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Abstract A simple reversed phase HPLC method with UV
detection in isocratic conditions was developed and vali-
dated for the simultaneous determination of hypoxanthine,
xanthine and uric acid levels in human plasma and serum.
One analysis run takes 6.5 min including a short organic
mobile phase gradient for column regeneration. Concen-
trations of uric acid, xanthine and hypoxanthine in plasma
and serum samples were highly comparable. However,
hypoxanthine levels were increased in serum compared to
plasma samples due to a prolonged time between serum
and blood elements separation. The method was validated
for linearity, precision, accuracy, sensitivity and robustness
in a similar manner to that for pharmacokinetic data and it
is appropriate for physiological and pathophysiological lev-
els of all analytes. The stability of stock standard solutions
was verified using spectrophotometric analysis in different
conditions. The method is simple and robust with a good
precision for the measurement of hypoxanthine, xanthine
and uric acid in human plasma and serum.
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Introduction

Determination of uric acid (UA) is highly relevant nowa-
days, as elevated levels are markers of pathological mecha-
nisms involved in a plethora of diseases. UA is generated
by enzymatic conversion of hypoxanthine (HX) and xan-
thine (X) catalyzed by xanthine oxidoreductase (XOR) as
a terminal and rate limiting step of purine degradation in
the higher primates [1]. The mammalian enzyme exists pre-
dominantly in a form of NAD™ dependent dehydrogenase
(EC 1.17.1.4) which does not form reactive oxygen spe-
cies, however, the enzyme can be converted to a dioxygen
dependent xanthine oxidase (EC 1.17.3.2) by several mech-
anisms including reversible sulfhydryl oxidation or irre-
versible limited proteolysis. The dioxygen dependent form
can produce reactive oxygen species (superoxide anions
and hydrogen peroxide) [2] and, therefore, it is responsible
for cytotoxicity due to the formation of hydroxyl radicals
[3]. On the other hand, UA is considered as an important
antioxidant in vivo with a significant antioxidant capacity.
In spite of being a terminal waste product of purine metab-
olism, UA is extensively reabsorbed (approximately 90%)
in the kidneys, and thus maintained in relatively high levels
in blood [4]. The protection against oxidative stress pro-
vided by UA has been proposed as one of the reasons for
increased life span in humans [5].

An increase in XOR activity has been reported in sev-
eral pathological conditions including rheumatic and auto-
immune diseases, pneumonia, schizophrenia, several viral
diseases and after certain transplantations and surgeries
[3]. Hyperuricemia is associated not only with gout, urate
nephrolithiasis and tumor lysis syndrome but also with
atherosclerosis and vascular diseases associated with meta-
bolic syndrome (high levels of UA are commonly clustered
with visceral obesity, hypertension, dyslipidemia, insulin

@ Springer


http://orcid.org/0000-0001-6554-3733
http://crossmark.crossref.org/dialog/?doi=10.1007/s10337-016-3208-8&domain=pdf

530

A. Pleskacova et al.

resistance and type 2 diabetes) [6], and its advanced conse-
quences such as stroke, infarction [3] and kidney dysfunc-
tion [7]. UA metabolism disturbances can be treated by
available and efficient inhibitors of XOR. The understand-
ing of the role of terminal metabolites of purine metabolism
and monitoring of XOR activity as the most pharmacologi-
cally targetable source of free radicals provides the need
for extensive exploration and it requires fast and simple
method for analyzing HX, X and UA levels which is suit-
able for determination in both human plasma and serum.

The determination of serum UA in clinical laboratories
usually involves enzyme reactions with uricase and peroxi-
dase followed by colorimetric or fluorimetric measurement
of a reaction product [8]. One of the drawbacks of this
method is that plasma samples containing EDTA (neither
citrate nor oxalate) cannot be used because uricase requires
divalent ions for preserving optimal conditions. Further-
more, the uricase method does not provide data on HX and
X levels reflecting XOR activity. Finally, since X is a strong
competitive inhibitor of uricase and its increased levels can
result in false positive elevated uricemia [9], indeed, hyper-
xanthinemia has also been associated with hyperuricemia
[10]. Moreover, if the direct peroxidase method is used
bilirubin [11], hemoglobin, ascorbic acid, glutathione and
hyperlipidemia interfere [12].

