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ABSTRACT 

I n  a m a t e r i a l  of 7 4  e l d e r l y  p a t i e n t s  w i t h  c e r e b r a l  symptoms, most  o f  

them on a c c o u n t  o f  a t h e r o s c l e r o s i s ,  d e f i c i e n c y  o f  p y r i d o x a l  p h o s p h a t e  i.s 

uncommon: o n l y  t e n  had e x t r e m e l y  low p lasma l e v e l s .  Nine  o f  t h e  p a t i e n t s  

had r a t h e r  h i g h  l e v e l s  o f  se rum t r y p t o p h a n .  This  might depend upon p o o r  

m e t a b o l i z a t i o n  when p y r i d o x a l  p h o s p h a t e  i s  a v a i l a b l e  i n  i n s u f f i c i e n t  

s u p p l y .  In a d d i t i o n  mean v a l u e s  a r e  g i v e n  f o r  t r y p t o p h a n ,  t y r o s i n  and  

s p r o t o n i n  i n  t h i s  g r o u p  o f  p a t i e n t s .  

INTRODUCTION 

V i t a m i n  B6 i n  i t s  a c t i v e  form p y r i d o x a l  5-phosphate  ( P a l - P )  p a r t i c i p a t e s  

i n  many e n z y m a t i c  r e a c t i o n s  i n v o l v i n g  amino a c i d  t r a n s a m i n a t i o n s  a n d  

d e c a r b o x y l a t i o n s .  Pal-P i s  n e c e s s a r y  f o r  t h e  normal  m e t a b o l i s m  o f  t r y p -  

t o p h a n  and  f o r  t h e  c o n v e r s i o n  o f  t y r o s i n  t o  t y r a m i n  among many o t h e r  

r e a c t i o n s .  F o r  t h e  normal  m e t a b o l i s m  o f  the b r a i n  P a l - P  i s  o f  great 

importanc.e ,  e g t h e  d e c a r b o x y l a t i o n  o f  t r y p t o p h a n  t o  s e r o t o n i n .  Hence i t  

m i g h t  be o f  i n t e r e s t  t o  d e t e r m i n e  t h e  l e v e l  o f  Pa l -P  i n  p lasma a n d  c e r e -  

b r o s p i n a l  f l u i d  i n  p a t i e n t s  w i t h  c e r e b r a l  symptoms, a n d  i n  a d d i t i o n  i n  

c e r t a i n  c a s e s  a l s o  b o t h  t r y p t o p h a n  and  s e r o t o n i n .  

MATERIAL AXD METHODS 

The p a t i e n t s  have  a l l  b e e n  t r e a t e d  i n  the d e p a r t m e n t  o f  ge r i a t r i c s .  

'They were a d m i t t e d  f o r  d i a g n o s i s  or t r e a t m e n t  o f  P a r k i n s o n i s m u s  o r  f o r  

t h e  e x a m i n a t i o n  o f  t h e  dynamics o f  CSF a c c o r d i n g  t o  Katzman i n  s u s p e c t e d  

h y d r o c e p h a l u s .  Most o f  t h e  p a t i e n t s  were  r a t h e r  o l d ,  none w a s  c o m p l e t e l y  

b e d r i d d e n .  N o  d i e t a r y  h i s t o r y  f o r  t h e  p e r i o d  b e f o r e  h o s p i t a l i z a t i o n  i s  

a v a i l a b l e .  The e x a m i n a t i o n  o f  b l o o d  a n d  CSF w a s  p e r f o r m e d  one o f  t h e  

f i r& d a y s  i n  h o s p i t a l .  

P y r i d o x a l  p h o s p h a t e  w a s  d e t e r m i n e d  a c c o r d i n g  t o  a m o d i f i c a t i o n  o f  a 

method P r e v i o u s l y  d e s c r i b e d  ( 9 ) .  T r y p t o p h a n ,  s e r o t o n i n  a n d  t y r o s i n  were  
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d e t e r m i n e d  i n  serum a n d  c e r e b r o s p i n a l  l i q u o r  w i t h  a c o m b i n a t i o n  o f  h i g h  

p e r f o r m a n c e  l i q u i d  chromatography methods p r e v i o u s l y  d e s c r i b e d  ( 2 ,  3, 1 2 ,  

IS). F r e e  forms  o f  t h e  compounds i n  serum were d e t e r m i n e d  a f t e r  s e p a r a -  

t i o n  f rom p r o t e i n  by  M i l l i p o r e  f i l t e r  ( U l t r a f r e e ,  A n t i c o n v u l s a n t ,  

40,000 NMWL, 25 mm, DROO 651 00) .  

