
C h a p t e r  3 

\
R e s u l t s

1 .  A m in o  A c i d  A n a l y s i s  ะ P r e p a r a t i o n  o f  S t a n d a r d  C u r v e

A t y p i c a l  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 m  

o f  O P A - d e r i v a t i v e s  o f  a s t a n d a r d  m i x t u r e  o f  8 s e l e c t e d  

a m in o  a c i d s  ( c o n e .  400  p m o l  e a c h )  ะ a s p a r t i c  a c i d  

( A s p ) ,  g l u t a m i c  a c i d  ( G l u ) ,  s e r i n e  ( S e r ) ,  g l u t a m i n e  

( G l u n ) ,  g l y c i n e  ( G l y ) ,  t a u r i n e  ( T a u ) ,  a l a n i n e  ( A l a )  a nd  

g a m m a - a m i n o b u t y r i c  a c i d  ( GABA) ;  i s  s h ow n  i n  F i g .  7.  

The  c o m p l e t e  e l u t i o n  o f  t h e  a m i n o  a c i d s  was a c h i e v e d  

w i t h i n  a b o u t  20 m i n .  The  a r e a  o f  e a c h  p e a k  i n  t h e

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

o f  t h e  O P A - d e r i v a t i v e s  o f  e a c h  s t a n d a r d  w i t h  l i n e a r i t y  

r e a l i a b l e  i n  t h e  r a n g e  40 p m o l  t o  1600  p m o l  a m in o  a c i d  

c o n t e n t  ( F i g .  8 ) .  T a b l e  1 .  e x p r e s s e d  t h e  c o e f f i c i e n t  

o f  v a r i a t i o n  ( C . v . )  o f  t h e  p e a k  a r e a  o f  e a c h  a m in o  

a c i d .

2 .  P e r f u s i o n  E x p e r i m e n t s

The  a m o u n t  o f  a m i n o  a c i d s  l i b e r a t e d  i n t o  

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

l o c a t i o n  o f  t h e  t i p  o f  t h e  p u s h - p u l l  c a n n u l a .  F i g .  9 

sh ow s  an  e x a m p l e  o f  c h r o m a t o g r a m  o f  p e r f u s a t e  o b t a i n e d  

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

s e c t i o n  show n  i n  F i g .  10 .  The  h i s t o l o g y  r e v e a l e d  a 

s c a r  f r o m  t i s s u e  dam age  c a u s e d  b y  t h e  c a n n u l a  t i p  t o  be
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R e t e n t i o n  t i m e  ( m i n )

F i g u r e  7 .  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 m  o f  a 

s t a n d a r d  m i x t u r e  o f  a m i n o  a c i d s  (Ca 400  p m o l  o f  

e a c h ) .  P e a k s  ะ 1 = a s p a r t i c  a c i d  •1 2 ะ g l u t a m i c  

a c i d  ; 3 = s e r i n e  ; 4 ะ g l u t a m i n e  ; 5 ะะ

g l y c i n e  ; 6 ะ: t a u r i n e  ; 7 ะ: a l a n i n e  ; 8 ะ: GABA
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p-rr>ol c 10)

F i g u r e  8 .  s t a n d a r d  c u r v e  o f  a m in o  a c i d s  m e a s u r e m e n t .

P e a k  a r e a  r e f e r s  t o  a r e a  u n d e r  e a c h  o f  a m i n o

a c i d s  p e a k .
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Compound C . V .  (%)

A s p a r t i c  a c i d 3 . 4 5

G l u t a m i c  a c i d 9 . 0 4

S e r i n e 6 . 2 1

G l u t a m i n e 7 . 50

G l y c i n e 1 0 . 1 2

T a u r i n e 1 0 . 6 7

A l a n i n e 9 . 8 5

GABA 6 . 14

T a b l e  1 .  C o e f f i c i e n t  o f  v a r i a t i o n  ( C . v . )  o f  t h e  p e a k  

a r e a .  C o n c e n t r a t i o n  o f  e a c h  c o m p o u n d  i s  

400  p - m o l e  ; n u m b e r  o f  d e t e r m i n a t i o n  = 4 .
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F i g u r e  9

A

1. a s p a r t i c  a c i d
2 .  g l u t a m i c  a c i d
3 .  s e r i n e
4 .  g l u t a m i n e
5.  - g l y c i n e
6 .  t a u r i n e
7 .  a l a n i n e
8. GABA'

