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DETERMINATION OF 3-HYDROXY-4- 
METHOXY-PHENYLETHYLENEGLYCOL AND 

OTHER MONOAMINE METABOLITES IN 
BRAIN AREAS USING LC-EC AND A 

TWO-COLUMN SWITCHING TECHNIQUE 

E. Morier-Teissier and R.  Rips 
Unite de Pharmacologie Chimique 

INSERM 
17 rue du Fer a Moulin 

75005 Paris, France 

ABSTRACT 

A two-column switching technique has been developed for the 
separation of norepinephrine (NE) and its metabolite 
3-hydroxy-4-methoxy-phenylethyleneglycol (MHPG) which are poorly 
resolved by a single-column technique, together with dopamine 
(DA), 3,4-dihydroxyphenylacetic acid (DOPAC), homovanilic acid 
(HVA), serotonin (5HT) and 5-hydroxy-3-indolacetic acid (5HIAA). 
The system uses two reversed phase columns (C8, C18) arranged in 
series and a valve so that the effluent from the primary column 
could be switched to the secondary column or directly to the 
detector. NE, MHPG, DA, DOPAC, HVA, 5HT and SHIM concentrations 
were determined in homogenates of a number of areas of the mouse 
brain. The detection limit was 0.25 pmole for MHPG and intra- 
and inter- assays variations were 1-3 % and 3-5%, respectively. 
Total analysis time was one hour. Mouse hypothalamus was found 
to contain a total of 110 ng of free MHPG per mg protein. 
Brain-stem contained 0.74 and hippocampus 0.19 ; the 
concentration of conjugated MHPG did not exceed 5 % of total 
MHPG. 
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INTRODUCTION 

MORIER-TEISSIER AND RIPS 

We have  r e c e n t l y  deve loped  a method (1) fo r  q u a n t i f y i n g  a 

v a r i e t y  of monoamines, c a t e c h o l a m i n e s ,  i n d o l e a m i n e s  and t h e i r  

main m e t a b o l i t e s  i n  b i o l o g i c a l  samples  by high-performance 

l i q u i d  chroiaatography 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  (LC-EC) . 
T h i s  c h r o m a t o g r a p h i c  system p r o v i d e s ,  f o r  t h e  f i r s t  time, a mean 

of measur ing  t h e s e  compounds s i m u l t a n e o u s l y  i n  c r u d e  b i o l o g i c a l  

samples ,  such as s p e c i f i c  b r a i n  areas, c e r e b r o s p i n a l  f l u i d  (2),  

a d r e n a l  g l a n d s  and h e a r t .  Because saciyle P r e p a r a t i o n  is v e r y  

f a s t  l a b i l e  compounds are p r o t e c t e d  from d e g r a d a t i o n ,  w h i l e  t h e  

s e n s i t i v i t y  of t h e  method is  h i g h ,  as t h e r e  i s  n e i t h e r  d i l u t i o n  

nor  loss of sample due t o  e x t r a c t i o n .  The s i m p l i c i t y  of t!ie 

method allows t h e  automated measurement of a l a r g e  number of 

samples .  r i s k  o€ sample  d e g r a d a t i o n  i s  minimized by u s i n g  a 

r e f r i g e r a t e d  a u t o m a t i c  i n j e c t o r  ( 3 ) .  
The 

However, t h e  method i s  n o t  s u i t a b l e  f o r  t h e  measurement of 

p r o d u c t s  w i t h  r e l a t i v e l y  s h o r t  r e t e n t i o n  times. N o r e p i n e p h r i n e  

(NE) is  e l u t e d  o b s c u r e d  by t h e  f r o n t a l  peak and p r o d u c t s  w i t h  

s h o r t  r e t e n t i o n  times such as 3-hydroxy 4-methoxy 

p h e n y l e t h y l e n e g l y c o l  (MHPG) ,  t h e  major m e t a b o l i t e  o f  NF., are 

masked by o t h e r  endogenous compounds (1). Two s t r a t e g i e s  m y  be  

a d o p t e d  for  t h e i r  measurement: 

1. The sample may be  p r e p u r i f i e d  b e f o r e  t h e  in jec t i0n .Thi . s  c a n  

p r o l o n g  t h e  p r e p a r a t i o n ,  produce  a low y i e l d  and i n c r e a s e  t h e  

r i s k  of d e g r a d a t i o n  of  l a b i l e  compounds . 
2 .  
i n j e c t i o n  of u n f r a c t i o n a t e d  homogenate s u p e r n a t a n t .  

The s e l e c t i v i t y  of t h e  system c a n  b e  improved t o  allow d i r e c t  

The methods of q u a n t i f y i n g  t h e  v a r i o u s  forms  of MHPG i n  

plasma,  c e r e b r o s p i n a l  f l u i d ,  u r i n e  and body f l u i d  which have  

been  used  to  d a t e  i n c l u d e  g a s  c h r o m a t o g r a p h i c  methods,  c o u p l e d  
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3-HYDROXY4METHOXYPHENY LETHYLENEGLYCOL 1465 

with  e l e c t r o n  c a p t u r e  d e t e c t i o n  (4-6)  or  nliiss spec t romet ry  

(7 -9 ) ,  t h e  format ion  of a f luo rophore  of HHPG wi th  

e thylenediamine  (10) and radioimiiurrolvgical a s say  (1 1 ) .  More 

r e c e n t  methods have been based on l i  quid  chromatography combined 

wi th  e i t h e r  f l u o r i m e t r i c  d e t e c t i o n  (12)  or ,  more g e n e r a l l y ,  wi th  

e l e c t r o c h e m i c a l  d e t e c t i o n .  

