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1. 

INTRODUCTION 

During the past decade, several chemical derivatives of the 

phenothiazine nucleus have been synthesized in France, and their 

various pharmacological actions investigated. As a result of these 

studies, a number of new compounds of this type have already been 

introduced as therapeutic agents. The drugs in this series are of 

special pharmacological interest because of the wide scope of 

physiological functions which they bave been reported to affect, 

and this is particularly so in respect to the chlorophenothiazlne derlvative, 

known a8 chlorpromazlne. Indeed, as stated by Dundee (1'54), "in the 

histor,y of modern medicine, there have been few drugs to which so many 

properties have been ascribed or which have found BO many clinical uses 

as chlorpromazine". 

Chlorpromazine is chemically )-chloro-10 ()-dimethylamino-n-propyl) 

phenothiazlne, and used in medicine in the form of the bydrochloride, as 

represented by the following formula: 

s 

N , 
CH2• CH2• CH2 • N(CH;)2 • Hel. 

The drug vas first synt~esized by Charpentier (1950) working in the 
A 

research laboratories of Bhone-Poulenc-Specia in France, and was originally 

known in that country as 4560 R.P. It has since been marketed under various 

proprietar,y or trade-names, including ILargactll", in France, Great Britain 
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and Canada; "Thorazine ft, in the United States, and "Megaphen 1/ in Germany. 

The discover.y of chlorpromazine vas a direct result of earlier 

investigations of the pharmacology of several related phenothiazine 

derivatives, notably among which are dlethazlne and promethazine. The 

close chemlca1 simi1arity of these compounds and their re1ationship to 

chlorpromazlne are evldent from their chemical structures, as shown hereunder: 

s 

, 
R 

R = CH2. CH2 • N (C2H5). HC1 

(Dlethazine Hydrochlorlde, 2987 R.P., or "Diparcol") 

(Promethazine Hydrochloride, 3277 R.P., or "Phenergan") 

Generally speaking, all of these phenothiazine derivatives exert 

••• be. several similar types of pharmacological actions, although they 

possess considerable quantitative differences in respect to one or other 

specifie type of action. Thus, Bovet, Fournel and Charpentier (1947) 

and Heymans, Estable and de Bonneveaux (1949a, 1949b) have emphasized the 

marked depression of ganglionlc transmission induced by diethazine. lt 

has also been observed that th!s compound depresses central nervous system 

function and diminishes or abolishes convulsions induced by both strychnine 

and metrazol. ln addition, the drug can be shown to exert anticholinergic and 

anti-adrenergic actions, and some local anaesthetic activlty, but 11tt1e or 



no antihistaminic action. In contrast, as shown by Halpern (1947). 

Viaud (1947). Winter (1947) and Bovet (1948). promethazine exerts marked 

antihistaminic and local anaesthetic actions, but again. has been 

demonstrated to induce depression of both gang110nic transmission and 

central nervous system functions. 

3. 

Final1y. as shown by Courvolsier. Fournel. Ducrot. Ko1sky and 

Koetschet (1953). chlorpromazine produces the most marked central nervous 

system action. and Is also a potent antl-adrenergic and local anaesthetic 

agent. However, the drug shows litt1e or no antihistaminic action. More 

will be said concerning these and other actions of chlorpromazine 1ater. 

It is apparent from the above observations that pharœacological 

analysie of the cardiovascular actions of these agents presents a complex 

and difficult problem. and it is etill uncertain to what extent many of the 

observed changes in circulatory ~namics are related to one or other of the 

multiple associated effects of these agents on other body functions. 

In his recent review of the pharmacology of chlorpromazine. Dundee (1954) 

states that "the majority of the cardiovascular effects observed after 

administration of chlorpromazine are secondary to itl effects on the 

autonomie nervous system". It is evident, however, trom the earlier studies 

of Courvoisier and associates (1953) that the drug May also exert a direct 

dilating action on blood vessels. as judged by its action on the iso1ated 

perfused rabbit's ear. Moreover. it Is conceivabl~ that secondary changes 

in the cardiovascular system might result from the well-recognized actions 

of the drug on the central nervous system. In view of the Increasing 

wldespread clinicel use of chlorpromazlne. more exact knowledge on these 

questions Is highly desirable. and it appeared worthwhile to undertake a 

systematic investigation of its cardlovascular actions. 
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In the firet series of experiments, the general cardiovascular 

effects of the drug vere etudied in the animal as a whole vith the 

circulation intact. In the second series of experiments, the heart-Iung 

preparation was employed, in order to dissociate as far as possible cardiac 

and peripheral effects of the drug. And, in the third series of experiments, 

the effects of the drug on isolated perfused hearts vere investigated. 

It WB,S hoped that bl correlating the results from these different 

approaches, a better understanding of the mecbanism of the cardiovascular 

actions of chlorpromazine and perhaps also of its related agents, migbt 

be ach1eved. 
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HISTORICAL REVIEW 

The earliest publication in the literature concerning the actions of 

chlorpromazine is that by Laborit and Huguenard (1951) in respect to 

"artificia1 hibernation" for anaesthesia. Courvoieier and her associates 

(1953) reported an extensive study of the general pharmaco10gy and toxicology 

of the compound. 

