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HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 
OF TRYPTOPHAN AND SEROTONIN METABOLITES 

Jean P i e r r e  Garn ier ,  Bernard Bousquet and Claude Dreux 
L a b o r a t o i r e  Cen t ra l  de B ioch im ie  

Hapi ta1 Sa in t -Lou is ,  2 p lace  du D r  F o u r n i e r ,  75475 P a r i s  Cedex 10 
(France) 

ABSTRACT 

Sero ton in  i s  a n e u r o t r a n s m i t t e r  i n  c e r e b r a l  c e n t e r s  and 
i t s  p e r t u r b a t i o n s  can produce humor and behav io r  d i s o r d e r s .  I n  
a d d i t i o n ,  e x p l o r a t i o n  o f  t r yp tophan  and s e r o t o n i n  metabol ism i s  
ex t reme ly  i m p o r t a n t  f o r  e a r l y  d e t e c t i o n  and s u p e r v i s i o n  o f  t r e a t -  
ment i n  carcinoi 'd tumors. High performance l i q u i d  chromatography 
(HPLC) enabled us t o  separate and t i t r a t e  d i f f e r e n t  m e t a b o l i t e s  
( 5 - h y d r o x y i n d o l y l a c e t i c  a c i d ,  s e r o t o n i n ,  t ryptophan,  5-hydroxy- 
t r yp tophan  and N-acety l  t r yp tophan  (Nr?T) as i n t e r n a l  s t m d a r d )  i n  
seve ra l  t ypes  of b i o l o g i c a l  t i s s u e s  : blood,  u r i n e ,  b r a i n  and 
ce reb rosp ina l  f l u i d .  Th i s  method i s  o r i g i n a l  because i t  connects 
HPLC w i t h  f l uo rescence  i n  cont inuous f l ow ,  which a l l o w s  t o  change 
t h e  c o n d i t i o n s  o f  pH and b u f f e r .  Th i s  techn ique  i s  h i g h l y  sens i -  
t i v e  (below 100 picograms) and ve ry  q u i c k  ( t e n  m inu tes ) .  

INTRODUCTION 

Sero ton in  (5-hydroxyt ryptamine o r  5-HT) p l a y s  a fundamen- 

t a l  p a r t  i n  t r a n s m i t t i n g  nerve impulses w i t h i n  t h e  b r a i n .  Changes 

i n  metabolism of b r a i n  amines i n v o l v e  psych ic  d i s o r d e r s  ( 6 ) .  
S ince t h e  e x p l o r a t i o n  o f  b r a i n  s e r o t o n i n  i n  man i s  d i f f i c u l t ,  we 

i n v e s t i g a t e d  p lasmat i c  t r yp tophan  (T rp )  , p r e c u r s o r  o f  s e r o t o n i n  

and t h e  f a c t o r  l i m i t i n g  i t s  syn thes i s .  T r p  i s  absorbed i n  food,  

and, in  plasma,is l i n k e d  t o  a lbumin (-80 X) ; o n l y  t h e  f r e e  form 

i s  a b l e  t o  pass through t h e  b l o o d - b r a i n  b a r r i e r  ( F i a u r e  1). 
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FIGURE 1. Tryptophan metabolism. 
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TRYPTOPHAN AND SEROTONIN METABOLITES 541 

D i f f e r e n t  f a c t o r s  can i n f l u e n c e  t h e  f ree  T rp  l e v e l  , e s p e c i a l l y  

t he  albumin l e v e l  ( 3 ) ,  t h e  b l o o d  pH ( 3 )  and c e r t a i n  drugs (1). 

Furthermore, measurements o f  u r i n a r y  i n d o l y l a c e t i c  a c i d  

(5-HIAA) o r ,  b e t t e r  s t i l l ,  o f  t he  b lood  s e r o t o n i n ,  a l l o w  t h e  de- 

t e c t i o n  o f  carcinoi 'd tumors and m o n i t o r i n g  o f  t h e i r  t rea tmen t .  

L a s t l y ,  t h e r e  a r e  s t i l l  gaps i n  o u r  knowledge o f  hydroxy- 

i n d o l  metabolism a t  p l a t e l e t  and b r a i n  l e v e l s .  I t  t h e r e f o r e  

seemed o f  i n t e r e s t  t o  possess a s e n s i t i v e ,  r e l i a b l e  and r a p i d  

technique f o r  measuring Trp, 5-HT, 5-HIAA and o t h e r  i n d o l  

d e r i v a t e s  1 i ke 5-hydroxyt ryptophan (5-HTP) and 5 -hyd roxy t r yp topho l  

i n  t h e  b lood,  u r i n e ,  b r a i n  and ce reb rosp ina l  f l u i d  o f  man and 

animals .  

