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The effect of bradykinin and angiotensin II on hemodynamics has been studied in fair 
detail [5, 6, 14, 15]. However, most of these investigations have been conducted on normo- 
tensive laboratory animals. Yet it has been shown that angiotensin and bradykinin, which 
have a directly opposite action on vascular tone and blood pressure (BP), participate in the 
pathogenesis of hypertension [9-11]. Accordingly a comparison of the effect of bradykinin 
and angiotensin II on the systemic hemodynamics and the pressor and baroreflex (cardiac com- 
ponent) response of normotensive rats (NR) and of animals with two different models of hyper- 
tension -- spontaneously hypertensive rats (SHR) and rats with renovascular hypertension (RHR) 
-- is particularly interesting. 

EXPERIMENTAL METHOD 

Experiments were carried out on male rats weighing 250-300 g divided into three groups: 
i) control, noninbred NR; 2) SHR (Okamoto--Aoki line); 3) noninbred RHR, undergoing operation 
28-30 days before the experiment (a coil with internal diameter of 0.35 mm was wound around 
the left renal artery, the right kidney was completely removed). 

All the rats were anesthetized with urethane (600 mg/kg) and chloralose (40 mg/kg). BP 
was measured with an electromanometer by means of a polyethylene catheter introduced into the 
left carotid artery, the momentary heart rate was determined from the BP pulse wave, and these 
were recorded on a Mingograph-81 polygraph and stimultaneously led out to a digital printer 
through transforming amplifiers. The cardiac output was determined by means of an RPG2-2 
tetrapolar rheograph [4, 13]. In a preliminary series of experiments on rats the stroke and 
minute volumes of the heart were determined simultaneously by tetrapolar rheography and by 
means of an electromagnetic flowmeter. The results demonstrated high correlation between the 
two methods (r = 0.908). 

The following equation was used for the calculations: 

L~ 
A V =  K . p ' - - ~  .Ad . re j  , 

where  AV i s  t h e  s t r o k e  vo lume  of  t h e  h e a r t  ( i n  cm3) ,  K a c o e f f i c i e n t  e q u a l  t o  0 . 7 ,  p t h e  s p e -  
c i f i c  resistance of rats' blood (165 ~/cm), L the distance between the thoracic electrodes 
(3 cm), Z the basal interelectrode impedance, determined on the scale of the instrument (in 
~), Ad the amplitude of the differential rheogram (in ~/sec), Tej the ejection time of blood 
by the heart, determined from the BP curve. 

Values of the pressor response, reactive hyperemia, and the baroreceptor reflex (baro- 
reflex) were determined by compressing the abdominal aorta (for i0 sec) where it emerges from 
beneath the diaphragm. The pressor response was measured by the increase in systolic pres- 
sure, reactive hyperemia by the fall in diastolic pressure, and the baroreflex by the de- 
crease in heart rate in response to compression of the aorta. 

Doses of bradykinin triacetate (from Reanal, Hungary) and angiotensin II (synthesized in 
the All-Union Cardiologic Scientific Center by Dr. Chem. Sci. M. I. Titov), were chosen so 
that, after intravenous injection into the external jugular vein in the course of 40-60 sec 
(the drugs were dissolved in 0.9% isotonic sodium chloride solution and injected in a volume 
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F i g .  1 .  E f f e c t  o f  a n g i o t e n s i n  I I  ( 0 . 5  ~ g / k g ,  i n t r a v e n o u s l y )  on h e m o d y n a m i c s  i n  n o r m o -  
t e n s •  r a t s .  From t o p  t o  b o t t o m :  h e a r t  r a t e  ( b e a t s / m i n ) ,  BP ( i n  mm H g ) ,  d i f f e r e n -  
t i a l  rheogram. Arrows indicate beginning and end of compression of abdominal aorta. 

of 0.2 ml) into NR the degree of hypertension or hypotension did not exceed 25-30%. In the 
control injection of 0.2 ml of 0.9% isotonic sodium chloride solution caused no change in the 
hemodynamics of rats of the three groups. The experimental results were subjected to statis- 
tical analysis of variants and Student's t test (Fig. I). 

