
Chapt er  2

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

1 .  M a t e r i a l s

T h e  s u p e r f u s i o n  c a n n u l a  was made f r o m  s t a i n l e s s  

s t e e l  t u b e s ,  a n d  c o m p o s e d  o f  t w o  p a r t s  ( 1 )  a n  o u t e r  

c a n n u l a  w i t h  e x t e r n a l  d i a m e t e r  0 . 9  mm.,  a n d  ( 2 )  a n  

i n n e r  c o n c e n t r i c  c a n n u l a  w i t h  d i a m e t e r  0 . 2  mm. T h e  

e x t e n t  o f  t h e  p r o t u s i o n  o f  t h e  i n n e r  c a n n u l a  was  1 . 3  

mm. b e l o w  t h e  o u t e r  c a n n u l a  ( F i g .  3 ) .  A t  t h i s  

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

b e e n  r e p o r t e d  ( Y a s k  a n d  Y a m a m u ra ,  1 9 7 4 ) .

Two c h a n n e l s  o f  t h e  p e r i s t a l t i c  i n f u s i o n  pum ps  

( G i l s o n ,  m i n i p u l s  2 ,  F r a n c e )  w e r e  u s e d  w i t h  s i l i c o n e  

t u b i n g  ( i n t e r n a l  d i a m e t e r  0 . 8  mm. )  f o r  c o n t i n u o u s  

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

f l u i d  ( C S F ) .  T he  c o m p o s i t i o n  o f  t h e  a r t i f i c i a l  CSF w a s : -

NaC l 120 mM

NaHCO 15 mM
3

KC1 5 mM

CaC l 1 . 5 mM
2

MgSO 1 mM
4

G l u c o s e 6 mM

T he  pH was a d j u s t e d  t o  7 . 2  and  e q u i l i b r a t i o n

w i t h  0  -CO ( 9 5 - 5 ,  v / v  m i x t u r e ) .
2 2

I n  some e x p e r i m e n t s ,
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P u s h

F i g u r e  3 .  S c h e m a t i c  d e s c r i p t i o n  o f  t h e  s u p e r f u s i o n  p u s h -

p u l l  c a n n u l a .
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t h e  Ca c o n t e n t  o f  t h e  s o l u t i o n  was o m i t t e d  ( i . e .
2 +

Ca - f r e e  s o l u t i o n )  a n d  r e p l a c e d  b y  an  e q u i m o l a r
2 +

c o n c e n tra t io n  o f  Mg w i t h  t h e  a d d i t i o n  o f  0 . 5  mM
+

d i s o d i u m  EDTA. I n  o t h e r  e x p e r i m e n t s ,  t h e  Na c o n t e n t

was r e d u c e d  b y  e i t h e r  50 o r  100 mM a n d  r e p l a c e d  b y  t h e
+ + +

same m o l a r  e q u i v a l e n t  o f  K ( i . e .  h i g h  K s o l u t i o n ;  K

c o n e  50 mM o r  100 mM) .

2.  S u p e r f u s i o n  M e t h o d s

+ 2

M a l e  a l b i n o  r a t  ( W i s t a r  s t r a i n )  w e i g h i n g  2 8 0 -  

300 g ,  w e r e  u s e d  i n  t h e  p r e s e n t  s t u d y .  T he  a n i m a l s  was 

a n e s t h e t h i z e d  w i t h  s o d i u m  p e n t o b a r b i t o n e  ( 4 0  m g / k g  

b o d y w e i g h t )  b y  r e c e i v i n g  s i n g l e  i n t r a p e r i t o n e a l  

i n j e c t i o n .  A f t e r  c o m p l e t e  a n e s t h e s i a  t h e  a n i m a l  was 

m o u n t e d  i n  a T a k a h a s h i  s t e r e o t a x i c  i n s t r u m e n t  i n  a 

s u p i n e  p o s i t i o n ,  w i t h  h e a d  f i r m l y  f i x e d  i n  t h e  h e a d  

