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Serum  and urinary arginine-esterase activity 
in paediatric kidney diseases
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Serum and  u rinary  kallikrein activ ities were determ ined from  the 
arginine-esterase activities in  various groups of kidney diseases an d  were 
com pared w ith  urinary  /S-glucuronidase excretion, urinary  o u tp u t, u rinary  
protein  conten t and creatinine clearance. Serum arginine-esterase ac tiv ity  
was significantly augm ented in  th e  active stage of diffuse renal diseases b u t 
was no t rela ted  to  the  severity  o f parenchym al damage. The values im 
proved during remission; the  enzym e ac tiv ity  in chronic uraem ic p a tien t 
was as low as in the  control sera. T here was a  positive correlation  betw een 
urinary  o u tp u t and serum  arginine-esterase activity, and consequently  
serum  kallikrein m ight have an  enhancing effect on diuresis.

Besides other physiological and 
pathophysiological effects, the brady- 
kinin released under the action of 
kallikrein induces vasodilation due to 
prostaglandin (PG) E 2 production in 
the kidney [8, 15] and to stimulation 
of renal blood circulation (RBF) [14]. 
This may play an important role in 
the improvement of flow in the ischae
mic kidney [1]. Further, the PG 
formed in response to kallikrein sti
mulates the release of renin, which 
inhibits the effect of kallikrein [21]. 
Bradykinin decreases the reabsorp
tion of sodium and water by the prox
imal tubules [14]. Kallen and Lee 
[10] observed diminished prekallikrein 
and kallikrein inhibitor activities in 
the plasma of patients with lipid 
nephrosis; this became normal fol
lowing remission or the completion 
of steroid treatment. Accordingly, it 
was assumed that the plasma kinin 
generation system is activated during 
the disease and that this may play a

part in the augmentation of glomeru
lar capillary permeability.

The plasma and tissue (pancreas, 
salivary gland, intestine, kidney) kal- 
likreins have an esterolytic effect 
which is directed primarily against the 
arginine esters. Other proteolytic sub
stances in the serum have similar 
activities [3, 22]. It has, however, 
been shown by numerous studies that 
there is a close correlation between 
the experimentally measured non
specific esterase activity and the spe
cific kallikrein activity, and thus 
arginine-esterase activity may be re
garded as a measure of the kinin
forming activity of substances acting 
in a kallikrein-like way [14, 20, 22].

We have determined the serum 
and urinary arginine-esterase activ
ity in various groups of kidney 
diseases in order to be able to com
pare the kallikrein activities. Correla
tions were examined between these 
enzyme activities, the urinary out-
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put, and the urinary Д-glucuronidase 
concentration [9], the latter being 
an indicator of the impairment of 
tubular function. Further, in the 
glomerulopathic cases a study was 
made of whether there was a correla
tion between the urinary protein and 
creatinine clearance levels and the 
serum and urinary arginine-esterase 
activities.

P a t ie n t s  a n d  M e t h o d s

E xam inations were m ade in 57 children 
w ith  k id n ey  diseases an d  17 control chil
d re n  free from  kidney disease, ranging in 
age from  2 to  15 years. Gastroenterological, 
cardiological, pulmonological, neurological 
an d  haem atological diseases exertingpatho- 
logical effects on the  kallikrein-kinin sys
te m  could  be excluded in all 74 cases.

T he nephrological cases w ere d istributed  
as follows: glom erulopathy, 20 (nephrosis 
syndrom e 14, chronic glom erulonephritis 
6); pyelonephritis, 25 (accom panied by 
m orphological disorder, 10; pyelonephritis 
occurring  independently  15); chronic u rae
m ia, 8; nephrogenic d iabetes insipidus, 4. 
Of th e  children w ith  glom erulopathies, 
17 w ere a t  the  beginning of th e  disease or 
o f recurrence and  th e y  had  n o t taken  
drugs, while in 3 chronically tre a te d  cases 
th e  th e ra p y  (furosemide, spironolactone) 
w as suspended  4 days before determ ination  
o f th e  esterase ac tiv ity . S im ilarly, the  other 
p a tie n ts  an d  th e  controls were n o t receiving 
d rugs a t  th e  tim e of th e  exam ination .

