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Desenvolveu-se um método por injecdo em fluxo para determinagdo de oxalato em urina,
baseado nautilizag8o da oxalato oxidase (E.C. 1.2.3.4) imobilizada em sementes trituradas de
Sorghumvulgare, variedade BR-303. Amostras de 200 nl. contendo oxalato sdo introduzidas
num fluxo de &gua deionizada que passa por um reator, em formade coluna, preenchido com o
material enzimético ativado. O diéxido de carbono produzido pela reagdo enzimética é
conduzido, pelo fluxo, até uma cela de permeagdo, contendo uma membrana de PTFE, onde
permeia para um outro fluxo de &gua deionizada. Este fluxo passa por uma cela de
condutividade. A presenca de didxido de carbono provoca uma diferenca na condutividade,
proporcional a concentragdo de oxalato originalmente presente na amostra. Os resultados
obtidos mostram uma faixa de linearidade entre 0,05 e 0,50 mmol dm™. O método proposto,
quando comparado com o procedimento enzimético daSigma, mostraumaboacorrelaggo (Y =
0,006(+0,016) + 0,98(+0,019) X, r =0,9995, Y = condutividade em n5e X = concentragdo em
mmol dm™), seletividade e sensibilidade. O novo procedimento de imobilizagdo promove
grande aumento de estabilidade da enzima permitindo a determinag&o de oxalato por cercade
seis meses. Cerca de 13 determinactes podem ser realizadas por hora. A precisio do método
proposto é bastante satisfatéria (d.p.r. = £ 3,2 %).

A flow-injection (FI) method was developed for the determination of oxalate in urine. It
was based on the use of oxalate oxidase (E.C. 1.2.3.4) immobilized on ground seeds of the
BR-303 Sorghum vulgare variety. A reactor was filled with this activated material, and the
samples (200 ni.) containing oxal ate were passed throughit, carried by adei onized water flow.
The carbon dioxide produced by the enzyme reaction permeated through amicroporous PTFE
membrane, and was received in awater acceptor stream, promoting conductivity changes pro-
portional totheoxal ate concentration inthe sample. Theresultsobtai ned showed auseful linear
range from 0.05 to 0.50 mmol dm 3. The proposed method, when compared with the Sigmaen-
zymatic procedure, showed good correlation (Y = 0.006(+0.016) + 0.98(+0.019)X; r = 0.9995,
Y = conductivity in n$, and X = concentration in mmol dm™3), selectivity, and sensitivity. The
new immobilization approach promotes greater stability, allowing oxal ate determination for 6
months. About 13 determinations can be performed per hour. The precision of the proposed
method is about + 3.2 % (r.s.d).
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In recent years alarge number of methods®” have been
developed to immobilize enzymes on solid matrices. The
most predominant method is that of carrier binding, and
many commercialy available immobilized enzymes are
found with synthetic matrices. Crude materials like Sor-
ghum vulgare may contain many organic compounds,
mainly polysaccharides, proteins, and lipids. In this work
we have used natural seeds activated with glutaraldehyde.
The ionic interaction, hydroxyl groups from the polysac-
charides, and proteins may be attracted by hydrophilic re-
gions of the enzyme molecule, while lipid groups may
supply additional attraction to the hydrophobic regions of
the enzyme. In addition, the amino groups of the proteins
may link with glutaraldehyde molecules and yield a cross
linking interaction with the enzyme. With thiskind of im-
mobilization, the fragile enzyme molecules may be pro-
tected by an appropriate micro environment, different from
those observed when artificial supports are employed. Na
turewasthefirst torealizethis, sinceliving organismshave
many enzymes in the immobilized form.

Thedetermination of oxalatein urinehasbeen very im-
portant for the clinical diagnosis of various forms of
hyperoxaluriaand urinary tract stones®®. Current methods
for oxalate determinations include solvent extraction and
precipitation®, aswell ascolorimetric'?, fluorimetrict!, and
chromatographic methods'? 4. All of these methods re-
quire laborious sample pretreatment dueto problems of in-
terference. In addition, the majority of chromatographic
methods involve HPL C, which presents high costs. On the
other hand, an immobilized enzyme procedure has many
advantages, such as selectivity and sensitivity, low cost and
speed™®. Generally, the purified enzymes are immobilized
on inorganic matrices or polysaccharides. In al of them,
matrix activation, sample preparation, and FI manifold de-
mand complicated steps, including analyte separa
tiont21621 For oxalateanalysis, the most used enzyme has
beentheoxalateoxidase(E.C. 1.2.3.4) fromdifferent vege-
tables sources such as barley®, bananas®, amarantus®, sor-
ghum®, beets’, etc.

