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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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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 
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when  c o m b i n e d  wi th  deoxicor t icosterone-acetate  ( D O C A )  
admin is t ra t ion  5. These  reg imens  decrease renal  ren in  activ- 
ity ( R R A )  in adul t  rats 6 and  the age -dependen t  di f ference 
in  this reac t ion  migh t  be  re la ted to the dif ference in the 
hyper tensive  response.  We  therefore  compared  the R R A  
react ion to bo th  these reg imens  in weanl ing  and  adul t  rats. 
Since the response was repor ted  to be increased by un-  
inephrec tomy ' ,  b o t h  intact  and  un inephrec tomized  an imals  
were used. 
Methods. Male  Wis tar  s t ra in  rats, e i ther  intact  or un ineph -  
rec tomized 1 week previously,  were offered 1% saline as the 
only dr ink ing  fluid, at the age o f  25 (young) or 87 (adul t )  

Table 1. Renal renin activity (in ng of val 5 angiotensin II - amide 
equivalents per 1 mg of renal protein after l0 min incubation 
of renal renin extract with renin substrate) in intact and un- 
inephrectomized rats exposed to a saline or a DOCA-saline 
regimen 

Exposure Regimen Age n Intact n Uninephrec- 
(days) group tomized 

7+21 Control young 27 53.7+3.24 14 43.8+3.32 
adult 23 51.2+3.28 15 38.3_+3.10 a 

7 Saline young 14 27.6+ 3.36 b 7 20.4+3.54 b 
adult 12 32.6_2.62 b 7 27.4+0.89 b 

DOCA- 
saline young 14 9.4_+0.87 cd 7 7.9_+ 1.12 cd 

adult 12 18.8_+1.96 c 8 18.2+1.82 c 

21 Saline young l0 18.6+3.55 b 8 16.6• b 
adult 8 19.9_+3.90 b 8 24.9+4.72 b 

DOCA- 
saline young l0 0.4• c 9 3.1+0.91 c 

adult 8 0.7 • 0.42 c 9 1.6• c 

Means _+ SEM; n =  number of values in each group. In the control 
group the values found on day 7 and 21 of the experiment are 
pooled. 

Significant difference between groups of the same exposure: 
a uninephrectomized vs intact (of the same age group and regimen, 
p<0.05); b saline vs control (of the same age group, p<0.01); 
c DOCA-saline vs saline (of the same age group, p < 0.02); d young 
vs adult (of the same regimen, p < 0.01). 

