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Summary The effect of a voluntary running exercise on blood pressure and renin-an-
giotensin system (RAS) was studied in male spontaneously hypertensive rats (SHR) and 
normotensive Wistar-Kyoto rats (WKY). SHR and WKY were assigned to either voluntary 
running exercise or sedentary control groups at 5 wk of age. The systolic blood pressure in 
the exercised group for both strains of rats was significantly lower than in the sedentary 
control group. The plasma renin activity (PRA) and plasma renin concentration (PRC) were 
significantly lower in voluntary running exercised SHR than in sedentary SHR， whereas the 
same exercise did not result in a lower PRA and PRC in WKY. These results suggested that 
the blood pressure lowering effect of voluntary running exercise is related to the suppres-
sion of RAS in SHR. 
Key Words voluntary running exercise， blood pressure， PRA， PRC 

Hypertension is a life-style related diseases， and the 
first treatment begins with the improvement of one's 
life-style. After that， in many cases， medical therapy is 
used along with nonmedical therapy. Antihypertensive 
drugs， however， produce various kinds of side effects 
(1). The nonmedical therapies are composed of limiting 
meals， exercise， limiting alcohol， and other things. 
Several lines of evidence from animal studies and clini-
cal observations strengthen the view that exercise 
training lowers blood pressure in hypertensive animals 
(2，3) and humans (4). The antihypertensive mecha-
nism because of exercise is reported to be associated 
with the decrease in body f1uid (5)， in the cardiac out-
put derived from a decreased heart rate (6)， in periph-
eral resistance (7)， and in the sympathetic nervous ac-
tivity (8). It is not yet clear， however， whether the RAS 
can produce antihypertensive effects by exercise. 
As for the studies of exercise training with a small an-
imal， running on a treadmill or swimming was often 
used. These methods are done by forcibly loading exer-
cise against the small animal， and the following results 
have been reported: the blood pressure can be decreased 
or be elevated. The voluntary running exercise is called 
gentle impatience training compared with those exer-
cise loadings with stress (9， 10). The forced exercise was 
not chosen as the method for this experiment because 
the stress might effect the blood pressure (11) and renin 
activity (12). We therefore chose voluntary running ex-
ercise as a nonstress experiment and investigated the 
relationship between blood pressure and renin activity. 

MATERIALS AND METHODS 

Experimentnl nηimalsσnd rearing methods. Seven-
teen SHR and 16 WKY rats were obtained from Charles 
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River Japan Inc. The male rats were divided into two 
groups at 5 wk of age. One group (8 SHR and 8 WKY 
rats) was housed in individual wheel cages with 1 m cir-
cumference units， which allowed free access to a volun-
tary wheel running for 11 wk， and the other group (9 
SHR and 8 WKY rats) was kept under individual seden-
tary conditions. The rats were raised in a room with the 
temperature set at 23::!::lOC， the humidity at 55::!::5% 
and lighting for 12 h daily (lighted time from 6 : 00 to 
18: 00). The diet (CE-2; Na 0.39弘， K 0.98%， CLEA 
]apan， Inc.， Tokyo) and drinking water were given ad lib-
itum. 
Analytical procedures. During the experimental pe-
riod， body weights， food intakes. and running distance 
were measured every day. Systolic blood pressure was 
measured once a week without anesthesia by the tail-
cuff method (BP 98A Softron， Inc.. Tokyo). Before the 
end of the experiment， a blood sample with EDTA was 
obtained from the caudal vein for assays of PRA and 
PRC and centrifuged to separate the plasma， which was 
sto1'ed at -800C until analysis. 
Assays 01 PRA and PRC. The PRA and PRC were 
measured by a modified method (13)， using the enzyme 
linked immunosorbent assay (ELISA) of Suzuki et al. 
(14). Rat plasma was used for an assay of PRA. Rat 
plasma and recombinant angiotensinogen (15) as sub-
strate were used for an assay of PRC. 
The detection was measured by a chemilumines-
cence enzyme immunoassay (CLEIA) method (13) 'with 
luminoI. using ML-3000 (Mic1'otiter plate luminometer. 
Dynatech Lab.， USA). A standard curve in the plot with 
BioLinx was done. and the AI quantity in the plasma 
was calculated. It showed the renin activated value fo1' 
the AI weight at which renin in 1 mL of plasma gener-
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Fig. 1. Daily running distance of exercised group in 
SHR and WKY. The values are expressed as mean:i:: SD. 

