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P RE FACE

"science moves but sTowLg s7ow7g, creeping on ftom point to point."
"Sonnet to Science", Edg'ar AIIan Poe.

Extensive studies have been carried out on a wide range of

species to examine the possible mechanisms for mainÈaining circulatory
homeostasis in response to stresses such as haemorrhage, hypoxia and

endotoxins. These studies have examined neural and humoral responses

to stress and in particular the sympatho-adrenal and renin-angiotensin

systems. However, few studies have measured both catecholamines and

angíotensin levels simultaneously.

The aim of the present study was to examine the inter-

relationship of the renin-angiotensin and sympatho-adrenal systems

in similar stress situations, both within and between species' bY

concurrent estimations of both angíotensin and catecholamines. The

stresses applíed were endotoxin shock and haemorrhage to cats and

dogs, hypoxia to dogs, and tilting to man. In cats and dogs, changes

in arterial leveIs of angiotensin and catecholamine levels were

determined simultaneously using a superfusíon technique of Vane so

that the timing of the changes in the circulating levels of each

hormone could be estimated. Further preliminary studies on cats,

dogs and sheep examined the possibte mechanism of action of endotoxin

and the role of aspirin in inhibiting the cardiovascular effects of

endotoxi.n.
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HISTORICAL INTRODUCTTON

(A) GENERAL

The experimentat observations on the nature of the circulation
made by Wílliam Harvey (1628) established one way in which the various

systems of the body were closely interrelaÈed and could interact.
C]aude Bernard (1878) introduced the concept of a "milieu intérieur"
and so extended the concept of circulatl-on within blood vessels to

include a free exchange of fluids throughout the body. He went further

and said (1878): "AIl the vital mechanisms, however varied they may

be, have only one object, that of preserving the condition of life in
the internal environment." This statement remains true nearly f00

years later and much investigation has been directed towards determin-

ing the mechanisms responsible for maintaining this "milieu intêrieur".
FollOwing a series of experiments using testÍcular extracts'

Brown-Séquard (1889) proposed that internal secretions from specific
organs may be released ínto the circulation to have generalised

effects. The observatíons of Brown-Sequard set the scene for further
fundamental experiments. Oliver and Schäfer (1894, 1895) clearly
demonstrated the effects of extracts of the adrenal 91and on the

cardiovascular system of the cat. Four years later, in Sweden,

Tígerstedt and Bergrman (1898) published their observations in which

extracts of rabbít kidney injected into the circulation of a normal

rabbit caused a prolonged rise in arterial pressure. They called this
pressor extract renin.

In 1905 Starling coined the term hormone to describe chemíca1

messengers which are released into the circulation from specific
glands in small quantities to have profound effects on the "milieu"
of other systems and organs. Cannon introduced and developed the

concept of homeostasis to describe those interactions of the circu-
lation, the nervous system, hormones, and diet which maintain a

constant "milieu intérieur" (Cannon, L926a, I926bi 1929) .
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(B) RENIN-ANGIOTENSIN SYSTEM

Renin.

The work of Tigerstedt and Bergman (1898), showing that kidney

extracts could elevate arterial pressure, followed Bright's descríption
of the combination of hypertension, cardiac hypertrophy and renal
disease in man (1836). Much of the subsequent experimental work was

devoted to ascertaining the role of the kidney in the aetiology of
hypertension rather than to determining the physiological role of
renin in cardiovascular homeostasj-s. The classic experiments of
Goldblatt, in which partial occlusion of the remaining renal artery
in a uninephrectomised animal was associated with sustained and severe

hypertension, heightened the search for a pathological role of renin
(Goldblatt, Lynch, Hanzal & sunmervi-lIe, 7934). Similar results were

obtained in the monkey (Coldblatt, L937). Goldblatt's observations

were confÍrmed by others ín dogs (CollÍns I L936; Fasciolo, Houssay &

Taquini, 1938¡ Verney & Vogt, 1938), and in rabbits (Pickering c

Prinzmetal, 1938a) .

The classic experiments of Tigerstedt and Bergman (1898) showed

that renin $ras thermo-labile, non-dialysab1e, and soluble in water

but insotuble in alcohol. Furthermore, renin was present only in
the cortex of the kidney. The phenomenon of tachyphylaxis to renin

was also demonstrated. These workers concl-uded that, since renin was

present in normal kidneys, it was probably released into the blood

flowing through the kidney. In 70 years of further research the

findíngs and conclusions of Tigerstedt and Bergman on the physico-

chemical properties of renin still- stand.

The establishment of a simple reliable method for producíng

experimental hypertension l-ed to a period of intensive study on the

properties of renin. Two groups of workers established sj-multaneously

that renin was an enzlzme with a substraÈe referred to as renin

activator (eage & Helmer, 1940) and as hypertensinogen (Braun-

Menéndez, Fasciolo, Leloir e Muñoz , I94O). The pressor end-product

of the renin-substrate reaction was named angiotonin (Page & Helmer,



3

1940) and hypertensin (t"luñoz, Braun-Men6ndez, Fasciolo and Leloir,
1939) .

The present nomenclature, angiotensin, was agreed on in 1958

(Braun-Menéndez 6' Page, 1958).

Renin is produced in the juxtaglomerular apparatus of the kidney,

but the precise site of synthesis and storage is not established

beyond doubt. Using histological techniques, GoormagtÍgh (1945)

suggested that renin may be produced in the juxtaglomerular cells
and that the granuLes were the storage reserves of renin. Using

micro-dissection techniques, Cook & Pickering (L962) showed that the

granulation associated with renin was l-imited to the vascular pole

of the juxtaglomerular apparatus. Similar results were obtained

using fluoroscein-Iabelled antirenin antibodies (Hartroft, 1963).

Evidence in favour of the macula densa as the site of renin storage

was provided by Bing o Kazimierczak (1962). lvhether nerves play any

dírect role in the release of renin is not yet clear, but a nerve

supply to the juxtaglomerular apparatus has been demonstrated Ín
cats, rats, monkeys and mice with some species differences in the

densíty of innervation (Harman & Davies, 1948; Barajas, L964) .

Renin substrate.
Page, MgSwain, Knapp & Andrus (1941) and Leloir, Muñoz, Taquini,

Braun-Menêndez & Fasciolo (1942) showed that renin substrate was

formed in the líver. Evidence that substrate was an cl, 91obu1in was

provided by Plent1, Page & Davis (1943) and by Cohn' oncley, Strong,

Hughes & Armstrong (\944). Finally, in a detailed study of the

chemical nature of substrate, the tetra-deca-peptide structure was

established and synthesis was achieved (Skeggs, Lenl-z, Kahn &

Shumway, 1958).

Angiotensin.

The existense of two forms of angiotensin, I and II' htas first
demonstrated by Skeggs and co-workers, who showed that incubation of
hog renin with chloride-free plasma produced angíotensin I and that
incubation of angiotensin r with plasma containing chloride ions

produced angiotensin tr (skeggs, Marsh, Kahn e Shumway, L954a¡
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Skeggs, Kahn & Shumway, 1956a). Angiotensin I was purified and a non-

apeptide sequence suggested (Skeggs, Marsh, Kahn e Shumway' I954b).

The amino-acid sequence of angíotensin I lvas later determined and it

was shown to be a decapeptide (Lentz, Skeggs, lVoods, Kahn 5' Shumway,

f956) . These workers also purified angiotensin II, established that

it was an octapeptide and determined the amino-acid sequence (Lentz

et al-., L956; Skeggs, Kahn & Shumway, f956b; Skeggs, Lentz, Katrn,

Shumway & !ìIoods, 1956). These observations were subsequently con-

fírmed by others (Peart, 1956; Elliott & Peart, L957 t Bumpus,

Schwarz & Page, L957) .

Synthesis of isoleucyls angíotensin II \^/as carried out by Bumpus,

Schwarz & Page in 1957. Synthesis of the ß asp-Va15 angiotensin II

arnide, now commonly used in experiments, was achieved by Schwyzer'

Iselin, Kappeler, Riníker, Rittel & zuber in 1958.

Convetting enzgme.

It was shown that the conversion of angiotensin I to angiotensin

II hras due to a chloride-dependent enzyme in plasma, named converting

enzyme (Skeggs et af. , I954a). The physiological importance of

converting enzyme was established by perfusing isolated rat kídneys

and showing that angiotensin II ïtas a potent vasoconstrictor, whíIe

angiotensin I had little pressor activity (Skeggs et al-., 1956a) . It

was concluded that the conversion of angiotensin I to II occurs

rapidly in plasma, thus accounting for the pressor activity of

angiotensin II. However, recently it has been shown that rapíd in
yiyo conversion of angiotensin I to II occurs in the lungs which also

contain converti-ng enzyme (Ng c Vane' L96'7¡ Biron e Huggins, 1968;

Oparil, Tregear, Koerner, Barnes & Haber, I97L).

Angiotensjnases .

Several enzymes capable of inactivating angiotensin lI, including

trypsin, chlzmotrypsin, leucine amino-peptidase and carboxypeptidase,

are present in plasma (Elliott & Peart I 1957; Regoli, Riniker &

Brunner, 1963). The presence of angiotensinase activity has been

established in red blood cel1s (Khairallah, Bumpus, Page & Smeby'

1963) and in a variety of other tissues (negoli et aL., L963) .
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Howeverr despite the numerous angiotensinases present in b1ood,

recent studies have shown that tissue angiotensinases remove approxi-

mately 5O-75S of angíotensin I and 1I in one passage through a eyeternic

vascular bed, while the half-life of angiotensin II in blood is

approximately I2O sec (Hodge, N9 & Vane, L967¡ Ng & Vane, L968¡

Biron, Meyer & Panisett' l-968) .

Assag of components of renin-angiotensin sgstem.

The varíous components of the renin-angiotensin system are shor^tn

in Fig. 1. The assay of each component of the renin-angiotensin

system has been fraught with problems related parÈly to the poor

reliability and reproducibility of bioassa¡¿ techniques and partly to

the fact that a method for purification of renin is not yet available.

Bioassay techniques have until recently provided the only means of

determining circulating levels of each component. rarly workers

agsayed renin by injecting plasma into intact rabbits (Pickering e

Prinzmetal, 1938b) or dogs nephrectomised to increase their sensí-

tivity (vlakerlin & Chobot, 1939a). Such techniques are relatively

non-specific and there is considerable variation in the response of

different animals. Other techniques depend on the fact that renin is

an enzyme so that the principles of enzyme kinetics can be used' Thus

the amount of the end product, angiotensin I, formed will depend on

the concentration of substrate and enzl¡me' rf the substrate concen-

tration is constant or higher than the rate limiÈing concentration'

then the amount of angiotensin generated witl depend on Èhe amount

of renín pfesent. In such kinetic studies, angiotensinase activity

must be inhibited by adding chelating agents' or by low pH treatment,

in order to prevent destruction of the end-product'

The earlier techniques of assay have been discussed by Braun-

Menéndez, Fascíolo, Leloir, Muñoz & Taquini (1946). More recently'

other techniques have been described which use the pressor response

of the ganglion-blocked rat as a means of determining the amount of

angiotensin formed (Peart, 1955; Boucher, Veyrat, de champlain e

Genest, Lg64; Skinner, L967). The disadvantage of these methods of

renin assay is that the true nature of renin has not been established'



Asp. Arg. Val. Tyr. IIeu. His. Pro Phe Hís. Leu. Leu. VaI. Tyr. Ser. RENIN SUBSTRÄTE

RENIN

ANGIOTENSIN T

CONVERTING ENZYME

ANGIOTENSIN II

ANGÏOTENSINASES

ÏNACTIVE FRAGMENTS

Fig. 1. Amíno-acid sequence of the components of the renin-angiotensin system
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Thus the recent suggestion that renin may exist in both active and

ínactive forms (Lumbers, L97I) makes difficult Èhe interpretation of

results of assay methods which use pH treatment of renin below 4.0 to

destroy substrate (Skinner, L967). Furthermore, the renin-renin-
substrate reactíon produces angiotensin I which gives a pressor res-
ponse in the rat only after conversion in the lungs to angiotensin II,

a factor which contributes to variability of up to 203 (l,umbers, L969)

More recentl.y, a radioimmunoassay of angiotensin I has been developed

for estimation of plasma renin activity (Boyd, Adamson, FíEz & Peart,

1969) . This technique has distinct advantages over bioassay, since

the end-product of the renin-renin-substrate reaction, angiotensin I,

is measured directly.
The levels of angiotensin II in plasma are normally too small

to be determined by dÍrect bioassay techniques. Techniques for

extraction of angiotensin from blood foflowed by a concentratíon step

and subsequent bioassay on rats have been developed (Skeggs, Kahn &

Shumway, L952¡ Scornik e Paladini, 1.964). Regoli & Vane (1964)

described a sensitive method for continuously assaying angiotensin

in arterial blood. This technique uses the rat colon superfused with

blood as an assay tissue. In blood, a contraction of the rat colon

is almost specific for angiotensin. The technique offers Èhe

advantage of requiring only small amounts of blood, as well as

giving a continuous assessment of circulating levels of angiotensin;

however, it can onty determine changes in concentration from an

unknown basal level.
Radíoímmunoassay of angiotensin IT \,vas developed simultaneously

by two groups (Catt, Cain & coghlan, L967; Boyd, Landon & Peart,

1967). This technique offers advantages over any previous techniques,

since relatively small amounts of blood are required and the assay

is relatívely specific for the physiologically active end-product.

However, hexapeptide and heptapeptide fragrments of angiotensin II

may also be i¡nmuno-reactive (cain, catt & Coghlan, 1969).

Action of angiotensjn.
Renin itself has no pressor activity (Friedman, Abramson 6. Marx,
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1938; Braun-Menendez et aL., L94O; Kohlstaedt, Page & Helmer, L94O),

and. thus the pressor response to renin is dependent on the generatíon

of angíotensin I and on iÈs conversion to angiotensin II. Angiotensin'

weight for weight, is the most potent vasoconstrictor agent known.

Its constrictor action on isolated vessels (Friedman et a7., 1938¡

Kohlstaedt eÈ aL . , L)AO; Braun-Menéndez et a7. , 1940) and its pressor

action in the ganglion-blocked rat (Peart, 1955) established beyond

doubt that a major part of its pressor activity may be due to its

direct action on blood vessels. The role of the central nervous

system in the pressor response to angiotensin in intact animals is

not, as yet, clearly resolved (Ferrario, Guildenburg e McCubbin,

L972). Tigerstedt o Bergman (1898) claimed that the central nervous

system had no part to play in the pressor response. These workers

thought that much of the action may be related to the peripheral

nerves. Sympathectomy and section of anterior spinal nerves did not

affect the development of renal hypertension in dogs (Page, 1935¡

Go|dblatt & $lartman, 1937; Goldblatt, Gross & Hanzal' L937¡ Freeman

& Page, Ig4O). However, Page (1939; 1943) suggested that lesions

in the region of the medulla or mid-brain of dogs were associated

with a decrease in the pressor response to renin. von Euler e

Sjostrand (1941) showed that lesions in the mid-brain or medulla of

cats and rabbits were associated with a decrease in the pressor

response to renin. Experiments with pithed animals (Collíns a

HamíIton, L94O; Dock' 1940) also suggest that part of the pressor

response to renin is indirect. More recently, a central site of

action of angiotensin has been demonstrated in dogs (Bickerton O

Buckley, 1961 ; Scroop & Lo\^re, 1968), in cats and dogs (Severs,

Daniels e Buckley, 1967), cats (pavis, Dutta, Booker & Pradhan, L969),

rabbits (Yu e Dickinson, 1965) , and in man (Scroop e vühelan, 1966) -

Some evidence suggests that part of the central action of angiotensin

in dogs is mediated via the area postrema where angiotensin causes

an inhíbition of vagal tone on the heart and a subsequent tachycardia

(Scroop & Lowe , L969). Thus there is good evidence that the pressor

response to angiotensin may be a combination of a direct action on
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blood vessels as well as an indirect effect mediated via the mid-brain.

Furthermore, Feldberg & Lewis (1964) showed that angiotensin in large

doses could act directly on the adrenal medulla to cause a release

of adrenaline, which may also contribute to the pressor response of
angiotensin or renin.

Apart from its effects on the cardiovascular system, angiotensin

affecÈs salt and water balance by stimulatíng the refease of aldo-

sterone from the adrenal cortex of several species including man,

sheep and dogs (Gross, Brunner o Ziegler, 1965), and of anti-diuretic
hormone from the posterior pituitary of dogs (Mouw, Bonjour, Malvin &

Vander , L97l-). The release of aldosterone stimulates the reabsorption

of sodium from the distal Èubule of the kidney and, as a consequence,

the reabsorption of water (Turner & Bagnara, 1971). Specially

significant is the fact that these effects of angiotensin on both the

adrenal cortex and the posterior pituitary occur with sub-pressor or

minimally pressor doses of angiotensin.
RoTe of the tenaL sgmpathetic nerves.

The renal arteries have a rich plexus of slmpathetic nerves

which pass to the afferent and efferent arterj-oles. Some fibres also

pass to the juxtaglomerular cells (Harman & Davies, L948; Barajas,

1964) . However, the precise role of the slzmpathetic nerves in con-

trolling renin release is not certaín. It has been clearly estab-

Iished that the renal- nerves are not necessary for the development of
hypertension of the Goldblatt type (Page, 1935; Collins, 1936;

Fasciolo, Houssay & Taquini, 1938r Kohlstaedt e Page, I94O¡ Verney

& Vogt, 1938). However, chronic stimulation of the renal nerves

causes a rise in arterial pressure in dogs (Kottke, Kubiceck &

Visscher, 1945). Furthermore, the release of renin or the rise in

angiotensin levels during bilateral carotid occlusion can be

inhibited by 1oca1 anaesthetics injected around the renal plexus

(Bunag, Page & Mccubbín, L966¡ Hodge, Lo\^le & Vane, 1966a) .

Experiments on conscious dogs (Brubacher & Vander, f968) showed that

renal denervation delayed the rise in renin levels following commence-

nent of a low salt diet, but did not affect the final level reached.
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These observations suggest Èhat the physiologícal role of the renal

nerves may be one of modulation rather than to cause release by

direct stimulation. HoÌvever, evidence to the contrary has been pro-

vided by recent experímenÈs, using a non-filtering kidney, in which

papaverine inhibited the release of renin by adrenaline but had no

effect on the release of renin by noradrenaline or renal nerve

stimulation (Johnson, Davis & Vüitty I I97J.) .

Homeostasis and the renin-angiotensin sqstem.

The demonstration that the kidney produced renin which could

cause a rise in arterial pressure implied not only that renin might

be an aetiological factor in hypertension, but also that it might play

an impOrtant role in the maintenance of a normal arterial pressure.

úlakerlin A Chobot (1939b) found no concfusive evidence for a

homeostatic role of renin in dogs following haemorrhage or splanchnic

nerve stimulation, but the renin content of the kidneys was estimated.

