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Abstract

This study aimed to compare calcium oxalate
(CaOx) crystallization in undiluted urine from healthy
men and women with the object of clarifying the differ-
ence in stone incidence between the two sexes. Twenty-
four hour urine specimens were collected from 37 men
and 28 women. Urinary pH, and concentrations of Ca,
oxalate and urate were measured, and indices of crystal-
lization determined by Coulter Counter particle analysis
following induction of CaOx crystallization by addition
of oxalate. The amount of oxalate required to induce
crystallization was significantly (p < 0.01) higher in
females than in males, as was the overall particle vol-
ume deposited after 90 minutes incubation (p < 0.006).
Scanning electron microscopy revealed larger individual
crystals in female urine, and a greater degree of crystal
aggregation in male urine, although the average overall
size of the precipitated crystal particles did not differ
between the two sexes. There were no significant dif-
ferences between men and women with regard to median
pH, or Ca and oxalate concentrations, but the median
urate concentrations were slightly, but significantly,
higher (p < 0.05) in the women’s urines than in the
men’s. It was concluded that the greater risk of CaOx
stones in men is related to an increased propensity to nu-
cleate CaOx crystals per se, rather than to a tendency to
form larger crystalline particles.

Key Words: Urolithiasis, gender differences, calcium
oxalate crystallization, crystal growth, crystal aggre-
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Introduction

Although an increase in the incidence of CaOx stone
formation in women in developing countries has been re-
ported to have occurred during the past three decades
[2], for many years it has been generally accepted on the
basis of extended epidemiological studies that the
male:female ratio for the formation of non-infective
urinary CaOx stones is approximately 2-3:1 [1, 21, 36].
The general predominance of these stones in males may
perhaps be explained by sex-dependent differences in
concentrations of substances that inhibit or promote
lithogenesis in urine, which, in turn, may be regulated
by sex hormones [30, 33]. A previous study in this lab-
oratory [30] showed that female urine inhibits CaOx
crystal aggregation more potently than male urine,
whereas there was no difference in their respective
effects on crystal growth. That study, however, tested
the effects of the urine samples in an inorganic, aqueous
crystallization system: the physiological relevance of
results obtained from such systems have rightly come to
be questioned, since it is widely acknowledged that they
cannot reproduce the complex conditions operating in
urine itself. Therefore, the aim of the current study was
to study parameters of CaOx crystallization in undiluted
urine of healthy men and women in order to determine
whether the disparity in the incidence of stone formation
between the two sexes can be explained by differences
in the inhibitory effects of their urine on CaOx crystalli-
zation. The urinary pH and concentrations of calcium,
oxalate and urate were also determined in order to relate
any observed differences in crystallization parameters to
factors known to influence CaOx crystallization.

Materials and Methods

Materials

All reagents were of analytical purity. All solutions
were prepared with the highest quality water from a "Hi
Pure" water purification system fitted with a 0.2 um
pore-size filter (Permutit Australia, Brookvale, NSW,
Australia).
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Figure 1. The minimum amount of oxalate required to
induce detectable CaOx crystallization in 20 ml of urine
of healthy women and men (metastable limit) in mmol/l.
Horizontal lines indicate the median values.

Subjects and urine collection

Twenty-four hour urine specimens were obtained
from 28 healthy women (median age 26: range 17-62
years) and 37 healthy men (median age 34: range 18-62
years); the difference in age between the men and wom-
en was not significant. Urine samples were refrigerated
during the collection period and during storage prior to
use (always within 12 hours of completion of the collec-
tion), each specimen was tested to exclude the presence
of blood using Multistix test strips (Miles Laboratories,
Mulgrave, Victoria, Australia). Data reported in this
study consisted of a combination of previous and recent
work. Therefore, although complete crystallization data
were available for all individuals, values for pH, and
calcium, urate and oxalate concentrations were not avail-
able for all subjects.

Crystallization experiments

Urines were centrifuged at 20°C for 30 minutes at
10,000 x g in a J2-21M/E centrifuge (Beckman Instru-
ments, Palo Alto, CA), and then filtered through 0.22
um pore-size filters (GSWP04700; Millipore Corp.;
Bedford, MA). The minimum amount of oxalate re-
quired to induce crystallization and the urinary inhibitory
activity were then assessed by the oxalate load method
of Ryall et al. [28], using a Coulter Counter model TAII
fitted with a 70 pum orifice and Population Count acces-
sory (Coulter Electronics Ltd, Herts., U.K.). The crys-
tallization parameters measured were: (1) the metastable
limit; defined as the minimum amount of oxalate neces-
sary to induce detectable (> 2 um) CaOx crystals in 20
ml of urine; (2) the total particle volume deposited at 90
minutes; and (3) the particle size, expressed as the peak
of the volume distribution curve at 90 minutes.