I n  t h e  l a t t e r ,  i n j e c t i o n  is  preceded by a p r e p u r i f i c a t i o n  

s t e p  on ion  exchange columns : Bio Rad AG 50W (13), 
DEAE-Sephadex A 25 ( 1 4 ) ,  Amberli te and Dowex ( 1 5 ) ,  on Sephadex G 

10 columns (16)  o r  on Bond-Elut a d s o r p t i o n  columns (17) ,  which 

sometimes i n c l u d e s  s o l v e n t  e x t r a c t i o n .  

Two a s s a y s  have been r e c e n t l y  proposed i n  which MHPG is 

measured wi thout  p r i o r  p u r i f i c a t i o n .  Warnhoff (18) h a s  d e s c r i b e d  

an improved chromatographic system i n  which each  of  t h e  mobile 

phase are opt imized  t o  o b t a i n  a good s e p a r a t i o n  of a 
s t anda rd  mixture  of MHPG and ca techolamines  o r  t h e i r  

m e t a b o l i t e s .  However t h e  t echn ique  was only  a p p l i e d  t o  t h e i r  

measurement i n  t h e  mediobasal hypothalamus, an  area r i c h  i n  NE 

and MHPG. The o t h e r  approach (19 )  c o n s i s t s  of a swi t ch ing  system 

w i t h  three columns and three pumps, which g i v e s  s a t i s f a c t o r y  

r e s u l t s  u s ing  a s t a n d a r d  mixture.  It h a s  not  y e t  been a p p l i e d  t o  

t h e  measurement of MKPG i n  b i o l o g i c a l  samples.  

parameters 

We have improved t h e  s e p a r a t i o n  of NE and MHPG by us ing  a 
two column s w i t c h i n g  technique .  The i n i t i a l  s t e p  i n  t h e  

development of t h i s  method was t h e  s e l e c t i o n  of t h e  b e s t  p a i r  of 

columns and o p t i m i z a t i o n  of t h e  parameters  of e l u e n t  composition 

and column swi t ch ing  p ro toco l s .  The c o n d i t i o n s ,  which were 

developed u s i n g  s t anda rd  mix tu res ,  have been a p p l i e d  t o  t h e  

de t e rmina t ion  of free and s u l f a t e d  MHPG i n  samples of mouse 

b r a i n .  The r e s u l t s  ob ta ined  are compared w i t h  t h e  pub l i shed  d a t a  

ob ta ined  us ing  o t h e r  methods. 
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1466 MORIER-TEISSIER AND RIPS 

MATERIALS AND METHODS 

ReaRents 

Norepinephr ine  hydroch lo r ide  (NE), 3-hydroxy-4-methoxy- 

pheny le thy leneg lyco l  (MHPG) hemipiperaz ine  s a l t ,  dopamine 

hydroch lo r ide  ( D A ) ,  3,4-dihydroxy-phenylacetic a c i d  (EOPAC), 

homovani l l ic  a c i d  ( H V A ) ,  .5-hydroxy-3-indolacetic a c i d  (5HIAA) 

and 5-hydroxy-tryptamine (5HT) were purchased from Ald r i ch  

(S t r a sbourg ,  France) .  MHPG s u l f a t e ,  potassium s a l t ,  w a s  from 

Sigma ( S t  Lou i s ,  MO, USA). Heptane s u l f o n i c  a c i d  (P ic  B7) was 

purchased from Waters Assoc. (Maple, MA, USA), methanol (HPLC 

grade )  from Prolabo  ( P a r i s ,  France) .  The r e s i s t i v i t y  of t h e  

demine ra l i zed  water w a s  5 m i l l i o n  ohms/cm. He l ix  pomatia juice 

s u l f a t a s e  (HPS) was obta ined  from I n d u s t r i e  Bio logique  FranGaise 

(Vi l l eneuve  la  Garenne, France) .  

Appara tus  

The HPLC system c o n s i s t e d  of 

a- A time-programable s o l v e n t  d e l i v e r y  pump, a l lowing  t h e  

c o n t r o l  of v a l v e  swi t ch ing  (Model 590,Waters Assoc.) 

b- A manual i n j e c t o r  system (Model U 6 K ,  Waters Assoc.) o r  an 

au tomat i c  au tosampler  (Model ISS 100, P e r k i n  Elmer, Norwalk, CT, 

USA). The sample t r a y  was cooled  t o  0-5'C. Sarnple i n j e c t i o n  

caused t h e  pump timer t o  r e t u r n  t o  zero .  

c- 

sou rce ,  2 c y l i n d e r  of n i t r o g e n  (working p r e s s u r e ,  2 b a r s ) .  

d- Two radial-compressed columns (0.8 cm i . d  x 10 cm) s e l e c t e d  

from among t h e  fo l lowing  : Novapack, Radialpack CN, C8 ,  C18, 
e i t h e r  5 o r  10 u m  diameter  packing (Waters Assoc.). 

e- An electrocliemical d e t e c t o r  (LC 4B from BAS, West L a f a y e t t e ,  

I N ,  USA ) set up wi th  a t h i n  l a y e r  ce l l ,  r e f e r e n c e  e l e c t r o d e  and 

Rheodyne 6-port va lve  (Waters Assoc.) connected t o  a p r e s s u r e  
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3-HYDROXY4-METHOXY-PHENYLETHYLENEGLYCOL 1467 

working  v i t r e o u s  c a r b o n  e l e c t r o d e s .  The working  e l e c t r o d e  was 

m a i n t a i n e d  a t  a p o t e n t i a l  of  + 0.75 V v e r s u s  a n  Ag/AgCl 

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

f-  The d e t e c t o r  r e s p o n s e  was moni tored  on a Kipp and Zonen 

r e c o r d e r  ( P a r i s ,  F r a n c e )  w i t h  a 1 V i n p u t .  

