
C H A P T E R  V

D I S C U S S I O N

S e v e ra l s tu d ie s  sh o w e d  th a t  u n i la te r a l  6-O H D A  in je c tio n  
to  sN  in d u c e d  d e g e n e r a t io n  o f th e  n ig r o s t r i a t a l  DA s y s te m , 
p ro d u c e d  a n  a s y m m e try  in  p o s tu r e  a n d  m o v e m e n ts  (S otelo  e t  a h , 
1 9 7 3  ; R o b in so n  a n d  B ec k e r, 198 3 , Z ieg ler a n d  S z e c h tm a n , 1990). 
T h e  p r e s e n t  s tu d y  d e m o n s t r a te d  t h a t  u n i la te r a l  s u b s t a n t i a  n ig ra  
(SN) le s io n s  b y  6 -O H D A  in d u c e d  ip s i l a te r a l  t u r n i n g  b e h a v io r , 
p o s tu r a l  a s y m m e try  a n d  a b n o rm a l re s t in g  EM G p a t te r n .  S im ila r  
le s io n s  in  th e  r a t s  p ro d u c e d  a n  a sy m m e tr ic  p o s tu re  w ith  th e  h e a d  
a n d  ta i l  b e n t  to w a r d s  th e  s id e  o f th e  le s io n  (U n g e r s te d t  a n d  
A r b u th n o t t ,  1 9 7 0  U n g e r s te d t  e t a h , 1 9 7 3  ะ S ieg fried  a n d  B u re s , 
1979). In  th e  m o n k e y s  w ere  in je c te d  6-O H D A , th e y  a lso  d ev e lo p ed  
th e  s ig n s  a n d  sy m p to m s  of PD. T h ey  e x h ib ite d  m o to r  d is o rd e rs  in  
th e  fo rm  o f a n  e n c h a n c e d  m u s c le  to n e , to r t ic o l l is  a n d  c irc l in g  
a ro u n d  th e  b o d y  a x is  (S am b ro o k  e t a h , 1979). T h e  c h a r a c te r  of 
th e  e n h a n c e d  m u s c le  to n e  ty p ic a l fo r e x tra p y ra m id a l d i s tu r b a n c e s  
w a s  c o n fim e d  b y  EM G  e x a m in a t io n  a n d  e x p re s s e d  to n ic  a c tiv ity  
c o n tin u e s  of b o th  so le u s  m u sc le , a l th o u g h  it  s h o u ld  a lso  d is a p p e a r  
in  s ta te  a t  r e s t  (M em pel a n d  W iezorek , 1990). T he  EM G f in d in g  in  
th is  e x p e r im e n t  sh o w e d  th e  c o n t in u o u s  m o to r  u n i t s  a c t iv it ie s  a t  
r e s t  o f in vo lv ed  leg  b u t  th e y  w ere  n o t  s e e n  in  c o n tr a la te ra l  leg a n d  
in  n o r m a l  s u b je c t s .  T h is  is  in  good  a g r e e m e n t  w ith  th e  EM G
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f in d in g s  t h a t  re p o r te d  to  p ro d u c e  r ig id ity  o f  c a lf  m u s c le  a t  r e s t  in  
r a t s  (S teg , 1964). A d d itio n  to , U n g e r s te d t  a n d  h is  c o l la b o ra to r s  
(1974) re p o r te d  th a t  th e  r ig id ity  o f th e  b ila te ra lly  6-O H D A  le s io n e d  
r a t s  w a s  e a s ily  e v id e n t in  th e  EM G a s  a  to n ic  m o to r  u n i t  d is c h a rg e  
a t  r e s t .  M o re o v e r , c l in ic a l  s t u d i e s  r e c o r d in g s  o f m u s c le s  
