
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Determination of Monamine Metabolites in Human Cerebrospinal Fluid by
High Performance Liquid Chromatography with Electrochemical Detection
L. Elrod Jr.a; G. L. Mayera

a Bioanalytical Systems, Inc, West Lafayette, Indiana

To cite this Article Elrod Jr., L. and Mayer, G. L.(1985) 'Determination of Monamine Metabolites in Human Cerebrospinal
Fluid by High Performance Liquid Chromatography with Electrochemical Detection', Journal of Liquid Chromatography
& Related Technologies, 8: 10, 1817 — 1827
To link to this Article: DOI: 10.1080/01483918508074097
URL: http://dx.doi.org/10.1080/01483918508074097

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918508074097
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 8(10), 1817-1827 (1985) 

DETERMINATION OF MONAMINE META- 
BOLITES IN HUMAN CEREBROSPINAL 

FLUID BY HIGH PERFORMANCE LIQUID 

CHEMICAL DETECTION 
CHROMATOGRAPHY WITH ELECTRO- 

L. Elrod, Jr. and G.  L. Mayer 
Bioanalytical Systems, Inc, 

2701 Kent Avenue 
West Lafayette, Indiana 47906 

ABSTRACT 

An optimized high performance l i q u i d  chromatographic  (HPLC) 
s e p a r a t i o n  was developed t o  determine t h e  monoamine m e t a b o l i t e s  
3-methoxy-4-hydroxyphenyl g l y c o l  (MHPG), 4-hydroxy-3-methoxy- 
phenylace t ic  a c i d  (HVA) and 5-hydroxyindole-3-acetic a c i d  
(5-HIAA) i n  human c e r e b r o s p t n a l  f l u i d  (CSF) . A f t e r  d e p r o t e i n i z a -  
t i o n  with t r i c h l o r o a c e t i c  a c i d  (TCA) , CSF samples were chromato- 
graphed without  f u r t h e r  p r e p u r i f  i c a t i o n .  Chromatographic separa-  
t i o n s  were achieved i s o c r a t i c a l l y  us ing  a r e v e r s e  phase Biophase 
ODS (5 pm) a n a l y t i c a l  column and an e l u e n t  c o n t a i n i n g  0.05 5 
ammonium a c e t a t e  a t  pH 5.3 and 0.9% t e t r a h y d r o f u r a n .  An ampero- 
metric e lec t rochemica l  d e t e c t o r  wi th  a th in- layer  g l a s s y  carbon 
working e l e c t r o d e  was used. The working e l e c t r o d e  w a s  opera ted  
a t  +0.80 V versus  a Ag/AgCl r e f e r e n c e .  Q u a n t i t a t i o n  was 
performed by comparing peak h e i g h t s  of t h e  s u b j e c t  compounds 
obta ined  from t h e  sample p r e p a r a t i o n  to  those  of a s t a n d a r d  
t r e a t e d  f d e n t i c a l l y .  Recovery of t h e  m e t a b o l i t e s  ranged from 
71.1 t o  110% when added t o  CSF i n  c o n c e n t r a t i o n s  of 2.0 t o  63 
ng/ml. Assay p r e c i s i o n  ( r e l a t i v e  s t a n d a r d  d e v i a t f o n s )  f o r  pooled 
CSF ranged from f5.7 t o  *9.9% and t h e  monoamines were d e t e c t a b l e  
(SIN 3 3) a t  20 t o  40 pg i n j e c t e d  i n  s t a n d a r d s .  
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INTRODUCTION 

ELROD AND MAYER 

The monoamines 3-methoxy-4-hydroxyphenyl g l y c o l  (MHPG), 

4-hydroxy-3-methoxyphenylacetic a c i d  (HVA) and 5-hydroxyindole- 

3-ace t ic  a c i d  (5-HIAA) are major m e t a b o l i t e s  of norepinephr ine  

