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ABSTRACT 

Two new r e a g e n t s  p o s s e s s i n g  f e r r o c e n e  as a n  e l e c t r o p h o r e  a n d  
i s o t h i o c y a n a t e  r e a c t i v e  t o w a r d  t h e  a m i n o  g r o u p  were p r e p a r e d  a n d  
e v a l u a t e d  f o r  pre-column d e r i v a t i z a t i o n  o f  a m i n o  a c i d s  i n  h igh -  

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  w i t h  e l e c t r o c h e m i c a l  d e t e c t i o n .  
h e  u t i l i t i e s  of t h e s e  r e a g e n t s  were i n v e s t i g a t e d  e m p l o y i n g  
l y c i n e  as  a model  compound. Ferrocenylisothiocyanate was more 

f a v o r a b l e  w i t h  r e s p e c t  t o  r e a c t i v i t y  a n d  e l e c t r o c h e m i c a l  
p r o p e r t i e s .  T h e  n e w l y  d e v e l o p e d  m e t h o d  was a p p l i e d  t o  t h e  
d e t e r m i n a t i o n  o f  4 - a m i n o b u t y r i c  a c i d  i n  b i o l o g i c a l  s p e c i m e n s .  

f 

INTRODUCTION 

High-pe r fo rmance  l i q u i d  c h r o m a t o g r a p h y  (HPLC) w i t h  electro- 

c h e m i c a l  d e t e c t i o n  (ED) is a u s e f u l  method fo r  t h e  d e t e r m i n a t i o n  
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360 SHIMADA ET AL. 

of  trace components  i n  complex matrices b e c a u s e  of  its e x c e l l e n t  

s e l e c t i v i t y  a n d  s e n s i t i v i t y  [ 11. I n  r e c e n t  y e a r s ,  v a r i o u s  p r e -  

a n d  p o s t - c o l u m n  l a b e l i n g  m e t h o d s  h a v e  been developed  t o  e x t e n d  

its a p p l i c a b i l i t y  [2-51. I n  p r e v i o u s  s t u d i e s  of  t h i s  series, w e  

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

pre-column l a b e l i n g  of  a m i n e s  [ 5 ] .  The method was a p p l i e d  t o  t h e  

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

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

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

reduced ,  it can  b e  d e t e c t e d  s e l e c t i v e l y  i n  the  p r e s e n c e  of  o t h e r  

e l e c t r o a c t i v e  compounds, s u c h  as p h e n o l s ,  c a t e c h o l s  and aromatic 

a m i n e s .  T h e  r e a c t i o n  w i t h  a m i n e s  p r o c e e d e d  q u a n t i t a t i v e l y  t o  

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

n o t  s a t i s f a c t o r y .  T h e s e  d a t a  p r o m p t e d  us t o  p r e p a r e  

d e r i v a t i z a t i o n  r e a g e n t s  f o r  a m i n o  a c i d s  i n  HPLC/ED h a v i n g  a n  

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

a c i d s  [ 6 ]  a n d  a f e r r o c e n e  moiety h i g h l y  r e s p o n s i v e  t o  a n  

e l e c t r o c h e m i c a l  d e t e c t o r .  T h i s  p a p e r  a l s o  d e s c r i b e s  t h e  

a p p l i c a t i o n  of t h e  newly developed  method t o  t h e  d e t e r m i n a t i o n  o f  

4-aminobutyr ic  a c i d  (GABA) i n  b i o l o g i c a l  spec imens .  