c o n tra c t io n  in  th e  p a t ie n t  w ith  u n i la te ra l  (left) PD sh o w ed  a b n o rm a l 
d e la y  c o n tra c t io n  of left q u a d r ic e p s  m u s c le s  (W ilson, 1925). T h e se  
f in d in g s  s u p p o r te d  t h a t  a  d is in h ib itio n  o f s u b s t a n t i a  n ig ra  o u tp u t  
n e u r o n s  led  to  a  m u s c u la r  rig id ity  a s  sh o w ed  a n  in c re a s e d  d rive  of 
b o th  a lp h a -  a n d  g a m m a -m o to n e u ro n s  b y  r e p o r ts  o f T h o m u s  (1961) 
a n d  S c h u ltz  (1984). R ig id ity  th u s  r e p r e s e n ts  a  p o s itiv e  sy m p to m  
r e s u l t in g  fro m  re la s e  o f o th e r  b r a in  s t r u c t u r e s  t h a t  a re  n o rm a lly  
in h ib i t e d  b y  SN . B a s e d  o n  th e  c o n n e c t io n a l  a n a to m y  a n d  
p h y s io lo g ic a l s tu d ie s  o f  b a s a l  g a n g lia  a t te m p te d  to  e x p la in  th e  
n e u ro p a th o lo g ic a l  o f  PD . In  f ig u re  1, c o r t ic a l  a f f e re n ts  e x c ite d  
s t r i a t a l  n e u r o n s ,  w h ic h  in  t u r n  in h ib i te d  th e  n e u r o n s  o f th e  
p a ll id u m  a n d  SN. T h e  in h ib i t io n  o f th e  G A BA ergic a n d  in h ib i to ry  
o u tp u t  n e u r o n s  o f th e  b a s a l  g a n g lia  r e s u l te d  in  in c re a s e d  ac tiv ity  b y  
th e  th a la m o c o rtic a l n e u r o n s  of th e  V A /V L /M D . DA w a s  p ro p o se d  to 
m od ify  th is  c ir c u i t  b y  in h ib i t in g  c h o lin e rg ic  s t r i a t a l  in te r n e u r o n s  
w h ic h  n o rm a l ly  e x c ite  s t r i a t a l  p ro je c t io n  n e u r o n s .  In  PD, th e  
a b s e n c e  o f d o p a m in e  w o u ld  leav e  th e  c h o lin e rg ic  in te r n e u r o n s  
d riv in g  th e  s t r ia ta l  p ro je c tio n  n e u ro n s .  T h is  w o u ld  e v e n tu a lly  r e s u l t  
in  s u p ra n o rm a l  th a la m o c o r t ic a l  n e u ro n  a c tiv ity  (Albin e t  a l., 1989). 
T he  la t t e r  w a s  e x c e ss iv e  a n d  u n c o n tro l la b le  s u p r a s p in a l  d riv e  to  
low er m o to n e u ro n s ,  w h ic h  w a s  c a u s e  o f r ig id ity  in  PD (M a rsd e n , 
1 9 8 2 ).
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T h is  s tu d y  in v e s t ig a te d  th e  im p o r ta n c e  o f  s t i m u l u s  
p a r a m e t e r s  o n  th e  EM G  r e s p o n s e ,  p r o d u c e d  b y  c e r e b e l l a r  
s t im u la t io n  (CS). T he  r e s u l t s  sh o w e d  th a t  th e  c o n t in u o u s  r e s t in g  
EM G activ ity  of tr ic e p s  s u ra e  w a s  s u p p re s s e d  b y  u s in g  s t im u lu s  
f re q u e n c ie s  5 0  Hz a n d  100 Hz a n d  d u r a t io n  0 .2  m S , (F ig u re . 11). 
