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Abstract A simple, rapid, sensitive and selective method for
simultaneously determining xanthopterin and isoxanthopterin
content in human urine has been developed using synchronous
fluorescence spectroscopy based on their intrinsic fluorescence.
The synchronous fluorescence spectra were obtained with
AA=65 nm in a pH 8.5 KH,PO4-NaOH buffer solution. The
detected wavelengths of quantitative analysis were set at
410 nm for xanthopterin and 325 nm for isoxanthopterin,
respectively. Pretreatment of urine samples only was filtrated
through a 0.45 pm membrane filter, which was free from the
tedious separation procedures. Under optimized conditions,
the limits of detection (LOD) were 0.94 ng/mL for xanthop-
terin and 0.48 ng/mL for isoxanthopterin. The recoveries
ranged from 88.0% to 103.8 % for healthy and cancer urine
samples, with coefficient of variation between 2.09% and
7.06%. The proposed method has been successfully applied to
the simultaneous analysis for xanthopterin and isoxanthopterin
in human urine. The results showed that the average level of
isoxanthopterin was significantly elevated in urine excreted by
stomach cancer patients (P<0.01), while no significant change
of xanthopterin level was found between stomach cancer
patients and healthy individuals. This potentially indicates that
an increase in amounts of isoxanthopterin can be associated
with the presence of stomach cancer.
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Introduction

Pteridine and its derivatives, which exist in a large number of
biological body fluids [1], are a family of organic compounds
that play important roles in biochemistry. Xanthopterin,
isoxanthopterin, neopterin, biopterin, pterin and pterin-6-
carboxylic acid, all belonging to the pteridine family, are the
six main types of pterin compounds. These compounds are
very important co-factors in the process of cell metabolism,
thus their levels are importance parameters in clinical
diagnosis. These amounts change when monocyte or macro-
phages are activated under interferon-y stimulus by certain
diseases such as cancer [2—4], viral infections [5, 6], and renal
diseases [7]. Neopterin, whose concentration in serum and
urine has been reported to rise in patients suffering from viral
infections [8], renal transplant rejections [9] and malignancy
[10, 11], has already been considered as a marker for cell-
mediated immunity [12]. Furthermore, the investigation has
revealed that since different pterins may play various roles in
different tumor-related disease [13], each type of tumor shows
its own pattern in the terms of changes in the pterins
concentrations. Pterins, besides neopterin henceforth, may be
associated with the presence of malignant diseases. Therefore,
developing a simple, rapid and sensitive assay for simulta-
neously determining these compounds such as xanthopterin
and isoxanthopterin in biological fluids, especially in human
urine, becomes very necessary.

Due to the presence of pterin compounds in very trace
amounts in biological fluids, their photosensitivity [14], and
their similar chemical structures, the quantitative measurement
of pterins is difficult. Presently, the determination of pterins
mainly focused on high-performance liquid chromatography
[15-19], capillary electrophoresis [20], radioimmunoassay
[21], enzyme-linked immunosorbent assay [22]. However,
most of these methods demand tedious pretreatment and
separation procedure, which can be time-consuming and not
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cost-effective. Synchronous fluorescence spectroscopy (SFS)
is thus an alternative due to its high selectivity and sensitivity
as well as its relative low cost. SFS technique has already
been successfully used for the simultaneous determination of
multi-component systems [23—29], polycyclic aromatic hydro-
carbons [26, 27] and analyzing petroleum products in solution
[28, 29]. A report on the application of synchronous
fluorescence spectroscopy to simultaneous analysis of pterins
has been proposed [30], but this method was not used for
analysis in real urine samples.

In this work, a simple and quick procedure for the
simultaneous determination of xanthopterin and isoxanthop-
terin in human urine by synchronous fluorescence spectroscopy
has been developed. Experimental conditions affecting the
fluorescence intensity of the two compounds, such as A\, pH
value and the dosage of buffer solution, were systematically
studied. Under optimized conditions, the interfering factors in
urine were eliminated effectively, treated simply, and detected
directly. The proposed method has been successfully applied to
quantitative evaluation of xanthopterin and isoxanthopterin in
human urine with satisfactory results.