The multip1icity of actions of chlorpromazine as shown by these workers. 

and some of which have already been referred to in the Introduction. 

immediate1y intrigued both pharmacologists and clinicians in many countries. 

It is not surprising. therefore. that within the short period of four years. 

an extensive literature on the drug has already accumulated. In his recent 

review. Dundee (1954) lists no lesa than five hundred such publications. 

With the increasing numbers of studies appearing in the literature in 

such rapid succession. it becomes rather difficult to bring together an 

entirely complete review of aIl these publications. As stated in the 

general introduction, we were primarily intereated in the pharmacology of 

the cardiovascu1ar actions of the drug. and consequent1y will consider 

main1y the various experimental observations concerning its effects on this 

system. Some miscellaneous observations concerning its actions on other 

systems of the body will also be appended. 

1. Observations on the Cardiovascular System as a Whole. 

ACTIONS ON THE BLOOD PRESSURE. There is now considerable experimental 

and clinical evidence to indicate that chlorpromazine in sufficient dosage 

exerts a fall in b100d pressure~ Courvoisier et al. (1953) first described 

this hypotensive action in chloralosed dogs, and concluded that following 

intravenous injection of dosages ranging from l to 5 mg./kg .• oolya 

neg1igible and transitory depressor effect was observed. Huidobro (1954). 



using cats anaesthetized vith sodium pentobarbital has reported that 

chlorpromazine in doses of 0.8 to 8.5 mg./kg., injected intravenously, 

produces a rapid and marked fall in blood pressure vith higher dosas 

this affect lasts longer than 26 hours. There was no evidence of &DY 

lessened blood pressure response on rapeated injections. 

In man, Moyer et al. (1954) have reported that chlorpromazine 

produces a fall in blood pressure. They conclude that the drug reduces 
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the blood pressure by decreasing the peripheral resistance. Other clinicians 

(Foster. 1954; Dobkin et al •• 1954) have also described similar affects. 

Morris et al. (1955) stated that folloving intravenous injection of 50 mg. 

of chlorpromazlne in normotensive man, the blood pressure vas reduced IIto a 

significant degree ll • However. this vas not seen as frequently after intra

muscular administration. These observations vere made in connection vith a 

study of the effect of chlorpromazine on the cerebral circulation. using the 

NitrouB oxide method and it ls difficult to assess the significance of the 

findings. 

Stevenson et al. (1954) have reported that chlorpromazine (50 mg. 

intramuscularly) induced a definite decrease in the blood pressure in man 

during standing and in some instances led to definite "postural hypotension". 

Hovever vith the patient in the recumbent position. the blood pressure 

shoved no significant changes. 

The mechanism of the above-described depressor effects of chlorpromazine 

i9 still uncertain. Whether the observed decrease in the blood pressure is 

a purely peripheral action or vhether it results partially or wholly from the 

central actions of the drug. has not yet been established. With regard to 

the latter point. Cathala et al. (1952) have injected chlorpromazine into 

the lateral cerebral ventricles of the unanaeBthetized dog in doses (2 mg./kg.) 

sufficient to produce profound narcosis. abolition of corneal reflex and 



complete muscular relaxation. It was observed that notwithstandlng these 

central effects, the arterial pressure remained unchanged ranging between 

110 to 120 mm. Hg. On the other band, Dasgupta et al. (1954a) have reported 

that intracisternal injections of small amounts (0.25 to 0.5 mg.) of chlor

promazine in Rhesus monkeys under allobarbitone anaesthesia, can produce 

some fall in blood pressure (30 to 50 mm. Hg.) and conclude that under 

certain conditions, chlorpromazine can exert a central depreseant effect 

on vasomotor tone. 

ACTIONS ON THE HEART. According to Courvoisier et al. (1953) in the 

unanaesthetized rabbit, no changes in the electrocardiogram vere found 

folloving intravenous injections of chlorpromazine in doses of 1 to 10 mg./kg. 

With repeated eubtoxlc doses at ten minute intervals, there was an increase 

in the atrio-ventricular and intraventricular conduction times, an increase 

in P-R interval and widening of the ~S complexe Finally, in toxie doses 

totally 70 mg./kg. (10 mg./kg. repeated 7 times), there developed bundle 

braneh block and auricular fibrillation, followed by death. 

In most clinieal etudies, the main electrocardiographic effects 

reported have been an increase in heart rate and sinus arrbythmia (Laborit 

!1-!l., 1952; Dobkin et al., 1954; Foster, 1954: Foltz, 1955). Rovever, 

Moyer et al. (1954) could observe no significant changes in the electrocardlogram 

in moet cases in man following oral administration, but in a few patients 

there was an increase in heart rate, partial auricu1o-ventricular block and 

minor T vave changes. The significance of these changes 1e rather doubtful, 

since in some of these instances, ot~er factors were present which cou1d 

have given rise to such cardiac irregularities, as stated by the authors 

themeelves. These workers have also reported that chlorpromazine exerte a 

variable effect on cardiac output in man. Thus there was a elight initial 

increaee following small doses of the drug, but as the dose was augmented 
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the cardiac output was reduced. 

