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Summary. The influence of magnesium ions on
the solubility and formation of calcium oxalate
was studied. Both calcium oxalate mineral con-
stituents of urinary calculi (whewellite and wed-
dellite) were prepared in the presence of Mg2+-—
ions. For preparation, a gel growth technique
and precipitation in agqueous solutions were used.
The metastable weddellite formed only when
Mg2+concentration, reaction,temperature and
precipitation velocity (see text) were combined
in the proper way. It is concluded that Mg2+ions
may induce an increase of solubility of calcium
oxalate but in contrast also broaden the Ostwald-
Miers range, thus favouring the formation of
larger crystals.

Key words: Urinary calculi, Magnesium influence,
Calcium oxalate, Solubility.

INTRODUCTION

The existence of calcium oxalate as one of the
main constituents of urinary calculi (10, 13) ex-
plains the great interest in factors influencing
the formation of this compound.

Since Hammersten (5) described the effect
of magnesium salts on the solubility of calcium
oxalate, different opinions have been expressed
on the role of magnesium in the crystallisation
process. An increase of solubility (1, 4, 5, 7,
11), a decrease of crystal growth rate (2) and an
effect on the formation of different calcium oxa-
late modifications (whewellite and weddellite) (8)
have all been reported.

The present study deals with the interpreta-
tion and consideration of the effects of Mg2+ ions
on the solubility and formation of calcium oxalate.

MATERIAL AND METHODS

The following materials were used: CaCly di-
hydrate, MgCly hexahydrate, ammonium oxalate
monohydrate (NHgq)3C204. HoO oxalic acid di-
hydrate HpC204.2 HyO, (all of analytical
grade) and bromoscresol green indicator (pH 3. 6-
5.4). All the above chemicals were supplied by
Merck AG, Darmstadt (West-Germany) and
natural gypsum (CaSOy4 dihydrate) was obtained
from the collection of minerals of the mineralogi-
cal institute of the Free University of Berlin,
Sodium meta silicate pentahydrate (Na25i03.5 HyO)
(chemical grade) was supplied by Carl Roth OHG,
Karlsruhe (West Germany). The HY form of the
ion exchange resin: Dowex 50W x 16 (50 - 100
mesh), and the oxalate form of the resin: Dower
1 x16 (200 - 400 mesh) were supplied by Fluka
AG, Buchs (Switzerland).

Since urinary calculi form in supersaturated
solution, methods depending on this principle
were used. Both a precipitation method and a
crystal growth in a gel system were used because
of their separate advantages,

The diffusion controlled method of crystal
growth in gels, because of gel properties (i. e,
pore size, communication of pores, inactivation
of heterogeneous nuclei (dust particles) by in-
corporating them into the gel structure) results
in fewer, more perfect and larger crystals than
those obtained by the precipitation method (6).

The main disadvantages of the crystal growth
method in gels are the relatively long times
necessary to produce products and the difficulty
in control of parameters such as pH and additives
during the reaction. For example pH is only
easily controlled as long as gel formation has
not taken place, These disadvantages suggest a
preference for the precipitation method despite
the smaller and less perfect crystals.
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In addition it was necessary to vary the time
in which supersaturation was reached (precipita-
tion velocity) in order to produce weddellite and
this is easily achieved with the precipitation
method.

Since temperature is a main factor in crystal
production, temperature control was carried out by
means of either a water bath or an electric drying
oven.

Straight glass tubes 2.5 c¢m in diameter and
20 cm in height were used for the growth in gels.
The tubes were filled to 10 cm with "sodium-
free' silica gel. This gel was prepared with the
aid of an ion exchange resin. 8.5 g NagSi03.5 HyO
was dissolved in 50 ml of distilled water and
treated with a sufficient quantity of kationic ex-
change resin (e.g. 50 g of Dowex 50 W x 16) until
a pH of approximately 4 was achieved. Before
gelling, calcium or oxalate supplying compounds
(see Table 1) were added to the solution or inthe case
of gypsum crystals and ion exchange resin supply-
ing Cgoi— ions (Dowex 1 x 16) the solution was care-
fully poured on top of them so that they remained
on the bottom of the glass tubes. After gelling,
either calcium or oxalate ions (see Table 1)
were allowed to diffuse from a supernatant solu-
tion into the gel. ''Sodium free' silica gel was
used to study the influence of Mg2*tions without
disturbance by other uncontrollable additives.

