
Table 1. Overall frequency of t-alleles in male 
mice from the vicinity of Calgary, Alberta. 

No. of Geno- Fre- Gene 
mice types quency frequency 

134 ++ 0.761 + = 0.081 
36 +t'05 0.205 t'05 = 0.102 

6 +tt?$ 0.034 t1 = 0.017 
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to 84, with a mean of 10.4 individuals 
for buildings where two or more mice 
were found. On the basis of the be- 
havioral observations of Eible-Eibes- 
feldt (6) on Mus, and the segregation 
of social groups observed in a Norway 
rat colony by Calhoun (7), each build- 
ing might be expected to contain one 
or more family groups reproductively 

Table 2. Distribution of genotypes among 
male mice from seven sets of farm buildings. 

Genotypes 1962t Genotypes 19631 
Farms* 

++ +tw5+ A-t ++ +tw5+tlvx 

Ellis 
A 0 1 0 2 0 0 
B 0 4 0 2 1 0 
G 0 1 0 
1 1 0 0 3 0 0 
J 0 1 0 
K 3 0 0 3 0 0 
L 1 3 0 
N 0 1 0 1 2 0 
0 1 1 0 3 4 0 

Stryker 
A 1 0 0 
B 0 0 0 
C 1 0 0 
p 1 0 0 3 0 0 
E 5 0 0 
F 1 1 0 
G 2 0 0 
H 2 3 0 
1 1 0 0 
J 5 1 1 2 0 0 

Dunn 
A 3 0 0 
B 1 0 0 3 0 0 
C 0 1 0 2 1 0 
D 1 1 0 10 1 0 

Peterson 
A 0 1 0 
B 3 0 0 1 0 0 
D 4 1 0 

Soderburg 
A 0 1 0 

Cary 
B 0 1 0 
C 1 0 0 11 0 0 
E 5 0 0 
F 7 0 0 

Perry 
B 1 0 2 
C 0 0 2 
D 2 0 0 
F 4 0 1 
H 31 4 0 

Totals 
36 21 12 1 113 24 5 

* Letters indicate individual buildings. t In 
1962 some buildings were sampled a second time. 
Tests included in this table refer only to the first 
sampling in each specific building. $ In 1962 
only adult males were tested. In 1963 juvenile 
and immature males were also retained for testing. 
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isolated from other such groups through 
defense of communal territories. The 
pattern of gene distribution I have ob- 
served appears to support such a hy- 
pothesis. Adjacent groups differ in ge- 
netic composition and these differences 
have persisted for 2 years despite 
gross disturbances incurred when males 
were removed for testing in 1962. Dur- 
ing these sampling operations, 65 per- 
cent of male mice known to be present 
through previous mark-and-release cen- 
suses were removed. Of 13 buildings 
inhabited in both years, none of six 
buildings where heterozygotes were not 
found in 1962 had acquired t-alleles in 
1963. Of the seven buildings where 
heterozygotes did occur in 1962, all 
but two produced animals heterozygous 
for the same allele in 1963. 

The pattern of distribution on the 
Perry farm is particularly interesting. 
There the very large population in 
building H produced mice heterozygous 
for tw5, but almost certainly did not con- 
tain mice heterozygous for tlvx, which 
was carried by mice in buildings B, C 
and F only a few meters distant. 

In 1962 one t'" heterozygote was 
taken on the Cary farm, in building B. 
In 1963 this deme had become extinct, 
but a total of 23 males were tested from 
three other granaries and an abandoned 
hen house, all within 30 meters, with- 
out discovery of a heterozygote. It thus 
appears that no deme on this farm now 
carries the allele. 

The patterns of local distribution ob- 
served suggest that immigration of mice 
into established populations is very 
rare. Such a possibility has been sug- 
gested by the work of Godfrey (8) 
with voles. The demes discussed herein 
are of very small size, and the random 
pattern of distribution of t-alleles may 
be interpreted as supporting the con- 
tention of Lewontin and Dunn (4) that 
stochastic processes may play a signifi- 
cant role in the evolutionary dynamics 
of these alleles. 