Asfar asweknow, there are no methodsthat use the bi-
ol ogical supportsfor enzymeimmobilization that are or not
employed in flow injection analysis described in the litera-
ture. As Sorghum vulgar e seeds present naturally immobi-
lized oxalate oxidase®, the pure enzyme can be easily
immobilized onto its surface, increasing the enzyme activ-
ity, allowing the use of this materia in the proposed FI
method for oxal ate determination. The use of such material
presents advantages such as high stability and low cost.

Thiswork describesaflow injection (FI) systemfor the
determination of oxalate in urine, using a new support for
enzyme immobilization and a flow conductimetric detec-
tor. The use of this natural support increases the stability
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and activity of the enzyme reactor. The carbon
dioxide produced was detected using a conductimetric
methodology.

Experimental
Materials

All reactants used were of analytical grade. Oxalate
urinecontrol, N, and E, oxalateoxidase (E.C.1.2.3.4), were
obtained from Sigma (St. Louis). Standard oxalic acid so-
lutions, with concentrations from 0.05 to 1.0 mmol dm’3,
were prepared in a 0.05 mol dm™ sodium
dihydrogenophosphate/phosphoric acid solution (pH =
3.0). Cdlibration curves were made daily with these solu-
tions. A 10 mmol dm™ oxalic acid solution was prepared,
and suitablevolumeswere added to pre-treated urine speci-
mens by the standard addition method. All measurements
were performed using deionized water obtained from a
NANOPURE® deionizer (0.056 nB). All data were ex-
pressed in millimol (mmol) of oxalic acid in 24 h urine
specimens.

Apparatus

Peristaltic pump - Ismatec mp13 GJ.

Conductivity meter - Micronal model B-331 connected
to a chart recorder, Cole-Palmer 9375 series

Spectrophotometer - Single beam Micronal model
B-382.

Conductimetric flow cell - as previously described?.

CO; Permeation cell - already published®.

Sample preparation

Several 24 h urine specimens were collected, and then
appropriate dilutions were made in 0.05 mol dm3 sodium
dihydrogenophosphate pH 3.0 solution adjusted with phos-
phoricacid. Urinespecimenswerefrozenwhennotinuse.

The results were compared with those obtained by the
enzymatic spectrophotometric method (Sigma Catal og no.
591C/94).

Enzyme immobilization

Sorghum vulgare seeds (BR-303) from
EMBRAPA/BRAZIL were ground with amortar and pes-
tleand passed through asieveto get homogeneousparticles
of about Imminsize. A 5gamount wasimmersed in aque-
ous 25% (w/v) glutaraldehyde solution overnight at 5 °C.
The supernatant was rejected and the pieces were washed
ten times with deionized water and four times with 0.10
mol dm3 glycine solution. Further washing with deionized
water was performed to eliminate the excess glycine. Two
batches of 1.2 g of activated Sorghum vulgare seeds were
submitted to immobilize the oxalate oxidase (Sigma
0-4127); one with 0.42 nkatal and the other with 0.17
mkatal of the enzyme, and then 2 mL of a 0.05 mol dm



Vol. 8, No. 1, 1997

succinate buffer (pH 3.8) were added. Then, the mixtures
were stored for a week in a refrigerator at 5 °C. Finaly
these materials, after being washed with a 0.05 mol dm3
succinate buffer solution (pH 3.8), were used for the con-
struction of the enzyme reactors.

Method

Theenzymereactor (2100 mmlength/2.5mmi.d. poly-
ethylene tube) filled with the natural material, onto which
oxal ate oxidase was immobilized, was used in atypical Fl
set-up (Fig. 1). A conductimetricflow cell, with aninternal
volume of 25 nL and aconstant of 0.186 S, wasused in all
measurements.

When injected (200 ni. sample) into the carrier stream
which passes through the enzyme reactor, the oxalic acid
reacts with the enzyme to produce carbon dioxide. This
CO2 permeates through the stretched
polytetrafluoroethylene (PTFE) membraneinto the second
water stream changing the conductivity (CO, + H2O =
HCOs + H*). In order to obtain a damping system for the
flow, the waste tips were immersed at the same depthin a
beaker completely filled with water. For comparison, a
non-enzymeatic reactor wasemployed, using atubewiththe
same dimensions, but having pieces of Styrofoam® as an
inert filler material with a size similar to that of the Sor-
ghum vulgare.

Results and Discussion

The immobilized sorghum seeds enzyme gave a reac-
tion that showed reasonable stability for six months, i.e.
carrying out about 20 assays per day, it remained at 65%
relativeactivity. Apparently, theglutaraldehydeusedinthe
immobilization processhel ps prevent the decomposition of
the biological material by microorganisms.