Six estimates of each parameter were obtained for
each urine and the mean of these values was used for
comparative purposes. In order to compare the overall
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Figure 2. The total particle volume 90 minutes after in-
duction of crystallization in urines of healthy women and
men. Horizontal lines indicate median values.

distribution of particle volume and size at 90 minutes,
the volumes of particles falling within a certain channel
of the Coulter Counter were combined for all the men
and for all the women, and the median values plotted in
relation to particle size. Increase in particle volume
with time was expressed as the median value of all val-
ues obtained at each time interval, for men and for
women. In order to test whether the crystal volume de-
posited was a function of the concentration of oxalate in
solution at the commencement of the incubation period,
the total oxalate concentration was calculated by adding
the endogenous amount of oxalate to that used to induce
CaOx crystallization.

Scanning electron microscopy (SEM)

At the end of seven of the experiments (3 females,
4 males), 2.0 ml aliquots of urine were filtered through
0.22 pm Millipore filters, and the filters were prepared
for SEM according to the method used by Grover ez al.
[12]. The filtered crystals were then visualised by SEM,
using an ETEC AutoScan electron microscope (Siemens
AG, Stuttgart, Germany). To avoid bias, the operator
was blinded with regard to the sex of the individual from
whom the crystals had been obtained.

Analytical procedures

Analytical procedures were carried out on unproc-
essed, 24 hour whole urine samples with the exception
of the urinary pH which was measured immediately be-
fore the beginning of the experiments in centrifuged and
filtered (0.22 um Millipore) urine, at room temperature,
and using a glass electrode. Calcium was determined by
atomic absorption spectroscopy, oxalate by the technique
of Mazzachi et al. [20], and urate by a standard auto-
analyser technique.

Statistics
Values were compared using the Mann-Whitney-U
test. A p-value < 0.05 was regarded as statistically
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Table 1. Urinary pH and concentrations of calcium, oxalate and urate in the urine samples from the men and women,
and their daily calcium excretion. Values are expressed as the median and range. Numbers in parentheses denote the

number of values available for calculation.

men women significance
pH 6.24: 5.55-6.82 (n = 13) 6.21: 5.04-7.50 (n = 23) none
Ca mmol/l 3.7: 0.6-7.8 (n = 29) 2.8:0.9-7.2 (n = 25) none
Ca mmol/day 3.95: 0.6-7.8 ((n = 25) 2.82: 0.9-7.2 (n = 24) p < 0.0001
Ox mmol/l 0.29: 0.09-0.61 (n = 26) 0.33: 0.10-0.68 (n = 23) none
Urate mmol/l 2.9:1.4-5.5 (n = 34) 3.3:1.8-7.4 (n = 24) p = 0.046
all particle size was similar for both sexes, being 7.1 um
12000 (Fig. 3). SEM confirmed this similarity in overall size
_ by showing that although the individual crystals precipi-
] 100R07] tated from the men’s urines (Fig. 4) tended to be smaller
E i than those from the women (Fig. 5), they were clustered
into larger aggregates than those occurring in the wo-
E 6000 men’s urines. Thus, the overall sizes of the crystalline
2 particles precipitated from the women’s and men’s
> 40001 urines, expressed as the positions of the peak of the par-
3 ticle volume distribution curves, were indistinguishable.
£ 20007 There were no correlations between the volume of crys-
a talline material deposited and the urinary pH, the total
B 5 i 55 urinary concentration of oxalate, and the urinary concen-
particle size in um trations of Ca and urate. Similarly, no correlation was
found between the metastable limit and the urinary pH,
Figure 3. Particle volume distribution in urines of the total urinary oxalate concentration, and the urinary

healthy women and men. The median volumes of the
female urines are represented in the upper curve, the
median volumes of the male urines in the lower curve.
The similar peak at 7.1 ym indicates a similar overall
particle size in both sexes.

significant. The Spearman Rank Order Correlation tech-
nique was used to test for the existence of a relationship
between crystal volume and the urinary pH, and the total
urinary concentrations of oxalate, calcium, and urate.
These parameters were also tested for a possible rela-
tionship with the metastable limit.

Results

The metastable limit of the urines was significantly
higher (p = 0.009) in the women (median 0.825: range
0.15-3.15 mmol/l oxalate), than in the men (median
0.45: range 0.15-1.65 mmol/l in men; Fig. 1). Figure
2 shows the total particle volume 90 minutes after the
induction of crystallization: whereas women had a sig-
nificantly (p = 0.006) greater total particle volume
(44,993: range 12679-100,230 3;¢m3/;,¢1) than the men
(36,464: range 13532-71567 um>/ul), the average over-
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urate concentration. However, as we have shown in a
previous study already [29], an inverse correlation exist-
ed between the urinary Ca concentration and the meta-
stable limit (women: r = -0.41, n = 25, p < 0.001;
men: r = -0.58, n = 29, p < 0.001; all subjects: r =
-0.54, n = 54, p < 0.001). Likewise, as we have pre-
viously shown in another study [30], the total daily Ca
output was significantly (p < 0.001) less in the women
(2.82 mMol/day) than in the men (3.959 mMol/day).

