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DETERMINATION OF GLUTAMIC A C I D  DECARBOXYLASE ACTIVITY 
I N  SUBREGIONS OF RAT B R A I N  BY HIGH PRESSURE 

LIQUID CHROMATOSRAPHY 

Mack R .  Ho ld iness  
Lou i s i axa  S t a t e  U n i v e r s i t y  

Schoo l  of Medic ine  
1900 Pe rd ido  S t r e e t  - Room B-96 
New O r l e a n s ,  L o u i s i a n a  70112 

ABSTRACT 

A q u a n t i t a t i v e  h igh  p r e s s u r e  l i q u i d  chromato-  
g r a p h i c  (HPLC) a s s a y  has  been developed  f o r  t h e  d e t e r -  
minat  i on  of g l u t a m i c  a c i d  deca rboxy lase  (GAD) a c t i v i t y  
i n  s u b r e g i o n s  of r a t  b r a i n .  GAD a c t i v i t y  was d e t e r -  
mined i n d i r e c t l y  by measurement of gamma-aminobutyric 
a c i d  ( G A B A ) .  F l u o r i m e t r i c  d e t e c t i o n  was made p o s s i b l e  
by d e r i v a t  i z a t  i o n  w i t h  o r t h o - p h t h a l a l d e h y d e  and t h e  
l i m i t  of  d e t e c t i o n  was 11 ng GABA. 

INTRODUCTION 

Gamma-aminobutyric a c i d  (GABA) h a s  been i d e n t i f i e d  

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

c e n t r a l  nervous  sys tem of v e t e r b r a t e s  (1). However, 

GABA is  d i s t r i b u t e d  i n  g l i a l  c e l l s  a s  w e l l  a s  w i t h i n  

n e u r o n s ,  w h i l e  g l u t a m i c  a c i d  d e c a r b o x y l a s e  (GAD) t h e  

enzyme t h a t  d e c a r b o x y l a t e s  g l u t a m i c  a c i d  (GA) t o  GABA, 
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480 HOLDINESS 

is found on ly  w i t h i n  t h e  neu rons  (1). T h e r e f o r e  GAD 

a c t i v i t y  i s  used  a s  a marker  of GABAergic n e u r o n s .  

GABA p r o j e c t i o n s  from n e o s t r i a t u m  t o  g l o b u s  p a l l i d u s  

(GP),  en topeduncu la r  n u c l e u s  (EP) ,  and s u b s t a n t i a  n i g r a  

(SN) ( 2 , 3 )  a s  w e l l  a s  from SN t o  v e n t r o m e d i a l  t ha l amus  

( V M )  ( 4 )  have been r e p o r t e d .  Decreased  GAD a c t i v i t y  has  

been found i n  t h e  s t r i a t u m  and S N  of postmortem b r a i n s  

of humans a f f l i c t e d  w i t h  P a r k i n s o n ' s  d i s e a s e  and 

Hun t ing ton ' s  chorea  ( 5 , 6 ) .  

A number of p rocedures  have been developed  f o r  t h e  

i n d i r e c t  a n a l y s i s  of GAD a c t i v i t y  v i a  measurement of 

GABA f o r m a t i o n .  A r a d i o m e t r i c  method f o r  GAD a c t i v i t y  

by measurement of 14C02 from t h e  d e c a r b o x y l a t  i on  of 

14C- labe led  GA has  been d e s c r i b e d  by R o b e r t s  and 

Simonsen ( 7 ) .  Lowe e t  a l  ( 8 )  r e p o r t e d  a f l u o r i m e t r i c  

p rocedure  f o r  t h e  d e t e r m i n a t i o n  of GAD a c t i v i t y  i n  

n e u r a l  t i s s u e  by measurement of GABA f o r m a t i o n .  

R e c e n t l y ,  Ho ld iness  e t  a 1  ( 9 )  r e p o r t e d  a m o d i f i c a t i o n  

of t h e  Lowe et ( 8 )  method f o r  measurement of GAD 

a c t i v i t y  i n  s u b r e g i o n s  of r a t  b r a i n .  Values  r e p o r t e d  

f o r  GAD a c t i v i t y  were 7 . 9 1  2 1 . 4 7  (GP). 6 .87  - + 2 .07  

(EP) ,  3 .38 2 0.69 ( V M ) ,  13.80 - + 2.14  (SNM) and 8 .23  - + 

2.26 ( S N L )  ug GABA/hour/mg p r o t e i n .  

