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Summary. It is reasonable to assume that the rate of  p H  
increase in urine induced by urease-producing microorga- 
nisms is one of the factors which determine whether 
crystallisation with subsequent stone formation will occur 
or not. To evaluate how the time needed to increase urine 
pH varies between different urine samples and how it 
depends on urine composition, a standardised amount  of  
urease was added to different human urine samples. The 
incubations were performed in a pH-stat .  This allowed 
simultaneous study of how urease enzymatic activity 
depends on urine p H  and how it varies between different 
urines. The enzymatic activity was found to be negatively 
correlated to urine pH and to vary between different 
urines. The rate of  the pH increase varied markedly 
between different urines. Small pH increases depended on 
the native urine pH and urease enzymatic activity. Higher 
p H  increases up to the levels of phosphate crystallisation 
depended more on urine phosphate,  the major  urine 
buffer. The results presented show that urine composit ion 
influences the urease-induced pH increase. This might 
have clinical implications. 
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There are many  causes behind urinary tract stone forma- 
tion. Endogenous variations in urine composit ion are one, 
and exogenous factors such as urinary tract infection are 
another. Stones can, however, also form in sterile urine of, 
as far as can be determined, normal composition. Stones 
composed of magnesium ammonium phosphate  (MAP) 
form secondary to a urinary tract infection with urease- 
producing microorganisms but such stones also occur 
without any detectable infection [9]. An infection with 
unrease-producing microorganisms can, on the other 
hand, be present in the urinary tract for long periods of 
time without stone formation.  This implies that urine 
f rom different individuals varies in susceptibility to the 
impact of urease. The results of previous experiments 

support  this clinical observation [7]. Urease-induced 
crystallisation and stone format ion involve several con- 
secutive but interrelated steps. One important  factor is 
time. It appears reasonable to assume that urine outflow, 
at least locally, must be delayed for urease to increase the 
urine p H  to a level where crystallisation occurs. The time 
needed for urease to increase pH depends on the urease 
activity of the colonising microorganism and on the urine 
composition. Urine buffer capacity must thus be of 
importance. Up to now, no data have shown that the 
enzymatic activity varies between different urines. There 
are, however, few studies which have addressed this 
question and urine contains both potential promoters  a~nd 
inhibitors of  urease enzymatic activity [8]. This study was 
undertaken to measure the time it takes for a standardised 
amount  of  urease to increase the pH in urines from 
different individuals, and to determine whether urease 
enzymatic activity varies in urines from different individu- 
als. 

Materials and methods 

In a pre-assay, we compared urease enzymatic activity estimated by 
manual sampling and conventional ammonium ion determination 
with the results obtained by automatic pH titration using a pH-stat 
[3, 11]. 

Pre-assay 

To 10-ml aliquots of urea solutions (31.2 g urea �9 100 ml 1), with 
three different buffer capacities [0.01 M tris (hydroxymethyl)ami- 
nomethane (TRIS), 0.001 M TRIS and 0.9% NaCI], 0.165 units of 
urease was added. The activity of urease is such that 1 unit will 
liberate 1.0 pmol of ammonia from urea per minute at pH 7.0 and 
25~ The urease (E.C. 3.5.1.5) used was a urease buffer reagent 
from a diagnostic commercial kit (Sigma Chemical Company, St. 
Louis, Mo., USA, no: 640A). The test was performed at 37~ 
During the incubation, pH was kept constant by the pH-stat (VIT 
ammonium ion content 90, Radiometer, Copenhagen, Denmark). 
The titrator solution was 0.01 M HCI. Manual sampling for 
determination of ammonium ion content was performed from the 



36 

mmol/min 

0.055 

0.045 : m 

0.035 i 

i i 

6.5 6.7 6.9 7.1 7.3 7.5 
pH 

Fig. 1.1"he urease activity measured in urine from eights individuals 
at six different pHs (mmol NH +" rain -1) 

solution in the pH-stat at the start and after 2,4, 6, 8 and 10 min. 
Each incubation was performed in duplicate. 

