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M A T E R I A L S  A N D  M E T H O D S

T h e E x p e r im e n ta l A n im a ls

6 0  m a le  a n d  fe m a le  c o m m o n  tree  sh r e w s  (Tupaia glis), 
w e ig h t  o f  e a c h  w a s  a b o u t  1 2 0 -1 6 0  g ra m s, w ere  u s e d  in  th is  s tu d y .  
A n im a ls  w ere  n o r m a lly  h o u s e d  in  g r o u p s  o f  tw o  in  r o d e n t  c a g e s  
a n d  lo c a te d  in  a  roo m  te m p e r a tu r e  o n  s ta n d a r d  lig h t-d a r k  c y c le .  
B e fo re  c o m m e n c in g  th e  s t u d y , c o m m o n  tree  s h r e w s  w ere  
h a b itu a te d  to  h a n d lin g . F ood  a n d  w a te r  w ere  p rov id ed  ad  lib .

A n im a l P rep a ra tio n s  a n d  M e a su r e m e n ts

1. M e a s u r e m e n ts  o f  E le c tr o m y o g r a p h ic  (EMG1 A c tiv ity  : 
B efo re  S N  le s io n

T h e  e le c tr o m y o g r a p h ic  (EMG) a c t iv ity  w a s  r e co r d e d  
fro m  th e  t r ic e p s  s u r a e  ( g a s t r o s o le u s  m u s c le )  o f  n o n -  
a n e s th e t iz e d  a n im a ls , a t  r e s t . P r e -d r u g  c o n tr o l g ro u p , EM G  
a c tiv ity  w a s  in v e s tig a te d  a s  re feren ce  for th e  d e te r m in a tio n  o f



c h a n g e s  in  th e  restin g -E M G  a c t iv ity  a fte r  s u b s t a n t ia  n ig ra -  
le s io n , a n d  a fter  e le c tr ic a l  c e r e b e lla r  s t im u la t io n . T h e  EM G  
a c t iv ity  w a s  reco rd ed  w ith  p a ir s  o f  p e r c u t a n e o u s  in s e r te d  
te lf lo n  in s u la te d  s t a in le s s  s t e e l  fin e  w ire  e le c tr o d e  (B ip o lar  
n e e d le  e le c tr o d e , n e e d le  le n g th  2 0  m m , n e e d le  d ia m e te r  0 .4 1  
m m , core  a rea  0 .0 2 4  m m 2 , c u t t in g  a n g le  1 5 '  , N M -2 2 0 T ). 
A n im a ls  w ere p la c ed  in d iv id u a lly  in  b o d y -f ix a to r  a n d  th e  EM G  
a ctiv ity  o f  th e ir  h in d  lim b s  w a s  reco rd ed  c o n t in u o u s ly  a n d  
c a lc u la te d  a t r est. T h e  e le c tr ic a l s ig n a ls  w er e  a m p lif ie d , b a n d ­
p a s s  f ilte re d  (5 H z - 1 0  H z). T h e  M E M -3 2 0 2  e le tr o m y o g r a p h  
(N ih o n -K o h d e n )  w a s  fr e e  fr o m  A C  in t e r f e r e n c e  d u r in g  
e x a m in a t io n  b y  a  h ig h  p e r fo r m a n c e  p r e a m p lif ie r  a n d  AC  
in te r fe r e n c e  filter .
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2. U n ila tera l S u b s ta n t ia  N ig r a -L e s io n .

