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l-Tryptophan is an essential amino acid that is required
for the biosynthesis of proteins and is the precursor for
several important biological compounds, e.g., 5-hydroxy-
tryptamine (serotonin). In an alternative reaction series,
the so-called kynurenine pathway, tryptophan is catabo-
lized to form nicotine amides and the vitamin niacin [1] as
end products. A cytokine-inducible indoleamine-(2,3)-
dioxygenase (IDO) catalyzes the first step of tryptophan
degradation [2–5], forming the intermediate kynurenine.
Interferon-g has been shown to be a potent stimulating
cytokine for IDO in vitro [6, 7]. Similarly in vivo, a
decrease of serum tryptophan and an increase of kynure-
nine in parallel was described [8–12], indicating an en-
hanced cytokine-induced degradation of tryptophan,
when the cellular immune system is activated. In partic-
ular, the ratio of kynurenine to tryptophan seems to be a
sensitive indicator for interferon-g-induced tryptophan
degradation and therefore for an activated immune sys-
tem [10, 13]. Thus, simultaneous measurements of
kynurenine and tryptophan, allowing calculation of the
ratio, enables indirect examination of endogenous inter-
feron-g formation.

We describe a new HPLC method to determine the
amounts of kynurenine and tryptophan in serum simul-
taneously with use of an external albumin-based calibra-
tor and an internal calibrator. The human subjects in-
volved within the scope of this method development
correspond to the ethical standards of our institutions’
responsible committee.

l-Tryptophan was obtained from Serva, l-kynurenine
and 3-nitro-l-tyrosine were from Sigma, and potassium
phosphates and acetonitrile for the HPLC elution buffer
were from Merck. All chemicals used were of analytical
grade. The HPLC pump was a Model 9010 (Varian)
controlled by a DS 654 data system. Sample collection was
performed by an autosampler (AS-950, Jasco) with a
100-mL sample loop and a cooling unit (4 °C). For sepa-
ration, reversed-phase cartridges LiChroCART RP18 col-
umns (244 mm length, 5 mm grain size) from Merck were
used. Tryptophan was detected by a fluorescence detector
(Hewlett Packard, Model 1046A) at an excitation wave-
length of 285 nm and an emission wavelength of 365 nm.
A Shimadzu SPD-6A UV-detector (Shimadzu) in flow
stream series connection was used for detection of both
kynurenine and nitrotyrosine at a wavelength of 360 nm.

The elution buffer was a degassed potassium phos-
phate solution (0.015 mol/L, pH 6.4) containing 27 mL/L
acetonitrile. RP18 precolumns (Merck) were used to pro-
tect the column from apolar ingredients of biologic mate-
rial. They were replaced daily after measurements of

approximately 30–40 serum specimens. The HPLC car-
tridge was rinsed with a gradient from water to methanol
and back within 40 min each day. Analyses were carried
out at a flow rate of 0.8 mL/min and a temperature of
25 °C.

Frozen serum specimens were thawed at room temper-
ature. Two-hundred microliters of serum were diluted
with 200 mL of potassium phosphate buffer (0.05 mol/L,
pH 6.0) containing the internal calibrator 3-nitro-l-ty-
rosine (100 mmol/L). Protein was precipitated with 50 mL
of trichloroacetic acid (2 mol/L). The capped tubes with
the precipitate were immediately vortex-mixed and cen-
trifuged for 10 min at 13 000g. One-hundred-fifty micro-
liters of the supernatants were transferred into microvials
(Chromacol) and placed into the autosampling device.

The external calibrator was prepared from freshly
thawed stock solutions of tryptophan and kynurenine (1
mmol/L in bidistilled water, stored at 220 °C) and albu-
min (70 g/L, which corresponds to the average physio-
logical protein content in human serum). Fifty microliters
of tryptophan, 10 mL of kynurenine, and 940 mL of
albumin stock solution were mixed together. Aliquots of
200 mL of calibrator preparation were then treated in the
same way as the serum specimens.

Before measurements were started, two serum samples
were preinjected, preconditioning the rinsed column, and
two external calibrators were injected as preruns followed
by the analytical runs. After each block of six sample
specimens, one external calibrator was measured.

Peak area counts were used to calculate the concentra-
tions. Tryptophan and kynurenine were referred to nitro-
tyrosine. Thus, the ratios of tryptophan per nitrotyrosine
and kynurenine per nitrotyrosine for the external calibra-
tor were calculated as well as for the sample, leading to
the final results. The reproducibility of the system was
controlled by nitrotyrosine counts. Considering the total
standard deviation of the method, variation of nitroty-
rosine ,5% was tolerated.