15 2 0

m e  ( m i n )

z 18 p m o l
z 43 p m o l
= 60 p m o l
ะ 1080 p m o l
z 680 p m o l
- 1224 p m o l
= 138 p m o l
z 160 p m o l

. S a m p le  c h r o m a t o g r a m  o f  t h e s u p e r f u s a t e

v e s t i b u l a r  n u c l e u s .  S h o w i n g  s e p a r a t i o n  o f  8

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

a c i d s  show n  u n d e r  t h e  c h r o m a t o g r a m  w e r e

r e f e r e n c e d  f r o m  s t a n d a r d  c u r v e .
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F i g u r e  10 .  C o r o n a l  s e c t i o n s  o f  r a t ’ s b r a i n  t h r o u g h  p l a n e  

- 3 . 6  ( a c c o r d i n g  t o  a t l a s  b y  P e l l e g r i n o ,  L . J .  

e t  a l . ,  1 9 7 9 )  f r o m  a s u c c e s s f u l  e x p e r i m e n t .  

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

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

l o c a t i o n  o f  t h e  c a n n u l a  i s  a l s o  s h ow n  i n  F i g .  1 1 ,  w h i c h
X

s u g g e s t e d  m uch  l e s s  q u a n t i t i e s  o f  t h e  a m i n o  a c i d  

r e l e a s e d .  F i g .  12 s h o w  a  h i s t o l o g i c a l  s e c t i o n  w i t h  t h e  

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

3 .  S p o n t a n e o u s  R e l e a s e  o f  E n d o g e n o u s  A m in o  A c i d s

When t h e  v e s t i b u l a r  n u c l e i  was c o n t i n u o u s l y  

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

a c i d s  r e l e a s e  was  d e t e c t e d  30 m i n  a f t e r  t h e  o n s e t  o f  

s u p e r f u s i o n  t h r o u g h  t h e  e n d  o f  a 100 m i n  c o l l e c t i o n  

p e r i o d .  T h e  f i r s t - 30 m i n  o f  s u p e r f u s i o n  was d i s c a r d e d  

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

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

a c i d s  r e l e a s e  i s  s h o w n  i n  F i g .  13 a n d  T a b l e  2 .  The  

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

t h r o u g h o u t  t h e  e x p e r i m e n t .  T he  a m i n o  a c i d s  d e t e c t e d  i n  

t h i s  e x p e r i m e n t ,  a s  i d e n t i f i e d  b y  t h e  c o r r e s p o n d i n g  

p e a k  n u m b e r s  i n  t h e  c h r o m a t o g r a m  w e r e  A s p ,  G l u ,  S e r ,  

G l u n ,  G l y ,  T a u ,  A l a  a n d  GABA.

+
4 .  E f f e c t  o f  H i g h  K C o n c e n t r a t i o n  on  A m in o  A c i d s  R e l e a s e

I n  o r d e r  t o  e v o k e  t h e  r e l e a s e  o f  t h e  e n d o g e n o u s

a m i n o  a c i d s ,  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  b y  p e r f u s i o n
+

w i t h  a r t i f i c i a l  CSF c o n t a i n i n g  h i g h  K c o n c e n t r a t i o n ,  

e i t h e r  50 mM o r  100 mM. A f t e r  s a m p l e  No.  3 o f  b a s e l i n e
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F i g u r e  1 1 .  C h r o m a t o g r a m  o f  t h e  p e r f u s a t e  s a m p l e  f r o m  

i n c o r r e c t  p l a c e m e n t  o f  t h e  p u s h - p u l l  c a n n u l a .
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F i g u r e  12.  C o r o n a l  s e c t i o n  o f  t h e  r a t  b r a i n  w h i c h  t h e  

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

n u c l e i ,  a t  t h e  a r r o w .
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F i g u r e  1 5. The s p o n t a n e o u s  r e l e a s e  o f  a s p a r t i c  a c i d

( A s p ) ,  g l u t a m i c  a c i d  ( G l u ) ,  s e r i n e  ( S e r ) ,

g l u t a m i n e  (G lu -N H  >1 g l y c i n e  ( G l y ) ,  t a u r i n e
2

( T a u ) ,  a l a n i n e  ( A l a ) ,  and  T - a m i n o b u t y r i c  a c i d  

