e f t  L a t e r a l  H ypo tha lam us

B a s e l in e S a l i n e
D-a m p h e ta ­

mine 
1 mg/kg

D-amphe­
ta m in e  

2 m g/kg

L -a m p h e ta -  
mine 

1 m g/kg

L -a m p h e ta -  
mine 

2 mg/kg

n R 50 SD n R 50 SD n R 50 SD n R50 SD n R 50 SD n R 50 SD

Pre-LLC* 7 10 . 46 0 .5 7 8 11 .17 1 .3 4 2 17-32 1 .9 8 1
d id
n o t
e a t

- 2 1 3 .0 8 1 .9 8 2 1 6 .6 1 1 .9 8

Post-L LC
l e s i o n 13 1 5 .7 0 1 .  67

■

6 18 .38 2 .5 6 2
d id
n o t
e a t

- 1
d id
n o t
e a t

- 2 1 6 .9 7 1 .9 8 2
d id
n o t
e a t

* L e f t  l o c u s  c o e r u le u s



Table 14

W e ig h ts  o f  F o u r  S u b j e c t s  B e fo re  and A f t e r  th e  H in d b r a in  L e s io n

s # P r e - l e s i o n
x^eights

'Weights 
1 week 

a f t e r  l e s i o n

W eigh ts
2 weeks 

a f t e r  l e s i o n

60  E 490 mg. 445 mg. 489 mg.

62E 497 mg. 490 mg. 505 mg.

6 8E 507 mg. 495 mg. 497 mg.

7F 533 mg. 512 mg. 527 mg.

M
VJ1
VO
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F ig u r e  1

F ig u re  2

F ig u re  3 

F ig u r e  4

F ig u r e  5

F ig u r e  6

FIGURE LEGENDS

S c h e m a t ic  R e p r e s e n t a t i o n  o f  CA Pathw ays from  

U n g e r s t e d t  (1971) -  NE and DA System s Stemm­

in g  from  H in d b ra in  and  M esencephalon  

R a t ' s  C r a n i a l  Landm arks and  E s t im a te d  Lambda 

l i n e  used  f o r  ICSS E l e c t r o d e  I m p la n t s  

Sequence o f  S le e p -D ru g  P a rad ig m  

S ch em atic  R e p r e s e n t a t i o n  o f  H in d b ra in  L e s io n s  

Shown i n  a  S e r i e s  o f  C o ro n a l  B r a in  S e c t i o n s

A. E x t e n t  and O v e r la p  ( s o l i d  a r e a )  o f

L e s io n  i n  S u b j e c t s  62E and 10F

B. E l e c t r o l y t i c  L e s io n  (R ig h t  S id e )  and S e ­

condary  L e s io n  ( L e f t  S id e )  fo u n d  i n  Sub­

j e c t  95E

S e r i a l  H in d b r a in  S e c t i o n s  I l l u s t r a t i n g  th e  

F u l l  E x te n t  o f  t h e  L e s io n s  i n  14 S u b je c t s  

( S o l id  and Shaded A re a s )  an d  A rea  o f  O v e r lap  

o f  a l l  L e s io n s  ( S o l i d  A rea) a s  com pared to  

U n g e r s t e d t ' s  I l l u s t r a t i o n  o f  t h e  H in d b r a in  CA 

System s

P h o to m ic ro g ra p h s  o f  S u b j e c t  5 7 E 's  H in d b r a in  

L es io n  Shown i n  a  S equence  from  A n t e r i o r  Pons 

to  P o s t e r i o r  M id b ra in  (F o r  a  f u l l  d e s c r i p t i o n  

o f  a r e a s  a f f e c t e d  by th e  l e s i o n  i n  t h i s  and 

s u b se q u e n t  i l l u s t r a t i o n s ,  s e e  T a b le  2)



Pigu  r e  7. 

F ig u re  8. 

F ig u re  9 .

F ig u re  10.

F ig u re  11.

F ig u r e  12.

