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Summary. The effect of a promoter  (calcium) and an 
inhibitor (magnesium) of urolithiasis was spectrophoto- 
metrically studied on urokinase (0.45 IU) and sialidase 
(5 raM). Although these mineral did not affect the siali- 
dase activity, total inhibition of  urokinase activity was 
observed with either 0.05 M calcium chloride or 0.1 M 
magnesium chloride. This observation might explain why 
calcium and magnesium respectively function as a pro- 
moter and an inhibitor of stone formation. 
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The process of kidney stone formation is not clear. At 
present, three theories exist to explain this process, namely 
the theory on lack of inhibitors, the precipitation theory 
and the matrix theory. According to the matrix theory 
both the urinary protein and calcium concentrations 
would be of utmost  importance in stone formation,  
because it is reckoned that a protein, such as uromucoid,  
possibly activates the initial crystallisation process by 
binding calcium [4]. Analogous to this theory, increases in 
uromucoid [7, 12, 13] and calcium [5, 15] excretion have 
been observed with stone subjects. 

In contrast to the action of calcium, magnesium which 
is also a divalent cation, forms soluble complexes with 
calcium and oxalate and consequently reduces the ionic 
activity product [9, 10]. Calcium and magnesium are 
therefore classified respectively as promoters  and inhibi- 
tors of stone formation [5]. 

It has recently been demonstrated that the urinary 
enzymes, urokinase and sialidase, may be important  
factors in urolithiasis. This conclusion was based on the 
fact that renal stone patients have lower urinary urokinase 
[1, 2] and higher sialidase activities [3]. Little is known 
about  this phenomenon.  The lower urinary urokinase 
activity may be attributed to increased urate [1] and 
trypsin [16] inhibition of urokinase or to a lower urinary 
testosterone concentration [2]. However,  the question has 

arisen as the whether calcium and magnesium would 
affect the activity of urokinase and sialidase. The present 
study was therefore undertaken to investigate the in vitro 
effects of both the promoter  formation and the inhibitor 
(magnesium) of renal stones (calcium) on urokinase and 
sialidase activity. 

Materials and methods 

Reagents and chemicals 

All reagents were "Analar" grade. Merck (Darmstadt, FRG) and 
BDH (Poole, UK) supplied the reagents sodium phosphate, sodium 
azide. Triton X-100, calcium chloride, magnesium chloride, tris(hy- 
droxymethyl)aminomethane (TRIS), dimethyl sulphoxide (DMSO) 
and polyethyleneglycol. The substrates plasminogen (human 
plasma), D-valyl-L-leucyl-L-lysine p-nitroanilide, benzoyl-L-valyl- 
glycyl-L-argininep-nitroanilide (Chromozym, UK), L-pyroglutamyt- 
glycyl-L-arginine p-nitroanilide (S-2444), N-Cbz-glycyl-glycyl-argi- 
nine 7-amido-4-methylcoumarin (Cbz-Gly-Gly-Arg-AMC) as well 
as plasmin (human plasma), 7-amino-4-methylcoumarin (AMC), 
low molecular weight human kidney urokinase (EC3.4.21.31), 
antipain, aprotinin and N-tris(hydroxymethyl)methyl-2-aminoe- 
thane sulphonic acid (TES) were obtained from Sigma (St. Louis, 
USA). Boehringer (Mannheim, FRG) supplied nicotinamide ad- 
enine dinucleotide, reduced (NADH), rabbit muscle lactate de- 
hydrogenase (EC 1.1.1.27) in ammonium sulphate solution. N- 
acetylneuraminic acid aldolase (EC4.1.3.3) from Escherichia coli 
neuraminidase (sialidase, EC 3.2.1.18) from Clostridiumperfringens, 
bovine colostrum N-acetylneuraminosyl-D-lactose (sialyllactose) 
and N-acetylneuraminic acid. Bovine fibrinogen, enriched with 
plasminogen, was obtained from Organon Teknika b.v., Boxtel, The 
Netherlands. The bovine thrombin (5000 NIHU) was a Parke-Davis 
(Morris Plains, N.J., USA) product. 

Determination of  urokinase/plasmin activity 

Two methods were used to determine the urokinase/plasmin 
activity, namely the spectrophotometric and the fibrin plate method. 