(GABA) f r o m  t h e  p e r f u s a t e  o f  t h e  r a t  

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

shows number  o f  s u p e r f u s a t e  s a m p le .  V e r t i c a l  

a x i s  shows t h e  amoun t  o f  am ino  a c i d s  r e l e a s e d  

i n  pmo l p e r  10 m in .  R e s u l t s  a r e  t h e  mean and

S . E . M .  o f  d a t a  o b t a i n e d  i n  5 e x p e r i m e n t s .
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^ '' ' ' ' '^  ร ample number 

am ino a c id " ' ' ' -
1 2 3 4 5 6 7 8 9 10

Asp â 7—2 11—3 13±4 9±3 6±1 10^2 13±4 12^3 8±2 11±4

G lu a 46±12 36±10 40±9 28±7 21—5 23—7 35—12 24±8 32±4 29—5

Ser 140^-36 142—36 112±37 120±41 132—27 125—24 112±40 121±47 127—54 148±-54

G lun 1159—364 1196—371 1078^-450 1165^267 1161—285 1446^-228 1272—306 1297—245 1016^-209 1558-211

G ly 494±-70 483—59 5 1 4 i7 8 410^78 593—77 589-76 507±39 677—31 326±88 510—52

Tau 220±44 220^-67 186±46 149—34 154±49 132—24 206-58 176^69 181-54 280^97

A la 118^20 116^44 113-23 160—16 148±13 127—11 114—23 142—27 148^38 150—39

GABA 303^-63 202±44 224—17 333—20 209±45 245—32 236—23 213^-29 205^52 307±49

Tab le  2 The spontaneous re le a s e  o f amino a c id s  from  supe rfused  v e s t ib u la r  n uc leus .

The v a lu e  in  th e  T a ille  re p re se n t the  mean t o t a l  p-m ol o f  ;unino a c id s  re le a s e  p e r m inute

+ ร’ . E. o f  mean. ท = number o f  o b s e rv a tio n  -  5
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+
t o  h i g h  K a r t i f i c i a l  CSF. When v e s t i b u l a r  n u c l e i  was

+
s u p e r f u s e d  w i t h s o l u t i o n  c o n t a i n i n g a h i g h K (1 0 0 mM)

a s i g n i f i c a n t i n c r e a s e  o f  a l l am ino a c i d s w e re

p r o d u c e d ,  w h i l e h i g h  K (50  mM) f a i l e d t o show a n y

s i g n i f i c a n t  e v o k e d  i n c r e a s e  o f  a n y  o f  t h e  a m in o  a c i d s .

The r e s u l t s  a r e  p r e s e n t e d  i n  F i g .  14 and  T a b l e  3 ,  4 .

2 +
5 .  E f f e c t  o f  Ca on A m in o  A c i d  R e le a s e

F u t h e r  e x p e r i m e n t  f o r  t h e  c a l c i u m - d e p e n d e n t  o f

t h e  r e l e a s e  m e c h a n is m  was o b t a i n e d  b y  d e p o l a r i z i n g
+ 2 +

v e s t i b u l a r  . n u c l e i  w i t h  h i g h  K (100  mM)-Ca f r e e

s o l u t i o n  c o n t a i n i n g  0 . 5  mM EDTA. The t i m e  c o u r s e  o f

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

t h r e e  c o n t r o l  s a m p le  c o l l e c t i o n ,  t h e  p e r f u s i o n  m edium
+ 2 +

was c h a n g e d  t o  t h e  h i g h  K (100  mM)-Ca f r e e  s o l u t i o n .

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

c o n t r o l  a r t i f i c i a l  CSF. I n  s uch  c o n d i t i o n s ,
+ 2 +

s t i m u l a t i o n  w i t h  h i g h  K -C a  f r e e  f a i l e d  t o  e v o k e d

r e l e a s e  o f  a l l  a m in o  a c i d s  as com pared  t o  a n o t h e r  h i g h  
+ 2 +

K -C a  r i c h  s o l u t i o n .  ( F i g .  15 and T a b l e  4 , 5 )

6 . E f f e c t  o f  E l e c t r i c a l  s t i m u l a t i o n  on Amino A c i d s  R e le a s e

A s e r i e s  o f  n i n e  e x p e r i m e n t  we re  c a r r i e d  o u t  i n  