Before adding a supernatant solution, gels
were stored for 48 h to allow gelling, During
gelling pH alteration was studied by means of an
indicator (bromocresol green included in the gel),
When gelation was complete the pH was between
5 and 6 which is comparable to normal urine pH.

The formation of acids (either HgSO4 or HCI1
as co-products of the calcium oxalate formation
was inevitable, In spite of this, the gel-incor-
porated indicator showed only a slight pH altera-
tion during reaction period (i. e. in the reaction
area the pH was between 4 and 5).

During the reaction the glass tubes were stored
in an electric drying oven at 37 T 10C,

Table 1 indicates the reactants for the cal-
cium oxalate formation in ''sodium free' silica
gel, The reactants were incorporated in the gel
or dissclved in a supernatant solution.

Crystals were seen after 1 1/2 to 2 days in
the gel. They were allowed to grow for approxi-
mately 5 weeks and then harvested, washed with
distilled water and dried in an electric drying
oven at 379C. The products were identified by
X-ray diffraction as CaC90y4.HyO (whewellite)
in all cases. Studies by electron microscopy (EM)
showed that an increase of concentration of the
reactants favoured {winning and an increase of the
concentration of Mg2+ions had the same effect.

Precipitation was carried out at 100°C by
adopting the method described by Treadwell (12)
because at ambient temperature CaCgo0O4. 3 H9O
will form, 0.1 molar (NHg)5C9O4 solution was
added dropwise to a CaClg-solution (1 g CaCla.

2 H0 in approximately 150 ml HgO plus a
spatula tip of NH4Cl). The Mg2+ ions were added
to the CaClg solution as MgClg. 6 H20. The con-
ditions and results for the precipitation at 100°C
are shown in Table 2,

The approximate size of the crystals was in-
vestigated by EM. The two extremes are shown
in Figs. 1 and 2. By X-ray diffraction identifica-
tion it became evident that only whewellite had
formed.

Another series of precipitation experiments
was carried out to obtain weddellite. Precipita-
tion conditions were varied in two ways: firsfly
the velocity of adding the (NH4)9CoOy4 solution
(precipitation velocity, see above) and secondly
temperature. Table 3 gives the conditions and
results of these experiments. Fig. 3 shows wed-
dellite obtained by precipitation. In these experi-
ments temperature was controlled by means of
a water bath,

Table 1. Reactants for the formation of calcium oxalate in gels. (Specification
is given in material section). The resulting product was identified as whewellite

Calcium supply Oxalate supply

H,C,O

CaSO4. 2H20 (Gypsum) 5C504s

Ion exchange resin (H' form)

ion exchange resin (C_O

904 form)

Ion exchange resin (C 02_ form)

274
Ca Cl2 H2C204, (NH4)2C204.
CaCl2 + 1\/IgC12 (NH4)2C204
molar ratio 10:1
CaCl2 + 1\/[gC12 (NH.).C.O
. 4’27274

molar ratio 3. 3:1
CaCl, + MgC1

2 2 (NH4)2C204

molar ratio 1:1
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Flg 1. Precipitate at a ca?* Mg2+ molar ratio Fig. 2, Precipitate at a Ca2+: Mg2+ molar ratio
of 1:0 (EM) of 1:10 (EM)