The median values and ranges of urinary pH, and
concentrations of calcium, oxalate, and urate are pres-
ented in Table 1.

Discussion

The well documented disparity in the incidence of
CaOx stones between men and women suggests that sex
hormones may play a determinant role in stone forma-
tion, either by influencing the urinary conditions which
dictate the likelihood that CaOx will precipitate, or once
this has occurred, by affecting the probability that the
precipitated crystals will be retained in the urinary col-
lecting system. This notion is supported by the results
of one study which indicated that a higher estrogenic ac-
tivity during their reproductive years appears to protect




Figure 4. Scanning
electron micrograph of
typical crystals in the
urine of a male subject.
Bar = 5 um.

women from stone formation [33]; by corollary, admin-
istration of testosterone has been reported to promote
CaOx stone formation in rats [19]. One possible mecha-
nism by which sex hormones might influence the likeli-
hood of stone formation could be by determining the
concentration and/or activity of urinary inhibitors. In-
deed, sex-dependent differences in the inhibitory effect
of urine on CaOx crystallization in a seeded metastable
crystallization system have previously been reported by
our laboratory [30]. Moreover, it has also been demon-
strated that consumption of oral contraceptives increases
the inhibitory effect of female urine on CaOx crystalliza-
tion in a similar medium [35]. However, the shortcom-
ings of such experimental systems are now well recog-
nised, and it is generally accepted that an organic, undi-
luted real urine system would more accurately reflect the
complexity of physiological conditions, and thereby pro-
vide data more likely to indicate the true effects of uri-
nary inhibitors in vivo. In this study, therefore, param-
eters of crystallization were assessed in undiluted urines
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of healthy men and women. No attempt was made to
standardise the subjects’ diets because we wished to
compare urines of women and men under their normal
living conditions. However, all urines were standardised
insofar as a standard load of oxalate was added to all
urines at their measured metastable limits.

The metastable limit, expressed as the minimum
amount of oxalate necessary to induce crystallization, is
an empirical parameter that measures the propensity of
a urine to nucleate CaOx crystals, and was found to be
inversely related to the prevailing urinary Ca concentra-
tion, as we have already shown in a previous study [29].
The metastable limits of the female urines were signifi-
cantly higher than those of the men, probably reflecting
their lower urinary concentrations of Ca, and indicating
that they were less likely to undergo precipitation of
CaOx. Prima facie, this might be considered sufficient
grounds to explain the difference in stone incidence be-
tween the two sexes, since the precipitation of insoluble
crystals is the first, and absolute, requirement for stone
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pathogenesis. However, nucleation of crystals is, of it-
self, insufficient to induce CaOx stone formation, which
also requires retention of those crystals within the uri-
nary tract. Intuitively, it is apparent that the mass and
size of precipitated crystalline particles will directly af-
fect the probability that they will be retained in the renal
collecting system, and this is borne out by the observa-
tion that individuals who have never formed a kidney
stone pass small, single CaOx crystals, while recurrent
stone formers excrete a greater mass of crystals cluster-
ed into large aggregates [22]. Thus, male and female
urines were also compared with regard to both the total
volume and the average size of CaOx crystals precipi-
tated.

Coulter Counter analysis showed that urines from
females precipitated significantly larger volumes of crys-
talline particles during the 90 minute incubation period
following induction of crystallization, and this finding
was complemented by the results of SEM which clearly
revealed that the individual crystals precipitated from the
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Figure 5. Scanning elec-
tron micrograph of typical
crystals in the urine of a
female subject. Bar = §
pm.

female urines were larger than those from the males.
There are two obvious mechanisms by which larger
crystals could be formed. First, they could result from
a greater amount of crystal growth, which might occur
in the presence of higher concentrations of calcium and
oxalate. The urinary concentrations of calcium were
generally lower in the female urines; nonetheless, their
endogenous oxalate concentrations were slightly higher,
and their metastable limits significantly so, which means
that the total concentration of oxalate at the commence-
ment of the 2 hour incubation period was significantly
higher in the women’s urines than in the men’s. It has
been recognised for more than 20 years that the prevail-
ing concentration of oxalate is approximately 15 times
more influential than that of calcium in determining the
likelihood that precipitation of CaOx will occur in urine,
a consequence principally of the greater concentration of
calcium in urine relative to oxalate [9]. It is possible
therefore that the increased volume of CaOx crystals ob-
served in the women’s urines may have resulted from
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the higher concentrations of oxalate required to induce
crystal nucleation. However, this is unlikely because we
were unable to detect any correlation between crystal
volume and total oxalate concentration.