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

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

s t i m u l a t i o n .  A f t e r  s u p e r f u s e d  v e s t i b u l a r  n u c l e i  w i t h  

c o n t r o l  CSF f o r  30 m in  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 e r v e  

was e l e c t r i c a l l y  s t i m u l a t e d  f o r  10 m in  ( d u r a t i o n  0 . 1
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F i g u r e  1 1. E f f e c t  o f  h i g h  c o n c e n t r a t i o n  o f  K ( 5 0  mM,

s q u a r e  s y m b o l  ; 100 mM1 f i l l e d  s y m b o l s )  on  t h e

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

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

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

a r t i f i c i a l  CSF, a f t e r  s a m p l e  3 was c o l l e c t e d
+

t h e  s o l u t i o n  was c h a n g e d  t o  h i g h  K - 5 0  mM a nd  
+

h i g h  K - 1 0 0  mM o f  e a c h  e x p e r i m e n t  ( A ) .  A f t e r  

s a m p l e  6 was c o l l e c t e d  t h e  s o l u t i o n  was 

c h a n g e d  b a c k  t o  c o n t r o l  a r t i f i c i a l  CSF ( B ) .  

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

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

b a s e l i n e  ( s t u d e n t 1ร t - t e s t ,  p < 0 . 0 5 )



Am
in

o 
ac

id
 r

el
ea

se
 c 

p-
m

ol
 .1

0 
m

in

6000r

3000-

B

4000r

S a m p le  n u m b e r



r
c o n t r o l
—A--------------------------1

50 mM.— K+
1--------------- -----A-------- c o n t r o l

çamp le  number 

am ino a c x d ^ ^ ^
1 2 3 4 5 6 7 8 9 10

Asp a 11—3 12—3 8 .8 - 1 .5 8 . 3 ± i . 4 2 2 .7 —3 1 9 .5 —1 20.1-^4 1 6 .3 -1 .5 1 3 .5 -1 .6 1 0 .5 - 1 .6

G lu a 28±8 33^9 24—3 44—11 61±9 117^34 143—36 99^49 97±39 78—37

Ser 8 A—24 82-38 83±43 142—37 116—21 118^44 1 4 9 -3 3 188 -51 129 -30 69^11

G lun 709—1A3 772—294 648-184 445—128 557—153 1086—206 99 1 -2 8 0 1398^475 1068^125 718^83

G ly 364^149 378—122 294^77 381—154 588—58 715—140 751^239 901—161 495—122 301±83

Tau 216^-60 164-49 142±26 238±54 343^81 282^80 498±61 513±80 368±43 224—29

A la 53—20 48—19 40^-20 5 4 -21 124—25 117—71 172—26 130^22 85—15 3 5 -1 5

GABA 44—3 3 5 -5 9 3 -3 41—7 85—15 148±40 174—25 82^30 24—19 71-12

T a b IO 0 The le v e l s  o f  Diniทก a c id s  r e l e a s e  f rom t h e  v e s t i b u l a r  nuc leu s  by  s t i m u l a t e d  w i t h  h ig h  K+

no inM. The v a lu e  i n  the  T a b le  r e p r e s e n t  t h e  mean t o t a l  p -m o l  o f  amino a c i d  r e l e a s e  p e r  

m inu te  + โ!. K. o f  mean. ท = number o f  o b s e r v a t i o n  -  ท
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F i g u r e  1 5 .  E f f e c t  o f  h i g h  c o n c e n t r a t i o n  o f  K ( 1 0 0  mM)
2 + + 

w i t h  Ca - d e p e n d e n t  ( f i l l e d  s y m b o l s )  a n d  K
2 +

( 1 0 0  mM) w i t h  Ca - f r e e  ( o p e n  s y m b o l s )  on  t h e

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

v e s t i b u l a r  n u c l e u s .  The  i n i t i a l  s u p e r f u s i o n

s o l u t i o n  was c o n t r o l  a r t i f i c i a l  CSF, a f t e r

s a m p l e  3 was c o l l e c t e d  t h e  s o l u t i o n  i s  c h a n g e d  
+ 2 + + 2 + 

t o  h i g h  K - C a  d e p e n d e n t  a nd  h i g h  K -C a

f r e e  o f  e a c h  e x p e r i m e n t  ( A ) .  A f t e r  s a m p l e  6

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

c o n t r o l a r t i f i c i a l  CSF (B )  . An a s t e r i s k

s y m b o l a d j a c e n t  t o  a p o i n t i n d i c a t e s  a

s i g n i f i c a n t  d i f f e r e n c e  ( s t u d e n t ’ s t - t e s t ,  p <

0 . 0 5 )
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100 mW K*
control Ca^+-dependent control

f---------------------A--------------- > «---------------------A---------------------1 <---- --------------------------A------------------------------>

