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HIPPOCAMPUS USING LIQUID 
CHROMATOGRAPHY/ELECTROCHEMlSTRY 

X. Xu, A. L’Helgoualc’h, E. Morier-Teissier, 
and R. Rips* 

Unite‘ de Pharmacologie Chimique 
INSERM 

17 rue du Fer b Moulin 
75005 Paris, France 

ABSTRACT 

A method i s  d e s c r i b e d  f o r  t h e  r a p i d  d e t e c t i o n  and measurement 

of  y - a m i n o b u t y r i c  a c i d  (GABA) i n  c r u d e  e x t r a c t s  of  mouse b r a i n .  

T h i s  s t u d y  i n c l u d e s  o p t i m i s a t i o n  o f  t h e  pre-column d e r i v a t i z a t i o n  

o f  GABA by o -ph tha la ldehyde  i n  t h e  p r e s e n c e  of e t h y l m e r c a p t a n  as 

w e l l  a s  of  t h e  ch romatograph ic  and e l e c t r o c h e m i c a l  c o n d i t i o n s . T h e  

GABA l e v e l s  have  been measured i n  t h e  hypothalamus and 

hippocampus o f  c o n t r o l  mice and mice t r e a t e d  w i t h  t h r e e  compounds 

known f o r  t h e i r  a c t i v i t y  on b r a i n  G B A  l e v e l s .  

INTRODUCTION 

There  is now c o n s i d e r a b l e  e v i d e n c e  that t h e  y-aminobutyr ic  

a c i d  (GABA) sys t em : GmA, g l u t a m a t e  d e c a r b o x y l a s e  (GAD) and GABA 
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2254 XU ET AL. 

o x o g l u t a r a t e  t r ansami r i a se  (GABA-T) is i n v o l v e d  i n  t h e  

n e u r o e n d c c r i n e  r e g u l a t i o n  of t h e  h y p o t h a l a m o - p i t u i t a r y  a x i s .  

A d m i n i s t r a t i o n  of  GABA t o  ra t s  h a s  heen shown t o  c a u s e  release of  

growth hormone (GH) (1) w h i l e  GABA i n h i b i t o r s  d e c r e a s e  GH 

s e c r e t i o n  ( 2 ) .  There  i s  an  i n d i c a t i o n  t h a t  TRil i s  s i m i l a r l y  

r e g u l a t e d ,  as b a s a l  plasma T S H  l e v e l s  i n  rats dropped f o l l o w i n g  

C A M  i n j e c t i o n  (1). A number of o t h e r  s t u d i e s  s u g g e s t  t h a t  t h e  

GABA system may be  i n v o l v e d  i n  t h e  release of other p i t u i t a r y  

hormones i n c l u d i n g  L u t e i n i z i n g  Hormone (LH) ( 3 ) ,  P r o l a c t i n  (PRL) 

(&)arid Flelanocyte S t i m u l a t i n g  h'ormone (MSH) (5). 
E a r l i e r  s t u d i e s  i n  t h i s  l a b o r a t o r y  have examined t h e  r o l e  of t h e  

dopamine rg ic  s y s t e m  in TRH r e g u l a t i o n  (6 )  and i t  i 5  planned t o  

ex tend  t h i s  work t o  i n c l u d e  t h e  e f f e c t  01 G A L 4  on TRH, s i n c e  it 

has been shown t h a t  GABA may be  i n v o l v e d  i n  t h e  release of  Gh' and 

PRL (8). However, GABA and o t h e r  amino a c i d s  canno t  b e  d i r e c t l y  

measured by the method of tPLC and e l e c t r o c h e m i c a l  d e t e c t i o n  

deve loped  i n  t h e  l a b o r a t o r y  ( 6 ) .  

Numerous m t h o d s  have  been r e p o r t e d  f o r  t h e  d e t e r m i n a t i o n  of 

b r a i n  amino-acids  b u t  t hey  a l l  r e q u i r e  d e r i v a t i z a t i o n  of t h e  amino 

g roup .  The methods a v a i l a b l e  i n c l u d e  : g a s  chromatography and 

e l e c t r o n  c a p t u r e  d e t e c t i o n  of  a c y l a t e d  d e r i v a t i v e s  (9) :  

s p e c t r o p h o t o m e t r i c  d e t e c t i o n  of  n i n h y d r i n  d e r i v a t i v e s  (10) or 

d a n s y l  d e r i v a t i v e s  (11); l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t r y  of' 

c i i n i t r o p h e n y l  d e r i v a t i v e s  ( 1 2 ) ;  enzymat i c  c o n v e r s i o n  of t h e  

aminoacid t o  f l u o r e s c e n t  by-products  (13-14) ; f l u o r e s c e n c e  

d e t e c t i o n  of f l u o r e s c a m i n e  (15); d a n s y l  (16) ,  or  o -ph tha la ldehyde  

(OPA) d e r i v a t i v e s  (17-26). 

