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Abstract Metabolic evaluation of stone-forming (SF)
patients is based on the determination of calcium, oxa-
late, citrate, uric acid and other parameters in 24-h
urine samples under a random diet. A reliable mea-
surement of urinary oxalate requires the collection of
urine in a receptacle containing acid preservative.
However, urinary uric acid cannot be determined in
the same sample under this condition. Therefore, we
tested the hypothesis that the addition of preservatives
(acid or alkali) after urine collection would not modify
the results of those lithogenic parameters. Thirty-four
healthy subjects (HS) were submitted to two non-con-
secutive collections of 24-h urine. The Wrst sample was
collected in a receptacle containing hydrochloric acid
(HCl 6 N) and the second in a dry plastic container,
with HCl being added as soon as the urine sample was
received at the laboratory. Additionally, 34 HS and 34
SF patients collected a spot urine sample that was
divided into four aliquots, one containing HCl, another
containing sodium bicarbonate (NaHCO3 5 g/l), and
two others in which these two preservative agents were
added 24 h later. Urinary oxalate, calcium, magnesium,
citrate, creatinine and uric acid were determined. Uri-
nary parameters were also evaluated in the presence of
calcium oxalate or uric acid crystals. Mean values of all
urinary parameters obtained from previously acidiWed
24-h urine samples did not diVer from those where acid

was added after urine collection. The same was true for
spot urine samples, with the exception of urinary cit-
rate that presented a slight albeit signiWcant change of
5.9% between samples in HS and 3.1% in SF. Uric acid
was also not diVerent between pre- and post-alkalin-
ized spot urine samples. The presence of crystals did
not alter these results. We concluded that post-delivery
acidiWcation or alkalinization of urine samples does not
modify the measured levels of urinary oxalate, calcium,
magnesium, creatinine and uric acid, and that the
change on citrate was not relevant, hence allowing all
parameters to be determined in a single urine sample,
thus avoiding the inconvenience and cost of multiple
24-h urine sample collections.

Keywords Urinary preservatives · Metabolic 
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Introduction

The routine laboratory investigation among urolithia-
sis patients includes the determination of urinary
parameters involved in stone formation such as urinary
calcium (uCa), oxalate (uOx), magnesium (uMg), cit-
rate (uCit), uric acid (uUrAc), sodium (uNa), potas-
sium (uK) and creatinine (uCreat) [1, 2].

It has been suggested that for a more reliable uOx
measurement, urine must be collected in a receptacle
containing hydrochloric acid (HCl) as a preservative,
in order to ensure the complete dissolution of calcium
oxalate crystals [3], to prevent calcium- and magne-
sium phosphate salt precipitation, and to counteract
oxidation of ascorbate to oxalate [4–6]. In acidiWed
samples, determinations of uCa, uMg, uCit and uCreat
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can also be performed. However, when acid is added to
the plastic container before urine collection, another
important parameter, such as uUrAc, cannot be deter-
mined in the same urine sample, since previous alkalin-
ization with sodium bicarbonate would be necessary
for determination of the latter. In addition, when utiliz-
ing ion-selective electrode method, uNa and uK also
cannot be determined in acidiWed or alkalinized sam-
ples, unless the samples are previously diluted in a
buVer.

A complete urinary metabolic proWle to guide pro-
phylaxis of stone recurrence has lately been advocated
to be time-consuming and expensive [7]. According to
Pak et al. [8], a simple metabolic evaluation consisting
of a single 24-h urine collection for analysis of all uri-
nary stone risk factors is suYcient and cost-eVective [9]
for a medical evaluation of urolithiasis, although Parks
et al. [10] and others [11] reported that only one speci-
men may lead to misdiagnosis of common metabolic
disturbances.

The aim of the present study was to test whether the
addition of acid or alkali preservatives when the urine
specimen is delivered at the laboratory would interfere
with the results of urinary parameters compared to
previously acidiWed or alkalinized urine samples.