MATERIALS AND METHODS 

Materials 

(Dimethylaminomethy1)ferrocene was purchased  from A l d r i c h  

Co. ( M i l w a u k e e ,  WI, U.S.A.). F e r r o c e n e c a r b o x y l i c  a c i d  was 

s u p p l i e d  by Tokyo Kasei Kogyo Co. (Tokyo,  J a p a n ) .  Amino a c i d s  

were k i n d l y  s u p p l i e d  by A j i n o m o t o  Co. (Tokyo) .  a - K e t o g l u t a r i c  

a c i d  a n d  GABAse were o b t a i n e d  from Nacalai T e s q u e ,  I n c .  ( K y o t o ,  

J a p a n )  a n d  B o e h r i n g e r  M a n n h e i m  Y a m a n o u c h i  Co. ( T o k y o ) ,  
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FERROCENE DERIVATIZATION REAGENTS 36 1 

r e s p e c t i v e l y .  A l l  o t h e r  r e a g e n t s  and c h e m i c a l s  were p u r i f i e d  by 

r e c r y s t a l l i z a t i o n  or d i s t i l l a t i o n  p r i o r  t o  use. S i l i c a  g e l  60 and 

s i l i c a  g e l  HF254 (E. Merck  A G ,  D a r m s t a d t ,  F.R.G.) was u s e d  f o r  

c o l u m n  c h r o m a t o g r a p h y  a n d  t h i n  layer c h r o m a t o g r a p h y  (TLC), 

r e s p e c t i v e l y .  

I n s t r u m e n t s  

HPLC was c a r r i e d  o u t  on  a TOSOH CCPD c h r o m a t o g r a p h  (TOSOH 

Co., Tokyo) equipped  w i t h  a n  EICOM ECD-100 a m p e r o m e t r i c  d e t e c t o r  

(EICOM Co., Kyoto). Glassy c a r b o n  a n d  Ag/AgCl e l e c t r o d e s  were 

u s e d  a s  a w o r k i n g  e l e c t r o d e  a n d  a r e f e r e n c e  e l e c t r o d e ,  

r e s p e c t i v e l y .  A TSKgel  ODs-80TM (5 p m )  c o l u m n  (15 x 0.4 cm 

i.d.)(TOSOH Co.) was u s e d  a t  a f l o w  ra te  o f  1 m l / m i n  a t  a m b i e n t  

t e m p e r a t u r e .  The void  volume was d e t e r m i n e d  by t h e  u s e  o f  NaN02. 

F l u o r e s c e n c e  was m e a s u r e d  on  S h i m a d z u  RF-5000 ( S h i m a d z u  Co., 

Kyoto). 

P r e p a r a t i o n  of d e r i v a t i z a t i o n  r e a g e n t s  

M e l t i n g  p o i n t  was measured on a micro h o t - s t a g e  a p p a r a t u s  

(Yanagimoto Mfg Co., Kyoto) and was u n c o r r e c t e d .  P r o t o n  n u c l e a r  

m a g n e t i c  r e s o n a n c e  ( H-NMR) s p e c t r a  were r e c o r d e d  on JEOL FX-100 

(JEOL Co., T o k y o )  a t  100 MHz u s i n g  t e t r a m e t h y l s i l a n e  a s  a n  

i n t e r n a l  s t a n d a r d  ( I S ) .  A b b r e v i a t i o n s  u s e d  are  s = s i n g l e t  a n d  

t = t r i p l e t .  Low- a n d  h i g h - r e s o l u t i o n  mass (MS) s p e c t r a l  

m e a s u r e m e n t s  were r u n  o n  H i t a c h i  M-80 ( H i t a c h i  Co., Tokyo) .  

I n f r a r e d  ( I R )  s p e c t r a  were m e a s u r e d  on  JASCO A-202 (JASCO Co., 

Tokyo). 

