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DISCUSSION

AAggiqtgnsig §§ ﬁqrmg@_w@en_ﬁhg blood supply %o

the kidney tends %o be decreased, end when the compound
appears in the‘gégcg}gﬁion it prgduges changes ig blood
pressure md heart rete. The direct effects of angio-
tensin on smooth muscle in the vaseular tree are
prominent, and the question arises concerning the extent
to which the changes in heart rate are secondary to the
changes in blood pressure incident to arteriolar

constriction.

In this study dggs*we;e“ppemed%c@ted with morphine
and anaesthetized with)chlo;gloge sincg these compounds
do not interfe:e with ﬁhg_cardioinhibitqry reflgx
elicited irog the sin@gortig zones (84). The barocept@r
reflexes retain their sensitivity in_dogs under chlora-
lose, whereas sodipm pentobapbital larggly prevents
the vaga; compongnt of the qardieinhibitory response to
vasoconstrictor agents (39). The :epeated rapid intra-
venous injections of angiotensin in the doses used in
this»st_udy c}id ng’t_; prqd}x_cg taghyghylaxj:s. Page et al.

similar results.

Following rap;dhintravenous_injgetion of 10,ug’of

angiotensin the heart rate decreased. This occurred
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at the time when the b;ood p:gssgrenwagvpising rgpidly.
When the blood pressure geache@ a mggimu@_lgvgl and
stayed there for awhile the heart rate started rising,
reached the basal level, and conﬁinggd risinguabove

it although the blood pressure was still elevated.

N Thq_ini@;gl’g}aw;gg qf_hea;tﬁ;ate was proportion-
ately less with slow rates of in%usiog. With an infusion
rate of 1.25 mg/min. there was no initial decrease in
heart rate. In these cases the blood pressure rose
slowly and to a lesser degree tham when iO‘ug of the
compound wgs’given rapidly, and’ingtgaé o; pgodue?ng

a high pezak qf pressure ?here was a gradual riée and

fall (Dog 15, Table 6 and fig. 5).

~_In another experiment (fig.é, Bog‘ié) initially
a small dose was given gnd ﬁhen the rate éf injection
was doubled stepwise until a dose of 5 pg(min. was
reached. The first dose cauagd an increase in heart
rate whilé_the bigger doses caused initial decreases
in heart pate but cardiac inpibition was less marked
when comgareq W;th the~ini§ial_inpibition producgd

by the same total dose (Dog 15, Table 6). The sub-
. sequent rise of heart rate, however, was proportional

to the magnitude of the dose.
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It is demonstrated that angiotensin exerts an
accelérgtorLgc@iqn;sh9r§;y aftgr”thgﬂbeginning of the
'injeetiog, asﬂshgyn by §h§ %nitial sma;} dgge of
angiotensin in Dog 16, but this iz coumteracted in
response #Q_th?”3?4§?? rise of b;opd pressure whgn
bigger doses are used. When angiotensin is injected
at rates such as tO‘cguse a very gradual rise in blood
pressure the cardioinhibitory phase is leés or absent.
in the intact animal under physiologic conditions
probably large amounts of angiotensip would nét be
released suddenly. Hence, it seems reasonable to
postulate that when angiotensin is liperated'in response
to stimuli which develop in the intact animal it will

not elicit a decrease in heart rate at any time.

The rise of blood pressure was buffered in these
studies by the use of a compensator to determine the
effect of angiotensin in the absence of barbeeptor
reflexes. The cardioinhibitory action of angibtensin
was prevented proportionately as the rise in blood
pressure was counteracted, and even though the rise in
arterial pressure was not completely buffered there
was no initial slowing of heart rate after injection
" of angiotensin. The heart rate increased steadiiy

i

after injection.
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When all four moderator nerves are cut the medu-
llary sympathetic centers are released from inhibition
and neurogenic hypertension is produced. The hyper-
tension depends in part upon acceleration of the heart
rate and augmentation of the cardiac output and in
part on increased peripheral vasoconstriction (81).
Thomas and Mclean (81) also demonstrated that the
samples of angiotoﬁin'available to them had a cardio-
accelerator action in sinosortic denervated dogs.
Angiotensin was injected before and after sinoaortic
denervation. In)the latter case heart rate and blood
preésure rose from the basal level and there was no
initial slowing although the blood pressure rose rapidly.
Thus it is demonstratéd that in an animal which has
the sinoaortic zones denervated angiotensin not only
is incapable of producing a decrease in héart rate
but produces marked cardiac acceleration eventhough

the rate already is high.

