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Abstract

Using interfacially-controlled crystallization and
gel diffusion crystallization methods, calcium oxalate
monohydrate (COM), dihydrate (COD) and trihydrate
(COT) crystals were grown by the slow diffusion of
reacting ions in the presence of mucin. It was demonstra-
ted that mucin in the growth media dramatically affected
the size, habit, surface structure, thermodynamic stability
and phase transition kinetics of hydrated calcium oxalate
crystals. The results obtained revealed that mucin as a
glycoprotein model controlled the growth of COT and
COD single crystals as well as cluster formation. Growth
inhibition of specific crystal faces and phase transition
retardation occurred in its presence. The data confirmed
that glycoproteins are more than just adhesive materials,
enhancing crystal aggregation in stone formation.
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Introduction

Calcium oxalate crystalluria is a common feature
in recurrent renal stone-formers and non-stone-formers.
In recent years, there has been much discussion on the
influence of different factors, such as ionic and non-ionic
inhibitors (stabilizers) and macromolecules, on calcium
oxalate stone formation in normal subjects and stone-
formers (Berg et al.,1982; Tawashi, 1983; Azoury et al.,
1986; Robertson et al.,1986; Scurr and Robertson, 1986;
Khan et al.,, 1988; Kohri et al.,, 1988; Lanzalaco et al.,
1988; Morse and Resnick, 1988; Grases et al., 1988,
1989). An understanding of surface reactions in the
mineral phase in urine environments is therefore a prere-
quisite to solving the problem of urinary calcification.

The relationship between the surface geometry of
calcium oxalate crystals and their aggregation and cohe-
sion in stone formation is still unclear (Martin et al.,
1984; Marickar and Koshy, 1987). Recent work from our
laboratory investigated the dissolution kinetics and
surface geometry of COD single crystals in normal and
stone-formers’ urine (Akbarieh et al., 1987; Akbarieh and
Tawashi, 1989). The data obtained suggested that the
geometric structure of the surface is likely to be a poten-
tial factor in crystal aggregation during stone formation.
The phase transition of calcium oxalate trihydrate (COT)
to calcium oxalate dihydrate (COD) and calcium oxalate
monohydrate (COM), and COD to COM single crystals
in a urine environment was also studied (Akbarieh and
Tawashi, 1990). These findings indicated that the phase
transition of calcium oxalate on the surface of single
crystals is a powerful technique for understanding the
exact role of urinary macromolecules in stone formation.

Acidic glycoproteins have been detected in urine
as well as in the core of renal stones (Grant et al., 1973;
Samuelle, 1979; Nakagawa et al., 1987; Sirivongs et al.,
1989). The effect of urinary macromolecules such as
Tamm-Horsfall mucoprotein (THP) and nephrocalcin on
calcium oxalate crystal growth and agglomeration has
been studied extensively (Nakagawa et al, 1978§;
Kitamura and Pak, 1982; Scurr and Robertson, 1986;
Wiggins, 1987; Yoshioka et al., 1989; Hess et al., 1989).
It is still not clear, however, whether THP is a bystander




or an active participant in stone formation (Kumar and
Muchmore, 1990). Although many investigators have
reported the inhibition of crystal and/or stone growth by
acidic glycoproteins (Nakagawa et al., 1978; Gjaldbaek
and Robertson, 1980; Kitamura and Pak, 1982; Scurr et
al,, 1983; Gambaro et al., 1984), others have demonstra-
ted the promotion of these processes in the presence of
THP (Hallson and Rose, 1979; Rose and Sulaiman,
1982). Recently, Worcester et al. (1988) showed that
"normal” THP has no effect on calcium oxalate crystal
growth. Changes in the molecular configuration of the
protein molecule therefore represent another question
which needs to be answered. Nakagawa et al. (1985,
1987) observed that nephrocalcin in subjects with recur-
rent calcium oxalate nephrolithiasis is structurally
different from its counterpart in normal individuals.
Molecular THP abnormalities in calcium oxalate nephro-
lithiasis have recently been reported. In fact, Hess et al.
(1991) revealed that "abnormal" THP aggregates calcium
oxalate crystals.

