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Abstract This work focuses on the in vitro calcium-
oxalate (CaOx) crystallization behaviour of native and
synthetic urine samples in order to establish a CaOx
crystallization risk index for unprepared native urine.
Native 24-h urine samples from healthy persons and
from stone-formers were examined. Within a [Ca®"]
versus added oxalate (Ox?7) diagram, we observed fields
which allow the discrimination of each urine sample in
terms of more or less risk. The [Ca®"]/(Ox*") ratio is
calculated and termed the “Bonn-Risk Index” (BRI; per
litre). We propose that BRIs > 1/l denote samples “at
risk”, whereas BRIs < 1/I denote those “without risk™.
Second, the effects of different concentrations of citrate
and Mg>" on BRI were investigated in artificial urine.
The transferability of BRI between native and synthetic
urine samples is proved. To evaluate the impact of the
proposed BRI, it is compared with the more familiar
relative urine saturation index calculated for CaOx and
brushite. Urine sampled from stone-formers shows risk
indexes between 0.278 and 23.0/1 (mean 2.87/1), while
urine from healthy persons varied between 0.060 and
4.890/1 (mean 1.05/1). Comparing the results of healthy
volunteers and patients, the significance of BRI and
relative urine supersaturation (RS) with respect to CaOx
is P < 0.0005 and P = 0.013, respectively. Fast and
easy to perform, determination of the risk index is a
suitable tool for estimating the actual CaOx formation
“status” — ““at risk” or “without risk” — from the native
urine of any person.
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Introduction

For a number of decades, urolithiasis research focused
on the development of a simple criterion to discriminate
healthy persons from calcium oxalate (CaOx)-forming
patients, or — in the sense of an improved prophylaxis —
to assign a factor to any person indicating the actual
degree to which he or she is at risk of producing CaOx
stones in the future.

A variety of approaches were developed to estimate
the risk of urinary stone formation. A comprehensive
and excellent review of this topic by Tiselius [25] was
recently published. The author provides a review of
the common risk formulae published in recent years,
emphasizes their characteristic differences and classifies
them into specific groups.

One disadvantage of most of the existing ap-
proaches dealing with native urine is the fact that
determination is based on urine that has to be
prepared before the experiment is performed (e.g.
dilution, pH adjustment, centrifugation). Therefore,
they do not reflect the complex interplay of macro-
molecular (chemical dynamical factors of stone for-
mation) and ionic (thermodynamic driving forces of
stone formation) constituents. The macromolecular
constituents are, however, of special interest as, for
example, urinary glycoproteins are considered to be
responsible for 70-90% of the total inhibitory effect in
human urine (e.g. [16, 19]).

The scope of this work is to investigate the CaOx
crystallization behaviour of unprepared native 24-h
urine in vitro to establish a new crystallization risk
index that may represent a diagnostic marker for
everybody.

Only unprepared urine exhibits the individual ratio of
inhibitory/lithogenic urinary components of a single
person; this is specifically reflected at the starting point
of CaOx crystallization. In our study, CaOx crystalli-
zation is triggered by the addition of ammonium
oxalate.



Materials and methods

Twenty-four hour urine samples from 48 persons (32 CaOx and/or
calcium-hydrogene-phosphate stone-formers, 16 controls; Table 1)
were analysed. The following parameters were determined: volume,
pH, specific welght and the concentrations of Na, K, Ca, Mg,
NH;, CI7, PO;~, SOJ, creatinine, uric acid, citric acid and oxalic
acid. These data were included in the mainly inorganic ion equi-
librium program EQUIL [9] to calculate the relative urine super-
saturation (RS) with respect to both CaOx and brushite. In
addltlon the concentration of free (synonym: ionized) calcium,
[Ca®™], was measured by a calcium-selective electrode according to
the instructions given in the manual (METROHM AG, Herisau,
Switzerland; relative accuracy +3%).

The effects of different inhibitors (citrate and Mg>") on the
proposed risk index were examined at various concentrations in
synthetic urine to test the sensibility of BRI on a standardized
system.

