
INFORMATION TO  USERS

This material was produced from a microfilm copy of the  original docum ent. While 
the most advanced technological means to  photograph and reproduce this docum ent 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.

The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.

1 .T h e  sign or "target"  for pages apparently lacking from the docum ent 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to  insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it 
is an indication tha t the photographer suspected tha t the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is custom ary to  begin photoing at the upper 
left hand corner of a large sheet and to  continue photoing from left to  
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.

4. The majority of users indicate th a t the textual conten t is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints o f "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog num ber, title, author and 
specific pages you wish reproduced.

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.

Xerox University Microfilms
300 North Zeeb Road
Ann Arbor, Michigan 48106



75-9060
JERUSSI, Thomas P., 1940- PHARMACOLOGICALLY INDUCED BEHAVIORAL CORRELATES OF NIGRO-STRIATAL FUNCTION.

The City University of New York, Ph.D., 1975 Pharmacology

Xerox University Microfilms # Ann Arbor, M ichigan 48106



PHARMACOLOGICALLY INDUCED BEHAVIORAL CORRELATES 
OP NIGRO-STRIATAL FUNCTION

by

Thomas P . J e r u s s i

A d i s s e r t a t i o n  s u b m it te d  t o  t h e  G ra d u a te  
F a c u l ty  in  t h e  B io m e d ic a l S c ie n c e s  in  
p a r t i a l  f u l f i l l m e n t  o f  t h e  r e q u ir e m e n ts  
f o r  t h e  d e g re e  o f  D o c to r  o f  P h i lo s o p h y , 
The C i ty  U n i v e r s i t y  o f  New Y ork .

1974



T h is  m a n u s c r ip t  h a s  b e e n  r e a d  a n d  a c c e p te d  f o r  $he 
G ra d u a te  F a c u l ty  i n  th e  B io m e d ic a l S c ie n c e s  i n  
s a t i s f a c t i o n  o f  th e  d i s s e r t a t i o n  r e q u i r e m e n t  f o r  
th e  d e g re e  D o c to r  o f  P h i lo s o p h y .

rm an o f  E x am in in g  Committee 
J . P .  G re en

E x e c u t i v e / O f f i c e r ' 
D r. H. B u r l in g to n

D r. B .C . D u v o is in  

D r. J . S .  E isen m an  

D r. S .D . G l ic k  

D r. J .  G o ld fa rb  

D r. J . E .  S h r i v e r  

D r. S . W ilk

S u p e r v is o r y  Committee

The C i ty  U n i v e r s i t y  o f  New Y ork

ii



Abstract

PHARMACOLOGICALLY INDUCED BEHAVIORAL CORRELATES 
OP NIGRO-STRIATAL FUNCTION

by

Thomas P . J e r u s s i  

A d v is e r :  A s s o c ia te  P r o f e s s o r  S ta n le y  D. G lic k

N orm al u n o p e ra te d  r a t s  w ere  t e s t e d  f o r  r o t a t i o n  ( i . e .  

c i r c l i n g  b e h a v io r )  i n  a  s p h e r i c a l  " r o to m e te r "  and  d o s e - r e s -  

p o n se  r e l a t i o n s h i p s  w ere  g e n e r a te d  u s in g  d -a m p h e tam in e * a p o ­

m orph ine*  L-DOPA* h a l o p e r i d o l ,  an d  s c o p o la m in e . A m phetam ine- 

in d u c e d  r o t a t i o n  was s i g n i f i c a n t l y  a n ta g o n iz e d  by a lp h a - m e th y l -  

p - t y r o s i n e  and  h a lo p e r id o l*  b u t  n o t  by d i e t h y l d i t h i o c a r b a m a t e . 

On th e  o th e r  hand* th e  m a g n itu d e  o f  r o t a t i o n  e l i c i t e d  by a p o -  

m o rp h in e  was u n a f f e c t e d  by a l p h a - m e t h y l - p - t y r o s i n e . F o r  e a c h  

r a t *  t h e  d i r e c t i o n  o f  r o t a t i o n  was c o n s i s t e n t  fro m  w eek t o  

w eek when t e s t e d  w i th  am phetam ine* apom orph ine*  o r  s c o p o la m in e . 

I n  a d d i t i o n  th e  m a g n itu d e  o f  r o t a t i o n  was s i g n i f i c a n t l y  c o r r e ­

l a t e d  and  n o t  s i g n i f i c a n t l y  ch an g ed  by t h e  w eek ly  a d m i n i s t r a ­

t i o n  o f  am phetam ine  o r  a p o m o rp h in e . R a ts  d id  n o t  n e c e s s a r i l y  

r o t a t e  t o  th e  same d i r e c t i o n  w i th  h ig h  an d  low d o se s  o f  a m p h e t­

am ine* o r  am phetam ine  an d  ap o m o rp h in e  a d m in is te r e d  a  w eek a p a r t  

fro m  e a c h  o t h e r .  T h ese  r e s u l t s  s u g g e s te d  t h a t  n o rm a l r a t s  may 

have  a  b i l a t e r a l  a s y m m e tr ic a l  c o n te n t  o f  s t r i a t a l  dopam ine a s
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w e l l  a s  a n  a s y m m e tr ic a l  com plem ent o f  s t r i a t a l  dopam ine r e ­

c e p t o r s .  The im p o r ta n c e  o f  a  n i g r o - s t r i a t a l  asym m etry  was 

m o st e v id e n t  a f t e r  u n 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 te  n u c le u s ,  

f o r  r a t s  r o t a t e d  m ore p o s t - o p e r a t i v e l y  i f  t h e  l e s i o n  was made 

i p s i l a t e r a l  r a t h e r  th a n  c o n t r a l a t e r a l  t o  t h e  a n im a l s ' p r e ­

o p e r a t i v e  d i r e c t i o n  o f  r o t a t i o n .  D o p a m in e r g ic - c h o l in e r g ic  

i n t e r a c t i o n s  w ere  e v i d e n t ,  s i n c e  p i l o c a r p i n e  a n ta g o n iz e d  am­

p h e ta m in e - in d u c e d  r o t a t i o n  w h e rea s  sc o p o la m in e  d id  n o t ,  and  

sc o p o la m in e  e l i c i t e d  r o t a t i o n  in  th e  same d i r e c t i o n  a s  t h a t  

in d u c e d  by am p h etam in e .

B i l a t e r a l  r e g i o n a l  n e u ro c h e m is try  was p e rfo rm ed  on  r a t s  

i n j e c t e d  w i th  v a r io u s  d o se s  o f  d -am p h e tam in e  and t e s t e d  f o r  

r o t a t i o n .  The o n ly  c h e m ic a l m easu re  o f  s i g n i f i c a n c e  was th e  

d i f f e r e n c e s  i n  s t r i a t a l  dopam ine c o n t e n t ,  i p s i l a t e r a l  and  con  

t r a l a t e r a l  t o  t h e  d i r e c t i o n  o f  r o t a t i o n  in d u c e d  by t h e  d ru g . 

S in c e  am phetam ine  was n o t  fo u n d  t o  be u n e q u a l ly  d i s t r i b u t e d  

t o  t h e  tw o s i d e s  o f  th e  b r a i n ,  i t  a p p e a re d  t h a t  th e  n e u ro ­

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

e n c e  in  s t r i a t a l  dopam ine c o n te n t .

The t h e o r e t i c a l  im p l i c a t i o n s  o f  t h e  r e s u l t s  w ere  d i s c u s ­

s e d  in  r e l a t i o n  t o  a r o u s a l ,  s p a t i a l  b e h a v io r ,  and  h a n d e d n e s s , 

an d  how t h e s e  f u n c t io n s  c o u ld  h av e  e v o lv e d  fro m  th e  same b i ­

l a t e r a l  s t r i a t a l  asy m m etry .



S p e c ia l  th a n k s  t o  S ta n — m e n to r , f r i e n d ,  (a n d  damn 

good g u y )— f o r  h i s  a s s i s t a n c e ,  i n t e r e s t ,  and  i n s p i r ­

a t i o n  d u r in g  a l l  p h a se s  o f  t h i s  t h e s i s .  I n  a d d i t i o n ,  

I  am in d e b te d  t o  D r. J . P .  G reen  f o r  h i s  s u p p o r t ,  and 

t o  "V" f o r  h e r  t o l e r a n c e  and  u n d e r s ta n d in g .
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INTRODUCTION

A natom y

The n i g r o - s t r i a t a l  s y s te m  (NISTS) o f  t h e  r a t  b r a i n  h a s  

b een  d e s c r ib e d  a s  a  b i l a t e r a l  m on o am in erg ic  b u n d le  o f  n e rv e  

f i b e r s ,  w h ich  o r i g i n a t e  fro m  c e l l  b o d ie s  i n  t h e  p a r s  com pacta  

o f  th e  s u b s t a n t i a  n i g r a  ( d e s ig n a te d  a s  A9 by  D a h ls tro m  & F u x e , 

196A ), p a s s  th ro u g h  t h e  l a t e r a l  h y p o th a la m u s  w i th o u t  sy nap*  

s i n g ,  a s c e n d  r o s t r o m e d i a l l y  v ia  t h e  c r u s  c e r e b r i  an d  i n t e r n a l  

c a p s u le ,  an d  t e r m in a t e  p re d o m in a n tly  i n  t h e  n e o s t r i a t u m  a t  t h e  

c a u d a te -p u ta m e n  com plex  (B ed ard  & L a r o c h e l l e ,  1973} D a h ls tro m  

& F u x e , 1964 ; U n g e r s t e d t ,  1 9 7 1 a ) .  The c a u d a te -p u ta m e n  com plex  

( h e r e a f t e r  r e f e r r e d  t o  a s  t h e  s t r i a t u m  o r  c a u d a te )  c o m p ris e s  

a  l a r g e  p o r t i o n  ( a b o u t  7 mm r o s t r o - c a u d a l l y )  o f  t h e  t e l e e  

c e p h a lo n  o f  t h e  r a t  b r a i n .  On t h e  o t h e r  h a n d , th e  r o s t r o -  

c a u d a l  e x t e n t  o f  t h e  s u b s t a n t i a  n i g r a  (SN) i n  th e  m esen cep h a ­

lo n  i s  o n ly  a b o u t  2 t o  3 mm (C row , 1971} P e l l i g r i n o  & Cushm an, 

1 9 6 7 ) .

P u t a t i v e  n e u ro c h e m ic a l  t r a n s m i t t e r s  
w i t h i n  t h e  s t r i a t u m

A lth o u g h  t h e r e  a r e  h ig h  c o n c e n t r a t i o n s  o f  b o th  m onoam ines 

5 -h y d r o x y try p ta m in e  ( s e r o t o n i n )  an d  3 -h y d ro x y ty ra m in e  (d o p a ­

m in e ) ,  b io c h e m ic a l  an d  h i s to c h e m ic a l  f lu o r e s c e n c e  t e c h n iq u e s  

c o u p le d  w i th  d e g e n e r a t io n  s t u d i e s  i n d i c a t e  t h a t  dopam ine i s  

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



2

dopam ine c o n te n t  i s  d e p le t e d  a f t e r  a  l e s i o n  o f  t h e  p a r s  

co m p ac ts  o f  t h e  SN. H ow ever, s e r o t o n i n  c o n te n t  i s  v i r t u a l l y  

u n ch an g ed  a f t e r  a  s i m i l a r  l e s i o n  o f  t h e  n i g r a  (M arsd en ,

B ro ch , & G u ld b e rg , 1972; M arsden  & G u ld b e rg , 1 9 7 3 ) . The 

r e l a t i v e l y  h ig h  c o n te n t  o f  s e r o t o n i n  (0 .3 5  )u g /g - -B a k , H a s s le r ,  

Kim, & K a tao k a , 1972; 0 .7 7  p g / g — B roch  & M arsd en , 1972) i n  

t h e  c a u d a te  n u c le u s  o f  th e  r a t  a p p e a r s  t o  o r i g i n a t e  fro m  th e  

p r e s y n a p t i c  t e r m in a l s  o f  ax o n s w h ich  h av e  t h e i r  c e l l  b o d ie s  

i n  t h e  ra p h e  n u c l e i  o f  th e  b r a in s te m  (D a h ls tro m  & F u x e , 1964; 

F u x e , H o k f e l t ,  & U n g e r s te d t ,  1 9 6 S ). A f t e r  l e s i o n s  o f  th e  

ra p h e  n u c l e i ,  s e r o t o n i n  i s  d e p le t e d  by a b o u t 60- 75$> w h e rea s  

th e  dopam ine c o n te n t  i s  un ch an g ed  (M arsd en  e t  a l . ,  1972; 

M arsden  & G u ld b e rg , 1 9 7 3 ).

U n g e r s te d t  (1 9 7 1 a ) , u s in g  a  s e r i a l  l e s i o n i n g  te c h n iq u e  

o r  i n j e c t i o n  o f  a lp h a - m e th y l - n o r e p in e p h r in e  t o  en h an ce  de­

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

f l u o r e s c e n c e ,  i n d i c a t i v e  o f  c a te c h o la m in e s ,  i n  t h e  h e ad  o f  

t h e  c a u d a te  n u c le u s  a l l  th e w a y  b a ck  t o  t h e  SN. N e u ro ch e m ic a l 

a n a ly s e s  o f  th e  c a u d a te  r e v e a l  t h e  p re s e n c e  o f  dopam ine t o  

n o r e p in e p h r in e  i n  th e  r a t i o  o f  100 t o  1 ( 1 0 .0  p g /g  t o  0 .1

f i g / g ) and in c u b a t io n  o f  s t r i a t a l  s l i c e s  w i th  % - t y r o s i n e
3 3p ro d u c e s  l a r g e  am ounts o f  •'H -dopam ine b u t  l i t t l e  o r  not. H-

n o r e p in e p h r in e  (H o rn y k ie w ic z , 1 9 6 6 ) . Thus i t  seem s r e a s o n ­

a b le  t o  c o n c lu d e  t h a t  t h e  m ain  c o n t r i b u t o r  t o  t h e  NISTS 

f lu o r e s c e n c e  and  t h e r e f o r e  t h e  n e u ro c h e m ic a l  t r a n s m i t t e r  o f  

t h a t  s y s te m  i s  dopam ine and  n o t  n o r e p in e p h r in e .

More r e c e n t l y ,  h ig h  c o n c e n t r a t i o n s  ( 4 .5  jug /g— Bak e t  a l . ,  

1972) o f  g am m a-am in o b u ty ric  a c id  (GABA) h av e  b e en  r e p o r t e d  t o
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be l o c a t e d  i n  t h e  r a t  s t r i a t u m  (B ak e t  a l . ,  1972; Kim, Bak, 

H a s s le r ,  & O kada, 1971 ; O kada, H a s s le r ,  Kim, Bak, & H a s s le r ,

1 9 7 1 ) . A lth o u g h  i t  i s  p o s s i b l e  t h a t  GABA may be t h e  n e u ro ­

t r a n s m i t t e r  o f  th e  f i b e r s  c o u r s in g  fro m  th e  c a u d a te  t o  th e  

n i g r a ,  t h e  i n h i b i t o r y  amino a c id  h a s  n o t  b e e n  im p l ic a te d  as  

t h e  m e d ia to r  o f  s y n a p t i c  t r a n s m is s io n  i n  t h e  NISTS ( H a t t o r i ,  

M cGeer, F i b i g e r ,  & M cGeer, 1973; P r e c h t  & Y o sh id a , 1 9 7 1 ).

A lth o u g h  th e  c a u d a te  i s  r i c h  i n  th e  m onoam ines s e r o t o n i n ,  

d o pam ine , and  th e  am ino a c id  GABA, i t  a l s o  c o n ta in s  h ig h  

l e v e l s  o f  a c e t y l c h o l i n e  (ACh) ( a b o u t  6 .5  jag /g — Bak e t  a l . ,

1 9 7 2 ) , a c e t y l c h o l i n e s t e r a s e  (AChE), and  c h o l i n e a c e t y l  t r a n s ­

f e r a s e  (CAT) (A nden, D a h ls tro m , F u x e , & L a rs s o n , 1966;

M cGeer, M cGeer, F i b i g e r ,  & W ickson , 1 9 7 1 ) . I t  i s  p o s s i b l e  

t h a t  ACh f i b e r s  may a sc e n d  w i th o u t  d e c u s s a t in g  i n  t h e  c ru s  

c e r e b r i  and  c o u rs e  th ro u g h  th e  i n t e r n a l  c a p s u le  b e f o r e  t e r ­

m in a t in g  i n  th e  i p s i l a t e r a l  s t r i a t u m  (A nden e t  a l . ,  19 6 6 ),::l:u ::o  

s in c e  u n i l a t e r a l  l e s i o n s  i n  t h e  m ore r o a t r a l  m ese n c ep h a lo n  

h av e  b een  r e p o r t e d  t o  c a u se  a  s i g n i f i c a n t  d e c r e a s e  i n  th e

AChE c o n te n t  o f  t h e  i p s i l a t e r a l  c a u d a te  (S h u te  & L e w is , 1 9 6 3 ) . 

H ow ever, m ore r e c e n t  e v id e n c e  seem s t o  i n d i c a t e  t h a t  th e  

s t r i a t a l  ACh c o n te n t  i s  o f  an  i n t r i n s i c  n a t u r e .  S in c e  v a r i ­

o u s  l e s i o n s  o f  th e  c e r e b r a l  c o r t e x ,  th a la m u s , g lo b u s  p a l l i d u s ,  

o r  v e n t r a l  tegm entum  p ro d u c e d  no c o n s i s t e n t  s i g n i f i c a n t  de­

c r e a s e s  i n  AChE o r  CAT, M cGeer e t  a l .  (1 9 7 1 ) c o n c lu d e d  t h a t  

t h e  m a jo r  c h o l i n e r g i c  a c t i v i t y  i n  t h e  s t r i a t u m  w as a s s o c i a t e d  

w i th  th o s e  n e u ro n s  w h ich  d id  n o t  h av e  e f f e r e n t s  o u t s i d e  th e  

c a u d a te .  Thus t h e  c h o l i n e r g i c  i n f l u e n c e s  on s t r i a t a l  f u n c t i o n  

a p p e a r  t o  be l a r g e l y  o f  an i n t r i n s i c  n a t u r e .  W h ile  s t r i a t a l
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dopam ine i s  c o n ta in e d  i n  th e  p r e s y n a p t i c  t e r m i n a l s  o f  th e  

N ISTS, ACh a p p e a r s  t o  be lo c a t e d  w i t h i n  t h e  n e u r o n a l  c e l l s  

o f  th e  c a u d a te  i t s e l f .  H ow ever, due t o  th e  l a c k  o f  a  s t a i n ­

in g  te c h n iq u e  s p e c i f i c  f o r  ACh, t h e  c o n t r o v e r s y  o f  i n t r i n s i c  

o r  e x t r i n s i c  s t r i a t a l  ACh c a n n o t be v e r i f i e d  h i s t o c h e m i c a l l y .

U l t r a s t r u c t u r e  o f  t h e  s t r i a t u m ;  l o c a l i z a t i o n  
o f  dopam ine

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

m ine i s  c o n ta in e d  i n  th e  p r e s y n a p t i c  t e r m i n a l s  o f  th e  s t r i a t u m ,  

w h i le  l e s s e r  am oun ts  o f  th e  p resum ed  t r a n s m i t t e r  a r e  fo u n d  in  

t h e  c e l l  b o d ie s  o f  t h e  SN (D a h ls tro m  & F u x e , 1 9 6 4 ; F u x e , 

H o k f e l t ,  & N i l s s o n ,  1 9 6 4 ) . The c e l l  p o p u la t io n  o f  t h e  c a u d a te  

n u c le u s  o f  th e  r a t  i s  r a t h e r  h e te r o g e n o u s  c o n s i s t i n g  o f  n e u ­

r o n a l  c e l l s  o f  v a r io u s  s i z e s  ( r a n g in g  fro m  10 t o  20 p. in  d i ­

a m e te r )  an d  sh a p e s  (M o ri, 1966 ; W i l l i s  & G rossm an , 1 9 7 3 )» 

w h ich  a r e  a r r a n g e d  i n  c lu m p s , r a t h e r  th a n  in  a  hom ogenous o r ­

g a n iz e d  f a s h i o n ,  a n d  im m ersed i n  a  t h i c k  m e s h - l ik e  n e u r o p i l  

(M arco , C opack , E d e ls o n ,  & G ilm an , 1973 ; M o ri, 1966 ; Tennyson^

& M arco , 1 9 7 3 ) . The s m a l l  c e l l s  o f  t h e  s t r i a t u m  have  s h o r t ,  

t h i n ,  ax o n  f i b e r s ,  m ost o f  w h ich  p ro b a b ly  t e r m in a t e  w i th in  

t h e  c a u d a te  n u c le u s  i t s e l f  (M o ri, 1966 ) .  A c c o rd in g  t o  Fuxe 

e t  a l . ,  (1 9 6 4 ) some o f  th e  n e rv e  t e r m i n a l s  a r e  so  f i n e  (a b o u t 

0 .1  }i) t h a t  th e y  a r e  n e a r ly  below  t h e  r e s o l v i n g  pow er o f  th e  

f l u o r e s c e n c e  m ic ro s c o p e . On t h e  o t h e r  h a n d , th e  l a r g e  s t r i ­

a t a l  c e l l s ,  w h ich  a p p e a r  t o  be G o lg i ty p e  I  and  G o lg i  ty p e  I I  

n e u ro n s  (M o ri, 1966 ) ,  may be b e t t e r  s u i t e d  th a n  th e  s m a l l  

c e l l s  f o r  s y n a p t i c  c o n t a c t  o u t s id e  t h e  s t r i a t u m ,  e s p e c i a l l y  

t h e  lo n g e r  ax o n s  o f  t h e  G o lg i ty p e  I  c e l l s .  S y n a p t ic



5

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

s i n g l e  ax o n  m aking  c o n ta c t  w i th  many d e n d r i t e s  o r  w h a t h a s  

b e e n  d e s c r ib e d  a s  "en  p a s s a n t "  t e r m in a l s  (M o ri, 1966 ; 

T enny so n  & M arco , 1 9 7 3 ) .

A lth o u g h  a t  l e a s t  f i v e  d i f f e r e n t  ty p e s  o f  s y n a p t i c  

v e s i c l e s  h av e  b een  i d e n t i f i e d  in  t h e  s t r i a t u m  o f  th e  r a t  

(M o ri, 1966 ) ,  i t  c a n n o t  be  s t a t e d  c o n c lu s iv e ly  w h ich  o f  

t h e s e  v e s i c l e s ,  i f  a n y , c o n t a i n  t h e  n e u ro c h e m ic a l  d o pam ine .

I n  th e  p e r ip h e r y ,  c a te c h o la m in e  c o n ta i n in g  s y n a p t i c  v e s i c l e s  

c o n ta i n  a n  e l e c t r o n  d e n se  c o re  (Bloom & A g h a ja n ia n , 19$&i 

H o k f e l t ,  1968 ) .  I n  th e  c a u d a te ,  h o w e v e r, t h e  s m a l l  d e n se  

c o re  v e s i c l e s  h av e  n o t  b een  shown t o  c o n t a i n  d o p am in e , an d  

th e  l a r g e  g r a n u la r  s y n a p t i c  v e s i c l e s  a r e  to o  s p a r s e  t o  a c ­

c o u n t f o r  t h e  h ig h  c o n te n t  o f  dopam ine i n  t h a t  n u c le u s  

(Bloom & A g h a ja n ia n , 1968 ) .  A lth o u g h  l a r g e  g r a n u la r  v e s i c l e s  

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

t h e  c a t ,  f lu o r e s c e n c e  i n d i c a t i v e  o f  c a te c h o la m in e s  i s  no 

lo n g e r  v i s i b l e  (T ennyson  & M arco , 1973)*  A c c o rd in g  t o  

P h i l i p p u  and  Heyd (1 9 7 0 ) , m ost (5 ^ # ) o f  th e  dopam ine i n  t h e  

s t r i a t u m  an d  p a l l id u m  ( p ig )  i s  n o t  s t o r e d  i n  s u b c e l l u l a r  

p a r t i c l e s ,  b u t  i s  fo u n d  f r e e  in  t h e  c y to p la s m .

E l e c t r i c a l l y  s t im u la te d  an d  p h a r m a c o lo g ic a l ly  in d u c e d  
r e l e a s e  o f  n e u ro c h e m ic a ls  fro m  th e  s t r i a t u m

B o th  m onoam ines ( i . e .  dopam ine an d  s e r o t o n i n )  an d  ACh 

c an  be r e l e a s e d  fro m  th e  s t r i a t u m  by p e r t u r b a t i o n s  o f  th e  a p ­

p r o p r i a t e  n e u ro a n a to m ic a l  s t r u c t u r e s .  S e r o to n in  c o u ld  be 

r e l e a s e d  fro m  th e  c a u d a te  n u c le u s  by s t i m u l a t i n g  th e  n u c le u s  

l i n e a r i s  in te r m e d iu s  o r  r o s t r a l i s ,  b u t  s t i m u l a t i o n  o f  o th e r
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s t r u c t u r e s  o u t s id e  t h e  tw o l i n e a r  n u c l e i ,  i n c lu d in g  t h e  SN 

( P o r t i g  & V o g t, 1969 ) » d id  n o t  h av e  a  s i m i l a r  e f f e c t  (Holman 

& V o g t, 1 9 7 2 ) . On th e  o t h e r  h a n d , e l e c t r i c a l  s t i m u l a t i o n  o f  

t h e  n i g r a ,  an d  th u s  p re su m a b ly  th e  n i g r o - s t r i a t a l  b u n d le ,  

r e s u l t e d  i n  t h e  r e l e a s e  o f  b o th  dopam ine an d  ACh fro m  th e  

s t r i a t u m  o f  t h e  c a t  (M cLennan, 1965 ; P o r t i g  & V o g t, 1969 ) .

P h a rm a c o lo g ic a l  a g e n t s ,  a s  w e l l  a s  e l e c t r i c a l  s t i m u l a t i o n  

o f  t h e  NISTS, c a n  r e l e a s e  dopam ine fro m  th e  s t r i a t u m .  C a te c h ­

o la m in e s  c a n  be r e l e a s e d  fro m  b o th  p e r i p h e r a l ,  n e rv e  t e r m in a l s  

an d  p r e s y n a p t i c  e n d in g s  o f  t h e  c e n t r a l  n e rv o u s  s y s te m  by 

c e r t a i n  p h e n y le th y la m in e s  ( e . g .  am p h etam in e) (A x e lro d , 1970; 

B urn  & R and , 1 9 5 8 ; C a r l s s o n ,  F u x e , H am b& rger, & L in d q v iis t ,

1966 ; C a r r  & M oore , 1 9 ^9 ; G lo w in sk i & A x e lro d , 1965 ; H anson , 

1967 ; R andrup  & M unkvad, 1966 ; S u l s e r ,  O wens, N o rv ic h , & 

D i n g e l l ,  1967 ; T r e n d e le n b u rg ,  M uskus, F le m in g , & de l a  S i e r r a ,  

1962 ) .  Von V o ig t la n d e r  an d  Moore (1 9 7 3 ) h av e  d e m o n s tra te d  

t h e  e f f l u x  o f  % -d o p a m in e  fro m  th e  c a t  c a u d a te  a f t e r  p e r f u s in g  

th e  c e r e b r o v e n t r i c u l a r  s y s te m  w i th  a m p h e tam in e , a m a n ta d in e , 

o r  ty r a m in e .  The r e l e a s e  o f  t h e  am ine  was d o se  r e l a t e d  and 

c o n c o m ita n t  low  f r e q u e n c y  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  n ig r a  

p o t e n t i a t e d  t h e  d ru g - in d u c e d  r e l e a s e .  A m p h e tam in e 's  e f f e c t  

w as r e d u c e d ,  h o w e v e r, i n  a n im a ls  w i th  c h r o n ic  l e s i o n s  o f  t h e  

NISTS. A m phetam ine-evoked  r e l e a s e  o f  dopam ine fro m  th e  s t r i a ­

tum  was a l s o  e v id e n t  in  t h e  r a t ,  by t h e  a c c u m u la t io n  o f  0-;: ■ 

m e th y la te d  c a te c h o la m in e s  a f t e r  i n h i b i t i o n  o f  monoamine o x id a s e  

(MAO) (Anden & S v e n s so n , 1 9 7 3 ) .

N e u r o p h y s io lo g ic a l  c h o i i n e r g i c - d o p a m in e rg ic  
i n t e r a c t i o n s  w i t h i n  t h e  s t r i a t u m
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A lth o u g h  i t  i s  b e l i e v e d  t h a t  t h e r e  i s  a  n o rm a l f u n c t i o n a l  

b a la n c e  b e tw een  t h e  d o p a m in e rg ic  and  c h o l i n e r g i c  i n f l u e n c e s  

i n  t h e  c a u d a te  (Anden e t  a l . ,  196 6 ) ,  t h i s  i n t e r a c t i o n  h a s  n o t  

b e e n  e l u c i d a t e d  e l e c t r o p h y s i o l o g i c a l l y  o r  p h a r m a c o lo g ic a l ly .  

McLennan (1 9 6 4 ) h a s  shown t h a t  low  f r e q u e n c y  e l e c t r i c a l  s t im u ­

l a t i o n  o f  t h e  v e n t r a l  a n t e r i o r  (VA) n u c le u s  o f  t h e  th a la m u s  

( c a t ) ,  w i l l  i n c r e a s e  t h e  r e s t i n g  r e l e a s e  o f  ACh. S im i la r  

s t i m u l a t i o n  o f  th e  c e n tro m e d ia n  (CM) th a la m ic  n u c le u s ,  a n t e r i o r  

s ig m o id  g y r u s ,  o r  th e  SN w i l l  i n c r e a s e  d o p a m in e 's  r e l e a s e  from  

th e  s t r i a t u m  (M cLennan, 1964 ; M cLennan, 1 9 6 5 ) . The e l e c t r o -  

p h y s i o l o g i c a l  e f f e c t s  o f  VA s t i m u l a t i o n  c o u ld  be m im icked by 

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

(McLennan & Y o rk , 1966 ) .  Some c e l l s  w ere  e x c i t e d  by ACh a n d /  

o r  VA s t i m u l a t i o n ,  w h i le  o th e r s  w ere  d e p r e s s e d .  C h o l in e r g ic  

e f f e c t s  c o u ld  be b lo c k e d  by s y s te m ic  a d m i n i s t r a t i o n  o f  a t r o ­

p in e  ; m e th a c h o l in e ,  b u t  n o t  te tram e th y lam m o n iu m  o r  n i c o t i n e ,  

c o u ld  m im ic th e  e f f e c t  o f  ACh. Thus i t  a p p e a r s  t h a t  th e  

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

a n d  can  be e i t h e r  e x c i t a t o r y  o r  i n h i b i t o r y .  T h ese  i n h i b i t o r y  

a n d  e x c i t a t o r y  c e l l s  w ere  fo u n d  i n  d i s t i n c t  p o r t i o n s  o f  t h e  

c a u d a te ;  c h o l i n e r g i c  e x c i t a t o r y  c e l l s  a p p e a re d  t o  fo rm  a  

d e f i n i t e  la m in a v  s u r r o u n d in g  o t h e r  c e l l s  w h ic h  re s p o n d e d  w ith  

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

When dopam ine w as i o n t o p h o r e t i c a l l y  a p p l i e d  t o  s i n g l e  

u n i t s  o f  t h e  c a t  c a u d a te ,  t h e  p re d o m in a n t e f f e c t  was s u p r e s s io n  

o f  f i r i n g ;  ev en  r e s p o n s e s  ev o k ed  by e l e c t r i c a l  s t i m u l a t i o n  o f  

t h e  n i g r a  w ere  d e p r e s s e d  by th e  a p p l i c a t i o n  o f  d o pam ine . U n it  

r e s p o n s e s  e l i c i t e d  by dopam ine c o u ld  be b lo c k e d  by p r i o r
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i o n t o p h o r e t i c  i n j e c t i o n  o f  p h en o x y b en zam in e , b u t n o t  by th e  

a p p l i c a t i o n  o f  d i c h l o r o i s o p r o t e r e n o l .  Thus i t  seem s r e a s o n ­

a b le  t o  s u g g e s t  t h a t  d o p a m in e rg ic  e f f e c t s  in  t h e  c a u d a te  a r e  

m e d ia te d  a t  a  s i t e  w h ich  i s  c h a r a c t e r i s t i c ,  p h a r m a c o lo g ic a l ly ,  

o f  a n  a l p h a - r e c e p t o r .  W hereas t h e  c h o l in o c e p t iv e  c e l l s  a p p e a r  

t o  h av e  an  o r d e r e d  d i s t r i b u t i o n  w i t h i n  t h e  c a u d a te ,  no su ch  

o r g a n i z a t i o n  was fo u n d  f o r  c e l l s  w h ich  re s p o n d e d  t o  dopam ine . 

Some s t r i a t a l  c e l l s ,  re sp o n d e d  by e x c i t a t i o n  o r  d e p r e s s io n  

o f  f i r i n g  a f t e r  t h e  a p p l i c a t i o n  o f  b o th  ACh o r  d o pam ine . T h a t 

i s  i n  an y  p a r t i c u l a r  c e l l  b o th  n e u ro c h e m ic a ls  c o u ld  s i m i l a r l y  

i n c r e a s e  o r  s u p r e s s  f i r i n g ,  o r  h av e  c o m p le te ly  o p p o s i te  e f f e c t s  

(McLennan & Y o rk , 1967 ) .  A c c o rd in g  t o  B uchw ald , P r i c e ,  V e rn o n , 

an d  H u ll  (1 9 7 3 )> t h e  m a jo r  in p u t  t o  th e  c a u d a te  i s  e x c i t a t o r y ;  

th e y  s u g g e s t  t h a t  e x c i t a t i o n  im p in g in g  on  i n h i b i t o r y  i n t e r ­

n e u ro n s  (p re su m a b ly  c h o l in g e r g i c )  a c c o u n ts  f o r  th e  d e p r e s s io n  

o f  f i r i n g  w i t h i n  th e  c a u d a te .

F e l t z  and  A lb e -P e s s a rd  (1 9 7 2 ) d e m o n s tra te d  tw o ty p e s  o f  

c a u d a te  c e l l s  upon s t i m u l a t i n g  th e  SN. S p o n ta n e o u s ly  a c t i v e  

c a u d a te  c e l l s  (NCI c e l l s )  w ere  d e p re s s e d  d u r in g  n i g r a l  s t im u ­

l a t i o n ,  w h e re a s  o th e r  c e l l s  (NCE c e l l s )  w ere  in d u c e d  t o  f i r e  

a f t e r  s i m i l a r  e l e c t r i c a l  s t i m u l a t i o n .  T h ese  e x c i t a t o r y  NCE 

c e l l s  a p p e a r  t o  h av e  th e  a p p ro x im a te  l o c a t i o n ,  in  t h e  m e d ia l  

tw o - t h i r d s  o f  t h e  c a u d a te  n u c le u s  a s  th e  c h o l in o c e p t iv e  i n h i b i t o r y  

c e l l s  d e s c r ib e d  by M cLennan a n d  Y ork ( 1966 ) .  I s  i t  p o s s ib l e  

t h a t  t h e s e  c e l l s  r e c e iv e  e x c i t a t o r y  d o p a m in e rg ic  in p u t  fro m  

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

n u c le u s  o f  th e  th a la m u s?  P e rh a p s  a l l  c a u d a te  a f f e r e n t s  a r e  

e x c i t a t o r y  a s  B uchw ald e t  a l .  (1 9 7 3 ) m a in t a in s ,  and  th e  f i r i n g



9

o f  t h e  NCE c e l l s ,  d e s c r ib e d  by F e l t z  an d  A lb e - F e s s a r d  (1 9 7 2 ) , 

i s  d e p re s s e d  by s t r i a t a l  c h o l i n e r g i c  in te r n e u r o n s  r e c e iv in g  

a f f e r e n t s  fro m  t h e  VA n u c le u s  o f  th e  th a la m u s .  S in c e  th e  

m o n o s y n a p t ic a l ly  e x c i t e d  NCE n e u ro n s  w ere  th e  s m a l l e s t  c e l l s  

fo u n d ; in  t h e  c a u d a te  an d  t h e i r  c o n n e c t io n s  w ere  p r im a r i l y  

w i t h i n  t h a t  n u c l e u s ,  F e l t z  an d  A lb e -F e s s a rd  (1 9 7 2 ) c o n c lu d e d  

t h a t  th e  NCE c e l l s  th e m s e lv e s  w ere  t h e  i n h i b i t o r y  in t e r n e u r o n s .  

T h ese  in te r n e u r o n s  p re su m ab ly  m o d u la te  t h e  a c t i v i t y  o f  th e  

s p o n ta n e o u s ly  a c t i v e  NCI c e l l s .  From t h e  p re c e e d in g  d isc u s* :, 

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

a c t i o n s  w i t h i n  t h e  c a u d a te  n u c le u s  i t s e l f  a r e  com plex  and  

s t i l l  t h e  s u b j e c t  o f  c o n s id e r a b le  s p e c u l a t i o n .