An alternative explanation for the larger crystal vol-
ume in the women’s urines could be an enhanced inclu-
sion of organic material into the crystalline structure,
which would increase the volume, but not the mass of
the precipitated crystals. In two other studies, in which
CaOx deposition was also measured using 14C-oxalate,
we showed that a similar increase in volume was not the
result of an enhanced deposition of solute, but was prob-
ably caused by the inclusion into the crystals of organic
matrix material [7, 32]. We therefore assume that the
increased crystal volume and larger individual crystal
size that we observed in the material precipitated from
the women’s urines may have resulted from an increased
inclusion of organic matrix macromolecules into the
crystals. This is supported by the simultaneous observa-
tion that the crystals deposited from the men’s urines,
although smaller than those from the women’s, were
more highly aggregated: the organic matrix of urinary
CaOx crystals is known to inhibit CaOx crystal aggrega-
tion occurring in undiluted, ultrafiltered human urine
[7]. Moreover, this inhibitory effect can probably be at-
tributed principally to the predominant protein in this
matrix, urinary prothrombin fragment 1 (UPTF1), which
has been shown to be the most potent macromolecular
inhibitor of both CaOx crystal growth and aggregation
in this experimental crystallization system [32].

However, although the reduced degree of aggrega-
tion of the crystals precipitated from the women’s urines
might suggest that they would be less likely to retain
precipitated crystals of CaOx in their kidneys, such an
advantage would be offset to some extent by their for-
mation of larger individual crystals, which as discussed
above, occupy a greater total volume. In fact, the re-
sults presented here indicate that the potential benefit
offered by a reduced degree of crystal aggregation was
completely negated by the corresponding increase in the
size of the individual crystals and total particle volume.
Coulter Counter analysis demonstrated that the position
of the mode of the volume size distribution curve of the
crystalline particles precipitated from the women’s
urines was indistinguishable from the corresponding
male value, being 7.1 um for both. This would suggest
that, once formed, crystalline particles precipitated from
both sexes are equally likely to be retained in the urinary
tract, and that physicochemical events subsequent to
crystal nucleation do not explain the higher incidence of
CaOx stone disease in men.

Although it is well accepted that the overall degree
of supersaturation of urine with CaOx depends upon a
number of factors, including pH and the concentrations
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of chelating agents such as citrate and Mg, the probabili-
ty that CaOx crystal nucleation will occur obviously de-
pends to a great extent on the prevailing concentrations
of Ca and oxalate: measurements of their urinary con-
centrations have long constituted the spearhead of stone
investigation. Although we were unable to demonstrate
a statistically significant difference in urinary Ca concen-
trations between the male and female groups in the
current study population, the median Ca concentration
was considerably lower in the women (2.8 mmol/l) than
in the men (3.7 mmol/l). When these results were ex-
pressed as daily Ca output, the women (median 2.82
mMol/day) were found to excrete significantly less Ca
than the men (median 3.959 mMol/day). These findings
are in agreement with a previous report from our labora-
tory [30] and to other reports [4, 23, 33, 34]. We were
also unable to demonstrate a significant difference be-
tween the urinary oxalate concentrations between the two
sexes (0.29 in men and 0.33 mmol/l in women), which
is in agreement with other reports in the literature [3, 5,
10, 15, 22, 30]. Only one study reported a lower urina-
ry oxalate concentration in females [34].

Another urinary factor thought to influence the like-
lihood of CaOx stone disease is the urinary excretion of
uric acid. Several mechanisms have been advanced to
explain the apparent relationship between the two, in-
cluding epitaxial deposition of CaOx upon crystals of so-
dium urate [6] and mitigation of urinary glycosaminogly-
can inhibitory activity by colloidal particles of sodium
urate [24]. However, direct supporting evidence for
both these theories is lacking [26]. Nonetheless, other
work has shown that increasing the concentration of
urate in urine promotes CaOx crystallization [12, 13, 14,
16], and that the effect is probably wrought by the proc-
ess of "salting out" [12, 13, 14, 16]. The urinary excre-
tion of urate has been reported to be similar in the two
sexes [18], and to be increased in males [8, 30]. Con-
trary to our earlier observations [30], results presented
in the current study reveal an increased median urinary
uric acid concentration in females, which, though signif-
icant, was nonetheless only minor. The median urinary
concentration in women was 3.3 mmol/l and in men 2.9
mmol/l: salting out of CaOx by urate requires increases
in urate concentration of the order of 2-3 mmol/l [12,
13, 14], which is many times greater than the difference
in concentration between men and women found here.
Thus, it is unlikely that our finding of a higher urate ex-
cretion in women is of any significance in determining
the incidence of CaOx stone formation. This is support-
ed by the fact that we were unable to document any cor-
relation between urinary urate and either the deposited
crystal volume or the metastable limit.

