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INTRODUCTION 

Experimental animal studies on the affects of drugs on 

the coronary circulation have usually been employed to provide 

quantitative and qualitative data for clinical trials of this 

group of agents in humans. Species variations in the responses 

to these drugs have been largely overlooked. The concensus of 

opinion is that s,ympathetic accelerator nerve stimulation, or 

intracoronary administration of catecholamines (noradrenaline 

and adrenaline) induces coronary vasodilatation (Anrep, 1926; 

Gregg, 1946; Gregg, 1950; Wegria, 1951) in all species. Although 

there is considerable disagreement as to whether this dilatation 

is a direct affect or is secondary to metabolic activities of the 

myocardium, the viev expressed in most physiology texts is that 

noradrenaline o~ adrenaline bas a direct vasodilating effect on 

the vessels of the heart. 

Barbour and Prince (1915) obtained evidence that a decrease 

in coronary flow vas the constant response to adrenaline in freshly 

isolated perfused hearts of monkeys. Since then, several vorkers 

have reported species variations in responses of the coronary 

circulation to catecholamines (Drury and Smith, 1924; Katz !:ft. .Al..&,, 

1948). However, in most of the se reports, the re sul ts vere hardly 

sufficient to allov adequate conclusions to be dravn. Several 

investigators have presented data to support the view that observed 

decreases in coronary flow in response to the catecholamines are 
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most likely due to mechanical impedance of coronary flow, re sul ting 

from the associated ~ocardial stimulation induced b.y these agents 

(.Alüquist, 1948; Lu and Melville, 1951). 

In view of the earlier experimenta of Barbour and Prince (1915), 

and the conflicting reports on the responses of the coronary 

circulation to catecholamines in other species, it was of interest 

to undertake a systematic investigation of the affects of adrenergic, 

as well as adrenergic-blocking agents, on the coronar.y flow and heart 

contractions, as recorded simultaneously in isolated hearts of monkeys. 

It was also felt that the affects of these agents on the coronar.y 

circulation in this species, might be more like their affects in man 

than the affects observed in other species. 

It has been reported that blockade of adrenergic beta receptor 

mechanisms in the heart by the drug pronethalol, is of some clinical 

importance in the therap,y of cardiac ischemie diseases (Dornhurst and 

Robinson, 1962). It has also been reported that glycer.yl trinitrate 

and trolnitrate possess eardiac adrenergic blocking actions in 

experimental animals (Gillis, 1965). Hence, it was of interest to 

study the role of adrenergic mechanisms in the actions of nitroglycerin 

and trolnitrate on the coronar.y circulation. 

An.ginal pain is believed to be due to coronar.y arteriolar 

constriction or vasospasm, and nitroglycerin when administered 

sublingually is reported to be the most effective agent in relieving 

this pain, on the assumption that it produces a coronary dil~tor affect. 

Gillis (1965) using anesthetized open-chast dogs, failed to observe 

a coronary dilator affect by sublingual nitroglycerin administration; 
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and, even with the intravenous route, only a transient dilator 

responae could be evoked. On the basis of these findings, it seemed 

unlikely that auch a weak and transient dilator effect of nitro

glycerin (even in large doses) could be effective in antagonizing 

vasospasm, if angina is due to spasm of the coronar.y vessels. To 

investigate this problem more thoroughly, it was considered worthwhile 

to study the effects of nitroglycerin when administered sublingually 

during experimental spasm of the corona.ry vascular bed induced by 

vasopressin. 
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ll· HISTORICAL REVIEW 

. A. SPECIES VARL\TIONS IN CA.liDIAC ADRENERGIC RESPONSES 

In the response to adrenergic and lll8l.V' other agents, species 

differences exist. While various investigators bad hitherto 

demonstrated coronary dilatation in the response to catecholamines, 

Wiggers (1909) was the f'irst to report a coron.a.ry vasoconstrictor 

action of' adrenaline. Isolated hearts were parf'used with a stream. 

of' normal saline regularly' interrupted ~ stopcocks, and acti vated 

~ a cam and motor deviee. As the coronary vessels were supplied 

by a reythmically interrupted stream of' f'luid, any oscillatory 

changes could be recorded k;y:mographically af'ter being magni:f'ied by" 

a membrane manometer. Using this procedure it was demonstrated that 

adrenelil".e ( 0.1 to 3. 0 mg - Parke Davis and Compat\V') when added to 

the perfusion f'lu:td, was capable of' constricting the corona:r.r vessels 

in the isolated hearts of' dogs, cats and rabbits. The simultaneous 

ef'f'ect on the heart of this agent was eliminated since perfusion wi th 

normal non-oJcy"genated saline brought the hearts to a complete standstill 

and f'ollowing adrenaline adndnistration, there was no evidence of cardiac 

stimulation. The exact physiological state of' auch preparations is open 

to some question. 

Brodie and Cullis (1911) studied the actions of' various substances 

upon the heart beat and upon the rate of' now of perfusion nu:td 

through the coronary vessels of' isolated mamma1 ian hearts (no species 

given). These isolated hearts were perf'used with o:Jcy"genated saline 
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and the fluid escaping from the corona:ey vessels was measured with 

a volume recorder connected to a .tunnel. The apparatus was calibrated 

so that a definite height in the recorder indicated a definite flow. 

Following administration of 100 pg of adrenaline chloride (1:1001 000) 

a preJindna:ey coronary constriction was observed followed qy marked 

coronary dilatation. Because of the importance of this observation, 

in respect to the question of a s.ympathetic vasoconstrictor nerve 

supply to these vessels, the presence of which bad previously been 

denied; the actions of this agent was further investigated on isolated 

rabbit hearts, using the same procedure. It was observed that following 

injections of adrenaline chloride (1 pg) 1 a 5~ decrease in corona:ey 

flow occurred. This vasoconstriction, however 1 was soon converted 

to a vasodilatation, and with larger doses (10 pg) the primary response 

was vasodilatation. On the basie of these observations, it was 

concluded that adrenaline in small doses (not enough to alter t'be heart 

action) ~ cause true coronary constriction and that the decrease in 

flow with large doses may be due to the accelerator effect and increased 

cardiac muscle contractility impeding flow through the coronar,y vessels. 

The coronary vessels were, therefore, believed to possess constrictor 

and dilator nerve supplies of sympathetic origin1 a1though this was 

not directly established. 

Cow (19ll) using a 50 ml capacity constant temperature bath with 

o:x;ygenated saline and recording isotonically changes in tension, noted 
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that isolated etripa taken from different sections of the pulmona:r:Y' 

a.rtery of sheep, oxen, goats, rabbits and humans (as soon as possible 

atter dea th) 1 varied in their responses to adrenaline chloride ( o.OO'.l.% ). 

Bowever 1 in this study 1 pure vasodilatation vas demnstrated for the 

coronary srteries (larger portion). Cov interred from these 

observations that different portions of the same artery mq react 

ditferently to this agent. 

A species variation vas clearly demnstrated by Barbour (1912), 

who observed relaxation in isolated coronar,y strips obtained from dogs, 

cats, rabbits, oxen, sheep and pigs, but contraction in human coron.a.ry 

etripa. He employed lvByers (1906) nsthod by vhich arterial strips 

usually of about 2 cm long vere suspended in a 50 ml bath (filled vith 

oxygenated Ringer solution) 1 and maintained uzxier tension to remve 

the tonus. Doses (625 pg) of synthetic adrenaline (1:11000 suprarenin

Parke Davis and CompSlV') vhen added to the bath produced relaxation in 

the arteries of all species studied, except in the human coronar,y 

arteries vhere contraction vas the constant response. It vas concluded 

that unlike in other animals, the human coronar.y vessels vere presumably 

supplied vi th vasoconstrictor nerves of sy:mpa.thetic origin. This method, 

however 1 investigated the responses of the larger arteries only, and 

did not talee into account the remaining portion of the coron.a.ry arterial 

system. lb report of the state of the human coronary arteries vas made 

and serum. vas also added to this preparation presumably, to prevent 

oxidation of adrenaline. 

In spite of these observations, the concensus of opinion vas that 

adrenaline and noradrenaline vhen adm:l.nistered intravenously produced 
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augmentation of coronary flow. Mora'Witz and Zahn (1912) confirmed 

the finding of Maass (1899) that accelerating nerve stimulation in 

anesthetized cats caused an increase of coronary flow, which Maass 

thought, indicated the presence of s,ympathetic coronary dilator 

nerve fibres in this species. They inserted a catheter through the 

right auricle into the coronary sinus of hirudinized cats and dogs. 

Coronary outflow was recorded with a volume recorder. The coronary 

blood thus collected was returned through a slow feeding burette into 

the jugular vein. Adrenaline chloride (0.3 mg/kg) was administered 

intravenously. The ef'fect on the coronary outflow was show to be one 

of extreme augmentation. It was suggested that the observed ef'f'ect 

might be either due to an actively stimulated vasodilator mechanism, 

or an increase in metabolites. In f'act, based on this observation, 

angina pectoris was treated with adrenaline chloride by Budingen 

(1914) but no positive resulte were obtained (reported by Morawitz 

and Zahn, 1914). This led to the speculation that anginal attaclœ 

may not be due to spasm of' the coronary vessels. 

In all previously reported investigations concerning the coronary 

dilatory action of adrenaline, only intact animale were used. Such 

investigation did not take into account indirect factors e.g. blood 

pressure changes which might influence coronary flow. Barbour and 

Prince (1915) using freshly isolated hearts of monkeys demonstrated 

pure coronary vasoconstriction in response to adrenaline chloride. 

A method was selected which excluded the indirect factors which may 
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have been encountered by M:>rawitz and Zalm (1912). This was the 

perfusion method of Rosenhein (1900). By this procedure, the 

perfusion fluid f'lowed through the coronary vessels by hydrostatic 

pressure; was collected, o:xygenated, and recirculated through the 

system. Coronary outf'low was recorded with a simple (Codon 191.3) 

volume recorder. NO recording of heart contraction amplitude was made. 

M:>nkeys of the species Ma.eacus rhesus were used and normal 

rabbits used as the control animale. The animale were decapitated 

and the blood collected into a vessel containing 0.02 to 0.04 gm 

of hirudin dissol ved in 50 ml of Locke solution. The blood mixture 

was filtered and diluted when necessary to make about 150 ml, so that 

the blood constituted one-third to one-half of the total mixture. 

After the animale were exsanguinated, the hearts were immediately 

excised and connected to a curved aortic canmû.a of the perfusing 

system, so that the apex was positioned upward (to prevent accumulation 

of blood in the right auricle and ventricle). After thorough 

irrigation of the coronar,r vessels with Locke solution, the blood 

mixture was transferred to the reservoir of the apparatus. Perfusion 

was carried out at pressures of 501 75 and 100 mmHg and at a 

temperature of JSOC. The perfusion f'luid volume varied in the series 

of experimenta by about 2 ml. Injections were made obliquely through 

the rubber tubing at a point a few centimeters above the aortic 

cannula. To avoid changes in perfusion pressures, this was done 

slowly and wi th the needle directed against the eurre nt of the perfusion 
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fluid. In the control animale (rabbits) al1 doses of adrenaline 

ehloride (0.1 to 0.25 mg) employed, produœd an increase in coronary 

flow, while in the hearts of monke,ys coronary constriction was the 

constant response to a11 doses, (0.025, 0.1, 0.25, 0.5, 1 and 2 mg) 

and at a11 pressures employed. This observation was constant in 

14 experimenta made on the hearts of 3 monkeys and was present in 

both active and quiesoent hearts. In fact, it was even more marked 

in the latter. 

These resulta, in oonjunction with the earlier findings of 

Barbour (1912) concerning strips of human coronary arteries, suggested 

that the constricting influence of adrenaline upon the coronary 

circulation in man while having a possible bearing upon the therapy 

of anginal attacks, might a1so prove to be in soma ways re1ated to 

the etio1ogy of these attacks. This suggestion was supported b.Y 

ear1ier reports of an increased discharge of adrenaline into the 

circulation during certain amotional states, and anginal attacks vere 

often associated with exoitement. 

The observations of Barbour and Prince (J.9J.5) are, however, subject 

to several criticisme particularly in the fact that there was a constant 

re-circulation of perfUsing fluid containing various metabolites which 

may have affected the responses of the preparation. Also, the method 

of recording ooronary outflow hardly permitted accurate qualitative or 

quantitative assessments of the resulta obtained. 

Savodsk;y (1921), Anichov (1923) and Sechenov {1923) perfUsing 

the isolated quiescent heart of humans (removed as soon as possible 
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after death) reported that the coronar,y blood vessels of the newborn 

and young children dilated on perfusion Yi th adrenaline while in most 

adulte hearts, the coronary fiow was diminished. No registration of 

the state of the cardiac muscle was, however, made {quoted by Anrep 

1926). This would tend to impl:y an age difference in the response 

to adrenaline. 

Drin-y and Smith (1924), who had previousl:y observed coronary 

dilatation in the hearts of other animale, reported direct vaso• 

constriction in the heart of the tortoise Testud2 graeca. The heart 

vas exposed by cutting a circular hole in the carapace and the animale 

artificially respired. The e:xposed coronary vessels were observed 

directly through a microscope. Adrenal.ine chloride (1:1,000 and 

1:100,000) was applied directly' to the artery and the changes in 

diameter observed. In 11 out of 13 animale, Yithin 2 minutes of 

application, the coronary arteries were definitely constricted and 

blood now was reversed in these. Often large portions of the artery 

under observation disappeared, its course being indicated only by 

sections in which corpusoles were trapped. Intense vasoconstriction 

was present for over 90 minutes and was usually more pronounced in 

the smaller arteries. Microscopie examination of the main branches 

showed no significant changes in diameter. 

Katz et ~ (1938) reported a species difference in the response 

of the coronar.y circulation to adrenaline in the isolated hearts of 

cats and dogs. A modified Langedorff procedure was employed, and 
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defibrinated heparinized blood used as the perfusing fluid. Glucose 

(.3 mg) and calcium gluconate (1~) were added to the solution to 

increase the usefûlness of the preparation. Prior to the experimenta, 

several dogs or cats vere completely exsanguinated and the blood after 

being defibrinated vas passed through the lungs of one of the dead 

animale (presuma.bly to remove vasoconstrictor substances). In m.aking 

the isolated heart preparation, a pbysiological "heart lung preparation" 

was first established. A cannula was then inserted into the central 

end of the aorta, and connected to an inflov reservoir ma.intained at 

a pressure of 100 mmHg. A second cannula vas introduced into the 

right ventricle and drained into an aerating reservoir during intervals 

betveen blood now m.easurements. The hea.rt was then thrown into 

fibrillation b.Y a strong faradic current from an inductorium and the 

left ventricle drained b.Y an apical incision as soon as fibrillation 

occurred. The coronary vessels were perfused through the aortic cannula 

and the blood draining into the right hea.rt, including that from the 

coronary sinus, was measured in a graduate with a stopwatch. In 12 

experimenta, using the isolated hearts of cats, 2.3 injections or 

adrenaline chloride {1:100,000 to 1:5,000) were made. Using doses ranging 

from 1 ml of l/10,000 to .3 ml of l/5,000, it was observed that repeated 

injections {regardless of dosage and concentration) produced consistent 

resulta. Four preparations shoved a pure vasoconstriction {28%) and a, 
pure vasodilatation (60%). In the isolated hearts or dogs on the other 

hand, the primary response was vasodilatation (7-zl,) and this 
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vasodilatation response occurred either alone or preceded by a 

transitory vasoconstriction (9 injections of l ml of l/100,000 to 

1/1,000 in 6 preparations). 

These observations were oorrelated with those of previous 

authors ooncerning the responses to adrenaline of isolated coronary 

strips, and perfused coronary vessels with the heart in fibrillation 

or at a standsti1l. It was concluded that when administered, adrenaline 

bad 2 opposite coronary vasomotor affects depending on various conditions. 

These depended on the species of the animal and the nature of the 

perfusing fluid. The initial deorease in coronary flow in the dog 

preparations, was believed to be due to an action on ~athetic vase

constrictor nerva endings, since this was abolished b.y dioxane derivatives. 

They turther concluded that the experimenta provided indirect evidence in 

support of the hypothesis tbat a differential distribution of s.ympathetic 

vasoconstrictor and vasodilator nerve fibres occurred in cats and dogs. 

l-iarsh et .§.L. (1948) failed to confirm 8.!zy' ooronary vasoconstriction 

in response to adrenaline in the isolated perfused hearts of cats and 

rabbits. Using a modified Langendorff procedure with Ringer-Looke 

solution, it was observed that beth adrenaline and noradrenaline (100 ug 

of free base/litre of perfusing fluid) produced cardioacceleration and 

an increase in ooronary flow. 

Relatively recent etudies concerning the affects of noradrenaline 

and adrenaline on the coronary circulation of dogs, bave called for a 
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re-examination of points which appeared then to be wall established. 

All previous investigators had confirmed marked coronary dilatation 

in this species of animale. However, Berne (1958) and Garcia-Ramon 

(1950, cited by Charlier 1961) have reported that intra.coronary 

injections of noradrenaline and adrenaline in intact a.nesthetized 

dogs, produced a consistent reduction in coronar,r flow. This initial 

reduction was alw~s followed by a prolonged rise. From these 

observations the.y concluded that these agents cause primarily vaao-

constriction of the coronar,y vessels in doge. The secondary increase 

in coronary flow was attributed to stimulation of 11\VOcardial metabolism 

by the hypoxia produced in the cardiac muscles. 

Lu and Melville (1951) suggested that an observed decrease in 

corona.ry flow wa.a not necessarily an evidence of vasoconstriction of 

the coronary circulation in response to adrenaline i.e. a species 

difference, but ~ have been a resultant effect of intense mwocardial 

stimulation which impeded coronary flow. Using the isolated hearts of 

rabbits pertused with Locke solution, it was shown that small doses of 

adrenaline (0.6 pg) produced transient decreases in corona.ry flow and 

this was mre pronounced than when larger doses (0 • .3 pg) wre employed. 

Since the coronar,y constriction was alw~s associated with some ca.rdiac 

acceleration and stimulation, the.y auggested tha.t the marked stimulation 

was largely responsible for mecha.nically impeding flow through the 

coronary vessels. 
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In summa.ry, the experimental etudies cited, indicate that a 

speoies difference existe in the response of the coronary circulation 

to noradrenaline and adrenaline. Hovever, in most of these etudies, 

there vas one or other factors vhich could have affected the observed 

species difference in responses to these catecholamines. In the 

perfusion of the isolated hearts, there vas a re-circulation of the 

perfusion fluid (most often a composite mixture of blood and Locke 

or Ringer solution) and so the possibili ty of metabolites, or a 

deterioration of this fluid, affecting the observed responses cannot 

be ruled out. The observations of Drury and Smith (1924) and Katz 

~ ~ (1938), are most demonstrative of a species difference, since 

in the first of these reports, direct observations vere made and in 

the second, a difference was observed between animale of the same 

species under identical conditions. In view of the older experimenta 

of Barbour and Prince (1915), Savodsq (1921), Anichov (1923) and 

Sechenov (1923) it would be of interest to determine vhether a species 

difference in the response of the coronary circulation to catecholamines 

does exist and particularly in the hearts of monkeys (Macaous rhesus) 

since these animale are considered olosest to man of all the animale 

used in ourrent experimental research. 
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!!:_ AQRENERGIC RECEPTOR BLOCKADE ON THE CORONARY cmCULATION 

The concept of a receptive mechanism was introduced qy Langley 

(1905) to explain the action of curare on skeletal muscles, and Dale 

(1906) vas the first to make use of the receptor concept in 

connection with the s.ympathetic nervous 8,1Stem. He recognized that 

what he called the synq:>athetic nwoneural junction could also be 

called the "receptive mechanism for adrenaline" and this concept was 

used to explain the fact that the ergot allœ.loids prevented only the 

mtor {excita tory) actions of adrenaline but bad no affect on the 

inhibitor,y actions of this agent. 

The work of Ahlquist (1948) supported a concept of two t.ypes of 

a.drenotropic receptors, but claimed that these could not be classified 

simply as excitator,y or inhibitor,y since each t.ype ~ have either 

action depending on where it was found. Studies were made on intact 

or isolated tissue or organe of dogs, cats, rabbits and rats. Based 

on the relative responsiveness to a series of racemic s,ympathomimetic 

amines most closely related structurally to adrenaline, he postulated 

an alpha, and a beta receptor. Alpha receptors were postulated to be 

associated vith most of the excitatory functions, such as vasoconstriction, 

while beta receptors mediated vasodilatation and the cardiac excita tory 

affects of positive chronotropism and inotropism. This, however, was 

not demnstrated for the coronary vascular bed. 

Powell and Slater (1958) found that a dichloro analogue of 

isoproterenol blocked the inhibitory but not the excitatory actions 
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of sympathomimetic amines. This investigation was made on (a) blood 

pressures of cats anesthetized with chloralose, (b) uterine motility 

of female cats, recorded by an attached gravity lever, (c) femoral 

arterial blood flow recorded with a rotameter in dogs anesthetized 

with sodium phenobarbital (150 mg/kg), (d} isolated frogs hearts, 

(e) isolated intestine of rabbits and isolated uterus from rats 

suspended in a constant temperature bath containing Tyrode solution, 

and (f} guinea pig tracheal chains suspended in a muscle chamber. 