A fter m e a s u r e m e n ts  o f  n o r m a l EM G  a c t iv ity  a t  r e s t , th e  
a n im a ls  w ere  a n e s th e t iz e d  w ith  p e n to b a r b ita l  s o d iu m . A n  in it ia l  
d o s e s  o f  2 5  m g / k g  b o d y  w e i g h t  w a s  a d m i n i s t r a t e d  
in tr a p e r ito n e a lly  a n d  a d d it io n a l  d o s e s  o f  2 - 1 0  m g /k g  a s  
req u ired . A fter b e in g  m o u n te d  o n  a  s te r e o ta x ic  a p p a r a tu s  for ra t 
(N a r ish ig e  S R -6 ) in  a  p ro n e  p o s i t io n  w ith  th e  b ite  b a r  s e t  
5 m m  b e lo w  th e  ea r  b a r s . T h e  s c a lp  w a s  in c is e d . A  d e n ta l d rill 
w a s  u s e d  to  p la c e  a  s in g le  b u rr  h o le  a t  th e  a p p ro p r ia te  s i t e  o n  th e  
left. S e le c t iv e  le s io n s  o f  s u b s t a n t ia  n ig r a  w er e  c r e a te d  b y  in je c t in g  
6-O H D A  u s in g  a  H a m ilto n  10  111 sy r in g e  w ith  a  n e e d le  (4 8 0  m m



2 2

O D .), a c c o r d in g  to  th e  fo llo w in g  co o r d in a te s  r e la tiv e  to  a p e x  ะ
1 .0  ±  0 .2  m m  a n te r o p o ste r io r  level (AP), an d  1 .0 + 0 .5  m m  la ter a l  
to  th e  s te r e o ta x ic  zero  re feren ce  p o in t an d  1 0 .0 + 0 .5  m m  d e p th  
from  th e  s u r fa c e  o f  d u ra  m a tter , w h ic h  w a s  a s s e s s e d  p r e v io u s ly  
from  s e r ia l  c r e sy l v io le t -s ta in e d  s e c t io n s  o f th e  tree  s h r e w s  b ra in . 
T h e  6 -h y d r o x y d o p a m in e  H B r (6-O H D A , s ig m a  c h e m ic a l C o.) w a s  
d is s o lv e d  in  0 .1  m g /m l  a s c o r b a te -s a l in e  fr e sh ly  s o lu t io n  a t a  
c o n c e n tr a t io n  o f 10 (Ig in  2  111 (ca lcu la ted  a s  free b a se ) a d d ed  to  
p r e v e n t a u to -o x id a t io n . T h is  so lu t io n  w a s  k ep t o n  ic e  u n til  it w a s  
in je c te d  th r o u g h  a  H a m ilton  m icro sy r in g e  a t a  ra te  o f  1 p l /m in  
p lu s  3  m in  d iffu s in g  tim e . A n a n tib io tic  p ow er w a s  a p p lie d  lo c a lly  
b efore  s u tu r in g . T w o a n im a ls  rece ived  in je c tio n s  o f 6 -O H D A  o n  th e  
r ig h t s u b s t a n t ia  n ig ra  for co n firm atio n  o f le s io n e d  s id e .

3 . A fter S u b s ta n t ia  Nigra - L esio n .

T w e n ty -fo u r  to  fo u rty -tw o  h o u r s  a fter  s u b s t a n t ia  n ig ra  
le s io n s ,  a n im a ls  w ere  c irc lin g  a ro u n d  th e  b o d y  a x is  a n d  p o s tu r a l  
a sy m m e tr y . A b n orm al m u s c le  to n e  w a s  a b serv ed  a n d  a s s e s s e d  
b y  p a s s iv e  leg  m o v e m e n ts , a n d  EM G fin d in g  w a s  reco rd ed  o f  
b o th  s id e  o f  tr ic e p s  su ra e , like s tep  1.
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4 .  A f t e r  S N - l e s i o n  w i t h  C e r e b e l l a r  E l e c t r i c a l  s t i m u l a t i o n

