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A NEW TECHNIQUE FOR SIMULTANEOUS ASSAY 
OF BIOGENIC AMINES AND THEIR METABOLITES I N  

UNPURIFIED MOUSE B R A I N  

E .  Morier and R .  R i p s  
Un i t6  de  Pharmacologie  Chimique 

INSERM 
17 ,  r u e  du Fe r  Moulin 

75005 P a r i s ,  F rance  

ABSTRACT 
We deve loped  a ch romatoqraph ic  s y s t e m  which separates cate- 

cho lamines  and'  i ndo lamines  a s  w e l l  as- a l a r g e  number of t h e i r  me- 
t a b o l i t e s  ( a c i d s ,  aminoac ids  and g l y c o l s ) .  Waters R a d i a l  Pak co- 
lumns compressed r a d i a l l y  t o  a v o i d  f o r m a t i o n  of c a v i t i e s  i n  t h e  
p a c k i n g ,  were used .  These columns must be  washed w i t h  me thano l  i n  
o r d e r  t o  o b t a i n  r e p r o d u c i b l e  r e s u l t s  when a n  i o n - p a i r i n g  mob i l e  
phase  i s  employed. The c o n d i t i o n i n g  o f  t h e  columns was n o t  a f f e c -  
t e d  by washing w i t h  t r i e t h y l a m i n e  o r  v a r i a t i o n s  i n  r a d i a l  p r e s s u -  
re. Good r e s o l u t i o n  o f  1 3  samples  was o b t a i n e d  i n  28 m i n u t e s  w i t h  
a mob i l e  phase  composed of 0.1 M KH2P04, 0.1 mM EDTA and 5 mM 
h e p t a n e  s u l f o n i c  a c i d  i n  water and Me OH (85 :15) ,  pH = 3 . 6 .  Pro-  
d u c t s  were i d e n t i f i e d  w i t h  t h e  u s e  o f  a Metrohm 641 e l e c t r o c h e -  
mical d e t e c t o r .  

t i o n  o f  N A ,  DA,  DOPAC, H V A ,  5HT and 5HIAA i n  d e p r o t e i n a t e d  mou- 
se b r a i n  samples .  

The t e c h n i q u e  was used f o r  r a p i d ,  s i m u l t a n e o u s  d e t e r m i n a -  

INTRODUCTION 
S i n c e  pha rmaco log ica l  a g e n t s ,  e s p e c i a l l y  p s y c h o t r o p i c  s u b s -  

t a n c e s ,  may modify c a t e c h o l a m i n e s ,  i n d o l a m i n e s  and t h e i r  metabo- 

l i t e s  i n  t h e  b r a i n ,  it i s  e s s e n t i a l  t o  be a b l e  t o  measure t h e s e  
s u b s t a n c e s  i n  o r d e r  t o  d e t e c t  v a r i a t i o n s  due  t o  t r e a t m e n t .  

These s u b s t a n c e s  c a n  be  s e l e c t i v e l y  d e t e c t e d  and q u a n t i t a -  

t e d  a t  c o n c e n t r a t i o n s  found i n  b i o l o g i c a l  f l u i d s  u s i n g  h i g h  p e r -  
formance l i q u i d  chromatography coup led  t o  a s e n s i t i v e  d e t e c t i o n  
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1 5 2  MORIER AND RIPS 

system, electrochemical  fo r  example (LC-ED). Most o f  the methods 

which have been described concern the separat ion and ana lys is  o f  

a l i m i t e d  number o f  compounds i n  p u r i f i e d  ex t rac ts  o f  b i c l o g i c a l  

t i ssues  o r  f l u i d s .  Separation o f  a l a r g e r  number o f  pure com- 

pounds was attempted w i t h  a Merck RP 8 column ( l ) ,  and the per-  

formances o f  three other columns, a reverse phase Merck L ichro-  

sorb RP 18 column and thc  Perking Elmer ODs-HC-Si l -X and O D s - S i l -  

X - 1  i o n  exchange columns, have been compared (2 ) .  I t  has no t  ye t  

been poss ib le  t o  separate and de tec t  a l a r g e  number compounds. 