\ s a m p le number
amino acid 1 2 3 4 5 6 7 8 9 10

Asp a 15±3 23±6 19±2 35^7 56̂ -2* 125̂ 13* 73-25 30̂ -18 29±4 22±4

. Glu a 64—19 73̂ 9 52±8 150̂ -16* 328±46* 306±72* 110±27 74±13 55±7 53—10

Ser 280̂ 15 180±33 208±46 274̂ 53 427—57* 740^71* 368̂ -60 158-38 101̂ 19 226̂ 4 7

Glun 2406—227 2702-385 2485̂ 195 3024-514 3092̂ 186 4877±545 3031±480 2602̂ 410 1585̂ 130 2391—248

Gly 1282—380 1688-430 1189-̂ -570 1188̂ -650 2209—570 3959—380 5192—178 3546^89* 3136-̂ 94 1889—290

Tau 423—134 501̂ 98 613-54 1331^89* 2482±68* 4303̂ 381 5750^42Î 2748-540 2058̂ 186 1287—185

Ala 568±49 444—59 338̂ 24 1079^33* 14 74—43* 3291—52* 1839±69 779̂ 55 416±82 343-52

GABA 229̂ -39 138±53 219—58 667—lo î 1037̂ -226 1306̂ -173 904^60 981±85 534̂ 55 305—56

T a b le  'ใ F vo k fd  re le a s e  o f  am ino a c id s  Prom th e  v e s t ib u la r  n u c le u s  hy s t im u la te d  w ith  h ijîh  K* 100 

เทพ. The v a lu e s  in  th e  T a b le  re p re s e n t th e  mean to ta l.  i>-mo] o f  am ino a c id  re le a s e  p e r

m in u te  + R .E . o r  mean. ท -  ทนmber o f  o b s e rv a t io n  -  G

t  s ip n i r le a n t  d i r r e r e n t  from  th a t  re le a s e d  in t o  th e  c o n t r o l  a r t i f i c i a l  CSF <p<0.0.0)

OJ00



control
A ว r

control
■>

100 mM-K+ 

Ca^+-free
.A. .A .

\sam ple number 
amino acià^N. 1 2 3 4 5 6 7 8 9

Asp a 35±10 22—7 30±2 28±4 27—5 37 -̂7 34—11 33±9 32±8
Glu a 66—11 39±4 55±7 79±12 49^9 67^13 57—18 42^9 68±4
Ser 384±45 '335—51 270±92 310±65 283±40 367—73 360^45 372^26 435±43
Glun 2413^494 3042±801 2644±478 2489±467 2906-519 2290^203 2376—312 1857—198 2777—113
Gly 1598±490 1284-286 1284^230 1142^480 1159±444 1454—169 161O±105 1241—137 1457—334
Tau 651—109 448—105 463—126 285-4.60 291—78 613—158 417±83 683—154 429—176
Ala 288 -̂54 201—55 159—25 139±45 194^28 212-18 334±40 301^58 314—79
GABA 142±68 127±83 121±91 114±97 109-77 118±61 124±57 138—27 14 7^55

พCo
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m sec  f r e q u e n c y  100  Hz c u r r e n t  1 m A ) . I n  a  s u c e s s f u l

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

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

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

was o b s e r v e d .  T h e  e n h a n c e d  r e l e a s e  o c c u r r e d  d u r i n g  3

c o l l e c t e d  f r a c t i o n s  w h e n  t h e  n e r v e  w as  s t i m u l a t e d .  A

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

i n  t h e  7 f r a c t i o n  was  o b s e r v e d  s u b s e q u e n t l y  t o  t h e  

l e v e l  c o m p a r a b l e  w i t h  t h e  i n i t i a l  3 c o n t r o l  s a m p l e .  

( F i g .  16 a n d  T a b l e  6 )

7 .  T h e  S t u d y  o f  s t i m u l a t i n g  E l e c t r o d e  P o s i t i o n

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

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

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

p h o t o g r a p h y .  E x a m p l e  o f  t h e  b r a i n  s e c t i o n  w i t h  

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

s h o w n  i n  F i g .  1 7 .  C h a n g e  i n  g l u t a m a t e  a n d  a s p a r t a t e  

r e l e a s e  c o u l d  be  d e t e c t e d  w hen  t h e  s t i m u l a t i n g  

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

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

o f  e l e c t r o d e  a s  s h o w n  i n  F i g .  1 8 .  T h u s ,  i n  some 

e x p e r i m e n t s ,  w hen  t h e  p u s h - p u l l  c a n n u l a  was  w e l l  