(NE), dopamine (DA) and serot0ni.n (5-HT) r e s p e c t i v e l y .  The 

c o n c e n t r a t i o n s  of t h e s e  m e t a b o l i t e s  i n  c e r e b r o s p i n a l  f l u i d  (CSF) 

r e f l e c t  neuronal  a c t i v i t y  i n  t h e  c e n t r a l  nervous system. Increa-  

s i n g  i n t e r e s t  is being shown i n  de te rmining  monoamine m e t a b o l i t e s  

s i n c e  abnormal l e v e l s  have been a s s o c i a t e d  wi th  a v a r i e t y  of 

p s y c h i a t r i c  (1-2) and n e u r o l o g i c a l  d i s o r d e r s  (3-5). The combined 

s e n s i t i v i t y  and s p e c i f i c i t y  a f forded  by h i g h  performance 1iqui.d 

chromatography wi th  e lec t rochemica l  d e t e c t i o n  (LCEC) a l l o w  t h e  

de te rmina t ion  of t h e s e  compounds a t  t h e  low n g l d  l e v e l s  found 

endogenously i n  CSF. 

Recent accounts  i n  t h e  l i t e r a t u r e  r e p o r t  t h e  de te rmina t ion  of 

monoamine m e t a b o l i t e s  i n  CSF u s i n g  LCEC a f t e r  e t h y l  a c e t a t e  

e x t r a c t i o n  (6) or by d i r e c t  i n j e c t i o n  (7-12). The d i r e c t  in jec-  

t i o n  approach a l lows  a very  s imple and r a p i d  sample p r e p a r a t i o n  

while  minimizing a n a l y t e  l o s s e s .  While publ ished methods f o r  t h e  

m e t a b o l i t e s  r e s o l v e  t h e  t h r e e  compounds of i n t e r e s t  t o  v a r y i n g  

degrees ,  few show t h e  presence of 5-HT and t ryptophan (TRP) i n  

CSF sample prepara t ions .  These c o n s t i t u t e n t s ,  p r e s e n t  i n  h igh  

c o n c e n t r a t i o n s  ( r e l a t i v e  t o  t h e  monoamine m e t a b o l i t e s )  are 

p o s s i b l y  adsorbed s t r o n g l y  onto  r e v e r s e  phase packing and e lu te  

a t  p r o h i b i t i v e l y  long r e t e n t i o n  times. T h i s  procedure d e s c r i b e s  

a n  opt imized i s o c r a t i c  chromatographic system t o  s e p a r a t e  t h e  

monoamine m e t a b o l i t e s  from o t h e r  endogenous compounds i n  CSF 

while  e l u t i n g  TRP, 5-HT and more s t r o n g l y  r e t a i n e d  components i n  

less than 40 minutes. A r e l i a b l e  measurement i s  achieved using 

only  100 pL of human CSF. 

MATERIALS AND METHODS 

Reagents 

Ammonium acetate and 70% p e r c h l o r i c  a c i d  were reagent  grade 

and were obtained from F i s h e r  S c i e n t i f i c  Co. ( F a i r  Lawn, NJ). 
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MONOAMINE METABOLITES 1819 

Tetrahydrofuran (THF) was HPLC grade from Burdick and Jackson 

Labs (Muskegon, MI). Acetic a c l d  and t r i c h l o r o a c e t i c  a c i d  (TCA) 

were reagent  grade from Mall inckrodt  Chemical ( P a r i s ,  KY). 

Disodium ethylenediaminetetraacetic a c i d  (Na EDTA) and L-cysteine 

were reagent  grade from Eastman Kodak Co. (Rochester ,  NY) and 

Sigma Chemlcal Co. ( S t .  Louis, MO) r e s p e c t i v e l y .  

2 

Solvents  f o r  s tandard  p r e p a r a t i o n s  contained 0.1 fi p e r c h l o r i c  

a c i d  and 0.1 g p e r c h l o r i c  a c l d ,  0.1% (W/V) c y s t e i n e  i n  de ionized  

water. A s o l u t i o n  c o n t a i n i n g  10% TCA and 0.1% c y s t e i n e  (W/V) was 

prepared i n  deionlzed water f o r  sample d e p r o t e i n i z a t i o n .  

Liquid Chromatograph and Condit ions 

The chromatographic system c o n s i s t e d  of a BAS Model LC-154 T 

chromatograph equipped wi th  a Model LC-4B/17 e lec t rochemica l  

d e t e c t o r  and a Model TL-5 g l a s s y  carbon working e l e c t r o d e  ( a l l  

from B i o a n a l y t i c a l  Systems, Inc . ,  West L a f a y e t t e ,  I N ) .  The 

working e l e c t r o d e  was opera ted  a t  +0.80 V v e r s u s  a Ag/AgCl 

r e f e r e n c e  e l e c t r o d e .  Detec tor  s e n s i t i v i t y  was 10 nA f o r  1 v o l t  

f u l l  scale d e f l e c t i o n .  

