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Effects on heart rate and 131004 pressure of repeated 
doses of angiotensin at about 20 min, intervals

The effects of angiotensin were observed upon four 
intact dogs under morphine and chloralose. In some of 
them doses were repeated. When the heart rate and respi­
ration became constant after chloralose the angiotensin 
was injected.

As shown in Table I and fig. 1, the heart rate 
began to decrease shortly after giving the injection.
The most marked effect in the majority of cases was 
around 30 sec. after giving the drug. The maximum slow­
ing in most cases with 10 /ug dose of angiotensin was 
around 15 - 20 beats. Once the blood pressure reached 
a peak and stayed there for awhile, the heart rate 
immediately started rising, and in most cases it returned 
to the basal level within about 1^2 min. to 2 min. after 
giving the injection of angiotensin. Then it continued 
rising above the basal level about 15 - 20 beats.
Reaching this height, it started declining again. The 
rise of blood pressure was found somewhat proportional 
to the dose.

The results show that 1) angiotensin brings about 
slowing of heart rate when given in these doses, 2) the
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slowing seems to be related to the quick rise of blood 
pressure, 3) tachyphylaxis was not observed.

Effects of Pitressin on heart rate and blood 
pressure of dogs when given in repeated doses at about 
80 min, intervals

So compare the effect of angiotensin on heart rate 
with another vasopressor drug, Pitressin was injected 
(0.1 unit/kg) intravenously in six intact dogs under 
chloralose anaesthesia. It was noted that heart rate 
started slowing shortly after giving the injection 
(fig. 8b) and the greatest effect was around 30 sec. 
after giving the drug. In the majority of cases the 
maximum slowing was near 30 - 50 beats (Table 2). The 
heart rate had not returned to basal level 15 min. 
after giving the injection. The blood pressure rose 
quickly and then came down. The heart rate did not 
come back to the basal level, even when blood pressure 
started declining. The lower dosage of Pitressin 
(0.05 unit/kg) did not make a difference in type of 
action of the drug, while higher doses (0.2 unit/kg) 
caused cardiac irregularities (dogs 6 and 7). Tachy­
phylaxis was not observed in any dog in these experiments.

The results indicate 1) the cardioinhibitory action 
of Pitressin is marked, 2) the slowing continues for
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Fig.2 .:. Comparison of cardioinhibitory responses 
to equipressor doses of angiotensin and vasopressin 
in the same dog.
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a long time, even when blood pressure starts declining,
3) tachyphylaxis was not observed.

Comparison of cardioinhibitory responses to 
equipressor and other doses of angiotensin and Pitressin 
in the same dog

Since the two compounds exhibited different types 
of action on heart rate the effects of equipressor doses 
in the same dog were compared.

Experiments were performed on the same dogs using 
Pitressin on one day and angiotensin on the other. 
Different doses were used to pick up the equipressor 
effects of two drugs for comparison. Swo dogs were 
used for this purpose.

She general pattern of action of the two drugs was 
the same as observed in the previous results. She 
equipressor effects were obtained with 2 units Pitressin 
and 2.5/ug angiotensin (Sable 3, dog 6) and also with 
4 units Pitressin and 10 jag angiotensin (Sabie 3, dog 7). 
When the results are compared (figs.2a and 2b), it is 
seen that the maximum slowing caused by Pitressin was 
30 beats, while with an equipressor dose of angiotensin 
it was 9 beats. She heart rate in the case of Pitressin 
did not return to normal upto the end of the experiment
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while in the ease of angiotensin it was at basal level 
at 2 min. after injection of the drug and then rose 
about 6 beats above the basal level.

From the comparison of equipressor doses of 
angiotensin and Pitressin it was found that 1) the tend-

r

ency of angiotensin to produce slowing of the heart 
rate is less marked than for Pitressin, 2) in the case 
of angiotensin heart rate takes less time to eome up 
to the basal level and then it rises above the basal 
level despite the elevated arterial pressure, 3) the 
slowing in the case of angiotensin is present only 
during the phase of quick rise of blood pressure.

Pitressin administration during buffering of 
blood pressure

She experiments were performed on two dogs in 
which the mechanical buffer system was used. She 
results were obtained when the arterial pressure was 
buffered and when it was not buffered (Sable 4). It 
was seen that the rise of blood pressure was buffered 
to a great extent but not completely.

