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Abstract:

A simple and reliable method was established for simultaneous determination of
4-hydroxyphenyl acetic acid, 4-hydroxyphenyl lactic acid, and 3-4-hydroxyphenyl propionic
acid in human urine by high-performance liquid chromatography with fluorescence detection.
Solid-phase extraction was used to eliminate the interferences in urine. The separation of three
analytes was achieved using a C;s column and a mobile phase formed by a 95:5 v/v mixture of
50 mmol/L. ammonium acetate buffer at pH 6.8 that contained 5 mmol/L tetrabutyl ammonium
bromide and acetonitrile. Under the optimized conditions, the detection limits of
4-hydroxyphenyl acetic acid, 4-hydroxyphenyl lactic acid, and 3-4-hydroxyphenyl propionic
acid were 4.8x107, 8.80x107, and 9.00x10™ mg/L, respectively, and the recoveries were in the
range of 85.0—-120.0% with relative standard deviations of 1.5-3.1%. This method was used to
analyze urine samples from breast cancer patients, healthy people and postsurgery breast
cancer patients. Significant differences of urinary levels of 4-hydroxyphenyl acetic acid and
4-hydroxyphenyl lactic acid could be found between the breast cancer patients group and other
two groups. No effect of age and sex was observed on the urinary levels of 4-hydroxyphenyl
acetic acid and 4-hydroxyphenyl lactic acid. This method might be helpful for cancer

biomarkers discovery in urine.
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Abbreviation List

Abbreviation Full name
PHPAA 4-hydroxyphenyl acetic acid
PHPLA 4-hydroxyphenyl lactic acid
PHPA 3-4-hydroxyphenyl propionic acid
FLD fluorescence detection

1. Introduction

Amino acids play an important role in the process of human metabolism, so they are
important substances which related to human health [ 1-4]. Studies have shown that amino acid
metabolism diseases and malignant tumors had certain relevance to some tyrosine metabolite.
[5-9] At present, the studies of tyrosine metabolites mainly focused on the serum samples
[10—14], but the analysis of tyrosine metabolites in urine samples were less reported. Urine is
viewed as the ultrafiltrate of plasma, and the changes of urinary materials may relate to some

diseases [15]. Moreover, large amount of urine can be obtained noninvasively. So, urine has
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been an important body fluid for disease biomarker discovery [16—18]. 4-Hydroxyphenyl

acetic acid (PHPAA), 4-hydroxyphenyl lactic acid (PHPLA) and 3,4-hydroxyphenyl propionic
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acid (PHPA) are very important metabolites of tyrosine [ 19]. So exploring a simple and reliable
method for the determination of PHPAA, PHPLA and PHPA in urine has important clinical

significance.

The determination of PHPLA, PHPAA and PHPA were mainly carried out by HPLC
methods, such as HPLC-UV [20-21], HPLC with fluorescence detection (FLD) [22—24] and
HPLC-MS [25-27]. Among them, the sensitivity of UV method is low, so the UV method is
not suitable for the determination of trace amount of tyrosine metabolites in urine; MS method
is sensitive, but the MS equipment is expensive [28-30]. Because tyrosine metabolites have
autofluorescence, some HPLC—FLD methods [31-32] have been reported for the

determination of tyrosine metabolites in other body fluids but not in urine.

In this paper, a HPLC-FLD method was developed for the determination of PHPLA,
PHPAA and PHPA in urine. After optimization, this method was applied to analysis of human
urine. And the levels of PHPAA, PHPLA and PHPA in urine from breast cancer patients,
healthy people and postsurgery breast cancer patients were investigated. To the best of our
knowledge, it is the first time that PHPLA, PHPAA and PHPA in urine were determined by

HPLC-FLD.
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2. Materials and Methods

2.1 Instruments and Reagents

Agilent 1290 Infinity system (Agilent Technologies, Amstelveen, The Netherlands);
pHS-3C Precision pH meter (Shanghai Lei magnetic Instrument Factory); Milli-Q ultrapure
water system (Millipore, Bedford, Massachusetts, United states of America); TDL-40B
low-speed large-capacity desktop centrifuge (Shanghai Anting Instrument); ENVI-18
cartridges (bed wt. 500 mg, 3 mL) were supplied by Supelco (Bellefonte, Pennsylvania, United
states of America); Generik C8/BCX (bed wt. 500 mg, 6
mL) were supplied by Sepax (Sepax Technologies), Domestic 717 type anion exchange resin

were supplied by Shanghai win glory resin factory.