days. Saline was given e i ther  a lone  (saline group)  or  
combined  with 3.5 mg  D O C A  in microcrystal l ine suspe- 
n s i o n /  100 g b.wt, i.m., twice weekly (DOCA-sa l ine  group).  
Intact  and  un inephrec tomized  an imals  of  the same age, 
which  d rank  water,  served as controls.  All an imals  were fed 
a pel let  diet  con ta in ing  180 m E q  N a + / k g .  After  7 and  21 
days systolic b lood  pressure (BP) was measu red  indirect ly 
on  the h i n d  extremity 8, the an imal s  were sacrificed and  
R R A  es t imated as descr ibed previously 1. Saline consump-  
t ion in  each an ima l  ( m e a n  of  the 7 last daily values before  
sacrifice) was expressed in m l / 1 0 0  g body  surface area  (i.e. 
g b.wt 0.67 • 0.1). The  results were statistically eva lua ted  
using D u n c a n ' s  test. Spea rman ' s  r ank  corre la t ion  coeffi- 
cients were also used. 
Results. R R A  values ( table 1) in  control  groups did  no t  
change be tween  day 7 and  21 of  the exper iment  and  were 
pooled.  In un inephrec tomized  an imals  of  this group,  the 
R R A  was lower,  the  dif ference be ing  significant  in  adults  
only. R R A  was decreased in the sal ine groups and  more  so 
in DOCA-sa l ine  groups.  This  decrease, however ,  was not  
po ten t ia ted  by  un inephrec tomy.  Af ter  a 21-day exposure  to 
bo th  regimens,  when  the young  rats were a l ready sexually 
ma tu re  and  physiological ly s imilar  to adults,  the R R A  was 
suppressed comparab ly  in b o t h  age groups. Af ter  a 7-day 
exposure,  however,  the decrease of  R R A  was m u c h  more  
p ronounced  in the young  than  in the adul t  DOCA-sa l ine  
group. In the saline group a s imilar  t rend was present .  The  
more  p r o n o u n c e d  R R A  decrease in the DOCA-sa l ine  t han  
the saline groups was accompan ied  by h igher  saline in take  
and  BP levels ( table  2). Ne i the r  of  these var iables  in  the 
young was h igher  t han  in the adul t  group af ter  a 7-day 
exposure to DOCA-sa l ine  regimen,  in spite o f  the 50% 
difference in RRA.  After  a 21-day exposure modera t e  
hyper tens ion  deve loped  in the DOCA-sa l ine  groups, the 
m e a n  BP value be ing  non-s ignif icant ly  h igher  in the 
younger  group. 
Discussion. The  present  results indicate  that,  in the rat, the 
RRA is more  responsive to an  increased salt in take dur ing  
the weaning  per iod than  in adults.  R R A  bears  an  indirect  
relat ion to salt in take 6 and  ar ter ial  BP level 9. However ,  
ne i ther  of  these factors can explain  the accelerated R R A  
decrease found  in the young DOCA-sa l ine  group af ter  a 7- 
day exposure satisfactorily. In rats of  cor responding  age, a 
lesser efficiency of  the diuret ic  and  natr iure t ic  response  was 
found  to vo lume  expans ion  1~ Thus,  an increase in body  
fluid volumes  due to a h igh salt in take  might  play a role. In 

Table 2. Saline consumption (ml/100 cm 2 body surface area per day) and blood pressure (mm Hg) in rats exposed to saline or DOCA- 
saline regimens 

Exposure Regimen Age group n Blood pressure n Saline consumption R 
(days) 

7 Saline young 14 95 • 3.5 b 14 14.2 + 0.67 b (21 ) - 0.444 
adult 13 126+ 3.1 13 11.8 + 0.88 (19) + 0.035 

DOCA-saline young 14 104• 5.1 b 14 17.6_+ 1.50 (21) -0 .264 
adult 14 139_+ 3.2 a 14 16.1 • 0.62 a (20) - 0.312 

21 Saline young 13 129 _+ 2.7 10 15.6 +_ 0.60 (15) - 0.814 
adult 12 126 _+ 4.4 9 15.0 _+ 1.22 (13) + 0.207 

DOCA-saline young 14 171 + 4.8 a 11 28.2 _ 2.37 a (16) + 0.191 
adult 13 159+ 5.3 a 10 31.3_ 2.39 a (14) - 0.358 

R =  Spearman's rank correlation coefficients between renal renin activity (RRA) and saline consumption. Intact and uninephrectomized 
animals are pooled. Number of correlated pairs is given in brackets. In intact animals RRA values from both kidneys were used for 
evaluation. Statistically significant coefficients are underlined. Other symbols as in table 1. 
Significant differences between groups of the same exposure (p < 0.05): 
a DOCA-saline vs saline (of the same age group); b young vs adult (of the same regimen). 
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agreement with this, the accelerated RRA decrease in the 
young saline group with a lower saline intake level was 
only indicated, but the different reactivity manifested itself 
by an inverse relation between saline intake and RRA, 
which was absent in the adults (table 2). This presumably 
reflects a higher RRA responsiveness to salt excess in 
immature rats. There is evidence that RRA plays a role in 
regulation of glomerular blood flow TM and some data 
indicate that the vasculature of immature rats is more 
prone to develop hypertensive lesions 13. It may be specu- 
lated that, in connection with the accelerated RRA 
decrease, renal glomeruli in weanling rats developing 
DOCA-saline hypertension are exposed to an elevated 
perfusion pressure in the period of higher vulnerability. A 
vicious circle mechanism TM might thus be started more 
easily and lead to a more pronounced hypertensive 
response indicated here, which becomes more evident after 
a prolonged exposure to the DOCA-saline regimen 5. 
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Effect  o f  sex  hormones  on plasma cholesterol  in castrated and noncastrated m a l e  rats ~ 
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Summary. The administration of estradiol to both castrated and noncastrated male rats was associated with significantly 
increased plasma cholesterol levels as compared to controls, the estradiol in the noncastrated rats overriding the tendency 
of testosterone to lower plasma cholesterol. 

