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A fast and sensitive method is given for analysing urinary tryptophan and six of its metabolites on the nicotinic 
acid pathway. Kynurenine, tryptophan, 3-hydroxykynurenine, anthranilic acid, 3-hydroxyanthranilic acid, kynurenic 
acid and xanthurenic acid were isocratically eluted and completely resolved with a mobile phase of acetonitrile+ 
sodium acetate buffer, pH 4.76 (4:96, v/v). The flow rate was 0.8 mL/min at the beginning and was then linearly 
increased to 1.2 after 6 min; after 14 min the flow was augmented from 1.2 to 2 mL/min. The effluent was monitored 
with a variable UV detector set at 254 nm for the first five peaks and at 280 and 325 nm for the penultimate peak 
and final peak. Analytical recoveries of the compounds after deproteinization varied between 64% and 98%. The 
reported method should enable one to examine easily, extensively, quantitatively and routinely urinary tryptophan 
and the most important metabolites of the nicotinic acid pathway. 

INTRODUCTION 

Renewed interest in techniques for the separation, iden- 
tification and quantification of tryptophan and its meta- 
bolites (particularly of the nicotinic acid pathway) stems 
from new discoveries in  the physiopathology of this 
essential amino acid. The study of tryptophan metabol- 
ism is important in the field of bladder carcinogenesis 
(Rocchini et al., 1984; Newling et al., 1986; Di Silverio 
et al., 1986). Furthermore many abnormalities in the 
excretory pattern of tryptophan metabolites have been 
reported in certain neoplastic and non-neoplastic dis- 
eases (Crepaldi and Parpajola, 1964; Rose, 1967; 
Hankes et al., 1973; Radomski et al., 1980). Measure- 
ments of urinary tryptophan and its metabolites are not 
yet standardized enough to compare results obtained by 
different methods. 

Studies on the tryptophan metabolic pathways are 
usually performed by high performance liquid 
chromatography (HPLC). Yet, although HPLC in 
reversed phase mode enables the fast and reliable deter- 
mination of several tryptophan metabolites, chromato- 
graphic methods are not yet well enough defined and 
investigated in the laboratory for routine use. Par- 
ticularly, it must be emphasized that no sequential 
chromatographic procedures are available to study 
the terminal and intermediate metabolites. Sequential 
analysis of urinary 3-hydroxykynurenine (3-OHKy), 
kinurenine (Ky), 3-hydroxyanthranilic acid (3-OH,AA), 
xanthurenic acid (XA), kynurenic acid (KA), tryp- 
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tophan (Trp) and anthranilic acid (AA) may provide a 
better quantitative and qualitative understanding of the 
entire metabolic pathway. 

In the present paper we describe an isocratic reversed 
phase HPLC method for the separation of urinary Trp 
and its most important metabolites along the nicotinic 
acid pathway. 

EXPERIMENTAL 
~ ~ 

Apparatus. The HPLC apparatus used was a Beckman model 
332 liquid chromatograph Beckman (Geneva, Switzerland) 
equipped with an injection valve (model 210) and a Knauer 
(Bad Homburg, Germany) variable wavelength UV detector 
in conjunction with a model C recorder. The column used was 
Altech Ultrasphere ODS (Milan, Italy) (25 cm x 4.6 mm, 5 pm 
packing). The analytical column was fitted with a 5 cm x 
4.6 mm ID guard column, 5 pm C,, packing (Altech). 

Reagents. 3-OHKy, Ky, 3-OHAA, XA, KA, Trp and AA were 
purchased from Sigma Chemical Co. (St Louis, MO, USA). 
Reagents for sodium acetate buffer preparation and 
acetonitrile (HPLC grade) were purchased from Sigma, while 
water was glass-distilled in-house. 

Reference solutions. All reference solutions were prepared at 
a concentration of 20mg/L; Ky and Trp were dissolved in 
10nmol/L sodium acetate, pH4.76, while XA, KA and AA 
were prepared in acetonitrile and 10 mmol/L sodium acetate 
(20: 80, v/v), pH 4.76. To avoid degradation, hydroxylated 
derivatives of Ky and AA (3-OHKy and 3-OHAA) were dissol- 
ved in 10 mM HCI. Standard solutions were stored at -20 “C 
in the dark to prevent chemical degradation. The solutions so 
obtained were stable for at least 3 months. 
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Sample preparation. 24-h urine samples were obtained from 
nine healthy volunteers and eight bladder cancer patients 
(before the surgical removal of the tumor) without any Trp 
oral load. Samples of urine were diluted with 10% TCA in the 
1 : 1 ratio, vortexed for 60 s, and then centrifuged at 5000 x g 
for 15 min. The supernatant was filtered through a Millex-GS 
0.22 pm (Millipore, MA, USA) and transferred into another 
test-tube; 20 FL samples were injected for the analysis with a 
Hamilton syringe. The samples were stored at -20°C until 
analysis. 