She heart rate slowed in both cases whether or 
not the blood pressure was buffered and did not return 
to basal level until the end of the experiment. She
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maximum slowing differed depending upon 1) whether 
or not the hlood pressure was buffered, 2) the dose 
of drug. The.slowing was more marked when the blood 
pressure was not buffered (Table 5, dog 3) than when 
it was buffered (Table 5, dog 3). It was around 50 
in the first case and around 40 in the latter. With 
larger doses of Pitressin (3 units) the slowing was 
more than with smaller doses (45 beats) although 
the blood pressure was buffered at the same time.

Therefore it could be said that 1) buffering 
reduces the oardioinhibitory response to Pitressin, 
although the basic pattern of action remains the same,
2) the slowing is somewhat proportional,to the rise 
of blood pressure which in its turn depends upon 
dose of drug whether or not the blood pressure is 
buffered.

Change in effect of angiotensin on heart rate 
produced by buffering the blood pressure and its 
comparison with Pitressin in the same dog

The pattern of action of the same dose of angio­
tensin was different when the buffer system was in 
use and when it was closed. When it was in use, the 
rise of blood pressure could not be completely checked} 
however the heart rate did not decrease (figs. 3 and 4).
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It started rising after giving the angiotensin. The 
maximum rise was of the magnitude of about 100 to 200 
beats/min. (Table 5, dog 8 and dog 9). It reached a 
peak, then slowly decreased toward the control level 
(figs. 3 and 4).

When the buffer system was closed, the rise of 
blood pressure was very marked. There was slowing of 
the heart rate of the magnitude of 10 - 20 beats/min. 
(fig.4)(Table 5, dogs 8 and 9). The general pattern 
of slowing and increase was similar to that observed 
in intact dogs.

In the case of Pitressin (Table 5, dog 8) with 
the buffer system in use, the results were different, 
as already mentioned. When they are compared (fig.3) 
with angiotensin the difference is as follows: 
i) Buffering changes the pattern of action of angio­
tensin (fig.4). Ho initial slowing of heart rate is 
seen, while in the ease of Pitressin the general pattern 
remains the same. 2) The initial slowing th the case 
of angiotensin depends upon the rise of blood pressure, 
and if this factor is reduced considerably there is 
no slowing.



Pig. 3: . Change in effect of angiotensin on 
heart rate produced by buffering the rise of 
blood pressure and its’ comparison with Pit- 
ressin in the same dog'.
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^ HEART RATE, WITH BUFFER 

%

HEART RATE, WITHOUT BUFFER

blood PRESSURE, WITHOUT BUFFER 
jj fl il'J A " ....

"BLOOD PRESSURE,^wTth'bJFFER

-s—A ia nraiTiArt II

290

270

Fig.4t . Effects .of angiotensin (10 jag) on 
Seart rate/before and during buffering of 
pressor response.
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Effect of slow administration of angiotensin

She relationship between rise of blood pressure 
and slowing of heart rate indicated that slow injec­
tion of angiotensin with the associated slow rise of 
blood pressure might fail to elicit cardiac inhibition. 
Angiotensin diluted (0.5yug/ml) with 0.9$ HaCl solution 

was injected by injecting machine, The administration 
of the drug was stopped when the blood pressure 

reached the peak sad stayed there for awhile. On 
analysing Table 6 it is found that the maximum initial 
slowing with 5 jug angiotesnin per min. was about 30 
beats/min., with 2.5 fig/min. it was 9 beats, with 
3.8 jug/min. 3 beats and with 1.25/ig/min. it was 

either absent or negligible. Later a rise in heart 
rate was observed. The rise of blood pressure with 
the minimum dose of 1.25jug/min. was around 30 mm.Hg.

These observations show that if the sudden rise 
of blood pressure is avoided by administering the drug 
slowly the initial cardiac slowing was proportionately 
less with the slower rates of infusion, until at the 
rate of 1.25 jug/min. the slowing did not occur (fig.5).

Angiotensin diluted as in previous experiments 
was infused initially at the rate of 0.63 ;ug drug/min. 

The heart rate and blood pressure were recorded.
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As soon as the plateau of blood pressure was reached, 

the rate of infusion of the drug was doubled. The 

procedure was repeated with rates of 1.25, 2.5 and 

5 jag/min. When the highest peak'was reached with 

the last dose of drug the infusion was stopped (fig.6).

It is seen that with each increase of infusion 

rate there is a rise of blood pressure of around 

25 mm. Hg. With the dose of 0.63 p.g/min. there is 

no slowing (Table 6), with 1.25 jug/min. there is 

slowing of 3 beats/min., with 2.5 jug/min. a slowing 

of 6 beats/min. and with 5 jug/min. it was only 3 beats/ 

min.

