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ABSTRACT 

A new reversed-phase high performance liquid chromatography method was developed to quantitate the activity of 
xanthine oxidase involved in milk fat globule membrane with xanthine as the substrate and the separation of product 
(uric acid). The increment of uric acid in the reaction system was used to calculate the total activity of XO. The opti-
mized assay conditions, linearity of detection, recovery of uric acid and chromatogram were developed in text, indicat-
ing this method is simple, rapid and efficient. It is an alternative potential method for the determination of the activity of 
XO in milk. 
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1. Introduction 

The molybdoenzyme xanthine oxidase (XO, EC1.2.3.22) 
has been studied intensively over the last 60 years [1], 
that occurs as a major protein component of the milk fat 
globule membrane surrounding lipid droplets, from 
which it is readily available, even on a gram scale. The 
enzyme has broad substrate specificity including purines, 
petridines, heterocyclic molecules and aldehydes. XO 
comprises four distinct redox active centers: the Mo ac-
tive site, two spectroscopically distinct [2Fe-2S] clusters 
and a flavin adenine dinucleotide (FAD) cofactor, and is 
capable of reducing oxygen to generate the reactive oxy-
gen species (ROS), superoxide and hydrogen peroxide [2]. 
In vivo it mainly catalyzes the oxidation of hypoxanthine 
to xanthine and of xanthine to uric acid, producing the 
oxidants 2  or H2O2. The generation of these oxygen 
species has been implicated as a key oxidative enzyme in 
the pathogenesis of tissue injury associated with many 
diseases, such as hepatitis, inflammation, ischemia- 
reperfusion, carcinogenesis and aging [3]. Serum levels 
of XO rise in individuals with viral hepatitis or toxic 
liver injury, indicating that plasma enzyme activity is a 
sensitive marker of acute hepatocellular damage or other 
oxidant-mediated tissue damage [4-6]. In addition, XO 
can be used as a detection reagent for quantitating su-
peroxide dismutase, serum inorganic phosphorus, and 
nucleoside etc.  

O

The activity of this enzyme usually are estimated using 
Nitro blue tetrazolium (NBT), p-Methoxybenzenesul- 
fonyl(MBS), 2,3,6-Trimethylbenzenesulfonyl(MTS), p- 
Methylbenzylsulfonyl(PMS) and 2-NH2-4-OH-pteridine 
as electron acceptors, and the products of chromogenic or 
fluorogenic derivatives are quantified. Some articles have 
described the development of analytical procedure for the 
determination of XO activity [7-10]. However, in general 
the acceptance of NBT or MTS-PMS as useful chro-
mogenic reagents has been low water-solubility, and 
spectrophotometric detection of Uric acid as the product 
of XO reaction is interfered by other compounds with 
ultraviolet absorption in reaction system. Measurement 
methods of xanthine oxidase activity are not included in 
routine laboratory analyses, mainly because of the lack of 
good stability and fidelity in complicated samples, espe-
cially in microbe cell extracts. We have now developed a 
new sensitive method for the measurement of xanthine 
oxidase activity in complex system with RP-HPLC by a 
UV detector.  

2. Materials and Methods 

2.1. Materials 

Standard milk xanthine oxidase (XO, 0.67 U/mg) and 
uric acid (UA) powder was obtained from Sigma Sigma 
Chemical Co. (St. Louis, MO). Xanthine powder was 
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came from Fluka. All other organic reagents，inorganic 
salts, HCl and NaOH were of chromatographic pure 
grade, and purchased from Sinopharm Chemical Reagent 
Co., Ltd. Water was HPLC Grade purified by NANO 
pure®, Barnstead system (Dubuque, IA). 

2.2. Apparatus and Technique  

The HPLC system consisted of an Agilent 1100 HPLC 
apparatus (Hewlett-Packard, Palo Alto, Amarica), a ul-
traviolet HPLC monitor, a automatic sampler, chroma-
tographic work station, and vacuum deairing chromato-
pac. The mobilephase was 20 mM ammonium dihydro-
gen phosphate buffer (pH 7.5), the flow-rate was 1.0 
ml/min and the detection wavelength were 290 nm, A 
octadecylsilyl (ODS) C18 column (250 mm × 4.6 mm 
I.D., 5 μm) (VARIAN MICROSORB-MV 100-5) was 
used at room temperature. The injection volume was 20 
μL. A linear calibration curve for uric acid was obtained 
between 0.05 mM and 2.0 mM. 