Although urinary pH is known to affect the solubil-
ity of CaOx, we could not show any difference in pH

|
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between men and women, which is in agreement with
the findings of Robertson et al. [25]. To exclude pH
changes during storage, pH was measured immediately
before the beginning of each experiment, thus, reflecting
the true experimental pH conditions. Furthermore, there
was no correlation between pH and any of the measured
crystallization parameters.

Another important urinary constituent which is
known to influence urinary saturation with CaOx is cit-
rate, which possesses the ability both to chelate Ca ions
in solution and to inhibit CaOx crystal deposition in un-
diluted human urine [28], probably by binding to the
crystal surface. Unfortunately, owing to the partly ret-
rospective nature of this study, data for urinary citrate
concentrations were not available for our patients. Uri-
nary citrate concentration is reportedly higher in women
during their reproductive years than in men. Estrous
phase-related alterations in urinary concentration and a
marked decrease in citrate excretion in menopausal
women suggest that urinary citrate concentration is influ-
enced by female sex-hormones, i.e., estrogen, thus, of-
fering another possible mechanism for the relative pro-
tection of females from urinary stone formation [33, 34].
However, we believe that such an explanation is not sup-
ported by the results of the present study, since there
was no difference between men and women with respect
to the total volume of CaOx precipitated in their urines.
Moreover, although citrate has been shown to affect
CaOx crystal nucleation and aggregation [11, 17, 27],
those studies were performed in inorganic solutions
whose ionic conditions bear little resemblance to those
of human urine. In fact, the lack of difference between
the size of the crystalline particles precipitated in the
urines from the men and women is in accord with the
fact that urinary citrate does not affect the aggregation
of CaOx crystals in undiluted human urine using the
same experimental system as was employed here [31].

In summary, the results of this study have con-
firmed the findings of our previous study [30] that urine
from women inhibits CaOx crystal aggregation more
strongly than that from men. However, although this
would serve to protect females from stone disease, the
advantage is offset by the tendency of their urines to
precipitate larger individual crystals. On the other hand,
there was a clear distinction between the sexes with re-
gard to the propensity of their urines to undergo sponta-
neous CaOx crystal nucleation in response to a fixed ox-
alate challenge, which is probably attributable to the fact
that men excrete urine containing higher concentrations
of Ca. The reason why men have a higher incidence of
CaOx stone formation remains far from clear, but it
seems to be associated with an increased tendency of
their urines to nucleate CaOx crystals per se, rather than
to factors predisposing to the formation of larger crystal-
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line particles more likely to be retained in the renal col-
lecting system.

Acknowledgement

We are indebted to the Swiss National Foundation
and the Ciba-Geigy Jubilee Foundation Switzerland
whose grants for Dr. Buchholz supported this project.
This project was supported in part by grant 940283 from
the National Health and Medical Research Council of
Australia.

References

[1] Ahlstrand C, Tiselius HG (1981) Renal stone
disease in a Swedish district during one year. Scand J
Urol Nephrol 15: 143-146.

[2] Asper R (1984) Epidemiology and socio-
economic aspects of urolithiasis. Urol Res 12: 1-5.

[3] Baggio B, Gambaro G, Favaro S, Borsatti A
(1983) Prevalence of hyperoxaluria in idiopathic calcium
oxalate kidney stone disease. Nephron 35: 11-14.

[4] Bell JL, Kilshaw BH, Carson D, Bacchus RA
(1983) Environmental effects on urinary volumes, bio-
chemical constituents and their inter-relation. Clin Chim
Acta 135: 293-299.

[5] Butz M, Kohlbecker G (1980) Oxalate urolithia-
sis: significance of serum and urinary oxalate. Urol Int
35: 303-308.

[6] Coe FL (1978) Hyperuricosuric calcium oxalate
nephrolithiasis. Kidney Int 13: 418-426.

[7] Doyle IR, Marshall VR, Ryall RL (1995) Calci-
um oxalate crystal matrix extract: The most potent mac-
romolecular inhibitor of calcium oxalate crystallization
yet tested in undiluted urine in vitro. Urol Res 23: 53-
62.

[8] Fellstrom B, Backman U, Danielson V, Johans-
son G, Ljunghall S, Wikstrom B (1982) Urinary excre-
tion of urate in renal calcium stone disease and in renal
tubular acidification disturbances. J Urol 127: 589-592.

[9] Finlayson B (1974) Renal lithiasis in review.
Urol Clin N Amer 1: 181-212.

[10] Galosy R, Clarke L, Ward DI, Pak CYC
(1980) Renal oxalate excretion in calcium urolithiasis. J
Urol 123: 320-323.