EXPERIMENTAL RESULTS 

Intravenous injection of bradykinin in a dose of i0 ~g/kg was accompanied by a fall in 
systemic BP in rats of all three groups (Table i). Hypotension was due to peripheral vaso- 
dilation, as shown by the clear decrease in total peripheral resistance. Although shifts 
in the hemodynamics were qualitatively in the same direction, statistically significant dif- 
ferences were observed between the control and the two experimental groups in the fall of BP 
and total peripheral resistance in RHR and SHR was about twice that observed in NR. Against 
the background of the action of bradykinin there was a tendency for the pressor response and 
the stroke and minute volumes of the heart to increase. The data for the cardiac component 
of the baroreflex to compression of the aorta deserve particular attention. For instance, 
the initial values in SHR and RHR, compared with those in NR, showed definite depression (by 
76%) of the baroreflex to brief compression of the aorta. Injection of bradykinin was fol- 
lowed by a marked increase in the cardiac component of the baroreflex system by 133% in SHR 
and by 173% in RHR, whereas in NR it was reduced by 6% (at the P < 0.01 level between the con- 

trol and groups 2 and 3). 

The lungs are known to contain the powerful enzyme kininase II, whose function is evi- 
dently disturbed in hypertensive states [3]. It was therefore important to compare the ef- 
fect of the same dose of bradykinin when injected into the aorta. Hypotension in response 
to injection of bradykinin into the aorta was more marked than after intravenous injection. 
For instance, BP in NR was lowered by 49 • 5.74 mm Hg, in SHR by 75 • 6.24 mm Hg, and in RHR 
by 78 • 5,68 mm Hg (at the P < 0.02 level between the control and groups 2 and 3). 

Intravenous injection of angiotensin II in a dose of 0.5 ~g/kg increased BP in rats of 
all three groups, due to an increase in the total peripheral resistance. The heart rate, 
stroke volume, and cardiac output showed no significant change but had a tendency to decline. 
An increase in the pressor response and potentiation of reactive hyperemia were noted. The 
baroreflex to compression of the aorta increased statistically significantly only in NR. The 
results thus indicate that despite differences in the pathogenesis of development of hyper- 
tension in SHR and RHR, the general picture of the hemodynamics and its response to injection 
of both bradykinin and angiotensin II were basically the same. Increased sensitivity of the 
cardiovascular system of the hypertensive animals to bradykinin was not due to any change in 
the kininase activity of the lungs, for both intra-aortic and intravenous injection of brady- 
kinin was followed by more marked hypotension in the hypertensive rats than in NR. This can 
evidently be attributed to the fact that the kinin system, one of the depressor systems par- 
ticipating in the regulation of vascular tone, was depressed in the hypertensive animals [2]. 
It can accordingly be postulated that the degree of inhibition of the kinin system was about 
the same in the two types of hypertensive rats. 
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The baroreflex system is known to play a direct part in the regulation of the systemic 
BP and disturbance of its sensitivity (suppression or depression) is one cause of the onset 
and development of hypertension [7]. The results of the present experiments show that brady- 
kinin significantly increases the sensitivity of the cardiac component of the baroreflex sys- 
tem in SHR and RHR, whereas no significant changes were observed in the normotensive animals. 
This suggests a role for bradykinin in the regulation or modulation of the baroreflex system. 
Consequently, suppression of the kinin system in the course of development of hypertension is 
one of the many causes of disturbance not only of vascular tone [5], but also the sensitivity 
of the baroreflex system. 

The pressor response to intravenous injection of angiotensin II is known to be largely 
connected with its direct vasoconstrictor action, on account of contraction of the smooth 
muscles of the vessel wall, and to a lesser degree with its effect on the central and periph- 
eral sympathetic nervous system [i]. It follows from the results described above that an- 
giotensin II caused an equal increase in BP in the rats of all three groups. However, a 
stronger hypertensive response was described in [8] in unanesthetized SHR than in normoten- 
sive (Wistar-Kyoto line) rats to intravenous injection of angiotensin II. This difference in 
the experimental results was evidently attributable mainly to the fact that the present ex- 
periments were conducted on anesthetized animals. 

The more marked increase in the baroreflex response of NR than of SHR and RHR to intra- 
venous injection of angiotensin II can evidently be explained on the grounds that the barore- 
flex to a rapid increase in BP is depressed in hypertensive rats [7]. 
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