1. Investigation of CaOx crystallization

To investigate the crystallization behaviours of synthetic and native
urine, a CaOx crystallization process was triggered under stan-
dardized conditions in 200 ml aliquots of urine with the step-
by-step addition (0.5 ml, 1.5 ml/min) of ammonium oxalate,
(NH4)>C50y4, 40 mmol/l. During the experiment, the urine samples
were kept at 37 °C and were continuously agitated (180 rpm) by a
stirrer with low shear forces.

The onset of crystallization and its extent were determined
in situ by a laser-probe crystal system analyser (Messtechnik Sch-
wartz, Diisseldorf, Germany). The (absolute) accuracy of the esti-
mation of the onset of crystallization is estimated to be £0.5 ml or
+0.02 mmol, respectively. The laser-probe device determines the
number of suspended particles online (in vitro) and simultaneously
estimates particle size in the detection range of 0.5-250 um. From
these data, a statistical evaluation program calculates the actual
particle size distribution (PSD). The onset of crystallization is ac-
companied by a dramatic change in PSD and, therefore, can be
easily detected. Bongartz et al. [2, 3] showed the advantages of such
a laser-probe particle analysis in urinary stone crystallization
models.

2. Native urine

Urine samples from 16 healthy persons and 32 stone-forming pa-
tients were collected and examined. A number of patients were
under medical treatment to avoid recurrent stone formation. Most
were tested after 3 days of standardized diet (based on directions
supplied by the German Society of Nutrition, DGE [8]). To record
representative situations in daily life, some persons were sampled
under individual diet up to three times.

Foreign particles were roughly filtered from the urine using a
disposable “‘uro-filter” designed for clinical use (mesh size 0.3—
0.4 mm; Medic-Eschmann, Hamburg, Germany). To avoid the
effects of chemical contamination and to ensure a valid [Ca®™]
determination during crystallization experiments, thymol was not
used for preservation. Two 200 ml aliquots of each sample were
taken and individually tested for their tendency to crystallize CaOx.
The remnant urine was preserved with thymol and was later
analysed chemically.

Table 1 Patients and healthy volunteers included in the study

Females Males Sum Age (years)
Patients 7 25 32 29-70
Healthy persons 14 2 16 26-54
Total 21 27 48 26-70
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3. Synthetic urine

In addition to the discrimination approach for native urine, we
also investigated the crystallization behaviour of synthetic urine
(200 ml) containing various additional concentrations of well-
known inhibitory substances with clear mechanisms of inhibition.
The chemical composition of the synthetic urine was based on the
paper of Griffith et al. [11] (Table 4). The concentration ratio of
ionized calcium to total calcium, [Ca®"]/[Ca], was 0.55 at the initial
stage. This corresponds fairly well to Finlayson’s [9] estimation that
a fraction of about 50% of the Ca is present as free ion in normal
urine.

Two inhibitory ions, Mg?* (as MgCl, x 6H,0) and citrate (as
Najs-citrate x 2H,0), were added to the urine. These ions are of
great interest as their inhibitory effect on CaOx formation is based
on different mechanisms: the magnesium ion forms a soluble
chelate complex with oxalate, whereas the citrate anion complexes
free calcium ions to form calcium citrate.

Two experimental series for Mg® " and citrate were performed.
At the beginning of each step of the experiment, we measured both
the free calcium concentration and the amount of ammonium
oxalate that would induce CaOx precipitation. Starting with an
inhibitor concentration of zero, we increased the inhibitor
concentrations within the reactor vessel up to 12 mmol/l by
increments of 2 mmol/l.