Roth (18) f i r s t  r e p o r t e d  t h e  fo rma t ion  of  a f l u o r e s c e n t  

S - s u b s t i t u t e d  i s o i n d o l e  by t h e  r e a c t i o n  of  airlines w i t h  OPA and 

B-rnercaptoethanol ( 6  -MCE) o r  e t h y l m e r c a p t a n  (GIC) .  Nore r e c e n t l y ,  

it h a s  been shown t h a t  s u c h  compounds may undergo a n o d i c  o x y d a t i o n  

( 2 7 ) .  The p r e s e n t  s t u d y  w a s  u n d e r t a k e n  t o  d e t e r m i n e  t h e  optimum 

c o n d i t i o n s  f o r  the measurement of  GABA by high performance l i q u i d  
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chromatography and e l e c t r o c h e m i c a l  d e t e c t i o n  (LCEC) of t h e  

S - s u b s t i t u t e d  i s o i n d o l e  d e r i v a t i v e s  . T h i s  p a r t i c u l a r  combina t ion  of  

d e r i v a t i o n ,  s e p a r a t i o n  and d e t e c t i o n  was chosen as d e r i v a t i v e  

p r e p a r a t i o n  i s  s i m p l e  and t h e  LCEC r a p i d  and s e n s i t i v e .  The 

methods have  been 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  or' GARA i n  two 

r e g i o n s  of t h e  mouse b r a i n  (hypothalamus and hippocampus) i n  

iiormal a n i m a l s  and mice t r e a t e d  w i t h  v a l p r o i c  a c i d  (WA),  v i n y l  

CAEA ('J-GABA) and antj n o o x y a c e t i c  ar id  (AOAA). 

I.. C h r o i n a t o ~ r a p h i c  sys t em 

The IPLC sys t em comprised a Waters 6000 A pump w i t 1 1  a U6K 
i r l j e c t o r ,  a Waters RCii Flodule r a d i a l  compression systerri, a biters 

R a d i a l  P ~ i c  A column (C8,  10 cm, 8 rmn I D . ,  10 vni p a r t i c l e  s i z e ) .  

The e f f l u e n t  was a n a l y s e d  w i t h  a Mrtrohrn 641 e l e c t r o c h e m i c a l  

r i e t e c t o r  f i t t e d  w i t h  two v i t r e o u s  ca rbon  e l e c t r o d e s  FA 236-1 and a 

Ag/AgCl r e f  e r e n c r  e l e c t r o d e  (CA 4 4 2 ) .  Tlie p o t e n t i a l  usetl das 0 . 7 5  

V and t h e  s e n s i t i v i t y  10 nA. The d e t e c t o r  o u t p u t  was r e c o r d e d  on a 

Kjiip aId Zolieil r eco r t i e r  w i t l i  d 1 V i n p u t .  

2 .  K o b i l r  Pliase 

The mobile  phase was a m i x t u r e  ( 2 / 3 , v / v )  of  0.1 M 'KH PO 
2 4  

and methanol  (IIPLC g r a d e ) .  The s o l u t i o n  was a d j u s t e d  t o  an  

a p p a r e n t  pB of  5.5 w i t h  1M €1 PO and was f i l t e r e d  th rough  

a 0.45 pn M i l l i p o r e  f i l t e r  b e f o r e  u s e .  
3 k  

3. Reagen t s  

The d e r i v a t i z i n g  s o l u t i o n  c o n s f s t e d  of  27 mg o-phthnlaldehyde 

(OPA)(Aldrich) ,  1 ml of  a b s o l u t e  e t h a n o l  and Lic, p1  of EbIC 

( A l d r i c h )  i n  10 m l  of  0.1 PI sodium t e t r a b o r a t e .  The 0.1 M sodium 

t e t r a b o r a t e  was p repa red  by d i s s o l v i n g  0 .78  g of  b o r i c  a c i d  i n  100 
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m l  of water and a d j u s t i n g  t h e  pll t o  9.17 w i t h  5N NaOH.The working 

OPA-EMC s o l u t i o n ,  p r e p a r e d  f r e s h  each  week, was s t o r e d  a t  0°C. The 

GABA s t o c k  s o l u t i o n ,  20.6 mg i n  methanol-water  50/50 was s t o r e d  a t  

0 ° C  f o r  up t o  one month. 