Methods

Thirty-four (34) healthy subjects (HS) (14 M/20 F,
32 § 11 years old), participated in the study. They were
instructed to abstain from vitamin C supplements to
avoid interference on urinary oxalate results. Two 24-h
urine samples were obtained on two non-consecutive
occasions for determination of uCa, uOx, uMg and
uCit. The Wrst sample was collected in a vessel contain-
ing acid preservative, hydrochloric acid (HCl 6 N,
20 ml/l). This amount of acid has been reported to be
suYcient to decrease urinary pH to values between 1.0
and 2.0 [12–16]. The second sample was collected a
week later in a dry plastic container, with HCl being
added as soon as the urine sample was delivered to the
laboratory. Medical treatment was withdrawn 72 h
before urine collection.

Additionally, 34 HS (15 M/19 F, 31 § 8 years old)
and 34 stone-forming (SF) patients (19 M/15 F,
43 § 11 years old) collected a single spot urine sample
that was divided into four aliquots of 10 ml each: one
containing 200 �l of HCl, another containing 200 �l of
sodium bicarbonate, NaHCO3 (5 g/l), and two others in
which the same preservative agents were added 24 h
after the collection. Data concerning the deWnition of
distinct metabolic diagnosis in SF patients (hypercalci-

uria, hyperuricosuria, hypocitraturia and hyperoxalu-
ria) were obtained from the results of 24-h urine
samples contained in the patients’ medical records.
Hypercalciuria was deWned as uCa ¸ 4 mg/kg of body
weight in 24 h, hyperuricosuria as uUrAc > 750 or
800 mg/24 h (for female or male, respectively), hypoci-
traturia as uCit < 320 mg/24 h, and hyperoxaluria as
uOx > 45 mg/24 h. Normal ranges were based on litera-
ture data as previously described [17]. The study was
approved by the Ethics Committee of Universidade
Federal de São Paulo.

Crystallization experiments

In order to demonstrate if post-acidiWed urine samples
would diVer from pre-acidiWed ones in the presence of
CaOx crystals with respect to uOx, uCit, uCa and
uCreat values, two sets of crystallization experiments
were undertaken. In the Wrst, male healthy subjects
(n = 20, 31 § 9 years old) collected a single spot urine
sample in which CaOx exogenous precipitation was
induced by addition of 200 �l of NaOx solution (0.1 M)
in 10 ml of urine. In the second, urinalysis (n = 10, 7 M/
3 F, 43 § 13 years old) in which endogenous CaOx
crystals had been evidenced in our laboratory was
selected for crystal counting. The initial amount of
crystals (basal) was quantiWed in a Neubauer chamber
and visualized in an Olympus BX-60 microscope
(200£). Soon after counting, the samples were divided
into two aliquots: one in which 200 �l of HCl was
added immediately and the other in which the same
preservative agent was added 24 h later. A new crystal
counting was performed after 24 h in these two aliqu-
ots. Urinary levels of oxalate, calcium, citrate and cre-
atinine were determined in both samples.

Finally, in order to demonstrate if post-alkalinized
urine samples would diVer from pre-alkalinized ones in
the presence of uric acid crystals with respect to the
uUrAc determination, a third set of crystallization
experiments was performed. Uric acid crystals were
prepared as described elsewhere [18]. BrieXy, a uric
acid solution was prepared by dissolving 100 mg of uric
acid (Sigma, St Louis, MO) in 250 ml of hot distilled
water. A 250-ml volume of ethanol was added and the
solution was allowed to cool to room temperature with
stirring overnight. The resulting crystal suspension was
Wltered, washed twice with ethanol, twice with acetone,
and Wnally air-dried. Uric acid exogenous precipitation
was induced by addition of 200 �l of a 0.1 M solution
(in which previously formed crystals had been re-sus-
pended) in 10 ml of urine obtained from male healthy
subjects (n = 10, 30 § 8 years old). The initial amount
of crystals (basal) was quantiWed and the samples were
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divided into two aliquots in which 200 �l of NaHCO3
was added immediately or 24 h later. A new crystal
counting was performed after 24 h in the two aliquots
and uUrAc and uCreat were determined in both
samples.

Calcium and magnesium were determined by atomic
absorption spectrophotometry (Perkin Elmer Atomic
Spectrophotometer 3110, Norwalk, CT, USA); oxalate
by an enzymatic method [19] using the Sigma Oxalate
Diagnostic Kit (Sigma, St Louis, MO); and citrate by
an enzymatic assay using citrate lyase [20]. Creatinine
was determined by JaVe’s method [21], and uric acid by
the uricase method [22]. The variation coeYcient (CV)
of our laboratory was: 1.5% for uOx, 2.5% for uCa,
6.9% for uMg, 8.4% for uCreat, 6.8% for uUrAc, and
13.4% for uCit.