Linearity was tested by diluting serum with bidistilled
water down to a concentration of 0.09 mmol/L for kynure-
nine and 0.06 mmol/L for tryptophan and by supplement-
ing with either tryptophan or kynurenine in the following
way: A 200-mL specimen with 57.1 mmol/L tryptophan
and 2.87 mmol/L kynurenine was supplemented with
volumes of 200 mL of phosphate buffer solution (pH 6)
containing 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 nmol of kynure-
nine and, in another series, 5, 10, 15, 20, 25, and 30 nmol
of tryptophan. The corresponding recoveries were 98.9%
(tryptophan) and 103.3% (kynurenine).

Superposition of the dilution and the supplementing
series showed linearity throughout the measured concen-
tration ranges (not shown) of 0.06–222 mmol/L for tryp-
tophan and 0.09–9.84 mmol/L for kynurenine. The detec-
tion limits were measured at signal-to-noise ratios of 3,
referred to the mean signal of a blank baseline.

Figure 1 shows representative chromatograms of serum
and albumin-based calibrator. The retention time was 12.2
min for kynurenine, 16.8 min for nitrotyrosine (both by
UV detection), and 27.4 min for tryptophan (fluorescence

2424 Technical Briefs
D

ow
nloaded from

 https://academ
ic.oup.com

/clinchem
/article/43/12/2424/5640935 by U

.S. D
epartm

ent of Justice user on 16 August 2022



detection). Flow rates .0.8 mL/min or temperatures
.25 °C turned out to be less useful, as other compounds
tended to coelute with kynurenine.

Within-day and between-day imprecisions (CVs) were
evaluated from three different albumin-based prepara-
tions containing 20.7, 59.4, and 104 mmol/L tryptophan
and 2.11, 3.30, and 7.6 mmol/L kynurenine (Table 1). The
specimens were prepared on 1 day and were frozen in
aliquots of 200 mL at 220 °C.

In the sera of 49 healthy blood donors (28 men, 21
women) the serum metabolites were 73.0 mmol/L 6 14.9
(tryptophan), 1.92 mmol/L 6 0.58 (kynurenine), and
26.9 6 8.10 (ratio). Tryptophan and kynurenine concen-
trations were 15% higher in men than in women (P
,0.05). The range of the data was in accordance with
concentrations measured earlier in a small number of
healthy controls [13], applying HPLC chromatography

with on-line deproteinization [14]. There was no evidence
of age dependency in the examined sera.

The introduced method provides a useful possibility to
analyze tryptophan and kynurenine simultaneously in
serum specimens, and hence enables direct insight into
the tryptophan catabolism in a rapid and simple manner.
As tryptophan and kynurenine concentrations vary over a
comparatively wide range, the ratio of kynurenine to
tryptophan may give reasonable evidence for an en-
hanced tryptophan degradation by the activity of IDO.
Application of an albumin-based external calibrator in
connection with internal nitrotyrosine secures analyses
from possible influence of coprecipitation of tryptophan
and (or) kynurenine when protein is removed by trichlo-
roacetic acid.

Recent investigations provide evidence that nitroty-
rosine is produced upon endogenous formation of nitric
oxide radical [15]. Nitric oxide is synthesized by a variety
of cells, especially when cytokine-inducible nitric oxide
synthetase is activated. When nitric oxide reacts with
superoxide anion produced by activated phagocytes, per-
oxynitrite is formed, which is a powerful oxidizing and
nitrating species, producing, e.g., nitrotyrosine from ty-
rosine [15]. However, the concentration of the internal
calibrator nitrotyrosine, which is applied in this method,
exceeds the pathophysiological amounts by at least two
orders of magnitude.

To conclude, the introduced method allows one to
analyze the concentration for both the substrate and the
first product of the IDO reaction, which is of interest in
immunological research. The sample preparation is easy
and rapid, and precision and accuracy are satisfactory.
The method meets the requirements for routine analysis
of tryptophan and kynurenine in serum and hence may
provide a useful tool for clinical studies.