HPLC conditions. All standards were eluted isocratically with 
a mixture of acetonitrile + 10 mmol/L sodium acetate buffer 
(4:96, v/v), pH 4.76. The flow rate was 0.8 mL/min at the 
beginning and was then linearly increased to 1.2 mL/rnin after 
6 min. After 14 min the flow was augmented from 1.2 to 
2 ml/min. After the analysis (24min) at least 10min was 
needed to requilibrate the system for the successive analysis. 
The pressure increased progressively from 800 to 2500 Ib/in2 
at the end of the chromatographic analysis. 

The first five peaks (3-OHKy, Ky, 3-OHAA, XA and KA) 
were monitored at 254nm; the detector was then set at 280 
and 325 nm for Trp and AA, respectively. 

Peaks in urine were characterized by comparing their reten- 
tion times with those of the reference compounds, by co- 
chromatography and, finally, by absorbance ratio measure- 
ments. Quantification was performed by the external standard 
technique. 

RESULTS 

Several mobile phases were tested in order to obtain not 
only a complete separation of all the compounds, but 
also a better chromatographic performance. As recogn- 
ized by some authors (Anderson, 1981; Tarr, 1981) 
excessive peak tailing makes the use of water unsuitable. 
Sodium acetate or phosphate buffer reduced the peak 
broadening at pH values below 4; unfortunately the 
retention times of most metabolites (namely Ky, Trp, 
3-OHAA, XA and AA) also decreased very rapidly with 
pH below 4. Buffers with pH up to 4 gave inadequate 
resolution for certain compounds (Ky, 3-OHKy and 
3-OHAA) and were ineffective in preventing peak 
tailing. 

All tested substances were completely eluted and 
resolved only with sodium acetate buffer, pH 4.76. 
Nevertheless, a drastic drop in column efficiency was 
observed for the last two peaks, namely Trp and AA, 
which were only partially eluted from the column. The 
use of 4% acetonitrile reduced proportionally the reten- 
tion times of all compounds and improved the chromato- 
graphic elution of the last “wo substances without any 
loss of resolution. It should be stressed that acetonitrile 
concentrations greater than 4% drastically affect the 
resolution XA and KA, as well as that of Ky and 3- 
OHAA. 

The separation of a test mixture of Trp and six meta- 
bolites is shown in Fig. l. The analysis was completed 
in 24 min. 

In biological samples complete resolution allowed 
quantitative analysis of all substances (Fig. 2) with the 
only exception of 3-OHKy which was not completely 
resolved from other unknown compounds. Figure 3 
shows a chromatogram of a 24-h urine specimen 
obtained from a male bladder cancer patient, showing 
an abnormal excretion pattern of Trp and several of its 
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Figure 1. Separation of a test mixture of tryptophan metabolites, 
containing 50 pno l /L  of each compound, on an Ultrasphere O D s  
column with an UV detector set at 0.64 aufs, 254 nm for the first 
five peaks and subsequently at 280 nm for tryptophan and a t  325 
for anthranilic acid. Compounds are identified as follows: (1) 3- 
hydroxykynurenine, (2) kynurenine, (3) 3-hydroxyanthranilic acid, (4) 
xanthurenic acid, (5) kynurenic acid, (6) tryptophan and (7) 
anthranilic acid. 

metabolites. The urinary values of Trp and its meta- 
bolites for bladder cancer patients and healthy volun- 
teers are shown in Table 1. 

The calibration curves were linear for all compounds 
tested with concentrations ranging from 1 to 1000 pg/ L. 

The inter- and intra-assay coefficients of variation, 
calculated in the course of routine measurement, 
averaged 1.5% and 5’10, respectively. Day-to-day 
differences in retention time for the compounds under 
examination were not appreciable (less than 0 . 6 O / O ) .  

Analytical recovery was calculated in several 24-h 
urine specimens (no less than 6 samples) before measur- 
ing the basal value of each compound and subsequently 
by adding known quantities of each substance. Results, 

Table 1. Urinary values of tryptophan and six 
of its metabolites (mg/L; meankSD) 
measured in healthy volunteers and 
bladder cancer patients 

Controls Bladder cancer 
Compound ( n = 9 )  patients (n =8) 

3-OHKy 8.512.1 9 . 9 1  1.7 
KY 1.21-0.7 2.6* 0.4 
3-OHAA 6.8k1.4 18.6 * 1.1 

KA 6.5 f 2.1 6.1 * 2.4 
XA 6.1 k0.8 5.9 f 1.5 

TrP 3.2 * 1.9 32.6 * 8.7 
A A  1.1 *0.9 51.5 * 28.8 
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Figure 2. Chromatogram of a 24-h urine sample obtained from a 
male volunteer. Peaks are labeled as in Fig. 1. The detector was set 
at 0.32 aufs. 

showing a recovery ranging from 64 to 98% (Table 2), 
were satisfactory. 