PR I NC I PL E 

The p r i n c i p l e  o f  t h i s  method can be resume'd i n  two s teps : 

1 - Separa t i on  o f  m e t a b o l i t e s  

Th is  i s  done by HPLC : t h e  s t a t i o n a r y  phase c o n s i s t s  o f  a 

c a t i o n  exchange s i l i c a  ; t h e  mob i l e  phase i s  a s o l u t i o n  o f  

?iH4H2PO4 (pH 2.30) . 
2 - S p e c t r o f l u o r i m e t r i c  d e t e c t i o n  i n  cont inuous f l o w  

On l e a v i n g  the  column, t h e  e l u a t e  c o n t a i n i n g  i n d o l  d e r i -  

va tes  i s  mixed i n  a cont inuous f l o w  w i t h  a b u f f e r  s o l u t i o n  

a l l o w i n g  t o  o p t i m i z e  t h e  pH o f  f l uo rescence  : a t  pH 6.00, f l u o -  

rescence r a t i o  i s  3 t o  6 t imes  ( i n  t h e  f u n c t i o n  o f  m e t a b o l i t e s )  

g r e a t e r  t han  i n  2.30 pH medium. 

Measuring wavelengths a r e  301 nm f o r  e x c i t a t i o n  and 338 nn 

f o r  f l uo rescence .  

MATERIALS AND METHOD 

1 - t i l a t e r i a l s  

a )  HELC 
- chromatograph : chroniatem 38 (Touzar t  e t  

hlatignon, 8 r u e  Eugene Henaff,  94400 Vi t ry s u r  Seine, France)  
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5 4 2  GARNIER, BOUSQUET, AND DREUX 

-column : 25 cm x 4.6 mm I.D., P a r t i s i l  SCX 10 
(Whatman, zone i n d u s t r i e l l e ,  45210 F e r r i e r e s ,  France) (10 p m  
s i l i c a  beads, w i t h  bound s u l f o n i c  groups) .  

b )  fluorescence-measurement_jn_contlnuous_flo~ 
- p e r i s t a l t i c  pump : Technicon (1, r o u t e  Na t iona le ,  

- au toana lyse r  I1 f l u o r i m e t e r  : Technicon 

- reco rde r  : Technicon 

95 Domont) 

2 - Reagents 

a)  HPLC 

- mob i l e  phase : NH4H2P04, lo- '  M, pH 2.30 

- f l o w  r a t e  : 1 ml /min.  

- B u f f e r  s o l u t i o n  (SORENSEN) pH 7.00 0 . 1  M : 

---- 

b )  fluoresfence-rneasurement_ln_Eontlnuoug_f~o~ 

6.7 g Na2H PO4, 2 H20 and 5.6 g. KH2 PO4 f o r  1 L .  o f  d i s t i l l e d  

wa te r .  

3 - Taking o f  b i o l o g i c a l  f l u i d  and b r a i n  samples 

a )  mpn 
- b lood  : ve inous b lood  p r e f e r a b l y  on ACD ( c i t r i c  

- u r i n e  : 24 h o u r s ' u r i n e  on HC1 

- CSF : usual method 

a c i d ,  c i t r a t e  and dex t rose )  o the rw ise  on t r i s o d i c  c i t r a t e .  

b )  rats 
- b r a i n  : d i s s e c t e d  i n  i c e  a f t e r  d e c a p i t a t i o n  

- b lood  : ob ta ined  by p r e s s u r i n g  t h e  decap i ted  body 

4 - P r e p a r a t i o n  o f  samples 

- CSF and u r i n e  were de feca ted  by a d d i t i o n  o f  1/10 o f  

t h e i r  volume o f  11 N p e r c h l o r i c  a c i d  ; 
- b lood  was c e n t r i f u g e d  5 min a t  1200 rds/min a t  15" C,  t o  

o b t a i n  a PRP ( p l a t e l e t  r i c h  plasma). The PRP i s  t h e n  de feca ted  

w i t h  p e r c h l o r i c  a c i d  under t h e  c o n d i t i o n s  s t a t e d  above ; 
- r a t  b r a i n  was f r o z e n  i n  l i q u i d  n i t r o g e n  (30 sec)  imme- 

d i a t e l y  a f t e r  d i s s e c t i o n ,  and remained a t  -15" C u n t i l  measurement 
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TRYPTOPHAN AND SEROTONIN METABOLITES 543 

I t  was then pulverized i n  0.1 N H C 1  and defecated by 11 [J per- 
ch lo r i c  acid.  

5 - Analysis 
Samples were centrifuged f o r  10 min a t  3500 rds/min and 

the supernatant was in jec ted  a s  follows : 
- 
- 10 p1 f o r  o thers  urines 
- 50 p1  f o r  other samples 
Figure 2 shows the ana ly t ica l  system used. Under these 

1 pl f o r  urine o f  carcinoi'd tumor 

conditions,  the pressure a t  t he  column head was 80 t o  90 bars.  

RESULTS A N D  DISCUSSION OF ANALYTICAL CONDITIONS 

- T h i s  o r ig ina l  system makes i t  possible t o  optimize 
separation on the  one hand and the de tec t ion  on the o the r .  Contra- 
ry t o  c l a s s i ca l  methods, i t  enables the  optimal conditions to  be 
chocren f o r  chromatography as well as f o r  fluorescence ( t h e  two 
s e t s  of conditions being very d i f f e r e n t ) ,  o r  f o r  o ther  types 
of de tec t ion .  