I n  th e  nephrological cases, serum  and 
u r in a ry  to ta l p rotein  an d  rena l function 
te s ts  (serum  creatinine, u rea  N , uric acid, 
K + , N a  + , C l", creatinine clearance, urinary 
o u tp u t)  were perform ed, an d  th e  concen
tra t in g  ab ility  was determ ined  w ith  the 
D D A V P te s t [23] (w ith exception of the 
chronic uraem ic patien ts). In  th e  4 uraemic 
cases partic ipa ting  in  a haem odialysis 
program m e, only th e  serum  values were 
contro lled . In  14 glom erulopathy patients, 
h isto logic exam inations were m ade of renal 
b iopsy  m ateria l. A natom ical abnorm alities 
w ere established by  isotope an d  radiological 
exam ination .

K allik re in  ac tiv ity  was m easured in 
te rm s  o f  th e  arginine-esterase ac tiv ity  of 
th e  im m ediate ly  separated  serum  and in 
th e  24-hour urine tow ards alpha-henzoyl-

L -arginine e th y l ester (BA EE, Sigma). 
A rginine-esterase activ ity  was determ ined  
in b a rb itu ra te  buffer pH  7.8 a f te r  incuba
tion  a t  37 °C for 1 hour. The colorim etric 
procedure o f  Brown [5] was used; th e  con
cen tra tio n  o f substrate rem aining a fte r  
hydrolysis being m esured w ith  alkaline 
hyd roxy  lam ine and  acidic ferric chloride. 
A cetone ac tiva tion  and specific inh ib ito rs 
were n o t applied. The results were expres
sed on th e  basis of the q u an tity  o f h y d ro 
lysed su b stra te , in m m ol/hour for urine, 
and  in  jumol/ml sample volum e/hour for 
serum . Serum  arginine-esterase ac tiv ity  
was determ ined  in every case, while th e  
u rin a ry  a c tiv ity  in 15 controls, 20 glom eru
lopathy , 15 pyelonephritis, 4 u raem ia an d  
3 nephrogenic diabetes insipidus pa tien ts . 
U rin ary  /^-glucuronidase was determ ined 
w ith  phenolphthalein  glucuronide as su b 
s tra te  [3] in  the  glom erulopathy, pyelo
neph ritis  an d  uraem ia patien ts a n d  the  
control children. Enzym e excretion  was 
expressed in  enzyme units/24 hours. The a r 
ginine-esterase and  /3-glucuronidase resu lts 
for th e  individual groups were com pared 
by  m eans o f the  two-tailed t te s t. A dd ition 
ally, a  tw o-variable regression m ethod  was 
used to  exam ine the correlation betw een 
th e  arginine-esterase activities o f serum  
an d  u rine  ta k en  from the pa tien ts  on the  
sam e d ay  and, in the glom erulopathy 
group, betw een these and the  u rinary  p ro 
te in  an d  creatin ine clearance levels. S ta tis 
tical com parisons were also m ade betw een 
th e  serum  kallikrein and u rinary  ,0-glucu- 
ronidase values.

In  th e  14 nephrosis syndrom e pa tien ts , 
th e  changes in  serum  esterase ac tiv ity  were 
followed as th e  disease progressed an d  the  
u rin a ry  p ro te in  decreased. Tests w ere ca r
ried  o u t on  4 occasions per p a tien t on the  
average. T he two-variable regression m e th 
od was likewise employed to  s tudy  th e  cor
rela tion  betw een serum arginine-esterase 
a c tiv ity  a n d  urinary  ou tpu t m easured on 
th e  sam e day  in 20 glom erulopathy cases, 
8 pyelonephritis cases accom panied b y  an  
anatom ical disorder, and 8 independent 
pyelonephritis cases. During urine collec
tion , care was taken  th a t th e  ch ild ren’s 
flu id  in ta k e  should m eet the  requirem ents, 
an d  th a t  overhydration and  dehydration  
should n o t occur.