[11] Grases F, Masarova L, Sohnel O, Costa-Bauza
A (1992) Agglomeration of calcium oxalate monohydrate
in synthetic urine. Br J Urol 70: 240-246.

[12] Grover PK, Ryall RL, Marshall VR (1990)
Effect of urate on calcium oxalate crystallization in
human urine: Evidence for a promotory role of hyper-
uricosuria in urolithiasis. Clin Sci 79: 9-15.

[13] Grover PK, Ryall RL, Marshall VR (1992)
Calcium oxalate crystallization in urine: Role of urate




and glycosaminoglycans. Kidney Int 41: 149-154.

[14] Grover PK, Ryall RL, Marshall VR (1993)
Dissolved urate promotes calcium oxalate crystallization:
Epitaxy is not the cause. Clin Sci 85: 303-307.

[15] Hesse A, Strenge A, Vahlensieck W (1984)
Oxalic acid excretion of calcium oxalate stone formers
and of healthy persons. In: Urinary Stone. Ryall RL,
Brockis JG, Marshall VR, Finlayson B (eds.). Churchill
Livingstone, New York. pp. 57-62.

[16] Kallistratos G, Timmermann A, Fenner O
(1970) Zum Einfluss des Aussalzeffektes auf die Bildung
von Calciumoxalat-Kristallen in menschlichem Harn
(The influence of salting-out on the nucleation of cal-
cium oxalate crystals in human urine). Naturwissen-
schaften 57: 198.

[17] Kok DJ, Papapoulos SE (1993) Physicochemi-
cal considerations in the development and prevention of
calcium oxalate urolithiasis. Bone Miner 20: 1-15.

[18] Laerum E, Palmer H (1983) Methodological
aspects of examination of 24 hour urinary excretions in
outpatients with recurrent urolithiasis. Scand J Urol
Nephrol 17: 321-324.

[19] Lee YH, Huang WC, Chiang H, Chen MT,
Huang JK, Chang LS (1992) Determinant role of testos-
terone in the pathogenesis of urolithiasis in rats. J Urol
147: 1134-1138.

[20] Mazzachi BC, Teubner JK, Ryall RL (1984)
Factors affecting measurement of urinary oxalate. Clin
Chem 30: 1339-1343.

[21] Otnes B (1980) Sex differences in the crystal-
line composition of stones from the upper urinary tract.
Scand J Urol Nephrol 14: 51-56.

[22] Robertson WG, Peacock M (1972) Calcium ox-
alate crystalluria and inhibitors of crystallization in
recurrent renal stone formers. Clin Sci 43: 499-506.

[23] Robertson WG, Heyburn PG, Peacock M,
Hanes F, Swaminathan R (1974) Seasonal variations in
urinary excretion of calcium. Br Med J 4: 436-437.

[24] Robertson WG, Knowles F, Peacock M (1976)
Urinary mucopolysaccharide inhibitors of calcium oxa-
late crystallization. In: Urolithiasis Research. Fleisch H,
Robertson WG, Smith LH, Vahlensieck W (eds.).
Plenum Press, New York. pp. 331-334.

[25] Robertson WG, Peacock M, Heyburn PJ, Mar-
hall DH, Clark PB (1978) Risk factors in calcium stone
disease of the urinary tract. Br J Urol 50, 7: 449-454.

[26] Ryall RL (1989) The formation and investiga-
tion of urinary calculi. Clin Biochem Rev: 10: 149-157.

[27] Ryall RL, Bagley CJ, Marshall VR (1981)
Independent assessment of the growth and aggregation
of calculi oxalate crystals using the Coulter Counter.
Invest Urol 18: 401-405.

[28] Ryall RL, Hibberd CM, Marshall VR (1985)
A method for studying inhibitory activity in whole urine.

442

N.-P. Buchholz er al.

Urol Res 13: 285-289.

[29] Ryall RL, Hibberd CM, Mazzachi BC,
Marshall VR (1986) Inhibitory activity of whole urine:
A comparison of urines from stone formers and healthy
subjects. Clin Chim Acta 154: 59-68.

[30] Ryall RL, Hamett RM, Hibberd CM,
Mazzachi BC, Mazzachi RD, Marshall VR (1987) Uri-
nary risk factors in calcium oxalate stone disease: A
comparison of men and women. Br J Urol 60: 480-488.

[31] Ryall RL, Grover PK, Harnett RM, Hibberd
CM, Marshall VR (1989) Small molecular weight inhibi-
tors. In: Urolithiasis. Walker VR, Sutton RAL, Camer-
on ECB, Pak CYC, Robertson WG (eds.). Plenum
Press, New York. pp. 91-96.

[32] Ryall RL, Grover PK, Stapleton AMF, Barrell
DK, Tang Y, Moritz RL, Simpson RJ (1995) The uri-
nary F1 activation peptide of human prothrombin is a
poient inhibitor of calcium oxalate crystallization in un-
diluted human urine in vitro. Clin Sci 89: 533-541.

