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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 Mg 2+- 
ions. For preparation, a gel growth technique 
and precipitation in aqueous 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. 
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INTRODUCTION 

T h e  e x i s t e n c e  of c a l c i u m  o x a l a t e  a s  one  of the  
m a i n  c o n s t i t u e n t s  of u r i n a r y  c a l c u l i  (10, 13) e x -  
p l a i n s  the  g r e a t  i n t e r e s t  in f a c t o r s  i n f l u e n c i n g  
the  f o r m a t i o n  of  t h i s  c o m p o u n d .  

S ince  H a m m e r s t e n  (5) d e s c r i b e d  the  e f f e c t  
of m a g n e s i u m  s a l t s  on the  s o l u b i l i t y  of  c a l c i u m  
o x a l a t e ,  d i f f e r e n t  o p i n i o n s  h a v e  b e e n  e x p r e s s e d  
on the  r o l e  of  m a g n e s i u m  in t he  c r y s t a l l i s a t i o n  
p r o c e s s .  A n  i n c r e a s e  of s o l u b i l i t y  (1, 4, 5, 7, 
11), a d e c r e a s e  of  c r y s t a l  g r o w t h  r a t e  (2) and an 
e f f e c t  on the  f o r m a t i o n  of d i f f e r e n t  c a l c i u m  o x a -  
l a t e  m o d i f i c a t i o n s  ( w h e w e l l i t e  and w e d d e l l i t e )  (8) 
h a v e  a l l  b e e n  r e p o r t e d .  

T h e  p r e s e n t  s t u d y  d e a l s  wi th  the  i n t e r p r e t a -  
t i on  and c o n s i d e r a t i o n  of  the  e f f e c t s  of  Mg 2+ i o n s  
on the  s o l u b i l i t y  and f o r m a t i o n  of  c a l c i u m  o x a l a t e .  

MATERIAL AND METHODS 

The following materials were used: CaCI 2 di- 
hydrate, MgCI 2 hexahydrate, ammonium oxalate 
monohydrate (NH4)2C204 . H20 oxalic acid di- 
hydrate H2C204. 2 H20, (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 (CaSO 4 dihydrate) was obtained 
from the collection of minerals of the mineralogi- 
cal institute of the Free University of Berlin. 
Sodium meta silie ate pentahydrate (Na2 SiO 3. 5 H 2 O) 
(chemical grade) was supplied by Carl Roth OHG, 
Karlsruhe (West Germany~ The H + form of the 
ion exchange resin: Dowex 50W x 16 (50 - i00 
mesh), and the oxalate form of the resin: Dower 
1 x 16 (200 - 400 mesh) were supplied by Fluka 
AG, Buehs (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 supersaturalion 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 .  

S t r a i g h t  g l a s s  t u b e s  2 . 5  c m  in  d i a m e t e r  and 
20 c m  in  he igh t  w e r e  u s e d  fo r  the  g r o w t h  in  ge l s .  
The  t u b e s  w e r e  f i l l ed  to 10 c m  with  " s o d i u m -  
f r e e "  s i l i c a  gel .  T h i s  ge l  was  p r e p a r e d  with the  
aid of an ion  e x c h a n g e  r e s i n .  8 . 5  g N a 2 S i O 3 . 5 H 2 0  
was  d i s s o l v e d  in  50 m l  of d i s t i l l e d  w a t e r  and 
t r e a t e d  with a s u f f i c i e n t  q u a n t i t y  of k a t i o n i c  e x -  
c h a n g e  r e s i n  (e. g. 50 g of Dowex 50 W x 16) u n t i l  
a pH of a p p r o x i m a t e l y  4 was  a c h i e v e d .  B e f o r e  
ge l l i ng ,  c a l c i u m  o r  oxa l a t e  s u p p l y i n g  c o m p o u n d s  
(see  T a b l e  1) w e r e  added  to the  s o l u t i o n  o r  in  the c a s e  
of g y p s u m  c r y s t a l s  and ion  e x c h a n g e  r e s i n  s u p p l y -  
i ng  C2 O2- i o n s  (Dowex 1 x 16) the  s o l u t i o n  was  c a r e -  
fu l ly  p o u r e d  on top of t h e m  so tha t  t h e y  r e m a i n e d  
on the b o t t o m  of the g l a s s  t u b e s .  A f t e r  ge l l i ng ,  
e i t h e r  c a l c i u m  o r  o x a l a t e  i o n s  (see  T a b l e  1) 
w e r e  a l l owed  to d i f fu se  f r o m  a s u p e r n a t a n t  s o l u -  
t i on  in to  the g e l .  " S o d i u m  f r e e "  s i l i c a  gel  was  
u s e d  to s t u d y  the  i n f l u e n c e  of Mg 2 + i o n s  wi thou t  
d i s t u r b a n c e  by  o t h e r  u n c o n t r o l l a b l e  a d d i t i v e s .  

B e f o r e  a d d i n g  a s u p e r n a t a n t  s o l u t i o n ,  ge l s  
w e r e  s t o r e d  fo r  48 h to a l low ge l l i ng .  D u r i n g  
g e l l i n g  pH a l t e r a t i o n  was  s t u d i e d  by  m e a n s  of an 
i n d i c a t o r  ( b r o m o c r e s o l  g r e e n  i n c l u d e d  in  the gel) .  
When  g e l a t i o n  was  c o m p l e t e  the  pH was b e t w e e n  
5 and 6 which i s  c o m p a r a b l e  to n o r m a l  u r i n e  pH. 