N e u r o p h y s io lo g ic a l  c h o l in e r g ic - d o p a m in e r g ic  
i n t e r a c t i o n s  o u t s i d e  t h e  c a u d a te

C h o l in e r g ic  i n f l u e n c e s  a p p e a r  t o  be im p o r ta n t  in  d e t e r ­

m in in g  t h e  a c t i v i t y  o f  th e  NISTS a s  a  w ho le  ( B a r t h o l i n i  & 

p l e t s c h e r ,  1 9 7 2 ) . A fe e d b a c k  lo o p  fro m  t h e  c a u d a te  n u c le u s  

t o  th e  SN, w h ich  m o d u la te s  u n i t  a c t i v i t y  i n  t h e  l a t t e r ,  h a s  

b e e n  p o s t u l a t e d  (B unney , W a l te r s ,  R o th , & A g h a ja n ia n ,  1973b ; 

C o s t a l l ,  N a y lo r ,  & O lle y ,  1972 ; M cN air, S u t i n ,  & T subokaw a, 

1 9 7 2 ; O l i v e r ,  P a r e n t ,  S im a rd , & P o i r i e r ,  1 9 7 0 ) . T h e se  s t r i o -  

n i g r a l  f i b e r s  h av e  b een  r e p o r t e d  t o  be r i c h  i n  AChE ( O l iv e r  

e t  a l . ,  1 9 7 0 ) . The SN, l i k e  t h e  c a u d a te ,  i s  r i c h  a l s o  i n  

GABA (Bak e t  a l . ,  1 9 7 2 ; Kim e t  a l . ,  1 9 7 1 ; Okada e t  a l . ,  1 9 7 1 ) , 

an d  i t  h a s  b e en  p ro p o se d  ( P r e c h t  & Y o sh id a , 1971) t h a t  th e  

am ino  a c i d  may m e d ia te  n e u ro c h e m ic a l  t r a n s m is s io n  i n  t h e  ^ t r i o -  

n i g r a l  p a th w ay . H ow ever, more r e c e n t  e v id e n c e  s u g g e s t s . t h a t  

t h e  h ig h  l e v e l s  o f  n i g r a l  GABA a r e  l o c a l i z e d  p r i m a r i l y  i n  th e
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p r e s y n a p t i c  t e r m in a l s  o f  p a l l i d o - n i g r a l  f i b e r s  ( H a t t o r i  e t  a l . ,

1 9 7 3 ) .

M cN air e t  a l . ,  (1 9 7 2 ) ,  an d  P r e c h t  and  Y o sh id a  (1971) 

d e m o n s tra te d  t h a t  s i n g l e  shock: s t i m u l i  a p p l i e d  t o  t h e  c a u d a te  

n u c le u s  o f  t h e  c a t  o r th o d r o m ic a l ly  s u p r e s s e d  t h e  f i r i n g  o f  

n i g r a l  c e l l s  ev en  a f t e r  t h e  c a u d a te  s t i m u l a t i o n  had  c e a s e d .  

P h a rm a c o lo g ic a l  a g e n t s  w h ich  m im ic t h e  e l e c t r i c a l  s t i m u l a t i o n  

o f  t h e  c a u d a te ,  e i t h e r  by r e l e a s e  o f  dopam ine an d  s u b s e q u e n t  

b lo c k a g e  o f  i t s  r e u p ta k e  ( e . g .  am p h etam in e ) o r  d i r e c t  s t im u ­

l a t i o n  o f  d o p a m in e rg ic  r e c e p t o r s  ( e .g .  a p o m o rp h in e ) , a l s o  

s u p r e s s  t h e  f i r i n g  o f  u n i t s  i n  t h e  p a r s  co m p ac ta  o f  t h e  n ig r a  

(B unney , A g h a ja n ia n ,  & R o th , 1973&J Bunney e t  a l . ,  1 9 7 3 b ).

S m a ll d o se s  o f  i n t r a v e n o u s l y  a d m in is te r e d  d -am p h e tam in e  o r  

ap o m o rp h in e  w ere  s u f f i c i e n t  t o  d e p r e s s  th e  f i r i n g  r a t e  o f  th e  

d o p a m in e rg ic  c e l l s  o f  t h e  SN. D ih y d ro x y p h e n y la la n in e  (L-DOPA) 

u s u a l l y  had  no e f f e c t  on  t h e  f i r i n g  o f  n i g r a l  c e l l s .  H ow ever, 

when th e  r a t  was p r e t r e a t e d  w i th  a n  i n h i b i t o r  o f  p e r i p h e r i a l  

DOPA d e c a r b o x y la s e ,  t h e r e  was t h e  e x p e c te d  d e p r e s s io n  o f  n i g r a l  

f i r i n g  (B u n n e y .e t  a l . ,  1 9 7 3 a ) .  P re su m a b ly  th e  p e r i p h e r a l  d e ­

c a r b o x y la s e  i n h i b i t o r  a l lo w e d  m ore L-DOPA t o  e n t e r  t h e  b r a i n  

w here  i t  th e n  c o u ld  be d e c a r b o x y la te d  t o  fo rm  d o p am in e . On 

th e  o t h e r  h a n d , d ru g s  w h ich  d e c r e a s e  dopam ine t r a n s m is s io n  by 

b lo c k in g  th e  r e c p t o r  ( e . g .  h a l o p e r i d o l ,  c h lo r p r o m a z in e ) ,  i n ­

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

N ot o n ly  d id  t h e  in t r a v e n o u s  a d m i n i s t r a t i o n  o f  t h e  a n t i p s y c h o t i c  

p h e n o th ia z in e s  a n d  h a l o p e r i d o l  i n c r e a s e  th e  r a t e  o f  f i r i n g  o f  

n i g r a l  c e l l s ,  b u t  t h e r e  w as a  r e v e r s a l  o f  th e  am p h e tam in e - 

in d u c e d  s u p r e s s io n  o f  f i r i n g .  The a d m i n i s t r a t i o n  o f  p ro m e th a z in e ,
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h o w ev er, a  p h e n o th ia z in e  w i th  no a n t i p s y c h o t i c  a c t i v i t y ,  was 

w i th o u t  e f f e c t  (B unney e t  a l . ,  1 9 7 3 b ) . Thus i t  a p p e a r s  t h a t  

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

s u p r e s s  t h e  f i r i n g  o f  n i g r a l  c e l l s  by m eans o f  a  c h o l i n e r g i c  

f e e d b a c k  s t r i o - n i g r a l  lo o p ,  w h i le  d e c r e a s e s  i n  c a u d a te  a c t ­

i v i t y  w i l l  h av e  th e  o p p o s i t e  e f f e c t  on  n i g r a l  u n i t s .

F eed b ack  m echanism s r e g u l a t i n g  
dopam ine m e ta b o lism

The e l e c t r i c a l  r e s p o n s e s  o c c u r r in g  i n  t h e  SN a f t e r  th e  

a d m i n i s t r a t i o n  o f  v a r io u s  d ru g s  may be i n d i c a t i v e  o f  n e u ro ­

c h e m ic a l ch an g e s  t a k i n g  p la c e  i n  t h e  NISTS. A p p a re n t ly ,  t h e  

s t r i o - n i g r a l  fe e d b a c k  lo o p  i s  a n  e f f e c t i v e  m eans o f  r e g ­

u l a t i n g  dopam ine s y n t h e s i s  and  c a ta b o l i s m .  Bunney e t  a l . , 

$1973b) h a s  d e m o n s tra te d  t h a t  d -a m p h e tam in e , w h ich  d e c r e a s e s  

th e  r a t e  o f  f i r i n g  o f  n i g r a l  u n i t s ,  a l s o  d e c r e a s e s  dopam ine 

tu r n o v e r  i n  t h e  c o rp u s  s t r i a t u m  a s  m e asu re d  by th e  accumu­

l a t i o n  o f  3 t4 - d ih y d r o x y p h e n y la c e t ic  a c id  (DOPAC). C h lo rp ro -  

m a z in e , on th e  o t h e r  h a n d , i n c r e a s e s  t h e  s t r i a t a l  DOPAC 

c o n te n t .  H o m o v a n illic  a c id  (HVA) a l s o  h a s  b een  r e p o r t e d  t o  

i n c r e a s e  a f t e r  t h e  a d m i n i s t r a t i o n  o f  h a l o p e r i d o l  (A nden, 1970; 

G o ld s te in ,  A n a g n o ste , & S h i r r o n ,  1 9 7 3 ) . The r e s u l t s  o f  

W a l te r s ,  R o th , and  A g h a ja n ia n  (1 9 7 3 ) i n d i c a t e  t h a t  p ro c e d u re s  

w h ich  d e c r e a s e  SN f i r i n g  and  th u s  r e d u c e  im p u lse  t r a n s m is s io n  

i n  th e  NISTS ( e .  g . a x o n o m y ,a d m in is t r a t io n  o f  g am m a-b u ty ro - 

l a c t o n e  te m p o r i ly  i n c r e a s e  dopam ine c o n te n t  i n  t h e  r a t  s t r i a t u m ; ' 

an  i n c r e a s e  i n  dopam ine s y n t h e s i s  i s  a s s o c i a t e d  w i th  a  de­

c r e a s e  i n  n e u ro n a l  a c t i v i t y  o f  t h e  NISTS. T hese  d a t a  a r e  d i f f ­

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

SN f i r i n g  an d  dopam ine s y n t h e s i s .  A gain  c h o l i n e r g i c  in v o lv e m e n t
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i s  im p l i c a t e d ,  s in c e  th e  h a lo p e r id o l - in d u c e d  d e c r e a s e  in  

s t r i a t a l  dopam ine a f t e r  a lp h a - m e t h y l - p - ty r o s in e  p r e t r e a tm e n t  

(Anden & B e d a rd , 1 9 7 1 ) , a n d  th e  n e u r o l e p t i c - in d u c e d  r i s e  in  

HVA ( B a r t h o l i n i  & P l e t s c h e r ,  1972) w ere  b o th  c o u n te r a c te d  by 

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

A lth o u g h  th e  ch an g e s  in  dopam ine m e ta b o lism  c an  be e x ­

p l a in e d  by a  n e u r o n a l  fe e d b a c k  lo o p ,  th e  a c t u a l  in v o lv e m e n t 

o f  t h i s  m echanism  i s  s t i l l  som ewhat u n c e r t a i n .  I t  a p p e a rs  

t h a t  a d d i t i o n a l  fe e d b a c k  r e g u l a t i o n  o f  dopam ine s y n t h e s i s  c a n  

o c c u r  a t  t h e  s i t e  o f  t h e  dopm ine r e c e p t o r  i t s e l f ,  s in c e  v a r io u s  

p h a rm a c o lo g ic a l  a g e n ts  c a n  e f f e c t  c h an g e s  in  dopam ine m e tab o ­

l i s m  w i th o u t  c o n c o m ita n t  im p u lse  t r a n s m is s io n  th ro u g h  th e  

s t r i o - n i g r a l  pa thw ay  o r  t h e  NISTS. A f te r  i n h i b i t i n g  DOPA 

d e c a rb o x y la s e  and  u n i l a t e r a l l y  s e c t i o n i n g  t h e  n i g r o - s t r i a t a l  

b u n d le  o f  th e  r a t ,  t h e r e  i s  a  g r e a t e r  a c c u m u la t io n  o f  DOPA on 

th e  l e s i o n e d  s i d e  th a n  on th e  i n t a c t  s i d e  (K e h r, C a r l s s o n ,  

L i n d q v i s t ,  M agnusson , & A ta c k , 1 9 7 2 ) . T h is  o b s e r v a t io n  i s  in  

a g re e m e n t w i th  a  n e u ro n a l  fe e d b a c k  i n t e r p r e t a t i o n  o f  th e  r e g u ­

l a t i o n  o f  dopam ine m e ta b o lism . R educed im p u lse  t r a n s m is s io n  

on th e  l e s i o n e d  s i d e  w ould  s i g n a l  c o m p en sa to ry  m echanism s in  

th e  s t r i a t u m  t o  in c r e a s e  dopam ine s y n t h e s i s .  H ow ever, th e  

a d m i n i s t r a t i o n  o f  ap o m o rp h in e  t o  su c h  l e s i o n e d  r a t s  p r e v e n te d  

th e  s t r i a t a l  a c c u m u la t io n  o f  DOPA on b o th  s i d e s ,  an d  t h i s  e f ­

f e c t  was s i g n i f i c a n t l y  r e v e r s e d  by h a l o p e r i d o l  (K ehr e t  a l . ,

1 9 7 2 ) . In  a d d i t i o n ,  B ed ard  and  L a r o c h e l le  (1973) r e p o r te d  

t h a t  s e c t i o n i n g  t h e  c h o l i n e s t e r a s e  s t a i n i n g  s t r i o - n i g r a l  

f i b e r s ,  w i th o u t  dam aging  t h e  n i g r o - s t r i a t a l  b u n d le ,  d id  n o t  

p r e v e n t  t h e  in c r e a s e  o f  s t r i a t a l  HffA in  r a t s  t r e a t e d  w ith
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h a l o p e r i d o l .  T h ese  r e s u l t s  w ould  t e n d  t o  m in im ize  th e  im­

p o r ta n c e  o f  a n  e x t r a - s t r i a t a l  f e e d b a c k  c o n t r o l  o f  dopam ine 

m e ta b o lis m . Thus K ehr e t  a l .  (1 9 7 2 ) an d  G o ld s te in  e t  a l .

( 1973 ) a g r e e  t h a t  s t r i a t a l  t y r o s i n e  h y d ro x y la s e  a c t i v i t y  i s  

r e g u l a t e d  by th e  dopam ine r e c e p t o r s  th e m s e lv e s  w h ich  a r e  

i n s t r i n s i c  t o  th e  c a u d a te .

A lth o u g h  b o th  n e u r o n a l  f e e d b a c k  an d  r e c e p t o r  m e d ia te d  

m echanism s f o r  th e  c o n t r o l  o f  dopam ine s y n t h e s i s  have  b een  

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

t h a t  dopam ine l e v e l s  a r e  r e g u l a t e d  n e u r o c h e m ic a l ly  by a  t h i r d  

i n t r a n e u r o n a l  m echanism — e n d - p r o d u c t  i n h i b i t i o n  ( H a r r i s  &

R o th , 1971 ; J a v o y , A gid , B o u v e t, & G lo w in s k i ,  1 9 7 2 ) . A f te r  

i n h i b i t i n g  MAO i n  v iv o , s t r i a t a l  dopam ine c o n te n t  r a p i d i y  i n ­

c r e a s e d ,  in  a  l i n e a r  f a s h io n  w i t h i n  th e  f i r s t  t e n  m in u te s ,  

an d  e v e n t u a l l y  r e a c h e d  a b o u t  145# o f  i t s  c o n t r o l  v a lu e .  S in c e  

t h e r e  was no i n c r e a s e  i n  th e  m e ta b o l i t e  3 -m e th o x y ty ra m in e ,  i t  

was c o n c lu d e d  t h a t  th e  c a ta b o l i s m  o f  t h e  am ine had  n o t  in c r e a s e d ,  

b u t  r a t h e r  i t s  s y n t h e s i s  h ad  b e en  m a rk e d ly  d e c r e a s e d  a t  t h i s  

t im e  (Ja v o y  e t  a l . ,  1 9 7 2 ) . I n  v i t r o  e x p e r im e n ts  h av e  demon­

s t r a t e d  t h a t  dopam ine c o n c e n t r a t i o n s  a s  low a s  10"^ M i n h i b i t ,  

fro m  2 5 # ':( H a r r i s  & R o th , 1971) t o  4 3 #  (J a v o y  e t  a l . ,  1972) o f  

c o n t r o l  v a lu e s ,  t h e  c o n v e r s io n  o f  ^ H - ty r o s in e  t o  ^H-DOPA in  

s l i c e s  o f  t h e  r a t  s t r i a t u m .  D rugs w h ich  b lo c k  th e  n e u r o n a l  

r e u p ta k e  o f  c a te c h o la m in e s  ( i . e .  c o c a in e ,  b e n z t r o p in e )  c o u ld  

p a r t i a l l y  p r e v e n t  t h e  c a te c h o la m in e - in d u c e d  d e c r e a s e  i n  th e  

c o n v e r s io n  o f  l a b e l e d  t y r o s i n e  t o  DOPA, e v e n  th o u g h  th e s e  d ru g s  

had  no e f f e c t  by th e m s e lv e s  on th e  a c t i v i t y  o f  t y r o s i n e  h y d ro ­

x y la s e  ( H a r r i s  & R o th , 1971 ; J a v o y  e t  a l . ,  1972 ) .  I t  h a s  b een
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s u g g e s te d  t h a t  dopam ine r e g u l a t e s  t h e  ty ro sin e -D O P A  c o n v e r s io n  

by i n h i b i t i n g  t y r o s i n e  h y d ro x y la s e  u n c o m p e t i t iv e ly  and  th e  

p t e r e d i n e  c o f a c t o r  c o m p e t i t iv e ly  ( I k e d a ,  F a h ie n ,  & U d e n f r ie n d , 

1966 ) .  H ow ever, e n d -p ro d u c t  i n h i b i t i o n  c a n n o t a c c o u n t  f o r  th e  

o b s e r v a t io n  t h a t  ap o m o rp h in e  i n h i b i t s  th e  c o n v e r s io n  o f  t y r o ­

s in e  t o  DOPA i n  s t r i a t a l  s l i c e s ,  m ore e f f e c t i v e l y  th a n  th e  

d o p a m in e rg ic  a g o n i s t  i n h i b i t s  t h e  i n  v i t r o  a c t i v i t y  o f  t y r o ­

s in e  h y d ro x y la s e  ( G o ld s te in ,  F reem an , & B a c k s tro m , 1 9 7 0 ).

Thus i t  a p p e a r s  t h a t  t h e r e  may be  a t  l e a s t  t h r e e  fe e d b a c k  

m echanism s w h ich  r e g u l a t e  dopam ine m e ta b o lism  in  v i v o : 1 ) a

d e s c e n d in g  c h o l i n e r g i c  ( o r  p o s s ib ly  I'G A BA ergic") n e u r o n a l  

fe e d b a c k  lo o p  fro m  th e  c a u d a te  t o  th e  SN w h ich  r e g u l a t e s  u n i t  

a c t i v i t y  o f  t h e  n i g r a  ( s u b s e q u e n t  im p u lse  t r a n s m is s io n  th ro u g h  

t h e  NISTS e f f e c t s  c h an g e s  in  s t r i a t a l  dopam ine m e ta b o l is m ) ;

2 ) a  r e c e p to r - m e d ia t e d  fe e d b a c k  m echanism  w h ich  c o n t r o l s  th e  

t r a n s m i t t e r ' s  m e ta b o lism  v ia  d o p a m in e rg ic  a c t i v i t y  p o s ts y n a p -  

t i c a l l y  o r  w i t h i n  t h e  s y n a p t i c  c l e f t j  3 ) a  n e u ro c h e m ic a l  end  

p ro d u c t  i n h i b i t i o n  o f  dopam ine on t y r o s i n e  h y d ro x y la s e  a c t i v i t y .

N ig r o - s t r i a t a l  f u n c t i o n :  
c l i n i c a l  s t u d i e s '

I n  a  l a r g e r  c o n t e x t ,  t h e  n o rm a l f u n c t i o n i n g  o f  t h e  e x t r a -  

p y ra m id a l  m o to r sy s te m  i s  d e p e n d e n t upon a n  i n t a c t  NISTS (Ju n g  

& H a s s l e r ,  i 9 6 0 ) .  From c l i n i c a l  s t u d i e s  i t  i s  e v id e n t  t h a t  

p e r t u r b a t i o n s  o f  th e  NISTS c an  l e a d  t o  s e v e r e  m o to r d i s t u r b a n c e s .  

F o r  e x a m p le , l e s i o n s  o f  th e  pu tam en  r e s u l t  in  a  d y s to n ic  s y n ­

drom e w h ich  re s e m b le s  p ro x im a l a t h e t o s i s .  D e s t r u c t io n  o f  th e  

s t r i a t u m  ( e s p e c i a l l y  th e  s m a l l  c e l l s )  o r  com bined  l e s i o n s  o f  

b o th  s t r i a t u m  and  g lo b u s  p a l l i d u s  in v o lv e  m ore d i s t a l  m u sc le
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g ro u p s  w i th  th e  r e s u l t i n g  symptoms c h a r a c t e r i s t i c  o f  c h o re a  

an d  a t h e t o s i s ,  r e s p e c t i v e l y  (Ju n g  & H a s s l e r ,  i 960 ; W i l l i s  & 

G rossm an , 1 9 7 3 )-  The a b l a t e d  s t r i a t u m  i s < a l s o  th o u g h t  t o  be 

th e  n e u ro a n a to m ic a l  s u b s t r a t e  f o r  th e  m y o c lo n ic  s t e r e o t y p i c  

movem ents m a n if e s te d  c l i n i c a l l y .  On th e  o t h e r  h a n d , p a r k i n ­

so n ism  w h ich  i s  c h a r a c t e r i z e d  by tre m o r  a t  r e s t ,  r i g i d i t y ,  

an d  a k i n e s i a ,  i s  a s s o c i a t e d  w i th  d e s t r u c t i o n  o f  th e  m e la n in  

p ig m e n te d  c e l l s  i n  th e  SN w ith  r e s u l t i n g  d e g e n e r a t io n  o f  th e  

n i g r o - s t r i a t a l  t r a c t  (H o rn y k ie w ic z , 1966 ; : Ju n g  85 H a s s l e r ,  

i 960 ; W i l l i s  & G rossm an , 1 9 7 3 ) . U n i l a t e r a l  e l e c t r i c a l  s t im u ­

l a t i o n  o f  th e  p a l l id u m  i n  man, c o n s i s t e n t l y  ev o k es  a  te n d e n c y , 

i n  m ost p a t i e n t s ,  t o  f i x  t h e i r  g a z e  i n  t h e  c o n t r a l a t e r a l  d i ­

r e c t i o n  (Ju n g  & H a s s l e r ,  i 96 0 ) .

N i g r o - s t r i a t a l  f u n c t i o n :  a n im a l 
s t u d i e s

From a n im a l s t u d i e s ,  t h e  m ost c o n s i s t e n t  b e h a v io r a l  

phenom enon o b ta in e d  d u r in g  u n i l a t e r a l  e l e c t r i c a l  s t i m u l a t i o n  

o f  th e  c a u d a te  n u c le u s  i s  c o n t r a v e r s i v e  t u r n i n g  ( i . e .  t u r n i n g  

away from  th e  s t i m u l a t i n g  e l e c t r o d e )  (Form an & W ard, 1957; 

H en d ley  & H o d es, 1953; Ju n g  & H a s s l e r ,  i 960 ) .  Form an and  Ward 

( 1957 ) w ere  a b le  t o  show t h a t  c o n t r a v e r s i v e  t u r n i n g  o f  th e  

h ead  and  body w ere  s o m a to to p ic a l ly  o rg a n iz e d  w i t h i n  th e  c a u d a te  

n u c le u s  o f  th e  c a t ,  an d  th e  p r o d u c t io n  o f  t h e s e  m ovem ents was 

n o t  d e p e n d e n t upon a n  i n t a c t  m o to r c o r t e x .  On th e  o th e r  h a n d , 

c o n t r a v e r s iv e  movement was d e p e n d e n t upon an  i n t a c t  c o n n e c t io n  

b e tw een  th e  c a u d a te  and  th e  SN (H en d ley  & H o d es, 1 9 5 3 )» and  

n i g r a l  s t i m u l a t i o n  ev o k ed  t u r n i n g  b e h a v io r  s i m i l a r  t o  t h a t  

p ro d u c e d  by c a u d a te  s t i m u l a t i o n  (A rb u th n o t t  & Crow, 1 9 7 1 ; Y ork ,
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1 9 7 3 ) .

L a rg e  b i l a t e r a l  l e s i o n s  o f  t h e  c a t  c a u d a te  p ro d u c e d  a  

m o to r d i s tu r b a n c e  te rm e d  " o b s t i n a t e  p r o g r e s s i o n " ,  t h a t  i s  

t h e  a n im a l h ad  a  te n d e n c y  t o  w a lk  s t r a i g h t  a h ea d  d e s p i t e  

o b s t a c l e s  p la c e d  i n  i t s  p a th .  On th e  o t h e r  h an d , s u b t o t a l  

u n i l a t e r a l  c a u d a te  l e s i o n s  ev o k ed  m o to r a sy m m e tr ie s  s i m i l a r  t o  

th e  b e h a v io r  e l i c i t e d  w i th  e l e c t r i c a l  s t i m u l a t i o n  ( i . e  c o n t r a ­

v e r s i v e  t u r n i n g ) ;  c i r c l i n g  m ovem ents o c c u r r e d  t o  t h e  s id e  o f  

th e  l e s i o n  (J u n g  & H a s s l e r ,  I 9 6 0 ) .

The n i g r o - s t r i a t a l  sy s te m  and  
r o t a t i o n a l  b e h a v io r

The n e u ro a n a to m ic a l  s u b s t r a t e s  f o r  t h e  i n i t i a t i o n  o f  con­

t r a v e r s i v e  t u r n i n g  m ovem ents h av e  b e en  p ro p o s e d  t o  be m an i­

f o l d  and  fo u n d  i n  many a r e a s  o f  t h e  b r a i n  (4 u n g  & H a s s le r ,  

I 9 6 0 ) .  A lth o u g h  th e  d a t a  a r e  c o n t r o v e r s i a l ,  one su c h  sy s te m  

o r i g i n a t e s  i n  t h e  a n t e r i o r  n u c le u s  o f  t h e  th a la m u s , s e n d s  

e f f e r e n t s  t o  t h e  c in g u i a t e  g y ru s  w h ich  th e n  te r m in a te  i n  th e  

p a l l id u m . A n o th e r  sy s te m  b e g in s  i n  t h e  c a u d a te  n u c le u s ;  i t  

to o  e n d s  i n  t h e  g lo b u s  p a l l i d u s .  A p p a re n t ly ,  p a l l i d a l  e f f e r ­

e n t s  c r o s s  th e  m id l in e  i n  th e  m e se n c ep h a lo n  and  e v e n t u a l l y  

com m unicate w i th  t h e  r e t i c u l o s p i n a l  t r a c t  w h ich  i n  t u r n  conveys 

t h e s e  e f f e r e n t  im p u ls e s  i n t o  m o to r  o u tp u t .  In v o lv e m e n t o f  

th e  r e t i c u l o s p i n a l  t r a c t ,  i n  t h e  m e d ia t io n  o f  c i r c l i n g ,  h a s  

a l s o  b een  s u g g e s te d  m ore r e c e n t l y  by Bak e t  a l .  (1 9 7 2 ) and 

Y ork (1 9 7 3 ) .  H ow ever, s u b s t a n t i a l  e v id e n c e  h a s  now accumu­

l a t e d  w h ich  im p l i c a t e s  t h e  a s c e n d in g  d o p a m in e rg ic  NISTS a s  

t h e  n e u ro a n a to m ic a l  s u b s t r a t e  f o r  t h e  i n i t i a t i o n  o f  c i r c l i n g  

o r  r o t a t i o n a l  b e h a v io r  i n  th e  r a t  (A nden, 1970 ; Anden e t  a l . ,  

1966; A r b u th n o t t  & Crow, 1971; C o s t a l l  e t a l . ,  1972 ; Crow, 1971;
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U n g e r s t e d t ,  1971b ; U n g e r s te d t  & A r b u th n o t t ,  1 9 7 0 ) .

R a ts  w i th  u n i l a t e r a l  l e s i o n s  o f  th e  s t r i a t u m  o r  th e  v e n ­

t r o m e d ia l  te g m e n ta l  a r e a  o f  t h e  m e se n c ep h a lo n  e x h i b i t  a  p o s ­

t u r a l  asym m etry  upon r e c o v e r in g  fro m  t h e  o p e r a t i o n ,  w h ich  

c o n s i s t s  o f  t u r n i n g  i p s i l a t e r a l  t o  t h e  l e s i o n  (A nden, e t .  a l . ,  

1966 ; U n g e r s t e d t ,  1 9 7 1 b ) . A f te r  th e  a d m i n i s t r a t i o n  o f  am p h et­

am in es  ( e . g .  1-5  m g/kg o f  d -a m p h e tam in e ) t o  su c h  le s i o n e d  r a t s ,  

th e y  v ig o r o u s ly  r o t a t e  o r  t u r n  in  c i r c l e s  to w a rd s  t h e  o p e r a te d  

s i d e  (A nden, e t  a l . ,  1966 ; C h r i s t i e  & Crow , 1971* 1973* C row ,1971 ; 

U n g e r s t e d t ,  1971b* U n g e r s te d t  & A r b u th n o t t ,  1 9 7 0 ) . Crow (1971) 

h a s  d e m o n s tra te d  t h a t  u n i l a t e r a l  l e s i o n s  o f  th e  m e se n c e p h a lo n } 

o n ly  e n c ro a c h in g  upon th e  SN o r  i n t e r r u p t i n g  th e  m e d ia l  n ig r o -  

s t r i a t a l  b u n d le  i n  th e  c ru s  c e r e b r i ^ w i l l  r e s u l t  i n  r o t a t i o n  

a f t e r  t h e  a d m i n i s t r a t i o n  o f  m e th am p h e tam in e . I t  s h o u ld  be 

n o te d  t h a t  t h e  in te r p e d u n c u la r  n u c le u s  ( d e s ig n a te d  a s  A10 by 

D a h ls tro m  & F u x e , 1 9 6 4 ) , w h ich  c o n ta in s  th e  c e l l  b o d ie s  o f  th e  

m e so lim b ic  d o p a m in e rg ic  s y s te m  ( U n g e r s te d t ,  1 9 7 1 a ) , l i e s  c lo s e  

t o  th e  SN i n  t h e  m id b r a in ;  s t i m u l a t i o n  o f  th e  a r e a  a ro u n d  A10 

p ro d u c e s  some o f  t h e  b e h a v io r a l  com ponen ts o f  s t e r e o ty p y  in  

t h e  r a t  ( i . e .  l i c k i n g ,  s n i f f i n g ,  g n aw in g ) (C row , 1 9 7 1 )-  How­

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

s t i m u l a t i o n  o f  th e  i n te r p e d u n c u l a r  n u c le u s ,  an d  l e s i o n s  o f  th e  

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

p r i a t e  p h a rm a c o lo g ic a l  c o n d i t i o n s  ( A r b u th n o t t  & Crow, 1 9 7 1 )- 

G l ic k  an d  G r e e n s te in  (1973) r e p o r t e d  a m p h e ta m in e -in d u c e d  r o ­

t a t i o n  in  r a t s  w i th  u n i l a t e r a l  f r o n t a l  l e s i o n s .  H ow ever, t h e i r  

i n t e r p r e t a t i o n  i s  n o t  i n c o n s i s t e n t  w i th  th e  id e a  t h a t  th e  NISTS 

i s  th e  s u b s t r a t e  f o r  r o t a t i o n , s i n c e  th e s e  i n v e s t i g a t o r s  c o n s id e r e d
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t h e  f r o n t a l  c o r t e x  a s  a  m o d u la to r  o f  n i g r o - s t r i a t a l  f u n c t i o n .

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

The n e u ro c h e m ic a l  b a s i s  o f  r o t a t i o n a l  b e h a v io r  h a s  b een  

a t t r i b u t e d  t o  a  f u n c t i o n a l  im b a la n c e  b e tw een  th e  NISTS i p s i -  

l a t e r a l  and  c o n t r a l a t e r a l  t o  t h e  l e s i o n  ( C h r i s t i e  & Crow, 1971 ; 

U n g e r s t e d t ,  1971b ; U n g e r s te d t  & A r b u th n o t t ,  1 9 7 0 ) . A m pheta­

m ine p re su m ab ly  s t i m u l a t e s  th e  i n t a c t  s y s te m , i . e .  r e l e a s e s  

dopam ine w h ich  f u r t h e r  e n h a n c e s  th e  b i l a t e r a l  im b a la n ce  and  

c a u s e s  th e  r a t  t o  r o t a t e .  Thus a f t e r  th e  a d m i n i s t r a t i o n  o f  

am p h e tam in e , th e  a n im a l r o t a t e s  to w a rd  th e  s id e  c o n ta in in g  th e  

lo w e s t  dopam ine c o n te n t .

A lth o u g h  t h e r e  a r e  o t h e r  n e u r o t r a n s m i t t e r s  i n  th e  s t r i a ­

tu m , o n ly  c h an g e s  i n  dopam ine c o n te n t  a n d /o r  m e ta b o lism  have 

b e en  c o r r e l a t e d  w i th  r o t a t i o n a l  b e h a v io r .  A lp h a -m e th y l-p -  

t y r o s i n e  w h ich  i n h i b i t s  t y r o s i n e  h y d ro x y la s e  ( S p e c to r ,

S jo e rd sm a , & u d e n f r i e n d ,  1965 ; W eissm an, K oe, & T en en , 1966 ) 

an d  s u b s e q u e n t c a te c h o la m in e  s y n t h e s i s ,  m a rk e d ly  r e d u c e s  o r  

c o m p le te ly  a b o l i s h e s  a m p h e ta m in e -in d u c e d  r o t a t i o n  in  r a t s  w i th  

u n i l a t e r a l  l e s i o n s  o f  th e  SN ( C h r i s t i e  & Crow, 1971 ; U n g e r s t e d t ,  

1971b ) .  On th e  o th e r  h a n d , th e  same r a t s  p r e t r e a t e d  w i th  FLA63 

\ j j i s - ( l - m e t h y l - 4 - h o m o p i p e r a z i n y l - t h i o c a r b o n y l ) - d i s u l p h i d e ] , 

a n  i n h i b i t o r  o f  d o p a m in e -b e ta -h y d ro x y la s e  ( C o r r o d i ,  F u x e , 

H am berge'r, & L ju n g d a h l ,  1970) w h ich  s e l e c t i v e l y  b lo c k s  n o r e ­

p in e p h r in e -  s y n t h e s i s ,  showed no d e c r e a s e  in  r o t a t i o n  a f t e r  

t h e  a d m i n i s t r a t i o n  o f  am phetam ine  ( C h r i s t i e  & Crow, 1971 ; 

U n g e r s t e d t ,  1 9 7 1 b ) . The d o p a m in e rg ic  a g o n i s t ,  a p o m o rp h in e , 

c a u s e s  f o t a t i o n  i n  r a t s  w i th  u n i l a t e r a l  l e s i o n s  o f  th e  NISTS
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(A nden , 1970 ; U n g e r s t e d t ,  1 9 7 1 b ) » and  s t e r e o t y p i c  b e h a v io r s  

i n  n o rm a l a n im a ls  (A ndSn, S trom bom , & S v e n s so n , 1973 ; E r n s t ,  

1965 ,  1967 ) .  H ow ever, r o t a t i o n  o r  s t e r e o t y p y  h as  b een  r e ­

p o r te d  n o t  t o  o c c u r  a f t e r  th e  a d m i n i s t r a t i o n  o f  c lo n id in e  

(Anden e t  a l . ,  1 9 7 3 )— a d ru g  w h ich  p u r p o r t i v e l y  s t i m u l a t e s  

n o r a d r e n e r g ic  r e c e p t o r s  (A nden, 1970 ; Anden e t  a l . ,  1973)*

B o th  c h lo rp ro m a z in e  and  h a l o p e r i d o l  w i l l  b lo c k  d ru g -  

in d u c e d  r o t a t i o n  i n  r a t s  w i th  u n i l a t e r a l  n i g r o - s t r i a t a l  l e ­

s io n s  ( C h r i s t i e  & Crow, 1971; U n g e r s t e d t ,  1 9 7 1 b ). A p p a re n t ly  

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

s in c e  th e  b u ty ro p h e n o n e  h a s  a  h ig h e r  d o p a m in e rg ic  t o  n o r e a -  

d r e n e r g ic  b lo c k in g  r a t i o  th a n  c h lo rp ro m a z in e  (A nden, B u tc h e r ,  

C o r r o d i ,  F u x e , & U n g e r s t e d t ,  1 9 7 0 ) . When h a l o p e r i d o l  o r  

c h lo rp ro m a z in e  a lo n e  i s  a d m in is te r e d  t o  r a t s  w i th  u n i l a t e r a l  

n i g r o - s t r i a t a l  l e s i o n s ,  a  b e n d in g  o f  th e  body t o  th e  u n o p e ra te d  

s id e  i s  in d u c e d . T h is  p o s t u r a l  asym m etry  i s  n o t  o b s e rv e d  a f t e r  

t h e  a d m i n i s t r a t i o n  o f  th e  a lp h a  b lo c k e r ,  p h en o x y b en zam in e , o r  

th e  b e ta  b lo c k e r ,  p r o p r a n o lo l  (A nden, 1 9 7 0 ; Anden e t  a l . ,  1970; 

Anden e t  a l . ,  1966 ) .

The c a s e  f o r  d o p a m i n e / n i g r o - s t r i a t a l  in v o lv e m e n t  i n  r o ­

t a t i o n a l  b e h a v io r  i s  f u r t h e r  s t r e n g t h e n e d  by i n v e s t i g a t i o n s  

u s in g  i n t r a c e r e b r a l  i n j e c t i o n  o f  v a r i o u s  p h a r m a c o lo g i c a l  a g e n t s .  

C o n t r a l a t e r a l  c i r c l i n g  h a s  b een  o b s e r v e d  a f t e r  t h e  u n i l a t e r a l  

i n j e c t i o n  o f  do p am in e , a p o m o rp h in e ,  ( U n g e r s t e d t ,  B u tc h e r ,  

B u t c h e r ,  A nden, & F u x e ,  1969 ) o r  am phetam ine  (M cKenzie, G ordon,

& V i l k ,  1972) d i r e c t l y  i n t o  t h e  n e o s t r i a t u m .  On th e  o th e r  

h a n d , i p s i v e r s i v e  r o t a t i o n  i s  in d u c e d  by th e  u n i l a t e r a l  i n t r a -  

s t r i a t a l  a p p l i c a t i o n  o f  h a l o p e r i d o l  ( C o s t a l l  e t  a l . ,  1972) o r
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C h lo rp ro m a z in e  (U n g e r s te d t  e t  a l . ,  1969 ) .