Simultaneous determination of HX, X and UA using
reversed phase HPLC (C18) under various conditions has
been described by several authors [13-21], however, the
previously reported methods were time-consuming (15 min
or more per sample) with long analytical columns (250 mm
or longer) and more complicated conditions of separation
and furthermore, none of them compared levels of HX, X
and UA in plasma and serum samples. Recently, the use
of mass spectrometry for UA detection in plasma samples
was described by Zhong et al. [22] and Stentoft et al. [23],
however, these methods require both rather complex pro-
cedure and equipment. Moreover, coefficients of variation
are higher than they should be (Zhong et al. <10%, Stentoft
et al. <25%). The aim of this study was to develop fast and
simple reversed phase HPLC method for the simultaneous
determination of HX, X and UA and to validate its use for
both human plasma and serum.

Materials and Methods
Reagents

All standards were purchased from Sigma Aldrich (St.
Louis, MO, USA), all other chemicals were purchased
prom Fluka (Buchs, Switzerland) and were of analytical
grade. HPLC-grade acetonitrile was purchased from Schar-
lau Chemie S. A. (Barcelona, Spain). Water was purified
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using Milli-Q system (Merck Millipore, Darmstadt, Ger-
many). The lyophilized two-level control PreciControl
ClinChem based on human serum was manufactured by
Roche Diagnostics (Mannheim, Germany). The plasma and
serum samples were obtained from 15 healthy volunteers
(median age 28, interquartile range (IQR) [25-35], 67% of
women) and frozen at —70 °C for one month.

Equipment

HPLC was performed on a Shimadzu LC-10 Series (Shi-
madzu, Kyoto, Japan) equipped with Kinetex EVO C18
core—shell column (150 x 4.6 mm id, particle size 5 wm)
protected by SecurityGuard ULTRA Cartridges UHPLC
C18 (Phenomenex, Torrance, CA, USA). Two other col-
umns Luna 3u C8(2) 100A and Kinetex 2.6u C18 100A
were tested (both Phenomenex, Torrance, CA, USA). The
guard column was replaced after 200 injections to avoid
significant reduction in separation properties of column.
UV-detection was performed with a photodiode array
detector SPD-M10A (Shimadzu, Kyoto, Japan). The cali-
bration and data processing was based on the peak heights
for HX and X and on the peak areas for UA carried out
with LabSolutions software (Shimadzu, Kyoto, Japan). The
flow-rate was 1 mL min~! corresponding to a back pressure
10.5 MPa. Stability of standard solutions was verified using
a Spectronic Helios Gamma spectrophotometer (Thermo
Electron Corporation, Beverly, MA, USA).

Method

Because of limited solubility of UA, the stability of
standard solutions was checked spectrophotometrically
using their maximum absorption wavelengths. Absorp-
tion maxima of HX, X and UA in a solution of 100 mmol
L~! potassium dihydrogen phosphate buffer (pH 1.5) were
determined at 248 nm, 263 nm, and 282 nm, respectively.
Stock standard solutions (1 mmol L) were prepared (i)
in solutions of sodium, potassium and ammonium hydrox-
ide with different concentration (1 mol L', 100 mmol
L' and 10 mmol L"), (ii) in a solution of 1.5 mmol
L~! sodium hydroxide, (iii) in solutions of 1.5 mmol L!
sodium hydroxide supplemented with magnesium ions
(15 wmol L~! to 1 mmol L) or disodium salt of EDTA
(100 wmol L~! to 5 mmol L") for all standards and (iv)
in a solution of 15 mmol L' sodium hydroxide supple-
mented with 150 pmol L' magnesium ions for the stock
solution of X only. Stock solutions of all analytes under
conditions (i) to (iv) were diluted to a working concen-
tration of 50 wmol L~! with 100 mmol L~! phosphate
buffer pH 1.5 and the absorbance was measured. The
conditions providing the best stability of analytes were
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Table 1 Previously used

