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Urolithiasis inhibitors and calculus nucleation 
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Summary. The possible inhibitors of heterogeneous 
nucleation were investigated. The effects of magne- 
sium, pyrophosphate, citrate and Chondroitin Sulpha- 
te on calcium phosphate or uric acid heterogeneous 
nucleation of calcium oxalate were studied. It was 
found that whereas magnesium, pyrophosphate and 
citrate acted as effective inhibitors in the presence of 
calcium phosphate as heterogeneous nucleant, only 
chondroitin sulphate manifested important inhibitory 
effects when uric acid was the heterogeneous nucleant. 
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Crys ta l  nucleation 

Introduct ion  

Inhibition is a phenomena that clearly can affect 
crystalline growth and aggregation and is related to the 
adsorption of a particular substance on a crystal 
surface. Controversy has been voiced about the so- 
called inhibitors of the nucleation. Two types of 
inhibitors have been described: inhibitors of the homo- 
geneous nucleation and inhibitors of the initial hetero- 
geneous nucleus growth. Studies comparing the inhibi- 
tors of homogeneous nucleation in the urine of normal 
subjects and stone-formers have produced conflicting 
results. Thus, according to Robertson et al. [10, 11], 
there was no difference in the empirical formation 
product between normals and stone-formers. Pak, 
however, claims that urine from stone-formers precipi- 
tates at a lower level of supersaturation than normal 
urine [9]. Less controversy seems to surround the 
existence of inhibitors of the heterogeneous nucleation 
[12], although this has not get been clearly demonstra- 
ted. In this paper, we studied the effect of several 
products (generally described as inhibitors) [ 12], on the 
heterogeneous nucleation of calcium oxalate; to distin- 

guish inhibitors of the calcium oxalate growth and 
aggregation of inhibitors of the initial heterogeneous 
nucleus growth, to establish the existence of the 
inhibitors of heterogeneous nucleation. 

M a t e r i a l  and methods  

Reagents and solutions 

Stock solutions include aqueous solutions of sodium oxalate (7.5 
10 -3 M of anhydrous salt, prepared and renewed daily), calcium 
chloride aqueous solution (2.5 10 -2 M and 2.5 10-1 M of anhydrous 
salt), monosodium phosphate aqueous solution (6.4 10 -2 M of the 
dihydrate salt), uric acid aqueous solution (1.2 10 -2 M of the acid), 
7.0 and 8.0 "Trizma" buffer solutions prepared by Sigma (0.1 M), and 
a 10g/1 aqueos solution of the inhibitor assayed. 

Measurements of the inhibitory capacity of hetero- 
geneous nucleation in calcium oxalate crystallization 

The inhibitory capacity of heterogeneous nucleation for each 
substance in calcium oxalate crystallisation, was evaluated in urine, 
measuring the number of crystals obtained (by use of a Brand 
counting chamber and optical microscopy: 400×) in presence and 
absence of a particular heterogeneous nucleant and using different 
quantities of the assayed inhibitor, in the following procedures 

Experiment 1. Studies on inhibition of calcium phosphate heteroge- 
neous nucleation in calcium oxalate crystallization. - In a 1.5 × 16 
cm test tube were placed an appropriate volume of urine (to give a 
final volume of 10 ml), 0.3 ml of 6.4 10 -2 M mono sodium phosphate 
dihydrate and 0.1 ml of 2.5 10 -1 M anhydrous calcium chloridre. 
After mixing 4 ml ofpH 8.0 "Trizma" buffer was added. The system 
was left to stand for 2 min and then 0.5 ml of 7.5 10 -3 M sodium 
oxalate and 0.1 ml of a solution containing the amount of the 
inhibitor assayed, were added. The final mixture was thermostatted 
at 20°C for 60 rain and the results evaluated as above. 

Experiment 2. Studies on inhibition of uric acid heterogeneous 
nucleation in calcium oxalate crystallization. - In a 1.5 >( 16 cm test 
tube were placed an adequate volume of urine (to achieve a final 
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Fig. 1 a-d. Inhibitory effects of diverse substances in calcium oxalate 
crystallization. Line h In the presence of calcium phosphate as 
heterogeneous nucleant (Experiment 1). Line 2: Conditions identical 
to 1 but in absence of calcium phosphate, a Magnesium (II), b pyro- 
phosphate, e citrate, d chondroitin sulphate 
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Fig. 2 a-d. Inhibitory effects of diverse substances in calcium oxalate 
crystallization. Line 1: In the presence of uric acid as heterogeneous 
nucleant (Experiment 2). Line 2: Conditions identical to 1 but in 
absence of uric acid. a Magnesium (II), b pyrophosphate, e citrate, d 
chondroitin sulphate 

volume of 10 ml), 5 ml of 1.2 10 -2 M uric acid and a 0.1 M 
hydrochloric acid solution to give a final pH of 4. The mixture was 
shaken and left to stand for 2 min. Then 0.1 ml of 2.5 10 -2 M 
anhydrous calcium chloridre was added. The system was again 
mixed and 0.5 ml of 7.5 10 -3 M sodium oxalate and 0.1 ml of a 
solution containing the amount of the inhibitor assayed, were added. 
The final mixture was thermostatted at 20°C for 60 rain and the 
results evaluated as above. 

