REVIEW OF THE LITERATURE

BEFFECTS ON CIRGULATION.

1. Heart:~ ;nﬁt@g_intaot_gnima} the intravenous
;nﬁggigp”qfﬂgng;ofgpsig#1ea@s ﬁo.a“slowing of the
heart rate and a deq;gaseuin_eargiqc output second-
arily (15226).H In the intact non-anaesthetised animal,
ppweyg;,‘thguinfigqgce gf the pgriphéral_circulation
and the nervous §ys§§m as well as hormonal effects,
such“as“thehgelea§g o? a@;ena}ipe ﬁpom {the suprarenal

(33), have to be taken into account.

It is important to tﬁ;n to studies on the isolated
heart. An earlier study was that of Bianchi et al.(11)
on theAiso}atgdﬂhgart pfkgﬁineawpigs and :abbits; very
'1arge‘doses of apgiqtensin‘(100»1,0002ug) produced a
decrease of contraqﬁ?le forcg'and coronary flow,
followed by an inéregse,u Berry et al. (10), using an
isp}atg@\heart with an oxygenator, found slowing of
sinus rgte when thg angioﬁensin reached the heart,
fqilowed"by rise in rate emd force of comtraction. They
éqgggste@Athat the#digecﬁ eﬁfgct on either the myocardium
or coronary vessels was responsible for the imitial
depresspr“effeqt, The beta blocker pronethalol (ne tha-
lide) in a dose of 2.5 mg per kg prevénted the change

in rate and contractile force; this suggests an action



via the sympathetics. Fowler and Holmes ﬁ36) showed

in the dog that there was & decrease of cardisc ous-
putwquxyegtp@qplgx’gorngwitp gise of étrial pressure.
In ﬁhg'ca?,n%hgpuggip“vent??cgiar“fqﬁqtion was studied
relatively independently, continuous infusion of angio-
tegs%n.1§¢~to myécardial depression and lowered coronary

blood flow.

In;cqgt?asﬁlago;a@r9n§lige caused a large inqreése
in ventricular cqgtqggﬁilipy and an increase in coronary
flow (52)l“ The effect of angiotensin on isolated
ventricular and atrial muscle shows varying results.
Koch-Weser (55}“p§gq_isolaﬁgd'kittgp papillary muscle
agd 9laipgdﬁahcpps%stgnt»posiﬁive inotropiq action., I%
was not as potent as noradrenaline (wt/wt). Fowler and
Holmes (36) confirmed this in the cat. On the isolated
éﬁrigminthevrgsting anq st?etching tension development
was unaffgctgd. NQ ectopic impulges arose and there
was no direct efﬁect on the sinojatrial node. Unlike
symgat?qm@me@icﬂgminesg angiotensip caused no increase -
in du;gﬁig@ of systqle7 The lncreased force of contrac-
tion appeared with concentrations of 10_9M in the bath.
Apprecia?ly'higheg cqgcentratiens were obtained ihn
the blood dpripg.the:apggtic_or experimental adminis-
tration of angiotensin at rates of 1.6 to 5.2 ug per

minute (53).
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Previously Yu et al. (89) suggested that infusion

of ;Jdg per gg”ge¥uginpt§“incregsed gyocgr@idl contraé—

tilitY{_Pgt,ﬁ?i§;W§s ;n'thgdintact“subject. NBeaulnes

(8), using cat papillary muscle and the atria of cat

apﬂ,pabbiﬁi §?ppq”§pgyeasgd_raﬁe‘énd strength of con-

tgac?@opﬂgthcgngegﬁra?ions Qf_ang%etensin less»than

0.1 mg per ml; above this, depression occurred. The

concentration gf(d:;Jgg per ml represents an emormous

dose in the whole animal. The action on isolated cardiac

muscle was blocked by dichloroisoproterencl (DCI) as

ngl as by nqradpgna}ing; this resu;t suggests that

part of_the action was due %o liberation.of catecholamines.

Howeyer,»the_dose:respogge curve on the atrig of the

rabbit Waswnot”§1te?e§ by ?gserpine, which causes

depletion of catecholamines.

In discuss;ng cardigc funetion, apart from a direct
actionuon”qargiac musclg, the effect of angiotensin on
the coronary\arter?eg is ;mpqrtant (67). Fowler and
Holmes (55)—fqgnd that direct imjection of 1 ug into
the coronary artggy of the dog caused constriction, as
did infusion intravenously, with bloed levels calculated
at 0.42 jug per lityef‘ In the cat heart Dpwning and
Sonnenblick (52) found slight reduction of coronary

blood flow, whereas noradrenaline produced an increase.