The more critical study would have been the estimation of changes

in renal vein renin levels. A renin-Iike substance !{as demonstrated

in the blood of dogs haemorrhaged. 24 hours previously (Sapirstein,

ogden 6t Southard, L94L). However, the assay method used was the

guinea pig íleum' and so these workers were probably estimating

several subsÈances, including angiotensin. In a more detailed

examination of a homeostatic role of renin, Hamilton c Collins (L942)

observed a rise in the pressor activity of arterial and renal vein

blood, after removal of 35-40 nL/kg blood, as assayed by injection

of blood samples into control dogs. The pressor activity of renal

vein blood was usually very much greater than that of arterial blood

and was neiÈher affected by adrenalectomy, nor, in one instance' by

renal denervation. Furthermore, adrenafectomised, nephrectomised

dogs showed no increase in pressor activity in arterial blood, and

dogs with the renal circulation excluded had an impaired ability to

maintain arterial pressure following haemorrhage. Other hlorkers

have shown a rise of renin levels in dogs, rats and man following

haemorrhage (Huidobro & Braun-Menéndez, 1942; Dexter, Frank, Haynes

e Altschule, 1943 ¡ Field & Laverty, l-958 i Bro\,rn, Davies, Lever I
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Robertson & Verniory, 1966). Símultaneous estimations of renin and

angiotensin following haemorrhage in the dog demonstrated a parallel

rise j-n both (Brown, Hodge, Lever, Lo\Á¡e, Robertson & Vane, L967).

Thus it is well established that both renin and angiotensin levels

rise in response to a stress such as haemorrhage.

Hypoxia is another stress whích has been studied. Huidobro

6. Braun-Men6ndez (1942) could not demonstrate a rise in renin leve1s

during hypoxia. However, Gould & Goodman (1970) observed a three-fold

increase in plasma renin levefs and a doubling of renal renin content

in rats subjected to hypoxia for up to 15 days.

White, Gold & Vaughn (1966) provided indirect evidence of a

homeostatic role of the renin-angiotensin system in dogs in endotoxi-n

shock. It was shown that nephrectomy qtas associated with a more

rapid decline in arterial pressure after administration of endotoxin.

Furthermore, this fall in arteríal pressure in nephrectomised ani-

mals was prevented by an infusion of angiotensin. Further indirect

evÍdence of a homeostatic role of the renin-angioÈensin system in

endotoxin shock was the fínding that administration of angiotensin

to dogs (Spink & Vick, 1962) and to monkeys (Spint<, Vick, Melby e

Finstad, 1963) was associated with an improved survival rate.

(C) THE SYMPATHO-ADRENAL SYSTEM

The demonstration by oliver 6, Schåfer (1894; 1895) that an

intravenous injection of dog suprarenal exLract into cats caused a

marked rise in arteríal pressure heralded a period of intensive

research into the role of the sympatho-adrenal system in response to

a variety of stresses. The observations of Olíver ç Schåfer were

repeated in sheep by Abel & crawford (1897) and in cats by tangley
(1901). Elliott (1904) showed that the action of adrenaline was not

by excitation of autonomic Aanglía and was, therefore, directly on

blood vessels. Further work established that the splanchnic nerves

were ímportant in causing a release of catecholamines from the

adrenal medulla (Elliott, L9L2). Adrenaline was the first hormone
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to be purified (AbeI & Crawford, 1897) and it !ìtas assumed to be the
transmitt,er substance at all sympathetic nerve endings. The role of
noradrenaline in neurotransmission was not estabfished until the

work of von Euler (L946). Hourever, because of certain differences

in the responses of isolated tissues and of the cardiovascular system

to these two catecholamines, it appeared that the transmitter sub-

stance at sympathetic nerve endings was more likely to be noradrenaline

than adrenaline (Barger c Da1e, 191-0). Cannon named the transmitter

substance Slmpathin, and fater proposed the names Sympathin E for the

excitatory effect of sympathetic stimulation and SympaÈhin I for the

ínhibitory effects (Cannon & Rosenblueth, 1933). A detailed study

of the physiological, pharmacological and physico-chemical properties

of eympathin as compared. to adrenaline brought Bacq and his co-

workers close to the identification of noradrenaline (Bacq, L934¡

Bacq & Frederícq, 1935r 1940). Finally, in 1946 von Euler and his
group isolated noradrenaline from the sympathetic nerve endings of
cattle and horses and so established the nature of sympaÈhin.

Furthermore, it was established that adrenaline accounted for less

than 2t of the Èotal catecholamines in sympathetic nerve termínals
(von Euler, 1948).

Nature of adrenaL meduLl-arg secretion.
Early workers assumed that the adrenaL medul-la contained only

adrenaline. Ho\^rever, in 1932 it was suggested that a second catechol-

amine was present (Annau, Huszak, Svirbely & Szent-Gryorgi ' 1932) .

The name noradrenaline was proposed. Since techniques for differ-
entiating between noradrenaline and adrenaline have become available,

it has been establ-ished that the adrenal medulla contains a mixture

of both adrenaline and noradrenaline, the proportions of which vary

between species and within species, depending on age (von Eufer, 1956).

The ratio between the two catecholamines released varies with
differing physiological and pathological states, boÈh between and

within species (Malmejac , 1964). The precise physiological signifi-
cance of a change in the ratio is not clear buÈ may relate to the

greater potency of adrenaline than noradrenaline in inducing metabolic
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changes sUch as hyperglycaemia and the mobilisation of fat. The

observation that in a single passage through the lungs 2Ot of the

circulating noradrenaline is extracted but no extraction of

adrenaline occurs (Vane, L968, L969) suggests that adrenaline may

be more important than noradrenaline as a circulating hormone.

Measu:rement of catecholamines.

Early biological and chemical techniques for the estimation of
catecholamines have been díscussed by von Euler (1956). Bioassay

remained the only technique for assaying smal1 amounts of qatechol-

anines until the ad.vent of more reliable fluorimetric or other

technigues. Numerous bioassay systems have been used, including

blood pressure of vagotomised cats, the cat pupil, cat nictitating
membrane, rabbit duodenum, rat uterus, chick rectum and rat stomach

strip. By using a continuous superfusion of the rat stomach strip
with blood, Vane (1968 ì 1969) has determined changes in the

circulatíng leve1s of catecholamines. The addition to the superfusion

circuit of the chick rectum, which is selective for adrenaline,

enables simultaneous differential assays of adrenaline and noradren-

aline to be performed. As with the assay of angiotensin, the suPer-

fusion technique offers a means of continuous assay of catecholamines

but only changes from an unknown base line are recorded.

Chenicat methods for estimating catecholamines depend on the

fact that fluorescence of the catecholamine molecufe or of its
derivatíves can be detected. Earlier methods were not sufficíent1y
sensitive, nor were the fluorescent products stable enough, to

differentiate between noradrenaline and adrenaline, but later
techniques with successive modifications have been developed (Lund,

1950; Weil-Malherbe & Bone, 1952¡ von Euler e Floding, 1955). The

most recent modifications enable a differential assay of the resting

leve1s of catecholamines in man to be determined (Fíorica, 1965¡

RenzÍni, BrUnori & Valorí, l97O). Ho\^tever, fluorÍmetric techniques

still suffer from the disadvantage of requiring extraction and

concentration steps before estimations can be carried, out, and the

sampJ,ing volume (20 ml) is prohibitive for repetitive estimations in
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small animals such as cats. An enzlme technique employing tritiaÈed
noradrenaline offers the highest hopes of a micro-technique without
l-oss of specificity (Engelman & Portnoy , I97O). In this technique

specificity is achieved by using the conversion of adrenaline and

noradrenaline to their respective metanephrines by catechol-O-methyl

transferase. Sensitivity is achieved by using tritiated noradrenaline

and specificity by using an enzyme.

Action of catechoLamines.

The most important actions of catecholamines are their effects
on the cardiovascular system and on metabolism. The proof that
noradrenaline was the neurotransmitter at sympathetic nerve endings

on blood vessels (von Euler, 1946¡ 1948) emphasised the significance
of the pressor rol-e of catecholamines, previously demonstrated for
the adrenal medulla (Oliver & Schäfer, 1894; AbeI & Cra\Àtford' L897¡

Langley, I90t; Elliott, 1-9I2l. The physiological role of nor-
adrenaline appears to be l-imited to the cardiovascular system, while

adrenaline has actions which prepare the animal for fight or flight
(Cannon, 1940). Thus the cardiovascular effects of adrenalíne are an

increased cardiac output and muscle blood flow, but a fall in skin

and mesenteric blood flow, while the metabolic effects are to
increase the blood sugar level by glycogenolysis and to mobilise

fats (Turner & Bagnara, I97L). The possibility of differenÈ end

organ receptors for adrenaline was suggested by the observation of
DaIe (1906), who showed that ergot converted the pressor response to
adrenaline in the cat to a depressor response.

In 1948 Ahlquist proposed a two-receptor theory to explain the

actíons of adrenaline and noradrenaline. The excitatory effects of
adrenaline and noradrenaline on blood vessels are mediated by o

receptors, while the effects on the heart, 9ut' uterus, some blood

vessels and bronchíal muscles are rel-ated to ß receptors.
Sgnpatho-adrenal- sqstem and homeostasis.

The role of the adrenal- medulla has been studied in a wide

variety of stresses, lncluding haemorrhage, hypoxia, asphyxia,

endotoxin shock, hypoglycaemia and emotional stimulation. It has
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been assumed that, together with the slzmpathetic nerves, the adrenal

medulla plays an important part in cardiovascular homeostasís.

The early work of Cannon, Elliott and Bedford, using cats and

dogs, established that in almost any severe stress to an animal,

large ¿Imounts of adrenaline are released (cannon & Hoskins, I91l;

Cannon & de la Paz, 1911; Elliott, L9I2¡ Bedford, L9L7) .

Subseguent investigatíons using more refined techniques for
estímating catecholamines have confirmed that haemorrhage in dogs is

invariably associated with a rise in total catecholamine leve1s, but

the ratio of adrenaline to noradrenaline is variable (Fowler,

Shabetai & Holmes, 196I; Irtalker, Zileli, Reuter, Shoemaker, Friend

& Moore, L959; Walton, Richardson, v'talton & Thompson, L959¡

creever & Itlatts, 1959; Glaviano, Bass & Nykiel ' l-960¡ Darby &

I¡latts , L964i Feuerstein O Gutman , I97l-). Little information on the

precise stimulus to medullary secretion can be gained from these

studíes since haenorrhage tJüas severe and rapíd in aI1 studies, except

one, in which it was observed that catecholamine levels did not rise
until arterial hypotension occurred (Vlatts, 1956). severe hypoxia in
dogs (Fowler et af., 1961; Harrison 5' Seaton, 1965), rabbits (Iriki,

P}eschka, Walther c Simon, 1971), and moderate hypoxia in man (Becker,

1968) is associated with a rise in catecholamines and litt1e change

ín the adrenaline-noradrenaline ratio.
The administration of fethal doses of endotoxin is associated

with severe haemodynamic changes and a rise in catecholamines in the

cat (Hokfelt, Bygd.eman & Sekkenes, 1962), and d,og (Egdahl 
' 1959¡

Rosenburg, Liltehei, Longerbeam & Zimmerman ' I96L; Nykiel e

Glaviano, 1961; Spink, Reddin, zak, Peterson, starzecki & seljeskog,

1966). Hypoglycaemia is a potent stimufus for medullary secretion

ín the dog (de Schaepdryver, 1959) and the cat (Feuerstein & Gutman,

1971). Furthermore, hypoglycaemia is the most potent stimulus for

increasing the adrenaline-noradrenaline ratio. The mechanism whereby

this ratio is changed is not clear. HohTever, since stimulation of

discrete areas of the hypothalamus of the cat can cause an increase

in the adrenaline-noradrenaline ratio, it has been suggested that
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hypothalarnic control of adreno-medullary secretions may be important
(rolkow & von Euler, 1954).

The precise stimulus to secretion of the adrenal medulla in the

various stresses is not clear, but experimental evidence supports

the original observation of Elliott (L9I2) on the importance of the

splanchnic nerves. In haemorrhage, the onset of arterial hypotension

and subsequent stimulation of arterial baroreceptors appears to be

importanÈ in stÍmulating the release of catecholamines (!{atts, l-956).

Al-so, bilateral carotid occfusíon is associated with a rise in
catecholamine secretion in the cat (Kaindl & von Euler, 195I) and

dog (de Schaepdryver , L959). The refease of catecholamines during

hypoxia is markedly reduced if the adrenal medulla is denervated

(Kellaway, 19f9i Houssay & Molinelli, L926), or Èhe carotid and

aortic chemoreceptors are denervated (Gellhorn & Lambert, 1939).

Furthermore, studies in foetal sheep arrd foals show that the response

of the adrenal medulla to hypoxia is not ful1y developed until inner-
vation ís complete (Comline c Silver, I96L¡ I97I). Using superfusíon

to assay catecholamines, it has been shown that the stress of
myocardial infarction is associated with an immediate release of
catecholamines (Staszewska-Barcak & ceremuzynski, 1968) .

There is Èhus strong evidence in support of the adrenal medulla

playing some part in the response to severe stress situations in all
species studied. Holvever, whether secretion from the adrenal medulla

is continuous or reserved for fight and flight reaction (Cannon, 1940)

is not yet clear, sínce the procedures required to obtain samples

for catecholamine estimation cannot be taken in a truly basal state.

(D) SUMMARY

Investigations on a wide range of species have established the

nature of the components of the renin-angiotensin system and several

physioi-ogical actions of angiotensin have been demonstrated. Both

the renin-angíotensin and sympatho-adrenal systems are stimulated in
a vapiety of stress situations, including haemorrhage, hypoxia and
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endotoxin shock. The slzmpathetic innervation of the kidney may

provide a link between the two systems, but since renal denervatíon

does not abolish the release of renín, the two systems can function

independently. Since circulating levels of renin, angiotensin and

catecholamínes rise in stress situations' one might expect these

hormones to be playing a homeostatic role. However, in spite of the

numerous investigations, the two systems have not yet been investi-
gated simultaneously.# rh. precise role and interactions of these

hormones in stress in different species is not cfear. While it is
tempting to postulate that their actions may be limited to their
effects on the cardiovascular system, the metabolic effects of
angiotensin on salt and water balance, and of adrenaline on carbo-

hydrate and fat metaboLism may be the more important physiological

role.

#
À8 P¡lt of a etut¡r on anglotensfn rI líke activity

in blood of new-born rlbbita, a gr¡.ILt¡tlvc slnultaneous assay of

catecholanines hac been crrrlod out (Broughton Plpkin, Mott & Roberton,

1971) .
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SECTION IA
GENERAL METHODS

L. ANTMALS

(a) Cats and dogs. No selection was made with regard to agei sex,

weighÈ or breed. Animals were not starved and had free access to

water prior to surgery.
(b) Sheep. Adult Merino or Corriedale wethers l^tere used. Sheep were

sÈarved f,or L2-24 hours prior to surgery but had free access to water.

(c) Rats. Adutt, albino or hooded wistar rats were used for assay

tissues. Mate albino rats (150-200 g) were used for deÈermination of

amounts of angiotensin generated.

(d) Human studies. Subjects were heaJ-thy volunteers of either sex.

Prior to consenting to be a subject, the aim of the study and aII

experÍmental procedures were explained, and each subject was fulì-y

a\¡rare of the risks of a1l procedúres.

2. EQUTPMENT

(a) Recorders. A Beckman 6 channel Type R dynograph recorder was

used for the majority of experiments. Hor^lever, in some experiments

it was replåced by a two channel Rika-Denki recorder, together with a

Brodie-Starling Kymograph and smoked drum.

Arterial pressure was recorded usíng an S.E. Laboratories trans-

ducer (tr,todel SEM 4-82) ox p23 AC Statham transducer; central venous

pressure was recorded using a P23 BC or P23 Bb Statham transducer.

Responses of the assay tissues were measured using Harvard strain

gauges or auxotonic levers (Paton, L957) and a smoked drum.

(b) Infusion pumps. Drugs were infused with a sage pump (Model 521,

Oríon Research Instruments), a Harvard 2 channel.pump (Model 6OO-9LO/

20) or a roller pump driven by a variable speed motor (servo-Mex

Controls Ltd). The tubing used in the rofler pump was translucent

vinyl tubing (Portex 2E Int. Diameter I.0 mm) and was calibrated each

timeitwaschangg¿.ThisPumpwasusedforintravenousinfusions.
Siliconised glass syringes (20 ml or 50 ml ) t'lere used wlth the

Sage and Harvard pumps. Each syringe was calibrated prior to -use.
The Hervard rnd sigc-¡nnpl coulá o¡nretc rg¡Íntt ur o¡¡nstng Pressure

of 2OO nm Hg.



18

(c) Superfusion pump. A roller pump made of perspex with 6 stainless
steel rollers was used. The motor was designed to enable the pump

to give a constant flow of blood despite changes in arterial pressure

on the input to the pumP, or changes in resistance in the tubing

Ieading from the pump.

Vlnyl tubing (Portex NT 6) was used in the roller pump and was

changed after each experiment.
(d) Cannulae and tubing. Polyethylene cannulae (Portex or Dural

Plastics Pty Australia) were used for all- experiments.

The cannula selected depended on the size of the vessel; where

a cannula Of internal diameter 2.8 mm, external diameter 4.1 mm could

not be used, the maximum size possible was selected.

After each experiment, all cannulae were soaked overnight in a

nqntoxic, pyrogen free, deproteinising solution (Diversey, Diversey,

A/asia) . AII cannulae were replaced at intervals. Silicone-rubber

tubing was used to join cannulae together.
(e) Respírator. A positive pressure ventilator (C. F. Palmer) was

used when reguired.
(f) Dtugs.

(i) Diluents. Saline \^tas prepared daily as a 0.I5 M solution
from a stock 3 M solution.

Ascorbic saline lvas prepared by adding 100 mgm ascorbic acid per

litre 0.15 I,l saline and adjusÈing the pH to 5.6.
(ii) ånaesthetics. Alpha-chloralose (Koch Light; B.D.H. ;

Merck Darmstadt) was prepared as a lå solution.
Halothane (Fluothane, r.c.I.) or anaesthetic ether (B.D.H.) r^lere

administered by a face mask or anaesthetic box.

Pentobarbitone sodium (Nenbutal, Abbott Laboratories) was used

to anaesthetise rats.
Thiopentone (rntraval Sodium, May & Baker) was prepared as a 18

solution.
(iii) Vaso-active drugs. Adrenaline bitarÈrate (Sigma) was

prepared in ascorbic saline.
p asparaginyl va15 angiotensin amide (Hypertensin, Ciba l,td) hlas



19

prepared as a stock solution of 10 lS/mI at -2OoC. For use, appro-

priate dÍlutions were made using 0.I5 M saline. On no occasion was

Lhe stock solution refrozen. Dilutions rvere kepÈ on ice and were

never stored overnight.
Aspartyl isoleucyls angíotensin r (Bioschwarz Research) I^tas

prepared as a stock solution of t lg/mL and stored at -2OoC.

S-Hydroxytryptamine creatinine sulphate (Sígma) I^ras prepared in
0.15 M saline.

pentolinium Tartrate (Ansolysen, [4ay & Baker) was stored as a

stock solution of 5 mgrm/ml .