In the experimenta on cats 1 5 mg/kg of dichloroisoproterenol or (DCI) 

(Compound 20522) blocked only the secondary depressor affects of 

adrenaline but bad no effects on the pressor response to noradrenaline 

and adrenaline. From these and other experimente, it was observed that 

this agent selectively blocked some inhibitor.y affects of adrenaline 

and noradrenaline. The depressor actions of isoproterenol were 

completely abolished. This blocking action was observed to be a 

competitive one since large doses of adrenaline could overcome the 

blockade. They concluded that DCI was combining with certain adrenergic 

inhibitory receptor sites without itself causing much pqysiological 

affects, and yet was competing for these active site with pbysiologically 

active amines. 

The observations of Powell and Slater (1958) were confirm.ed by 

M:>ran and Perkins (1958) who suggested that in view of the lack of 

response to exogenous catecholamines DCI blocked beta adrenergic 

receptor sites. This agent was investigated using (a) vagatomized 
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pentobarbitalized dogs; (blood pressure and contractile force recorded) 

and (b) isolated perfused rabbits hearts using a modified Langendorff 

procedure. It was observed that DCI (1-4 mg/kg) selective!y blocked 

the cardiac positive inotropic and chronotropic effects of adrenergic 

stimuli, in dogs with intact circulatory s.ystems, and in isolated hearts 

of rabbits. After large doses of DCI (7-15 mg/kg) depression of 

contractile force was frequently observed in response to s.ympathomimetic 

amines (0.5-1.0 pg/kg), and s,ympathetic nerve stimulation. No inhibition 

of the positive inotropic effects of digitoxin, theop~lline or calcium 

chloride were observed, which demonstrated the specificity of the 

cardiac adrenergic blockade. In the isolated rabbits hearts, DCI had 

qualitatively the same blocking actions. On the basis of these 

observations, it was concluded that the adrenergic receptors of 

mamrnalian hearts are functionally homologous to the adrenergic inhibitory 

receptors of other tissues i.e. that the receptors subserving cardio

acceleration and augmentation of cardiac contractile force are of the 

beta type. 

Hashimoto et AlL (1960) reported data obtained on isolated 

fibrillating hearts of dogs to indicate the existence of s.ympathetic 

vasoconstrictor, para~athetic vasodilator but an absence of pure 

s,ympathetic vasodilator receptors in the coronar,y vessels wall. A 

modified Langendorff preparation was used, with a donor dog to perfuse 

the isolated fibrillating heart. Coronar,y flow was measured using a 

bubble flowmeter and arteriovenous oxygen difference was measured using 
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the Van Slyke apparatus. Treatment with OCI increased coroœry nov 

·" by 13f and oxygen consumption by 3/$ above pre-treatment control values. 

Prior to DOl treatment, administrations of adrenaline and noradrenaline 

(0.5 pg) had increased corona.ry nov and oxygen consumption, but when 

these were administered after DCI (1· mg/ml) coronary flow decreased 

slightly (1-15%) and recovered to the initial level but never increased. 

Isoprenaline (0.1 pg/ml) was ineffective after DCI treatment, even vhen 

large doses were administered. In DCI pre-treated animals, JI\VOCardial 

oxygen consumption was little affected by the s.ympathomimetic amines. 

They concluded that since DOl completely blocked the coronar,y vaso• 

dilatation and JI\VOCardial metabolic effects of adrenaline, noradrenaline 

and isoprenaline, the indication was that these amines cause coronar,y 

vasodilatation through a mwocardial metabolic mechanism and not through 

aqy direct vasodilator mechanism. 

The effects of the alpha receptor blocldng agent phenox;.ybenzamine 

was also investigated by these workers. Control hearts treated with 

this agent (1 mg/ml) showed an increase (11%) in coronary flow and also 

an increase in oxygen conswnption (~) over the non-treated steady 

state controle. Administrations of adrenaline and noradrenaline (1 pg) 

resulted in a greater increase of coroœry flow per unit change of 

ox;.ygen conswnption than in the untreated animale. However, phenoxy-

benzamine caused no significant change in the ratio of coronary flow 

to mwocardial oxygen consumption following administrations of isoprenaline 

(0.5 pg). From these resulta they concluded that sympathetic 
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vasoconstrictor receptors axisted in the coronar.y vessel wall. The 

presence of s,ympathetic vasodilator receptors could not be postulated 

since blookade of the coronar;y now changes seen in control untreated 

animale m:tght be due to either a blockade of nuocardial metabolic 

mechanisms or to a direct vasodilator effect. 

Donald ti AL.t. {1954), using {1- 2- naptbyl - 2-isopropyl)am:tno 

ethanol bydrochloride (pronethalol also known as Nethalide or Alderlin) 

demonstrated an effective blockade of beta receptors in the cardiovascuJ.ar 

system of the dog. They stu:lied the effect of this agent on cardiac 

output, heart rate, strolœ volume and systemic arterial pressure, using 

intact dogs, atropinized dogs, and dogs with cbronic cardiac denervations. 

Preliminar.1 etudies were made on the abilit,y of pronethalol to block the 

accelerator effect of isopro~erenol. After administration of pronethalol 

{1 mg/kg min intUsed for 6 minutes), the accelerator effects of 

isoproterenol ( 20 pg infused for half an hour) were abolished. It was 

show that pronethalol could attentuate the actions of s,ympathetic nerves 

on tbe heart. In dogs with cbronic cardiac denervation, injections of 

the catecholamines, noradrenal.ine and adrenaline (o. 5-1 pg) induced 35% 

and 1!:7% increase respectively in heart rate. Pre-treatment vith 

pronethalol abolished the 1!:7% increase caused by" noradrenaline and 

reduced to ~ the heùt rate increase caused b,y adrenaline. An effective 

blockade of peripheral beta receptors as evidenced by a marked increase 

in systemic vascular resistance in response to adrenaline, a know 

dilator of peripheral vascular blood vessels, was also observed. They 
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concluded that the observed peripheral bloclœde was consistent with the 

concept ot a bloclœde ot beta receptors in the blood vessels ot the 

muscles so that the constrictor (alpha) actions ot adrenaline 

predominated. 

Chiong §1 .&la. (1965) confirmed the beta receptor blocldng actions 

ot pronethalol. This blocld.ng agent had previously been reported to 

be .tree ot the initial sympathomimetic stimulation seen atter the 

administration ot other beta-adrenergic blocking agents auch as DCI 

(Black and Stephenson 1962). Experimenta were pertormed on 

pentobarbitalized dogs and recordings were made ot systemic arterial 

and right ventricUlar pressures. Oxfgen consumption, arteriovenous 

o:x:ygen ditterence, cardiac output (Fick method) heart rate, stroke 

volume, stroke work ot lett ventricle, total peripheral resistance 

and arteriel haema.tocrit were also measured. The xoost signiticant 

cardiovascular ettects ot pronethalol were observed wi thin 15 minutes 

atter administration ( 2. 5 mg/kg iv) and indicated that this agent was 

not devoid ot an initial sympathomimetic stimulation, as postulated 

b,y Black and Stephenson (1962). The cardiac responses to adrenaline 

atter pronethalol pre-treatment agreed quite well with the receptor 

theory proposed b,y Ahlquist (1948, 1962) since pronethalol alx>lished 

the adrenaline-induced rises in cardiac output, heart rate, stroke 

volume and right ventricular systolic pressure, as well as the smaller 

increases in stroke work. The metabolic ettects ot adrenaline 

(Ahlquist 1962; PUld.ngton §1 Al• 196.3; Froberg and Oro 196.3) were also 

abolished by pronethalol. 
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The experimenta of Hashimoto et AL. (1960) indicated the presence 

of sympathetic (alpha) vasoconstrictors in the coronary vesse1s walla. 

The existence of beta-adrenergic receptors in the coronar,r vascular bed 

was demonstrated in dogs by Klocke ~ Al..t. (1964), measuring corona.ry 

b1ood flow and coronary venous p02 simul taneous1y. lfuen isoprenaline 

(0.1-0.3 pg/kg/min) was infused, a rise in coronary p02 alwa;ys accompanied 

the increase in coronary b1ood flow, in spi te of the taceycardia and a 

fall, or no change in arterial pressure. This response suggested a 

direct vasodi1ator,y affect of isoprenaline, although a metabolicallY 

or mechanically induced increase in coronary flow could not be excluded. 

Accordingly, in 13 isolated dogs heart preparations, potassium arrest 

was induced to prevent the ~ocardial stimulating affects of isoprenaline. 

In this case, a decrease of coronary vascular resistance (4-46%) was the 

constant response to administrations of isoprenaline while ~ocardial vo2 

showed no consistent changes. It was concluded that isoprenaline 

stimulated beta receptors to cause direct dilatation of the coronary 

vascular bad. This was further substantiated in the arreeted hearts by 

experimente in which coronary venous p02 was measured continuouslY, and 

by studies in which the vasodi1ator,y affects of ieoprenaline were blocked 

by pronethalol. 

Zuberbuhler and Bohr (1964) also demonstrated the existence of bata 

receptors in isolated coronary vessels of doga. Helical etripa of dog 

coronary "resistance" vessels (2,00 -500 p diameter) were mounted in 

physiological salt solution and their contractions recorded isometricallY• 
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Addition of catecholamines (noradrenaline and adrenaline, 0.3-1.0 yg/litre) 

induced relaxation. This relaxation '\-Tas reversibly blocked by pronethalol 

(0.5 mg/litre). The catecholamines sometimes produced a slight contraction. 

Bohr (1966) studied the role of adrenergic receptors in isolated 

strips of coronary arteries from dogs, rabbits, :roonkays and h'lll'ruUls. 

Using helical strips of these arteries mounted for tension recording in 

a muscle bath, it was found that smooth muscles from arteries of lesa 

than 500 p in diameter relaxed in response to adrenaline, noradrenaline 

and isoproterenol. The relative poteney of the 3 agents was 1:10:30. 

The observation that noradrenaline was much more potent than adrenaline 

was not in accord with the structure-activity genera.lization, that 

increased aize of the substitution on the amine group of the catecholamine 

increases the bata receptors activity. He concluded that bata receptor 

sites must differ sufficiently so that the relative effectiveness of 

different catecholamines mq vary greatly. Beta receptor blocking 

agents (propranolol and pronetha.lol) were effective in blocking the bata 

receptor activation caused by theae catecholamines. Ooronary arteries 

of 1 mm or greater in diameter showed both alpha and bata receptor 

activity and on these vessels, adrenaline was 10 times as potent as 

noradrenaline in producing alpha receptor ac ti vi ty. Responses to 

stimulation with increasing concentrations of adrenaline showed first, 

at low concentrations only constrictor activity, then, 'With higher 

concentrations, an initial constriction followed by bata activity 

relaxation. 
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He further demonstrated that in the presence of normal 

concentrations of calcium (1.6 m}Ù, the intense contractions of smooth 

muscles from vessels of lesa than 500 p. in dia.meter, induced by 50 mM 

KCl could not be relaxed even b,y high concentrations of catecholamines 

(no dosage given). If, however, the calcium concentration was reduced 

to 0.1 mM then the catecholamines were capable of producing relaxation. 

He concluded that one link in the chain of events initiated by beta 

receptor activation is a decrease in the concentration of ionized 

calcium in the environment of the basic contractile machine (acton:wosin

ATP). It was also postulated that the possible determinants of the 

predominance of alpha or beta effect on vascuJ.ar smooth muscle 1lli!JY lie 

in the antagonistic actions initiated by these 2 receptors on the 

intracellular concentration of free ionized calcium. 

In summa.ry then, the data presented indicate qui te clearly the 

presence of both alpha and beta receptors on the coronary vessel walls. 

However, while most of these experimental studies have proven conclusi valy 

the presence of s.ympathetic vasoconstriction (alpha) receptors the 

evidence in favour of sympathetic vasodilator receptors (beta) are 

relatively inconclusive. The fact that increases in coronar.y flow 

occur after the increase in o~gen consumption has been manifested, 

suggests that coronary vasodilatation is dependent on this metabolic 

effect. However, the rate of coronary flow also increases during 

bypoxia and the possibilit,y of a direct stimulation of beta vascular 

receptor occurring later in time cannot be ruJ.ed out. 
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!b. OBSERVATIONS ON THE ANTAGONISM BETWEEN NITRITES CORONARY DILATION 

AND VASOPRESSIN CORONARY CONSTRICTION 

It is well known that coronary vasodilator agents will antagonize 

the actions on the ooronar,y vessels of vasoconstrictor substances. 

Since angina pectoris is postulated to be due to tempora.ry spasm of 

the coro~ vessels, it is believed that the prevention of spasm is 

directly related to the vasodilator actions of these drugs. All 

experimental evidence indicates that the nitrites including nitro

glycerin increase coronary flow in isolated perfused hearts of all 

species of anima.ls studied (Wegria 1951; Charlier 1961). However, 

etudies on the intact animale have failed to confirm vasodilation as 

the primary mechanism of action of nitrites. 

Essex~~ (1936) studied the effect of nitrites on the coronar,y 

circulation of intact anesthetized dogs. Using the Rein thermostromuhr, 

changes in coronary flow were recorded in the circumfiex branch of the 

left coronar,y artery. Repeated intravenous injections of nitrog1ycerin 

( 0.22 mg) produced a temporary increase in coronary flow of about 

5 minutes duration. The magnitude of this increase was about twice the 

control value. When the nasal passages of the animal were cocainized to 

prevent reflex stimulation, inhalation of snul nitrite produced an increase 

in coronary flow of a similar magnitude as nitroglycerin. Although 

inhalation of the drug was maintained, the corona.ry flow declined after 

2 minutes to a value of 20 to .:3~ above the control. The control coronary 

flow was restored within 5 minutes a.rter inhalation was stopped. A seconi 
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a.dminjstration of ail\V nitrite produced only 23% increase in flow. It 

was concluded that both nitroglycerin and ~1 nitrite are capable of 

producing a temporary increase in coronary flow and tolerance may occur 

on repeated administration of all\Vl nitrite. 

Essex ,i! .Il.!, (1940), using the thermostromuhr technique, described 

the comparative affects on the coronary flow of nitroglycerin when 

administered intravenously and sublingually in trained unanesthetized 

dogs. Doses of o.;6 to 1.3 mg of nitroglycerin caused an increase in 

flow in both right and 1eft coronary arteries. The augmentation in the 

right coronary artery varied from 3Qt to loQt, while that in the left 

from 35% to ?Z{o. The affect lasted from 1 to 3 minutes. Similar doses 

gi ven by mouth produced 7(]/:, increase in flow and even after 15 minutes 

this was still above control values. 

Boyer and Green (1940) demonstrated an increase in coronary flow 

in response to nitroglycerin or sodium nitrite in anesthetized dogs. 

Using an orifice-mater, it was demonstrated that the intravenous or 

intracoronary injections of nitroglycerin or sodium nitrite (0.3 to 100 mg) 

increased coronary flow, at the same time as the blood pressure and 

cardiac 'WOrk were decreased by these "nitrites''• 

Eckenhoff and Hafkenschield (1947), using the bubb1e flowmeter 

fai1ed to confirm consistent coronary dilatation with nitroglycerin or 

all\Vl nitrite. In closed chest spontaneously breathing dogs, anesthetized 

with pentobarbital sodium (30 mg/kg), neither nitroglycerin nor amfl 

nitrite led to consistent changes in coronary blood flow. Intra

arterially (coronary) nitroglycerin (0.002-0.02 mg) increased coronary 

now ini tia11y but this increase was soon converted to a decrease, as 
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peripheral dilatation occurred. Administrations intramuscularly, 

intravenously, subcutaneously and sublingually {0.5 ... 0.6 mg) all gave 

inconsistant resulta. ~1 nitrite was more effective as a coronary 

vasodilator but again the resulta were inconsistant. In several 

instances, strildng increases in coronary flow were observed in spite 

of considerable decreases in blood pressures. They concluded that the 

failure of nitroglycerin and ~1 nitrite to show consistent coronary 

vasodilator actions did not provide sufficient eVidence to conclude 

that no therapeutically useful affects of these agents were present. 

They also postulated that these nitrites could improve the nutrition 

or cardiac muscle cells without an observed increase in coronary flow. 

Recent studies of Bergamaschi and Glasser (1963) reported that 

ni troglycerin, in increasing doses, will augment coronary flow. Using 

doge under thiopentone - chloralose anesthesia, change in coronary flow 

were recorded in the anterior descending branch of the left coronary 

artery using the Rein thermostromuhr, and the Shipley-Wilson rotameter. 

When administered intravenously, nitroglycerin (1.0 to 100 pg/kg) 

augmented coronary blood flow but there was not a consistent dose 

response relationship, and the degree of response to the same dose 

varied from animal to animal. When administered by intracoronary 

injections, the resulta were the same. At a dose of 1.0 pg/kg, 

coronary blood flow increased 12%; at 2 pg1 23%; at 5 pg, 62%; and at 

10 -pg1 only 2Z/-. 
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In view of the fact that no unified theory of action of the 

nitrite could be achieved, Marchetti ~ ~ (1964) reported 

investigation aimed at discriminating between direct and indirect 

actions of nitroglycerin on the coronary circulation. In pento

barbitalized doge with right ventricular qypass, changes in coronary 

flow, cardiac output, coronary arteriovenous o:xygen difference and 

arteriel pressure were recorded following single injections of nitro

glycerin ( 0.2 mg/kg) and continuous infusions ( 0.1 mg/kg/m:l.n). It 

was observed that intravenous administration of this agent consistently 

increased the coronary blood flow but that this effect was clearly 

evident only when the arterial pressure and cardiac frequenc.y were kept 

constant. ~ keeping the arteriel pressure in the sortie bulb at its 

normal value, nitroglyoerin caused a marked inorease in coronary flow 

whioh indicated a considerable vasodilating action of the drug on the 

coronary vascular bed. An increase in coronary flow was less easily 

detected when the Qypotensive affects of nitroglycerin on the general 

circulation were allowed to occur, since the hypotension opposed the 

increase in coronary flow. They concluded that the mechanism of action 

of ni troglycerin on the coronary circulation of the dog was primarily, 

a lowering of the arteriel blood pressure and reduoing the o:xygen 

consumption of the mwocardium; the latter as a consequence of the 

reduced cardiac work, rather than b,y direct action. They further 

concluded that unlike other hypotensive agents, nitroglycerin does 

not reduce the coronary blood flow as it does the arterial pressure 

because it dilated the coronary vessels concurrently. 
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Scriabine and MCShane (1965) reported a comparative study on 

the mechanism of antianginal actions of nitrog1ycerin and tro1nitrate 

phosphate in iso1ated aortic strips from rabbits and in intact dogs. 

Their investigation vas based on the hypothesis that nitrog1ycerin 

stops an anginal attack b,y a peripheral vasodilator action resulting 

in a reduction of cardiac work and nwocardial metabo1ic demanda vith 

the maintenance of, rather than an increase in coronary l:llood fiow. 

To study !!! ~' the peripheral vascular acti vity of tro1nitrate 

and nitroglycerin, iso1ated aortic strips were suspended in a bath 

containing 25 ml oxygenated Krebs-Hense1eit (1932) solution at 37.5°0. 

After stabi1ization, spasmogens (adrenaline or angiotensinamide, 

5 x 10-8 gm/m1) were added prier to the administration of the 

antagoniste, tro1nitrate and nitroglycerin. It was observed that 

nitroglycerin (1 x 10-6 gm/m1 when left in contact with the tissue 

for 30 seconds, produced complete blockade of adrenaline-induced 

contractions of the aortic strips. Trolnitrate at the same 

concentrations significantly reduced (701>) the adrenaline-induced 

contractions also. Nitrog1ycerin was determined to be 35 times more 

potent than trolnitrate in reducing adrenaline-induced contractions. 

These 2 agents also reduced angiotensinamide-induced contractions and 

on a weight basie nitroglycerin was found to be 11 times more potent 

in doing so. 

To study the in vivo affects of beth drugs on the coronary and 

peripheral circulation, pentobarbitalized open-chest dogs were used 
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and coronary flow was measured with a Shipley-Wilson nowmeter. 

Doses, as low as 5 pg/kg intravenously, decreased significantly mean 

aortic blood pressure, coronary perfusion pressure and coronary 

vascular resistance. Increasing the dose (80 p.g/kg) cardiac output, 

arteriocoronary sinus oxygen concentration differences, and left 

ventricular oxygen uptake were also significantly lowered. Onset of 

action was immediate and maximum effect was observed within 1 minute 

after administration, but within 5 minutes there was a substantial 

recovery of all parameters. Trolnitrate was similarly effective but 

at a higher level of dosage (32D-1280 pg/kg/i.v.). ~~imum effect 

was reached in 4 to 10 minutes and the duration of action lasted for 

over 20 minutes. The,y concluded that their investigations justified 

the hypothesis postulated; i.e. that the mechanism of action of 

nitrites involved peripheral vasodilatation. 