RESULTS 

A s  h a s  b e e n  shown e a r l i e r  (8) Pal -P  i n  p l a s m a  is d e c r e a s i n g  w i t h  

i n c r e a s i n g  a g e .  I n  our g r o u p  o f  p a t i e n t s  some v e r y  low l e v e l s  were 

e n c o u n t e r e d .  One p a t i e n t  hdd i r i d e t e c t a b l e  v a l u e s  and a t  t h e  same t ime 

hypomagnesiernia. A r e l a t i  o n s h i p  between low Pal-P and  low magnesium h a s  

b e e n  r e p o r t e d  e a r l i e r  ( 1 ) .  One p a t i e n t  w i t h  a v e r y  h i g h  l e v e l  o f  Pa l -P ,  

1 7 9  n m o l / l ,  i n  a d d i t i o n  had  d i a b e t e s ,  a d i s e a s e  which u s u a l l y  l e a d s  . t o  

low o r  normal  l e v e l s  of Pal-P ( 1 1 ) .  Among o u r  p a t i e n t : ;  t h e r e  wads no 

t e n d e n c y  t o  l o w e r  l e v e l s  w i t h  i n c r e a s i n g  a g e .  See  F i g .  1 .  

10 Plorno-pyriivxol phorphote { 4 
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F i g .  1 ,  Pyridoxa.1 p h o s p h a t e  i n  p lasma i.n r e l a t i o n  t o  a g e .  

I n  c a l c u l a t i o n s  of mean v a l u e s  and s t a n d a r d  d e v i a t i o n s  d i f f e r e n t  

s t a t i s t i ca l  methods m i g h t  b e  u s e d .  We h a v e  c h o s e n  t o  u t i l i z e  a s p e c i a l  

g r a p h  p a p e r  f o r  normal  ( g a u s s i a n )  p r o b a b i l i t i e s .  The c u m u l a t i v e  form o f  

t h e  d i s t r i b u t i o n  i s  u s e d .  The v a l u e s  f o r  t h e  a n a l y s e s  a r e  p l o t t e d  on t h e  

a b s c i s s a  i n  a r i t h m e t i c .  form and t h e  number o f  s u b j e c t s  as t h e  p e r c e n t a g e  

o f  t o t a l  i n  l o g a r i t h m i c  dorlcs t h e  o r d i n a t e .  T h i s  a l l o w s  a g i v e n  s e t  o f  

d a t a  t o  be  p l o t t e d  a n d  a normal  d i s t r i b u t i o n  i s  i m m e d i a t e l y  s e e n ,  F i g .  2 

(10 ) .  I f  t h e  d a t a  are d e r i v e d  from d i f f e r e n t  groups, i e f rom h e a l t h y  

c o n t r o l s  a n d  f rom s i c k  p e r s o n s  d i f f e r e n t  d i s t r i b u t i o n s  are d e t e c t e d  i n  
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the g.*.wph, 

'The l e v e l  of P a l - P  i n  p lasma i s  i n  t h e  n i a ; i c~~+i t , y  o f  c a s e s  1 - 3  times t h e  

l e v e l  i n  CSF, w i t h  some e x c e p t i o n s  where t h e r e  were e x t r e m e l y  low v a l u e s  

i n  t h e  CSF. I n  o u r  m a t e r i d  t h e r e  i s  a s l i g h t  p r e p o n d e r a n c e  of  women 

among t h o s e  wi th  h i g h  l e v e l s  o f  Pa l -P  i n  p l a s m a ,  a n d  f o r  men among t h o s e  

w i t h  t h e  l o w e s t  l e v e l s .  T h i s  m i g h t  depend upon u n s a t i s f a c t o r y  d i e t s  i n  