Bianchi et al. (11), using massive doses of angiotenmsin
also found a decrease. Further studies with much lower
doses ofﬂaﬁgib@ensin ;njécte@ into the coronary artery

would seem to be desirable to draw a final conclusion.

‘ _pespiﬁg_@%?figq}ties'of interp;etatign of the
gf?ggjvof_gngiqﬁenség’;n ﬁ@eAwholg animal, there is
gggg;g}_gngniﬁity gbgut_cardiaq actions. In man the
bradycardia induced as the pressure goes up deoreases
the og;@iaq ogtpgt‘when'tbe‘ipfusion rate is between
0.02 and 0.1 ug per kg per minute (26). Theé bradycardia
is almest certainly mediated refleiljxthrough the vagus;
for it can be blocked by atropine (19)f As the systemic
pressure pigggy.ca;diac woyk increases, and, probably
for ﬁhis reason, the venous pressure risgs inﬂevery
species studied (2,16,26,54). When the rise in arterial
pressure was bgffe;ed by a mechanical_cqmpensator in
dqgs, there wasylitﬁlelchange in heart ratef Dener~
vation of thg sino—aortic4area lgd to increase of
blood pressure and heart rate with intravenous injection
of 10 mg angiotensin (68}. Interpretation of direet
cardiag action in/the‘intact.animal at the smaller
dose range is Qifficult to analyse. There is little
evideneg of a ga;ked‘di;ect stimulating or depressiﬁe
action on the heart in the dose rénge which produces

marked peripheral haemodynamic effects.
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2. Regional circulation:- There has been dispute as

to whe{@grﬁgggiotgps;p,qqgst;ipts pulmonary grteries.

In normal man, when angiotensin is infused intra-
Yggqus;y{_gu}@qgg;qoa?tepyypressure rises before any
;ise in the systgmic pressure; this points to pulmonary
Yago—qonstrigiion (24):> The most likely conclusion is
ﬁhat<ﬁhgrg”;§ an ipqregsg 9? pulmonary artery ;esistance
and pulmonary artery pressure. This is not as marked

as the gffgc? on the systemic vessels and it is over-

shadowed by the systemic effects.

The general effect of intravenous infusion of
aggiotensin igﬂto increase the totaliperipheral resig~
tance §18,2833§,482.‘ This is brought about by increased
xesistance in al};?epr;tggigsvstudied, €.8.y skin (18,286),
muscle (18), splanchnic area and liver (6,25,25,78),
and the kianey (7,15,17,26,54,91). Barer's study
direcﬁ}y 9q-r§na% b}goq flowqin ;he ?at (%) confirms
the qonciusigns»gfnsﬁgdieg of renal and épianchnic
p199d4f%qw by indi?eqt_mgans iﬂ man. Bradykinin could
gntggpnise the reduction in renal flow due to angio-

tensin.

There have been few measurements of cerebrasl flow
but Ikedavet al. (47),_using the unanaesthetised rabbit,

showed that angiotensin constricts the vascular bed



qf bqth‘t@e inﬁg;gal;ca;otid and gxtepnal Qarotid, in
anﬁragt ﬁggnpradygggline, Which had,a-definite effect
only qgﬂgxﬁepga}dcg;qti@ flow. The dose compérison is
ihtgresting_sigce_gil/ug of_angiotgnsin octapéptide
redgce@wigﬁgynal carot§q‘flow, Whereas 5 mg noradrena-
};ne‘éi@wnqﬁf Dpseg upﬁops pg per mihute of angiotensin

had no obvious effect on cerebral performance in man (26).

_ Iq the human ;eﬁipa"(S}) the arteriolar calibre was
more ma;ked}yﬂpedgged Wiﬁh_aﬁgiotensin than with noradren-
aléne_apq! goquhat sg:p:isingly, the retinal veins
_were reduggd‘porg by gpgiotensin th&g by norgdrenaline.
This effect on the veins will be disoussed later since
ngpg@;gng};he is a more potent venoconstrictor than

gngiptenginl{wﬁ/w?). Measurement of pressure drops
down the g;tg#ia}“tree in the upper limb suggested .
that the major site of aoﬁioﬁ|of angiotensin was on

the small arterioles (50).