Studies concerning the effects of the nitrites on the coronary 

circulation in man are quite conflicting. Levy ~ ~ (1940), using 

the anoxemia-tolerance test, showed that in patients with coronary 

sclerosis, nitroglycerin delayed the appearance of anginal pain and 

diminished the electrocardiographie signa, pathognomic of cardiac 

anoxiao Nitroglycerin (0.6 mg, 1/100 gr bypodermic tablets) and 

erythrol tetranitrate (30.0 mg) were given orally after control 

electrocardiogram and blood pressure recordings were taken. With 

the induction of anoxemia, nitroglycerin caused a prolongation of 

51% in the time of appearance of pain. Deviations of the R-ST 

junctions observed in the control ECG were diminished qy 4?%. There 
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was no consistent action on the blood pressure. With erythrol 

tetranitrate, there was no prolongation in the time of appearance of 

the pain, and no consistent affect on the blood pressure, but R-ST 

deviations were diminished by 26%. They concluded that nitroglycerin 

dilated the coronary arteries of patients 'With coronary sclerosis, and 

its usefulness in relieving anginal attacks was due to a direct coronary 

dilator action and not by virtue of the fact that it lowered s.ystemic 

blood pressure. Erythrol tetranitrate, although it caused slight 

coronary dilatatio~was not effective in raising the threshold for pain, 

hence they concluded this agent was of limited value in coronary 

insufficiency. 

Brachfield et ~ (1959) presented evidence to indicate that although 

coronary vasodilatation occurs in man, it appears to be secondary to 

changes in :myocardial o:xygen requirements. In 10 normal (or nearly normal) 

subjects, catherization studies were made in coronary and systemic 

circulatory dynamics and :myocardial metabolism before, and after the 

administration of nitroglycerin. Follo'Wing administration of nitro

glycerin (0.6 mg), :myocardial oxygen consumption increased, and coronary 

flow also increased (probably directly related to an increased oxygen 

demand). Cardiac work was unohanged and :myocardial effioiency decreased. 

A similar study was cond~cted by Gorlin ~ ~ (1959) on 17 patients, 

7 with coronary artery diseases and 10 with increased left ventrioular 

work load (14 had angina). Sublingual nitroglycerin (0.6 mg) resulted 

in decreased cardiac output, blood pressure and left ventrioular load. 
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When compared with normal subjects, these patients while at rest, 

showed an increased coronary blood flow and ~ocardial oxygen consumption 

with a slight decrease in ~ocardial efficienc.y. Following nitroglycerin 

administration (0.6 mg), coronary vascular resistance remained essentially 

fixed, coronary flow and oxygen consumption were unchanged or actually 

decreased and efficiency fell. It was concluded that prior exhaustion 

of the available vasodilator capaci~ of the heart either qy intrinsic 

coronary arterial obstruction, or through haemodynamic overloàding of 

the left ventricle qy diseases had occurred to prevent a vasodilatory 

response. 

In smmnary, the data presented indicate that there is still at 

present no unified theory concerning the mechanism of action of the 

nitrites. All studies on isolated tissue or organs have confirmed a 

vasodilator property, but reports on intact animal studies and in huma.ns 

have produced only conflicting results. Since the discover.y of nitro

glycerin and the observation that it increases coronary blood flow, 

there have been a constant search to find new and better agents to 

relieve ~ocardial ischemia, the majori~ of which are coronary 

vasodilators. MOst of these have proven ineffective and clinical 

trials have given overwhelming evidence that the mere vasodilator 

affect of a drug is not an absolute criteria for its usefulness in 

cardiac ischemie diseases. So far, objective proof of a relaxation 

of smooth muscle walls is lacking although arteriograpey have confirmed 

the smooth muscle relaxant proper~ of nitroglycerin. The findings of 

Brachfield et ~ (1959) suggest vasodilatation coïncident with, if 
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not responsible for an increase in oxygen needs of the heart and not 

by rela.:xing arterioles per ~· Pure vasodilatation in which Ieyocardial 

oxygen is unaltered has not yet been demonstrated in man by current 

methods. However, in clinical trials, the relief of pain and improvement 

of the electrocardiogram are readily achieved by this agent. 

The experimental production of temporary spasm of the cardiac 

vessels provide a reliable experimental model to study the effects of 

coronary dilators and the possible involvement of adrenergic mechanisms 

in the observed antagonistic responses. Oliver and Schaefer {1895) in 

the course of their investigations of the effects of extracts of various 

glands on the blood pressure of dogs anesthetized with chloroform, 

described the vasoconstrictor actions of an extract of the posterior 

pituitary gland. This action was attributed to peripheral vasoconstriction 

of the smooth muscles of the arterioles. This presser response, along 

with the phenomenon of taceyphylaxis and cardiac slowing was confirmed 

by Schaefer and Vincent (1899). Extracts prepared .from the pituitary 

gland of the ox was injected in the external jugular vein of morphinized 

curarized. cats, anesthetized with chloroform or ether. It was observed 

that intravenous injection of the dried extract (1 part to 4 parts of 

water) produced a rise in blood pressure, and after atropinization this 

rise was even greater being accompanied by ver,y little slowing of the 

pulse as observed in animals not atropinized. A second dose administered 

soon after the first produced little or no effect on the blood pressure. 

Evidence in faveur of arteriolar vasoconstriction was also presented by 

Pal {1909) who demnstrated that the addition of preparation of dried 
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pi tui ta:r,y extra.ct to a bath ot known capaci ty in which a.rterial 

strips were suspended, produced contractions only. Krogh (1925) 1 in 

stud;ying the anatoJV' and physiology ot capillaries 1 reported capilla:r,y 

constriction in the interdigi tary membrane ot trogs legs wben a 

solution ot pituitary extract was epplied. 

'l'be tiret indication ot the invol vement ot the coronary circulation 

in the response to extracts ot the posterior pi tui tal")" gland, was 

reported 1::tY Kolls and Geiling (1925). Intravenous injections ot 0.25 

to 1 ml ot pituitary liquid (Armours) in etber-anestbetized doge 

resulted in prompt cardial dilatation {tluoroscopic and roentgenographio 

observations). Simultaneous witb this dilatation, there was arise of 

mean arterial pressure due cbiefiy to an increase in the diastolic 

pressure, indicating increased peripheral resistance. 'l'bere was also a 

deorease in pulse pressure, with marked slowing ot the beart rate, and 

a decrease in the minute volume output ot the heart {as determined by 

the Fi ok Principle). It was concluded that the peripheral circula tory 

changes vere largely due to intense peripheral constriotion ot arterioles 

and capillaries, and veritied this b.1 direct observation of blood vessels 

ot the ear, and veine ot the tongue whioh showed intense constriction and 

congestion. Slowing of the beart ocourred after remval of the vaga.l 

influence b.1 atropinization and this the.y concluded was due to a direct 

action in the beart or seconda:r,y to a diminished coronary blood tlow. 

Metabolic determinations indioated a 5~ reduction in cardiac o~gen 

oonsumption and diminution of cardiac output. 
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Based on the nypothesis that the primary action of pituitary 

extract when injected, was on the ~ocardium, Resnick and Geiling 

(1925) examined the electrocardiogram of unanesthetized dogs following 

injections of the extract. They observed an increase in heart rate 

with disappearance of the respiratory arrnythmia. Coupled beats, 

marked degree of S-A block, exaggerated conduction and an increase 

in the amplitude of the T wave occurred soon after injection. The 

conclusion was that the primary effect of the extract was ~ocardial 

depression and that the coronary circulation was involved. However, 

their observations did not permit conclusions as to whether or not 

the depression was secondary to the coronar,y spasm which occurred. 

The marked similarit,y between the effect of the extract on the 

electrocardiogram, and anoxemia of the heart, as reported earlier qy 

Gilbert and Greene (1922), was also reported qy these investigators. 

R8ssler (J930) demonstrated that the primary constriction produced 

qy pituitary extract was on the coronary vessels. Using the heart-lung 

preparations, it was observed that injection of 0.1 to 0.3 ml of the 

extract (Pitressin) caused strong or complete coronary constrictions 

with resultant ~ocardial damage due to a lack of coronary blood supply. 

This impairment was confined to the left ventricle but later extended 

to the right ventricle with subsequent fibrillation. When the 

preparation was pre-treated with papaverine nydrochloride (30 mg) and 

adrenaline (0.1 mg) coronary constriction was prevented. 
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Goldenberg and Rothberger (19.32) elaimed tha.t apart from a 

reflex vagal action, pituitary extract (Pitressin) led only to 

coronar,y eonstrietion with its resultant rnwocardial damage. Dietrich 

(19.3.3) eorrelated more closely and direetly the effects of eoronary 

constrietion upon the electrocardiographie changes observed after 

injection of the extract {0 • .3 ml). Using chloralosed dogs and 

reeording coronary flow with the Rein thermostromuhr, it was observed 

that concomitant with a deerease in coronary flow eha.racteristie electro

cardiographie (ECG) changes occurred. The T wave heightenëd during the 

immediate reduction in eoronary flow, and with pronouneed eonstriction, 

the ST segment increased in amplitude to be even higher than the QRS 

eomplex. With milder eonstrietion, it was observed that the T wave ~ 

be reversed and variations in position oeeurred during restoration of 

the eoronary flow. They elaimed that the electrocardiographie 

abnormalities were not due to the reduction in eoronary flow per ~ 

but to the resultant rnwocardiaJ.. hypoxia. In faet, this was demonstrated 

by indueing similar changes in dogs by the inhalation of &la o:eygen and 

91{/o nitrogen. 

These observations on the action of pituitary extract indicated 

that a reduction in coronary blood flow may play a dominant role in 

the production of cardiac ischemie changes. It was also indicative 

that the prima.ry action of the extraet was on the eoronary vaseular bed 

leading to the observed electrocardiographie changes which bore soma 

resemblanee to the ECG pattern of patients with angina pectoris. 
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However, no attempts were made to determine the exact mechanism of 

action of the extract, hence the concensus of opinion was that 

pituitary extraot acted b,y a direct musculotropic or other unknown 

mechanisms to constrict the coronary vessels. 

The observations of Rtfssler (1930) that papaverine and adrenaline 

could antagonize the coronary constriction of pituitary extraot was 

fUrther investigated b,y Melville and Stehle (1931). Their ~othesis 

was that the observed greater presser responses to pituitary extraot 

after adrenaline pre-treatment, as reported b,y earlier workers, were 

due to elimination of the coronary constriction induced b,y the extract. 

Using (a) chloretone anesthetized dogs (b) "artificial hearts" (c) heart

lung preparations, it was observed that pre-treatment with ephedrine 

(0.1 mg/kg) and adrenaline (0.15 mg infused) greatzy augmented the 

presser actions of pituitary extract on the blood pressure in the 

anesthetized dogs. The usually observed diphasic action of the extract, 

attributed primarily to coronary constriction, was also abolished. The 

artificiel heart then was used to prove conclusively that the affects 

of the extract obseTved after ephedrine and adTenaline pre-treatment, 

were not of peripheral origin. Using this preparation, neither ephedrine 

nor adrenaline were observed to have any affects upon the responses to 

pituitary extract. 

~lville (1933 a) continued these observations of the antagonism 

to pituitary extracts b,y coronar,y dilators on the normal unanesthetized 

dogs. Under local anesthesia (procaine hydrochloride 0.5%), the 

femoral arteries and veins of dogs were cannulated and sodium citrate 



... 37 -

administered as an anticoagulant. Administration of pituitar,y extract 

(0.1 mg/kg) caused a fall in blood pressure (130 to 44 mm Hg) within 

1 minute, with subsequent return to control levels but no presser 

affects. He concluded that the severe cardiac action ~ have obscured 

the peripheral affects of the extract. Pre-treatment with ephedrine 

(2 mg/kg) prevented the fall in blood pressure and doses of over 2 mg/kg 

of ephedrine potentiated the presser effect of the extract so much so 

that the presser affect was evident for over 30 minutes. When 

adrenaline was mixed with the extract, a pure presser response was 

observed. He inferred that the interaction between coronary constriction 

and coronary dilatation was a quantitative matter and the observed affect 

on the blood pressure was the resultant of the predominating action. 

Melville (1933 b) next investigated the influences of ether coronar,y 

dilater agents on the blood pressure response to pituitary extract. In 

normal unanesthetized dogs, sodium nitrite 10 mg/kg/min was infused for 

5 minutes or a:nul nitrite (inhalation) administered for 4 minutes. In 

either case, at a sign of definite nitrite action 1 mg/kg of pituitar,r 

extract was given. The depressor affect of the extract was completely 

abolished after pre-treatment with either nitrite. It was concluded 

that the nitrite was effective in antagonizing the coronary vasoconstriction 

produced by pi tui tar,r extra ct. Histamine dihydrochloride (o. 5 mg/kg/min) 

was also shown to be effective in antagonizing the coronar,r vasoconstriction. 

Based on a coronary dilater, coronary constrictor antagonism between 

pituitary extract (vasopressin) and the nitrites, several investigators 
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attempted to use vasopressin spasm as a test for coronar,y insufficienc.y 

(Ruskin 1947) and as an experimental IlX>del for the evaluation of 

corona:ry vasodilator drugs. Varma (1961) made an attempt to evaluate 

coronary dilator agents against vasopressin induced cardiovascular 

changes in pentobarbitalized rabbits. The affects of 4 I.U./kg of 

vasopressin(repeated injections}on the ECG changes and arterial blood 

pressure were studied. It was observed that the response to vasopressin 

varied markedly in different animals both in duration and intensit.y. 

Further1 no particular changes in the ECG were observed consistently in 

all animals and the response to a second dose coul.d not be duplicated in 

the same ani:m.al. However 1 he fel t that if the antagonism between 

vasopressin and the coronary vasodilator agents was marked, it could be 

observed. The method was nevertheless found unsatisfactory for 

comparative evaluation of drugs against coronary insufficiency 1 firstly 

because signs of coronary insufficiena,y in the form of ST-T depression 

were not consistently observed and secondly, because the degree of 

antagonism b,y different coronar.y dilator drugs to the vasopressin

induced changes, could not be ascertained with accuracy. Consequently, ' 

this investigation was abandoned. 

Kareva (1963) using vasopressin-induced vasoconstriction as a 

IlX>del of experimental spasm of the cardiac vessels, investigated the 

prophylactic and thèrapeutic affects of various agents in preventing 

vasopressin•induced spasm. In acute experimenta on cats anesthetized 

with urethane and chloralose, the resistance in the s.ystem of the 

circumflex branch of the left coronary artery was recorded by the method 
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of resistograp~. The principle of this method involved artificiel 

stabilization of the blood flow in the vessels. This was achieved 

by perfusion with the animale own blood or by means of a special 

pump. Under these conditions, the haemodyna.mic effects of changes 

in the blood pressure were eliminated and the pressure in the coronary 

arteries was determined entirely by the minute volume of blood supplied 

by the pump. 

Vasopressin (Pituitrin) in a dose of 1.0 I.U./kg increased the 

resistance of the coronary vessels by 44 t 7 • .3%. This increase was 

maximal at the time of the mst marked ECG changes which developed 

immediately after the injection of the drug and indicated disturbance 

of the coronary blood supply. The ST segment in most cases formed 

the ascending line of a giant T wave or sometimes fell below the 

isoelectric line in which case the T wave was negative or diphasic. 

Arrhythmias were frequently observed. Nicotine 50 -pg/kg was also 

used in the experimental production of spasm in this stuQy. To stuQy 

the prophylactic action of coronary dilator drugs, these agents were 

injected 2 minutes before vasopressin or nicotine. Nitroglycerin 

(nitroglycerol .300 pg/kg) while it completely eliminated nicotine spasm, 

was ineffective in relieving the vasopressin spasm of the coronary 

vessels. 

To stuày the therapeutic effects of these agents against spasm 

of the coronary vessels, the.y were injected 5 to 10 seconds after 

injection of nicotine or vasopressin, since the period of development 
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of both forme of spasm vas 10 to 40 seconds. Nitroglycerin was found 

to be most effective therapeutically and completely abolished both 

forme of spasme. Papaverine was also quite effective and lowered 

the resistance of the coronar.y vessels qy an average of 9% during 

vasopressin spasm and 11% during nicotine spasm of the coronar.y 

vessels. It was eVident that the therapeutic value of nitroglycerin 

against spasme of the coronar.y vessels was much greater than its 

prophylactic value, vhile papaverine showed similar prophylactic 

and therapeutic values. 

It is, therefore, evident that soma interaction between vasa

constrictor and vasodilator agent occur possibly on the coronaries 

themselves, since catecholamines (e.g. adrenaline) as well as nitrites 

are capable of antagonizing the vasoconstriction. It would also be 

logical to postulate that both catecholamines and the nitrites might 

have soma similarity in their actions on the ooronar.y vasoular bed. 

Associated with the vasoconstrictor actions of vasopressin is 

the unexplained phenomenon of tachyphylaxie which was first reported 

qy Sohaefer and Vincent (1899). The report of Gardier and Abreu 

(195S) that mid-cervical vagato~, plus bilateral carotid sinus 

denervation would eliminate vasopressin tachyphylaxie, suggested 

a close connection between the action of the vasopressin and the 

autonomie nervous 8,1Stem. In dogs under pentobarbital anesthesia, 

denervating these buffer areas resulted in an increase in presser 

response to the hormone which was reproducible within 10% on repeated 
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injections. This could also be maintained with constant infusions. 

Since it thus appeared that s.ympathetic activit.y influenced 

the vasopressin responses, Gardier et ~ (1962) using morphinized 

pentobarbitalized dogs, reported that non-reproducible pressor 

response of low magnitude were usually associated with high s.ympathetic 

tone. With low s.ympathetic tone, the responses were of appreciable 

magnitude and reproducible. Nasmfth and Bartelstone (1962) reported 

that in pithed rats and spinal cats, pnysiological amounts of 

vasopressin potentiated the pressor response to noradrenaline (no 

details available). 

The ability of catecholamine depletion to modify the vasopressin 

response was reported b,y Nash (1962). In control dogs and dogs having 

sympathetic pathw~s modified qy reserpine pre-treatment or qy 

ganglionic blockade with chlorisondamine (3 mg/kg) coronar,r flow, 

blood pressure, peripheral resistance and contractile force were 

recorded. Following repeated injections of vasopressin, it was 

observed that whereas tacnyp~laxis rapidly developed in the controle; 

in the reserpinized animals, there was railure to develop complete 

tacqyp~laxis. Ganglionic blockade did not significantly alter the 

responses. However, the initial dose of vasopressin produced a 

greater increase in coronary resistance in the reserpine pre-treated 

than in the control animals, but similar reductions in contractile 

force. After four doses (at 30 minutes intervals) there was no 

mfocardial effect and very little effect on coronary resistance whereas 

controle showed the same reduction in contractile force as with the 
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first dose and significant coronary e~fects in response to vasopressin. 

This greater attenuation of contractile force and coronary affects 

indicate that tachypbylaxis developed more rapidly in the presence o~ 

reserpine. 

Since there was, in no instance, a depressor component in the 

vasopressin response after reserpine treatment as seen in control 

animals, if this is due to coronary constriction as shawn Qy several 

workers, it is logical to assume that reserpine may have altered the 

e~~ects of vascpressin on the coronar,y bed. This study also invites 

interpretation that vasopressin has an indirect ef~ect through 

catecholamines and the data also allows speculation that vasopressin 

either causes the release of a resistant pool of catecholamine 

(noradrenaline) or that reserpine increases the permeabilit,y of the 

receptor site to the amines normally liberated ~om the nerve ending~. 

Nash (1963) reported an intimate relationship between catecholamines 

and vasopressin vascular e~fects. In dogs under pentobarbital anesthesia, 

it was shawn that pyrogallol (1, 2, 3, trihydroxy benzene) a catechol-o

methyl transferase (COMT) en~ inhibitor, can also prevent and interrupt 

vasopressin tachyphylaxis (no dosages given). It is widely known that 

one of the major routes o~ degradation of ~athomimetic amines is via 

o-methylation and the presence of pyrogallol will potentiate the duration 

of action of adrenaline and noradrenaline. Since prier to this, it had 

been the accepted concept that vasopressin is a direct acting vasoconstrictor 

with a mechanism unrelated to adrenergic receptors, it was of interest to 

find that a COMT inhibitor would modify this response. 
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The work of Gardier and Abreu (195S) and Ga.rdier ~ al. (1962) 

would faveur this concept of a catecholamine, and bence an a.drenergic 

receptor relationship. However, the possibility of pyrogallol being 

able to alter in some w~ the receptors for vasopressin or to increase 

dissociation from the receptor site must not be ruled out, since other 

inhibitors of COMT do not have this effect (e.g. catechol), and it bas 

previously been shown that pyrogallol possesses an antispasmotic action 

unrelated to COMT inhibition. 

An opposing view is maintained by Ga.rdier ~ .&.... (1965) who 

cla.imed that the most probable pharma.cologica.l action is a. combina.tion 

of direct and indirect actions, and from their study on the mecha.nism 

of action of a.ntidiuretic hormone, the,y implied that a. change in 

permeabilit,y wa.s the indirect mecha.nism. 