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

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

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

o f  t h e  r e l e a s e  o f  e i t h e r  g l u t a m a t e  o r  a s p a r t a t e .
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Figure 16. E ffe c t o f e le c t r ic a l s tim u la tio n  of 

v e s tib u la r nerve on amino acids release as 

measured in  the superfusate obtained over the 

experimental periods. The ho rizo n ta l scale 

shows number of superfusate sample 1 each was 

obtained during  10 min period. V e rtic a l axis 

shows the amount of amino acids released in  

pmol per 10 min. F il le d  symbol shows the 

release in  experimental case, while  square 

. symbol represent the c o n tro l. The p o s itio n  of 

stim ulus in d ica te s  as the arrow. An a s te risk  

symbol adjacent to a po in t ind ica tes  a 

s ig n if ic a n t d iffe re n ce  (s tu d e n t’ s t - t e s t ,  p < 

0.05)



Am
in

o 
ac

id
 r

el
ea

se
 (

p-
m

ol
.lO

m
ln

42

£๐๐

ASP
e ๐๐๐

GLY

3000

^ ะะi
JB

SER

□ Lๆ Jร

ALA

«๐เว๐
GLU-NKj GABA

Sample number



c o n t r o l  e l e c t r i c a l  s t i m u l a t e  c o n t r o l

1---------------------------------A------------------------- 1,-------------- A------------ 1,----------------------A------

1 2 3 4 5 6 7

Asp a 14±2 1713 1712 55113* 48111* 3119 1513

Glu a 37±4 4213 4214 104113* 126149* 97141 3314

Ser 147±37 125119 144133 268158 243162 181146 114124

Glun 7401216 7161225 9101256 8151196 7651148 9171228 7391172

Gly 6821113 6201131 710149 9171149 8491219 9121231 5891163

Tau 4061119 274173 4801144 4331136 4751125 4641179 240129

A la 207163 279188 259198 3791160 3141121 3691117 192168

GABA 101132 128135 168141 160137 166142 220174 104133-

able 6 Evoked r e l e a s e  o f amino a c id s from t h e  v e s t i b u l a r n uc leus  by e l e c t r i c a l s t i m u l a t i o n

i p s i l a t e r a l  v e s t i b u l a r  nu rve . The v a lu es in  Tab le re p r e s e n t  t h e  mean t o t a l p -mo l  o f

amino a c i d  r e l e a s e  p e r  m in u te  i  S.E.  o f  the  mean ท = number o f  o b s e r v a t i o n  = 9 

*  S i g n i f i c a n t  d i f f e r e n t  f rom t h a t  evoked re le a s e d  i n t o  t h e  a r t i f i c i a l  CSF (P < 0 .05 )
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F i g u r e  1 C o r o n a l  s e c t i o n  o f  r a t ’ s b r a i n .  P h o t o g  

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

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

s e c t i o n .  The  e l e c t r o l y t i c  l e s i o n  r e p r e  

l o c a t 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  i s  se

r a p h  on 

R i  g h t  

ed  f r o m  

s e n t i n g  

en  as

t h e  d a r k  s p o t  a t  t h e  a r r o w .
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F i g u r e  1 8 . ( A - C ) E f f e c t  o f e l e c t r i c a l s t i m u l a t i o n a t

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

on  t h e r e l e a s e o f g l u t a m a t e a nd

a s p a r t a t e . The v a r i o u s  s i t e o f

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

a r e  r e p r e s e n t e d  on  t h e  l e f t  p a r t  o f  t h e  

f i g u r e ,  t h e  b l a c k  c i r c l e  ( • )  a t  t h e  a r ro w -  

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

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

( o p e n  s y m b o l )  f r o m  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  v e s t i b u l a r  n e r v e  on  t h e  r i g h t  p a r t  

o f  t h e  f i g u r e .

V I I I  = V e s t i b u l a r  n e r v e

V V e n t r i c l e



า8  A

Sample number



qtunu Pidumg

200



S a m p l e  n u m b e r

Am
in

o 
ac

id
 r

el
ea

se
 (

p-
m

ol
.io

m
in

1}

C
O o


	CHAPTER 3. RESULTS
	1. Amino Acid Analysis : Preparation of standard curve
	2. Perfusion experiments
	3. Spontaneous release of endogenous amino acids
	4. Effect of high K+ concentration on amino acids release
	5. Effect of Ca 2+ on amino acid release
	6. Effect of electrical stimulation on amino acids release
	7. The study of stimulating electrode position