Experimental
Apparatus

All fluorescence measurements were carried out on a F-
4500 spectrofluorimeter (Hitachi, Japan) equipped with a
xenon lamp source and a 1.0 cm quartz cell, and the scan
speed was 240 nm min . All pH measurements were
detected with a pHS-3 digital pH-meter (Shanghai Rex
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Fig. 1 The exciation spectra of pterins in pH 8.5 KH,PO4-NaOH buffer
solution. 1. xanthopterin (0.110 pug/mL); 2. isoxanthopterin(0.110 ng/
mL); 3. neopterin (0.110 pg/mL); 4. biopterin (0.110 pg/mL); 5. pterin
(0.110 pg/mL); 6. pterin-6-carboxylic acid (0.110 pg/mL)
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Fig. 2 The emission spectra of pterins in pH 8.5KH,PO4-NaOH buffer
solution. 1. xanthopterin (0.110 pug/mL); 2. isoxanthopterin(0.110 g/
mL); 3. neopterin (0.110 pg/mL); 4. biopterin (0.110 pg/mL); 5. pterin
(0.110 pg/mL); 6. pterin-6-carboxylic acid (0.110 pg/mL)

Device Works, Shanghai, China) with a combined glass-
calomel electrode.

Reagents

The pteridine standards which include xanthopterin (XAN),
isoxanthopterin (ISO), neopterin, biopterin, pterin and
pterin-6-carboxylic acid were purchased from Sigma Corp.
(St. Louis, MO, USA), and the purities of these standards
were all over 97.0%. All the other chemicals or solvents
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Fig. 3 The synchronous fluorescence spectra of of pterins in pH 8.5
KH,PO4-NaOH buffer solution. 1. xanthopterin (0.110 pg/mL); 2.
isoxanthopterin(0.110 pg/mL); 3. neopterin (0.110 pg/mL); 4.
biopterin (0.110 pg/mL); 5. pterin (0.110 pg/mL); 6. pterin-6-
carboxylic acid (0.110 pg/mL)
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were of analytical grade. Ultrapure water was prepared by a
Milli-Q Water system (Millipore, Bedford, MA, USA). To
prepare standard stock solutions, about 2.50 mg for each of
the six different pterins was weighed into 25 mL amber
volumetric flasks respectively, dissolved with ultrapure
water and certain amount of 0.1 mol/L sodium hydroxide,
then diluted to the mark using ultrapure water. The standard
solutions were kept at 0-4°C, and the concentration of each
of the stock solutions was calculated to be 0.100 mg/mL.
The KH,PO4-NaOH buffer solution was prepared by
adding different amount 0.200 mol/L potassium dihydrogen
phosphate and 1.00 mol/L sodium hydroxide, and the pH
value of the buffer was adjusted from 7.0 to 9.0.

Preparation of samples
The urine samples of healthy individuals were collected from

student volunteers from Nanchang University (Jiangxi,
China). Stomach cancer patient’s samples were obtained from
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local hospitals in Nanchang, P.R. China. The urine samples
from healthy subjects and stomach cancer patients were
centrifuged at 4000 rpm for 15 min immediately after
collection and filtered through a 0.45 pum filter. Treated
samples were kept at 0—4°C in the dark until analysis.

Procedure

A suitable amount of each pterin compound, together with
2.0 mL of KH,PO4-NaOH buffer solution (pH=8.5), was
transferred into a 10-mL amber volumetric flask, diluted to
10 mL with appropriate volumes of ultrapure water. The
solution was mixed thoroughly, a portion of each solution
was then transferred into a 10-mm quartz cell. The excitation
and emission slits were both set at 5 nm. The conventional
fluorescent spectra were scanned at excitation wavelength
310-460 nm along with emission wavelength 350-600 nm
for six different pterin compounds. Meanwhile, the SFS for
samples were measured and recorded at excitation wave-

500

Xanthopterin

450 |-

Synchronous excitation wavelength (nm)

20 30 40 50 60 70
Wavelength interval (nm)

90

500
Isoxanthopterin

450 -

400 |-

Synchronous excitation wavelength (nm)

40 50 60
Wavelength interval (nm)

70 80 90

Fig. 4 Three dimensional and two dimensional (contour plots) total synchronous fluorescence spectrain pH 8.5KH,PO,4-NaOH buffer solution. 1.

xanthopterin (0.110 pg/mL); 2. isoxanthopterin(0.110 pg/mL)
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lengths range of 250-500 nm, with AA=65 nm, and the
maximum analytical information can be obtained in this
region. The data of XAN and ISO were collected at the
selected wavelength of 410 and 325 nm, respectively.