Prostaglandin. PGF20 (upjotrn Chemical Co., Kal-amazoo) was stored

as a stock solution of 5 mgmr/m1 at -2ooc and diluted, as requíred.
(iv) Mjsceflaneous. Aspirin (Ajax Chemicals, Australia) Idas

prepared as a 38 solution at 3ZoC or a 18 soluÈion at room temperaÈure.
2 Brom lysergic acid diethylamide (BOL 148, Sandoz) was stored as a

I mgm,/ml solution at -2OoC.
Endotoxín. E. coli endotoxin (Twyford Laboratories' Twyford,

England) was stored as a freeze dried powder. The same batch of
endotoxin was used for each group of experiments. Endotoxin was pre-

pared as a I mgrmr/nl solution.
Heparin (Boots Ltd, Commonwealth Serum Laboratories or !,feddell

PharmaceutÍcals) was sùored as a stock solution of 1000, 5000 or

25, OOO i.u.,/ml at tgo6.

Indocyanine Green (Cardio-Creen, Hynson, !{estcott c ounning) was

prepared as a 5 mgm or 2.5 mgm per m1 solution in the solvent
provided.

Propranolol (Inderal , I.C.I.) \^Ias prepared as a I mgrmr/m1 solution
in Krebs solution.
3. SURGERY

(a) Dogs. Dogs \,\¡ere anaesthetised with i,v. thíopentone, approxi-
mately 25 mgn/kg. Anaesthesia was maintained with i.v. chloralose
(I00 mgm/kg). If necessary, anaesthesj-a was supplemented with one-

third the original dose of chloralose. Through a mid-line incision
an external jugular vein was exposed cannulated and the catheter

advanced until it was in the vicinity of the right atrium.
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This catheÈer was used for recording centraf venous pressure.

A carotid artery uras cannulated for recording arterial pressure.

Bl-ood for the superfusion circuit túras taken from a femoral

artery and returned via a femoral vein.
A second vein, either femoral or external jugular, h¡as cannulated

for infusion of drugs.
(b) Cats. Anaesthesia was induced with halothane in an enclosed

loox and maintained with ether on a face mask until a femoral vein had

been cannulaÈed through which chloralose (80 mSm/kg) was administered.

The cannula was then used for infusi-ons of drugs.

An external jugular vein was cannulated, as in the dog, to
record central venous pressure.

A femoral artery was cannulated to record arterial pressure.

Bl.ood for the superfusion circuit vüas taken from a carotid
artery and returned via an external jugular vein.
(c) Sheep. Anaesthesia was induced with intravenous thiopenÈone

(25 mgm/kg) and maintained with chloralose 50 mgm/kg.

Cannulations were the same as for the dog.

Tracheostomy r^¡as performed on alL animals. Dogs were respired

by positive pressure ventilation; cats and sheep r^¡ere respired only

if Èhe chloralose or endotoxin depressed respiration.
After completion of surgery all animals received heparín

intravenously (1000 i.u./kg) .

(d) Rats. Rats were used for bioassay of angiotensin in the deter-
mination of plasma renin activity, plasma renin concentration or

renin-substrate. Rats vlere anaesthetised with intraperitoneal
Nembutal (60 mgm/kg); anaesthesia was maintained with further doses

of Nembutal either inÈravenous or intramuscular. Through a mid-1ine

incision in the neck a tracheostomy was performed, an external
jugular vein was cannulated for injection of drugs, and a carotid
artery was cannulated for recording arterial pressure. Pentolinium

tartrate (25 mgmr/kg) was administered subcutaneously. After com-

pletion of surgery, heparin (1000 i.u.,/kg) was admínistered intra-
venously.
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SECTION 1B

ASSAY TECHNIQUES

L. ANGTOTENSTff .AIVÐ CATECHOLAMTNES

changes in angiotensin and catecholamines in arterial blood

were determined using the superfusion technique of Vane first

described for measuring angíotensin (Regolí & Vane, L964, and later

developed for other hormones by selecting appropriate tissues
(Vane, 1969) .

This technique has several advantages over other techniques.

Thus a continuous estimation of changes in the circulating levels of

one or more hormones can be performed enabling a direct determination

of the timing of Èhe release of each hormone, and the inter-

relatiOnship between hormones to be carried out. Furthermore, apart

from the blood removed initially to prime the superfusion circuit,

no further blood need be lost, thus enabling detailed studies to be

carried out on smal1 animals such as cats.

Superfusion circuit. A diagrammatic representation of the

superfusion círcuit is shown in Fig. I.I. The priming volume was

8-IO mI for cats and 15-20 mt for dogs. Blood was taken from a

carotid or femoral artery and pumped at a constant rate by a roller
pump at between I0 and 15 ml/min. A Y connector on the input side of

the pump enabled either blood or Krebs solution to be pumped.

Blood was pumped from the rolLer pwnp through a length of poly-

ethylene tubing (Portex PP 160) whích was heated to 38oc by a

countercurrent flow of water from a Braun Thermomix punp. After the

water jacket, blood passed from one tissue to the next (fig. I.2)

before collecting in a reservoir and returning to the animal by

gravity.
The assay tissues were mounted in 50 mI polypropylene centri-

fuge tubes. A L" dia¡neter hole was drilled in the base of the tube

and a polyethylene connector cemented, into the hole so that blood

could be dírected from one tissue to the next.

The lnside of the polypropylene tubes r^ras coated with a defoamir.g
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Arrangement of polypropylene Pots' assay tissues and strain
gauges. The temperature of the blood superfusing the first tissue
was 38oC. A loc fall occurred over three assay tissues'



22

preparation (Anti-Foam A, Ajax Chemicals) to prevent plat,elet

aggregation.

Assaq Ëjssues. The tissues appropriate for the vasoactive

agents being studied are shown in Table 1.1. The tissues used for
catechola¡nines and angiotensin were the rat stomach strip and the

rat colon, respectively. e third tissue was either a second rat
stomach strip or rat colon.

Rats were killed by stunning and the appropriate Èissues inmed-

iately removed and placed in Krebs solution (Appendix 1.1).
Rat stomach sttip. The fundus was removed from the stomach by

transection at the level of the oesophagus. Any muscle coat remaining

on the fundus was removed. The fundus was then converted into a

strip of tissue by making cuts with scissors as shown in rig. 1.3.

Care \^¡as taken during preparation of the tissue to keep all surfaces

moíst wíth Krebs solution. A length of mersil suture thread (3/O)

was then tied to the end of the tissue.
Rat co7on. The portíon of the rat colon used was the ascending

colon. The colon was sectíoned at the junction of the terminal

ileum and the first flexure (FiS. 1.4) . The mesentery lvas cut cl-ose

to its colonic attachment, care being taken not to perforate the

colon. Having removed the colon, the lumen was then washed several

times with Krebs solution. A length of mersiL suture thread (3/O)

was Çied to the proximal end of the colon so that the lumen of the

colon was occluded (rig. 1.4).
While Krebs solution was pumped through the superfusion circuit,

the tissues ü¡ere mounted in the polypropylene tubes, one ligature
passing through the base of the polypropylene tube, where it was

held by silicone rubber tubing, and the other being attached to the

Harvard strain gauge.

Once mounted, the tissues vlere superfused with Krebs solution
for periods of up to t5 minutes to ensure removal of any remaining

particulate matter. Tissues were then superfused with blood.

The Beckman recorder, together with pressure transducers,

Harvard strain gauges and polypropylene pots are shown ready for use
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5-HT

a.---1 ngrlml

TORAIIREIIALIlIE

I ng/YtJ,I ngrlÍù

ADREIIALIIIE

0.1 nglml

AIIGIOTEIISII{

CHICK RECTUI'IRAT STOI,IACH STRIPRAT COLOI{l0RlloilE

Table 1.1

the relative responses of assay tigsues superfused with blood

to which each horrpne has been added in concentrations not exceeding

5 ng,/ml. contraction is indicated by a rise in the base line'
relaxation by a fatl. Values refer to the minimal acceptable
sensitivities of each tigsue. Tissues less sensÍtive than these

values were rejected.
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Fig. 1.3

Preparation of the rat stomach strip.

Stomach is ttansected at the level of the oesophagrus.
A second cut is made along the lesser curve to the top
of the fundus.
The stomach is opened and any remaíning muscle removed'

crlts a-g are made ín the fundus to gíve a strip of
tissue (5).

Modified from Vane's technique to achieve more etable

assay preParation.
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Fig. L.4

Preparation of the rat colon.
'1. The ascending colon is removed.

2. The proximal end is tied occtuding the lumen and a

ligature passed through the wall of the distal end'
3. A rat colon mounted to enable infusion of propranolol.
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in Flg. 1. 5.

Íltren superfuslon with blood co¡urenced, aII the tfsguea contracted
to a variable degree. Approxlmataly 20 to 30 mine was allowed ¡r the

tissues to achfeve steady ba^e¡ llnes.
A varÍable degree of e¡nntaneour actLvlty waa recarded fron the rat

colon superfused witt¡ blood. If thís activity was guch as to lnrerfere
with the assay of angLotcneln, a c.ondeneer (1 Farad capacLty) wös

switched into the recordlng circult. lloct s¡nntaneous actfvfty was then
rercved from the recordl-ng wl,thout prejudlclng the assay of angic'ensin.
tlhen steady base lines were obtained, the tLasuGs were calibrated.

CaLÍbtation of the tlesues. Different do¡es of adrenaline or
angiotensin were infused intravenourly or dlrectly into the superfusion
circuit. The responsgs of the tissues to anglotenein and adrenalLne
infusions are shown in Fig. 1.6. Changes Ln catecholanine or angiotensin
levels induced by an experimental proccdure nero assayed whenever

possible by bracketing the reaponse wlth lnfusions of adrenallne or
angiotensin, except in experimentg with endotoxin where the assay

preparations usually did not recover.
The rat colon responds to angiotcnein by contracting. However,

catecholamines inhibit the tone of the rat colon. Thue a rise in
catecholanine levels nay dininish the res¡nnse of this tLssue to
angiotensin. The effect of catecholanlnes wat inhibited by fnfusing
the ß blocking agent propranolol into the hnen of the rat colon (fÍS.
1.4). Propranolol (1 ngq,h.l) was pre¡nred in leebs solution and lnfused
at 0.25 ml/min. Since the colon wae ¡pt ¡nrforated drrring preparatlon,
propranolol could not reach the general circulatlon.

Since propranolol is a competltive antagonist of adrenaline, the
rat colon will relax if catecholamfnes rise to a level sufficient to
overcome the ß blockade and any rise 1n angiotensln will thus be under-

estimated. The level of catecholamines r*trich r¡ould overcou¡e the ?

competitive block of propranolol was dete¡mlned dr-¡ring calibration of
the tissues with intravenous adrenallne.

l{hile the rat stomach strip ie preferentlally sensltive to
catecholamines, to which lt responde by relaxing, it does res¡rcnd to
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The Becknan recorder, strain gauges and pots for holding the
assay tissues.



"=. 
1

.r 
.[

:i.' 
Ï

I
*:[

\,.r'

a.tt a.t a.t¡
t.r lDtttltttt (rr¡bt ,

a.l tt ¡a
l.a l¡Clot¡¡¡a¡ l.tú-a.t

Fig. I.6

Cat: A tracing showing the response of arterial pressure (8.p.),
central venous pressure (C,V.p.), a rat stomach strip (R.S.S.) r a
rat colon (n.c.), and a rat colon + propranolol to infusions of
adrenaline and angiotensin. The unbl-ocked rat coron is inhibited
by adrenalíne, while the base line of the blocked colon is unaffected.
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angiotenein by contractlon. Ttre degres to which varlous Lsolated
strlp prcparatl.ona r..ponit to anglotcnrin varLee from tlssue to
tLsruc and can onry be a¡ccrtal.nrd dr:rlng the carfbratLon of the
tÍsguee wlth lntrav€tìou! doeee of anglotcnein. Howcver, if Lnter-
ference between anglotonrl.n and catechol¡¡inea Ehould occur, any
change in the clrculatlng levela of catochola¡rines will be under-
estimated since angLotonrln cau¡eg a contractlon of the rat stomach
strip.

changee in the base ll.ne of the tlggues were exprecsed as the
response to be expected from an oqulvalcnt Lntravcnous doge of angfo-
tensin or adrenarine. slncc the rat rtonach strip was used, total
catecholamines were estlnated ln tcrn¡ of thelr adrenaline equivalent¡
in some experLænts a qnallt¡tivc ala¡y of ¡ror¡drenaline was carried
out by including a chLck rcctun as ¡¡r a.ray ti¡¡ua.

changes Ln acnel-tlvlty of the tlrauee to adrenarine or anglo-
tensÍn were rcnLtorcd by tnfuslng low concGntrations of the appropriatc
homne lnto Èhe superfuel.on circuÍt indlatcry before the punp.

Slnce there was a large range ln body weLght both wlthLn and
between specÍes, tha hræral rosponaa to a IrrtLculrr ¡tress was
gtandardLsed by e:çrcaelng the aær¡nt of englotenrLn gcnerated or
catecholamines released Ln ng/Tg/mLn.

IVictltatlng reníbranc. rt has beon rhowr¡ that a farr in the
o)<ygen tension of the superfusate cauges a reraxation of tt¡e rat
stomach strip, thus nínicklng the rcs¡nn¡e to catecholanlncs (Snith e

vane, 1966). Endotoxi.n nay clua. a falt ln Po2 fn cats (Gllbert, 1960).
Therefore, in sonæ experlmntg ln wt¡tch endotoxln was glven to cats,
changes in catecholaml-ne levcl¡ were aasayed by the res¡nnse of thebe
cats' nictLtating rnenbranes aB well ag on the euperfused rat stomach

strip.
The cat's head was held firnly 1n ¡nrftJ.on with clanps ¡nseing

into each e:(Èernar audftory mcatuE and acrogs the upper jaw. The ¡nst-
gangrionic fibres supprylng the nlctltetlng rebrane whose response
was to be recorded were tdcnttfted by nnans of supra-¡raxl¡ral electrical
stlsnrlatÍon and then gevcred. À llgature was tled to the medial
border of the membrane and attached to a Gra¡s lnstrunent FTo3 strain
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gauge. The tension applied to the membrane was 5 grams. The res-

ponses of the nictitating membrane to dífferent intravenous infusions

of adrenaline were then obtained at the same time as the stomach

strip.
2. PLASMA RE¡¡T¡V

The generation of angiotensin I depends on the action of renin

on substrate. Sínce the reaction is enzymatic, the rate of generation

wíIl be dependent on renin and substrate concentrations. Skinner

(1967) has developed a technique to determine separately the overall

activity of the renin angiotensin system in plasma, plasma renin

actlvity, the renin concentration, plasma renin concentration and the

substrate concentration. The technique depends on the fact that

díalysis to pH 4.5 has no effect on renin or renin substrate but

destroys angiotensinases, while dialysis to pH 3.3 destroys renin

substrate but the enzyme renin remains active.
Plasma renin activitg and. concentration. A flow sheet showing

the treatment of each sample is shown ín Fig. L.7. Details of the

buffers used are given in the Appendix (I.2). Venous blood samples

(10 ml) were taken into iced tubes containing 100 i.u. of heparin, ..

centrifuged at 4O0O g for 20 minutes' and the plasma decanted and'

stored at -2OoC until dialYsis.
Dialgsis. Approximatety 2 mI aliquots of plasma were vleighed and

dialysed in 8/32 Visking cellophane casing against pH 4.5 buffer or

pH 3.3 buffer fox 24 hrs at 4oC. Dialysis bags were tied under

pressure in order to ensure reduction of the volume during dialysis.

After dialysis at pH 4.5, samples were incubated aÈ 32oC for 30 minutes

to destroy angiotensinases t pH 3.3 samples \^tere incubated at 32oC for

60 minutes to destroy both substrate and angiotensinases. Samples

were then transferred to pH 7.5 buffer for 24 hrs'

Following dialysis, samples were removed from pH 7.5 buffer

and the initial weight restored by addÍng a bacteriostatic agent

(2 rngm/ml neomycin sulphate, Ethnor, AusÈralia), a kaltikrein inhib-

itor (too units,/ml Trasylol, F.B.A. Pharmaceuticals, Australia) and

pH 7.5 buffer. Samples were then stored at '2OoC until incubation



FIGURE I.7

FJow sequence for handling pTasma for estimation of plasma

renin concentration (PRC) and pTasma renin activitg (PRA).

3-5 m1 cold lasmap

Dialyse against pH 3.3

amíno-acetic acid-HCl

buffer and EDTA 0.005 M

Incub ate at

Heat at 32
o

60 mins 30 mins

Dialyse against pH 7.5 di um phosphate-dihydrogen

phosphate buffer (0"001 M EDTA)

Add Trasylol (l-00 units ) and Neomycin (2 mgm,/ml)

Add standard substrate

37oc and measure velocity of angiotens

by bio-assay in the rat

Día1yse against pH 4.5

citric acid-phosphate

ffer and EDTA 0.005 M

formation

Plasma Renin Concentration Pl-asma Renin Activíty



26

and assay.

Incubation and assag. For determination of plasma renin

activity samples were incubated at 37oC without further treatment.

FOr determination of plasma renin concentration an excess of

sheep substrate was added to the samples prior to incubation at 37oC.

Incubation times were selected in order to give at least three

points on a linear velocity p1ot. The angiotensin generated at each

time was determined by bracket assay in the ganglion blocked rat
(peart, 1955; Skinner, Lg67), using aspartyl-Ísoleucyl5 angiotensin I
as standard.

The rate of generation of angiotensin in ng/mL/hr is an

expression of the activity of plasma renin and substrate or of the

plasma renin concentratlon.
SubstraÈe. Substrate concentration was estimated by the addition

of an exqess of human renin to samples dialysed to pH 4.5. Incubatíon

was then carried out as for plasma renin activity.
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SECTION 2

CONTROL EXPERIMENTS

Ex¡rerímenÈs were divided into four groups. In each group the

validity of the superfusion technique in determj-ning changes in levels

of angíotensin or adrenaline was determined''

1. Àssag of angiotensin (4 dogs). During an i.v. infusion of

angiotensin ll cardiac output was estimated using indocyaníne green'

Blood was sampled from the carotid arÈery and the concentration of

dye determined with a Waters cuvette and densitometer. Cardiac output

was calculated with an Olivetti IOI programma computer (Ha1l & Tyler'

1e7r) .

The expected rise in circulating angíotensin during an infusion

of the drug was calcul-ated from the formula:

Expected concenÈration -(nglml)
Amount of anqiotens in infused 1nq/min)

Cardiac output ml /min

The change in circulating levels of ho.:mones vlas also assayed by

bracketing responses of the rat colon to'i.v. infusíons of angiotensin

with infusÍons into the superfusion circuit. The concentraùion

of hormone durÍng the latter infusions is given by the formula:

Consentration (ng,/m1) = Anpunt of iotensin infused (

Flow rate in superfu c]-rcu

A total of L2 different doses of i.v. angiotensin was adminis-

tered to 4 dogs. In Fig. 2.I the rise in circulating 1evels of angio-

tensin calculated from the cardiac output is plotted against the rise

determined by bracket assay. Details of d.ata are shown in the

Appendix (2.I). There was a significant correlation between the two

concentrations (r = 0.9742 P<O.OOI) . The positive intercept of the

ordínate was not significantly greater than o.