We have succeeded i n  sepdrat ing a mix tu re  o f  13  pure ca te-  

cholamine and indolaminc de r i va t i ves  using reverse phase Radial  

Pak A columns. These columns are used under r a d i a l  compression t o  

dvoid cav i t y  formation, pe rm i t t i ng  b e t t e r  separat ion o f  i n j e c t e d  

compounds. We have determined the  cond i t ions  necessary for  good 

compound reso lu t i on  and reproducible r e s u l t s  a t  concentrat ions of 

about 1 ng/pl .  

The method was then app l ied  t o  crude ex t rac ts  o f  mouse b r a i n  

w i thout  p re l im inary  p u r i f i c a t i o n  by alumine o r  i o n  exchange proce- 

dures which are t ime consuming and can be complicated. Catechola- 

mines, indolamines and t h e i r  metabol i tes cou ld  be assayed s imu l ta -  

neously i n  small  regions o f  a s ing le  mouse b r a i n  conta in ing  l ess  

than nanogram o f  the compounds. 

MATERIAL AND METHODS 

We used a Waters 6000 A l i q u i d  chromatograph w i t h  a U 6 K i n -  

j e c t o r ,  a Waters RCM-100 r a d i a l  compression system, a Waters Ra- 

d i a l  Pak A column (C 18, 0.8 cm i . d .  X 10 cm, 10 pm p a r t i c l e  

s i ze ) ,  a Metrohm 641 electrochemical  de tec tor  f i t t e d  w i t h  two 

v i t r o u s  carbon electrodes EA 286 - 1 and one reference Ag/AgCl EA 

442 electrode. The p o t e n t i a l  used was + 0.8 V. The mobi le phase 

consisted o f  0.1MKH2P04 (Merck), 0.1 mM EDTA (Prolabo),  5 mM hep- 

tane sufonic ac id  (Waters P ic  87) i n  a mix tu re  o f  demineral ized 

water (Crouzat > 5 m i l l i o n s  ohm cm / cm) and MeOH (85:15). The pH 

\+as adjusted t o  3.6 by a d d i t i o n  of 0.1 M H3P04 (Merck), f i l t e r e d  

Lhrough a 0.45 Dm M i l l i p o r e  f i l t e r  and degassed i n  a Bransonic 

220 u l t rason ic  c e l l ,  f low r a t e  1 ml/mn. Compounds tes ted  were 
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BIOGENIC AMINES AND THEIR METABOLITES 153 

DHMA : 3 , 4  - d ihydroxymandy lace t i c  a c i d  ( A l d r i c h )  ; DHPG : 3 , 4  - 
d ihydroxypheny lg lyco l  ( A l d r i c h )  ; VMA : vany lmande l i c  a c i d  

( A l d r i c h )  ; MHPG : 4 - hydroxy - 3 - methoxypheny lg lyco l  

( A l d r i c h )  ; DOPA : 3 - ( 3 , 4  - d ihydroxypheny l )  - a l a n i n e  ( F l u k a )  ; 

NA : n o r a d r e n a l i n e  ( A l d r i c h )  ; DHPMA : 3 - ( 3 , 4  -d ihydroxypheny l )  

- 2 - m e t h y l a l a n i n e  ( A l d r i c h )  ; DBA : 3,4 - d ihydroxybenzy lamine ,  

i n t e r n a l  s t a n d a r d  ( A l d r i c h )  ; DOPAC : 3,4 - d i h y d r o x y p h e n y l a c e t i c  

a c i d  (Sigma) ; DA : dopamine ( I n t e r c h i m )  ; 5HIAA : 5 - hydroxy in -  
d o l e  - 3 - acet ic  a c i d  (Sigma) ; HVA : h o m o v a n i l l i c  a c i d  

( A l d r i c h )  ; 5 HT : 5 - hydroxy t ryp tamine  (S igma) .  They were d i s -  

s o l v e d  a t  a c o n c e n t r a t i o n  o f  1 mg/lO m l  water, t h e n  d i l u t e d  1/100 

i n  t h e  mob i l e  phase  (1 p1 c o n t a i n s  1 ng) .  A l l  c o n c e n t r a t i o n s  were 
r e p o r t e d  a s  t h e  f ree  b a s e  or a c i d .  