E1obil.e Phase  

The mobi le  phase was a m i x t u r e  of  0.1 M KH PO 3,l mM 
2 4’  

EDTA, 2 mM I i e p t a r ~ e  s u l f o n i c  a c i d  and 7 % methanol  ( v / v ) ,  t h e  piI 

w a s  a d j u s t e d  t o  an a p p a r e n t  v a l u e  of  4.4 w i t h  5 M NaOtl. The 

m o b i l e  phase  was f i l t e r e d  and degassed  hy vaciium f i l t r a t i o n  

t h r o u g h  a 0.55 p :ri membrane ( M i l l i p o r e ,  Bet l ford,  M A ,  USA) b e f o r e  

u s e ,  A l l  s e p a r a t i o n s  were performed i s o c x - a t i c a l l y  a t  room 

t e m p e r a t u r e  a t  f l o w  rates between 1 arid 1.S rnI/min. 

S t a n d a r d s  arid C a l c u l a t i o n s  

The s t o c k  s o l u t i o n s  of  s t a n d a r d s  were p r e p a r e d  a t  a 

c o n c e n t r a t i o n  of 10 nig/ lOO nil of a c t i v e  p r i n c i p l e  i n  0.1 N fIC1 

for  c a t e c h o l a r n i n e s  and i n  water f o r  t h e  o t l i e r s .  These  s o l u t i o n s  

were s t o r e d  f o r  up t o  011e month a t  4°C and d i l u t e d  1/1000 e a c h  

day  to g i v e  t h e  working s o l u t i o n s  c o n t a i n i n g  10 ng/100 p l .  

The c o n c e n t r a t i o n s  of  monoamines and m e t a b o l i t e s  i n  t h e  

t i s s u e  were c a l c u l a t e d  by comparing t h e i r  peak areas t o  t h o s e  of 

t h e  s t a n d a r d  solut iol is  measured i n  t h e  same a s s a y .  The r e s u l t s  

are e x p r e s s e d  i n  ng/ing of  p r o t e i n  01 i n  ng/g of  w e t  t i s s u e  for 

comparison w i t h  t h e  l i t e r a t u r e  v a l u e .  S t a t i s t i c a l  a n a l y s e s  were 

per formed u s i n g  t h e  Yinn-Whitney U-test. 
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1468 MORIER-TEISSIER AND RIPS 

Hydro lys i s  of  a S tandard  S o l u t i o n  of MHPG S u l f a t e  and S t a b i l i t y  

of NHPG under Hydro lys i s  Cond i t ions  

A s o l u t i o n  of t h e  K s a l t  of MHPG-SO (16.4 mg/lOO i n 1  

r a t e r )  was d i l u t e d  1/1OOO i n  0.2 M sodium a c e t a t e  p H  5.C o r  i n  

0.1 ri RC10 1 n i l  o f  t h e  acetate d i l u t i o n  o r  1 m l  of t h e  

H C l O  d i l u t i o n  n e u t r a l i z e d  by 250 111 of a 5 M sodium 

acetate s o l u t i o n  rere mixed wi th  1 m l  of a HPS s o l u t i o n  ( d i l u t e d  

1/1000 0.2 M acetate pll 5.0) and t h e  mixture  was p laced  i n  a 

water ba th  a t  37°C. A s o l u t i o n  of MHPGpiperazine sa l t  was 

t r e a t e d  i n  t h e  same way.  A l iquo t s  were withdrawn a t  g iven  

i n t e r v a l s  and i n j e c t e d  d i r e c t l y  onto  t h e  column (100 p1 

c o n t a i n i n g  5 ng MHPG and 1 m l  HPS cor responding  t o  100 pg NHPG). 

4 

4' 

4 

i n  

S tandard  cu rves  were prepared  by r e p l i c a t e  a d d i t i o n s  of 

MHPG o r  NHPG-SO t o  samples from a s i n g l e  pool of mouse 

Bra in  homogenized e i t h e r  i n  0.2 M sodium acetate or i n  0.1 M 

HClO 

4 

brought  t o  pH 5.5 by a d d i t i o n  of 5 M sodiurli acetate. 
4 

The in t e r - a s say  r e p r o d u c i b i l i t y  was c a l c u l a t e d  by a s s a y i n g  

mouse b r a i n  samples t o  which had been added 1 ng of 

MIPG-SO . The measurement were repea ted  wi th  f r e s h  b r a i n  

p r e p a r a t i o n s  each  assay day. 
4 

Sample P r e p a r a t i o n  

Male I f f a  Credo mice, 5 weeks o l d  and weighing about  26 g ,  

were k i l l e d  by d e c a p i t a t i o n .  T h e i r  b r a i n s  were qu ick ly  removed, 

r i n s e d  i n  ice co ld  s a l i n e ,  b l o t t e d  d ry  ,and d i s s e c t e d  on ice 

i n t o  6 d i f f e r e n t  areas (cerebe l lum,  brain-stem, hypothalamus, 

hippocampus, striatum and t h e  remainder) (20).  The areas were 
f r o z e n  on d r y  ice and kep t  a t  -70°C f o r  up t o  2 months. 