In a general summary of a11 the data. presented, it is quite clea.r 

that nitroglycerin and the nitrites does increase coronary flow in 

isolated hea.rt preparations. Evidence obtained in intact animals and 

human studies is quite confusing and so far have yielded no unified 

theory of the mechanism of action. It is the concensus of opinion 

(as has been repeatedly demonstrated) that nitroglycerin, and the 

nitrites, when administered intravenously, will antagonize coronar,y 

vasoconstriction induced by vasopressin. Recent evidences {Nash ~ ~ 

1962) have indicated that the mechanism of action of vasopressin, which 

was thought to be a direct musculotropic one, may be, in some way, related 

to a release of catecholamine (e.g. noradrenaline). In the light of 

these observations, it would be then logica.l to assume that presumably 
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the nitrites coronary vasodilation and vasopressin coronary constriction 

antagonism might be, in some w«r, related to adrenergic receptors in 

the corona~ vascular bed. 
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III. METHODS AND MATERIALS 

A. CORONARY FLOW At"'D HEART CONTRACTIONS MEASUIŒMENTS IN 

ISOLATED PERFUSED HEARTS OF HONlŒYS 

Werm (37 t; 1°C) McEwen's (1956) solution, and a modified 

Langendorff preparation were employed. MCEwen's solution bad the 

following composition per 1,000 ml: NaCl 7.6 gm, KCl 0.42 gm, 

CaC12 0.24 gm, NaH~O 4 0.143 gm, NaHC03 2.1 gm, dextrose 2.0 gm, 

sucrose 4.5 gm. The required quantit,y to make a volume of 20 litres 

was dissolved individuallY, and except for the NaHCo3, was added to 

a vessel which contained about one-third of the required quantity of 

distilled water. NaHC03 was bubbled with 002 for 15 minutes before 

being added to the vessel. The total volume (20 litres) was then 

bubbled literally with a mixture of 95% 02 and 5% co2 for 20 minutes. 

The pH of this solution, as determined routinely, was 7.3. Adequate 

oxygenation was maintained throughout a1l experimenta. MCEwen's 

solution definitelY increased the useful life and stabilit,y of the 

preparation as compared to Locke or Tyrode solutions, which have been 

previously emplo.yed in this laboratory qy other investigators. 

The perfusing apparatus used in this investigation was similar 

to that described by Agrawal (1965), and a simplified diagram is shown 

in Figure 1. For measuring coronary inflow, a 100 ml/min ma.:x:inrum flow 

capacity rotameter1 was used. Calibration was done qy measuring the 

1The rotameter was obtained from Clifford Wilson Instruments, 
325 West 42nd Street, Indianapolis, Indiana, U.S.A. 
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volume of fluid collected in a graduate cylinder over a one-minute 

period, at various rates, and relating this to the recorder pen 

deflection. Several calibration points over the desired range were 

obtained and these were plotted to obtain a calibration curve as 

shown in Figure 2A. Zero flow was determined cy stopping the flow 

completely. Mean coronary flow (ml/min) was determined cy ta.king 

the average of maximum and minimum flow, as wa.s determined cy 

correlating the recorder pen deflection with the flow rates from the 

calibration curve. 

For recording the amplitude of contractions, a Grass Mbdel 

(F.T. 03) force displacement transducer was used. For calibration, 

gram weights were hung cy a non-stretch fish lina to the lug of the 

transducer. The recorder pen deflections, corresponding to increasing 

weights,were plotted to obtain a calibration curve for the transducer. 

Sensitivit,y of the recorder was adjusted so that a weight of 5 grams 

corresponded to a recorder pen deflection of 1 ml. Prior to the 

commencement of an experiment, diastolic tension of the isolated hearts 

was set between 3 and 5 grams and changes in isometric tension recorded. 

Contractile amplitude is expressed in 2 ways (a) as per cent change; 

an increase or decrease expressed as a percentage of pre-injection values; 

(b) as millimeters of recorder pen deflection. For comparative purposes, 

the changes expressed as percentages are more valid since there were 

variations in the weights of the isolated hearts used and it is possible 

that the larger hearts were capable of developing a greater force. Both 

coronar,y flow and amplitude of contraction were recorded concurrently on 
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FIGURE 2A: Calibration curve of the rotameter used for reading out coronary 
flow in ml/min. Abscissa: flow of the perfusing fluid expressed 
in ml/min; Ordinate: the deflection of the writing pen from the 
zero base line. 

FIGURE 2B: Calibration curve of the electromagnetic blood flowrneter used for 
reading out coronary flow in ml/min; Abscissa: rate of saline 
infusion expressed in ml/min; Ordinate: the deflection of the 
writing pen from the zero base line. 



- 49-

a Gilson Po~graph1 at a speed of 10 mrn(sec. 

The hea.rt rate wa.s determined from the electrogram (llXI). Lea.d Il 

was recorded on a. Sanborn Visoca.rdiette. Two sterling silver wires 

(o. 01 inch diameter) were connected, one to the a.orta. and the other to 

the apex of the ventricles. The aortic wire wa.s then connected to the 

R.A. lead and the ventricula.r wire to the L.L. lead. The Sa.nborn 

recorder was ca.libra.ted for 1 mV output per 0.3 cm deflection. 

Isolated hearts of 2 species of monkeys were used in this study. 

The original intent was to investigate the responses of the isolated 

2 
perfused hearts of Maca.ca mulatta (rhesus) but during the course of 

this investigation, 3 isolated hearts of Cercopithecua aethiops (vervet, 

African green) were available, bence they were a.lso used. All hearts 

of vervet monkeys (3) and 1 heart of a rhesus monkey3 were obta.ined 

from the Institut de Microbiologiè of the Université de MOntréal, 

Laval des Rapides, Quebec. Two ether hearts (rhesus) were obtained 

from monkeys purchased from the Institut de Microbiologiè through the 

Mclntyre Animal Centre. These 6 hearts (3 rhesus, 3 vervets) were used 

to test the responses to catecholamines (see Resulta, Part One). 

1The Gilson Polygraph was obtained from Gilson Medical Electronics, 
Middleton, Wisconsin, U.S.A. 

2formerly ~cacus rhesus. 

3courtesy of Dr. Gaston Boulay, Director, Institut de Micro biologiè 
d'Université de 1-bntréal, Laval des Rapides, Que bec, Canada and 
Dr. Leslie Lord, Director, Animal Gare, McGill University, Montreal, 
Canada. 
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The weights of vervet monkeys ranged from 2. 5 to 3 kg (hearts 

10-15 gm) and rhesus monkeys from 3 to 4 kg (hearts 12.5-15 gm). 

The a.n:imals were anesthetized with pentobarbital sodium {Nembutal); 

60 mg/kg intraperitoneall:y. In all animals used in Part One (Results), 

the jugular veins were severed and the animals were completely 

exsanguinated. Following removal of the kidneys {applicable to hearts 

obtained from the Institut de Microbiologi~) the chest vas opened qy 

a median incision and the heart ( wi th about 1 cm of the aorta) was 

immediately removed. This heart was then perfused with cold (20°C) 

McEwen' s solution until free of blood ( using a 20 ml syringe) and was 

then ple.ced in a 2 litre capacity vacuwn bottle, containing o:xygenated 

cold (10°C) McEwen's solution. 
., 

After being cooled for 2 to 3 hours,~ the hearts were suspended hf 

the aorta to the perfusion cannula of the apparatus and perfusion was 

started using McEwen's solution at room temperature {23°C). The 

temperature of the solution was increased to 37 r 1 °C over a JO minute 

period, and all hearts treated thus showed electrical activity within 

10-20 minutes. Five out of 6 hearts treated thus showed ventricular 

fibrillation. In 2 hearts (1 rhesus, 1 vervet), o:xytocin (Sandoz, 

synthetic, 10 I.U.) and in 3 hearts (1 rhesus, 2 vervets) procainamide 

bydrochloride (Pronesty1, 10 mg) were equal1y effective in restoring 

normal sinus rhythm. A11 5 hearts showed normal sinus rhythm within 

1During this time, the hearts were transported from Laval des Rapides 
to M:mtreal. Hearts obtained through the I-1Cintyre .Animal Centre were 
also coo1ed for ~ hours. 
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120 to 180 minutes. ln one rhesus heart, normeJ. sinus rhythm was 

restored without the aid of drugs within 60 minutes. 

The isolated hearts of rhesus monkeys,1 used in Part Two (Results 

section) were removed after perfusion of the lung in situ as indicated 

below. The animals were anesthetized with pentobarbital sodium 

(60 mg/kg) intraperitoreally and were then artificially respired with 

room air, using a Havard respiration pump. The chest of the animal 

was then opened b,y a median incision and the heart was exposed. A 

16 gauge hypodermic needle (connected to a perfusion bottle filled with 

Tyrode' s solution at room temperature) was then inserted into the apex 

of the left ventricle, through the interventricular septum and into 

the pulmonar.y vein. A small incision was then made in the right 

ventricle through which systemic blood escaped. The lungs were then 

perfused with Tyrode's solution until entirely free of blood (1Q...20 min). 

On completion of the perfusion procedure, the heart and lungs were 

removed together. Heart and lungs were then separated, and the heart 

vas placed in a 2 litre capacity vacuum flask filled with cold (10°C) 

oxygenated MCEwen1s solution. After attaching the heart b.1 the aorta 

to the perfusion apparatus, perfusion, using MCEwen's solution, was 

began at room temperature and the temperature of the solution was 

increased to 37 ~ 1°C over a 30 minute period. Hearts treated thus, 

1 
Courtesy of Dr. B. A. Kovacs, Associate Professer, Department of 
Pharmacology, MoGill Uni ver si ty and Di vision of Allergy and I:mmunology, 
Royal Victoria Hospital, M:mtreal, Canada. 
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showed immediate electrical activit,r and normal sinus rQ1thm was 

restored within 30 minutes and without the aid of aqy chemical agents. 

None of these hearts showed ventricular fibrillation presuma.bly due to 

the short {15-30 min) periods of cooling. 

There was no failure to achieve a normal sinus rQ1thm in aqy of 

the hearts obtained in the course of this investigation. The 

preparation was considered satisfactory when three consecutive 

recordings, made at 5 minute intervals, gave a heart rate, amplitude 

of contraction, and coronary flow of equal value. All preparations 

were carefully exa.mined for evidences of impaired aortic values (an 

excessive rate of inflow during the stabilization period or a sudden 

increase in coronary inflow) and, for aqy observable evidences of 

nuocardial damages. Of a total of 11 hearts, 2 (rhesus) showed 

evidences of impairment and were discarded. 

Injections were contained in o.; ml of HcEwen's solution and were 

made obliquely in the rubber tubing with the tip of the needle {25 gauge) 

directed towards the aortic cannul.a, to prevent aqy changes in the 

perfusion pressure (60 cm H26). All administrations of catecholamines 

were made at 10 minute intervals and ether agents at 5 minute intervals. 

In arder to achieve beta-adrenergic blockade (BAB), pronethalol 

was added to the reservoir of perfusion fluid to attain a final 

concentration of 0.12 ug/mJ. (11elville and Benfey 1965). The isolated 

hearts were then perfused with this solution for 30 minutes after which 

time, and while still continuing the perfusion, the various agents were 

tested. The complete experiment lasted for a period of 5 to 6 hours 
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including the period of stabilization, and at the end of this period, 

most of these hearts were quite viable. In fact, several of these were 

cooled and revived at varying periods, after which time normal responses 

could be induced in response to drugs. In one heart (rhesus) a normal 

sinus rhythm was present, on the third day (51 hours) after being 

alternately cooled and revived on successive days. This preparation 

was responsive to doses of adrenaline (10 ug), and noradrenaline (10 ug) 

although these responses were not comparable to those obtained on the 

first day. 
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fh CORONARY FLOW A!'ID HE.ART CONTRACTIONS MEASLlfŒI.ffi;NTS IN OPEN-CHEST 

AJ.'ŒSTHETIZED DOOS WITH THE HEART BEATING IN' SITU 

An electromagnetic blood flowmeter was employed for measuring 

coronary flow. This type of flow measurement has sever al advantages 

over other methods (Wetterer 1963). It furnishes direct transformation 

of the mechanical magnitude into an electrical signal. Its interference 

wi th blood flow is very small and can be completely neglected. It 

delivers strictly linear calibration curves and equal sensitivities 

with opposite signal direction to forward and backward flow. Its 

calibration, in terms of average velocity of flow rate, is independant 

of the velocity profile and of the density, viscosity, and temperature 

of the fluid. The range of frequency to which it responds is 

theoretically unlimited and depends, in practice, on the electrj.cal 

equipment used. Mbst important, this method of recording corcnary flow 

is applicable to unopened blood vessels and, therefore, does not require 

damaging the blood vessels. 

Hale and female mongrel dogs (13-22 kg) were used in this study. 

Following anesthesia with pentobarbital sodium (JO mg/kg i.v.), the 

trachea was cannulated and the animal respired with room air, using a 

Havard pump (15-20 ml at a rate of 20 strokes/min). After cannulation 

of the femoral vein and artery, the chest was opened between the 4th 

and 5th ribs on the left sida. The pericardium was then eut and the 

edges either sutured to the skin on either side of the opening of the 

chest, or otherwise suitably fastened to the operating table. This was 

done in such a way that the heart was brought into an accessible position 
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vith a mininn.un of disturbance of its initial. position. The left 

circumflex branch of the left coronary artery vas dissected out, as 

near to its origin as possible. A loose ligature (size 25 thread) 

vas passed under the exposed artery. By gently pulling on the 

ligature, the distal section of the exposed artery vas emptied of 

blood and then slipped through a 1.5 mm probe vhich, in turn, was 

attached to the gated sine wave electromagnetic blood flowmeter.1 

For the determination of zero flow, methacholine chloride 

(10-15 pg/kg) was injected intravenously. The flow.meter was calibrated 

at the end of each experiment by cannulating the same vassel upstream 

to the probe, and forcing saline at lmovn rates through the vessel, 

using a Havard infusion pump. The flowmeter output deflection was 

then directly correlated to the flo\,r in ml/min. It has been shovn 

that the re sul ts 1-1ere identical. when blood or saline were used 

(Gillis 1965). A typical. correlation curve, using saline, is shown 

in Figure 2B. 

Slfstemic blood pressure (s.ystolic and diastolic) was recorded by 

a Sanborn (mdel 267A) transducer, connected to the femoraJ. artery 'b-J 

a polyethylene {PE 200) catheter. Heparin (2 mg/kg i.v.) was given 

to prevent clotting and the intra-arterial catheter was periodical.ly 

flushed with heparinized saline to prevent clotting. 

Electrocardiograms (Lead II) vere taken during each experiment. 

This was used to (a) determine heart rate, (b) determine any disturbances 

1 The electroma.gnetic blood flowmeter was obtained from Elliot Instrument 
Compaey, 2.4J,.l Eucalyptus Wey, San Bruno, California, U.S.A. 
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of normal cardiao rhythm, (o) correlate the electrical changes of the 

cardiac cycle with the concomitant changes in pulsatile ooronary flow. 

Since the lowest coronary flow recorded, occurred between the summit 

of the R wave and the end of the T wave (ventricular s.ystole), the 

flmean corona.ry flow'' was determined by adding one half of the pulsatile 

flow to the flow valve obtained during eystole. 

The force of left ventricular contraction was measured using the 

strain gauge arch technique (Boniface ~ .M.!. 195.3; Cotton and Bay, 

1956). ~ this technique, the muscle segment was stretched to .30 to 

50% of its normal length. This substantially reduced the relative 

importance of local bulging of the muscle segment, introduced qy 

changes in the venous return and arterial pressure. Goncurrently, 

the coronary flow, blood pressure, electrocardiograms and contractile 

force were recorded on a Sanborn 964 recorder. Unless otherwise stated, 

all drugs were administered intravenously and washed in with a volume 

of 5 ml of saline. 

To achieve beta-adrenergic blockade, pronethalol (100 ug/kg/min) 
1 

was infused into the :femoral vein at a rate of o • .382 ml/min, using a 

50 ml S,1ringe and a Bavard infusion pump. 
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O. ELEOTROCARDIOGRAMS AND BLOOD PRESSURE REOORDINGS ON 'lRAINED 

UNA.NESTHETIZED DOOS 

Male and female mongrel dogs {10.16 kg) -were trained for a 

period of 6 weelœ 1 at the end of whieh the animals were able to 

tolerate various operation procedures witbout visible signs of 

discomfort. The mouth was lœpt opened for periods of 5 minutes 

during which time swallowing was impaired. A canine mouth-speculum 

was used for this procedure. During the period of training, circuler 

rings of polyethylene tubing {eut to approximately the aize of a 

ni troglycerin bypodermic ta blet) -were placed at the base of the 

tongue for 5 minutes {to mimic the tablets used in the experimenta). 

A catheter attached to a bypodermic needle (21G) was inserted into 

the brachial vein1 for the intravenous administration of drugs. Under 

local anesthesia (Xylocaine BOl Z), a Cournand needle (lSG) was 

inserted. into the femral artery and connected to a Sanborn pressure 

transducer (267A) for recording arterial blood pressure. Heparin 

(2 mg/kg) was administered intravenously. Electrocardiog.rams (Lead II) 

were recorded using German sn ver plate electrodes covered liberal.ly 

with electrode paste to ensure adequate contact. The blood pressure 

and electrocardiograms were recorded on a San born 964 recorder. 

A11 animsls were fasted overnight bef ore being used and no an:J mals 

were used more than twiee and never more than once in the same series 

of experimenta. Before and after each experiment, recordings of all 

standard leads (I, II, III) were made to deteot ai.JY" irregularities in 

the electrocardiogram. AJ..l injections were made intra venously and were 

washed in wi th 2 ml of sterile saline. 
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lh ill!Y.GS USED 

The following drugs were used in the course of these etudies: 

(1) Glyceryltrinitrate (nitroglycerin) 9.36% in lactose, supplied 

by Charles E. Frosst and CompaJ13', M:lntreal, Canada. 

(2) Hitroglycerin hypodermic tablets (1./100 grain), supplied by 

the Royal Victoria Hospital Pharrnacy, M:mtreal, Canada. 

(3) Trolnitrate phosphate (meta.mine) 5.6% in lactose, supplied by 

Thos. Leeming and Compar.ry, Parsippa.tzy', New Jersey. 

(4) L-.Anterenol Bi tartrate (noradrenaline), supplied by 

Winthrop Laboratories, New York, U.S.A. 

( 5) L-Epinephrine Bi tartrate (adrenaline), supplied by 

Winthrop Laboratories, New York, U.S.A. 

(6) L-Isoprotererol 2 Bitartrate (isoprenaline), supplied by 

Winthrop Laboratories, New York, U.S.A. 

(7) Pronethalol (1-2 naphthyl -2 -isopropylaminoethanol hydrochloride), 

supplied by Ayerst, McKenna and Harrison Limited, M:lntreal, Canada. 

{$) Synthetic o:xytocin, supplied by Sandoz Pharmaceuticals, 

M:mtreal, Canada. 

(9) Synthetic vasopressin (Pitressin), supplied by Parka Davis 

and Compaey, Limited, Brockville, Ontario, Canada. 

(10) Methacholine chloride (mecholyl), supplied by Merck and Company, 

Rahway, New Jersey, U. s. A. 
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Solutions of the drugs were alw~s freshly prepared b.1 dissolving 

these agents in 0.9% sodium chloride or MCEwen1s solution. All doses, 

used in these studies, have been expressed as their salts. 

Statistical procedures employed are those of Steel and Torre 

(1960), and resulta were declared significant if the.y exceeded the 95% 

probability leval. 
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JY. RESULTS 

PART I - COMPARATIVE EFFECTS OF NORADRENALINE, ADRENALINE AIID 

ISOPR'EifALINE ON CORONAR:i FLOW AND HEART CONTRACTIONS 

AS RECORDED IN THE ISOLATED PERFUSED HE:ARTS OF MOI~ 

Comparative changes in coronary flow and heart contractions (rate 

and amplitude) were studied in isolated heart preparations of both 

Macaca mulatta (rhesus) and Cercopithecus aethiops (vervet) monkays. 

Prior to the commencement of an experiment, an injection of 0.5 ml of 

NcEwen' s solution \Tas gi ven and recordings were made at 1 minute 

intervals, for 5 minutes. If there was aqy change in aqy parameters 

recorded, the preparation was considered not stabilized, and the 

experiment was started only \vhen this procedure produced no change in 

aey parameters. 

Threshold doses of noradrenaline, adrenaline and isoprenaline were 

determined for the isolated hearts of both species of monkeys 

(2 experimenta each) and appeared to be similar with respect to 

noradrenaline (o. 01 ug) and adrenaline (o. 01 ug). In the case of 
1 \ 

isoprenaline, the hearts of vervet monkays appeared more sensitive since 

doses of 0.0004 )lg, produced responses in these hearts comparable to 

the responses produced qy doses of 0.004 pg in the hearts of rhesus 

roonkeys. 

A. Effects of Noradrenaline 

The results obtained in experimenta in which the affects of 1 ~g 

of noradrenaline was tested in both species are summarized in Table I. 
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TABLE I 

COMPARATIVE CHAI'GES IN MEAN CORONARY FLOW, HEART RATE AND CONTRACTILE AMPLITUDE IN HEARTS 
OF MACACA MULATTA (R) AND CERCOPITHECUS AETHIOPS (V) HONKEYS 

Drug l·i:lan Coronary Flow Heart Rate Contractile Amplitude 
ml/min beats/min mm 

and Species Procedure 
Dose Control Max. Change Control Max. Change Control Max. Change 

NAD R 
Control 26±.1.7 201,1.2 10.3.:t8 134.!:17 9,±.3.1 24.:.2.7 

BAB 2.3.t.0·4 21i,.lel 97.t,l0 122j;l2 10,±.3.0 19±.7•4 

·- -
1.0 pg v Control 20...!;.1.8 .31J:,l.4 94±7 1.3.3,t15 16.t4·2 34±:4·7 

BAB 16.±..2·4 20.!:,2 • .3 80.±;16 9Q!:.l6 9.!:;.1.0 14..!:2.0 

ADR R Control 25.t.2.0 17!,.0.2 102.!,9 129..!:19 11.!:;.4.1 24..!;,5 • .3 
BAB 24!._0.7 211.1.0 98_!:9 ll9.:!).9 9.!;.2.9 18..t5·3 

1.0 pg v Control 20..:!:..3.0 32.!.4·0 82;!;5 143.!,30 ll.!:.3·4 .31l_9.0 
BAB 15.t.l·5 18,.t2.0 77:;,19 85.t,20 7J.:..0.7 12.t.l.l 

-
BAB : Values during Beta-Adrenergic Blockade with pronethalol. 
Al1 values are mean ±- Standard Error of 3 experiments. 

