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Hipoxantina, xantinae &cido Urico sdo purinas encontradas em fluidos extracel ulares, que podem
ser utilizados como marcadores metabdlicos, indicadores da idade de carnes e outras aplicagOes.
Estudosvoltamétricosforam desenvolvidos parainvestigar apossibilidade dadeterminacdo smultanea
destes analitos em ultramicroel etrodos de fibrade carbono (didametro de 7 um). Os estudos ef etuados
mostraram a possi bilidade destas determinagdes com coeficientes médios de recuperacéo da ordem

de 97,6%, ao nivel de umol L1,

Hypoxanthine, xanthine and uric acid are purines present in extracel lular fluids that can be used
asmetabolic markers, in eval uation of meat conservation and other applications. Voltammetric stud-
ies were performed in order to investigate the possibility of simultaneous determination of these
compounds using carbon fiber ultramicroelectrodes (7 um diameter). The studies revealed the
possibility for performing such determinations with mean recoveries of 97.6% in mixtures of the

three compounds at pmol L1 level.
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I ntroduction

Oxypurinesxanthine (XA), hypoxanthine (HX) and uric
acid (UA) are products of metabolism of nucleotides! and
can befound in extracellular fluids. Their determinationis
important since they can be related with the depletion of
adenosine triphosphate (ATP) in tissues? and are the final
products of purine metabolism in humans. Overproduction
of UA can cause gout34.

Chromatographic methods for purine determination
are summarized in reviews®. Electrochemical methods
include stripping of Cu(ll) complexest-10, adsorptive
stripping of purines from Hgll. Immobilization of the
enzyme xanthine oxidase to electrodes has also been
used!2-15 asit catalyses the conversion of XA and HX to
UA. Recently we evaluated the performance of carbon
electrodes and carbon fiber ultramicroelectrodes in
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amperometric determination of XA and HX, inrelationto
the surface activation in different techniquesl®.

In the present study the possibilities of simultaneous
determination of XA, HX and UA areinvestigated at carbon
fiber ultramicroelectrodes. The interference of uric acid
generated in xanthine oxidation isevaluated using fast scan
voltammetry in phosphate buffer at physiological pH, with
the advantages of a miniaturized system.

Experimental

All the chemicals were of analytical grade and used
without further purification. The experiments were
performed in 70 mmol L-1 phosphate buffer at pH 7.4.

The instrumental setup as well as the carbon fiber
ultramicroelectrode (CF-UME) preparation have been
described earlierl”. Briefly, atriangular waveform from a
function generator (Universal Programmer PAR-175EG& G)
was applied to atwo electrode cell (80 pL internal volume).
The current at the CF-UME was monitored using an
oscilloscope (Le Croy — 9310) coupled to a home made
pre-amplifierl8. A microcomputer was employed for data
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acquisition. The reference in all measurements was a
saturated calomel electrode (SCE).

The CF-UME was electrochemically pretreated by
successively cycling the electrode in 70 mmol L1
phosphate buffer pH 7.4 between +1.5 and -1.0 V, for 30
minutesat 10V s117,

The voltammograms were measured between +1.5 and
—1.0V, at 10V s, Initially the mean of afixed number of
background scans was recorded in one channel of the
oscilloscope. The same number of scanswastaken for the
sample and the mean stored in a second channel of the
oscilloscope, then subtracted from the previously stored
mean background signal. The currents were measured at
the potential of maximum signal around +1.2 (HX), +0.8
(XA),and+0,5V (UA) relativeto the SCE.

Resultsand Discussion

S multaneous deter mination of XA e HX

Background subtracted voltammograms of 100 mmol L1
of XA and HX in 70 mmol L-1 phosphate buffer, pH 7.4,
after 100 cycles(10V s1) at electrochemically pretreated
CF-UME arepresented in Figure 1.

Attribution of the peakswas discussed by Hansen and
Dryhurst (XA)° and by Conway and coworK ers (HX)20.

Current
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Figure 1. 100 pmol L1 XA (a) and HX (b) voltammograms at
pretreated CF-UME in 70 mmol L1 phosphate buffer, pH 7.4, after
100 cycles at 10 V s?.
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Peaks| and |1 inthe XA voltammogram wererelated to
the UA (generated in the XA oxidation) reversible redox
process, and presented no influenceinthe X A determination.
At lower scan rates (< 500 mV s1) these peaks were not
observed?! and should not interfere in the UA current.

Typical resultsfor simultaneous determination of XA
and HX areshownin Figure 2, at pretreated CF-UME, after
100 cycles at 10 V s, under conditions that have been
established earlier?2. The currents were measured at the
potential of maximum signal and the results presented in
Table 1. From the data it is possible to conclude that XA
and HX can be determined simultaneously. Data for
individual XA and HX are also shownin Table 1.
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Figure 2. Analytical curves for simultaneous determination of XA
and HX, under the conditions described in Table 2. In the detail a
voltammogram of a mixture of XA and HX both 17 pumol L-1.