2. Assag of catechoTamines (3 dogs). Adrenaline was infused intra-

venously and cardiac output estimated as in group I. changes in

adrenaline levels l^tere assayed using the rat stomach stríp' Rises

in circulating levels of adrenalÍne calculated' from the cardíac

output and from bracket assay were determined as for angiotensin.

t
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A total 0f 13 doses of i.v. adrenaline \^Ias administered to 3

dogs.

In Fig . 2.2 the rise in circulating l-evels of adrenaline

calculated from the cardÍac output is plotted agaínst the rise
determined by assay. Details of the data are shown in Appendix 2.2.

There was a significant correlation between the two concentrations

(r = 0.983; P<0.001) .

3. Effect of a proTonged infusion of angiotensjn (3 dogs). Responses

of the rat stomach strip and rat colon were obtained to i.v. adrenal-ine

and angiotensin. A 60 minute i.v. infusion of angiotensin was then

co¡nmenced. ResPonses were again obtained to i.v. adrenalíne and

angÍotensin during the infusion of angiotensin.

The responses of the rat stomach strip to i.v. adrenaline were

unchanged by the rise in circulating levels of angiotensin.

The responses of the rat colon to i.v. angiotensin were dimin-

íShed but were of the same order as those to be expected if the same

total dose of angiotensin had been given as a single dose prior to

infusion.
At the end of the prolonged infusion, the tissue base lines

returned to pre-infusion ]eveIs.
Apart from the expected rise during angiotensin or adrenaline

infusions, arterial and central venous pressures remained unchanged

throughout the experimental period of 2-3 hours.

4. Effect of a proTonged infusion of adtenal-ine. Responses of the

rat stomach Strip and a ß-blocked colon Èo i.v. adrenaline and

angioÈensin were obtained. A 60 minute i.v. infusion of adrenaline

was then commenced. Intravenous infusions of adrenaline and angio-

tensin were repeated. The responses of the blocked rat colon to

angiotensín during the infusion of adrenaline were simrlar to those

preceding the adrenaline infusion.
The responses of the rat stomach strip obtained during the i.v.

infusion of adrenallne were the same as those to be expected if the

same totaL dose of adrenaLine was administered as a single infusion.

At the end of the prolonged infusion of adrenaline, the tissue
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base lines returned Èo pre-infusion levels.

Except for the expected responses to the adrenaline and angio-

tensin infusiOns, arterial and cenÈral venous pressures remained

unchanged throughout the experimental period of 2-3 hours.

DISCUSSION

The results obtained in groups I and 2 show that the assay

technique is capable of recording changes in circulating levels of

catecholamines and angiotensin within the range expected to be

measured during the experimentat procedures used in the studies des-

cribed in this thesis. Furthermore, the assay technique is at least

as accurate as the dye dilution technique used for estimating cardiac

output. The accuracy of the Iatter is 3-52 (Guyton, L963) i the

bÍoassay technique thus compares very favourably with other techniques

for estimating catecholamínes or angiotensin (Fiorica, L965; Renzini

et al.t L97O; Catt et al.t L961; Boyd et a7., 1-97L).

In the studies Èo be described, rises in both angiotensin and

catecholamines were observed. The results obtained in groups 3 and 4

show that a rise ín one hormone has no effect on the response of the

approprfate assay tissue to the other hormone. Furthermore, these

experiments show that the use of an exÈracorporeal circuit does not

cause a sígnificant change in either arterial or central- venous

pfessure for a period of up to 3 hours, which was the average duration

of experímental observation.
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SECTION 3

CHANGES IN CATECHOLAMINE LEVELS IN

THE CAT AND DOG DURING HAEI4ORFHAGE

Several studies have been carried out to determine separately

the effects of haemorrhage on the circulating levels of catecholamines,

renin or angiotensin. The role of the slmpathetic nervous system in

haemorrhage has been reviewed (Chien, 1967) . It is well establíshed

in the dog that haemorrhage severe enough to cause systemic hypo-

tension is associated with a rise in catecholamine ]evels (Watts &

Bragg, !g57; V,Ialton et a7., L959¡ l{alker et aL', L959; Fiorica'

Iampietro, Burr 6t Moses, Lg6g). In these studies haemorrhage \^las

sufficient to cause a fall in blood Pressure to 40-50 nn H9. However'

moderate falls in blood pressure were also associated with a rise in

catecholamine levels (Fowler et a7., 196I) . In a study of the

effects of slow haemorrhage in the dog, a gradual rise in catechol-

amíne levels was also observed, which commenced after the onseÈ of

hypotensíon (Vlatts, 1956) .

The response of the renin angiotensin sysÈem of the dog to

haemorrhage has been studied by several workers. Severe haemorrhage

is'consístently associated with a rise in angiotensin leve]s

(scornik & Paladini, 1964) and renin levels (Brown et a7., 1966) .

Haemorrhage insufficient to cause a fall in blood pressure is

aSsocíated with a rise in angíotensin levels (Hodge' Lo',"e & Vane'

1966b¡ Regolí & Vane , :-966). A concurrent estimation of renin and

angiotensin levels showed that a rise in both occurred during

haemorrhage in the absence of any fa]l in systemic blood pressure

(Brewn et aI., L967) .

The response of the cat to haemorrhage has been studied less

extensively. A rise in catecholamines in adrenal vein blood was

observed following severe hypotension (Hökfelt et a7., L962). These

workers also observed a rise in catecholamine levels during slow,

íntermittent haemorrhage before blood pressure had fallen signifi-
cantly. They suggested that these results may provide evidence that
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adreno-medullary stimulation may occur in the cat before the onset of

hypotension.
previous studies have not correlated the response of the renin

angiotensin and sympatho-adrenaf systems to haemorrhage and, further-

more, haemorrhage has been too severe in most studies to establish

the nature of the stimulus to each system. The present study was

carried out to determine simultaneously the changes in circulating

levels of angiotensin and catecholamines during controlled moderate

haemorrhage, and al-so Èo compare Èwo species, the cat and dog, since

Èhere is some evidence Èhat the sympatho-adrenal system may be more

responsive in the cat than the dog during stress (Bacq & Brouha t L934¡

cannon, 1940).

EXPERTMENTAL GROUPS

7. The effect of the rate of haenortl:E.ge (7 cats, 5 dogs). Each

animal was bled at two rates: a mean of 0.5 mlr/kgrlntn (slow

haemorrhage) and 3.0 ml,/kg/min (fast haenrorrhage). The mean volume

of blood removed was 8.6 ml-/kg. After each haenrorrhage the blood

was reÈransfused. The ínterval between aucceasive haernorrhages was

2O-4O mins and the order in which haernorrhagea were carrÍed out

varied. Btood which had been respved waa kept in slliconised

containers and warmed to 38oC prior to retransfusion.
In dogs, both slow and fast haemorrhage was carried out from an

artery. In cats, fast haemorrhage was carried out from an artery

and slow haemorrhage from a vein.

2. The effect of the voLume of haemorrhage (5 dogs). Fíve

additional dogs were subjected to continuous haemorrhage at a mean

rate of 1.0 ml,/kg/min untiL 25 mL/kg had been removed'

RESULTS

l. Rate of haemorrhage. The results obtained from a single experi-

ment on a cat are shown in Fig. 3.1. Both slow and fast haemorrhage

were associated with a fall in the base line of the rat stomach

strip and of the unblocked rat colon, indicating a rise in the

circulating levels of catecholamines, and a contractíon of the

blocked rat colon, indicating a generaÈion of angiotensin. In this



ãZ
e
E

è
6

o
-
E
E

e
B
t

4

I

G
!

øa
øe
Éi

E

u..¡
.ìJ

o
E

l0ni¡

sI t 0.2t 0.t t.0 f ll.

ADRENALIHE (UglMiN)

Fig.3.1

cat 3.1 kg. Female. shows responses durìng slow haemorrhage
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treated rat coIon. Tissues return to control base lines after
retransfusion (R).
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experiment, the dose of adrenaline required to overcome the

competitive ß-blockade of the rat colon by propranolol was an intra-

venous infusion of adrenaline at a rate of 0"5-1.0 pg/min" This

was i-n excess of the levefs of catecholamines estimated' during

haenorrhage and, therefore, catecholamines would not be expected to

i.nterfere with the assay of angiotensin. A similar degree of ß-

blockade of the rat colon was established in all- other experiments '

In a1f experiments, the return of the shed blood was associated

with a return of the tissues to the prehaemorrhage baselines,

indicatj-ng a return of circulating hormone levels to control values "

However, the time course of the return of the tissues to the control

Ievels varied for the rat stomach stríp and the rat colon, the

former occurring within 5 minutes, while the latter took l5-20 minutes.

This is presumably a reflection of the half lives of catecholamines

and renin in the circulation.
The changes in blood pressure, central venous pressure, angio-

tensin and catecholamine levels in ca't-s and dogs are sho\^ln in Fig'

3.2. The mean changes 1 I s.E. are plotted for both slow and fast

rates of haemorrhage. Details of the data are shohtn in the appendix

(Appendix 3.1 and 3.2). The statistical treatment of the results,

showing changes within species and between species, is tabulated in

Table 3.1.
Effect of haemotrhage on cats.
(a) sTow haemorrhage. During slow haemorrhage there was no

stgnificant change in arterial pressure. The change in central

venous pressure was variable. Thus, there was a rise in one cat, no

change in two, and a fall in four. The mean change was a fall of

5 mn H^O: this \^las not significant. Ho\,fever, haemorrhage was
¿

assocíated with a significant efevation in both catecholamine and

angiotensin levels. The mean rise in secretion rate of catechofamines

was equivalent to 81 ng/kT/min (P<.0I) . The mean rise in angiotensin

levels was equivafenÈ to 17.6 ng/kg/min (P<0.00I) '

(b) Fast haemorrhage, During fast haemorrhage there was a

significant faI1 in arterial pressure (P<O.OI) but no signíficant
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TABLE 3. I
StatisticaT significance of data from which Fig. 3.f was dtawn (paited

"t" test within species, unpaited "t:' test between species).

STow Haemorrhage Fast Haemotrhage

*
<0.05N.SN. S.N.S

*
<0.01N.SN.S.N.S3

*
<0.01

*
<0.001

*
<0.00I

*
<0"01

*
<0.00r

*
<0. 01N.S2

*
<0.001

*
<0. 001N. S.

ìt
<0.01

*
<0. 0l

*
<0.001N.SN.S1

c-AA-Tc.v.P.B. P.c-AA-Tc.v. P .B. P.

Shows significant P values for Student "È" test on changes from control
values in blood pressure (s.p.), central venous pressure (c.V.P.),

angiotensin (A-T) and catecholamine (c-A) Ievels during slow and fast

haemorrhage.

N.S

I
2

3

*

Comparing changes in cats with control values.

Comparing changes in dogs with control values.

Comparing cats and dogs for each parameÈer.

No significant difference (P>0.05) .

Sígnificant difference from control or between species.
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fall in central venous pressure. The level-s of angiotensin generated

during fast haemorrhage were the same as those during slow haemorrhage.

There was, however, a mean rise in catecholamine levels equivalent

to I56 ng/kg/mLn above control levels. rhis was significantly

greater than those observed during slow haemorrhage (P<0.05). The

failure of central venous pressure to fatl during fast haemorrhage

may be due to the associated relaÈively high circulating levels of

catecholamines. If this dose of adrenafine is lnfueed lnto an

intact cat, there is invariably a rise in central venous

pressure of the order of 5-10 nun Hro.

Effect of haemorrhage in dogs.

(a) SLow haemorrhage. slow haemorrhage rnTas associated with a

small but signifícant faII in central venous pressure (P<0.01) but no

signÍficant change in arterial pressure. There \^7as a signíficant

rise in the circutating levels of angiotensin (P<0.001), equivalent

to an intravenous infusion of L5.5 ng/kg/mi,n. A rise in catecholamine

levels was not observed in any dogs.

(b) Fast haemorrhage. Fast haemorrhage caused a significant

falt in both central venous pressure (P<0.00I) and arterial pressure

(p<O.Ol). The fall in central venous pressure was not greater than

that observed during slow haemorrhage. There was also no significant

difference between the amount of angiotensin generated during fast

haemorrhage as compared with slow haemorrhage. However, there was

no\^I a significant elevation of catecholamine levels equivalent to

73 ng/kg/min (P<0.01) .

compatison of cats and d.ogs. There was no significant differ-

ence between species in the change in arterial pressure during slow

or fast haemorrhage. There \^ras a more marked fall in central venous

pressure in dogs, as compared with cats, at both rates of haemorrhage"

this was, however, not significant (slow haemorrhage P>0'4; fast

haemorrhage P>0.05) . There was no significant difference between

the angiotensin levels generated in either species at the slow or

fast rate of haemorrhage. However, there \^tas a signíficant difference

between specÍes with regard to catecholamine secretion. Slow
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haemorrhage \^ras not associated with a rise in catecholamine levels in

the dog, while there was a signifícant rise in cats. Furthermore'

this species difference was maintained at fast rates of haemorrhage,

since catecholamine secretion in dogs was equivalent to 73 ng/kg/min,

while in cats it was L56 nq/kg,/min.

2. Volume of haemotrhage. Five dogs in this group were subjected to

a slow continuous haemorrhage. The mean changes (! I s.E.) in

arterial pressure, central venous pressure, angiotensin and catechol-

amine levels are shown in Fig. 3.3. Details of the data are tabulated

in Èhe appendix (APPendíx 3.3) .

The first parameter tO change was central venous pressure whích

had fallen significantly after the removal of 5 mf blood per kg.

This was associated with a ríse in the circulating levels of angio-

tensin which was significant (P<0.05) after 10 m!/kg had been removed'

There \das at this time no faIl in arterial pressure. Further

angiotensin was generated as haemorrhage progressed until a mean

generatÍon rate of 18 ng/kg/min was reached. At this stage, 15 mI

blood per kg had been removed and the fall in arterial pressure was

9 run Hg from a mean control level of I35 mm Hg (X ¿,.2 S.E.). $títh

continuing haemorrhage to 25 mI/kg arterial pressure fell to 80 mm Hg

(t L2 S.E.), but there was no further significant rise in angiotensin

levels.
There was no rise in the circulating levels of catecholamines

until arteríal pressure had fallen to IO5 mn Hg (i I0.7 s.E.). As

arterial pressure continued to fa]l, Èhere \^Ias a rise in catecholamine

levels which reached a secretion rate equivalent to 84 ng/kg/min when

25 mL/kg of blood had been removed and arterial pressure was 80 mm Hg'

Adrenaline administered as a calibrating infusion to dogs prior to

haemorrhage in a dose of approximately 84 ng/kg/min was associated

with a pressor response ranging from 8 to 15 run Hg and an invariable

rise in central venous pressure of the order of 5-I0 mm H2O.

DISCUSSTON

The results obtained by the simultaneous estimation of circu-

lating levels of catecholamines and angiotensin confirm the results
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of previous workers \^rho considered each hormone separately. Since a

conÈinuous estimation was carried out' it is possible not only to

relate the renin-angiotensin and sympatho-adrenal systems to the

severity of haemorrhage, but also to establish the timing of changes

in the circulating levels of each hormone.

These results shoht that the relative importance of the renin-

angiotensin and sympatho-adrenal systems in response to a given stress

cannot be assessed if the stress imposed is severe, since a fall in

arterial pressure to 40-50 mm Hg will activate both systems simul-

taneously.
The results show that there is no species difference in the res-

ponse of the renin-angíotensin system and' furthermore, the maximum

generation rate of angíotensin of approximately 17 ng/kg/min precedes

any signifícant fall in arterial pressure.

The observations in the dog provide sÈrong evidence that a fall
ín central venous pressure is the primary stimulus to renin release,

the afferent pathway presumably being via the vagus nerve (Hodge'

Lowe, Ng & Vane, Lg6g) and the efferent vÍa the sympatheÈic neùves

(Hodge et a7., L966a) .

In contrast to the changes in angiotensin levels, there ís a

marked species difference in the release of catecholamines following

an equivalent stress, provirling support for the early observations of

Bacq & Brouha (1934) and cannon (1940). Thus, in Èhe dog, no

increase in catecholamine levels was detected until there was a fall

in arterial pressure, \^thile in the cat there was a consistent rise in

catecholamines during slow haemorrhage although there was no signifi-
cant faII in arterial pressure. These observations in the cat

confirm those of Hökfelt eÈ a-z . (1962), r¡tho suggested that a fal1

in biood volume may be an important stimulus to catecholamine

release. Hor^rever, since central venous pressure showed no significant

fall in the present study, the precise stimulus for an increased

activity of the slzmpatho-adrenal sysÈem remains obscure'

These experiments cannot provide a definite ans\^|er as to the

possÍble afferent pathways or receptors inv9lved in detecting the
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haemodynamic changes during haemorrhage. Ho\^tever, in the dog Èhere

was no detectable elevation of catecholamines until there was a fa1l

in art-erial pressure, suggesting that at least in this species baro-

receptor control of the adrenal medulla is important. Thus, in
group 1, a constant volume of blood was removed, but at two rates.
The faster rate was associated with both a significant fall in

arterial pressure and a significant rise in catecholamines. In

contrast, during the slower rate of haemorrhage, while there was a

signíficant fall in central venous pressure, there \^ias no signifícant

fall in arterial pressure and no change in catechoLamine levefs was

observed.

Haemorrhage is associated with hyperventilation, an elevated

arterial PO, and a faIl in arterial PCO2 in the cat (Oaty, Lambertsen

& schhreitzer, 1954) and dog (Bjurstedt & coleridge, L962). Stimu-

Iation of the chemoreceptors and subsequent stimulation of the adrenal

medulla is thus unlikely. However, the precise stimulus to hyper-

ventilation which occurs following haenrörrhage is unknown and may

also stimulate the sympatho-adrenal system in both the cat and dog.

In both species, the greater cardiovascular stress of fast

haemorrhage was not associated with a greaÈer generation of angio-

tensin. l'urthermore, during progressive slow haemorrhage in the dog'

an apparent peak generation rate of angiotensin of 15-20 ng/kg/min

was observed after 15 mlrzkg of blood had been removed. rhis suggests

that the generation of angiotensin may have been approaching maximal

physiological rates. If this amount of angiotensin II ís administered

as an intravenous infusion to a non-haemorrhaged dog, it has a minimal

pressor effect. This, then, raises the question of the role of angio-

tensin in circulaÈory homeostasis and it appears that its direct

effects on blood vessels are of minor importance. However, the

action of low doses of angiotensin on Èhe area posÈrema and the associ-

ated circulatory effects appear to be important in maintaining

arterial- pressure during haemorrhage in the greyhound (Katic, JoY,

Lavery, Lowe & Scroop, L97L) .