T . Analyte (mM) Solvent used for stock solutions* Frozen Reference

conditions for the preparation of

standard stock solutions HX, X 1 100 mM NaOH Yes [13]
UA 5 47 mM phosphate buffer Yes [13]
HX, X 0.5 100 mM NaOH No [14]
UA 0.5 13 mM NH, No [14]
HX, X, UA 1 Water with addition of 1000 mM NaOH Yes [15]
HX 0.5 Water No [19]
X, UA 0.5 Alkalinized hot water pH > 10 No [19]
HX, X 6 20 mM NaOH Yes [20]
UA 6 2.6 mM Li,CO; Yes [20]
HX, X 1 Water alkalinized with Li,CO; No [21]
UA 1 Saturated Li,CO; No [21]
HX, X, UA Unknown 2 mM NH;4 No [22]
HX, X 0.5and 5 Water Yes [23]
UA 0.5 and 2 Water Yes [23]

* The concentrations of ions are stated as described in original papers

chosen as follows: HX and UA standards were dissolved
in 1.5 mmol L~! sodium hydroxide solutions containing
150 pwmol L~! magnesium chloride and X was dissolved
in 15 mmol L™! sodium hydroxide solution containing
150 wmol L~! magnesium chloride to form 1 mmol L™!
stock solutions. Stock solutions were kept at room tem-
perature in dark while stirring under argon atmosphere
for 5 days maximally. Working standard solutions were
freshly prepared by diluting the stock solutions with
1.5 mmol L~! sodium hydroxide containing 150 wmol L~!
magnesium chloride each day.

The EDTA plasma was separated by centrifugation
(1000g, 10 min, 4 °C). Serum samples were separated after
30 min of hemocoagulation at room temperature using
centrifugation (2000g, 10 min, 4 °C). All samples were
stored until analysis at —70 °C. Proteins in plasma/serum
samples were precipitated with 7.2% perchloric acid (1:1,
v/v), vortexed for 30 s, incubated 10 min on ice, vortexed
again for 30 s, incubated 5 min on ice and finally centri-
fuged (12,800g, 6 min, 4 °C). Blank and working standard
solutions were mixed (1:1, v/v) with a solution of 7.2%
perchloric acid containing 0.25 mol L™! sodium hydroxide
to reach the same pH as plasma/serum samples after pro-
tein precipitation (pH 2.5). Optimal injection volume of the
sample onto column was determined as 20 pL.

The separation of HX, X and UA was performed at
30 °C under isocratic conditions, using a mobile phase con-
sisting of 100 mmol L™! potassium phosphate buffer (pH
1.5). The column was regenerated using acetonitrile gradi-
ent after each run. Conditions of separation and following
column regeneration were set as: 1.5 min 100% of mobile
phase, followed by a step to 70% of mobile phase and 30%
of acetonitrile for 2 min to regenerate the column, followed

by a step to 100% of mobile phase for 3 min to equilibrate
the initial conditions. The complete analysis time was
6.5 min only. The flow-rate was set to 1 mL min~".

Photodiode array detector with semi-microcell was set
to the wavelengths range 245-295 nm. HX, X were quanti-
fied at their absorption maxima (248 and 263 nm, respec-
tively), but UA was quantified near to its absorption maxi-
mum (292 nm), because the peak for X was not apparent at
this wavelength. All analytes were quantified using external
standards.