For ins tance ,  i n  t h i s  case,  the best pt! f o r  chroma- 
tography was 2.30, whereas the best  pH f o r  natural f luorescence 
was 6 t o  10 i n  function o f  metabolites.  

- Chromatoqraphic conditions : using a so lu t ion  of 
NH4H2P04 we made the  flow r a t e  vary from 0.1 to  2 m T / m i n ,  the  
lnolarity from lo-' t o  M ,  and the pH from 1.80 to  6.00. 

The following conditions were choosen (Figure 3) : 

- molarity : lo-* M 
- PH : 2.30 
- Flow r a t e  : 1 ml/nin 

- Spectrofluorimetric detection : optimal conditions 
were very d i f f e ren t .  Best pH of fluorescence is 6 f o r  5-HIAA, 
4 f o r  5-HT, 5 f o r  5-HTP and 10 f o r  T r p  and NAT. Biological l eve l s  
of T r p  a r e  very upper than the o thers  and NAT i s  the  in te rna l  

standard : so we cho~se a pH of 6 .  
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544 GARNIER, BOUSQUET, AND DREUX 

- - -  PUMP - 
1 ML/MIN.  NHq H2P04 

B U F F ~ R  SOLUTION 

\ 
( 1  . 6 0  M L / M I N . )  

I I 

A I R  ( 1 . 2 0  ML/PI IN . )  L 
.2.50 ML/MJN. WASTE 4 I I 

I 

I--- - I I 

S P E C T R O F L U O R I M E T E R  RECORDER 

X E X C  : 3 0 1  NM 
h E M 1  : 338 NM 

FIGURE 2 

HPLC coupled t o  continuous fluorescence ampl i f ica t ion .  

- Finally we showed t h a t  connecting the two systems in a 
continuous flow d i d  not a f f e c t  e i t h e r  e f f i c a c i t y  o r  s e n s i t i v i t y  
(Figure 4 ) .  

- Measurements : we used an in te rna l  standard (N-acetyl 
T r p )  f o r  chromatographic in jec t ion  and double overloading f o r  
fluorescence detection. 
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TRYPTOPHAN AND SEROTONIN METABOLITES 545 

MOLAR1 TY I 
1 

I I 

I 
1 

r I .  1 1 I 

6 PH 1 2 2 .30  3 4 5 

FIGURE 3 

Optimization o f  mobil phase molarity, flow rate and pH. 
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546 GARNIER, BOUSQUET, AND DREUX 

DIRECT DETECTION 

i 

POST COLUMN CONTINUOUS SAME POST COLUMN CONTINUOUS 
FLOW WITH DISTILLED WATER FLOW tJITH BUFFER SOLUTION 

FIGURE 4 

Comparison o f  d i r e c t  de tec t ion  with a post-column continuous 
flow reac t ion .  
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INAT 

BLOOD : P . R . P .  

5 - H I A  

5-HT 

HUMAN C A R C I N O I D  U R I N E  

5 - H I A  NAT 

RAT B R A I N  

? -jh 

NAT 

PLASMA 

FIGURE 5 

Application t o  biological f l u ids  
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548 GARNIER, BOUSQUET, AND DREUX 

- Linearity was sa t i s f ac to ry  u p  t o  50 m g / l ,  a much higher 
level than in biological f l u ids .  

- Reproductibil i ty on 20 successive measurements showed 
a var ia t ion  coe f f i c i en t  < 3 % i n  the  function of metabolites.  

- Accuracy varied from 0.5 t o  1 %. 

- Sens i t i v i ty  amplified from 3 to 6 times depending on the 
molecule enabled us t o  obtain a detection l imit  of 100 picograms 
(5-HT) f o r  50 p1 in jec ted .  

- Analysis time remains br ie f  : 10 m i n  f o r  separation 
a n d  continuous flow fluorescence. 

Several examples of chromatograms a r e  given i n  Figure 5 .  
Reference values f o r  the d i f f e ren t  metabolites i n  several 
biological t i s sues  a re  cur ren t ly  being es tab l i shed  and wi l l  be 
published shor t ly  together with several c l i n i c a l  s tud ies .  

CONCLUSION 

The essent ia l  and or ig ina l  aspect of t h i s  method seems 
t o  us t o  be the coupling of chromatography with an independant 
automatic ana ly t ica l  system. Unlike the  conventional techniques 
t h i s  type of detection enabled us t o  take advantage of the 
optimal conditions of both the systems involved. I t  i s  thus 
possible t o  couple with the chromatographic column every kind 
of ana ly t ica l  reac t ion ,  colorimetric,  nephelemetric, fluorimetric, 
e t c .  This grea t ly  extends the  f i e l d  of HPLC application to  mo- 
lecules which were formerly detected with d i f f i c u l t y .  
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