Statistical analysis

The values of all urinary parameters were submitted to
a normality test (Kolmogorov–Smirnov). As most of
the parameters did not present a normal curve distribu-
tion (with exception of uCa and uCreat in 24-h urine
samples), nonparametric tests were then chosen. The
Wilcoxon test was used for comparison between sam-
ples with or without previous addition of HCl or NaH-
CO3. The Friedman test was used to compare the
results of crystallization experiments. Results are
reported as mean § SD. The null-hypothesis of no
diVerence in the values obtained by the two forms of
urine preservation was proposed. All statistical tests
were performed at a signiWcance level of P < 0.05 and
the 95% conWdence level was determined where
appropriate. Finally, Bland–Altman graphical analysis
was utilized to further compare the two methods by
plotting the diVerences between previous versus later
addition of preservatives against the average of the two
values.

Results

Table 1 shows the mean urinary parameters in 24-h
urine samples. No signiWcant diVerences were detected
between the values obtained under either previous
acidiWcation or not. In spot urine samples (Table 2),

Table 1 Mean values of urinary parameters in 24-h urine sam-
ples previously acidiWed or not

Data are presented as mean § SD

Urinary parameters 
(mg/24 h)

Healthy subjects (n = 34)

HCl before HCl after

Oxalate 27 § 12 29 § 13
Calcium 158 § 84 150 § 83
Citrate 510 § 251 461 § 94
Magnesium 71 § 29 66 § 38

Table 2 Mean values of urinary parameters in spot urine samples previously acidiWed/alkalinized or not

Data are presented as mean § SD; *P < 0.05 versus HCl before

Urinary parameters Healthy subjects (n = 34) Stone-forming patients (n = 34)

HCl before HCl after HCl before HCl after

Oxalate
mg/l 21 § 10 20 § 9 22 § 10 21 § 10
mg/mg creat 0.02 § 0.00 0.02 § 0.00 0.03 § 0.01 0.03 § 0.01
Calcium
mg/l 122 § 77 122 § 77 105 § 61 106 § 62
mg/mg creat 0.15 § 0.09 0.15 § 0.08 0.14 § 0.08 0.14 § 0.09
Citrate
mg/l 362 § 201 333 § 188* 275 § 173 262 § 166 *
mg/mg creat 0.42 § 0.22 0.39 § 0.23* 0.33 § 0.21 0.32 § 0.19 *
Magnesium
mg/l 57 § 28 56 § 28 49 § 26 49 § 27
mg/mg creat 0.07 § 0.02 0.07 § 0.02 0.06 § 0.03 0.06 § 0.03
Creatinine
mg/l 924 § 494 935 § 514 874 § 431 881 § 445

NaHCO3 before NaHCO3 after NaHCO3 before NaHCO3 after

Uric acid
mg/l 453 § 229 445 § 65 398 § 170 404 § 185
mg/mg creat 0.50 § 0.11 0.49 § 0.09 0.63 § 0.79 0.63 § 0.80
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the mean values of uOx, uCa, uMg, uCreat and uUrAc
from both HS and SF patients also did not diVer if the
preservatives had been added previously or later. A
very slight but signiWcantly lower mean value was
observed for uCit determined in spot urine samples
when HCl was added 24 h later either in HS
(0.39 § 0.23 vs. 0.42 § 0.22 mg/mg uCreat) or SF
groups (0.32 § 0.19 vs. 0.33 § 0.21 mg/mg uCreat).