The results obtained for each heterogeneous nucleant in each 
experiment, were plotted as the absolute concentration of the crystals 
evaluated in each tube vs the concentration of the inhibitor assayed. 
The size of the resulting calcium oxalate particles was of the order of 
10-15 ~tm. Controls where oxalate was not added were also obtained. 
Thus, when calcium phosphate, was present no crystals were 
detected, whereas in the presence of uric acid, some typical uric 
crystals were found and the uncoated ones were not evaluated. The 
values shown in the graphs are averages of three replicates for each 
measurement. 

Results 

The inh ib i to ry  effects o f  magnes ium (II),  p y r o p h o -  
sphate ,  c i t ra te  and  chondro i t i n  su lphate  on the he te ro-  
geneous  nuc lea t ion  o f  ca lc ium oxa la te  by  ca lc ium 
p h o s p h a t e  or  uric  ac id  are shown in Figs.  1 and  2. The  
results ob t a ined  were c o m p a r e d  with those  resul t ing 

f rom ident ica l  condi t ions  bu t  in absence o f  the par t i cu-  
lar  he te rogeneous  nucleant .  Several  effects were noted.  
In  the presence of  ca lc ium p h o s p h a t e  as the heteroge-  
neous  nuc lean t  (Fig.  1), magnes ium,  d iphospha t e  and  
ci t ra te  mani fes ted  i m p o r t a n t  inh ib i to ry  effects, whe- 
reas chondro i t i n  su lphate  p rac t i ca l ly  exhib i ted  no 
effects. However ,  in absence  of  such he te rogeneous  
nucleant  (calc ium phospha te ) ,  the four  substances  
caused i m p o r t a n t  inh ib i to ry  effects. 

The  results  ob t a ined  when uric  acid  ac ted  as 
he te rogeneous  nuc lean t  are  shown in Fig.  2. As  can be 
seen, in this c i rcumstance  magnes ium,  p y r o p h o s p h a t e  
and  ci t ra te  exhib i ted  very week effects, while the  
chondro i t i n  su lpha te  mani fes ted  i m p o r t a n t  inh ib i to ry  
effects. In  absence  o f  uric  ac id  as he te rogeneous  
nuc lean t  aga in  the four  substances  assayed caused  a 
no tab le  inh ib i to ry  act ion.  

Discussion 

A fac tor  o f  f undamen ta l  impor t a nc e  in ca lc ium oxa la te  
l i thogenesis  is he te rogeneous  nuc lea t ion ,  bu t  because  
o f  the  supe r sa tu ra t ion  usual ly  f o u n d  in ur ine,  fo rma-  
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Table 1. Diminution of the calcium oxalate relative supersaturation due to the presence of citrate (Mol. 1-1 * 10-4). RS values are evaluated 
taking in consideration all equilibria in which calcium oxalate ions are involved [2]. The calcium oxalate solubility product, calcium-oxalate ion 
association constant, and the formation constant of the calcium-citrate complex, were obtained from the bibliography [5, 6, 14] 

[Ca]tota 1 [Ca 2+ ] [Ox]totai [Ox 2-] [Citrate]tota I Relative sobresaturation 
---- [((Ca2+)(Ox2-))l/2ps 1/2] 

Calcium phosphate as heterogeneous nucleant 

29.1 27.4 4.49 2.79 0.00 2.78 
29.1 26.9 4.49 2.81 1.42 2.76 
29.1 26.2 4.49 2.83 3.33 2.74 
29.1 25.7 4.49 2.85 4.76 2.72 

Uric acid as heterogeneous nucleant 

13.4 12.5 4.27 3.34 0.00 1.93 
13.4 12.2 4.27 3.35 1.42 1.91 
13.4 11.8 4.27 3.38 3.33 1.89 
13.4 11.6 4.27 3.40 4.76 1.87 

tion of calcium oxalate stones is very improbable [1]. 
On the other hand, crystals of uric acid or calcium 
phosphate are not very active nucleators of calcium 
oxalate crystallization [4, 8]. We have shown that when 
a metastable supersaturated calcium oxalate solution 
which rapidly precipitated when seeded with calcium 
oxalate crystals, remained practically stable during a 
long period of time when seeded with calcium pho- 
sphate or uric acid crystals (unpublished results). 
Nevertheless, by following procedures based on the use 
of a counting chamber and optical microscopy, to 
study heterogeneous nucleation in calcium oxalate 
precipitation, it was demonstrated that calcium pho- 
sphate and uric acid induced calcium oxalate precipita- 
tion in some cases [3]. In these procedures crystals of 
calcium phosphate, mainly as an amorphous precipita- 
te of hydroxylapatite [13], or uric acid were obtained 
by precipitation "in situ" in a colloidal form. The above 
apparent contradictory facts can be explained because 
the capacity to induce heterogeneous nucleation of a 
given substance not only depends on its nature but also 
is notably affected by the size and morphology of its 
crystalline particles. 