Spectrophotometric method. A standard activity curve of the coupled 
urokinase/plasmin system in the presence and absence of ethylenedi- 
aminetetraacetic acid (EDTA) was obtained by incubating different 
amounts of urokinase in a stirred waterbath for 90 min at 37~ [1]. 
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Fig. 1. Standard curve of urokinase 
activity in the presence (0) and ab- 
sence (O) of EDTA. The incubation 
time was 90 min and was carried out 
in a stirred waterbath at 37~ Each 
point represents the mean of two de- 
terminations. A A40s, difference in ab- 
sorption at 405 nm between the blank 
and controls 

This assay was done according to a modified method of Wiman et al. 
[ 18]. Activator reagent (400 gl) was added to 323 pl of 0.1 M sodium 
phosphate buffer, pH 7.3, containing 0.1 g/1 sodium azide and 0.1 g/1 
Triton X-100. The activator reagent consisted of 1 gM plasminogen 
and 0.6mM D-valyl-L-leucyl-L-lysine p-nitroanalide, which was 
dissolved in 0.1 M sodium phosphate buffer. The blank consisted of 
the activator reagent and buffer. The total volume for each was 
brought up to 828 lal with distilled water. After the desired incu- 
bation time, the reaction was stopped instantly by inserting the glass 
tubes in ice and adding 0.1 ml of 50% acetic acid solution to all the 
tubes [11]. Enzyme activity was estimated from the product 
concentration recorded at 405 nm, on a Hitachi (Tokyo, Japan) 150- 
20 spectrophotometer connected to a data processor. The molar 
absorption coefficient for p-nitrophenol was taken as 
9620 moll  -1 cm -1 [17]. The urokinase activity was expressed in 
international units (IU) where 1 IU equals 0.5 nmol [6]. 

Since our studies were aimed at determining the effect of calcium 
and magnesium on urokinase, different concentrations of these 
minerals in 100-gl aliquots were added to different glass tubes and 
assayed as described for the standard curve of the urokinase/plasmin 
system. The same amount of urokinase was added to all the tubes 
(average, 0.45 IU). The blank rate value was substracted from the 
rate value obtained in the presence of the enzyme to obtain the real 
value. This experiment was repeated at least three times in duplicate 

Fibrin plate methods. The fibrinolytic activity of 0.4IU urokinase 
was determined using plasminogen-rich bovine fibrinogen (0.1%, 
m/v) dissolved in 0.05 M TES, pH 7.5/5% (v/v) DMSO [19]. This 
was coagulated with bovine thrombin in Nunc (Roskilde, Denmark) 
tissue culture dishes (60)< 15 ram) containing different concentra- 
tions of either calcium or magnesium. After incubation for 17 h at 
37~ in a moist zone, the product of two diameters at right angles 
was used to determine the lysed circular areas. All determinations 
were performed in triplicate. 

Determination of plasmin activity 

The plasmin activity determinations was done according to the 
spectrophotometric assay method described by Cs-Szabo et al. [8], 
in TRIS buffer, pH 7.3, at 37~ in the Hitachi 150-20 spectropho- 
tometer. Once again D-valyl-L-leucyl-L-lysine p-nitrophenol 
(130.5/aM) was used as substrate. Plastic cuvettes were used for the 
measurement of the production of p-nitrophenol, which was re- 
peated at least twice. 

Urokinase activity with synthetic substrates 

Inhibition studies on urokinase were carried out with two synthetic 
tripeptidyl p-nitroanalide substrates. As described under "Determi- 
nation of urokinase/plasmin activity", 100 gl of 1.0 mM Chromo- 
zym UK or S-2444 substrate was added to 628 pl phosphate buffer 
(0.1 M). This buffer also contained 0.1% (w/v) polyethylene glycol 
[ 14]. The blanks were composed of buffer and substrate, while 0.342 
and 0.56 IU were added to the Chromozym UK and S-2444 controls, 
respectively. The samples contained different concentrations of 
calcium or magnesium. The total volume was 828pl. Enzyme 
activity was estimated from the product concentration recorded at 
405 nm and at 37 ~ in a Hitachi 150-20 spectrophotometer connect- 
ed to a data processor. The rate assay of urokinase was also 
conducted with the synthetic fluorogenic peptide substrate. Cbz- 
Gly-Gly-Arg-AMC [19]. Briefly, the control reaction medium 
(900 pl) consisted of about 0.002IU urokinase in the presence of 
0.05 mM substrate in 0.05 M TES, pH 7.5/5% (v/v) DMSO. The 
urokinase powder was dissolved in TES buffer. The blank consisted 
of buffer with substrate, while the samples contained different 
concentrations of the minerals (100gl), which were dissolved in 
distilled water. After the desired incubation time, namely 90 min at 
37~ the enzyme activity was measured on a Hitachi 650-10S 
fluorescence spectrophotometer at activation and emission wave- 
lengths of 383nm and 455 nm, respectively. The instrument was 
standardised with AMC. The effect of calcium and magnesium on 
the activity of urokinase was then expressed as a percentage of the 
control. 