Figure 1 shows the individual values of all these uri-
nary parameters. As shown in Table 3, when the SF
patients were analyzed according to their metabolic
disturbances, no alterations were observed in the
results of oxalate among the hyperoxaluric patients, of
uric acid among the hyperuricosuric group, and of cal-
cium among the hypercalciuric group. In the hypocitra-
turic group, a very mild but signiWcant lower mean

Fig. 1 Individual values of 
urinary oxalate, calcium, mag-
nesium, citrate and uric acid in 
spot urine samples of SF pa-
tients when HCl/NaHCO3 
were added before or 24 h af-
ter the collection
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Table 3 Mean urinary parameters in spot urine samples with or without previous addition of HCl or NaHCO3 in SF patients according
to their metabolic disturbances

Data are presented as mean § SD; *P < 0.05 versus HCl/NaHCO3 before

Oxalate Calcium Citrate Magnesium Uric Acid

Before After Before After Before After Before After Before After

Hypercalciuria (n=10)
mg/l 17 § 10 17 § 10 80 § 41 81 § 43 245 § 173 238 § 170 * 40 § 25 38 § 24 424 § 163 437 § 196
mg/mg 

creat
0.03 § 0.01 0.03 § 0.01 0.14 § 0.09 0.14 § 0.09 0.30 § 0.17 0.28 § 0.16 0.05 § 0.02 0.05 § 0.02 1.26 § 1.53 1.26 § 1.54

Hypocitraturia (n=10)
mg/l 22 § 7 23 § 8 122 § 74 124 § 78 380 § 154 348 § 163 * 49 § 22 49 § 21 420 § 131 425 § 135
mg/mg 

creat
0.03 § 0.01 0.03 § 0.01 0.12 § 0.07 0.13 § 0.08 0.48 § 0.29 0.43 § 0.28 * 0.05 § 0.02 0.05 § 0.02 0.47 § 0.11 0.47 § 0.11 *

Hyperuricosuria (n=8)
mg/l 23 § 7 20 § 6 * 99 § 66 101 § 67 186 § 89 182 § 95 49 § 23 47 § 22 316 § 177 312 § 166
mg/mg 

creat
0.03 § 0.01 0.03 § 0.01 * 0.14 § 0.07 0.14 § 0.08 0.28 § 0.17 0.28 § 0.18 0.07 § 0.03 0.07 § 0.03 0.42 § 0.23 0.42 § 0.22

Hyperoxaluria (n=3)
mg/l 34 § 19 32 § 20 104 § 47 107 § 46 290 § 180 302 § 192 66 § 52 75 § 59 490 § 144 447 § 90
mg/mg

creat
0.03 § 0.02 0.03 § 0.02 0.11 § 0.06 0.12 § 0.06 0.31 § 0.19 0.34 § 0.21 0.07 § 0.05 0.08 § 0.06 0.50 § 0.13 0.49 § 0.06
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value of uCit was again observed when HCl was added
24 h later (0.48 § 0.29 vs. 0.43 § 0.28 mg/mg uCreat).
The method-related diVerences in the results of the
investigated parameters were listed against the respec-
tive CV for each urinary parameter in our laboratory in
Table 4. The Bland–Altman plots (Fig. 2) showed a
proportional bias between the two methods. The mean
bias § 1.96 standard deviations ranged between ¡5.2
and 6.1 mg/l for uOx, ¡13.2 and 10.2 mg/l for uCa, ¡7.8
and 8.1 mg/l for uMg, ¡44.6 and 71.0 mg/l for uCit,
¡101.7 and 88.4 mg/l for uCreat, and ¡83.1 and
72.7 mg/l for uUrAc.

As shown in Fig. 3, mean values of endogenous
CaOx crystal counting did not diVer between the
prompt or (24 h) later HCl addition but had signiW-
cantly decreased for both in comparison with the basal
counting (2.72 § 1.98 and 3.61 § 1.97 vs. 5.10 § 0.56,
log10 crystals/ml, respectively). The same has been
observed for exogenous CaOx crystals (3.28 § 0.86 and
3.16 vs. 0.84 vs. 4.04 § 0.38, log10 crystals/ml). How-
ever, it is noteworthy that complete dissolution of crys-
tals did not take place in these crystallization
experiments. Since we did not measure the Wnal urine
pH in the latter experiment, and the lack of complete
dissolution of crystals might have been ascribed to
inadequacies on the achieved urinary pH, an ancillary
experiment aimed to reduce pH at diVerent levels and
to count crystals was performed. A single spot urine
sample was obtained from a male normal volunteer
and a further one divided into ten aliquots of 10 ml
each in which the exogenous crystals were added
according to the procedures previously described in the
Methods section. Increasing amounts of HCl were
added to the aliquots (0, 25, 50, 100, 200, 400, 500,
1,000, 2,000 and 4,000 �l) and the pH values as well as
the amount of crystals were then determined in each of
these 10 aliquots. The obtained results are shown in
Fig 4. This Wgure clearly shows that even when pH
reached values as low as 0.4, using huge amounts of
HCl (4,000 �l), the amount of crystals did not decrease

signiWcantly. This ancillary experiment also conWrmed
that the amount we had previously tested (200 �l, HCl
6 N, 20 ml/l) is able to reduce urinary pH to 1.2.