F ig u r e  13 .

F igure 14 .

161

S e r i e s  o f  P h o to m ic r o g ra p h s  Show ing E x t e n t  o f

S u b je c t  76E ' s H in d b r a in  L e s io n

S e r i e s  o f  P h o to m ic ro g ra p h s  Show ing E x t e n t  o f

S u b je c t  1 5 F 's  H in d b r a in  L e s io n

S e r i e s  o f  P h o to m ic ro g ra p h s '  Show ing E x en t o f

S u b je c t  69F*s H in d b r a in  L e s io n

S e r i e s  o f  P h o to m ic ro g ra p h s  Show ing E x t e n t  o f

S u b je c t  70F ’ s H in d b ra in  L e s io n

S e r i e s  o f  P h o to m ic ro g ra p h s  Showing E x te n t  o f

S u b je c t  9 2 F ’ s H in d b r a in  L e s io n

S e r i e s  o f  P h o to m ic ro g ra p h s  Showing E x te n t  o f

S u b je c t  lG ’ s H in d b ra in  L e s io n

A. U n g e r s t e d t ’ s I l l u s t r a t i o n  o f  F o r e b r a i n  

CA P a thw ays

B. S e r i a l  F o r e b r a i n  S e c t i o n s  Showing ICSS 

E l e c t r o d e  T i p s .  C i r c l e s  ( l e f t  s i d e )  a r e  

s i t e s  from  w hich  ICSS was p e rm a n e n t ly  

a b o l i s h e d  o r  re d u c e d  by t h e  LC l e s i o n .  

T r i a n g l e s  ( r i g h t  s i d e )  i n d i c a t e  a r e a s  

n o t  r e d u c e d  by t h e  LC l e s i o n .  CC: C ru s  

C e r e b r i ;  1 and  2: F i e l d s  o f  F o r e l ;  MFB- 

LH: M ed ia l  F o r e b r a i n  B u n d l e - L a t e r a l  

I fypo thalam us; IC : I n t e r n a l  C a p s u le ;  Z I : 

Zona I n c e r t a .

P h o to m ic ro g ra p h s  o f  H yp o th a lam ic  ICSS S i t e s :

A. S u b j e c t  68E (C rus C e r e b r i - I n t e r n a l



162

F ig u r e  15

F ig u r e  16

F ig u r e  17

F ig u r e  18

F ig u re  19

F ig u r e  20

C ap su le )

B. S u b je c t  60E (H2 F i e l d s  o f  F o r e l )

C. S u b je c t  1G (MFB-LH)

D. S u b j e c t  15F ( P e r i f o r n i c a l  R e g io n )  

P h o to m ic ro g ra p h s  o f  H y p o th a lam ic  ICSS S i t e s :

A. S u b j e c t  57E (MFB-LH)

B. S u b je c t  76E (C ru s  C e r e b r i )

C. S u b j e c t  92F (MFB)

D. S u b je c t  70F (C rus  C e r e b r i )

S e r i a l  R e p r e s e n t a t i o n  o f  H i n d b r a i n  L e s io n s  

In t h e  F o u r  ICSS Groups a s  D i s t i n g u i s h e d  

by t h e  CA S ystem s a t  t h e  H y p o th a lam ic  ICSS 

S i t e s

I l l u s t r a t i o n  o f  S u b s t a n t i a  N ig ra  ICSS S i t e s  

in  Com parison  w i th  U n g e r s t e d t* s  I l l u s t r a t i o n  

o f  th e  DA N u c le i

P h o to m ic ro g ra p h  o f  lG*s S u b s t a n t i a  N ig ra  

E l e c t r o d e

E f f e c t s  o f  LC L e s io n s  on H y p o th a lam ic  ICSS 

(CC Group) E x p r e s s e d  i n  Terms o f  P r o p o r t i o n a l  

Changes ov e r  P r e - L e s io n  B a s e l i n e  w i th  P r e -  

L e s io n  R a te s  h e ld  a s  U n i ty .  The f i v e  i n t e n ­

s i t i e s  c h o se n  r e p r e s e n t  t h e  f u l l  r a t e - i n t e n -  

s i t y  f u n c t i o n .