T h e  c u r r e n t  o f s t im u lu s  f re q u e n c y  1 0 0  Hz t h a t  w a s  u s e d  to  
s u p p r e s s  th e  a b n o rm a l re s tin g  EM G a c tiv ity  o f tr ic e p s  s u r a e  w a s  
le s s e r  th a n  fre q u e n c y  5 0  Hz. T h e  e ffec ts  o f s t im u lu s  f re q u e n c ie s  
5 0  Hz a n d  100 Hz h a v e  b e e n  re p o r te d  to  in h ib i t  h y p e r to n ia  a n d  
m y o ta tic  re flexes of d e c e re b ra te  c a ts  (M oruzzi, 1950). S im ila ry  to  
th e  r e p o r te d  b y  S p ra g u e  a n d  C h a m b e r s  (1954 ) t h a t  5 0  H z of 
c e re b e lla r  s t im u la tio n  p ro d u c e d  re c ip ro c a l p o s tu r a l  m u s c le  to n e  in  
d e c e re b ra te d  ca t. A lth o u g h  th e  s t im u lu s  in te n s i t ie s  fo r in h ib i t io n  
a t  100 Hz w a s  low er th a n  th e  s t im u lu s  in te n s i t ie s  a t  5 0  Hz. In  
a d d i t io n ,  s t im u lu s  f re q u e n c y  a t  1 0 0  H z o f c e r e b e l l a r  c o r te x  
p ro d u c e d  e x c i ta t io n  o f P u rk in je  c e lls  t h a t  d u e  to  in h ib i t io n  o f 
h y p e r to n ia  in  d e c e re b ra te d  c a t  (G ra n it  a n d  P h il l ip p , 195 7 ) a n d  
in h ib i t io n  m u s c u la r  h y p e r to n u s  in  m o n k e y  (H em m y e t a l., 1 9 7 7  ะ 
E b n e r  e t a l., 1982) a n d  m a n  (C ooper e t  a l., 1973). H ow ever, U p to n  
a n d  C o o p e r (1976) d i s c u s s e d  t h a t  d i f fe re n t  e ffe c ts  o f  s t im u lu s  
fre q u e n c ie s  o f c e re b e lla r  s t im u la tio n , m ig h t be  a t t r ib u te d  to  sp e c ie s  
d iffe re n c e s .

T h e  p r e s e n t  s tu d y  sh o w e d  t h a t  th e  e ffe c tiv e  s t im u lu s  
d u ra t io n  w as 0 .2  m S, s im ila r  d u ra t io n  of c e re b e lla r  s t im u la t io n  w a s  
u s e d  to  d e c re a s e  o r re v e rse  a b n o r m a l  EM G  p a t t e r n  o f s t r e t c h
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reflex , a n d  d e c re a s e  to rq u e  th a t  re q u ire d  to  d is p la c e  th e  a rm  o f a  
s p a s t ic  m o n k e y  (E b n e r e t a l., 1980  ะ 1982). T h e  d e p e n d e n c e  o f 
th e  s u p p r e s s io n  of EM G re s p o n s e s  o n  th e  f re q u e n c y  o f c e re b e l la r  
s t im u la t io n  w a s  i l lu s tr a te d  in  figu re  11 a n d  12, th e  d u r a t io n  w a s  
c o n s ta n t ,  0 .2  m S . F u r th e rm o re  th e  fre q u e n c y  a n d  d u r a t io n  s t im u li 
u s e d  in  th is  s tu d y  a re  s im ila r  to  th o se , u s e d  to  re d u c e  to rq u e  t h a t  
r e q u ire d  to  d isp la c e  th e  lim b  (H em m y e t  a l., 1977) a n d  a l te r n a te  
th e  a b n o rm a l EM G p a t te r n  o f s t r e tc h  re fle x  in  a  s p a s t ic  m o n k e y  
(E b n e r  e t  a l., 1980). I t c o u ld  b e  s u g g e s te d  th a t ,  a p p l ic a t io n  o f 
th e s e  c u r r e n t s  to  th e  c e re b e l la r  s u r fa c e  m ig h t  r e d u c e d  c o r t ic a l  
n e u r o n a l  r e s p o n s iv e n e s s ,  m e d ia te d  v ia  in h ib i t i o n  o f  th e  
c e re b e llo th a la m o -c o rtic a l p a th w a y , a s  sh o w n  in  fig. 19. In  a d d it io n , 
o th e r  in v e s tig a to rs  fo u n d  th a t  100 Hz of c e re b e lla r  s t im u la t io n  w a s  
n e a r  o p t im a l fo r r e d u c t io n  of a m p l i tu d e  o f th e  s o m a to s e n s o r y  
evoked  p o te n tia l  (S an ces  e t a l., 1 9 7 7 /7 8 ) .