In the uric acid crystallization experiments, mean
values of exogenous uric acid crystal counting did not
diVer between the prompt or (24 h) later addition of
NaHCO3, neither in comparison with basal values
(4.15 § 0.20 and 4.32 § 0.20 vs. 4.33 § 0.21, log10 crys-
tals/ml). Table 5 shows that no diVerences had
occurred in urinary parameters evaluated in pre- or
post-acidiWed/alkalinized urine samples under any
crystallization conditions. The extremely high levels of
uOx observed in both pre- and post-acidiWed samples
in the presence of exogenous CaOx crystals, as
opposed to endogenous crystals, was consequent to the
addition of NaOx solution to these samples, necessary
to induce crystallization.

Discussion

The addition of stabilizers and the conditions under
which urine is collected and stored are important
aspects to consider in the determination of 24-h urinary
parameters excretion. Some authors reported that the
addition of acid reducing urinary pH to values around
1.0 or 2.0 prior to urine collection is required for oxa-
late measurement in order to avoid the formation of
calcium oxalate crystals [3, 12–16, 23, 24], and to coun-
teract oxidation of ascorbate to oxalate [4–6].

Considering that metabolic disturbances such as
hyperoxaluria, hypercalciuria, and hypocitraturia may
present variation according to diet and other environ-
mental factors, sometimes two or three 24-h urine sam-
ples must be obtained for the determination of
abnormalities of importance for stone formation [6, 10,
11], despite the fact that some authors suggest that one
single sample is enough [7, 8]. Anyway, due to the
methodological aspects concerning the need of acidiW-
cation for some parameters, alkalinization for others,
the number of necessary samples may increase, raising
the cost and causing the inconvenience of multiple col-
lections.

In the present study, we did not observe statistically
diVerent results or clinical relevant diVerences between
urinary parameters obtained from 24-h urine samples
collected under previous acidiWcation or not. In addi-
tion, the lack of diVerence occurred when the same
subject collected two diVerent samples and also when
two aliquots of the same individual were either
promptly submitted to analysis or analyzed only after
addition of acid or alkali 24 h later. The analysis accu-
racy performed comparing the present method (later

Table 4 Mean values of method-related percentual diVerences
for each urinary parameter and the respective variation coeY-
cient (CV) of the laboratory

Urinary 
parameters

Healthy 
subjects

Stone-forming 
patients

Variation 
coeYcient 
(CV)

Oxalate 0.1 1.4 1.5
Calcium 0.3 1.3 2.5
Citrate 5.9 3.1 13.4
Magnesium 2.0 4.2 6.9
Creatinine 1.2 0.7 8.4
Uric Acid 1.4 2.0 6.8
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addition of preservatives) to the classic one using pre-
vious addition of preservatives, through a Bland–Alt-
man analysis, further showed a close agreement
between the two assays.

Our data regarding oxalate determination are in
accordance with those of Braiotta et al. [24], who
showed no diVerences between urinary oxalate mea-
sured in spot urine samples collected under previous
acid addition or not. In our study, a further evaluation
utilizing 24-h urine samples, the method of choice to
evaluate urinary parameters involved in stone forma-
tion showed the same results for oxalate and also for

other urinary parameters. However, as the 24-h urine
samples were obtained on non-consecutive occasions,
we opted for a further analysis in the same spot urine
sample divided into aliquots. Again, the results of the
parameters were not diVerent, except for citrate.