A further possibility is a selective action of angiotensin
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on a specific vascular bed such as the kidney. In this respect, it

is interestíng to note that in the few studies in which low doses of

angiotensin have been used, the renal response is an anti-

natriuresis and a fall in glomerular filtration rate (Gross et a7. ,

L965¡ Malvin & Vander, L967; Sch¡nid, 1968). The stimulation of

aldosterone release and antidiuretic hormone by subpressor doses of

angiotensin (Bonjour & Malvin I L97O) is further evidence that the

homeostatic mechanism of the renin-angiotensin system is related to

salt and water balance, and hence extracelfular ftuid volume and blood

volume, rather than being dírectly concerned wíth arterial pressure.
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SECTION 4

THE EFFECT OF HYPOXIA ON CATECHOLAMINE LEVELS IN THE DOG

The responses of the cardiovascular and the slmpathetic nervous

systems to hypoxia have been reviewed by Korner (f959) and Gowdey

(1966). several studies in a variety of speci.es have confirmêd the

original observations of Cannon & Hoskins in the cat (I9I1) that
asphyxía is associated with elevated catecholamine levels (Anrep,

L9I2¡ Kellaway, L9L9i Houssay & MoLinelli, L926). Hov/ever, asphyxia

not only causes hypoxia but also hypercarbia. Kellaway (1919) recog-

nised this and demonstrated a rise in catecholamine levels in
conscious cats during hypoxia alone. The techniques used in these

early experiments could noÈ quantitate the catecholamines released.

More recent studies have determined the amount of catecholamines

released in hypoxia and haemorrhage using the rabbít aortic strip
(rowler et a7., 1961) or fluorimetric techniques (Harrison & Seaton'

1965) . Hovrever, the degree of hypoxia in these studíes \^tas severe

(pO2 30-50 mm Hg). The present study was carried out to determine the

effect of varying d,egrees of hypoxia on the circulating levels of
catecholamínes. Since catecholamÍnes were assayed by superfusion, the

timing of their release could also be studied.
METHODS

Experiments were carried out on 20 dogs, weighing from 11-36 kg.

Surgery \¡/as as descríbed in the Methods section. Hypoxia was induced

by adding nitrogen to the inlet side of the Palmer respirator. EighÈ

dogs were also haemorrhaged to a mean arterial pressure of 60 mm Hg

and Èhe change in catecholamine levels were assayed. Haemorrhages

were carried out after these animals had been subjected to a wide

range of hypoxia.

Catecholamine levels were assayed by superfusing eíther two rat
stomach strips and a rat colon, or a rat stomach strip, a chick

rectum and a rat colon. The use of a rat stomach Strip and a chick

reclum enables a dÍfferential assay of noradrenaline and adrenaline

to be carríed out. However, in thís study, changes in catecholamine
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revels r^rere expressed as total catecholamines equivalent to a known infusion

of adrenaline: only a qualitative differential assay was carried out'

Mc¡derate falls in the Po2 of. the blood superfusing the rat

stomach strip cause this tissue to relax (smith & vane , 1966), thus

mimicking the response to a rise in circulating catecholamine levels "

Thetefore, the superfusion circuit was modified by inserting a bubble

oxygenator af-Ler the rofler pump and' before the assay tissues (fig" 4'1)"

Air was bubbled through the oxygenator ì Poz fevels were measured

simult-aneously in arterial blood before the roller pump (dog P¿O2) and

before the ti.ssues (tissue PaOZ) -

Arterial_ samples were taken for measurement of Po2, PCo2 and pH

using a Radiometer Blood Micro system (BMS 3) and Acid Base Analyser

(pHM 72) . In some dogs continuous oxygen tension measurements were

made using a Titron oxygen macro-electrode.
RESULTS

The results obtaíned in a single experiment are sho\^/n in Fig . 4 "2 ,

which shows the responses obÈained to Íntravenous adrenaline Q-5 yg/

mín) and a period of nitrogen hypoxia.

During the infusíon of adrenaline, there \^/as a moderate rise in

both arterial and central venous pressure. Both the rat stomach strip
subsequently

and chick r."tumlïãiã"éa and the spontaneous activity of the unblocked

rat colon was inhibited" The PaO2 was unchanged at 120 Íìm Hg. Tn this

experiment the addítion of nitrogen to the inspired air reduced

arteríal PO2 from l-20 mm H9 to approxímatety 40 mm H9. During hypoxia

there was a rise in arteriaf pressure but no change in central venous

pressure. The rat stomach strip responded by a relaxation approxi-

mately equivalent to the infusion of adrenaline. However, ín this

experiment the chíck recÈum relaxed considerably less than during the

ínfusion of adrenaline, indicatíng that both adrena]ine and noradren-

aline were released. Further support for this is provided by the fact'

that there v\7as no inhibition of the spontaneous action of the rat

cofon, in Íact, the rise in base line indicates a simultaneous

generation of angiotensin.

The resufts for blood gas analysís in atl animafs are shown in
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Table 4.1. The mean arterial oxygen tension was 109 mm Hg (S.D" 16)"

control arterial pH and PCO2 values r^tere 7.36 and 20.9 mm Hg,

respectively, Duri.ng periods of hypoxia there r¡/as no significant

r;hange in pH or PCO2. Thus the responses recorded' were to hypoxia

alrxe.
'Ihere was no change in pH or PCo2 of the arterial- blood super-

fusing the tissues in hypoxic periods as compared to control periods.

The mean oxygen tension duríng control periods was f60 mm Hg (S.¡. L4)¡

during hypoxia the mean oxygen tension was 156 run Hg (S.D. 16). While

this was a significant reduction (P<0.05), a mean fall in Po2 of 4 mm Hg

has no effect on the rat stomach strip (Smith & Vane I L966). Changes

in the base line of the rat stomach sÈrip T¡¡ere thus due to changes in

circulating catecholamine levels.
The results obtained from all experiments are sho\^ln in Fig . 4.3 ,

which shows the rise in mean arterial pressure and catecholamine leve1s

for a range of P¿O2 values 30 mn Hg - 80 mm Hg in 10 mm Hg increments"

netails of the data are shown in Appendix 4.I. A fall in arterial PO2

was invariably associated with a rise in mean arterial pressure. This

rise was sígnificant for PO2 of less than 70 mm Hg, and, furthermore,

this rise in arteríal pressure duríng P¿O2 30-40 mm Hg was signifi-

cantly greater than the rise which occurred in the range 4O-7O mm Hg.

The changes in catecholamine fevels were variabl-e both between

animals and within the same animal. HohTever, there \Á/as a progressive

rise in mean catecholamine Ievels for arterial oxygen tensions 80 mm

Hg - 50 rrun Hg. This rise \^¡as a significant elevation above controls

for puo2 below 70 mm Hg. However, despite progressively lower

afleriaf oxygen tensions, there was no further significant elevation

in catecholamines.

For comparative purposes, the change in catecholamíne levels in

B d.ogs bted to 60 mm Hg is also shown in nig. 4.3. Details

of the data are shown in Appendix 4. I. In all animals the rise in

catecholamine levels was considerably greater than Èhe rise

occurring during oxygen tensions of 30-50 mm Hg ín the same animafs '
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Mean pít PCO2 and PO2 duting contlol periods and petíods of hgpoxia

in bTood ftom the dog and bfood after the bubbTe oxggenatot. The

means J I ,S.D. are shown. Significance fevefs shown ate as deter-

mined bg paired "t" test.
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DISCUSSION

Despite marked falls ln arterial Po2 in these experiments, there

u/as no significant change in either PCo2 or pH. The responses observed

were therefore to pure hypoxia. Furthermore, the mean change in oxygen

tension in the blood superfusing the assay tissues (4 run Hg) was

insufficient to cause a relaxation of the rat stomach strip. Thus a

relaxation observed during hypoxia \^¡as due to an increase in circulat-

ing catecholamine levels and not due to hypoxia per se'

these results show that while severe hypoxia is invariably

associated with a marked rise in arterial pressure, the change in

circutating catecholamine levels is more variable. Furthermore, the

change in catecholamines is moderate when compared to the change

associated with haemorrhage. These fíndings are similar to those

reported previously (Fowler et a7., 1961) in whích catecholamines were

measured during hypoxía and moderate and severe haemorrhage. Hovtever,

in these studies animals vrere subjected to a single hypoxic stímulus

and, since íntermittent sampling was used,, the timing of the rise in

circulating levels of catecholamines could not be eStablished. The

results in the present study show that the release invariably occurred

withín one minute of renderíng the animal hypoxic and, furthermore,

the change in catecholamÍnes'was sustained for ttre P€ríod of hypoxia'

The assays as performed cannot differentiate quantitatively

between adrenaline and noradrenaline. Ho\^Iever, the responses of the

chick rectum indicate that noradrenaline as well as adrenaline 1evelç

were elevated during hypoxia. Basal catecholamine secretíon ín

adrenal vein blood of the dog contains approximately I0% noradrenaline'

and this percentage is unchanged, or decreased, during hypoxia

(Malmejac, 1958) . Since the techníque used in the present study

measures changes from a control level, these results suggest a greater

proportion of noradrenaline, rather than adrenaliner mêY be released

rlrrring hypoxia. The marked rise in arterial pressure during hypoxia

ís secondary to increased slrmpatheÈic nerve activity (Korner, L959¡

Iriki et al-. , L}TL). Noradrenaline is the transmiÈter substance at

sympathetic nerve terminals, and the increase in noradrenaline in
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arterial blood may be due in part to noradrenaline from vascular

sympathetic nerve endings díffusing through the vessel wall and there-

fore reaching the general circulation.
The precise stimulus to catecholamine secretions is unknown' but

probably involves chemoreceptors in the aortic and carotid bodies,

since a fall in PrO2 of blood perfusing the isolated carotid body of

the dog is associated wíth a tachycardia despíte cardiac denervation

(oaty & Scott, L962) . In the conscious rabbit, chemoreceptors

accounted for an increase in arterial pressure' heart rate and cardiac

output during hypoxia (Korner I 1965). The importance of the splanchnic

nerves have been demonstrated by experiments showing increased sympa-

thetic activity in visceral nerves during hypoxia (Iriki et af.' L97L)

and the failure of severe hypoxia to cause caÈecholamine release in

spinal dogs (Cantu, Nahas & Manger, 1966). Furthermore, hypoxia is a

weak stimulus to catecholamine release in the isolated adrenal gland

(Bulbringr Burn & de EIio, 1948). In the presenÈ study a significant

elevation in catecholamínes occurred with a reduction of P"O2 to

Èhe range 60-10 mm Hg. However, despite a furÈher rise in mean

catecholamine levels during a reduotion in P¿O2 to 40-50 mri H9, there

v¡as no further significant rise in catecholamíne levels. Furthermore,

the mean rise in catecholamines for the lowest range of P¿O2 studied

(30-40 * Hg) was less than for the P¿O2 range 40-60 mm Hg. Since

haemorrhage at the end of some experiments was consistently associated

with a rise in catecholamine levels greater than those observed during

the most severe periods of hypoxia, exhaustion of the catecholamine

content of the adrenal medulla is not a possible explanation for the

fatl in response Èo severe hypoxia. A possible explanation for this

fall in catecholamine levels Ís the fact that the rise in arterial

pressure during P¿O2 30-40 mm Hg \das significantly higher than for

any previous level of hypoxía. Bilateral carotid occlusion is

associated with increased catecholamine levels in cats (Kaindl & von

Euler, 1951) and dogs (de Schaepdryver, 1959). Thus it is possible

that a marked rise in arterial pressure is associated with a specific

inhibition of the adrenar medulra despite marked sympathetic activity

elsewhere.
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SECTION 5

CHANGES IN CIRCULATING LEVELS OF ANGIOTENSIN AND

CATECHOLAM]NES IN ENDOTOXIN SHOCK IN CATS AND DOGS

In a previous section of this thesis the rise in circulating

Levels of angiotensj.n in dogs during haemorrhage utas relaÈed to a

faII in central venous pressure rather Èhan a falf in arterial

pressure. Intravenous administration of endotoxin causes rapid and

severe haemodynamic changes in both the cat and dog (Gilbert, 1960) '

Following adminístration of endotoxin in boÈh species Èhere is a

variable brief period of systemic hypotension' succeeded by a tempo-

rary recovery and a later progressive decline in blood pressure.

Ho\¡¡ever, the cause of the initial hypotensive phase in the two species

is different. In the cat' marked pulmonary vasoconstriction leads to

pulmonary hypertension together with a rise in central venous pressure

and a fall in cardiac output (Kuida, Gilbert, Hinshaw' Brunson &

Vissche:r , Ig6Ii Greenway, Lautt & Stark, L969). rn the dog, there

is a marked rise in portal venous pressure associated with a faII in

central venous pressure (Maclean & WeiI , L956; Weil et af. , 1956¡

Kuida et a7., l-96I) . Because of the species differences in the

haemodynamic response to endotoxin and, in particular, the opposite

effects on central venous pressure, it was d,ecided to investigate

the changes in both catecholamine and angiotensin levels following

endotoxin. In order to compare the responsiveness of the renin-

angiotensin system in cats and dogs ' graded aortic occlusion was

carried out and the angiotensin generated was bracket-assayed.

EXPERTMENTAL GROUPS 
i..

1. Endotoxin. The vascular response to endotoxin was determined

in 12 cats and. IO dogs. Changes in catecholamine levels were deter-

mined in 12 cats and 8 dogs; changes in.angiotensin levels were

determined in 9 cats and 9 dogs.

After calibration of the tissues all animals received 2 mg/kg

E. coli endotoxin as a 5-f5 minute i.v. infusion. Observations were

then continued for up to 90 minutes. AIl experimental animals
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except one cat survived the experimental period.

2. Reduced renal perfusion pressul^e (4 dogs, 6 cats) . fn this group

the generation of angiotensin in response to graded reduction in renal

perfusion pressure was studied. The total experimental period was of

the same order as in group 1.

The aorta was exPosed through a mid-líne inciSion and a loose

ligature lvas passed around the aorta above the renal arteries.
Arterial pressure was recorded from a carotid. and a femoral artery in
dogs. In cats, the pressure above the occlusion was recorded either

from a carotid artery, or via a catheter threaded into the thoracj-c

aorta via a femoral artery. Pressure below the occlusion was recorded

from a femoral artery. Graded reduction in renal artery perfusion

pressure r^¡as produced by tÍghtening the aortic ligature. Changes in

angiotensin levels \^tere bracket-assayed with i.v. angiotensin II for
eagh reductio4 in pressure.

3. Ditect effect of endotoxin on assag tjssues (3 dogs). Endotoxín

was infused into the extra-corporeal circuit in amounts calculated to

be of the same order as those expected to be circulating in animals

in group 1. The contact time of the endotoxín with blood was equiva-

lent to the círculation time from the femoral artery to the assay

tissues in group I.
RESULTS

7. Endotoxin. The results obtained from a single cat are shown in

Fig. 5.I. After endotoxin, there was a rise in central venous

pressure associated, in this animal, with little change in blood

pressure. There \das a relaxation of both rat stomach strip prepar-

ations, indícating a rise in catecholamine levels. There was a

later contraction of the rat colon, indicatíng a rise in angiotensin

Ievels.
The changes in mean arterial pressure (t I s.E. of the mean)

and central venous pressure (J I S.E. of the mean) in cats and dogs

are shown in rig.5.2. Detaíled data is given in appendix 5.I.-5.4
!{hile the pattern of the blood pressure change is similar in the two

species, the effect of the endotoxin on central venous pressure is
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different for 3O-40 min following administration of endoÈoxin. Thus

a rise in central venous pressure occurred in all cats, reaching a

peak 5 min after the endotoxin, whilst in d.ogs there was a progressive

fall" in central venous pressure. After 30-40 mín the central venous

pressure had fallen in all cats and it now followed a pattern similar

to that seen in dogs.

The changes in circulating levels of catecholamines are compared

in Tab1es 5.la and b; changes in circulating levels of angiotensin

are compared in Tables 5.2a and b.

The mean changes in catecholamine and angiotensin levels in cats

and dogs are shown in Fig. 5.3. The standard errors and the signifi-

cance level of the difference bet$Ieen the means aÈ each time are

tabulated in Table 5.3. In some animals the responses were greater

than the maximal tíssue response obtained during calibration.

HenÇe, the value Èaken as the mean (fig. 5.3) ís an underestimate

of the true change. Since the pre-endotoxin hormone levels cannot

be determined by the superfusion technique, the results shown refer

to changes from the control values.

Catechofamine feveJs in the cat. In nÍne out of twelve cats,

there was an initial rise in catecholamine levels, followed by a

fal1 and a subsequent secondary rise. The timing of the initial rise

was variable, but in eight out of twelve cats had commenced within

5 min. Estimation of catecholamine output, using Èhe nictitating

membrane, gave similar results to those obtained usíng the rat

stomach strip, showing that if hypoxia occurred after giving the

endotoxin (Gil-bert, 1960), it could not account for the relaxation

of the rat stomach strip.
CatechoLamine J-evefs in the dog. In two out of eight dogs,

there was a rise in catecholamine levels within 5 min. The large

output in one of these (23) was associated with marked hypotension-

During the succeeding 5 min there was a rise in a further two dogs.

There was a variable rise in catecholamine leve1s occurring within

45-60 min in the remaining dogs.

Angiotensin TeveLs in the cat. Circulating levels of
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TABLE 5.14
Increases in catecholamine l-eveLs in cats expressed as ng/kg/nin

foTTowing endotoxin.

Minutes after Endotoxin

TABLE 5.18
Increases in catechofamine l,evefs in dogs expressed as ng/kg/min-

r43r66234Mean 36536225r200 490

t
2

4

6

I2
I3

L4

L6

L7

18

19

20

130

280

400

*

200

250

56

430

90

*

*

420

130

2AO

320

*

200

200

56

200

0

*

190

420

0-I00
2AO

320

136

200

200

20

0

0

0

220

290

I30

220

0

9L

200

200

185

0

280

130

310

240

0

0

720

ô

300

500

35

0

1r0

370

>450

320

230

3I0

r200

645

55s

93

400

*

*

200

310

800

*

400

250

83

430

295

*

520

130

2AO
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tr

400

200

65

1000

185

*

*

520

20105Cat 75604530 90

280304324304219]-7010660Mean

150

0

I50
>700

570

110

*

0

0

250

>700

500

570

110

*

0

0

400

400

570

640

260

*

0

0

>800

170

460

570

130

*

0

0

500

0

460

570

0

*

0

0

250

0

340

320

0

>4 50

0

37

0-80

0

0

320

0

>450

0

30

0

0

0

0

0

>450

z

3

7

10

t5
18

20

23

907560453020105DocT

Minutes after Endotoxin

* Angiotensin inhibiting the response of the rat stomach strip.



TABLE 5 "2A
.Increases in angiotensin fevefs in cats expressed as ng/kg/nin

folTowing endotoxin.

Minutes after Endotoxin
Cat

TABLE 5 "28
lncteases in angiotensin Levels in dogs expressed as ng/kg/nin

foTTowing endotoxin.

3.2r.4Mean 49.O25.O17 .91r.0 6L.952.9

0

0

0

0

U

0

0

0

I3

2

4

6

L2
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17

18

20

0

91

45

5

130

*

56

>65

0

0

57

25

4

L6

55

37

31

0

0

51

0

3

L6

20

0-10

>65

0

0

34

0

0

U

0

0

>65

0

0

0

tt

0

0

0

0

29

0

0
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I
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*

67
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0

0
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6
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*

56
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3020105 90756045

39. 035 "438 .937 .436.829.LI8.27.8Mean
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*

L7

9
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20

23
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*
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9
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TABLE 5.3

Compatison of changes in catecholamine and angiotensin levels in cats and dogs expressed as ng/kg/nin
foTTowing endotoxin. The mean LeveLs ! l- S.E. of the mean and the P vaLue for Student "t" test for the

significance between species at each time ate tabufated.

l¿linutes after Endotoxin

Cats

Dogs

Cats

Dogs

Catecholamine levels
+ I S.E.

