
15.5.1978 Specialia 621 

uterine smooth muscle. Calculations similar to those per- 
formed by Marshall and Kroeger 13 based on the findings of 
- 8 . 9  mV hyperpolarization, in these experiments would 
give a Ca efflux of 0.7x 10 -9 m Ca min -~ cm -2. It is 
therefore possible that electrogenic Ca effiux can account 
for the hyperpolarization observed 14. 
4. During the 1st few min following readmission of Na, 
rapid replenishment of Na i occurs enhanced by the abun- 
dant amount of Ca i available for exchange 2,13. Thus, within 
min there may be marked enhancement of electrogenic Na- 
K exchange mediated by the Na-K ATPase 15. Increased Ca i 
may also stimulate the Na pump. 
5. Ca i is thought to modulate K permeability in many 
excitable ceils and increasing Ca i might increase K per- 
meability in CPF 16. However, a change in K permeability is 
probably not the sole cause of the hyperpolarization 
observed because a) this effect should be observed during 
Na-free perfusion whereas hyperpolarization invariably 
occurred 4-10 rain after Na-readmission; and b) K pro- 
bably accumulates in the intracellular clefts during Na-free 
perfusion resulting in a transient decrease of the K-equili- 
brium potential t~ 
The hyperpolarization following Na-readmission to iono- 
phore-treated fibres is probably both a result of enhanced 
electrogenic Na efflux that is related to the ionophore- 
mediated increase in Ca i and electrogenic Ca efflux. Preli- 
minary experiments with readmission of Li-substituted 

solution and in fibres exposed to acetyl-strophanthidin 
during ionophore-exposure support this suggestion. 
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Localizat ion of renal kall ikrein in the dog 
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Summary. Renal kallikrein was estimated in glomerular, tubular and medullary fractions of dog kidneys. It was found 
primarily in the cortex, the highest level of activity being detected in a glomeruli-rich fraction. These results support 
previous observation that kallikrein may be associated with the juxta-glomerular complex. 

Renal kallikrein is probably the source of kallikrein found 
in the urine because the 2 enzymes are indistinguishable, 
while both differ from the kallikreins of plasma 1-3. Renal 
kallikrein has been localized primarily to the cortex of the 
rat 4 and dog kidney 5 7, the highest concentration being 
found in the outer cortex 7. Early studies by indirect 
methods indicated localization within the proximal 
tubule 4,8, however, more recently, utilizing stop-flow tech- 
niques in the dog 9 and fluorescent antibody histochemistry 
in the rat 1~ kallikrein has been localized to the distal tubule 
and possibly the macula densa of the juxtaglomerular 
apparatus. 
The objective of this study was to examine the distribution 
of kallikrein in glomerular and tubular fractions derived 
from dog renal cortex. Studies with rat kidney indicate that, 
when compared with tubular tissue, glomerular kallikrein 

11 concentration may be relatively high ; however, in another 
study glomeruli devoid of juxtaglomerular apparatus ac- 
counted for only 15% of the activity of the total cortex 7. 
Methods. Dogs (8-12 kg mongrel) were anaesthetised with 
sodium pentobarbital (20 mg kg 1 i.v.) and the kidneys 
perfused in situ with sucrose (0.25 moles l-I). The method 
described by Cook and Pickering 12 was then used to 
separate a glomerular fraction from the tubular tissues of 
the cortex. 3 fractions were obtained; cortical tissue rich in 
glomeruli, cortical tissue poor in glomeruli (mainly tubules) 