PAUL K. ANDERSON 
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University of Alberta, Calgary 
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Hypertensive Vascular Disease 

Produced by Homologous Renin 

Abstract. Administration of rat renin 
to uninephrectomized rats reproduced 
most, if not all, the changes (hyper- 
tension, vascular disease, hypertrophy 
of the zona glomerulosa of the adre- 
nals) found after partial constriction 
of the renal artery. This is taken as evi- 
dence that the renal pressor system plays 
a major role in the pathogenesis of renal 
hypertension. 

On the assumption that renal hy- 
pertension results from increased re- 
lease of renin, various, but unsuccessful, 
attempts have been made to reproduce 
the course of renal hypertensive disease 
by administering renin to normal ani- 
mals. Subcutaneous injections or intra- 
venous infusions of renin caused a slight 
rise in arterial pressure but no vascular 
lesions (1, 2). These failures have been 
used as supporting evidence by those 
who believe that the renal pressor sys- 
tem has no part in the pathogenesis of 
hypertension. 

Recently (3), we found that unlike 
hog renin, crude extracts of rat kidneys 
which had been subjected to reduced 
perfusion pressure reproduced the early 
manifestations of renal hypertension 
when injected subcutaneously into uni- 
nephrectomized rats. We then postulated 
that renal hypertension was caused by 
the release of renin and of a potentiat- 
ing substance. The possibility remained, 
however, that the ineffectiveness of hog 
renin was due to its heterologous nature. 
We therefore decided to study the ef- 
fects of rat renin alone or in combina- 
tion with crude kidney extracts. By in- 
jecting renin into uninephrectomized 
animals we hoped to reproduce the 
changes associated with hypertension in 
rats with unilateral and partial clipping 
of the renal artery: if the injections 
were to replace the endocrine functions 
of the clipped kidney, the remaining 
kidney of the uninephrectomized rats 
should show the same changes as those 
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Female Sprague-Dawley rats weigh- 
ing between 130 to 155 g were uni- 
nephrectomized and divided into four 
groups of six animals each. The animals 
in each group received injections as fol- 
lows: group 1, crude kidney extracts; 
group 2, rat renin; group 3, rat renin 
plus crude kidney extracts; the rats in 
group 4 received saline injections. Crude 
extracts were prepared by grinding 
fresh normal rat kidneys with distilled 
water (2 ml per kidney) in a Potter 
homogenizer and centrifugation at 
3600g for 20 minutes. The supernatant 
was injected at a total rate of 1.2 ml per 
day. Rat renin was prepared from 3 kg 
of normal kidneys (4) according to 
the procedure of Haas et al. (5); this 
included ammonium sulfate fractiona- 
tion. The final product tested against 
hog renin (6) had a specific activity of 
6 Goldblatt units per milligram of sol- 
ids (7). The total daily dose was 60 
units dissolved in 1.2 ml of saline. Ani- 
mals of group 3 received a total daily. 
volume of 2.4 ml consisting of 1.2 ml 
of the rat renin solution and of 1.2 ml 
of kidney extracts mixed together. The 
different preparations were administered 
daily in three equally divided subcu- 
taneous injections every 8 hours. Treat- 
ment was started about 4 hours after 
uninephrectomy. 

The animals were placed in metab- 
olism cages, fed Purina Fox Chow and 
given tap water to drink. Blood pres- 
sure was measured by tail sphygmog- 
raphy just prior to the 5 o'clock injec- 
tion. Urine flow and body weight were 
also recorded daily. Because of a limited 
supply of renin, animals were killed on 
the 10th day, starting 6 hours after the 
last injection. Blood was collected dur- 
ing ether anesthesia, ethylenediamine- 
tetraacetic acid (EDTA) (3 to 5 X 
10-'M) being used as anticoagulant and 
angiotensinase inhibitor (8). After cen- 
trifugation in the cold, the cell-free 
plasma was kept in the freezer and then 
assayed for pressor activity following 
incubation at 37?C for 2 hours. The as- 
say was carried out in pentolinium- 
treated rats. Tissues were weighed, ex- 
amined for gross lesions, and prepared 
for histologic studies. A part of each 
kidney was kept frozen until pressor 
activity of saline extracts could be as- 
sayed in rats nephrectomized 24 hours 
previously. 