4 .  B i o l o g i c a l  Sample P r e p a r a t i o n  

Hale mice (26-30 g ,  6 weeks o l d )  were s a c r i f i c e d  by 

d e c a p i t a t i o n  and t h e  b r a i n s  q u i c k l y  removed. The hypothalamus and 

hippocampus were d i s s e c t e d  o u t  on ice and s t o r e d  a t  -80°C 

u n t i l  e x t r a c t i o n .  The s m p l e s  were homogenized i n  an  Ul t r a -Tur rax  

w i t h  1 m l  of c o l d  methanol  and c e n t r i f u g e d  a t  8000 g and 4°C f o r  

10 minu tes .  The p r o t e i n  c o n t e n t  of t h e  t i s s u e  p e l l e t s  wsre 

n e s s u r e d  by Lowry ne thod  (28) .  

r e g i o n s  

5. D e r i v a t i z a t i o n  

The i n i t i a l  s t u d i e s  t o  o p t i m i z e  GAUA measuFenent were made on 

150 )11 a l i q u o t s  of GABA s t o c k  s o l u t i o n  d i l u t e d  t o  10 m l  i n  water 

(3.09 ng/ 111). 100 1~.1 of t h e  d i l u t e d  s o l u t i o n  were i n c u b a t e d  f o r  

e x a c t l y  2 min a t  25" w i t h  100 p1 o f  t h e  OPA-EMC s o l u t i o n .  A t  t h e  

end of t h e  2 min . ,  10 ~1 cf the d e r i v a t i z a t i o n  m i x t u r e  were 

i n j e c t e d  o n t o  t h e  HPLC. 

T i s s u e  samples  and a s s o c i a t e d  GABA s t a n d a r d s  were 

d e r i v a t i z e d  by i n c u b a t i n g  5 0 ~ 1  of s u p e r n a t a n t s  or d i l u t e d  GABA 

w i t h  200 v l  OPA-EMC s o l u t i o n  f o r  2 minu tes  as f o r  t h e  s t a n d a r d  

samples .  A t  t h e  end of t h e  t w o  m i n u t e s  lOl J l  o i  t h e  d e r i v a t i z a t i o n  

m i x t u r e  were i n j e c t e d  o n t o  t h e  HPLC column. 

6. I n t e r n a l  S t a n d a r d  

S t a n d a r d  samples  i n c l u d e d  2-amino b u t y r i c  a c i d  (2-ABA) 

( Janssen )  as i n t e r n a l  s t a n d a r d  (20.6 mg/100 r n l )  .IIowever, 2-ABA 

was n o t  enough r e s o l v e d  from c o n t a m i n a t i n g  peaks  i n  t h e  t i s s u e  
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GABA IN MOUSE HYPOTHALAMUS AND HIPPOCAMPUS 2257 

samples ,  so  GACA i t s e l f  was added t o  t h e s e  samples  and used  as 

i n t e r n a l  s t a n d a r d  . Two 400111 a l i q u o t s  of t i s s u e  s u p e r n a t a n t  were 

p repa red .  100 $L of methano1:water (50 /50)  was added t o  one 

a l i q u o t  and 100 pl of 1/10 d i l u t i o n  of s t o c k  GAEA s o l u t i o n  w a s  

added t o  t h e  o t h e r .  

D e r i v a t i z a t i o n  was c a r r i e d  o u t  by i n c u b a t i n g  ( 2  mixi.) 50 i.ll 

GABA s t a n d a r d , 5 0  ~1 s u p e r n a t a n t  w i t h o u t  s t a n d a r d  and 50 p l  

GABA-supernatant w i th  200 ~1 of OPA/DC. 20 pl a l i q u o t s  of  GABA 

s t a n d a r d ,  and s u p e r n a t a n t  p r e p a r a t i o n s  were ana lyscd  t o  g i v e  

peaks I I  and II r e s p e c t i v e l y  . 10 p1 of GABA-supernatant 

p r e p a r a t i o n  were ana lysed  t o  g i v e  H . R e l a t i v e  r e c o v e r i e s  were 

c a l c u l a t e d  from t h e  e x p r e s s i o n  (2H3-H2)/Hl. 