1 

Fer rocenyl i so th iocyanate  a 
F e r r o c e n y l a m i n e  (300 mg), o b t a i n e d  from f e r r o c e n e c a r b o x y l i c  

a c i d  [4] ,  was suspended  i n  c a r b o n  d i s u l f i d e / H 2 0  (2:3; 1.5 m l )  and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



362 SHIMADA ET AL. 

s t i r r e d  f o r  5 min  u n d e r  i c e - c o o l i n g .  A f t e r  a d d i t i o n  of 83% KOH 
(0.45 m l ) ,  t h e  w h o l e  was k e p t  a t  100' C f o r  2 5  min i n  a s e a l e d  

t u b e .  C h l o r o e t h y l  f o r m a t e  (0.48 m l )  was a d d e d  t o  t h e  r e a c t i o n  

mix tu re  under ice-cool ing  and then  k e p t  a t  room t e m p e r a t u r e  f o r  1 

h. The mix tu re  was f u r t h e r  s t i r r e d  w i t h  67% KOH (0.45 ml) f o r  1 h 

and then  e x t r a c t e d  wi th  e the r .  The o r g a n i c  layer was washed w i t h  

H20, d r i e d  over Na2S04 and then  evapora ted  down. The r e s i d u e  was 

s u b j e c t e d  t o  co lumn c h r o m a t o g r a p h y  (10 x 1.1 cm i.d.) and  t h e  

e l u a t e  w i t h  benzene  was d r i e d  t o  g i v e  ferrocenylisothiocyanate 

(I) as a da rk  red  o i l y  subs t ance  (10 mg). High-reso lu t ion  MS m/z: 

242.8716 (M+)(Calcd. f o r  Cl1HgFeNS, 242.8737). IR vk!$'3 cm-l: 2120 

(NCS). ' H - N M R  (CDC13) 6: 4.08 (2H, t ,  J = 2  Hz, 3, 4-H), 4.30 

(5H, s, 1'-5'-H), 4.43 (2H, t ,  J = 2  Hz, 2 ,  5-H). The  p u r i t y  of  I 

was confirmed by TLC (Rf 0.44; n-hexane/benzene (1O:l)) and HPLC 

( tK 10.0 min;  a c e t o n i t r i l e / l . 5 %  NaOAc (pH 3.0)(2:1)). 

2-Ferrocenylethylisothiocyanate (II) 

2 - F e r r o c e n y l e t h y l a m i n e  ( 1 2 0  m g ) ,  o b t a i n e d  f r o m  

(dimethylaminomethy1)ferrocene [ 4 ] ,  was t r e a t e d  w i t h  c a r b o n  

d i s u l f i d e  as desc r ibed  above. The r e s i d u e  was s u b j e c t e d  t o  column 

chromatography (10 x 1.1 cm i.d.) and t h e  e l u a t e  w i t h  benzene was 

d r i e d  t o  g i v e  2-ferrocenylethylisothiocyanate (11) as  d a r k  r e d  

p r i s m s  ( 5  me). mp 43-45' C. H i g h - r e s o l u t i o n  MS m/z: 270.9197 

(M+)(Calcd. f o r  C13H13FeNS, 270.9237) I R  vk!fla cm-l: 1960 (NCS). 

'H-NMR (CDC13) 6 :  2.74 (2H, t ,  J = 7  Hz, f e r r o c e n y l - C H 2 ) ,  3.60 

(2H, t ,  5-7 Hz, -CH2NCS), 4.13 (9H, s,  f e r r o c e n y l  H). The p u r i t y  

of  11 was c o n f i r m e d  by TLC (Rf 0.83: b e n z e n e )  and  HPLC ( t R  15.5 

min:  a c e t o n i t r i l e / l . 5 %  NaOAc (pH 3.0)(3:2)). 
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FERROCENE DERIVATIZATION REAGENTS 363 

D e r i v a t i z a t i o n  of  amino  a c i d s  

E a c h  d e r i v a t i z a t i o n  r e a g e n t  (ca. 37  e q . )  i n  a c e t o n i t r i l e  

(0.1 m l )  was a d d e d  t o  a s o l u t i o n  o f  a m i n o  a c i d  (1 u g) i n  

a c e t o n i t r i l e / H 2 0  (1:l; 0.1 m l )  c o n t a i n i n g  t r i e t h y l a m i n e  (0.2 ul). 

