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The spontaneously hypertensive (SH) rat 
(1, 2 )  provides a useful animal model for 
studying hypertension, although the mecha- 
nism responsible for the development of the 
high blood pressure in these animals is still 
unknown (1, 3, 4). I t  has been suggested 
that the renin-angiotensin system does not 
contribute to the hypertension in the SH rat, 
since renin content of the kidneys was found 
to be decreased in SH rats older than 15 
weeks of age ( 5 ,  6) .  However, in these latter 
studies plasma renin activity was not 
determined. Since plasma renin activity is a 
more direct indicator of the renin-angiotensin 
system, we have studied changes in both 
renal and plasma renin levels. Data will be 
presented showing that plasma renin activity 
increases with age in SH rats but not in 
control Wistar rats. This increase is indepen- 
dent of changes in renin substrate and kidney 
renin. 

Materials and Methods. Male SH rats 
(NIH, F21-2~ generations) and appropriate 
(2, 3 )  normotensive male Wistar rats (NIH) 
of the same age were used in the present 
studies. Animals were maintained on a regu- 
lar rat pellet diet containing 0.5% NaCl, and 
demineralized water. At all ages studied the 
body weight of the SH rats did not differ 
from that of the respective normotensive con- 
trols. Systolic blood pressure of unanesthe- 
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tized animals was determined using a tail 
sphygmographic method ( 7 ) .  In  order to ob- 
tain basal values of plasma renin activity, 2-3 
rats per cage were kept overnight in a quiet 
rat room. Between 8 and 9 AM the following 
day, the animals were decapitated quickly 
and their blood was collected. Kidneys were 
removed and immediately frozen on dry ice, 
weighed and kept at  -16" until renin content 
was assayed directly by the pressor response 
of kidney homogenate (20 mg tissue) in 
nephrectomized rats (8). 

Plasma renin activity was measured by the 
method of Pickens et al. (9) with modifica- 
tions described in detail previously (8, 10). 
Two ml of plasma were incubated under con- 
ditions known to completely inhibit angioten- 
sinase activity (9),  for 4 hr a t  pH 5.5 and 
37". The angiotensin generated from en- 
dogenous substrate was then estimated by 
blood pressure bioassay (Fig. 1) as reported 
previously ( 11). Plasma renin substrate was 
determined by a substrate exhaystion tech- 
nique as described by Nasjletti et al. (12). 

Results and Discussion. Blood pressure of 
the SH rats rapidly increased after the age of 
4-5 weeks (Fig. 2 )  and reached a plateau at 
16 weeks. Plasma renin activity of SH rats 
was significantly ( p  < . O l )  higher than in 
controls a t  12 weeks of age and this differ- 
ence remained up to 35 weeks of age (Fig, 
2 ) .  Several experiments were done to further 
characterize the pressor substance in the SH 
plasma incubation samples. The peptide 
formed during incubation at 37" is similar to 
angiotensin I (l-asp,S-ile) as determined by 
paper chromatography (13) and by its blood 
pressure response. Incubations done at  0" 
gave no pressor activity indicating that the 
pressor substance was formed only upon in- 
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I 5rnm Hg 

t t 
SH 2.0 ng 

t 
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FIG. 1. Blood pressure recording illustrating the bioassay of plasma renin activity of 35-week-old 
animals. Angiotensin I1 (2.0 and 0.5 ng) and 0.1 ml of samples for assay from spontaneously 
hypertensive (SH) and normotensive Wistar (Wi) rats were injected iv a t  arrows. 

cubation and was not present as an en- 
dogenous pep tide. 

The elevated plasma renin activity seems 
to be independent of a higher renin substrate 
level. Plasma renin substrate increased in 
SH rats but not until 16 weeks of age (Table 
I). A marked decrease in kidney renin con- 

> 

I- 

/ 
/ W i  .i / = = /6 

100 . 

/ 
/ W i  .i / = = /6 

100 . q I I I I 

AGE IN W E E K S  
4 8 12 16 20 

tent as measured by the pressor response was 
observed in SH rats a t  35 weeks of age 
(Table I ) .  There appears, therefore, to be no 
direct relationship between the increase in 
renin substrate and the decrease in kidney 
renin content or the increase in plasma renin 
activity. 

The finding that plasma renin activity in 
peripheral blood in the SH rats is elevated 
after the rise in blood pressure had already 
occurred is similar to findings in experimen- 
tal renal hypertension in the rat induced by a 
unilaterally applied renal artery clip ( 14). 
During the early stage of this renal hyperten- 
sion, an elevation in plasma renin activity of 
renal venous blood obtained from the clipped 
kidney occurs following pentobarbital anes- 
thesia, although at  this time no change in 
plasma renin activity in peripheral blood is 
detectable (14). Experiments were undertak- 
en to see if a rise in plasma renin activity 
could be detected in renal venous blood be- 
fore that in the peripheral blood in 8- and 
12-week-old SH rats under pentobarbital 
anesthesia. Controls and SH rats were given 

FIG. 2. Systolic blood pressure and plasma renin pentobarbital (35 mg/kg) and heparin 
activity a t  different ages in spontaneously hyperten- units/kg) iv, and blood was 
sive (SH, 0- - - -0) and nomotensive Wistar (wi, collected 5 min later. A small volume (Ca. 1 
0-0) rats. Six or more animals were gsed for each ml) was taken during approximately 1 min in 

point (see Table I). Bars depict SEM. order to minimize the possible effects of 
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TABLE I. Plasnia Rciiin Substrate, Kiclncy Wciglit and Kidney Renin Coiitent of Spo~i- 
tsiieously Hypertensive (SEI) and Norniotensive Wistar (Wi) Rats. 