Results and Discussion
Standard Stock Solutions

UA is virtually insoluble in water and common organic
solvents. Its solubility increases with increasing pH and
the solubility of monosodium urate the most common
form of UA under physiological conditions increases with
ionic strength [24]. Thus, it is recommended by the manu-
facturer (Sigma Aldrich—Product Information U0881) to
dissolve UA in 1 mol L' sodium hydroxide. However,
the stability of UA standard stock solution was very low
(more than 15% decline each day) under these conditions.
Also the stability of frozen standard stock solutions was
unsatisfactory.

Standard solutions of analytes of interest were diluted
under different conditions by other authors as summarized
in Table 1. Several results from articles concerned with
simultaneous determination of HX, X and UA are in cor-
relation with our data. Czauderna et al. [16] showed that
approximately 1 mmol L™' UA is decomposed even by
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Fig. 1 Stability of uric acid. Absorbance at the absorbtion maximum
of 50 pwmol L™! uric acid during time; a in 1.5 mmol L' sodium
hydroxide; b in 1.5 mmol L~! sodium hydroxide containing 15 jLmol
L~'EDTA; ¢ in 1.5 mmol L™' sodium hydroxide containing 15 jtmol

addition of 6 mmol L™! sodium hydroxide to allantoin in
85 °C after 1 h, even in room temperature UA was not sta-
ble in alkaline pH for more than one day. Also Valik and
Jones [21] mentioned that UA is decomposed in the pres-
ence of sodium and potassium hydroxide.

According to our data standards of UA were highly
unstable in concentrated alkaline solutions (more
than 10 mmol L™' of sodium, potassium or ammo-
nium hydroxide). The best stability was achieved in
1.5 mmol L™! sodium hydroxide. Different concentra-
tions of magnesium ions (15 wmol L™! to 1 mmol L™)
and disodium salt of EDTA (100 pmol L~' to
5 mmol L") were used to stabilize the stock solutions.
Addition of EDTA slowed down the dissolving of UA
up to 120 h, magnesium ions made this process faster
and a good stability was achieved (Fig. 1) when using
150 wmol L~! concentration. Magnesium ions were
proposed to form magnesium hydrogen urate octahy-
drate more soluble than sodium hydrogen urate and UA
itself [25], so the presence of divalent ions could prob-
ably enhance UA solubility according to our data. Simi-
lar results were obtained for HX and X (data not shown),
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L~! magnesium ions; d in 1.5 mmol L™ sodium hydroxide contain-
ing 150 wmol L~! magnesium ions. The measurements were pro-
vided every hour in triplicates (8 h each day). Data are provided as
means and standard deviations

however, X required more alkaline conditions to dissolve
completely (Fig. 2)—15 mmol L' sodium hydroxide
containing 150 jtmol L' magnesium ions.

Method Development

The separation of analytes was tested at various conditions.
Mobile phase containing 100 mmol L™! acetate buffer (pH
4.8) was used, however, the peak for HX was split under
these conditions. The optimal separation conditions were
achieved in 100 mmol L~ potassium phosphate buffer with
pH 1.5. One C8 (Luna 3u C8(2) 100A) and two C18 columns
(Kinetex 2.6u C18 100A and Kinetex Su EVO C18 100A)
were examined. The Kinetex Su EVO C18 100A column
with core—shell particles gave the most reproducible results.
The Kinetex core—shell technology delivers high efficien-
cies because of its defined structure—homogeneous porous
shells grown on a solid silica core. Previously used columns
for simultaneous determination of HX, X and UA contained
C18 in their stationary phase, however, they did not reach
as fast analysis as we did. The Kinetex Su EVO C18 100A
column with core shell particles is compatible with 100%
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Fig. 2 Stability of hypoxanthine and xanthine. Absorbance at the
absorption maxima of 50 wmol L~! hypoxanthine and xanthine dur-
ing time; a hypoxanthine in 1.5 mmol L™! sodium hydroxide con-
taining 150 wmol L~! magnesium ions; b xanthine in 15 mmol L
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measurements were provided every hour in triplicates (8 h each day).
Data are provided as means and standard deviations