When these results of dog 16 are compared with 

corresponding similar doses in dog 15 a striking 

difference is observed. In this case, with the first 

dose of 0.63 jug/min. initial slowing is absent while 

a rise of 6 beats is present. With increasing doses 

the initial slowing appears but is very small in 

comparison with dog 15. The clearest.difference is 

with the dose of 5 /ug/min. In dog 15 the initial 

slowing with this- dose is 30 beats'/min. while in dog
* - - * t

16 it is only 3 beats/min. although the blood pressure 

increase is about three times in this case.
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Effect of vagotomy gad carotid sinus inactivation 
on the cardioinhibitory response to angiotensin.

Studies were performed on six dogs which, were 
under the influence of morphine and chloralose. A 

control dose of 10 fig of angiotensin was administered 
intravenously and the results were recorded. fhen the 
operation for sinoaortic denervation was performed and 

results of the same experiment were recorded. fhey 

are presented in fable 7 and fig.7.

After sinoaortic denervation the basal heart rate 

and blood pressure are at a higher level. When angio­
tensin was injected in suck cases the heart rate and 
blood pressure rose, fhere was no cardiac slowing, 

fhe heart rate increased shortly after the beginning of 
the injection, fhe maximum increase in heart rate was 
about 80 beats/min. in all cases except one in which 
it was 40 (fable 8, dog 13).

In fig. 7 it is shown that heart rate continued 
to rise alongwith the rising blood pressure to reach 
a maximum, and then declined gradually.

fhis shows that if reflex effects from baroceptors 

cannot be elicited the rise of blood pressure is not 
accompanied by a decrease in heart rate. Under these
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circumstances a cardioaecelerator action of

is demonstrated.

g^iotensi

Comparison of the effects on heart rate by changing 

the sites of injection of angiotensin; The sites 

employed were femoral vein, femoral artery and common 

carotid artery

A dose of 10 p.g was employed in each ease. The 

time for the maximum rise of hlood pressure to occur 

was less when the compound was injected into the 

femoral vein compared to the corresponding artery. 

Also, the initial slowing was less marked when the 

compound was injected into the arterial side.

When angiotensin was injected slowly, over a 

period of two minutes into the common carotid artery, 

the rise of blood pressure was gradual and prolonged 

and the initial slowing of heart rate was not seen 

and the increase in heart rate was more pronounoed.

Ten dogs were used for these experiments.

Comparison of the effect of angiotensin on heart 

rate in dogs with intact cardiac innervation, following 

vagotomy and following complete denervation of the heart

The control heart rate, after opening the chest, 

stabilized at an average of 170 beats per minute; after
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vagotomy, the rate becomes 220 heats per minute. After 
passage of some time, the heart rate stabilized at an 
average of 190 beats/min. Following angiotensin, the 
heart rate increased and reached an average of 250 
beats per minute. It then gradually declined to an 
average of 200 beats per minute. After bilateral sym­
pathectomy, in which the sympathetic chain was removed 
from 2^ to 2g, the heart rate declined to an average 
of 165 beats per minute. If angiotensin was again 
injected, the heart rate increased to a lesser extent 
of about 10 beats per minute. 2en dogs were used 
for these experiments.

Effect of 10 qg. of angiotensin on heart rate as 
influenced by the (i) inactivation of the sinoaortic 
pressoreflexes, and (ii) complete transverse section 
of the spinal cord

After the injection of 1© ]ug. of angiotensin, the 
following response was obtained. A slowing of the 
heart rate was. observed within two minutes after injec­
tion. Shis slowing was of the magnitude of 4 to 12 
beats/minute with an average of 6 beats/minute. However, 
the heart rate returned to basal level and then showed an 
increase which usually was maximum eight to ten minutes
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after the injection. This increase ranged from 12 
to 39 toeats/minute with an average of 20 toeats/minute. 
The effect of a dose of 10 jag. of angiotensin was 
usually over after a period of atoout half an hour 
as shown toy the return of heart rate and tolood pressure 
to toasal level. A few control doses of 1 ml of isotonic 
saline were injected, tout in none of these cases was 
any change in heart rate or tolood pressure observed.