1 2 
3 

7. Drug Treatment  

Mice were g i v e n  t h e  t h r e e  d r u g s  : 

a- aminoxyace t i c  a c i d  (AOAA) (hemihydroch lo r ide ,  Sigma) 

d i s s o l v e d  i n  0.9 % NaCl  a d j u s t  t o  pH 6 . 5  w i t h  2 N NaOH, was 

i n j e c t e d  ( i . p . )  a t  50 rng/kg ,3 h r s  b e f o r e  sample removal.  

b- y -v iny l  GABA (VGABA) (Merrel), d i s s o l v e d  as ahove,  was 

i n j e c t e d  a t  800 mg/kg i . p .  4 h b e f o r e  sacrifice 

c- sodium v a l p r o a t e  (WA) (Labaz) ,  d i s s o l v e d  as above,  was 

i n j e c t e d  a t  300 mg/kg i . p .  1 h b e f o r e  s a c r i f i c e .  

C o n t r o l  mice were g iven  s a l i n e  lml/lOO g .  A l l  man ipu la t ions  

were performed between 8 h and 13 h.  

RESULTS ANT, DISCITSION 

1. O p t i m i z a t i o n  of GABA Measurement 

It h a s  been r e p o r t e d  t h a t  breakdown of some OPA-aminoacid 

d e r i v a t i v e s  o c c u r s  r a p i d l y  even i n  t h e  p re sence  of a t h i o l  
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s t a b i l i z i n g  a g e n t  (21-23,29-30). Changing t h e  t h i o l  b rough t  no 

a p p r e c i a b l e  improvement i n  s t a b i l i t y  u n l e s s  t h e  bulky t e r t - b u t y l  

group w a s  i n c o r p o r a t e d  ( 3 1 ) .  Ethy lmercap tan  C H SH (EMC), 
which g i v e s  t h e  same r e s u l t  as mercapto e t h a n o l  

SIiCIl -CH OH (MCE) ( 3 2 ) ,  was used i n  t h i s  s t u d y .  

2 5  

2 2  

The s t a b i l i t y  o f  t h e  OPA/EMC d e r i v a t i v e  was i n v e s t i g a t e d  by 

p r e p a r i n g  a d e r i v a t i z a t i o n  mix tu re  and p e r i o d i c a l l y  mon i to r ing  t h e  

LCEC response .The  d e t e c t o r  r e s p o n s e  i s  a f u n c t i o n  of  d e r i v a t i v e  

f o r m a t i o n  and d e c r e a s e s  at a rate o€ 7 %/min f o r  r e a c t i o n  times 

between 1 t o  4 min ( F i g .  I ) .  A r e a c t i o n  time of e x a c t l y  2 min a t  

25OC w a s  adop ted  as n compromise between s u f f i c i e n t  t i m e  t o  

p i e p a r e  sa::iples f o r  i n j e c t i o n  and l o s s  of  d e t e c t o r  r e s p o n s e  due t o  

d e g r a d a i i o n .  

The compos i t ion  of t h e  mob i l e  phase w a s  s t u d i e d  t o  o b t a i n  

t h e  b e s t  compromise between r e s o l u t i o n  and a n a l y s i s  time. The C8 
R a d i a l p a c k  compressed column was used as C18 r e t e n t i o n  times were 

e x c e s s i v e .  I n c r e a s i n g  methanol  c o n t e n t  d e c r e a s e d  t h e  r e t e n t i o n  

times of t h e  GABAIOPA d e r i v a t i v e s .  50 Z KeOH i n  0.1 1.1 

KH PO ( a p p a r e n t  p€i 5.5) g i v e  the b e s t  s e p a r a t i o n  of GAl3A 
2 4  

from o t h e r  aminoac ids  (AA) ( F i g .  2 ) .  GABA had t h e  l o n g e s t  

r e t e n t i o n  t i m e  (29 min) and was e l u t e d  last .60 % MeOH w a s  used as 

t h e  o r g a n i c  m o d i f i e r  when GABA was d e t e r m i n e d  a l o n e  ( s t a n d a r d s )  

and t h e  r e t e n t i o n  t i m e  was reduced to 11 min. There were no 

d e r i v a t i v e s  f o l l o w i n g  t h e  GABA peak i n  mouse b r a i n  samples  and 

t h e n  t h e  t o t a l  a n a l y s i s  time was approx ima te ly  12 min. A 

chromatograni of the GABA s t a n d a r d  i s  shown i n  F i g u r e  3. 