ACTIONS ON PERIPHERAL VESSELS. Pickering and Ahlquist (1955) using a 

rotameter have studied the blood flow in severa1 dlfferent vaecular areas in 

anaesthetized dogs. They observed that fo11owing intra-arterial injection 

of 1 mg./kg. of chlorpromazine, there ls a marked increase in femoral blood 

flow. There was no eignificant change in rena1 blood flow. Moyer et al. 

(1954) also reported no changes in renal haemodynamics in man fo1loving 

the administration of chlorpromazine. Foster~. (1954) measured the 

blood flov in the extremities of man uelng venous occlusion plethysmography. 

They recorded a marked increase (284 percent) in the hand and a less marked 

lncrease (72 percent) in the forearm and calves, following Intravenous 

injection of 25 mg. of chlorpromazine. In order to elucidate further the 

mechanism of this vasodilatation, the drug was infused into the brachial 

arter,y. Under these conditions, the blood flov in the hand was increased 

only 50 percent. The authors concluded then that the observed vasodilator 

effect of chlorpromazine in the band was due to both local and central effects. 

In addition, they alse found that the drug reduces the response of the blood 

vessels in the hand to the "cold constrictor test". Finally, Morris et al. 

(1955) reported that following intravenous injection of chlorpromazine (50 mg. 

intravenously in man), there vas a reduction in the cerebral blood flow. 

However, they attributed this decrease to the assoclated general fall in 

blood pressure, since after intramuscular administration neither fall in 

blood pressure nor diminution in cerebral blood flow occurred. 

ANTI-FIBRILLATORY ACTIONS. Courvoisier et al. (1954) tirst described 

the "anti-fibrillatory" actions of chlorpromazine. They studied the effects 

on the cardlac irregularities produced by adrenaline, aconitine nitrate and 

adenosine phosphoric acid. In the rabbit, 2.5 to 5 mg./kg. of chlorpromazine 

injected intravenously diminishes the deleterious effects of aconitine nitrate 



(0.1 mg./kg. intravenously). In the guinea pig, chlorpromazine (2.5 to 5 mg./kg.) 

counteracts the arrbythmias produced by adrena1ine and can diminish or prevent 

the auriculo-ventricular block induced by adenosine phosphoric acid (1 mg./kg. 

intravenously). Melville (1954) has reported that chlorpromazine (0.5 to l mg./kg. 

injected intravenously) effectively prevents ventricular extrasystoles and 

fibrillation following epinephrine during chloroform inhalation in dogs. 

However, the ventricular irregularities associated with the actions of either 

ouabain or pressor pituitary extract were not prevented by repeated injections 

of the drug. Dilalme et al. (1955) state that chlorpromazine cao prevent 

cardiac irregularities produced by petroleum ether and adrenaline. Following 

doses of 0.5 to 1 mg./kg. protection was complete and lasted for l to 3 hours. 

However, the drug did not raise the electrical threshold to atrial fibrillation, 

whereas quinidine and procaine amide were effective. ln addition, chlorpromazine 

did not prevent the P wave disappearance from the electrocardiogram, as 

induced by petroleum ether. For the above reasons, the authors conclude that 

chlorpromazine exerts this protective action Qy virtue of an anti-epinephrine 

effect rather than by a direct quinidine-like depressant action on the 

myocardium. 

II. Observations on Isolated Cardiovascular Preparations. 

ACTIONS ON ISOLATED PERFUSED HEARTS. On the isolated frog heart, 

Courvoisier et al. (1953) have reported that chlorpromazine has no inotropic. 

chronotropic or tonotropic action. The concentrations employed were not 

stated. Further. the S8me workers using the isolated perfused rabbit's heart 

(Langendorff method) reported that the drug (0.1 to l g./litre) increased 

the coronary f10w by 60 to 100 percent. However, associated changes in the 

heart contractions were not recorded in these exper1ments. Using the 

isolated rabb1t heart, Melville (1954) has reported that chlorpromaz1ne 

(0.5 to l mg./kg.) induces a marked increase in the coronary flow and a 
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concomitant depression of the heart contractions. 

ACTIONS ON lSOLATED CARDIAC TISSUE PREPARATIONS. On the isolated 

rabbitls auricle, Courvoisier et al. (1953) again reported no significant 

activity of ch10rpromazlne. Finkelstein et al. (1954a) have observed. on 

the papillary muscle of the catis heart, that chlorpromazine in concentrations 

of 0.1 to 0.5 mg./lOO ml. produces a reversible negative inotroplc action, 

resulting in a 40 to 60 percent reduction in contractile force. There was 

a180 a decrease in the irl'itability of the heart muscle, as indicated by 

an increase in the threshold voltage required to drive the muscle folloving 

chlorpromazine. 

Further, Coraboeuf et al. (1954) have studied the effects of chlorpromazine 

on the electrical activity of the conducti1e fibres from the dogls heart 

(Purkinje fibres). Concentrations of l in 25,000 of the drug produced a 

slight increase in the e1ectrical rhythm vith a fev irregularities. With 

repetition of this concentration there oceurs a decrease in the duration 

of the action potential, vith an increase in the threshold, and a correlated 

decrease in the amplitude. In addition, there vas a slowing of the rhythm. 