[33] Sarada B, Satyanarayana U (1991) Influence of
sex and age in the risk of urolithiasis: A biochemical
evaluation in Indian subjects. Ann Clin Biochem 28:
365-367.

[34] Sarada B, Satyanarayana U (1991) Urinary
composition in men and women and the risk of urolithia-
sis. Clin Biochem 24: 487-490.

[35] Tawashi R, Cousineau M, Denis G (1984) Cal-
cium oxalate crystal growth in normal urine: Role of
contraceptive hormones. Urol Res 12: 7-9.

[36] Tomomasa H, Kaneko S, Amemiya H, Hata R,
Kiriyama I, Muramatsu H, lizumi T, Toyoshima A,
Yazaki T, Umeda T (1989) Clinical study of inpatients
with urolithiasis during the past 10 years. Hinyokika
Kiyo 35: 1887-1891.

Discussion with Reviewers

R.P. Holmes: Would control of fluid intake prior to
and during the urine collection be useful to amplify the
inherent differences in excretions and crystallization
properties between the sexes?

Authors: Standardising fluid intake might certainly
magnify any differences between the urinary calcium
concentrations in men and women. However, the object
of this study was to compare CaOx crystallization pa-
rameters in the urine of men and women under normal,
everyday conditions. Normalising fluid intake would
simply serve to introduce an artificial, confounding
factor.

R.P. Holmes: Results from your laboratory [37] sug-
gest that UPTF1 will be the major protein incorporated
into the crystals formed in the experiments reported
here. Recent studies by Dussol et al. [38] of a limited
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number of calcium oxalate stones indicate that this pro-
tein is not a major component. Does this disparity in
composition suggest that inducing crystallization with an
oxalate load creates artefactual results, or is stone matrix
predominantly inter-crystalline and differs considerably
from intra-crystalline proteins?

Authors: Dussol et al. [38] did not detect the presence
of UPTF1 in stones for the simple reason that they did
not look for it. In fact, we have detected UPTF1 in 9
of 10 CaOx stones, thereby confirming the validity of
the experimental model we use and providing indirect
evidence that proteins in stones are intra-crystalline [42].

B. Hess: How do the authors explain that there is no
correlation between total urinary oxalate concentrations
and crystal volumes?

Authors: If crystal mass (and volume) were determined
solely by the mineral content then we would expect a di-
rect correlation between total crystal volume and total
oxalate concentration (and total calcium concentration).
The fact that they are not correlated suggests that other
factors contribute to crystal volume. Because proteins
are known to be included into CaOx crystals and to oc-
cupy a significant space, we have speculated that this is
the reason for the lack of correlation, as has been previ-
ously discussed [7, 32].

B. Hess: What are the small rounded crystals in the
woman’s urine (Fig. 5) which cannot be observed in the
man’s specimen? How do the authors explain the some-
what irregular surfaces of the calcium oxalate dihydrate
(COD) crystals in the woman’s urine (Fig. 5) which can-
not be found in the man’s sample (Fig. 4)?

Authors: The small rounded particles are very small
calcium oxalate monohydrate (COM) crystals. We often
observe both COD and COM crystals in the same urine
specimen, although one type usually predominates. The
presence of the COM crystals here should therefore be
regarded as a normal occurrence.

We also often observe mixed aggregates of COD
and COM. It is not uncommon to see COM crystals
bound to the surface of COD crystals, and these tend to
become enveloped by the advancing crystal growth front
and become embedded inside the structure. These are
visible as lumps on the surface of the larger crystals,
and this is the source of the surface irregularities in
Figure 5. In fact, careful scrutiny of Figure 4 shows
that in the center of the micrograph there is a COD
crystal to which has bound a smaller COD crystal which
has then been overgrown with CaOx. The effect is
more common when there is a mixture of small and
large particles, and is not confined specifically to either
sex.
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H.-G. Tiselius: The authors have previously stated that
centrifugation and filtration of urine remove important
macromolecules from solution [37]. Could such a mech-
anism have affected the result?

Authors: Removal from urine of Tamm-Horsfall muco-
protein by both low speed centrifugation and filtration is
now widely acknowledged, and this protein would have
been absent from both male and female urines alike.
Other macromolecules can be removed from urine by
filtration through certain types of membranes (Type GS
Millipore), but this does not occur with the membranes
used in this study (Type GV). The urines from the male
and female subjects were therefore equivalent in that
they were both free of Tamm-Horsfall mucoprotein, but
still contained their normal complements of other macro-
molecules.

