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~m~amry.  Calcium binding  by  undiluted fast ing 
urine has  been  tested as a means  of demonstra t ing 
the capac i ty  of ur ine  from control subjects and  
calc ium stone pat ients  to hold spontaneous precipi ta-  
tion of stone forming compounds.  Pre l iminary  da ta  
are promising with respect to the possibility that 
controls and  pat ients  can  be separated.  

The causes  of kidney stone disease are  mult iple 
complex events but the outcome is simply the 
inabili ty of the pat ients  ur ine to prevent stone 
formation. Thus in de termining the risk of stone 
formation one needs to take into account the overall  
inhibitory potential  of urine. 
Some tests which were proposed to this effect 
measure  the growth ra te  of ca lc ium phosphate  seed 
crystals in di luted ur ine  (1) or the amount of seed 
crystals needed to produce a cer ta in  amount  of 
precipi ta te  (2). Another method is based  on the 
measurement  of the growth ra te  of ca lc ium oxalate  
seed crystals  incorporated in a gel mat r ix  to which 
artificial  or na t ive  ur ine has  been added  (3). Some 
of the above tests a re  tedious to perform or use 
expensive equipment .  Another test to discr iminate  
between normals  and ca lc ium oxa la te  stone formers 
(DI method) has been devised in the Casali Institute 
laboratory (4. 5). It is based  on the determinat ion of 
a discr iminat ion index (DI) which is re lated to the 
initial rate  of precipi ta t ion of ca lc ium oxalate from 
a solution which contains the ur ine under  investiga- 
tion. The DI test has  been  recommended as a 
diagnostic tool and  has  also been successfully used 
in follow-up studies of the eff icacy of therapeut ic  
treatment (6). The ma in  l imitat ion of this test is that 
it is car r ied  out in di luted (10%) urine. In the 
present work a new method to d iscr iminate  between 
urines of stone formers and  heal thy  individuals, 
based  on the determinat ion of the ca lc ium binding 
capac i ty  of whole urine, has  been  proposed. For this 
purpose a new selective m e m b r a n e  electrode which 
measures  ca lc ium in whole ur ine  has  been introduced 
and tested. 

~ t a l  
All experiments  were performed at constant,  physio- 
logical t empera ture  (37 • 0.5 ~ 
The capac i ty  of whole ur ine  to "bind" ca lc ium was 
assessed in first morning urine, which was free of 
infection (pH<6) .  To that effect the ur ine was 
t i trated with a ca lc ium chloride solution, using a 
new PVC-matr ix  ca lc ium selective electrode. The 

membrane  of the selectrode was p repa red  in the 
laboratory  and  renewed when indicated by  the 
decl ine of the ca l ibra t ion line (7). 
General ly  a l inear  relat ionship between total added  
ca lc ium and the Ca ~-§ concentrat ion was obtained 
up to a point where precipi ta t ion of ca lc ium salts 
commenced. The slope and  intercept of the titration 
line were determined by l inear  regression of values 
obtained by at least five consecutive measurements  
and the slope was used as a cri terion for the ca lc ium 
binding capac i ty  (CBC) of the respective urine. For 
comparison the previously described DI test (4) was 
performed in diluted (10%) urine using an  Orion 
ca lc ium selective electrode. 