In  th is  e x p e r im e n t th e  s u p p r e s s in g  EM G  r e s p o n s e  o f 
t r i c e p s  s u r a e  a p p e a r e d  d u r in g  th e  a p p l i c a t io n  o f c e r e b e l l a r  
s t im u la t io n  on  e a c h  a re a  a t  d if fe re n t c u r r e n t  in te n s i t ie s ,  w h ile  
s t im u lu s  f re q u e n c y  w a s  100  Hz a n d  d u r a t io n  w a s  0 .2  m S . T h e  
im p o r ta n c e  o f c u r re n t  in te n s ity  is i l lu s tr a te d  in  f ig u re .9, 10, 13 a n d  
ta b le 3  for s u p p re s s io n  of th e  a b n o rm a l r e s t in g  EM G p a t te r n .  T h e  
r e s u l ts ,  how ever, sh o w ed  th a t  th e  a b n o rm a l r e s t in g  EM G  a c tiv ity  
in  t r ic e p s  s u r a e  d id  n o t c h a n g e , if c u r r e n t  in te n s i t ie s  w e re  le s s  
th a n  th e  th re s h o ld s . S tim u lu s  th re s h o ld s  o f n in e  s t im u la te d  a re a s  
fo r th is  e ffe c t w e re  u p  fro m  0 .1 2  m A. T h e  u p p e r  l im i t  o f 
s t im u la t io n  re flec ted  c u r r e n t  in te n s i t ie s  t h a t  r e q u ir e d  to  p ro d u c e
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w ild  ey es  a n d  face  e x p re s s io n  o r tre m b lin g . A lso  th e  h ig h e s t  
c u r r e n t  in te n s ity , s tu d ie d  in  th is  a n im a l, lim ite d  a t  1 mA. In  th e  
p re v io u s  s tu d ie s  u s e d  d iffe re n t c u r r e n t  in te n s i t ie s  d e p e n d e n c e  on  
s t im u lu s  p e r io d  (c h o rn ic  o r  s h o r t  tim e  o f s t im u la t io n ) ,  s t im u lu s  
f re q u e n c ie s  (h igh  o r low fre q u e n c y ) a n d  a n im a l (m onkey) a n d  m a n . 