4 .1 .  P rep a ra tio n  o f  b ip o la r  s t im u la t in g  e le c tr o d e

T h e  t u n g s t e n  w ir e s  e le c t r o d e s ,  1 -2  p m  tip  
d ia m e te r  w a s  s h a p e d  b y  e le c tr o c h e m ic a l  e t h in g  t h a t  a p p ly in g
1 0 -1 5  V  AC v o lta g e  b e tw e e n  w ir e s  e le c tr o d e  a n d  c a r b o n  rod  in  
2 0  % s o d iu m  h y d ro x id e  s o lu t io n  a n d  w a s h in g  it  w ith  d is t il le d  
w a te r . T h e  tu n g s te n  w ire  e le c tr o d e  w a s  in s u la t e d  w ith
v a r n is h  a n d  th e  in s u la te d  w a s  r e m o v ed  from  th e  tip  o f  
e le c t r o d e  b e t w e e n  1 0 - 2 0  p m  b y  a p p ly in g  9 0  V  AC v o lta g e ,  
fr e q u e n c y  5 0  H z to  th e  tip  o f  e le c tr o d e  th a t  p a s s e d  in to  
9  % N aC l s o lu t io n . Two e le c tr o d e s  w ere  m a tc h e d  w ith  ep o x y , 
d is ta n c e  o f  tip  to  tip  b e tw e e n  tw o e le c tr o d e s  a b o u t  0 .2  - 0 .4  m m  
T h e  e le c t r ic a l  im p e d e n c e  o f  th e  e le c tr o d e s  is  b e t w e e n  2 - 3  
m e g a o h m s .

4 .2 . C ereb e lla r  E lec tr ica l s t im u la t io n

T h e  S N -le s io n e d  a n im a l w a s  a n e s th e t iz e d  a n d  fixed  
in  th e  s te r e o ta x ic , a  s u b o c c ip ita l c r a n ie c to m y  w a s  p erfo rm ed . T h e  
b ip o la r  e le c tr o d e s  w ere  p la ced  s te r e o ta x i-  c a lly  o ver  th e  
v e r m is  z o n e  (C l,  C 2, C3), le ft in te r m e d ia te  z o n e  (L I, L2, L3) a n d  
righ  in te r m e d ia te  z o n e  (R l, R 2, R3) o f a n te r io r  c e r e b e lla r  su r fa c e .  
T h e  p r e lim in a r y  m a p  h a d  b e e n  d ra w n  (F ig u re . 2) a n d  re co r d e d  
c o o r d in a t io n  p o in t  (T able 2 ). C o n fir m a tio n  o f  p o s i t io n  w a s  
o b ta in e d  b y  s te r e o -m ic r o s c o p e . T h e  c u r r e n t  w a s  a p p lie d  to
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2 mm 2 mm

C i

F igu re 2 . S u p e r io r  s u r f a c e  o f  c e r e b e l lu m  o f tr e e  s h r e w . T h e  
s t im u la te d  s i t e s  lie  o n  v er m is  p a r t (C 1 ,C 2 ,C 3 ), le ft p a r t  (L1,L2,L3) 
a n d  r ig h t p a r t (R 1 ,R 2 ,R 3) o f a n te r io r  lo b e . T r a n sv e r se  z o n e  sh o w s  
lo b u le  I ( L l .C l .R l ) ,  lo b u le  II (L 2 .C 2 ,R 2) a n d  lo b u le  III (L 3.C 3.R 3)
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Pari of 
cerebelllum

Locat ion Coordination re la tive to stereotaxic zero reference
of
electrode Posterior Gam) Left/Pdght Gum) Vert ical I (mm)

I . Vermis Cl 3.2-3.5 zero 0.1-0.5
part C 2 4.2-4.5 zero 0.1-0.5

C3 5.2-5.5 zero 0.1-0.5
I I .  Left Li 3.2-3.5 1.9-2.0 0.1-0.5

intermediate L2 4.2-4-5 1.9-2.0 0.1 -0.5
part L3 5.2-5.5 1-3 “2-0 0.1-0.5

I I I .  Right Ri 3.2-3Æ 1-9 “2-0 0.1-0.5
intermediate R2 4-2-4Æ 1-9-2.๐ 0.1-0.5
part R3 5.2-5.5 1.9-2.0 0.1-0.5