T h e  w h o l e  was k e p t  a t  70' C i n  a c a p p e d  t u b e  a n d  a n  a l i q u o t  o f  

t h e  s o l u t i o n  was s u b j e c t e d  t o  HPLC/ED. T h e  d e r i v a t i z a t i o n  r a t e  

was d e t e r m i n e d  by c o m p a r i s o n  o f  t h e  p e a k  area o f  t h e  f e r r o c e n e  

e q u i v a l e n t  t o  t h e  amino  a c i d  used. 

P r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  o f  GABA i n  b r a i n  

Male Wistar s t r a i n  r a t s  a n d  H a r t l e y  s t r a i n  g u i n e a  p i g s  

w e i g h i n g  r e s p e c t i v e l y ,  150-200 g and 400-600 g, were used. F r e s h  

cerebrum or c e r e b e l l u m  (0.33 g) was homogenized wi th  i c e - c o o l e d  

10% HC104 (4.8 m l ) .  5 - A m i n o v a l e r i c  a c i d  ( I S ;  5 u  g) i n  10% HC104 

(0.5 m l )  was a d d e d  t o  0.5 m l  o f  t h e  h o m o g e n a t e .  A f t e r  

c e n t r i f u g a t i o n  a t  1500 g f o r  1 5  m i n ,  0.1 m l  o f  t h e  s u p e r n a t a n t  

was t a k e n  i n t o  a n  assay t u b e ,  a l k a l i z e d  w i t h  t r i e t h y l a m i n e  (ca. 

pH 8.0) a n d  t h e n  d e r i v a t i z e d  w i t h  I a t  70' C f o r  30 min.  A f t e r  

t h e  d e r i v a t i z a t i o n  r e a c t i o n ,  t h e  e x c e s s  r e a g e n t  was e x t r a c t e d  

w i t h  e t h e r  and a n  a l i q u o t  of  t h e  aqueous  layer was s u b j e c t e d  t o  

HPLC/ED. P r o t e i n  was d e t e r m i n e d  by t h e  method o f  Lowry e t  al. [ 7 ]  

u s i n g  b o v i n e  serum a l b u m i n  a s  a r e f e r e n c e .  

Enzymic method u s i n g  a - k e t o g l u t a r i c  a c i d  and GABAse f o l l o w e d  

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

d e s c r i b e d  by Graham et al. [8]. 

R e c o v e r y  t e s t  f o r  G A B A  i n  b r a i n  

T h e  g u i n e a  p i g  b r a i n  ( c e r e b r u m )  was h o m o g e n i z e d  w i t h  10% 

H C 1 0 4  a n d  c e n t r i f u g e d  as  d e s c r i b e d  a b o v e .  T h e  p r e c i p i t a t e  was 
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364 SHIMADA ET AL. 

e x t r a c t e d  s e v e r a l  t imes  w i t h  10% HC104 t o  remove  endogeneous  

amino ac ids .  The remain ing  p r e c i p i t a t e  was homogenized w i t h  10% 

HC104 and used a s  a c o n t r o l  assay homogenate (250 1.18 p r o t e i d 0 . l  

ml). The sp iked  samples  were prepared by a d d i t i o n  of 1 ug o r  5 1% 

each  of GABA t o  a c o n t r o l  assay homogenate (0.1 m l ) .  P r e t r e a t m e n t  

and d e r i v a t i z a t i o n  wi th  I fo l lowed by HPLC/ED were c a r r i e d  o u t  i n  

t h e  manner desc r ibed  above. 

RESULTS AND DISCUSSION 

The des ign  of promising d e r i v a t i z a t i o n  r e a g e n t s  f o r  a m i n o  

a c i d s  i n  HPLC/ED r e q u i r e s  two s t r u c t u r a l  f e a t u r e s ,  v i z . ,  a 

f u n c t i o n a l  group r e a c t i v e  toward amino a c i d s  and an  e l e c t r o p h o r e  

h igh ly  respons ive  t o  an e l ec t rochemica l  d e t e c t o r .  I n  t h i s  s tudy ,  

two i s o t h i o c y a n a t e s  ( I ,  11) p o s s e s s i n g  f e r r o c e n e  a s  a n  

e l e c t r o p h o r e  were p r e p a r e d .  Ferrocenylisothiocyanate ( I )  and 2- 

ferrocenylethylisothiocyanate (11) were s y n t h e s i z e d  f r o m  

f e r r o c e n y l a m i n e  and 2-f e r r o c e n y l e t h y l a m i n e ,  r e s p e c t i v e l y  (Fig. 