Chromatographic s e p a r a t l o n s  were achieved using a 25  cm x 4.6 

mm Blophase ODS ( 5  pm) a n a l y t i c a l  column ( B i o a n a l y t i c a l  Systems, 

Inc. ,  West L a f a y e t t e ,  I N ) .  The HPLC e l u e n t  was a mixture  of 9 m l  

of THF and 1 l i t e r  of b u f f e r  conta in ing  0.05 ammonium acetate 

and 0.1 mM_ Na EDTA which had been ad jus ted  t o  pH 5.3 w i t h  a c e t i c  

ac id .  P r i o r  t o  u s e ,  the  s o l u t i o n  was f i l t e r e d  through a 0.2 pm 

nylon membrane (Rainin Instrument  Co., Woburn, MA) and degassed 

under vacuum with s t i r r i n g .  I n j e c t i o n s  of 20 PL were made w i t h  

t h e  system's  f i x e d  loop i n j e c t i o n  valve.  A f low rate of 1.5 

ml/min w a s  maintained a t  2400 p s i  back pressure .  

2 

CSF Samples 

CSF samples c o l l e c t e d  by lumbar puncture  f o r  o t h e r  d i a g n o s t i c  

purposes  were obta ined  from Chicago, IL area h o s p i t a l s .  A l l  

samples were s t o r e d  frozen u n t i l  processed. 
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1820 ELROD AND MAYER 

Standard P r e p a r a t i o n s  

Standards of HVA, 5-HIAA and MHPG (obta ined  as t h e  p i p e r a z i n e  

s a l t )  were purchased from Aldr ich  Chemical Co. (Milwaukee, WI). 
Stock s o l u t i o n s  of each monoamine a t  c o n c e n t r a t i o n s  of 200 pg/ml 

were prepared i n  0.1 fi H C l O  0.1% c y s t e i n e .  A mixed working 

s tandard  c o n t a i n i n g  10 n g / d  of MHPG and 50 ng/ml each of HVA and 

5-HIAA was prepared by combining and d i l u t i n g  t h e  s t o c k  s t a n d a r d s  

i n  0.1 fi HC104. 

4 ’  

Assay Procedure 

Al iquots  of 100 pL of t h e  monoamine s t a n d a r d  s o l u t i o n  were 

p ipe ted  i n t o  1.5 m l  d i s p o s a b l e  c e n t r i f u g e  tubes .  To each t u b e  20 

pL of 10% TCA, 0.1% c y s t e i n e  s o l u t i o n  was added. Repli.cate 

s tandard  p r e p a r a t i o n s  were t y p i c a l l y  prepared and s t o r e d  i n  t h e  

f r e e z e r  u n t i l  i n j e c t e d .  

CSF samples were s t o r e d  f r o z e n  u n t i l  immediately b e f o r e  use 

t o  minimize l o s s e s  of t h e  m e t a b o l i t e s .  Samples were processed 

one a t  a time as descr ibed  f o r  t h e  s t a n d a r d s .  A f t e r  a d d i t i o n  of 

t h e  d e p r o t e i n i z a t i o n  s o l u t i o n ,  t h e  samples were placed i n  an ice 

b a t h  f o r  t e n  minutes  and c e n t r i f u g e d  f o r  f i v e  minutes .  The clear 

s o l u t i o n  was immediately i n j e c t e d .  

The monoamine m e t a b o l i t e  c o n c e n t r a t i o n s  were c a l c u l a t e d  as 

fol lows : 

Monoamine Conc. = Peak Height (Spl .  ) x Std.  Conc. (ng/ml) (SPl ) Peak Height (Std.)  

RESULTS AND DISCUSSION 

I n  o r d e r  t o  determine t h e  r e q u i r e d  o p e r a t i n g  p o t e n t i a l  t o  

s imul taneous ly  q u a n t i t a t e  each of t h e  monoamines, hydrodynamic 

voltammograms were genera ted  by r e p e t i t i v e l y  chromatographing 2 

ng of each metabol i te .  An a p p l i e d  p o t e n t i a l  of +0.80 V w a s  

chosen f o r  optimum d e t e c t i o n  of a l l  m e t a b o l i t e s .  