Catecholamine fevels
+ 1 s.E.

P

Angiotensin levels
+ I S.E.

Angiotensin leve1s
+ I s.E.
P
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7t

60

56

0. I-0 .05

L"4

L.4

7.8

4.3

0.2-0.I

5

t66

29

106
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0.4-0.3
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angiotensin rose in only one cat within 10 min. lVithin 20 nin after

the endotoxin a second cat showed a rise in angiotensin levels.

There was then a progressive rise in all buÈ two of the nine cats.

Angiotensin LeveLs in the dog. In all dogs, there was a pro-

gressive rise in angiotensin levels. The generation of angiotensin

commenced within 5 min in three dogs, and, during the following 5 min

vlas observed in all but two dogs. Vlithin 20 min of giving the

endotoxin all dogs showed a rise in circulating levels of angiotensin.

Comparison of humoral responses in cats and dogs.

The changes in catecholamine and angiotensin levels are compared

in Tabte 5.3. Mean catecholamine levels were higher ín the cat than

the dog up to IO min after giving the endotoxin. This difference

was barely significant 5 min after giving endotoxin (P<o.I). At all

other times, there was no significant, difference between catechol-

amíne levels in the two species.

Mean angiotensin levels in the dog were higher until 60 min

after giving the endotoxin. This difference was sígnificant I0 min

after endotoxin (P<0.05) .

2. Reduced renaf perfusion pressure. The effect of partíal

occlusion of the aorta above the renal arteries on circulating

Ievels of angiotensin is shown in Fig . 5.4.

In all animals, partial aortic occlusion I^Ias associated with

increaserl l-evels of angiotensin. In some animals in which the

response to graded constrictíon of the aorta was studied, the amount

of angiotensin generated increased with increasing reductions ín

renal artery pressure. No species difference was apparent.

3. Direct effect of endotoxin on assaq Èjssues. The cj-rcuit tÍme

from animal to assay tissues was 0.75 min for dogs and 0.5 mín for

cats in experiments in group 1. Endotoxin was infused ínto the

extra-corporeal circuit to allow incubation in blood for up to I min.

In none of the experíments was there a change in the base line of the

rat co1on. fn t\^Io experimenÈS, there was a mínimal contraction of

the rat stomach strip: a relaxation !ìlas never observed.
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DISCUSSION

The cardiovascular effects of endotoxin administered to cats and

clcgs were similar to those previously reported (Mac1ean & lVeil, 1956¡

Weil et aJ., L956; Kuida, Hinshaw, Gifbert & Visscher, 1958; Kuida

et af " , Lg6Ii Greenway et a7. , L969). Thus in both cats and dogs

t-here was a variable acute fall in systemic arterial pressure,

followed by a rise, before the onset of steadily progressive hypo-

tensíon. Central venous pressure showed the expected rise in cats and

fall in dogs (Gilbert, 1960) .

Despite similar changes in systemic arterial pressure, the timing

of the changes in circulating levels of catechoLamines and angiotensin

were strikingty different in the two species. In the cat there was

a rise in catecholamines within 5 minutes and an increase in angío-

tensin levels 20-30 minutes after endotoxin. In contrast, in the

dog there was a ríse in angiotensin levels within 5 minutes' while

there was a delayed rise in catecholamine levels. Hohtever, the final

leve1s of both hormones were of the same order in both caÈs and dogs.

An explanation for these differences is not immediately apparent.

The control experiments show that incubation of endotoxin for up to

one minute wíÈh blood did not cause the release of any vasoactive

agents from the blood into the extra-corporeal circuit to which these

assay tissues responded. It is probable, therefore, that the res-

ponses of the assay tissues were due to increases in angiotensin or

catechofamine Ievels. 'Ihese elevations could be due to a decreased

rate of destruction of angiotensin and catecholamínes, or to an

increased rate of production of these hormones. Since the physio-

logical response to sÈress is increased production rather than

clecreased breakdown (Brown et al-., L967) ' the fatter ís the more

J-jkely explanation.
The rise in the circulating levels of the hormones studied is

almost certainly caused by several factors. Despite the early

refease of angiotensin in the dog, there is a progressive decline in

systemic blood pressure, which may be the stimulus for the delayed

release of catecholamines. A delayed retease of catecholamÍnes in
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the dog following intravenous endotoxin has been reported (Heiffer,

Mundy & Grim, 1958; Spink et al.' 1966; Vick, 1965). Hovtever, other

workers described an immediate rise in catecholamines (Rosenburg et
ã1., 1961). These differences in results appear to be due to the

dose, potency and the rate of infusion of endotoxin (Spink et a7.,
1966). The only cardiovascular parameter consistently associatecl with
a release of catecholamines was hypotension. The results Ín this
section, together with those in section three of this thesis (Hall c

Hodge, 1971a), support the concept of systemic hypotension being one

of the main stimuli of Èhe adrenal medulla in the dog.

AII cats showed a marked and rapid rise in catecholamine levels'
confirming the observations of Hökfelt et al-. (L962) . The early
release of catecholamines may be due to the more important role the

slrmpaÈho-adrenal system plays in stress in this species as compared to
the dog (nalt & Hodge, 1971a). A second facÈor may be the progressive

hypoxía which occurs ín this species following the administration of
endotoxin (Gilbert, 1960). Such a degree of hypoxia does not occur

in the dog (Stein & Thomas , 1967). A third factor may be the acute

strain imposed on the right ventricle due Èo the onset of pulmonary

hypertension following endotoxin. It has been shown that myocardial

infarction of the left ventricle in dogs is associated with the

immediate release of adrenaline (Staszewska-Barczak & ceremuzynski,

r968) .

The early rise in circulating leve1s of angiotensin in dogs as

compared to cats is evidence that changes in central venous pressure

are important in Èhe control of renin release. These fíndings are

simil-ar to the observations of !{hite et al. (L966), who observed a

rise in plasma renin activity I0-20 minutes after administration of

endotoxj-n to dogs. Central venous pressure was not measured but is
likely to have fallen.

The exact stimulus for renin release in the dog is not c1ear,

but renin release may be a normal response to maintain circulatory
homeostasís as suggested by Rego1i & Vane (1966). The importance of
the afferent vagal fibres as a monitor of central venous pressure and
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the renal sympathetic nerves as the efferent pathway to renin release

has been shown (Hodge et a7., I966a, 1966b). The faIl in central
venous pressure observed following endotoxin would thus lead to a

rise in renin level-s and, secondarily, angiotensin.
Ànother possible explanation for renin release is a dírect

effect of endotoxin on the renal vasculature. This has been suggested

by a rapíd faIl in renal blood flow in the dog following endotoxins

(Hínshaw, Bradley & Car1son, 1959; Hinshaw, Spink, Vick, MaLlett c

Fínstad, 196I; White et a7., L966'), This fall in renal blood flow is
presumably due to constriction of renal afferent arterioles which

could then be followed by a release of renin (Vander, L967). While

the renal sympathetic nerves may play a part in renal vasoconstriction,
evidence for a direct effect of endotoxin on renal blood vessels is
provided by the observations that a fall in renal blood flow occurs

in isolated heart-lung-kídney preparations after endotoxin (Hínshaw et
a7., L9591 .

If the amounts of angiotensin generated twenty minutes after
endotoxín adminístration to dogs ís compared to the amounts generated

during graded aortic occlusion, then endotoxin administration was

associated with a fal1 in renal perfusion pressure equívalent to
30-40*. Since systemic arterial pressure at this time had fallen
approxímately 208, this lnplies that intrarenal perfusion pressure may

have fallen to a greater extent than that indicated by the systeníc

pressure. This suggests either a direct action of endotoxin on renal

blood vessels, or a selectively greater increase in renal sympathetic

nerve actÍvity secondary to the fall in central venous Pressure.
The difference between cats and dogs in the timíng of the gener-

ation of angiotensÍn raises several possibÍtities. Endotoxin may not

have a dírect action on the renal vasculature of the cat as suggested

in the ilog. However, renal function in the cat following endotoxin

has not been studíed.

The results obtained with graded aortic occlusion and those

obtal-ned during haemorrhage show that there is no species difference
between cats and dogs ín the response of the renin-angiotensin system
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(ttatt & Hodge, 1971a). The most like1y explanation is that the acute

haemodynamic changes, and in particutar the rise in central venous

pressure, induced by endotoxin may, in fact, ínhibit renin release in

the cat. After administration of endotoxin, central venous Pressure

invariably rises, reaching a peak at 5 minutes and returning to

control values 20-30 mínutes after endotoxin, before finally dropping

below control values. The rise in angiotensin levels occurred at a

tíme when central venous pressure was either approaching' or had

fallen below, control values. Since aspirin abolishes the acute rise
in central venous pressure following administration of endotoxÍn to

Çats (HaII, Hodge, Irvine & Middleton, L97I¡ Greenway and Murthy'

1971), the effect of aspirin on the timing of the release of angio-

tensin was studied.
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SECTION 5A

THE EFFECT OF ASPIRIN ON THE HUMORAL RESPONSE TO ENDOTOXIN

It has previously been shown that aspirin can abolish the acute

rise in portal venous pressure in dogs following the administration of

endotoxin (Northover & Subramanian, L962; Hinshaw, Solomon, Erdos,

Reins & Gunter, 1967) . Aspirin also abolishes the acute vascular

response to endotoxin in cats (HaII et a7., L97I; Greenway & Murthy,

t_971).

In the previous section (5) it was shown that the generation of
angiotensin was significantly delayed in cats as compared to dogs

following endotoxin despite a simitar response in both species to

haemorrhage (HaII & Hodge, I97La¡ 1971b) . The present study was

carríed out to determine if the timing of the change in circulating
angíotensin in cats is altered when Èhe acute rise in central venous

pressure is abolished by aspirin.
METHODS

The study hras carried out on 6 cats. Aspirin was administered as

a loading dose (50 mgm/kg) followed by a continuous infusion (50 tngm/

kg/}rr). Endotoxin (2 mgn/kg) was administered approximately one hour

after the commencement of the aspirin infusion. Arterial and central

venous pressures and changes in circulatíng levels of angiotensin and

catecholamines were recorded as in Section 5. Observations were

contínued for 60 minutes after administration of endotoxin.

RESULTS

The mean changes in arterial pressure, central venous pressuret

angiotensin and catecholamine levels following endotoxin are shown in
Fig. 5a.1. Standard errors are plotted for changes in arÈerial
pressure and central venous pressure. The changes in angiotensin

and catecholamines were variable, and the actual values, from which

the data for Fig. 5a.lwereobtained, are shown in Table 5a.1. In

2 cats¡ only a qualitative assay of catecholamines vtas possible. How-

ever, since the maín interest of the present experiments was the change

in angiotensin levels, further experiments were not carried out Èo
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TABLE 5A. I

Changes Ín circulating catechol-amine (C-A) and angiotensin (A-T) l-eve7s

(ng/kq/nin) foTTowing i.v. endotoxin to aspirin-treated cats.
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quantitate the changes in catecholamine levefs.

For 10-15 min following endotoxin, changes in arÈerial pressure

were sim,ilar to those observed in non-aspirin-treated animals. There-

after arterial pressure was better maintained. Aspirin abolished the

acute rise in central venous pressure, and a progressive falf in

central Venous pres?ure was no\t observed. However, this fall was not

significant up to 60 min after endotoxin.

The abolition of any significant changes in arterial and central

venous pressures following endotoxin was associated with more variable

and less marked rises in both angiotensin and catecholamine levefs than

thOse Observed in non-aspirin-treated cats. Ho\¡¡ever, in contrast to

the results in the previous section, the rise in angiotensin level's

preceded, or occurred simultaneously with, the ríse in catecholamines

in all but one cat (rable 5a.I). Thus there was a rise in angioÈensin

Ievels in 2 out of 6 cats in 5 minutes and a further 2 caÈs in 20

minutes. This ríse was significant 60 minutes after endotoxín (P<0.05),

when a rise in angiotensin levels had occurred in all cats.

DISCUSSION

These results show that although Èhe humoral response is partially

inhibited, the timing of changes in angiotensj-n and catechol-amine

Ievefs in aspirin-treated cats are similar to those observed in dogs

fol]owing endotoxin. The most likely explanation of this observation

is the abofition by aspirin of the acute rise in central venous

pressure whích normatly occurs following endotoxin-

Reflex rel-ease of renin, angiotensin and catecholamines occurs

in cats and dogs during bilateral carotid occlusion (Kaindl & von

Euler, I951r de Schaepdryver, L959¡ Bunag et af., L966; Hodge et a7.,

1966a). Thus one might expect simul-taneous elevations in other stress

procedures.

A qualitative comparison of the response of the caÈ to endotoxin,

aspirin + endotoxin, and haemorrhage is shown in Fig- 5a-2.

In cats subjected to haemorrhage there \^ras a moderate fall in

arterial pressure and central venous pressure. These changes were

associated wíth simultaneous increases in circulating levels of
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angiotensin and catecholamines.

In cats receiving endotoxin there \¡/as a fall in arterial pressure

similar to that occurring ín haemorrhaged animals. In contrast to

haemorrhaged, cats, endotoxin administration \^las associated with a

marked increaSe in central venous pressure" These cardiovascular

changes were associated with greater rises in circulatíng catechol-

amines Èhan those observed duríng haemorrhage, but in these animals

the ríse in catecholamines was not associated with a rise in angiotensin

l-eve1s.

Endotoxin administratíon to cats treated with aspirin caused falls

in both arterial and central venous pressure - changes similar to those

observed in haemorrhaged cats. In these animals there was a simul-

taneous rise in angiotensin and catecholamine levels qualitatively

similar to changes observed in haemorrhaged cats.

These results provide strong evidence for specific reflex control

of renin release d,ependent on changes in central venous pressure' so

that, despite stimulation of the sympatho-adrenal system generally,

rises in central venous pressure cause a specífic inhibition of renal

sympathetic nerve activitY.
Other hrorkers have also provided evídence for the existence of

a setective vagal-renal sympathetic nerve reflex path (Chalmers,

Korner e tühite, 1961; Oberg & VühiÈe, L97Oa; 1970bi Karim, Kidd'

Malpus & Penna, I97O; Pelletier, Edis e Shepherd, I9lI¡ Brennan'

Malvin, Jochim & Roberts, l-97t.t. However, further experiments using

direct recording of activity in the vagus, renal sympathetic nerves

and other splanchnic nerves following endotoxin administraÈíon to

control and aspirin-treated cats are required to clarífy Èhe precise

afferent and efferent nervous pathways.
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SECTION 6

THE EFFECT O¡' ASPÏRÍN ON THE RESPONSE TO ENDOTOXIN

In afl species the acute response to endotoxin depends on the

presence of platetets and one or more constituents of plasma (Kuida

et aJ., Lg58; Vick, 1960; des PTez, Horowitz & Hook, 1-96I; Hinshaw,

Emerson, Iampietro & Brake, L962) " After the administration of endo-

toxin to dogs and rabbits there is a rapid. transient fall in platelet

count associated with a rise in circulating S-Hydroxytryptamine (5-HT)

l_evels (Davis, Meeker & McQuarrie, L96O¡ Davis, Meeker & Bailey'

196I). Endotoxin also causes the release of 5-HT from platelets in

vitro. (des Prez et a7. , 1961) . Further indirect evidence that 5-HT

contributes to the pathogenesis of endotoxin shock has been províded

by studies which have shown a protective effect of 5-HT antagonists

(Gilbert, 1959; Kalas & Jacobson, 1964) .

In the dog, aspirin abolishes the delayed fall in arteriaf

pressure which occurs after endotoxin (Northover & Subramanian, L962) .

oÈher workers have confirmed, this finding and also shown that aspirin

abolishes the acuÈe rise in portal venous pressure following endotoxin

(Hinshaw et a7., 1967). It was concluded that the lethal effects of

endotoxin are secondary to the haemodynamic changes in the portal

circUlation. However, no experimental evidence was provided as to

the possible mechanism of action of aspirin. Other anti-infl-ammatory

agents, including indomethacín, aminopyrine, flufenamic acid and

phenytbutazone, modify but do not abolish the acuÈe vascular response

to endotoxin in the dog (Erdos, Hinshaw & GiII, 1967; Culp, Erdos,

Hinshaw 6, Holmes, Lg'lL). Recently, it has been shown that while

aspirin abolíshes the acute effects of endotoxin on the pulmonary

vascular bed of the cat, the delayed fal-l in arteriaf pressure still

occurs (Greenway & Murthy, I97L) .

The effect of aspirin on platelet function has been reviewed

(Coltier, Ig69i Mustard & Packham, 1970) . Aspirin reduces platelet

adhesiveness (l,Ieiss, Aledort & Kochwa, 1968; O'Brien, 1968) and

alters the rel-ease of vasoactive substances following aggregation
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(Evans, Packham, Nishizawa, Mustard & Murphy' L968¡ V'leíss et a7.,

1968; Smith c Wi1lis, I97L) .

The dog is unusual in that the acute effect of endotoxin is on

the portal vascular bedr sor in addition to this species, Èhe

effects of aspírin v/ere examined in the cat and sheep, in which the

pulmonary vascular bed is the site of the acute effects of endotoxin.

Since endotoxin causes the release of 5-HT from platelets, both in
vitro and in vivo, the effect of aspirin on the release of 5-HT in
blood by endotoxin was also studied,

METHODS

Experiments were carried out on cats, dogs and sheep of either
sex. Arterial and central venous pressures were recorded as described

in Section 14. Platelets vrere counted on an automatic Coulter counter,

or manually in the case of sheep platelets, since they do not centri-
fuge adequately for processing by the automatic technique.

EXPERTMENTAL GROUPS

7. Effect of aspirin en the vascul-ar and pTateTet response to

endotoxin.
(a) Cats.

(i) VascuLar tesponses. Four animals were given a loading dose of

aspirin of 50 mg/kg intravenously followed by an infusion of 50 mg/kg/

hr. One hour after the commencement of the aspirin admínistration alf

animals received E. coli endotoxin (2 mg/kg) intravenously.
(ii) PlateTet coupts. Estimations r^rere performed on 4 cats which

had endotoxin alone anil on the 4 cats above which had aspirín and

endotoxín. Three arÈeiial blood samples were taken during the hour

before endotoxin was given and others hlere taken 5, 10, 15, and 60 min

after its administration.
(b) Dogs.

(i) VascuTar responses. Aspirin \^las administered as a loading

dose of 50 mg/kg followed by an infusion of 50 mg/kg/ht to 4 dogs.

E. coli endotoxin (2 ng/kg) was adminístered i.v. one hour after the

aspi'rin infusion was commenced.

(ii) PlateTet counts. Estimations were carried out on the four



56

aspirin-treated dogs above and on 7 dogs given end,otoxin alone.

three samples were taken prior to the endotoxin and other samples

r,uere taken 5, 15, 30 and 60 minutes after end.otoxin.

ControJ- data fot cats and dogs.

The vascular responses of cats and dogs to endoÈoxin without

aspirin have already been studied (gatl- & Hodge, I971b).