~ 
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The se are also show graphically in Figure 3 and 4· Following inj actions 

of noradrenaline (1 pg) in rhesus monkeys (3 experimenta), there was a 

prompt decrease in mean coronary f1ov1 from a control value of 26 ;!,. 1.7 ml/min 

to a minimum of 20 1.2 ml/min within 20 seconds. Concomitantly, there 

was marked ~ocardial stimulation with an increase to 24 t 2.7 mm in 

contractile amplitude from a control value of 9 ! 3.1 mm, and this 

reached a maximum within 30 seconds. Heart rate was similarly increased 

from 103 .!: 8 (Control), to a maximmn of 134 0!., 17 beats/min. It will be 

observed from Figure 3 (Control) that even after 5 minutes, mean coronary 

flow (% change) was still below control (preinjection) values although 

heart rate and amplitude bad returned to control values. From an 

examination of this Figure, although the maximum decrease in coronar.y 

flow occurred bef ore (10 secs) the maximmn change in anq:>li tude, one may 

conclude that the decrease in coronar.y flow may be due to the associated 

intense :myocardial stimula.tion induced by this agent, since these changes 

appeared to occur simultaneously. 

In contrast to the hearts of rhesus monkeys, following injections 

of noradrenaline (l pg) in the heart preparations of vervet monkeys, 

there was a significant increase in mean coronary flow to a maximum of 

31 zl.4 from a control value of 20 ~1.2 ml/min in 50 seconds. 

Figure 4 shows that at no instant there was even a transient decrease 

in coronary flow as have often been reported to occur following 

catecholamine administrations in several species. The control flow was 

restored within 5 minutes. There was an associated increase in heart 

rate from 94 t 7 to 133! 15 beats/min. The amplitude of contraction 
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was sim:llarly increased from 16 :!.;" 4.2 (Control) to 34 ±: 4.7 mm. 

Maximum contractile changes occurred within 30 seconds as was the case 

in the heart preparations of rhesus monkeys. Figure 4 (Control) sho\rs 

that, in spite of the increases in both heart rate and contractile 

amplitude, the coronary flow was still markedly increased, hence it 

~ be concluded th~t the increased contractions did not impede coronary 

flow. In neither species was there any secondar,y increase in coronary 

flow as are often seen in experimenta using heart preparations of other 

animal s. Comparative records of typical experiments are shown in 

Figure 5· 

Following beta-adrenergic blockade (BAB) the responses to 

noradrenaline (1 ug) were also compared and the values obtained are 
' 

summarized in Table I and show graphically in Figures 3 (BAB) and 4 

(BAB). In the hearts of rhesus monkeys, following administrations of 

noradrenaline, mean coronar,y flow still decreased for over 60 seconds 

although this was significantly less than the values obtained before 

blockade (see Figure 3 BAB). The changes in heart rate seen before 

blockade were not affected while changes in the amplitude of contraction 

were greatly reduced. The hearts of vervet monkeys showed an increase 

in coronary flow despite the blockade of beta receptors, although this 

was significantly less than the values obtained before blockade 

(Figure 4 - BAB). The changes in heart rate were completely abolished 

while the changes in amplitude of contraction were markedly reduced. 

Figure 6 shows comparative records of typical experimenta. 
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lh Ef'fects çf AdrenaJ.ine 

Comparative changes in mean ooronar.y flow and heart contractions 

in response to an injection of adrenaline (1 pg) were obtained and are 

summarized in Table I. Figures 7 and 8 show these changes grapbically. 

In the isolated hearts of ;rhesH§ monkeys, following injections of 

adrenaline, there was a consistent decrease in mean ooronar,r flow from 

a control value of 25:!:.. 2.0 to a value of 17 -t 0.2 ml/min within 

20 seconds. Heart contractions were also affected. Heart rate increased 

from 102 -r 9 to 129 + 19 beats/min and this coincided with the maximum - -
de crea se in mean coronary flow ( 20 secs) while maximum stimulation of 

contractile amplitude, from a control value of 11 ~ 4.1 to 24·t 5.3 mm 

occurred within 40 seconds. ~ comparison, there was less stimulation 

of he art contractions wi th adrenaline than wi th noradrenaline in this 

species while the mean coronary flow was more markedly decreased following 

adrenaline administration. 

A similar injection of adrenaline (1 pg) produced a consistent 

increase in mean coronary flow in the hearts of vervet monkeys. (See 

Table I and Figure 8 - Control). This reached a maximum of 32~ 4.0 

from a control value of 20·i 3.0 ml/min within 60 seconds, and returned 

to nea.r control value within 5 minutes. The associated increase in heart 

rate was more pronounced, than was observed, following a.dln:inistrations of 

adrenaline. The change in ampli tude was of the sa.me ma.gni tude as that 

induced b.y adrenaline, but when compare& with heart preparation of rhesus 

monkeys, adrenaline induced a greater amplitude of contraction in the 

heart preparations of veryet monkeys. Figure 9 shows comparative records 

of typical experimenta. It can, therefore, be inferred that noradrenaline 
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and adrenaline induced similar qualitative responses in heart 

contractions in both species. With respect to changes in mean coronar.1 

flow, whereas beth agents caused increases in flow in the hearts of 

vervet monkeys, the responses shown by the hearts of rhesus monkeys 

was a consistent decrease. 

A comparison of the responses to adrenaline during beta-adrenergic 

blockade is also summarized in Table I and shown graphically in Figures 

7 (BAB) and 8 (BAB). The response of the corona:ry flow in the hearts 

of rhesus monkeys was still a consistent decrease following injections 

of adrenaline (1 pg). tfuile heart rate changes were not significantly 

different from values observed before blockade, the amplitude of 

contraction was reduced with maximum changes occuring within 60 seconds 

after administrations of adrenaline (Figure 7 - BAB). In the hearts of 

vervet monkeys, the increase in coronary flo~observed before beta

adrenergic blockade, was greatly reduced. This would tend to indicate 

that mst of the o bserved dilatation was due to the stimulation of 

beta-adrenergic mechanisms in this species. Changes in heart rate were 

completely abolished and the changes in amplitude of contraction were 

also significantly reduced (Figure 8 - BAB). Comparative records of 

t.ypical experimenta are presented in Figure 10. 

~ Effects of Isoprenaline 

A summary of the data obtained in response to injections of 

isoprenaline (0.04 pg) is presented in Table II, and the mean changes 

in corona:ry flow and heart contractions in beth species are shown 

graphically in Figures 11 and 12. Isoprensline induced a brief 
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TABLE II 

CŒ-11? ARATIVE CH.AIDES IN l-1EAN CORONARY FLOW, HEART RATE AND CONTRACTILE AMPLITUDE IN HEARTS 
OF l4ACACA HULATTA (R) AND CERCOPITHECUS .AETHIOPS (V) MONJŒYS 

Drug M3an Coronary Flow Heart Rate Contractile Amplitude 
ml/min beats/min mm 

and Species Procedure 
Dose 

Max. Change Control Max. Change Control Max. Change Control 

R Control 26:!::1•4 32.!:,4.0 99.tl2 119.!.15 7:r.2.5 21;!.9.6 
ISO BAB 24-t-0.7 24-.!:.P· 7 94;f/ 94!7 S;t,2.8 8i2.8 

0.04 ug v Control 21!.4·3 31!,2.8 90.,t13 131!:.26 8.;t2.0 22±9·9 
BAB 16:!:1·4 16.!.:1·4 7794 771.14 7t_0.8 8.:t.0·9 

CaC12 
R Control 26z=l.S 20.!,1.8 104.:!).6 80;t22 8;:!::2.8 18.!,5.3 

BAB 24,!1.0 19!::,1.0 94J:..7 72!;.15 7:t.2·5 12.!4•0 

5mg v Control 23!:4·1 15:!.3·4 96,!17 116!,37 8,!2.3 19.!:1·5 
BAB 15!_1.2 11!1·4 71~2 751.14 9J;0.4 27!_5.9 

BAB • Values during Beta-Adrenergic Blockade with pronethalol. 
All values are mean ;t Standard Error of 3 experimenta. 

~ 
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Iso1ated perfused heart of rhesus monkey. Effects of 
isoprenaline (0.04 rg) on contractile force, heart rate 
and coronary flow before (solid circles) and during 
(open circles) pronethalol perfusion (BAB). The abscissa 
denotes time (sec and min) after noradrenaline. Vertical 
lines indicate standard errors of the means. Nwnber of 
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( sta.tisticaJ.J.y insignificant) increase in coronary flow in the hearts 

of rhesus monkeys. He art rate was increased from a control value of 

94 ::_c 12 to 119 i 15 beats/min. The amplitude of contraction was 

markedly influenced and increased from a control value of 7 ~ 2.5 to 

2lt 9.6 mm. The duration of this increase was for a much longer period 

than in responses to noradrenaline and adrenaline. Following isoprenaline, 

a pronounced increase in mean coronar.y flow was the constant response in 

the hearts of vervet 100nkeys. The max::1..nnml increase was 31 t'" 2.8 from a 

control value of 21 :!: 4.3 ml/min and this occurred within 60 seconds. 

Even after 5 minutes, the control flow was not restored. There was a 

gradual increase in heart rate to a maximum of 131 !: 26 from a control 

value of 90 !: 13 beats/min and even after 5 minutes the rate was still 

above the control value. Amplitude of contraction was lesa affected 

than in the hearts of rhesus monkeys and for a shorter time also. 

Figure 13 is a record of the comparative responses in bath species. 

Injections of isoprenaline (0.04 pg) during perfusion of the 

blocking agent (BAB) elicited no changes in either coronary flow or heart 

contractions in both species of monkeys (see Figures 11 - BAB, 12 - BAB, 

and 14). 

In order to determine the degree of specificit,y of the inotropic 

blockade produced 1:zy" pronethalol, the effects of the cardiac stimulant 

calcium chloride (5 mg) were compared before and during perfusion of 

the blocking agent in bath species. The results obtained are tabulated 

in Table II. Figures 15 and 16 show graphically these changes. There 

was no evidence of blockade of the positive inotropic actions of calcium. 
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However, while the hearts of rhesus monkeys showed a decreased 

response after blockade, the hea.rts of vervet monkeys showed enhanced 

sensitivit.y as evidenced qy the greater amplitude of contraction when 

compared to the control responses. 

A compa.rison of the coronar,y flow values obtained before and 

during blockade shows that pronethalol (BAB) decreased mean coronary 

flow in the perfused hea.rts of both species of animals. A similar 

affect was reported qy Gillis (1965) using the isolated perfused 

hearts of rabbi ts, wh en pronethalol (50 pg/min) was infused in the 

aortic cannula. In the present series of experimenta, this decrease 

in coronary flow was more marked in the hearts of vervet monkeys than 

in the hearts of rhesu§ monkeys. Tables I and II also show that 

control of coronar,y flow was higher in the perfused hearts of rhesus 

than in similar heart preparations of vervet zoonkeys. This difference 

may be due to the fact that hea.rts isolated from rhesyl! monkeys were 

generally larger (12. 5 to 16 gm) than hearts isola.ted from vervet 

monkoys (10 to 15 gm). Hcwever, this difference was not statistically 

significant. 

Summa.rizing the data. obtained from the hearts of both species of 

monkeys in responses to administrations of noradrenaline, adrenaline 

and isoprenaline, it has been observed that: 

(1) Noradrenaline increased heart contractions similarly in both 

species of monkeys, but while augmentations of corona.ry flow 

occurred in the Cercopithecus aethiops, a decrease in coronar.y 

flow \Jas the constant responses in the l:facac!i mulatta speoies. 
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(2) Adrenaline exerted qualitativel:y similar resulta to noradrenaline 

in both species. 

(3) Qualitative1:y siTTJ.ilar responses were induced by isoprenaline but 

vervet monkeys may be more sensi ti va. 

(4) Adrenergic blockade (BAB) reduced the responses to noradrenaline 

and adrenaline, and completel:y abolished the responses to 

isoprenaline. 

(5) Beta-adrenergic blockade reduced the mean coronary flow but did 

not affect the positive inotropic actions of calcium. 
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P .ART II - POSSIBLE ADRENERGIC INFLOENJES OF OTHER AGENTS ON CORONARY 

FLOW Al'ID HEART CONTRACTION RESPONSES IN THE ISOLATED HEARTS 

OF MACACA MULATTA 

The affects of these agents (nitroglycerin, trolnitrate and 

vasopressin) on the coronary circulation of various animals have 

been studied b,y several workers. I am aware of no reports of ~ 

investigations concerning the affects of these agents on the coronar,r 

circulation of rhesus monkeys. In the present study, the responses 

to nitroglycerin, trolnitrate and vasopressin were compared before 

(Control) and during beta-adrenergic blockade (BAB). The hearts 

of vervet monkeys were not used in this study. 

A. Effects of Ni troglyceriJ:l 

Table III summarizes the results obtained following injection of 

nitroglycerin (0.1, 1.0, 10 pg). In each experiment, the same sequence 

of doses was tested at 5 minute intervals. In the control responses, a 

dose of 0.1 ug increased mean coronar.r flow b,y 26%, 'While a dose of 1 p.g 

induced an increase of 68%, and the maximum dose tested 10 pg, induced 

an increase of 90% in mean coronar,y flow. Heart contractions were not 

significantly affected b,y the range of doses administered. 

Fol1owing perfusion with pronethalol (BAB), the responses were 

qualitatively similar but quantitatively markedly reduced. At the 0.1 pg 

and 1.0 ~ dose 1evels, the reduction in the response was not statistically 

significant. However, at the 10 pg dose leval, there was a difference of 
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TABLE In 

CHANGES IN MEAN CORONARY FLOW AND HE ART CONTRACTIONS FOLLOWING NITROGLYCERIN { NTG) AND 
TROLNITRATE (TROL) ADMINISTRATIONS 

Drug ~an Corona.ry Flow Hesrt Rate 
and Procedure ml/min beats/min 
Dose 

Control Max. Change Control Max. Change 

NTG 0.1 'P8 
Control 19,i.2.0 24,:4-8 (26%} 77.J.8 

BAB 18.!;.2.2 22.!).4 (22%} 97,112 

Nl'G 1.0 'Pi Control 19..r;.2e2 32..!:,5.8 (6$) 80-l)J. 
BAB 22,t,3.7 30.:,5.6 (36%) lr.:J7J..7 

NTG 10.0 pg Control 19..t2e2 36.!,?.0 (9"") 83.!).4 
BAB 19,!;;3.0 27.1;.5.0 (42%) 97J.7 

Control 21.!,3.0 22~2.6 ( 5%) 90.l,20 
TROL 1. 0 '\1g BAB 20.t,l.O 21.!;:1.0 ( 5%) 10.3.!.-9 

TROL 10.0 llg 
Control 20..t.2.6 23.,t5.0 (15%) 90.!.:.20 

BAB 20.!;1.0 23J).o (15%) 100.!,20 

TROL 100.0 1Jg Co:.;ol 20..!;.2.6 33,.L5.1 (65%) 100..!:,20 
20l,Oe9 25J).S (25%) 100..:.,20 

BAB • Values during Beta-Adrenergio Bloolœ.de with pronethalol. 
All values are mean .!.,- Standard Error o:f 3 experimenta. 

77.t.8 
97J..12 

80.!).1 

1r.:J7J..7 

83,114 
97.)..7 

90120 
10.3;1.9 

90...!.20 
100..!,.20 

100,.L20 
100~20 -

Contractile Amplitude 
mm 

Control Max. Change 

15.!.0.3 15...!.0.3 
9..:)..0 9.!)..0 

15.!.1.0 16..!)..0 

8.:!,1. 0 8.!;_1.0 

15;.!.0.3 15.;!.0.3 
8.!.,1.0 8.!.1.0 

14.!J..O 14i)..O 
8.~:;.1.4 8..!;1.2 

14.!.1.0 ].0.0 
8.!)..0 8ll•O 

12..!.;.1·4 13.!;0.8 
7!)..4 7.!.0•4 

()t) 
V\ 
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J$, in the response when compared to the control value (P <::.~ 0.01). 

Heart contractions were mt affected by nitroglyoerin during beta

adrenergic blockade (BAB). Figure 17A shows a dose response curve 

for the doses of nitroglycerin tested (Control and BAB). 

The threshold dose for nitroglyoerin was found to be 0.1 pg 
1 

sinoe a dose of 0.06 pg was ineffective in producing a response. 

Figure 17 A shows that the responses of the coronary flow to this 

agent were dose dependent (% changes). The re sul ts o btained agree 

wall with similar data obtained by Lu and Malville (1950) and Gillis 

(1965). These investigators showed that in doses which increased 

the coronary now quite strild.ngly, nitroglycerin exerted no significant 

inotropic or chronotropic affects on the isolated per.fused hearts of 

rabbits~ The present data, on the isolated hearts of rhesus monkeys, 

confirm these observations. 

B. Effects of Trolnitrate 

Based on the findings of 1-Blv:tlle and Lu (1951) that trolnitrate 

exerted qualitatively sim:Uar actions to nitroglyoerin on the isolated 

perfused hearts of rabbits, Gillis (1965) reinvestigated and confirmed 

the se find.ings. Since i t is not known if this finding is true for all 

species of an:lmals, this agent was also tested on the isolated per.fused 

hearts of rhesus monkeys. The procedure was similar to that adopted 

to test the affects of nitroglycerine Doses of 1, 10 and 100 ~ were 

compared before (Control), and during beta-adrenergic blockade (BAB) • 

Table III summa.rizes the resW. ts obtained. The observed affect 

was an increase in mean coronary flow wi th no signif'icant affects on 
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heart contraction. Doses below 1 pg were ineffective in producing a 

response. At the 1 pg leval, the increase in mean coronary flow was 

'5%, at the 10 pg leval, 15% and at the 100 pg leval, 65%. 

Beta-adrenergic blockade (BAB) did not affect significantly the 

responses to 1 pg and 10 pg of trolnitrate, when corr.qJared to the 

responses observed during the control injections. However, at the 

100 pg dose leval, there was a difference of 40% in the observed 

responses when compared with values obtained before beta-adrenergic 

blocka.de (PL 0.02). Figure 17B shows the trolnitrate dose response 

curve. Unlike the responses to nitroglycerin, the increases in mean 

coronary flow when trolnitrate was administered were not dose dependent. 

Figures 18 and 19 show comparative records of typical experimenta in 

which nitroglycerin and trolnitrate were administered, before (Control) 

and during beta-adrenergic blockade (BAB). 

Comparing the reeponses to both agents, it ca.n be observed that 

nitroglycerin appeared to be more potent. A dose of 1 p.g of nitro

glycerin induced 6$% increase in mean coronary flow while an almost 

similar response {65%) was induced by a 100 pg dose of trolnitrate. 

It can, therefore, be inferred that, dose for dose, nitroglycerin 

appears to be 100 times more potent than trolnitrate in augmenting 

coronary flow in the isolated perfused hearts of rhesus monkeys. The 

observed responses after beta-adrenergic blockade are suggestive of 

some invol vement of adrenergic tœchanisms in the responses to both 

nitrites. It has been suggested that nitroglycerin exerts a direct 

action on the coronary vessels. The present investigation confirma 

this suggestion. 
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In summa:ry, it has been observed that: 

(1) Nitroglycerin and trolnitrate increased coronary flow in the 

isolated hearts of rhesus monkeys, but did not exert aJrf 

significant positive inotropic or chronotropic actions in 

the doses employed. 

(2) A dose dependent increase was induced qy nitroglycerin but 

not b.1 trolnitrate. 

(3) Nitroglycerin appeared to be, dose for dose, 100 times more 

potent. 

(4) During beta-adrenergic blockade, augmentations of coronary 

flow induced qy beth agents were significantly reduced. 

(5) The evidences obtained support the hypothesis that the 

actions of nitroglycerin and trolnitrate involve beth 

adrenergic and non-adrenergic mechanisms. 

c. Effects of Vasopressin 

All experimental studies on the affects of this agent on the 

coronar.1 circulation have demonstrated that vasopressin produces 

marked coronary constriction when injected into the isolated heart, 

heart-lung preparation, and also when injected into the intact animal. 

However, there have been no reports of the effect of this agent on 

the coronary circulation of the rhesu,ê monkey and, in particular, 

the affects of beta-adrenergic blockade (BAB) on the observed coronary 

constriction, produced qy vasopressin as observed in ether species of 

animals. In this investigation, the response to a dose of 5 I.U. were 
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compared before (Control) and a.fter beta-adrenergic blockade (Figure 20). 

It "ras observed that sma11 doses (1 to 2 I. U.) produced only a transient 

decrease in coronary flow. 