Results
1. Native urine

Ninety-three percent of all 24-h urine samples from
CaOx and calcium-phosphate stone-formers, and those
of the healthy persons, fall in the range between the
hyperbolae [Ca’"]1=0.1/(0x*) and [Ca’']=0.3/
(Ox?7), respectively (Fig. 1). These hyperbolae represent
lines of constant products [Ca® "] (20)( D) between 0.1 and
0.3 mmol?/l. The product of [Ca®*](Ox*") is similar to
the calculation of the formatlon product (FP), which
takes into account the total urinary concentration of
calcium and oxalate at the onset of crystallization
(FP = [Ca’*][Ox>7]). However, we are interested in the
amount of oxalate that has to be added to the urine to
trigger CaOx crystallization. This amount is dependent
on the unknown ratio of all inhibitory and lithogenic
substances within the urine and, thus, reflects the indi-
vidual CaOx risk situation of a person.

Using [Ca®"] instead of [Ca] improves the approxi-
mation that the concentration is equal to the ion activity
for that component, and that this is the thermodynam-
ically correct parameter to use in such a calculation.

The hyperbola approach (in general: y = a/x + b)
shows a distinct functional relationship between [Ca® "]
and the amount of “added oxalate”. The value of the
linear correlation coefficient r of the linear regression is
0.90 if 1/(Ox*") is plotted against [Ca’"], which means
that only 10% of the variance is not related to 1/(Ox*")
and [Ca’"]. The best-fit hyperbola calculated from all
samples is described by

[Ca*™] = 0.2079 x 1/(0x*7) —0.1322

The [Ca® *]/[Ca] ratio varies between 0.072 and 0.876
without any significant correlation to either pH
(r = 0.08) or added oxalate (r = 0.16). Table 2 presents
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Fig. 1 Crystallization behaviour of 134 24-h urine samples of 32
CaOx stone patients and 16 healthy persons. The X-axis shows
the amount of ammonium oxalate [mmol] added to induce CaOx
precipitation within the urine. Error bars are +0.5 mmol. The Y-axis
indicates the free calcium concentration [mmol/l] (£3%) at the start
of the experiment. The numbers 0.1, 0.2 and 0.3 denote lines of
constant [Ca®"](Ox*") products in [mmol/l]. Open circles, patients;
filled circles, normal subjects. Straight lines show constant ratios
of [Ca?T]/(Ox>") of 1:1, 2:1 and 4:1, respectively. Samples with plots
left of the line [Ca®"]/(Ox>7) = 1 are denoted “at risk”, whereas those
to the right of it are assumed to be “without risk”

the means and further statistics of [Ca®*], (Ox*"), pH,
and volume for gatients and normals.

The ratio [Ca®*]/(Ox*") is calculated and termed the
“Bonn-Risk Index” (BRI; per liter). Therefore, samples
following a line through the origin have the same risk
factor, despite the absolute amount of oxalate added.
We propose that BRI > 1/l denote a sample “at risk”,
whereas BRI < 1/1 denote a sample “without risk”. At
BRI > 1/1, the [Ca?"] exceeds the added oxalate con-
centration at the onset of precipitation; here, only small
changes in [Ox*7] relative to [Ca®"] result in CaOx
crystallization. Hallson and Rose [12] and Robertson
and Hughes [21] showed that mild hyperoxaluria is a
more potent inducer of crystalluria than hypercalcuria —
which is clearly reflected by a BRI > 1/1.

In contrast, a BRI < 1/1 indicates a surplus of oxa-
late ions at the onset of CaOx crystallization. In this
case, the ‘“‘system urine” is relatively insensitive to an

increase in oxalate. Compared with samples having a
BRI > 1/1, the system must be forced to crystallize.
Urine sampled from stone-formers (CaOx and
brushite, CaHPO,4 x 2H,0) shows risk indexes between
0.278 and 23.0/1 (mean 2.87/1), while those from healthy
persons varied between 0.060 and 4.890/1 (mean 1.05/1)
(Fig. 2, Table 3). Sixty-four percent of the non-stone-
former samples and 74% of the patients’ samples were
classified into the proper group (see Discussion section).
The absolute error in BRI, Aggj, is dependent on
BRI and can be calculated according to the Gauss
error-propagation method and the best fit hyperbola:

Asri :{<BRI x Agger /[Ca2+]> g <BRI / [0.0061

0.5

)

+(0.00612+0.2079 /BRI)O'S] x A(Oxz))z}

where Ac, indicates the error in [Ca®"] determina-
tion = +3%, and A(OXZ*) indicates the error in (Ox*")
measurement = £0.02 mmol. For BRI =1/, Aggry
amounts to =+0.053/1, while for BRI =2/l, Agr; =
+0.068/1.