4-Hydroxyphenyl acetic acid, 4-hydroxyphenyl lactic acid and 3,4-hydroxyphenyl propionic
acid standards were supplied by Acros Organics (Morris plains, United States of America);
methanol and acetonitrile (HPLC grade) was purchased from Tedia company (Fairfield,

USA); All the other chemicals or solvents were of analytical grade.

2.2 Preparation of standard solutions

The 100 mg/L stock solutions of PHPAA, PHPLA and PHPA were prepared by dissolving

2.5 mg of each standard in 25 mL 1% formic acid, and stored at 4°C. The standard working
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solutions were prepared by dilution of the stock solutions with 50 mmol/L acetic

acid/ammonium acetate (pH = 6.0) to the required concentrations.

2.3 Chromatographic conditions

LC of PHPAA, PHPLA and PHPA was accomplished using a ZORBAX SB—Cg quick
separation column (100 x 2.1 mm, 1.8 um; Agilent companies). The column temperature was
maintained at 25°C. An isocratic mobile phase consisting of a 95:5 v/v mixture of 50 mmol/L
ammonium acetate buffer at pH 6.8 containing 5 mmol/L tetrabutyl ammonium bromide and

acetonitrile was used at the flow rate of 0.2 mL/min.

The mobile phase was prepared daily, purified by a 0.22 mm membrane filter, and further
degassed by sonication for 10 min. The fluorescence detector was operated at excitation and
emission wavelengths of 277 and 316nm, respectively, and the injection volume was 5 pL. The
concentrations of the analytes were calculated from peak areas. All data were collected and

processed using Agilent ChemStation B.04.02.

2.4 Urine sample collection and pretreatment

The urine samples of normal persons were collected from student volunteers in Nanchang
University (P. R. China). Breast cancer patients’ urine samples were provided by Jiangxi
province tumor hospital (P. R. China) and the breast cancer patients did not receive any

treatment. Urine samples were kept at —80°C in the dark until analysis.
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Urine samples were adjusted pH to 3.0 with acetic acid solution before preparation. Then
the urine samples were centrifuged at 4000 rpm for 10 min. After that, 1.0 mL urine sample
was passed through Generik Cg/BCX SPE column which was preconditioned with 6 mL
methanol followed by 6mL ultrapure water. The cartridge was washed with 2 mL ultrapure
water and eluted with 8 mL acetic acid/ammonium acetate solution (50 mmol/L, pH = 6.0)
subsequently. The elution was filtered through a 0.22 pum filter before injection into the HPLC

system.

3. Results and discussion

3.1 Optimization of chromatographic conditions

To optimize the separation of PHPLA, PHPAA and PHPA, the pH, mobile phase
composition (buffer solution and organic phase ratio) were investigated. Firstly, trials were
performed with ammonium formate (50 mM) and ammonium acetate (50 mM), the best results
were observed by using ammonium formate (50 mM) solution. To avoid the tailing and
irregular shape of the signals, various solvents (acetonitrile, methanol) and ratios between them
were tested, and the best conditions were obtained by using 95:5 v/v mixture of 50 mmol/L
ammonium acetate buffer at pH 6.8. As the urine containing huge number of hydrophilic
compounds, to separate target compounds from impurities effectively, the ion pair reagent,

tetrabutylammonium bromide, was added into ammonium acetate buffer to enhance the
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analytes retention on column. And the concentration of tetrabutylammonium bromide was
optimized, but the results showed no marked differences when 5, 10 or 20 mmol/L
tetrabutylammonium bromide was added. Taking into the damage of the column, 5 mmol/L of
tetrabutylammonium bromide was chosen. Furthermore the buffer pH value was optimized,
and the best results were obtained with pH=6.8. When pH <6.7, the retention times were too
long, when pH> 7.0, analytes were interfered by the impurities in urine. So, pH = 6.8
ammonium acetate buffer (50 mmol/L, with 5 mmol/L tetrabutylammonium
bromide)/acetonitrile 95:5 v/v was chosen as the mobile phase. And under those conditions,
tyrosine did not interfere with the target compounds. Figure 1 was the chromatogram of three

analytes under the optimized separation conditions.