If the same concentration vas again repeated, there appeared a condition 

which the authors designated as "flutter" -- a graduaI fall in membrane 

potential and a rapid rhythm where the upstroke vas as long as the downstroke 

fo1lowed by cessation of aIl activlty. These latter effects vere Irreversible 

in spite of trequent washings. 

ACTIONS ON ISOLATED PERIPHERAL VESSELS. Courvoisier~. (1953) 

perfusing isolated rabbit1s ears, reported that chlorpromazine (0.1 to l g./litre) 

caused an increase of flow of 50 to 100 percent. Injection of the drug into 

the medial artery of the rabbit's ear (intact animal) vas folloved by a visible 

vasodilatation of the capillaries. This vas accompanied by a moderate to 

marked oedema. Microscopie examination showed serous f1uid escaping trom the 
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greatly dilated vessels. On the other hand. in vivo studies by theee sarne 

authors demonetrated that chlorpromazine had no effect on capillary 

permeability in the guinea pige Hovever. large doses (12.5 to 50 mg./kg.) 

decreased capillary permeability in the rat and rabbit. 

III. Observations on Autonomie Car4iovascular Control. 

a) Anti-adrenergic Action. 

EFFECTS ON BLOOD PRESSURE. Courvoisier et al. (1953) firet demonstrated 

the anti-adrenergic action of chlorpromazine in respect to the blood pressure 

response. following injections of adrenaline and noradrena1ine. These 

authors showed that after a dose of 0.5 to l mg./kg. of chlorpromazine. the 

pressor responses to doses of 0.002 to 0.005 mg./kg. of adrenaline inJected 

intravenously are diminished. abolished or reversed -- with higher doses 

(5 mg./kg.). these responses were invariably inverted. In regard to the 

antagonism to noradrenaline. ch1orpromazine (1 mg./kg.) diminished the pressor 

response. but there vas no inversion. Marquardt (1953) reported similar 

results in cats under pernocton anaesthesia. Melville (1954) has studied 

the antagonism to adrenaline and noradrenaline in both dogs and cats and 

concludes that under certain conditions (during continuous infusion of 

adrenaline or noradrenaline). the pressor responses to both drugs can be 

shown to be inverted. Kopera and Armitage (1954) reported that in the 

spinal cat preparation following the injection of 10 mg. of chlorpromazine. 

the pressor response to adrenaline was decreased (75 percent), while that 

to an equipressor dose of noradrenaline vas only slight1y diminished. There 

was no evidence of reverssl under these conditions. Huidobro (1954) has 

shown in cats anaesthetized vith pentobarbital sodium that chlorpromazine 

(8.5 mg./kg. intraperitonea1ly) reversed the hypertensive effect of adrenaline 

for a considerable time (more tban 26 hours) without affecting the hypertension 

produced by noradrenaline. It also antagonized the hypertensive effects of 



amphetamine and phenylephrine (neosynephrine). 

More recently, Pickering et al. (1955) have demonstrated that in 

anaesthetized dogs, the rena1 vasoconstriction produced by adrenallne 
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(0.16 ~g./kg.) could be b10cked by a small dose (25 ~g./kg.) of chlorpromazine 

injected Intra-arterlally. Further, the decrease in aplenic blood flow and 

the contraction of the spleen fo1lowing the injection of adrenaline were 

also blocked by the drug. 

In respect to sympathetic reflex control of the circulation and the 

responses following sympathetic nerve stimulation, Courvoisier et al. (1953) 

have observed that intravenoua injections of chlorpromazine markedly 

depressed the hypertension due to either occlusion of the carotids or to 

stimulation of the central end of the vagus nerves. Pocida1o~. (1954) 

reported simi1ar observations. In addition, these authors have shown that 

chlorpromazine diminished the hypertensive effect due to (a) stimulation of 

the splanchnlcs, (b) injections of sma11 doses of nicotine, and (c) central 

stimulation of the medulla by the local application of 30 percent alcoho1. 

Valerenberche ~. (1954) observed that this reduction in the hypertensive 

effects following splanchnic stimulation in chloralosed dogs occurs both 

before and after adrenalectomy. However, lopera et al. (1954) have reported 

no diminution in the hypertensive response to stimulation of the splanchnlc 

nerves in the adrenalectomized spinal cat. 