2. Synthetic urines

The crystallization behaviour of the synthetic urine
samples under various concentrations of added inhibi-

Table 2 Selected data of 24-h
urine samples. N, number of

samples (some persons were
sampled up to three times); P,
patients (n = 32); H, healthy
subjects (n = 16); SD, standard
deviation; (Ox)*>~, amount

of added ammonium oxalate
(in most cases determinations
were performed twice)

Parameter N Minimum Maximum Mean SD
Ca®* (mmol/l) H 39 0.06 1.03 0.3654 0.2197
P 32 0.20 2.30 0.6247 0.4031
(Ox*7) (mmol/l) H 72 0.21 1.32 0.5130 0.2137
P 63 0.10 0.74 0.3173 0.1440
PH H 39 5.78 6.92 6.2655 0.3029
P 32 5.04 7.27 6.2591 0.4792
Volume (ml) H 39 790 4030 2735 589
P 32 950 3775 2590 688
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Fig. 2 CaOx crystallization risk 8
of the samples shown in Fig. 1.

The risk of each sample is 7
calculated as the ratio of
[Ca®*1]/(Ox*"). The Bonn Risk

Index (BRI) is the gradient of 8
the straight line through the
origin and sample point in
Fig. 1. Urine samples with
BRI < 1 are assumed to be
“without risk”. Open circles,
patients; filled circles, normal
subjects
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Table 3 Descriptive statistics comparing the results of the BRI and
RS of patients and healthy volunteers. The calculated significance
(S) of the Mann-Whitney U-test (patients versus healthy persons) is

0,6 07 08 09 1 1,1
oxalate to produce ppt. [mmol]}

1,2 1.3 1,4

given. P, patients; H, healthy subjects; SD, standard deviation.
Some persons were sampled up to three times; the BRI of most of
the samples was determined twice

N Minimum Maximum Mean SD S (P/H)
Bonn Risk Index [1/1] H 72 0.060 4.890 1.05 1.038
P 63 0.278 23.000 2.87 3.696 <0.0005
Relative CaOx supersaturation H 34 0.073 6.183 1.913 1.486
P 32 1.036 15.700 5.370 3.361 0.013

tors are shown in Fig. 3. This clearly reveals that in-
creased concentrations of Mg>" and citrate led to rea-
sonably different courses within a [Ca®*] versus “added
oxalate” diagram.

As expected, [Ca®"] within the urine decreases with
increasing citrate concentration as a result of the for-
mation of Ca—citrate complexes; the amount of oxalate
to be added to produce CaOx precipitation increases
with higher citrate concentrations. An increased urinary
[Mg”>"] does not affect [Ca’*] but does lead to an
increase in the oxalate concentration necessary for
crystallization.

Furthermore, it can be seen that the initial synthetic
urine (i.e. no inhibitor added) differs notably from the
native urine; first, the plots are outside the product
range of 0.1 and 0.3 mmol?/l, and second at a consid-
erably higher [Ca’"] level (Fig. 3). This is attributed to
the lack of oxalate binding, complex-forming inorganic
constituents, such as, for example, Mg?", or by the
absence of organic Ca®"-binding components, such as
citrate or proteins.