Each area was homogenized wi th  an Ultra Tur rax  homogenizer 

(Labo Noderne, P a r i s ,  France)  i n  500 ~1 (1 ni1/100 mg f o r  t h e  
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areas weighing more than  50 me) of 0.1 M HClO c o n t a i n i n g  

0.1 
c e n t r i f u g e d  a t  5000 g f o r  10 min a t  4 'C. 

4 
% EDTA and 0.1 % sodium m e t a b i s u l f i t e .  The homogenates were 

The q u a n t i t i e s  of su l focon juga ted  m e t a b o l i t e s  were 
determined after incuba t ion  of 400 v 1 of sample s u p e r n a t a n t ,  

a d j u s t e d  t o  pH 5.5, w i t h  100 1~1 of XPS ( d i l u t e d  1:IOOO wit-11 5 X 

acetate b u f f e r )  f o r  24 h a t  4'C. For c o n t r o l  samples t h e  

r e a c t i o n  mixture  was prepared as above bu t  no t  i ncuba ted .  The 

samples were subsequent ly  cooled  in an ice ba th  and a l i q u o t s  

were d i r e c t l y  i n j e c t e d  i n t o  t h e  HPJX system. P r o t e i n  was 

ana lysed  acco rd ing  t o  t h e  nlethod of J,owry (21)  on t.he hotiiogenat-c 

p r e c i p i t a t r s  as it w a s  no t  p o s s i b l e  t o  weigh samples of less 

than  100 mg wi thou t  p a r t i a l  thawing and r i s k  of degrada t ion .  

RESULTS AND DISCUSSION 

Caracteristics of t h e  Columns U s e d  

The columns t e s t e d  were a l l  r a d i a l 1  y compressed. The use  

of t h e  r a d i a l  comprc-ssion system avo jds  t h e  format ion  of vo ids ,  

a l lowing  a b e t t e r  s e p a r a t i o n  of i n j e c t e d  compounds. The 

C18-bonded s i l i ca  columns provided good s e p a r a t i o n s ;  most of t h e  

o t h e r  columns t e s t e d  (s i l ica  bonded t o  C8 o r  CN c h a i n s )  were 

less l i y o p I i i l i c ,  p rov id ing  less r e t e n t i o n  of i n j e c t e d  material. 

Columns wi th  lower pe rcen tage  boriding ( 7  2 C 1 8  wi th  end-capping) 

and smaller (5 urn d iameter  ) p a r t i c l e  s i z e  were a l s o  t e s t e d .  

S tandard  niixture r e t e n t i o n  times observed wi th  t h e s e  colunins are 

compared i n  t h e  t a b l e  1. 

The r e t e n t i o n  times of t h e  Radia lpack  columns inc reased  

from CN 10 pm through C8 ,  10 urn and C 8 ,  10 urn t o  C18 10 pm . 
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1470 MORIER-TEISSIER AND RIPS 

TABLE 1 
Re ten t ion  (min) of Catecholamines,  Indolamines 

and t h e i r  Me tabo l i t e s  on 5 Types of Columns 

Mobile phase 0.1 M KH PO4 , 5 fl heptane su l fon ic  acid, 15 % MeOH, 
pH 4.1 ; flow ra te  1 & m i n  ; detector po ten t i a l  0.8 V; s e n s i t i v i t y  10 nA. 

RETENTION TIRE (min) 

Colum 
Canpounds 

NE 
M P G  
DDPRC 
DA 
SHIAA 
HVA 
5HT 

CN I D  urn 

4.25 
5 
5 
5 
8 
6.25 
8 

C8 10 um 

5.25 
5.5 
7.0 
7.75 

10.0 
12.5 
14.0 

C18 1 0 p m  

4.5 
4.0 
7.25 
8.75 

11.75 
16.0 
20.75 

C18 5um 

7.5 
7.0 

12.5 
15.5 
21 .o 
28.5 
38.5 

Nova 10 p m  

5.5 
4.75 
9.0 

1 1 3  
14.0 
20. 
22.5 

The CN bonded column was not  used i n  f u r t h e r  s t u d i e s  as it 

d i d  not  provide  s u f f i c i e n t  s e p a r a t i o n  on t h e  first column wi th  

t h e  mobile phase used. The s e p a r a t i o n  on t h i s  column j-ncreased 

w i t l i  d e c r e a s i n g  p o l a r i t y  of t h e  mobile phase,  but t h e  

r e t e n t i o n  times on t h e  second column became much too long. 

The C18 Novapack column gave r e s u l t s  q u i t e  similar to  t h o s e  

ob ta ined  wi th  t h e  o rd ina ry  C 1 8  col.umri w i th  t h e  same par t ic le  

s i z e  i n  s p i t e  of t h e  absence of free OH f u n c t i o n a l  groups on t h e  

s i l ica ,  i n d i c a t i n g  t h a t  t h e  f r e e  OH groups  do  no t  p l ay  a major 

r o l e  i n  t h e  s e p a r a t i o n  of ca techolamine  and indolamine 

d e r i v a t e s .  Re ten t ion  times were a l i t t l e  s h o r t e r  t h a n  w i t h  t h e  

Radia lpack  C1C columns but t h e  load ing  rate w a s  on ly  7 2 i n s t e a d  

of 13 %. 