It is evident from the above that the failure of these complex clrcu1atory 

reflexes following chlorpromazine administration cannot be ascribed solel~ to 

its perlpheral anti-adrenergic action. Indeed, the possibi1ity existe that 

central nervous system depressant effects of the drug may &lso be involved 

in modifying these vasomotor responses. Cathala et al. (1952) have reported 

that injections of chlorpromazine (2 mg./kg.) into the lateral cerebral 

ventricle of the unanaesthetized dog produces profound narcosls. Under these 
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conditions. there is a complete lack of circulatory response to stimulation 

of the central end of the vagus and to occlusion of the carotids. Dasgupta 

et al. (1954a) have reported that intracisternal injections of chlorpromazine 

(0.25 to 0.5 mg.) into Rhesus monkeys anaesthetized vith allobarbitone 

cause a suppression of carotid sinus reflexes. They also observed that the 

pressor responses elicited by electrical stimulation of hypothalamic or 

medu1lary pressor areas are completely abolished in decorticated cats, by 

chlorpromazine (50 to 100 ~g./kg., administered intravenously). However. 

cats under chloralose anaesthesia are considerably less susceptible to these 

blocking actions of the drug. These observations have been interpreted by 

the authors to indicate "that in certain circumstances a central depressant 

effect of chlorpromazine on vasomotor tone and reflex activity can be 

demons t rat ed 1\ • 

EFFECTS ON THE HEART. Finkelstein.!1....&. (1954a). using the 

papillary muscle of the cat 1 s heart. reported that following chlorpromazine 

(0.1 to 0.25 mg. percent) the positive inotropic action of epinephrine, 1-
;r 

norepinephrine and N-isopropylno~inephrine can be partially Inhibited 

(approximately 50 percent). Higher concentrations (0.4 to 0.5 mg. percent) 

completely antagonized these actions. These authors also state that the 

inhlbitory actions of the drug vere reverelble. 

The electrocardiographic effects fOllowing chlorpromazine have been 

studied by Courvoisier et al. (1953). Melville, (1954) and Huidobro (1954). 

These workers uniformly reported that following chlorpromazine tachycardia 

produced by epinephrine, norepinephrine and other pressor amines is not 

abolished. 

b) Anti-cholinergic Action. 

Courvoisier et al. (1953) have reported that electrical stimulation 

of the peripheral end of the vagus nerve still produces cardiac slowing and 



a fall in blood pressure in the chloralosed dog following small doses 

(below 1 mg./kg.) of chIorpromazine injected intravenously. They have 
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aIso reported that the cardiovascular depression following vagal stimulation 

ls diminished after doses of 2 mg./kg. and abolished completely after doses 

of 10 mg./kg. under similar conditions. The same authors have also reported 

that chlorpromazine (1 to 5 mg./kg. intravenously) does not affect the 

hypotension produced by intravenous injections of acetylcholine (0.01 to 0.05 

mg./kg.). However, higher doses of chlorpromazine (10 mg./kg.) cao diminish 

both the Ilowing of the heart rate and the fall in blood pressure seen after 

sim1lar injections of acetylcholine. 

IV. Miscellaneous Additional Pharmacological Actions of Chlorpromazine. 

a) Effects on the Central Nervous System. 

DEPRESSANT EFFECTS. Central nervous system depressant effects of 

chlorpromazine have been repeatedly observed both in experimental animals 

and in man. Courvoisier et al. (1953) reported that in rats and mice large 

doses of chlorpromazine (up to 20 mg./kg.) produce a state of central 

depression that lasts for several hours. In the dog doses of 10 mg./kg. 

injected subcutaneously produce locomotor disturbances, and with higher doses 

(10 to 20 mg./kg.) the duration of the depression exceeds four days. As 

previously stated following injection of chlorpromazine (2 mg./kg.) into 

the lateral cerebral ventricles of the dog, Cathala and Pocidalo (1952) 

reported that profound narcosis appeared with complete relaxation and 

abolition of the corneal reflex. Furthermore, Das et al. (1954) working 

with Rhesus monkeys found that sma11 doses of chIorpromazine (0.7 to 2 mg./kg.) 

injected intravenously produced IIquietening" of the animaIs, although all 

reflexes are present. Higher doses (10 mg./kg.) produced somnolence, but 

no true anaesthesia was ever seen. The electroencephalogram showed changes 

that could best be described, according to the authors, by ascribing to the 



drll€ "a suppression on the awakening "upward discharge" of the ascending 

reticular formation". Dasgupta et al. (1954) have shown that in decorticate 

and diencephalic cats chlorproma.zine cao suppress the "sham-rage" of such 

animaIs very effectively, and in doses significantly lover than those 

required to cause somnolence in intact animaIs. Holzbauer and Vogt (1954) 

shoved in cats that high doses (25 mg./kg.) of chlorpromazine could not 

inhibit the stimulation of the sympathetic centres produced by morphine. 

These authors could not confirm the suggestion of Laborit and Huguenard (1951) 

that the drug exerts an inhibitory action on diencephalic centres. 