T h e  a v e ra g e  th r e s h o ld  in  p re v io u s  s t u d y  th e  c u r r e n t  in te n s i ty  
s tim u li w a s  1.5 mA, u s e d  in  c e re b ra l p a ls y  w ith  s h o r t  p e rio d  (10 
m in) o f s t im u la t io n  (C ooper e t  a l., 1976). N early  to  th e  s tu d y  o f 
D av is a n d  c o -w o rk e rs  (1 9 7 7 /7 8 )  u s e d  s t im u lu s  in te n s i t ie s  0 .3 -1  m A 
a t  1 5 0 -2 0 0  Hz of c e re b e l la r  s t im u la t io n  fo r c o n tro lle d  s p a s t ic i ty  in  
c e re b ra l p a lsy , E b n e r  e t a l., in  1982  u s e d  2 - 3  m A  a t  1 0 0 -3 0 0  Hz 
w ith  s t im u lu s  d u r a t io n  0 .2  m S  in  m o n k e y s , a n d  S c h u lm a n  e t a l., 
in  1 9 8 7  u s e d  1 .4  m A a t  15 0  H z w ith  s h o r t  s t im u la t io n  p e rio d  
(4 m in s). A lth o u g h , th e  h ig h  v o ltag e  o r in te n s i t ie s ,  u s e d  u s u a l ly  in  
m a n , o r w ith  h ig h  f re q u e n c y  2 0 0  Hz (Table. 1)

T h e  e f fe c t  o f c s  o f  p r e v io u s  s t u d i e s  h a v e  b e e n  
in v e s t ig a te d  o n  n o n -s p e c if ic  a r e a  to  c h a n g e  th e  a b n o rm a l  EM G 
p a t te r n .  T h e  p r e s e n t  s tu d y  in v e s tig a te d  th e  sp e c if ic  a r e a  o f th e  
a n te r io r  c e re b e l la r  s t im u la t io n  t h a t  s u p p r e s s  th e  a b n o rm a l re s t in g  
EM G p a t t e r n  o f tr ic e p s  s u r a e .  S t im u lu s  th r e s h o ld  for th is  e ffect 
w a s  d iffe re n t o n  e a c h  s t im u la te d  a re a s . T h e  th re s h o ld  o f c s  o n  th e  
v e rm a l p a r t  (C l, C 2, C3) w a s  h ig h e r  th a n  b o th  in te rm e d ia te  p a r ts  of 
a n te r io r  c e r e b e l la r  lo b e . T h e s e  f in d in g s  o f m o to r  c o n tro l  o f 
t r ic e p s  s u r a e  w e re  c o n s i s t e n t  w ith  s o m a to to p ic  m a p p in g  from  
G u y to n  (1991 ) w h ic h  sh o w e d  th e  to p o g ra p h ic  r e p r e s e n ta t io n  of 
h in d lim b s  lie in  th e  in te rm e d ia te  z o n e s .



m o to r  u n i t s  a t  r e s t  of t r ic e p s  s u r a e  d is a p p e a re d  d u r in g  a n d  a f te r  
s t im u la t io n ,  n o t  im m e d ia te ly . T h e  e ffec ts  o f 4 0  sec  o f c e re b e l la r  
s t im u la t io n  o n  th e  a n te r io r  lobe  w e re  l a s t  fo r 2 0 .8  s e c  to  
1 .3 3  m in , a p p ro x im a te ly  (sh o w n  in  ta b le  5). S u c h , th e s e  v a lu e s  
w e re  n e a r e s t  to  th e  e a r ly  r e p o r te d  t h a t  th e  p ro lo n g  e ffe c t of 
c e re b e lla r  s t im u la t io n  o n  in h ib itio n  H re flex es  in  so le u s  m u sc le  w a s  
1 m in u te  a f te r  c e s s a t io n  of s t im u la tio n  in  s p a s t ic  p a t ie n t  (C ooper e t  
ah , 1977). T he  p ro lo n g  effect m ig h t be  p ro d u c e d  b y  a f te r  d is c h a rg e  
fro m  th e  P u rk in je  u n i t s  y ie ld in g  in h ib i to r y  r e s p o n s e s  (M oruzzi, 
1950). T h e re  w a s  so m e  d o u b t  a b o u t  th e  p ro p o r t io n s  o f d iffe re n t 
ty p e s  o f n e u r o n s  t h a t  w e re  ex c ited  b y  s t im u la t io n  o f th e  c e re b e lla r  
co rtex . In  a d d it io n  to  P u rk in je  cells, o th e r  n e u ra l  e le m e n ts  s u c h  a s  