Fig. 3 Chromatograms of 1001
human plasma sample. The
separation conditions were 90 1
set as follows: the mobile
phase—100 mmol L~! potas-
sium phosphate buffer pH 1.5, 70 1
the Kinetex Su EVO C18 100A
column (Phenomenex, Tor- 60 4
rance, CA, USA), the flow-rate

1 mL min~! at 30 °C, injection 2
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aqueous mobile phase and the core—shell technology results
in less peak broadening compared to fully porous particles.
This results in better chromatographic resolution. The appro-
priate sensitivity was achieved with the use of 100 mmol L™
potassium phosphate buffer. Furthermore, this column was
highly stable in acidic conditions for more than 600 injec-
tions of real samples and more than 2000 injections in total.
Low pH (1.5) and the use of concentrated buffer enabled fast
elution of all analytes preserving good separation and reso-
lution. The best separation was reached at the flow-rate of
1 mL min~! and temperature of 30 °C.

The efficiency of deproteinization of samples with ace-
tone (1:4, v/v) and acetonitrile (1:1, v/v) was examined.
Nevertheless, proteins were detectable in higher amount
when using acetone and no peaks for HX and X were

20 25 30 35 40 45 50 55 60
Time (min)

apparent when using acetonitrile precipitation. Protein pre-
cipitation with perchloric acid according to Brunnekreeft
et al. [26] gave optimal results.

Assay Validation

All analytes of interest are baseline-separated from the
neighboring peaks when detected in its absorption max-
ima (Fig. 3). Over a 4-months period the mean retention
times (in minutes) were 1.77 £ 0.03 for HX, 2.63 £ 0.06
for X and 2.35 £+ 0.05 for UA (data are expressed as
mean = standard deviation (SD). All validation parameters
for UA are peak area based and all validation parameters
for X and HX are peak height based because concentration
of HX and X is very low in real samples and automated
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Table 2 Intra- and inter-day precisions

Table 3 Recoveries

Analyte Concentration (umol L™") Presicion RSD (%) Description Recovery (%)
Intra-day Inter-day HX X UA
HX 1 1.27 2.03 Above LOQ* 101 105 103
10 0.88 1.24 50%** 99.1 102 102
20 1.13 1.8 100%** 96.2 101 103
9.48% 1.44%* 3.44% 200%** 97.6 102 102
12.2%% 2.19%* 3.96%* Plasma sample 102 95.6 103
X 1 2.55 4.43 Serum sample 103 99.4 97.1
5 1.08 3.14
10 206 311 * Concentrati(lms were established as: 1 wmol L™! HX, 1 pmol L™
X, 1 pmol L™" UA
431* 3.12* 3.72* ** Percent of expected concentrations in a mixture of standards
4.77%% 4.80%* 4,06%* (10 wmol L™! HX, 5 wmol L' X and 250 jumol L™ UA)
UA 1 2.18 4.83
250 0.42 1.02
500 0.44 0.99 or serum proteins and a proper accuracy. Limit of detec-
11 0.95% 313 tion (LOD) and limit of quantification (LOQ) were mea-
2615+ 1935+ 3.074% sured in standard solutions based on signal to noise ratio

* Plasma sample
** Serum sample

integration works more precisely when using peak height.
There was no difference between validation parameters for
HX and X based on their area and height (data not shown).

Eight-point (triplicated) calibration graphs with stan-
dard solutions (1-100 wmol L' range for HX and X
and 1-1000 pwmol L~' for UA) showed good linearity:
y=843.41x — 894.94 (R = 0.9931), y = 448.31x — 1084.6
(R>=0.9911) and y = 3104.2x — 50451 (R* = 0.9919) for
HX, X and UA, respectively. Accuracy of the method was
verified on a serum based two-level certified control sam-
ple with following concentrations of UA provided by a
manufacturer: 293 % 15 pwmol L™! and 568 % 29 pmol L™!
(mean + SD). A triplicate analysis revealed following
levels of UA: 297 + 6 pmol L™! and 543 4+ 7 pmol L™!
(mean £ SD). No statistically significant differences were
found between them (both P = NS, two sample ¢ test).
Method was validated in terms of the intra- and inter-day
precision (Table 2) established by analyzing replicates of
standard solutions and replicates of pooled plasma and
serum samples as relative standard deviation (RSD), the
values did not exceed 5%.