Assuming that the necessary amount of added oxa-
late is a measure of the inhibitory effect of a specific
urinary constituent, the effect of Mg®* and citrate is of
the same order of magnitude. The enhanced inhibitor
concentrations (from 0 to 12 mmol/l, increments of
2 mmol/l) result in an increased amount of added oxa-
late: 0.17 mmol for Mg®>* and 0.205 mmol for citrate

(Fig. 3A). This difference of 0.035 mmol is well within
the range of experimental accuracy (£0.02 mmol, re-
spectively £0.5 ml). Citrate is known to be a powerful
inhibitor; Mg>", however, is only an intermediate in-
hibitor [9]. Thus, the parameter (Ox>") is not a suitable
measure for evaluating the different inhibitory effects of,
at least, the tested substances.

Figure 3B shows a plot of BRI versus (Ox>"). This
clearly shows that citrate reduces the “‘crystallization
risk” (BRI 34.5 — 1.5 1/1) to a much greater degree than
Mg?" (BRI 34.5 — 14 1/I). Moreover, there is clear
evidence that the inhibitory effect of both citrate and
Mg?* does not increase proportionally with the inhibi-
tor concentration; a step-by-step increase in concentra-
tion is accompanied by a step-by-step decline in the
rise of the BRI. This indicates a supersaturation effect
with respect to the inhibitory impact of the specific
additive.

Discussion

We showed that the proposed BRI approach provides
a good description of the crystallization behaviour of
synthetic urine, which is in accordance with theoretical
expectations. It was noted that the amount of added
oxalate alone is not a useful measure of the inhibitory
impact of a substance (Fig. 3).
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Fig. 3A Influence of citrate and magnesium on the crystallization
behaviour of artificial urine. In order to vary the urinary Mg®" and
citrate concentration, MgCl, x 6H,O and Nas-citrate x 2H,O, re-
spectively, were added to the urine (200 ml) in a range of 0—12 mmol/
l. The X-axis shows the amount of ammonium oxalate [mmol]
(£0.5 mmol) titrated to induce CaOx precipitation in the urine. The
Y-axis shows the related free calcium concentration [mmol/l] (£3%)
after adding magnesium or citrate. B The CaOx crystallization risk
(BRI) of samples shown in A (for calculation, see Fig. 2 or text).
A change of the inhibitor concentration at a low total inhibitor
concentration results in a more marked decrease of BRI than at a high
total inhibitor concentration. This clearly indicates a supersaturation
effect relative to the impact of an inhibitor in urine

Before it can be introduced as a suitable index for
native urine, the results of the BRI calculation must be
compared with established methods of risk evaluation.

Briellmann et al. [7] introduced an ‘oxalate-toler-
ance-value” for whole urine samples to distinguish
CaOx stone-formers from healthy persons. Using syn-
thetic urine (Table 4) with various Ca contents, they
established a “‘standard curve” by plotting the urinary
Ca concentration against the concentration of “added
oxalate” (Na,C,04) at the starting point of crystalliza-
tion. Based on this standard curve, native urine samples
were differentiated as being either ““at risk” or ““without
risk” according to the position of their plots (below or
above) relative to the standard curve.

The curve and the data of Briellmann et al. [7],
however, did not show a relation to our results. It is only
if we assume that [Ca]/[Ca’"] = constant = 0.1 that the
curve of Briellmann et al. roughly approaches the order
of magnitude of our data. The [Ca]/[Ca’"] ratio con-
sidered is not of the order of magnitude that we deter-
mined for either artificial (0.55, [9]:0.5) or native urine
(2.2-13.9). The discriminative approach of Briellmann
et al. cannot explain the distribution of our samples;
according to them, all samples would be “at risk”.
Although CaOx solubility increases notably with the
complexity of the wurinary composition [18], this
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observed discrepancy cannot be attributed solely to the
use of different synthetic urine compositions.

A number of other ratios for distinguishing stone-
formers from healthy persons are under discussion. For
example, Ca/Mg or Mg/Ca [26], Ca/citrate [27] or more
complex relationships (e.g. [25]) are used to express the
risk status.

In this study, we compare the BRI with the best
known parameter to describe the risk of urinary crys-
tallization: RS calculated via the mainly inorganic
ion equilibrium program EQUIL [9]. The calculations
shown were performed with respect to brushite and
CaOx (Fig. 4).