On th e  b a s i s  o f  th e  p r e c e d in g  e v id e n c e ,  i t  i s  a p p a r e n t  

t h a t  dopam ine an d  n o t  n o r e p in e p h r in e  i s  t h e  n e u ro c h e m ic a l  

m e d ia to r  o f  r o t a t i o n a l  b e h a v io r  in  r a t s .  As m e n tio n e d  p r e ­

v i o u s l y ,  s e r o t o n i n  c o n te n t  i n  th e  s t r i a t u m  i s  h ig h ,  and  th e  

in d o la m in e  c a n  be d e p le t e d  s e l e c t i v e l y  by l e s i o n s  o f  th e  ra p h e  

n u c l e i  (M arsden  e t  a l . ,  1972 ) .  H ow ever, am phetam ine  a d m in is ­

t e r e d  t o  r a t s  w i th  ra p h e  l e s i o n s ,  d id  n o t  e l i c i t  r o t a t i o n ,  an d  

th e  m ag n itu d e  o f  a m p h e ta m in e -in d u c e d  r o t a t i o n  i n  r a t s  w i th  

u n i l a t e r a l  SN l e s i o n s ,  re m a in ed  un ch an g ed  e v en  a f t e r  s u b s e q u e n t  

l e s i o n s  o f  th e  ra p h e  n u c l e i  (M arsden  & G u ld b e rg , 1973)* Ro­

t a t i o n  i s  o b s e rv e d  when L-DOPA i s  a d m in i s t e r e d  t o  u n i l a t e r a l l y  

s t r i a t o t o m i z e d  r a t s  w h ich  have  b e en  p r e t r e a t e d  w i th  a n  i n h i ­

b i t o r  o f  MAO. H ow ever, r o t a t i o n  d o es  n o t  o c c u r  u n d e r  t h e  same 

c o n d i t i o n s ,  i f  5 -h y d r o x y tr y p to p h a n ,  t h e  im m e d ia te  p r e c u r s o r  

o f  s e r o t o n i n ,  i s  s u b s t i t u t e d  f o r  .L-DOPA (Anden e t  a l . ,  1966 ) .

C h o l in e r g ic  in f l u e n c e s  on 
r o t a t i o n a l  b e h a v io r

The p re c e d in g  e v id e n c e  i n d i c a t e s  t h a t  m onoam ines o th e r  

th a n  dopam ine a r e  n o t  in v o lv e d  i n  d ru g - in d u c e d  r o t a t i o n  in  

r a t s  w i th  u n i l a t e r a l  l e s i o n s  o f  t h e  NISTS. H ow ever, t h e  ch o ­

l i n e r g i c  in f l u e n c e s  on r o t a t i o n  a p p e a r  t o  be a p p r e c i a b l e .

R a ts  r e c e i v i n g  u n i l a t e r a l  i n t r a s t r i a t a l  i n j e c t i o n s  o f  a t r o p i n e  

( C o s t a l l  e t  a l . ,  1972 ) ,  am p h e tam in e , o r  ap o m o rp h in e  (M cKenzie 

e t  a l . ,  1 9 7 2 ; U n g e r s te d t  e t  a l . ,  1969 ) e x h i b i t  c o n t r a v e r s iv e  

t u r n i n g .  When th e  c h o l i n e r g i c  d ru g s  a r e c o l i n e  ( C o s t a l l  e t  a l . ,

1972 ) o r  n e o s t ig m in e  (M cKenzie e t  a l . ,  1972) a r e  a d m in is te r e d  

by  t h e  same t e c h n i q u e ,  r o t a t i o n  in  t h e  o p p o s i t e  d i r e c t i o n
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i s  o b s e r v e d . A lth o u g h  th e  s y s te m ic  a d m i n i s t r a t i o n  o f  s c o p o la ­

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

l a t e r a l l y  s t r i a t o t o m i z e d  r a t s ,  t h e  a n t i c h o l i n e r g i c  d o es  

a n ta g o n iz e  t h e  h a lo p e r id o l - in d u c e d  t u r n i n g  o f  t h e  h ead  and  

t a i l  t o  t h e  u n o p e ra te d  s i d e  (Anden & B e d a rd , 1 9 7 1 ) . T h e re  a r e  

d a ta  i n d i c a t i n g  t h a t  t h e  c h o l i n e r g i c  i n f l u e n c e s  on  r o t a t i o n a l  

b e h a v io r  a r e  m e d ia te d  v ia  m u s c a r in ic  r e c e p t o r s .  A pom orph ine- 

in d u c e d  r o t a t i o n  i n  r a t s  w i th  f u n c t i o n a l  i n a c t i v a t i o n  o f  one 

s t r i a t u m ,  by th e  a p p l i c a t i o n  o f  25$  KC1 ( i . e .  s p r e a d in g  d e ­

p r e s s i o n ) ,  i s  a n ta g o n iz e d  by c h o l i n e r g i c  d ru g s  su ch  a s  a r e c o l i n e  

a n d  o x o tr e m o r in e ,  b u t  n o t  by s m a l l  d o s e s  o f  n i c o t i n e .  A t r o p in e ,  

on  th e  o th e r  h a n d , c a n  b lo c k  t h i s  a c t i o n  o f  a r e c o l i n e  ( K e l l e r ,  

B a r t h o l i n i ,  & P l e t s c h e r ,  1973)*  Thus i t  a p p e a r s  t h a t  th e  

d o p a m in e rg ic  and  c h o l i n e r g i c  sy s te m s  a r e  in  r e c i p r o c a l  b a la n c e .  

W h ile  d o p a m in e rg ic  m echanism s t u r n  t h e  a n im a l i n  one d i r e c t i o n ,  

c h o l i n e r g i c  m e d ia t io n  te n d s  t o  c o u n te r a c t  t h i s  a c t i o n  by m oving 

t h e  a n im a l i n  t h e  o p p o s i te  d i r e c t i o n .

T he p r e s e n t  i n v e s t i g a t i o n

The p r e s e n t  s t u d y  was begun  a s  a  r e s u l t  o f  t h e  u n e x p e c te d  

o b s e r v a t i o n  t h a t  t h e  s y te m ic  a d m i n i s t r a t i o n  o f  h ig h  d o s e s  ( i . e .  

g r e a t e r  t h a n  5 . 0  m g /kg )  o f  d -am p h e tam in e  c o u ld  e l i c i t  r o t a t i o n  

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

h a p s  r a t s  may n o r m a l ly  have  a  f u n c t i o n a l  im b a la n c e  b e tw een  t h e  

tw o NISTS. The p o s s i b i l i t y  was t e s t e d  by e x p l o r i n g  t h e  s p e c i ­

f i c i t y  o f  t h e  r o t a t i o n  phenomenon w i t h  r e s p e c t  t o  pharm aco­

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



BEHAVIORAL METHODS

G e n e ra l

Fem ale S p rag u e-D aw ley  r a t s  a b o u t  t h r e e  m onths o f  ag e  

an d  ra n g in g  i n  w e ig h t  fro m  a p p ro x im a te ly  200  t o  300 gram s 

w ere  u sed  i n  a l l  t h e  e x p e r im e n ts .  The a n im a ls  w ere  i n d i ­

v i d u a l l y  t e s t e d  f o r  r o t a t i o n  in  one o f  tw o i d e n t i c a l  m o d if ie d  

" r o to m e te r s "  (G l ic k  & G r e e n s te in ,  1973) d e s c r ib e d  i n i t i a l l y  

by U n g e r s te d t  and  A rb u th n o t t  (1 9 7 0 ) . The a p p a r a tu s  c o n s i s t e d  

o f  a  w h ite  opaque P l e x i g l a s s  s p h e r e ,  12 in c h e s  i n  d ia m e te r ,  

w i t h i n  w h ich  t h e  r a t  r o t a t e d .  A f l e x i b l e  s t a i n l e s s  s t e e l  

w i r e ,  w h ich  was c o n n e c te d  t o  a  cam p o s i t i o n e d  on th e  v e r t i c a l  

a x i s  on th e  o u te r  s u r f a c e  o f  th e  s p h e r e ,  w as w rapped  a ro u n d  

th e  th o r a x  o f  th e  a n im a l and  c l ip p e d  t o  i t s e l f .  As th e  r a t  

r o t a t e d ,  t h e  cam c lo s e d  one o f  t h e  tw o m ic ro s w itc h e s  w hich  

w ere  p o s i t i o n e d  a s  t o  i n d i c a t e d  l e f t  o r  r i g h t  t u r n s .  G e n e r a l ly ,  

15 m in u te s  a f t e r  t h e  r a t  had  been  p la c e d  i n  th e  a p p a r a t u s ,  i t  

was 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 . )  w i th  th e  t e s t  d ru g  o r  

i t s  d i l u e n t .  R o ta t io n s  w ere  a u t o m a t i c a l l y  r e c o rd e d  on a  p r i n t ­

o u t  c o u n te r ,  a t  f i v e  m in u te  i n t e r v a l s ,  f o r  th e  15 m in u te s  

b e f o r e  and  60  m in u te s  a f t e r  i n j e c t i o n .  R o t a t i o n s t o  t h e  l e f t  

o r  r i g h t  d u r in g  th e  p r e -  and  p o s t - i n j e c t i o n  p e r io d s  w ere 

s e p a r a t e l y  t o t a l l e d  an d  n e t  r o t a t i o n s  ( e . g .  r o t a t i o n s  t o  t h e  

l e f t  m inus r o t a t i o n s  t o  th e  r i g h t )  w ere  d e te rm in e d  f o r  e a c h  

r a t .  I n  o r d e r  t o  a v o id  s p u r io u s  c o r r e l a t i o n s ,  o n ly  r a t s  w h ich
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d i s p la y e d  s u f f i c i e n t  r o t a t i o n  ( i . e .  n e t  r o t a t i o n g  g r e a t e r  th a n  

o r  e q u a l  t o  t e n  p e r  h o u r)  w ere  s e l e c t e d  f o r  r e p e a t e d  t e s t i n g .

The p h a rm a c o lo g ic a l  a g e n t  was u s u a l l y  d i s s o lv e d  in  p h y s io ­

l o g i c a l  ( 0 . 9$ ) s a l i n e ,  and  th e  volum e o f  i n j e c t i o n  was 1 .0  

m l/k g  u n le s s  o th e rw is e  s t a t e d .  A l l  d o se s  a r e  e x p re s s e d  a s  

m i l l ig r a m s  p e r  k i lo g ra m  (m g /k g ) . The f o l lo w in g  d ru g s  w ere  

u s e d : d e x tro a m p h e tam in e  s u l p h a t e ;  ap o m o rp h in e  h y d r o c h lo r id e ;

d ih y d ro x y p h e n y la la n in e  (L-DOPA); s c o p o la m in e  h y d ro b ro m id e ; 

p i l o c a r p i n e  n i t r a t e ;  D L - a lp h a - m e th y l - £ - ty r o s in e  m e th y l e s t e r  

h y d r o c h lo r id e  (AMPT); d i e th y ld i th io c a r b m a te  (DDC); b e t a - ( 3 ,4 -  

d ih y d r o x y p h e n y l ) - a lp h a - h y d r a z in o - a lp h a - m e th y l  p r o p io n ic  a c id  

(MK 4 8 6 --M e rc k , S h a rp  & Dome); h a l o p e r i d o l .

D o se -R esp o n se  R e l a t i o n s h ip s  

U n le s s  o th e r w is e  s p e c i f i e d ,  a l l  d o s e - r e s p o n s e  r e l a t i o n ­

s h ip s  w ere  g e n e r a te d  u s in g  s i x  r a t s  f o r  e a c h  d o se  o f  th e  

d ru g  u n d e r i n v e s t i g a t i o n .  R o t a t i o n s t o  th e  l e f t  o r  r i g h t  

d u r in g  th e  p r e -  and p o s t - i n j e c t i o n  p e r io d s  w ere  s e p a r a t e l y  

t o t a l l e d  and  n e t  p o s i t i v e  r o t a t i o n s  ( i . e .  r o t a t i o n s  i n  th e  

do m in an t d i r e c t i o n  m inus r o t a t i o n s  in  t h e  o p p o s i t e  d i r e c t i o n )  

w ere d e te rm in e d .

Am phetam ine d o s e - r e s p o n s e

The f o l lo w in g  d o se s  o f  am phetam ine w ere u s e d ;  0 .0  ( s a l i n e ) ,  

0 .6 2 5 ,  1 . 0 , 1 . 25 , 2 . 5 ,  5 -0 ,  7 - 5 ,  1 0 . 0 , 1 2 .5 ,  1 5 -0 , 1 7 .5 ,  2 0 . 0 ,

2 5 .0  m g /k g .

Am phetam ine and  AMPT d o s e - r e s p o n s e  i n t e r a c t i o n s . R a ts  

w ere  p r e t r e a t e d  w i th  1 5 0 .0  m g/kg o f  AMPT 135 m in . ' p r i o r  to
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t h e  i n j e c t i o n  o f  one o f  t h e  f o l lo w in g  d o se s  o f  am p h etam in e :

0 . 0  ( s a l i n e ) ,  1 . 0 , 2 . 5 , 5 . 0 , 1 5 . 0 ,  2 5 .0  m g /kg .

A m phetam ine and  h a l o p e r i d o l  d o s e - r e s p o n s e  i n t e r a c t i o n s . 

R a ts  w ere  p r e t r e a t e d  w i th  1 .0  m g/kg o f  h a l o p e r i d o l  60 m in u te s  

p r i o r  t o  t h e  i n j e c t i o n  o f  one o f  th e  f o l lo w in g  d o se s  o f  

am p h e tam in e : 0 . 0  ( s a l i n e ) ,  1 . 0 , 2 . 5 , 5 . 0 ,  1 5 . 0 , 2 5 .0  m g /kg .

A m phetam ine and  DDC d o s e - r e s p o n s e  i n t e r a c t i o n s . R a ts  

w ere  p r e t r e a t e d  w i th  2 0 0 .0  m g/kg o f  DDC 45 m in u te s  p r i o r  t o  

t h e  i n j e c t i o n  o f  one o f  t h e  f o l lo w in g  d o s e s  o f  am p h e tam in e :

0 . 0  ( s a l i n e ) ,  1 . 0 ,  2 . 5 ,  5 . 0 , 1 5 . 0 ,  2 5 .0  m g /k g .

A pom orphine d o s e - r e s p o n s e

D i s t i l l e d  w a te r  was u sed  a s  th e  d i l u e n t  f o r  t h e  f o l lo w in g  

d o s e s  o f  a p o m o rp h in e : 0 . 0  ( d i s t i l l e d  w a t e r ) ,  0 . 5 ,  1 . 0 ,  2 . 5 ,

5 . 0 ,  1 0 .0  2 5 .O , 5 0 .0  m g /kg . The volum e o f  i n j e c t i o n  was 2 .0  

m l/k g .

L-DOPA d o s e - r e s p o n s e

R a ts  w ere  p r e t r e a t e d  w i th  1 5 0 .0  m g/kg o f  MK 486 d i s s o lv e d  

i n  s a l i n e  ( a d ju s t e d  t o  pH 1) 30 m in u te s  p r i o r  t o  t h e  i n j e c t i o n  

o f  a  s a l i n e  s o l u t i o n  (pH 1) o r  one o f  t h e  f o l lo w in g  d o s e s  o f  

L-DOPA ( 4 .0  m l/k g j  pH 1 ) :  0 .0  ( s a l i n e )  7 5 .0 ,  1 5 0 .0 ,  3 0 0 .0  

m g /k g .

H a lo p e r id o l  d o s e - r e s p o n s e

R a ts  w ere  i n j e c t e d  w i th  a  f i n e  s u s p e n s io n  o f  h a l o p e r i d o l  

i n  s a l i n e  45 m in u te s  p r i o r  t o  t h e i r  p la c e m e n t in  t h e  r o to m e te r .  

A f t e r  15 m in u te s  in  t h e  a p p a r a t u s ,  r o t a t i o n s  w ere  r e c o r d e d  f o r
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a n  a d d i t i o n a l  60 m in u te s .  The f o l lo w in g  d o s e s  o f  h a l o p e r i d o l  

w ere  u s e d :  0 .0  ( s a l i n e ) ,  0 .0 6 2 5 , 0 .1 2 5 ,  O .2 5 ,  0 .5 *  1*0 m g/kg .

S co p o lam in e  d o s e - r e s p o n s e

The f o l lo w in g  d o se s  o f  sc o p o la m in e  w ere  a d m in i s t e r e d :

0 . 0  ( s a l i n e ) ,  1 . 0 ,  1 0 . 0 ,  1 0 0 . 0 ,  2 0 0 .0  m g /k g .

P i l o c a r p i n e  d o s e - r e s p o n s e

The f o l lo w in g  d o se s  (2  r a t s / d o s e )  o f  p i l o c a r p i n e  w ere  

u s e d :  0 . 0  ( s a l i n e ) ,  1 . 0 ,  1 0 . 0 ,  1 0 0 . 0 ,  2 0 0 .0  m g/kg .

C o n s is te n c y  o f  P h a rm a c o lo g ic a l ly  In d u c e d  R o ta t io n *  
d i r e c t i o n a l  an d  Q u a n t i t a t i v e  C o r r e l a t i o n s

R a ts  w ere  t e s t e d  tw ic e  w i th  t h e  d ru g  u n d e r i n v e s t i g a t i o n ,  

an d  a n  i n t e r v a l  o f  one w eek s e p a r a t e d  t h e  tw o t e s t i n g  s e s s i o n s  

( i . e .  Day 1 an d  Day 8 ) .

A m phetam ine

F i f t e e n  r a t s  w ere  t e s t e d  w i th  a  d o se  o f  1 .0  m g/kg o f  

a m p h e tam in e .

A pom orphine

N in e te e n  r a t s  w ere  t e s t e d  w i th  a  d o se  o f  1 0 .0  m g/kg o f  

ap o m o rp h in e  d i s s o lv e d  i n  d i s t i l l e d  w a te r .

S c o p o la m in e

T h i r t e e n  r a t s  w ere  t e s t e d  w i th  a  d o se  o f  1 .0  m g/kg o f  

s c o p o la m in e .

D i r e c t i o n a l  C o n s is te n c y  b e tw een  D rugs w h ich  In d u c e
R o t a t i o n

R a ts  w ere  t e s t e d  f o r  r o t a t i o n  a n d  an  i n t e r v a l  o f  one week
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s e p a r a t e d  t h e  tw o t e s t i n g  s e s s i o n s  ( i . e .  Day 1 an d  Day 8 ) .

A m phetam ine (low  d o se  v s .  h ig h  d o s e )

N ine  r a t s  w ere  t e s t e d  i n i t i a l l y  w i th  1 .0  m g/kg o f  am 
am p h e tam in e . The f o l lo w in g  w eek , t h e  same a n im a ls  w ere  

t e s t e d  w i th  a  d o se  o f  2 0 .0  m g/kg o f  am p h etam in e .

A m phetam ine v s .  ap o m o rp h in e

F o u r te e n  r a t s  w ere  t e s t e d  i n i t i a l l y  w i th  1 0 .0  m g/kg o f  

a p o m o rp h in e  d i s s o lv e d  in  d i s t i l l e d  w a te r .  The f o l lo w in g  w eek , 

t h e  same a n im a ls  w ere  t e s t e d  w i th  a  d o se  o f  1 .0  m g/kg o f  

a m p h e tam in e .

A m phetam ine v s .  s c o p o la m in e

S ev en  r a t s  w e re  t e s t e d  i n i t i a l l y  w i th  1 .0  m g/kg o f  

s c o p o la m in e . The f o l lo w in g  w eek , t h e  same a n im a ls  w ere  t e s t e d  

w i th  a  d o se  o f  1 . 0  m g/kg o f  am p h etam in e .

P h a rm a c o lo g ic a l  I n t e r a c t i o n s : E f f e c t s  
on R o t a t i o n a l  B e h a v io r

R a ts  w ere  t e s t e d  tw ic e  f o r  r o t a t i o n  an d  a n  i n t e r v a l  o f

one  w eek s e p a r a t e d  t h e  tw o t e s t i n g  s e s s i o n s  (Day 1 and  Day 8 ) .

A m phetam ine an d  AMPT i n t e r a c t i o n s

S ix  r a t s  w ere  t e s t e d  i n i t i a l l y  w i th  1 .0  m g/kg o f  am p h e t­

a m in e , The f o l lo w in g  w eek , th e  same a n im a ls  w ere  p r e t r e a t e d  

w i th  1 5 0 .0  m g/kg o f  AMPT 135 m in . ' p r i o r  t o  t h e i r  r e t e s t  w i th

1 . 0  m g/kg o f  am p h etam in e .

A m phetam ine a n d  sc o p o la m in e  i n t e r a c t i o n s

E ig h t  r a t s  w ere  t e s t e d  i n i t i a l l y  w i th  1 .0  m g/kg o f
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am p h e tam in e . The f o l lo w in g  w eek , t h e  same a n im a ls  w ere  

t e s t e d  w i th  t h e  c o m b in a tio n  o f  1 . 0  m g/kg o f  am phetam ine  p lu s

1 . 0  m g/kg o f  s c o p o la m in e .

A m phetam ine a n d  p i l o c a r p i n e  i n t e r a c t i o n s

E ig h t  r a t s  w ere  t e s t e d  i n i t i a l l y  w i th  1 .0  m g/kg o f  am­

p h e ta m in e . The f o l lo w in g  w eek , t h e  same a n im a ls  w ere  t e s t e d  

w i th  t h e  c o m b in a tio n  o f  1 . 0  m g/kg o f  am phetam ine  p lu s  1 .0  

m g/kg o f  p i l o c a r p i n e .

A pom orphine a n d  AMPT i n t e r a c t i o n s

S ix  r a t s  w ere  t e s t e d  i n i t i a l l y  w i th  1 0 .0  m g/kg o f  a p o ­

m o rp h in e . The f o l lo w in g  w eek , t h e  same a n im a ls  w ere  p r e ­

t r e a t e d  w i th  1 5 0 .0  m g/kg o f  AMPT 135 m in .; p r i o r  t o  t h e i r  

r e t e s t  w i th  1 0 .0  m g/kg o f  a p o m o rp h in e .

A p o m o rp h in e -In d u ce d  R o t a t i o n ;  I n t e r a c t i o n  w i th  
U n i l a t e r a l  C au d a te  L e s io n s

Tw enty r a t s  w ere  t e s t e d  i n i t i a l l y  (Day l )  w i th  apom or­

p h in e  ( 1 0 .0  m g /k g ) . B ased  on th e  m a g n itu d e  o f  r o t a t i o n ,  th e  

a n im a ls  w ere  m a tch ed  f o r  e q u i v a l e n t  b e h a v io r  an d  p a i r e d .

E ach  member o f  a  p a i r  was a s s ig n e d  t o  one o f  tw o g ro u p s  (N= 

1 0 /g r o u p ) .  On Day 5 ,  a l l  r a t s  r e c e iv e d  u n i l a t e r a l  l e s i o n s  

o f  th e  c a u d a te  n u c le u s .  I n  one g ro u p  ( I P S I ) ,  t h e  l e s i o n s  

w ere  made i n  t h e  c a u d a te  n u c le u s  i p s i l a t e r a l  t o  t h e  i n i t i a l  

d i r e c t i o n  o f  r o t a t i o n ,  w h e re a s ,  i n  t h e  o t h e r  g ro u p  (CONTRA), 

t h e  l e s i o n s  w e re  made i n  t h e  c a u d a te  n u c le u s  c o n t r a l a t e r a l  

t o  t h e  i n i t i a l  d i r e c t i o n  o f  r o t a t i o n .  On Day 8 ,  a l l  r a t s  

w e re  t e s t e d  a g a in  w i th  t h e  same d o se  ( 1 0 .0  m g /kg) o f  apom or­

p h in e  .
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S u rg e ry  w as p e rfo rm e d  u n d e r  m e th o h e x i ta l  a n e s t h e s i a ,  and  

l e s i o n s  w ere  made by  a  d i r e c t  a n o d a l  c u r r e n t  o f  2 ma. f o r  15 

s e c o n d s .  S t e r e o t a x i c  c o o r d in a t e s  w e re  2 .0  mm a n t e r i o r  t o  

b reg m a , 3 . 0  mm l a t e r a l  t o  t h e  m id l in e ,  an d  5 . 5  mm fro m  th e  

d u ra  ( P e l l e g r i n o  & Cushm an, 1967 ) .  F o llo w in g  t h e i r  u se  in  

t h e  e x p e r im e n t ,  a l l  a n im a ls  w ere  k i l l e d  an d  p e r f u s e d  w i th  10% 

f o r m a l i n .  T h e i r  b r a i n s  w ere  rem oved and  im m ersed i n  f o r m a l in  

f o r  s e v e r a l  d ay s  b e f o r e  s e c t i o n s  (40  jam s t a i n e d  w i th  L u x o l 

b lu e  an d  c r e s y l  v i o l e t )  w ere  made an d  h i s t o l o g i c a l  e x a m in a t io n  

w as c o n d u c te d . A l l  l e s i o n s  w ere  2 .5  -  3 .0  mm i n  d ia m e te r  and  

c e n t r a l l y  l o c a t e d  w i th in  t h e  c a u d a te  n u c le u s .



NEUROGHEMICAL METHODS

S i x t y - t h r e e  r a t s  w ere  i n d i v i d u a l l y  p la c e d  in  a  r o to m e te r ,  

an d  a f t e r  15 m in u te s  w ere  i n j e c t e d  i . p .  w i th  one o f  t h e  f o l ­

lo w in g  d o s e s  o f  am p h e tam in e : 0 . 0  ( s a l i n e ) ,  2 . 0 ,  5 *0 ,  1 0 . 0 ,

2 0 .0  m g /kg . S even  t o  f o u r t e e n  r a t s  w ere  t e s t e d  a t  e a c h  dose 

o f  am p h e tam in e , w h e rea s  22 a n im a ls  c o m p rise d  th e  s a l i n e  co n ­

t r o l  g ro u p . R o ta t io n s  w ere  r e c o r d e d  f o r  30 m in u te s  a f t e r  th e  

a d m i n i s t r a t i o n  o f  e i t h e r  am phetam ine  o r  s a l i n e ,  an d  n e t  

r o t a t i o n s  w ere  d e te rm in e d  f o r  e a c h  r a t .  One m in u te  a f t e r  

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

d e c a p i t a t i o n ,  and  th e  e x c i s e d  b r a i n  w as d i s s e c t e d  i n t o  f o u r  

p a r t s :  l e f t  an d  r i g h t  s t r i a t u m ,  l e f t  a n d  r i g h t  r e m a in in g  t e l -  

d ie n c e p h a lo n .  The c e r e b e l lu m  an d  b r a in s te m  w ere  d i s c a r d e d .

The f o u r  p a r t s  o f  th e  b r a i n  w ere  i n d i v i d u a l l y  hom ogen ized  

i n  5 and  10 m l o f  0 .4  N HCIO4 ( p lu s  10 mg o f  EDTA) f o r  th e  

s t r i a t i  and  t h e  t e l - d i e n c e p h a l o n  h a lv e s  r e s p e c t i v e l y .  A f te r  

c e n t r i f u g i n g  t h e  sa m p le s  a t  27 ,000  x  g  f o r  20  m in u te s ,  a d d i ­

t i o n a l  (10  mg) EDTA was ad d ed  t o  t h e  s u p e r n a t a n t  w h ich  was 

s u b s e q u e n t ly  a d j u s t e d  t o  pH 8 .4  an d  th e n  p a s s e d  th r o u g h  a  

co lum n o f  a lu n in a  a c c o r d in g  t o  t h e  p ro c e d u re  o f  W e il-M a lh e rb e  

( 1968 ,  1 9 7 1 ) .  The f r a c t i o n  c o l l e c t e d  fro m  th e  0 .2  M a c e t i c  

a c i d  e l u e n t  w as a d j u s t e d  t o  pH 6 .5  w i th  1 .0  M d i b a s i c  p o t a s ­

s iu m  p h o s p h a te  s o l u t i o n  (S n y d er & T a y lo r ,  1972) an d  th e n  

s t r i a t a l  dopam ine an d  t e l - d i e n c e p h a l i c  n o re p h in e p te in e .  : w ere
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d e te rm in e d  by t h e  s p e c t r o f lu o r o m e t r i c  m ethod  (L a v e r ty  &

T a y lo r ,  1968 ) .  The i n i t i a l  e l u a t e  o f  t h e  co lum n , h o w ev er, 

w as c o l l e c t e d ,  f r o z e n ,  an d  l a t e r  a s s a y e d  f o r  am phetam ine 

a c c o r d in g  t o  t h e  g a s  c h ro m a to g ra p h ic  m ethod  o f  W ate rs  ( i n  

p r e p a r a t i o n )  a s  m o d if ie d  fro m  N oonan, M u rd ic k , an d  Ray (19&9)* 

a n d  A n g g a rd , G unne, an d  N ik la s s o n  (1 9 7 0 ) .

F o r  th e  d e te r m in a t io n  o f  am p h e tam in e , i n i t i a l l y  a l l

sa m p le s  w e re  a c i d i f i e d  (pH 2 ) w i th  2 .0  ml 0 .1  N HgSO^. The

c o n c e n t r a t i o n  ( i n  jig /m l)  o f  th e  i n t e r n a l  s t a n d a r d ,  b e n z y l-

am ine w h ich  was ad d ed  n e x t  t o  e a c h  s t r i a t u m  o r  t e l - d i e n c e p h a l o n
-U -3s a m p le , was d e te rm in e d  by m u l t i p l y in g  e i t h e r  10 o r  10 ,

r e s p e c t i v e l y ,  by th e  d o se  o f  am phetam ine  a d m in i s t e r e d  t o  th e  

r a t s .  E x t e r n a l  s ta n d a r d s  o f  am phetam ine  w e re  p r e p a r e d  in  

d u p l i c a t e  a t  t h r e e  d i f f e r e n t  c o n c e n t r a t i o n s :  o n e - h a l f ,  e q u a l  

t o ,  a n d  tw o t i m e s ,  th e  c o n c e n t r a t i o n  o f  b e n z y la m in e . The 

am phetam ine  s t a n d a r d s  w ere  ru n  th ro u g h  t h e  e n t i r e  e x t r a c t i o n  

p ro c e d u re  an d  t r e a t e d  th e  same a s  t h e  unknow ns. A f t e r  th e  

a d d i t i o n  o f  10 m l o f  b en zen e  an d  1 .5  g N aC l, th e  sam p le s  w ere  

s h a k e n  f o r  10 m in u te s .  The tu b e s  w ere  th e n  c e n t r i f u g e d  a t  

a b o u t  500  x  g f o r  5 m in u te s ,  a n d  t h e  o r g a n ic  p h a se  w as rem oved 

by  a s p i r a t i o n .  Now sam p le s  w ere  made a l k a l i n e  (pH 12 ) by th e  

a d d i t i o n  o f  2 .0  m l 5*0 N NaOH. A f t e r  a d d in g  a d d i t i o n a l  NaCl 

an d  a n o th e r  10 m l o f  b e n z e n e , s h a k in g  and  c e n t r i f u g i n g  th e  

s a m p le s ,  a l l  o f  t h e  b en zen e  p h a se  was t r a n s f e r r e d  t o  a n o th e r  

t u b e ,  t o  w h ic h  0 .0 5  m l o f  t r i c h l o r o a c e t y l c h l o r i d e  w as a d d e d .

T en m in u te s  l a t e r ,  10 m l o f  1 .0  N NaOH was ad d ed  a n d  t h e  tu b e s  

w e re  s h a k e n  f o r  5 m in u te s .  The b en zen e  p h a se  was t h e n  t r a n s ­

f e r r e d  t o  a n o th e r  tu b e  and  e v a p o r a te d .  The r e s id u e  was
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r e c o n s t i t u t e d  u s u a l l y  in  a b o u t  1 .0  m l o f  b en zen e  an d  i n j e c t e d  

( 1 - 5  f i l )  i n t o  a  m odel ?620A H e w le tt  P a c k a rd  R e s e a rc h  

C h ro m a to g rap h . D e te c t io n  by e l e c t r o n  c a p tu r e  N i) was 

p e rfo rm e d  a c c o r d in g  t o  th e  c o n d i t i o n s  in  T a b le  1 .



TABLE 1

CONDITIONS FOR THE GAS CHROMATOGRAPHIC 
DETERMINATION OF AMPHETAMINE

Column

4 f e e t ,  g l a s s , 4 mm
I .D .  f 6 :mm O .D .j 3$ 
UC ¥ - 9 8  on 8 0 -1 0 0  
m esh C hrom sorb W AW- 
DMCS h ig h  p e rfo rm a n c e

T e m p e ra tu re s  (°C ) 
I n l e t  Column D e te c to r

250 175 275

C a r r i e r  Gas 
Flow

Me [ 95I ) ”55 
m l/m in .



BEHAVIORAL RESULTS

D o se-R esp o n se  R e l a t i o n s h i p s  

F o r  a l l  d o s e - r e s p o n s e  r e l a t i o n s h i p s  t h e  mean number o f  

n e t  p o s i t i v e  r o t a t i o n s  ( i . e .  d o m in an t  m inus o p p o s i t e )  and  

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

t e d  a s  a  f u n c t i o n  o f  d o s e .  A n a l y s i s  o f  v a r i a n c e  and  t w o - t a i l e d  

t - t e s t s  w ere  u s e d  f o r  d a t a  a n a l y s i s .

Amphetam ine d o s e - r e s p o n s e

F ig u r e  1 i s  th e  d o s e - r e s p o n s e  c u rv e  g e n e r a te d  a f t e r  t h e  

a d m i n i s t r a t i o n  o f  am p h e tam in e . A t a l l  d o s e s ,  e x c e p t  0 .625  and

5 . 0  m g /k g , r o t a t i o n s  a r e  s i g n i f i c a n t l y  g r e a t e r  ( p < 0 .0 1  t o  

p < 0 . 001 ) f o r  am phetam ine  t r e a t e d  r a t s  a s  com pared  t o  th e  s a ­

l i n e  i n j e c t e d  c o n t r o l s .  T h e re  a p p e a r s  t o  be  a  b ip h a s i c  d o s e -  

r e s p o n s e  r e l a t i o n s h i p  w i th  p eak  r o t a t i o n s  o c c u r r in g  a t  1 .25  

an d  2 0 .0  m g /kg . F ig u r e  2 i l l u s t r a t e s  th e  t im e  c o u r s e  o f  am­

p h e ta m in e - in d u c e d  r o t a t i o n .  The 1 .2 5  m g/kg d o se  h a s  i t s  p eak  

e f f e c t  b e tw een  25 an d  45 m in u te s ,  w h e rea s  t h e  2 0 .0  m g/kg d o se  

in d u c e s  th e  g r e a t e s t  r o t a t i o n  w i th in  th e  f i r s t  5 m in u te s  a f t e r  

i n j e c t i o n .  The 2 0 .0  m g/kg d o se  p ro d u c e d  m ore v a r i a b i l i t y  from  

a n im a l t o  a n im a l an d  more f r e q u e n t  r o t a t i o n s  t o  t h e  o p p o s i te  

d i r e c t i o n .

Am phetam ine an d  AMPT d o s e - r e s p o n s e  i n t e r a c t i o n s . T a b le  2 

l i s t s  t h e  n e t  r o t a t i o n s  in d u c e d  by am phetam ine  a lo n e  and  th o s e  

e l i c i t e d  by am phetam ine  a f t e r  p r e t r e a t i n g  r a t s  w i th  AMPT. The
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F ig u r e  1 .  D o s e - re s p o n s e  r e l a t i o n s h i p  f o r  d -a m p h e tam in e - 

in d u c e d  r o t a t i o n  (m ean + s ta n d a r d  e r r o r ) .  R a ts  w ere  

p la c e d  i n  th e  r o to m e te r  15 m in u te s  p r i o r  t o  t h e  i n j e c t ­

io n  o f  d -a m p h e tam in e . R o ta t io n s  w ere  th e n  r e c o r d e d  f o r  

60 m in u te s .
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F ig u r e  2 . Time c o u rs e  o f  r o t a t i o n  (m ean + S ta n d a rd  

e r r o r )  p r e c e d in g  and  f o l lo w in g  i n j e c t i o n  (a r ro w )  o f  

1 .25  m g/kg (u p p e r  f i g u r e )  and  2 0 .0  m g/kg  ( lo w e r  f i g u r e )  

o f  d -am p h e tam in e .
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TABLE 2

AMPHETAMINE-AMPT DOSE-RESPONSE 
INTERACTIONS

Mean N et P o s i t i v e  R o ta t io n s  (+  S ta n d a rd  E r r o r )

D ose Am phetam ine Amphetamine-AMPT

0 . 0  3 . 8  + 1 .7  1-8  + 0 .9

1 . 0* 8 5 .0  + 1 9 .9  1 0 .7  + 3 -5

2 . 5**  88 .7  + 3 1 .9  1 2 .0  + 4 . 9

5 . 0  1 7 .2  + 9 .0  2 0 .3  + 5 .9

1 5-0  2 7 .2  + 7 .1  5 2 .3  + 16 .0

2 5 . 0  7 4 .7  + 22 .5  5 1 .7  + 18 .8

* p <  0 .0 0 5  ( t - t e s t s )
** p < 0 .0 5

F o r  t h e  Amphetamine-AMPT i n t e r a c t i o n *  r a t s  w ere  
p r e t r e a t e d  w i th  AMPT (1 5 0 .0  m g/kg) 135 m in u te s  p r i o r  
t o  t h e  i n j e c t i o n  o f  am phetam ine .
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m ain  e f f e c t s  o f  a  tw o-w ay a n a l y s i s  o f  v a r i a n c e  i n d i c a t e d  t h a t  

t h e r e  was a  s i g n i f i c a n t  ( p < 0 . 0 1 ) e f f e c t  o f  d o se  b u t  no s i g ­

n i f i c a n t  (p >  0 . 1 ) t r e a tm e n t  ( i . e .  am phetam ine  v s .  am phetam ine  

an d  AMPT) e f f e c t .  H ow ever, t h e  s i g n i f i c a n t  ( p < 0 .0 5 )  d o se  x 

t r e a tm e n t  i n t e r a c t i o n  n e c e s s i t a t e d  f u r t h e r  a n a l y s i s  b e tw een  

t r e a tm e n t s  u s in g  m u l t i p l e  t - t e s t s .  I n  T a b le  2 ,  r o t a t i o n s  o f  

AMPT t r e a t e d  r a t s  w ere  s i g n i f i c a n t l y  l e s s  th a n  th e  r o t a t i o n s  

e l i c i t e d  by  am phetam ine  a lo n e  a t  t h e  d o s e s  o f  1 .0  an d  2 .5  

m gA g (p C O .O l an d  p < 0 .0 5  r e s p e c t i v e l y ) .  A t h ig h e r  d o se s  

o f  am phetam ine  ( i . e .  g r e a t e r  th a n  5 -0  m g .k g ) , r o t a t i o n s  w ere  

n o t  s i g n i f i c a n t l y  (p >  0 . 1 ) re d u c e d  by p r e t r e a t i n g  th e  a n im a ls  

w i th  AMPT. I n  F ig u r e  3 t h e  t im e  c o u r s e  o f  r o t a t i o n  in d u c e d  

by h ig h  d o se s  o f  am phetam ine  ( i . e .  2 5 .0  m g A g ) a lo n e  d i f f e r s  

fro m  t h a t  e l i c i t e d  by th e  same d o se  a f t e r  p r e t r e a tm e n t  w i th  

AMPT. I t  a p p e a r s  t h a t  AMPT p r e v e n te d  th e  r a p i d  o n s e t  o f  r o ­

t a t i o n  im m e d ia te ly  f o l lo w in g  t h e  i n j e c t i o n  o f  am phetam ine  and  

s h i f t e d  t h e  p e r io d  o f  p e a k  r o t a t i o n  t o  th e  e a r l i e r  p o r t i o n  o f  

t h e  t e s t  s e s s i o n .