The slight but signiWcant decrease that occurred in
uCit values of spot urine samples both in HS (5.9%)
and SF (3.1%) was not clinically relevant, since it
remained within the variation coeYcient of the method
in our laboratory (13.4%). When patients were divided
according to their metabolic disturbance, the urinary
parameter related to the correspondent metabolic

Fig. 2 DiVerences between the two methods of preservative addition were plotted against the average of both values with respect to
uOx, uCa, uMg, uCit and uUrAc determination by Bland–Altman analysis
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disturbance was not aVected, except for the hypocitra-
turics. Nevertheless, as the hypocitraturic patients
tended to have a slight decrease and not increase in the
level of urinary citrate, we believe that this would not
jeopardize the diagnosis of the hypocitraturia in a 24-h
urine sample. In addition, the modest reduction of cit-
rate levels in spot urine samples occurred only in two
or three samples (Fig. 1), not representing a general
trend. The possibility that bacterial overgrowth was
responsible for such observation cannot be ruled out.
Therefore, an antibacterial agent could have been
added to the collection vessel to avoid this problem, as
performed by many laboratories. Although we did not
measure urine pH in the present study, it must be
remembered that another possible beneWt of collecting
urine without alkali or acid as a preservative is that the
urinary pH can be measured in the same sample.

In the presence of endogenous or exogenous CaOx
crystals, the prompt or later addition of HCl to urine
samples was able to signiWcantly reduce the number of
crystals compared to baseline counting in a similar
magnitude. In addition, determination of urinary ana-
lytes did not diVer under both conditions. However,
according to the data provided in both Figs. 3a, b, 4,
the complete dissolution of crystals after the addition
of preservatives did not occur. Plenty of them
remained in the Wnal counting, even when urinary pH
decreased to values as low as 0.4. Despite the wide
range of variation in the reported amounts of HCl
added to urine samples in order to measure diVerent
analytes obtained from stone formers, the amount that
we had used in the present study, to show that timing
of acidiWcation makes no diVerence to Wnal values, was
20 ml/l 6 N, in agreement with the literature data [6, 15,
25–27]. On the other hand, the highest amount of HCl
that we tested (Fig. 4) corresponded to 40% of urine
volume (4,000 �l, or 4 ml in 10 ml of urine), and was
still not able to dissolve crystals. Considering that uri-
nary parameters are often determined in 24-h urine

Fig. 3 Crystal counting (log10 number of crystals/ml) of endoge-
nous (a) or exogenous (b) CaOx crystals and exogenous uric acid
crystals (c) in basal conditions compared to prompt or 24 h later
HCl or NaHCO3 addition. Mean values are indicated by horizon-
tal bars
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samples (in volumes ranging from 1,000 to 2,000 ml),
even if the complete dissolution of crystals had been
achieved, the amount of acid needed to decrease uri-
nary pH to the required levels would be extremely high
(as large as 400 ml in 1,000 ml of urine), being impracti-
cable on a routine basis.

The reasons why the complete dissolution of CaOx
crystals did not occur even in conditions of very low pH
levels remain uncertain. One possibility is that the
amounts of calcium salts present were too great to be
accommodated in the available volume of urine. Fur-
ther experiments employing diluted crystallized urine
samples must be performed to clarify these Wndings.

The 24-h urine collection in dry plastic containers
with later addition of preservatives is largely employed
in the diagnosis of stone formation [14, 24, 28, 29]. In
the majority of American Stone Research centers,
samples are collected at a wide range of clinical sites
and sent to a central laboratory via mail or courier [29].

Nevertheless, in the few studies in which urinalysis
or crystal counting and oxalate measurement had been
performed in the urine of the same subject, the
researchers divided the samples into two diVerent
aliquots and each experiment was undertaken sepa-
rately [29, 30], not proving that the preformed crystals
were completely dissolved before the oxalate measure-
ment.

With respect to uric acid crystals, we did not observe
a signiWcant decrease in crystal counting following
immediate or later NaHCO3 addition if compared to
basal counting. The possibility that such results might

have been ascribed to methodological diYculties can-
not be discounted, especially because most of the in
vitro uric acid crystallization studies are usually per-
formed in cells [18, 31, 32]. The reason for not perform-
ing experiments with endogenous uric acid crystals
relied on the rarity in which these crystals are naturally
found in urinalysis. However, in the presence of a simi-
lar amount of crystals, compared to the CaOx crystalli-
zation experiments, the lack of decrease in uric acid
crystal counting might have been clinically irrelevant
since the determination of uUrAc in those samples did
not change.