Sf‘sffectswog smallwyegéels;- It has already been
sugggs?ed @ha? ﬁhg @ajgr‘effgcy of angiotensin is on
the grﬁerigles_apd ?hat_the risgNin venous pressure
is méin}y“assoeiated With,increaseé cardiap work (26).
Haddy et al. (%2),»using the dog forelimb and mesen—
fery and thg ra?ﬁit ear, showed that the effect was

largely on the arterioles, especially in the mesentery.



Thg;g»was_}itﬁlgugffggtﬂgp venous pressure in small
veins. With a predominantly arteriolar effect, ome
ciuthe‘qogseggggceg of ;n?;gfarﬁgyié; adminigtration
wggl@ be a syg?p fal}_ig pqst-quillgry venous pressure.
Wgtsan(Sé)_sﬁqugq this problem by measuring the

vascular distensibility of the veins in the hand.

N ugngi?teqs@n ;e@goed'thg venous disﬁens;bility

as would be’egpeqted,.uFo}kgw agd his colleagues (35)
meagureq;;nﬁ}qw p;gsgu;é_and limb.volume simultaneously
;gwﬁhg cat ﬁgre%imp»gndhghqwgé that while angiotensin
yg;§e§6ﬁ§g_;p£loy ar@eria} pressure more markedly
thag‘nqra@rgngligg, ;t Qas 1ittle>effe§t on limd
voiqgg;>in 9optrast to the large reduction produced by
noggd;enal@pg, This means that there is little comstric-
tioq‘ofﬂvgipgnbyAgngiqténgih and much by goradrenaline.
In the @o:egr@ veins pf man, de Pgsquale and Burch

§28) coglq 9?#u§h°W an g?@gct of angiotensin on venous
toné,uig qpn?past“tg nqraqr§ga1;ne. There were similar
findings on pre- and postcapillary vessels in the
finger (2?}; The reduction of the calibre of the
retinal Ygins observed by Dollery et al. (31) is pre-
gumably dqg to reduction in blood flow throuéh the

arterioles.
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4. Bffects on the kidney:- The effect of angiotensin

in general on remal funotion in different animals is
variable. ;nqpq;gglwmgn, igtrayegqgs infusion‘at all
dpsgnlgvg;§'prpduggd_q;~gntidiuresis‘and reduction
in'ggéret@gy’qfue;get;olytgs (17?26): In the rabbit
o;_rat{'diuresis and(incrgaseé excré#ion of elegtro—
lytes are the ?u}9'§46?72173,79). The effect on renal
funetion is almost immediate aga, as Barer (7) has
shown in the oat, thers is always a reduction in
r?#?;”b%??d,:19W'” Ig man, ;educﬁion in urine flow and
go@iug output is gopompanie@ by reduction in the clear-

ance of inulin, creatinine and para-aminohippurate.

I? éggmg likely that, whithin the dose range
Q.O% tg Q.gjggkpe; kg per minuﬁg intravenously, a
reduced glomerular filtration rate dué to a vascular
effect might cause the decreased sodium output. Iﬁ
has been strongly suggested that anglotensin must
@ave a Qiregp ﬁction oh ?ubu}ar re—absorption of
sodium tg gxp}ain“tpeidigrgsis and natriuresis seen

in the rat, rabbit and dog.

In man ﬁith hyperﬁension,_infusion of doses of
the order ofﬂO.Qé to Otg/ug per kg per minute causes
diuresis with qaﬁripresis (22). The return of the blood
pressure to pormal achieved by either surgical correc-

.tion of unilateral obstruction of the renal artery or



unilateral nephrectomy, o by the use of hypotemsive
drugs, leads to a return of the normal antidiuresis.
The effect of amglotensin on inulin and PAH clearance
is negligible in the hypertensive subject and marked
in the normal. This-fact suggests that the renal
resistance vessels show little response to angiotensin
;gﬁ_#heuhighmprgssupes{.apd When‘thgub;ooq pressure is
broug@ﬁ_dqwn, the response to angiotensin is restored
to normglt This inteyprgtation implies that it is

the effect of"the'blqodupressure on the vessels which
Qrevents theﬂactipn of angiotensin.»~A direcf tubular
aqtign of‘angietenéin, preventing ‘sodium re-absorptien,
might be revealed because the renal vessels in the

hypertensive subject have become insensitive.