R esu lts

Table I presents the serum and 
urinary arginine-esterase activity in 
the various groups. The serum levels
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T a b l e  I

Comparison of serum  and  urinary  argin ine-esterase activ ity  in the p a tie n t groups

Serum arginine-esterase Urinary arginine-esterase
activ ity activit}'

^mol/ml/h mmol/h

n mean ±  S.D. n mean range

Control 17 31.2 10.2 16 0
Glomerulopathy 20 67.4 15.6 20 10.3 0 -7 8 .8
Pyelonephritis 25 66.3 12.9 16 6.9 0 -5 7 .0
Nephrogenic diabetes insipidus 4 76.6 10.9 3 41.6 13.2-70.5
Uraemia 8 30.2 12.2 4 6.5 0 -2 0 .9

i

were practically the same in the con
trols and the chronic uraemia group, 
while the kallikrein activity of the 
serum in the glomerulopathy and 
pyelonephritis patients were signifi
cantly higher (p <  0.001). A statisti
cally significant difference was not 
observed between the latter two 
groups from this respect. Nor was 
there a significant difference between 
the results for the cases of pyelo
nephritis accompanied by an anato
mical disorder and of pyelonephritis 
alone. Significance calculations were 
not performed for the data for the 
nephrogenic diabetes insipidus pa
tients because of the low number of 
cases, but even so it was clear that 
higher results than for the controls 
were obtained in this group, too. 
Urinary arginine-esterase activity, 
with the exception of the controls 
showed a wide scatter. For several 
patients the activity was found to be 
zero, but the mean for the patient 
groups was higher than for the con
trols. No significant difference was 
found between the various kidney dis

ease groups. A close correlation could 
not be detected between serum urinary 
arginine-esterase activities in the pa
tients (see Table I).

In the glomerulopathy group there 
was no correlation between creatinine 
clearance (98.2 ±  36.1 ml/min/1.7 m2) 
and serum and urinary arginine- 
esterase activity. The correlation co
efficient between the activities and 
the urinary protein level was also 
low (r =  0.2), but considerable activ
ity was found in the urine of 14 of 
the 16 proteinuria cases (x =  12.8 
mmole/litre/hour), whereas the urin
ary arginine-esterase level for the 
patients without proteinuria was very 
low or zero. At the same time, there 
was no essential difference between 
the two subgroups as regards serum 
arginine-esterase activity. The ap
pearance of microscopic haematuria 
and the augmented urinary arginine- 
esterase activity were independent of 
each other.

Figure 1 compares the serum argi
nine-esterase activity and urinary 
glucuronidase level in the glomerulo-
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S e ru m  a rg in in e  e s t e r a s e  a c tiv ity  U r in a ry  P -g lu c u ro n id a s e  a c tiv ity

I I! Ill IV

F ig . 1. Serum  arginine-esterase and  urinary /?-glucuronidase activity in the  various 
groups I :  control; I I :  glom erulonephritis; I I I :  pyelonephritis; IV: uraem ia

On appearance of On cessation of 
proteinura symptoms

F ig . 2. V ariation of serum  arginine-esterase ac tiv itie s  o f  nephrosis syndrom e cases
du ring  th e  course of th e  d isease
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Serum arginine esterase activity 
pmot/ml/h

F ig . 3. Comparison o f serum  arginine-esterase activ ities an d  urinary  o u tpu ts . Symbols: 
о glom erulopathy; x  pyelonephritis; о pyelonephritis +  anatom ical disorder

pathy, pyelonephritis and chronic 
uraemia groups and the controls. Si
milarly to serum arginine-esterase 
activity, urinary /3-glucuronidase in 
the glomerulopathy and pyelonephri
tis patients was significantly higher 
than in the controls (p  <  0.05). The 
number of uraemia cases was too 
low for statistical calculations, but 
even so their urinary /3-glucuronidase 
level was lower than the mean for 
the other patients, and higher than 
those for the controls. In spite of the 
difference between the groups, the 
two-variable regression did not reveal 
a correlation between the serum argi
nine-esterase and the urinary /3-glu- 
curonidase activities (Fig. 1).