Amphetamine a n d  h a l o p e r i d o l  d o s e - r e s p o n s e  i n t e r a c t i o n s . '

A tw o-w ay a n a l y s i s  o f  v a r ia n c e  i n d i c a t e d  t h a t  th e  o n ly  s i g n i f i ­

c a n t  ( p < 0 .0 1 )  m ain  e f f e c t ,  i n  T a b le  3 ,  was due t o  d o s e .  The 

t - t e s t s  p e rfo rm e d  a s  a  c o n se q u e n c e  o f  t h e  s i g n i f i c a n t  ( p < 0 . 0 1 ) 

d o se  x t r e a tm e n t  i n t e r a c t i o n  i n d i c a t e d  t h a t  mean r o t a t i o n s  w ere  

s i g n i f i c a n t l y  ( p < 0 . 0 5 ) r e d u c e d ,  a t  th e  d o s e s  o f  1 .0  an d  2 .5  

m gA g o f  am p h e tam in e , i n  a n im a ls  p r e t r e a t e d  w i th  h a l o p e r i d o l .

At t h e  h i g h e r  d o s e s  o f  am phetam ine  ( i . e .  g r e a t e r  t h a n  5 - 0  m gA g)*  

r o t a t i o n s  w ere  n o t  s i g n i f i c a n t l y  ( p >  0 . 1 )  r e d u c e d  by t r e a t i n g  

t h e  r a t s  w i t h  h a l o p e r i d o l .  H ow ever, a s  w i t h  AMPT, t h e  t im e
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F ig u r e  3 . Time c o u rs e  o f  r o t a t i o n  p r e c e d in g  and f o l lo w in g  

i n j e c t i o n  (a r ro w )  o f  2 5 .0  rag /kg  o f  d -am p h e tam in e  ( • - — • )

i n  r a t s  p r e t r e a t e d  w i th  e i t h e r  AMPT ( • ----- • ,  1 5 0 .0  m g/kg)

o r  h a l o p e r i d o l  (x  x ,  1 . 0  m g /k g ) .
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TABLE 3

AMPHETAMINE-HALOPERIDOL DOSE-RESPONSE 
INTERACTIONS

Mean N et P o s i t i v e  R o ta t io n s  (+  S ta n d a rd  E r r o r )

Dose Am phetam ine A m p h e ta m in e -H a lo p e rid o l

0 . 0  3 . 8  + 1 . 7  0 . 8  + 0 .5

1 . 0* 8 5 -0  + 1 9 .9  0 . 8  + 0 .3

2 . 5** 8 8 .7  + 3 1 .9  0 . 8  + 0 .3

5 . 0  17 .2  + 9 . 0  3 .7  + 1 .1

15-0  2 7 .2  + 7 . 1  34 .2  + 1 1 .3

2 5 .0  7 4 .7  + 2 2 .5  5 7 .2  + 1 1 .4

* p ^ 0 .0 0 5  ( t - t e s t s )
** p < 0 .0 5

F o r  t h e  A m p h e ta m in e -H a lo p e rid o l i n t e r a c t i o n ,  r a t s  
w ere  p r e t r e a t e d  w i th  h a l o p e r i d o l  ( 1 . 0  m g /kg) 60 m in u te s  
p r i o r  t o  t h e  i n j e c t i o n  o f  am p h etam in e .
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c o u rs e  o f  r o t a t i o n  in d u c e d  by  th e  2 5 .0  m g/kg  d o se  o f  am phetam ine 

w as m a rk e d ly  a l t e r e d  by th e  p r i o r  a d m i n i s t r a t i o n  o f  h a l o p e r i d o l  

( F ig u r e  3 ) .  P r e t r e a t i n g  th e  r a t s  w i th  h a l o p e r i d o l  p re v e n te d  

t h e  r a p i d  o n s e t  o f  r o t a t i o n  im m e d ia te ly  f o l l o w in g  th e  a d m in is ­

t r a t i o n  o f  am phetam ine and  s h i f t e d  th e  p e r io d  o f  p eak  r o t a t i o n  

t o  th e  e a r l i e r  p o r t i o n  o f  t h e  t e s t  s e s s i o n .  R o ta t io n s  t o  th e  

o p p o s i te  d i r e c t i o n ,  c h a r a c t e r i s t i c  o f  t h e  h ig h  d o s e s  o f  amp­

h e ta m in e , w ere  c o n s id e r a b ly  re d u c e d  by h a l o p e r i d o l  o r  AMPT 

p r e t r e a t m e n t .

A m phetam ine and DDC d o s e - r e s p o n s e  i n t e r a c t i o n s . A tw o - 

way a n a l y s i s  o f  v a r i a n c e  p e rfo rm e d  on th e  d a t a  i n  T a b le  4 

i n d i c a t e d  t h a t  a l th o u g h  t h e r e  w as a  s i g n i f i c a n t  ( p < 0 . 0 1 ) m ain  

e f f e c t  due t o  d o s e , t h e r e  w as n e i t h e r  a  s i g n i f i c a n t  ( p > 0 . 1 ) 

t r e a tm e n t  ( i . e .  am phetam ine v s .  am phetam ine and  DDC) e f f e c t  

n o r  a  s i g n i f i c a n t  ( p > 0 . 1 )  d o se  x  t r e a tm e n t  i n t e r a c t i o n .  Thus 

DDC h a d  no s i g n i f i c a n t  e f f e c t  on a m p h e ta m in e -in d u c e d  r o t a t i o n . .

A pom orphine d o s e - r e s p o n s e  i n t e r a c t i o n s

I n  F ig u r e  4 , t h e  d o s e - r e s p o n s e  r e l a t i o n s h i p  f o r  a p p m o rp h in e - 

in d u c e d  r o t a t i o n ,  a l l  d o s e s  e q u a l  t o  o r  g r e a t e r  th a n  2 .5  m g/kg 

e l i c i t e d  s i g n i f i c a n t  ( p < 0 . 0 5 )  r o t a t i o n .  The c u rv e  a p p e a r s  to  

p l a t e a u  a t  1 0 .0  m g/kg s in c e  t h e r e  i s  no s i g n i f i c a n t  ( p > 0 . 1 ) 

d i f f e r e n c e  b e tw een  th e  e f f e c t s  o f  1 0 .0  and  5 0 .0  m g /kg . The r o ­

t a t i o n  in d u c e d  by 1 0 .0  m g/kg  o f  f ip o m o rp h in e ,in  F ig u r e  5 > re a c h e s  

i t s  maximum d u r in g  th e  f i r s t  5 m in u te s  a f t e r  i n j e c t i o n ,  and  th e  

d i r e c t i o n  o f  r o t a t i o n  re m a in s  c o n s ta n t  th r o u g h o u t  t h e  e n t i r e  h o u r .

L-DOPA d o s e - r e s p o n s e
±n F ig u r e  o , o n ly  t h e  d o se  o f  3 0 0 .0  m g/kg o f  L-DOPA i n ­

d u ced  s i g n i f i c a n t  ( p < 0 . 0 5 ) r o t a t i o n  i n  r a t s  p r e t r e a t e d  w ith  

MK 4 ^ 6 . The i n h i b i t o r  a lo n e  d id  n o t  c au se  any  s i g n i f i c a n t



TABLE 4

AMPHETAMINE-DDC DOSE-RESPONSE 
INTERACTIONS

Mean N et P o s i t i v e  R o t a t i o n s (+ S ta n d a rd  E r r o r )

D ose Am phetam ine Amphetamine-DDC

0 . 0  3 . 8  + 1 .7  1 3 .0  + 4 .5

1 .0  8 5 .0  + 1 9 .9  1 56 .0  + 6 8 .4

2 .5  8 8 . 7 + 3 1 . 9  6 1 . 7 + 2 4 . 1

5 . 0  1 7 .2  + 9 . 0  3 3 .3  + 1 1 .8

1 5 .0  2 7 .2  + 7 .1  1 2 1 .0  + 2 6 .3

2 5 .0  7 4 .7  + 2 2 .5  8 7 .0  + 2 1 .6

Fofc t h e  Amphetamine-DDC i n t e r a c t i o n ,  r a t s  w ere  
p r e t r e a t e d  w i th  DDC (2 0 0 .0  m g/kg) 45 m in u te s  p r i o r  
t o  t h e  i n j e c t i o n  o f  am ph etam in e .
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F ig u r e  4 .  D o s e - re s p o n s e  r e l a t i o n s h i p  f o r  a p o m o rp h in e -  

in d u c e d  r o t a t i o n  (mean + s ta n d a r d  e r r o r ) .  R a ts  w ere  

p la c e d  i n  t h e  r o to m e te r  15 m in u te s  p r i o r  t o  t h e  i n j e c ­

t i o n  o f  a p o m o rp h in e . R o ta t io n s  w ere  th e n  r e c o r d e d  f o r  

60 m in u te s .
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F ig u r e  5 . Time c o u rs e  o f  r o t a t i o n  (m ean + s t a n d a r d  

e r r o r )  p r e c e d in g  and  f o l lo w in g  i n j e c t i o n  (a r ro w )  o f

1 0 .0  m g/kg o f  ap o m o rp h in e .
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F i g u r e  6 .  D o s e - r e s p o n s e  r e l a t i o n s h i p  f o r  L-DOPA-induced 

r o t a t i o n  (mean + s t a n d a r d  e r r o r ) .  F i f t e e n  m in u te s  a f t e r  

t h e  a d m i n i s t r a t i o n  o f  MK 4^6 ( 1 5 0 .0  m g /k g ) ,  r a t s  w ere  

p l a c e d  i n  t h e  r o t o m e t e r  15 m in u te s  p r i o r  t o  t h e  i n j e c t i o n  

OfoL-DOPA. R o t a t i o n s  w ere  t h e n  r e c o r d e d  f o r  60 m in u te s .
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( p >  0 . 1 )  r o t a t i o n  a s  com pared t o  t h e  s a l i n e  c o n t r o l s  o f  

F i g u r e  1 .  The t im e  c o u r s e  o f  t h e  r o t a t i o n  in d u c e d  by L-DOPA 

( 3 0 0 .0  m g /k g ) ,  i n  F i g u r e  7 ,  i s  m arked by p e r i o d s  o f  f r e q u e n t  

r o t a t i o n s  t o  t h e  o p p o s i t e  d i r e c t i o n ,  and  d u r i n g  any  5 m in u te  

p e r i o d  mean r o t a t i o n s  n e v e r  e x c e e d  f i v e .

H a l o p e r i d o l  d o s e - r e s p o n s e

H a l o p e r i d o l - i n d u c e d  r o t a t i o n ,  i l l u s t r a t e d  i n  F ig u r e  8 ,  

i s  c h a r a c t e r i z e d  by a  s t e e p  d o s e - r e s p o n s e  r e l a t i o n s h i p .  Only 

t h e  d o se  o f  0 .1 2 5  mg/kg e l i c i t e d  s i g n i f i c a n t  ( p < 0 . 0 5 )  ro ta i -  

t i o n .  R o t a t i o n s ,  a t  a l l  o t h e r  d o s e s ,  a r e  n o t  s i g n i f i c a n t l y  

( p >  0 . 1 )  d i f f e r e n t  f ro m  t h o s e  o f  t h e  c o n t r o l  g r o u p .  The t im e  

c o u r s e  o f  h a l o p e r i d o l - i n d u c e d  r o t a t i o n  i n  F i g u r e  9 ,  i n d i c a t e s  

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

t h e  m a g n i tu d e  o f  r o t a t i o n  i s  r a t h e r  m in im a l .  V ery  few r o t a ­

t i o n s  a r e  e l i c i t e d  d u r i n g  an y  5 m in u te  p e r i o d .

S c o p o la m in e  d o s e - r e s p o n s e

At a l l  d o s e s  o f  s c o p o la m in e  i n  F i g u r e  1 0 ,  t h e  r o t a t i o n  

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

t r o l s .  The c u rv e  a p p e a r s  t o  p l a t e a u  a t  1 . 0  mg/kg s i n c e  t h e r e  

i s  no  s i g n i f i c a n t  ( p >  0 . 1  f o r  1 . 0  v s .  2 0 0 .0  m g/kg) d i f f e r e n c e  

i n  e f f e c t  o v e r  a  d o se  r a n g e  o f  g r e a t e r  t h a n  two l o g  u n i t s .  

F i g u r e  1 1 ,  t h e  t im e  c o u r s e  o f  s c o p o la m in e - in d u c e d  r o t a t i o n ,  

shows t h a t  t h e  d ru g  d o e s  n o t  e l i c i t  m arked  r o t a t i o n  d u r i n g  an y  

o f  t h e  5 m in u te  p e r i o d s .

P i l o c a r p i n e  d o s e - r e s p o n s e

P i l o c a r p i n e  d id  n o t  in d u c e  a n y  s i g n i f i c a n t  r o t a t i o n a l
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F i g u r e  7 .  Time c o u r s e  o f  r o t a t i o n  (mean + s t a n d a r d  

e r r o r )  p r e c e d i n g  and  f o l l o w i n g  t h e  i n j e c t i o n  ( a r r o w )  

o f  3 0 0 .0  m g/kg  o f  L-DOPA i n  r a t s  p r e t r e a t e d  w i t h  MK 4^6 .
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F ig u r e  8 .  D o s e - r e s p o n s e  r e l a t i o n s h i p  f o r  h a l o p e r i d o l -  

in d u c e d  r o t a t i o n  (mean + s t a n d a r d  e r r o r ) .  F o r t y - f i v e  

m in u te s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  h a l o p e r i d o l ,  r a t s  

w ere  p l a c e d  i n  t h e  r o t o m e t e r .  F i f t e e n  m in u te s  l a t e r ,  

r o t a t i o n s  w ere  r e c o r d e d  f o r  60 m in u te s .
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F i g u r e  9 .  Time c o u r s e  o f  r o t a t i o n  (mean + s t a n d a r d  

e r r o r )  45 m in u te s  f o l l o w i n g  t h e  i n j e c t i o n  o f  0 .1 2 5  

m g/kg  o f  h a l o p e r i d o l .
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F i g u r e  1 0 .  D o s e - r e s p o n s e  r e l a t i o n s h i p  f o r  s c o p o la m in e -  

in d u c e d  r o t a t i o n  (mean + s t a n d a r d  e r r o r ) .  R a t s  w ere  

p M c e d d in  t h e  r o t o m e t e r  15 m in u te s  p r i o r  t o  t h e  i n j e c t i o n  

o f  s c o p o la m in e .  R o t a t i o n s  w ere  t h e n  r e c o r d e d  f o r  60 

m in u te s .
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F i g u r e  11 . Time c o u r s e  o f  r o t a t i o n  (mean + s t a n d a r d  

e r r o r )  p r e c e d i n g  and  f o l l o w i n g  i n j e c t i o n  ( a r r o w )  o f

1 .0  m g/kg  o f  s c o p o la m in e .
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b e h a v i o r .  A t a l l  d o s e s  t e s t e d ,  mean n e t  r o t a t i o n s  w ere  l e s s  

t h a n  f i v e  d u r i n g  t h e  t e s t  h o u r .

C o n s i s t e n c y  o f  P h a r m a c o lo g ic a l l y  In d u c e d  R o t a t i o n :  
D i r e c t i o n a l  and  Q u a n t i t a t i v e  C o r r e l a t i o n s

N e t r o t a t i o n s  ( i . e .  r o t a t i o n s  t o  t h e  l e f t  m inus r o t a t i o n s  

t o  t h e  r i g h t )  w e re  d e te r m in e d  f o r  Day 1 and  Day 8 f o r  e a c h  r a t .  

T h ese  d a t a  w e re  t h e n  a n a l y z e d ,  f o r  t h e i r  c o n s i s t e n c y  fro m  week 

t o  w eek , by C h i S q u a re  (w here  a p p l i c a b l e ) ,  p a i r e d  t - t e s t s ,  and  

l i n e a r  r e g r e s s i o n  a n a l y s i s .  As an  i n d i c a t i o n  o f  t h e  c o n s i s ­

t e n c y  d f  e a c h  r a t ' s  d i r e c t i o n a l  p r e f e r e n c e  i n d e p e n d e n t  o f  v a r i ­

a t i o n s  i n  t h e  t o t a l  number o f  r o t a t i o n s ,  Dom inance" ( i . e .  

t h e  p e r c e n t  o f  t o t a l  r o t a t i o n s  i n  t h e  d o m i n a n t - d i r e c t i o n )  was 

i n c l u d e d  i n  t h e  T a b l e s .

Amphetamine

As shown i n  T a b le  5 ,  t h e  d i r e c t i o n  o f  a m p h e ta m in e - in d u c e d  

r o t a t i o n  f o r  e a c h  r a t  i s  u n ch an g ed  f ro m  week t o  w eek . Some 

r a t s  c o n s i s t e n t l y  r o t a t e  t o  t h e  l e f t  ( i n d i c a t e d  by t l je  m inus
! f'

s i g n ) ,  w h e re a s  o t h e r s  c o n s i s t e n t l y  r o t a t e  t o  t h e  r i g h t  ( p l u s  

s i g n ) .  Not o n ly  i s  t h e  d i r e c t i o n  o f  r o t a t i o n  c o n s i s t e n t ,  b u t  

t h e  m a g n i tu d e  o f  r o t a t i o n  i s  s i g n i f i c a n t l y  c o r r e l a t e d  ( p < 0 . 0 5 ) 

a n d  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( p > 0 . 1 ,  p a i r e d  t - t e s t s )  f ro m  

w eek t o  w eek .

A pom orphine

As w i t h  a m p h e ta m in e - in d u c e d  r o t a t i o n ,  t h e  r o t a t i o n  e l i c i t e d  

by a p o m o rp h in e ,  i n  T a b le  6 ,  a l s o  i s  c o n s i s t e n t  f ro m  week t o  

w eek . R a ts  p r e d o m in a n t ly  r o t a t e  e i t h e r  t o  t h e  l e f t  o r  t o  t h e  

r i g h t ,  b u t  do n o t  c h an g e  t h i s  p r e f e r e n c e .  A g a in ,  t h e  r o t a t i o n a l



TABLE 5

CONSISTENCY OF AMPHETAMINE-INDUCED ROTATION

N et R o t a t i o n s  ($  Dom inance) f o r  1 . 0  m g/kg

i t  No. Day 1 Day 8

1 + 113 ( 9 7 .5 ) + 136 9 9 -3 )

2 - 113 ( 9 3 -8 ) - 80 1 0 0 . 0 )

3 - 67 ( 1 0 0 . 0 ) - 133 1 0 0 . 0 )

4 - 53 ( 9*1.9) - 50 9 0 . 3 )

5 + 147 ( 8 5 .5 ) + 66 8 3 . 7 )

6 + 15 ( 8 0 . 0 ) + 18 8 4 .6 )

7 + 12 ( 5 7 .7 ) + 36 9 7 . *0

8 + 225 ( 9 8 .3 ) + 86 9 8 .9 )

9 - 75 ( 9 1 . 2 ) - 46 8 7 . 1 )

10 + 149 ( 9 6 .9 ) + 216 9 9 .1 )

11 + 85 ( 7 4 .0 ) + 128 8 8 .6 )

12 - 48  ( 9 8 . 0 ) - 105 9 9 .1 )

13 - 76 ( 9 3 .2 ) - 134 9 6 .5 )

14 + 44 ( 7 2 . 0 ) + 11 8 2 .4 )

15 - 158 ( 9 7 .0 ) - 164 9 6 . 1 )

| M ean | 9 2 .0  ( 8 8 .7 )  9 3 -9  ( 9 3 -5 )

F o r  Day 1 v e r s u s  D a y ,8 ,  t h e  m a g n i tu d e  o f  n e t  r o t a t i o n  
i s  s i g n i f i c a n t l y  c o r r e l a t e d  ( r  = 0 . 5 1 ,  p < 0 . 0 5 ,  l i n e a r  
r e g r e s s i o n  a n a l y s i s )  and  t h e  means a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (p >  0 . 1 ,  p a i r e d  t - t e s t s ) .
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TABLE 6

CONSISTENCY OF APOMORPHINE-INDUCED ROTATION

N et R o t a t i o n s  (#  Dom inance) f o r  1 0 .0  m g/kg  

R a t  No. Day. 1 Day 8

1 + 226 (1 0 0 .0 ) + 276 (1 0 0 .0 )

2 - 49 ( 9 4 .5 ) - 29 ( 9 1 -M

3 - 26 ( 7 2 .4 ) - 126 ( 8 2 . 5 )

4 - 62 ( 9 1 .9 ) - 60 ( 9 1 . 7 )

5 - 70 ( 9 1 -7 ) - 49 ( 9 8 . 2 )

6 + 42 ( 6 1 .3 ) + 62 ( 6 2 . 8 )

7 +
CO 
CM 
1—i ( 1 0 0 .0 ) + 126 (1 0 0 .0 )

8 - 71 ( 9 8 . 6 ) - 56 ( 1 0 0 .0 )

9 - 200 ( 8 7 . 3 ) - 215 ( 8 5 . 5 )

10 - .12 ( 7 0 . 0 ) - 33 ( 9 7 . 1 )

11 + 12 ( 6 3 . 6 ) + 24 ( 8 3 . 3 )

12 + 40 ( 9 1 . 7 ) + 99 ( 9 4 .6 )

13 + 24 ( 7 7 .3 ) + 33 ( 8 8 .4 )

14 + 83 ( 9 7 .7 ) + 23 ( 6 4 .2 )

15 - 24 ( 7 6 .1 ) - 10 ( 7 7 . 8 )

16 - 171 ( 9 5 .2 ) - 169 ( 9 4 . 2 )

17 + 39 ( 9 1 .5 ) + 83 ( 8 4 .9 )

18 + 111 ( 9 8 .3 ) + 83 ( 1 0 0 .0 )

19 - 124 ( 9 8 .4 ) - 226 ( 9 9 . 1 )

|M ea n  | 7 9 .4  ( 8 7 . 2 ) 9 3 -8  ( 8 9 . 1 )

F o r  Day 1 v e r s u s  Day 8 ,  t h e  m a g n itu d e  o f  n e t  r o t a t i o n  i s  
s i g n i f i c a n t l y  c o r r e l a t e d  ( r  = 0 . 8 4 ,  p < 0 . 0 0 1 ,  l i n e a r  r e g r e s ­
s i o n  a n a l y s i s )  and  t h e  means a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
( p > 0 . 1 ,  p a i r e d  t ^ - t e s t s ) .



m a g n i tu d e s  a r e  s i g n i f i c a n t l y  c o r r e l a t e d  ( p < 0 .0 0 1 )  and  n o t  s i g ­

n i f i c a n t l y  (p >  0 . 1 ,  p a i r e d  t - t e s t s )  c h an g ed  f ro m  Day 1 t o  Day 8 .

S co p o lam in e

F o r  t h e  g ro u p  a s  a w h o le ,  i n  T a b le  7 ,  t h e  d i r e c t i o n  o f  r o ­

t a t i o n  i s  s i g n i f i c a n t l y  c o n s i s t e n t  ( p < 0 . 0 1 ,  C h i S q u a re )  f ro m  

week t o  w eek . Only one o f  t h e  r a t s  t e s t e d  w i t h  s c o p o la m in e  r o ­

t a t e d  t o  t h e  o p p o s i t e  d i r e c t i o n  on Day 8 .  I n  c o n t r a s t  t o  am­

p h e ta m in e -  o r  a p o m o rp h in e - in d u c e d  r o t a t i o n ,  t h e  m a g n itu d e  o f  

r o t a t i o n  e l i c i t e d  by t h e  w eek ly  a d m i n i s t r a t i o n  o f  s c o p o la m in e  i s  

n o t  s i g n i f i c a n t l y  c o r r e l a t e d  ( p >  0 . 1 )  an d  i s  s i g n i f i c a n t l y  

g r e a t e r  on Day 8 t h a n  on Day 1 ( p < 0 . 0 0 1 ,  p a i r e d  t - t e s t s ) .

D i r e c t i o n a l  C o n s i s t e n c y  b e tw ee n  Drugs 
w h ich  In d u c e  d o t a t i o n

The r o t a t i o n  in d u c e d  on Day 1 an d  Day 8 ,  by th e  v a r i o u s  

d r u g s ,  was com pared  f o r  c o n s i s t e n c y  o f  d i r e c t i o n  by C h i S q u a r e ,  

an d  w here  a p p r o p r i a t e  t h e  s i g n i f i c a n c e  o f  t h e  m a g n itu d e  o f  

r o t a t i o n  was d e te r m in e d  by p a i r e d  t ; - t e s t s  and  l i n e a r  r e g r e s ­

s i o n  a n a l y s i s .

Amphetamine (low  do se  v s .  h ig h  d o s e )

As shown i n  T a b le  8 ,  t h e  r o t a t i o n  in d u c e d  by t h e  1 .0  and

2 0 .0  mg/kg d o s e s  o f  am phetam ine  i s  n o t  n e c e s s a r i l y  i n  t h e  same 

d i r e c t i o n  f o r  b o th  d o s e s  ( p > 0 . 1 ,  C h i S q u a r e ) .  Some r a t s  r o ­

t a t e  i n  one d i r e c t i o n  w i th  ; th e  low d o se  o f  am phetam ine  and  

th e n  t u r n  t o  t h e  o p p o s i t e  d i r e c t i o n  w i t h  t h e  h i g h  d o s e .  R a ts  

t e s t e d  w i t h  2 0 .0  mg/kg r o t a t e d  i n  t h e  same d i r e c t i o n  a s  Day 1 ,  

d u r i n g  t h e  f i r s t  few m in u te s  o f  t h e  t e s t  s e s s i o n .  H owever, 

d u r in g  t h e  l a t e r  p o r t i o n s  o f  t h e  same t e s t  s e s s i o n ,  a  p re p o n -
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TABLE 7

CONSISTENCY OF SCOPOLAMINE-INDUCED ROTATION

N et R o t a t i o n s  ($  D om inance) f o r  1 . 0  m g/kg

R a t  No. 

1 +

Day 1

28  (5 8 . 9 ) +

Day 8 

76 ( 7 0 .9 )

2 - 48 ( 7 2 . 6 ) -■ 75 ( 9 1 . 2 )

3 - 60 ( 7 5 .9 ) 71 ( 9 1 .1 )

, 4 + 25 ( 5 9 .4 ) -- 21 ( 4 1 .0 )

5 + 20 (6 3 -9 ) + 97 ( 8 2 . 1 )

. 6 + 21 (6 7 . 2 ) +• 105 (9 9 - 1 )

7 + 16 ( 5 6 . 0 ) + 151 ( 9 3 .1 )

8 + 25 ( 7 2 .7 ) + 80 ( 9 3 .5 )

9 + 28 ( 8 1 . 8 ) + 86 ( 9 3 .0 )

10 - 39 ( 6 2 .3 ) - 99 ( 8 4 .1 )

11 - 4o ( 7 0 . 0 ) - 63 ( 9 0 .9 )

12 + 69 ( 9 6 . 0 ) + 149 ( 8 4 .5 )

13 - 85 ( 9 2 .9 ) - 118 ( 8 4 .3 )

jMeanj 3 8 .8 ( 7 1 .5 ) 9 1 .8 ( 8 4 .5 )

F o r  Day 1 v e r s u s  Day 8 ,  t h e  d i r e c t i o n  o f  n e t  r o t a t i o n  
i s  n o t  s i g n i f i c a n t l y  c h an g ed  ( p < 0 . 0 1 ,  C h i S q u a r e ) ,  t h e  mag­
n i t u d e  i s  n o t  s i g n i f i c a n t l y  c o r r e l a t e d  ( r  = 0 . 2 3 ,  p > 0 . 1 ,  
l i n e a r  r e g r e s s i o n  a n a l y s i s ) ,  and  t h e  means a r e  s i g n i f i c a n t l y  
d i f f e r e n t  ( p < 0 . 0 0 1 ,  p a i r e d  t - t e s t s ) .
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TABLE 8
CONSISTENCY BETWEEN LOW AND HIGH DOSE OF 

AMPHETAMINE-INDUCED ROTATION

N et R o t a t i o n s

Day 1 Day 8
Amphetamine Amphetamine

R a t  No. ( 1 . 0  mg/kg) ( 2 0 .0  mg,

1 + 48 + ; i 7

2 + 149 - 45

3 -  13 - 80

4 -  166 - 25

5 -  26 - 43

6 + 69 -  23

7 + 105 + 121

8 + 33 -  17

9 + 19 -  37

] M ean \ 6 9 .8 4 5 .3

F o r  Day 1 v e r s u s  Day 8 ,  t h e  d i r e c t i o n  o f  n e t  r o t a t i o n  
i s  n o t  n e c e s s a r i l y  t h e  same ( p > 0 . 1 ,  C h i S q u a r e ) ,  t h e  mag­
n i t u d e  i s  n o t  s i g n i f i c a n t l y  c o r r e l a t e d  ( r  = 0 . 07 ,  p > 0 . 1 ,  
l i n e a r  r e g r e s s i o n  a n a l y s i s ) ,  and t h e  means a r e  n o t  s i g n i f i ­
c a n t l y  d i f f e r e n t  (p >  0 . 1  p a i r e d  t - t e s t s ) .



d e r a n c e  o f  r o t a t i o n s  t o  t h e  o p p o s i t e  d i r e c t i o n  w e re  r e c o r d e d .  

N ot o n ly  i s  t h e  d i r e c t i o n  o f  r o t a t i o n  n o t  c o n s i s t e n t ,  b u t  i n  

c o n t r a s t  t o  t h e  d a t a  p r e s e n t e d  i n  T a b le  t h e  m a g n i tu d e  o f  

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

( p > 0 . 1 )  b e tw ee n  t h e  low an d  h ig h  d o s e s  o f  a m p h e tam in e .

P a i r e d  t - t e s t s  i n d i c a t e  t h a t  t h e  number o f  n e t  r o t a t i o n s  i n ­

duced  by  1 . 0  o r  2 0 .0  m g/kg o f  am phetam ine  do n o t  d i f f e r  s i g ­

n i f i c a n t l y  (p >  0 . 1 ) .

Amphetam ine v s .  apo m o rp h in e

The n o n - s i g n i f i c a n t  v a lu e  ( p >  0 . 1 )  f o r  C h i S q u a r e ,  i n  

T a b le  9 ,  i n d i c a t e s  t h a t  am phetam ine  an d  a p o m o rp h in e  do n o t  

n e c e s s a r i l y  in d u c e  r o t a t i o n  t o  t h e  same d i r e c t i o n  f o r  e a c h  

r a t .  H a l f  o f  t h e  a n im a l s  r o t a t e d  i n  t h e  same d i r e c t i o n  a s  

t h a t  in d u c e d  by a p o m o rp h in e ,  w h e re a s  t h e  r e m a in d e r  t u r n e d  i n  

t h e  o p p o s i t e  d i r e c t i o n  a f t e r  t h e  a d m i n i s t r a t i o n  o f  am phetam ine  

on Day 8 .

Amphetam ine v s .  s c o p o la m in e

As e v i d e n t  f ro m  T a b le  1 0 ,  a l l  r a t s  r o t a t e d  t o  t h e  same 

d i r e c t i o n  on  Day 1 a n d  Day 8 .  Thus am phetam ine  and  s c o p o la m in e  

in d u c e  r o t a t i o n  t o  t h e  same d i r e c t i o n .

P h a r m a c o lo g ic a l  I n t e r a c t i o n s : E f f e c t s  
on r o t a t i o n a l  b e h a v i o r

The s i g n i f i c a n c e  o f  t h e  m a g n i tu d e  o f  r o t a t i o n ,  f o r  Day 1 

v s .  Day 8 ,  was d e te r m in e d  by p a i r e d  j t - t e s t s  a n d ,  w here  a p p r o ­

p r i a t e ,  l i n e a r  r e g r e s s i o n  a n a l y s i s .

Am phetam ine and  AMPT i n t e r a c t i o n s
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TABLE 9
CONSISTENCY BETWEEN APOMORPHINE- AND AMPHETAMINE-

INDUCED ROTATION

N et R o t a t i o n s

R a t  No.

Day 1 
Apom orphine 
( 1 0 .0  m g/kg)

Day 8 
Amphetamine 
( 1 . 0  m g/kg)

1 -  28 -  47 '

2 -  17 -  10-

3 + 19 + 5 1 -

4 + 103 + 12
C -  25 + 25

6 + 79 + 13

7 -  123 + 14

8 + 33 -  18

9 + 134 -  10

10

oi—I +

-  27

11 -  26 -  43

12 - 44 -  61

13 + 69 -  74

14 - 133 + 35

F o r  Day 1 v e r s u s  Day 8 ,  t h e  d i r e c t i o n  o f  n e t  r o t a t i o n  
i s  n o t  n e c e s s a r i l y  t h e  same ( p > 0 . 1 5 C hi S q u a r e ) .
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TABLE 10

CONSISTENCY BETWEEN SCOPOLAMINE- AND AMPHETAMINE- 
INDUCED ROTATION

N et R o t a t i o n s

R a t  No. 

1 

2

3

4

5

6

7

Day 1 
S co p o lam in e  
( 1 . 0  mg/kg)

- 75

-  74 

+ 97 

+ 105 

+  80 

+ 86

-  99

Day 8 
Amphetamine 
( 1 .0  m g/kg)

- 179

-  145 

+ 33 

+ 85 

+ 38 

+ 145

-  166



71

T a b le  11 i n d i c a t e s  t h a t  AMPT s i g n i f i c a n t l y  re d u c e d  

(p 'C O .O l j  p a i r e d  t - t e s t s )  t h e  r o t a t i o n a l  b e h a v io r  e l i c i t e d  

by 1 . 0  mg/kg o f  a m p h e tam in e . A m p h e tam in e - in d u ced  r o t a t i o n ,  

i n  r a t s  p r e t r e a t e d  w i t h  AMPT (Day 8 ) ,  does  n o t  s i g n i f i c a n t l y  

c o r r e l a t e  (p >  0 . 1 )  w i t h  t h e  r o t a t i o n  o f  t h e  same r a t s  t e s t e d  

w i t h  am phetam ine  a lo n e  (Day 1 ) .

Amphetamine a n d  s c o p o la m in e  i n t e r a c t i o n s

As shown i n  T a b le  1 2 ,  r o t a t i o n  in d u c e d  by t h e  c o m b in a t io n  

o f  am phetam ine  and  s c o p o la m in e  (Day 8) was g r e a t e r  by 25#  t h a n  

r o t a t i o n  e l i c i t e d  by am phetam ine  a lo n e  (Day l ) .  However, due 

t o  t h e  l a r g e  v a r i a b i l i t y  among t h e  a n i m a l s ,  t h i s  e f f e c t  was 

n o t  s i g n i f i c a n t .

Amphetamine a n d  p i l o c a r p i n e  i n t e r a c t i o n s

When com bined  w i t h  a m p h e tam in e , p i l o c a r p i n e  ( 1 . 0  m g/kg) 

s i g n i f i c a n t l y  r e d u c e d  ( p < 0 . 0 1 ,  p a i r e d  t - t e s t s )  t h e  r o t a t i o n  

in d u c e d  by 1 . 0  mg/kg o f  am phetam ine  shown i n  T a b le  13 .