c lim b in g  fib e rs , m o ssy  f ib e rs , g ra n u le  ce lls  a n d  b a s k e t  ce lls  m a y  be  
a c tiv a te d  in  th e  reg io n  o f th e  s t im u la t in g  e le c tro d e s . H ow ever, th e  
c u r r e n t  v iew  w a s  t h a t  e f fe re n t  c e r e b e l la r  o u tf lo w  w a s  e n t i r e ly  
m e d ia te d  b y  in h ib ito ry  P u rk in je  ce lls  (E cc les e t a l., 1967). N e u ra l 
s t im u la t io n  is  v e ry  c ru d e  in  c o m p a riso n  w ith  th e  c o m p le x ity  o f th e  
c e r e b e l lu m , a n d  o n e  m ig h t  s p e c u la te d  t h a t  f r e q u e n t  n e u r a l  
s t im u la t io n  p ro d u c e d  d if fe re n t  p a t t e r n s  o f r e v e r b e ra t in g  n e u r a l  
c ir c u i ts  t h a t  in te rfe re d  w ith  fix a tio n  o f th e  p re v io u s  ac tiv ity  (U pton ,
1 9 7 8 )

T h e  p ro lo n g  n e u ro p h y s io lo g ic a l e ffec ts  of s t im u la t io n  m a y  
a llo w  th e  u s e  o f m a x im u m  e ffec tive  in te r v a ls  b e tw e e n  o p t im a l 
e p o c h e  o f s t im u la t io n ,  so  t h a t  a n y  c e r e b e l la r  d a m a g e  c a n  be
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m in im iz e d . S u c h  c u m u la tiv e  e ffec ts  m a y  b e  a t t r ib u ta b le  to  d ire c t  
e ffe c ts  o f s t im u la t io n . T he  a d v a n ta g e  o f th is  e ffe c t m a y  c h a n g e  
b a c k g r o u n d  of EM G  p a t t e r n  o f m u s c le  to  n o rm a l  r e s t in g  EM G  
p a t t e r n  w h ic h  e x p re s s  to  th e  n o rm a l  m u s c le  to n e . T h e n , th e  
m u s c le  c o u ld  le a rn  a  n ew  p a t t e r n  o f m o v e m e n t fo r g e n e ra t in g  o f 
n o rm a l  m o v e m e n t. O p tim a l th is  e ffec ts  in  p h y s io lo g ic a l c h a n g e s  
h a v e  s e e n  e x ce llen t c lin ica l r e s u l t s  in  th e  re d u c in g  o f h y p e r to n u s  in  
m e n  (U p ton  a n d  C ooper, 1976).

EM G  s tu d ie s  w e re  u s e d  to  in v e s t ig a te  th e  a b n o r m a l  
m u sc le  to n e  w h ich  w as p ro d u c e d  b y  SN d a m a g e  in  th is  e x p e rim e n t. 
O n  b a s ic  of th e  m o to r u n i t  re fle c ts  to  th e  fin a l c o m m o n  p a th w a y  for 
a ll n e rv o u s  im p lu se  c o n tro llin g  th e  m u sc le  c o n tr a c t io n  (T se m e n tz is  
e t  a h , 1980). T h e  r e s u l t  of CNS d is o rd e r  is  th e  c h a n g e  o f m u s c le  
to n e  w h ic h  w a s  in v e s tig a te d  b y  EM G (S h a a n i a n d  W ie rz b ick a , 1987) 
. T h e  fa c t of EM G in  n o rm a l m u sc le  a t  r e s t  is  s i le n t  (S to lov, 1966). 
T h e  c o n t in u o u s  EM G a c tiv ity  a t  r e s t  o f tr ic e p s  s u r a e  m u s c le  w a s  
p ro d u c e d  from  re le a s in g  o f a c tiv ity  in  th e  c o r t ic o s p in a l  t r a c t  b y  SN 
d y s fu n c tio n  v ia  c e re b ra l co rtex , w h ic h  lead  to  e n h a n c e  m u s c le  to n e  
a t  re s t ,  c a lled  th e  "rigidity" (T h o m u s, 1961). T h e  EM G  d a ta  in  th is  
s tu d y  sh o w ed  th a t  th e  c o n tin u o u s  EM G a c tiv ity  o f t r ic e p s  s u r a e  w a s  
s u p p r e s s io n  b y  c s .  T h ere fo re , th e  effects o f c s  in f lu e n c e  to  in h ib i t  
a n d  a l te rn a te  th e  m u sc le  rig id ity  to  n o rm a l to n e  a t  re s t .