Table 2. Conditions and results for the calcium oxalate
precipitation at 1000C, The (NH,4)9C20,4 solution was added
dropwise. The resulting product was identified as whewel-

lite
2+ 2+ ‘s . .
Ca® ' : Mg Turbidity following Approximate
molar ratio addition of increasing ml particle size
(NH4)2C204 solution
1:0 immediately ca. 0.3um
10:1 immediately ca. 0,3um
7.5:1 ca. 5 ml ca. 0.4ym
5:1 ca. 5 ml ca. 0.4ym
2.5:1 ca. 10 ml ca. 0.5um
1:1 ca. 20 ml ca. 0.8um
1:2.5 ca. 30 ml ca. L.5um
1:5 ca. 40 ml ca, 2,0um
1:7.5 ca. 40 ml ca. 2,5uym
1:10 ca. 50 ml ca. 2.5-3um

Table 3. Conditions and results for the calcium oxalate precipita-
tion following varying of temperature, precipitation velocity and
Ca?™: Mg2?* molar ratio. ('Fast" means direct mixing of the re-
actant solutions)

Ca2+: Mg2 Precipitation @ Temperature Product
molar ratio velocity

1:0 fast 300C whewellite
1:1 dropwise 30°C whewellite
1:2,5 dropwise 300C whewellite
1:2.5 fast 300C whewellite

weddellite
1:2.5 fast 100°C whewellite
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Fig. 3. Weddellite obtained by precipitation (EM)

RESULTS AND DISCUSSION

Whewellite was obtained by crystal growth in
gels and by precipitation, Weddellite did not
occur in the presence of Mg2tions but did so
when temperature and precipitation velocity
were varied (Tables 2 and 3). So the presence

of Mg2+ ions could not be the main factor govern-
ing the formation of weddellite (1) and there must
be other factors. As temperature variation can
obviously have no influence on the formation of
urinary calculi in vivo the variation of renal
excretion of the critical ions (Ca2+, C202-) and
of water (i.e. the time to supersaturation) may
have an influence on the formation of the two cal-
cium oxalate minerals contained in urinary cal-
culi.

The other point concerns the increase in
solubility of calcium oxalate induced by Mg2+
ions, Table 2 gives two kinds of information on
the formation of calcium oxalate in the presence
of Mg2t ions: With increasing Mg2* concentra-
tion there is an increase of (NHy)9C9O4 solution
required before crystallites form. But in addi-
tion the crystal size of the product increases
(EM investigation, Figs. 1 and 2).

Results from both experimental models are
consistent with the concept of crystal growth in
disperse media where the number of nuclei is
governed by nucleation energy. This varies for
homogeneous and heterogeneous nucleation
respectively. In other words nucleation rate and
growth rate depend on supersaturation but are
affected by additives (such as Mg2'I~ ions) so that

the Ostwald-Miers (metastable) range is affected.!

Formed nuclei may have difficulties in grow-
ing to macroscopic crystals because of surface
adsorption of the additives., They may even dis-
solve again more easily because of induced sur-
face defects so that the number of formed crys-
tals decreases but their ultimate size increases
because of the unaltered amount of supersatura-
tion. This increase of ultimate crystal size is
obvious from Table 2 and Figs. 1 and 2.

Desmars and Tawashi (3) have undértaken
growth rate studies of calcium oxalate in physio-
logically normal saline (0, 9% NaCl) which was
buffered to the desired pH and under the influence
of Mg2" ions and pH. They found that "'the pres-
ence of magnesium and acidic pH significantly
prolonged the lag time between bringing the 2
reactants together and the appearance of crystal-
lites in the growth medium. They suggested that
this happened because of surface adsorption of
Mg2™" ions in the surface monolayer of calcium
oxalate,

What happens to seed crystals present in the
growth medium during the lag time? If there is
an increase of solubility of calcium oxalate depen-
dent on Mg2" concentration the seed crystal
should dissolve or at least stop growing.

Meyer and Smith (9) reported that Mg2+ions
in normal urine concentration {molar ratio Cca2t
Mg2 "~ 1:3) did not inhibit the growth of seed
crystals in buffer solutions but in normal urine
growth was inhibited.