e l d e r l y  men w i t h  a t h e r o s c l e r o s i s .  The o p p o s i t e  d i s t r i b u t i o n  is s e e n  

rega . rd ing  t r y p t o p h a n  i n  serum - among t h o s e  w i t h  l e v e l s  above  7 . 5  pmol/l 
t h e r e  were 8 men and  one woman. The q u o t i e n t  be tween t r y p t o p h a n  i n  serum 
and p lasma Pal -P  is in OUT material 411 for men a n d  231 f o r  women as a n  
a v e r a g e .  T h i s  m i g h t  depend upon low l e v e l s  o f  Pal-?  i n  the men p r e v e n t i n g  

t r y p t o p h a n  t o  be  m e t a b o l i z e d  f u r t h e r  t o  s e r o t o n i n .  

The p r o b a b i l i t y  g r a p h s  f o r  t r y p t o p h a n  show a r e g u l a r  g a u s s i a n  d i s t r i b u -  

t i o n .  The v a l u e s  found are g i v e n  i n  T a b l e  1. The r e l a t i o n  be tween t o t a l  

and  f r e e  t rgp tophar i  i s  a r o u n d  10 a n d  between f r e e  serum t r y p t o p h a n  and  

CSF t r y p t o p h a n  2-3. 

T g r o s i n  showed a h o u t  t h e  same l e v e l s  f o r  t o t a l  and  f r e e  i n  serum and 

about. 7 t i m e s  as much i n  serum as i n  CSF. The a n a l y s e s  of serum s e r o t o n i n  

show v i r t u a l l y  no d i f f e r e n c e  be tween f r e e  a n d  t o t a l  ( T a b l e  1 ) .  

Ta_b,l,g~-_j. C o n c e n t r a t i o n  l e v e l s  of p y r i d o x a l  p h o s p h a t e ,  t r y p t o p h a n ,  t y r o s i n  

a n d  s e r o t o n i n  i n  b l o o d  a n d  c e r e b r o s p i n a l  f l u i d  c a l c u l a t e d  from 

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

P-Pal-P 
sp-P a l -P  

S-Tryp topha  n , f r e e  

S-Tryptophan,  t o t a l  

Sp-Tryp t o p h a n  

S-T'y r o  s i n  

S-Tgrosin f r e e  

Sp-Tyrosin 

S - S e r o t o n i n  

S - S e r o t o n i n ,  f r e e  

Sp-Sero t o n i n  

Number o f  
p a t i e n t s  

74  
69 
59 
61 
57 
12 
31 

30 

31 
31 

17 

Mean value 

15 
6 
4.6 

43 
1.7 
78 
74 
11.4 
0.46 
0.36 
0.044 
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F i g ,  3 shows t h e  v a l u e s  f o r  p lasma Pal-P w i t h  two s t r a i g h t  l i n e s  d i s -  

c l o s i n g  two g r o u p s  o f  d a t a ,  one w i t h  a mean o f  15 n m o l / l  a n d  t h e  o t h e r  

r e p r e s e n t i n g  h i g h e r  l e v e l s .  T'he same i s  s e e n  when t h e  d a t a  f o r  ana l -yses  

o f  :;pirial f l u i d  Pal-P i s  p l o t t e d .  

' 

Gnussmo 
distritutian 

90. 

10 - 

I I I I 
10 2 0  30 LO 5 0  60 10 80 9 0  

s e r u  tryptophan pmal / l  

F i g .  2. A c u m u l a t i o n  of t h e  t r y p t o p h a n  c o n c e n t r a t i o n s  i n  serum i s  

p r e s e n t e d  t o  t h e  l e f t  i n  a l o g a r i t m i c  s c a l e  d o n g  t h e  o r d i n a t e  

and compared w i t h  a g d u s s i a n  normal  d i s t r i b u t i o n  t o  t h e  r i g h t .  

I'he result i n d i c a t e s  one homogenous p o p u l a t i o n .  