Only an approximate linear relation between BRI
and the relative CaOx saturation, RSc,0x, Was detected

Table 4 Synthetic urine composition used in this study and the
composition used by Briellman et al. [7]

Substance Study (based Briellmann et al.
on [11]) [g/1] (71 e/
CaCl, - Variable
CaCl, x 2H,0 1.103 -
NaCl 2.925 3.51
NaHCO; - 2.27
NaH2PO4 X HQO - 1.18
Na,SO,4 2.25 -
K,SO,4 - 4.18
KH,PO, 1.40 -
KCl 1.60 -
NH,CI 1.00 -
(NHy),-citrate - 0.41
MgCl, x 6H,O - 0.67
Urea 25.00 13.7
Creatinine 1.10 -
D-Glucose - 0.047
D-Fructose - 0.009
Saccharose - 0.014
Glycin - 0.085
L-Ascorbic acid - 0.045
pH 6 Variable
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Fig. 4 Plot of relative urine
supersaturations, RS, (EQUIL
[9]) with respect to calcium
hydrogene phosphate (brushite,
open circles) and CaOx
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(r = 0.725). The best linear relationship can be described
by the equation:

BRI = 0.66RSc,0x + 0.4661

Samples with low RSc,0x are indicated by low BRI
indexes (Fig. 4). Furthermore, the results confirm that
stone-formers tend to excrete more supersaturated urine
than non-stone-formers (e.g. [17]). An inverse correla-
tion (r = —0.56) between RSc.ox and the amount of
added oxalate has been found. This confirms the results
of Borghi et al. [4, 5] who showed, using a modified
oxalate tolerance test [20], that a lower initial RSc,0x 1S
accompanied by a greater amount of oxalate which
could be added to a prepared (pH-adjustment, filtration,
etc.) urine sample without the formation of a detectable
CaOx precipitation. However, comparing the correla-
tions of BRI and (Oxz_) with RSc,0x, the BRI assay
shogvs a considerably higher relationship to RSc,0x than
(Ox™).

Samples with similar RSc,0x can exhibit broad vari-
ations in their related BRI. This reflects the more com-
plex and variable chemical situations in native urine,
which are not taken into account by the EQUIL
program. Macromolecules, however, are treated as
important chemical dynamical factors that influence
crystallization. For example, Tamm-Horsfall protein
(THP) or glycosaminoglycans (GAG) are assumed to
play a major role as inhibitors and/or promotors for
CaOx crystallization in urine (e.g. [6, 9, 10, 13, 14,
22-24)).

We suggest that samples displaying high BRI are
indicated by the relatively lower inhibitory activity of
their macromolecular urinary components compared
with those displaying low BRI but equal/similar RS, 0.

Brushite is assumed to be a potential promotor of
(secondary) CaOx formation by initiating the nucleation
of CaOx salts (e.g. [1, 15, 28]). Thus, it is apparent that
samples with high BRI are correlated with high brushite
supersaturations (r = 0.62).

7 8 9

relative supersaturation

Based on the non-parametric Mann-Whitney U-test
for independent samples, the asymptotic two-tailed
significance for the independence of the patients’ data
as opposed to those of healthy persons are P < 0.0005
and P =0.013 for BRI and relative CaOx saturation,
respectively (Table 3).

The BRI is a very sensitive marker for risk of stone-
formation, more so than the RS index. This may be
attributable to the fact that the calculation of BRI takes
into account the starting point of (forced) urinary CaOx
formation as well as the free calcium concentration, both
in unprepared native urine. Therefore, the complex in-
terplay of inhibitory and stone-promoting constituents
within a particular urine is always considered. The BRI
much more describes the subject’s individual CaOx risk.

The overlap of values in BRI as well as for the RS
index between both groups — healthy persons and stone-
forming individuals — reflects the general situation in a
population. There are patients undergoing successful
medical treatment (BRIs < 1) but, on the other hand,
there are individuals who, while still being regarded as
“clinically healthy”, are already forming stones, or who
will certainly do so at some future date.