2.3. Sample Preparation and Enzyme Extraction  

For milk xanthine oxidase, cells, corresponding to about 
100mg cell wet mass, were harvested by centrifugation 
for 15 min at 12,000 g and 4˚C, and then redissolved in 
Tris-HCl buffer (50 mmol/L, pH7.6). Crude enzyme ex-
tracted with supersonic crushing at 250W for 15 min in 
icebath, and then centrifugated for 10 min at 15,000 g 
and 4˚C (CR22GII, Hitachi, Tokyo, Japan). Cell samples 
were also collected before and 20 min after xanthine 
added in resting cell suspension. These samples were 
also assayed for xanthine oxidase activity. 

2.4. Analytical Procedure  

All solutions were prepared using HPLC Grade water. 
The primary standard stock solutions of uric acid (UA) at 
10 mM was prepared in phosphate buffer, and the stan-
dard stock solution of xanthine (XA) at 24 mM was pre-
pared in 0.1 N NaOH after weight correction for purity. 
Moreover the analytical solutions still included 7 M HCL, 
5 M K2CO3 and 50 mM Tris-HCl buffer at pH 8.4, by 
adding 50 μM oxonic acid solution (inhibitor of uricase).  

The solutions, reagents, standards and samples were 
brought to room temperature before being assayed. Pre-
pare the following reaction mixture in a cuvette, com-
posed of 0.9 mL Tris-HCl buffer as above, 30 μL XA 
solution whose final standard concentration was 0.72 
mM, and 50 μL XO crude enzyme in turns, and then 
thermostated at 37˚C for 20 minutes. The enzyme reac-
tion was terminated eventually by the addition of 15 μL 
of 7 M HCL. The resulting mixture was vigorously 
shaken with an agitator and then centrifuged for 10 min 
at 15,000 g. The samples were transferred to Amicon 
Centrifree® filters and centrifuged for 30 min in a fixed 

angle centrifuge. Cell proteins and other impurity were 
retained by the filter while the analytes passed through 
the filter. The filtrates were transferred to autosampler 
vials. A portion (300 μL) of the supernatant was neutral-
ized with 5 μL of 5M K2CO3, and 20 μL of the neutral-
ized supernatant were injected onto the HPLC. Xanthine 
oxidase activity was measured in duplicate and expressed 
as micromoles of uric acid produced per minute per mil-
liliter (μmol/ min/ml).  

3. Results  

3.1. Determination of HPLC Conditions for 
Separation of Uric Acid and Xantihne in 
Xanthine Oxidase Reaction Mixtures  

A system suitability solution was prepared in non-matrix 
solution at concentrations of UA and XA at 0.20 and 
0.15 mM, respectively, in 20 mM NH4H2PO4. It was 
used for checking the suitability of the system before 
each batch. Working standards were prepared by adding 
the appropriate volumes of UA/XA standard solution into 
volumetric flasks and diluting with 20 mM NH4H2PO4. 

Because the analytes were endogenous compounds, vari- 
able concentrations were found in control cell supersonic 
crushing supernatant liquid from individuals not dosed 
with the xanthine oxidase inhibitor. Standards were pre- 
pared in analyte-free phosphate solution. Solutions at six 
different concentrations from 0.01/0.1 to 2/15 mM of 
UA/XA and were stored at −20˚C for up to several weeks. 
It shows the different absorbance peak area of UA and 
XA at different UV detector wavelength in Table 1. The 
optimal detect wavelength of UA and XA observed in 
our results were 290 and 273 nm respectively on Agilent 
1100 HPLC work station, and the retention times of UA 
and XA were 2.7 and 4.5 min respectively eluted by 20 
mM NH4H2PO4 buffer at pH 8.0 on VARIAN ODS C18 
column.   