I 10 20 30 40 50 60 70 80 90 100 

Plasma pyridoxalphosphate moI/l 

F i g .  3. P g r i d o x a l  p h o s p h a t e  c o n c e n t r a t i o n  i n  plasma d e s c r i b e d  as i n  

F i g .  2 showing r e s u l t s  i n d i c a t i n g  two p o p u l a t i o n s  in the m t e r i a l .  
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With i n c r e a s i n g  a g e  t h e r e  i s  a t i ir idenc,y to l o w e r  Isvel:: of Pa l -P  

ac.c:or.ding. t o  p r e v i  oils rep(1r t .s .  I n  t h i s  n i b t e r i a l  t h i s  t e n d e n c y  c o u l d  n o t  

be  f o u n d ,  a l t h o u g h  many v a l u e s  a r e  l o w e r  t h a n  what  i s  c o n s i d e r e d  normal  

i n  h e a l t h y  s u b L j e c t s .  I n  t h i s  l a b o r a t o r y  t h e  normal  l e v e l s  are 20 - 60 
nmol / l .  In e l d e r l y  p a t i e n t s  w i t h  a t h e r o s c l e r o s i s  s i c k  enough t o  be  

a d m i t t e d  t o  a g e r i a t r i c  ward,  t h e  d i e t  p r o b a b l y  h a s  n o t  b e e n  a d e q u a t e  

i n  a l l  c a s e s .  Hence t h e  low l e v e l s  o f  Pa l -P ,  a t  l e a s t  p a r t l y ,  c o u l d  b e  

a s c r i b e d  t o  low i n t a k e s  o f  v i t a m i n  B6. T h i s  m i g h t  a l s o  e x p l a i n  t h e  

r e l a t i v e l y  h i g h  l e v e l s  o f  t r y p t o p h a n  i n  some men. 

Whereas t h e  p lasma l e v e l s  o f  Pa l -P  a r e  on t h e  l o w e r  s i d e ,  t h e  l e v e l s  

i n  CSF a r e  h i g h  compared t o  what  w a s  found i n  a s e r i e s  o f  p a t i e n t s  f rom 

a n o t h e r  p a r t  o f  Sweden. I n  a d u l t  p a t i e n t s  w i t h  c e l i a c  d i s e a s e  a s i g n i f i -  

c a n t l y  h i g h e r  c o n c e n t r a t i o n  o f  Pa l -P  w a s  found i n  CSF t h a n  i n  a c o n t r o l  

m a t e r i a l  o f  n e u r o l o g i c a l  p a t i e n t s  o f  t h e  same a g e  ( 7 ) .  Our method o f  

d e t e r m i m t i o n  Pal-P i s  n o t  t h e  same as w a s  u s e d  i n  t h i s  s t u d y ,  which 

m i g h t  e x p l a i n  some of t h e  d i f f e r e n c e ,  b u t  c o u l d  n o t  e x p l a i n  a l l .  

They found i n  CSF 0.60 k0.54 n g / m l  which i s  t h e  same as 2.4 n m o l / l ,  

t h u s  r a t h e r  low v a l u e s  compared t o  ours. 
The l e v e l s  o f  t r y p t o p h a n  i n  serum and CSF a r e  w i t h i n  t h e  same r a n g e  

as h a s  b e e n  found by  o t h e r s  as are  t h e  l e v e l s  f o r  serum s e r o t o n i n  a n d  

t y r o s i n  (4, 5, 6). 

283 



1 .  

2. 

3. 

4. 

5.  

6 .  

7 .  

8. 

9. 

10.  

11.  

12 .  

13 .  