Chromatograms of a s tandard  p r e p a r a t i o n  and CSF sample prepar-  

a t i o n  obta ined  as descr ibed  i n  t h e  procedure are presented  f n  
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MONOAMINE METABOLITES 1821 

Figure  1. The chromatographic c o n d i t i o n s  descr ibed  i n  t h e  t e x t  

were used. Also presented  i n  t h e  F igure  i s  a chromatogram of a 

s y n t h e t i c  s tandard  mixture  c o n t a i n i n g  t h e  m e t a b o l i t e s  i n  

combination with DOPAC, 5-HT and TRP ( a l s o  p r e s e n t  i n  CSF). A s  

shown, t h e  monoamine m e t a b o l i t e s  e l u t e  as well-resolved peaks 

w i t h i n  12 minutes. Since 5-HT, TRP and two u n i d e n t i f i e d  l a t e  

e l u t i n g  compounds a r e  p r e s e n t  i n  CSF, a run t i m e  of about  38 

minutes  is requi red  f o r  samples. By us ing  TCA t o  p r e c i p i t a t e  t h e  

protei .ns  from the  CSF samples, t h e  e a r l y  p o r t i o n  of t h e  chromato- 

gram was much clearer than when p e r c h l o r i c  a c i d  was used f o r  t h e  

same purpose. Less  sample d i l u t i o n  is a l s o  r e q u i r e d  by us ing  

t h i s  reagent  s i n c e  i t  is very  e f f i c i e n t  a t  p r o t e i n  p r e c i p i t a t i o n .  

The chromatographic c o n d i t i o n s  d e s c r i b e d  i n  t h e  t e x t  have 

been opt imized for t h e  de te rmina t ion  of t h e  monoamine m e t a b o l i t e s  

i n  CSF using t h e  Biophase ODS 5 pm column. The amount of re ten-  

t i o n  which t h e  components of i n t e r e s t  have on t h e  s t a t i o n a r y  

phase i s  c o n t r o l l e d  by t h e  t y p e  of b u f f e r ,  s o l u t i o n  pH and 

0rgani.c modi f ie r  used. HPLC e l u e n t s  based on a c e t a t e ,  phosphate  

and c i t ra te /  p e r c h l o r a t e  b u f f e r s  a t  pH 5.1-5.3 gave s l i g h t l y  less 

r e s o l u t i o n  for t h e  peaks of i n t e r e s t  i.n CSF sample p r e p a r a t i o n s  

than  t h e  ammonium acetate s y s t e m  descr ibed .  When methanol or 

a c e t o n i t r i l e  were used as  o r g a n i c  m o d i f i e r s ,  less a c c e p t a b l e  

r e s o l u t i o n  a l s o  r e s u l t e d ,  as shown i n  F igure  2 .  The c o n d f t i o n s  

used i n  F igure  2 have been a d j u s t e d  s l i g h t l y  t o  o b t a i n  a c a p a c i t y  

f a c t o r  f o r  MHPG of  approximately 4. T h i s  g i v e s  a clear compari- 

son of t h e  e f f e c t  which t h e  m o d i f i e r  has  on t h e  s e p a r a t i o n .  

The e f f e c t  of t h e  mobile phase pH on t h e  HPLC s e p a r a t i o n  f o r  

monoamine m e t a b o l i t e s  i s  demonstrated i n  F igure  3. Here c a p a c i t y  

f a c t o r s  f o r  monoamines and o t h e r  components found i n  CSF are 

p l o t t e d  v e r s u s  e l u e n t  pH va lues .  The d a t a  were genera ted  by 

chromatographing s tandard  solut i .ons us ing  a 0.08 phosphate 

mobile phase a t  pH 4.9 t o  5.7. A s  shown i n  t h e  f i g u r e ,  t h e  pH 

change of t h e  mobile phase has no e f f e c t  on t h e  retention of t h e  

n e u t r a l  component MHPG. However, c a p a c i t y  f a c t o r s  f o r  t h e  a c i d i c  

components 5-HIAA and HVA more than  double  by d e c r e a s i n g  t h e  
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-1- 

\ .  Standard Preparation 

I 
'i" 

3 :  

v L t 
B. Synthetic Standord Mixture 

2 

T 
'i" 

c L. 