A pom orphine a n d  AMPT i n t e r a c t i o n s

From T a b le  14 i t  c a n  b e  s e e n  t h a t  AMPT had  no s i g n i f i c a n t  

e f f e c t  (p >  0 . 1 ;  p a i r e d  t - t e s t s )  on t h e  r o t a t i o n  in d u c e d  by

1 0 .0  mg/kg o f  a p o m o rp h in e .  S i m i l a r  t o  T a b le  6 ( c o n s i s t e n c y  o f  

a p o m o rp h in e - in d u c e d  r o t a t i o n ) ,  T a b le  14 shows t h a t  t h e  m ag n i­

t u d e  o f  r o t a t i o n  i s  s i g n i f i c a n t l y  c o r r e l a t e d  (p^T O .05) f ro m  

Day 1 t o  Day 8 e v en  a f t e r  p r e t r e a t m e n t  w i t h  AMPT. The t im e  

c p u r s e  o f  a p o m o rp h in e - in d u c e d  r o t a t i o n  on Day 8 was n o t  a f f e c t e d  

by AMPT and  a p p e a r e d  s i m i l a r  t o  t h a t  shown i n  F i g u r e  5«

A p o m o rp h in e -In d u ced  R o a t i o n :  I n t e r a c t i o n  w i th  
U n i l a t e r a l  c a u d a t e  L e s io n s
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TABLE 11

AMPHETAMINE-AMPT INTERACTIONS: EFFECT ON 
AMPHETAMINE-INDUCED ROTATION

N et R o t a t i o n s

Day 1 Day 8
Amphetamine Amphetamine ( 1 .0  m g /k g )-

R a t  No. ( 1 . 0  m g/kg) AMPT (1 5 0 .0  m g/kg)

1 + 216 + 71

2 + 1 2 8  + 22

3 -  105 -  37

4 -  134 -  23

5 + 1 1  + 2

6 -  164 + 5

| Mean| 1 2 6 .3  2 6 .7

F o r  Day 1 v e r s u s  Day 8* t h e  m a g n itu d e  o f  n e t  r o t a t i o n  
i s  n o t  s i g n i f i c a n t l y  c o r r e l a t e d  ( r  = 0 . 6 7 ,  P> 0 . 1 ,  l i n e a r  
r e g r e s s i o n  a n a l y s i s )  an d  t h e  means a r e  s i g n i f i c a n t l y  d i f f e r e n t  
( p < 0 . 0 1 ,  p a i r e d  t - - t e s t s ) .
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TABLE 12

AMPHETAMINE-SCOPOLAMINE INTERACTIONS: EFFECT ON 
AMPHETAMINE-INDUCED ROTATION

N et R o t a t i o n s

Day 1 Day 8
Amphetamine Amphetamine ( 1 . 0  mg/kg}

m g/kg)R a t  No. ( 1 . 0  m g/kg) + S c o p o la m in e  ( l

1 -  179 -  258

2 -  145 -  159

3 + 84 + 15

4 + 33 + 77

5 + 85 + 158

6

COon+

+ 113

7 + 145 + 193

8 -  166 -  126

\ Mean \ 1 0 9 .4 1 3 7 .4

F o r  Day 1 v e r s u s  Day 8 ,  t h e  mean n e t  r o t a t i o n s  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  ( p > 0 . 1 ,  p a i r e d  t - t e s t s ) .
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TABLE 13

AMPHETAMINE-PILOCARPINE INTERACTIONS: EFFECT ON 
AMPHETAMINE-INDUCED ROTATION

Day 1
Amphetamine

•t No. (1 .0  m g/kg)

1 + 15

2 + 31

3 -  43

4 + 69

5 -  36

6 + 46

7 -  37

8 -  59

\ M ean \ 4 2 . 0

N e t R o t a t i o n s

Day 8 
ne

+ P i l o c a r p i n e
A m phetam ine/ ( 1 .  ( 

( l .C

-  11

+ 5 

-  28

+ 3

-  5 

+ 1

-  8 

-  17

9 . 8

F o r  Day 1 v e r s u s  Day 8 , t h e  mean n e t  r o t a t i o n s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  ( p < 0 . 0 1 ,  p a i r e d  t - t e s t s ) .

m g/kg)
m g/kg)
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TABLE 14

A POMOR PHINE-AMPT INTERACTIONS: EFFECT ON 
APOMORPHINE-INDUCED ROTATION

N et R o t a t i o n s

Day 1 Day 8
A pom orphine Apom orphine ( 1 0 .0  m g/kg)

R a t  No. ( 1 0 .0  m g/kg) AMPT ( 1 5 0 .0  m g/kg)

1 + 99 + 101

2 + 3 3  + 2 6

3 -  169 - 191

4 + 8 3  + 3 4

5 + 8 3  + 3 5

6 -  226 -  150

\Mean I 11 5 .5  8 9 .5

F o r  Day 1 v e r s u s  Day 8 , t h e  m a g n itu d e  o f  n e t  r o t a t i o n  
i s  s i g n i f i c a n t l y  c o r r e l a t e d  ( r  = 0 . 8 6 3 p < 0 . 0 5 ,  l i n e a r  r e ­
g r e s s i o n  a n a l y s i s )  an d  t h e  means a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  ( p >  0 . 1 , p a i r e d  t - t e s t s ) .
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I n  F i g u r e  1 2 ,  a  s e c t i o n  t h r o u g h  t h e  c e n t e r  p l a n e  o f  a  

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

shown. The l e s i o n  i s  a b o u t  3 . 0  mm i n  d i a m e t e r  an d  c e n t r a l l y  

l o c a t e d  w i t h i n  t h e  c a u d a t e  n u c l e u s .  F o l lo w in g  u n 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 t e  n u c l e u s ,  a l l  r a t s  r o t a t e d  t o  t h e  s i d e  

o f  t h e  l e s i o n  a f t e r  t h e  a d m i n i s t r a t i o n  o f  ap o m o rp h in e  on Day 

8 .  H ow ever, t h e  p o s t o p e r a t i v e  m a g n i tu d e  o f  r o t a t i o n ,  i n  

T a b le  15 ,  was s i g n i f i c a n t l y  ( p < 0 . 0 5 )  g r e a t e r  i n  t h e  IP S I  

g ro u p  t h a n  i n  t h e  CONTRA g r o u p .
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F i g u r e  1 2 .  S e c t i o n  t h r o u g h  t h e  c e n t e r  p la n e  o f  a  r e p r e ­

s e n t a t i v e  u n i l a t e r a l  l e s i o n  o f  t h e  c a u d a t e  n u c l e u s .
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TABLE 15

MEAN NET POSITIVE ROTATIONS (+  STANDARD ERROR) INDUCED BY 
APOMORPHINE ( 1 0 .0  m g/kg) BEFORE AND AFTER UNILATERAL 

LESIONS OF THE CAUDATE NUCLEUS

P r e - o p e r a t i v e  P o s t - o p e r a t i v e
I P S I
(N=10) 5 5 .7  + 1 4 .8  2 4 2 .7  + 5 6 .1

CONTRA
(N=10) 5 9 -2  + 1 9 .5  1 2 3 .3  + 3 9 -9

L e s io n s  w ere  made e i t h e r  i p s i l a t e r a l  ( I P S I )  o r  c o n t r a ­
l a t e r a l  (CONTRA) t o  t h e  p r e - o p e r a t i v e  d i r e c t i o n  o f  r o t a t i o n .

P o s t - o p e r a t i v e  d i f f e r e n c e s  b e tw ee n  IP S I  and  CONTRA 
g ro u p s  w ere  s i g n i f i c a n t  ( p < 0 . 0 5 ,  p a i r e d  t  t e s t s ) .



NEUROCHEMICAL RESULTS

I n  F i g u r e  13* t h e  am phetam ine  c o n t e n t  i n  t h e  b r a in *  

a f t e r  30 m in u te s*  i s  l i n e a r l y  r e l a t e d  t o  t h e  d o se  o f  am p h e ta ­

mine s u l p h a t e  a d m i n i s t e r e d .  L i n e a r  r e g r e s s i o n  a n a l y s i s  shows 

t h a t  t h i s  r e l a t i o n s h i p  a p p l i e d  t o  b o th  t h e  s t r i a t i  ( r  = 0 . 9 7 * 

p <  0 . 001 ) and  t e l - d i e n c e p h a l o n  ( r  = 0 . 9 8 * p < 0 . 001 ) s a m p le s .

On t h e  o t h e r  hand* F ig u r e  14 i n d i c a t e s  t h a t  s t r i a t a l  dopam ine 

and  t e l - d i e n c e p h a l i e  n o r e p in e p h r in e . :  l e v e l s ,  a s  a  f u n c t i o n  o f  

t h e  i n j e c t e d  d o se  o f  am phetam ine* was n o n -m o n o to n ic .  N o re ­

p i n e p h r i n e  .. was s i g n i f i c a n t l y  r a i s e d  15$  and  9$* r e s p e c t i v e l y *  

ab o v e  c o n t r o l  l e v e l s  f o r  t h e  2 .0  ( p < 0 . 0 5 ) an d  5 -0  (p < 0 . 0 0 5 ) 

m g/kg d o s e s  o f  a m p h e tam in e .  H owever, 2 0 .0  m g/kg  o f  a m p h e ta ­

m ine r e s u l t e d  i n  a  s i g n i f i c a n t  (p  < 0 . 001 ) 47$  d e p l e t i o n  o f  

n o r e p i n e p h r i n e .  S i m i l a r l y *  d o s e s  o f  2 . 0  and  5 - 0  mg/kg s i g ­

n i f i c a n t l y  r a i s e d  dopam ine l e v e l s  15$  ( p < 0 . 01 ) and  38$ 

( p < 0 . 0 0 1 ) ,  r e s p e c t i v e l y .  The d o se  o f  1 0 .0  m g/kg a l s o  r e s u l t e d  

i n  a  s i g n i f i c a n t  (p < 0 .0 1 )  16$ i n c r e a s e  i n  dop am in e .  As w i t h  

n o r e p i n e p h r i n e ,  s i g n i f i c a n t  ( p < 0 . 0 0 1 ) d e p l e t i o n  ( 36$ )  o f  

dopam ine r e s u l t e d  a f t e r  t h e  a d m i n i s t r a t i o n  o f  2 0 .0  mg/kg o f  

a m p h e ta m in e .

I t  c a n  be s e e n  f ro m  T a b le  16 t h a t  t h e r e  a r e  no s i g n i f i c a n t  

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

d o se  o f  a m p h e tam in e . L e f t - r i g h t  d i f f e r e n c e s  f o r  s t r i a t a l  and  

t e l - d i e n c e p h a l i c  am phetam ine  a l s o  w ere  n o t  s i g n i f i c a n t .  When 

t h e  d r u g  a n d  n e u r o c h e m ic a l  l e v e l s  w ere  a n a ly z e d  w i t h  r e s p e c t
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F i g u r e  1 3 .  Mean (+ o r  -  s t a n d a r d  d e v i a t i o n )  t e l - d i e n c e -

p h a l i c  ( • ----- •  ) an d  s t r i a t a l  (▲— 4 ) am phetam ine  l e v e l s

f o l l o w i n g  i n j e c t i o n  o f  d -am phe tam ine  s u l p h a t e .
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F i g u r e  1 4 .  Mean (+  o r  -  s t a n d a r d  d e v i a t i o n )  t e l - d i e n c e -

p h a l i c  n o r e p i n e p h r i n e  (A -— A) and  s t r i a t a l  dopam ine ( • ----- • )

l e v e l s  f o l l o w i n g  i n j e c t i o n  o f  d -am p h e tam in e  s u l p h a t e .
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Amphetam ine
s u l p h a t e

(m g/kg)

0.0
( s a l i n e )

2.0

5 . 0

10.0

20.0

TABLE 16
MEAN (+ STANDARD DEVIATION) UNILATERAL LEVELS ( f ig /g )  OF AMPHETAMINE, 

TEL-DIENCEPHALIC NOREPINEPHRINE, AND STRIATAL DOPAMINE

Amphetam ine 

T e l - d i e n c e p h a l o n  S t r i a t u m

N o r e p in e p h r  in e  

T e l - d i e n c e p h a l o n

Dopamine

S t r i a t u m

L •  • 0 .3 6 6 +' 0 .0 7 0 7 .6 3 9 + 1 .2 8 4
R •  • » • 0 .3 7 8 + 0 .0 6 5 7 .7 0 9 + 1 .7 5 6
C •  • •  • 0 .3 7 5 + 0 .0 6 4 7 .4 8 1 + 1 .5 7 8
I •  • ■ • 0 .3 6 8 + 0 .070 7 .8 6 7 + 1 .4 4 3

L 2 .2 5 + 0 .9 1 2 .2 6 + 0 .96 0 .4 3 5 + 0 .0 2 4 8 .8 3 9 + 2 .194
R 2 .0 2 + O.90 2 .2 4 T 0 .9 4 0 .4 2 4 + 0 .0 4 3 8 .7 9 7 + 1 .6 4 4
C 2 .1 1 + 0 .9 8 2 .2 8 + 0.96 0 .4 3 8 + 0 .0 3 1 8 .3 2 1 + 1 .7 4 6
I . 2 .1 6 + 0 .8 4 2 .2 3 + O.92 0 .4 2 1 + 0 .0 3 7 * 9 .3 1 5 + 1 .9 8 4

L 8 .5 9 + 3 .4 8 9 .7 7 + 3 .9 9 0 .4 0 1 + 0 .022 1 0 .7 4 9 + 1 .8 8 8
R 8 .4 7 + 2 .9 0 9 .0 1 + 2 .5 9 0 .4 0 9 + 0 .0 3 7 1 0 .3 7 9 + 2 .3 4 7
C 8 .6 3 + 3 .3 8 9 - 7 9 + 3 -4 8 0 .4 0 8 + 0 .032 10 .9 1 8 + 2 .3 2 9
I 8 .4 2 + 3 .0 2 8 .9 9 + 3 .2 4 0 .4 0 2 + 0 .029 10 .210 + 1 .856

L 1 5 .5 2 + 3 .2 6 1 3-84 + 1 .7 8 0 .3 ^ 3 + 0 .0 3 5 8 .8 7 9 + 1 .0 3 0
R 1 4 .5 2 + 1 .4 5 1 4 .7 9 + 2 .2 0 0 .3 4 4 + 0 .036 8 .866 + 1 .185
C 1 5 .2 5 + 2 .5 7 1 5 .1 0 + 2 .1 4 0 .3 4 8 + 0.036 9 .1 5 4 + 0 .9 2 2
I 1 4 .7 9 + 2 .5 6 1 3 .5 3 + 1 .5 9 0 .3 3 9 + 0 .0 3 4 8 .5 9 1 + 1 .1 9 8

L 3 7 .7 4 + 3 .5 8 3 2 .6 2 + 3 .1 9 0 .1 9 5 + 0 .052 4 .7 5 2 + 0 .6 8 8
R 3 5 .8 2 + 2 .3 4 31 .86 + 2 .7 7 0 .2 0 2 + 0 .0 3 9 4 .9 9 6 + O.883
C 3 7 .3 9 +• 3 .2 0 3 2 .0 4 + 2 .7 4 0 .1 9 6 + 0.036 * * 5 -4 0 3 + 0 .4 7 1
I 3 6 .1 7 + 3 .0 6 3 2 .4 4 + 3-26 0 .2 0 1 + 0 .0 5 4 4 .3 4 5 + O.672

L = l e f t ,  R = r i g h t ,  C= c o n t r a l a t e r a l ,  I  = i p s i l a t e r a l  
* D i f f e r e n c e s  s i g n i f i c a n t  a t  p < 0 . 0 5  ( p a i r e d  t  t e s t s )  

* * D i f f e r e n c e s  s i g n i f i c a n t  a t  p < 0 . 0 0 1  —

oavn



t o  t h e  d i r e c t i o n  o f  r o t a t i o n ,  o n ly  dopam ine d i f f e r e n c e s  

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

a t  d o s e s  o f  2 .0  and  2 0 .0  m g/kg w e re  s i g n i f i c a n t  ( p < 0 .0 5  

a n d  p < 0 .0 0 1  r e s p e c t i v e l y ,  p a i r e d  t - t e s t s ) .



DISCUSSION

As e v i d e n t  f ro m  t h e  d o s e - r e s p o n s e  r e l a t i o n s h i p s ,  p h a r ­

m a c o l o g i c a l  a g e n t s  w h ich  mimic th e  e f f e c t s  o f  dopamine o r 

b l o c k  t h e  a c t i o n  o f  ACh in d u c e  s i g n i f i c a n t  r o t a t i o n  i n  n o rm a l  

r a t s .  The l a r g e  s t a n d a r d  e r r o r s  shown i n  a l l  d o s e - r e s p o n s e  

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

among r a t s ,  an d  a  s m a l l  p e r c e n ta g e  (a b o u t  1$ )  do n o t  d i s p l a y  

r o t a t i o n s  s u f f i c i e n t  enough ( i . e .  n e t  r o t a t i o n s  g r e a t e r  t h a n  

o r  e q u a l  t o  t e n  p e r  h o u r )  t o  be d i s t i n g u i s h e d  fro m  random 

m ovem ent. I n  s p i t e  o f  t h e  l a r g e  v a r i a b i l i t y  i n  r o t a t i o n  b e ­

tw e en  a n i m a l s ,  t h e  d i r e c t i o n  (T a b le s  5* 6 , & 7) and  m a g n itu d e  

( T a b le s  5 & 6 ) o f  r o t a t i o n  a r e  e x t r e m e l y  s t a b l e  f o r  e a c h  i n ­

d i v i d u a l  r a t .

A m p h e tam in e - in d u ced  r o t a t i o n

F o r  a m p h e ta m in e - in d u c e d  r o t a t i o n ,  t h e  b e h a v io r  e l i c i t e d  

by  t h e  low d o s e s  a p p e a r e d  t o  be q u a l i t a t i v e l y  d i f f e r e n t  from  

t h e  r o t a t i o n  e l i c i t e d  a t  t h e  h ig h  d o s e s .  A t low d o s e s  th e  

r a t s  r e a r e d  on t h e i r  h in d  l im b s  and r o t a t e d  by m oving t h e i r  

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

H ow ever, a t  h ig h  d o s e s  o f  am p h e tam in e ,  t h e  r a t s  r o t a t e d  i n  

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

o c c u r i n g  w i t h  lo w e r  d o se s  i n  r a t s  w i t h  u n i l a t e r a l  c a u d a te  o r  

SN l e s i o n s  (Anden, 1970; U n g e r s t e d t ,  1971b; U n g e r s t e d t  & 

A r b u t h n o t t ,  1 9 7 0 ) .  W ith  a l l  t h e  d ru g s  t e s t e d ,  t h e  s p h e r i c a l
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n a t u r e  o f  t h e  a p p a r a t u s  seemed t o  be  an  im p o r t a n t  f a c t o r  i n  

e l i c i t i n g  r o t a t i o n .  P r e v io u s  i n v e s t i g a t o r s  have  n o t  r e p o r t e d  

r o t a t i o n  i n  i n t a c t  r a t s  w i t h  low d o s e s  o f  am phetam ine  o r  o t h e r  

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

s u r f a c e  ( C h r i s t i e  & Crow, 1971; M arsden  & G u ld b e rg ,  1973;

N a y lo r  & O l l e y ,  1972) o r  i n  a  h e m i s p h e r i c a l  r o t o m e t e r  ( U n g e r s t e d t ,  

1971b ; U n g e r s t e d t  & A r b u t h n o t t ,  1 9 7 0 ) .  On a  f l a t  s u r f a c e ,  low 

d o s e s  o f  d -am p h e tam in e  a p p e a r ,  a t  f i r s t ,  o n ly  t o  c a u s e  t h e  r a t  

t o  become h y p e r a c t i v e .  However, c a r e f u l  o b s e r v a t i o n  r e v e a l s  

t h a t  t h e r e  a r e  s l i g h t  p o s t u r a l  and  lo c o m o to r  a sy m m e tr ie s  p r e s e n t ,  

w h ich  a r e  m asked by t h e  r a t ' s  h y p e r a c t i v i t y  and  d i f f i c u l t  t o  

q u a n t i f y .  I n  a  s p h e r i c a l  r o t o m e t e r ,  a s  t h a t  u sed  i n  t h e  p r e s e n t  

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

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

e l i m i n a t e d  d i s t r a c t i n g  e n v i r o n m e n ta l  i n f l u e n c e s  and  in d u c e d  

t h e  a n im a l  t o  move i n  a n  u p r i g h t  p o s i t i o n .  I n  a d d i t i o n ,  c o n ­

f in e m e n t  i n  t h e  r o t o m e t e r  c o u ld  h av e  p ro d u c e d  a  s t r e s s f u l  s i t u ­

a t i o n  w h ich  e x a c e r b a t e d  t h e  d r u g - in d u c e d  r o t a t i o n .  T h is  p o s ­

s i b i l i t y  w i l l  be d i s c u s s e d  l a t e r ,  a t  g r e a t e r  l e n g t h .  The r a t  

t e s t e d  i n  a  h e m i s p h e r i c a l  r o t o m e t e r  w i t h  low d o s e s  o f  d -a m p h e ta ­

m ine i s  e a s i l y  d i s t r a c t e d  and  d o es  n o t  r o t a t e ,  b u t  r a t h e r  c l im b s  

a lo n g  t h e  c i r c u l a r  ed g e  o f  t h e  b o w l-s h a p e d  a p p a r a t u s .  I n  c o n ­

t r a s t ,  w i t h  h ig h  d o s e s  o f  d -am p h e tam in e ,  r o t a t i o n  was o b s e r v e d  

i n  an y  t e s t i n g  c o n d i t i o n .

A m p h e tam in e - in d u ced  r o t a t i o n  i n  r a t s  w i t h  u n i l a t e r a l  

l e s i o n s  o f  t h e  NISTS, h a s  b een  p ro p o s e d  t o  be due t o  t h e  g r e a t e r  

r e l e a s e  o f  dopam ine f ro m  t h e  i n t a c t  s t r i a t u m  w h ich  p re su m a b ly  

r e s u l t s  in  a  g r e a t e r  f u n c t i o n a l  a c t i v i t y  on  t h a t  s i d e  a s  com pared
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t o  t h e  l e s i o n e d  s i d e  (Anden e t  a l . ,  1966 ; C h r i s t i e  & Crow,

1971 j U n g e r s t e d t ,  1971b ; U n g e r s t e d t  & A r b u t h n o t t ,  1 9 7 0 ) .  I f  

t h i s  e x p l a n a t i o n  i s  t r u e ,  t h e n  a m p h e ta m in e - in d u c e d  r o t a t i o n  

i n  n o rm a l  r a t s  c o u ld  be e x p l a i n e d  by t h e  same m echan ism . Am­

p h e ta m in e  c o u ld  r e l e a s e  more dopam ine fro m  one s t r i a t u m  a s  

com pared  t o  t h e  o t h e r ,  i f  one s t r i a t u m  i n t r i n s i c a l l y  c o n ta i n e d  

more dopam ine o r  i t s  c o n t e n t  o f  t h e  monoamine w ere  more l a b i l e  

t o  t h e  r e l e a s i n g  a c t i o n  o f  t h e  d r u g .  Thus t h e  b i p h a s i c  d o s e -  

r e s p o n s e  r e l a t i o n s h i p  o f  a m p h e ta m in e - in d u c e d  r o t a t i o n  ( F ig u r e  1) 

c o u ld  be  e x p l a i n e d  by t h e  e f f e c t  o f  a m p h e ta m in e 's  r e l e a s e  o f  

d o p am in e .  S m a ll  d o se s  o f  d -am p h e tam in e  w ould  c a u s e  an  u n e q u a l  

r e l e a s e  o f  dopam ine fro m  e i t h e r  t h e  r i g h t  o r  l e f t  s t r i a t u m .

As t h e  d o se  o f  am phetam ine  was i n c r e a s e d ,  t h e  r i g h t  o r  l e f t  

dopam ine d i f f e r e n c e s  a t  t h e  r e c e p t o r  w ould  i n c r e a s e  and  r o t a ­

t i o n  w ou ld  be o b s e r v e d .  Dopamine d i f f e r e n c e s  and  c o n c o m i ta n t  

r o t a t i o n  w ould  be t h e  g r e a t e s t  f ro m  a b o u t  1 .0  t o  2 .5  mg/kg o f  

a m p h e tam in e .  W ith  f u r t h e r  i n c r e a s e s  i n  d o s e ,  t h e  s i d e  w h ich  

i n i t i a l l y  c o n t a i n e d  t h e  g r e a t e r  am ount o r  t h e  more l a b i l e  p o o l  

o f  dopam ine w ou ld  be c l o s e  t o  d e p l e t i o n  an d  t h e  p o s t s y n a p t i c  

dopam ine c o n t e n t  w ould  be n e a r l y  e q u a l  i n  t h e  two s t r i a t i .

Thus a t  t h e s e  d o s e s  o f  am phetam ine  ( 5 - 0  -  1 5 .O m g /k g ) ,  r o t a t i o n  

w ould  be e x p e c te d  t o  be a t  a  minimum. H igh  d o s e s  o f  am p h e ta ­

m ine c a u s e  m a s s iv e  dopam ine d e p l e t i o n  ( B r o d i e ,  Cho, & G e s s a ,  

1970 ; L e o n a rd  & S h a l l i c e ,  1971) i n  b o th  s t r i a t i  ( G l i c k ,  J e r u s s i ,  

W a te r s ,  & G re en ,  1 9 7 4 ) .  H ow ever, t h e  s t r i a t u m  t h a t  i n i t i a l l y  

r e l e a s e d  t h e  l a r g e r  am ount o f  dopam ine w ould  be d e p l e t e d  t o  a 

g r e a t e r  e x t e n t  t h a n  t h e  c o n t r a l a t e r a l  s i d e  w here  now t h e  p o s t ­

s y n a p t i c  dopam ine c o n t e n t  w ou ld  be r e l a t i v e l y  h i g h e r .  A g a in ,
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p o s t s y n a p t i c  d i f f e r e n c e s  w ould  be l a r g e ,  b u t  now t h e  a n im a l  

w ould  r o t a t e  c o n t r a l a t e r a l  t o  t h e  d i r e c t i o n  o f  r o t a t i o n  

e l i c i t e d  by t h e  low d o s e s  o f  d -a m p h e ta m in e .  Thus a t  h ig h  

d o s e s  o f  t h e  d r u g ,  t h e  s e l e c t i v e  r e l e a s e  from  one s t r i a t u m  

w ould  l e a d  t o  t h e  e v e n t u a l  d e p l e t i o n  o f  dopam ine on t h a t  s i d e  

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

s i d e .  I f  t h i s  i s  t h e  c a s e ,  t h e n  r a t s  s h o u ld  n o t  r o t a t e  t o  

t h e  same d i r e c t i o n  w i t h  low a n d  h ig h  d o s e s  o f  d -am p h e tam in e .  

F i g u r e  2 i n d i c a t e s  t h a t  t h e  2 0 . 0  mg/kg d o se  o f  am phetam ine  

p ro d u c e d  more f r e q u e n t  r o t a t i o n s  t o  t h e  o p p o s i t e  d i r e c t i o n  

t h a n  t h e  1 .2 5  m g/kg d o s e .  T h i s  s u g g e s t s  t h a t  t h e  NISTS c o n ­

t r a l a t e r a l  t o  t h e  one s t i m u l a t e d  by 1 .2 5  mg/kg was more a c t i v e  

w i t h  t h e  2 0 .0  mg/kg d o se  o f  am p h e tam in e .  When r a t s  w ere  t e s t e d  

t w i c e ,  a  w eek a p a r t ,  w i t h  1 . 0  mg/kg o f  d -am p h e tam in e  (T a b le  5)> 

t h e  d i r e c t i o n  o f  r o t a t i o n  re m a in e d  u n changed  f o r  e a c h  r a t  and t h e  

m a g n i tu d e  o f  r o t a t i o n  was s i g n i f i c a n t l y  c o r r e l a t e d .  A f t e r  a  

d o se  o f  a p p r o x i m a t e l y  1 .0  m g/kg o f  d -a m p h e ta m in e ,  c a te c h o la m in e  

l e v e l s  a r e  b a ck  t o  n o rm a l  w i t h i n  24 h o u r s  o r  l e s s  (B ro d ie  e t  a l . ,  

1970 ; L e o n a rd  & S h a l l i c e ,  1 9 7 1 ) a and  e v e n  a f t e r  h i g h e r  d o s e s ,  

t h e  d ru g  o r  i t s  m e t a b o l i t e s  a r e  v i r t u a l l y  e l i m i n a t e d  i n  a b o u t  

48  h o u r s  (C o s ta  & G r o p p e t t i ,  1 9 7 0 ) .  I n  f a c t  r a t s  g iv e n  0 . 8  

mg/kg e v e r y  day  f o r  two w eeks showed no  change  i n  c a te c h o la m in e  

l e v e l s  (B ro d ie  e t  a l . ,  1970 ) .  Thus t e s t i n g  t h e  r a t s  on Day 1 

w i t h  1 .0  mg/kg o f  d -a m p h e ta m in e ,  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  

w ou ld  n o t  be e x p e c t e d  t o  i n f l u e n c e  t h e  d i r e c t i o n  and  m a g n i tu d e  

o f  r o t a t i o n  in d u c e d  by  t h e  d ru g  on Day 8 . I n  c o n t r a s t  t o  t h e  

c o n s i s t e n t  d i r e c t i o n  o f  r o t a t i o n  a f t e r  t h e  w eek ly  a d m i n i s t r a ­

t i o n  o f  1 .0  m g/kg o f  d -a m p h e ta m in e ,  r a t s  d i d  n o t  n e c e s s a r i l y
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r o t a t e  t o  t h e  same d i r e c t i o n  on Day 1 an d  Day 8 when t h e y  

w e re  t e s t e d  w i t h  1 .0  and  2 0 .0  m g /k g , r e s p e c t i v e l y ,  o f  d-am ­

p h e ta m in e  (T a b le  8 ) .  A l th o u g h  a l l  t h e  r a t s  t e s t e d  on Day 8 , 

d i d  n o t  have  n e t  r o t a t i o n s  f o r  t h e  e n t i r e  h o u r  o p p o s i t e  t o  ;; 

t h e  d i r e c t i o n  o f  r o t a t i o n  o b s e r v e d  on Day 1 ,  e v e r y  r a t  t e s t e d  

w i t h  2 0 .0  mg/kg d i d  r o t a t e  i n i t i a l l y ,  d u r i n g  t h e  f i r s t  few 

m in u te s  o f  t h e  t e s t  s e s s i o n ,  t o  t h e  same d i r e c t i o n  a s  t h a t  

o b s e r v e d  on Day 1 .  H owever, d u r i n g  t h e  l a s t  30 m in u te s  o f  

t h e  t e s t  s e s s i o n  on Day 8 ,  a  p re p o n d e r a n c e  o f  r o t a t i o n s ,  o p ­

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

T h a t  a m p h e ta m in e - in d u c e d  r o t a t i o n  i n  n o rm a l  r a t s  i s  me­

d i a t e d  v i a  dopam ine i s  s u p p o r t e d  by t h e  AMPT, h a l o p e r i d o l ,  

an d  DDC d o s e - r e s p o n s e  i n t e r a c t i o n s  ( T a b le s  2 ,  3 ,  & 4 ,  r e s p e c ­

t i v e l y ) .  B o th  AMPT, t h e  i n h i b i t o r  o f  t y r o s i n e  h y d r o x y l a s e ,  

an d  h a l o p e r i d o l ,  t h e  d o p a m in e rg ic  b l o c k e r ,  s i g n i f i c a n t l y  

r e d u c e d  t h e  r o t a t i o n  e l i c i t e d  by t h e  low d o s e s  ( i . e .  1 .0  & 2 .5  

m g/kg) o f  d -a m p h e tam in e .  At t h e  h i g h e r  d o s e s  ( g r e a t e r  t h a n

5 . 0  m g /k g ) ,  n e i t h e r  AMPT n o r  h a l o p e r i d o l  s i g n i f i c a n t l y  r e d u c e d  

n e t  r o t a t i o n s .  H ow ever, w i t h  2 5 .0  m g /k g , t h e  t im e  c o u r s e  o f  

a m p h e ta m in e - in d u c e d  r o t a t i o n  i n  r a t s  p r e t r e a t e d  w i t h  e i t h e r  

AMPT o r  h a l o p e r i d o l ,  was m a rk e d ly  d i f f e r e n t  f ro m  t h a t  in d u c e d  

by am phetam ine  a lo n e  ( F ig u r e  3 ) -  B o th  AMPT and  h a l o p e r i d o l  

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

o f  a m p h e tam in e ,  i n  f a c t ,  t h e  t im e  c o u r s e s  shown i n  F ig u r e  3 

o f  t h e  com bined AMPT-amphetamine a n d  h a lo p e r id o l - a m p h e ta m i n e  

t r e a t m e n t s  b a r e  a  c l o s e r  r e s e m b la n c e  t o  t h e  e f f e c t s  o f  lo w e r  

d o s e s  o f  a m p h e tam in e . When r a t s  w ere  t e s t e d  one week w i t h  1 .0  

m g/kg o f  d -am p h e tam in e  an d  t h e  f o l l o w i n g  week w i t h  1 .0  mg/kg
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o f  d -a m p h e tam in e ,  a f t e r  p r i o r  t r e a t m e n t  w i t h  1 5 0 .0  mg/kg o f  

AMPT (T a b le  1 1 ) ,  t h e r e  was a  m arked  I n h i b i t i o n  o f  am p h e tam in e -  

in d u c e d  r o t a t i o n  on  Day 8 .

The r e s u l t s  d i s c u s s e d  t h u s  f a r  i m p l i c a t e  c a te c h o la m in e s  

a s  t h e  m e d ia to r s  o f  a m p h e ta m in e - in d u c e d  r o t a t i o n  i n  n o rm a l  

r a t s .  S e r o t o n i n ,  on t h e  o t h e r  h a n d ,  do es  n o t  a p p e a r  t o  be 

i n v o lv e d  i n  t h e  r o t a t i o n a l  b e h a v io r  o f  l e s i o n e d  a n im a ls  

(M arsden  & G u ld b e rg ,  1 9 7 3 )» and  i n  n o rm a l  r a t s  t h e  c e r e b r a l  

c o n t e n t  o f  t h e  in d o la m in e  i s  u n a f f e c t e d  by d o se s  o f  d -a m p h e ta ­

m ine r a n g i n g  fro m  1 . 0  t o  3 0 .0  mg/kg (C o s ta  & G r o p p e t t i ,  1970; 

L e o n a r d ,& S h a l l i c e ,  1971; M oore, C a r r ,  & D o m in ic ,  1 9 7 0 ) .  The 

f a c t  t h a t  DDC, a n  i n h i b i t o r  o f  t h e  c o p p e r  c o n t a i n i n g  enzym e--  

d o p a m in e - b e t a - h y d r o x y la s e  (A x e l r o d ,  1972; C a r l s s o n ,  L i n d q v i s t ,  

F u x e ,  & H o k f e l t ,  1966 ; C o l l i n s ,  1965 ; G o l d s t e i n ,  1966 ; Lippmann 

& L lo y d ,  1969 ; M a j ,  G rabow ska, & K w ieck , 1970 ; M oore, 19^9)> 

d i d  n o t  i n h i b i t  t h e  r o t a t i o n  in d u c e d  by d -am p h e tam in e  (T a b le  4 )  

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

f o r  d r u g - in d u c e d  r o t a t i o n  i n  t h e  n o rm a l  r a t .  U n g e r s t e d t  (1971b) 

r e p o r t e d  t h a t  i n h i b i t i o n  o f  d o p a m in e - b e t a - h y d r o x y la s e  w i t h  

FLA63 a c t u a l l y  i n c r e a s e d  t h e  r o t a t i o n  e l i c i t e d  by am phetam ine 

( 5 - 0  m g/kg) i n  r a t s  w i t h  u n i l a t e r a l  SN l e s i o n s .  S i m i l a r l y  i n  

T a b le  4 ,  t h e r e  i s  a n  o v e r a l l  th o u g h  n o n - s i g n i f i c a n t  i n c r e a s e  

i n  r o t a t i o n  w i t h  DDC. U n g e r s t e d t  (19 7 1 b ) p ro p o s e d  t h a t  c h a n g e s  

i n  n o r e p i n e p h r i n e  c o n t e n t  p o s s i b l y  c o u ld  m o d u la te  r o t a t i o n a l  

b e h a v i o r ,  an d  t h i s  s u g g e s t i o n  i s  n o t  e n t i r e l y  s p e c u l a t i v e  in  

l i g h t  o f  t h e  more r e c e n t  f i n d i n g s  o f  a  c a te c h o la m in e  s e n s i t i v e  

a d e n y l a t e  c y c l a s e  i n  t h e  r a t  b r a i n  (C le m e n t-C o rm ie r ,  K e b a b ia n ,  

P e t z o l d ,  & G r e e n g a r d ,  1974 ; K e b a b ia n ,  P e t z o l d ,  & G re e n g a rd ,
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19725 S h o l n i c k  & D a ly ,  1 9 7 4 ) .  T h i s  enzyme h a s  been  p ro p o se d  

t o  be t h e  r e c e p t o r  f o r  dopam ine i n  t h e  mammalian b r a i n  

(K eb ab ian  e t  a l . ,  1 9 7 2 ) .  I n  h o m ogenates  o f  r a t  c a u d a t e  n u c l e i ,  

dopam ine was 7 t im e s  (4 pM v s  28 jjM) more e f f e c t i v e  t h a n  n o r e ­

p in e p h r in e  ■ i n  p r o d u c in g  a  h a l f - m a x im a l  i n c r e a s e  i n  a d e n y l  

c y c l a s e  a c t i v i t y .  H ow ever, s i n c e  v a r i o u s  c o n c e n t r a t i o n s  o f  

dopam ine p l u s  n o r e p i n e p h r i n e ,  d i d  n o t  i n c r e a s e  enzyme a c t i v i t y  

ab o v e  t h e  maximum o b s e r v e d  f o r  e i t h e r  o f  t h e  c a te c h o la m in e s  

a l o n e ,  K e b ab ia n  e t  a l . , ( l 9 7 2 )  an d  C le m e n t-C o rm ie r  e t  a l .  (1974) 

c o n c lu d e d  t h a t  dopam ine and  n o r e p in e p h r in e  . s t i m u l a t e d  t h e  same 

r e c e p t o r  ( i . e .  a d e n y l  c y c l a s e ) ;  p re su m a b ly  dopam ine h a d  a  

g r e a t e r  i n t r i n s i c  a c t i v i t y  t h a n  n o r e p i n e p h r i n e .  Thus i f  d o p a ­

m ine  i s  t h e  n e u r o c h e m ic a l  m e d ia to r  o f  r o t a t i o n ,  p h a r m a c o lo g i c a l  

a g e n t s  s u c h  a s  DDC, w h ich  re d u c e  n o r e p i n e p h r i n e  t o  a b o u t  40$

Of c o n t r o l  v a l u e s  ( C a r l s s o n  e t  a l . ,  1966 ; C o l l i n s ,  1965 ) w i t h ­

o u t  s i g n i f i c a n t l y  a f f e c t i n g  s t r i a t a l  dopam ine c o n t e n t  ( C a r l s s o n  

e t  a l . ,  1966 ) ,  w ould  be e x p e c te d  t o  augm ent t h e  r o t a t i o n  i n ­

d u ced  by t h e  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 .  I t  i s  p o s s i b l e  

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

may m o d u la te  a m p h e ta m in e - in d u c e d  r o t a t i o n .  A l th o u g h  t h e  f r o n ­

t a l  c o r t e x  h a s  b e en  shown t o  i n f l u e n c e  d r u g - in d u c e d  r o t a t i o n  

( G l i c k  & G r e e n s t e i n ,  1 9 7 3 )3 i t  i s  n o t  known i f  t h e s e  c o r t i c a l  

i n f l u e n c e s a r e  m e d ia te d  v i a  n o r e p i n e p h r i n e .  The lo c u s  c o e r u l e u s  

a p p e a r s  t o  be t h e  o r i g i n  o f  n o r a d r e n e r g i c  t e r m i n a l s  w h ic h  r a m ify  

t h r o u g h o u t  t h e  e n t i r e  r a t  b r a i n ,  e s p e c i a l l y  t h e  h ippocam pus  and  

t h e  c e r e b r a l  and  c e r e b e l l a r  c o r t i c e s  (D a h ls t ro m  & F u x e ,  1964; 

U n g e r s t e d t ,  1 9 7 1 a ) .  U n i l a t e r a l  l e s i o n s  o f  t h i s  n u c l e u s  c a u se  

a n  i p s i l a t e r a l  r e d u c t i o n  o f  c o r t i c a l  n o r e p i n e p h r i n e  and  i t s
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m e t a b o l i t e  3 -m e th o x y - 4 - h y d r o x p h e n y lg ly c o l  (MHPG) ( A r b u t h n o t t ,  

C h r i s t i e ,  Crow, E c c l e s t o n ,  & W a l t e r ,  1973 ; K o r f ,  A g h a ja n i a n ,

& R o th ,  1 9 7 3 ) .  Such u n i l a t e r a l  l e s i o n s ,  e i t h e r  i p s i l a t e r a l  

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

n o rm a l  r a t ,  c o u ld  be a n  e f f e c t i v e  means o f  i n v e s t i g a t i n g  t h e  

p o s t u l a t e d  n o r a d r e n e r g i c  m o d u la t io n  o f  a m p h e ta m in e - in d u c e d  

r o t a t i o n .  A lth o u g h  t h e  t r u e  s i g n i f i c a n c e  o f  t h e  r e p o r t e d  i n ­

c r e a s e  i n  r o t a t i o n  w i t h  FLA63  ( U n g e r s t e d t ,  1971b) i s  q u e s t i o n ­

a b l e ,  s i n c e  t h e  i n v e s t i g a t o r ' s  d a t a  w ere  n o t  a n a l y z e d  s t a t i s ­

t i c a l l y ,  t h e  e v id e n c e  f o r  d o p a m i n e r g i c - n o r a d r e n e r g i c  i n v o l v e ­

ment a t  t h e  same r e c e p t o r  s u g g e s t s  t h a t  t h e s e  i n t e r a c t i o n s ,  

n e v e r  t h e  l e s s ,  may be  im p o r t a n t  f o r  t h e  m o d u la t io n  o f  r o t a t i o n ­

a l  b e h a v i o r .

