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It is well known that the normal kidney 
"escapes" the sodium retaining effect of 
mineralocorticoids. However, the mechanism 
that mediates this "escape" is not under
stood. The possible role of kallikrein in this 
"escape" phenomenon was investigated by 
placing seven dogs in metabolic cages and 
giving them a constant sodium diet. After 
they had been on this diet three days, urine 
was collected for two 24-hour periods. DOCA 
(25 mg/day) was then given intramuscularly 
for five days. Urine was collected daily during 
this DOCA period and for two additional 24-
hour periods. Urine volume, sodium, potas
sium, protein, and kallikrein excretion were 
then measured. Urinary kallikrein increased 
from 251.9 ± 34.8 (mean ± SE) in the second 
day of the control period to 639.8 ± 110.1 
IJ-g/day (P < .01) by the third day of treatment. 
It remained elevated two days after DOCA 
was discontinued. Sodium excretion 
decreased significantly on the first day of 
DOCA treatment, returning to the previous 
values thereafter. Urine protein excretion 
remained constant. The enhanced urinary 
kallikrein during the "escape" suggests that 
the kallikrein system could be involved in the 
regulation of sodium metabolism by acting as 
a natriuretic factor, or perhaps by regulating 
the renal blood flow. 
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A. ^ T H O U G H it is wel l -known that the 
kidney "escapes" the sodium retaining 
e f fec ts of m i n e r a l o c o r t i c o i d s , ^ the 
nature of the changes responsib le for 
the "escape" is not known. Changes in 
g lomeru la r f i l t ra t ion rate (CER), renal 
nerve tone, renal venous pressure and 
p lasma ren in do no t d e t e r m i n e the 
appearance of the "escape" . ^ " " . Free 
f l o w m i c r o - p u n c t u r e s tud ies = have 
s h o w n that s o d i u m r e a b s o r p t i o n is 
reduced in the proximal tubules of dogs 
d u r i n g the " e s c a p e " f r o m the 
m i n e r a l o c o r t i c o i d e f fec t of the 
deoxy CO rt icoste rone-acetate (DOCA) . 
C o n s e q u e n t l y , a larger v o l u m e of 
sodium and water is delivered f rom the 
proximal tubu le , probably contr ibut ing 
to the "escape". The postulated hor
mone (third factor) which is released 
by the expans ion of the ex t race l lu lar 
f l u i d v o l u m e (ECE), is a poss ib le 
med ia to r of the d i m i n i s h e d p rox ima l 
reabsorption and of the "escape" f rom 
the sodium retaining effects of DOCA. 
The observat ion that urinary kal l ikrein 
as wel l as plasma kinins are increased 
dur ing elevated nat r iu res is ' ' " suggests 
that renal k a l l i k r e i n m igh t also be 
i nvo l ved in the " e s c a p e " f r o m 
m i n e r a l o c o r t i c o i d s . To test th is 
hypothesis, we measured urinary kal
l i k re in b e f o r e , d u r i n g and af ter t he 
"escape" in dogs treated wi th DOCA. 

day of sodium chlor ide. The animals ate 
the total amount of f ood . Following a 
hab i tua t ion pe r iod of 72 hours , ur ine 
samples were co l l ec ted fo r a con t ro l 
pe r i od of 48 hou rs . Subsequent ly , 25 
mg/day of D O C A in o i l was g iven 
i n t r amuscu la r l y fo r f i ve consecu t i ve 
days and urine samples col lected. This 
DOCA period was fo l lowed by another 
control period of 48 hours. Dur ing each 
of these periods urine was individually 
co l lec ted under minera l o i l in plastic 
bottles at room temperature. The 24-
hour col lection periods were ter
minated by catheterization. Urine vol
ume was measured and an al iquot was 
frozen and stored at -20^ C for sub
sequent de terminat ion of e lectrolytes, 
p r o t e i n s , and ka l l i k re in ac t i v i t y . The 
daily excret ion of each was calculated 
on the basis of t he u r i ne v o l u m e . 
Sodium and potassium ion concentra
t i on was d e t e r m i n e d w i t h a f l ame 
photometer* using internal standard. 
The protein concentrat ion was deter
mined by the Lowry procedure ' ' using 
human serum albumin (4 times crystal
l i zed . Nu t r i t i ona l B iochemica l C o r p . , 
C leve land , O h i o ) as a s tandard . The 
u r i ne samples we re d ia lyzed against 
running water for 72 hours prior to the 
determinat ion of protein concentrat ion. 
Appropriate corrections were made for 
the di lut ion dur ing dialysis. 