and medulla. An aliquot of each sample was taken for 
histological observation and the remaining tissue lyophi- 
lised. The lyophilised tissue was homogenised in distilled 
water (25-50 mg ml l) followed by centrifuging (10,000 x g, 
4 ~ 20 min). The supernatant was acidified to pH 2.0-2.5 
with HC1 (0.1 moles 1 -l) for 20 min at room temperature 
(to inhibit kininase). It was then adjusted to pH 9.0 with 
NaOH (0.1 moles 1 i) and centrifuged. Aliquots of the 
supernatant (0.05-0.4 ml) were incubated at 37~ for 
20 min with 15 mg dog kininogen (modified from Rocha E. 
Silva et al. 13) 50 mg ml -~ in bicarbonate buffer 14 at pH 9.0. 
Incubates were applied to an isolated guinea-pig ileum 
preparation suspended in magnesium-free Tyrode solution 
containing atropine and mepyramine (both 2 • 10 8 g ml l) 
aerated with 95% O2, 5% CO2. Kinin present in the incu- 
bates was determined by comparison with doses of synthet- 
ic bradykinin (BRS 640, Sandoz) by 6 point bio-assay. The 
kallikrein content of an extract was expressed as the 
amount of synthetic bradykinin equivalent in potency to 
the kinin liberated by the extract per mg of protein during 
20 min incubation. Protein was measured by the method of 
Lowry et al. 15. 
Qualitative tests. To exclude the possibility of contamina- 
tion by smooth muscle stimulants, the extracts and kinino- 
gen were incubated separately at pH 9.0 for 20 rain with an 
equal volume of 0.16 moles 1 -l NaC1, and the incubates 
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applied to an isolated guinea-pig ileum preparation. Kini- 
nase inhibition was confirmed by incubating synthetic 
bradykinin with an aliquot of the acidified extract at pH 7.0 
for 20 min at 37 ~ and recoverable bradykinin determined 
by bio-assay. The ability of extracts to liberate kinin in 
preference to angiotensin was confirmed by 2 methods; 
firstly, incubates of extract with kininogen were applied to 
an isolated rat duodenum preparation suspended in DeJa- 
Ions solution. Secondly, 1 x 10 4 g carboxypeptidase A or 
1 • 10 -5 g carboxypeptidase B (Worthington) dissolved in 
0.16 moles 1-1 NaC1 were incubated for 20 min, pH 7.0 at 
37 ~ with incubates containing the suspected kinin activity 
and remaining activity determined by bio-assay. 
Results. The pH optima of dog renal kallikrein was found 
to be pH 9.0. Extracts and substrate possessed no ex- 
traneous activity. The acidification procedure produced 
effective inhibition of renal kininase, 95-100% of added 
bradykinin was recoverable following incubation with renal 
extracts. The activity liberated by the extracts had proper- 
ties characteristic of a kinin 16. It produced relaxation of an 
isolated rat duodenum preparation, was destroyed by car- 
boxypeptidase B, but unaffected by carboxypeptidase A. 
Synthetic bradykinin exhibited the same properties; 
whereas, synthetic angiotension II (Hypertensin Ciba) was 
inactivated by carboxypeptidase A and produced an in- 
creased tonus of rat duodenum. 
Histological examination revealed that the glomerular frac- 
tion contained a small amount of arteriolar and tubular 

Mean kallikrein activity of 3 dog kidney fractions 

Dog Kidney Glomerular Tubular Medulla 
fraction fraction 

1 Left 3.73 (2) 0.61 (2) 
Right 8.07 (5) 3.13 (4) 0.91 (4) 

2 Left 6.22 (2) 1.35 (3) 0.56 (2) 
Right 9.74 (3) 2.27 (3) 0.28 (2) 

3 Left 6.26 (1) 3.04 (1) 0.56 (1) 
Right 5.77 (1) 1.87 (1) - 

Mean_+ SEM 7.2_+0.74 2.57_+0.36 0.98_+0.1 

Units of activity. ~tg (10 -6) synthetic bradykinin equivalent in 
potency to the kinin liberated by the extract per mg protein 
during 20 min incubation, Protein concentration (10 -6 g ml-1). 
Glomerular fraction 201 _+ 40 (18); tubular fraction 616_+ 85 (19); 
medulla 772_+125 (17); mean_+SEM. Figures in parenthesis 
indicate the number of determinations performed. 

tissue, whereas, the tubular fraction was relatively pure. 
The activity detected in the glomerular, tubular and medul- 
lary fractions of 6 dog kidneys is shown in the table. The 
medulla contained consistently low levels of activity. Both 
glomerular and tubular fractions were found to contain 
kallikrein, a significantly greater level of activity being 
detectable in the glomerular-rich fraction (p < 0.001, paired 
t-test). 
Discussion. Kallikrein was found primarily in the cortex of 
the dog kidney. The highest level of activity was found in 
the glomeruli-rich fraction, which contained some juxta- 
glomerular tissue. Activity was also detected in the tubular 
fraction. In the rat kidney, kallikrein has been localized to 
the distal tubule near the juxtaglomerular apparatus 9,1~ and 
glomeruli devoid of juxtaglomerular tissue contain little 
kallikrein 7. These observations on dog kidney find signifi- 
cant quantities of kallikrein in glomerular fractions con- 
taminated with juxtaglomerular tissue, supporting the 
notion that kallikrein may be associated with the juxta- 
glomerular complex. 
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Influence of age on the renal renin response to a high salt intake in the rat 
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Summary. Saline drinking combined with DOCA-treatment was found to decrease renal renin in weanlings at a higher rate 
than in adult rats, with a comparable saline consumption level. The decrease was not potentiated by uninephrectomy. 

Renin-angiotensin system (RAS) activity decreases during 
postnatal ontogeny in the rat, presumably because of 
maturation of water, salt and circulatory homeostasis 1. 
There is evidence that, in suckling rats, increasing body 
sodium does not influence RAS activity 2. However, no data 

are available about RAS reactivity in the weaning period. 
Kidney function is more developed at this period than in 
suckling rats, but is still not fully mature 3. Rats of this age 
are more sensitive than adults to the hypertensogenic 
effects of a chronically increased salt intake ~, particularly 