A p o m o rp h in e - in d u c e d  r o t a t i o n

A m p h e tam in e - in d u ced  r o t a t i o n  i n  n o rm a l  r a t s  was e x p l a i n e d  

by a  m echanism  w h ich  in v o lv e d  t h e  a s y m m e t r i c a l  o r  u n e q u a l  r e ­

l e a s e  o f  dopam ine f ro m  t h e  r i g h t  an d  l e f t  NISTS. A long w i t h  

t h i s  e x p l a n a t i o n  t h e r e  i s  t h e  t a c i t  a s s u m p t io n  t h a t  a n  i n t r i n ­

s i c  b i l a t e r a l  n e u r o c h e m ic a l  im b a la n c e  o f  t h e  c o n t e n t  o r  m e ta b o ­

l i s m  o f  dopam ine e x i s t s  i n  t h e  n i g r o - s t r i a t a l  p a th w ay s  o f  r a t s .  

S t i l l  i t  i s  t h e  u n e q u a l  dopam ine c o n t e n t  a t  t h e  r e c e p t o r  w h ic h  

e f f e c t s  r o t a t i o n .  B ec a u se  o f  a p o m o r p h in e 's  p r e d o m in a n t ly  p o s t -  

s y n a p t i c  m echanism  o f  a c t i o n  (A nden, 1970 ; Bunney e t  a l . ,  1973a ; 

E r n s t ,  1965* 1967 ; U n g e r s t e d t ,  1 9 7 1 b ) ,  t h e  r o t a t i o n  e l i c i t e d  

by t h e  d o p a m in e rg ic  a g o n i s t  p o i n t s  t o  t h e  e x i s t e n c e  o f  a n  i n ­

t r i n s i c  p o s t s y n a p t i c  asym m etry  i n  t h e  NISTS o f  n o rm a l  r a t s .  

E i t h e r  t h e r e  a r e  more r e c e p t o r s  i n  one s t r i a t u m  a s  com pared  t o
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t h e  o t h e r ,  o r  t h e r e  e x i s t s  a n  u n e q u a l  b i l a t e r a l  p o s t s y n a p t i c  

s e n s i t i v i t y  t o  t h e  a c t i o n  o f  ap o m o rp h in e  an d  p re su m a b ly  d o p a ­

m in e .  The f o r e g o i n g  a s s u m p t io n s  c o u ld  e x p l a i n  t h e  lack; o f  a  

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

r o t a t i o n  ( F ig u r e  4 ) .  W ith  s m a l l  d o s e s  o f  a p o m o rp h in e ,  d i f ­

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

w ou ld  o c c u r  an d  r e a c h  a maximum a s  t h e  d o se  was i n c r e a s e d  t o

1 0 .0  m g/kg , a t  w h ich  d o se  a l l  r e c e p t o r s  w ould  a p p e a r  t o  be 

s a t u r a t e d .  At t h i s  p o i n t ,  t h e  m a g n i tu d e  o f  r o t a t i o n  w ould  

p l a t e a u  o r  e v en  b e g in  t o  d e c l i n e  w i t h  f u r t h e r  i n c r e a s e s  i n  

d o s e ;  p e r h a p s  i t  i s  r e l e v a n t  t h a t  i n  v i t r o  s t u d i e s  have  shown 

b o th  ap o m o rp h in e  and  dopam ine , i n  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  

(100  pM and  g r e a t e r )  p ro d u c e  l e s s  t h a n  a n  o p t i m a l  i n c r e a s e  i n  

t h e  a d e n y l  c y c l a s e  a c t i v i t y  o f  c a u d a te  hom o g en a tes  (K eb ab ian  

e t  a l . ,  1972 ; Von V o i g t l a n d e r ,  Boukma, & J o h n s o n ,  1 9 7 3 ) .

The t r a n s p o r t  o f  ap om orph ine  i n t o  t h e  b r a i n  m ust be r a t h e r  

f a s t ,  s i n c e  maximum r o t a t i o n a l  b e h a v io r  i s  o b s e r v e d  w i t h i n  t h e  

f i r s t  f i v e  m in u te s  a f t e r  t h e  i n j e c t i o n  o f  a  d o se  o f  1 0 .0  mg/kg 

( F ig u r e  5 )*  S i m i l a r l y  t h e  d ru g  i s  r a p i d l y  m e ta b o l i z e d  by a  

v a r i e t y  o f  p a th w ay s  w h ich  i n c l u d e :  10- ( m o s t ly )  and  11 - 0 - g l u -

c u r o n i d a t i o n  (K a u l ,  B roch m an n -H an ssen ,  & Way, 1 9 6 l a ,  1961b , 

1961c ) ;  0 - m e t h y l a t i o n  w i t h  t h e  f o r m a t i o n  o f  e i t h e r  a p o c o d e in e  

(lO-OCH^j m o s t ly )  o r  i s o a p o c o d e in e  ( l l -O C H ^) (C annon , S m i th ,  

M o d i r i ,  Sood , Borgm an, & A leem , 1972 ; M cKenzie & W h ite ,  1973 ; 

W hite  & M cK enzie , 1 9 7 1 ) ;  N - d e a l k y l a t i o n  (S m ith  & S ood , 1 9 7 1 ) ;  

and  a u t o - o x i d a t i o n  w i t h  t h e  f o r m a t i o n  o f  u n i d e n t i f i e d  decom­

p o s i t i o n  p r o d u c t s  (K au l e t  a l . ,  1961b ) .  As w i t h  t h e  c o n s i s ­

t e n c y  d a t a  f o r  a m p h e tam in e ,  a p o m o rp h in e ,  i n j e c t e d  on Day 1 ,
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o r  i t s  m e t a b o l i t e s  s h o u ld  n o t  be p r e s e n t  on  Day 8 t o  i n f l u e n c e  

t h e  d i r e c t i o n  and  m a g n itu d e  o f  r o t a t i o n  o b s e r v e d  on t h a t  d a y ,  

a f t e r  t h e  a d m i n i s t r a t i o n  o f  ap o m o rp h in e  (T a b le  6 ) .  I n  f a c t  

t h e  m a g n i tu d e  o f  r o t a t i o n  i s  e x t r e m e l y  c o n s i s t e n t ,  d e s p i t e  

some e v id e n c e  w h ich  i n d i c a t e s  t h a t  ap o m o rp h in e  c a n  in d u c e  i t s  

own m e ta b o l i s m  (K au l & Conway, 1971 ) ;  i f  t h i s  w e re  a n  im p o r t a n t  

f a c t o r ,  one week l a t e r ,  s i g n i f i c a n t l y  l e s s  n e t  r o t a t i o n s  on 

Day 8 t h a n  on Day 1 m ig h t  be e x p e c t e d .  A l th o u g h  ap o m o rp h in e  i s  

a  s u b s t r a t e  f o r  c a t e c h o l - O - m e t h y l t r a n s f e r a s e  (COMT), i t  

i s  t h e  d ru g  i t s e l f  and  n o t  t h e  O -m e th y la te d  m e t a b o l i t e s  w h ich  

c a u s e  t h e  s t e r e o t y p i c  b e h a v i o r s  (Cannon e t  a l . ,  1972; McKenzie 

& W h ite ,  1973 ; W hite  & M cK enzie , 1971) a n d  p re s u m ab ly  t h e  r o ­

t a t i o n  e l i c i t e d  i n  n o rm a l  r a t s .  I n h i b i t i o n  o f  COMT m a rk e d ly  

e n h an c e d  t h e  i n t e n s i t y  and  d u r a t i o n  o f  s t e r e o t y p y  in d u c e d  in  

t h e  r a t  by ap o m o rp h in e  (0 .5  -  2 0 .0  m g/kg) a d m i n i s t r a t i o n  

(McKenzie & W h i te ,  1973; W hite  & M cK enzie , 1 9 7 1 ) ,  and  a p o c o -  

d e in e  o r  i s o a p o c o d e i n e ,  i n  d o s e s  many t i m e s  g r e a t e r  t h a n  a p o ­

m o rp h in e ,  d i u  n o t  i n i t i a t e  c o m p u ls iv e  gnaw ing  i n  m ice o r  evoke  

e m e s is  i n  p ig e o n s  (Cannon e t  a l . ,  1972 ) .  M o re o v e r ,  i n  t h e  r a t  

b r a i n  t h e  l o w e s t  a c t i v i t y  o f  COMT i s  fo u n d  i n  t h e  c o rp u s  s t r i ­

a tum  (B roch  & Fonnum, 1 9 7 2 ) .

I t  may be a r g u e d ,  h o w ev er ,  t h a t  a p o m o rp h in e - in d u c e d  r o ­

t a t i o n  i s  n o t  due t o  a  b i l a t e r a l  r e c e p t o r  asym m etry  b u t  i s  

r a t h e r  t h e  r e s u l t  o f  a n  a s y m m e t r i c a l  a p o m o rp h in e - in d u c e d  chan g e  

i n  t h e  dopam ine m e ta b o l i s m  o f  t h e  r a t ' s  s t r i a t i .  Some have  

p ro p o s e d  t h a t  a p o m o rp h in e ’s s i t e  o f  a c t i o n  i s  n o t  e n t i r e l y  p o s t -  

s y n a p t i c  ( C o s t a l l  & N a y lo r ,  1973; G o l d s t e i n  e t  a l . ,  1 9 7 0 )-  

As m e n t io n e d  p r e v i o u s l y ,  t h e r e  i s  c o n s i d e r a b l e  e v id e n c e  i n d i c a t i n g
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t h a t  t h e  f u n c t i o n a l  a c t i v i t y  o f  t h e  NISTS i s  r e g u l a t e d  by a 

c o m b in a t io n  o f  f e e d b a c k  c o n t r o l  m echanism s w h ich  i n c l u d e :  an  

e x t r a - s t r i a t a l ,  n e u r o n a l  f e e d b a c k  lo o p ;  an  i n t r a - s t r i a t a l  r e ­

c e p t o r  m e d ia te d  c o n t r o l ;  and  a n  i n t r a n e u r o n a l  n e u r o c h e m ic a l  

e n d - p r o d u c t  i n h i b i t i o n .  T hrough  t h e  a c t i o n  o f  one o r  a l l  o f  

t h e s e  f e e d b a c k  c o n t r o l  m ech an ism s , p h a r m a c o lo g ic a l  a g e n t s  

w h ich  mimic t h e  e f f e c t  o f  d opam ine , e i t h e r  by r e l e a s e  o f  t h e  

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

c r e a s e  t h e  t u r n o v e r  o f  dopamine i n  t h e  s t r i a t u m .  I n  a d d i t i o n ,  

G o l d s t e i n  e t  a l .  (1970) have d e m o n s t r a t e d  t h e  in  v i t r o  and  

i n  v iv o  i n h i b i t i o n  o f  t y r o s i n e  h y d r o x y la s e  by a p o m o rp h in e .  

However, i f  t h e  m echanism  o f  a p o m o rp h in e - in d u c e d  r o t a t i o n  w ere 

v i a  d i f f e r e n t i a l  dopam ine m e ta b o l is m  i n  t h e  two s t r i a t i ,  t h e n  

AMPT w odld  be e x p e c te d  t o  d e c r e a s e  t h e  r o t a t i o n  e l i c i t e d  by 

a p o m o rp h in e .  S in c e  su c h  a  d e c r e a s e  d id  n o t  o c c u r ,  t h e  p r o ­

p o s e d  b i l a t e r a l  r e c e p t o r  a sym m etry  i n  t h e  s t r i a t i  o f  n o rm a l  

r a t s  i s  t h e  m ost p l a u s i b l e  e x p l a n a t i o n  f o r  t h e  p r e s e n t  d a t a .

The im p o r ta n c e  o f  an  i n t r i n s i c  n i g r o - s t r i a t a l  p o s t s y n a p -  

t i c  a sym m etry  was m ost e v i d e n t  a f t e r  u n i l a t e r a l  c a u d a t e  l e s i o n s .  

When apo m o rp h in e  i s  a d m i n i s t e r e d  t o  r a t s  w i t h  u n 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 t e  n u c l e u s ,  t h e y  w i l l  r o t a t e  to w a rd  t h e  l e s i o n e d  

s i d e  (A nden, 1 9 7 0 ) .  A l l  r a t s  t e s t e d  w i t h  ap o m o rp h in e  in  t h e  

p r e s e n t  i n v e s t i g a t i o n  a l s o  r o t a t e d  i p s i l a t e r a l  t o  t h e  l e s i o n .  

H ow ever, t h e  m a g n i tu d e  o f  p o s t o p e r a t i v e  r o t a t i o n  was c o n s i d e r ­

a b l y  i n f l u e n c e d  by t h e  d i r e c t i o n  o f  t h e  a n i m a l ' s  p r e o p e r a t i v e  

r o t a t i o n a l  p r e f e r e n c e ;  r a t s  r o t a t e d  more p o s t o p e r a t i v e l y  i f  

t h e  l e s i o n  was made i p s i l a t e r a l  r a t h e r  t h a n  c o n t r a l a t e r a l  t o  

t h e i r  p r e o p e r a t i v e  d i r e c t i o n  o f  r o t a t i o n  (T a b le  1 5 ) .  I n  o t h e r
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w o rd s ,  i t  m a t t e r e d  i n  w h ich  s t r i a t u m  e a c h  r a t  was l e s i o n e d .  
U n g e r s t e d t  (1 9 7 1 b )  r e p o r t e d  t h a t  Some n o n -d r u g g e d  u n i l a t e r & l l y

l e s i o n e d  SN r a t s  e x h i b i t  a  s lo w  s p o n ta n e o u s  r o t a t i o n  c o n t r a ­
l a t e r a l  t o  t h e  l e s i o n e d  s i d e ,  one h o u r  a f t e r  t h e  o p e r a t i o n .
T h i s  s p o n ta n e o u s  c o n t r a l a t e r a l  r o t a t i o n  i s  i n  c o n t r a s t  t o  t h e

i p s i l a t e r a l  d i r e c t i o n  o f  r o t a t i o n  o b s e r v e d  i n  m o s t  a n im a ls  

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

be e x p l a i n e d  by i n d i v i d u a l  d i f f e r e n c e s  i n  t h e  t im e  c o u r s e  f o r  

t h e  d e g e n e r a t i o n  r e l e a s e  o f  dopam ine ( U n g e r s t e d t ,  1 9 7 1 b ) .  How­

e v e r  i n  l i g h t  o f  t h e  p r e s e n t  f i n d i n g s ,  i t  i s  p o s s i b l e  a l s o  
t h a t  some r a t s  r e c e i v e d  t h e  u n i l a t e r a l  SN l e s i o n s  c o n t r a l a t e r a l  
t o  t h e i r  n o rm a l  p r e - o p e r a t i v e  d i r e c t i o n  o f  r o t a t i o n .  I t  s h o u ld

no l o n g e r  be assum ed t h a t  a  s u r g i c a l  i n s u l t  t o  a  s t r u c t u r e  i n

one h e m is p h e re  w i l l  h av e  t h e  same b e h a v i o r a l  c o n se q u e n c e s  a s

an  i d e n t i c a l  p e r t u r b a t i o n  i n  t h e  c o n t r a l a t e r a l  h e m is p h e re .
Thus f a r  two m ech an ism s , one p r e - a n d  t h e  o t h e r  p o s t -

s y n a p t i c ,  h av e  b e en  p o s t u l a t e d  t o  a c c o u n t  f o r  d r u g - in d u c e d  
r o t a t i o n  i n  n o rm a l  r a t s .  The f a c t  t h a t  r a t s  t e s t e d  w i t h  apo­

m o rp h in e  one week a n d  d -am p h e tam in e  t h e  f o l l o w i n g  week do n o t

n e c e s s a r i l y  r o t a t e  i n  t h e  same d i r e c t i o n  w i t h  e a c h  d r u g  (T a b le  
$ ) ,  s u g g e s t s  t h a t  b o th  p r e - a n d  p o s t s y n a p t i c  n i g r o - s t r i a t a l

a s y m m e tr ie s  e x i s t ,  and  t h a t  r o t a t i o n a l  b e h a v i o r  c a n n o t  be e x -

l a i n e d  a d e q u a t e l y  by  a  s i n g l e  m echan ism . I t  may be p o s t u l a t e d

t h a t  t h e  s t r i a t u m  w h ich  h a s  ar.jnore s e n s i t i v e  r e l e a s e  m echanism

f o r  dopam ine a l s o  h a s  l e s s  s e n s i t i v e  r e c e p t o r s .  S in c e  t h e  
d i r e c t i o n  o f  r o t a t i o n  in d u c e d  by am phetam ine  i s  p re s u m a b ly

t h e  r e s u l t  o f  b o th  p r e - a n d  p o s t s y n a p t i c  a s y m m e tr ie s ,  w h e re a s

t h a t  o f  apo m o rp h in e  i s  a t t r i b u t e d  o n l y  t o  t h e  p o s t s y n a p t i c  
asym m etry , i t  w ou ld  be s u r m is e d  t h a t  r a t s  w h ic h  r o t a t e  i n  t h e  
same d i r e c t i o n  w i t h  e a c h  d r u g  have  p r e - a n d  p o s t s y n a p t i c  s t r i a ­
t a l  a sy m m e tr ie s  w h ic h  f u n c t i o n a l l y  a c t  on  t h e  same s i d e  ( i . e .
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t h e  d o m in a n t  asym m etry  i s  a  p o s t s y n a p t i c  r e c e p t o r  s e n s i t i v i t y ) .  
I n  a n im a ls  w h ere  t h e  d i r e c t i o n  o f  r o t a t i o n  i s  d i f f e r e n t  f o r  
e a c h  d r u g  , t h e  two t y p e s  o f  a s y m m e tr ie s  w ou ld  f u n c t i o n  oppo­

s i t e  t o  e a c h  o t h e r  ( i . e .  t h e  p r e s y n a p t i c  asymmetry  i s  p r e p o t e n t  

f o r  a m p h e ta m in e 's  a c t i o n ) .  T hus , s u c h  p r e - a n d  p o s t s y n a p t i c

s t r i a t a l  a sy m m e tr ie s  i n  t h e  n o rm a l r a t  may a f f e c t  b e h a v i o r ,  
and  t h e  d i r e c t i o n  o f  r o t a t i o n  i n  p a r t i c u l a r ,  i n  a  way s i m i ­

l a r  t o  t h a t  shown f o r  l e s i o n e d  a n i m a l s .  F o l lo w in g  u n i l a t e r a l  
c a u d a te  l e s i o n s ,  r a t s  r o t a t e  to w a rd s  t h e  l e s i o n e d  s i d e  when 
e i t h e r  d -am p h e tam in e  o r  apom orph ine  i s  a d m i n i s t e r e d  s y s t s m i -

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

i p s i l a t e r a l  t o  t h e  l e s i o n ,  a t  w h ic h  am phetam ine  and  apom orph ine

can  a c t ,  r e s p e c t i v e l y .  Htiwever, a f t e r  u n i l a t e r a l  SN l e s i o n s  
ahd s u b s e q u e n t  d e g e n e r a t i o n  o f  t h e  n i g r o - s t r i a t a l  p a th w ay ,

t h e  s u p e r s e n s i t i v e  r e c e p t o r s  i n  t h e  d e n e r v a t e d  s t r i a t u m  e l i c i t  
r o t a t i o n  to w a rd  t h e  u n o p e r a t e d  s i d e  upon apo m o rp h in e  a d m in is ­
t r a t i o n ,  w h e re a s  a m p h e ta m in e 's  r e l e a s e  o f  dopam ine fro m  t h e  
i n t a c t  s t r i a t u m  e l i c i t s  r o t a t i o n  i n  a  d i r e c t i o n  o p p o s i t e  t o

t h a t  in d u c e d  by  apom orph ine  ( U n g e r s t e d t ,  1 9 7 1 b ) .

L-DQPA-induced r o t a t i o n

S in c e  t h e  p r e v i o u s l y  t e s t e d  p h a r m a c o lo g i c a l  a g e n t s  w h ich  

m im icked  t h e  e f f e c t  o f  dopam ine a l s o  in d u c e d  r o t a t i o n  i n  n o r ­

m al r a t s ,  i t  seem ed r e a s o n a b l e  t o  e x p e c t  t h a t  L-DOPA, t h e  im­

m e d ia te  p r e c u r s o r  o f  dop am in e , l i k e w i s e  w ou ld  e l i c i t  r o t a t i o n a l  

b e h a v i o r  i n  n o rm a l  a n i m a l s .  I n  r a t s  w i t h  u n i l a t e r a l  l e s i o n s  

o r  i n a c t i v a t i o n  ( i . e .  s p r e a d i n g  d e p r e s s i o n )  o f  t h e  NISTS,

L-DOPA h a s  b e e n  r e p o r t e d  t o  e l i c i t  r o t a t i o n  (Anden e t  a l . ,

1966) o r  body t o r s i o n  ( K e l l e r  e t  a l . ,  1 9 7 3 ) t  r e s p e c t i v e l y ,  con­

t r a l a t e r a l  t o  t h e  n o rm a l  s i d e .  The d r u g  a l s o  e v o k ed  s t e r e o t y p y
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i n  n o rm a l  r a t s  (B u tc h e r  & E n g e l ,  1969a ) ,  and  d y s k i n e s i a s  i n  

monkeys s i m i l a r  t o  t h e  a b n o rm a l  movements m a n i f e s t e d  c l i n i c ­

a l l y  i n  p a r k i n s o n i a n  p a t i e n t s  u n d e rg o in g  L-DOPA t h e r a p y  

( G o l d s t e i n ,  B a t t i s t a ,  Ohomoto, A n a g n o s te ,  &Fuxe, 19735 Mones,

1 9 7 2 ) .  G e n e r a l l y ,  L-DOPA i s  a d m i n i s t e r e d ,  b o th  c l i n i c a l l y  

and  e x p e r i m e n t a l l y ,  i n  c o n j u n c t i o n  w i t h  a n  i n h i b i t o r  o f  t h e  

p e r i p h e r a l  , L - a r o m a t i c  am ino a c i d  d e c a r b o x y la s e  ( i . e .  DOPA 

d e c a r b o x y l a s e ) .  Thus t h e  p e r i p h e r a l  enzym e, i n c l u d i n g  t h e  

D O P A -decarboxy lase  o f  t h e  e n d o t h e l i a l  c e l l s  o f  t h e  b r a i n  c a p i l ­

l a r i e s  i s  i n h i b i t e d  ( e s p e c i a l l y  t h e  enzyme o f  th e  s t r i a t u m )  

( B a r t h o l i n !  & P l e t s c h e r ,  1 9 7 2 ) .  As a  c o n s e q u e n c e ,  t h e  un­

a l t e r e d  am ino a c i d  now c a n  p e n e t r a t e  i n t o  t h e  b r a i n  w here  i t  

i s  d e c a r b o x y l a t e d  t o  fo rm  c a t e c h o la m in e s  ( B a r t h o l i n i  & P l e t s c h e r ,  

1969 ; B a r t h o l i n i  & P l e t s c h e r ,  1972 ; B a r t h o l i n i ,  C o n s t a n t i n i d i s ,  

T i s s o t ,  & P l e t s c h e r ,  1 9 7 1 ) .  W ith o u t  t h e  i n h i b i t i o n  o f  DOPA- 

d e c a r b o x y l a s e ,  m arked p e r i p h e r a l  a u to n o m ic  s i g n s  ( e . g .  s a l i ­

v a t i o n ,  p i l o e r e c t i o n )  a r e  e v i d e n t  i n  r a t s  t r e a t e d  w i t h  L-DOPA 

( B u tc h e r  & E n g e l ,  1969a ;  1969b ) .  Among t h e  v a r i o u s  p o t e n t  i n ­

h i b i t o r s  o f  D O P A -d eca rb o x y lase ,  b o th  Ro 4 -4 6 0 2  ( N - ( D L - s e r y l ) -  

N 1- ( 2 ,3 * 4 - t r i h y d r o x y b e n z y l ) h y d r a z i n e }  and  NSD 1015 (m -hydroxy- 

b e n z y l h y d r a z i n e )  i n  h i g h  d o s e s  ( i . e .  a b o u t  0 . l 6 mmol/kg o r  

g r e a t e r )  p e n e t r a t e  t h e  b r a i n  an d  i n h i b i t  c e r e b r a l  DOPA-decar­

b o x y l a s e ,  w h e rea s  MK 486 do es  n o t  ( B a r t h o l i n i  & P l e t s c h e r ,

1969 ; P o r t e r ,  1 9 7 1 ) .  T h e re  i s  e v id e n c e  w h ich  i n d i c a t e s  t h a t  

Ro 4 -4 6 0 2  a l s o  i n h i b i t s  COMT ( B a r t h o l i n i ,  Blum, & P l e t s c h e r ,

1969 ; B a r t h o l i n i  & P l e t s c h e r ,  1969 ) •  I n  t h e  p r e s e n t  i n v e s t i ­

g a t i o n ,  L-DOPA in d u c e d  s i g n i f i c a n t  r o t a t i o n  o n ly  a t  t h e  h i g h e s t  

d o se  ( i . e .  3 0 0 .0  m g /k g ) ,  i n  n o rm a l  r a t s  p r e t r e a t e d  w i t h  MK 486 .
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The m a g n itu d e  o f  r o t a t i o n  was s m a l l  com pared t o  t h a t  o f  

d -am phe tam ine  o r  apom orph ine  ( F ig u r e  6 ) ,  and  t h e  d i r e c t i o n  o f  

r o t a t i o n  was n o t  c o n s i s t e n t l y  i n  t h e  d o m in an t  d i r e c t i o n  d u r in g  

t h e  h o u r  t e s t  s e s s i o n  ( F ig u r e  7 ) .  A lth o u g h  t h e r e  i s  some b e ­

h a v i o r a l  e v id e n c e  w h ich  i n d i c a t e s  t h a t  L-DOPA may a l s o  have  

a  d o p a m in e rg ic  r e c e p t o r  s t i m u l a t i n g  a c t i o n  (C re e se  & I v e r s e n ,

1973 ) » n e u r o p h y s i o l o g i c a l  d a t a  t e n d s  t o  r e f u t e  t h e  p ro p o s e d  

p o s t s y n a p t i c  e f f e c t  (Bunney e t  a l . ,  1973a) .

Assum ing t h a t  t h e  r a t e s  o f  p r e s y n a p t i c  u p ta k e  and  d e c a r ­

b o x y l a t i o n  o f  L-DOPA a r e  i d e n t i c a l  i n  b o th  s t r i a t i ,  t h e n  b i ­

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

new ly  s y n t h e s i z e d  dopam ine once  a g a i n  c o u ld  e x p l a i n  pharm aco­

l o g i c a l l y  in d u c e d  r o t a t i o n  i n  t h e  n o rm a l r a t .  A lth o u g h  p r e ­

s y n a p t i c  dopam ine l e v e l s  w ould  be h ig h  a f t e r  L-DOPA a d m i n i s t r a ­

t i o n ,  r e l e a s e  o f  t h e  am ine p re su m ab ly  w ould depend  upon n o rm a l  

im p u lse  a c t i v i t y  o f  t h e  NISTS. S in c e  t h e  p h y s i o l o g i c a l  r e l e a s e  

o f  dopamine w ould  n o t  be e x p e c t e d  t o  h av e  a n  e f f e c t  a s  g r e a t  

a s  t h e  m a ss iv e  r e l e a s e  p ro d u ced  by d -am p h e tam in e  o r  t h e  d i r e c t  

p h a r m a c o lo g i c a l  s t i m u l a t i o n  o f  t h e  r e c e p t o r  ( i . e .  by a p o m o rp h in e ) ,  

L-DOPA-induced r o t a t i o n  c o u ld  be e x p e c te d  t o  be s m a l l  i n  mag­

n i t u d e .  I n  a g re e m e n t  w i t h  t h e  above  p r o p o s a l ,  n e u r o p h y s i o l o g i ­

c a l  s t u d i e s  hav e  shown t h a t  d o s e s  o f  0 .1 0  an d  0 .2 5  mg/kg o f  

apom orph ine  an d  d -a m p h e tam in e ,  r e s p e c t i v e l y ,  m a rk e d ly  d e c r e a s e d  

t h e  f i r i n g  r a t e s  o f  n i g r a l  c e l l s ,  w h e re a s  2 5 .0  mg/kg o f  L-DOPA, 

i n  c o n j u n c t i o n  w i t h  Ro 4 -4 6 0 2 ,  was n eed ed  t o  p ro d u ce  a  com par­

a b l e  e f f e c t  (Bunney e t  a l . ,  1 9 7 3 a ) .

H a l o p e r i d o l - l n d u c e d  r o t a t i o n
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H a l o p e r i d o l ,  t h e  b u ty ro p h e n o n e  w i th  a  h ig h  d o p a m in e rg ic  

t o  n o r a d r e n e r g i c  b l o c k i n g  r a t i o ,  h a s  b e en  r e p o r t e d  t o :  p ro d u c e  

c a t a l e p s y  i n  n o rm a l  r a t s ,  w i t h  d o s e s  o f  0 .5  and  2 .0  mg/kg ( 

( C o s t a l l  & O l l e y ,  1971 j N a y lo r  & O l l e y ,  1 9 7 2 ) ,  a r r e s t  am p h e ta ­

m in e - in d u c e d  r o t a t i o n  i n  r a t s  w i t h  u n i l a t e r a l  l e s i o n s  o f  t h e  

SN, a t  t h e  dose  o f  1 . 0  mg/kg ( U n g e r s t e d t ,  1 9 7 1 b ) ,  a n d  e l i c i t  

body t o r s i o n  to w a rd  t h e  i n t a c t  s i d e  i n  u n i l a t e r a l l y  s t r i a t o -  

to m iz e d  r a t s ,  i n  d o s e s  o f  1 .0  (Anden & B e d a rd ,  1971) and  2 .0  

m g/kg  (Anden e t  a l . ,  1966 ) .  P re s u m a b ly ,  t h e s e  r e s u l t s  a r e  

due t o  h a l o p e r i d o l ' s  b lo c k in g  p r o p e r t i e s  i n  t h e  tw o s t r i a t i .

A b i l a t e r a l  b lo c k  w ould  p ro d u c e  c a t e l e p s y ,  w h e rea s  a  u n i ­

l a t e r a l  b lo c k  w ould  r e s u l t  i n  p o s t u r a l  a s y m m e tr ie s .  I n  t h e  

p r e s e n t  i n v e s t i g a t i o n ,  h a l o p e r i d o l  a t  t h e  low dose  o f  0 .125  

m g/kg in d u c e d  s i g n i f i c a n t  r o t a t i o n  i n  n o rm a l  r a t s  ( F ig u r e  8 ) ,  

t h e  d i r e c t i o n  o f  w h ic h  a p p e a r e d  t o  be r e l a t i v e l y  c o n s t a n t  

t h r o u g h o u t  t h e  t e s t  s e s s i o n  ( F ig u r e  9 )♦  I t  i s  p o s s i b l e  t h a t  

low d o s e s  o f  h a l o p e r i d o l  c r e a t e  o n ly  a  p a r t i a l  b l o c k  o f  t h e  

s t r i a t a l  r e c e p t o r s .  Now due t o  t h e  b i l a t e r a l  d i f f e r e n c e s  in  

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

t i a l  b lo c k  w ou ld  be b i l a t e r a l l y  a s y m m e t r i c a l .  T h a t  i s ,  t h e  

tw o s t r i a t i  w ould  n o t  be e q u a l l y  b l o c k e d ,  and  t h e  r e s u l t i n g  

d i f f e r e n c e s  i n  n i g r o - s t r i a t a l  a c t i v i t y  would  e l i c i t  r o t a t i o n .  

H ow ever, s i n c e  t h e r e  a r e  some b l o c k e r s  ( i . e .  t h e  a n t i c h o l i n ­

e r g i c  d e p o l a r i z a t i o n  b l o c k e r s )  w h ich  c a u s e  p o s t s y n a p t i c  s t i m u ­

l a t i o n  i n  low d o se s  (Goodman & G ilm an , 1 9 7 0 ) ,  i t  may be t h a t  

r o t a t i o n  e l i c i t e d  by h a l o p e r i d o l  i s  due t o  s u c h  a  s t i m u l a n t '  

e f f e c t  o f  t h e  d ru g .  G ro v e s ,  E e b e c ,  and  S e g a l  (197*0 demon­

s t r a t e d  t h a t  d -am p h e tam in e  ( 0 .5  -  4 . 0  m g/kg) c a u s e d  a  m arked
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i n c r e a s e  f o l l o w e d  by a  p r o lo n g e d  d e c r e a s e  i n  t h e  f i r i n g  r a t e  

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

H a l o p e r i d o l  ( 2 . 0  m g/kg) a l s o  p ro d u c e d  a  t r a n s i e n t  i n c r e a s e ,  

c o m p a ra b le  t o  t h e  am phetam ine  e f f e c t ,  f o l l o w e d  by a  r e t u r n  

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

a  d o se  o f  h a l o p e r i d o l  o f  0 .2 5  mg/kg o r  l e s s ,  m ig h t  p ro d u c e  

a n  e f f e c t  e v en  more s i m i l a r  t o  t h a t  p ro d u c e d  by am ph e tam in e .