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

a n d  r e t r a t e d  a w a y .  The  d o r s o - c a u d a l  s u r f a c e  o f  t h e  

c e r e b e l l u m  was e x p o s e d  b y  c r a n i o t o m y  a n d  t h e  c
1

v e r t e b r a  was r e m o v e d  b y  l a m i n e c t o m y .  The  d u r a - m a t t e r  

a n d  p i a - m a t t e r  w e r e  d i s s e c t e d  u n d e r  t h e  d i s s e c t i n g  

m i c r o s c o p e .  The  e x p o s e d - s u r f a c e  o f  t h e  c e r e b e l l u m  was 

c o v e r e d  b y  a m i x t u r e  o f  v a s e l i n e  a n d  l i q u i d  p a r a f f i n  t o  

p r e v e n t  d e h y d r a t i o n .  The  a n i m a l ’ s h e a d  was a l i g n e d  

d o w n w a r d  i n  a 30 p l a n e  t o  f a c i l i t r a t e  f u r t h e r  s u r g e r y  

on  t h e  h i n d  b r a i n .  T he  c e r e b e l l u m  was l i f t e d  a w a y  f r o m  

t h e  f l o o r  o f  t h e  f o u r t h  v e n t r i c l e  b y  u s i n g  a s m a l l
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The  s u p e r f u s i o n  p u s h - p u l l  c a n n u l a  was 

s t e r e o t a x i c a l l y  i n s e r t e d  i n t o  t h e  v e s t i b u l a r  n u c l e u s  t o  

a d e p t h  o f  1 . 3 - 1 . 8  mm b e l o w  t h e  s u r f a c e  b y  a n o t h e r  

m i c r o m a n i p u l a t o r .  The  c o n s t a n t  f l o w  r a t e  was a d j u s t e d  

w i t h i n  1 0 - 3 0  A i l / m i n .  The  a m o u n t  o f  f l o w  c o l l e c t e d  

( e f f l u x )  was a l w a y s  e q u a l  t o  t h e  a m o u n t  o f  f l o w  

p e r f u s e d  ( i n f l u x ) .  S u p e r f u s a t e  f r a c t i o n s  ( 1 0  m i n )  w e r e  

c o l l e c t e d  a t  t e n  m i n  i n t e r v a l s ,  a n d  t h e  s a m p l e s  w e r e  

s t o r e d  a t  - 2 0  c u n t i l  a n a l y s i s  ( w i t h i n  1 w e e k ) .

3 .  E l e c t r i c a l  s t i m u l a t i o n  M e t h o d

A b i p o l a r  p l a t i n u m  e l e c t r o d e  ( d i a m e t e r  0 . 1  mm) ,  

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

s e p a r a t i o n  o f  1 . 0  mm was s t e r e o t a x i c a l l y  i m p l a n t e d  t o  

t h e  v e s t i b u l a r  n e r v e .  L o c a l i z a t i o n  o f  t h e  v e s t i b u l a r  

n e r v e  was b a s e d  on s t e r e o t a x i c  c o o r d i n a t e s  a d a p t e d  f r o m  

t h e  s t e r e o t a x i c  a t l a s  o f  t h e  r a t  b r a i n  b y  P e l l e g r i n o ,  

P e l l e g r i n o  a n d  Cushman ( 1 9 7 9 ) .  P r e c i s i o n  o f  

s t i m u l a t i n g  e l e c t r o d e  p l a c e m e n t  was c o n t r o l l e d  by  

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

i p s i l a t e r a l  v e s t i b u l a r  n u c l e u s  t h r o u g h  a s i n g l e  b a r r e l  

m i c r o e l e c t r o d e  f i l l e d  w i t h  4 M N a C l  s o l u t i o n  ( t i p  

d i a m e t e r  3 A im , r e s i s t a n c e  2 - 7  nut).  S u r v e y  s t i m u l a t i n g  

p u l s e s  w e r e  s q u a r e  wave  w i t h  2 Hz f r e q u e n c y ,  a n d  p u l s e s

s p a t u l a  and m i c r o m a n i p u l a t o r .  The f o u r t h  v e n t r i c l e
w i t h  t h e  v e s t i b u l a r  n u c l e i  l i n e d  b i l a t e r a l l y  a l o n g  i t s
f l o o r  c o u l d  be v i s i b l e  c l e a r l y 'under t he  m i c r o s c o p e .
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a d j u s t e d  w i t h i n  5 0 - 6 0  p A  b y  m e a s u r i n g  v o l t a g e  d r o p  

a c r o s s  a  100  O h m - r e s i s t e r  on  an  o s c i l l o s c o p e .  T he  