1). The r e a c t i v i t i e s  o f  I and  I1 b e s i d e s  N - s u c c i n i m i d y l  3- 

f e r r o c e n y l p r o p i o n a t e  [ 51  t o w a r d  a m i n o  a c i d s  were examined  

employing g l y c i n e  as a model compound. D e r i v a t i z a t i o n  of g l y c i n e  

I : n=O 
11 : n=2 

FIGURE 1. S t r u c t u r e s  of d e r i v a t i z a t i o n  r e a g e n t s  f o r  amino ac ids .  
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n s 
U 

c 0, 

m 
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.- c 
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FIGURE 2 .  Time c o u r s e  f o r  d e r i v a t i z a t i o n  o f  g l y c i n e .  
1. I; 2. 11; 3. N-succinimidyl  3 - f e r r o c e n y l p r o p i o n a t e  
The  p e a k  a rea  o f  t h e  f e r r o c e n e  e q u i v a l e n t  t o  g l y c i n e  
was t a k e n  as 100%. 

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

acetonitrile/water/triethylamine a t  70' C. The r e a c t i o n s  w i t h  I 

and I1 proceeded almost q u a n t i t a t i v e l y  t o  r e a c h  a p l a t e a u  i n  30 

min  a n d  90 m i n  r e s p e c t i v e l y ,  w h i l e  t h e  r e a c t i o n  r a t e  w i t h  t h e  

a c t i v e  es te r  was n o t  o v e r  40% u n d e r  t h e  c o n d i t i o n  p r e v i o u s l y  

r e p o r t e d  [ 5 ] ( F i g .  2). The d e r i v a t i v e s  w i t h  t h e  f o r m e r  two 

r e a g e n t s  were s t a b l e  a t  room t e m p e r a t u r e  f o r  a t  l ea s t  o n e  d a y .  

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

I a n d  I1 were i n v e s t i g a t e d  w i t h  a n  a m p e r o m e t r i c  d e t e c t o r . T h e  

hydrodynamic vol tammograms o f  t h e s e  d e r i v a t i v e s  are i l l u s t r a t e d  

i n  F i g .  3. T h e  d e r i v a t i v e  w i t h  I e x h i b i t e d  t w o - s t e p  o x i d a t i o n ,  

d u e  t o  f e r r o c e n y l  (+0.45 V )  a n d  t h i o u r e i d o  (2 +0.60 V )  r e s i d u e s ,  
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1000mV 500 

1.0 

2.0 

anodic 
response 

FIGURE 3. Hydrodynamic voltammograms of  g l y c i n e  d e r i v a t i v e s .  
1. I; 2. I1 
The response  of  each compound a t  4 . 5 0  V was t aken  as 
1 .o. 

w h i l e  t h a t  w i t h  I1 e x h i b i t e d  o n l y  a s l i g h t l y  i n c r e a s i n g  v a l u e  

a b o v e  +0.50 V. The  t h i o u r e i d o  r e s i d u e  d i r e c t l y  l i n k e d  t o  t h e  

f e r r o c e n e  i n  d e r i v a t i v e  w i t h  I would be more easily ox id ized  than  

t h a t  of d e r i v a t i v e  w i t h  11. The  c h a r a c t e r i s t i c  h y d r o d y n a m i c  

voltammogram of t h e  former  is h e l p f u l  t o  i d e n t i f y  t h e  peaks. It  

is e v i d e n t  from t h e s e  d a t a  t h a t  I is more f a v o r a b l e  w i t h  r e s p e c t  

t o  t h e  r e a c t i v i t y  and e l e c t r o c h e m i c a l  p r o p e r t i e s .  