ates in 1 h. 
Statistical analysis. Data were expressed as mean::!:: 
SD. The significance of differences was assessed by a 
Student's t-test or Welch's t-test. The se1ected signifi-
cance 1eve1 was pく0.05.

RESULTS 

Running distance 
Figure 1 shows the running distance (m/d) ofthe ex-
ercised groups. The running distance of SHR increased 
from 10 wk of age to 6.720 m/d. then declined to 
3.466 m/d by 15 wk of age. ln the case of WKY. how-
ever it was pro1onged approximate1y to 8 km/ d at 10 wk 
of age， and it was maintained to the end of experimenta1 
period at 15 wk of age. 
Food intake and body weight 
As shown in Fig. 2， food intakes of the exercised 
groups ¥'¥'ere significant1y higher than the contro1 

groups for both the SHR and WKY cases. Their body 
weights are shown in Fig. 3. The SHR body weight was 
significantly increased in the exercised group. The body 
weight was not different， however. beI¥'¥'een exercise or 
contro1 groups in WKY. 

.-. 30 

.旬、、
凶

、-@ 
.::s:. 
s 20 
z 

可コ。
O 
u.. 

.-. 30 
てコ
¥、
凶
、-"
QJ 

.::s:. 
s 20 
z 
可コ。。
Lム 10

40 

回E
本*

10 

一・-control group (n=9) 
-0-exercised group (n=B) 

。
5 6 7 B 9 10 11 12 13 14 15 

Age (wk) 

40 

座回 ネ

本 * 

-・-control group (n=B) 
一←exercisedgroup (n=B) 

。
5 6 7 B 9 10 11 12 13 14 15 

Age (wk) 

Fig. 2. Food intake of exercised group and control 
group in SHR and WKY.・， control group: O. exer-
cised group. The values are expressed as mean:i::SD. 
水p<O.05，compared with the control group. 

Systolic blood pressure 
The change in the systolic b100d pressure during the 
experimenta1 period is shown in Fig. 4. Since 8-9 wk of 
age. the systolic b100d pressure in the exercised groups 
of both rats was significantly decreased compared with 
both contro1 groups. At the end of the experimenta1 pe-
riod at 15 wk of age. systolic b100d pressure was 
204::!:: 8 mmHg， and 172::!:: 14 mmHg in sedentary SHR 
and exercise SHR. respectively. The increase in b100d 
pressure in SHR was extreme1y inhibited by the vo1un-
tary running exercise. ln WKY. the systolic b100d pres-
sure significant1y decreased in the exercised group 
(126::!:: 7 mmHg) compared with that in the contro1 
group (l34::!:: 5 mmHg). 
PRAandPRC 
As shown in Fig. 5. in SHR. PRA was significant1y de-
creased in the exercised group. PRC in the exercised 
group was a1so significantly 10wer than in the contro1 
group. ln WKY. however. no difference was observed 
behveen the exercised group and the contro1 group. 
In the nonexercised group of SHR， a significant nega回



167 Renin-Angiotensin System and Voluntary Running Exercise 

事

-・-controJ group (n=9) 
-0-exercised group (n=8) 

コド現ド本ネ
ネ

* 
堕E

n

u

n

u

n

u

n

υ

 

F

O

n

U

F

O

n

U

 

4
4

司

L

噌
』

4
1

(凶

Z
E
E
)
@
L
コ
ω
ω
@
L
a
-
M
O
o
-
a
o
一一0リ窃
KFω

500 

50 

ホ

* 

-←controJ group (n=9) 
一←exercisedgroup (n=8) 