Determination of sialidase activity 

The working suggestion for the determination of sialidase activity 
was supplied by Boehringer Mannheim [3]. This assay consists in 
principle of three enzymatic reactions, namely sialidase (5 X 10 3 
U), N-acetylneuraminic acid aldolase (_+ 0.4 U) and lactate dehydro- 
genase (0.5 mg). In determining the action mechanism, this assay 
system was divided into two complexes. Complex 1 consisted of all 
the enzymes, while complex 2 consisted of only N-acetylneuraminic 
acid aldolase and lactate dehydrogenase. Sialyllactose (0.15mM) 
and sialic acid (0.15 mM) served as the substrates in complex 1 and 2, 
respectively. Activity assays were repeated three times. 



Table 1. Effect of minerals on lysis of fibrin by 0.4 IU urotinase 

Concentration 
of calcium or magnesium 

Lysis of fibrin (% control) 

Calcium Magnesium 
(M) (%) (%) 

0 100 100 
0.001 96 ( i  5) Liquefied 
0.01 90 (_+ 7) Liquefied 
0.1 78 (_+7) 70 (_+ 17) 

Data are means of three values (_+ SD) 
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Fig. 2. The effect of calcium (O) or magnesium (�9 on the urokinase/ 
plasmin system in the absence of EDTA. Each point represents the 
mean of three experiments carried out in duplicate. About 0.45 IU of 
urokinase was used 
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Fig. 3a, b. The effect of calcium and magnesium on the sialidase 
activity, a Calcium: complex 1 (O), complex 2 (O); b Magnesium: 
complex 1 (I),  complex 2 (S). The complexes are described in 
Materials and methods 

Results 

To determine the linearity of the coupled urokinase 
system in the presence and absence of EDTA, it was 
necessary to establish its kinetic patterns. Different uroki- 
nase concentrations were used (Fig. 1). Inhibition of this 
system had already been established using 1 JaM antipain, 
which reflected its specificity for urokinase. 

The effects of the different minerals on urokinase were 
studied with the fibrin plate (Table 1) and spectrophoto- 
metric assays (Fig. 2). Although the fibrin plate method 
did not work as desired, significant results were obtained 
with the spectrophotometric study. Total inhibition of the 
urokinase/plasmin system was obtained with 0.05M 
calcium. Since it was then necessary to determine which of 
the coupled enzymes was specifically involved in the 
inhibition, two consecutive inhibition studies were de- 
signed using plasmin and urokinase separately. Firstly, 
the influence of the minerals on plasmin was studied. No 
modification of the plasmin activity occurred with either 
0.1 M calcium or magnesium. Contrastingly, the inhibitor 
aprotinin (0.064 TIU) completely inhibited the activity of 
the enzyme. 

Due to the above-mentioned result, we examined the 
inhibition of urokinase. Three different synthetic sub- 
strates were used, namely Chromozym UK, S-2444 and 
Cbz-Gly-Gly-Arg-AMC. Unfortunatelly spontaneous hy- 
drolysis of  these substrates occurred in the presence of the 
minerals. 

The activity of sialidase was studied next using differ- 
ent mineral concentrations. Both calcium (Fig. 3a) and 
magnesium (Fig. 3b) had little effect on either complex 1 
or 2. The inhibition of  complex 1 at 0.1 M calcium 
chloride could possibly be attributed to the inhibition of 
complex 2. 

Discussion 

This study was conducted to investigate the in vitro effects 
of  a promoter  (calcium) and an inhibitor (magnesium) of 
stone formation on urokinase and sialidase activity. 
Although sialidase activity was not affected by these 
minerals, a significant effect was observed with the 
urokinase/plasmin system. This inhibition could only be 
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a t t r ibu ted  to the u rok inase  act ivi ty,  because  no effect was 
exercised by  the minerals  on the p lasmin.  

These results  cou ld  con t r ibu te  to a be t te r  unde r s t and -  
ing of  urol i th ias is  if u rok inase  cont ro ls  the u r o m u c o i d  
concen t r a t i on  which is referred to in the mat r ix  theory .  
The difference between the inhib i t ion  of  the u rok inase  
activit ies at 0.05 M of  the p r o m o t e r  (calcium) and  the 
inh ib i to r  (magnes ium)  was more  than  50% (Fig.  2). This 
could  poss ib ly  lead  to an increased u r o m u c o i d  concent ra -  
t ion in ur ine conta in ing  calc ium ra ther  than  magnes ium.  
Cons ider ing  this, toge ther  with the fact tha t  magnes ium 
reduces the ionic act ivi ty  p r o d u c t  by  complex  fo rma t ion ,  
it  is expected tha t  the  chance  for  s tone f o r m a t i o n  would  be 
higher  in ur ine with increased calc ium concent ra t ions .  
This agrees with pub l i shed  da ta ,  namely  tha t  the ur ine  of  
s tone formers  conta ins  increased u r o m u c o i d  [7, 12, 13] 
and  calc ium [5, 15] concent ra t ions ,  and  decreased u rok i -  
nase act ivi ty  [1, 2]. I t  may  therefore  be unde r s t andab l e  
tha t  calc ium and  magnes ium are respect ively referred to 
as p r o m o t e r  and  inh ib i to r  of  renal  s tone format ion .  