We concluded that post-delivery acidiWcation or
alkalinization of urine samples does not modify the lev-
els of urinary oxalate, calcium, magnesium, creatinine
and uric acid, and that the change in citrate was not rel-
evant, hence allowing all of these parameters (and also
Na and K) to be determined in the same sample, pre-
venting the discomfort and the cost of multiple 24-h
urine sample collection. In practical terms, when a 24-h
urine sample arrives in the laboratory, urinary volume,
pH and uNa/uK can be measured, and then half or part
of it can be acidiWed for uOx, uCa, uMg and uCit deter-
minations, while the remaining amount should be alka-
linized for uUrAc determination.
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Table 5 Urinary analytes in the presence of exogenous (CaOx and uric acid) and endogenous (CaOx) crystals in spot urine samples

Data are presented as mean § SD

Urinary analytes Exogenous crystals Endogenous crystals

HCl HCl 24-h after HCl HCl 24-h after

Oxalate
mg/l 421 § 253 426 § 248 47 § 15 49 § 15
mg/mg creat 0.49 § 0.51 0.48 § 0.48 0.03 § 0.01 0.03 § 0.00
Calcium
mg/l 112 § 72 121 § 85 205 § 75 196 § 61
mg/mg creat 0.09 § 0.06 0.10 § 0.07 0.15 § 0.05 0.13 § 0.04
Citrate
mg/l 388 § 234 392 § 238 229 § 211 204 § 213
mg/mg creat 0.33 § 0.20 0.34 § 0.20 0.16 § 0.12 0.13 § 0.12
Creatinine
mg/l 1291 § 624 1289 § 629 1382 § 174 1445 § 213

NaHCO3 NaHCO3 24 h after

Uric acid
mg/l 640 § 260 610 § 280
mg/mg creat 0.50 § 0.26 0.48 § 0.27
Creatinine
mg/l 1360 § 390 1370 § 400
123



Urol Res (2006) 34:329–337 337
References

1. Curhan GC, Willet WC, Speizer FE, Stampfer MJ (2001)
Twenty-four-hour urine chemistries and the risk of kidney
stones among women and men. Kidney Int 59:2290

2. Coe F, Parks J, Asplin J (1992) The pathogenesis and treat-
ment of kidney stones. N Engl J Med 327:1141

3. Hodgkinson A (1981) Sampling errors in the determination
of urine calcium and oxalate: solubility of calcium oxalate in
HCl-urine mixtures. Clin Chem Acta 109:239

4. Wandzilak TR, D’Andre SD, Davis PA, Williams HE (1994)
EVect of high dose vitamin C on urinary oxalate levels. J Urol
151:834

5. Baxmann AC, Mendonça COG, Heilberg IP (2003) EVect of
vitamin C supplements on urinary oxalate and pH in calcium
stone-forming patients. Kidney Int 63(3):1066

6. Laerum E, Palmer H (1983) Methodological aspects of exam-
ination of 24-hour urinary excretions in outpatients with
recurrent urolithiasis. Scand J Urol Nephrol 17(3):321

7. Pak CY (1999) Medical prevention of renal stone disease.
Nephron 81 (suppl 1):60

8. Pak CY, Peterson R, Poindexter JR (2001) Adequacy of a
single stone risk analysis in the medical evaluation of urolith-
iasis. J Urol 165:378

9. Lotan Y, Cadeddu JA, Roerhborn CG, Pak CY, Pearle MS
(2004) Cost eVectiveness of medical management strategies
for nephrolithiasis. J Urol 172:2275

10. Parks JH, GoldWsher E, Asplin JR, Col FL (2002) A single 24-
hour urine collection is inadequate for the medical evaluation
of nephrolithiasis. J Urol 167:1607

11. Yagisawa T, Chandhoke PS, Fan J (1999) Comparison of
comprehensive and limited metabolic evaluations in the
treatment of patients with recurrent calcium urolithiasis. J
Urol 161:1449