The C8 - 10 u m  and C 1 8  - 5 pm columns were adopted for 
a l l  f u r t h e r  s t u d i e s .  These two columns have very  d i f f e r e n t  

c a p a c i t y  f a c t o r s ,  which improves t h e  swi t ch ing  t echn ique  (22). 
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3-HYDROXY-4-METHOXY-PHENYLETHY LENEGLYCOL 1471 

Choice of E luen t  Composition 

The a n a l y s i s  was opt imized  t o  provide  : 

a- measurement of MHPG wi thou t  p r i o r  p u r i f i c a t i o n .  

b- an  improvement i n  t h e  measurement of  NE. 

c- s imul t aneous  de tec t . ion  of t h e  amines and t h e i r  m e t a b o l i t e s .  

Counter-ion c o n c e n t r a t i o n ,  pe rcen tage  of methanol and pH 

are t h e  main de t e rminan t s  of s o l u t e  s e p a r a t i o n .  The i n f l u e n c e  of 

t h e  v a r i a t i o n s  of t h e s e  f a c t o r s  w i th  t h e  two columns C8 and C 1 8  

was examined and t h e  most a p p r o p r i a t e  v a l u e s  f o r  each  column 

were determined. The r e t e n t i o n  times of t h e  amines, a c i d s  and 

n e u t r a l  compounds can be v a r i e d  i n  a complex manner by va ry ing  

t h e  c o n c e n t r a t i o n  of t h e  counter-ion. On a C18 column a t  pH 4.1, 

i n c r e a s i n g  t h e  c o n c e n t r a t i o n  of hep tane  s u l f o n i c  a c i d  i n c r e a s e d  

t h e  r e t e n t i o n  time of amines such as  NE. That  of a c i d s  was on ly  

s l i g h t l y  inc reased  whereas t h o s e  of n e u t r a l  compounds such  as 

MHPG decreased .  The b e s t  compromise f o r  counter-ion 

c o n c e n t r a t i o n  producing a good s e p a r a t i o n  of NE and MHF'G was 

found t o  be 2 mM ( t a b l e  2) .  

The r e t e n t i o n  times of a l l  subs t ances  decreased  wi th  

i n c r e a s i n g  methanol c o n c e n t r a t i o n  (1). The pe rcen tage  chosen ( 7  
X) was a f u n c t i o n  of two c r i te r ia  : a good s e p a r a t i o n  of t h e  

t e s t e d  compounds and a minimum a n a l y s i s  t i m e .  

The r e t e n t i o n  times of a c i d s  are much inore s e n s i t i v e  t o  pH 

changes i n  t h e  pH 4 t o  4.5 range  than  are t h o s e  of t h e  amines,  

which remained f u l l y  p ro tona t rd  (1); t h e  g l y c o l  MHPG is 

una f fec t ed .  The s e p a r a t i o n  between a n  a c i d  and a ne ighbour ing  

base could  be improved by vary ing  t h e  pH. Thus a t  pH 4.1, t h e  

p a i r s  DOPAC-DA and HVA-5HT were no t  w e l l  s e p a r a t e d ,  bu t  t h e  

r e s o l u t i o n  improved when t h e  pH was i n c r e a s e d  t o  4.4. 
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1472 MORIER-TEISSIER AND RIPS 

TABLE 2 
V a r i a t i o n  of Reten t ion  Times of NE and MHPG wi th  

Heptane S u l f o n i c  Acid Concent ra t ion  and Methanol Pe rcen tages  

Colunn Radialpack C18 10 m : mobile phase 0.1 M 

detector po ten t ia l  0.8 V; s e n s i t i v i t y  10 nA. 
KH PO , pH 4.1 : f l o w  r a t e  1 ml/min; 

2 4  

Heptane su l fon i c  ac. 0 mM I d  2mM Slrirl 

Methanol 
0 %  

5 %  

15 % 

A s  

NE 5.5 6 12 15.5 
rnm 33 19 18.5 - 

NE 5 6 9 9.5 
MHJG 19 18.5 16 8.5 

- - NE 3.5 4.5 
MHJG 4.5 4.0 - - 

a resrtlt, t h e  composition of t h e  mobile phase was f i x e d  

a t  2 nM heptane s u l f o n i c  a c i d ,  7 % methanol and an apparent  pH 

of 4 . 4 .  

Development of t h e  Switching Technique f o r  a Standard Mixture 

The s e p a r a t i o n  of a s t anda rd  mixture  on a C 1 8  column is  
shown i n  f i g u r e  2 ( l e f t ) .  This  chromatogram was used t o  

determi.ne the times t and t a t  which t h e  e f f l u e n t  f low 

was switched. I n  t h i s  case, t h e  slow-moving compounds are NE, 
IVMPG, DOPAC and DA and t h e  fast-moving compounds 5 H I A A ,  HVA and 

5HT. The second column, C18, w a s  connected and d isconnec ted  ( a s  

shown on t h e  t a b l e  3 and t h e  f i g u r e  1) between t h e s e  two groups 

of compounds : t must then  be s l i g h t l y  longer  than  t h e  

r e t e n t i o n  time of DA and t 

1 2 

1 
g r e a t e r  t han  t h a t  of 5HT. 