Materials and Methods 

Seven female mongrel dogs, weighing 
b e t w e e n 7-14 Kg, w e r e p laced in 
metabolic cages for 15 days prior to the 
experiment. Dur ing this per iod the ani
mals w e r e t r a i n e d for dai ly b l adde r 
catheterization and received commer
cial dog chow (Purina) and tap water ad 
l ib i tum. The dogs were then given 1.5 
lb/day of a sodium deficient diet (Pre
scription Diet, H/d, Riviana Foods Inc., 
Hi l ls D iv i s ion , Topeka , Kansas) wh ich 
was supplemented wi th 5.5 mEq/Kg/dog/ 

Urinary kall ikrein was measured by a 
modif icat ion of the method of Marin-
Grez and Car re te ro ' " in wh ich 1 p\ of 
ur ine was incubated for 20 minutes at 
37° C wi th 5 mg of a substrate prep
arat ion. The substrate was prepared by 
heating dog plasma for 3 hours at 58°-60° 
C. This plasma was then p rec ip i ta ted 
wi th ammonium sulfate, and the frac
t i on o b t a i n e d b e t w e e n 1.51-2.27 M 
concentrat ion was dissolved in disti l led 
water, dialyzed overnight against run-
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ning water, lyophi l ized, and stored in 
powder fo rm. 

The peptidases were inhibi ted by add
ing 0.3 ml of a 0.01 M 1,10-phenan-
throl ine solut ion to the incubation mix
ture. Volume was brought to 2 ml w i th 
a 0.068 M phosphate buffer of pH 8.5. 
The reac t ion was t e r m i n a t e d by the 
a d d i t i o n of 4 ml of co ld abso lu te 
ethanol. The precipitate was separated 
by centr i fugation (1820 g for 15 minutes) 
and the supernatant evaporated to 0.5 
ml in a water bath at 45" C under a ni
t rogen cur ren t . The vo lume was then 
brought to 2 ml wi th a 0.2 M phosphate 
buffer, pH 7.4. 

The samples were bioassayed in the 
perfused hindleg of the dog, ' " using a 
peristaltic pump (Sigmamotor, M id -
d l e p o r t . New York) w h i c h c i r cu la ted 
b lood at a constant rate f rom the proxi
mal end of one femora l ar tery to the 
d is ta l end of t he o p p o s i t e f e m o r a l 
artery. Tygon tub ing was used for the 
extracorporeal c i rcu i t . The changes in 
per fus ion pressure caused by samples 
and s tandards ( B r a d y k i n i n , Sandoz, 
Hanover, New Jersey) were recorded by 
means of a Sanborn pressure transducer 
and a Sanborn 150 p r e a m p l i f i e r and 
recorder . The activity of the unknown 
sample was de te rm ined by bracket ing 
its depressor effect between two close 
doses of the standard, and calculated by 
i n t e r p o l a t i o n . Ka l l i k re in ac t iv i ty was 
expressed as pg of bradykinin released 
per mil l i l i ter of urine and per minute of 
incubat ion. 

to 3.35 ±.24 mEq/Kg/day on the first day 
of treatment. Thereafter, the potassium 
excretion returned to the control level. 

The urine volume tended to increase 
slightly. However, the kall ikrein excre
t ion was s ign i f icant ly h igher than the 
level w h i c h w o u l d be due to the 
inc reased u r i ne v o l u m e . Thus , on a 
quantitative basis, the enhancement in 
the excre t ion of enzymic pro te in was 
quite apparent. The elevation of urinary 
ka l l i k re in excre t ion was s ign i f icant at 
t he 1 % level w h e n the t h i r d day of 
DOCA treatment was compared to the 
f i rs t c o n t r o l day (T-test for pair of 
dependent samples). Protein excret ion 
rema ined unchanged t h r o u g h o u t the 
experiment (Figure 1). 