Main experiment 

Morning urines from eight healthy adults between 29 and 48 years 
old with sterile urines and with no history of stone disease were 
collected in sterile bottles. The urines were centrifuged at 1,500 g for 
15min at +4~ according to Lanzalaco et al. [13], and then 
immediately stored at +4~ until the analysis was performed later 
the same day. The pH was measured and the urines were further 
analysed for their phosphate and ammonium ion content. Each 
urine specimen was divided into twelve 20-ml portions. All portions 
were incubated in the pH-stat with 46.4 units of urease and pH 
continuously recorded until the preset pH levels was reached. A 
highly purified urease preparation (60,000 units/88 mg) from Jack- 
beans (Sigma no. U0251) was used. A new urease solution was 
prepared each day (6.8 mg urease �9 50 ml 1 0.1 M TRIS). The pH- 
star function was then activated, pH was kept constant at the preset 
pH level and the amount of HCI necessary to keep the pH constant 
automatically recorded. The titrator solution was 1 M HCI. The 
urine portions were studied in duplicate at six preset pH levels (set 
points): 6.4, 6.6, 6.8, 7.0, 7.2 and 7.4. The incubation took place at 
37~ and the time to reach each preset pH level was noted. Each 
urine specimen was studied at all six preset pH levels during the same 
day. The ammonium ion concentration was analysed at the start of 
the incubation, when the preset pH level was reached and at the end 
of the incubation. 

Control experiment 

To check that the activity of the urease preparation did not alter 
from one day to another, 20 ml of a synthetic urine (pH 5.7) was 
incubated with the same concentration of urease as the other urines 
every day of the study, pH was then followed to 6.8, where it was 
kept constant and the amount of 1 M HCI necessary recorded. 

Assay methods 

The ammonium ion-ammonia concentration was measured as a sum 
using a slightly modified commercial kit (Sigma no. 640 A) [2, 4]. 
Urine phosphate was measured using a colorimetric phospho- 
molybdate method [14]. 

Statistical methods 

The coefficient of correlation was computed using the Stat View 
512 + program (Brain Power, Calif., USA) using provisional means. 

Results 

The  p H - s t a t  a l lowed accura te  assessment  of  urease  enzy- 
mat ic  ac t iv i ty  even in solu t ions  with a high buffer  
capaci ty ,  in con t ras t  to the m e t h o d  based  on  m a n u a l  
sampl ing  f rom the reac t ion  vessel. The  urease  act ivi ty  was 
1.3 gmol"  min -1 in all three different ly buffered  so lu t ion  
measured  with the pH-s ta t .  Measu red  manua l ly ,  it var ied  
f rom 1.6 in the TRIS  buffers to 1.9 gmol"  min -1 in the 
unbuf fe red  solut ion.  

The ini t ial  (native) p H  of  the different  urines was 
be tween 5.3 and  6.2. The  phospha t e  concen t ra t ion  var ied  
be tween 1.2 and  5 . 0 m m o l -  1-1,  and  the a m m o n i u m  ion 
concen t ra t ion  between 11 and  37 m m o l -  1 1. 

Urease activity 

The urease  act ivi ty  decreased  in all ur ines with increas ing 
p H  (Fig.  1). The coefficient of  va r i a t ion  for  the dup l ica te  
es t imat ions  was 2.2%. In 16 o f  the 48 dupl ica te  es t ima-  
t ions the results  were exact ly  ident ical ,  which fur ther  
highl ights  the high prec is ion  of  the method .  The interspec-  
imen var ia t ion  in urease  act ivi ty  was obvious  (Fig.  1). The  
difference be tween the highest  and  the lowest  act ivi ty  in 
the eight  urines,  a t  the same pH,  was close to 25%. The 
urease ac t iv i ty  was,  at  all p H  levels, negat ively  cor re la ted  
to the ini t ial  a m m o n i u m  ion  concen t ra t ions  o f  the  ur ine  
specimens.  The  cor re la t ion  was s ignif icant  (P < 0.05) at  
p H  6.8 and  7.2 (Table  1). The  a m m o n i u m  ion  concent ra -  
t ion reached  at  different  p H  levels was negat ively corre la t -  
ed to the urease  act ivi ty  at p H  be low 7.4. The  cor re la t ion  
was s ignif icant  (P < 0.05) at set po in ts  be tween p H  6.6 and  
7.2 (Table  1). No cor re la t ion  between urease  act ivi ty  and  
ur ine phospha t e  concen t ra t ion  was observed  (Table  1). 