Mice were s a c r i f i c e d  by d e c a p i t a t i o n  a t  t h e  same time o f  t h e  

morning t o  a v o i d  c i r c a d i a n  v a r i a t i o n s  i n  t h e  b r a i n  c o n t e n t .  The 

b r a i n s  were q u i c k l y  removed from t h e  s k u l l  and d i s s e c t e d  on  ice  
i n t o  d i f f e r e n t  r e g i o n s  ( c e r e b e l l u m ,  b r a i n - s t e m ,  hypo tha lamus ,  

hippocampus, s t r i a t u m  and res t )  a c c o r d i n g  t o  t h e  method o f  

Glowinsky and I v e r s e n  ( 3 )  p r i o r  t o  f r e e z i n g  o n  d r y  ice.  Weighed 

t i s s u e  samples  were homogenized w i t h  a n  U l t r a - t u r r a x  i n  450 1.11 

(900 f o r  t h e  r e s t )  o f  0.4 N p e r c h l o r i c  a c i d  c o n t a i n i n g  0.1 % EDTA 
and Na2S205. Homogenates were c e n t r i f u g e d  (Beckman 3 21)  a t  6000 

rpm and 4OC f o r  10 mn. The samples  were a d j u s t e d  t o  a pH o f  5 by 

a d d i t i o n  o f  50 p1 (100 p l  f o r  t h e  rest) of 10 M p o t a s s i u m  aceta- 
te .  The samples  were a g a i n  c e n t r i f u g e d  unde r  t h e  same c o n d i t i o n s  

t o  e l i m i n a t e  KC104 and i n j e c t e d  d i r e c t l y  i n t o  t h e  LC i n  t h e  f o l -  
lowing amounts : 5 p1 f o r  s t r i a t u m  and res t ,  10 p1 f o r  h y p o t h a l a -  

mus, 20 p l  f o r  hippocampus and b r a i n  stem, 50 pl f o r  c e r e b e l l u m .  

The c o n c e n t r a t i o n  of e a c h  compound was de te rmined  by compai- 
r i n g  t h e  r e s p e c t i v e  peak h e i g h s  w i t h  t h o s e  o b t a i n e d  w i t h  a s t a n -  

d a r d  m i x t u r e  o f  compounds t e s t e d  e v e r y  s i x  samples  and c a l i b r a t e d  
w i t h  a n  i n t e r n a l  s t a n d a r d .  No d e v i a t i o n  from l i n e a r i t y  was d e t e c -  

t e d  o v e r  a r a n g e  o f  0.1 t o  10 ng. 

RESULTS 

The aim of t h i s  s t u d y  was t o  a c h i e v e  s e p a r a t i o n  o f  t h e  cate- 
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154 MORTER AND RIPS 

chols and indo les  most abundant i n  b r a i n  t i s s u e  using r a d i a l l y  

compressed columns. A phosphate b u f f e r  con ta in ing  the i o n  p a i r i n g  

agent heptane s u l f o n i c  ac id  and MeOH was chosen f o r  the mobi le 

phase as a consequence o f  repo r t s  i n  the  l i t e r a t u r e  (4) as w e l l  

as our own experience w i t h  Waters microbondapak C 18 columns. Re- 

s u l t s  d i f f e red ,  however, depending on whether the columns were 

new o r  had already been exposed t o  solvents conta in ing  va r iab le  

amounts o f  MeOH. DA re ten t ion ,  f o r  example va r ied  from 0 t o  15 

minutes. We there fore  s tud ied  the  cond i t i on ing  o f  these columns 

necessary t o  ob ta in  reproducible r e s u l t s  w i t h  an i o n  p a i r i n g  mo- 

b i l e  phase. 

Columns cond i t i on ing  

- MeOH : Our pre l im inary  r e s u l t s  suggested t h a t  the more the co- 

lumns were washed w i t h  MeOH, the b e t t e r  they re ta ined the samples. 

The fo l l ow ing  t e s t s  were, there fore ,  performed. 

- two new columns were washed 1 hour w i t h  water, 1 hour w i t h  MeOH, 

1 hour w i t h  water, then 20 hours w i t h  e luent ,  g i v i n g  s i m i l a r  and 

acceptable resu l t s .  

- a column w i t h  weak r e t e n t i o n  capaci ty,  when washed abundantly 

w i t h  water, then 1 hour w i t h  MeOH, 1 hour w i t h  water and 20 hours 

w i t h  eluent,  gave s i m i l a r  resu l t s .  