P r o p o r t i o n a l  Changes i n  D-H ICSS



F igure

F ig u re

F ig u r e

F ig u re

F ig u r e

F ig u r e

F ig u r e

F ig u r e

21 . S u b j e c t  68E ' s P r e - L e s io n  and P o s t - L e s i o n  

R a t e - I n t e n s i t y  (R I)  F u n c t io n s  (C ru s  C e r e b r i -  

I n t e r n a l  C a p s u le .  See F ig u r e  14A) (S .E .M .:  

S ta n d a rd  E r r o r  o f  th e  Mean)

22. S u b je c t  76E,>';s P r e - L e s i o n  and P o s t - L e s i o n  RI 

f u n c t i o n s  (Crus C e r e b r i .  See  F i g u r e s  15B 

and 7) ( P o s t - l e s i o n  i n t e n s i t i e s  were i n ­

c r e a s e d  I n  o r d e r  to  a s s e s s  i f  ICSS can  be 

e l i c i t e d  w i th  h i g h e r  c u r r e n t s . )

23. S u b je c t  7 0 F 's  P r e - L e s io n  and  P o s t - L e s i o n  RI 

F u n c t io n s  (C rus  C e r e b r i .  See F ig u r e s  15D 

and 10)

2b. S u b je c t  6 0 E 's  P r e - L e s io n  and P o s t - L e s i o n  RI 

F u n c t io n s  (H2 F i e l d s  o f  F o r e l .  See F ig u r e  

14 B)

25. S u b je c t  8 6 E 's  P r e - L e s io n  and P o s t - L e s i o n  RI 

F u n c t io n s  (H2 F i e l d s  o f  F o r e l )

26. S u b je c t  7 F 's  P r e - L e s io n  and  P o s t - L e s i o n  RI 

F u n c t io n s  ( D o rs a l  H ypo tha lam us-A 13)

27. S u b je c t  6 9 F 's  P r e - L e s io n  and  P o s t - L e s i o n  RI 

f u n c t i o n s  (H2 F i e l d  o f  F o r e l .  See F i g u r e  9)

28 . S h o r t -T e rm  P o s t - L e s i o n  RI F u n c t io n  o f  Sub­

j e c t  70F a s  Taken o v e r  F o u r  Days a f t e r  t h e  

L es ion



F ig u r e  29 

F ig u r e  30

F ig u re  31

F ig u re  32 

F ig u re  33 

F ig u r e  34

F ig u r e  35 

F ig u r e  36 

F i g u r e  37

F ig u re  38

S u b j e c t  7 5 E 's  P r e - L e s i o n  and  P o s t - L e s i o n  RI 

F u n c t io n s  ( P e r i f o r n i c a l  a r e a )

S u b je c t  15F ’ s P r e - L e s i o n  and P o s t - L e s i o n  RI 

F u n c t io n s  ( P e r i f o r n i c a l  a r e a .  See F ig u r e s  

14D and 8)

S u b je c t  5 7 E 's  P r e - L e s i o n  and  P o s t - L e s i o n  RI 

F u n c t io n s  (MFB-LH I n t e r n a l  C a p s u le .  See 

F ig u r e s  15A and  6)

. ■ S u b je c t  78E ' s P r e - L e s i o n  and  P o s t - L e s i o n  RI 

F u n c t io n s  (MFB-LH)

S u b j e c t  96E ’s P r e - L e s i o n  and P o s t - L e s i o n  R I 

F u n c t io n s  (MFB-LH)

S u b j e c t  92F*s P r e - L e s io n  and P o s t - L e s i o n  RI

F u n c t io n s  (MFB).