More recently, Dasgupta (1955),working with female albino rats, 

reported that chlorpromazine (10 mg.!kg.) injected subcutaneously daily 

could prevent the estrus cycle. Normal rhythmicity reappeared a few days 

after the drug was discontinued. Hovever, injections of the drug (40 mg./kg.) 

could not overcome the continuous estrus cycle produced by injections of estro

gens. Since the estrus cycle is said to be under hypothalamic control, the 

effect of chlorpromazine vas thought to be a central one. Rutledge and 

Dot Y (1955) working with cats trained either to lift a foreleg upon application 

of a stimulus to the cerebral cortex or trained to lift the foreleg in response 

to auditory or visual stimulation, have reported that chlorpromazine (4.7 mg./kg.) 

abolishes these latter reflexes but not the response resulting from cortical 

stimulation. With higher doses, cortically conditioned responses were however 

ultimately lost. The authors conclude that their findings are in accord vith 

the interpretation that chlorpromazine acts "somewhere in the afferent mechanism 

and that direct cortical stimulation to a large degree circumvents this systemN• 

The central depressant action of chlorpromazine has now been widely 

employed in the field of psychiatry. In the words of Winkelman (1954) "the 

drug is especially remarkable in that it can reduce severe anxiety, diminish 

phobias and obsessions, reverse or modify a paranoid psychosis, quiet manlac 



or-:<extreme1y- agitated patienta and change the hostile senile patient 1nto 

a quiet eas111' managed one". Hopkin (1954) states that chlorpromazine 

"gives a central effect which is character1zed by- a etate of indifference 

and detachment rather than by- a true hypnosia or analgesia. This effect 

can last for more than 24 hours". Terzian (1952) reports that the overall 

electroencephalographic effects of chlorpromazine are identlcal vith the 

pattern obtalned during normal sleep. No changes in the electroencephalograa 

were observed if the state of consciouaneas la not disturbed. In the state 

of d1s1nterestedness. there is an accentuat10n of the "theta" element and 

other changes. !ne author conc1udes that the effects of chlorpromaz1ne 

represent depreasion of the reticular formation particular1y- the sensor.y 

and autonomie apheres. Dobkln (1954) a1so reported that in humane receiving 

chlorpromazine the e1ectroencephalographic recordings ehowed a normal sleep 

pattern and often a hyperactive response to light. touch and noise stimuli. 

16. 

POTENTIATION OF ANAESTHETICS. ANALGESICS .AND HYPNOTIC.s. Laborit et al. 

(1952) were the tirst workera to report that ehlorpromazine eould potentiate 

the action of ve1ati1e anaesthetlcs, barbituratee and analgesics. Courvoisier 

~. (1953) studied \h's action of the drug further. The.y reported that 

chlorpromazine increase the duration of hexobarbita1 anaesthesia in the mouse, 

guinea pig and the doge In the latter, chlorpromazlne (1 to 2 mg.!kg., subeut

aneously-) in conjunction with hexobarbltal (50 mg.!kg •• intravenousl1') could 

prolong the anaesthesia from twent1'-five (25) to sixty- (60) minutes. 

Higher concentrations of the former (5 mg.!kg.) prolonged the anaesthesla for 

more than two (2) hours. The authors also report that studles performed on 

miee, rats and guinea pigs show that premedication vith ehlorpromazine increases 

eonsiderably- the duration of anaesthesia when ether is used. In addition, the 

time of onset of anaesthesia was alao decreased. Chlorpromazine has also been 

reported to increase the duration of s1eep produced by- hypnotics euch as 
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butobarbital. In the rabbit. for example. butobarbital (50 mg./kg. orally) 

produces sleep for approximately one (1) hour. When combined with chlor

promazine (25 mg./kg. subcutaneously). the period of sleep was increased to 

about five (5) hours. Although chlorpromazine is devoid of analgesie action. 

Courvoisier and her associates reported that in the mouae. morphine asaoeiated 

vith chlorpromazine produces analgesia where the dose of morphine alone has 

no effect. Chlorpromazine also potentiates the action of pethidine. 

Giequel and Schmitt (1954) have stated that in rats chlorpromazine 

greatly potentiates the onset of action and duration of anaestheaia to 

chloral hydrate and ethylurethane. Bertrand et al. (1954) have reported that 

the effects of phenyl-hydantoin are also dramatically potentiated in rats. 

In humans, Recklesa (1954) reports that preadministration of chlorpromazine 

potentiates the effects of thiopentone and ether and also the analgesic effects 

of morphine and pethidine. Wallis (1955) states that in elinical experiments 

chlorpromazine potentiates or augments the action of hypnotics. narcotics 

and analgesics. HoweTer. this is not substantiated by Houde and Wallenstein 

(1955) who report that the effect of combination of morphine and chlorpromazine 

was the same as the analgesie effect of morphine alone in cancer patients. 

This question of the potentiation of the actions of analgesic8 by chlorpromazine 

requîres further investigation. 

HlPOTHERMIA. Huguenard (1952) deseribed the hypothermie action of 

" chlorpromazine. in connection with artifieial hibernation", induced by a 

combination of drugs. Courvoisier et al. (1953) further demonstrated that 

in mice chlorpromazine (2 to 50 mg./kg. sUbcutaneously) lowers the body 

temperature from six (6) to ten (10) degrees centigrade. This hypothermia 

pereisted up to twenty-four (24) hours after the administration of the drug. 

The experiments wera repeated on rats and dogs with qualitatively similar 

results. Various degress of bypothermla have been reported by numerous 
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vorkers inc1uding Burn (1954), Halpern and Liakopoulos (1954), Giaja and 

Giaja (1954), Kopera and Armitage (1954) and Dawson and Hiestand (1955). 

Final1y, the extensive 1iterature concerning the application of chlorpromazine 

in the production of hypothermia and "artificial hibernation" both in surgery 

and Medicine has been reviewed by Laborit and Huguenard (1954), and needs 

no further comment here. 