2 
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3-HYDROXY4-METHOXY-PHENYLETHY LENEGLYCOL 1473 

TABLE 3 
Program of Automatic Analysis by HPLC and two Columns Switching 

of a Pfixture of Catecholamines, Indolamines and of their 
Metabolites 

Event 

S t a r t i n g  

In  jectim 

Switchin3 

Switching 

I n  j e c t i m  

time 
( m i d  

0 

8 

20 

60/0 

column sequence 
used 

1 The two columns e c p i l i b r a t e d  
toge ther  

CB + C18 I n j e c t i o n  sets t h e  timer to  0. 

2 Fast  e l u t i n g  compounds are trapped 
on t h e  2nd colunn. 

C8 3 S l m  e l u t i n g  compounds are d i r e c t l y  
e lu ted  onto t h e  de tec tor .  

4 Compounds trapped on t h e  2nd column 
a r e  e lu ted  onto t h e  de tec tor .  

C8 + C18 I n j e c t i o n  resets t h e  timer to  0. 

In jec tor  I n j e c t o r  

U D e t e c t o r  

FIGURE 1. Connections and positions of the valve used for 
column-switching LC. Status (l) ,  trapping or elution of fast 
moving compounds. Status (2) direct elution of slow-moving 
compounds. 
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NA 

4 

MH PG 

1 
5 

i v/ 

i 
T 

:i 
MORIER-TEISSIER AND RIPS 

5 HT 

5 n g  Standard 

NA 

DOPAC h - 
10 20 rnl 

C 8  C 8 +  C 1 8  

FIGURE 2 .  Chromatogram of a s t anda rd  mixture  ; mobile phase 0.1 
M 
methanol (v /v ) ,  pH 4.4; d e t e c t o r  p o t e n t i a l  0.75 V ,  s e n s i t i v i t y  5 
nA, i n j e c t i o n  volume 50 ~1 con ta in ing  5 ng of each  compound. 
( l e f t )  column Radia lpack  C8 10 'gn . ( r i g h t )  columns Radia lpack  
CS 5 Dm w i t h  t h e  swi tch ing  programme desc r ibed  i n  
t a b l e  6. 

KH2 PO4, 2 mM heptane  s u l f o n i c  a c i d ,  0.1 mM EDTA, 10 % 

10 u m  and C18 

This combination of mobile phase and t h e  two (C8 and C18)  

columns produced a very  good s e p a r a t i o n  of a s t a n d a r d  mix tu re  

c o n t a i n i n g  NE-MtIPG w h i l e  a t  t h e  same t i m e  improving t h e  

s e p a r a t i o n  of o t h e r  d e r i v a t i v e s  of DA and 5HT (F igure  2 ( r i g h t ) ) .  

The peaks DOPAC-DA were very  w e l l  s e p a r a t e d  i n  t h e  two-column 

sys tem whereas they  had a tendency t o  coalesce as the column 

aged i n  t h e  one-column method. F i n a l l y ,  t h e  s e n s i t i v i t y  is 

i n c r e a s e d  f o r  5HIAA, HVA and 5HT as, s i n c e  they  are e l u t e d  
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3 B Y  DROXY4-METHOXY PHENY LETHY LENEGLYCOL 1475 

faster, t h e i r  wid th  is smaller and t h e i r  peaks easier t o  

quan t i fy .  The more s lowly  mig ra t ing  group of  p roduc t s  a p p e a r s  

f irst  on t h e  chromatogram. 

The s u c c e s s f u l  system had t o  s a t i s f y  t h e  fo l lowing  

criteria: 

a- The compounds of t h e  f i r s t  group have t o  be w e l l  r e so lved  

from t h e  o t h e r s  a t  t h e  ou tpu t  of t h e  second column, whereas t h e  

second has t o  be w e l l  r e so lved  a t  t h e  ou tpu t  of t h e  f i r s t  

C8 column. 

b- During t h e  pe r iod ,  0-t where t h e  f i r s t  group is he ld  on 

t h e  second column, t h e  f i r s t  p roduct  of t h i s  group ( i n  t h i s  case 

NE) must n o t  be e l u t e d  before t h e  l as t  one ( i n  t h i s  case DA) h a s  
e n t e r e d  it. Th i s  is achieved  because of r e t e n t i o n  d i f f e r e n c e s  

between t h e  two columns. 

c- The time between t h e  e l u t i o n  of t h e  two groups must be long  

enough t o  e n s u r e  t h a t  t h e  b a s e l i n e  can  become s t a b l e  a g a i n  after 

t h e  swi t ch ing .  The major change encountered  when swi t ch ing  from 

a s i n g l e  column t o  t w o  colunins i n  series is a n  i n c r e a s e  i n  back 

p r e s s u r e  (€rom 13.7-17.2 bar  f o r  the C8 column a l o n e  t o  

31.0-34.4 bar  w i t h  t h e  C8 and C18 i n  series). S ince  t h e  

amperometric d e t e c t o r  is s e n s i t i v e  t o  mobile phase p r e s s u r e  

changes,  an  i n c r e a s e  i n  t h e  b a s e l i n e  (depending on t h e  

s e n s i t i v i t y )  is  observed. Thus, t h i s  method is less s u i t a b l e  f o r  

a n a l y s e s  which r e q u i r e  a very  h igh  s e n s i t i v i t y .  T h i s  is one of 

t h e  l i m i t a t i o n s  of t h e  method, but compensation is p o s s i b l e  

u s i n g  an  i n t e g r a t o r  o r  a n  on-line micro-computer. 

group 

1' 