The results of the growth studies reported
(Table 2) are consistent with the above results,
The increase of (NHy}9CyO4 solution consump-
tion necessary to produce calcium oxalate crys-
tals under the influence of Mg2%tions might be
explained by surface adsorption of Mg2 on cal-
cium oxalate surfaces, thus decreasing growth
rate by inactivating surfaces and decreasing the
number of formed crystals by inactivating formed
nuclei, Nevertheless the rate of supersaturation
remains unaffected so that seed crystals or other
particles acting as crystallisation bases may in-
crease in volume.

It is concluded that Mg2+ ions do not increase
the solubility of calcium oxalate but instead
broaden the Ostwald-Miers range. In this light
the administration of magnesium salts seems to
be inadequate prophylaxis against calcium oxalate
urinary calculus formation.

IOstwald-Miers (metastable) range is the space
between the saturation curve and the spontaneous
nucleation curve in a saturation-temperature
diagram, Within this range nucleation does not
take place but seed crystals can grow because
of supersaturation. The breadth of the Ostwald-
Miers range depends mainly on nucleation
energy., This may be varied by chemical addi-
tives or by impurities (e, g. dust particles which
may serve as heterogenous nuclei)



REFERENCES

1, Berg, W., Hesse, A., Schneider, H. J.:
A contribution to the formation mechanism
of calcium oxalate urinary calculi. III. On
the role of Mg in the formation of oxalate
calculi, Urological Research 4, 161 (1976)

2, Bisaillon, S., Tawashi, R.: Growth of cal-
cium oxalate in gel systems. Journal of
Pharmacentical Sciences 64, 458 (1975)

3. Desmars, J.F., Tawashi, R.: Dissolution
and growth of calcium oxalate monohydrate,
I. Bffect of Mg and pH. Biochimica et Bio-
physica Acta 313, 256 (1973)

4. Elliot, J.S., Ribeiro, M. E.: Effect of varying

concentrations of calcium and magnesium

upon calcium oxalate solubility., Investigative

Urology 10, 295 (1973)

5. Hammersten, G.:
anorganischen Chemie, Vol, Ca, Part B,
Lieferung 3, p. 1006, Weinheim, Verlag
Chemie 1961

6. Henisch, H. K.: Crystal growth in gels.
University Park, London: Pennsylvania State
University Press 1973

7. Le Geros, R.Z., Miravite, M. A., Quirol-
gico, G., Morales, P.: Factors influencing
crystals growth and morphology of urinary
stone crystallites. In: Colloquium on renal
lithiasis. Finlayson, B., Thomas Jr. W.
(eds.), Gainsville, University Press of Flo-
rida 1976

In: Gmelins Handbuch der

8,

9.

10,

11,

12,

13,

161

I.e Geros, R. Z., Morales, P.: Renal stone
crystals grown in gel systems. Investigative
Urology 11, 12 (1973) :

Meyer, J.L., Smith, L.H.: Growth of
CaC9Oy4q - crystals. II. Inhibition by natural
urinary crystals growth inhibitors. In-
vestigative Urology 13, 36 (1975)

Prien, E., Frondel, C.: Studies in urolithia-
sis. I. The composition of urinary calculi.
Journal of Urology 57, 949 (1947)

Robertson, W.G., Peacock, M., Nordin,

B. B. C.: Inhibitors of the growth and aggrega-
tion of calcium oxalate crystals in vitro.
Clinica Chimica Acta 43, 31 (1973)
Treadwell, W, G, : Tabellen und Vorschriften
zur Quantitativen Analyse, Wien: Franz
Deutliche 1947

Wagner, S.: Kritischer Vergleich der Analy-
senmethoden der Harnwegskonkremente unter
besonderer Beriicksichtigung der kristallopti-
schen und réntgenographischen Verfahren.
Berlin: Med. Diss, 1973

Dipl. Min., W. Wunderlich
Institut fir Mineralogie
Freie Universitiat Berlin
D-1000 Berlin

Federal Republic of Germany