C h o l i n e r g i c  i n f l u e n c e s  on 
r o t a t i o n a l  b e h a v io r

As m e n t io n e d  p r e v i o u s l y ,  t h e r e  i s  c o n s i d e r a b l e  e v id e n c e  

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

c a r i n i c  ( K e l l e r  e t  a l . ,  1973 ; McLennan & Y o rk ,  1967 ) .  More
3

r e c e n t l y ,  i n  v iv o  s t u d i e s  have  shown t h a t  t h e  b in d i n g  o f  H- 

q u i n u c l i d i n y l  b e n z i l a t e  (QNB), a  compound w i t h  a  r e l a t i v e l y  

h ig h  a f f i n i t y  f o r  m u s c a r in i c  r e c e p t o r s ,  was g r e a t e s t  i n  t h e  

r a t  s t r i a t u m .  P r e t r e a t i n g  t h e  a n im a l s  w i t h  a t r o p i n e  l a r g e l y  

p r e v e n t e d  t h e  a c c u m u la t io n  o f  QNB (Yamamura, K u b ar ,  & S n y d e r ,  

197*0* I n  t l ie  P r e s e n t  i n v e s t i g a t i o n ,  t h e  a n t i - c h o l i n e r g i c  

d ru g  o f  c h o i c e  was s c o p o la m in e ,  s i n c e  i t s  c e n t r a l  a c t i o n s  a r e  

a b o u t  t e n  t im e s  t h a t  o f  a t r o p i n e ,  w h i l e  i t s  p e r i p h e r i a l  e f ­

f e c t s  a r e  o n ly  tw ic e  a s  g r e a t  ( P a r k s ,  1965 ) .  Doses o f  s c o p o ­

l a m i n e ,  r a n g i n g  f ro m  1 .0  t o  2 0 0 .0  m g /k g , in d u c e d  s i g n i f i c a n t  

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

a b s e n c e  o f  any  a s y m m e t r i c a l  b e h a v i o r  i n  u n i l a t e r a l l y  s t r i a t o -  

to m iz e d  r a t s  t r e a t e d  w i t h  c o m p arab le  d o s e s  o f  s c o p o la m in e  

(Anden & B e d a rd ,  1 9 7 1 ) .  H ow ever, t h e s e  i n v e s t i g a t o r s  d id  n o t  

t e s t  f o r  r o t a t i o n  i n  a  r o t o m e t e r ;  f u r t h e r m o r e  i f  r o t a t i o n a l  

b e h a v i o r  i s  m o d u la te d  by t h e  f r o n t a l  c o r t e x  ( G l ic k  & G r e e n s t e i n ,
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1973 ) ,  t h e n  re m o v a l  o f  t h e  s t r i a t u m  by s u c t i o n  (a s  done by 

Anden & B e d a rd ,  1971) would i n c l u d e  c o n s i d e r a b l e  a b l a t i o n  o f  

t h e  f r o n t a l  c o r t e x  and  w ould  be e x p e c te d  t o  a f f e c t  d r u g -  

in d u c e d  r o t a t i o n .

The t r a n s p o r t  o f  s c o p o la m in e  i n t o  t h e  b r a i n  m ust be r a p i d  

s i n c e  r o t a t i o n a l  b e h a v io r  i s  o b s e r v e d  a lm o s t  im m e d ia te ly  a f t e r  

i t s  a d m i n i s t r a t i o n  ( F ig u r e  1 0 ) .  Assum ing t h a t  t h e  b i o t r a n s ­

f o r m a t i o n  o f  t h e  d ru g  i s  s i m i l a r  t o  t h a t  o f  a t r o p i n e ,  t h e n  

t h e  a n t i c h o l i n e r g i c  i s  r a p i d l y  m e ta b o l i z e d  by a v a r i e t y  o f  

p a th w ay s  w h ich  i n c l u d e :  d e e s t e r i f i c a t i o n  ( w i th  s u b s e q u e n t  

e x c r e t i o n  o f  t r o p i c  a c i d ) :  mono- and  d i h y d r o x y l a t i o n  ( i n  t h e  

m an d  p p o s i t i o n s  o f  t h e  t r o p i c  a c i d  m o i e t y ) ;  mono- and  d i - 0 -  

g l u c u r o n i d e  f o r m a t i o n  ( i n  m and  £  p o s i t i o n s ) ;  an d  u n i d e n t i f i e d  

p r o d u c t s  fo rm ed  by  m o d i f i c a t i o n s  o f  t h e  t r o p i n e  b a se  (G a b o re l  

& G o s s e l i n ,  1938; G o s s e l i n ,  G a b o r e l ,  K a i s e r ,  & W i l l i s ,  1955; 

K a i s e r ,  W i l l i s ,  G a b o r e l ,  G o s s e l i n ,  & E p e s ,  1 9 5 7 ) .  S u r e l y  t h e n ,  

t h e  a n t i c h o l i n e r g i c  a d m i n i s t e r e d  on Day 1 ,  o r  i t s  m e t a b o l i t e s ,  

s h o u ld  n o t  be p r e s e n t  on Day 8 t o  i n f l u e n c e  s c o p o la m in e - in d u c e d  

r o t a t i o n .  As w i t h  am phetam ine and  apom orph ine  t h e  d i r e c t i o n  

o f  s c o p o la m in e - in d u c e d  r o t a t i o n  was c o n s i s t e n t  f ro m  week t o  

week (T a b le  7 ) ,  and  i n  a d d i t i o n ,  r a t s  w h ich  r o t a t e d  i n  one d i ­

r e c t i o n  w i t h  d -am phe tam ine  a l s o  t u r n e d  t o  t h e  same s i d e  w i t h  

s c o p o la m in e  (T a b le  9 ) •  The c o n s i s t e n c y  o f  d i r e c t i o n  b e tw een  

am p h e tam in e -  and  s c o p o la m in e - in d u c e d  r o t a t i o n  i n  n o rm a l r a t s  

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

in d u c e d  s t u d i e s  p r e v i o u s l y  d e s c r i b e d .  B o th  d -am p h e tam in e  and 

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

i n f u s i o n  i n t o  t h e  s t r i a t u m  ( C o s t a l l  e t  a l . ,  1972; McKenzie
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e t  a l . ,  1972 ) .  I n  c o n t r a s t  t o  t h e  am phetam ine a n d  apom orph ine  

c o n s i s t e n c y  d a t a ,  t h e  m a g n itu d e  o f  s c o p o la m in e - in d u c e d  r o t a t i o n  

d i d  n o t  re m a in  s i g n i f i c a n t l y  unchanged  fro m  week t o  w eek.

The i n c r e a s e  i n  r o t a t i o n s  o b s e r v e d  on Day 8 c a n n o t  be e x p la i n e d  

a d e q u a t e l y  a t  p r e s e n t .

I t  h a s  b e e n  p ro p o s e d  t h a t  t h e  d o p a m in e rg ic  and  c h o l i n ­

e r g i c  s y s te m s  a r e  i n  r e c i p r o c a l  b a l a n c e — t h e  a c t i v i t y  o f  one 

t e n d s  t o  c o u n t e r a c t  t h e  a c t i v i t y  o f  t h e  o t h e r  ( B a r t h o l i n i  & 

P l e t s c h e r ,  1972; C o s t a l l  e t  a l . ,  1972; K e l l e r  e t  a l . ,  1972; 

M ennear ,  1965) .  However, t h e r e  i s  some e v id e n c e  w h ich  i n d i ­

c a t e s  t h a t  a n t i c h o l i n e r g i c s  may e x e r t  t h e i r  e f f e c t s  v i a  d o p a ­

m in e ,  p e r  s e .  McKenzie e t  a l . ( l 9 7 2 )  r e p o r t e d  t h a t  a t r o p i n e  

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

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

c a t .  W hether t h i s  r e l e a s e  i s  m e d ia te d  v i a  a  c h o l i n e r g i c  i n ­

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

n o t  b e en  a s c e r t a i n e d .  I n  a  c o n g e r n e r i c  s e r i e s  o f  t r o p i n e  

r e l a t e d  com pounds, H orn , C o y le ,  and  S n y d e r  (1971) hav e  shown 

n o n c o m p e t i t iv e  r e v e r s i b l e  i n h i b i t i o n  o f  dopam ine u p ta k e  i n t o  

sy n ap to so m e s  p r e p a r e d  f ro m  t h e  r a t  s t r i a t u m .  H ow ever, b e n z -  

t r o p i n e ,  a n  a n t i c h o l i n e r g i c  w h ich  d id  n o t  e l i c i t  r o t a t i o n  

a f t e r  u n i l a t e r a l  i n f u s i o n  i n t o  t h e  r a t  s t r i a t u m  (McKenzie e t  

a l . ,  1972 ) ,  was o v e r  1600  t im e s  more p o t e n t  t h a n  s c o p o la m in e  

i n  i n h i b i t i n g  t h e  u p ta k e  o f  dopam ine . Thus i f  s c o p o la m in e -  

in d u c e d  r o t a t i o n  i n  n o rm a l  r a t s  w ere  due s o l e l y  t o  t h e  " c o c a i n e ­

l i k e "  a c t i o n  o f  t h e  d r u g ,  i t  m ig h t  be e x p e c t e d  t h a t  a  g r e a t e r  

m a g n i tu d e  o f  r o t a t i o n  c o u ld  be e l i c i t e d  by b e n z t r o p i n e .

A lth o u g h  u n i l a t e r a l  s t r i a t a l  i n f u s i o n s  o f  a r e c o l i n e  have
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b e e n  r e p o r t e d  t o  e l i c i t  r o t a t i o n  ( C o s t a l l  e t  a l . ,  1 9 7 2 ) ,  i t  

a p p e a r e d  t h a t  p i l o c a r p i n e ,  a  c h o l in o m im e t ic  w i t h o u t  t h e  

n i c o t i n i c  a c t i o n s  o f  a r e c o l i n e  (Goodman & G ilm an , 1 9 7 0 ) ,  

w ou ld  be b e t t e r  s u i t e d  a s  a  t e s t  d ru g  i n  t h e  p r e s e n t  i n v e s t i ­

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

t h e  c h o l i n e r g i c  r e c e p t o r s  i n  t h e  c a u d a te  w ere  p r e d o m in a n t ly  

m u s c a r i n i c  i n  n a t u r e .  At a l l  d o s e s  t e s t e d ,  p i l o c a r p i n e  d id  

n o t  e l i c i t  s i g n i f i c a n t  r o t a t i o n  i n  n o rm a l  r a t s ,  and  i t  s i g ­

n i f i c a n t l y  r e d u c e d  t h e  m a g n i tu d e  o f  r o t a t i o n  in d u c e d  by d -  

am phetam ine  (T a b le  1 3 ) .  I t  h a s  b e en  r e p o r t e d  t h a t  pharm a­

c o l o g i c a l  a g e n t s  w h ich  mimic t h e  e f f e c t  o f  dopam ine ( i . e .  

a m a n t a d in e ,  d -a m p h e tam in e ,  a p o m o rp h in e )  c a u s e  a  s i g n i f i c a n t  

r i s e  i n  s t r i a t a l  ACh l e v e l s  (Bak e t  a l . ,  1972 ; G l i c k  e t  a l . ,  

1 9 7 ^ ;  S e th y  & Van W o er t ,  1974; r e s p e c t i v e l y ) .  G l i c k  e t  a l .  

(1 9 7 4 )  showed t h a t  a n  i n c r e a s e  in  s t r i a t a l  ACh was i n v e r s e l y  

r e l a t e d  t o  t h e  m a g n i tu d e  o f  r o t a t i o n  in d u c e d  by d -a m p h e tam in e .  

Thus p i l o c a r p i n e  w h ich  m ig h t  s i m u l a t e  an  i n c r e a s e  i n  ACh 

l e v e l s ,  w ould  be e x p e c te d  n o t  t o  in d u c e  r o t a t i o n  and  t o  a n ­

t a g o n i z e  r o t a t i o n  in d u c e d  by d -a m p h e tam in e .  S c o p o la m in e ,  on 

t h e  o t h e r  h a n d ,  c o n c e iv a b ly  c o u ld  c o u n t e r a c t  t h e  b e h a v i o r a l  

e f f e c t  o f  t h e  a m p h e ta m in e - in d u c e d  r i s e  i n  ACh, and e i t h e r  po­

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

upon w h e th e r  o r  n o t  t h e  r o t a t i o n  w i t h  am phetam ine  a lo n e  was 

a l r e a d y  m axim al (T a b le  1 2 ) .

N e u ro c h e m ic a l  c o r r e l a t e s  o f  
r o t a t i o n

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

d -a m p h e ta m in e ,  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  a r e  n o t  d i r e c t l y
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c o m p a ra b le  w i t h  c e r e b r a l  am phetam ine  l e v e l s  p r e v i o u s l y  r e ­

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

a n im a l s  d i f f e r i n g  f ro m  t h e  p r e s e n t  s tu d y  i n  s p e c i e s  (A x e l ro d ,  

1 9 7 0 ) ,  s t r a i n  ( F u l l e r ,  S noddy , & M o llo y ,  1 9 7 3 )> o r  s e x  

(B ro d ie  e t  a l . ,  1970 ; M aicfce l, Cox, M i l l e r ,  S e g a l ,  & R u s s e l l ,  

1969 ; S u l s e r  e t  a l . ,  1967 ) ,  d e te r m in e d  w hole  b r a i n  a m p h e ta ­

m ine l e v e l s  a t  t im e s  o t h e r  t h a n  o n e - h a l f  h o u r ,  u s e d  s e l e c t e d  

d o s e s  o f  am phetam ine  w i t h o u t  a t t e m p t i n g  t o  d e te r m in e  a  d o s e -  

r e s p o n s e  r e l a t i o n s h i p ,  and  d i d  n o t  c o n t a i n  t h e  a n im a l s  i n  a 

r o t o m e t e r  b e f o r e  d e c a p i t a t i o n .  I t  i s  e v i d e n t  f ro m  F i g u r e  13 

t h a t  t h e  t e l - d i e n c e p h a l i c  and  s t r i a t i  d o s e - r e s p o n s e  r e l a t i o n ­

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

n e u r o a n a t o m i c a l  s t r u c t u r e s  c an  be d e s c r i b e d  a d e q u a t e l y  by t h e  

same l i n e a r  e q u a t i o n :  f ig/g = 1 . 7 6 (d o s e )  -  1 .1 6 .  Thus i t  a p ­

p e a r s  t h a t  i n  t h e  r a t  b r a i n ,  t h e r e  i s  no u n e q u a l  r e g i o n a l  

d i s t r i b u t i o n  b e tw ee n  t h e  s t r u c t u r e s  e x am in ed ,  and  i n  a d d i t i o n  

t h e r e  a r e  no l e f t - r i g h t  d i f f e r e n c e s  f o r  e a c h  i n d i v i d u a l  s t r u c ­

t u r e  (T a b le  1 6 ) .

One m a jo r  c r i t i c i s m  t o  t h e  p r e v i o u s l y  o f f e r e d  e x p l a n a t i o n s  

o f  a m p h e ta m in e - in d u c e d  r o t a t i o n  i n  n o rm a l r a t s  i s  t h e  p o s s i ­

b i l i t y  t h a t  t h e  u n e q u a l  r e l e a s e  o f  dopam ine from  t h e  s t r i a t i  

i s  due t o  t h e  u n e q u a l  d i s t r i b u t i o n  o f  t h e  d ru g  t o  t h e  tw o s i d e s  

o f  t h e  b r a i n .  Thus am phetam ine  w ould  r e l e a s e  more dopam ine 

f ro m  one s t r i a t u m  s im p ly  b e c a u s e  t h e r e  was more d ru g  p r e s e n t  

on t h a t  s i d e  a s  com pared  t o  t h e  o t h e r .  I f  t h e  p r e v i o u s  s t a t e ­

m ent w ere  t r u e ,  t h e n  t h e r e  w ould  hav e  t o  e x i s t  a  v a s c u l a r  a -  

sym m etry  b e tw e e n  t h e  two s t r i a t i  o f  e a c h  r a t ,  s i n c e  a s  p r e ­

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



f ro m  week t o  w eek was e x t r e m e l y  s t a b l e .  G l i c k  e t  a l .  (1974) 

r e p o r t e d  t h a t  t h e r e  w ere  no  b i l a t e r a l  d i f f e r e n c e s  i n  t h e  

s t r i a t a l  ACh c o n t e n t  a f t e r  2 0 .0  mg/kg o f  d -a m p h e ta m in e ,  e v en  

th o u g h  t h e r e  was a  s i g n i f i c a n t  d r u g - in d u c e d  i n c r e a s e  i n  ACh. 

H owever, b i l a t e r a l  d i f f e r e n c e s  i n  s t r i a t a l  dopam ine c o n t e n t  

w ere  fo u n d .  I f  am phetam ine  w ere  u n e q u a l l y  d i s t r i b u t e d  t o  

t h e  s t r i a t i ,  i t  w ould  be h i g h l y  im p ro b a b le  t h a t  b i l a t e r a l  

d i f f e r e n c e s  i n  dopam ine and  ACh c o n t e n t  w ould  n o t  be a f f e c t e d  

s i m i l a r l y .  The p r e s e n t  f i n d i n g s  d i r e c t l y  e s t a b l i s h  t h a t  t h e r e  

a r e  no b i l a t e r a l  a sy m m e tr ie s  i n  t h e  d i s t r i b u t i o n  o f  d -a m p h e ta ­

m in e ,  s i n c e  t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  t h e  

am phetam ine  l e v e l s  i p s i l a t e r a l  and  c o n t r a l a t e r a l  t o  t h e  d i ­

r e c t i o n  o f  r o t a t i o n  (T a b le  1 6 ) .  At e a c h  d o s e ,  s t r i a t a l  am­

p h e ta m in e  was n o t  fo u n d  t o  be c o n s i s t e n t l y  h i g h e r  e i t h e r  

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

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

m ent t h a t  a m p h e ta m in e - in d u c e d  r o t a t i o n  i s  a  d ru g  d i s t r i b u t i o n  

phenom enon, r e s u l t i n g  fro m  d i f f e r e n c e s  i n  s t r i a t a l  v a s c u l a r i ­

z a t i o n ,  i s  no l o n g e r  t e n a b l e .

A f t e r  t h e  a d m i n i s t r a t i o n  o f  d -a m p h e ta m in e ,  c a te c h o la m in e  

b r a i n  l e v e l s  i n  t h e  r a t  hav e  b een  r e p o r t e d  t o  d e c r e a s e  (B esso n  

Cheramy & G lo w in s k i ,  1971 ; B ro d ie  e t  a l . ,  1970 ; Moore & 

L a r i v i e r e ,  1963 ) ,  i n c r e a s e  ( C o s t a ,  G r o p p e t t i ,  & N aim zada , 1972 

S m i th ,  1965 )> o r  r e m a in  unchanged  (C o s ta  & G r o p p e t t i ,  1 9 7 0 ) .  

The e f f e c t  o f  am phetam ine  on c a t e c h o la m in e  c o n t e n t  a p p e a r s  t o  

be do se  r e l a t e d .  T h e re  i s  g e n e r a l  a g re e m e n t  t h a t  a t  h ig h  

d o s e s  o f  d -am p h e tam in e  ( i . e .  g r e a t e r  t h a n  5*0 m g /k g ) ,  b r a i n  

c a te c h o la m in e  l e v e l s  i n  r a t s  a r e  s i g n i f i c a n t l y  r e d u c e d  a b o u t
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40# ( a f t e r  3 h r s  w i t h  10 m g /k g - -B ro d ie  e t  a l . ,  1970; a f t e r  2 

h r s  w i t h  1 0 .0  m g /k g - -L e o n a rd  & S h a l l i c e ,  1971; a f t e r  30 min 

w i t h  2 0 .0  m g /k g - - G l ic k  e t  a l . ,  1 9 7 4 ) .  However, t h e  a p p a r e n t  

c o n f l i c t i n g  r e p o r t s  o f  c a te c h o la m in e  d e p l e t i o n  a t  low d o se s  

o f  d -a m p h e tam in e ,  may be due t o  a  b i p h a s i c  a c t i o n  o f  t h e  d ru g  

on c a te c h o la m in e  s y n t h e s i s .  T y r o s in e  h y d r o x y la s e  a c t i v i t y  

was i n h i b i t e d  i n  s t r i a t a l  hom ogenates  ( H a r r i s  85 B a l d e s s a r i n i ,

1973) and  s l i c e s  (B esso n  e t  a l . ,  1971) 30 and 90 m in u te s ,  

r e s p e c t i v e l y ,  a f t e r  t h e  a d m i n i s t r a t i o n  o f  5 -0  mg/kg o f  d-am ­

p h e ta m in e .  The d e c l i n e  i n  enzyme a c t i v i t y  was e v i d e n t  o n ly  

a f t e r  t h e  hom ogenates  had b e en  in c u b a t e d  1 5 -3 0  m in u te s  ( H a r r i s

& B a l d e s s a r i n i ,  1 9 7 0 ) .  I t  was a l s o  r e p o r t e d  t h a t  d -am p h e tam in e
-4 -7i n  c o n c e n t r a t i o n s  o f  10 and  10 M n o n c o m p e t i t i v e l y  i n h i b i t e d  

t y r o s i n e  h y d r o x y la s e  i n  v i t r o  (B esson  e t  a l . ,  1 9 7 1 ) .  S in c e  

AMPT d e c r e a s e d  t h e  b r a i n  c o n c e n t r a t i o n  o f  p -h y d ro x y a m p h e ta m in e , 

i t  i s  p o s s i b l e  t h a t  am phetam ine  may be a  s u b s t r a t e  f o r  t h e  

enzyme- (C o s ta  & G r o p p e t t i ,  1 9 7 0 ) .  A lth o u g h  d -am phe tam ine  i n ­

h i b i t s  t h e  r e u p t a k e  o f  c a t e c h o l a m i n e s ,  a p p a r e n t l y  t h e  d ru g  i s  

n o t  a  s u b s t r a t e  f o r  t h i s  t r a n s p o r t  s y s te m  ( I v e r a s n ,  1971 ) .

Thus i t  i s  d i f f i c u l t  t o  c o n c e iv e  o f  how am phetam ine  i t s e l f  

c o u ld  i n h i b i t  a n  i n t r a n e u r o n a l  enzyme. S in c e  t h e s e  i n v e s t i ­

g a t o r s  d id  n o t  m easu re  endogenous  dop am in e ,  i t  i s  e n t i r e l y  

p o s s i b l e  t h a t  am phetam ine i n i t i a l l y  s t i m u l a t e d  t y r o s i n e  h y ­

d r o x y l a s e  by r e d u c in g  im p u lse  f lo w  i n  t h e  NISTS. The p ro p o se d  

i n c r e a s e  i n  enzyme a c t i v i t y  w ould  r a i s e  s t r i a t a l  dopamine 

l e v e l s  t o  t h e  p o i n t  w here  e n d - p r o d u c t  i n h i b i t i o n  now w ould 

r e d u c e  t h e  a c t i v i t y  o f  t y r o s i n e  h y d r o x y la s e .  M e a su r in g  e n ­

zyme a c t i v i t y  a t  t h i s  t im e  w ould  i n d i c a t e  t h a t  t h e r e  had  b een
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a  d e c r e a s e .  B esso n  e t  a l .  (1971) r e p o r t e d  t h a t  e v en  a t  1 .0  

rag/kg o f  d -am p h e tam in e  t h e  f o r m a t i o n  o f  ^H -dopam ine was r e ­

d uced  t o  a b o u t  60#  o f  c o n t r o l  v a l u e s ,  i n  s t r i a t a l  s l i c e s  

i n c u b a t e d  w i t h  ^ H - t y r o s i n e .  I n  c o n t r a s t ,  o t h e r  i n v e s t i g a t o r s  

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

dopam ine f o l l o w i n g  1 . 0  mg/kg ( i . p . )  (C o s ta  & G r o p p e t t i ,  1970) 

o r  0 . 3  mg/kg ( i . v . )  (C o s ta  e t  a l . ,  1972) o f  d -a m p h e tam in e .  

A s id e  fro m  t h e  m e th o d o lo g ic a l  d i f f e r e n c e s  among t h e  s t u d i e s ,  

m easu rem en ts  o f  dopam ine t u r n o v e r  made w i t h i n  45 m in u te s  a f t e r  

t h e  a d m i n i s t r a t i o n  o f  d -am phe tam ine  showed an  i n c r e a s e  (C o s ta  

& G r o p p e t t i ,  1970 ; C o s ta  e t  a l . ,  1 9 7 2 ) ,  w h e rea s  a  d e c r e a s e  

was e v i d e n t  90 m in u te s  a f t e r  t h e  d ru g  (B esso n  e t  a l . ,  1 9 7 1 )•  

T h ese  r e s u l t s  a r e  c o n s i s t e n t  w i th  t h e  p ro p o s e d  b i p h a s i c  a c t i o n  

o f  a m p h e tam in e . N e u ro c h e m ic a l  m e asu re s  on a n im a ls  k i l l e d  

s h o r t l y  a f t e r  t h e  a d m i n i s t r a t i o n  o f  low d o s e s  o f  d -am phe tam ine  

w ould  show a n  i n c r e a s e  i n  t u r n o v e r ,  due t o  t h e  n e u r o n a l  f e e d ­

b ack  s t i m u l a t i o n  o f  t y r o s i n e  h y d r o x y l a s e ,  w h e rea s  a  d e c r e a s e  

w ould  be o b s e r v e d  i n  a n im a ls  k i l l e d  l a t e r  due t o  t h e  accum u­

l a t i o n  o f  dopam ine an d  s u b s e q u e n t  e n d - p r o d u c t  i n h i b i t i o n .  As 

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

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

30 m in u te s  f o l l o w i n g  t h e  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 ,  t h e n  

d e p r e s s e d  below t h e  c o n t r o l  r a t e s  o f  f i r i n g  (G roves  e t  a l . ,

1 9 7 4 ) .  P e rh a p s  t h e s e  b i p h a s i c  n e u r o p h y s i o l o g i c a l  e v e n t s  a r e  

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

t o r y  a c t i o n s  o f  d -am phe tam ine  on t y r o s i n e  h y d r o x y la s e

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  2 . 0  -  1 0 .0  mg/kg o f  d-am - 

p h e ta m in e  s i g n i f i c a n t l y  i n c r e a s e d  b r a i n  c a t e c h o la m in e  l e v e l s ,
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w h e re a s  t h e  d o se  o f  2 0 .0  mg/kg r e s u l t e d  i n  a  s i g n i f i c a n t  d e ­

p l e t i o n .  L e o n a rd  and  S h a l l i c e  (1971) r e p o r t e d  a  s i g n i f i c a n t  

i n c r e a s e  i n  w hole  b r a i n  c a te c h o la m in e s  o n ly  a f t e r  t h e  a d m in i ­

s t r a t i o n  o f  1 .0  mg/kg o f  d -a m p h e tam in e ; t h e  d o se  o f  5 .0  mg/kg 

r e s u l t e d  i n  d e p l e t i o n  w h ich  became s i g n i f i c a n t  a t  1 0 .0  m g/kg. 

A s id e  fro m  t h e  f a c t  t h a t  L eo n a rd  an d  S h a l l i c e  (1971) a s s a y e d  

f o r  b o th  n o r e p i n e p h r i n e : - and  dopam ine i n  w hole  r a t  b r a i n ,  

w h e rea s  t h e  p r e s e n t  d e t e r m i n a t i o n  o f  e a c h  am ine was made r e ­

g i o n a l l y ,  t h e  a p p a r e n t  d i s c r e p a n c i e s  b e tw een  t h e  r e s u l t s  o f  

b o th  s t u d i e s  may be r e s o l v e d  by c o n s i d e r i n g  t h e  t im e  a t  w h ich  

t h e  r a t s  w e re  k i l l e d  a f t e r  d ru g  a d m i n i s t r a t i o n .  L eo n a rd  and 

S h a l l i c e  (1971) k i l l e d  r a t s  2 h o u rs  a f t e r  i n j e c t i o n ;  a n im a ls  

w ere  d e c a p i t a t e d  a f t e r  30 m in u te s  i n  t h e  p r e s e n t  s t u d y .  At 

t h e  l a t t e r  t i m e ,  s t i m u l a t i o n  o f  t y r o s i n e  h y d r o x y la s e  by am­

p h e tam in e  f i r s t  w ould  i n c r e a s e  c a te c h o la m in e  l e v e l s .  L a t e r  

on i n  t i m e ,  a s  t h e  enzyme was i n h i b i t e d  by e x c e s s  p r o d u c t s ,  

s y n t h e s i s  o f  t h e  am ines  w ould  n o t  be a b l e  t o  keep  pace  w i t h  

t h e i r  r e l e a s e  and  c a te c h o la m in e  l e v e l s  w ould  d e c l i n e .

D oses o f  d -am phe tam ine  a t  o r  n e a r  t h e  p eak s  o f  r o t a t i o n  

i n  F ig u r e  1 ,  in d u c e d  s i g n i f i c a n t  b i l a t e r a l  d i f f e r e n c e s  i n  

s t r i a t a l  dopam ine c o n t e n t ,  c o n t r a l a t e r a l  an d  i p s i l a t e r a l  t o  

t h e  d i r e c t i o n  o f  r o t a t i o n .  B i l a t e r a l  d i f f e r e n c e s  be tw een  

o t h e r  n e u r o c h e m ic a l  m easu re s  w ere  n o t  s i g n i f i c a n t .  T hese  ob ­

s e r v a t i o n s  c o n f i r m  t h e  h y p o t h e s i s  t h a t  a m p h e t a m i n e - e l i c i t e d  

r o t a t i o n a l  b e h a v io r  i n  n o rm a l  r a t s  i s  due t o  a  b i l a t e r a l  im­

b a la n c e  o f  s t r i a t a l  dopam ine . As p r e v i o u s l y  r e v ie w e d ,  s y s te m ic  

a d m i n i s t r a t i o n  o f  am phetam ine  t o  r a t s  w i t h  u n i l a t e r a l  NISTS 

l e s i o n s  r e s u l t s  i n  r o t a t i o n  to w a rd s  t h e  o p e r a t e d  s i d e  and
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u n i l a t e r a l  i n t r a s t r i a t a l  i n f u s i o n s  o f  dopam ine p ro d u c e  c o n t r a -  

v e r s i v e  t u r n i n g :  t h e  a n im a l  r o t a t e s  t o  t h e  s i d e  c o n t a i n i n g  

t h e  lo w e s t  dopam ine c o n t e n t .  S i m i l a r l y ,  t h e  p r e s e n t  f i n d i n g s  

d e m o n s t r a t e  t h a t  a t  2 0 .0  mg/kg o f  d -am phe tam ine  n o rm a l  r a t s  

a l s o  r o t a t e  t o  t h e  s i d e  c o n t a i n i n g  t h e  l e a s t  dopamine (T a b le  

1 6 ) .  H ow ever, a t  t h e  2 . 0  mg/kg dose  n o rm a l  r a t s  r o t a t e  t o  

t h e  s i d e  w here  dopam ine c o n t e n t  was h i g h e r .  The a p p a r e n t  

p a ra d o x  i s  r e s o l v e d  a f t e r  f u r t h e r  c o n s i d e r a t i o n  o f  a m p h e ta ­

m in e ’s a c t i o n  i n  t h e  s t r i a t u m .  I t  i s  p ro p o se d  t h a t  a s  a m p h e ta ­

mine begins t o  r e l e a s e >dopam ine from  b o th  s t r i a t i ,  n e u r o n a l  

f e e d b a c k  w ould  s t i m u l a t e  t y r o s i n e  h y d r o x y la s e  t o  s y n t h e s i z e  

more o f  t h e  a m in e .  H owever, i n  a c c o rd a n c e  w i t h  t h e  m echanism  

o f  a m p h e ta m in e - in d u c e d  r o t a t i o n ,  t h e  d ru g  w ould r e l e a s e  more 

dopam ine f ro m  t h e  c o n t r a l a t e r a l  s t r i a t u m  t h a n  t h e  s t r i a t u m  

i p s i l a t e r a l  t o  t h e  d i r e c t i o n  o f  r o t a t i o n .  P o s t s y n a p t i c a l l y ,  

t h e  r e l e a s e d  am ine w ould be more s u s c e p t i b l e  t o  t r a n s p o r t  o u t  

o f  t h e  c a u d a t e ,  and  c a t a b o l i c  p r o c e s s e s  (A x e l ro d ,  1 9 7 0 ) .  On 

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

r o t a t i o n  w ould  c o n t a i n  more new ly  s y n t h e s i z e d  p r e s y n a p t i c  

dop am in e ,  w h ich  a p p a r e n t l y  i s  p r o t e c t e d  from  e n z y m a t ic  d e g r a ­

d a t i o n  by MAO and COMT (B esson  e t  a l . ,  1971)* Thus a s  e x p e c t e d ,  

t h e  a n im a l  w ould  r o t a t e  t o  t h e  s i d e  w here  t h e  p o s t s y n a p t i c  

c o n t e n t  o f  dopam ine was lo w e r .  H ow ever, m e a s u r in g  dopamine 

a t  t h i s  d o se  ( i . e .  2 .0  m g/kg) w ould  i n d i c a t e  t h a t  t h e  i p s i ­

l a t e r a l  s t r i a t u m  c o n t a i n e d  more o f  t h e  am ine t h a n  i t s  c o n t r a ­

l a t e r a l  c o u n t e r p a r t .  W ith  l a r g e r  d o s e s  o f  d -a m p h e tam in e ,  t h e  

c o n t r a l a t e r a l  s t r i a t u m  w ould  become r a p i d l y  d e p l e t e d  and  t h e  

o t h e r  s t r i a t u m  w ould b e g in  t o  r e l e a s e  more o f  t h e  new ly  s y n -
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t h e s i z e d  am ine ; t h e  a n im a l  w ou ld  t h e n  r e t e r s e  r o t a t i o n a l  d i r ­

e c t i o n .  N e u ro c h e m ic a l  a n a l y s i s  a t  t h i s  d o se  ( i . e .  2 0 .0  m g/kg) 

w ou ld  i n d i c a t e  h i g h e r  dopam ine l e v e l s  i n  t h e  s t r i a t u m  oppos­

i t e  t o  t h e  d i r e c t i o n  o f  r o t a t i o n .  A lth o u g h  t h e  p r e c e d i n g  

e x p l a n a t i o n  i s  t e n h b l e ,  i t  s h o u ld  be r e g a r d e d  a s  h i g h l y  

s p e c u l a t i v e  a t  t h i s  t im e .

R o t a t i o n  i n  n o n -d ru g g e d  r a t s  i s  r a t h e r  m in im a l  ( i . e .  1 

o r  2 r o t a t i o n s  p e r  30 m in u te s )  and i s  n o t  d i s t i n g u i s h a b l e  f ro m  

random a c t i v i t y .  Thus t h e  v a l i d i t y  o f  c o m p a r iso n s  b e tw ee n  dop­

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

r o t a t i o n ,  f o r  t h e  s a l i n e  c o n t r o l  a n im a l s ,  i s  q u e s t i o n a b l e .  I t  
i s  now e s t a b l i s h e d  t h a t  t h e  b i l a t e r a l  im b a la n c e  o f  s t r i a t a l

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

i t e d  by am phetam ine i n  n o rm a l r a t s .  A l th o u g h  i t  i s  n o t  c l e a r ,  
f ro m  t h e  p r e s e n t  i n v e s t i g a t i o n ,  w h e th e r  am phetam ine  in d u c e d

t h e  im b a la n c e  o r  e x a c e r b a t e d  a  n e u r o c h e m ic a l  asym m etry  norm­

a l l y  p r e s e n t  i n  r a t s , ,  Z im m erberg , G l i c k ,  and  J e r u s s i  (1 9 7 4 )  

showed t h a t  dopam ine l e v e l s  w ere  s i g n i f i c a n t l y  h i g h e r  i n  t h e  

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

a  T -m aze, and  r o t a t i o n  was i n  t h e  same d i r e c t i o n  a s  t h i s  

s p a t i a l  p r e f e r e n c e .

R o t a t i o n a l  b e h a v i o r ;  some t h e o r e t i c a l  c o n s i d e r a t i o n s

R a t s  w i t h  u n i l a t e r a l  l e s i o n s  o f  t h e  NISTS w i l l  r o t a t e  

a l s o  w ith o u t :  d r u g s ,  when s u b j e c t e d  t o  s o - c a l l e d  s t r e s s f u l  s t i m ­

u l i  ( e . g .  t a i l  p i n c h i n g ,  lo u d  n o i s e s ,  e t c . )  ( U n g e r s t e d t ,  1 9 7 1 b ) ,  

and  n o x io u s  s t i m u l i  a r e  r e p o r t e d  t o  augm ent d r u g - in d u c e d  r o t a ­

t i o n  (McKenzie e t  a l . ,  1 9 7 2 ) .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  
i t  was o b s e r v e d  t h a t  w i t h  low  d o s e s  o f  t h e  d ru g s  t e s t e d ,  r a t s

d i d  n o t  r o t a t e  o u t s i d e  t h e  r o t o m e t e r ,  and  a f t e r  b e i n g  t e s t e d
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i n  t h e  r o t o m e t e r  t h e  r a t s  a p p e a r e d  v e ry  a g g r e s s i v e  ( e . g .  i n ­

d i s c r i m i n a t e  b i t i n g  o f  o b j e c t s ,  s q u e a l i n g ,  r e t r a c t i o n  o f  e a r s )  

upon t h e i r  re m o v a l  fro m  t h e  a p p a r a t u s .  T h is  b e h a v io r  was 

more th a n  j u s t  s t e r e o t y p y  in d u c e d  by t h e  t e s t  d r u g ,  s i n c e  b i ­

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

s t r a t i o n  o f  s c o p o la m in e  o r  d o se s  o f  d -am phe tam ine  w h ich  have  

n o t  been  r e p o r t e d  t o  e l i c i t  s t e r e o t y p i c  b e h a v io r s  i n  r a t s .

