Innovative HPLC » SMB * Osmometry

KNAUER

Certified quality management DIN EN ISO 9001:2000

ASl - ADVANCED SCIENTIFIC INSTRUMENTS

Determination of Citrate and Oxalate in Urine with IC
S.Marten, J.Harms, Wissenschaftliche Geratebau Dr. Ing. H.Knauer GmbH

Introduction:

In the last few years, ion chromatography (IC) has
achieved a high level of acceptance. One of the
most important applications of IC in the clinical area
is the analysis of organic and anorganic ions in
physiological fluids, such as urine, plasma, and
serum. On average, 3 g of assorted acids including
oxalic acid, citric acid, and free amino acids are
excreted in the urine daily. Inborn metabolic
diseases such as primary hyperoxaluria and
inflammatory intestinal illnesses such as Morbus
Crohn's disease are associated with an increase in
the oxalate concentration in urine and thereby
promoted buildup of calcium oxalate stones. An
increase in the oxalate concentration in urine can be
an indicator of future urinary stones. Citrate, on the
other hand, acts as an important inhibitor of calcium
oxalate and calcium phosphate crystal formation.
This is the reason why alkaline citrates are so often
effective in current therapies. The chief mechanism
of action in the treatment of urinary stones is to
raise the urine pH value and to produce a

Method parameter:
Column:

Eluent:

Flow rate:
Temperature:

Injection volume: 5l
Detection:

1 ml/min

The calibration solutions for citrate and oxalate were
prepared in a concentration range between 0.025
mmol/L and 2 mmol/L. The standard solutions for
this calibration range must be prepared daily since
the stability of the solutions is limited. The stock
solutions are stable for several days and must be
prepared fresh once a week. In order to obtain
useful measurements, a sensitivity range of 5 uS
was chosen. The samples were diluted 1:20 with
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concomitant increase in renal citrate excretion. The
citrate concentration in urine is due not only to that
amount which is produced in the body but also to
that which is contributed by certain foods. High
consumption of animal proteins as well as a calcium
deficiency can lead to decreased citrate excretion. A
decreased excretion of citrate (< 2.5 mmol in 24 h)
is detectable in 50% of patients with calcium oxalate
stones. In order to understand and supervise a
treatment for the overdevelopment of calcium
oxalate containing urinary stones, a specific and
sensitive method for the determination of citrate and
oxalate is necessary. With a Smartline IC System
from Knauer, a simple and fast analysis of oxalate
and citrate in the presence of sulfate ions can be
carried out using an anion exchange column. The IC
system consists of the Smartline Pump 1000, the
Conductivity Detector 650 with suppressor, the
Autosampler 3900, the Manager 5000 with
degasser module and interface, as well as the
Column Thermostat 4000.

Novosep™ A-2, 250 x4 mm
isocratic, 15 mmol Na,CO;

column: 50 °C / detector cell: 45 °C

conductivity with suppression

distilled water and subsequently filtered through a
0.45 ym membrane. The injection volume amounted
to 5 pl for both the standard and sample solutions.
Since the stability of the sample solution is limited,
the measurement should take place within 24 h of
sample preparation. In order to prevent irreversible
adsorption of the urine sample to the anion
exchange column, the use of a precolumn is
essential.
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Results:

The analysis of oxalate and citrate can be carried

out very accurately and reproducibly by means of

ion chromatography. The retention of both acid

anions can be significantly accelerated without

overlapping the oxalate peak with that of the

ubiquitous sulfate peak in urine by adjusting the

concentration of the buffer eluent (e.g. to 15 mmol

Na>CO3). If the anorganic anions are also to be

determined simultaneously, this is possible by

lowering the buffer concentration. The retention

times for both organic acid anions would be

however thereby increased. The average

concentration of oxalate in urine lies between 0.05

and 0.3 mmol/L. A higher concentration is an

indicator for the potential formation of urinary

stones. The maximum sulfate concentration which 1 Q ! 5
can be injected without problems is about 300 mg/L.

Assuming an average sulfate concentration in urine

of 1700 to 2700 mg/L, a
dilution in the range of 10 to 20
is suitable. In addition, the ' Urine sample (blue) diluted 1:20, overlaid with standard
sulfate can be precipitated out s

of solution during the sample
preparation by the addition of

BaCl,. The insoluble BaSO4 ;
precipitate produced is easily
removed by centrifugation. The .
drawback is that chloride can i
no longer be determined once
the sample has been so
treated. In the case that a high ;
sulfate concentration interferes \‘\k
with the oxalate peaks, this -

sample preparation step

presents itself as a practical

alternative.

The detection limit for oxalate under the given
conditions is 0.006 mmol/L and 0.03 mmol/L for
citrate. Based on the 1:20 dilution, the detection limit
in urine for oxalate is 0.125 mmol/L and 0.6 mmol/L
for citrate. Since the injection volume was set at 5
ul, there is ample possibility for increasing the
sensitivity if necessary. The calibration curves
produced from the standard solutions show very
good linearity over the entire range (rzoxmate =
0.999925 / rgitrate = 0.999923). The donors who
provided the urine samples were not known to have
any disease, so an elevated oxalate value was not
expected from the urine samples investigated. This
was confirmed by the analyses carried out. The
concentration range for oxalate fluctuated between
0.1 mmol/L and 0.4 mmol/L. The citrate content was
markedly higher as expected. The values found
were in the range of 0.9 mmol/L to 3.6 mmol/L. The
reproducibility of this method was verified through 5
repetitive injections. The relative standard deviation
for these measurements was 2.8 %.
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