Table 1. Analytical results for individual purines and mixtures of
XA/HX and XA/UAZ,

Analyte LODP LDR Sensitivity
pumol L1 pmol LT A L mol'l em?2
XA 6 6-30 101
HX 2 2-30 79.8
UA 1 2-20 112
Mixtures (1:1 / mol L1)
XA 4¢ 4-17 95.7
HX 4¢ 4-17 124
UAd - 4-20 42.2¢
UA in presence of XA
XA 5 pmol L'1-10V st 2 4-15 109
-500vVsl 2 2-20 468
XA 15 umol L'1-10v sl 2 4-8 15.6
-500V sl 2 - 286

a 70 mmol LT phosphate buffer, pH 7.4, UME radius 3.5x10% cm,
scan rate 10V s1, 100 cycles; b. Limit of Detection = 3 x peak-to-
peak noise; c. estimated from 3 x the peak-to-peak noise; d. generated
in xanthine oxidation; e. supposing 100% XA converted to UA.

Interference of XA on the UA signal

Since the UA generated by XA oxidation shows a
significant signal under the scan rates used in the present
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work, it could interferein the UA determination when both
XA and UA are present in the same solution.

In order of evaluate the influence of the UA generated
in XA oxidation on the signal of the UA present in the
same sample and the possibility of reducing the
interference by increasing the scan rate, mixturesof UA in
different concentrations and fixed XA were prepared and
their cyclic voltammograms were recorded at 10 and 500
V s1. Theresults are shown in Figure 3.

At 10 V sl in the presence of 5 umol L1 XA, the UA
presented the same senditivity as in the absence of XA,
suggesting that under such conditions there is no influence
from XA in UA determination. When XA wasfixed at 15 pmol
L1, theLDR (linear dynamic range) for UA isshorter and the
sengitivity decreased significantly. The UA current increased
exponentially over 8 umol L1 UA, showing a significant
influence of XA on UA determination at this concentration
level. Itisinteresting to note that the current measured for UA
generatedin XA oxidationishigher thanthe XA currentinthis
case. The decrease of UA sensitivity may be caused by the
adsorption of XA (or its oxidation products) on the electrode
surface. When thedeterminationisperformed at 500V s, the
inter-ferenceof 5umol L1 XA inUA currentislower, asthe XA
signal is significantly reduced at such scan ratel8. When
15 pmol L1 XA is present the LDR for UA determination is
changed and the senditivity islowered (see Table 1).

The use of 10 V s is a reasonable approach for the
determination of both analytes, asthe XA peak presented
alower resolution at higher scan rates?2.
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S multaneous deter mination of XA, HX and UA

Inthese experiments mixturesof XA, HX and UA at the
same concentration have been prepared and the currents
measured for each compound at 10V s'1, after 100 cycles
in 70 mmol L1 phosphate buffer, pH 7.4. The results are
summarizedin Table 2. It was concluded that it ispossible
to determine the three compounds in the same sample
without interference at this concentration level.

Table 2. Analytical results for mixtures of XA, HX and UA2

Sample LODP LDR Sensitivity
pumol L1 pmol L1 A L mol'l em?2
Mixture (1:1:1 juM)
XA 2 6-15 127
HX 2 6-15 200
UA 2 4-10 159

a. 70 mmol LT phosphate buffer pH 7.4, UME radius 3.5x10-% cm,
scan rate 10 V s'1, 100 cycles. b Limit of detection = 3 x signal/noise.

Recovery testswere performed in mixtures8:6:6 umol L1
of the analytes. These concentrations were chosen to be near
thelimit of detection and inthelinear dynamic rangefor three
purines. Theresultsarepresented in Table 3.

Table 3. Recovery tests for mixtures of XA, HX and UA&b,

Mixture / pM Recovery / pmol L1 (%)
HX XA UA HX XA UA
8 6 6 7.1(89) 6.7(111) 7.1(119)
6 6 8 7.1(118) 6.7(111) 8.7(108)
6 8 6 6.7(112)  7.3(91)  7.1(119)

a. Conditions as in Table 2. b. Mean of three determinations.
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Figure 3. Influence of 5 (a,c) and 15 (b,d) umol L' XA in UA analytical curves, at 10 (ab) and 500 (c,d) V s1. Other conditions as in Table 2.
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The recoveries between 89-119% (mean recovery
97.6%), were considered satisfactory in view of the
complexity of the mixtures and the concentration level
determined. These datasuggest apositive outlook for future
applicationsin samples of thismagnitude of concentration.

The positive intercepts in all plots of Figure 3 are
probably related to the presence of UA from XA oxidation.
Lower detection limits have been observed in stripping
methods’10, but with the inconvenience of using the
mercury electrode.
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