REFERENCES 

Abraham, G.E. ,  S c h w a r t z ,  U.D. & Lubran ,  M.M.: E f f e c t  o f  v i t a m i n  B-6 
on p lasma and r e d  b l o o d  c e l l  magnesium lrvels in premenopa,usal  women. 
Ann C l i n  Lab Med 11:333-316, 1981.  
Anderson ,  G.M., Young, J.G., Cohen, D . J . ,  S c h l i c h t ,  K.R. & P a t e l .  N . :  
L i q u i d - c h r o m a t o g r a p h i c  d e t e r m i n a t i o n  o f  s e r o t o n i n  and  t r y p t o p h a n  i n  
whole b l o o d  and  p lasma.  C l i n  Chem 27:775-776, 1981.  
Anderson ,  G.M., Young, J . G .  & Cohen, D . J . :  R a p i d  l i q u i d  chrorna.to- 
g r a p h i c  d e t e r m i n a t i o n  o f  t r y p t o p h a n ,  t y r o s i n e ,  5 - h y d r o x g i n d o l e a c e t i c  
a c i d  a n d  h o m o v a n i l l i c  a c i d  i n  c :e rebrospina . l  f l u i d .  J o f  Chromato- 
g r a p h y  164: 501-505, 1979. 
D e L i s i ,  L . E . ,  N e c k e r s ,  L.M., W e i n b e r g e r ,  D.R. & W y a t t ,  R . J . :  I n c r e a s e d  
whole b l o o d  s e r o t o n i n  c o n c e n t r a t i o n s  i n  c h r o n i c  s c h i z o p h r e n i c  p a t i e n t s .  
Arch Gen P s y c h i a t r y  38:647-650, 1981.  
DeMyer, M.K., Shea ,  P.A., H e n d r i e ,  H . C .  & Yoshimura,  N . N . :  P lasma 
t r y p t o p h a n  a n d  f i v e  o t h e r  amino a c i d s  i n  d e p r e s s e d  and i n  normal  
s u b j e c t s .  Arch Gen P s y c h i a t r y  38:642-646, 1981.  
Freedma,n, D.X., B e l e n d i u k ,  K . ,  B e u l e n d i u k ,  G.W. & C r a y t o n ,  J . W . :  
Blood t r y p t o p h a n  m e t a b o l i s m  i n  c h r o n i c  s c h i z o p h r e n i c s .  Arch Gen 
P s y c h i a t r y  38:655-659, 1981. 
H a l l e r t ,  C . ,  A l l e n m a r k ,  S . ,  Larsson-Cohn,  U. & S e d v a l l ,  G.:  High 
l e v e l  of piyr idoxal  5’-phosphate  i n  t h e  c r e b r o s p i n a l  f l u i d  o f  a d u l t  
c e l i a c  p a t i e n t s .  Am J C1i.n N u t r  36:851-854, 1987. 
H a m f e l t ,  A . :  Age v a r i a t i o n  o f  v i t a m i n  B6 i n  m e t a b o l i s m  o f  man. 
C l i n  Chim A c t a  10:48-54, 1964. 
H a m f e l t ,  A . :  Enzymat ic  d e t e r m i n a , t i o n  o f  p y r i d o x a l  p h o s p h a t e  i n  p lasma 
b y  d e c a r b o x y l a t i o n  o f  L-tgrosin-14C ( U )  and a compar ison  w i t h  t h e  
t r y p t o p h a n  load t e s t .  Scand J C l i n  Lab I n v e s t  2O:l-10, 1967.  
Hoffman, R.G.:  S t a t i s t i c s  i n  t h e  p r a c t i c e  o f  m e d i c i n e .  JAl’tA 185: 
864-873, 1963.  
H o l l e n b e c k ,  C.B., Leklem, J . E . ,  R i d d l e ,  M . C .  & Connor,  W.E.: The 
c o m p o s i t i o n  and n u t r i t i o n a l  a d e q u a c y  o f  s u b j e c t - s e l e c t e d  h i g h  carbo-  
h y d r a t e ,  low f a t  d i e t s  i n  i n s u l i n - d e p e n d e n t  d i a b e t e s  m e l l i t u s .  
Am J C l i n  N u t r  38:41-51, 1981.  
K r s t u l o v i c ,  A.M. ,  Brown, P.R., R o s i e ,  D.M. & Champlin,  P.E.: High- 
p e r f o r m a n c e  l i q u i d - c h r o m a t o g r a p h i c  a n a l y s i s  f o r  t r y p t o p h a n  i n  serum. 
C l i n  Chem 23:1984-1988, 1977.  
K r s t u l o v i c ,  A.M. & M a t z u r a ,  C . :  R a p i d  a n a l y s i s  o f  t r y p t o p h a n  metabo- 
l i t e s  u s i n g  r e v e r s e d - p h a s e  h igh-per formance  l i q u i d  chromatography 
w i t h  f l u o r o m e t r i c  d e t e c t i o n .  J o f  Chromatography 163:72-76, 1979. 

284 