Overall, the precipitation, deposition and growth
of calcium oxalate crystals are influenced by the presence
of natural polymers, such as THP, nephrocalcin, RNA,
lipids, heparin and chondroitin sulphate (Martin et al.,
1984: Khan and Hackett, 1984; Iwata et al., 1985; Khan
et al,, 1988: Lanzalaco et al., 1988). The effect of these
polymers on calcium oxalate crystallization is a function
of the concentration of anionic polyelectrolytes (Manne
et al., 1990). Given these facts, the purpose of this work
was to determine the influence of another natural muco-
protein, mucin as an acidic glycoprotein model, on the
growth of calcium oxalate single crystals and to identify
possible structural and chemical changes at the interface.

Materials and Methods

To study the effects of mucin on hydrated calcium
oxalate crystal growth, we used aqueous and gel growth
media, two different techniques already well developed
in our laboratory.

Interfacial crystallization
Different hydrated calcium oxalate crystals were

grown under slow liberation of reacting ions. Growth was
based primarily on the slow hydrolysis of diethyloxalate
(Sigma Chemical Co., MO, USA) in the presence of
freshly double distilled water containing calcium chloride
(Fisher Scientific, Canada) at 4°C. In this work, 0.1 M
and 1 M calcium chloride solutions were used to grow
COT and COD crystals, respectively. Slow diffusion of
oxalate at the interface, which separates the two insoluble
phases, controlled the reaction and growth of calcium
oxalate crystals. The chemical reaction took place in
calcium chloride solution. The harvested crystals were
washed with chilled absolute ethanol (0°C) and preserved
in a dry vacuum state for further study and analysis. The
technique of growth and identification has been reported
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in detail elsewhere (Lachance and Tawashi, 1987).
Lyophilized type 1 bovine submaxillary gland mucin
(Sigma) was added to the calcium chloride solution at a
concentration of 50mg/L. In all cases, a control
experiment was performed without mucin.

Gel diffusion crystallization

COD and COM crystals were grown in a gel
medium with or without mucin. The growth medium used
in this study was prepared with calfskin purified gelatin
(Lot #13413, Eastman Kodak Co., Rochester, NY, USA).
A 5% aqueous gelatin solution was constituted by gentle
heating (below 50°C) for one hour. The solution was
buffered to pH 6.2 with tromethamine. When the effect
of the glycoprotein was investigated, 50 ppm of mucin
was added to the aqueous solution prior to gelling. The
solution was poured into a cooled (4°C) Pyrex Culture
Petri dish (100x22 mm) in which the bottoms of two large
test tubes were suspended (Fig. la). The system was
allowed to gel for 24 hours at 4°C. The suspended test
tubes were then carefully removed one by one from the
gel by gently heating them. To do so, 10 ml of hot water
was poured into each test tube prior to its removal. This
is a crucial step because the depression made must have
a smooth surface and should not be scratched. With this
technique, a gel growth media and its two chambers
could easily be observed under a stereomicroscope (Fig.
1b). One chamber was filled with 5 ml of a 0.5 M
calcium chloride solution and the second was loaded with
a 0.5 M oxalic acid solution. Both solutions were cooled
to 4°C before use. The system thus prepared was kept in
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Figure 1. Schematic presentation of gel growth medium
preparation. a: the test tubes were suspended before
pouring the gel. b: after removal of the test tubes,
solutions were poured into the two chambers and
covered to limit evaporation.
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(size). We believe that the concentration level of these
impurities is not sufficient to affect agglomeration and/or
phase transformation.

H. Iwata: I am interested in the fact that the phase
transition of COD to COM took place in the calcium
chamber but it didn’t take place inside the gel. How can
you explain this?

Authors: As a matter of fact, calcium oxalate phase
transformation occurred in both calcium chamber and
inside the gel. However three weeks after phase
transition occurred in calcium chamber, the COD crystals
formed inside the gel started phase change.

H. Iwata: Low temperature, low oxalate-to-calcium ratio
and presence of magnesium ion are factors which facili-
tate the formation of COD rather than COM. There
seems to be a possibility that some of the COM crystals
are formed initially (i.e. not transformed from COD)
after several weeks, because the prolonged incubation
increases the oxalate-to-calcium ratio in the calcium
chamber. Can you distinguish the initially formed COM
from the transformed one?

Authors: The possibility exists. Indeed, there is no
available technique, to our knowledge, capable to detect
submicron COM crystals initially formed in calcium
chamber in this type of experiment.
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