This work was financially supported by the Austrian
Ministry of Science and Research, “Sektion Forschung”.
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Table 1. Between-day (n 5 20) and within-day (n 5 7)
imprecisions of a high-, medium-, and low-range sample.
Imprecision Tryptophan Kynurenine

Between-day
High 104 6 3.24 (3.10) 7.6 6 0.32 (4.21)
Medium 59.4 6 2.78 (4.68) 3.30 6 0.19 (5.80)
Low 20.7 6 1.2 (5.78) 2.11 6 0.27 (12.81)
Within-day
High 103 6 0.89 (0.86) 7.43 6 0.14 (1.88)
Medium 62.5 6 0.87 (1.39) 3.22 6 0.18 (5.57)
Low 21.1 6 0.20 (0.96) 2.28 6 0.13 (5.71)

Measurements are mean (mmol/L) 6 SD (percent CV).

Fig. 1. Typical chromatogram of serum (A) and calibrator preparation
(B).
T indicates the peak corresponding to tryptophan, K stands for kynurenine, and
N stands for nitrotyrosine (actual concentrations of the external calibrator were
22.2 mmol/L tryptophan, 4.44 mmol/L kynurenine, and 44.4 mmol/L nitroty-
rosine).
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Prostate-specific antigen (PSA) is a glycoprotein that is
secreted by the prostate into the seminal fluid. Low
concentrations of the protein are normally released into
blood, but in prostate cancer (CAP) as well as in a high
proportion of subjects with benign prostatic hyperplasia
(BPH), serum PSA concentrations frequently increase
above normal values (4 mg/L). Therefore, immunoassays
measuring serum PSA concentration are routinely carried
out to diagnose prostate diseases and to monitor progress
of the disease and relapse of CAP after removal of the
prostate [1–3].

A few years ago, PSA was reported to be present in
serum in three different forms. The predominant molec-

ular form is complexed to a1-antichymotrypsin, whereas a
minor fraction circulates in a free noncomplexed form.
These two forms are both measured by PSA assay. Only a
very small proportion of PSA circulates bound to a2-
macroglobulin; this third form, however, is a nonimmu-
noreactive complex.

The free, noncomplexed form of PSA is reported to
constitute a minute proportion of the serum PSA in
patients with CAP, but to be significantly greater in
subjects affected by BPH. On the basis of this observation
the simultaneous measurement of total PSA (tPSA) and
free PSA (fPSA) has been suggested. The computed ratio
fPSA/tPSA is considered a useful tool to better discrimi-
nate between BPH subjects and CAP patients and there-
fore to improve the early diagnosis of CAP [4].

Many immunoassays for fPSA measurement have been
developed and are now commercially available. To eval-
uate the analytical performance of these assays, the inter-
national External Quality Assessment (EQA) program
“Oncocheck” for tumor markers (AFP, CEA, CA 19–9, CA
15–3, CA 125, tPSA) organized by Service de Radiophar-
macie et Radioanalyse, University of Lyon in cooperation
with our Institute and Cis BioInternational has been
extended to fPSA assay [5, 6]. About 300 laboratories
participated in the 1996 EQA cycle, assaying tPSA; among
these about 70 laboratories also assayed fPSA in control
samples.

The most popular methods used by participants in the
EQA for fPSA assay were IRMA Hybritech; IRMA Cis, Cis
Biointernational; and ICMA Immulite, Diagnostic Prod-
ucts Corp. Each of these methods was used by about 20
laboratories.

Control samples were prepared by diluting a serum
pool (tPSA concentration ;2000 mg/L) obtained from
patients affected by CAP with normal human serum
(tPSA concentration ,0.5 mg/L); different dilutions were
made to cover the entire assay range.

During the 1996 EQA cycle, 22 control samples (freeze-
dried) were distributed and assayed; their average con-
centrations (consensus mean of all reported results)
ranged from 1.99 to 28.1 mg/L for tPSA and from 0.15 to
2.07 mg/L for fPSA. The average between-laboratory
agreement (or total variability, CV) of fPSA determina-
tions was 28.0%. This variability was decomposed by
ANOVA technique in the between-method and within-
method components [7, 8].

The within-method component (an estimate of the
precision of the “average” method) was 21.8%, accounting
for 60% of variability. This figure indicates that the
methods for fPSA assays are affected by poor precision
when compared with the within-method precision of
tPSA (14.9%, computed from results of the same control
samples).

The between-method component (which reflects the
systematic differences in results produced by different
methods) was 17.6%, accounting for the remaining 40% of
the total variability. In fact, average fPSA results pro-
duced by the three most popular methods are consistently
different from each other. This last observation is clearly
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