The actions of Pitressin u@on blood bressure and
heart rate were studied in order to make a comparison
with the actions of angiotensin. Both of these coﬁ-
pounds have a vasopressor action. When given to dogs
under experimental conditions similar to those used

in the study of effects of angiotensin, Pitressin
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caused a marked rise oﬁ blood pressure and a decrease
in heart rate. When equipressér doses of the +wo
compounds were given the maximum amount of slowing
produced by Pitressin was about twice. that produced
by angiotensin. Also, the bradycardia produced by
Pitressin was still present 15 - 20 min. after the
injection. Prolonged bradycardia after the injection
of Pitressin also has been observed in unanaesthetised
dogs (87). It is apparent that the cardioinhibitory
effec% of Pifressin is more marked and much more

prolonged than-that of angiotensin.

Pitressin injected into dogs with blood pressure ‘
partially or completely buffered still produced slowing.
The pattern of slowing remainéd of the same type as in
the intact dog but the dégrge was less. This shows
that the modes of action of angiotensin and Pitressin
upon heart rate are different. Angiotensin has a
cardioaccelerator effect while Pitressin not only has
no cardioaccelerator effect but seems to have a ’
cardioinhibitory effect whigh is not completely preven-

ted by buffering the rise of blood pressure.

Acceleration of the heart as the reéult of injec~
tion of angiotensin after sinocaortic denervation or

during buffering of the rise of blood pressure
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theoretically could be attributed either to direct
action of the drug on the heart or to an actiqn
exerted through the cardioaccelerator center.
Bxperiments concerning the effect of angiotensin

on the denervated heart have been performed by several
groups of investigators. In a single experiment the
injection of angiotensin resulted in a 3% decrease

in rate of the denervated heart of an unénaesthetized
dog (43). Lorber and Visscher (61) and Lorber (62),
who worked on completely isolatéd, blood~perfuséd dog
and cat hearts, found that the usual response to angio-
tensin was slight slowing coincident with the decrease
of coronary flow., Hill and Andrus (44,45), working
on isolated cat hearts perfused with Ringér~Locke
solution, repofted that no significant effects upon
heart rate were produced. In some instances the heart
rate diminished slightly during the period of reduced
coronary flow, and in a few others there was an
evanescent slight acceleration at the height of this
effect. On the basis of these experiments it can be
éoncluded that angiotensin has no direct cardio-

accelerator effect,

The other possibility is that angiotensin may

act on the cardioacecelerator center eiﬁher directly
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or from higher cenfers or via the changes in blood
chemistry in the brain wﬁieh are secondary to its
effects upon blood pressure. Since the vasoconstri-
ctor effect of angiotensin on bloed vessels in the
centrél nervous system would be expected to be 1eés
than the effects on other parts of the body one would
anticipate that the compound might produce an iﬁcrease
in blood flow in the brain. If this should occur
there might be an increase in P02 and decrease in
Poop in the centers. As a result of this a mild
decrease in cardioaccelerator tonus might occur (84).
The phenomenon of a decrease in accelerator tonué ‘
in sinoaortic denervated animals has been observed
following injections of vasopressin (1,88) and metho-
xamine (3). If angiotensin, in some way, causes a
decrease in blood‘flow to the brain this could cauée
an.increase in activity of the center; however, as
iﬁdicated above, there seems to be no reason for
postulating that angiotensin would cause a decrease
in blood flow in any part of the brain. The possibi-
lity which remeins is that angiotensin acts directly
on neural structures and perhaps directly on the centerg
: in the medulla to cause an increase in heart rate

via the nerves to the heart.
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The accelerator effect on heart following angio-
tensin, with mechanical buffering of the blood pressure,
mgy be attributed through the oérdio—aocelerator cen%er.
Angiotensin has been reported to have no effect on
the denervated heart (11,12,9,10). After vagotomy, a
marked increase in the heart raté was observed with
angiotensin. When the sympathetic supply to the heart
was also removed, the acceleration was reduced. This
would suggest the possible direct effect of angiotensin
on the cardioaccelerator center, which brings about
 the increase in the heart rate via the sympathetic

pathways (69).

The accelerator effect was more marked after
vagotomy but was of smaller magnitude after transverse
section of the spinal cord. This also points towards
the central stimulating action of angiotensin on
cardiac accelerator center, sending impulses to the
heart via sympathetie pathways. After the use of
pentolinium as ganglion blocking agent, the cardiac
accelerator action of angiotensin was preseﬁt and was
of greater magnitude (about 60 beats/minute). When
angiotensin was injec%ed after pentolinium énd serpasil,
this accelerator acfion of angiotensin was reduced,

when angiotensin was injected after serpacil only and
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after bretylium tosylate only the cardiac accelerator

effect of angiotensin was negligible.(Table 10).’

