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ABSTRACT 

A new method f o r  t he  d e t e r m i n a t i o n  of py r idoxa l  phosphate  i n  plasma and 

i n  c e r e b r o s p i n a l  f l u i d  i s  d e s c r i b e d .  I t  i s  based on t h e  g e n e r a l l y  

accep ted  a p o t y r o s i n e  decarboxylase  method, b u t ,  i n  s t e a d  of f o l l o w i n g  the  

deca rboxy la t ion  r a t e  u s i n g  I 4 C -  och 

performance l i q u i d  chromatography (HPLC) method f o r  s e p a r a t i o n  of 

t y r o s i n e  and tyramine i s  used .  

7 H-labe l led  t y r o s i n e ,  a h igh  

This  procedure  i s  recommended as i t  i s  l e s s  t ime consuming and avo ids  

u t i l i z i n g  r a d i o a c t i v e  m a t e r i a l .  

I N T R O D U C T I O N  

The l e v e l  of py r idoxa l  phosphate  i n  plasma and i n  c e r e b r o s p i n a l  f l u i d  

l i e s  i n  lower nanomolar range  p e r  l i t e r ,  hence s e n s i t i v e  a s s a y  

procedures  must be  u t i l i z e d .  These have most o f t e n  been based on u s i n g  

py r idoxa l  phosphate  as coenzyme i n  a py r idoxa l  phosphate  dependent 

enzymatic r e a c t i o n .  The apoenzyme has  been p repa red  and t h e  conve r s ion  

o f  t he  s u b s t r a t e  t r a c e d .  By add ing  v a r y i n g  amounts of p y r i d o x a l  phosphate  

the  r a t e  o f  enzymatic r e a c t i o n  has  been c a l c u l a t e d  and a c a l i b r a t i o n  

curve  ob ta ined .  

The enzyme used  h a s  o f t e n  been t y r o s i n e  deca rboxy lase ,  t h e  apoenzyme 

of which i s  r a t h e r  e a s i l y  p repa red .  The f i r s t  d e s c r i p t i o n  of t h i s  enzyme 

r e a c t i o n  f o r  t h i s  purpose  w a s  by Boxer and a l .  i n  1957 (2), who fo l lowed 

t h e  r e a c t i o n  r a t e  by measur ing  t h e  carbon d i o x i d e  produced i n  a Warburg 

equipment. The method w a s  made more s e n s i t i v e  by u s i n g  t y r ~ s i n e - l - ’ ~ C  
( 3 ) ,  l a t e r  changed t o  a mix tu re  of t y r ~ s i n e - l - ’ ~ C  and 3 H- tyros ine ,  

7 de te rmin ing  t h e  I4C and 

dua l  channel  l i q u i d  s c i n t i l l a t i o n  coun te r .  I n  o t h e r  methods t h e  I 4 C O 2  

has  been c o l l e c t e d  i n  potass ium hydroxide  or hyamine and the  r a d i o -  

a c t i v i t y  de te rmined  (5 ) .  The a i m  o f  t h i s  paper  i s  t o  d e s c r i b e  a method 

f o r  de t e rmin ing  t h e  t y r o s i n e  decarboxylase  r e a c t i o n  r a t e  by u s i n g  h i g h  

H a c t i v i t y  a t  d i f f e r e n t  t ime i n t e r v a l s  i n  a 
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performance l i q u i d  chromatography (HPLC) for t h e  s e p a r a t i o n  o f  t y ros<-ne  

and tyramine .  Th i s  method f o r  pyridoxa.1 phosphate  i s  compared w i t h  t h e  

one u s i n g  t y ~ o s i n e - l - ~ ~ C  and tyrosine-’H. 

MATERIAL AND METHODS 

The m a t e r i a l  u sed  i s  EDTA-blood plasma and c e r e b r o s p i n a l  f l u i d .  The 

p r o t e i n s  of t he  samples a r e  f i r s t  p r e c i p i t a t e d  by add ing  ’00 p1 tri- 

c h l o r o a c e t i c  a c i d  t o  800 pl sample.  The p r e c i p i t a t e  i s  c e n t r i f u g e d  by 

800 g f o r  10 minu tes .  The t r i c h l o r o a . c e t i c  a c i d  i s  e x t r a c t e d  from the  

s u p e r n a t a n t  w i th  5 m l  e t h y l  e t h e r  t o  0.5-0.6 r n l  s u p e r n a t a n t .  A f t e r  t h r e e  

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

phosphate .  

T r a c e r  method 

To 150 p1 of  sample wi th  an expec ted  c o n c e n t r a t i o n  of p y r i d o x a l  

phosphate  0-200 nmol/l i s  added 150 p1 a p o t y r o s i n e  deca rboxy lase  ( a b o u t  

10 mg/ml). Th i s  m i x t u r e  i s  shaken  f o r  abou t  30 minutes  a t  jO°C. Then a 

mix tu re  of t y r o s i n e -  H ,  t y r ~ s i n e - l - ’ ~ C ,  t y r o s i n e  and b u f f e r  i s  added and 

e x a c t  t ime taken .  A f t e r  10, 20 and 30 minutes  samples of 200 pl a r e  with- 

drawn and poured i n t o  t e s t t u b e s  k e p t  i n  w a t e r  a t  10OoC. 25 pl samples 

from t h e  tubes  a r e  added t o  10 m l  s c i n t i l l a t i o n  f l u i d  (POP and POPOP 

t o l u e n e )  and t h e  r a d i o a c t i v i t y  of  I 4 C  and H de te rmined  i n  a l i q u i d  

s c i n t i l l a t i o n  c o u n t e r .  The ’H a c t i v i t y  i s  n o t  changed by t h e  enzyme 

r e a c t i o n ,  whereas t h e  I 4 C  a c t i v i t y  d e c r e a s e s  due t o  t h e  d e c a r b o x y l a t i o n .  