I n  t h i s  paper  i s  r e p o r t e d  an  HPLC method f o r  de te r -  

m i n a t i o n  of GAD a c t i v i t y  i n  r a t  b r a i n  t i s s u e  u s i n g  

f l u o r e s c e n t  d e t e c t i o n .  
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GLUTAMIC ACID DECARBOXYLASE ACTIVITY 48 1 

EXPERIMENTAL 

Mat e r  i a l s  

The chemica ls  used i n  t h i s  s t u d y  were sodium-L- 

g lu t ama te  ( P f a l t z  and Bauer ,  I n c . ,  S t amford ,  C N ) ,  t r i -  

c h l o r o a c e t i c  a c i d ,  gamma-aminobutyric a c i d  and 5-amino- 

v a l e r i c  a c i d  (Sigma Chem. C o . ,  S t .  L o u i s ,  MO). P y r i d o x a l  

5-phosphate ,  t r i t o n  x-100 ( s c i n t i l l a t i o n  g r a d e ) ,  o r t h o -  

ph tha la ldehyde  and 2-mercaptwthanol  were p r o c u r r e d  from 

Eastman Kodac Co.  (Rodches t e r ,  N Y ) .  The i n t e r n a l  

s t a n d a r d  was p repa red  by d i s s o l v i n g  2 . 0  mg of 5-amino- 

v a l e r i c  a c i d  i n  25 m l  of a s o l u t i o n  c o n s i s t i n g  of 0 .50  

M KCL, 0.010 M EIJTA, 0 .5% t r i t o n  x-100 and 0 .40  M 

sodium phosphate  b u f f e r  pH 6.40.  

Ins t rument  a t  i o n  

A Waters A s s o c i a t e s  202 HPLC w i t h  a 6UK i n j e c t o r  

was used wi th  a s t a i n l e s s  s t e e l  column (1 m by 4.6 mm 

I . D . )  packed w i t h  Zipax s t r o n g  c a t i o n  exchange r e s i n  

(DuPont,  Wilmington, DE) ,  10  um p a r t i c l e  s i z e .  

F luo rescence  was accomplished w i t h  a Perkin-Elmer MPF-4 

s p e c t r o f l u o r i m e t e r  w i th  an e x c i t a t i o n  wavelength  of 335 

nm ( 6  mm s l i t  wid th )  and a s  emis s ion  wavelength  of 450 

nm (10  mm s l i t  wid th )  and a dynode v o l t a g e  of 500 v o l t s .  

Pos t  column d e r i v a t i z a t i o n  was accomplished w i t h  a 

second Waters 6000A s o l v e n t  d e l i v e r y  pump which connec- 

t e d  a f t e r  t h e  column by a t h r e e  way t e e  union .  T h i r t y  
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48 2 HOLDINES S 

f e e t  of t e f l o n  t u b i n g  was r e q u i r e d  between t h e  un ion  and 

t h e  s p e c t r o f l u o r i m e t e r  t o  a l l o w  f o r  comple te  d e r i v a t i -  

z a t i o n .  The t u b i n g ,  column and 30 u l  q u a r t z  f l o w  c e l l  

were ma in ta ined  a t  4OoC. 

Opera t ing  P rocedures  and C o n d i t i o n s  

The mobi le  phase  c o n s i s t e d  of 0 .50 M sodium a c e t a t e  

b u f f e r  a d j u s t e d  t o  pH 5 .0  and degassed  f o r  30 minu tes .  

The d e r i v a t i z a t i n g  agen t  was p repa red  by mixing 220 mg 

o r tho -ph tha la ldehyde  i n  a minumin amount of methanol  

w i t h  200 u l  of 2 -mercap toe thano l  d i s s o l v e d  i n  0 .50  M 

sodium phosphate  b u f f e r  a d j u s t e d  t o  pH 1 0 .  The f l o w  

r a t e  was s e t  a t  2 ml/min and 0 .10  ml/min f o r  t h e  mob i l e  

phase  and d e r i v a t i z a t i n g  a g e n t ,  r e s p e c t i v e l y .  