ANTI-EMETIC ACTION. Courvoisier et al. (1953) observed in dogs that 

chlorpromazine (2 mg./kg. subcutaneously) complete1y protected against the 

vomiting produced by apomorphine (0.1 mg./kg. subcutaneous1y), but could not 

prevent vomiting due to copper su1phate administration. 

Boyd et al. (1953) and Cook et al. (1954) also working vith doge 

confirmed the potent anti-emetic action of the drug in respect to apomorphine. 

Thelatter workers have also reported that the threshold to veratrum-viride 

induced emesis was also raised by chlorpromazine, but Lanatoside-C-induced 

vomiting was not inhibited in any manner. !gain, in doge, Brand et al. (1954) 

report that chlorpromazine iB markedly effective in antagonizing apomorphine 

induced emesis. In addition, they found the drag also protects against 

vomiting evoked by morphine and ergot but ia ineffective against intravenous 

copper sulphate, Lanatoside-C, veratrum and oral copper sulphate. Theae 

authors conclude that the pattern of anti-emetic action of chlorpromazine in 

dogs suggests that the mecbanism of its action is a "selective depression of 

the medullary emetic chemoreceptor trigger zone". Glaviano and Wang (1954) 

have further extended these observations, and conclude that at a dose level 

of 3 mg./kg. of chlorpromazine the vomiting centre per Be is not depressed 

and the protective action is probably due to its competitive action for 

the receptors at the chemoreceptive emetic trigger zone. On the other hand, 

when chlorpromazine was injected intravenously, a higher degree of protection 

vas obtained against certain types of vomiting. and even the response to 



19. 

large doses of copper sulphate was blocked up to 50 percent. The authors 

therefore conclude from these results that the more potent anti-ametic 

effect of intravenous chlorpromazine stems from its "depression of the 
clinica11y 

ret icu1ar vomi ti,ng mechanism". Finally, the drug has also been used/ as 

an effective anti-emetic agent as shown by the reports of Bartis et al. (1954) 

and Morris et al. (1954). 

b) Effects on the Peripheral Nervous System. 

EFFECT ON HERVE FIBRES. Chauchard and Chauchard (1952) have shown 

that application in the dog of chlorpromazine (2.5 percent) close to the 

preganglionic vagus and cervical sympathetic fibres induces changes in 

chronaxie. Thus the chronaxie of the vagal fibres increased ,3-fold and in 

,30 to 40 minutes there was complete block. The chronaxie of the preganglionic 

sympathetic fibres increased lees rapidly and was never greater than 5 times 

its initial.value. 

EFFECT ON AUTONOMIC GANGLIA. Many authore including Courvoisier ~. 

(195,3) refer to chlorpromazine as a "ganglioplegique" drug apparently without 

any direct experimental evidence. Valerenberche et al. (1954) ascribe a 

ganglionic-blocking action to thie drug since it vas seen to decrease the 

secretion of adrenaline to stimulation of the splanchnic nerves. However, 

Bruneaud et al. (1953) have shown that high doses of chlorpromazine can 

decrease adrenaline secretion to both splanchnic and nicotine stimulation. 

Thus, they conclude that decreased adrenaline secretion due to stimulation 

of the splanchnics cannot be taken as evldence for a "synaptic block", sinee 

this inhibition could oeeur at the level of the gland itself. Deeourt~. 

(1953) in experiments using cat salivar,y glands and stimulating pre- and 

post-ganglionie fibres, have shown that chlorpromazine has no ganglionic 

blocking action at therapeutic levaIs. At high concentrations (20 mg./kg.), 

there ie a diminution in sali vary flov whieh the authors attribute to the 



drug's "narcobiotic" action and to its slight anti-cholinergic effects. 

Huidobro (1954) concludes that chlorpromazine doea not block transmission 

through the superior meBenteric ganglion when the splanchnic nerves are 

stimulated. Finally, Holzbauer and Vogt (1954) have investigated the 

alleged inhibitory action of chlorpromazine on ganglionic transmission, 
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and state that "no such action was found on the superior cervical ganglion". 

c) Effects on Striated and Smoo~h Muscles. 

ACTION ON STRIATED MUSCLE. Following injection of chlorpromazine 

in doses up to 1.35 mg./kg. in the terminal portions of the abdominal aorta 

in cats, Huidobro (1954) reports that the drug did not modify the intensity 

of the quadriceps twitch, when the muscle vas stimulated indirectly at a 

frequency of one pulse every 10 seconds. However, in a fev instances, a 

small increase in the twitch was seen. In contrast, Kopera and Armitage (1954) 

in the sciatic-gastrocnemius preparation of the cat, reported that chlor

promazine (4.6 mg./kg.) caused a slight initial increase in the amplitude 

of contraction both to direct and indirect stimulation. This was followed 

by a graduaI decrease. The amplitude of contraction to direct stimulation 

always declined more slowly than that to indirect stimulation. This dose 

eliminated completely the response to indirect stimulation after 75 minutes. 