Acknowledgements. The authors would like to thank the Department 
of Physiology of the University of Pretoria for the use of their 
facilities. We are also grateful for services rendered by sisters 
J. E. H. Joubert and S. E. Briedenhann. This work was supported by 
Wellcome SA, the University of Pretoria and the Medical Research 
Council of South Africa 

References 

1. Aswegen CH van, Neitz AHW, Becker PJ, Plessis DJ du (1988) 
Renal calculi - urate as a urokinase inhibitor. Urol Res 16:143 

2. Aswegen CH van, Hurter P, Merwe CA van der, Plessis DJ du 
(1989) The relationship between total urinary testosterone and 
renal calculi. Urol Res 17:181 

3. Aswegen CH van, Merwe CA van der, Plessis DJ du (1990) Sialic 
acid concentrations in urine of men with and without renal 
stones. Urol Res 18:29 

4. Backman U, Danielson BoG, Ljunghall S (1985) Renal stones: 
etiology, management, treatment. Almquist and Wiksell, Stock- 
holm, Sweden, p 16 

5. Baggio B, Gambaro G, Favaro S, Borsatti A, Pavenello Siviero 
B, Zacchelto G, Rizzoni GF (1983) Juvenile renal stone disease: a 
study of urinary promoting and inhibiting factors. J Urnl 
130:1133 

6. Barlow GH (1976) Urinary and kidney cell plasminogen activa- 
tor (urokinase). In: Lorand L (ed) Methods in enzymology, sect 
III, chapt 20. Academic Press, New York, p 239 

7. Boyce WH, Swanson M (1955) Biocolloids in urine in health and 
in calculous disease. II. Electrophoretic and biochemical studies 
of a mycoprotein insoluble in molar sodium chloride. J Clin 
34:1581 

8. Cs-SzSbo G, Pozsgay M, E16di P (1980) Investigation of the 
substrate-binding site of human plasmin using tripeptisyl-p- 
nitroanalide substrate. Thromb Res 20:199 
Danielson BoG (1985) Renal stones - current viewpoints on 
etiology and management. Scand J Nephrol 19:1 
Hallson PC, Rose GA, Sulaiman S (1982) Magnesium reduce 
calcium oxalate crystal formation in human whole urine. Clin Sci 
6:17 
Hayashi S, Yamada K (1981) Assay of urokinase activity plasma 
with a chromogenic substrate. Thromb Res 22:573 
Kitamura T, Zerwekh JE, Pak CYC (1982) Partial biochemical 
and physiochemical characterization of organic macromolecules 
in urine from patients with renal stones and control subjects. 
Kidney Int 21:379 
Lewis A, Schartz RH, Schenk EA (1971) Tamm-Horsfall 
mucoprotein. 1. Localization in the kidney. Lab Invest 25:92 
Nieuwenhuizen W, Wijngaards G, Groeneveld E (1977) Syn- 
thetic substrates and the discrimination between urokinase and 
tissue plasminogen activator activity. Thromb Res 11 : 87 
Nikkil/i M, Koivnla T, Jokela H (1989) Urinary excretion in 
patients with urolithiasis and normal subjects. Eur Urol 16:382 
Toki N, Sumi H (1982) Urinary trypsin inhibitors and urokinase 
activators in renal diseases. Acta Haematol (Basel) 67:109 
Wachsmuth ED, Fritze I, Pfleiderer G (1966) An aminopepti- 
dase occurring in pig kidney. I. An improved method of 
preparation. Physical and enzymic properties. Biochemistry 
5:169 
Wiman B, Malbring G, Ranhy M (1983) Plasminogen activator 
releas during venous stasis and exercise as determined by new 
specific assay. Clin Chim Acta 127:279 
Zimmerman M, Quigley JP, Ashe B, Dorn C, Goldfarb R, Troll 
W (1978) Direct fluorescent assay of urokinase and plasminogen 
activators of normal and malignant cells: kinetics and inhibitor 
profiles. Proc Natl Acad Sci USA 75:750 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

C. H. van Aswegen 
Wolmarans Research Laboratory, 
Department of Urology 
HF Verwoerd Hospital 
Private Bag X169 
Pretoria 0001 
Republic of South Africa 