A critical BRI value, BRI, which distinguishes with
an optimal selectivity (i.e. a minimum range of overlap)
between healthy persons and stone-formers in a partic-
ular data set, can be obtained by minimizing the sum S,
with

N
S= Xy,
L]

where i, j and N denote patients, healthy persons and
the total number of persons (N =i+j), respectively.
X;=|BRI; = V| if BRI; < V, and X;= |BRI; - V| if
BRI; > V, with V" as an iteration variable. In any other
cases, X; = X; = 0.

When S reaches its minimum, V equals BRI.;. For
any given V, this method of calculation only includes
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those samples involved in the overlap at a given V. For
the data shown in Table 2, BRI is achieved at
V = 1.15 (S = 31.05). Calculating S for V' =1, i.e. the
proposed general BRI, results in S = 31.97; this value
is very close to the optimum of the data set.

The importance of the oxalate/total calcium ratio in
crystal growth and agglomeration was mentioned by
Robertson and Hughes [21]. We showed that the initial
concentration of urinary “free calcium”, [Ca®"], is a
more sensitive parameter for the investigation of the
CaOx crystallization behaviour than the total calcium
concentration, [Ca].

Fast (only =30 min per sample) and easy to perform
(only addition of NH4Ox, no urine preparation, deter-
mination of only two parameters), determination of the
BRI is a suitable tool for estimating the actual CaOx
formation ‘“‘status” — ““at risk” or “without risk” — of
any person using unprepared native urine.

The BRI can be used as a primary diagnostic feature
at the beginning of treatment. Consecutive determina-
tion of BRI during therapy or dietary restriction enables
the monitoring of the (individual) impact of these
measures for any given patient.

Acknowledgements This study was supported by the Deutsche
forschungsgemeinschaft (Grant He-1132/11-3). The authors grate-
fully acknowledge Prof. H.G. Tiselius, Huddinge University,
Sweden, for his valuable editorial help in preparing this manu-
script.

We would also like to thank Mr. Steffes, Mrs. Jansen and
Mrs. Dr. Hoenow for the assistance provided in collecting urine
samples and supplying data. We greatly appreciate the help of
Mrs. Bir, Mrs. Glatz and Mrs. Sallach in performing a number
of chemical analyses.

References

1. Asplin JR, Mandel NS, Coe FL (1996) Evidence of calcium
phosphate supersaturation in the loop of Henle. Am J Physiol
270: F604

2. Bongartz D, Schneider A, Hesse A (1997) Application of a
novel laser-probe for the online determination of particle sizes
in crystallisation models. In: Jungers P, Daudon M (eds)
Renal stone disease. Crystallisation processes, patho-physi-
ology, metabolic disorders and prevention. Elsevier, Paris,
p 152

3. Bongartz D, Schneider A, Hesse A (1999) Direct measurement
of calcium oxalate nucleation with a laser probe. Urol Res 27:
135

4. Borghi L, Guerra A, Meschi T, Briganti A, Schianchi T, Allegri
F, Novarini A (1999) Relationship between supersaturation
and calcium oxalate crystallization in normals and idiopathic
calcium oxalate stone formers. Kidney Int 55: 1041

S. Borghi L, Meschi T, Guerra A, Bergamaschi E, Mutti A,
Novarini A (1995) Effects of urinary macromolecules on the
nucleation of calcium oxalate in idiopathic stone formers and
healthy controls. Clin Chim Acta 239(1): 1

6. Boyce WH, King JS (1963) Present concepts concerning the
origin of matrix and stones. Ann NY Acad Sci 104: 563

7. Briellman T, Hering F, Seiler H, Rutishauer G (1985) The
Oxalate-Tolerance-Value: a whole urine method to discriminate

10.

11.

12.