Time to reach set point 

A clear and  s t rong  in te rspec imen difference in the t ime to 
reach each preset  p H  level was noted.  The  t ime to reach 
p H  7.4 var ied,  for  example ,  f rom 7.5 to 25 min  and  the 
t ime to reach set po in t  6.4 var ied  be tween 1.8 and  6.6 min 
(Fig.  2). The  coefficient of  va r i a t ion  between the dupl ica te  
es t imat ions  was low, 2.5 %. The  t ime to reach a cer ta in  p H  
may  be an t i c ipa ted  to depend  on the nat ive ur ine  p H ,  the 
buffer  capac i ty  and  the urease act ivi ty  in the pa r t i cu l a r  
urine.  To invest igate  the impor t ance  of  these three pa -  
rameters ,  they  were cor re la ted  to the t ime necessary to 
reach each preset  p H  level. The  cor re la t ion  coefficients of  
these re la t ionships  were then p lo t t ed  as a func t ion  of  the  
preset  p H  (Fig.  3-5).  The  nativepH was o f  ma jo r  impor t -  
ance for  the  t ime necessary to reach the lower  p H  levels 6.4 
and  6.6. The  cor re la t ion  at these p H  levels was s ignif icant  
(P < 0.05). The  t ime to reach higher  p H s  was not  cor re la t -  
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Table 1. The correlation between urine phosphate concentration ([POd-l),  the ammonium ion concentration ([NH~-]) at the start and at the 
predetermined pH levels (set points) and the urease activity at each pH level 

pH Correlation of urease activity in urine with: 

[NH4-] at start P value [NH4 +] at set point P value [PO43 ] P value 

6.4 -0.37 NS -0.51 NS -0.14 NS 
6.6 -0.58 NS -0.71 < 0.05 -0.19 NS 
6.8 -0.71 < 0.05 -0.78 < 0.05 -0.43 NS 
7.0 -0.61 NS -0.59 NS -0.28 NS 
7.2 -0.73 < 0.05 -0.69 < 0.05 -0.37 NS 
7.4 -0.38 NS 0.19 NS 0.28 NS 

NS, Not significant 
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Fig. 2. The time taken to reach six different predetermined pH levels 
in urine from eight individuals after addition of a certain amount  of 
urease 
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Fig. 4. The correlation between the urease activity and time necessary 
to reach six predetermined pH levels after inoculation of urine from 
eights individuals with the same amount  of urease, plotted as a 
function of the preset pH 
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Fig. 3. The correlation between native urinepHand time necessary to 
reach six predetermined pH levels after inoculation of urine from 
eight individuals with the same amount  of urease, plotted as a 
function of the preset pH 
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Fig. 5. The correlation between the concentration of phosphate and 
the time necessary to reach 6 predetermined pH levels after 
inoculation of urine from 8 individuals with the same amount  of 
urease, plotted as a function of the preset pH 
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Fig. 6. The correlation between the ammonium ion concentration at 
each pH level and the time necessary to reach 6 predetermined pH 
levels after inoculation of urine from 8 individuals with the same 
amount of urease, plotted as a function of the preset pH 

ed to the native pH (Fig. 3). The urease activity in each 
urine was also of importance for the time necessary to 
reach lower pH levels. The correlation between urease 
activity and the time necessary was thus significant for 
pH 6.6 and 6.8 (P < 0.05) (Fig. 4). 

Urine phosphate concentration was related to the time 
it took to reach a certain pH, a relationship which was 
stronger at higher pH levels (Fig. 5). The correlation was 
thus significant at both pH 6.8 and 7.2 (P<0.05) ,  and at 
pH 7.4 it was even stronger (P < 0.001). 

The ammonium ion concentration at the different pH 
levels strongly influenced the time to the predetermined 
pHs (Fig. 6). The relationship was stronger at higher pH 
levels. At the two highest pHs, 7.2 and 7.4, the correlation 
was strong and highly significant (P <0.01). This strong 
correlation was secondary to the association between the 
phosphate concentration and the ammonium ion concen- 
tration at the set points. Phosphate is the major urine 
buffer and when the urine phosphate content is high more 
ammonia is necessary to increase the urine pH. The time 
for urease to increase urine pH will then be long and the 
ammonium ion concentration will be high. 

Control experiment 

The urease activity in synthetic urine showed a very small 
variation between the duplicate samples, with a coefficient 
of variation of 1.6%. The day-to-day coefficient of 
variation for the time necessary to reach pH 6.8 was also 
low, 1.0%. 