(c) Sheep (6 aspirin-treated, 6 control).
(i) Vascufar responses. A l-oading dose of aspírin (5 mgmr/kg) was

forrowed by an infusion of 5 mgmr/kg/hr. one hour after the commence-

ment of the aspirin infusiont E. cofi endotoxin (0.5 mgm/kg) \^tas

administerecl intravenously. Sheep are more sensitive to endotoxin, so

this dose was chosen to all-ow the animals to survive for times com-

parable to those in dogs and cats. Similarly, the dose of aspirin

could also be reduced. Control animals received no aspirin, but were

given the same dose of endotoxin one hour after the commencement of

the experiment.
(ii) PlateLet counts. Three arterial bfood samples were taken

for platelet counts prior to endotoxin. In aspirin-treated animals

further samples were taken at 5, IO and 15 minutes after endoÈoxin,

while in control animals they were Èaken at 5, 10, 30 and 60 minutes

after endotoxin.

2. Effect of aspirin on the vascul-at response to 5-HT (5 sheep) .

The effects of intravenous infusions of 5-HT (0.15 yg/min,

0.3 Ug/min and 0.6 pg/min) on arterial and central- venous pressure

were obtained before and after the administration of aspirin. At Ieast

two responses were obtained for each dose of 5-HT in the control períod.

When control responses had been obtained, aspirin was given in a load-

ing dose of 5 mgm/kg followed by an infusion of 5 mgm/kg/hr. The

infusions of 5-Hf r¡/ere then repeated during the aspirin infusion.
3. Ef fect of aspirin on the haLf -l-ife of 5-HT in bl-ood and on the

rel.ease of a S-HT-Like substance bg endotoxin.

In this group there were 21 dogs: ff control and 10 aspirin-

treated. As in other groups, aspirin was administered as a loadj-ng

dose of 50 mgm/kg foltowed by an infusion of 50 mgm/kg/J:rt.
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In 5 control animals and 5 aspirin-treated animals the half-life

of 5-HT in blood was determined. The technique used was similar to

that described by Thomas & Vane (1967) using the rat stomach strip

to determine changes in concentration of 5-HT. The assay tissues were

superfused with heparinized arterial blood from a femoral artery using

a roller pump delivering l¡lood at a constant rate for each dog

(usuatty about 15 mllmin). A length of silicone-rubber tubing, whose

priming volume was 50 ml, was íncluded in the extra-corporeal circuit

prior to the roller pump and immersed in a water bath at 38oC. Thus,

for flow rates of f5 mlrlmin, blood was incubated for 3-31 min after

J-eaving the dog and before superfusing the assay Èissues. A dose of

5-HT was infused at the beginning of the incubation circuit and a res-

ponse of the assay tj-ssues obtained. This contraction was then

brackeÈed by those produced by 5-HT infused into the blood immediately

before it superfused the assay Èissues. The amount of 5-HT remaíning

after passing through the incubation circuit was cafculated from these

bracket assays and the hatf-life was determined from a semilog plot

of the residual 5-HT concentration against time of incubation.

The raÈe of generation of a S-HT-l-ike substance in blood, with

and without aspirin, in the presence of endotoxin was determined by

infusing endotoxin at the beginning of t"he incubation circuit. The

rate of infusion of endotoxin was adjusted to produce concentrations

in the blood of the incubatíon circuit of 20 vg/mL (6 dogs) and 67

lrg/mL (5 dogs) ín control animals, and 65 Vg/nI (5 dogs) and 200 lg/mL

(5 dogs) in aspirin-treated animals. The latter two doses were

selected as the best to determine whether inhibiÈion of the release

of 5-HT was competitive or non-competitive. Since the incubatíon time

varíed from 2.5 to 3.8 min, the amount of 5-HT generated in ng,/ml, as

d.etermined by bracket assay, was standardised by dividing the concen-

tration by the incubation time to give a final generation rate in

ng/m|/m!n. For the range of incubation times and endotoxin doses

used, control experiments have shown that the release of 5-HT ís linear"

SaTicgTate l-evefs.

Blood samples were taken from 5 dogs in group 3 one hour after
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the beginning of aspirin administration for estímation of salicylate

leveIs (Trj-nder , L954) .

PLasma assaqs.

Assays on plasma \^rere ca,rried out on samples taken from 8 dogs:

4 control and 4 aspirin-treated.
When endotoxin was incubated with blood for approximately 3 min,

there was a consistent contraction of the rat stomach strip. fhis

activity \¡ras assayed against 5-HT infused into Èhe blood just before ít

superfused the assay tissues. During the response of the assay tissues

to infusions of endotoxin, blood samples were taken into ice-cold tubes

and centrifuged at 4O0O g, and plaÈe1et-free plasma \¡las decanted and

stored at -20oc until assay.

VasoacÈive substances in the plasma were assayed in terms of 5-HT

using a rat stomach strip superfused wiÈh Krebs solution before and

after the addition of BoL 148 (1 pg/mf). As controls, the responses

to prostaglandin F2o (PGF2') were afso obtained before and after the

addition of BoL 148. PGF20 was selected because it is the only

prostaglandín which, when given intravenously, causes a rise in

central venous pressure similar to that observed following endotoxin.

RESULTS

l. Effect of aspirin on the vascufar and pTateTet response to

endotoxin.
(i) vascufar response.

(a) cats. Fig. 6.1 shows the effect of aspirin on the change ín

artería1 and central venous pressure after endotoxin. Detailed data

are given in appendix 6.1-. The acute rise in central venous pressure

after endotoxin (HaIl 6t Hodge, I971b) was abolished by aspirin.

Hohrever, thirty minutes after endotoxj-n there htas no difference

between the two groups. There r¡Ias no significant difference at any

time between arterial pressures of Èhe Èwo groups.

(b) Dogs. Fig. 6.2 shows the results obtained in dogs. DetaíIed

data are given in Appendix 6.2. Changes in arterial pressure uP to

L5-2O min after endotoxin were similar to those observed in dogs given

endotoxin alone (HaIl & Hodge, 1971b). However, in aspirin-treated
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animals, arterial pressure then began to rise, and was significantly
higher than in non-aspirin-treated animals 45 min (P<0.02) and 60 min

after endotoxin (P<0.002). There was no significant difference

between the two groups in the change in central venous pressure follow-

i"ng endotoxin.
(c) Sheep. Fig. 6.3 shows the results obtained in sheep. Detaíled

daLa are given in Appendix 6.3a and 6.3b. As with cats, the transient

increase in central- venous pressure was abolished by aspirin, but

there was no significant difference between groups I5 and 30 min after

endotoxin. Forty-five minutes after endotoxin and thereafter central

venous pressure in the aspirin-Èreated sheep was fower than in control

animals, but this difference was not significant. The immediate fall

and subsequent rise in arterial pressure in controf animals following

endotoxin was abolished by aspirin. However, as in cats, the later

falI stíll occurred.
(ii) PTateJet response.

Fig. 6.4 shows the changes in platelet count following endotoxin

expressed as a percentage of pre-endotoxin values in control and

aspírin-treated cats, dogs and sheep. Detailed data are given in

Appendix 6.4.
(a) Cats. In control cats, platelets fell to 36>" of pre-endotoxin

l-evels IO min after endotoxin, rising to control values 60 min after

endotoxín. In aspirin-treated cats, the platelet count was 22% of.

control values 5 min after endotoxin" When the faII in platelet

count of the two groups was compared, it was significantly lower

(p<0.02) in aspirin-treated cats 5 min afÈer endotoxin, but there was

no significant difference between groups thereafter.
(b) Dogs. In control dogs, the platelet count fell to 224 of

pre-endotoxin values 10 min after endotoxin, rising to 56% of control

values 60 min after endotoxin. In aspirin-treated animal-s, the

platelet count fell to 44.z of control values. There was then a rise

Lo 942 of control values 60 min after endotoxin. However' there was

no signíficant difference between the two groups at any time.

(c) Sheep. In control sheep, there was no significant change in
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pl-atelet count up to 60 min after endotoxin. In aspirin-treated
animals, plaLelets feII to 59t of pre-endotoxin levels I0 min after

endotox-in. This difference between groups, however, did not reach

significance at the 5% level (P>0.05).

2 " Effect of aspirin on the vascufar response to s-HT.

Fig. 6.5 shows that aspirin had no effect on the mean changes in

arterial pressure in sheep during infusion of 5-HT. Aspirín did not

affect the rise in central venous pressure with the lower doses of

5-HT (0.15 Ug/min and 0.3 Ug/min), but caused a significantly greater

rise in central venous pressure with the highest dose (P<0.05).

Detailed data are given in Appendix 6.5.
3. Effect of aspirin on the rel-ease of a S-HT-l-ike substance bg

endotoxin and on the haTf-Life of 5-HT in bfood.

Fig. 6.6 shows the amounts of a S-HT-like substance released from

blood in the incubation circuit into which endotoxin was infused to
give mean concentrations of 20 and 67 pg/ml endotoxin in control
animals, and 65 and 2OO yg/ml endotoxin in aspirin-treated animals.

Detailed data are given in Appendix 6.6. The release of this sub-

stance in both control and aspirin-treated animals was dose-dependent,

but aspirin inhibited the effect of endotoxin in a competitive manner.

The maximum dose ratio was 3.85 and the minimum 3.16, giving a

geomeÈric mean of 3.49.

Table 6.1 shows the effects of aspirin on the half-Iife of 5-HT

in blood in the incubation circuit and the salicylate levels. The

mean hal-f-life in control animals was I.72 ! 0.12 min. The mean half-

Iife in the presence of aspirin was 3.1 t 0.46 min, which vÍas a

significant increase (P<0.02). The mean salicylate levefs wete 2L.2

t 1.9 mgm/IOO mI plasma.

Pfasma assags.

Results from a single assay are shown in Fig . 6.7. Plasma

samples taken during an infusion of endotoxin into blood, gave a con-

tractíon of the assay tissues equivalent to a mean concentration gf

238 ng/mL 5-HT. BoL 148 invariably abolished more than 90% of Èhis

plasma activity. Although the responses of some, but not all, assay
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TABLE 6.1

SalicgJate Level-s and the effect of aspizin on the haLf-tife of S-HT

in dogs' bl-ood.
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tissues to PGF2.¿ were depressed by the dose of BOL 148 used, this was

consíderably less than the reduction in the response to plasma,

suggesting that a considerabfe portion of the activity in plasma was

due to 5-HT. The residual contraction to plasma after BoL I48 indi-

cates that other active substances are present or are released by

endotoxin (Fig. 6"7).
DTSCUSSION

These results show that aspírin abolíshes the acute vascular res-
pollse to endotoxin in cats and sheep. Aspirin also abolishes the

acute ríse in portal venous pressure following endotoxin in the dog

(Hinshaw et a7., L967). In the present study, d.ogs differed markedly

from cats and sheep in relation to the delayed response to endotoxin.

Thus, aspirin did not affect the delayed fall in arterial pressure in

cats and sheep foJ-lowing endotoxin administration, but it inhÍbited

the delayed fal1 in arterial pressure in the dog, which confirms

previous observations (Hinshaw et al., L967i Greenway & Murthyf 197f).

In view of the marked species difference observed in the present

section, the effects of aspirin will be discussed in relation to the

acute and delayed effects of endotoxin.

The pulmonary vascular bed is involved in the acute response to

end,oÈoxin in cats and sheep and the portal vascular bed is invOlved

in the dog (Gilbert, 1960; Halmagyi, SÈarzecki & Horner' L963)-

Despite this difference in the site of action of endotoxin, aspirin is

an effective inhibitor of the acute response to endotoxin in all three

species, suggesting that there may be a similar mechanism of action.
5-HT is released by endotoxLn in vivo (Oavis et aL,1960¡ Davis etaI.,

1961) and in vitro (des Prez et a7.r 1961). The vascular response to

5-HT is complex but includes a rj-se in pulmonary artery pressure in

dogs, cats and sheep (Aviado, 1965). Sodium salicylate inhibits the

local effects of 5-HT on forearm vessels in man (Glover, Marshall 6,

hlhelan, 1957). Hol^Iever, in the present study, aspirin did not affect

the change in central venous pressure or arterial pressure of sheep

caused by 5-HT infusion. In fact, the highest dose of 5-HT had a

significantly greater effect on central venous pressure in the
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presence of aspirin"
Endotoxin induces an acute faII in platelet count in rabbits and

dogs (lavis et aJ-"t 1960; Davis et a7", I96t; Stein 6, Thomas, L967)"

In vitro studies have sho\,\in that the addition of endotoxin to platelet-

rích rabbit plasma is associated with both platelet aggregation and

the release of 5-HT (des Pr ez et al-. , L96I) . Aspirin combines

írreversibly with the platel-et membrane, alters platelet adhesiveness

and inhibits platelet aggregation (o'Brien, 1968; Weiss et a7-, 1968;

Evans et a7., 1968) . The release of 5-HT by small doses of thrombin

and collagen is inhibited by aspirin (Evans et al-. , 1968) , but the

response to large doses of thrombín j-s unaffected, suggesting a

competitive inhibition. Aspirin coufd therefore affect the response

to endotoxin either by altering platelet aggregation, or by inhibiting

the release of the vasoactíve agents, or both. However, aspirin had

no effect on the fall- in platetet count folÌowing endotoxin in dogs,

and, if anything, there \^Ias a greater fall in cats and sheep. Thus

aggregation \^/as not inhibited. However , aspirin did inhibit the

release by endotoxin of a 5-HT-l-ike substairce into blood. this

inhibition I^Ias competitive and, in this respect' was similar to the

effeqts of aspirin on the release reaction initiated by thrombin

(Evans et a7., 1968; Smith e Vüillis, 1971) " The increase in half-

life of 5-HT in blood from f.14 Lo 3.1 minutes in the presence of

aspirin suggests that aspirin not only affects the release of 5-HT but

atso its uptake. Since the active removal of 5-HT from blood is by

platelets (eorn e Gilfsont L959; Pletscher, 1968), aspirin is
presumably acting on these elements.

It is possible that aspirin may also affect the release by

endotoxin of other vasoactive agents such as prostaglandins and

histamine. Rel-ease of prostaglandins from the spleen during nerve

stimulation is inhibited by both aspirin and indomethacin (Ferreira,

Moncada & Vane , I97I). Aspirin also inhíbits the release of prosta-

glandings from platelets in vitto (Smith c Wil-Iis , L97I). The resul-ts

of the plasma assays show that a vasoactive agent other than 5-HT

may be released. by the action of endotoxin on the constituents of
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blood. The precise nature and amount of this substance requires

further investigation.
A second aspect of our resufts is the marked species difference

in the effect of aspirin on the delayed fall in arterial pressure

following endotoxin. Hinshaw et af. (1967) concluded that the delayed

faII in arteriaf pressure following endotoxin in dogs \^Ias secondary to

the acute rise in portal venous pressure, since aspirin abolished both

effects of endotoxin in this species " These results show that this

explanation cannot be so in cats and sheep, since the abolition of Èhe

acute vascular response did not after the deJ-ayed vascular effects.

The explanation for the persistence of these delayed vascular effects

in cats and sheep is not c1ear, but may be retated to a failure of the

Iungs to remove vasoactive substances (vane, 1969). However, in

Section 54, aspirin abolished the delayed effects of endotoxín on

arterial pressure of cats. Animals in this secÈion were not ídentical

to those in the present section, since an extra-corporeal circuit for

superfusion was incl-uded and this may have modified the delayed

effects by increasing the catabolism of vasoactive agents normally

removed by the lungs. Further studies on the pulmonary extraction of

vasoactive agents following endotoxín in aII three species are

necessary.

The levels of salicylate in man at which toxic effects become

apparent is 25-30 m9m/100 ml plasma (smith, 1959) . The dose of

aspirin used in this study to abolish the delayed faII in arterial
pressure in dogs gave a mean plasma levef of 2I.9 mgm B. In sheep,

the levels were not measured, but would have been considerably lower

than this, since the dose of aspirin used \^/as one-tenth that in dogs.

These results suggesÈ that the effect of high circulating levels of

aspirin in the Èherapy of endotoxin shock in man should be investigated.
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SECTION 7

TIIE EFFESI OF ORÀI. CONTRÀCEPIIVE TI¡ER,APY

OI THE RESPO¡SE TO TIITING

An a¡cocLatlon batr¡cn oral contrtccptl-ve therapy and the onset
of hlperteneÍon Ls urll ducribad (Laragh, Sealey, Ledinghan & Newton,

1967¡ ïtrodt¡ 1967; Harri¡, 1969¡ MacÍntosh, 1968; l{eJ.r, Tree &

Frarcr, 1969¡ Clcay, Foy. tbdge t Lrnbcr¡, L9721. Pr¡rther¡r,re, cear-
atton of oral contraceptivc therapf D¡y bc aseocíated wlth a remieeion
of hlpertenslon (Laragh at aJ, ., L967; Harris , L969¡ ttacintogh, 1968;

Clczy et aL., L9721. 1Ihe cauae of hl4nrtenglon in these subjects J.s

unknorn, but oral contraeeptlve therapy le aesoclated wlth reversible
elevations Ln renin ¡r¡batrate ard plasna renin actlvity (Skinner,

Lumbers e Syrcndor 1969; Laragh et aI ., 1967), and as a consequencc

angLotenrin II (CaÍ.n, Walterg & Catt, tg7l) and aldosterone levels are

also raieed (Layne, lleyer, Valehwanar & Pincus, L962').

Assunption of the uprlght poetr:re is a repeated stress on ttre
cardiovascular syrtr n oq>ensated for by both the slmpatho-adrenal
(Vendealu, 1960¡ llolzahn, Dieernan, HalLm, Loh¡nann & Oelkers, L972)

and renLn-anglotensl,n ryrtoe (Catt, CaJ.n, Coghl-an, Zimmet, Cran &

Beat, 1970¡ þlzrhn et aI .. L9721 .

The present prelintnary etudy wac desigmed to exanine the effect
of oral contraceptive thcrapy on thc cardiovascular response to the
streas of tllttng.

HEIHODS

Su.bJecta (4 nales, 3 feoalee).
Seven ap¡rrently normal eubJects, aged 27-39 years, were sr:bjected

to 85o ¡nsefve feet down tllttng before and 10-12 days after the
conûencement of oral contraceptive therapy (Anacyclin: 5 subjecte;
Eugrlznon: I aubJect¡ Orn¡len: I subjecti aee Appendix 7.6 for chemical

con¡nsition of agents) .

À1I subjects rceted recumbent for one to two hours prior to the

onget of postural gtree¡. Durlng this time a Bardic intracath (I7G)

or a Bardic anglocath (16G) was inserted into an antecr¡.bital vein
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for collection of venous blood samples. A catheter (No. I Portex

Nylon tubing) was threaded into the superior vena cava through a

Bardic I7G needte inserted into a second antecubital vein" This

catheter was used for injectíon of indocyanlne green (Cardio-Creen'

Hynson, Westcott & Dunning) for estimation of cardiac output. Heart

rate Ì^ras calculated from elecÈrocardiograms obtained at lO-minute

intervals preceding, during' and after tilting.
The subjects were tilted feet down to an angle of 85o to the

horizontal for periods of up Èo 30 minutes. The period of tilting

was reduced only when subjects fainted. Muscular activity in the

lower limbs was mini¡rised in all the subjects by supportíng them on

a saddle.