~ t s  and ~ 
Apart  from act ing as crystal l isat ion inhibitors, uri- 
na ry  macromolecules  also bind ca lc ium ions. thus in 
effect lowering the supersa tura t ion  of ur ine  with 
respect to ca lc ium salts. The "calcium binding 
capaci ty"  of urine, CBC, is reflected in the slope of 
the titration line, i.e. the slope should be  inversely 
proportional  to CBC while the in t e rcep t  should co- 
incide with the init ial ly measured  concentrat ion of 
free ca lc ium ions, c (Ca2+)i . 
The l inear response of the new ca lc ium selectrode 
is demonstra ted in Fig. 1 in which lines obta ined by 
titration of a ur ine  donated by a d iagnosed  kidney 
stone pat ient  (line l) and  a urine specimen obtained 
from a heal thy donor ( l ine 2) a re  compared.  As 
expected the slope of line 1 (0.87) is apprec iab ly  
higher than that of line 2 (0.32) indica t ing  a lower 
CBC of the patient 's  urine. The intercepts of both 
titration lines coincided within l0 % with the respec- 
tive value for c (Ca2§ The corresponding DI 
values (4) were 1.0 for pat ient  and  0.08 for the 
control, respectively. 
For statistical evaluat ion 26 uninfected urines of 
pat ients  with d iagnosed kidney stone and  13 urines 
of donors with no known history of kidney stone 
disease and  at present on no medicat ion (hea l thy  
donors) have  been ana lysed  by the new method and 
their DI has  also been determined.  All the pat ient 's  
urines had  DI >0.g while the hea l thy  controls had  
DI < 0.6. A two sample  t-test with unequal  var iances  
gave  mean  values of the slopes of the ti tration lines 
as 0.31 for heal thy and  0.64 for patients,  respectively 
with a p-value <0.001. Individual  gg% confidence 
intervals were (0.21, 040) for the controls and  (0.54, 
0.73) for the pat ients  respectively. Apparen t ly  good 
separa t ion  between the urines of pat ients  and 
heal thy controls has  been  achieved.  
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Fig.  h Titration lines obtained from the urine of a diagnosed 
kidney stone patient (PU) and from urine donated by a healthy 
person (HU). Titrated with O.1 M CaC12 solution, temperature 
37 -* 0.5 ~ 

The  a b o v e  resul t s  i n d i c a t e  tha t  t he  s lope  of the  l ine  
o b t a i n e d  by  t i t r a t i on  of a donor ' s  first morn in g  u r i n e  
m a y  be  a r e l i a b l e  c r i t e r i on  for d i s c r i m i n a t i o n  of 
c a l c i u m  s tone- formers  from h e a l t h y  people .  The  tests 
show good c o r r e l a t i o n  wi th  the  c l i n i c a l  s i t ua t i on  a n d  
with the p rev ious ly  d e v e l o p e d  D.I. test (4).  B e c a u s e  
of i ts s i m p l i c i t y  the  new m e t h o d  seems  to be  s u i t a b l e  
for rou t ine  e x a m i n a t i o n s  in  c l i n i c a l  l abo ra to r i e s .  

Pi lot  e x p e r i m e n t s  to a s c e r t a i n  i ts v a l u e  for rou t ine  
tests a r e  b e i n g  cons ide red .  
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We have performed a metabolic mineral study in 1600 uro- 
lithiasis patients. We did a complete blood, 24 hours and 
2 hours urine analysis. Indeed with the microscope stereoscopic 
tens and infrared spectrophotometry we study the gravels and 
calculi eliminated by these patients. 1436 patients completed 
properly the protocol. 
Overall, 647 patients (45.1%) showed changes in calcium- 

oxalate metabolism. In 582 (40.1%) uric acid metabolism 
changes were detected. 251 (17.5%) had alkalinuria and 
4 cystinuria. The mineral metabolism was normal in 173 
(12.1%). The chemical composition of the calculi were: Calcium 
oxalate and phosphate * calcium oxalate (68.2 %), uric acid 
12.6 %, struvite 14.1%, calcium phosphate 5.1% and cystine 0.3 %. 
From the 974 pa~ents (67.8%) with calcium-oxalate calculi, 
686 (70.4 %) had metabolic anomalies. Upon then the most 
frequent were: hypercalciuria (29.7 %), hyperuricosuria and/or 
hyperuricemia (18.8 %), hyperoxaluria (11.4 %), hyperc.alcemia 
with secundary hypercalciuria (2.7 %). In this group, 288 
(29.6 %) no changes were detected. 
From the 182 patients (12.7 %) with uric acid calculi: 15.4 