The u t i l i t y  o f  I was t h e n  t e s t e d  f o r  t h e  d e t e r m i n a t i o n  o f  

GABA i n  g u i n e a  p i g  o r  r a t  b r a i n .  On t r e a t m e n t  w i t h  I a t  70' C ,  

GABA and  5 - a m i n o v a l e r i c  a c i d  ( IS)  were d e r i v a t i z e d  i n  30 min. 
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TABLE 1 

C a p a c i t y  F a c t o r s  (k ')  o f  Main Amino A c i d s  Known t o  Be  i n  t h e  
Braina 

Amino a c i d  k '  Amino a c i d  k '  
~ ~ ~~~ 

Glutamine 0.25 Tyros ine  1.78 

Lys ine  0.25 GABA 2.67 

A s p a r t i c  a c i d  0.44 ISb 3.50 

Glutamic a c i d  0.47 I s o l e u c i n e  6.94 

Glyc ine  0.89 Leucine 7.22 

Alanine  1.28 

a C o n d i t i o n s ;  m o b i l e  p h a s e ,  a c e t o n i t r i l e / 0 . 5 %  NaOAc (p! 
4.0)(2:3); a p p l i e d  p o t e n t i a l  t0.50 V. t o  was 1.8 min. The k 
va lue  of t a u r i n e  was 0.28 under t h e s e  cond i t ions .  
5-Aminovaleric a c i d .  

D e r i v a t i v e s  of t h e s e  two and o t h e r  main amino a c i d s  known t o  be 

i n  t h e  b r a i n  [9-141 were w e l l  s e p a r a t e d  by HPLC o n  TSKgel ODS- 

80TM us ing  a c e t o n i t r i l e / 0 . 5 %  sodium acetate (pH 4.0) as a mobi le  

p h a s e  ( T a b l e  1). The b r a i n  was homogen ized  w i t h  10% p e r c h l o r i c  

a c i d  and a f t e r  c e n t r i f u g a t i o n ,  t h e  s u p e r n a t a n t  was s u b j e c t e d  t o  

d e r i v a t i z a t i o n  w i t h  I fo l lowed  by HPLC/ED. A t y p i c a l  chromatogram 

is i l l u s t r a t e d  i n  F ig .  4. The  peak  w i t h  r e t e n t i o n  t ime 6.2 min  

was u n e q u i v o c a l l y  i d e n t i f i e d  a s  GABA d e r i v a t i v e  by c o m p a r i s o n  

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

m e t h a n o l / l . 5 %  s o d i u m  ace ta te  (pH 3.0)(1:l)(tR 9.5 m i n )  a n d  

hydrodynamic voltammogram. When t h e  amount r a t i o  of GABA t o  IS 

(0.5 pg/tube) was p l o t t e d  a g a i n s t  t h e  peak h e i g h t  r a t i o ,  a l i n e a r  

r e l a t i o n s h i p  was o b s e r v e d  i n  t h e  r a n g e  of 0.1-2.5 p g l t u b e ,  t h e  

r e g r e s s i o n  e q u a t i o n  b e i n g  ~ ~ 2 . 6 1 ~ .  I n  a d d i t i o n ,  GABA a d d e d  t o  a 
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a) 

1 
I 

T 
1 
8 nA 

i. 
0 5 10 min 

FIGURE 4 .  H i g h - p e r f  o r m a n c e  
d e r i v a t i v e s .  
a )  A u t h e n t i c  sample ;  b )  sample  from rat  c e r e b e l l u m  
1. GABA: 2 .  IS 

- 
0 5 10min 

l i q u i d  c h r o m a t o g r a m s  o f  G A B A  

C o n d i t i o n s :  m o b i l e  phase ,  a c e t o n i t r i l e / 0 . 5 %  NaOAc (pH 
4 . 0 ) ( 2 : 3 ) ,  a p p l i e d  p o t e n t i a l  t0.50 V. 

c o n t r o l  assay h o m o g e n a t e  a t  two l e v e l s  (1.0 a n d  5.0 B) s h o w e d  

r e c o v e r i e s  o f  2 85.0% ( r e l a t i v e  s t a n d a r d  d e v i a t i o n i  3 .4%,  1128). 