” Sigce itriguposgible té bping'about both anti-
q;uresis in pormglvman and diuresis in hypertensive
man without altering the perfusion pressure (22),
thepe.mqst be a 19qa1_gffec?. Changes in glomerular
filtra?iqg‘rate too small to be meésqred with current
techniques, produced by variatioms in afferent and
efferent artefiola; pressure, wquld probably be enough
tqva;lgw for some of the changes in water and sodium
output.”‘Ig patients with_pirrhqsis and ascites
there was a diurgtic response }ike that shown in

subjects with hypertemsion (55,56).
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... As these subjects usually have high Tates of
aldosterone secretion with sodium refention and low
urinery sodium, the reletion of angiotensin to aldo-
sterone has to be considered. Since amgiotensin
stimulates the production of aldosterone (38,54) in
doses which are subpresspr or marginally pressor in
man (13,54) or dog (82,83), then the possible modifying
role of sldosterons on the remal respense %o sngio-
tensip geegs_éyglugtiog, ;gg_pointeq 9ut earlier, the
gffectAqﬁ gng;oteggig‘on ;enal_perfprﬁance is immediate
and leads to a decrease in excretion of Sodium and
Qotagsipm.“‘Thg effect qf gldosterone‘injected into
the renal artery is delayed for hg;f an hour and then
causes §9dium‘ret§gtiqn gp@ incfeased potassium
gxcrg?igyt Even though_sope of the renal action of
aqgiotegs;n must pg exgpted through aldosterone, a

lgrge part of it cannoet.

N

Some normal subjects deprived of sodium and
: ) A

p;gsqmed,po’haye_aghigh secretion of aldos%erone,

may show a diuresis a@d”natriuresis‘wi%h angiotensin
(55), One might speculate that in these circumstances
angiotensin is acting directly_as.ag‘alébsterone
ggtagqnist cpmpgrab}e;to gp;:gnolactone. The ad;gnals
are not essential to the antidiuretic action of angio-

tensin (80), nor is the posterior pituitary, as in
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patients with diabetes ;gsipidug_(?é)f Since angio-
tgns?g“hgg‘gugh mgyggd”gc?iqng opﬁpenal function, it
ig impe;?gqtito‘copsidgp thg possiblg effgcts of
;oca; }nﬁrgfpenalmgg}egse, spown by the presence of
renin and angiotensin in remal lymph (59). Alteration
in b}@o@_f}pwaeyen wiﬁh ooryicgl necrqsig, or direct

effect on tubular re-absorption, could occur.

5. Modes of action:-~ The relation of angiotensin to
the nervous system, and also release of catecholamines
from_thg»a@gengl_me@pl;g, has‘alsoﬂreceiyed attention.
The first observation was in the cat where, after cocaine,
gngiq@ens;n(cguse@ueqntggct§on of the nictitating
membrane and phenoxybenzamine bloeked this effect (75).
This was possibly the firs# indirect demomstration of
the_rglegse(of'adrepaline apd poradrena}ine from the
adrgpal mé@u}la by angiotensin. Suﬁsequently, direct
intra—arﬁg:ial injgction of angioteﬁsin was shown to
relgase ad;enaline, as indicated by contraction of the

nictitating membrane (33).

“V;n the rat,vgqp;apenalgctomy reduced the action
of“angiqtepsin,_and direct pe?fusion of the supﬁrénals
with(angio?ens%n"}ed to inqrease@ output of catechela-
mines (24). I@_hagﬂpeen shqwn in the dog that infusiog

of DMPP (1, 1-dimethyl-4-phenylpiperazinium iodide),
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a ganglion sﬁ;@g}gtip§>agegtz caused increased pressor
response to angiotenmsin (49). It was believed this
was a form of semsitisation, but obviously advenmsl
@isqha?geugﬁ‘ggrgna%ing‘gpd”noradrenaline eccurred,
since phentolemine or adrenalectomy removed the response.
St;mu}a?iqg/qf_?hg super@qr ceryical ganglion of the
qat by ang;o?gng;n (Oi% tp @.Z(ug), causing contraction
ef‘thg_g;9§itgt%pg ﬁgmbrane, has begp reported (60).
Qangliongctqmy.orAcutting thé postganglionic fibers
abql@sped the respgnsg,_uwpgthgr these effects are
impo;tantuégwthevhagmpdynamic actions of angiotensin
is further raised by the work of Buckley et al. (12,23)
who showed that angiotensin (0.2 to 0.4 mg per kg) had
a central action in the intginal carotid artery terri-
tory. The central pressor responses could be blocked
by benzodioxame while the eﬁfeets‘qf'igtravenous”¢
injeotion of anglotensin were unchamged. Denervation
of the carotid sinus area had no effect. There were

similar observations on the rat brain (58).