H.-G. Tiselius: The addition of oxalate increases the
supersaturation (the ion activity product) of calcium oxa-
late, and if the crystal nucleation was exactly the same
in urine from men and from women, the size in crystal
volume should be expected to be similar. Although the
Coulter Counter technique is useful for assessing the
early steps of the crystallization, it has definite limita-
tions, attributable to the fact that crystals with a size
below 2 um escape detection. The concentration of oxa-
late is thus increased until the crystals attain a size ex-
ceeding this limit. If the initially formed nuclei are
more numerous in urine A than in urine B, it is likely
that the supersaturation in sample A has to be brought to
a higher level than in B in order to produce crystals de-
tectable in by the Coulter Counter. Such a mechanism
might subsequently affect the further size and volume of
the crystals. We have thus observed a higher mean
crystal volume in urine from normal subjects than in
urine from stone formers following a similar titration ex-
periment. Although differences in the aggregation is a
possible explanation for this observation, differences in
nucleation cannot be excluded. It would be valuable to
get some comments by the authors on the methodologi-
cal problems with this technique.

Authors: If crystal nucleation were exactly the same in
two different urine specimens then we would certainly
expect similar crystal volumes and size, all other things
being equal. However, differences between the urinary
content of inhibitors or promoters could affect the subse-
quent growth of crystals and cause large differences be-
tween crystal size or volume. We do, nonetheless,
agree that formation of a larger number of initial nuclei
would require a greater deposition of calcium oxalate to
enable detection using the Coulter Counter, and this
would inevitably result in an increased total deposition
of crystal volume. However, crystal aggregation, which
we know occurs in this system, will also have a very




marked effect, as Prof. Tiselius acknowledges. Because
of detection limits with the Coulter Counter, it is not
possible to measure crystal nucleation. It is important to
note that this same deficiency applies to any method for
measuring particle size; estimates of nucleation rates are
always arrived at by extrapolation. We recognised this
problem ten years ago when we pointed out that the de-
tection limit of the Coulter Counter introduced inaccura-
cies in the experimental estimation of inhibition, and
proposed the use of a computer model [40]. Unfortu-
nately, this model cannot be used in the self-nucleating
crystallization system we use, and we abandoned the use
of crystal numbers as an estimate of crystal aggregation
in this technique many years ago. The technique does,
however, still provide useful estimates of the bulk of
calcium oxalate precipitated and the size of the aggre-
gated particles.

J.M. Baumann: Differences in urine with respect to
calcium oxalate metastability may be explained by a
different activity of promoters and inhibitors. Glycos-
aminoglycans (GAGs) are such substances but they are
also secreted in the female genital tract. Therefore, the
question arises how 24 hour urine was collected in wom-
en, and if the difference in crystallization conditions be-
tween men and women could not be explained by a con-
tamination of the female urine from the genital tract.
Authors: Urine was collected from the women with the
use of a plastic collecting funnel: collection of mid-
stream urine specimens would have been impractical and
would have resulted in the loss of significant quantities
of the 24 hour volume. It is doubtful that GAGs from
the genital tract would explain the observed differences,
in view of the fact that the most common GAG, chon-
droitin sulphate, has no appreciable effect on CaOx
crystallization in our experimental system [41].

J.M. Baumann: What was the reason for the six-fold
repetition of the crystallization test in each urine. How
is the reproducibility of the test system used and what is
the coefficient of variation, respectively?

Authors: The experiments are performed in hextupli-
cate in order to guarantee acceptable statistical reliabil-
ity. The coefficient of variation for the estimation of the
metastable limitis 5.6 % and for crystal volume, is 6.7 %
[28].

J.M. Baumann: Crystal nucleation in tissue seems to
be responsible for kidney calcification, which is thought
to be important for stone formation. However, in urine
of healthy controls compared to stone formers,
Kavanagh [39] found an increased nucleation rate and a
decreased metastability with respect to calcium oxalate.
How do the authors interpret their findings of an in-
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creased urinary metastability in women suffering less
from calcium oxalate stone disease than men in the light
of the results of Kavanagh [39]?

Authors: It is important that nucleation rate is not con-
fused with our measurement of metastable limit. One is
the rate at which nucleation proceeds; the other is simply
an empirical measure of the amount of oxalate necessary
to begin and allow detection of the process. We have
previously shown that the amount of oxalate required to
induce observable crystal nucleation is inversely propor-
tional to the endogenous calcium concentration: because
the women’s urines had lower concentrations than the
men’s, their metastable limits were higher, which is con-
sistent with their having a decreased tendency to precipi-
tate calcium oxalate spontaneously. We have also shown
previously that stone formers have lower metastable
limits than healthy controls, so using the same methodo-
logy, our data on women and men are in accord with
those of stone formers and normals. We can only as-
sume therefore that the apparent disparity in the findings
relates to differences in methodology. We do not meas-
ure nucleation rates (see reply to Dr. Tiselius above) and
so cannot make any direct comparison with Dr.
Kavanagh’s results [39].
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