C CSF Sample Preparation II. .+ 

6 

C CSF Sample Preparation 

I 

0 8 16 24 32 40 
imilll1es) 

FIGURE 1 .Chromatograms of Standard preparations (A, B) and CSF 
sample preparation (C) using conditions stated in text .  Solu- 
t ions  A and C were prepared according to the assay procedure 
described in  t ex t ,  and solution (B) is  a synthetic standard 
mixture prepared in  0.10 H C l O  . Peak ident i t i e s :  1 - DOPAC, 2 - 
MHPG, 3 - HVA, 4 = 5-HIAAD 5e TRP and 6 = 5-HT. 
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MONOAMINE METABOLITES 1823 

t 

-t 
0 

FIGURE 2.  

I 

A. CSF Sample Preparation 

a 32 
l6 Imin.l 24 

8. CSF Sample Preparation 
6 

I ,  
B 16 24 32 40 

1rnl"I 

Chromatograms f o r  CSF samples m i n e  various organic 
modifiers. Sample8 -prepared as described i s  t&t ; peak ident i -  
ties same a8 i n  Figure 1, Mobile Phase A = 10.05 5 NH40AC, 0.1 
mM_ EDTA @ pH 5.31: methanol (1000:40). Mobile Phase B = [0.05 M 
NH40AC, 0.1 $ EDTA @ pH 5.31: ace ton i tr i l e  (1000:15). 
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t 
0 

&! 
h 
.I- .- 
0 
U 

s" 

0 

&! 7.0 - 
h 

0 MHPG 
U 

.I- .- 
1 * 

s" 5 . o y  I 

I I I I 

4.9 5.2 5.5 5.7 

Eluent pH 

FIGURE 3. Capaci ty  f a c t o r s  (K') p l o t t e d  v e r s u s  e l u e n t  pH f o r  
components found endogenously i n  CSF. A 0.08 phosphate b u f f e r  
(no organic  m o d i f i e r )  was used as t h e  e l u e n t .  

e l u e n t  pH from 5.7 t o  4.9. This t r e n d  r e s u l t s  from suppress ing  

t h e  i o n i z a t i o n  of t h e  a c i d s  a t  t h e  lower pH v a l u e s .  By a d j u s t i n g  

t h e  e l u e n t  pH from 5.2  t o  5.4, 5-HIAA and HVA are reso lved  from 

MHPG, but s t i l l  e l u t e  before  t h e  l a r g e  TRP peak p r e s e n t  i n  CSF. 

L i n e a r i t y  of t h e  d e t e c t o r  response f o r  monoamines was demon- 

s t r a t e d  by chromatographing s tandard  s o l u t i o n s  c o n t a i n i n g  8.4 t o  

70 ng/ml of t h e  components of i n t e r e s t .  As shown i n  F igure  4 ,  

p l o t s  of d e t e c t o r  response (nA) versus  c o n c e n t r a t i o n  (ng/ml) were 

l i n e a r  ( c o r r e l a t i o n  c o e f f i c i e n t s  0.9998- 0.9999) and e s s e n t i a l l y  
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3.0 

2.0 

8 

2! 
2 

c 
0 
Q. 
u) 

1.a 

a-0-Q MHPG 
0 4 - 0  HVA 
0-0-0 5-HIAA 

0 10 20 30 40 50 60 70 

Final Conc. (ng/ml) 

FIGURE 4. L i n e a r i t y  Curves f o r  monoamine m e t a b o l i t e s .  Standard 
s o l u t i o n s  were t r e a t e d  a s  d e s c r i b e d  i n  t h e  a s s a y  procedure.  
F i n a l  c o n c e n t r a t i o n s  are p l o t t e d  v e r s u s  peak c u r r e n t  response 
u s i n g  20 p L  i n j e c t i o n s .  

i n t e r s e c t e d  t h e  o r i g i n .  Using t h e  chromatographic  c o n d i t i o n s  

shown i n  t e x t ,  20 t o  40 pg of monoamines i n j e c t e d  are d e t e c t a b l e  

(SIN @ 3) i n  s tandards .  