The widespread clinical use of estrogen and contraceptive 
steroid combinations has given rise to many studies on the 
effect of these substances on plasma lipids. Results in both 
humans and experimental animals have been conflicting. 
Early human clinical studies suggested a hypocholestero- 
lemic effect of estrogen 2-s, whereas more recent studies 
have indicated that the administration of estrogen or estro- 
gen-progestogen combinations results in an increase in 
plasma cholesterol 6-s. Experimental animal studies in the 
chicken and turkey 9'1~ indicated a hypercholesterolemic 
effect of estrogen, whereas studies in the rat have indicated 
that estrogen decreases plasma cholesterol concentra- 
tions TM. A biphasic, dose-related response to estrogen has 
also been suggested, high doses decreasing and low doses 
increasing plasma cholesterol levels 13. 
Androgens, on the other hand, have in general been found 
to lower plasma cholesterol in both humans and ex- 
perimental animals, although there are some conflicting 
reports TM. The data for androgens are not so extensive as 
those for estrogens. 
Little has been done in the way of comparison of estrogen 
effect in the castrated versus noncastrated male animal, and 
the following is a report on the effect of testosterone and 
estradiol on plasma cholesterol in the castrated male rat as 
well as the effect of estradiol on plasma cholesterol in the 
intact male rat. 
Male rats of approximately 5 weeks of age were obtained 
from Charles River Breeding Laboratories (CD strain) and 
divided into 5 groups. Rats in 3 of these groups were 
castrated, using pentobarbital anesthesia (40 mg/kg i.p.), 
and all rats were maintained on a diet of Purina rat chow. 
Weekly i.m. injections were initiated the day after opera- 
tion and were given to all rats for 3 weeks according to the 
following schedule. In each case the injection volume was 
0.1 ml. 

Group I. Castrated. Cottonseed oil. 
Group II. Castrated. Depotestosterone cypionate (Upjohn) in cot- 
tonseed oil, 1 mg. 
Group III. Castrated. Depoestradiol cypionate (Upjohn) in cotton- 
seed oil, 10 Ixg. 
Group IV. Noncastrated. Cottonseed oil. 
Group V. Noncastrated. Depoestradiol cypionate (Upjohn) in 
cottonseed oil, 10 ~tg. 

After 3 weeks of treatment rats were killed instantaneously 
by cervical dislocation. Blood was drawn immediately from 
the heart into tubes containing EDTA and plasma was 
separated by centrifugation and was frozen for storage. 
Plasma total cholesterol levels were subsequently deter- 
mined by the method of Pearson et al. 15 as used by 
Kritchevsky et a1.16. 
The mean plasma total cholesterol levels for the 5 groups 
are given in the table. In both castrated and noncastrated 
mate rats the administration of estradiol was associated 

Total cholesterol concentrations in plasma of hormone treated rats 

Group Manipulation Number Total cholesterol 
and therapy of animals mg/dl plasma 

(Mean + SE) 

I Castrated, 19 93.8 + 2.7 * 
cottonseed oil 

II Castrated, 19 89.4 ___ 4.1 
testosterone 

III Castrated, 17 117,0 + 3.1 * 
estradiol 

IV Noncastrated, 14 92.1 + 3.5 ~ 
cottonseed oil 

V Noncastrated, 13 113.1 + 4.5 ~ 
estradiol 

* p<0.0005, ~" p<0.005. 