3.2 Selection of Sample Pretreatment Methods

Human urine matrix was very complex. Therefore, it is necessary to choose an effective
clean technique to remove interferences for the successful analysis of tyrosine metabolites.
Since the separation column could be easily contaminated by the proteins in urine, the sample
was firstly centrifuged at 4000 rpm for 10 min to eliminate the proteins. To further eliminate

other interferences, three sample preparation methods as following were explored in this paper:

(1) The urine sample was diluted eightfold by acetic acid/ammonium acetate buffer (pH =

6.0), then purified by a 0.22 mm membrane filter.
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(2) The urine sample was cleaned by an ENVI —18 SPE column, and then purified by a 0.22

mm membrane filter.

(3) The urine sample was cleaned by a Generik Cs/BCX SPE column, and then purified by a

0.22 mm membrane filter.

The procedures of methods (2) and (3) were the same as the one described in Section
2.4.

The results showed that some impurities could interfere with the analysis of the three
target compounds when the samples were cleaned by method (1) or (2). Because in
method (1), the membrane filter can only remove the insoluble impurities in the urine.
And the ENVI —18 SPE column only contains C;g packing material, since the
interaction between the analytes and packing materials was weak, the urine could not
been cleaned effectively by method (2). But the impurities could be removed
effectively by method (3). Because the Generik Cg/BCX SPE column contains both Cg
and benzenesulfonic acid packing materials, the target compounds could be adsorbed
on the packing materials by both electrostatic and hydrophobic interaction, and be
separated with the impurities effectively. So the Generik C3/BCX SPE column was
chosen to purify the urine samples.

Furthermore, to obtain high recovery with less impurity, the procedures of the cleaning

method were optimized. Since the target compounds were polar analytes, and could be
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eluted from the column easily, the urine sample was adjusted to pH=3.0 by acetic acid
to enhance the interaction between analytes and packing materials, previously. Then,
the effects of four types of elution solutions including acetic acid —ammonium acetate
(50mmol/L, pH = 6.0), acetic acid/ammonium acetate (50 mmol/L, pH = 6.0)/methanol
95:5 v/v, acetic acid/ammonium acetate (50 mmol/L, pH = 6.8, with 5 mmol/L
tetrabutylammonium bromide) and acetic acid/ammonium acetate (50 mmol/L, pH =
6.8, with 5 mmol/L tetrabutylammonium bromide)/methanol 95:5 v/v on the recovery
efficiency of analytes were investigated. The results showed that the highest recovery
efficiency was obtained when acetic acid/ammonium acetate (50 mmol/L, pH = 6.0)
was used. Elution was performed using different volumes of eluent (2, 4, 6, 8 and 10
mL). The results showed that the target compounds could be completely eluted by
using 8 mL eluent. The recoveries of PHPLA, PHPAA and PHPA were in the range of
85-120%. So, 8 mL acetic acid/ammonium acetate (50 mmol/L, pH = 6.0) was used to
elute the analytes in the following experiments.

3.3 Linearity and detection limits

The linearity of each analyte was achieved by analyzing a series of concentration of mixed
standard solutions under the optimized conditions. And the calibration curves were plotted by
peak area (y) against the concentration of the analyte (x). The results in Table 1 showed that

good linear relationships were achieved in the range of 0.05-4.00 mg/L for PHPAA and
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PHPLA, and 0.10-4.00 mg/L for PHPA. And the LODs (S/N=3) of PHPAA, PHPLA and

PHPA were in the range of 0.0048—0.0090 mg/L.

3.4 Recovery and Precision

To test the method recovery and precision, experiments were carried out by adding three
levels of concentrations of analytes for PHPAA, PHPLA and PHPA in urine, and the results
were shown in Table 2 and Figure S1. The recoveries of the three analytes were in the range of

85-120%, and the RSDs (n=3) were less than 3.1%.

3.5 Sample determination

Human urines from 26 healthy people, 7 breast cancer patients and 13 postsurgery breast
cancer patients were analyzed. Each sample was analyzed three times, and the p values were
calculated based on a t-test (p values are listed in Table S2). The average concentrations of
PHPAA, PHPLA and PHPA in urine from healthy people, breast cancer patients and
postsurgery breast cancer patients are listed in Table S1. The mean urinary levels of PHPAA
were 8.34, 23.30 and 9.73 mg/L, and PHPLA were 0.48, 1.63 and 0.57 mg/L from healthy
people, breast cancer patients and postsurgery breast cancer patients, respectively. But PHPA

was not detected in all the urine samples.