Result and discussion
Fluorescence characteristics of pterins

The excitation and emission spectra of each pterin
compound in pH 8.5 KH,PO4-NaOH buffer solution were
presented in Figs. 1 and 2, respectively. The maximum
excitation and emission wavelengths were Aeg/em=338/
400 nm for isoxanthopterin, Aexem=390/460 nm for
xanthopterin, Acx/em=360/450 nm for neopterin, Aexem=
360/450 nm for biopterin, Aey/em=355/445 nm for pterin
and Acy/em=358/445 nm for pterin-6-carboxylic acid. It was
clear that the spectra of isoxanthopterin and xanthopterin
were highly overlapping with neopterin, biopterin, pterin
and pterin-6-carboxylic acid. Therefore the simultaneous
analysis of XAN and ISO in the pterins mixtures only by
conventional spectrofluorimetry is not feasible.

Synchronous fluorescence spectra of pterins

The SFS method, which consists essentially of the
simultaneous scanning of both monochromators, maintains
a constant wavelength interval (AA) between excitation
wavelength and emission wavelength [31, 32]. The simpli-
fication of the spectral profile, the reduction of band width
and contraction of spectral range are the main character-
istics of SFS [33, 34]. The synchronous technique allows
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Fig. 5 The effect of pH. 1. xanthopterin (0.110 pg/mL); 2.
isoxanthopterin(0.110 pg/mL)
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Fig. 6 The dosage of KH,PO4-NaOH buffer solution (pH=8.5). 1.
xanthopterin (0.110 pg/mL); 2. isoxanthopterin(0.110 pg/mL)

the stronger peaks to be increased selectively by using a
suitable AA. Consequently, compared to conventional
fluorescence, SFS can provide higher selectivity for iden-
tification and estimation which is good for the simultaneous
determination of multi-component systems without previ-
ous physical separation [23-25].

The synchronous spectra for the six analytes were
obtained with a constant interval 65 nm (AA.—AAey)

Table 1 Maximum concentration of main interferents

Interferences Concentration In ISO Concentration In XAN
(ng/mL) (ng/mL)
Mg** 61.98 17.4
Ca™ 439 27.5
Cu®" 16.5 0.390
Fe*t 3.29 1.10
Mn** 0.740 0.740
Zn** 0.320 0.170
L-Leucine 19.7 164
L-Phenylalanine 49.5 57.8
L-Tryptophan 6.12 122
L-Tyrosine 7.59 19.0
Serine 10.7 374
Urea 169 169
Uric acid 200 199
Creatinine 1.68 1.14
creatine 12.6 1.51
Glucose 36.7 57.6
Bilirubin 0.580 1.56
Uroporphyrin 1.51 20.1
Coproporphyrin 9.74 19.5
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Table 2 Performance data of the SFS method for the determination of
ISO and XAN

Parameter 1SO XAN
Concentration range (pg/mL) 0.010-0.610 0.010-0.640
Standard deviation of the 1.90 1.42
intercept of the regression
line, Sa
Standard deviation of the slope 0.96 0.58
of the regression line, Sb
Limit of detection 0.48 0.94

(LOD) (ng/mL)

between the emission and excitation wavelengths and
presented in Fig. 3. In the synchronous spectra, the
wavelength maxima were located at 390 and 338 nm for
XAN and ISO respectively, but the maxima for the other
pterins were ranged from 330 to 400 nm. In SFS, the
spectral bands of pterins were narrowed compared with
conventional fluorescence. Thus, the fluorescent intensity
was recorded at 410 nm for XAN and at 325 nm for ISO
respectively for simultaneous quantitative determination,
where the interference from the other pterins could be
eliminated effectively.

Optimization of experiment conditions
Optimum A\

The AA value is one of the most important parameters for
synchronous fluorescent spectra which directly influences
spectral shape, band width, peak location and signal
intensity [35]. With the purpose of selecting the optimum
AN value in the synchronous spectra for the six analytes, a
wide range of AA (10-90 nm) was examined by obtaining
the total synchronous fluorescence spectra information of
six pterins. The total synchronous fluorescence spectra of
XAN and ISO were shown in Fig. 4.