Rcnin Kidney Kidney extract 
pressor response substrate weight 

Age (wccks) NU. (W/lnl) (g> (mm Hg) 
~~~ ~~ 

8 wi 
SH 

12 Wi 
SH 

16 W i 
SH 

20 Wi 
SH 

35 Wi 
SH 

15 
18 
15 
14 

7 
9 
6 
6 
7 
7 

459 * 16" 
472 & 13 
554 I+ 23 
561 -e 17 
695 k 20 
855 I+ 34** 
665 2 18 
905 +_ 43"" 
475 k 24 
576 f 36" 

1.2 -+: 0.05 
1.4 +- 0.04'" 
1.5 & 0.11 
1.8 0.04* 
1.8 t 0.04 
2.1 & 0.05"" 
1.8 & 0.06 
2.2 & 0.1OX" 

1.8 & 0.06 
2.4 +. 0.06"" 

51 & 2 
50 L 2 
59 2 2 
49 -+ 2" 
44 k 3 
48 2 2 
39 +- 3 
39 f 3 
47 & 2 
29 * 3"" 

a Mean 
* p < 0.05. 

SEM; no. indicates xiumber of animals. 

+ a  p < 0.01. 

blood loss on renin release. Incubations were 
performed in the usual volume of 2 ml plas- 
ma by adding 0.5 ml renal venous plasma to 
1.5 ml plasma from male Sprague-Dawley 
rats which had been nephrectomized 24 hr 
previously. As shown in Table IT, there was 
no difference in plasma renin activity of renal 
venous blood at either 8 or 1 2  weeks of age. 
The higher level of renin activity in renal 
venous blood is attributed in part to a renal 
renin release by pentobarbital. 

In  another effort to detect changes in 
peripheral plasma renin activity during the 
rapid phase of the development of hyperten- 
sion (8 weeks), this activity was measured at 

TABLE 11. Renal Venous PIasnia Renin Activity 
(PRA) of Spontaneously Hypertensive (SH) and 
Normotensive Wistar (Wi) Rats Anesthetized 

with Pentobarbital (35 mg/kg). 

Renal 
Age NO. venous PRA 

(weeks) of rats (ng/0.5 ml). 

Wi 1 0  13.7 & O . G b  
8 SH 11 14.2 -r- 1.4 

Wi 9 14.7 1.2 
12 SH 6 12.7 & 1.1 

a 0.5 ml renal venous plasma was incubated with 

bMean & SEM. 
1.5 ml plasma of nephrectomized rats. 

5 PM. This is the time of peak activity during 
the normal diurnal rhythm (Leenen, de 
Jong and de Wied: unpublished observa- 
tions). No difference in plasma renin activity 
was seen. Values in SH and control rats 
were 5.5 t 0.6 and 5.9 t 0.6 ng/2 m1/4 hr, 
respectively. The numbers given are means t 
SEM with 8 and 7 animals per group. 

An important question in studies on geneti- 
cally hypertensive rats is the use of adequate 
control rats (2 ,  3,  1 5 ) .  Using the same 
method, we previously measured plasma ren- 
in activity in another strain of Wistar rats up 
to the age of 40 weeks (unpublished), and 
in the current work used normotensive 
Sprague-Dawley males (12-16 weeks) as ad- 
ditional controls. Plasma renin levels in both 
of these other normotensive strains were in 
the same range (1.5-4.5 ng/2 m1/4 hr) as 
those for Wistar controls in this report. The 
elevated plasma renin activity thus appears 
to be unique for the SH rat. 

Our data confirm the earlier findings ( 5 ,  
6) showing that in older SH rats renin con- 
tent of the kidneys may decrease. The factors 
governing renal renin concentration are still 
poorly understood and it is not clear what 
causes the observed decline o,f kidney renin. 
Although high blood pressure by itself is con- 
sidered to decrease renin content of the kid- 
neys (6 ) ,  the previous studies (5, 6 )  as well 
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as the present data show that this decrease is 
rather slow, and occurs after several weeks of 
severe hypertension. 

Preliminary studies indicated that the ele- 
vated plasma renin activity in SH rats may, 
a t  least in part, arise from an extrarenal 
source, since i t  is still present in the plasma 
of these rats (12-16 weeks of age) 18 hr 
postnephrectomy. Further experiments indi- 
cated that as in certain mice strains (16, 17) 
the submaxillary salivary glands of SH rats 
contain a considerable amount of a renin-like 
enzyme. We are inclined to interpret the 
present data as indicating that the increase in 
plasma renin activity with age is specific for 
the SH rat, although no direct relationship 
1)et ween this parameter and hypertension has 
been established. 

Sunzmary. Plasma renin activity increased 
alter the development of hypertension in 
spontaneously hypertensive (SH) rats, while 
kidney renin content diminished. However, 
no difference could be detected in renin activ- 
ity in renal venous blood of 8-12-week-old 
SH rats compared to normotensive Wistar 
rats. 
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