I t  a p p e a r e d  t h a t  t h e  s t r e s s f u l  e n v i ro n m e n t  o f  t h e  t e s t  a p p a ­

r a t u s  augm ented  o r  m o d i f ie d  t h e  b e h a v i o r a l  e f f e c t  o f  t h e  d r u g ,  

and t h u s  r o t a t i o n  c o u ld  be e l i c i t e d  i n  t h e  n o rm a l  r a t .  I f  

t h e  c o n c l u s i o n s  drawn fro m  t h e s e  o b s e r v a t i o n s  a r e  v a l i d ,  w hat 

t h e n  i s  t h e  n o rm a l p h y s i o l o g i c a l  r e l a t i o n s h i p  b e tw een  s t r e s s  

o r  h e i g h t e n e d  a r o u s a l  and  r o t a t i o n a l  b e h a v i o r ,  and w hat i s  i t s  

p o s s i b l e  a d a p t i v e  s i g n i f i c a n c e ?

A " c a u d a t e - l o o p "  has  been  d e s c r i b e d  w i t h i n  w h ich  th e  

c a u d a te  n u c l e u s  r e c e i v e s  i n p u t s  from  t h e  CM n u c le u s  o f  t h e  

th a la m u s  an d  c o n v ey s  m o d i f i e d  s i g n a l s  t o  t h e  c o r t e x  v i a  t h e  

VA t h a l a m i c  n u c l e u s  (B uchw ald , H e u s e r ,  W yers , & L a u p r e c h t ,

1 9 6 la ;  B uchw ald , W yers, Okuma, & H e u s e r ,  1961c ;  H e u s e r ,  B uchw ald , 

& W y ers ,  1961 ) .  S i n g l e  s h o c k  s t i m u l i  d e l i v e r e d  t o  t h e  h ead  o f  

t h e  c a u d a t e  n u c l e u s  o f  t h e  c a t  p ro d u c e d  a  s h o r t  l a t e n c y  evoked  

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

t h e  f r e q u e n c y  o f  a l p h a  w a v e s ) ,  te rm e d  t h e  " c a u d a te  s p i n d l e " ,  

i n  t h e  i p s i l a t e r a l  ( m o s t ly )  and  c o n t r a l a t e r a l  a n t e r i o r  s ig m o id  

g y ru s  and  a l s o  i n  t h e  r e m a in in g  n e o c o r t e x .  A p p a r e n t ly  t h i s  

n e g a t i v e  f e e d b a c k  s y s te m  f u n c t i o n e d  a n t a g o n i s t i c a l l y  t o  t h e  

a s c e n d in g  r e t i c u l a r  a c t i v a t i n g  s y s te m ,  s i n c e  h ig h  f r e q u e n c y  

(300  p p s )  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  m id b r a in  r e t i c u l a r
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f o r m a t i o n  c o u ld  i n h i b i t  c a u d a te  s p i n d l e s  (Buchwald e t  a l . ,  

1 9 6 l a ) .  However s i m i l a r  s t i m u l a t i o n  o f  t h e  c a u d a te  n u c le u s  

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

c o r t e x .  The b a r - p r e s s i n g  o f  c a t s  i n  an  o p e r a n t  s i t u a t i o n  

c e a s e d  c o n c u r r e n t  w i t h  b i l a t e r a l  low f r e q u e n c y  ( 0 . 2  -  5 p ps)  

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

c o u ld  be q u i c k l y  r e i n s t a t e d  f o l l o w i n g  s t i m u l a t i o n  w i t h  f r e ­

q u e n c ie s  s u f f i c i e n t l y  h ig h  t o  d e s y n c h r o n iz e  t h e  c a u d a te  

s p i n d l e s  (B uchw ald , W yers, L a u p r e c h t ,  & H e u s e r ,  1961b ) .  When 

b a r - p r e s s i n g  had c e a s e d ,  t h e  a n im a l s  a p p e a r e d  i n a t t e n t i v e  to  

t h e  o p e r a n t  t a s k ,  w h e re a s  h ig h  f r e q u e n c y  s t i m u l a t i o n  p ro d u ced  

b e h a v i o r a l  s i g n s  o f  a r o u s a l  an d  a l e r t n e s s .  Thus i t  a p p e a re d  

t h a t  low f r e q u e n c y  s t i m u l a t i o n  o f  t h e  c a u d a t e  d id  n o t  d i r e c ­

t l y  im p a i r  m o to r  perfo rm ance, b u t  r a t h e r  d i s r u p t e d  a r o u s a l  

m echanism s n e c e s s a r y  f o r  a t t e n d i n g  t o  t h e  t a s k  a t  h an d . Jung  

and  H a s s l e r  ( i 960 ) a l s o  i m p l i c a t e d  t h e  s t r i a t u m  a s  a  key com­

p o n e n t  i n  a r o u s a l  and  a t t e n t i v e  p r o c e s s e s ,  and  i n  r e f e r e n c e  

t o  s t r i a t a l  f u n c t i o n  c o n c lu d e d :  " I n h i b i t i o n  o f  c o r t i c a l  v o lu n ­

t a r y  m o to r  a c t i v i t y  seems t o  be a n  e s s e n t i a l  c o n d i t i o n  f o r  t h e  

i n d i v i d u a l  t o  be a b l e  t o  c o n c e n t r a t e  t e m p o r a r i l y  on r e s t r i c t e d  

s e n s o r y  p e r c e p t i o n s  o f  s p e c i f i c  m oto r p e r fo rm a n c e s  (p .  876 ) . "

More r e c e n t l y ,  M a r s h a l l ,  T u r n e r ,  an d  T e i t e lb a u m  (1971) 

d e m o n s t r a t e d  a  phenomenon c a l l e d  " s e n s o r y  n e g l e c t "  r e s u l t i n g  

f ro m  l e s i o n s  o f  t h e  l a t e r a l  h y p o th a la m u s ,  w h ich  in  a l l  p r o b a ­

b i l i t y  i n t e r r u p t e d  t h e  more r o s t r a l  e x t e n t  o f  t h e  n i g r o - s t r i -  

a t a l  b u n d le .  R a ts  w i t h  u n i l a t e r a l  l a t e r a l  h y p o th a la m ic  l e s i o n s  

w ere  i n a t t e n t i v e  t o  a  v a r i e t y  o f  s t i m u l i  ( e . g .  f o o d ,  w h is k e r  

t o u c h ,  e t c . )  p r e s e n t e d  and  d e m o n s t r a t e d  a  m a rk e d ly  im p a ire d
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o r i e n t i n g  r e f l e x  t o  t h e  s i d e  c o n t r a l a t e r a l  t o  t h e  l e s i o n .

A ga in  t h e  d e f i c i t  d i d  n o t  a p p e a r  t o  be p r i m a r i l y  m o to r  i n  

o r i g i n ,  f o r  i t  was e v i d e n t  t h a t  t h e  l e s i o n e d  a n im a ls  w ere  

c a p a b le  o f  t u r n i n g  b o th  head  and body i n  t h e  c o n t r a l a t e r a l  

d i r e c t i o n .  K irb y  (1973) r e p o r t e d  t h a t  r a t s  w i th  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 te  n u c l e i  d e f e c a t e d  m ore , w ere  more a c ­

t i v e ,  an d  i n  g e n e r a l  w ere  more r e a c t i v e  t o  s t r e s s  t h a n  r a t s  

w i t h  c o n t r o l  l e s i o n s .  I n  a d d i t i o n ,  e v e r y  ty p e  o f  d y s k i n e s i a  

p r e v i o u s l y  r e v ie w e d ,  r e s u l t i n g  fro m  l e s i o n s  o f  t h e  b a s a l  g a n g ­

l i a ,  d i s a p p e a r s  when t h e  p a t i e n t  i s  s l e e p i n g ,  and  i s  e x a c e r ­

b a t e d  d u r i n g  e m o t io n a l  e x c i t e m e n t  ( Ju n g  & H a s s l e r ,  i 960 ) .

Thus fro m  t h e  p r e c e d i n g  d i s c u s s i o n  i t  i s  a p p a r e n t  t h a t  t h e  

s t r i a t u m  and  u n d o u b te d ly  t h e  NISTS i s  more t h a n  a  mere compo­

n e n t  o f  a  m o to r  s y s te m  b u t  i s  i n t i m a t e l y  a s s o c i a t e d  w i t h  

m echanism s o f  a t t e n t i o n  and  a r o u s a l .

I t  a p p e a r s  t h a t  t h e  c a u d a te  n u c l e u s  and  t h e  NISTS a r e  

n o t  in v o lv e d  o n ly  w i t h  m echanism s o f  a r o u s a l ,  b u t  t h e i r  i n ­

t e g r i t y  i s  n e c e s s a r y  f o r  t h e  n o rm a l  e x p r e s s i o n  o f  s p a t i a l  b e ­

h a v i o r  i n  r a t s .  P o t e g a l  ( 1969 ) r e p o r t e d  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 te  n u c l e u s ,  w h ich  a l t h o u g h  d id  n o t  p ro d u c e  a  l e a r ­

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

o f  r a t s  i n  a  m aze. Z im m erberg e t  a l . ,  (1974) d e m o n s t r a t e d  

t h a t  r a t s  w i th  u n 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 te  n u c l e u s  and  

t e s t e d  i n  a  T-maze had  p o s t - o p e r a t i v e  s i d e  p r e f e r e n c e s  i p s i -  

l a t e r a l  t o  t h e  l e s i o n .  S id e  p r e f e r e n c e s  i n  n o rm a l r a t s  w ere  

i n  t h e  same d i r e c t i o n  a s  t h e  r o t a t i o n  in d u c e d  by d -a m p h e ta m in e ,  

and  dopam ine c o n t e n t  i n  t h e  s t r i a t u m  c o n t r a l a t e r a l  t o  t h e  s p a ­

t i a l  p r e f e r e n c e  was s i g n i f i c a n t l y  h i g h e r  t h a n  l e v e l s  o f  th e
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am ine  on t h e  i p s i l a t e r a l  s i d e .  H owever, no s u c h  c o r r e l a t i o n  

was fo u n d  f o r  t e l e c e p h a l i c  n o r e p i n e p h e r i n e . These  i n v e s t i ­

g a t o r s  s u g g e s t  t h a t  d ru g - in d u c e d  r o t a t i o n  i s  a  s t e r e o t y p e d  

fo rm  o f  s p a t i a l  b e h a v i o r .  T h i s  s u g g e s t i o n  i s  f u r t h e r  s u p p o r ­

t e d  by w ork  w i t h  s c o p o la m in e  w h ich  e l i c i t s  r o t a t i o n  and  a l s o  

a f f e c t s  s p a t i a l  b e h a v i o r .  When r a t s  a r e  g iv e n  tw o t r i a l s  in  

a  T -m aze ,  t h e  a rm  o f  c h o ic e  i n  t h e  sec o n d  t r i a l  i s  u s u a l l y  

o p p o s i t e  t o  t h a t  o f  t h e  f i r s t  (Dember & F o w le r ,  1 9 5 8 ) .  T h is  

" s p o n ta n e o u s  a l t e r n a t i o n "  c a n  be d i s r u p t e d  by s c o p o la m in e  

(E g g e r ,  L i v e s e y ,  & Dawson, 1 9 7 3 ) .  I t  w ould  be i n t e r e s t i n g  

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

t e r n a t i o n  was t h e  same a s  t h a t  o f  s c o p o la m in e - in d u c e d  r o t a t i o n .

R o t a t i o n a l  b e h a v i o r ,  i n  g e n e r a l ,  a p p e a r s  t o  be a  f e a t u r e  

o f  many a n  a n i m a l ' s  m oto r r e p e r t o i r e .  R o t a t o r y  movements 

a b o u t  t h e  l o n g i t u d i n a l  a x i s ,  w h ich  s u p p o s e d ly  a r e  i n d i c a t i v e  

o f  e m o t io n a l  r e l e a s e ,  have  b e en  d e s c r i b e d  d u r in g  f i g h t i n g  and 

s e x u a l  p l a y  i n  c a t s  (Ju n g  & H a s s l e r ,  i 960 ) .  I n  d o g s ,  a p o -  

m o rp h in e  in d u c e d  c i r c u l a r  r u n n i n g ,  t h e  d i r e c t i o n  o f  w h ich  was 

c o n s t a n t  f o r  e a c h  a n im a l  (Nymark, 1 9 7 2 ) .  S i m i l a r l y ,  i t  has 

b e e n  o b s e r v e d  t h a t  e m o t i o n a l l y  e x c i t e d  dogs w i l l  c i r c l e  in  a 

d i r e c t i o n  p a r t i c u l a r  f o r  t h a t  a n im a l  ( G l i c k ,  u n p u b l i s h e d  ob ­

s e r v a t i o n s ) .  The " s u p e r s t i t i o u s "  t u r n i n g  and  t w i s t i n g  o f  

p ig e o n s  r e c e i v i n g  n o n c o n t in g e n t  r e i n f o r c e m e n t  i n  a n  o p e r a n t  

s i t u a t i o n  ( S k i n n e r ,  19^8) i n d i c a t e d  t h a t  t h e s e  b e h a v i o r s  m ust 

have  o c c u r r e d  w i t h  a  g r e a t e r  i n c i d e n c e  t h a n  o t h e r  m o to r  p a t ­

t e r n s .  A n e c d o t a l l y ,  t h e  hawk c i r c l i n g  a  f i e l d  i n  s e a r c h  o f  

p r e y  o r  humans p a c in g  t h e  f l o o r  d u r i n g  e m o t io n a l  u n r e s t  a r e  

s t e r e o t y p e d  r o t a t o r y  p a t t e r n s  o f  b e h a v i o r .  Thus i t  a p p e a r s
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t h a t  s t e r e o t y p e d  r o t a t i o n a l  movements have  a  w ide d i s t r i b u ­

t i o n  among o rg a n ism s  and a r e  p a r t i c u l a r l y  e v i d e n t  d u r in g  

s t a t e s ,  o f  h ig h  a r o u s a l  when t h e y  a r e  s e e m in g ly  " r e l e a s e d " .

Thus f a r  i t  h a s  b een  d i s c u s s e d  how t h e  c a u d a te  and  th e  

NISTS seem t o  be in v o lv e d  i n  a r o u s a l  and  s p a t i a l n e s s ;  now 

r e m a in s  t h e  t a s k  t o  e x p l a i n  how t h e s e  two phenomena a r e  r e ­

l a t e d  t o  d ru g - in d u c e d  r o t a t i o n .  I t  i s  p ro p o se d  t h a t  s p a t i a l  

b e h a v i o r  h a s  e v o lv e d  fro m  a p r i m i t i v e  b i l a t e r a l l y  a s y m m e tr i ­

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

( i . e .  t h e  r e f l e x i v e  movement d i r e c t e d  to w a rd  o r  away from  a 

p a r t i c u l a r  s t i m u l u s )  b u t  i n  mammalia, f o r  e x am p le ,  h a s  e v o l ­

ved t o  t h e  o r i e n t a t i o n  r e a c t i o n  o r  o r i e n t i n g  r e f l e x .  The 

a u to m a t i c  o r  r e f l e x i v e  n a t u r e  o f  t h e  t a x i s  a s  w e l l  a s  t h e  

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

have  t h e  same a d a p t i v e  v a l u e - - t o  p r e p a r e  t h e  o rg a n is m  t o  d e a l  

w i t h  n o v e l  o r  s i g n i f i c a n t  s t i m u l i  (L ynn , 1966 ) . S t i m u l i  im­

p i n g i n g  on t h e  p h y s i o l o g i c a l  r e c e p t o r s  s u b s e q u e n t l y  w ould  be 

p r o c e s s e d  and  e v a l u a t e d  by t h e  c e r e b r a l  c o r t e x ,  and  d e p e n d in g  

upon t h e  r e l e v a n c e  o f  t h e  s t i m u l u s  t o  t h e  o rg a n ism  t u r n i n g  t o  

t h e  s o u r c e  o f  s t i m u l a t i o n  w ould  be i n i t i a t e d .  H ow ever, does  

t h e  o rg a n is m  t u r n  an d  a t t e n d  o r  a t t e n d  and t u r n ?  P e rh a p s  t h e s e  

s o - c a l l e d  m o to r  an d  a s s o c i a t i v e  p r o c e s s e s  a r e  i n s e p a r a b l e ,  

and  t h e  m o to r  com ponents  i n v o lv e d  i n  t h e  a c t  o f  t u r n i n g  a c t u ­

a l l y  f a c i l i t a t e  a t t e n t i v e  p r o c e s s e s .  Now c o n s i d e r  a n  o rg a n ism  

w i t h  a r o u s a l  o r  a r o u s a l - m o d u l a t i n g  sy s te m s  ( i . e .  p o s s i b l y  t h e  

NISTS) w h ich  have  e v o lv e d  t o  be f u n c t i o n a l l y  a s y m m e t r i c a l ;  

t h a t  i s  one s y s te m  h as  a  lo w e r  t h r e s h o l d  f o r  a r o u s a l  t h a n  i t s  

c o n t r a l a t e r a l  c o u n t e r p a r t .  Thus a t t e n d i n g  and t u r n i n g  ( o r
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t u r n i n g  and  a t t e n d i n g ? )  t o  t h e  s o u r c e  o f  s t i m u l a t i o n  on one 

s i d e ,  w ould be a c c o m p l is h e d  w i t h  g r e a t e r  f a c i l i t y  t h a n  a t t e n ­

d in g  and  t u r n i n g  t o  s t i m u l i  on t h e  o p p o s i t e  s i d e .  S in c e  

s t i m u l i  on one s i d e  c o u ld  be more e a s i l y  a t t e n d e d  t o ,  t h e  

o rg a n is m  w ould d e v e lo p  a s p a t i a l  o r  s i d e  p r e f e r e n c e  i n  t h a t  

d i r e c t i o n .  The i n t i m a t e  n e u r o n a l  c o n n e c t io n s  b e tw een  t h e  

s t r i a t u m  and th a la m u s  make i t  a n a t o m i c a l l y  p o s s i b l e  f o r  s e n ­

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

c o r t e x  and  i n f l u e n c e  t h e  NISTS d i r e c t l y .  Thus i n t e n s e  s t i m u l i ,  

su c h  a s  n o x io u s  s t i m u l i  ( e . g .  t a i l  p i n c h i n g ,  lo u d  n o i s e s ,  e t c . )  

o r  p h a r m a c o lo g ic a l  s t i m u l a t i o n  o f  t h e  r e c e p t o r  ( e . g .  by am p h e t­

a m in e ) ,  w ould o v e r lo a d  t h e  s y s te m ,  b y p a s s  o r  s h o r t  c i r c u i t  

c o r t i c a l  c o n t r o l ,  and  r e f l e x i v e l y  t u r n  t h e  a n im a l  i n  t h e  p r e ­

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

U n l ik e  t h e  t a x i s ,  t h e  o r i e n t a t i o n  r e a c t i o n  q u i c k l y  h a b i ­

t u a t e s ,  t h e  r a t e  o f  w h ich  a p p e a r s  t o  d i r e c t l y  c o r r e l a t e  w i th  

t h e  d e v e lo p m en t o f  t h e  c e r e b r a l  c o r t e x  (Lynn, 1966 ) . I t  i s  

i n t e r e s t i n g  t o  n o te  t h a t  r a t s  w i t h  c o r t i c a l  l e s i o n s  (G l ic k  & 

G r e e n s t e i n ,  1973) e x h i b i t  much more r o t a t i o n a l  b e h a v io r  a f t e r  

d -am phe tam ine  t h a n  n o rm a l  i n t a c t  r a t s . Thus t h e  e x a g g e r a t e d  

o r i e n t a t i o n  r e a c t i o n  ( i . e .  r o t a t i o n )  e x p r e s s e d  a f t e r  t h e  adir 

m i n i s t r a t i o n  o f  am phetam ine  i s  s t i l l  i n h i b i t e d ,  t o  a  c e r t a i n  

d e g r e e ,  by t h e  i n t a c t  c o r t e x .  I n h i b i t o r y  c o n t r o l  c a n  be r e ­

l e a s e d  f u r th e . r  by lo w e r in g  t h e  n o r e p in e p h r in e  - c o n t e n t  o f  t h e  

c o r t e x ,  a s  p r e v i o u s l y  d i s c u s s e d

S in c e  t h e  d ru g sw h ic h  in d u c e d  r o t a t i o n ,  i n  t h e  p r e s e n t  

i n v e s t i g a t i o n ,  p ro d u c e d  a s y m m e t r i c a l  b e h a v i o r a l  e f f e c t s ,  and 

t h e i r  d i s t r i b u t i o n  t o  t h e  two s i d e s  o f  t h e  b r a i n  w ere  n o t
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s i g n i f i c a n t l y  d i f f e r e n t ,  i t  i s  e v i d e n t  f ro m  t h i s  and  t h e  

n e u r o c h e m ic a l  d a t a  t h a t  t h e  r a t  b r a i n  ( i . e .  t h e  NISTS) i t s e l f  

m ust p o s s e s  a  f u n c t i o n a l  b i l a t e r a l  a sym m etry . I n  man, su ch  

a  h e m is p h e r i c  asym m etry  ( i . e .  c e r e b r a l  dom inance) i s  b e h a v i o r -  

a l l y  m a n i f e s t e d  a s  h a n d e d n e s s .  As f a r  b ack  a s  1930 "h an d ed ­

n e s s "  o r  paw p r e f e r e n c e  was i n v e s t i g a t e d  i n  t h e  a l b i n o  r a t  

( T s a i  & M a u re r ,  1 9 3 0 ) ,  and  a s  i n  t h e  p r e s e n t  s tu d y  w i th  d ru g -  

in d u c e d  r o t a t i o n ,  paw p r e f e r e n c e  a p p e a r e d  t o  be a  s t a b l e  

phenomenon w h ich  re m a in ed  unchanged  f o r  t h e  l i f e  o f  t h e  a n i ­

m al ( P e t e r s o n ,  193*0* However, paw p r e f e r e n c e s  i n  r a t s  c an  

be c h an g ed  by s u r g i c a l  p r o c e d u r e s  and  f o r c e d  p r a c t i c e  o f  t h e  

n o n - p r e f e r r e d  lim b ( P e t e r s o n ,  193*1; P e t e r s o n .& B a r n e t t ,  1961; 

P e t e r s o n  & D e v in e ,  1963 ) .  S m a ll  l e s i o n s  ( a b o u t  1 mm^) o f  t h e  

f r o n t a l  c o r t e x ,  c o n t r a l a t e r a l  e i t h e r  t o  t h e  p r e f e r r e d  fo rep aw  

o r  t h e  paw r e c e i v i n g  f o r c e d  p r a c t i c e ,  c o u ld  i n i t i a t e  r e a c h i n g  

f o r  fo o d  w i t h  t h e  o p p o s i t e  paw ( P e t e r s o n  & B a r n e t t ,  19&1; 

P e t e r s o n  & D e v in e ,  1963 ) .  A l th o u g h  t h e s e  s t u d i e s  i m p l i c a t e  

t h e  c o r t e x  a s  t h e  n e u r o a n a to m i c a l  s u b s t r a t e  f o r  h a n d e d n e s s ,  

t h e  r a t  u n l i k e  man h as  a  p o o r ly  d e v e lo p e d  c o r t i c o - s p i n a l  t r a c t  

( i . e .  many u n m y le n a ted  a x o n s ; m ost f i b e r s  do n o t  d e sc e n d  b e ­

low t h e  l e v e l  o f  t h e  m e d u l la ;  no h o m o l a t e r a l  t r a c t  e x i s t s )  

w h ich  i n  a l l  p r o b a b i l i t y  i s  o n ly  o f  s e c o n d a ry  im p o r ta n c e  (K in g , 

1910 ; R an so n , 1 9 1 3 )•  Thus i t  seems t h a t  m o s t ,  i f  n o t  a l l ,  

m o to r  f u n c t i o n s  i n  t h e  r a t  a r e  e x t r a p y r a m i d a l .  I t  i s  i n t e r ­

e s t i n g  t h a t  l e s i o n s  w h ich  c a u s e  a  t r a n s f e r  o f  h a n d ed n e ss  i n ­

c lu d e d  a n  a r e a  o f  t h e  f r o n t a l  c o r t e x  w h ich  was r e p o r t e d  ( G l ic k  

& G r e e n s t e i n ,  1973) t o  p ro d u ce  r o t a t i o n  i n  am phetam ine t r e a t e d  

r a t s  and  t o  m o d u la te  s t r i a t a l  a c t i v i t y .  The lo c u s  o f  t h e
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e f f e c t i v e  l e s i o n s  i n v o lv e d  t h e  d e e p e r  l a y e r s  o f  t h e  c o r t e x  

( P e t e r s o n  & B a r n e t t ,  1961; P e t e r s o n  & D e v in e ,  1963 ) and  some 

o f  them  a p p e a r e d  t o  have  e n c r o a c h e d  upon s u b c o r t i c a l  s t r u c ­

t u r e s  ( e . g .  t h e  c a u d a te  n u c l e u s )  ( P e t e r s o n ,  193*0- U n 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 te  n u c le u s  c o n t r a l a t e r a l  t o  t h e  p r e f e r r e d  

lim b  have  b een  shown t o  p r e v e n t  b a r - p r e s s i n g  w i t h  t h a t  paw, 

i n  a n  o p e r a n t  t e s t  cham ber, w h i le  p e r fo rm a n c e  w i t h  t h e  i p s i -  

l a t e r a l  paw re m a in e d  u n a f f e c t e d .  H owever, when t h e  c o n t r a ­

l a t e r a l  c o r t e x  was a b l a t e d ,  t h r e e  o f  t h e  f o u r  r a t s  t e s t e d  

c o n t in u e d  t o  r e s p o n d  w i th  t h e  p r e f e r r e d  paw, and  t h e  o t h e r  r a t  

was e a s i l y  r e t r a i n e d  t o  p r e s s  a s  b e f o r e . (H a n s in g ,  Schw artzbaum ,

& Thompson, 1968 ) .  S i m i l a r l y  i n  t h i s  l a b o r a t o r y ,  a f t e r  u n i ­

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

r a t s  w ere  made t o  r e a c h  w i t h  t h e  n o n - p r e f e r r e d  paw i n  o r d e r  

t o  o b t a i n  f o o d  ( u n p u b l i s h e d  d a t a ) .  Thus i t  s eem s , a s  w i th  

s p a t i a l  b e h a v i o r ,  t h e  n o rm a l e x p r e s s i o n  o f  h a n d e d n e s s  i n  t h e  

r a t  a l s o  i s  d e p e n d e n t  upon a n  i n t a c t  s t r i a t u m .

A ga in  i t  a p p e a r s  t h a t  h a n d e d n e s s ,  a s  w i t h  s p a t i a l n e s s ,  

c o u ld  have  e v o lv e d  from  t h e  same p r i m i t i v e  b i l a t e r a l l y  asym­

m e t r i c a l  a r o u s a l  f u n c t i o n  ( i . e .  t h e  N ISTS), a s  p r e v i o u s l y  p r o ­

p o s e d .  As t h e  o rg a n ism  p r e f e r e n t i a l l y  a t t e n d e d  an d  t u r n e d  

t o  s t i m u l i  on one  s i d e  ( i . e .  d e v e lo p e d  a  s p a t i a l  p r e f e r e n c e ) ,  

i t  w ould  t e n d  t o  o p e r a t e  upon o r  m a n ip u la te  t h e s e  s t i m u l i  more 

f r e q u e n t l y  t h a n  s i m i l a r  s t i m u l i  on t h e  c o n t r a l a t e r a l  s i d e .

Thus a  s p a t i a l  p r e f e r e n c e  f o r  one s i d e  w ould e n g e n d e r  a  g r e a t e r  

m o to r  p r o f i c i e n c y  i p s i l a t e r a l l y ,  an d  a  m otor p r e f e r e n c e  o r  

h a n d e d n e s s  w ou ld  now em erg e .

I f  s p a t i a l  p r e f e r e n c e ,  h a n d e d n e s s ,  and  d r u g - in d u c e d  r o t a t i o n



122

i n  n o rm a l  r a t s  a r e  e x p r e s s i o n s  o f  t h e  same n e u r o a n a to m i c a l  

s u b s t r a t e  ( i . e .  t h e  N IST S), t h e n  t h e s e  phenomena s h o u ld  be 

c o r r e l a t e d  w i th  r e s p e c t  t o  t h e  s i d e ,  paw, and  d i r e c t i o n  o f  

t h e  p r e f e r e n c e .  G l i c k  a n d  J e r u s s i  (197*0 have  d e m o n s t r a t e d  

t h a t  s p a t i a l  p r e f e r e n c e s ,  in  a n  o p e r a n t  s i t u a t i o n ,  were  m ost 

s t a b l e  i f  t h e y  w ere  l i n k e d  t o  a  d e f i n i t e  paw p r e f e r e n c e  and 

c o u ld  be e n h an ced  by d -am phe tam ine  i f  b o th  l e v e r  and  paw 

p r e f e r e n c e  w ere  t o  t h e  same s i d e .  S id e  p r e f e r e n c e s  have  b een  

p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  d i r e c t i o n  o f  a m p h e ta m in e - in ­

duced  r o t a t i o n  i n  n o rm a l  r a t s  ( G l i c k  & J e r u s s i ,  197**i 

Z im m erberg e t  a l . ,  1974) and  a  s i m i l a r  r e l a t i o n s h i p  f o r  r o ­

t a t i o n  and  paw p r e f e r e n c e  i s  now b e in g  i n v e s t i g a t e d .



SUMMARY

Normal u n o p e r a t e d  r a t s  w e re  t e s t e d  f o r  r o t a t i o n  i n  a  

s p h e r i c a l  r o t o m e t e r  and d o s e - r e s p o n s e  r e l a t i o n s h i p s  w ere  

g e n e r a t e d  u s i n g  d -a m p h e tam in e ,  ap o m o rp h in e ,  L-DOPA, h a l o p e r -  

i d o l ,  and  s c o p o la m in e .  S in c e  d -a m p h e ta m in e - in d u c e d  r o t a t i o n  

was a n t a g o n i z e d  by a l p h a - m e t i j y l - p - t y r o a i n e  and  h a l o p e r i d o l  

b u t  not- by d i e t h y l d i t h i o c a r b a m a t e ,  i t  was c o n c lu d e d  t h a t  t h e  

m echan ism  o f  a m p h e ta m in e - in d u c e d  r o t a t i o n  i n  n o rm a l  r a t s  was 

p o s s i b l y  t h e  same a s  t h a t  p ro p o s e d  f o r  r o t a t i o n  i n  r a t s  w i t h  

u n i l a t e r a l  l e s i o n s  o f  t h e  n i g r o - s t r i a t a l  s y s te m  ( i . e .  a  d i f f ­

e r e n t i a l  r e l e a s e  o f  dopam ine i n  t h e  tw o s t r i a t i ) .  T h is  

d i f f e r e n t i a l  a m p h e ta m in e - in d u c e d  r e l e a s e  o f  dopam ine  i s  p r e ­

sum ab ly  p a r t  o f  t h e  r a t * s  n o rm a l  p h y s i o l o g i c a l  m ak e-u p , s i n c e  

t h e  d i r e c t i o n  and  m a g n i tu d e  o f  r o t a t i o n  f o r  e a c h  r a t  was con­

s i s t e n t  f rom  week t o  week when t e s t e d  w i t h  1 .0  m g/kg  o f  

d -a m p h e tam in e .  However, s i n c e  t h e  d i r e c t i o n s o b f  r o t a t i o n  

in d u c e d  by t h e  1 .0  a n d  2 0 .0  m g /kg  d o s e s  o f  d -am p h e tam in e  

w ere  n o t  n e c e s s a r i l y  t h e  same, i t  was s u g g e s t e d  t h a t  t h e  2 0 .0  

m g/kg  d o se  o f  d -am p h e tam in e  f i r s t  d e p l e t e d  t h e  s t r i a t u m  

w h ic h  i n i t i a l l y  r e l e a s e d  more dopam ine  and t h e n  c a u se d  t h e  

a n im a l  t o  r o t a t b  i n  t h e  o p p o s i t e  d i r e c t i o n  by now r e l e a s i n g  

more dopam ine f ro m  t h e  c o n t r a l a t e r a l  s t r i a t u m .  The p o s s i ­

b i l i t y  o f  n o r a d r e n e r g i c  s y s te m s  w h ich  m o d u la te  r o t a t i o n a l  

b e h a v i o r  was d i s c u s s e d .
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The r o t a t i o n  e l i c i t e d  by apo m o rp h in e  was u n a f f e c t e d  by 

a l p h a - m e t h y l - p - t y r o s i n e ,  and  l i k e  am p hetam ine , t h e  d i r e c t i o n  

and m a g n itu d e  o f  r o t a t i o n  w ere  c o n s i s t e n t  f ro m  week t o  week. 

S in c e  apom orph ine  and am phetam ine  d i d  n o t  n e c e s s a r i l y  e l i c i t  

r o t a t i o n  i n  t h e  same d i r e c t i o n ,  i t  was p o s t u l a t e d  t h a t  , i n  

a d d i t i o n  t o  a  p r e s y n a p t i c  asym m etry , t h e r e  a l s o  e x i s t e d  a 

p o s t s y n a p t i c  r e c e p t o r  asym m etry .

The im p o r ta n c e  o f  a  n i g r o - s t r i a t a l  asym m etry  was mofet 

e v i d e n t  a f t e r  u n 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 te  n u c l e u s ;  r a t s  

r o t a t e d  more p o s t - o p e r a t i v e l y  w i t h  apom orph ine  i f  t h e  l e s i o n  

was made i p s i l a t e r a l  r a t h e r  t h a n  c o n t r a l a t e r a l  t o  t h e  a n im a l ’ s  

p r e - o p e r a t i v e  p r e f e r e n c e .

H a l o p e r i d o l  e l i c i t e d  s i g n i f i c a n t  r o t a t i o n  o n ly  a t  t h e  

low  d o se  o f  0 .1 2 5  m g/kg . I t  was s u g g e s t e d  t h a t  p e r h a p s  h a l ­

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

s y n a p t i c  b l o c k i n g  a c t i o n .

D o p a m i n e r g i c - c h o l i n e r g i c  i n t e r a c t i o n s  w h ich  i n f l u e n c e d  

r o t a t i o n a l  b e h a v i o r  w ere  e v i d e n t .  P i l o c a r p i n e  a n t a g o n i z e d  

a m p h e ta m in e - in d u c e d  r o t a t i o n ,  w h e re a s  s c o p o la m in e  d i d  n o t  

a n t a g o n i z e  b u t  i n  f a c t  e l i c i t e d  r o t a t i o n  i n  t h e  same d i r e c ­

t i o n  a s  t h a t  in d u c e d  by am phetam ine .

B i l a t e t a l  r e g i o n a l  n e u r o c h e m is t r y  was p e r fo rm e d  on  r a t s  

i n j e c t e d  w i t h  v a r i o u s  d o s e s  o f  d -a m p h e tam in esa n d  - t e s t e d  f o r  

r o t a t i o n .  The am phetam ine c o n t e n t ,  a f t e r  30 m in u te s ,  i n  b o th  

t 6 l 4 ? d ie n c e p h a l i c  h a l v e s  and  s t r i a t i  was l i n e a r l y  r e l a t e d  t o  

t h e  d o se  o f  d -am p h e tam in e  s u l p h a t e  a d m i n i s t e r e d .  D oses  o f  

2 .0  and  5*0 m g/kg  s i g n i f i c a n t l y  r a i s e d  t e l - d i e n c e p h a l i c  

n o r e p i n e p h r i n e  and  s t r i a t a l  dopam ine  l e v e l s .  On t h e  o t h e r



h a n d , c a te c h o la m in e  l e v e l s  w ere  s i g n i f i c a n t l y  lo w e re d  by 2 0 .0  

m g/kg o f  d -am p h e tam in e .  The o n ly  b i l a t e r a l  n e u r o c h e m ic a l  

m e asu re  o f  s i g n i f i c a n c e  was t h e  d i f f e r e n c e  i n  s t r i a t a l  

dopam ine c o n t e n t  i p s i l a t e r a l  and  c o n t r a l a t e r a l  t o  t h e  

d i r e c t i o n  o f  r o t a t i o n  in d u c e d  by  d -a m p h e tam in e .  I t  was 

e s t a b l i s h e d  t h a t  a m p h e ta m in e - in d u c e d  r o t a t i o n  w as n o t  due t o  

an  u n e q u a l  d i s t r i b u t i o n  o f  t h e  d ru g  i n  t h e  two s t r i a t i .

W ith  t h e  2 .0  m g/kg d o se  o f  am phetam ine , dopam ine c o n t e n t  was 

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

a t i o n ,  w h e re a s  a t  2 0 .0  m g/kg t h e  c o n t r a l a t e r s i l  s t r i a t u m  con­

t a i n e d  s i g n i f i c a n t l y  more dopam ine . T h i s  a p p a r e n t  d i s c r e p ­

a n cy  was r e s o l v e d  by p r o p o s in g  a  m echanism  w h e reb y  t h e  p o s t -  

s y n a p t i c  c o n t e n t  o f  d opam in^  a t  2 .0  and  2 0 .0  m g /kg , w ould  

a lw ay s  be h i g h e r  i n  t h e  s t r i a t u m  c o n t r a l a t e r a l  t o  t h e  d i r ­

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

The t h e o r e t i c a l  i m p l i c a t i o n s  o f  t h e  r e s u l t s  w ere  d i s ­

c u s s e d  i n  r e l a t i o n  t o  a r o u s a l ,  s p a t i a l  b e h a v i o r ,  and  hand­

e d n e s s ,  and  how t h e s e  f u n c t i o n s  c o u ld  h av e  e v o lv e d  f ro m  t h e  

same b i l a t e r a l  s t r i a t a l  a sym m etry .
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