Preliminary optimization of separation conditions for 
UA and XA in XO reaction mixtures was developed as 
follow. Samples containing 0.20 mM UA, 0.15 mM XA 
and neutralized supernatant of XO crude enzyme were 
incubated at 37˚C with 50 mM Tris-HCl buffer (pH 8.4) 
for 20 min. Prepare five different mobile phase, metha-
nol—90% H2O2, acetonitrile—90% H2O2, methanol— 
90% KH2PO4 buffer (20 mM, pH 7.5), methanol—90% 
ammonium dihydrogen citric acid buffer (20 mM, pH 7.5),  
 
Table 1. The HPLC absorbance of UA and XA standard 
solution in the XO reaction system. 

Absorbance 
wavelength/nm

254 273 280 285 290 295 
Retention 
time/min

Peak area of 
UA/mAU·s 

800 1083 1765 2263 2541 2504 2.73 

Peak area of 
XA/mAU·s 

1072 1465 1279 919 531 458 4.48 
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and methanol-90% NH4H2PO4 buffer (20 mM, pH 8.0). 
The corresponding reaction mixtures including UA and 
XA were separated on HPLC C18 column eluted by dif-
ferent above-mentioned mobile phase (data not shown). 
The peak of UA was eluted first, and then XA followed. 
The separation rate of UA/XA was 0.78, 0.43, 1.09, 1.19 
and 1.85 respectively, indicating that the suitable mobile 
phase is methanol-90% NH4H2PO4 buffer (20 mM, pH 
8.0), which UA and XA can achieve valid separation. 
Then the same samples were eluted using different mo-
bile phase with several proportion of methanol and 
NH4H2PO4 buffer (data not shown). On HPLC chroma-
togram the retention times of UA and XA display the 
best eluant is 100% NH4H2PO4 buffer. Further XO reac-
tion mixtures were assayed with RP-HPLC by mobile 
phase on the basis of 100% NH4H2PO4 buffer with 
various kinds of pH5.0, 6.0, 7.0, 7.5, 8.0, 8.5 (data not 
shown), indicating that the optimal pH of the NH4H2PO4 

buffer is 7.5.  

3.2. Linearity of Detection, Recovery of Uric 
Acid and HPLC-Drawn Chromatogram 

A calibration curve prepared with various concentrations 
of UA in NH4H2PO4 aqueous solution was linear up to 
2.0 mM. The lower detection limit for UA was 10 μM 
and the relative standard deviation for retention time and 
peak area was below 1.02% and 1.15% respectively at all 
concentrations between 0.05 and 2.0 mM. The regression 
line was  91.132 14101y x  , where y is concentration 
of UA (mM) and x is peak area, and the correlation coef-
ficient was 0.996. The UA recovery was 98% at all con-
centrations. The high recovery value indicated that none 
of the analytes were significantly bound to XO proteins, 
or adsorbed to the ultrafiltration filter or test tube walls. 
A representative chromatogram is shown in Figure 1. 
Sample containing 2.0 mM UA, 5.0 mM XA and neu-
tralized supernatant of XO deactivated crude enzyme 
were incubated at 37˚C with 50 mM Tris-HCl buffer (pH 
8.4) for 20 min. The peaks of UA and XA were observed 
at 3.1 and 6.3 min, respectively.  

3.3. Optimization of Conditions for the 
Measurement of Xanthine Oxidase Activity 

Studies were performed to optimize the conditions for 
accurate measurement of intracellular XO activity. The 
effects of temperature and pH on the reaction were in-
vestigated and results were summarized in Tables 2 and 
3. As regards the effect of temperature, that absorbance 
peak area of UA in reaction system at first increased with 
increasing temperature was observed. At temperature of 
37˚C, a maximal UA absorbance peak appeared. After-
wards the absorbance peak area of UA decreased with 
further increasing temperature. The effect of pH on the  

 

Figure 1. Representative HPLC chromatogram of UA and 
XA in XO crude enzyme reaction mixture. (Peaks 1 and 2 
are UA and XA, respectively. The concentration of UA and 
XA in the reaction mixture was 2.0 and 5.0 mM respec-
tively.) 
 