Sample C o l l e c t  ion  and P r e p a r a t i o n  

The sample c o l l e c t  i on  p rocedure  h a s  been p r e v i o u s l y  

d e s c r i b e d  ( 9 ) .  From each  1 mm t h i c k  b r a i n  t i s s u e  s l i c e ,  

two t i s s u e  punches were t a k e n  from symmet r i ca l  l o c a -  

t i o n s  i n  t h e  l e f t  and r i g h t  hemispheres .  Each s e t  of 

punches was immedia te ly  t r a n s f e r r e d  t o  a 12  m l  po ly -  

p ropy lene  Eppendorf t u b e  c o n t a i n i n g  100  ul of i n t e r n a l  

s t a n d a r d  s o l u t i o v  and s o n i c a t e d  f o r  1 0  seconds  under  

l o w  power s o n i c a t i o n .  A f t e r  s o n i c a t i o n ,  50 u l  of t h i s  

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

20 u l  of 3% t r i c h l o r o a c e t i c  a c i d  (TCA). T h i s  second 

t u b e  s e r v e d  a s  a b l ank  and i t s  c o n c e n t r a t i o n  of GABA was 
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GLUTAMIC ACID DECARBOXYLASE ACTIVITY 483 

s u b t r a c t e d  from t h e  o r g i n a l  sample.  The s u b s t r a t e -  

b u f f e r  was p repa red  a s  p r e v i o u s l y  d e s c r i b e d  ( 9 )  and 50 

u l  of t h i s  s o l u t i o n  was added t o  b o t h  t h e  sample  and 

b l a n k  t u b e s  b e f o r e  t h e y  were  i n c u b a t e d  f o r  two hour s  a t  

38OC. The enzyme was i n a c t i v a t e d  by a d d i t i o n  of 20 u l  

of 3% TCA t o  t h e  o r g i n a l  sample t u b e  and a l l  t u b e s  were  

c e n t r i f u g e d  a t  950 x g f o r  20 minu tes .  I n j e c t i o n s  of 

40 u l  of t h e  s u p e r n a t e  were made i n t o  t h e  HPLC. The 

p r e c i p i t a t e d  t i s s u e  was ana lyzed  f o r  p r o t e i n  a s  de-  

s c r i b e d  by Lowery e t  a l  (10) and GAD a c t i v i t y  has  been 

r e p o r t e d  i n  ug GABA/hour/mg p r o t e i n .  

RESULTS AND DISCUSSION 

F i g u r e  1 shows a t y p i c a l  chromatogram of GABA and 

i n t e r n a l  s t a n d a r d  i s o l a t e d  from r a t  b r a i n .  The r e t e n -  

t i o n  t imes  f o r  GABA and i n t e r n a l  s t a n d a r d  a r e  4 .70 and 

6.80 m i n u t e s ,  r e s p e c t i v e l y .  P o s i t i v e  i d e n t i f i c a t i o n  

was ach ieved  by peak s u p e r i m p o s i t i o n ,  i . e . ,  by a d d i t i o n  

of GABA and 5 -aminova le r i c  a c i d  s t a n d a r d s  (300 ng)  t o  

t h e  e x t r a c t s  and o b s e r v i n g  i n c r e a s e d  peak h e i g h t  a t  t h e  

co r re spond ing  r e t e n t  i on  t i m e s .  