- a new column t rea ted  w i t h  MeOH as above, tes ted  w i t h  e luent ,  

washed again w i t h  water fo l lowed by MeOH then water, and re tes ted  

w i t h  e luent  gave i d e n t i c a l  r e s u l t s  i n  both tes ts .  

Good reproducible r e s o l u t i o n  o f  the samples tes ted  could the- 

r e f o r e  be obtained w i t h  both new or i n e f f e c t i v e  used columns a f t e r  

washing w i t h  MeOH. Columns from the same o r  d i f f e r e n t  se r ies  gave 

s i m i l a r  resu l t s .  I n  the presence o f  MeOH, t he  OH groups on the 

s i l i c a  p a r t i c l e s  seem t o  become or ien ted  l i k e  " b r l s t l e s  o f  a 

brush" on which the  samples are  retained. 

Radial  compression : I n  order t o  determine whether changes i n  r a -  

d i a l  pressure dur ing  cond i t i on ing  a l t e r s  the  arrangement o f  the  

bonding phase, the  pressure on th ree  new d r y  columns was f i x e d  a t  

0, 113 or  2 1 3  o f  the  maximum, the l a t t e r  being recommended by the 
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0 113 213 Radial  pres. 

Solvent 

MeOH 70 70 90 
Water 150 160 2 50 
Eluent 280 3 10 380 

7 

manufacturer. The th ree  columns were washed as above w i t h  water 

and eluent.  Radial  pressure remained the same dur ing  washing, bu t  

pump pressure var ied  depending both on the  so lvent  and the  r a d i a l  

pressure. 

Mobile phase 

Var ia t ions  i n  pH : Varying the  pH a f fec ted  not on ly  r e t e n t i o n  t i -  

me, as seen i n  F igure  1, bu t  a l so  peak shape and symmetry. The 

values reported were obtained w i t h  the aqueous MeOH b u f f e r .  The 

pH was v e r i f i e d  be fore  every record ing  and cor rec ted  i f  necessa- 

r y  w i t h  0.1 M H3PO4 or  NaOH. 

Retent ion t ime : Retent ion t ime increased as pH decreased ; the 
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156 MORIER AND RIPS 

l onger  the r e t e n t i o n  t ime,  t h c  g r e a t e r  t he  i nc rease .  The amino- 

a c i d s  DOPA and DHPMA, p a r t i c u l a r l y  t h e  l d t t e r ,  were r e t a i n c d  

much 1onger.At pH > 3.4, VMA and DOPA were l e s s  w e l l  scparated.  

Decreasing t h e  pH improved s e p a r a t i o n  b u t  i nc reased  r c t c n t i o n  t i -  

mc f o r  a l l  t h c  samples. 

Peak shape : Wi th  some columns, an i n c r c a s c  i n  pti changed the  sha- 

pe o f  t h e  peaks obta ined.  A f t c r  pH = 3.85 peaks became more and 

more asymmet 

C 18 cha ins )  

i o n  p a i r s  t o  

c i d .  I n c r e a s  

protona t i o n .  

i c a l .  Th i s  may be e x p l a i n e d  by column wear(1oss o f  

The pH must be l ow  enough f o r  s t a b l e  u n d i s s o c i a t e d  

form between t h e  sample and t h e  heptane s u l f o n i c  a- 

ng t h e  pH decreases t h e  f o r m a t i o n  o f  i o n  p d i r s  by 

Percentage o f  MeOH : I n c r e a s i n g  t h e  percentage o f  MeOH i n  t h e  

e l u e n t  g e n e r d l l y  i nc reased  sample r e t e n t i o n  t imes.  Th is  i s  i l l u s -  

t r a t e d  i n  F i g u r e  7. h i t h  10-15 % MeOH, DA and DOPAC were i n  c l o -  

se p r o x i m i t y .  They changed p o s i t i o n s  w i t h  15-20 % MeOH. T h e i r  

r e t e n t i o n  t imes were i d e n t i c a l  w i t h  17  % MeOH. A t  10-15 % MeOH, 

DBA and DOPAC have s i m i l a r  e l u t i o n  t imes.  Op t ima l  separa t i ons  

c o u l d  be ob td ined  under t h e  f o l l o w i n g  c o n d i t i o n s  : 