In 2 experimenta, it was observed that, following injections of 

5 I.U. of vasopressin, there was an immediate but transient (6 secs) 

increase in meen coronary flow. This was fol1ovred by a progressive 

decrease vThich persisted for over 5 minutes. Concomitant with the 

decrease in flow, there was an immediate depression of the contractile 

amplitude and this depression persisted for a longer duration than the 

decrease in mean coronary flow. Heart rate was reduced. Chloretone 

{chlobutanol 0.5%) was used as a preservative in the doses of vasopressin 

(Pi tressin, Parka Davis and Compa..rw) ad.ministered. It has been previously 

shown by Helville (1933 b), that chloretone increased coronary flow in 

isolated rabbits hearts. In the present stuqy, the transient increase 

in mean coronary flow was believed to be due to the dilatory property 

of this agent. Inj actions of o. 5 ml (o. 5%) of chloretone produced a 

transient increase in mean coronar.y flow. 

During beta-adrenergic blockade, the pronounced coronary constriction 

observed in the control responses was :m.arkedly reduced. The transient 

increase in mean coronary flow was also reduced and heart rate was 

unaffected. The degree of ~ocardial depression was not altered during 

beta-adrenergic blockade. The data presented are inadequate for 

quantitative conclusions to be made but tends to indicate that the 

observed responses of the coronary flow w~en vasopressin is administered 

nu:zy inval ve ( 1.n part) adrenergic mechanisms, while the o bserved ~ocardial 

depression is probably of non-adrenergic origin. 
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PART III - INFLtlE:ooES OF NITROGLYCERIN AND TROLNITRATE ON 

CORON.ARI VASOCONSTRICTION INDUCED BY V ASOPRESSIN 

.&. Influence ot !ntravel'.lQus Ni trog~yeerin on Responses to V asopressin 

One model ot disturbance ot the eoronar.y circulation frequen~ 

used to study the ettects or coronary dilator agents on the corona:ry 

circulation ot the intact ani:mal 1 is the intravenous injection ot 

large doses or vasopressin. Angina pectoris is believed . to be due 

to spasm ot the coronar,y vessels and this use or experimental coronar,y 

spasm o.frers a reasonable approach to mimicking this condition in 

laboratory an1maJ studies. It was1 there.fore, neeessary to produce 

a model condition approximating coronar,y insurricieney in intact open

chast mongr.el doge, the experimental animale used in the investigation 

or this phase ot the problem. 

Figure 2l shows graphically the average coronary now, (% change) 

blood pressure, heart rate and contractile .force changes whieh were 

obtained in control dogs tollowing a single injection ot 1.0 I.U./kg 

or vasopressin, and Figure 22 is a record or an experiment. Following 

administration or vasopressin, there was an immediate reduction in 

coronary flow to a value or 53.:_ lZ' below control values within 

60 seconds. This was .followed by a sharp rise to a value above the 

control and then a progressive decline. Blood pressure changes indicated 

a diphasic response; a sllght rise rollowed by a :marked ra11 (presumed 

to be a direct re sul tant errect o.f the reduction in 11\Y'OCardiaJ.. blood 

suppl:y). When peripheral eonstriction be came dominant, there was a 

sharp rise in blood pressure to overshoot the control velues, which 
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FIGURE 21: 

SEC TIME MIN 

Anesthetized open-chest dog. Mean changes in contractile 
force, heart rate, blood pressure and coronar,y flow 
following an injection of vasopressin (1.0 I.U./kg). 
Vertical lines indicate the standard errors. Values are 
means of 3 experimente. 
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was followed qy a progressive return to' near control values ov~r 

15 minutes. Heart rata showed a progressive decrease to a value 

of about 30 beats/min below the control value. Depression of the 

myocardial contractile force was most striking and abrupt. Wi thin 

30 seconds after administration of vasopressin, there was a depression 

of 6/$ below control values, and not until the blood pressure and 

coronary flow increased was there a return to near control values. 

The electrocardiographie changes following vasopressin 

administration are shown in Figure 22. The control pattern showed 

an upright T wave and following injection (30 secs) there was a 

diminution and an upright T wave which gradually increased in voltage. 

In some experimenta, within 1 minute, there was marked bradycardie. 

followed qy ectopie ventricular beats. Gradual restoration of sinus 

rhythm always occurred and the control pattern was restored usually 

within 30 minutes. In seme experimenta, the ST segments formed the 

ascending line of a giant T wave. These electrocardiographie changes 

only occurred when coronary constriction was quite evident after 

vasopressin administration in these experimenta. It is the concensus 

of opinion that the electrocardiographl.c changes, observed follo-vling 

vasopressin injection, provide a reliable indication of interference 

Yrith II\Y'Ocardial blood supply, sinœ these changes are a direct resultant 

of intense spa...c;m of the coronary circulation lea.ding to myocardi.al hypoxia. 

The changes observed in these experiments tend to confirm this. It is 

pcssible that the bradycardie. observed may be partly due to reflex and 

partly due to a quinidine-like property this polypeptide is believed 

to possess (Brodeur and Beaulnes 1965 ). 
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Nitroglycerin is universally recognized as the yardstick against 

which all other coronar,y vasodilators are compared. Its mechanism or 

action is largely believed to be due to relaxation or the sJOOoth muscles 

of the arterioles. A coronar.y dilator action bas been demonstrated in 

the isolated beert. However, in the intact animal, only a transient 

increase in coronary flow is usually seen even when large doses are 

employed. Gillis {1965) used doses ranging from 0.1 pg to 100 pg 

intravenously in dogs. In all cases, only a brier increase, lasting 

from 10 to 20 seconds, could be obtained. In fact, following this 

brier increase, there was a marked decrease in flow which he assumed 

was probably due to the reduction in blood pressure. 

In the present study, the response to 3 hypodermic tablets of 

nitroglycerin (1.95 mg) was determined when this was administered by 

1 rapid intravenous injection. This dose was equivalent to appro:x:imately 

lOS -pg/kg since the dogs aversged 18 kg in weight. The prim.al.jr response 

to this dose was an immediate fall in blood pressure of 62 mm. Hg below 

the control value, being maximal within 30 seconds, and with a progressive 

return to control values within 3 minutes. A transient increase in 

coroll8.17 flow was sometimes observed, but was always followed within 

10 seconds by a marlœd decrease. This might be due to the fall in 

perfusion pressure which may have obscured the affect of a more pronounced 

dilatation. The decrease in mean coroll8.17 flow wa.s maximal within 

2 minutes {4~) and was followed by a progressive return to control 

1Tbis procedure was employed as a ba.sis of comparison in connection with 
similar experimenta in which nitroglycerin was administered sublingua).ly 
{see Part IV). 
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values wi thin 7 minutes. That this decrease is secondary to the fall 

in blood pressure is seen from the fac.t tha.t as the blood pressure 

recovered, the coronary flow also recovered. There was a reflex 

increase in heart rate which returned to the control pattern as the 

blood pressure recovered. There was no change in the contractile 

a~litude and the electrocardiogram showed no change from the control 

pattern. 

The antagonism of chloroform - adrenaline fibrillation by 

ni troglycerin was shown by }i31 ville (1948). He concluded that this 

was due to the coronary dilatation induced by this agent. The 

antagonism to vasopressin vasoconstriction has also been repeatedly 

demonstrated, Since nitroglycerin produces no significant dilatation 

in the present stuqy, it was of interest to see if an antagonism to 

vasopressin vasoconstriction could be demonstrated under these 

experimental conditions, Figure 2J shows graphically the mean values 

of three experimenta. In these experimenta, nitroglycerin (J tablets) 

was administered by rapid intravenous injection and was followed 

JO seconds after, by an injection of vasopressin (1.0 I.U./kg). 

Exa.mination of Figure 2J will shot.r tha.t in ths first JO seconds, the 

affects of nitroglycerin are manifested i.e. a decrease in coronar,y 

flow as a result of the changes in blood pressure. At 30 seconds, 

the coronar,y flow showed a progressive return to normal following the 

administration of vasopressin. There was complete antagonism of the 

coronary vasoconstriction and, in fact, there was even a slight increase 

in coronary flow as the peripheral vasoconstrictor action of vasopressin 
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became evident. The blood pressure showed the usual fall due to 

the peripheral dilatation caused by nitroglycerin. With the administration 

of vasopressin, it recovered to control values and after 1 minute 

increased, due to the peripheral vasoconstriction, 'ltrhich was not 

significantly antagonized. Heart rate changes indicated a brief increase, 

probably a reflex due to the blood pressure fall following nitroglycerin 

administration. This was follm.red by progressive reduction as the 

blood pressure increased, which ~ also be a reflex bradycardia due to 

the increased blood pressure. 

While no changes in contractile force were observed, following 

nitroglycerin administration, intense ~ocardial depression was evident 

within 50 seconds following vasopressin administration. This cannet 

be attributed to any change in aey of the ether parameters as is 

evident from the Figure, and cannat be attributed to an impairment in 

myocardial nutrition as a result of coronar,y constriction. Examples 

of tracin~s taken during an experiment are shawn in Figure 24• Al though 

the coronary constriction was successfully antagonized in these 

experimenta, marked ECG changes occurred. Within 20 seconds, an ischemie 

T wave was evident and was accompanieè. by progressjve heightening of the 

ST segment, to be almost as high as the QRS complex, within 4 minutes. 

The P wave was also slightly heightened and the PR interval showed some 

evidences of prolongation. Ctn"iously, .100st of the se changes were still 

pronounced after 30 minutes. This was significantly different from the 

responses to vasopressin alone, where all ECG changes were normalized 

within 15 to .30 minutes. 
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It is quite evident that the ECG changes and mwocardial changes 

observed might not be due entirelY to the vasoconstrictive actions of 

vasopressin on the coronary circulation. 
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B. J:nnuence of' Intravenous Trolnitrate on the Responses ]9 Vasopressin 

All experimental etudies have indicated that trolnitrate exerts 

a qualitativeq sim:llar action to nitroglycerin. Nitroglycerin, however, 

dose for dose, is more potent. Since the vasopressin-induced coronary 

constriction was successf"ully anta.gonized by nitrogqcerin, it was of 

interest to see if' vasopressin vasoconstriction could also be successfûlly 

anta.gonized by trolnitrate. Control responses to a dose of .3.0 mg/kg 

were determined. A brief increase in coronary now was observed but 

this was soon converted to a decrease, as a fall in blood pressure 

became evident. This was not pronotmced as wi th ni troglycerin, but 

these changes were more prolonged. Changes in heart rate and contractile 

force vere not observed to 81lY merlœd degree. 

In a separate series of experimenta, trolnitrate (3.0 mg/kg) was 

adndn:t stered intravenously and was followed 30 seconds after b,y 

vasopressin (1.0 I.U./kg). Figure 25 summarizes the resulta obtained 

graphicaJ.l1 and an example of an experiment is represented in Figure 26. 

In Figure 25, the coronary fiow showed no :marked change al though the 

blood pressure showed the usual decrease, due to peripheraJ. relaxation 

of smooth muscles of the arterioles induced by trolnitrate. Heart rate 

was slightly increased and mrocardial contractile force was slightly 

increased. Following administration of vasopressin, a brief increase 

followed by a 16% reduction in coronary fiow occurred, which soon 

returned to control values. The blood pressure showed a sharp rise 

followed by a fall and a second rise subsequent]1', returning to control 

values wi thin s minutes. The changes in coronary now, followed the 

blood pressure changes quite closely and are either secondary to, or 
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coincidental 'With these changes. While the heart rate was not markedly 

affected, the contractile force showed dramatic changes. This was 

evidenced qy a rapid and extrema depression of a similar degree or in 

sorne cases to a greater extent than the depression induced b.r vasopressin 

alone. This was ma.xi.ma1 'Within 80 seconds (66%) but retm;ned to overshoot 

the control value within 5 minutes. 

In Figure 26, it will be observed that as occurred in the response 

to vasopress:i.n during nitroglycerin administration, significant ECG 

changes also occurred. Within 20 seconds following vasopressin, the 

control upright T wave was inverted followed by flattening and subsequent 

elevation within another 20 seconds. ST segment deviation persisted for 

over 10 minutes and within 15 minutes the control pattern was restored. 

No prolongation of the PR interval was observed. 

Summarizing the data presented above, it was observed that: 

(1) When administered intravenously, nitroglycerin and trolnitrate 

were capable of antagonizing vasopressin-induoed coronary 

vasoconstriction in open-chest pentobarbitalized dogs. 

(2) No significant antagonism of the peripheral vasoconstriction 

induced by vasopressin was observed. 

(3) The observed deorease in heart rate was eliminated by beth nitrites. 

(4) The Yasopressin-induced ll\Y'Ocardial depression was not antagonized 

by either nitroglycerin or trolnitrate. 

(5) Antagonism of the coronary vasoconstriction did not prevent the 

development of the typical ECG changes induoed by va.sopressin 

1-1hi ch were more pronounced wi t.h ni troglycerin rre-treatment than 

with trolnitrate. 
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These observations indicate that the ECG changes might be more 

directlY related to the rnwocardial depression than to the changes 

in coronary flow induced Q1 vasopressin. 
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C. Observations on the Role of Beta-Adrenergic Mechanisms on 

The Responses to VasopressL~ 

The influence of beta-adrenergic blockade on the respcnse to 

ni troglycerin and trolni tra.te i.f~.S investigated by Gill i.s (1965). 

He ::iemonstrated that adrenergic blockade reduced the initial :i.ncrease 

in coronary flow, aboli shed the tachycardia, and the increased 

contractility, observed in control responses. No secondary decrease 

in coronary flow was reported tc have occurred. In a second series 

of experimenta, it was shawn that nitroglycerin exerted significant 

beta-adrenergic blocking properties. During continuous infusions 

of nitroglycerin, a partial blockade of the inotropic responses to 

intravenous injections of adrenaline and noradrenaline were observed, 

but not to isoprenaline. Injections of CaC12 indicated no evidence of 

a blockade of the positive inotropic actions of this compound, suggesting 

a specifie type of blockade b,y nitroglycerin. 

The investigations of Nash {1964) indicated that the mechanism of 

action of vasopressin may involve directly or indirectly c~diac 

adrenArgic mechanisms. On the basis of these observations, it was of 

interest to deter:m:i.ne to what extent the affects of vasopressin could 

be modified b,y a blockade of beta receptors, and lvhat was the affect 

of the blocY~de exerted ~J pronethalol on the antagonism of the 

vasopressin-induced coronary vasoconstriction previously observed. 

To achieve a blockade of beta receptors, a continuous infusion 

of pronethalol (lOO pg/min) was made for .30 minutes (see Met.hods), and 

while continuing the infusion, the various agents were tested. No 

striking effpcts on a.ny of the parameters recorded were observeèl. 
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The coronary flow showed a slight decrease over a .30 minute period, 

blood pressure was u.r10hanged and he3l't rB.te was slightly decreased 

(lO beats/min). Contr~ctilit.1 cha~ges were insignificant. Tc determine 

an effective blockade, an injection of isoprenaline (0.1 pg/kg) was made 

before commencement of pronethalol infusion and this was repeated after 

.30 minutes of infusion. The control injection produced a brief increase 

in coronary flow of about 20 seconds duration, which was followed ~ a 

return to the control value and a secondary rise. The blood pressure 

decreased qy 20 mm Hg from the control value and remained at this value 

for the duration of the effect cf this agent. There was a mild increase 

in heart rate (.30 beats/min) which gradually returned tc control values 

within 20 seconds. Contractility was enhanced, and within 10 seconds 

attained a value of over 70% above the control value. The control 

pattern was restored within 2 minutes, qy which time all other parameters 

were back to their normal control values. After infusion of pronethalol 

for .30 minutes and while still continuing the infusion, a second injection 

of isoprenaline was made. There were no clw.nges in any parameters. The 

electrocardiogram showed no distinct changes in response to either the 

control or the second 1.nj ection of isoprenaline. 

During beta-adrenergic blockade, injections of nitroglycerin 

(.3 tablets Dl) produced a mild decrease in coronary flou which returned 

to the control value within 1 minute. The blood pressure fall was not 

as pronounced as observed in the absence of blockade and the reflex 

tachycardia was abolished. Jt'ocardial contractility was not affected. 

After JO minutes of blockade with pronethalol as above, and whtle 

continuing the infus:l.on, an injection of vasopressin (1.0 I. U./kg) i-las 
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made. The responses to this injection are shawn graphically in 

Figure 27, and Figure 28 shows a typical experiment. Figure 27 shows 

that while the reduction in coronary flow was not prevented by beta.

adrenergic blocl:ade, it was markedly reduced. 11axinr'Jm effect was 

achieved within 90 seconds following the administration and this was 

of a magnitude of 36 t 12%. This mj~d vasoconstriction was, however, 

short lived, the control pattern being restored within 5 minutes. No 

seconda.ry rise èue ta peripheral vasoconstriction was observed, as i.n 

previous experimenta without blockade. The blood pressure showed the 

usual diphasic response, though again this was less marked than during 

vasopressin administration in the absence of blockade. Maximum decrease 

occurred at the same time the coronarJ flow was at its lowest value. 

This was succeeded by a secondary rise (54 mm Hg), and a quick return 

ta near control values. Heart rate values showed a progressive decrease 

but this was not pronounced, i.e. not exceeding 30 beats/min. The 

contractile force curve showed the greatest changes. This was reduced 

by 66!: 11$ within 60 seconda after vasopressin injection. Comparing 

this with values obtained in the absence of blockade, a greater depression 

of contractility occurred in response ta vasopressin during beta-adrenergic 

blockade. It should be also noted that the control pattern was not 

restored for the duration of the experiment, still being reduced by over 

20/& at 15 minutes. 

In Fig'ltt'e 28 the ECG showed no marked changes. The control pattern 

shows an inverted T wave. Twenty seconds after vasopressin administration, 

there ï..ras a further deepening of the ST segment which persisted for over 

3 minutes. The control pattern was restored saon after. 
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That this might not be due to the reduced coronary constriction 

will be seen in Part IV, where a 28% reduction in coronary flow induced 

by injection of 0.5 I.U./kg of vasopressin in the absence of blockade, 

resulted in marked ECG changes. Pronethalol is believed to be capable 

of blocking the ECG changes occurring in patients with rnwocardial 

ischemie diseases and also possesses anti-arrhythmic properties. The 

present observations ~ be due to either of these actions. 

Since there was a reduction in the vasoconstriction induced by 

vasopressin during adrenergic blockade, it was of interest to determine 

to what extent the antagonism previously observed could be influenced b.Y 

beta-adrenergic blockad~ with pronethalol. Consequently, in this series 

of experimenta, after 30 minutes of blockade and while still continuing 

the infusion, an injection of nitroglycerin (3 tablets) was made 

intravenously, fcllowed within 30 seconds by vasopressin (1.0 I.U./kg). 

These results are summarized graphically in Figure 27. Following the 

administration of nitroglycerin, mean coronary flow decreased to a 

value of 38% below the control value. With the vasopressin injection 

there was a further decrease to 46% of the control value followed by a 

slight increase and then a second decrease more dramatic than the first 

to attain a value of S6 t $% within 60 seconds of administration of 

vascpressin. The control flow was not restored for the duration of 

the remainder of the experiment. The blood pressure showed an initial 

fall after the nitroglycerin administration (38 mm Hg). With the 

administration of vasopressin, there was a sharp rise from 44 mm to 

122 mm Hg within 60 seconds of administration (90 secs from control). 
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This was succeeded by a mild faJ.l and a second and much 100re marked 

rise to a value of 190 mm Hg. For the duration of th~ experiment, 

the blood pressure remained elevated but at a lower value than the 

maximum. The heart rate was not markedly affected but the contractile 

force showed identical changes to those which occurred when vasopressin 

alone was administered in the absence of blockade. A maximum decrease 

of 6($ below control value 1-Tithin 2 minutes occurred, but in this case 

there was a progressive recovery back to the control. 

In the record of an actual experiment shown in Figure 29, the 

electrocardiographie response was most striking. Since the ECG observed 

dt~ing the vasopress1n response (during blockade) showed no marked 

changes, it was assumed that the ECG changes in this series of experimenta 

would not be pronounced. However, the figure presented indicates the 

contrary. Typical T wave changes were observed soon after the 

administration of vasopressin, which were succeeded by progressive 

heightening of the ST segment. The PR interval was prolonged and within 

4 minutes after control, and this was followed ~/ several ectopie 

ventricular beats. Unlike the response to vasopressin seen in 

Figure 22, even after 30 minutes, marked ST segment elevation was still 

qui te evident. 

The results of this series of experimenta indicate a potentiation 

of the vasopressin response by nitroglycerin in the presence of 

pronethalol. Since pro gres si ve t.TOrsening of the ECG occurred after 

the coronary new was restored to near control values, one would be 

tempted to doubt that these ECG changes are the resultant affects of 
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vasopressin-induced coronary constriction and particular1y in the 

fact that these changes persisted for such a long period. Identical 

results were obtained when the procedure was repeated using tro1nitrate 

(3 mg/kg i. v. ) • 

In summary, :tt was observed that during beta-adrenergic b1ockade 

with pronethalol, in open-chest pentobarbita1ized dogs; 

(1) coronary flow, b1ood pressure, heart rate and Iey"Ocardial 

contractility were not significantly affected qy the blockade. 