The full ganglion blocking effect of pentolinium
cauld‘ﬁot be demonstrated in fhese sets of experiments.
The dosage of B mg/kg of body weight was repeated upto
four times. The Blocking effect was most mgrked in
the first instance and subsequently, it Waé reducing.
As such, the central accelerator effect of angiotensin

could never be checked completely in these cases (Fig.&).‘

However, there seems to be a synergism between
pentolinium and angiotensin either at chemical level
or at the 'effector mechanism' level, because angiotensin
produced 2 marked cardiac acceleration after pentoli~
nium, after pentolinium and serpasil, but not after
serpasil alone. Serpasil éepletes the adrenergic nerves
from their catecholamine stﬁres. It is possible that
angiofensin liberates epinephrine from adrenal medulla
as reported by Feldberg and Lewis (33) and this effect
is potentiated 5y pentoiiniuﬁ by tﬂe feflex, elicited
by the fall of blood pressure. This reflex would
increase the sympathetic activity through partially
blocked sympathetic ganglia, at sympathetic nerve

ending level and at adrenal medullary level. This
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increased sympathetic activity will accelerate the
heart rate to a greater magnitude rather than when

angiotensin is given alone.

Atleast half of this effect is blocked at post-
ganglionic sympathetic nerve endings when serpasil

is given after pentolinium.

When serpasil is given alone and then angibtensin
is injected, there is very little cardiac acceleration.
This slight acceleration could be either due to
incomplete blocking of central effect at post-ganglionic
sympathetic nerves or due to its stimulating effect
at sympathetic nerve endiﬁgs or at sineatrial node,

A marked reduction in cardiac acceleration action of
angiotensin was observed in experiments where the drug
was injected after the stabilization of heart rate was

achieved foilowing injection of bretylium tosyléte.

'

Bicherton and Buckley (12) have shown a central
effect of aﬁgiotehsin on va;ométor center. This
influence:is carried to peripheral smooth muscle cells
of arterioles via sympathetic pathways. In these cross
circulation experiments, aﬁgictensin wa.s injeete& to

the donor. The donor's blood circulated in the

recipiént‘s head only: The recipient's head was
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connected to the rest of the body only via spinal
cord. An increase in blood pressure in the recipient

was shown due to an increase in peripheral resistance.

The action on isolated cardiac papillary muscle
was blocked by dichlorisoproterenol (DCI)(8). This
is a Beta cell blocking compound. The aé%ién of
angiotensin on heart rate as shown in our experiments
has been very much reduced by sympatholytic compounds,
such as serpasil or bretylium tosylate. These results
suggest that a part of cardiac accelerator effect
of angiotensin is because of liberation of catechola-
mines atvsympathetic.post—ganglienic nerve endings
to the heart and a part of the action could be because
of its direct stimulating effect on Beta cells of the

heart.

Thus angiotensin over and above having ifts central
accelérator effect is found to have a peripheral basis
of cardiac acceleration. This acceleration is present
after the administration of ganglionic blocking agents
but reduced after administratiqn of sympatholytic

compounds (70).

This action could.also be because of liberation

of adrenaline from adrenal medulla as reported by
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Feldberg and Lewis (loc. cit.), or it could be
because of liberatién of cateéholamines from cardiac
sympathetic nerve endings or because of stimulation

of Beta cells of the heart.

One of the above possibilities of this periphe-~
ral basis of cardiac accelerator mechanisms of angio-
tensin could be that it liberates catecholamines from
adrenal medulla which in their own turn increase the
heart rate. The results of Gordon and Fred (37,41)
indicate that catecholamines liberated from the
adrenal medulla play an important role in the cardio-
vascular responses of angiotensin. They concluded

that angiotensin releases epinephriné from the adrenal

medulla,

~

In these groups of experiments with a dese of
10,mg'of angiotensin injected at one time it is observed
that tying of adrenal veins on either side has got no
effect on cardiac accelerator action of angiotensin.
There is no significant difference in increase in
heart rate between two conditions as a result of angio-

tensin injection (Table 11, fig. 9 and 13).

The other possible source of catecholamine release

may be from the sympathetic supply to the heart.
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Reserpine was injected to deplete the catecholamine.
"stores. It is observed that either the ceardioaccele-
rator effect of angiotensin is absent or is very
limited after reserpine (Fig.12). This difference

in increase in heart rate in two conditions is
statistically signifiéant (P = 0.01). This points
towards the faect that probébly the ;ardioaccelerater
action of angiotensin is by the release of sympathin

from the sympathetic terminals to the heart.

The cardigc accelerator action of sympathin can
be checked by uéing a substance which could block the
Beta cells of pace maker, so that théy do not respond
to the sympathin.

i

Inderal was injected for this purpose and after-
wards angiotensin is given. It is observed that with
inderal the cardiac acceleratér action of angiotensin
is very much reduced and is of the magnitude of 0 to
7 beats/min. This reduction is also statistically

significant (P = 0.01) (Fig.10,11 and 13).

These observations show that angiotensin increases
the heart rate by releasing catecholamines from the

sympathetic supply to the heart.