The c h a r a c t e r i s t i c s  of t h e  procedure  adopted are as fo l lows:  

a- The r e l a t i o n s h i p  between t h e  i n j e c t e d  amount of  s t a n d a r d s  and 

t h e  d e t e c t o r  response  is l i n e a r  f o r  each of t h e  seven compounds 

measured ove r  t h e  range  0.2 t o  5 ng. 
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1476 MORIER-TEISSIER AND RIPS 

TABLE 4 
Reso lu t ion  and Ana lys i s  Times Using C 8  and C18 

Columns, Alone, i n  S e r i e s  or i n  t h e  Swi tch ing  Mode 

ca 

NE-AkFG 2.25 
OOPAC-0 A 1.45 
HVA-SM 2.10 

Analys is  time 
rnin 28 

M E  C8 t C1E (series) CB t Cl8 (switching) 

2.55 2.71 
3.00 2.27 
3.71 3.25 

2.71 
2.22 
2.W 

88 116 60 

b- The l i m i t  of s e n s i t i v i t y  is 50 pg o r  0.25 pmole f o r  MHPG and 

EVA and 0.10 pmole for t h e  o t h e r  compounds. The s e n s i t i v i t y  

l i m i t  was t aken  as twice t h e  d e t e c t o r  n o i s e  l e v e l  a t  1 nA. 

c- The s e r i a l  sys tem C8 + C 1 8  p rov ides  i n c r e a s e d  r e s o l u t i o n  bu t  

also a n a l y s i s  t i m e  over  t hose  ob ta ined  us ing  e i t h e r  C8 o r  C l 8  

columns a l o n e  ( t a b l e  4 ) .  On t h e  c o n t r a r y ,  i f  t h e  columns C8 + 
C18 are i n  t h e  swi t ch ing  mode, t h e  r e s o l u t i o n  is t h e  same as i n  

t h e  serial system bu t  t h e  a n a l y s i s  t i m e  is d i v i d e d  by two. 

App l i ca t ion  t c  t h e  Measurement of F ree  MHPG and Other  

Catecholamines and Indolamines  i n  a B i o l o g i c a l  Sample 

The s y s t e m  desc r ibed  f o r  a s t anda rd  mixture  produces  a 

good s e p a r a t i o n  of NE and its m e t a b o l i t e  MHPG i n  t h e  presence  of 

compounds such  as DA and its m e t a b o l i t e s  DOPAC and HVA, 5HT and 

its m e t a b o l i t e  5 H I A A  i n  c rude  b r a i n  samples as : brain-stem, 

hippocampus, striatum and t h e  remaining p o r t i o n  of mouse b r a i n  

(F igure  3 a , b , c , d ) .  

The i n t r a  and i n t e r - a s s a y s  v a r i a t i o n s  were 1-3 % and 3-5 % 

r e s p e c t i v e l y ,  t h e  la t ter  va lue  i n c l u d e s  v a r i a t i o n s  between 
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NA 

Brain. Stem 

DOPAC DA 

Hypoth 

H lAA L DOPAC DA 

NA 
I 

R e s t  

D A  

FIGURE 3. Typical chromatograms of mouse brain regions processed 
as described in materials and methods. Conditions are the same 
as in Fig. 2 (right). 
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1478 MORIER-TEISSIER AND RIPS 

animals.  These v a l u e s  (except  f o r  MHPG) may be compared t o  those  

ob ta ined  u s i n g  a s l n g l e  column ( t a b l e  6). The samples ana lysed  

were i d e n t i c a l ,  prepared i n  t h e  same way from t h e  same animals  

and used t h e  same s t anda rd .  There was no s i g n i f i c a n t  d i f f e r e n c e  

between t h e  r e s u l t s  ob ta ined  wi th  e i t h e r  of t h e  methods, bu t  t h e  

swi t ch ing  

t h e r e f o r e  b e t t e r  q u a n t i f i e d .  The r e g i o n a l  d i s t r i b u t i o n  of f r e e  

MHPG i n  t h e  mouse b r a i n ,  ob ta ined  wi th  t h e  swi tch ing  method, is 

shown i n  t a b l e  5. 

method g i v e s  a more symmetrical NE peak which is 

The h i g h e s t  concen t r a t ion  of f r e e  MHPG was found i n  t h e  

hypothalamus followed by t h e  brain-stem and hippocampus, a l l  

o t h e r  areas t e s t e d  showed low MHPG concen t r a t ion .  

I n  mice, and even more so i n  rats, MIPG exis ts  i n  e i t h e r  

its f r e e  o r  conjugated  form (mainly as  s u l f a t e ) .  MfPG-SO 

is hydrolysed t o  f r e e  MHPG by enzymatic h y d r o l y s i s  a t  37OC i n  

t h e  presence  of a c rude  s u l f a t a s e  p repa ra t ion  from He l ix  Pomatia 

(HPS). The a c t i v i t y  of t h e  s u l f a t a s e  is slower i n  the presence  

of HClO brought t o  pH 5.5 by AcONa, than  i n  t h e  presence  of 

AcONa only.  We found t h a t  1 m l  of HPS hydro lyses  100 pg of 

WPGSO a t  pH 5.5 i n  24 hours.  MHPG is no t  des t royed  i n  

t h e s e  c o n d i t i o n s  (F igu re  4 ) .  I n  t h e  presence  of a b r a i n  

homogenate sp iked  wi th  MHPGSO t h e  k i n e t i c s  are t h e  same. 
T h i s  d i l u t i o n  of HPS could  be used wi thout  p r i o r  p u r i f i c a t i o n  as 
it d i d  no t  i n t e r f e r e  wi th  t h e  chromatogram of t h e  samples. To 

measure free and bound MHPG, each  sample w a s  d iv ided  i n t o  t h r e e  

p a r t s  : 

- The f i r s t  w a s  measured d i r e c t l y  to  o b t a i n  t h e  q u a n t i t y  of 

f r e e  MHPG. 