Figure 2 illustrates the changes in 
serum arginine-esterase activity dur
ing the disease in 11 nephrosis patients 
who became symptom-free (2/A). 
The results for the same interval are 
also given for the serum of the 3 
steroid- and cytostatic-resistant pa
tients (2/B). It may be observed that 
the serum arginine-esterase activity 
had fallen considerably by the time 
the proteinuriawas eliminated, though 
then it was still several times higher 
than the control level. In contrast, 
the activity was increased in 2 of the 
therapy-resistant patients, and only 
minimally decreased in the third 
case. In this latter group, the histo
logical picture for the 2 patients with
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low arginine-esterase activity corre
sponded to membranoproliferative 
glomerulonephritis (Fig. 2).

Figure 3 shows the correlation be
tween the serum and urinary argi
nine-esterase activities in 20 glome
rulopathy patients, 8 pyelonephritis 
cases accompanied by anatomical dis
orders, and 8 independent pyeloneph
ritis cases. The correlation between 
the two was a close one (r =  0.76; 
p  <  0.001) (Fig. 3). A similar correla
tion was not observed between urinary 
arginine-esterase and urinary output.

D isc u ssio n

Carvounis et al [7] stated that the 
kallikrein-kinin system is a modula
tor of the stimulatory effect of vaso
pressin on water reabsorption and 
salt transport. It was assumed by 
Carretero et al [6] that the kinins 
directly inhibit distal nephron sodium 
and water reabsorption, and also alter 
the peritubular Starling forces and 
the blood flow distribution. Nasjletti 
and Colina-Chourio [16] reported on 
a positive correlation between the 
rise of the blood kinin level in re
sponse to kininase II inhibitor and the 
enhancement of sodium excretion, 
the quantity of urine and the RBF. 
Tissue kallikrein can also be detected 
in the plasma [17]. Carretero et al
[6] confirmed that the increase of 
serum kinin due to expansion of the 
extracellular volume has a renal ori
gin. Besides the parallel changes in 
the blood kinins and the RBF, a 
direct correlation has been demon

strated between RBF and urinary 
kallikrein-esterase activity [13]. Un
der experimental conditions, con
striction of the renal artery lowered 
kallikrein secretion [4, 11]. Adetuyibi 
and Mills [2] found a positive corre
lation between urinary volume and 
sodium and kallikrein excretion. Al
though this was not confirmed by 
other investigators [14, 24], Levy et 
al [12] observed an increase in kalli
krein excretion when water-loading 
and a chronic restriction of sodium 
intake were applied. There are data 
that the increased diuresis is asso
ciated with a secondarily enhanced 
urinary kallikrein excretion [13]; 
from this it has been assumed that 
this was the result of a renal kalli
krein wash-out effect [19].

Numerous kallikrein inhibitors are 
to be found in serum and urine, and 
in the enzyme-inhibitor complex the 
enzymatic activity is totally or par
tially eliminated [3]. Thus, the present 
results only permit conclusions to the 
activity of the spontaneously activat
ing substances functioning similarly 
as kallikrein. In the measurement of 
arginine-esterase activity, the plasma 
kallikrein and that originating in the 
tissues may be separated by means of 
specific inhibitors applied in vitro
[3]; this, however, was not done in the 
present investigations.

Spironolactone and indomethacin, 
together with a low sodium intake, 
reduce the urinary excretion of kalli
krein, whereas furosemide increases 
its excretion. Following the remission 
attained by steroid treatment in 
nephrosis patients, the prekallikrein
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and kallikrein inhibitor activities are 
elevated. Accordingly, in order to 
avoid these drug effects, our examina
tions were made before beginning the 
therapy or during its temporary sus
pension. Since kallikrein activity 
changes if the other parenchymal 
organs (pancreas, salivary glands, 
liver and brain), the intestinal mucosa, 
the lung (in allergic conditions) or the 
ischaemic heart are damaged, or if 
malignant haematological diseases are 
present and this may affect the este- 
rolytic activity of the serum, our 
method cannot be regarded as speci
fic for renal diseases. This is why the 
patients chosen for the examinations 
had to be free from gastroenterologi
cal, heart, lung, central nervous sys
tem and malignant haematological 
diseases.