Discussion 

Urease enzymatic activity varied between different urine 
samples and was influenced by urine pH. The time 
necessary for a standardised amount of urease to increase 

urine pH was subject to a distinct variation between 
different urines. The factor of major importance was urine 
phosphate but the initial urine pH, urease enzymatic 
activity and urine ammonium ion concentration also 
exerted an influence. The pH-stat method has many 
advantages [3]. The enzyme reaction can be followed 
continuously with automatic recording, allowing both 
convenient and accurate determination. The results of the 
duplicate estimations with low coefficients of variation 
verified this. The observation that the urease activity 
determinations were not influenced by variations in the 
buffer capacity of the test solution was especially advan- 
tageous since human urines are subject to vast variations 
in buffer capacity. Urease activity was correlated to urine 
pH. It was highest at pH 6.4. At higher pH levels, it 
decreased and was reduced by almost 50% at pH 7.4. This 
may not entirely be a pH effect but may partly be due to 
inhibition by the product of the enzyme, i.e. ammonia, 
since urease activity is affected by product inhibition [12, 
15]. The experimental model used did not separate these 
two effects. The rather distinct interspecimen variation in 
urease activity might be due to many factors. The 
ammonium ion concentration obviously played a role, as 
can be seen from the results in Table 1. At a physiological 
urine pH, 99 % of urine ammonia is present as ammonium 
ions. Normally the urine ammonium ion content is said to 
vary between 14 and 4 3 m m o l . 2 4 h  -1 with high levels 
after protein intake [5]. The initial ammonium ion con- 
centration had an impact on urease activity according 
to our results, and may be one of the factors which explain 
the intersample variation in urease activity. There are also 
other potential promoters and inhibitors present in urine 
however [8]. The interspecimen variation is thus probably 
due to the combined effect of many urine components. 
Whether this interspecimen variation has any clinical 
implications remains to be clarified. If urease is present 
inside the urease-producing microorganism, it is less likely 
to be of great importance since the reaction then takes 
place in the intracellular millieu uninfluenced by urine 
composition. If, on the other hand, the enzyme is situated 
at the very periphery of the bacteria in their glycocalyx, as 
claimed by Nickel and McLean's group [16], urine 
composition may influence urease enzymatic activity. 
Calcium phosphate will start to precipiate in synthetic 
urine when the urine pH reaches 6.8 and MAP at a pH 
above 7.0 [6]. The time to reach these pH levels varied 
markedly between the different urines in this study. The 
factor of major importance was phosphate. Phosphate is 
the major urine buffer and the pH increase induced by 
urease has also previously been found to be related to the 
urine phosphate concentration [10]. There are, of course, 
other urine buffer systems like amino acids, hippurate, 
citrate and isocitrate [1]. They appear to be of less 
importance in this context. The phosphate concentration 
in urine does not alone decide the time it will take for urine 
to reach the pH of precipitation. The native pH, as well as 
urease activity and the ammonium ion concentration, is 
also of importance. The native pH is of importance for 
smaller pH increases. Urease activity is of importance for 
the time akten to reach somewhat higher pHs and the 
phosphate concentration is of increasing importance only 



at h igher  p H  increases.  Urines  with a high ini t ial  p H  and  a 
low p h o s p h a t e  concen t r a t i on  will thus reach  the p H  of  
p rec ip i t a t i on  more  r ap id ly  than  urines wi th  a low ini t ia l  
p H  and  a high p h o s p h a t e  concen t ra t ion .  More  a m m o n i a  
is necessary to increase ur ine  p H  when ur ine  p h o s p h a t e  is 
high. A m m o n i u m  ions inhibi t  urease  and  thus p h o s p h a t e  
will also de lay  the u rease - induced  p H  increase by  this 
mechan i sm.  W h e t h e r  the va r i a t ion  in the rate  of  the p H  
increase  is of  cl inical  i m p o r t a n c e  canno t  at  present  be 
conclus ively  es tabl ished.  I t  seems reasonab le  to assume,  
however ,  tha t  the t ime fac tor  p lays  a role.  I f  the p h o s p h a t e  
concen t r a t i on  is high and  the urease act ivi ty  tends  to be 
low, p H  m a y  never  reach a level high enough for  
p rec ip i t a t ion  to s tar t  before  ur ine  is f lushed out  of  the 
kidney.  
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