Treatment did not interfere with 
normal growth except in rats which 
received renin plus crude kidney ex- 
tracts (Table 1). These animals also 

10 JULY 1964 

Table 1. Effects of rat renin in uninephrectomized rats. 

Group and Body weight (g) Heart Kidney Thymus Urine flow 
treatment Initial (mg) * (mg) (mg) (ml/day) Initial rFinal 

1. Kidney extract 140?8.5 160? 8.5 331+12.5 893?46.8 398?14.9 14.2? 5.2 

2. Rat renin 135?7.0 151? 7.4 414?27.9 992?74.2 228?49.2 37.5+11.1 

3. Rat renin and 
kidney extract 148+7.8 153?12 422?35.4 1042?84 213?80.9 26.3? 7.5 

4. Control 145?7.4 162? 6.6 332?15.4 902?89.3 363?44.1 6.8+ .87 

* Estimated as percentage of body weight. 

showed subcutaneous induration at the 
sites of injection. Urine flow was slight- 
ly increased in animals receiving injec- 
tions of crude extracts (group 1). This 
increase was more pronounced in groups 
2 and 3, diuresis occurring on the 2nd 
day of treatment and persisting at the 
same level until the end. Blood pressure 
values in the control group 4 showed 
the normal variations expected from 
the method (Fig. 1). The rats in group 
1 remained normotensive; those in groups 
2 and 3 showed normal values during 
the first 4 days, then a progressive rise 
to hypertensive levels. On the 10th 
day, blood pressure averages with stan- 
dard deviations for each of the four 
groups were 127 ? 4.2, 194 ? 19.1, 
180 ?17.6, and 117 ?+9.9 mm-Hg, 
respectively. The degree of hyperten- 
sion was similar in groups 2 and 3, in- 
dicating that addition of kidney extracts 
(group 3) did not modify the effects of 
renin in spite of subcutaneous inflam- 
matory reactions. Heart weights, either 
absolute or expressed as percentages of 
body weight, paralleled changes in pres- 
sure; they were normal in group 1 and 
significantly increased in the two groups 
which showed hypertension (< .01). In 
groups 2 and 3 the kidneys were slight- 
ly enlarged and the thymus slightly 
atrophic; this atrophy reflects adrenal 
stimulation probably resulting from the 
severity of hypertensive disease. 

For the four groups the average 
weights of the adrenal glands were 
61.3 -+- 7.7, 67.7 - 9.25, 68 - 6.2, and 
59.2 ? 6.5 mg, respectively. The in- 
crease in groups 2 and 3 over the con- 
trol value of 59.2 is significant (< .05). 
The width of the zona glomerulosa in 
groups 2 and 3 was about twice that 
in groups 1 and 4. Histologically, the 
zona glomerulosa in groups 1 and 4 
consisted of closely packed cells with 
little cytoplasm and few lipids; in 
groups 2 and 3, cells were larger with 
a clear cytoplasm, arranged in well-de- 
fined clusters and loaded with lipid 

droplets. On gross examination, the 
kidneys of rats in group 1 appeared 
normal; those of groups 2 and 3 were 
somewhat enlarged, edematous, and 
exhibited irregular and mottled sur- 
faces. Some had small petechiae. On 
histological examination, the renal le- 
sions consisted of marked deposits of 
hyalin material in the glomerular tufts, 
tubular dilatations and casts, and arteri- 
olar necrosis. These changes are similar 
to those seen in kidneys contralateral 
to clamped kidneys. In three rats of 
group 2, and in four rats of group 3, 
the hearts had an irregular surface with 
prominent white patches of necrosis 
mostly on the right ventricular wall; the 
same animals showed small nodules 
characteristic of arteritis, on the branch- 
es of the hepatic artery. These lesions 
were verified by histologic examination. 