A good l i n e a r  r e l a t i o n s h i p  e x i s t e d  between GABA 

c o n c e n t r a t i o n  and t h e  peak h e i g h t  o v e r  the r a n g e  0.2 t o  25 ng 

wheri t h e  r e a c t i o n  time 2 min was c a r e f u l l y  c o n t r o l l e d .  The 

d e t e c t i o n  l i m i t  was 0.2 ng ( s i g n a l :  n o i s e  = 2.5 /1) .  T h i s  l i m i t  is 

f a r  below t h e  q u a n t i t y  of G G A  p r e s e n t  i n  t h e  regions of mouse 

b r a i n  examined. 
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'"t 7 

FIGURE 1 : Z f f e c t  of d e r i v a t i z i n g  t i m e  on GABA peak he igh  
Colunui :Microbondapack C8 
60 X methanol , pH 5.5 ; flow rate 1.5 ml/ntin ; s e n s i t i v i t y  10 nA ; 
d e t e c t o r  p o t e n t i a l  0 .7  V .  

10 u ; Flobile phase : 0.1 M KI12PC4, 

FIGURE 2 : Chromatogram of mouse b r a i n  t i s s u e  e x t r a c t s .  
Column 
( p I I  5.5), 50 % methanol ; flow rate 1.5 d / m i n  ; s e n s i t i v i t y  10 nA : 
d e t e c t o r  p o t e n t i a l  0.7 V .  

Microbondapack C 8  1 0 ~  ; Mobile phase : 0.1 M KIlz PO4 
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STANDARD HIPPOC. 

$4 l !  

HYPOTH. 

I 

GABA AA GABA AA GABA 

FIGURE 3 : Chromatogram of a standerd and of mouse hippocampus and 
hypothalamus. 
Column 
60 X methanol ; p B  5.5 ; flow rate 1.5 ml/min; sensitrvity 10 nA ; 
detector potential 0.7 V ; Injection volume 10 PI. 

Yficrobondapack C8 10 1-1; Mobile phase : 0.1 ?! KH,P04; 
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2 .  Recovery and I n t e r n a l  S t a n d a r d  

The 2 - A S A  peak i s  e l u t e d  w i t h  a s h o r t  r e t e n t i o n  t i m e  i n  t h e  

ch romatograph ic  s y s t e m  u s e d .  T h i s  peak is b u r i e d  i n  t h e  mass of 

o t h e r  amino a c i d  d e r i v a t i v e s  when it is i n c l u d e d  i n  t i s s u e  

samples  and ,  t h u s , i s  u n s u i t a b l e  f o r  u s e  as a n  i n t e r n a l  s t a n d a r d .  

The s y s t e m  a n p l o y i n g  exogenous GABA was t h e r e f o r e  a d o p t e d  f o r  

i n t e r n a l  s t a n d a r d i z a t i o n  (see methods).The r e l a t i v e  r e c o v e r i e s  of 

GABA were as f o l l o w s  : 

100.18 * 5.9 X for hypothalamus ( n  = 10) 
100.10+ 2 . 7 9  % fo r  hippocampus (n = 10). 

3. G A B A  C o n t e n t  o f  M o u s e  H y p o t h a l a m u s  a n d  H i p p o c a m p u s  

The measurement of tissue GABA l e v e l s  is compl i ca t ed  by t h e  

f a c t  t h a t  GABA r a p i d l y  i n c r e a s e s  when an an ima l  d i e s  .The GABA 

l e v e l s  of microwave t r e a t e d  b r a i n s  are e q u i v a l e n t  t o  t h o s e  

de t e rmined  af ter  d e c a p i t a t i o n  i n t o  l i q u i d  n i t r o g e n ,  b u t  t h e  GABA 

l e v e l s  of b r a i n s  o b t a i n e d  by d e c a p i t a t i o n  and d i s s e c t i o n  a t  2OoC 

are 18 pe r  c e n t  h i g h e r  (31). I11 t h e  p r e s e n t  s t u d y  t h e  mice were 

d e c a p i t a t e d  and hypothalami and hippocampi r a p i d l y  d i s s e c t e d  o u t  

on ice, and  inmediately f r o z e n  on d r y  ice.  