T ab le  2 . C o o r d in a tio n  o f s t im u la te d  s i t e s  r e la tiv e  to  s te r e o ta x ic
zero  r e fe r e n c e  p o in t.
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th e  c e r e b e lla r  su r fa c e , th e  a c t iv e  e le c tr o d e  w a s  c o n n e c te d  to  
th e  c a th o d e  p o le  o f  a  c u r r e n t  g e n e r a to r , a n d  th e  in a c t iv e  
e le c tr o d e s  to  th e  a n o d e  p o le , s t im u la t in g  p u ls e  w er e  g en e ra te d  
b y  a  s q u a r e -w a v e  s t im u la to r  (N ih o n -K o h d e n  S E N -3 2 0 1 )  a n d  
p a s s e d  th r o u g h  a n  is o la t io n  u n it  (N ih o n -K o h d en  S S -2 0 1 J ) .  
S t im u lu s  c u r r e n t  in te n s ity  w a s  c a lc u la te d  fro m  th e  v o lta g e  
d rop  a c r o s s  a  10 k ilo -o h m s  r e s is te r  c o n n e c te d  in  s e r ie s  w ith  
th e  a c t iv e  p o le  o f  th e  s t im u la t in g  e le c tr o d e , th e  v o lta g e  d rop  
w a s  d isp la y e d  o n  a n  o s c il lo s c o p e  (L eader L B O -5 2 2 ). C u rren t 
a p p lic a t io n  o f  d u r a tio n  c o u ld  b e  v ar ied  from  0 .0 2 ,  0 .0 5 ,  0 .1 , to  0 .2  
m s a n d  v a r io u s  fr e q u e n c ie s  o f  1, 10 , 5 0 , 1 0 0  a n d  2 0 0  Hz. T h e  
a m p litu d e  o f a p p lied  c u r r e n t w a s  in c r e a se d  a t a  ra te  o f 0 .0 5  
m A  p er 4 0  m s.

T h e  a n im a ls  rece iv ed  s t im u la t io n  for 4 0  s e c o n d s ,  
w h ic h  th e  s t im u la t io n  p a r a m e te r s  w ere  d e fin ed  in  a n  effort to  
s u p p r e s s in g  EM G r e sp o n s e . T h e  EM G  c h a n g e  o f  b o th  tr ic e p s  su r a e  
w ere  o b se r v e d  a n d  reco rd ed  b efo re , d u r in g , a n d  a fter  s t im u la t io n  
in  n o n - a n e s t h e t iz e d  a n im a ls .  T h e  h in d l im b s  w er e  in  a n  
in te r m e d ia te  p o s it io n . L a te n c y  p er io d  (sec ) w a s  d u r a t io n  
b e tw e e n  th e  s ta r t in g  s t im u la t io n  u n t i l  th e  s u p p r e s s io n  EM G  
r e s p o n s e  t h a t  w a s  r e c o r d e d . A n d  th e  a fte r  e f fe c t  p er io d  w a s  
r eco rd ed  w h e n  th e  s to p p in g  s t im u la t io n  u n t i l  th e  s u p p r e s s io n  
EM G e ffec t d isa p p e a r e d . T h e effort s t im u lu s  p a r a m e te r s  (i.e. 
freq u en cy , d u r a t io n  a n d  c u r r e n t in te n s ity )  w ere  reco rd ed .



F igu re  3 . D ia g r a m m a t ic  p ic tu r e  o f  e x p e r im e n ta l  s e t  u p , u s e d  for e le c tr o p h y s io lo g ic a l  in v e s t ig a t io n
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S t i m u l a t i o n  s t a r t e d  S t i m u l a t i o n  s t o p p e d

T i m e

L a t e n c y  p e r i o d  
( s e c )

A f t e r  e f f e c t  p e r i o d  
( s e c )

f* k

V
A t  t i m e  o f  E M G  
d i s a p p e a r a n c e  
b y  s t i m u l a t i o n

V
A t  t i m e  o f  E M G  r e t u r n  t o  
p r e s t i m u l a t i o n  c o n t r o l  
p a t t e r n