_ McCubbin and Page (84,651 claimed that infusion
of angiptensin or‘penin‘in‘sméll amount increased
the response to various drugs or reflexes initiated
ip t@e‘sympaﬁhet;g nervous system._ Sinee response 1o
injecﬁe@ ggradrenaliqe was little affected,‘this action

depended upon some other factor in the sympathetic
: oo
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nervous system. They suggested that this mechanism,
which appears very quickly after renal artery consirie-
tion in ﬁyg'dég, may indicate that one aspect of renal
clip hypertension might be:an increased responsivene ss

of the vascular system to some substances llke tyramine.

png};ﬁﬁle gffect on its act1v1ty compared with that of

noradren?line (68).
.

~ Another relation of angiotensin to the mervous
system is brought out by the contraction of the isolated
intestine. querﬁson and Rubin (77) found that a natural
angloten81n was blocked by an antlohollnest?rase. Botuli-
num toxmn denervated the ileum by 1nterfere£ce with the
chqllngrg;g ?FRP}Yﬁ and, yhlle the respomnse to acetyl-
ehpline yas”unalﬁexed, that to angiotgnsin was abolished.
Khairallah apd'nggﬂ($1!52)_had previously found that
Aat;ppine woul@ aptggonige:angiotensin on the guineapig
ileqm. The direcﬁ action of angiotenéin on ileal smooth

muscle was shown to bé slight.

T

Both the~qutocic action and gut contraction were
decreasg@ by adggngling and ngradrengline. Adrenergic
blqckerszmsgc@ gs”phenpxybeggamine and phentelamine,
also blocked the action of angiotensin on these iwo

tissues., This is an odd occurrence and is perhaps to
. ¢
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bevgtt:@puteg_ﬁq‘g nqn~§p§cific action of the adremergic
blockers. “Wa}g§§ekvgf al._(85) confirmed the blocking
e?@ggﬁ”o§‘a§?qgég§'on thg‘iieuﬁ and found that the
‘gqyign o£<sgbstgg?g_?_yas.simi;arly blocked. Morphine
§hared w@ﬁhﬁphgnqubenzaping ﬁhe prope:ﬁy of blocking
the gﬁ?egt“qf’gggiotgngig,_althoggh that of bradykinin
was not affected. In another study (9), contraction
of the vas deferems of the guinea-pig, stimulated via
the hypogastric nerve, was strongly potentiated by

angiotensin, which did not itself cause contraction.

) Spleenic contraction in the cat behaved similarly.
Fu;t@er?;ig anaesthetised and spinal cats in which
éympathetic post-ganglionic transmission was blocked

by nicgtige or tgtra@ethylammomium, the pressor respon-
ses were reduced. 1g“kgeg;nghwith~tge other evidence,
this suppopﬁs‘ﬁhe %ﬁea that angiotensin may inerease
the local release or effect qf noradrenaline on stimu-
13#?93 gﬁ the pg;yeybu#_@s incapable of releasing
'noradrenaling_ﬁrom stores in smpoth muscle tissue
dgggi?e‘étg ability ?9 release gdrenaline from the
suppa?e?al.‘”$he pressor response that’slowly develops
over avfew Qst‘wheg_small concgntrations of angioten—
sin_go.GQé’tq 0.02 ug per kg per minute) are given
intrévegpus}y to the rabbit, may be related to an effect

either on ganglia or on the brain (30).



15

R

_The oxytocic action of smgiotensin on the rat

uterug_seggeq to depend_gpqq thg ppgsegce_of calcium

togig, vgsogyesg%nﬂapd”§up§tanqg P has bgen described
(14)1 “It_ygslghqwn"#haﬁ~t@evrat uterus and guinea-pig
;;gﬁm“sgegeq‘ﬁo bg the most sgnsitivg structures for
aﬁgiqtgggiq{‘fqllpwgq by the pat”cplon. ’Recgntly the
rat qglqp has been Qgsg?ibed.as a discriminating and

sensitive ‘test for angiotensin (74).

cpytyaqtilgﬂsys§§m§_qu Yascglar muscle, the one for
transient regulatien of temsion, the other for the

maintenance of tonic contraction.. The tension of the
la#ter sgg@g’tgmdgpend on the concentration of potas-—

sium in muscular cells (57).

A 'Thg gy;dgnee_gt“presgnt‘for thig seems a 1itt1§
indirect but the idea is_oﬁ_cohsiderablg interest.

Ig vigw of the;effeqﬁs_gg gngiqﬁensin on renal function,
4 itshlaek of ef?gctren_soq;gm transport in the abdominal
sgin of the_toad, in contrast to vasopressin, is

striking (4,5).



