
Journal of Chromatography, 495 (1989) 71-80 
Blomedxal Applxatlons 
Elsevler Science Publishers B V , Amsterdam - Prmted m The Netherlands 

CHROMBIO 4916 

SEPARATION OF TRYPTOPHAN METABOLITES BY REVERSED- 
PHASE HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY WITH 
AMPEROMETRIC AND FLUORESCENCE DETECTION 

A J ELDERFIELD* 

Department of Bcochemlstry, The Wollongong Hosprtal, Wollongong, N S W 2500 (Austraba) 

R J W TRUSCOTT 

Chemrstry Department, The Wollongong Unwerslty, Wollongong, N S W 2500 (Australra) 

and 

I E T GAN and G M SCHIER 

Department of Brochem&ry, The Wollongong Hosprtal, Wollongong, N S W 2500 (Australra) 

(First received December 14th, 1988, revised manuscript received June 13th, 1989) 

SUMMARY 

An lsocratlc method for the separation of most of the tryptophan metabohtes m the oxldatlve 
degradation pathway 1s described The chromatographlc analysis utlhzes the combined selectlvlty 
and sensltlvlty of amperometrlc and fluonmetnc detection The effect of pH, lomc strength and 
operatmg potential on retention times and detector responses are evaluated The use of dual elec- 
trochemlcal cells at two operating potentials together with a programmable fluorescence detector 
allows for improved selectlvlty for the detection of metabohtes The sensltmlty achieved with this 
method allows for the detection of the metabohtes m bloloecal fluids at the plcomole level The 
method has been used to monitor serum samples obtained during a tryptophan load test 

INTRODUCTION 

The importance of tryptophan and Its metabohtes m normal and &seased 
subjects and m many disease states has been emphasized by several workers. 
These diseases have mcluded cataract formatlon [ 11, hepatlc porphyrlas [ 21, 
diabetes [ 31, carcinoma of the bladder [ 41, certain haemoblastx disorders [ 51, 
some inborn errors of metabolism [ 61 and alcohohsm [ 71 

037%4347/89/$03 50 0 1989 Elsevler Science Publishers B V 



72 

Since our group has an interest m some of these diseases, we required a 
sensltlve method to analyse as many tryptophan metabohtes as possible Sev- 
eral methods for the assay of the tryptophan metabohtes by high-performance 
liquid chromatography (HPLC) have been published [ 7-91, but these have 
been mainly concerned with only some of the metabohtes mvolved m the 0x1- 
dative pathway 

This article outlmes the development of a method which enables the slmul- 
taneous quantltatlon of many of the metabohtes of the kynurenme pathway 
(Fig 1) The method 1s particularly suitable for followmg the increase m the 
concentration of compounds resulting from the Tryptophan Load Test [lo] 
This test, orlgmally introduced to detect patients suffering from pyrldoxal de- 
f’iclency, has also been used for mvestlgatmg defects m tryptophan metabohsm 
m other disorders [ 731 
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Fig 1 Tryptophan pathway showmg the compounds oi interest 
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EXPERIMENTAL 

All chemicals used m buffers were of analytical grade Doubly glass-dlstllled 
water was passed through a Waters M&-Q system prior to use 

The reference metabohtes lnvestlgated were (1) tryptophan, 3-hydroxykyn- 
urenme, 3-hydroxyanthranlhc acid and kynurenme (as representative of the 
kynurenme pathway), (11) xanthurenlc acid, 5hydroxyanthramhc acid and 
anthramhc acid (as representatives of the metabohc branch pathway), and 
(111) 5hydroxytryptophan (as representative of the serotonm pathway) They 
were obtained from either Sigma (St Louis, MO, U S A ) or from Fluka (Buchs, 
Switzerland) 

Apparatus 
The hquld chromatograph used consisted of a Beckman Model 112 pump, 

an ETP-Kortec Model K65B automated sample injector, a Shlmadzu Model 
L-ECD-6 electrochemical detector and a Hewlett-Packard 1046A program- 
mable fluorescence detector Chromatograms were recorded and peak heights 
mtegrated on a Shlmadzu CRSA integrator and an Omnlscrlbe recorder 

Analytical separations were performed on a 100 mm x 4 6 mm I D column 
packed with 5-pm Mlcrosorb C, (Ramm Instrument, Woburn, MA, U S A ) 
A 30 mm long Brownlee RP-8 column was fitted as a guard column 

Chromatographlc condztlons 
The buffer was prepared from a mixture of stock solutions of 200 mM sodium 

acetate and 200 mM acetic acid to obtain a pH of 4 50 This 200 mM buffer 
was then diluted 1 10 to produce the final mobile phase (20 mM), which was 
then readjusted to pH 4 50 with concentrated hydrochloric acid, filtered and 
degassed by somcatlon under vacuum prior to use The solvent flow-rate was 
0 6 ml/mm and separations were performed at amblent temperature Detec- 
tion was achieved amperometrlcally at 480 and 990 mV and also fluorlmetrl- 
tally at excltatlon and emlsslon wavelengths optlmlsed for each metabohte 

Methods 
A stock solution of reference metabohtes was prepared by dlssolvmg each m 

20 mM acetate-citrate buffer, pH 5 0 at a concentration of 100 mg/l [ 71 Ah- 
quots were stored frozen at -30°C Working solutions were diluted as re- 
quired, usually to 0 5 yg/ml with mobile phase 