(2) the responses to isoprenaline (0.1 pg/kg) were abolished. 

(3) the decreases in coronary flow in response tc nitroglycerin and 

trolnitrRte were significantly reduced. 

(4) cardiovascular changes induced by vasopressin were reduced and 

the EGG changes abolished. 

( 5) adnrl.nistrations of vasopressin after nitroglycerin and tro1nitra.te 

administrations resulted in pronounced coronary and peripheral 

vasoconstriction, and marked rnwocardial depression. 

(6) typicel vasopressin arrhythmia reslûted after nitrites vasopressin 

administrations. 

It :is concluded that beta-adrenergic receptors may be of great 

importance in the antagonism to vasopressin-induced coronary 

vasoconstriction. 
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~T IV - EFFECTS OF SUBLII-liUAL ADMINISTRATION OF Nll'ROGLYCERIN 

Nitroglycerin ic used clinically by sublingual e,dministration. 

In an attempt to co~fjrm its coronar,v dilatation by sublingual 

administration, Gillis (1965), using anesthetized open-chest dogs 

failed to obtain evidence that corcnary dilatation occurs when 

nitroglycerin is administered sublingually. He suggested that to 

establish the fact that sublingtml nitroglycerin does relieve 

vasospasm, it would be necessa.ry t.o adm..1.nister nitroglycerin sublingurùly 

during experimentally·induced corone.ry va.soconstri.cticn wi th an agent 

such as vasopressin. Thj_s aspect of the study is concerned H'ith a 

further investiga.tion of this problem. 

A large dose of nitroglycerin, 3 hypodermic tablets (1.95 mg), 

was used in this study and both anesthetized open-chest and trained 

unanesthetized èogs t-re't'E' used. 

~ Effects of Sublingual Nitroglycerin in Anesthetized Ooen-Chest Dogs 

After operetion procedures were completed (see Methods), the mouth 

of the animal Has cleansed w:i th about 5 ml of saline to remove an:r food 

particles and excess saliva. The tablets were then placed at the base 

of the ton~~e and the mouth closed to prevent displacement of these 

tablets. Control recordings were made continuously for 2 Minutes and 

thereaft.er intermittently for 15 -minutes. The rAsults indicated a very 

slight coronary dilater response (3 experimenta). This was maximal at 

SO seconds (5% above control. value), and continued slightly above 

control value fer over 15 minutes. Blood pressure decreased by 22 mm Hg, 
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this being m.aximal withtn 2 minutes of administration, and returning 

gradually to control values. Heart rate and contractile force were 

not affected. 

Since clinical relief of pain is usually achieved from 1 to 3 

minutes after nitroglycerin administration, and the experimental data 

indicate maximum effect ( 5%) wi thin 2 minutes, i t was assumed that if 

sublingual nitroglycerin is capable of antagonizing the vasospasm of 

angina, then its antagonistic action would be manifested, if an attempt 

was made to constrict the coronary vessels with vasopressin. Hence, 

1 minute after sublingual nitroglycerin, 1.0 I.U./kg of vasopressin 

was administered b.Y rapid intraveno·ùS injection. Figures 30 and 31 

show these results. (The curve representing the response to 1.0 unit 

of vasopressin is included for comparison). 

It can be seen that there was no antagonism of the coronary vaso

constriction. The changes in -,oronary flovr showed no significant 

difference from those obtaincd with vasopressin alone, being decreased 

by over 5Qfo. Blood pressur"3 \.J'as similarly a.ffected, beine decree.sed 

for even a lonc'3r time and to a slightly g-reater d.egree than when 

vasopressin alone was injected. HP-art rate was progressively decreased 

and contractili ty vas markedly depressed ( 86% as com:rared wi th 7a{o wi th 

vasopressin). In Figure 311 a typical e7-Feriment is depict~d. The 

blood pressure tracing shows a maximum reduction at 2 m.i~utes followed 

by progressive recovery to control values. Contractile amplitude also 

showed m~mal aepression within 2 minutes. In most experimenta, the 

ECG showed prompt char...ges tc an elevated T wave wi thin 30 seconds and 
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within 1 minute a s1ight1y elevated ST segment and upright T wave were 

e•lident. This usua11y continued for over 10 minutes, but returned to 

control within JO minutes. 

Since these results were large1y negative, it was felt that if 

the vasoconstriction was reduced, then the antagonism would be more 

marked, hence o.; I.U./kp, of vasopressin was next investigated. It 

can be seen from Figure 32 that injection of 0.5 I.U./kg of vasopressin 

re sul t<ad in only a 3qb de crea. se in coronary no' . .J' which ·Has ma..."time.l wi thin 

2 minutes and returning to control 1evels within 4 minutes. The effect 

on the blood pressure showed the characteristic diphasic response being 

:marlmall:y depressed uithin 60 seconds (16 mm Hg), and rising to overshoot 

the control value within 3 minutes and remained elevated for over 

15 minutes. The heart rate ·vras progresdvel:y decreased and the degree 

of rrcrocardial depression (7qb) wes identical to that induced by 1.0 I. U./kg 

of vasopressin. In Figure 33, portions of the records obtained during a 

typical experiment are shawn. N'arked lowering of the blood pressure a."'ld 

~ocardial depression were seen after 1 minute and maximum blood pressure 

elevation within 5 minutes. The ECG record shows that within ;o seconds, 

there uas a diminution of the P wave ·vri th an upright T which gra.dually 

increased in voltage. This continued for over 10 minutes 1vith a return 

to the normal pattern within 30 minutes. 

Using the same dose of nitroglycerin (3 tablets), the identical 

procedure,as outlined for 1.0 I.U./kg of vasopressin during sublinguAl 

nitroglycerin, was repeated, using o.; I. U./kg of vasopressin. Figure 32 

also representa graphically the mean ~lues of 3 such experimenta, and 

Figure 34 shows sections of the tracings obtained. 
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It will be observed. tha.t there was a 15% decrease in mean corona.ry 

flmv during the first minute after va.sopreos:i n administration followed 

by a 35% increase above control values and even after 15 Minutes, 

coronexy flow was still elevated. The blood pressure curve was not 

significantly different from that occurring during vasopressin 

administration. 11axinrum depression (22 mm Hg) occurred within 2 minutes, 

at which time the coronary flow was slightly above control values. The 

rise in pressure after 3 minutes may bP responsible for the dramatic 

increase in coronary flow due to hyper-irrigation of the coron~ 

vascular beè. The heart rate values were not significantly different 

from those observed in the responses to •~sopressin alone, and the 

myocarè.ial depression was delayed, being :tnro'.imal within 2 minutes and 

was also reduced (but not significantly). Figure 34 shows that there 

were no changes in the general pattern of the ECG. In all (3) experimenta, 

~ ECG changes which occurred were only transient changes. The figure 

depicts a transient reversal of the T wave occurring vri thin 3 minutes 

followed by elevation and occasional extra s.ystole probably due to the 

elevated blood pressure. These changes were followed by a progressive 

return to the normal pattern within 10 minutes in ~:ùl instances. 

It can, therefore, be concluded that sorne antagonism does occur 

to vasCJpressin-induced vasoconstriction when nitroglycerin is administered 

sublingually, but this antagonism is only demonstrable when the vaso

constriction is less intense. However, there was the possibility the.t 

the anesth~tic may hav~ influenced the responses observed and that only 

the resultant effects of' all the factors involved were be:lng observed. 
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To eli~nate such a possibilit,y, and since nitroglycerin is not 

administered under anesthesia, it was assumed that if the anesthesia 

was eliminated, a more pronounced antagoniem could be demonstrated. 

Also, since during anesthesia metabolism is depressed, the use of 

unanesthetized animais might ensure more adequate absorption. 
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B. Effects of Sublingual Nitroglycerin in Norrta.l Unanesthetized Do_g§, 

In this series of experiments, dogs undenrent a period of trajning 

(see 1~thods). Follo~~ng initial preparations, the electrodes were put 

in place, the catheter for intra venous ad:m:i.nistration of drugs, and the 

Cournand (18G) needle for recording femoral arterial pressure inserte~. 

Control readings (Leads I, II and III) were taken intermittently during 

a period of 5 minutes. 

Sublingual administrations of nitroglycerin (3 tablets) produced 

no marked changes in the ECG, heart rate or blood pressure as were 

recorded. Hovrever, 1r1hen a dose of 0.5 I. U./ke; of vasopresein was 

admin:istered (without prior adrrrl.nistration of nitroglycerin), marked 

changes occurred. These are shown graphically in Figure 35. Within 

30 seconds after vasopressin administration, marked T wave elevation 

occurred, and this increased to a maximum of 14 ~ 1.~ mm (5 min) from 

the control value of 3 ~ (average de'nation, without regard to direction 

from the isoele ctric line). In seme exp9ri."llent.s, slight \ddening of the 

QRS complexes occu'l:':red. The heart re.te was depressed from a control 

value of 102 _: 12 to 20 _: 6 beats/min, uithin 40 seconds. Within 

5 minutes, there uao alrnost a. complete recovery. Innneèiately after 

\'asopressin, there wa3 an immediate and progressive elevation of the 

blood pressure from a control value of 76·!-10 mm Hg to a m&~mum of 

150 ~ 8 mm Hg within 4 minutes. Figure 36 is a record of an experiment. 

Direct observations of the animal ohO\·Ied extreme paling of the skin, 

apnea, and a complete cessation of salivation. After 1 minute, a 

semi-comatose state ensued. This persisted for over 8 minutes but 

1d thin 15 minutes animalo showed complete re co very. 
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Normal unanesthetized dog. Mean changes in blood pressure, 
heart rate and deviation of T wave (from the isoelectric 
line) following injections of vasopressin (open circles) 
alone and when administered 60 seconds after sublingual 
nitroglycerin (closed circles). Vertical lines indicate 
standard errors of the means. Number of experimenta in 
parenthesis. T wave was bi-directional. 
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The e>ffects of vasopressin when administered a.fter sublingual 

nitrogJ.:ycerin l-Ias next investigated. Approximately 1 minute after 

placing 3 hypodermic tablets of nitrogJ.:ycerin at the base of the 

animals tangue, an injection of vasopressin (0.5 I.U./kg) was made 

intravenousJ.:y. The responses observed are also summarized graphicalJ.:y 

in Figure 35, and in Figure 36, a record. of an experiment is shawn. 

The ECG chcwges o bserved i·tere not as pronounced as tho se o bserveè 

fcllowing the injection of vasopressin alone. l~~ T wave changes 

occurred \!ithin 60 seconds after administration of vasopressin. The 

marked elevation observed in the control response was significantly 

reduced. In one experiment, there \ras vridening of bath the QRS complex 

and of the ST segments for 30 seconds. However, vrithin 5 minutes, the 

control EGG pattern wa.s larr,ely restore>d except for a slight elevation 

of the T vTave which persisted for over 15 :minutes. 

The bradycarè.ia, although not co:mpletely eliminated, was significa.tltly 

reduced, but no significant antagonism of the peripheral vasoconstriction 

induced qy vasopressin was observed. Direct observations of the animal 

shm.red similar paling of the skin and apnea as were o bserved during the 

control injections. There was also a cessation o~ salivation but these 

changes were of a shorter du-ration ( 5 min) than tho se uhich were observed 

during the control injection of vasopress:i.n. A semi-comatose state did 

not occur. 

The data presented may be summarized thus: 

(1) When administered sublingually, nitroglycerin produced a slight 

{5%) but prolonged coronary vasodilator response (15 min). 
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(2) This vasodilatation failed to antagonize the coronary 

vasoconstriction and ether car1iovescular changes induced 

b.Y vasopressin (1.0 I.U./kg i.v.). 

(3) When the degree of coronary constriction wa.s reduced 

(0.5 I.U./kg vasopressin), seme antagonism of the coronary 

vasoconstriction was observed. 

(4) Wben administered sublingually to nor.rna.l unanesthetized 

dogs, nitroglycerin did not significantly affect the heart 

rate, blood preEsure, or ECG. 

( 5) Significant antagonism of the ECG changes and brady cardia 

induced by vasopressin (0.5 r. u./kg) 'W'ere observed when 

the normal anesthetized animals 'W'ere pre-treated 'W'ith 

nitroglycerin, but the pe~ipheral vasoconstriction induced 

b,y vasopressin was not affected. 

It is concluded that sublingual nitroglycerin will antagonize 

vasopressin coronary constriction, but this is not demonstrable in 

anesthetized animals. It is also doubtful if the a~tagonism is due 

to a co~onary vasodilatation induced qy sublingual nitroglycerin. 
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y. GENERAL DISCUSSIONS 

~ Cardiac Adrenergic Mechanisms in Species Re~onses to Catecholamines 

MUltiple factors are known to influence the flow of blood in 

the coron~ vascular bed, and these complicate the study of the 

affects of drugs on the coronary circtùation. The studies of Gillis 

(1965) indicate that the rate of coronary flow can be profoundly 

influenced b,y adrenergic mechanisms. The principal problem in 

evaluating the role of these adrenergic mechanisms in the control 

of the coronary flow is one of distinguisbing direct affects on the 

coron~ vessels i.e. affects mediated b.y specifie adrenergic 

mechanisms in the coronary vasctùar bed and the secondary influences 

of the catecholamines on the heart such as those due to mechanical 

alterations in ~ravascular coronar,y compression, as well as 

modifications in coronary flow due to concomitant changes in heart 

rate, blood pressure and myocardial metabolism. 

Two common metbods employed in the investigation of the role of 

adrenergic mechanisms in the control of the coronary circulation 

include the injection of catecholamines and pharmacological blockade 

of receptors. There is general agreement that administrations of 

adrenaline and noradrenaline induce coronary vasodilatation, and 

any diminution of the coronary flow is due to mechanical factors. 

Thus Hammouda and Kinosita (1926), using arecoline - arrested hearts 

of rabbits, concluded that adrenaline had a pure dilator affect on 

the heart which was not affected b.1 changes in heart rate but was 
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affected qy changes in amplitude of contraction. The maximum change 

in amplitude was observed to coincide with the period of minimum 

coronary flow hence they suggested that the decrease in coronar,y 

flow was not due to direct vasoconstriction but compression of the 

coronar,y vessels. 

In the present study, it is quite clear that a difference in 

the responses to noradrenaline and adrenaline occur in the isolated 

heart of rhesus and vervet monkeys. In the hearts of vervet monkeys, 

noradrenaline produced an immediate and marked increase in coronar,y 

flow which was accompanied by increases in heart rate and very 

striking increases in contractile amplitude. There was no transitor.y 

decrease in coronar.y flow as had been reported to occur in the isolated 

hearts of ether species. The heart rate was maximally increased before 

changes in contractile amplitude and coronary flow were at their 

maximum. These latter occurred simultaneously. When compared to the 

isolated rabbit heart, the observed increase in heart rate of vervet 

hearts in response to a similar dose of noradrenaline (1 pg) was very 

mild. These observations establish a pure dilater effect of 

noradrenaline in the isolated hearts of vervet monkeys. 

Observations made on the isolated hearts of rhesus monkeys 

demonstrated similar increases in contractile amplitude and heart rate 

as were o bserved in the hearts of vervet monkeys. However, wi th respect 

to coronary flow, a decrease was the constant response and this decrease 

was at its lowest value before maximum increases in heart rate or 

contractile amplitude had occurred. Nb secondary increase in coronary 
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flow was observed; in fact, the control flow was not restored even 

after heart rate and amplitude were restored to their control values. 

Lu and 1~1ville (1951) and Gillis (1965), using isolated rabbit hearts, 

noted a primary decrease which was followed qy a secondary increase. 

This secondary increase was postulated to be due to a metabolic effect 

resulting from the intense cardiac stimulation induced qy noradrenaline. 

The primary vasoconstriction these workers observed was attributed to 

~ocardial compression as was suggested qy Hammouda and Kinosita (1926). 

In the present observations, it is quite evident that the primary event 

was an induced vasoconstriction and not a secondary reduction in coronar.y 

flow resulting from either the intense ~ocardial stimulation or 

compression. From the present study, it appears then, that noradrenaline 

which is more well known as an alpha-adrenergic receptor stimulant 

dilates the coronary vessels of one species but constricts the coronary 

vessels of the other species of monke,ys. 

When adrenaline (1 ~) was administered, the observations were 

quite similar to those made when noradrenaline was administered. The 

same inter-relationships of coronary flow, heart rate and contractile 

amplitude, as was observed following noradrenaline, occurred in both 

species. Adrenaline induced a greater increase in mean coronary flow 

in the hearts of vervet monkeys and a greater decrease in the hearts 

of rhesus monkeys when compared to noradrenaline. In the latter species, 

the decrease in coronary flow was the primary event. As noted,when 

noradrenaline was administered, no secondary increase in coronar,y flow 

occurred. 
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During beta-adrenergic blockade, the responses to both nor

adrenaline and adrenaline were significa.ntly reduced in the hearts 

of vervet monke.1s but were not completely abolished. Maximum 

increases in coronary flow and hea.rt contractions occurred 

simultaneously in responses to both amines. When considered in 

terms of coronary flow per beat change, it was observed that the 

per cent change in mean coronary flow per beat was increased during 

beta-adrenergic blockade. This indicates that the induced increase 

in heart rate had a reta.rding effect on the coronary flow. Hammouda 

and Kinosita (1926) suggested that the increase in corona.ry flow, 

observed in isolated rabbit hearts in response to adrenaline, was 

not affected by' changes in heart rate. In the hearts of rhesus 

monkeys, while ampli tude of contraction and mean corona.ry flow we:re 

significantly reduced during beta-adrenergic blockade, the increase 

in heart rate induced by' both noradrenaline and adrenaline was not 

affected. 

It would appea.r then, that in the isolated hearts of vervet 

monkeys, the activation of beta receptors i.e. receptors responsible 

for mediating positive inotropic and chronotropic responses were 

partly responsible for the observed increases in coronary flovr and 

heart contractions. However, during beta-adrenergic blockade, there 

were significant increases in both mean coronary flow and the amplitude 

of contraction although these were less than values obtained before 

blockade. Assuming complete blockade, it must be assumed that these 

latter responses were independant of beta-adrenergic mechanisms. In 
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the hearts of rhesus monke,rs, since a significant reduction in 

the degree of the coronary flow response was observed during blockade, 

it also appears that beta-adrenergic mechanisms were partly responsible 

for this decrease. The increase in heart rate was not affected and 

there was still an increase in contractile amplitude during blockade 

although the latter was significantly (P ::__ 0.01) less than values 

observed before blockade. Assuming complete blockade, it must be 

concluded that these increases in rate and amplitude and the decrease 

in mean coronary flow which were not abolished qy blockade are independant 

of beta receptor stimulation. The increase in heart rate might, in sorne 

w~ or other, be responsible for the decrease in coronary flow which 

was not abolished during beta-adrenergic blockade in these experimenta. 

With regard to the effect of isoprenaline on coronary flow, beta

adrenergic mechanisms appeared to have been the only important mechanism 

of action since all responses observed before blockade were completely 

abolished in both species. In the control response~sustained and 

significant increases in mean coronary flow were observed in the hearts 

of vervet monkeys. On the other band, isoprenaline produced no 

significant increases in either mean coronary flow on heart rate in 

rhesus monke,ys, although a sustained increase in the amplitude of 

contraction was observed. 

From the above observations, it iG concluded that (1) catecholamine

induced stimulation of beta-adrenergic mechanisms are important in 

mediating the increases in coronary flow observed in the hearts of 

vervet monkeys. (2) coronary constriction observed in the hearts 
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of rhesus monkeys is not wholJ~ mediated b.y beta-adrenergic mechanisms. 

(c) increases in heart rate produced qy noradrenaline, adrenaline, but 

not by isoprenaline in the hearts of rhesus monkeys are independant of 

the stimulation of beta-adrenergic mechanisms. (d) catecholamine

induced increases in cardiac contractile force are largely due to the 

stimulation of beta-adrenergic rnechanisms. These findings might offer 

a possible basis for the marked variabilit,y i.e. increases and decreases 

in coronar.y flow in responses to catecholamine as previously reported in 

the literature. The implication of these findings also is that the 

catecholamine m8Y decrease rather than increase coronary flow in man. 
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~· Possible Adrenergic Mechanisms in Coronary Drug Responses 

All experimenta, using isolated hearts of various species of 

animale, demonstrate that the "nitrites" increase coronary flow. 

Gillis (1965), using isolated rabbi t he arts, reported a dose

dependent increase in mean coronar.y flow in response to nitroglycerin 

(0.1 to 100 pg). The threshold dose for this increase was 0.1 pg 

and doses above 100 pg did not produce a further increase in coronary 

flow. He also showed that nitroglycerin, in doses which strikingly 

increase coronar,y flow, exerted no inotropic or chronotropic effect 

on the isolated rabbit hearts. Prior to this, Melville and Lu (1950) 

had suggested that the coronary vasodilator action of nitroglycerin 

and trolnitrate was probably due to a direct action of these nitrites 

on the coronary vessels. In the present study, using iso1ated hearts 

of rhesus monkeys, dose-response curves were obtained for both 

nitroglycerin (0.1, 1.0, 10 pg) and trolnitrate (1.0, 10, 100 pg) 

before, and during beta-adrenergic blockade. The thresho1d doses and 

dose-response relationships observed for nitroglycerin and trolnitrate 

agreed quite well with the findings of Gillis. 