URINARY 
S O D I U M 
V O L U M E 
m E q K g " ' 

d a y " ' 

INTAKE 

URINE 
VOLUME 
m l d a y " 

URINARY 
PROTEIN 
m g d a y " 

1 2 3 4 6 7 8 9 D a y s 

Results 

A marked decrease in sodium excre
t ion was observed only on the first day 
of DOCA treatment. The excretion then 
returned to the previous level, al though 
DOCA treatment was cont inued (Figure 
1). The potassium excret ion increased 
from a control level of 2.92 ± .26 (SEM) 

Figure 1 

Effect of DOCA on sodium excretion, uri
nary kallikrein, urinary volume, and urinary 
protein. The broken line on top indicates 
sodium intake. Sodium excretion and intake 
is expressed in mEq/Kg dog/day. The shaded 
area indicates the period during which DOCA 
was injected (25 mg/day). Vertical bar in
dicates SEM. 
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Discussion 

The observation that kall ikrein excre
t ion increases dur ing DOCA treatment, 
wh i l e tota l p ro te in excre t ion remains 
the same, could suggest the involve
ment of t h e ka l l i k re i n system in the 
" e s c a p e " to minera locor t ico ids . The 
increased kall ikrein excret ion, however, 
was gradual and reached its maximum 
after the "escape" had occurred. This 
gradual increase of ur inary ka l l i k re in 
cou ld be the ref lect ion of the gradual 
expansion of the ECE, which somehow 
stimulates the activation and release of 
the enzyme. Kallikrein cou ld , therefore, 
through the release of kinins, produce 
a vasodilatation and, either by redis
t r ibut ion o f t h e intrarenal b lood f low, or 
by increasing the peri tubular pressure, 
decrease the sodium reabsorpt ion 
and contr ibute to the "escape". It could 
also be that the k in ins act d i rec t ly on 
the proximal or distal tubules by inhibit
ing sodium reabsorpt ion. 

Another explanat ion for this gradual 
increase of kall ikrein excretion could be 
that the kall ikrein excretion is the con
sequence rather than the cause of the 
"escape" . If this is the case, it could be 
postulated that the kall ikrein excretion 
in the urine represents a spillover of the 
enzyme released in the renal tissue and 
that it only appears in the urine after a 
certain delay. If kall ikrein increases as a 
consequence of the natriuresis induced 
by the expansion of the ECE produced 
by the D O C A i n j e c t i o n , it c o u l d st i l l 
contr ibute to the natriuresis by increas
ing the renal b lood f low and producing 
addit ional sodium excret ion. 

Ade tuy ib i and M i l l s ' " f o u n d results 
similar to ours in humans treated wi th 
F l u d r o c o r t i s o n e . Ce l la r et al'= also 
found an increase in kall ikrein excretion 
af ter t r ea t i ng an imals w i t h D O C A . 
However, they correlated this increase. 

not w i t h the " e s c a p e " p h e n o m e n o n , 
bu t w i t h the d i rec t e f fec t of t he 
mineralocort icoids in the kidney, inde
pendent of the sodium excret ion. They 
made this assumption on the basis that 
the sodium excretion was the same in 
the c o n t r o l an ima ls as in the D O C A 
treated animals. However, the mechan
ism by which these animals reached a 
s o d i u m ba lance s h o u l d be d i f f e r e n t 
s ince the D O C A t rea ted rats have to 
"escape" the sodium retaining effect of 
the mineralocort icoids. 

M a r g o l i u s et a l " also f o u n d an 
increase in urinary kal l ikrein excret ion 
in patients wi th primary aldosteronism. 
It is reasonable to assume that these 
pat ients were in the " e s c a p e " phase, 
since patients wi th primary aldosteron
ism do not deve lop edema. W e have 
been able to conf i rm these results wi th 
a larger series of patients (unpubl ished 
data). 

The exact relationship between renal 
k a l l i k r e i n and sodium m e t a b o l i s m 
remains to be clari f ied. The present data, 
however, suggests an activation of the 
system by ECE expansion. 

Further, the hypothesis that kall ikrein 
cou ld par t ic ipate in the regu la t ion of 
sod ium excret ion is suppor ted by the 
f o l l o w i n g facts: that k in ins p roduced 
nat r iu res is , ' ^ - ' ' ' that ka l l i k re i n is 
f o r m e d and exc re ted by the k idney 
itself,^" '" and that the postulated nat
riuretic hormone may also be localized 
in the k i d n e y . " - " 
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