The r e c o v e r y  rate of IS (1 p g / c o n t r o l  assay homogenate)  was 95.5% 

( r e l a t i v e  s t a n d a r d  deviat ion=2.8%, n=10). A s  i l l u s t r a t e d  i n  Fig. 

5, t h e  v a l u e s  o b t a i n e d  by HPLC/ED were i n  good a c c o r d  w i t h  t h o s e  

by enzymic  method w i t h  f l u o r o m e t r i c  d e t e c t i o n  [ 8 ] .  These r e s u l t s  

d e m o n s t r a t e  t h a t  t h e  proposed method is s a t i s f a c t o r y  w i t h  r e s p e c t  

t o  a c c u r a c y  and p r e c i s i o n .  The c o n c e n t r a t i o n s  o f  GABA i n  c e r e b r u m  

( g u i n e a  p i g )  a n d  c e r e b e l l u m  ( r a t )  were f o u n d  t o  b e  2.67 p m o l / g  

w e t  t i s s u e  (106 pmol/g p r o t e i n ;  n=2) and 1.67 Umol/g wet t i s s u e  

(56 pmol/g p r o t e i n ;  n=2), r e s p e c t i v e l y .  
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Present Method (Umollg wet tissue) 

FIGURE 5. C o r r e l a t i o n  o f  G A B A  l e v e l s  i n  g u i n e a  p i g  o r  r a t  b r a i n  
d e t e r m i n e d  by t h e  p r e s e n t  method and enzymic method. 

HPLC u s i n g  d e r i v a t i z a t i o n  w i t h  2 - p h t h a l a l d e h y d e  (OPA) 

f o l l o w e d  by f l u o r o m e t r i c  or e l e c t r o c h e m i c a l  d e t e c t i o n  is p o p u l a r  

f o r  t h e  d e t e r m i n a t i o n  o f  GABA i n  b i o l o g i c a l  s p e c i m e n s  [ l l - 1 4 1 .  

The d e r i v a t i v e  w i t h  OPA is u n s t a b l e  [ 9 ]  and t h e  d e t e c t i o n  l i m i t s  

a r e  0.6 a n d  2 p m o l  f o r  f l u o r o m e t r i c  [ 1 4 ]  a n d  e l e c t r o c h e m i c a l  

d e t e c t i o n  [ l l ] ,  r e s p e c t i v e l y .  On t h e  c o n t r a r y  t h e  d e t e c t i o n  l i m i t  

o f  t h e  proposed method was 0.05 pmol a t  t h e  a p p l i e d  p o t e n t i a l  o f  

t0.50 V ( s i g n a l  t o  n o i s e  r a t i o  o f  5) a n d  d e r i v a t i v e  i s  s t a b l e  a s  

d e s c r i b e d  above. Pre-column d e r i v a t i z a t i o n  w i t h  I a p p e a r s  t o  b e  

of  g r e a t  u s e  f o r  t h e  q u a n t i t a t i o n  o f  p icomol  l e v e l  of amino  a c i d s  

by HPLC/ED. F u r t h e r  a p p l i c a t i o n s  o f  t h e  p r o p o s e d  m e t h o d  t o  t h e  
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d e t e r m i n a t i o n  o f  a m i n o  a c i d s  i n  b i o l o g i c a l  f l u i d s  are  b e i n g  

conducted  and t h e  d e t a i l s  w i l l  b e  r e p o r t e d  e l s e w h e r e .  
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