In four subjects cardiac outputs were estimated at lO-minute

intervals using indocyanine green (5 mgn,/2 mr) ' The change in

arterial concentration of dye was measured by a lVaters Densitometer

(xP-302) and a dichromatic ear piece and recorded on a Texas

Instruments servo-recorder. Thís technique has prevíously been

sho\^rn to provide an adequate estimate of relative changes in cardiac

output (ca¡e, Tuckmaneshillingford, L962). Areas under the dye-

dilution curves were calculated using an Olivetti Programma I0I

computer (HaIl- e TYler, I97L) .

Venous blood samples (IO mI) were colfected for estimation of

plasma renin activity, plasma renin concentration and renin substrate

1evels at the following Èimes: immediately before tilting, three

samples to provide control values; at tO-minute intervals following

tilting of the subjects; and then for three lO-minute intervals

following resumption of the horizontal position.

Plasma renin activity, plasma renin concentration and renin

substrate levels were estimated, as previously described in Section IB.

RESULTS

1. Cardiovascular lesponse.

Before oral contraceptive therapy three subjects fainted 10-15

minutes after tilting and a fourth subject fainted 30 minuÈes after

tilting. However, during oral contraceptive therapy none of the



66

subjects fainted.
(a) Heart rate. The changes in heart raÈe in response to tilting

before and during oral contraceptive therapy are shown in Fig.7.I.

Detailed data are shown in Appendix 7.I. Mean control heart rate

before tilting was 65.7 b.p.m. (t I.15 S.E.). Heart rate increased

on tilting; this increase became significant 30 minutes after titting.

Ten minutes after resuming the horizontal position, heart rate had

returned to control values and thereafter there \^¡as no further

significant change.

During oral contraceptive therapy, mean control heart rate was

59 b.p.m. (fI.15 S.E.), which was significanÈIy lower than control

heart rates before oral contraceptive therapy (paíred "t" test:
p<0.05). Furthermore, there \^/as a significant increase in heart rate

10 minutes after tilting (P<0.01) . This increase in heart rate was

maintained until return to the horizontal when heart rates returned

to pre-tilting values within I0 minutes.

(b) Cardiac output. The per cent. changes in cardiac output before

and during oral contraceptive therapy are shown in Fig. 7 -2-

Detailed data are shown in Appendíx 7.2. Before oral contraceptive

therapy 2 out of 4 subjects, in whom cardiac output was estimated,

fainted 10-15 minuÈes after tilting. Mean cardiac output had fallen

to 82.5S of control values within IO minutes of tilting. This fall

was significant (P<o.oI). In the two subjects who did not faint,

cardiac output continued to fall. After return to the horizontal,

cardiac output returned to 87.8% of pre-tíIt values within l0 mínutes,

a value not significantly different from control values.

During oral contraceptive therapy none of the subjects fainted

during tilting. Since the cardiac outputs \^tere related to areas

under the curve rather than absolute values, no comment can be made

on the effect of oral contraceptive therapy on resÈing cardiac output.

Ho\^rever, 10 minutes after tilting, cardiac output had fallen to a

mean of 85.0t of control tevels (P<0.1). rn marked contrast to the

changes prior to oral contraceptive therapy, cardiac output rose

during the succeeding 20 mlnute tilÈ period to 88.0% and 89.58 of
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control val-ues, neither of which were significantly below control
values. After returning to the horizontal, there \^las a further rise

in cardiac output which was not significant.
2. Response of the renin-angiotensin sgstem.

(a) Substrate. Mean changes in renin substrate in five out of seven

subjects following commencement of oral contraceptive therapy are

shown in Fig.7.3. Detailed data are shown in Appendix 7.3. In all

subjects there was a rise in renin substrate which was significant
(witcoxon Ranking test: P<0.001). Changes were not significant, as

tested by a paired 'ttt' test, as one subject showed a marked. elevation

in renin substrate. There \^ras no change in renin substrate leve1s

during tilting either before or after commencement of oral contra-

ceptive therapy.
(b) PLasma renin activitg. The mean changes in plasma renin activity
in six out of seven subjects are shown in Fig.7.4 and the per cent.

change in Table 7.1. Detailed data are shown in Appendix 7.4. one

subject had an unexplained marked elevation of plasma renin activity
prior to tilting both before and during oral contraceptive therapy.

The results for this subject have been excluded from the values used

for statistical analysis on the basis that they vtere an outlying

observation, as tested by Dixon's gap test or the ratio (Range/

Standard Deviatíon) (Bliss, L967) .

Before oral- contraceptive therapy, there was a rise in plasma

renin activity in all subjecÈs within 10 minutes of tilting. rn

those who did not faint there was a further rise 20 and 30 minutes

after tilting. This ríse was significant 30 and 40 minutes after

tilting (P<0.02) . Fo1lo\^ting a return to the horizontal position,

there \^tas a slow variable fa1l in af I subjects.
After conmencement of oral contraceptive therapy, control plasma

renin activity was significantly elevated (P<0.02). DespíÈe higher

control levels, all subjects showed a rise in plasma renin activity
during tilting, and this elevation was significant 30 minutes after

tilting (P<0.05). The per cent. change in ptasma renin activity
was similar to that observed prior to Èreatment (Table 7.I.). Return
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TABLE 7 .I

Þrcentage change in plasma renin activitg and prasma renin concen-
tration. Pre-tiJting vafues = 100%.
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to the horizontal position was again associated with a gradual

return to control plasma renin acÈivity in al-l subjects.
(c) Plasma Ïenin concentration" changes in plasma renin concen-

tration in seven subjects during tilting, before and after commence-

ment of oral contraceptive therapy, are shown in Fig. 7.5. Detailed

data are shown in Appendix 7.5. Per cent. changes are shown in

Table 7.1. Before commencement of oral conÈraceptíve therapy,

titting \^/as associated with a variable rise in plasma renin

concentration which was not significant. Resumption of the horizontal

pOsition was associated with a fall in plasma renin concentration.

Administration of oral contraceptj-ves was associated with a rise

in plasma renin concentration in four subjects, no change in one,

and a faII in two. Overall, there \^7as a slight ríse which was not

significant. Tilting was associated with a rise in plasma renin

concentration ín five out of seven subjects, the rise being

significant 30 minutes afÈer tilting (P<0.05). The mean per cent.

rise ín plasma renin concentration 30 minutes after tílting (176.5)

was not significantly different from the per cent. rise in plasma

renin activity (175.9). Return to the horizontal position was

associated with a variable slohr falI in plasma renin concentration.

DISCUSSÏON

These results clearly show that the administration of oral

contraceptives is associated with a marked increase in the ability

of the cardiovascular system to compensate for Èhe relatively severe

stress of passive feet down tilting. Thus during oral contraceptive

therapy no subject fainted duríng tiltíng, while prior to oral

contraceptive Èherapy three out of seven subjects fainted within 15

minutes, and a fourth fainted at the end of the tilÈ period.

The mechanism of this increased compensation by the cardio-

vascular system probably depends on severaf factors. Before tilting,

subjects receiving oral- contraceptive therapy had significantly

lower heart rates than those recorded prior to oral contraceptive

therapy, but during tílting similar hearÈ rates \¡tere recorded. Thus

oral contraceptive therapy \¡¡as associated with an increased cardiac
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response to postural- stress. Further evidence for such a response

is provided by the changes in cardíac output. Thus, prior to oral

contraceptive therapy, tilting caused a progressive faIl in cardíac

ouÈput, while during oral contraceptive therapy, after initially

falling to similar values, there was a progressive rise in cardiac

ouÈput during the tilÈ perj-od. It is possible that there \^¡as also

a greater íncrease in peripheral resistance, thus maintaining arterial

pressure high enough for adequate cerebral- perfusion.

The increased cardiac response to tilting may be related to the

changes in the renin-angiotensín system caused by oral contraceptive

therapy. Oral- contraceptive therapy was associated with a signifi-

cant rise in both renin substrate and plasma renin activity,

confirming the observations of others (Laragh et aL.' L967; Skinner

et a7., L96g; V'falters 6, Lim, 1970) . These changes in renin activíty

are associated with increased angiotensin II levels (Cain et af.'

I97I) . Oespite significantly higher control plasma renin activities

during oral contraceptive therapy, tilting \^Ias associated with a

further significant increase. Furthermore, tilting caused a

significant increase in plasma renin concentration not observed

prior to oral contraceptive therapy.

An increase in angiotensin II levels is associated with

immediate and delayed effects. The l-atter are related to the effect

of angiotensin on salt and ',,/ater balance due to an increase in

aldosterone levels (l,ayne et aL., L962; Laragh et aL. ' 1967). Thus

oral contraceptive therapy is associated with a signíficant increase

in cardiac output, blood volume, and mean arterial pressure (lfalters

& Lim, 1970), all of which may be explained by an increase in

aldosterone leve1s. lVhile such changes may account for the increased

ability of the cardiovascular system to compensate for posÈural

stresses, the effects of an acute rise of angiotensin levels on the

cardiovascular system may also play a part. The pressor response to

intravenous infusions of angiotensin in man is due in part to a

cenÈra] stimulation of peripheral slmpathetic nerves (Scroop & Whelan,

1966). In greyhounds, angiotensj-n has an indirect effect, important
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in circulatory homeostasis during haemorrhage (Katic et a7. , L97I) "

This response may be due to an inhibition of vagal tone on the heart'

thus causíng a relative increase in sympathetíc activíty (Scroop e

Lowe, 1969).

A further possibility is that the administration of oral

contraceptives is associated with an increased sensitivity of the

cardiovascular system to either angiotensin or noradrenaline, or both"

Thus, the presence of angiotensin in the perfusate of isolated

vessels is associated with an increased response to noradrenaline and,

furthermore, angiotensin infusions in vivo inhibit. the uptake of

noradrenafine (Khairallah, Davila' Papanicolaou, Glende & Meyer, I97L) '

In the present stud.y there was a significant increase in plasma

renin concentration in response to tilting during oral contraceptive

therapy not observed prior to therapy. An explanation for this

difference is not immediately apparent. Hohlever, the technique used

in the present study to determine plasma renin concentration reduces

plasma pH to 3.3 before dialysis to pH 7.5, It has been shown that

exposure of renin in amniotic fluid to pH below 4.5 is associated

wíth a marked increase in enzlzme activity (Lumbers, 797L).

Thus renin at physiological pH exísts in two forms, one only

activated by 1ow pH treatment" The physiological significance of the

"inactive" renin present in plasma is unknown, but, since oral

contraceptive therapy vùas associated with a rise in plasma renin

concentration during tilting, it is probable that there is an

increased. amount of "inactive" renin released during postural stress.

Finally, these results offer an explanation for the onset of

hypertension in some individuals during oral contraceptive therapy.

Such individuals may have heightened responses to the daily repeated

stress which upright posture imposes' or they may be unable to produce

inactive renin. In such individuals the inactive-active renin ratio

would approach one, and consequently rises in angiotensin II may be

greater.
Simultaneous estimations of catecholamines, angiotensin and

active-ínactiüe renin during titting in normotensive and hypertensive
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subjects are necessary in order to establish the significance of

such a mechanism in the aetiology of oral contraceptive-induced

hypertension "
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6. Dixon Gap Test for outlging obsetvations"

x2-x1}{r =-xn-xl

F.2=

R3=

(n:¡toB)

(n=8to13)

(n = 13 to 30)

x1

x -Xrn'

= suspected outlying value.

= range of values including suspected value.

7. Pearson d Stephens' ratio (R) fot outlging observations.

ft= xn-xl
S

x.- -xt = rançte including suspected value.

s = standard deviatíon of the total sample.
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APPENDIX 1 " 1

KREBS SOLUTTON

Gassed with 5t C\C2, 95t 02.

APPENDIX I.2

Butfers used to diaTgse sampTes for estimation of pTasma renjn

activitg and concenttation.

Nacl

KCl

Naltrco3

KH2Po4

Glucose

CaCI2

MgCI2

pH 3.3

lhino-acetic acid

HCl

EDTA

NaCI

pH 4.5

Citric acid

Na2HPO4.I2H2O

EDTA

NaCI

pH 7.5

NaH2PO4.L2H2Q

Na2HPO4 .L2H2O

EDTA

NaCI

0.1179 M

0.0047 M

o.o25 M

0.0011 M

0.0055 M

0.0025 M

0.001 M

0.05 M

0.01 M

0.0051 M

0.0949 M

0.0028 M

0.045 M

0.005I M

0.0821 M

0.0122 M

0.0867 M

0 ¿001 M

0.075 M

t

2

3
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APPENDIX 2 "L
CorteLation between angiotensin concentration as caTculated from

catdíac output and as determined bg bioassag.

0 .66

0. 17

o.64

o.64

0 .36

o.67

4

r.07
0.8

0 .53

1.0

0.43

o.2

3

o.32

o.64

r.43
1.6

o.22

o.49

L.L2

r.4

2

0. 31

o "28

0.44

0 .38

I

Determined by bioassaYExpectêd from catdiac outPutDog
engiotenqin (ng/ml)Concentration of
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APPENDIX 2.2
Correfation between adrenafine concentration as cafcuLated ftom

cardiac output and as determined bq bioassag "

L.25

0.63

3.I
L.62

o.92

1.0

2.5

1.59

3

3.1

I .11

o.74

o.2L

o.72

2.4

r.5
o.74

0.38

0. 95

2

4.O

1.5

9"0

4.2

4

I
I

0

7

6

5.1

1

Determined by bioassaYExpected from cardiac outputDocI

nq,/ml)Concentration of Adrenaline
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APPENDTX 3 " I

DOGS

Effect of sl-ow (S) and fast (F) haenorrhage on bLood pressure (8.P.) o

centraf venous pres.sure (C.V.P.), angiotensin Tevefs (A-T) and

catechofamine Tevefs (C-A).
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APPENDIX 3.2

CATS

haemotthage on blood pressute (8"P") '
, angiotensin Tevels (A-T) and

Effect of sfow (S) and fast (F)

centraf venous pressure (C.V.P.)

catechofamíne Levels (c-A) .
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m
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APPENDIX 3.3
DOGS

Effect of sfow contínuous haemotthage on bfood pressure (8.P.), çenttaT

venous pressure (C.V.P.), angiotensin fevefs (A-T) and catechoTamine

Levefs (C-A) .
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APPENDIX 4.L

Changes in bfood pressure and circuTating catecholamjnes during hgçnxia and haemotrhage to 60 mm Hg.

CATECHOLAI'IINES (ng/kg/mj-n) (Adrenaline Equivalent)
BLOOD PRESSURE

\o
@

Dog

Mean

t S.E.
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APPENDIX 5.1

DOGS

øffect of endotoxin on bLood pressure expressed as a percentage of

controT.
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APPENDIX 5.2

DOGS

Effect of endotoxin on central venous pr^essute.
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APPENDIX 5.3

CATS

Effect of enëlotoxin on bTood pnessure exptessed as a percentage of
controT.
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APPENDIX 5.4

CATS

Effect of endotoxin on central venous pressute.
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APPENDTX 5A " 1

Effect of endotoxin on bTood pressure (8"P.) and centxaf venous

pressure (C.V.P.) of aspitin-tteated cats-
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APPENDIX 6.1

Effect of endotoxin on bTood pqessu7e (8.P") and centtal venous

ptessure (C.V.P.) of aspirin-treated cats.
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APPENDIX 6 "2

Effect of endotoxin on bLood pressure (8.P.) and centtal ve¡lous

pressure (C.V.P.) of aspirin-treated dogs.
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APPENDIX 6.34

CONTROL SHEEP

Effect of end.otoxin on bTood pressute (8.P.) and centxaL venous

pressure (c .V.P. ) .
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APPENDIX 6.3B

ASPTRTN-TREATED SHEEP

Effect of endotoxin on bTood pressute (8.P.) and centtal- venous

pressure (c.v.P. ) .
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APPENDTX 6.4

CATS, DOGS ' SHEEP

PfateTet count in control (c) and aspirin-treated (A) animaTs

foTTowing end.otoxin, exptessed as a percentage of pre-endotoxin

counts.
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APPENDÍX 6 " 5

SHEEP

Effect of aspirin on the response of bJ-ood pressu:'e and centtal

venous pressure to inttavenous infusions of s-HT. ¡C = conttoT;

A = during aspirin)
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APPENDIX 6.6

DOGS

The generation rate in ng/n|/nin of a S-H?-like substance in dogs'

bTooèl foTTowing incubation with endotoxin in the presence and

absence of aspirin. Each generation rate js determined in a

different animaT.
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APPENDTX 1.L

Effect of tiTting on heart rate before and duríng oraT contraceptive

(o.C. ) therapg .
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APPENDIX 7 "2

Effect of tiLting on the catdiac output before and during otaT

conttaceptive (O.C.) thetapg. Changes are exptessed as a petcentage

of pre-tiLt vaTues.
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APPENDIX 7.3

Effect of otaT conxraceptive therapg

on tenin substrate concentration.
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APPENDÍX 7 "4

Effect of tiLting on plasma renin activity befote and duting oraT

contraceptive (O"C.) therapg^ Ðata ftom subject 4 are excluded in

cafcufating the means.
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APPENDIX 7.5

Effect of til-ting on pTasma tenÍn concenttation before and duting

oraf contraceptive (O.C.) thetapg.

BEFORE O. C. THERAPY

5. 11

1" 17

5.23

1.03

6 .13

o.97

9"70

1.5
5.33

L.29

5 "77

1.18

5.93

o.67

Mean

T S.E.

DURING O.C" THERAPY

10 .8 9

7

2

9

3

2

3

5

7

4

0

3

4

9.1

1.4

6.0

8.1

3.2

9.6

3.0

IT "7
6.8

3.6

6.0

2.1

6"6

3"0

5.9

7.4

3.8

ro.2
1.5

3"2

15.5

L2.4

9"6

8.1

6"3

6.3

9

6

4

9

5

5

2

7

I
5

0

I
4

4

3

7

3

9

3

6

9

5

0

5

8.3

4.5

2"9

10.5

3.0

4.2

2.4

3 3

0

6

I
0

9

2

6 3.9

3 0

I
2

3

4

5

6

1

4"9

0.53

5.L2

0.89

6.r2
L.27

5.33

2.O5

5.r
2.30

6.65

L.52

5.31

o.52

Mean

t S.E.

5

6

0

5

5.7

5"4

3"8

3.0

9 0

3

3

6

3

6

6

5

3

2.4

3.0

8.I
5"4

6"3

11.0

2.9

3.0

qL

3.0

3"6

o?

Fainted
Fainted

Fainted
2"6

3.0

9.2

4"5

6.3

13 .0
22

3-6

7 0

6.8

8.6

3.3

2.4

6

5

7

I
0

I
9.6

3.3

3.0

1

6

5

5

3

3

0

3

0

4

3

0

3.0

1

z

3

4

5

6

7

Post-TiltTiIIPre-TiItSubj ect



116

Anacyclln

Eugrlnæn i

Ovulen

ÀPPED¡DIX 7.6

Lynoestrarnl
tle¡tranol

l{orgestrel
Ethfnyloectrrdiol

Ethynodioldiacetate
Ethlnyloestradlol

2.5 mgm

0.075 ngn

0.5 ngur

O. O5 ngnn

0.5 ngm

0.05 qm