On sinoaortic inactivation the initial slowing 
after the injection of angiotensin was not otoserved 
and subsequent increase in heart rate was more pro­
nounced. This ranged from 18 to 88 heats with an 
average of 49 toeats/minute. This average increase in 
heart rate in response to angiotensin injection after 
clamping of carotids and sectioning of vagi is more 
marked and statistically significant (P = 0.05) in 
comparison with the average increase in heart rate 
after angiotensin injection in intact animal.

When transverse section of the spinal cord was 
performed and the angiotensin was injected, the initial 
slowing of the heart rate was seen and this ranged 
from 12 to 30 toeats/minute with an average of 20 
heats (Table 9). The subsequent increase in heart 
rate was limited to an average of 9 beats per minute.
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Effect of angiotensin, on heart rate after the 
blocking of autonomic ganglia and after the adminis­
tration of sympatholytic compounds

The observed blocking effect of pentolinium as 
mentioned was tested by carotid sinus, reflex and-by 
stimulating the peripheral cut end of vagi. After 
the first dosage of pentolinium (5 mg/kg of body- 
weight,, given intravenously in the femoral vein), the 
blocking effect was not fully observed, while the 
heart rate slowed after vagal stimulation (text fig.8) 
and the same increased in response to carotid sinus 
reflex. Subsequently, similar dosage of pentolinium 
was repeated upto four times, but complete blocking 
effect could never be observed.

When 10 /ug of angiotensin was given after pento­
linium, the initial slowing was absent or negligible 
in most of the cases, but subsequent increase in 
heart rate was present, which was quite pronounced 
in certain cases. It ranged from 17 to 102 beats/ 
minute (Table 10) with an average of 60 beats/minute.

In certain cases, Serpasil was given in the dosage 
of 1 mg/kg of body-weight after pentolinium and was 
followed by the injection of angiotensin. Serpasil
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Pig.8: Effect of vagal stimulation and
angiotensin ^10 /tig) on heart rate and blood 
pressure after the ganglia blocking by 
pentolinium (kytipgraph tracing).
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was given after pentolinium with the idea of having 
a blocking effect at autonomic ganglia and a sympatho­
lytic effect at nerve endings. The acceleration effect 
was observed even on this occasion. This ranged from 
12 to 54 beats/minute with an average of 32 beats/ 
minute (Table 10).

In some other eases, pentolinium was not given, 
only bretylium tosylate was administered. In these 
situations, the injection of angiotensin brought.about 
only slight acceleration, effect of 3 beats/minute.

In the four dogs in whom only Serpasil was injected 
and the angiotensin followed this injeetion, it was 
observed that cardiac acceleration is very little and 
is of about the same magnitude as after bretylium 
tosylate (Table 10).

Effect of tying of the adrenal veins on cardiac 
accelerator effect of angiotensin

The average increase in heart rate/minute above 
basal level after injection of 10 jug of angiotensin is 
31. When adrenal veins are tied and angiotensin is 
injected the same is 30. On statistical analysis it 
is observed that there is no significant difference 
between the increase in heart rate under the above
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I, SLOWING OF THE 
HEART RATE BELOW BASAL LEVEL

I, INCREASE IN THE HEART 
RATE ABOVE BASAL LEVEL

Fig. 9: Effect of angiotensin (10 jag) on

heart rate before and after tying the adrenal 

veins.

■I BEFORE BLOCKINS ADRENAL VEIN 
□ AFTER BLOCKING ADRENAL VEIN

D
EC

R
EA

SE
 AB

O
VE

 BA
SA

L L
EV

EL



60

TABBB 11

A COMPARATIVE STUDY OF I HE EFFECT OF 10 jig. 01 AEGI0- 
TBESIE INJECTION OH HEART RATE 0? THE SAME 3300 BEFORE 

AED AFTER TYIEO THE ADRBHAL IBIS

' MaximumDog Experimental Basal H.R./min. Increase in
Ho. conditions H.R./min. after H.R./min.

injection

55 A. Angio. • - 102 . 108 6
B. . Angio. After. 138 172 34
Ad. Block

56 A. Angio. 174 206 32
B. Angio. After 180 204 24
Ad. Block

57 A. Angio. 114 162 48
B- . Angio. After 90 120 30
Ad. Block

58 . A. Angio. 180 204 24
B. - Angio. After 162 204 42
Ad. Block -

59 A. Angio 
B-. - Angio 
Ad. Block

132 176 44
120 138 18After
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90-

75-

GO

III I
1= BASAL H.R./min., I-MINIMUM H.R./min. 
HE=MAXIMUM H.R./min.