ヨド

堕司
400 

国、..../

る300
@ 

主

主200
0 
国

100 

15 14 13 12 9 10 11 

Age (wk) 

8 7 6 5 

。。

* * ネ
ネ* 再評* 

恒図

一・-controJ group (n=8) 
一←exercisedgroup (n=8) 

n

u

n

u

n

u

 

n
U

民

d

n

u

n

L

4

5

4

2

 

(凶

Z
E
E
)
@
L
コ
ω
ω
ω
L
a
刀

0
0
-
a
o
一一Sω
〉

ω

15 14 13 12 9 10 11 

Age (wk) 

8 7 6 

里司

5 

400 

50 

一・-controJ group (n=8) 
一←exercisedgroup (n=8) 

300 
凶
、....."

..j..J 

..c 
凶

g 200 
〉.。。
∞ 
100 

。。
15 

Fig. 4. Effects of exercise on blood pressure of SHR and 
WKY. •• control group; O. exercised group. The val-
ues are expressed as mean:::!::SD. * p<O.05. compared 
with the control group. 

14 13 12 9 10 11 

Age (wk) 

8 7 6 5 
15 

Fig. 3. Effects of exercise on the body weight of SHR 
and WKY.・.control group; O. exercised group. The 
values are expressed as mean:::!::SD. * p<O.05. com-
pared with the control group. 

14 13 12 9 10 11 

Age (wk) 

8 7 6 5 

activity. We feared that the stress by loading forced exer-
cise might influence the blood pressure. the renin activ-
ity， and the sympathetic nervous system. We therefore 
chose the voluntary running exercise to exclude the 
stress. 
The food intake of SHR and WKY was significantly 
increased by the voluntary running exercise. In SHR， 
the increase in the body weight of the exercised group 
was also significantly higher than in the control group. 
This result was similar to the report by Oshima and 
Suzuki (2). In the case of WKY. however. the body 
weight of the exercised group was not higher than the 
control group. It is generally known that breeding with 
a diet ad libitum in the narrow cage may result in an 
excessive body weight for rats. Therefore it is speculated 
that the excessive body weight could be improved by ex-
ercise. SHR is disease-bearing animals. usually small. 
and has a light body weight compared with WKY. 
Therefore the improvement in the physiological condi-
tions. such as the blood pressure. food intake. and body 
weight. might occur in SHR because of exercise. Kingwell 

tive correlation was observed between the PRA and 
blood pressure and between PRC and blood pressure. In 
the exercised group of SHR， a weak positive correlation 
was observed (Fig. 6a. b). In the nonexercised group of 
WKY， no correlation was observed between the PRA 
and blood pressure and between PRC and blood pres-
sure. In the exercised group of WKY， however a signifi-
cant positive correlation was observed between PRA 
and blood pressure， but weak negative correlation was 
observed between PRC and blood pressure (Fig. 6c. d). 
Thus in WKY， the influence of the voluntary running 

exercise was different in the case of SHR. 

DISCUSSION 

In recent years. antihypertensive exercise therapy is 
becoming im portant based 011 many siudies (16). In 
1993. the exercise therapy was positively adopted into 
the guidelines for the treatment of mild hypertensio11 by 
the World Health Organization-International Society of 
Hypertension (17). We investigated the effect of volun-

tary running exercise on the blood pressure and renin 



and the blood pressure. But after 15 wk of age， the 
growth was approximately complete; a significant nega-

tive correlation between the running distance and the 
blood pressure was then observed. Moreover， Kingwell 
et a1. (18) suggested that SHR had the lower running 
activity (being 1.0~0.2 km/24 h for 19-20 wk of age) 

for the voluntary running exercise， which participated 
in the hypertension. 