In the nephrosis and glomerulo
nephritis patients, a significantly in
creased kallikrein activity was ob
served at the beginning of the disease, 
in accordance with the decrease in 
plasma prekallikrein and kallikrein 
inhibitor activity, demonstrated by 
Kallen and Lee [10]. Kallikrein activ
ity was considerably decreased fol
lowing elimination of the proteinuria 
and the completion of steroid treat
ment. In the tubulopathy and pyelo
nephritis patients with or without 
anatomical disorders the serum argi
nine-esterase activity was similarly 
high. In diffuse kidney diseases, 
therefore, an increased serum kalli
krein activity may be detected inde
pendently of the type of lesion. An 
exception from this is chronic uraemia 
where the significantly lower values

point to advanced renal damage or an 
augmented renin effect. The signifi
cance of renal kallikrein and especially 
of plasma kallikrein in raising the 
serum kallikrein activity is not known. 
As there was no correlation between 
serum arginine-esterase activity and 
the degree of glucuronidase excretion 
indicating a damage to the tubular 
system, the kallikrein detected indi
rectly in serum is probably not a lo
cally released product of the inflam
matory process but the result of 
compensation. This is indicated by the 
fact that the serum arginine-esterase 
activity was high in the nephrogenic 
diabetes insipidus patients, and also 
by the absence of a correlation be
tween the creatinine clearance and 
serum esterase levels in the glomerulo
pathy patients. In the glomerulo
pathy, pyelonephritis and hydroneph
rosis patients, the tubular atrophy 
was probably a consequence of the 
reduced blood flow of the peritubular 
capillaries; this would damage the 
tubular epithelial cells and give rise 
to elevated glucuronidase excretion.

Under pathological conditions, 
apart from kallikrein, other enzymes 
with esterase effect, primarily uro
kinase [17] and other kininases and 
kinase inhibitors [18] are excreted 
with urine. Accordingly, in renal dis
eases, from the esterase assay con
clusions cannot be drawn to the uri
nary kinin-forming capacity and kal
likrein excretion. This is probably the 
explanation why there was such wide 
scatter in the results, and that no 
correlation could be demonstrated 
between urinary arginine-esterase ac
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tiv ity  and urinary output or protein 
level. There is no doubt that the urine 
of the vast majority of the children 
with proteinuria exhibited a consider
able arginine-esterase activity com
pared to the cases in remission in the 
glomerulopathy group, but a similar 
difference could also be observed in 
the other renal patients not excreting 
protein. The results of animal exper
iments also suggest that there is no 
correlation between the urinary pro
tein level and arginine-esterase activ
ity, even when the urinary uroki
nase activity too was taken into con
sideration, i.e. the true tissue kalli- 
krein effect was determined after 
specific aprotinin inhibition [17]. In 
the patients with glomerulopathy, 
pyelonephritis, and in the group of 
urinary tract infections accompanied 
by anatomical disorders, a positive 
correlation was demonstrated be
tween serum arginine-esterase activ
ity  and urinary output. This, how
ever, probably holds only in the nor
mally hydrated cases. The possibility 
arises that the higher fluid intake 
acting as a cause of the enhanced 
diuresis leads simultaneously to an 
elevated serum kallikrein activity. 
This assumption, however, is contra
dicted by the low arginine-esterase 
activity for the normally hydrated 
control cases. Thus, the primary role 
of the augmented enzyme activity 
appears probable in renal disease; 
this would improve the renal function 
partly by increasing the blood supply, 
and partly by inhibiting tubular 
water reabsorption [6, 7, 16]. Further 
work is necessary to study the inter

action between the tissue and plasma 
kinins and to clarify the effects of 
drugs (steroids, diuretics) used in 
treatment.

The present results suggest that 
serum kallikrein activity is augmented 
in the active stage of diffuse renal 
diseases. In remission, the values are 
considerably lower, and in chronic 
uraemia they are low. From the cor
relation between urinary output and 
serum kallikrein activity measured 
at normal hydration it seems that the 
kallikrein measured in the serum has 
a diuresis stimulating effect. Compar
ison with renal function values indi
cates, however, that the increase in 
serum kallikrein activity is not a 
direct consequence of the inflamma
tory parenchymal damage but a result 
of some unknown compensatory pro
cess.
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