- g l y c o l s  (MHPG, DHPG) and a c i d s  (DHMA, VMA, DOPA, DOPAC) were 

w e l l  separated w i th  10 % MeOH a t  a r a t e  o f  1 ml/mn ; 

- a l l  13 samples c o u l d  be separated w i t h  15 % MeOH a t  a r a t e  o f  

1 ml/mn ( F i g u r e  3 )  ; 

- i f  o n l y  NA, DBA, DA and 5HT a r e  t o  be q u a n t i f i e d ,  ds d f t e r  

Amber l i t e  e x t r a c t i o n ,  1 5  % MeOH a t  2 ml /min,  r a t h e r  than 20 % a t  

1 m l / m m ,  was o p t i m a l .  

Column wear 

Column wear r e s u l t s  i n  i nc reased  p ressu re .  Normal p ressu re  

w i t h  t h e  proposed e l u e n t  was 400-700 p s i .  Above 1200 p s i  r e s o l u -  

t i o n  decreases r e s u l t i n g  i n  l o s s  o f  s e p a r a t i o n  between MHPG and 

NA, DA and DOPAC. DA-DOPAC s c p a r d t i o n  can be p a r t i a l l y  recovered 

by washing w i t h  wa te r ,  w i t h  MeOH f o r  5 hours, t hen  a g a i n  w i t h  wa- 

t e r  f o l l o w e d  by e l u e n t .  The columns must be washed abundant ly  

wi th  water  s i n c e  MeOH p r e c i p i t a t e s  heptane s u l f o n i c  a c i d .  Two 
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f ac to r s  c o n t r i b u t e  t o  loss  of c o l u m n  e f f i c a c y  w i t h  time : 

1) MeOH p a r t i a l l y  e l i m i n a t e s  o r g a n i c  s u b s t a n c e s  w h i c h  a r e  s t r o n -  
g l y  r e t a i n e d  by t h e  co lumn a n d  i n t e r f e r e  w i t h  t h e  n o r m a l  e q u i l i -  
b r i u m  b e t w e e n  t h e  two c h r o m a t o g r a p h i c  p h a s e s  ; 

2 )  h y d r o l y s i s  of o c t a d e c y l  m o l e c u l e s  from t h e  s u r f a c e  of t h e  

p a c k i n g  m a t e r i a l  a n d  p h y s i c a l  l o s s  of t h e  m a t e r i a l ,  b o t h  of w h i c h  

are  i r r e v e r s i b l e .  

Assay  o f  c r u d e  Mouse E x t r a c t s  

T h r e e  s o l u t i o n s  were t e s t e d  f o r  e x t r a c t i o n  of t h e  compounds 

a n d  p r e c i p i t a t i o n  of p r o t e i n s .  P r o t e i n s  p r e c i p i t a t e d  s l o w l y  a n d  

t a i l i n g  p e a k s  a p p e a r e d  o n  t h e  traces w i t h  e t h y l  a l c o h o l . Z n S 0  c o u l d  

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

i d e n t i c a l  t o  t h a t  o f  N A .  P r o t e i n  p r e c i p i t a t i o n  a n d  compound e x -  

t r a c t i o n  was b e s t  w i t h  HC104 ( 5 ) .  To i n c r e a s e  t h e  pti o f  0.4 N 

p e r c h l o r i c  d c i d  (pH i l ) ,  CH3COOK was a d d e d .  T h i s  s u b s t a n c e  i s  
h i g h l y  s o l u b l e  i n  w a t e r  m i n i m i z i n g  d i l u t i o n  of t h e  e x t r a c t s  a n d  

i n d u c e s  a b u f f e r  z o n e  ( a r o u n d  5 ) .  The KCIOqformed is p r a c t i c a l -  

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

4. 

O x i d a t i v e  metal i o n s  were complexed  w i t h  0.1 % EDTA t o  p r o -  

tect  t h e  c a t e c h o l a m i n e s  from o x i d a t i o n .  A s c o r b i c  a c i d  c o u l d  n o t  

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

p h a s e ,  a s  a l a r g e  p e a k  w h i c h  o v e r l a p p e d  low RT compounds ; 
0 was u s e d  i n s t e a d  s i n c e  it is e l u t e d  as  a n a r r o w  p e a k  i n  t h e  

v o i d  volume of t h e  co lumn.  