Pig. 10:.- Effect of angiotensin (10 pg) on 
Heart rate after inderal.
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TABLE 12

CARDIAC ACCELERATOR EFFECT OF 10 hr. OF A1SIQTE1SIH 
OR HEART RATI AS I1FLIJBICBB BY A PRIOR INJECTION

OF INDERAL

DogNo.
Experimental conditionsFollowing „injected. H

Basal.R./min. Maximum H.R./min. Increase in H.R./min.

60 a. Angiotensin 240 262 22
5. Angiotensin after

Inderal.
174 180 6

61 a. Angiotensin . 220 246 26
"b. Angiotensin after

Inderal.
168 170 2

62 a. Angiotensin - 72 118 46
B. Angiotensin after

Inderal.
174 178 4

63 a. Angiotensin '.r 102 130 28
B. Angiotensin after

Inderal.
114 108 Below Basal level.

64 Angiotensin after Inderal 126 . 126 0
65 Angiotensin after Inderal 138 143 5
66 Angiotensin after Inderal 192 168 Below "basal 

level.
67 Angiotensin after Inderal 120 127 7
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I = BASAL H.R./mn.,E=MINIMUM H.R./min. 
m= MAXIMUM H.R./min.

Fig. 11: Effect of angiotensin (10 yug) on
heart rate after- vagotomy and after vagotomy 
plus inderal.
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mentioned two conditions (Table 11 and fig. 9 and 13). 
Tying of the adrenal reins does not hare any effect 
on cardiac accelerator effeet of angiotensin. ■>

Cardiac accelerator effect of 10 of angiotensin 
on heart rate as influenced by a prior injection of 
inderal

The arerage increase in heart rate abore basal 
lerel after injection of 10 jig of angiotensin is 29 
(Table 12, fig.10 and 13). When angiotensin is'in­
jected after the injection of inderal, the same is 
nil. This difference in increase in heart rate is 
statistically significant (P = 0.01). Prior injection 
of inderal reduces the cardiac accelerator effect of 
angiotensin to a significant level. Yagotomy does 
not have any role in this (Fig. 11).

Cardiac accelerator effect of 10 of angiotensin 
on heart rate as influenced by a prior injection of 
reserpine

The average increase in heart rate above basal level 
after injection of 10 jug of angiotensin is 29 (Table 13, 
fig,12 and 13). When angiotensin is injected after the 
injection of serpasil the same is §. This difference
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SABLE 15

CARDIAC ACCELERATOR EFFECT Of 10 /ug. OF A1SI0SE1SI1 
01 HEARS RASE X1FLUE1CED BY PRIOR I1JECSI01 OR .

RESERPI1B

Dog Experimental conditions Basal Maximum Increase in lo. following injected. H.R./min. H.R./min. H.R./min.

68 Angiotensin after 78 84 6
Reserpine.

69 a) Angiotensin 
Reserpine.

after 150 156 6

b> Angiotensin 
Reserpine.

after 170 168 1.0.

70 Angiotensin 
Reserpine.

after 178 186 8

71 Angiotensin 
Reserpine.

after 66 62 1.0.

72 a) Angiotensin 
Reserpine..

after • 54 60 6

b) Angiotensin 
Reserpine.

after 162 174 12

c) Angiotensin 
Reserpine.

after 138 144 6

1.0.; lot observed.
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I-BASAL H.R./min., M—MINIMUM H.R./min. 
1=MAXIMUM H.R/min.

Fig. 12: Effect .of angiotensin. (10 p.g) on heart
rate after reserpine (2-3 mg/kg body weight).
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in increase in heart rate is statistically signi­

ficant (P = 0.01). This shows that prior injec­

tion of reserpine reduces the cardiac accelerator 

effect of angiotensin to a significant level.
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1. WITH ANGIOTENSIN, 
a. ANGIOTENSIN INJECTED AFTER 

TYING THE ADRENAL VEINS.
3.ANGIOTENSIN INJECTED AFTER 

INDERAL INJECTION 
4ANGIOTENSIN INJECTED AFTER 

RESERPINE INJECTION

NIL 1

f.

12 5 4
GROUPS OFEXPERIMENTS (GROUPS MENTIONED ABOVE)

AVERAGE INCREASE IN HEART RATE/M IN. ABOVE BASAL 
LEVEL UNDER THE ABOVE MENTIONED CONDITIONS.

Fig. 13: A comparative study of effect of angio­tensin. (lQ./ig) on heart rate after,
a) tying adrenal vein, h) injection of inderal,aad 
e) injection of reserpine.