The r a t e  of d e c a r b o x y l a t i o n  i s  c o r r e l a t e d  t o  t h e  c o n c e n t r a t i o n  of  

p y r i d o x a l  phospha.te i n  t h e  sample.  More d e t a i l s  abou t  t h i s  method a r e  

g iven  i n  r e f e r e n c e  ( 4 ) .  

3 

3 

HLgh performance l i q u i d  chromatography method 

In t h i s  method t h e  i n c r e a s e  o f  ty ramine  i s  de te rmined  i n s t e a d  of  t he  

d e c r e a s e  i n  t y r o s i n e .  The p r e p a r a t i o n  of  t h e  samples i s  performed i n  t h e  

same way as i n  the  t r a c e r  method d e s c r i b e d ,  b u t  no r a d i o a c t i v e  t r a c e r s  

a r e  added. A f t e r  t h e  r e a c t i o n  i s  s topped  i n  t h e  h e a t e d  t e s t t u b e s ,  

samples of  60 pl a r e  i n j e c t e d  i n t o  a HPLC equipment ( L D C  Cons tame t r i c  

I11 wi th  LDG dynaxnic g r a d i e n t  mixer  and w i t h  Water 7lOA WISP sample 

d e l i v e r y  sys tem) .  Columns MPLC RP-18.3 cm and 10 cm a r e  used .  The 

e x t r a c t i o n  s o l u t i o n  i s  0.07 molar  sodium a c e t a t e  b u f f e r  pH 3.75. We u s e  

a P e r k i n  Elmer spec  t ro f luo rome  t e r  MPF-3 w i t h  e x c i t a t i o n  wavelength 280 nm 

and emiss ion  wavelength 357 nm. A s e p a r a t i o n  of  t y r o s i n e  and tyramine  i s  

ach ieved  as shown i n  F ig .  1 .  
I n  t h e  chromatogram a r e  found peaks f o r  t y r o s i n e  and tyramine  and a 

t h i r d  peak which i s  r ecogn ized  as s e r o t o n i n .  The computer connec ted  t o  
t h e  sys tem makes p o s s i b l e  t h e  d e t e r m i n a t i o n  of  t h e  t y r o s i n e  and tyramine .  
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A c a l i b r a t i o n  curve  f o r  t h e  c o n t e n t  o f  py r idoxa l  phosphate  i n  the  sample 
i s  drawn as shown i n  F jg .  2. 
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Fig. 1 .  
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Samples wi th  p y r i d o x a l  phosphate l e v e l s  0 ,  20 and 200 nmol/l 

g i v e  t y r o s i n e  and tyramme peaks as shown i n  a.-f. The f i r s t  peak i s  

t y r o s i n e ,  t h e  second tyramine. I n  a and b wi th  no p y r i d o x a l  phosphate  

added t o  t h e  reagenk a r e  shown the  cu rves  a f t e r  i n c u b a t i o n  f o r  I 5  and 30 

minutes .  I n  c and d wi th  p y r i d o x a l  phosphate 20 nmol / l ,  and i n  e and f 

200 nmol/l ,  i n c u b a t i o n  time 1 5  and 50 minutes  r e s p e c t i v e l y .  

Tyramim pmol-h 4 

10 - 

5 -  

25 S’O Id0 d o  200 
Plasma pyridoxalphosphate nmol/l 

Fig .  2. C a l i b r a t i o n  curve  f o r  t h e  HPLC method. 
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RESULTS 

A comparison between t h e  t r a c e r  method and the  HPLC method i s  shown i n  

Fig.  3. 
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Fig .  3. C o r r e l a t i o n  between the  method u s i n g  HPLC and t h e  t r a c e r  

method f o r  p y r i d o x a l  phosphate .  

The c o r r e l a t i o n  c o e f f i c i e n t  i s  r = 0.9864. The c o e f f i c i e n t  of v a r i a -  

t i o n  ( C V  %) f o r  t h e  tracer method i s  9.1 (mean v a l u e  32.4 nmol/l 
p y r i d o x a l  phosphate  i n  50 double  d e t e r m i n a t i o n s  i n  plasma from h e a l t h y  

b lood  donors)  and f o r  t h e  HPLC method 5.4 (mean v a l u e  32.1 nmol/l  i n  37 
double  d e t e r m i n a t i o n s ) .  

DISCUSSION 
Although v i t amin  B6 h a s  been known f o r  50 y e a r s ,  n o t  u n t i l  r e c e n t l y  

i t s  impor tance  has  been f u l l y  unders tood .  Thus i t  i s  d e s i r a b l e  t o  have 

an a c c u r a t e  and n o t  t o o  time-consuming method f o r  d e t e r m i n a t i o n  o f  t h e  

a c t i v e  p a r t  of v i t amin  B6, i . e .  py r idoxa l  phosphate .  The method described 

h e r e  is  r a t h e r  s imple  and ,  i n  a d d i t i o n ,  a v o i d s  u s i n g  r a d i o a c t i v e  ma te r i a l .  

The HPLC s t a g e  i n  t h e  a n a l y s i s  i s  e a s i l y  au tomat ized  wi th  computerized 

c a l c u l a t i o n s .  Th i s  makes the d e t e r m i n a t i o n  more e x a c t  and more convenient 
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for concentration analysis in systems with still lower levels than in 
blood, e.g. cerebrospinal fluid. The levels of pyridoxal phosphate in 

plasma and in spinal fluid from patients with neurological symptoms 

utilizing the method described here are given in reference 1. 
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