During beta-adrenergic blockade, the vasodilator responses to the 

nitrites vere significantly reduced. In the isolated hearts of rabbits, 

Gillis concluded that beta-adrenergic blockade did not significantly 

modifY the coronary vasodilatation produced qy these agents. Since the 

differences observed in these responses before and during beta-adrenergic 

blockade were quite significant (nitroglycerin P L_ 0.01., trolnitrate 

P L.0.03), it must be concluded that beta-adrenergic mechanisms are 

involved in these responses observed in the hearts of rhesus monka.ys. 
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Data obtained from intact dogs (discussed later) would also confirm 

this conclusion in this species. 

Earlier studies conducted on both isolated perfused hearts of 

rabbits and dogs and intact animals indicate that vasopressin leads 

to powerful coronary vasoconstriction Q1 a direct musculotropic 

mechanism, (Rossler 1930; Goldenberg and Rothberger 1932; Deitrich 

1933). }bre recent studies, however, suggest that the mechanism of 

action of vasopressin might be in some w~ or other be related to 

catecholamines, that is to s~, might involve adrenergic mechanisms 

in the coronary vascular bed (Gardier and Abreu 1958; Nash 1962, 1963). 

The present study on isolated hearts of rhesus monkeys and in intact 

open-chest dogs, confirm a relationship between the vascular effects 

of vasopressin and adrenergic receptors. In the isolated rhesus monka,y 

hearts, it was observed that during beta-adrenergic blockade with 

pronethalol, the coronary vasoconstriction and br~dycardia, induced b,y 

vasopressin, was markedly reduced or abolished. The associated ~ocardial 

depression was unaffected. 

It is concluded that the blockade of beta receptors are of some 

importance in reducing the coronary vasoconstriction induced b,y vasopressin. 

Gillis (1965), using isolated rabbit hearts, concluded that beta-adrenergic 

receptors were largely responsible for the decrease in coronary flow in 

response to noradrenaline·since this decrease was abolished qy beta

adrenergic blockade. In the present study, since beta-adrenergic blockade 

reduced vasopressin-induced coronary vasoconstriction, and in conjunction 

with the previous observations (Section A), it is concluded that 
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beta-adrenergic receptors are involved in mediating both increases 

and decreases in coronary flow. Gillis (1965), using isolated rabbits 

hearts, also suggested that pronethalol exerted significant rnlfOcardial 

depressant actions in single injections. This depressant action was 

not prono~~ced when continuous infusions were made. It is, therefore, 

not surprising that the rnlfocardial depressant action of vasopressin was 

not affected during the beta-adrenergic blockade with pronethalol in the 

hearts of rhesus monkeys. 

From the above studies, it is concluded that (1) the coronary vaso

dilatation induced ezy both nitroglycerin and trolnitrate in the isolated 

hearts of rhesus monkeys involves beta-adrenergic mecha:nisms. (2) beta

adrenergic mechanisms are important in the coronary vasoconstriction 

induced by vasopressin. (3) beta-adrenergic mechanisms are involved in 

mediating both increases and decreases in coronary flow. 
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Q.. .Adrenergic Mechanisms in the Antagonism Between the Ni tri tes and 

Vasonressin on the Coronary Circulation 

It has been the accepted concept that previous dilatation of the 

coronary vessels in the intact animal can antagonize coronar,r vaso

constriction induced b,y vasopressin. In this study, experiment with 

nitroglycerin and trolnitrate were performed on pentobarbitalized, 

open-chest dogs in which coronary flow VTas measured. Antagonism of 

the vasopressin-induced coronary vasoconstriction VTas demonstrable. 

However, since nitroglycerin and trolnitrate induced only transient 

coronary vasodilatation in this preparation, these findings vrould not 

suggest that the antagonizing effect of the vasopressin-induced coronar,y 

constriction is due to coronary vasodilatation, produced qy the nitrites, 

as suggested ey Melville (19.33 a) and Kareva (1963). In fact, even 

adrenaline has been classified as a coronary vasodilator because of the 

fact that it will also antagonize effects of vasopressin vasoconstriction 

(Charliar 1961). 

In the present study, during vasopressin-induced vasoconstriction, 

coronary blood flow was reduced (over 70%) and this was associated with 

bradycardia, various cardiac arrhythmias, peripheral vasoconstriction, 

as well as intense mwocardial depression. On the other hand, when 

administered intravenously, nitroglycerin and trolnitrate induced only 

transient (10 - 20 secs) coronary dilatation and with large doses, this 

was succeeded ey coronary vasoconstriction or a reduction in the coronary 

blood flow presumably as a result of the intense associated peripheral 

vasodilatation. A transient vasodilatation has been demonstrated in dogs 
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by the recent studies of Bergamaschi and Glasser (196.3) and by Gillis 

(1965). In the former study, it was shown that increasing the dosage 

of nitroglycerin resulted in a reduction in the degree of induced coron~ 

vasodilatation. In Gillis' investigations, transient nitroglycerin

induced dilatation was follovred by a marked reduction in coronary flow. 

Nb consistent coronary vasodilatation was observed in the present study 

but a reduction in coronary flow was quite evident. The observed results 

conform quite well to similar observations made by Ha.rchetti et .al• (1964). 

They concluded that an observed coronary vasodilatation is less easily 

detected "'1-lhen the bypotensi ve effects of ni troglycerin on the general 

circulation are allowed to occur since the hypotension opposes the 

increase in coronary flow. 

Nitroglycerin and trolnitrate were equa1.ly effective (the latter at 

a higher dose level) in antagonizing the coronary vasoconstriction induced 

by vasopressin. Since it is impossible to conceive that such a tre.nsient 

inconsistant vasodilator action could be responsible for the complete 

antagonism of the intense coronary vasoconstriction observed in these 

experimenta, it must be concluded that this antagonism involves some 

mechanism not wholly dependent on coronary vasodilatation. Marchetti 

et §.1. (1964) concluded that the mechanism of action of nitroglycerin 

on the corona.ry circulation invol ved lot-19ring of the arteria1. blood 

pressure and reducing the oxygen consumption of the ~ocardium, the 

latter as a consequence of the reduced cardiac work rather than by 

a direct action. It was suggested that concurrent coronary vasodilatation 

occurred with the lowering of the arterial pressure. 
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It was observed in the present study that the peripheral vaso

constriction induced b,y vasopressin was not antagonized qy the nitrites 

but the primary fa11 in arterial b1ood pressure,which is be1ieved to 

be the direct resultant of the intense cardial action, was antagonized. 

This observation contradicts the bypothesis of Scriabine and McShane 

(1965) that nitroglycerin stops an angina1 attack qy a peripheral 

vasodilator action resulting in a reduction of cardiac work and 

~ocardial metabolic demands. However, it seems quite possible that 

nitroglycerin acts to maintain rather than to increase coronary b1ood 

flow. Eckenhoff and Hafkenschield (1947) suggested that in the absence 

of observed coronary vasodilatation, nitroglycerin and amyl nitrite 

were capable of improving the nutrition of the cardiac muscle cel1. 

In the present study, an adequate coronar,y b1ood supply was maintained 

qy both nitroglycerin and tro1nitrate when these were administered 

before injections of vasopressin. 

An interesting observation was the fact that although bath 

nitroglycerin and trolnitrate successful1y antagonized vasopressin

induced vasoconstriction, typical ECG changes sti11 occurred. These 

changes have been postulated to be a direct resultant of interference 

with ~ocardial b1ood supply hence nutrition, but the present 

observations indicate that the ECG changes appear to be more closely 

related to the myocardial depressant action of vasopressin which, it 

was shawn, was not antagonized by nitroglycerin or trolnitrate. 

The effect of beta-adrenergic blockade on the responses to the 

nitrites was investigated qy Gillis (1965). He observed that during 
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blockade, the transient vasodilator response was somewhat reduced,and 

while the hypotensive action was unaffected, both the positive inotropic 

and chronotropic responses were abclished. He concluded that in view 

of the fact that the bypotensive effects were unaffected that the 

secondary decrease in coronary flow which appeared to be directly related 

to the fall in blood presstu·e in control injections of nitroglycerin 

must have been mediated in some w~ or other qy beta-adrenergic receptors. 

In the present studies, observations on the isolated rhesus monkey hearts 

support the findings that beta-adrenergic blockade significantly reduces 

the coronary vasodilator response to the nitrites. In view of the 

observations that beta-adrenergic mechanisms may be important in the 

action of the nitrites, it was believed that qy preventing the stimulation 

of beta receptors, the ability of the nitrites to antagonize vasopressin

induced vasoconstriction might be reduced or abolished. Control injection 

of vasopressin during beta-adrenergic blockade indicated a reduction in 

the degree of coronary vasoconstriction and an increase in the presser 

response to this agent. The mild control ECG changes observed may have 

been due to a combination of t\To factors (a) mild reduction in coronary 

flow and (b) the anti-arrbythmic actions of the blocking agent pronethalol. 

l'furray et ~ (1963) suggested that the anti-arrl:zy'thmic actions of 

pronethalol involved beta-adrenergic mechanisms. Brodeur and Beaulnes 

(1964) suggested anti-arrbythmic properties for vasopressin. They 

suggested that since vasopressin antagonized chloroform-adrenaline 

fibrillation in dogs, its anti-arrbythmic action was probably due to 

both a quinidine-like property and the induced coronary constrictor 



- 146-

action resulting in mwocardial anoxia which depressed the metabolic 

processes of the mwocardium. 

In the presence of bath of the nitrites, during beta-adrenergic 

blockade, vasopressin-induced coronary and peripheral vasoconstriction 

were most pronounced and were identical to the affects observed when 

vasopressin was administered in the absence of pronethalol infusion 

in these experiments. These observations suggest that uhatever 

antagonistic actions the "nitrites" exerted against vasopressin-induced 

coronary vasoconstriction, these Here abolished during the blockade of 

beta-adrenergic receptors. 

Finally, the potentiation of the mwocardial depressant action of 

vasopressin observed in these experiments could be a resultant of the 

rrwocardial depressant actions of bath pronethalol and vasopressin. 

In view of the fact that intense cardial arrhythmias occurred when 

vasopressin was administered after nitroglycerin and trolnitrate in 

these experiments, it would appear that a blockade of beta-adrenergic 

receptors might not be the mechanism chrough uhich pronethalol exerts 

its anti-arrbythmic actions on vasopressin-induced cardial arrhythmias. 

In fact, this was recently demonstrated by Lucchesi (1965) vlho evaluated 

the relative potencies of the dextre and laevo isomer..s of pronethalol 

in producing beta-adrenergic blockade and in preventing experimentally 

induced cardial arrhythmias. It was demonstrated that the dextre isomer, 

a compound 40 times less active in producing beta-adrenergic blockade vras 

more effective in preventing several tzy-pes of experimental arrbythmias. 

The observations made on the isolated hearts of rhesus monkeys (see 

Part A) showej that the catecholamine-induced tachycardia was not affected 
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qy beta-adrenergic blockade with pronethalol. This, in association 

with the failure of pronethalol to antagonize vasopressin arrhythmia 

in the present study, confirms the suggestion of Lucchesi (1965) that 

beta-adrenergic inhibition is not the mechanism through which pronethalol 

produces its anti-arrhythmic action. 

In conclusion (1) nitroglycerin and trolnitrate induce no pronounced 

coronary vasodilatation in the intact open-chast dog. (2) nitrites 

will antagonize vasopressin-induced coronary vasoconstriction and this 

antagonism is dependent in some way or other on beta-adrenergic mechanisms. 

(3) the anti-arrbythmic actions of pronethalol on vasopressin-induced 

cardial arrhythmias might not involve beta-adrenergic mechanisms. 
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g. Sublingual Nitroglygerin and Vasopressin Antagonism 

Anginal pain, believed to be due to coronary arteriolar vasospasm 

and nitroglycerin when administered sublingually, is reported to be 

most effective in relieving this vasospasm on the ass~~tion that it 

produces a coronary dilator effect. However, most experimental evidence 

has failed to confirm a coronary vasodilator action of sublingual 

nitroglycerin. Eckenhoff and Ha.fkenschield (1947) observed no 

consistent coronary vasodilator response to nitroglycerin when administered 

sublinguall:y, subcutaneously and intramuscularly. 

The present stuqy also failed to confirm any significant coronary 

vasodilator action when nitroglycerin was aQ~inistered sublingually in 

anesthetized dogs. While it is conceivable that a transient increase 

in coronary flow might improve the functions of the heart during anginal 

attacks, it seems unlikely that these insignificant changes in coronary 

flow can explain the therapeutic value of nitroglycerin (Gillis ..sùi, al. 

1965). Gillis (1965) also suggested that to establish the fact that 

sublingual nitroglycerin does relieve the vasospasm of angina, it would 

be worthwhile to administer nitroglycerin sublingually during experimentall:y 

induced coronary vasospasm. 

In anesthetized open-chast dogs, no significant antagonism of 

vasopressin-induced coronary vasoconstriction was observed following 

sublingual nitroglycerin in the present study. This observation was 

indicative of little or no prophylactic useful effect of sublingual 

nitroglycerin. However, since clinically nitroglycerin is not 

administered under anesthesia, one might argue that adequate absorption 
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did not occur in the anesthetized animale, since during anesthesia 

absorption from the muoosa of the gastrointestinal tract is depressed. 

This might also be due to some depression of metabolism during anesthesia. 

In experimenta in which nitroglycerin vas administered sublinguelly to 

trained unanesthetized dogs, significant antagonism of the vasopressin

induced ECG changes was observed. If the ECG changes can be interpreted 

as indicating disturbances in the D\YOCardial blood supply, then sublingual 

nitroglycerin was effective in maintaining an almost adequate blood 

supply to the cardiac muscles. It is impossible to conclude that the 

degree of antagonism shown was the re sul tant of a coronary vasodilator

coronary- constrictor antagonism. Changes in ooronary now were not 

determined in these an:imal s. The observations of Essex §] al. favour 

a concept of an antagonism by' ooronary dilatation. They demonstrated 

inoreases of up to 1~ in ooronary- now for over 3 minutes in trained 

unanesthetized dogs in response to sublingual or intravenous administrations 

of nitroglycerin. 

It is concluded, therefore, that when administered sublingually in 

unanesthetized dogs, nitroglycerin is capable of exert.ing significant 

antagonism against coronary constriction induoed by' vasopressin although 

the mechanism of this antagonism is not demonstrated. 
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VI Sill.f:lARY AND CONCLUSIONS 

Experiments were performed to determine whether a species variation 

exist in the responses of the coronar,y circulation to catecholamines; 

and the possible role of cardiac adrenergic mechanisms in the mediation 

of these responses. i.Jhether the coronary f1.ow responses to the nitrites 

are dependent on cardiac adrenergic mechanisms, the role of beta

adrenergic mechanisms in the antagonisms shmm by the nitrites to 

coronar,y vasoconstriction induced by vasopressin; and whether sublingual 

nitroglycerin is effective in relieving vasopressin-induced spasm of 

the coronary vessels. 

The results can be summarized as follows: 

(1) Using oxygenated HcEuen 1 s solution, preparations of isolated 

hearts of rnonkeys Here kept viable and responsive to drugs 

for long periods (up to 36 hours) with no signs of deterioration. 

(2) Noradrenaline increased heart contractions (both rate and amplitude) 

in isolated perfused hearts of Macaca mulatta and Cercopithecus 

aethiops, but while augmentation of coronary flow occurred in 

the latter, a decrease in coronary flow was a constant response 

in the former. 

( 3) Adrenaline exerted quali tati veJy sirailar actions to noradrenaline 

in both species of monkeys. 

(4) In the isolated perfused hearts of monkeys, isoprenaline produced 

cardioacceleration and an increase in coronary flow which \-JaS more 

pronounced and prolonged in the isolated heart of vervet monkeys. 
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(5) Beta-adrenergic blockade with pronethalol reduced coronary flow 

and heart rate, but did not affect the amplitude of contraction 

in the iso1ated perfused heart of monkeys. 

(6) Beta-adrenergic blockade with pronethalo1 reduced the ch~~ges 

in amplitude of contraction ~1d mea~ coronary flow induced b,y 

noradrenaline and adrenaline in the iso1ated hearts of both 

species of monkeys but, while the heart rate changes were 

abolished in the isolated hearts of vervet monkeys, they were 

unaffected in the hearts of rhesus monkeys. 

(7) All responses to isoprenaline were abo1ished in both species 

after beta-adrenergic blockade. 

(8) Beta-adrenergic b1ockade did not affect the positive inotropic 

actions of calcium on the iso1ated hearts of monkeys. 

( 9) Glycery1 trini trate (ni troglycerin) and trolni trate increased 

coronary flow in the isolated hearts of rhesus monkeys but did 

not exert aqy signi~icant positive inotropic or chronotropic 

actions. 

(10) A dose-dependent increase in mean coronary flow was induced b,y 

nitrog1ycerin but not b.y tro1nitrate in the hearts of rhesus 

monkeys. 

(11) tlitrog1ycerin i.ras observed to be,dose for dose, lOO times as 

potent as tro1nitrate on the iso1ated hearts of rhesus monkeys. 
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(12) During beta-a.drenergic b1ockade, augmentations of mean coronary 

flow induoed by nitroglycerin and trolnitrate, on the iso1ated 

hearts of rhesus monkeys were significantly reduced. 

(1.3) The coronary vasoconstriction induced by vasopressin on isolated 

hearts of rhesus monke,ys was reduoed during beta-adrenergic 

b1ockad.e, while the induoed qrocardial depression was unaffected. 

(14) When administered intravenously, nitroglycerin and tro1nitrate 

were capable of antagonizing vasopressin-induced coronary 

vasoconstriction in open~chest artificiallr respired pentobarbitalized 

doge. 

{15) In anesthetized dogs, antagonism of the coronary vasoconstriction 

by ni troglycerin and trolni trate did not pre vent the deve1opment 

of t,ypical ECG changes which were more pronounced and persistent 

with nitroglycerin as the antagonist than with trolnitrate. 

(16) The "nitrites" abo1ished vasopressin-induoed brecy-cardia but not 

the peripheral vasoconstriction nor the associated ~ocardial 

depression in anesthetized dogs. 

{17) During beta-a.drenergic b1ockade in a.nesthetized doge, ooronary 

flow, hea.rt rate, blood pressure and 11\YOOardial contractili'lzy" 

were not significantlr affected by the b1oclœ.de. 

{1S) The secondary decrease in flow induced by ni troglycerin was 

significantly reduced during beta•a.drenergic blockade in 

anesthetized dogs. 
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(19) In anesthetized dogs, coronary vasoconstriction induced qy 

vasopressin was reduced and the ECG changes observed were 

either only transient ischemic-1ike ones or completely abolished. 

{20) During beta-adrenergic blockade in anesthetized dogs, administration 

of vasopressin after intravenous nitroglycerin resulted in 

pronounced coronary and peripheral vasoconstriction with marked 

m10cardial depression. 

(21) Vasopressin-induced ECG changes were intensified when administered 

after nitroglycerin during beta-adrenergic blockade in anesthetized 

dogs. 

(22) When aQrninistered sublingually in anesthetized dogs, nitroglycerin 

produced no significant increase in coronary flow but produced 

a mild decrease in blood pressure and a slight increase in 

contractile amplitude but no change in heart rate. 

(23) Sublingual nitroglycerin did not significantly antagonize 

vasopressin-induced coronary vasoconstriction or ECG changes 

in anesthetized dogs. 

(24) Sublingual nitroglycerin produced no significant changes in 

blood pressure, heart rate or ECG pattern in normal unanesthetized 

dogs. 

(25) In normal unanesthetized dogs, significant antagonism of the 

ECG changes and bradycardia induced qy vasopressin were observed 

· when nitrog1ycerin was administered sublingually but the associated 

peripheral vasoconstriction was unaffected. 
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From the foregoing observations, the f'ollo'Wing conclusions 

are drawn: 

(1) Catecholamine-induced stimulation of' beta-adrenergic :œcha.nisms 

are important in mediating increases in ooronary flow as 

observed in the hearts of vervet DX>nkeys. 

{2) Coronary constriction observed in the hearts of' rhesus mnkeys 

is not mediated "b,y beta-adrenergic :œchanisms. 

{3} Increases in heart rate produced by noradrenaline, adrenaline, 

but not by isoprenaline in the hearts of' rhesus mnkeys are 

independant of the stimulation of beta-adrenergic :œcha.nisms. 

(4) Catecholamine-ind.uced increases in cardiac contractile f'orce 

are largely due to the stimulation of' beta•adrenergic 

mechanisms. 

(;) Catecholamines ms;y decrease rather than increase coronary nov 

in man. 

(6) Coronary vasodilatation ind.uced by both nitroglycerin and 

trolnitrate in the isolated hearts of rhesus monlœys involve 

beta-adrenergic mechanisms. 

( 7) Beta-adrenergic mechanisms are in vol ved in the coronary vaso

constriction ind.ueed by vasopressine 

(8) Beta-adrenergic mechanisms are involved in some wq or other 

in m.ediating both increases and deereases in eoronary flow. 
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(9) Nitroglycerin and trolnitrate will antagonize vasopressin-induoed 

coronary vasoconstriction and this antagonism is dependent in 

some wsg or other on beta-adrenergic mechanisms. 

(10) Sublingual nitroglycerin is capable of antagonizing vasopressin

induced coronary vasoconstriction. 
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