The lower l i m i t  of d e t e c t i o n  (2/1 s i g n a l  t o  n o i s e )  

of t h i s  p rocedure  is 11 ng GABA. R e p e t i t i v e  i n j e c t i o n s  

of s t a n d a r d s  gave  good r e p r o d u c i b i l i t y  of r e t e n t i o n  

t imes ( s t a n d a r d  d e v i a t i o n  2 2%) and peak  h e i g h t s  

( s t a n d a r d  d e v i a t i o n  2 2.5%).  S t a n d a r d  c u r v e s  were 
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484 HOLD INES S 

1 

5-AVA 

Figure  I .  HPLC chromatogram of GABA and 5 -aminova le r i c  
a c i d  ( i n t e r n a l  s t a n d a r d )  e x t r a c t e d  from r a t  b r a i n  
t i s s u e .  The r e t e n t i o n  t imes of GABA and i n t e r n a l  s t a n -  
da rd  a r e  4 .70 and 6.86 m i n u t e s ,  r e s p e c t i v e l y .  

l i n e a r  i n  t h e  r ange  of 10  t o  3000 ng and day t o  day 

r e p r o d u c i b i l i t y  v a r i e d  l e s s  t h a n  3.1% ( s t a n d a r d  

d e v i a t i o n ) .  

o v e r a l l  1 t o  3 f o l d  GABA i n c r e a s e s  were observed  f o r  

samples  i n  t h i s  procedure .  

The r ecove ry  f o r  GABA was 96 2 6% and 

The t i s s u e  punch placement i s  p r e s e n t e d  i n  F i g u r e  

2.  A l l  t i s s u e  s l i c e s  a r e  1 mm t h i c k  and l e f t  and r i g h t  

hemisphe r i c  punches a r e  combined f o r  each  n u c l e i .  The 

f i r s t  punch i s  t h e  GP a t  AP 7 .0  and t h e  o t h e r  l o c a t i o n s  

a r e  AP 6 . 0  (EP and VM) and AP 3.0 (SNM and SNL)  based  
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GLUTAMIC ACID DECARBOXYLASE ACTIVITY 485 

F i g u r e  2 .  T i s s u e  punch p lacement .  The f i r s t  punch was 
from a 1 mm t h i c k  t i s s u e  s l i c e  c o n t a i n i n g  t h e  g lobus  
p a l l i d u s  (GP) .  The second s l i c e  c o n t a i n s  t h e  en topen-  
d u n c u l a r  n u c l e u s  (EP) and v e n t r o m e d i a l  t ha l amus  ( V M ) .  
The t h i r d  s l i c e  c o n t a i n s  t h e  s u b s t a n t i a  n i g r a  med ia l  
( S N M )  and l a t e r a l  ( S N L )  punches.  The numbers on t h e  
l e f t  r e f e r  t o  t h e  a n t e r i o r - p o s t e r i o r  (AP) a x i s  c o o r d i -  
n a t e s  i n  t h e  b r a i n  a t l a s  of P e l l e g r i n o  and Cushman (11). 
Punch d i a m e t e r ,  1.30 mm. 
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486 HOLDINESS 

upon t h e  a t l a s  of P e l l e g r i n o  and Cushman ( 1 1 ) .  An 

ave rage  weight  of r e p r e s e n t a t i v e  t i s s u e  samples  f rom 

combined l e f t  and r i g h t  b r a i n  punches ( n  = 20) i s  2 .30  - + 

0.33 mg t i s s u e  ( w e t  we igh t )  w i t h  an ave rage  p r o t e i n  

c o n t e n t  of 0.110 rng protein/mg t i s s u e .  

a c t i v i t y  v a l u e s  (+ s t a n d a r d  d e v i a t i o n )  found by t h i s  

method i n  each  b r a i n  r e g i o n  ( n  = 5)  a r e  7 .81  + 1 . 0 8  

(GP),  6 .73  - + 1.58  (EP) ,  3 .75 - + 0 .71  ( V M ) ,  13 .70  - + 1 .75  

(SNM), and 8.17 2 1 . 6 8  (SNL). These  v a l u e s  a r e  i n  c l o s e  

agreement w i t h  t h e  p r e v i o u s l y  r e p o r t e d  a c t i v i t i e s  d e t e r -  

mined by t h e  f l u o r i m e t r i c  p rocedure  ( 9 ) .  

The ave rage  GAD 

- 

I n  c o n c l u s i o n ,  t h e  HPLC method d e s c r i b e d  is s u f f i -  

c i e n t l y  s e n s i t i v e  and s p e c i f i c  f o r  a n a l y s i s  of GAD 

a c t i v i t y  i n  s u b r e g i o n s  of r a t  b r a i n  t i s s u e .  
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