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Determination of Oxalic Acid in Urine by lon Chromatography
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Urinary oxalic acid was measured after meals in order to examine the possibility of biological
monitoring using ion chromatography. Urinary excretion of oxalic acid reached maximum values in
four hours after meals. In this experiment the relationship between the amount of oxalic acid intake
and the amount of urinary oxalic acid is not been discussed. However, it was shown that monitoring
of oxalic acid intake could be possible by urinary oxalic acid. Further research in to the monitoring
of oxalic acid intake by creatinine adjustment is needed in the future.
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Introduction

Leafy vegetables such spinach are known to
moderate amounts of soluble and insoluble oxalic acid.

Soluble oxalic acid, when consumed, has the
ability to bind to calcium in the spinach and any
calcium in foods consumed with the spinach, reducing
the absorption of soluble oxalic acid [1].

A high oxalic acid uptake from the diet is thought
to play a role in hyperoxaluria, a documented risk
factor in the formation of calcium oxalic acid kidney
stones [2]. Absorptive or “dietary” hyperoxaluria
is generally thought to be a direct consequence of
oxalic acid bioavailability. Therefore, people with an
increased risk of calcium oxalic acid stone formation
are commonly advised to avoid consuming oxalic acid
rich foods.

A number of foods such as spinach, rhubarb,
beets, nuts, chocolate, wheat bran, and strawberries
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are known to contain high oxalic acid levels [2].
These are foodstuffs that have a high ratio of oxalic
acid to calcium and are thought to have a big effect on
calcium availability from other foods consumed at the
same time.

Until recently, there was little interest in food
oxalic acid values because the dominant paradigm was
that dietary oxalic acid contributed only 10% of daily
oxalic acid excretion. This changed in 2001 when
Holmes and colleagues showed that 24% to 53% of
urinary oxalic acid originated from dietary oxalic acid
at typical intakes of 10 to 250 mg per day [3].

The present study was undertaken to examine the
possibility that the amount of oxalic acid intake can be
estimated by determining the concentration of urinary
oxalic acid using ion chromatography.

Materials and Method

Chemicals

All chemicals were analytical grade and the water
was deionized prior to distillation.
Experimental Subject

One male subject (59 year-old) who had experienced
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suffering from ureteral calculi ate daily meals or a
single meal. Urine was collected thereafter.
Daily meal pattern

The subject had meals at seven, twelve noon and
six p.m.. The urine was collected at every 1-hour
interval thereafter.

Single meal pattern

A single meal was ingested at seven o'clock. The
urine was collected at every 1-hour interval after the
single meal.

Ion chromatography system

All urine samples were diluted 10—fold in distilled
water and injected to ion chromatography through a
0.45 ym pore size cellulose acetate filter.

The ion chromatography system used in this study
consisted of a Dionex 2000i/SP ion chromatograph,
a Dionex HPIC-AS4A column (4 X 250mm) with
an IonPac AG4A guard column (4 X50mm) and a
Chromatocorder 12 integrator. The mobile phase
was composed of 1.8mM sodium carbonate, 1.7mM
sodium hydrogencarbonate at a flow rate of 1.0ml/min
at 30°C. Oxalic acid contents were calculated from
the standard curve prepared with standard oxalic acid
solution.

Determination of urinary creatinine [4]

Urine was diluted 100 times with 4 distilled water
and 20l of the diluted urine was subjected to high-
performance liquid chromatography. Separation of
urinary creatinine was achieved with a Shodex DS—4
liquid chromatography apparatus equipped with a
Rheodyne Model 7125 injector. Column effluents
were monitored at 265nm with a Shodex UV-41
variable-wavelength detector. A Shodex RSpak DE-
413 column (6 X 150mm) was used. The mobile phase
was composed of 8mM phosphate buffer, pH 6.8,
containing 3mM tetra-n-butylammonium bromide. The
flow rate was 0.8ml/min. Creatinine contents were
calculated with SIC 7 Data Station.

Results and Discussion

The contents of a single meal are shown in Table
1. All plant foods contain some oxalic acid, but these
have high amounts of oxalic acid and have been shown
to increase urinary oxalic acid after eating. A number
of foods such as spinach, wheat, cucumber and black
tea are known to contain high oxalic acid levels. In
this experiment, the amount of oxalic acid in the meal
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Table 1 Contents of a single meal
Bread 120 g
Ham 158
Cucumber 15¢g
Spinach (boiled) 200 g
Apple 30¢g
Yogurt 20g
Coffee 180 ml
Black tea 180 ml
Tomato juice 100 ml

[
L
.