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

t h a t  t h e  f i e l d  p o t e n t i a l  w a s '  a t  a  m a x im u m .  The  

r e c o r d i n g  e l e c t r o d e  was  t h e n  r e p l a c e d  w i t h  t h e  p u s h -  

p u l l  c a n n u l a .  T he  p e r f u s i o n  was  s t a r t e d .  A f t e r  

c o n t r o l l e d  s a m p l e  N o .  3 ( i . e .  30 m i n )  t h e  v e s t i b u l a r

n e r v e  was  s t i m u l a t e d  u s i n g  c u r r e n t  1 mA, f r e q u e n c y  100 

H z ,  d u r a t i o n  0 . 1  m s e c ,  f o r  10 m i n  w i t h  s t i m u l u s  c u r r e n t  

b e i n g  m o n i t o r e d  c o n t i n u o u s l y  on  an  o s c i l l o s c o p e  ( F i g . 4 ) .

4 .  A m in o  A c i d  A s s a y s

4 . 1  C h r o m a t o g r a p h

Q u a n t i t a t i v e  a n a l y s i s  was p e r f o r m e d  o n  a h i g h

p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  (HPLC) w h i c h  was

c o n s t i t u t e d  o f  t w o  S h i m a d z u  HPLC pum ps  ( L C - 3 A )  f o r

d e l i v e r y  o f  m i x t u r e  o f  t w o  s o l v e n t s  ( e t h a n o l  ะ a c e t a t e

b u f f e r )  w h o s e  c o m p o s i t i o n s  was c h a n g e  i n  g r a d i e n t .  T he

g r a d i e n t  was  c o n t r o l l e d  b y  a s o l v e n t  p r o g r a m m e r  (GRE-

3 A ) .  An a u t o i n j e c t o r  ( LC i n j e c t o r  S I L - 1 A )  w i t h  2 00  p i

l o o p  was  u s e d  f o r  s a m p l e  i n j e c t o r .  A m in o  a c i d s  i n  t h e

s a m p l e  w e r e  s e p a r a t e d  on  a Z o r b e x - O D S  (C ) c o l u m n  ( 2 5
18

cm X 4 . 6  mm I . D . )  p a c k e d  w i t h  -C  H 1 p a r t i c l e s
18 37

d i a m e t e r  5 pm ( S h i m a d z u ,  K y o t o ,  J a p a n ) .

The column e f f l u e n t  was m o n i t o r e d  by a Shimadzu
f i l t e r - t y p e  f l u o r o m e t r i c  d e t e c t o r  FLD-1 w i t h  a 14 p i
f l o w - t h r o u g h  c e l l  o p e r a t e d  a t  an e x c i t a t i o n  w a v e l e n g t h
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F i g u r e  4 .  S c h e m a t i c i l l u s t r a t i o n o f  t h e s t i m u l a t i o n ,

r e c o r d i n g a n d  l o c a l i z e d p e r f u s i o n a r r a n g e m e n t s

u s e d  i n  t h e  p r e s e n t  s t u d i e s
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o f  360  nM ( 7 - 6 0  c o r n i n g  f i l t e r )  a n d  a n  e m i s s i o n  

w a v e l e n g t h  o f  4 50  nM ( c u t - o f f  f i l t e r ) .  T h e  a r e a  o f  

e a c h  c h r o m a t o g r a p h  p e a k  was  a u t ç m a t i c a l l y  d e t e r m i n e d  b y  

a  c o m p u t i n g  i n t e g r a t o r  C -R 1A  c h r o m a t o p a c  ( S h i m a d z u ) .