Assay of nonincubated and incubated 
plasma showed that the pressor activity 
in the rats which received rat renin 
(groups 2 and 3) was about 5 times as 
great as that found in the control group 
(7.28 + 4.6 nanograms as compared 
with 1.29 _ .5 ng of angiotensin equiv- 
alents per milliliter). The renin content 
of the kidneys was slightly but not 
significantly decreased in rats receiving 
kidney extracts (group 1), but markedly 
depressed in groups 2 and 3 treated 
with renin. The following values were 
obtained for each of the four groups: 
5.3 - 1.5, 1.9 - 1.3, 1.5 - 1.3, and 
7.8 ? 4.7 Goldblatt units per gram of 
tissue. 

Our results show that injections of 
rat renin into uninephrectomized rats 
reproduced not only hypertension and 
hypertensive vascular disease as caused 
by various renal manipulations or hor- 
monal treatments, but also the specific 
changes seen in hypertensive rats with 
the left renal artery partially clipped 
and the right renal artery left untouched. 
In the latter there is a marked decrease 
in renin content of the right kidney (9) 
and an increase in aldosterone secre- 
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Fig. I. Curves of the blood pressure of 
rats injected with extracts of rat kidneys 
(curve 1), rat renin (curve 2), rat renin 
and extracts of rat kidneys (curve 3), and 
saline (curve 4). 

tion (10). Similarly, we found a de- 
crease in the renin content of the re- 

maining kidneys of uninephrectomized 
rats treated with renin and an increase 
in the width of the zona glomerulosa 
of the adrenals, which is the generally 
accepted site of aldosterone synthesis. 

Evidently, homologous renin repro- 
duced the effects of the endocrine se- 
cretions of clipped kidneys, thus elim- 

inating the need to postulate the exist- 
ence of another renal factor. Although 
the renin preparation was crude, it is 

likely that renin and not impurities 
were responsible for the effects de- 
scribed since treatment with angiotensin 
can also elicit sustained elevation of 
blood pressure accompanied by inhibi- 
tion of renin formation and stimulation 
of aldosterone release (11). The 
amounts of renin administered may ap- 
pear enormous when compared with 
the intravenous dose necessary to pro- 
duce a similar acute pressor effect; how- 

ever, presumably only an infinitesimal 

part reaches the blood stream, since no 
increase in blood pressure was detected 
before the 4th day. 

The acute pressor activity which fol- 
lows intravenous administration might 
best explain the development of hy- 
pertension after prolonged treatment. 
All the evidence indicates a more com- 

plex mechanism. Indeed, one point 
common to this type of experiment with 
renin or angiotensin (11, 12) is the 

delayed appearance of hypertension. 
This latent period suggests that a crit- 
ical amount of pressor material should 
accumulate before it raises arterial pres- 
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short half-life of angiotensin of less 
than 30 minutes (13) and the abrupt 
fall in pressure on cessation of angio- 
tensin infusion (12). As an alternative, 
the existence of secondary mechanisms 
which may be nervous or endocrine 
has to be considered. One possible ner- 
vous mechanism is based on the ability 
of angiotensin to intensify normal neu- 
rogenic vasomotor activity (14). It has 
also been proposed (12) that angio- 
tensin may cause specific cerebral vaso- 
constriction, which would in turn alter 
the activity of medullary vasoconstric- 
tor centers. 

The endocrine effects of angiotensin 
are better documented. Administration 
of renin, or angiotensin, in subpressor 
doses stimulates specifically aldosterone 
secretion; clinical and experimental 
renal hypertension are associated with 
aldosteronemia; aldosterone causes hy- 
pertension; administration of renin to 
aldosterone-treated rats precipitates a 

syndrome reminiscent of malignant hy- 
pertension (15). There is, however, no 
evidence that during the prehyperten- 
sive phase the renin-angiotensin-aldo- 
sterone system is activated to the point 
of being a determining factor in the 
evolution of hypertension. Hypertension 
probably cannot be explained accord- 

ing to a single scheme; each of these 
mechanisms may participate from the 

beginning, acting either together or in 
succession, and in the course of hyper- 
tension one of them may become pre- 
dominant. 

GEORGES M. C. MASSON 
CHUJIRO KASHII 
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mechanisms may participate from the 

beginning, acting either together or in 
succession, and in the course of hyper- 
tension one of them may become pre- 
dominant. 
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