- The second was sp iked  wi th  MHPG s u l f a t e  and incubated  wi th  a 

s u l f a t a s e  p r e p a r a t i o n  from Hel ix  Pomatia (HPS) t o  v e r i f y  t h e  

y i e l d  of t h e  enzymatic h y d r o l y s i s ,  and 
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- 
, 5~ moles , 

FIGURE 4 .  Rate of h y d r o l y s i s  and s t a b i l i t y  of MHPG under 
h y d r o l y s i s  
5 and 50 moles M H P G / l m l  WS) i n  400 p1 0.1 M HClO + 100 

5 M sodium acetate were allowed t o  react wi th  408 p l  of c rude  
He l ix  Pomatia s u l f a t a s e  (1/1000 i n  0.2 M sodium a c e t a t e ) .  
A l iquo t s  were ana lysed  by LC-E a t  given i n t e r v a l s .  

cond i t ions .  MHPGS04 and MHPG (100 and 1000 pg or 

~1 

- t h e  t h i r d  was incubated  i n  t h e  same c o n d i t i o n  t o  f i n d  t h e  

t o t a l  q u a n t i t y  of MHPG. 

As t h e  concen t r a t ion  of conjugated  MHPG was found t o  be very  

n o t  exceeding 5 %, it was n o t  measured i n  each b r a i n  aleas. low, 

Whereas t h e r e  a r e  many va lues  i n  t h e  l i t e r a t u r e  f o r  t h e  ra t  

b r a i n ,  da t a  on t h e  r e g i o n a l  d i s t r i b u t i o n  of MHPG i n  mouse b ra in  

are scarce because of t h e  low s e n s i t i v i t y  of e x i s t i n g  assay 

methods. Rat b ra in  WPG is mainly p re sen t  as a con juga te ,  i n  

c o n t r a s t  t o  t h e  mouse b r a i n  i n  which it is more than  90% f r e e .  

Warsh and a l .  (16) found by gas chromatography and mass 

f ragmen ta t ion  t h a t  mouse b r a i n  conta ined  43.1 2 1.03 ng/g f r e e  

MHPG and 43.8 k 0.4 ng/g of t o t a l  WPG i.e. 98 2 of t h e  MHPG was 

i n  t h e  f r e e  form. MHPG is most f r e q u e n t l y  measured i n  t h e  

hypothalamus. Sharman (5) pooled t h e  hypothalami from s i x  mice 
f o r  measurement of t h e  f r e e  MHPG without  h y d r o l y s i s  u s i n g  g a s  
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chromatography and e l e c t r o n  c a p t u r e  and ob ta ined  49 ng/g of 

t issue.  Caesar et  a l .  ( 8 ) ,  a l s o  us ing  g a s  chromatography and 

e l e c t r o n  c a p t u r e ,  gave t h e  d i s t r i b u t i o n  of free MHPG i n  seven 

mouse b r a i n  areas, bu t  found no MHPG s u l f a t e  i n  t h e  whole mouse 

b r a i n  us ing  a f l u o r o m e t r i c  method. Recent ly ,  Oka et  a1.(17) 

developed a method r e q u i r i n g  a p r e p u r i f i c a t i o n  on Amber l i te  and 

Dowex, followed by t h r e e  HPLC r u n s  wi th  t h r e e  d i f f e r e n t  mobile 

phases  t o  measure t h e  c o n s t i t u e n t s  of mouse b r a i n s  wi thou t  

hydro lys i s .  The v a l u e s  found were somewhat h ighe r  t han  t h o s e  of 

o t h e r  workers  (eg. hypothalamus : 84 ng/g). 

The v a l u e s  ob ta ined  i n  t h i s  s tudy  i.e. 1.10 ng/mg p r o t e i n  

( e q u i v a l e n t  t o  about  110 ng/g of t i s s u e )  i n  t h e  hypothalamus are 

h ighe r  t han  those  ob ta ined  us ing  e x t r a c t i o n  and e i t h e r  g a s  

chromatography (5,16) o r  HPIX (17) .  T h i s  d i f f e r e n c e  is  probably  

a r e f l e c t i o n  of d i f f e r e n c e s  i n  t h e  methods of sample 

p r e p a r a t i o n ,  b r a i n  area d i s s e c t i o n  t echn ique  and v a r i a t i o n s  due 

t o  t h e  b reed ,  age  and sex  of t h e  mice used. MHPG q u a n t i t i e s  i n  

o t h e r  mouse b r a i n  areas was llot desc r ibed .  

Th i s  procedure ,  by which a l l  impor t an t  m e t a b o l i t e s  involved  

can  be ana lysed  s imul taneous ly  i n  t h e  same sample, h a s  a 

d e t e c t i o n  l i m i t  on t h e  o rde r  of 1 ng/sample, s u f f i c i e n t  f o r  t h e  

de t e rmina t ion  of t h e s e  subs t ances  i n  mouse b r a i n  r e g i o n s  wi thou t  

sample pool ing .  I n  t h e  au tomat i c  mode up t o  24 samples can  be 

ana lyzed  each  day. 
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