13.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

between calcium oxalate-stoneformers and others. Urol Res 13:
291

. Deutsche Gesellschaft fiir Erndhrung (German Society of

Nutrition) (DGE) (1992) Empfehlungen fiir die Nihr-
stoffzufuhr. Umschau, Frankfurt.

. Finlayson B (1977) Calcium stones: some physical and clinical

aspects. In: David DS (ed) Calcium metabolism in renal failure
and nephrolithiasis. John Wiley & Sons, New York, p 337
Ganter K, Bongartz D, Hesse A (1999) Tamm-Horsfall
excretion and its relation to citrate in urine of stone-forming
patients. Urology 53: 492

Griffith DP, Musher DM, Itin C (1976) Urease: the primary
cause of infection-induced stones. Invest Urol 13: 346
Hallson PC, Rose GA (1990) Chemical measurement of calci-
um oxalate crystalluria: results in various causes of calcium
urolithiasis. Urol Int 45(6): 332

Hen B, Meinhardt L, Zipperle R, Giovanoli R, Jaeger P (1995)
Simultaneous measurement of calcium crystal nucleation and
aggregation: impact of various modifiers. Urol Res 23: 231

. Hess B, Nakagawa Y, Coe FL (1989) Inhibition of calcium

oxalate monohydrate crystal aggregation by urine proteins.
Am J Physiol 157: F99

. Hojgaard I, Tiselius HG (1999) Crystallization in the nephron.

Urol Res 27: 397

. Koide T, Takemoto M, Itatani H, Takaha M, Sonoda T (1981)

Urinary macromolecular substances as natural inhibitors of
calcium oxalate crystal aggregation. Invest Urol 18: 382

Kok DJ, Papapoulos SE (1993) Physicochemical consider-
ations in the development and prevention of calcium oxalate
urolithiasis. Bone Miner 20: 1

Miller GH, Vermeulen CW, Moore JD (1958) Calcium oxalate
solubility in urine: experimental urolithiasis X1V. J Urol 793:
607

Nakagawa Y, Abram V, Kezdy FJ, Kaiser ET, Coe FL (1983)
Purification and characterisation of the principal inhibitor of
calcium oxalate monohydrate growth in human urine. J Biol
Chem 258: 12594

Nicar MJ, Hill K, Pak CYC (1983) A simple technique for
assessing the propensity for crystallization of calcium oxalate
and brushite in urine from the increment in oxalate or calcium
necessary to elicit precipitation. Metabolism 9: 906
Robertson WG, Hughes H (1993) Importance of mild hyper-
oxaluria in the pathogenesis of urolithiasis — new evidence from
studies in the Arabian Peninsula. Scanning Microsc 7: 391
Rose GA, Sulaiman S (1982) Tamm-Horsfall mucoproteins
promote calcium oxalate formation in urine: quantitative
studies. J Urol 127: 177

Ryall RL, Harnett RM, Marshall VR (1981) The effect of ur-
ine, pyrophosphate, citrate, magnesium and glycosaminogly-
cans on the growth and aggregation of calcium oxalate crystals
in vitro. Clin Chim Acta 112: 349

Scurr DS, Robertson WG (1986) Modifiers of calcium oxalate
crystallization found in urine. III. Studies on their mode of
action in an artificial urine. J Urol 136: 128

Tiselius HG (1997) Risk formulas in calcium oxalate urolithi-
asis. World J Urol 15: 176

Tiselius HG, Larsson L (1980) Validity of biochemical findings
in the evaluation of patients with urolithiasis. Eur Urol 6: 90
Tiselius HG, Berg C, Fornander AM, Nilsson MA (1993)
Effects of citrate on the different phases of calcium oxalate
crystallization. Scanning Microsc 7: 381

Tiselius HG, Hojgaard I, Fornander AM, Nilsson MA (1996)
Is calcium phosphate the natural promotor of calcium oxalate
crystallization? In: Pak CYC, Resnick MI, Preminger GM
(eds) Urolithiasis 1996, 8th International Symposium on
Urolithiasis, Dallas, Texas, p 238