F igu re 4 . D ia g r a m m a t ic  r e p r e s e n t a t i o n  o f  l a t e n c y  p e r io d  
(d u r a tio n  from  s ta r t in g  s t im u la t io n  to d is a p p e r a n c e  o f  EM G) a n d  
a fter  e ffe c t  p er iod  (d u ra tio n  from  s to p p in g  s t im u la t io n  to  r e b o u n d  
o f EMG



2 9

V er ifica tio n  o f  s t im u la t io n  P o s it io n  a n d  L esio n  S ite

1. S t im u la t in g  E lec tr o d e  M a rk in g

F or h is t o lo g y  c o n f ir m a tio n , a t  th e  e n d  o f  e a c h  
e x p e r im e n t, th e  s ite  o f  s t im u la t io n  (C2 ) w a s  ro u tin e ly  m a rk ed  b y
s m a ll  e le c tr o ly t ic  l e s io n s  th r o u g h  th e  s a m e  e le c tr o d e s . T h e  
le s io n s  w ere  p ro d u c ed  b y  p a s s in g  a  DC c u r r e n t o f  1 m A, for 6 0  
s e c o n d s

2 . F ix in g  th e  B ra in  T is s u e

A t th e  e n d  o f  e le c tr o ly t ic  le s io n ,  th e  a n im a ls  w ere  
d e e p ly  a n e s th e t iz e d  w ith  s o d iu m  p e n to b a r b ita l. T h ey  w ere  
p er fu se d  in tr a c a r d ia lly  w ith  1 5 0  m l o f p h y s io lo g ic a l sa lin e  s o lu t io n  
u n til  th e  b lo o d  w a s  c o m p le te ly  w a s h e d  o u t  th e  v a s c u la r  s y s te m . 
T h e n , t h e y  w e r e  p e r fu s e d  w ith  4%  fo r m a lin , in  0 .1  M
p h o s p h a t e  b u ffer  a t  pH  7 .4 .  T h e  s k u l l  w a s  o p e n e d , th e
e x tr a c te d  b ra in  w a s  p la c e d  in  4%  fo r m a lin  for 7 2  h o u r s  a n d  
tr a n sfe r e d  in to  a  s o lu t io n  o f  30%  s u c r o s e  in  th e  s a m e  p h o s p h a te  
b u ffer  for 4 8  h o u r s  prior to  s e c t io n in g .



3 .  T h e  N e u r o a n a t o m i c a l  S t u d i e s  o f  L e s i o n e d  a n d

S tim u la te d  S ite s

S er ia l c o ro n a l frozen  s e c t io n  o f th e  b r a in  w er e  o b ta in e d  
a t th e  t h ic k n e s s  o f  4 0  (im  b y  u s in g  a  fr e e z in g  m ic r o to m e . T h e  
b ra in  s e c t io n s  w ere  p ick ed  u p  o n to  m ic r o sc o p ic  g la s s  s l id e s  a n d  
s t a in e d  w ith  c r e s y l v io le t . T h ey  w er e  m o u n te d  u n d e r  th e  
c o v e r g la s s .  T h e  le s io n e d  s ite  a n d  s t im u la t e d  s i t e  w e r e  
in v e s t ig a te d  b y  m icr o sc o p e .



E M G  s t u d i e s  o f  b o t h  t r i c e p s  s u r a e  a t  r e s t
3 1

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

E M G  s t u d i e s  a f t e r  

s t i m u l a t i o n

M e a s u r e m e n t  ะ L a t e n c y  p e r i o d  ( t i m e  o f  s t a r t e d  E S  to  t i m e
o f  s u p p r e s s i n g  e f f e c t )

ะ A f t e r  e f f e c t  p e r i o d  ( t i m e  o f  s t o p p e d  E S  to  
t i m e  o f  E M G  r e b o u n d )

S t i m u l a t i o n  s i t e

F ig u r e  5 D ia g r a m m a t ic  s h o w s  th e  s t e p  o f  t h e  e x p e r im e n t
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