4 . 2  R e a g e n t  a n d  c h e m i c a l s  ะ

-  P o t a s s i u m  a c e t a t e  ( J . , T  B a k e r  C h e m i c a l  C O . )

-  M e t h a n o l  HPLC g r a d e  ( J . T  B a k e r  C h e m i c a l  C O . )

-  S t a n d a r d  a m i n o  a c i d s  ( S i g m a )

-  O - P h t h a l a l d e h y d e  (OPA) ( S i g m a )

-  A b s o l u t e  e t h a n o l  ( J . T  B a k e r  C h e m i c a l  C O . )

-  2 - m e r c a p t o e t h a n o l  (BDH C h e m i c a l  L t d . )

-  B o r i c  a c i d  ( M a l l i n c k r o d t . )

T h e  m o b i l e  p h a s e  was c o m p o s e d  o f  0 . 1  M

p o t a s s i u m  a c e t a t e ,  pH 5 . 5 0  a n d  m e t h a n o l ,  HPLC g r a d e .  A 

s t a n d a r d  s t o c k  a m i n o  a c i d  s o l u t i o n  was p r e p a r e d  b y  

d i s s o l v i n g  k n o w n  a m o u n t  o f  e a c h  a m in o  a c i d  i n  10 mM HCL 

t o  p r o v i d e  a c o n c e n t r a t i o n  o f  100 p m o l / m l .  T he  

s o l u t i o n  was  s t o r e d  a t  4 °c u n t i l  u s e .  W o r k i n g  

s t a n d a r d  s o l u t i o n  was a m i x t u r e  o f  a l l  a m i n o  a c i d  

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

w i t h  t r i p l e  d i s t i l l e d  w a t e r .

T he  d e r i v a t i z a t i o n  r e a g e n t  was p r e p a r e d  as  

f o l l o w  ะ 10 mg 0 - p h t h a l a l d e h y d e  w e r e  d i s s o l v e d  i n  500  

u l  a b s o l u t e  e t h a n o l .  To t h i s  s o l u t i o n  500  , u l  o f  2 -  

m e r c a p t o e t h a n o l  w e r e  a d d e d  a n d  t h e n  d i l u t e d  u p  t o  10 m l  

w i t h  0 . 4  M b o r i c  a c i d  a d j u s t e d  t o  pH 1 0 . 4 .  The

0 1 2 5 1 3
I W 2 9 & 7 A 3



s o l u t i o n  w a s  f r e s h l y  p r e p a r e d  e v e r y d a y  a n d  k e p t  i n  t h e  

d a r k .

4 . 3  C h r o m a t o g r a p h y  ะ '

T h e  m o b i l e  p h a s e  was  d e g a s s e d  b y  u l t r a s o n i c  

a g i t a t i o n  a n d  v a c c u u m  s u c t i o n .  The  m o b i l e  p h a s e  

g r a d i e n t  w as  i n c r e a s e d  f r o m  20 % t o  65 % m e t h a n o l  i n  

o n e  l i n e a r  s t e p s  a t  a f l o w  r a t e  o f  2 % / m i n .  T he  

s o l v e n t  w as  p u m pe d  t h r o u g h  t h e  c o l u m n  a t  a  r a t e  1 

m l / m i n  a t  a  p r e s s u r e  300  P s i .  The  g r a d i e n t  e l u t i o n  

p r o g r a m  wag f o l l o w e d  b y  a 1 0 - m i n  w a s h i n g  s t e p  ( 1 0 0  X 

m e t h a n o l )  a n d ,  f i n a l l y ,  t h e  c o l u m n  was e q u i l i b r a t e d  

w i t h  20  % m e t h a n o l .  T he  c o l u m n  t e m p e r a t u r e  was 

m a i n t a i n e d  a t  40  c. The  s a m p l e s  w e r e  a p p l i e d  t o  t h e  

c o l u m n  w i t h  a n  a u t o i n j e c t i o n  v a l v e  ( F i g .  5 ) .