Because of the voluntary running exercise of SHR， 
the blood pressure was conspicuously depressed. 
Moreover， PRA and PRC were also significantly de-
creased in SHR. Consequently， in the case of SHR， it was 
suggested that the mechanisms of blood pressure reduc-
tion because of exercise might be a result of depression 
in the RAS. Development of hypertension in SHR， how-
ever， is the result of RAS， the sympathetic nervous sys-
tem， the renal factor， and so on. There are various kinds 
of reports about the renin activity of SHR; some have re-
ported high values (20)， but almost all showed a nor-
mal or low value (21-23). It was speculated that there 
was little possibility of RAS participation in the develop-
ment of hypertension in SHR. There is no report， how-
ever， that RAS is directly related to the blood pressure 
decrease mechanism with exercise therapy. 1n the re-
port of Ghaemmaghami et a1. (24)， the renin activity in 
SHR was not changed with swimming training. 
Hagberg et a1. (6) reported a decrease in renin activity， 
and Matsusaki et a1. (25) saw no change in renin activ-
ity before and after exercise therapy for essential hyper-
tension patients. Therefore we investigated the effect of 
RAS on the blood pressure reduction. As a result. it was 
observed that PRA and PRC in SHR were significantly 
decreased by voluntary running exercise. Moreover， a 
significant negative correlation was observed between 
the blood pressure and PRA and blood pressure and 
PRC in the nonexercised group of SHR. A weak positive 
correlation in the exercised group of SHR was also ob-
served. 1n other words， the blood pressure control by 
RAS in SHR was evaluated for suppression of renin se-
cretion against high blood pressure. This is a well-
known reason why SHR have a low renin activity. On 
the other hand， in the exercised group a weak positive 
correlation tendency appeared. 1n spite of the low renin 
activity in SHR， because of the voluntary running exer-
cise the renin activity was more depressed. 1n SHR， RAS 
participated in the blood pressure 
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Fig. 5. Effects of exercise on plasma renin activity and 
plasma renin concentration in SHR and WKY.園，con-
trol group:口.exercised group. The values are ex-
pressed as mean土SD.* p<O.05， compared with con-
trol group. 

SHR 

。

et a1. (18)， however， reported that in normotensive 
WKY， the aortic compliance increased after the exer-
cise， but no increase in SHR was observed. On the other 
hand， Suzuki et a1. (3) showed that there was a depres-
sor effect against the obesity under the condition of rel-
atively light exercise (voluntary running exercise) in the 

normotensive rat. This phenomenon was not observed， 
however. with the intense exercise of more than 5 km. 
Hashimoto et a1. (9) and Ito et a1. (19) reported that 
the forced exercise did not depress the blood pressure of 
SHR， but the long-term exercise (voluntary running ex-
ercise) depressed the blood pressure. 1n this study， the 
voluntary running exercise significantly decreased the 

blood pressure. not only in SHR. but also in WKY. It was 
also found that a reduction in blood pressure by the ex-
ercise was not characteristic for only the hypertensive 
rat. This result agreed with the report by Suzuki et a1. 
(3). According to the study of Oshima and Suzuki {2)， 
the first of 10 wk of SHR is a rapid growth period. ，，，，，hich 

showed a signi白cantpositive correlation heiween the 
running distance (on the voluntary running exercise) 
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Fig. 6. Correlation between renin activity and systolic blood pressure in SHR and WKY: (a) correlation between PRA and 
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tion between PRC and SBP in WKY.・.control group; O. exercised group. SBP. systolic blood pressure; PRA. plasma 
renin activity; PRC. plasma renin concentration. 

gested that RAS had the possibility to participate in the 

suppression of blood pressure in the case of volunta1'Y 

running exe1'cise against low-renin hype1'tension. This 

leaves some problems for the adaptation of human hy-

pertensive patients. 1n the case of 10w-1'enin hyperten-

sions， it is difficult to find the effect of RAS， but with the 

voluntary running exercise. the role of RAS became ap-

parent. From this experiment. it was then suggested 
that the function of RAS might appear in the case of 

voluntary running exe1'cise. According to the report of 

Tuck et a1. (26)， the 1'enin secretion was controlled 
under the sympathetic nervous system. Kiyonaga et a1. 
(8) had 1'eported that long-term exe1'cise suppressed the 

sympathetic nervous systems. We plan to clear the rela-

tion of these systems for the control mechanism of the 

blood pressure. 
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