The detection limit was 0.1 pg/L at a signal to noise 
ratio of 2 for all substances tested. 

DISCUSSION 

Several methods for the HPLC analysis of Trp and its 
metabolites have been proposed. Reversed-phase HPLC 

Table 2. Individual recoveries for the compounds under study 

Metabolite 

3-OHKY 

KY 

3-OHAA 

XA 

KA 

TR P 

AA 

Basal value Amount added Expected Found 

8.01 22.41 30.42 19.59 
11.20 112.00 123.20 112.30 
6.71 20.80 27.51 25.81 
4.80 104.00 108.80 109.10 
7.16 15.31 22.47 22.04 

13.70 76.50 90.20 90.30 
8.70 20.52 29.22 24.62 
9.00 102.60 111.60 111.40 
8.87 18.92 27.79 26.03 
4.25 94.60 98.85 98.95 
4.50 20.80 25.30 23.70 

13.50 104.00 117.50 111.50 
2.57 13.71 16.28 14.31 

10.50 68.55 79.05 76.81 

Recovery (%) SD- 

64.4 1.3 
91.1 3.5 
93.6 1.2 

100.2 4.6 
98.0 1.2 

100.1 2.4 
84.2 1.3 
99.9 3.2 
93.8 1.2 

100.1 3.1 
92.5 1.1 
94.6 1.4 
87.9 1.1 
97.1 4.1 
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Figure 3. Chromatogram of a 24-h urine sample obtained from a 
male bladder cancer patient, showing an abnormal excretion pattern 
of several tryptophan metabolites. Peaks are labeled as in Fig. 1. 
The detector was set a t  0.32 aufs. 

procedures are faster and simpler than ion-exchange, 
spectrophotometric or colorimetric assays which require 
a great deal of effort, time and laboratory space. Most 
of these methods are unsuitable for quantitative 
measurements, while others require large samples or 
are applicable to only a few compounds (Buxto and 
Ginbault, 1974; Anderson, 1975; Yeh and Brown, 
1975; Ghebregzaoher et a l ,  1981) 

Grushka et al. (1977) reported a simple chromato- 
graphic procedure that permitted the fast resolution of 
urinary Ky and Trp. Nevertheless, the chromatographic 
efficiency was too poor for quantitative purposes. In 
addition, the direct injection of untreated urine may 
shorten the column-life. 

The method proposed by Young and Lau (1979) is 
unsuitable for both qualitative and quantitative routine 
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analysis. It requires a sequence of three different mobile 
phases to ensure the elution of six metabolites, three of 
which were only partially resolved in the biological 
sample. Moreover, the reproducibility of the method is 
very poor. 

Our previous method, despite its good reproducibility, 
was not suitable for sequential elution of all metabolites 
and, in  addition, XA was not entirely resolved from KA 
(Rocchini et a/., 1984). 

A reliable solution for the analysis of the most impor- 
tant Trp metabolites was advanced by Tarr (1981). An 
almost complete resolution of Ky, 3-OHKy, 3-OHAA 
and Trp was obtained under isocratic conditions, using 
only sodium acetate buffer, pH 4.86. Nevertheless, XA 
and KA were insufficiently resolved and the entire 
chromatographic analysis required a great deal of time 
(70 min). 

The gradient-elution procedure proposed by 
Krstulovic et al. (1981) gives a good and complete resol- 
ution of all tested compounds in serum samples. A fast 
isocratic assay was recently described by the same author 
(Krstulovic et al., 1984) for the study of Trp and related 
metabolites in serum. Despite its good reproducibility 
the method is not suitable for urine study. 

Morita et al. (1985) reported a multistep gradient 
system of acetonitrile + phosphate solution at various 
concentrations, with the pH ranging from 3.3 to 4.5 Trp 
metabolites, measured in serum specimens, were eluted 
after 43 min. 

The method described in the present paper, although 
less sensitive than the fluorimetric (Gaitonde e t a / .  1977) 
or GC procedures (Gal and Sherman, 1978), is much 
simpler, faster and, above all, more reliable. The prin- 
cipal metabolites of the nicotinic acid pathway were 
easily detected and completely resolved without any 
extraction step. I t  must be underlined that the high 
performance obtained with a 5 IJ-m reversed phase 
column and the flow programming makes quantification 
easy and reliable. The need for such a method in tryp- 
tophan studies is apparent in view of the vast number 
of studies and the difficulties in interpreting results from 
many different laboratories investigating similar 
problems. 

The reported separation, in fact, should enable one 
to examine quantitatively the nicotinic acid metabolite 
excretion pattern in several pathological conditions. The 
simplicity and the good reproducibility with inexpensive 
reagents help to make it ideal for routine use. 
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