The methodology employed in this paper to induce 
the heterogeneous nucleation by calcium phosphate or 
uric acid, has been presented and discussed in detail in 
a previous paper [3]. The aim of this paper is to study 
the possible inhibitory effects of several substances on 
the heterogeneous nucleation of calcium oxalate by 
calcium phosphate or uric acid. Magnesium, pyropho- 
sphate, citrate and chondroitin sulphate, manifested 
considerable effects, in absence of the particular hete- 
rogeneous nucleant and in all the conditions assayed. 
In the presence of calcium phosphate as heterogeneous 
nucleant, magnesium, pyrophosphate and citrate acted 
as effective inhibitors, whereas in the presencse of uric 

acid as heterogeneous nucleant only the chondroitin 
sulphate exhibited important inhibitory effects. The 
relative contribution of the citrate to the solution 
depletion (diminution of the calcium oxalate relative 
supersaturation) is given in Table 1. As can be seen, 
solution depletion was not important in any of the 
cases, and consequently the negative slope graphs in 
Figs. 1 and 2 must be assigned mainly to the inhibitory 
effects. In the case of the other substances, formation 
of complex species with calcium ions is less active than 
in front of citrate and consequently its contribution to 
solution depletion was even less important. On the 
other hand, the affinity of calcium phosphate for the 
chondroitin sulphate is inferior to the affinity that the 
magnesium, pyrophosphate or citrate manifest, and 
consequently the failure of inhibition that this substan- 
ces exhibited can not be attributed to its dissapearance 
owing to the adsorption on the calcium phosphate. 
Moreover, it can be observed in Fig. 2 d that in presence 
of uric acid, only the chondroitin sulphate manifested 
important inhibitory effects and precisely this substan- 
ce shows an important affinity for the uric crystals, 
demonstrating that the relatively flat line 1 in Fig. 2a-c, 
can not be assigned to the affinity of the uric acid for 
such inhibitors. Thus it can be concluded that magne- 
sium, phyrophosphate, citrate and chondroitin sulpha- 
te showed important inhibitory effects on the calcium 
oxalate crystallization, owing to its adsorption on the 
calcium oxalate crystalline surface. However, when in 
the presence of calcium phosphate heterogeneous 
nuclei, only magnesium, pyrophosphate and citrate 
suffered important adsorption on the calcium pho- 
sphate crystalline surface, causing important inhibito- 
ry effects, whereas in the presence of uric acid as 
heterogeneous nucleant, only in the chondroitin sul- 
phate experiments was there a notable adsorption on 
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the uric ac id  crystal l ine surface,  manifes t ing,  as a 
consequence,  grea t  inh ib i to ry  effects. Hence ,  it mus t  be 
clear ly recognized  tha t  we mus t  d is t inguish  inh ib i tors  
of  the ca lc ium oxa la te  g rowth  and  aggrega t ion  f rom 
inhib i tors  o f  the ini t ial  he te rogeneous  nucleus growth  
( inhibi tors  o f  the  he te rogeneous  nucleat ion) .  In  this 
respect ,  the  inh ib i t ion  o f  the homogeneous  nuc lea t ion  
can be  expla ined  as a consequence  o f  the adso r t i on  o f  
the inh ib i to r  on  the embryos ,  which are fo rmed  in the 
supe r sa tu ra t ed  so lu t ion  o f  the prec ip i ta t ing  substance.  
This  fact  increases the diff icul ty o f  g rowth  of  such 
embryos  and  they are  des t royed  by  coll is ions with 
o ther  componen t s  o f  the  solut ion;  as a resul t  the  ra te  o f  
nuc lea t ion  decreases and  the crys ta l l iza t ion  is s t r ik in-  
gly r e t a rded  [7]. Thus,  whereas  inhib i tors  o f  the 
ca lc ium oxala te  he te rogeneous  nuc lea t ion  can be diffe- 
rent  f rom the inh ib i tors  o f  the  ca lc ium oxa la te  g rowth  
and  aggrega t ion ,  the inh ib i tors  o f  the ca lc ium oxa la te  
h o m o g e n e o u s  nuc lea t ion  mus t  also act  as inh ib i tors  o f  
the ca lc ium oxa la te  g rowth  and  aggregat ion .  
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