When AA was less than 60 nm or more than 70 nm, the
synchronous fluorescence intensity of ISO and XAN is
weak and the poor separation of the six peaks was obtained.
When AA was set from 60 nm to 70 nm, the spectral bands
of ISO and XAN could be satisfactorily separated from the

Table 3 Recovery results of healthy people’s urine samples (n=5)

other four peaks, and the synchronous fluorescence inten-
sity of ISO and XAN were relatively high. Therefore, the
wavelength interval of 65 nm was selected as optimum AA
for SFS measurement and quantitative determination, which
was consistent with stokes shift of ISO (65 nm) and
approached to stokes shift of XAN (70 nm).

Effect of pH

The influence of pH on fluorescent intensity was studied
with the use of a set of KH,PO,4-NaOH buffer solution (pH
range 7.0-9.0) to standard working solutions of XAN and
ISO and showed in Fig. 5. As is showed from Fig. 5, when
pH value was less than 8.0, the intensity of ISO enhanced
greatly with increasing acidity of buffer solution, whereas
the intensity of XAN decreased slightly. The results showed
the pH range for the determination of XAN and ISO was
from 8.0 to 9.0, where the fluorescent intensity remained
stable. Therefore, the pH 8.5 was selected as a suitable
analytical medium in this work.

Effect of amount of buffer solution

In addition, the dosage of buffer solution was also studied.
As can be observed in the Fig. 6, increasing buffer volume
from 1.0 mL to 6.0 mL had a little effect on the fluorescent
intensity of XAN and ISO. 2.0 mL KH,PO4-NaOH buffer
solution was thus adopted in subsequent experiments.

Effect of interferents

One challenge for the determination of XAN and ISO is their
trace concentrations in urine samples. Furthermore, urine
excretions are extraordinary complicated because there are
many fluorescent substances and non-fluorescent substances. It
is necessary to investigate the effects of main interfering agents
present in the urine sample matrix on the determination of ISO
and XAN. Upon addition of interfering agents into to standard
solutions of ISO (0.510 pg/mL) and XAN (0.100 pg/mL), the
tolerable concentration of interfering species was given in
Table 1, the change of fluorescent intensity resulted in less
than +5% relative error level. The results suggested that
tolerable concentration of interfering species on the determi-

Samples Background (ug/mL)  Added (upg/mL) Found (ng/mL) Average Recovery (%) RSD? (%)

Xanthopterin 0.324 0.50 0.821 0.798 0.837 0811 0.796 97.7 2.09
0.324 2.00 2.28 2.35 250 231 2.40 102.2 3.65

Isoxanthopterin 0.501 0.50 0989 0992 1.11 1.04  0.968 103.8 5.58
0.501 2.00 2.47 2.49 2.52 247 251 99.6 0.92

? RSD means relative standard deviation
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Table 4 Recovery results of stomach cancer people’s urine samples (n=5)

Samples Background (pg/mL)  Added (ng/mL)  Found (pg/mL) Average Recovery (%) RSD? (%)

Xanthopterin 0.45 0.50 0.842 0.891 0.923 0.975 0.818 88.0 7.06
0.45 2.00 2.31 2.46 2.52 2.49 2.39 99.2 3.47

Isoxanthopterin 1.18 0.50 1.61 1.55 1.76 1.72 1.59 93.2 5.44
1.18 2.00 3.06 3.42 3.23 3.19 3.25 102.5 4.01

% RSD means relative standard deviation

nation of ISO and XAN was much higher than the content
present in human urine. In other words, either non-fluorescent
substances or fluorescent substances including other pterin
compounds in urine samples did not interfere with the
determination of ISO and XAN.

Table 5 Results of the determination of xanthopterin and isoxan-
thopterin in urine samples (mean+SD, n=5)

Sample No.*  Xanthopterin (ug/mL)®  Isoxanthopterin (jg/mL)®
1 0.160+0.001 1.300+0.005
2 0.450+0.001 1.180+0.002
3 0.290+0.001 2.730+0.014
4 1.420+0.006 2.030+0.011
5 0.357+£0.012 1.120+0.034
6 0.490+0.052 1.010+0.001
7 0.907+0.031 0.968+0.013
8 0.672+0.021 1.310+0.014
9 0.403+0.031 1.280+0.005
10 0.291+0.028 0.897+0.005
11 0.572+0.011 0.911+0.001
12 0.337+0.021 0.941+0.005
13 0.364+0.018 0.748+0.003
14 0.349+0.085 0.744+0.016
15 0.197+0.011 0.338+0.028
16 0.324+0.009 0.501+0.008
17 0.388+0.007 0.877+0.011
18 0.524+0.018 0.716+0.017
19 0.409+0.029 0.818+0.073
20 0.462+0.047 0.902+0.012
21 0.404£0.049 0.831+0.065
22 0.231+0.033 0.751£0.043
23 0.295+0.010 0.599+0.051
24 0.202+0.007 0.618+0.092
25 0.379+0.007 0.864+0.007
26 0.444+0.007 0.727+0.098
27 0.476+0.09 0.932+0.014
28 0.242+0.005 0.554+0.073
29 0.272+0.001 0.882+0.028