The  f o r m a t  ion  of a c i d s  ( e i t h e r  H2SO 4 o r  HC1 
as c o - p r o d u c t s  of the c a l c i u m  o x a l a t e  f o r m a t i o n  
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 +_ loC. 

Table 1 indicates the reactants for the cal- 
cium oxalate formation in "sodium free" silica 
gel. The reactants were incorporated in the gel 
or dissolved 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 37°C. The products were identified by 

X-ray diffraction as CaC204. H20 (whewellite) 
in all cases. Studies by electron microscopy (EM) 
showed that an increase of concentration of the 
reactants favoured twinning 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 CaC204. 3 H20 
will form. 0.I molar (NH4)2C204 solution was 
added dropwise to a CaCl2-solution (I g CaCI2. 
2 H20 in approximately 150 ml H20 plus a 
spatula tip of NH4CI). The Mg 2+ ions were added 
to the CaCI 2 solution as MgCI 2. 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 EIV[. 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: firstly 
the velocity of adding the (NH4)2C204 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 i. Reactants for the formation of ~alcium oxalate in gels. (Specification 
is given in material section). The resulting product was identified as whewellite 

Calcium supply 

CaSO 4. 2H20 (Gypsum) 

Ion exchange resin (H + form) 

C a C12 

CaCI 2 + MgCI 2 

molar ratio I0:i 

CaCI 2 + MgCI 2 

molar ratio 3.3:1 

CaCI 2 + MgCI 2 

molar ratio 1 : 1 

Oxalat e supply 

H2C204, ion exchange resin (C2024 - form) 

Ion exchange resin (C202- form) 

H2C204, (NH4)2C204. 

(NH4)2C204 

(NH4) 2 C204 

(NH 4) 2C204 
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Fig. i. Precipitate at a Ca2+: Mg 2+ molar ratio 
of I:0 (EM) 

Fig. 2. Precipitate at a Ca2+: Mg 2+ molar ratio 
of i:I0 (EM) 

Table 2. Conditions and results for the calcium oxalate 
precipitation at i00oc. The (NH4)2C204 solution was added 
dropwise. The resulting product was identified as whewel- 

lite 

Ca2+: Mg 2+ 

molar ratio 
Turbidity following 
addition of increasing ml 

(NH4)2C204 solution 

Approximate 
particle size 

i:0 immediately ca. 0.3~m 
I0:I immediately ca. 0.3~m 

7.5:1 ca. 5 ml ca. 0.4Hm 
5:1 ca. 5 ml ca. 0.4~m 

2 . 5 : 1  c a .  10 m l  c a .  0 . 5 ~ m  
1:1 c a .  20 m l  c a .  0. S i a m  
1 : 2 . 5  c a .  30 m l  c a .  1 . 5 ~ m  
1 :5  c a .  40  m l  c a .  2 . 0 ~ m  
1 : 7 . 5  ca .  40  m l  c a .  2 . 5 ~ m  
1 : 1 0  c a .  5 O r a l  c a .  2 . 5 - 3 i ~ m  

Table 3. Conditions and results for the calcium oxalate precipita- 
tion following varying of temperature, precipitation velocity and 
Ca2+:Mg 2+molar ratio. ("Fast" means direct mixing of the re- 
actant solutions) 

Ca2+: Mg 2+ Precipitation Temperature Product 

molar ratio velocity 

1 : 0 fast 30°C ~vhe wellite 

1 : 1 dropwise 30°C whewellite 

1:2.5 dropwise 30oc whewellite 

1:2.5 fast 30°C ~ whewellite 
wed d ellite 

1:2.5 fast 100oc 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 Mg 2+ions but did so 
when temperature and precipitation velocity 
were varied (Tables 2 and 3). So the presence 
of Mg 2+ ions could not be the main factor govern- 
ing the formation of weddellite (i) 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 (Ca 2+, C20~-) and 
of water (i. e. the time to supersaturation) may 
have an influence on the formation ef the two cal- 
cium oxalate minerals contained in urinary cal- 
culi. 

The other point concerns the increase in 
solubility of calcium oxalate induced by Mg 2+ 
ions. Table 2 gives two kinds of information on 
the formation of calcium oxalate in the presence 
of Mg 2+ ions'. With increasing Mg2+ concentra- 
tion there is an increase of (NH4)2C204 solution 
required before crystallites form. But in addi- 
tion the crystal size of the product increases 
(EM investigation, Figs. ! 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 Mg 2+ ions) so that 
the Ostwald-Miers (metastable) range is affected. 1 

Formed nuclei may have difficulties in grow- 
ing to macroscopi c 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 und@rtaken 
growth rate studies of calcium oxalate in physio- 
logically normal saline (0.9% NaCI) which was 
buffered to the desired pH and under the influence 
of Mg 2+ ions and pH. They fo/Ind 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 
Mg 2+ 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 Mg 2+ concentration the seed crystal 
should dissolve or at least stop growing. 

Meyer and Smith (9) reported that ~4g2+ions 
in normal urine concentration (molar ratio Ca 2+- 
Mg 26~ 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 (NH4)2C204 solution consump- 
tion necessary to produce calcium oxalate crys- 
tals under the influence of Mg2+ions might be 
explained by surface adsorption of Mg 2.F 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 Mg 2+ 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) 
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