Table 2. The effect of temperature on the XO reaction sys-
tem. 

Temperature/˚C 
(pH 8.0) 

Absorbance peak 
area of UA/mAU·s 

Concentration  
of UA/mM 

XO activity/
μmol/min/ml

32 934.40 0.060 2.99 

35 1201.65 0.079 3.94 

37 1810.73 0.122 6.10 

40 1548.46 0.103 5.17 

48 1071.81 0.070 3.48 

 
Table 3. The effect of pH on the XO reaction system. 

pH 
(T = 37˚C)

Absorbance peak area 
of UA/mAU·s 

Concentration of 
UA/mM 

XO activity/ 
μmol/min/ml

8.0 1739.50 0.117 5.84 

8.2 1844.92 0.124 6.22 

8.4 2110.60 0.143 7.16 

8.6 1927.87 0.130 6.51 

9.0 1353.88 0.090 4.48 

 
reaction system was similar with temperature. The maxi- 
mal UA absorbance peak appeared only when pH value 
was 8.4. Smaller or larger than this value all resulted in a 
drop of the UA absorbance peak. The average recovery 
of XO activity was 96%.  

The relation of the speed of enzymatic reaction of XO 
and the concentration of substrate (xanthine) was inves- 
tigated, through different concentration of XA which was 
0.06, 0.12, 0.24, 0.32, 0.48, 0.60, 0.80, 1.0, 1.2, 1.6, 2.0 
and 2.4 mM respectively, and the permanent activity of 
XO was about 6.5 U/ml. On the basis of Lineweaver- 
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Burk double-reciprocal plot, the linear equation was ob-
tained, (1/V) = 1.355  (1/S) + 42.299，whose relative 
coefficient was 0.9977. Furthermore Michaelis constant 
(Km) of XO was calculated and was 0.032 mM. Accord-
ing to this experimental result, 0.72 mM XA is suitable 
to be used as the concentration of substrate for the de-
termination of XO activity.  

The XO reaction system, terminated at 4, 8, 12, 16, 20, 
22, 24, 26, 28 and 30 min respectively as the procedure 
mentioned at analytical procedure as above, were as-
sayed with RP-HPLC and the area of UA peak were re-
corded(data not shown). The value of absorption at first 
increased with the increase of reaction time and reached 
equilibrium at time of 20 min (Figure 2), which was rep-
resented with Cmax. The relation of UA concentration 
against time could be described with first class kinetic 
equation, which was shown in Figure 3. This kinetic 
equation is ln(Cmax − Ct) = −0.1636t − 1.7803, with cor-
relation coefficient R = 0.9956 . 

4. Discussion 

To date, the activity of xanthine oxidase has been deter-
mined by HPLC method for measuring the conversion of 
pterin to isoxanthopterin in human plasma [11-15], ra-
diometric [16], fluorometric [17,18] and ELISA [19] 
methods in serum. The serum/plasma activities were re-
ported to be very low. An enzymatic method using pterin 
as substrate was reported for cell culture [20]. However, 
xanthine, hypoxanthine and uric acid in plasma/serum 
may competitively inhibit the production of isoxanthop-
terin by xanthine oxidase, and these methods used a rela-
tively long incubation time with an artificial substrate. 
We develop a sensitive RP-HPLC method using xanthine 
as a substrate directly and shortening the incubative reac-
tion time to measuring the activity of xanthine oxidase in 
milk. We have also shown that relative high concentra-
tions of xanthine, hypoxanthine and uric acid in the reac-
tion mixture can not inhibit the activity of xanthine oxi-
dase in milk. The method was simple and robust with  
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Figure 2. Curve of UA concentration versus time in reaction 
mixtures (reaction conditions: T = 37˚C, pH 8.4). 
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Figure 3. Kinetic curve of the XO reaction. 
 
good accuracy and precision for the measurement of 
xanthine oxidase activity.  
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