#Samples 1-13 were stomach cancer patients’ urine samples, samples 14—
29 were healthy persons’ urine samples

®Data was shown as mean=standard deviation (n=5)
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Analytical application
Calibration curve and detection limits

Under optimized conditions, the calibration curves for ISO
and XAN were constructed. The linear relationship between
fluorescent intensity and the concentrations of analytes was
obtained in the range 0f 0.010 pg/mL to 0.610 pg/mL for ISO
and 0.010 ug/mL to 0.640 pg/mL for XAN. The fluorescent
intensity was measured at 325 nm for ISO and at 410 nm for
XAN, and the linear regression equations were Ip=
1.30x10%Ciso +32.46(r*=0.9996) for ISO and Ip=
5.00x10°Cxan—10.94 (#=0.9995) for XAN. The LOD was
calculated according to the following equation [36]: LOD=
3.3 Sa/m

Where Sa: the standard deviation of the intercept of the
regression line. m: slope of the calibration curve. The
analytical results are given in Table 2.

Recovery

With the purpose of testing the accuracy and precision for
the proposed method, recovery experiments were per-
formed in urine samples from healthy individuals as well
as cancer patients. The recoveries of ISO and XAN were
determined by using five replicates of each analytical
standard calibration level. As shown in Tables 3 and 4,
recoveries of ISO and XAN in healthy subjects were
99.6%—-103.8% and 97.7%—102.2%, respectively; in stom-
ach cancer subjects were 93.2%-102.5% and 88.0%—
99.2%, respectively. The experimental results suggested
that the method could be well applied to simultaneous
analysis of ISO and XAN in human urine.

Table 6 Mean urinary excretion levels of pteridines in healthy
individuals and in cancer patients

Analyte Healthy Stomach cancer Significance
individuals ~ patients (ugmL™")  levels
(gmL ™)

Xanthopterin 0.332 0.516 Not significant

Isoxanthopterin 0.728 1.26 P<0.01
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Sample analysis

As cited in the introduction, pterins are excreted in urine by
normal healthy humans and cancer patients as a mixture of
compounds. We have proposed a simple analytical method
to determine XAN and ISO in human urines, with the aim
of establishing a SFS method without complicated urine
treatment.

Twenty-nine urine samples of healthy individuals and
cancer patients were analyzed with results shown in Table 5.
As is shown, isoxanthopterin content was in range of
0.338 pug/mL to 0.932 pug/mL for healthy controls while
0.748 pg/mL to 2.730 ug/mL for cancer subjects; xanthop-
terin content was in range of 0.202 pg/mL to 0.524 pg/mL
for healthy controls while from 0.160 pg/mL to 1.42 ug/mL
for cancer subjects. Moreover, the average levels of
xanthopterin and isoxanthoptein in urine samples of healthy
individuals and cancer subjects were studied via T tests, with
results shown in Table 6. The theory and methodology for T
test are described in detail elsewhere [37]. It was determined
that the average level of isoxanthopterin was significantly
elevated (P<0.01) in urine excreted by stomach cancer
patients, while there was no significant change of xanthop-
terin level between cancer patients and healthy individuals.

Conclusion

In the paper, a simple and fast method based on synchronous
fluorescence was proposed for the determination of isoxan-
thopterin and xanthopterin in urine samples. The interfering
agents in urine matrix could be eliminated effectively by
filtration through a 0.45 um membrane filter which was
simple and cost-effective. The assay has been successfully
applied to the simultaneous determination of these agents in
urine samples from healthy individuals and stomach cancer
patients. The experimental results exhibited that isoxanthop-
terin content was in range of 0.338 pg/mL to 0.932 pug/mL for
healthy controls while 0.748 pg/mL to 2.730 pg/mL for
stomach cancer subjects. The T test results displayed that the
average level of isoxanthopterin was significantly elevated in
urine samples by stomach cancer patients, and it is probably to
be a potential maker for stomach cancers.
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