The parameters listed below were investigated in sequence to optlmlse the 
chromatographlc separation of the metabohtes Indlvldual dllutlons of each 
metabohte were used to measure operating potentials and fluorescence spectra 

pH Volumes of 200 mM acetic acid and 200 mM sodium acetate were varied 
to produce the desired pH This solution was then dduted 1 19 to obtain the 
correct acetate concentration 
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4 5 to 5 0 Since the tryptophan peak in serum samples following a tryptophan 
load is large it obscures the xanthurenic acid peak if buffers of pH 4 85 or 5 0 
are used 

Varymg the concentration of acetate did not have a maJor affect on metab- 
ohte retention time The best separation was obtained using either 20 or 40 
mM acetate The effect of the increase m the lomc strength on the retention 
times of the metabohtes was not sigmficant 

The hmltmg currents and the half-wave potentials for each of the com- 
pounds are listed in Table I Of the compounds tested only kynurenic acid did 
not ehcit a response from the electrochemical detector up to 1000 mV. This 
finding agrees with that of others [ 71 

Non-protein constituents m serum and urine were also found to interfere 
with electrochemical detection One of these compounds was found to be uric 
acid, the electrochemical nature of which has been described in earher reports 
[12,13] This excretion product elutes as a large broad peak between 5-hy- 
droxyanthramhc acid and 3-hydroxykynuremne. It does not oxidize below 500 
mV For this reason we employed dual electrochemical cells connected in se- 
ries, the first with an operating potential of 480 mV and the second with an 
operating potential of 990 mV 

The chromatogram displayed in Fig 2A shows the electrochemically de- 
tected separation of metabohtes in 20 n-J4 acetate buffer, pH 4 50, each at a 
concentration of 1 mg/ml or 10 ng on-column per uqection, and at an operating 
potential of 990 mV At this potential all compounds except kynuremne are 
above or at then hmlting current 

Since 5-hydroxyanthranlhc acid could not be measured in serum samples by 
either detector because of interference, a third detector was mstalled. The pro- 
grammable capability of this fluorescence detector increased the selectivity of 
the system and also allowed the measurement of kynuremc acid which does 
not exhibit electrochemical activity 

TABLE I 

LIMITING CURRENTS AND HALF-WAVE POTENTIALS OF TRYPTOPHAN 
METABOLITES 

Metabohte 

5Hydroxyanthramhc acid 500 
3-Hydroxykynurenme 500 
5-Hydroxytryptophan 600 
Kynurenme > 1000 
3-Hydroxyanthramhc acid 700 
Kynurenlc acid Non-electroactlve 
Tryptophan 1000 

Limiting current 

(mV) 
Half-wave potential 
(mV) 

370 
430 
455 

> 1000 
635 
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Fig 2 Chromatogram lllustratmg the separation of reference compounds (30 ,~l injected) detected 
(A) electrochemlcally at 990 mV and (B) by programmable fluorescence detectlon Mobile phase 
IS 20 mI14 acetate buffer, pH 4 5 and flow-rate 0 6 ml/mm Peaks 1 =Shydroxyanthramhc acid, 
2 = 3-hydroxykynuremne, 3 = 5-hydroxytryptophan, 4 = kynurenme, 5 = 3-hydroxyanthmmhc acid, 
6 = xanthuremc acid, 7 = tryptophan, 8 = anthramhc acid, 9 = kynuremc acid 
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Fig 3 Chromatogram lllustratmg the separation of a spiked serum sample (prepared as specified 
m the text) as detected by the three detectors (A) electrochemical detection at 990 mV, (B) 
electrochemical detection at 480 mV, (C) programmable fluorescence detectjon Chromato- 
graphic condltlons as m Fig 2 
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Fxg 4 (A) Fluorescence chromatogram of a serum sample taken 6 h after an oral dose of 50 mg/ 
kg tryptophan (B) Simultaneously recorded chromatogram from 990 mV electrochemical detec- 
tor of the same serum sample Chromatographlc condltlons and sample preparation as m Figs 2 
and 3 
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the concentration range likely to be observed m our samples, but for some 
metabohtes larger amounts were mjected and the response was still found to 
be linear 

Fig 3 shows the chromatograms obtained from each of the three detectors, 
of a serum sample (1 ml) spiked with 0 5 pg of each metabohte, and preclpl- 
tated with 0 67 ml of cold 10% trlchloroacetlc acid A 30-yl volume of super- 
natant was mjected on-column Some large peaks were found to be present m 
serum which interfered with the quantltatlon of EGhydroxyanthramhc acid and 
3-hydroxykynuremne at 990 mV This interference was reduced by performing 
the oxldatlon at 480 mV Although 5hydroxyanthramhc acid was completely 
masked at this potential, 3-hydroxykynurenme could be quantified Levels of 
5-hydroxyanthramhc acid can be obtained by fluorescence detection without 
any interference 

The method described provides a sensltlve and selective assay for the major 
metabohtes of the tryptophan-kynurenme degradation pathway and for tryp- 
tophan metabohtes arising from branch pathways Using the three detectors 
m series, the system has been used successfully to monitor samples obtained 
from tryptophan loading tests, an example of which 1s given m Fig 4 
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