Na2S2 

5 

N A ,  DA a n d  i t s  m e t a b o l i t e s  DOPAC a n d  H V A ,  5-HT a n d  i t s  meta- 

b o l i t e  5-HIAA were r e a d i l y  d e t e c t e d  i n  r e g i o n s  o f  mouse b r a i n .  

F i g u r e  4 shows t y p i c a l  c h r o m a t o g r a m s .  P r o d u c t s  w i t h  R T ' s  lower 

t h a n  t h a t  o f  N A  were masked by e n d o g e n o u s  s u b s t a n c e s  s u c h  a s  as- 
c o r b i c  a c i d .  

R e c o r d i n g s  were o b t a i n e d  q u i c k l y  a n d  e a s i l y  ( a b o u t  20 minu-  

tes p e r  s a m p l e )  arid r e q u i r e d  o n l y  a l i m i t e d  number of p r e p a r a t o -  

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

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

i n  F i g u r e  4 ,  h o w e v e r ,  were o b t a i n e d  w l t h  a c o l u m n  u s e d  d a i l y  f o r  
s i x  m o n t h s .  
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1021 

4 5 f 9  

170215 

767274 

177226 

163 

6825 

422 i23  

717257 

20324 

292234 

231226 

TABLE 1 
Reg iona l  L e v e l s  ( n g / g )  o f  NA, DOPAC, DA, SHIAA, HVA and  5HT 

i n  Mouse B r a i n  

1722 

92212 
- 

775252 

lOS+lO 

~~~~~ 

Cerebel lum 
Bra in - s t em 

Hypothalamus 

Hippocampus 

S t r i a  t um 

Rest 

2623 

302+32 
- 

69522530 

684234 

N A  

374228 
1425286 

- 
- 

10727 

5HIAA 

6821 
480226 

416235 

2 3 3 h  

238Zl8 

201214 

C a t e c h o l  and i n d o l e  a s s a y s  i n  r e g i o n s  o f  mouse b r a i n  have 
p r e v i o u s l y  been hampered by t h e  small s ize  of t h e  s a m p l e s  r e q u i -  
r i n g  p o o l i n g  o f  r e g i o n s  from s e v e r a l  b r a i n s  t o  measure s u b s t a n c e s  

p r e s e n t  i n  low c o n c e n t r a t i o n s .  T y p i c a l  r e s u l t s  f o r  s e v e r a l  r e g i o n s  

o f  mouse b r a i n  a r e  shown i n  T a b l e  1. Only one  comparab le  r e p o r t  

o f  N A ,  DA and 5-HT l e v e l s  i n  mouse b r a i n  h a s  been found i n  t h e  

l i t e r a t u r e  ( 6 ) .  Our v a l u e s  are  i n  ag reemen t  w i t h  t h e  v a l u e s  re- 
p o r t e d  by t h e s e  a u t h o r s  a s  well a s  w i t h  t h o s e  r e p o r t e d  r e c e n t l y  
i n  ra t  b r a i n  by i n v e s t i g a t o r s  u s i n g  LC-ED. 

CONCLUSION 

Using r a d i a l  Pak A columns and a n  i o n  p a i r i n g  e l u e n t ,  13 
compounds, i n c l u d i n g  c a t e c h o l a m i n e s ,  s e r o t o n i n  and t h e i r  metabo- 

l i t e s ,  c o u l d  be  s e p a r a t e d .  T h i s  s t u d y  d e m o n s t r a t e s  t h e  impor t an -  
ce of MeOt! i n  column c o n d i t i o n i n g  when a n  i o n  p a i r i n g  m o b i l e  pha- 

se is used.  R e t e n t i o n  times c a n  be  a d j u s t e d  t o  t h e  needs  o f  a 
p a r t i c u l a r  a s s a y  by v a r y i n g  t h e  pH o r  t h e  amount of MeOH p r e s e n t .  

R e s o l u t i o n  d e c r e a s e s  w i t h  column l i f e  and c a n  o n l y  p a r t i a l l y  be  
r e c o v e r e d  w i t h  MeOH c o n d i t i o n i n g .  

S i x  compounds c o u l d  be a s s a y e d  d i r e c t l y  i n  d e p r o t e i n a t e d  
e x t r a c t s  o f  mouse b r a i n  r e g i o n s  i n  a b o u t  20  minu tes .  
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