Recoveries were determined in real plasma/serum sam-
ples and in samples of known concentration at 4 different
levels with spiking of 3 different concentrations and mea-
sured in triplicates (Table 3). The mean recoveries were
99.8% for HX, 100.8% for X and 101.7% for UA; the
values did not show more than 5% variation from 100%
showing that none of the analytes was bound to plasma
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at 3 and 10, respectively, and were as follows: 18.8 and
62.8 nmol L™ for HX, 121 and 403 nmol L' for X, 68.8
and 229 nmol L~! for UA, respectively.

HX, X and UA levels (median and IQR) were deter-
mined in plasma and serum samples from the same donors
(n = 15), no statistically significant differences were found
between plasma and serum levels of analytes (Table 4).

Wung and Howell [15] found out that erythrocytes and
platelets can continue to release HX and X after the blood
was drawn. In our study, the contact of serum with blood
elements was longer by 15 min than of plasma, therefore,
we have found lower levels of HX in plasma than in serum
(86%) in accordance to previously reported data [15]. Valik
and Jones [21] mentioned that blood has to be proceeded
as soon as possible (within 15 min) after venipuncture if
HX should be determined which supports also our data
as shown in Fig. 4. Thus, the pre-analytical phase is very
important for the correct determination and assessment of
HX. On the other hand, X and UA showed good stability
for several hours (Fig. 4).

The analytes of interest are structurally very similar to
caffein and its physiologically occuring metabolites. How-
ever, major metabolites of caffeine occur in low levels in
human serum, so the possible interferences on the HPLC
system were not found [13]. In our study we examined
the effect of 50 wmol L~! solutions of caffeine (1,3,7-tri-
methylxanthine), paraxanthine (1,7-dimethylxanthine),
I-methylxanthine, 7-methylxanthine, 1-methyluric acid
and 1,7-dimethyluric acid. All methylated derivatives of
X and UA were eluted under gradient conditions used for
column regeneration (average retention times between 4.72
and 4.86 min of analysis) and they were thus not interfering
with HX, X and UA on the system.
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Table 4 Comparison of plasma and serum samples

Analyte Plasma Serum Comparison
Median [IQR] (jumol LY Median [IQR] (jumol LY P (Mann—Whitney) Plasma/serum* (%)

HX 9.49 [7.42-13.1] 11.29.92-13.8] 0.16 86
X 4.17 [4.04-4.28] 4.30 [4.23-4.44] 0.11 95
UA 197 [187-232] 214 [196-242] 0.27 94
* Average of plasma/serum ratios, n = 15
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Fig. 4 Hypoxanthine, xanthine and uric acid concentration in EDTA
blood. The influence of time of proceeding after EDTA blood collec-
tion on concentration of analytes of interest.; a for hypoxanthine and

Conclusions

The role of terminal metabolites of purine metabolism is
explored extensively nowadays. UA metabolism distur-
bances are associated to many diseases and pathophysiolog-
ical states and simple method appropriate for both human
plasma and serum is required in clinical research. In brief,
optimization of the chromatographic procedure showed that
the best separation between the plasma and serum constitu-
ents HX, X and UA could be obtained with a 100 mmol L'
potassium dihydrogen phosphate buffer with a pH 1.5. For
this solvent one chromatographic run takes only 6.5 min and
a sufficient separation is established for all analytes of inter-
est. All analytes can be quantified from the same chromato-
graphic run using photodiode array detector. The recoveries
were in range 96—105%, intra- and inter-day precision, lim-
its of detection, limits of quantification and linearity were
adequate to a physiologically observable levels of all ana-
Iytes. No interferences were found.
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