The box plots of the urinary levels of PHPAA and PHPLA are shown in Figures 2 and 3.

Obviously, compared to healthy people and postsurgery breast cancer patients, breast cancer
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patients showed much higher urinary levels of PHPAA and PHPLA. In other words, the breast
cancer patients could be discriminated by the determination of PHPAA and PHPLA in human
urine. Urinary levels of PHPAA and PHPLA from breast cancer patients showed very

significant difference from that from healthy people and postsurgery breast cancer patients (p
<0.01). The urinary levels of PHPLA from breast cancer patients showed significant

difference from that from postsurgery breast cancer patients (» <0.05 ). The urinary levels of
PHPAA and PHPLA from healthy people showed no significances difference from those from

postsurgery breast cancer patients.

Furthermore, to eliminate the individual differences, we investigated the affection of sex
and age on the urinary levels of PHPLA and PHPAA. Firstly, the healthy people were
separated to male group and female group, the differences of the urinary levels of PHPAA and
PHPLA between the two groups were used to evaluate the sexual affection. Then, the healthy
people were separated to three groups based on age, and the affection of age was evaluated by
the differences of the urinary levels of PHPAA and PHPLA among the groups. The results in
Table S3 showed that no differences could be observed between the sexual groups or among
the age groups. So, there were no effect of age and sex on the urinary levels of PHPAA and

PHPLA.
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4. Conclusion

Studies have shown that tyrosine metabolites in human body fluids have certain relation
with cancer [15]. And urine has been regarded as one of the important body fluids for disease
biomarker discovery, because of acquiring advantage. But the relationships of urinary levels of
PHPAA, PHPLA and PHPA to breast cancer have not been studied. A simple and reliable
method was established in this paper for the determination of three important tyrosine
metabolites, including PHPAA, PHPLA and PHPA in urine by HPLC-FLD system. And the
urinary levels of PHPAA, PHPLA and PHPA from breast cancer patients, healthy people and
postsurgery breast cancer patients were investigated by this method. The results showed that
there were significant differences of urinary levels of PHPAA and PHPLA between breast
cancer patients and healthy people. And there were no affection of sex and age on the urinary
levels of PHPAA and PHPLA. PHPAA and PHPLA in urine might be the potential biomarkers
of breast cancer.
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Figure captions

Figure 1. Chromatogram of standard mixture of tyrosine metabolites : (1) PHPAA
(1.5mg/L) ; (2) PHPLA (2mg/L) ; (3) PHPA (2mg/L).
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Figure 2. Box plot of urinary levels of PHPAA from healthy people, breast cancer patients and

postsurgery breast cancer patients
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Figure 3. Box plot of urinary levels of PHPLA from healthy people, breast cancer patients and

postsurgery breast cancer patients
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Tablel Linear equation, correlation coefficients, limits of detection (LODs, S/N=3) and limits of quantification

(LOQs, S/N=10) for PHPAA., PHPLA and PHPA

Analytes Linearity range Linear equations Correlation LOD LOQ
coefficient
(mg/L) (mg/L) (mg/L)
PHPAA 0.05-4.00 y=2.530x+0.0468 0.9997 4.80x10-3 0.02
PHPLA 0.05-4.00 y=3.503x+0.1161 0.9997 8.80x10-3 0.03
PHPA 0.10-4.00 y=3.928x+0.1074 0.9993 9.00x10-3 0.03
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Table 2 Recovery results of the three analytes for PHPAA, PHPLA and PHPA in human urine (n=3)

Analytes Background (  Added (mg/L)  Found (mg/L)  Recovery (%) RSD (%)
mg/L)
5.00 14.37 101.4 3.1
PHPAA 9.30 10.00 19.61 103.1 1.3
12.00 22.58 110. 7 2.8
0.80 0.96 85.0 2.3
PHPLA 0.28 2.00 2.46 109.0 1.3
8.00 8.16 98.5 2.4
0.80 0.96 120.0 1.2
PHPA ND" 2.00 1.76 88.0 2.7
8.00 7.73 96.6 1.5
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