12. GriYth DP, Dunn D (1978a) Collection and preservation of
urine for biochemical analyses. Invest Urol 15:459

13. Zerwekh JE, Drake ED, Gregory J, GriYth D, Hofmann AF,
Menon M, Pak CY (1983) Assay of urinary oxalate: six meth-
odologies compared. Clin Chem 29(11):1977

14. Ng RH, Menon M, Ladenson JH (1984) Collection and han-
dling of 24-hour urine specimens for measurement of analytes
related to renal calculi. Clin Chem 30(3):467

15. Li MG, Madappally MM (1989) Rapid enzymatic determina-
tion of urinary oxalate. Clin Chem 35(2):2330

16. Robertson WG (1999) Mild hyperoxaluria: a critical review
and future outlook. In: Kidney stones: proceedings of the 8th
European symposium on urolithiasis—parma. Editoriale
Bios, Cosenza, p 933

17. Heilberg IP, Boim MA, Schor N (2003) Biochemical diVer-
ences between stone formers and normal subjects. In: Segura J,

Conort P, Khoury S, Pak C, Preminger GM, Tolley D (eds)
Stone disease (1st international consultation on stone dis-
ease), 21st edn. Health Publications, France, p.61

18. Koka RM, Huang E, Lieske JC (2000) Adhesion of uric acid
crystals to the surface of renal epithelial cells. Am J Physiol
278:F989

19. Hallson PC, Rose GA (1974) A simpliWed and rapid enzy-
matic method for the determination of urinary oxalate. Clin
Chim Acta 55:29

20. Holt C, Cowley DM, Chalmers AH (1985) Rapid estimation
of urinary citrate by use of a centrifugal analyser. Clin Chem
31:779

21. McFate RP, Cohn C, Eichelberger L, Cooper JA (1954) Sym-
posium on azotemia. Am J Clin Pathol 24:511

22. Fossati P, Prencipe L, Berti G (1980) Use of 3,5-dichloro-2-
hydroxybenzenesulfonic acid/4-aminophenazone chromo-
genic system in direct enzymic assay of uric acid in serum and
urine. Clin Chem 26:227

23. Shepard MDS, Mazzachi RD (1983) The collection, preserva-
tion, storage and stability of urine specimens for routine clin-
ical biochemical analysis. Clin Biochem Rev 4:61

24. Braiotta EA, Buterry JE, Ludvigsen N (1985) The eVects of
pH, temperature and storage on urine oxalate. Clin Chim
Acta 147:31

25. Hodgkinson A, Williams A (1971) An improved colorimetric
procedure for urine oxalate. Clin Chim Acta 36:127

26. Lemman Jr J, Hornick LJ, Pleuss JA, Gray RW (1989) Oxa-
late is overestimated in alkaline urines collected during
administration of bicarbonate with no specimen pH adjust-
ment. Clin Chem 35(10):2107

27. Tiselius HG, Ackermann D, Alken P, Buck C, Conort P,
Gallucci M (2001) Guidelines on urolithiasis. Eur Urol 40:362

28. Robert M, Boularan AM, Delbos O, Monnier L, Grasset D
(1996) Evaluation of the risk of stone formation: study on
crystalluria in patients with recurrent calcium oxalate urolith-
iasis. Eur Urol 29:456

29. Asplin J, Parks J, Lingeman J, Kahnoski R, Mardis H, Lacey
S, Goldfarb D, Grasso M, Coe F (1998) Supersaturation and
stone composition in a network of dispersed treatment sites.
J Urol 159(6):1821

30. Suphakarn VS, Yarnnon C, Ngunboonsri P (1987) The eVect
of pumpkin seed on oxalcrystalluria and urinary composi-
tions of children in hyperendemic area. Am J Clin Nutr
45:115

31. Riese RJ, Kleinman JG, Wiessner JH, Mandel GS, Mandel NS
(1990) Uric acid crystal binding to renal inner medullary col-
lecting duct cells in primary culture. J Am Soc Nephrol 1:187

32. Emmerson BT, Cross M, Osborne JM, Axelsen RA (1990)
Reaction of MDCK cells to crystals of monosodium urate
monohydrate and uric acid. Kidney Int 37:36
123


	Preservation of urine samples for metabolic evaluation of stone-forming patients
	Abstract
	Introduction
	Methods
	Crystallization experiments
	Statistical analysis

	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