O ne a s s u m p tio n  for th e s e  effects w a s  b a s e d  o n  a n a to m ic a l  
a n d  e le c to p h y s io lo g ic a l o b s e rv a t io n  t h a t  th e  p ro je c t io n  fro m  th e
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c e re b e l la r  v e rm is  e x e r t  in h ib i to r y  in f lu e n c e s  o n  th e  v e s t i b u l a r  
n u c le i v ia  fas tig ia l n u c le u s  (C a rp e n te r , 1991). S in c e , s t im u la t io n  o f 
th e  a n te r io r  lobe o f v e rm is  o f c e re b e llu m  p ro d u c e s  a  m o n o s y n a p tic  
in h ib itio n  of n e u ro n s  of th e  la te ra l v e s t ib u la r  n u c le u s  w h ic h  r e s u l t  
in  r e d u c t io n  of m u sc le  to n e , o t h e r  w ay , th e  a s c e n d in g  fa s t ig ia l  
e ffe re n ts  th a t  p ro je c t to th a la m ic  n u c le i b i l la te ra lly  m a y  be  m od ified  
th e  e x c e ss iv e  o f c o r tic a l a c tiv ity  t h a t  w a s  d is in h ib i te d  fro m  SN 
c i r c u i t .  M o re o v e r , th e  c e r e b e l l a r  i n t e r m e d i a t e  p a r t s  h a v e  
p ro je c t io n s  th e  in h ib i to ry  in te r n e u r o n  o f t h a l a m u s  to  c e r e b ra l  
c o rtex  v ia  th e  in te rp o s te d  n u c le i, a s  sh o w n  in  fig u re  2 0 . (C a rp e n te r , 
1 9 9 1 ).

S u c h  p re lim in a ry  f in d in g s , r e d u c t io n  in  a m p l i tu d e  o f th e  
th a la m ic  c o m p o n e n t o f a u d i to ry  a n d  s o m a to s e n s o r y  b r a in  s te m  
p o te n t ia ls ,  s u p p o r te d  th e  h y p o th e s is  t h a t  th e r e  w a s  lik e ly  to  b e  
in h ib i t io n  o f th a la m ic  a n d  c o r tic a l n e u r o n s  a f te r  c s  (U p to n  a n d  
C o o p e r, 1976). So, in h ib i t io n  m a y  w ell c o n t r ib u te  to  a g a in t  a  
b a c k g ro u n d  of d e sc e n d in g  fa c ilita tio n  fro m  S N -le s io n e d . W h a te v e r  
th e  m e c h a n is m  of c h a n g e  th e  m u s c le  to n e  w a s  p r o d u c e d  b y  
c e re b e lla lr  s t im u la tio n , th e  b e n e fic ia l e ffec ts  w e re  o b se rv e d  in  EM G 
re c o rd in g  of m ore  th a n  th ir ty  tre e  sh ew s .