The reactor with 0.42 nkatal of enzyme gave a good
performance and wasused in all experiments. Assayswere
carried out using standard sol utionsto determinethebest F

mL.min’!
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Al1.0 —
Bl1l.1 _E_
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Pl W I SV

Figurel. Theconductimetric FI manifold : A and B, deionized water
carrier streams; P, peristaltic pump; S, sampleinlet loop; ER, enzyme
reactor; NR, non-enzymatic reactor; RI, ion exchange resin clean-up
column; V, selection valve; SV, sampling valve system; PM, perme-
ation cell; FC, conductance flow cell; C, conductivity meter; R, chart
recorder; and W, waste.
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conditions. InFig. 2, theinfluence of pH onthe peak height
isshown. Thebest enzyme activity occursat pH 3.0. Below
this value, the enzyme lost activity, although at higher
hydrogenionic concentrations the carbon dioxide perme-
ationthroughthe PTFE membraneisfavored. At pH values
above 3.0, theequilibriumisdisplaced totheright, decreas-
ing the amount of CO; that permeates through the PTFE
membrane. Asaconseguence, alowering of the signal was
observed.

CO2 + H0 HCOs +H*

Table 1 showsthat theflow rateof 1.1 mL mintand 3.5
min for washing time were the best conditions established
experimentally, when apolyethyleneloop with avolume of
200, (0.7 mmi.d.) wasused. Despitethefact that witha
flow rate of 0.67 mL min* higher signals are obtained than
with 1.11 mL min}, the washing time is increased 3.4
times, decreasing the sampling rate to a maximum of 4 per
hour.

Table 1. Therelationship between flow rate, peak height, and wash-
ing time for the FI method.

Flow Rate Peak Height Washing Time
(mL min?Y (mm) (min)
0.67 192 12.0
0.86 175 6.0
111 173 35
134 160 3.0

FI conditions: oxalic acid 0.50 mmol dm'3, pH=3.0,T=25.0£0.5°C,
and 200 L loop sample.
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Figure 2. Theeffect of pH on the enzyme reactor for 0.50 mmol dm
oxalate standard solution in NaH2PO4/H3PO4 media. Temperature
controlled at 25.0 + 0.5 °C.
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Figure3. FI calibration runsfor the determination of oxalic acid. From
left to right: triplicate signals for oxalic acid standard solutions (0.05,
0.10, 0.25, 0.50, 0.75, 1.0 mmol dm'a, and theinverse order), with sev-
eral additional signalsfrom the0.10 mmol dm solution for arepestability
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A typical conductimetric FI profile and the repeatabil-
ity for 0.10 mmol dm areshowninFig. 3. Thecdibration
curvefor oxal ate determinations, obtained under the condi-
tions described, presents a useful range between 0.05 and
0.50 mmol dm™ of oxalic acid. Thisrange can befitted by a
linear function[Y =1.1(£0.77) + 229 (= 3) X,r=0.9997 for
n="5], witharelative standard deviation (r.s.d.) of + 3.2%.

Since urine matrices usually change significantly, the
standard addition method was used for all determinations,
making dilutions of the samplesto theworking range. The
oxaate concentrations present in the sample can be ob-
tained graphically by interpolation.

Urine specimensfrom 3 adult male donors, and Eand N
controls from Sigma were analyzed, using the established
Sigma spectrophotometric method and the method pro-
posed in this study. The results are shown in Table 2. The
statistical t-test was used to comparetheresultsobtained by
thetwo methods. It can be observed that thereare no signif-
icant differences between the results at a 95% confidence
level.

The proposed FI method issimpler and less expensive.
In addition, the sample pretreatment is eliminated, asisthe
interference from ascorbic acid. These features are not
commonly found in other procedures®>*’. The new immo-
bilization approach appears to be very convenient since it
preserves the enzyme activity at useful levels for alonger
period of time.

The developed flow injection system for oxal ate deter-
mination presented auseful concentration range from 0.05
mmol dm 3 up to 0.50 mmol dm3, Although the main spec-
trophotometric and amperometric methods published
show lower detection limits, they present several interfer-
ence problems for biological sample analysis. The pro-
posed method shows good performance for the
determination of oxalic acid in urine without interference,
presenting good operational advantages.

Table2. A comparison between the val ues obtai ned by the Sigma spectrophotometric and the proposed FI methodsfor oxalatein urine specimens

using the statistical student’s t-test?.

Methods
Urines Spectrophotometric Proposed Calculated*
(mmol/24 h) (mmol/24 h) t-values
N’ 0.29+0.01 0.30+0.01 1.00
E 1.31+0.02 1.30+0.04 0.30
1 0.30+0.01 0.28+0.01 2.00
2 0.16 £ 0.01 0.18+0.01 2.00
3 1.34+0.02 1.31+0.04 0.91

Values presentedin mmol/24 h. * Lyophilized urinesreconstituted in 25 and 20 mL for N and E controlsrespectively. Daily final volume of these
samplesis 1.48 dm. " Tabulated t value for the degree of freedom (n) 4 is2.776 (a = 0.05); n = ny = nz = 3in thisinstance.
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