L a s l e y  et  a l .  (32)  used 10 volumes of c o l d  methanol  t o  

e x t r a c t  GABA r'rom rat s u b s t a n t i a  n i g r a  b u t  no work has been done 

on GAGA e x t r a c t i o n  f rom mouse hypoLhalamus and hippocampus.In t h i s  

s t u d y ,  each hypothalamus or hippocampus was e x t r a c t e d  w i t h  1 n i l  

c o l d  i4eOH.As 50 pl of  t h i s  m e t h a n o l i c  e x t r a c t  w a s  r e a c t e d  w i t h  200 

1-1 of OPA/a.lc, 20 p1 of t h e  r e a c t i o n  m i x t u r e  c o n t d i n e d  15-25 ng of 

G A B A ,  which i s  w i t h i n  t h e  r a n g e  of  s t a n d a r d s  used .  

The GABA c o n t e n t  of t h e  hypothalami and hippocampi of 

c o n t r o l  mice is shown i n  T a b l e  1 and f i g . 4 .  The re  are few v a l u e s  

i n  t h e  l i t e r a t u r e  w i t h  which compare them. Van d e r  Heyden and Korf 
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20c 

1oc 

8C 

6C 

4c 

n m o l e s  G A B A / ~  p r o t e i n  

~ ~ A 0 ~  

C 

VGABA 
-€- * * 

AOAA 

HIPPOCAM PUS 

+ * * 
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- 
\ L A  

AOAA 
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* 

- 
us 

FIGURE 4 : V a r i a t i o n  of GABA unde r  t h e  i n f l u e n c e  of a t r e a t m e n t .  
C : C o n t r o l .  
VGABA : Y-vinyl  GABA 800 mg/kg i p .  
VPA : Sodium v a l p r o a t e  300 mg/kg i p .  
AOM : Arninoxyacetic a c i d  hemihydroch lo r ide  50 rng/kg i p .  
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TABLE 1 

Kouse B r a i n  GABA C o n t e n t  

Hippocampus Hypothalamus 

mmole/g p r o t e i n  mmole/g p r o t e i n  

n 

C o n t r o l  23 26.05 0.71 

Trea tmen t  

VGABA 

VPA 

AOAA 

A X  A %  
62.84 1.69 

14 114.13 4.32 336 2, 245.65 13.96 291 X 
15 38.67 1.68 46 2 65.46 2.61 36 x 
15 158.56 7.5 509 Z 237.8 9.7 278 % 

(18) r e p o r t e d  2.05 mol/g w e t  t i s s u e  i n  t h e  mouse hippocampus and 

we found 26.05 mol/g p r o t e i n .  These v a l u e s  are i n  t h e  same r a n g e  

as t h e r e  i s  around 1 g p r o t e i n / l O  g w e t  t i s s u e .  S m i l e r  e t  a l .  (33) 

s t u d i e d  o t h e r  r e g i o n s  of t h e  b r a i n  and G a b e l l e c  e t  a l .  ( 3 4 )  worked 

on s p e c i a l  h y b r i d  inice.The a d o p t i o n  of  t h e  i n t e r n a l  GABA s t a n d a r d  

:system a p p e a r s  t o  be j u s t i f i e d  from t h e  r e p r o d u c i b i l i t y  

ob ta ined .The  c o e f f i c i e n t  of v a r i a t i o n  f o r  t h e  mean GAB?, c o n t e n t  

are i n  t h e  a c c e p t a b l e  r a n g e  of 3 % i n  t h i s  s t u d y  , d e s p i t e  t h e  

i n s t a b i l i t y  of  GABA d e r i v a t i v e s .  

4 .  V a r i a t i o n s  i n  c e r e b r a l  GABA Con ten t  i n  Drug- t r ea t ed  mice. 

The GABA accumula t ion  produced by VPA was small compared t o  

t h e  3 t o  5 - fo ld  i n c r e a s e s  induced  by t h e  o t h e r  i n h i b i t o r s  of GABA 

metabo l i sm,  AOAA and VGABA. For  t h e s e  two,  t h e  i n c r e a s e  was much 

g r e a t e r  i n  t h e  hippocampus t h a n  i n  t h e  hypothalamus. The r e s u l t s  

are l i s t e d  i n  t a b l e  1 and shown on F i g u r e  4 .  

T h i s  s t u d y  d e s c r i b e s  t h e  o p t i m i z a t i o n  of methodology fo r  LCEC 

d e t e r m i n a t i o n  of OPA-AA d e r i v a t i v e s  f o r  t h e  measurement of  GABA i n  
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mouse hypothalamus 2nd hippocampus. A p p l i c a t i o n  GE t h e  method i s  

i l l u s t r a t e d  by t h e  d e t e r m i n a t i o n  of GAEA l e v e l s  a f t e r  

a d m i n i s t r a t i o n  of t h r e e  d rugs  which block GAEA c s t a b o l i s m .  
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