S u m m a ry , th e  r e s u l ts  of c o n tin u o u s  EM G ac tiv ity  o f  tr ic e p s  
s u r a e  m u sc le  w a s  p ro d u c e d  by  SN le s io n e d  tre e  s h re w s . It w a s  
c h a r a c t e r  o f m u s c le  r ig id ity  t h a t  w a s  r e t u r n e d  to  n o r m a l  b y  
s t im u la t io n  o f a n te r io r  c e re b e lla r  c o r te x  w ith  a p p r o p r ia te  s t im u lu s
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p a r a m e te r s .  E le c tr ic a l s t im u la tio n  a t  f re q u e n c y  5 0  Hz a n d  100  Hz, 
d u r a t io n  0 .2  m S , o n  v e rm is  a n d  in te rm e d ia te  p a r t s  o f c e re b e l la r  
c o r te x  p ro d u c e d  th e  n o rm a l re s t in g  EM G a c tiv ity  in  SN le s io n e d  
tre e  sh re w s . S tim u lu s  c u r r e n t  of th e  ip s i la te ra l  in te rm e d ia te  p a r t  o f 
a n te r io r  c e re b e l la r  c o r te x  w a s  u s e d  le s s e r  t h a n  th e  c o n t r a la te r a l  
in te rm e d ia te  p a r t  a n d  v e rm is  for th is  effect. So, th is  s tu d y  h a s  a lso  
b e g u n  to  in d ic a te  th e  co m p lex itie s  o f m u sc le  to n e  e ffec ts  w h ic h  c a n  
b e  evoked  b y  c e re b e lla r  s t im u la tio n  a n d  in v e s tig a te d  b y  EM G s tu d y . 
T h is  f in d in g  m a y  le a d  to  u n d e r s t a n d  th e  e ffe c ts  o f  c e r e b e l la r  
s t im u la t io n  o n  EM G in  P a rk in s o n ia n  tre e  sh re w s  a n d  to  m od ify  th e  
p ro c e d u re  to  d e c re a se  rig id ity  in  P a rk in s o n 's  d ise a se .
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Cerebrum Cerebellum

F igu re  19. V a rio u s  e ffe ren t p a th w a y s  of P u rk in je  c e lls  (PC) in  th e  
v e rm is , in te rm e d ia te  lobe, a n d  h e m isp h e re  of th e  c e re b e l lu m . All 
in h ib i to ry  ce lls  a re  sh o w n  in  b la c k . FN = fa s tig ia l n u c le u s  ะ IP = 
in te r p o s i tu s  n u c le u s  ะ D E  = d e n ta te  n u c le u s  ะ R F  = r e t i c u la r  
fo rm a tio n  ะ DN = D e ite rs ' n u c le u s  ะ RN = re d  n u c le u s  ะ VL THAL = 
v e n tro la te ra l  n u c le u s  of th a la m u s  ; PYR = p y ra m id a l cell ะ R eS T  = 
r e t ic u lo s p in a l  t r a c t  ะ V ST = v e s t ib u lo s p in a l  t r a c t  ะ R u S T  = 
ru b ro s p in a l  tr a c t .  T he p a th w a y s  a re  sh o w n  from  p y ra m id a l ce lls  to  
th e  VL th a la m u s  a n d  red  m u c le u s . (F rom  E c c le s , T h e  D y n a m ic  
Loop H y p o th e s is  o f M ovem en t C o n tro l, In fo rm a tio n  P ro c e s s in g  in  
th e  N erv ous S y stem . New York : S p rin g e r  V erlag , 1969. p .2 5 5 .)
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F ig u re  20 . S c h e m a t ic  d ia g r a m  o f th e  p r o je c t io n s  f ro m  th e  
in te rp o s e d  n u c le i  of th e  c e re b e llu m  (i.e ., e m b o lifo rm  a n d  g lo b u s e  
nuc le i) v ia  th e  s u p e r io r  c e re b e lla r  p e d u n c le . T he  in te rp o s e d  n u c le i  
rece ive  a f fe re n ts  from  th e  p a ra v e rm a l c o rte x . T h a la m ic  p ro je c tio n s  
from  th e  in te rp o s e d  n u c le i te rm in a te  in  th e  cell s p a r s e  z o n e  of th e  
th a la m u s  (VL a n d  VPL). A nd th a la m ic  n e u r o n s  rece iv in g  in p u t  from  
th e  in te rp o s e d  n u c le i p ro je c t to  th e  p r im a ry  m o to r  c o r te x . (F rom  
C a rp e n te r ,  C o re  te x t o f N e u ro a n a to m y , 1991 ะ c o u r te s y  o f W illia m ร 
& W ilk ins , 199 1 . p .2 4 1 .)
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