Fig. 1 A typical ion chromatogram of urine diluted 10 times with
distilled water after meal.

has not been measured.

A typical ion chromatogram of urine after a meal
is shown in Fig. 1. Oxalic acid was eluted at 11.5
minutes and was completely separated from other
peaks. This ion chromatography was a very useful
method for the analysis of urinary oxalic acid. It
can be expected that another direct technique for
analyzing oxalic acid, gas chromatography, would
also be suitable for the analysis of oxalic acid, but it
would require a derivatization step to make oxalic acid
volatile, thus increasing the assay time.

Fig. 2 shows the time-dependent curve of oxalic
acid excretion in the urine in the daily meal pattern.
Urinary oxalic acid excretion increased gradually
after breakfast, the peak of excretion was observed
at four hours after breakfast. In excretion after
lunch, with the peak observed at four hours after the
meal. It is thought that there was more oxalic acid
excretion after lunch than after breakfast because of
larger amount of food ingested at lunch. Excretion at
24 hours after the start of measurement, i.e. the next
day’s breakfast, represents an average of values from
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Fig. 2

Time-dependent curve of urinary oxalic acid in the daily meal pattern. Arrows indicate meal times.
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Fig. 3

two hours to 11 hours after dinner. Therefore, the
peak of excretion is not known, but it can be inferred
as occurring at four hours after breakfast and likewise
after lunch. The amount of excretion after dinner can
be inferred as being more than for after lunch.

Fig. 3 shows the time-dependent curve of urinary
oxalic acid excretion after administration of a single
meal. Measured values represented the amount of
oxalic acid excreted per hour.

The peak of excretion was four hours after the
meal. Excretion in urine decreased gradually after
peaking.

With a sufficient oral load, plasma oxalic acid can
be shown to increase within one hour, and to peak
at four to six hours [5]. Because oxalic acid is not
significantly metabolized in human beings, urinary
excretion also begins almost immediately, with peaks

Time-dependent curve of urinary oxalic acid after a single meal. Arrow indicates meal time.

between three and six hours [5, 6]. Eighty percent
to 90% of an oral oxalic acid load is excreted within
eight to 11 hours, with 95% to 100% excretion
at the completion of 24 hours [7, 8]. Therefore,
increases in urinary excretion of oxalic acid after a
load can be assumed to be equal to the absorption of
oxalic acid from that load.

Results of this experiment were also almost the
same as in other resarch. This indicates that there is
a major uptake of oxalic acid from the small intestine
in humans. The relationship between soluble and
insoluble oxalic acid in the small intestine seems to
have a major effect on oxalic acid bioavailability,
since ingestion of calcium together with oxalic acid
rich foods has been shown to lower the uptake of
both calcium and oxalic acid [9]. This indicates
that insoluble calcium oxalic acid has a much lower
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Fig. 4

bioavailability than the soluble form of oxalic acid,
and that an oxalic acid rich/low calcium diet leads to
a greater uptake of oxalic acid.

Fig. 4 shows the time-dependent curve of urinary
oxalic acid excretion corrected for creatinine after
administration of single meal. Creatinine adjustment
has been thought to be an effective measure in cases
of spot urine sampling, which is very concentrated
or diluted. Urinary oxalic acid excretions corrected
for creatinine reached their maximum values five
hours after the meal. In this measurement, the peak
time for urinary oxalic acid excretion corrected for
creatinine was different from oxalic acid excretion
without creatinine correction. Further monitoring by
creatinine adjustment is needed in the future.

The source of this oxalic acid is endogenous
synthesis from protein and carbohydrates as well as
ascorbate metabolism. Although the exact metabolic
pathways in human beings are not fully understood,
the major sources of oxalic acid are from amino
acids through glyoxylate and from carbons 1 and 2 of
ascorbate [10].

Dietary oxalic acid appears to contribute only
about 10% of the urinary oxalic acid in healthy non-
stone-forming individuals who eat Western-type
diets [11]. However, the increase in urinary oxalic
acid can be quite substantial when the dietary oxalic
acid load is high and bioavailability or absorption is
greater than normal.

In this experiment, the relationship between the
amount of oxalic acid intake and the amount of urinary

Time-dependent curve of urinary oxalic acid corrected for creatinine (Cr) after a single meal time. Arrow indicates meal time.

oxalic acid has not been discussed, however, it was
shown that monitoring oxalic acid intake could be
possible by measuring urinary oxalic acid.
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