4 . 4  P r e c o l u m n  D e r i v a t i z a t i o n

One v o l u m e  ( 1 0 0  p i )  o f  a m in o  a c i d  s t a n d a r d  o r  

p e r f u s a t e  s a m p l e  was  m i x e d  w i t h  t w o  v o l u m e  ( 2 0 0  p i )  o f  

t h e  d e r i v a t i z a t i o n  r e a g e n t  s o l u t i o n  b y  a v o r t e x - m i x e r  

a t  r o o m  t e m p e r a t u r e .  A f t e r  e x a c t l y  90 s e c  t h e  r e a c t i o n  

m i x t u r e  w e r e  i n j e c t e d  i n t o  t h e  c h r o m a t o g r a p h .

5 .  H i s t o l o g i c a l  s t u d y  :

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

was m a r k e d  e l e c t r o l y t i c a l l y  b y  p a s s i n g  p o s i t i v e  

c u r r e n t s  1 mA f o r  1 m i n  t h r o u g h  t h e  e l e c t r o d e s .  T h i s  

c u r r e n t  d e n a t u r e d  t i s s u e s  s u r r o u n d i n g  e l e c t r o d e  t i p .
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F i g u r e  5 D i a g r a m m a t i c  

p e r f o r m a n c e  

d e t e r m i n a t i o n  

s u p e r f u s a t e  f

r e p r e s e n t a t i o n  o f

l i q u i d  c h r o m a t o g r a p h y  u s e d  

o f  a m in o  a c i d  c o n t e n t s  

rom  t h e  v e s t i b u l a r  n u c l e i .

h i g h
i n
i n
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T he  a n i m a l  was  d e e p l y  a n e s t h e t i z e d  f u r t h e r ,  a n d  

p r e p a r e d  f o r  b r a i n  e x t r a c t i o n .  A f t e r  c u t t i n g  t h e  

j u g u l a r  v e i n s  t o  p r o v i d e  d r a i n a g e ,  t h e  a a m m a à l  KHas 

p e r f u s e d  t h r o u g h  t h e  l e f t  v e n t r i c l e  w i t h  10 % f o r m a l  

s a l i n e  c o n t a i n i n g  0 . 2  % p o t a s s i u m  f e r r i c y a n i d e . The  

b r a i n  was  t h e n  r e m o v e d  a n d  s t o r e d  i n  10 % f o r m a l  

s a l i n e ' .  A f t e r  f i x a t i o n  t h e  b r a i n  was  c u t  i n  c o r o n a l  

s e c t i o n s  ( 5 0 - 1 0 0  pm )  o n  a f r e e z i n g  m i c r o t o m e .  The  

s e c t i o n s  w e r e  s t u d i e d  u n d e r  l i g h t  m i c r o s c o p e  f o r  t h e  

t i s s u e  d a m ag e  c a u s e d  b y  a p u s h - p u l l  c a n n u l a  a n d  a b l u e  

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

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

i n  a l l  e x p e r i m e n t s .

T h e  v a l u e s  o b t a i n e d  i n  i n d i v i d u a l  e x p e r i m e n t s  

a r e  e v e r a g e d  a n d  g r a p h s  o f  t h e  mean r e l e a s e  o f  e a c h  

a m i n o  a c i d  p l o t t e d  a g a i n s t  s a m p l e  n u m b e r .  T he  mean o f  

t h e  t h r e e  r e s t i n g  r e l e a s e  v a l u e s  was  c a l c u l a t e d  t o  g i v e  

a mean r e s t i n g  r e l e a s e  a n d  e a c h  s t i m u l a t i n g  v a l u e  

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

S t u d e n t ’ s t  t e s t .



O P A  2 -  M e r c a p t o e t h a n o l  F l u o r e s c e n t  d e r i v a t i v e s

E x  = 3 4 0  n m  

E m  = 4 6 0  n m

iq u r o  r>. O -P h th a la ld e h y d e  (OPA) fo rm s  f lu o r e s c e n t  d e r i v a t i v e s  in  aqueous s o lu t i o n  when r e a c ts  

w i t h  am ino  a c id s  in  th e  p re s e n c e  o f  th e  re d u c in g  a q e n t 2 -  m e rc a p to e th a n o l.
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