To determine recovery of monoamine m e t a b o l i t e s  from CSF, 100 

).IL a l i q u o t 6  of a CSF pool were sp iked  w i t h  5 PL of a s t a n d a r d  

mixture  conta in ing  0.20 t o  6.33 ng of each  component. The sam- 
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TABLE 1 
Standard Addition and Recovery Data of 

Monoamine Metabolites i n  CSF 

MHPG HVA 5-HZAA 
ng ng ng - Added* %Recovery** Added* %Recovery** Added* %Recoverx** 

0.20 100 1.02 80.4 1.06 107 

0.40 82.5 2.04 71.1 2.11 110 

0.81 90.1 4.08 74.3 4.22 107 

1.21 84.3 6.13 74.2 6.33 107 

*ng of monoamine added t o  100 PL of pooled CSF. 
**Corrected for  endogenous monoamine content.  

TABLE 2 
Precision Data for Monoamine Metabolite Assay i n  CSF 

Concentrations ng/ml f o r  pooled CSF 

N 

Mean 

Range 

RSD 

MHPG 

1 1  

- HVA 5-HIAA 

11 1 1  

- 

8.5 57.8 51.6 

7.7-9.9 54.3-63.1 47.4-54.6 

*9.9% .f5.7% k6.4% 

p l e s  were assayed a s  described i n  the  procedure and the  recove- 

r i e s  were ca lcu la ted  co r rec t ing  fo r  t he  amounts of metabolites 

present endogenously. Recovery da ta  are shown i n  Table 1. A s  

shown, recoveries ranged from 84.3-100% f o r  MHPG, 71.1-80.4% f o r  

HVA and 107-110% f o r  5-HIAA. 

Assay prec is ion  was determined by quan t i t a t ing  the monoamine 

metabolites i n  a CSF pool according t o  the  procedure. Prec is ion  

da ta  were co l lec ted  by two ana lys t s  over th ree  d i f f e r e n t  days and 

a re  summarized i n  Table 2. As shown r e l a t i v e  standard devia t ions  
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f o r  MHPG, HVA and 5-HIAA were f9.9%, f5.7% and f6.4X 

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

ACKNOWLEDGEMENT 

The a u t h o r s  thank M s .  Katie Merriman f o r  her  a s s i s t a n c e  In 

t h e  p r e p a r a t i o n  of t h e  manuscri.pt . 

REFERENCES 

1. L. Traskman, M. Asberg, L. B e r t i l s s o n  and L. S j o s t r a n d ,  Arch. 
Gen. Psychla t ry ,  2 (1981) 631. 

2. G. S e d v a l l ,  Adv. Exp. Med. Biol . ,  133 (1981) 719. 
3. U.K. Rinne and V.  Sonninen, Neurology, 22 (1972) 62. 
4. G. Curzon i n  W.B. Essman ( E d i t o r ) ,  Sero tonin  i n  Heal th  and 

Disease, Vol. 3, The C e n t r a l  Nervous System, Spectrum 
Publ icat i .ons,  New York, 1978, p. 403. 

5. A.M. Palmer, N.R. S i m s ,  D.M. BOwen, D. Ueary, S. Palo ,  J. 
Wikstrum and A.N. Davison, J. Neurol. Neurosurg. and 
P s y c h i a t r y ,  9 (1984) 481. 

6. A.M. K r s t u l o v i c ,  L. Bertani-Dziedzic ,  S. Baut i s ta -Cerquer ia  
and S.E. Gitlow, J. Chromatogr., 227 (1982) 379. 

7. P.J. L a n g l a i s ,  W.J. McEntee, E.D. Bi rd ,  Clin. Chen., 26 
(1980) 786. 

8. J.  Wagner, P. V i t a l i ,  M.G. Palfreyman, M. Zra ika  and S. Huot, 
J .  Neurochem., 8 (1982) 1241. 

9. M.V. Bockstaele ,  L. D i l l e n ,  M. Claeys and W.P. DePot te r ,  J. 
Chromatogr., 275 (1983) 11. 

10. T. B o t t i g l i e r i ,  C.K. L i m  and T.J .  Peters, J. Chromatogr.. 311 
(1984) 354. 

11. M. Sche in in ,  W.H. Chang, K.L. Ki.rk and H. L i n n o i l a ,  Anal. 
Biochem., 131 (1983) 246. 

12. M.A. Jovors ,  C.L. Bowden and J . W .  Maas, J. Chromatogr., 336 
(1984) 259. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