(See F i g u r e s  15C and 11)

S u b j e c t  lG*s P r e - L e s i o n  and  P o s t - L e s i o n  RI 

F u n c t io n s  (MFB-LH. See F i g u r e s  14C and 12) 

S h o r t -T e rm  P o s t - L e s i o n  RI F u n c t io n  o f  S u b j e c t  

78E a s  t a k e n  o v e r  F our Days a f t e r  t h e  L e s io n  

P r e - L e s io n  and  P o s t - L e s i o n  RI F u n c t i o n  from  

th e  S u b s t a n t i a  N ig ra  i n  S u b je c t  1G (See F i g ­

ures 18 and 12 and  com pare w i th  h y p o th a la m ic  

ICSS I n  F ig u r e  35)

P r e - L e s i o n  and  P o s t - L e s i o n  RI F u n c t io n  from  

th e  S u b s t a n t i a  N ig ra  i n  S u b je c t  69F (See 

F ig u re  9 and com pare w i th  h y p o th a la m ic  ICSS
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F ig u r e  39 

F ig u r e  40

F ig u r e  41

F ig u r e  42

F ig u r e  43 

F ig u r e  44 

F ig u r e  45 

F ig u re  46

in  F ig u r e  27)

P r o p o r t i o n a l  ICSS Changes i n  S u b s t a n t i a  

N ig ra  ICSS ( S u b j e c t s  1G a n d  69F)

P r o p o r t i o n a l  ICSS Changes O bserved  W ith in  

Four Days a f t e r  t h e  L e s io n  i n  t h e  T h ree  ICSS 

Groups S e p a r a t e d  A c c o rd in g  t o  CA System s 

In v o lv e d

P r o p o r t i o n a l  ICSS Changes O bserved  up t o  20 

Days (Long-Term B a s e l i n e )  i n  t h e  T h ree  ICSS 

Groups S e p a ra te d  A c c o rd in g  t o  CA ICSS S y s ­

tems In v o lv e d

P r o p o r t i o n a l  ICSS Changes O bserved  d u r i n g  

R ecovery  Check a t  L e a s t  One Month a f t e r  

th e  L e s io n  i n  t h e  T h ree  ICSS G roups S e p a r a t ­

ed A ccord ing  t o  CA ICSS System s In v o lv e d  

M u l t i p l i c a t i v e  E f f e c t s  o f  1 mg/kg D- and  L- 

Amphetamine o v e r  S a l in e  P r e - L e s io n  B a s e l in e  

in  NS-DB Group

M u l t i p l i c a t i v e  E f f e c t s  o f  1 mg/kg D- and  L- 

Amphetamine o v e r  S a l i n e  P r e - L e s io n  B a s e l i n e  

in  VB Group

. M u l t i p l i c a t i v e  E f f e c t s  o f  2 mg/kg D- and  L- 

Amphetamine o v e r  S a l i n e  P r e - L e s io n  B a s e l in e  

in  NS-DB Group

M u l t i p l i c a t i v e  E f f e c t s  o f  2 mg/kg D- and L -  

Amphetamine o v e r  S a l i n e  P r e - L e s io n  B a s e l in e



166

F ig u re  47

F ig u r e  48 

F ig u r e  49

F ig u r e  50

F ig u re  51 

F ig u r e  52

F ig u re  53

in  VB Group

E f f e c t s  o f  D- and L-Amphetamine (1  and  2 mg) 

on P o s t - L e s i o n  ICSS. ICSS r e s p o n s e  m e a su re s  

a re  g iv e n  in  te rm s  o f p r o p o r t i o n a l  c h an g es  

over p r e - l e s i o n  l e v e l s  w hich a r e  h e l d  a s  

u n i t y .  The f i v e  i n t e n s i t i e s  c h o se n  encom­

p a s s  th e  ra n g e  o f  th e  RI f u n c t i o n s  o f  t h e  

s u b j e c t s  t e s t e d .

E f f e c t s  o f  1 mg/kg D-Amphetamine on S u b je c t  

76E ' s P o s t - L e s io n  ICSS (C rus C e r e b r i )
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