Comparable results were obtained on the phrenic nerve-diaphragm preparation 

of the rat. Burn (1954) using the cat sciatic-gastrocnemius preparation 

reported that chlorpromazine (3 mg./kg.) caused a graduaI failure of 

contraction both to direct and indirect stimulation. 

ACTION ON SMOOTH MUSCLE. In vitro studies on iso1ated rabbit 

intestine reported by Courvoisier!!-!l. (1953) show that chlorpromazine 

(5 mg./litre) produces a decrease in the tone and the amplitude of spontaneous 

intestinal movements. Complete paralysis occurred when the concentration vas 

doubled. At the latter concentration, the stimulating affects of acetyl-
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choline (1 mg./litre) vere antagonized. On the isolated rabbit uterus 

(in anestrus), these authors have shown that chlorpromazine is Just as 

active as ergotamine in blocking the spasms produced by adrenaline. The 

drug vas devoid of any antihistamine activity. Lamarche and Arnould (1954) 

using isolated rat and rabbit intestines reported that chlorpromazine (10-6 MJ 

diminishes both the tone and the amplitude of contraction. After 30 minutes, 

the tone and the amplitude returned to normal levels. The inhibiting effect 

of adrenaline (lO-7 ~) is the same befora, after or during the chlorpromazine 

inhibition. Chlorpromazine (2 x 10-6 M.) could inhibit reversibly the 

stimulating effect of acetylcholine (10-7 M.). 

In the cat, Huidobro (1954) reported that chlorpromazine (1.7 to 

6.3 mg./kg.) did not alter the inhibitor.y effects of adrenaline on the 

urinar.y bladder, the intestine or the uterus. The same author also reports 

that the drug (0.8 to 1.65 mg./kg.) cau inhibit the contraction of the 

nictitating membrane of the cat as induced by electrical stimulation of either 

the pre- or post-ganglionic fibres. It can also reduce or abolish the 

contraction of the membrane produced by the intra-carotid injection of 

adrenaline or acetylcholine. Kopera and Armitage (1954) investigating the 

anti-cholinergic action of chlorpromazine state that on the mouse pupil 

doses as high as 20 mg./kg. shoved no mydriatic activity. In cats, the drug 

could inhibit salivary flov and they conclude that chlorpromazine is 1/30 

as potent as atropine in this respect. With the guinea pig ileum, a negligible 

anti-histamine activity vas also recorded. 

d) Action of Chlorpromazine in the prevention of Induced Shock. 

Bath Fournel (1952) and Courvoisier et al. (1953) have reported that 

chlorpromazine (2 mg./kg.) could protect doge against induced baemorrhagic 

shock. Some protection againet experimental traumatic shock in rats has 

also been reported by the latter workers. Reilly and Tournier (1953), 



Pocida10 and Tardieu (1954) and Hershey and Guccione (1955) have also 

reported favourab1e resu1ts with the use of ch10rpromazlne in various 
al 

types of experiment~shock. 

e) Actions on Metabo1ism. 
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Oourvoisier et al. (1953) have measured the oxygen uptake of s11ces 

of guinea plg cerebral cortex and found that the addition of ch10rpromaz1ne 

to the medium caused a decrease in the rate of uptake. W1th concentrations 

of 175, 350 and 700 mg./1itre of the drug, respectively, they recorded a 

decrease of 21, 43 and 62 percent, respe ct ively , in the rate of oxygen uptake 

one hour after the addition of chlorpromazine. In view of the excessive 

concentrations employed, the significance of these findings is questionable. 

Ganshirt and Brl1m~er (1954) employing lover concentrations of the drug on 

guinea pig cerebral cortex using both brain slices and homogenates, observed 

that chlorpromazine (10-7, 10-6 and 3 x 10-6 M.) decrease the rate of oxygen 

uptake by 17, 25 and 36 percent, respective1y. This decrease in the rate of 

uptake occurred at reduced temperatures (2500.). Therefore, the authors 

conclude that chlorpromazine has "a direct effect on the brain in decreasing 

oxygen utl1ization and at these 10w concentrations the effect cannot be 

considered a narcotlc one". Finke1ste1n et al. (1954) report experlments 

in which cat 1eft ventric1e heart Bl1ces, braln cerebral cortex s11ees and 

brain homogenates were emp10yed to determine the influence of chlorpromazlne 

on aerobic metabolism. From their experiments, they conc1ude that the 

concentrations of the drug necessary to suppress or diminish oxygen consumption 

were considerably greater than those whieh evoke a response in in vivo and 

in vitro experiments. Thus, they consider it unlikely that the pharmacological 

effects of chlorpromazine are due to an act10n on oxidat1ve metabo11sm. 

Final1y, Bersohn et al. (1955) using brain homogenates have demonstrated that 

eh10rpromazine (10-3 M.) cao comp1ete1y inhibit aerobic and anaerobic glycolysis. 



The drug had no inhibitory effect on citrate synthesis from pyruvate and 

oxaloacetic acids. The inhibition of specifie and serum cholinesterase 

vas negligible. 

~. 



PRABMACOLOGICAL APPROACHES EMPLOYED AND EXPERIMENTAL OESERVAœIONS. 

I. Studies on the Cardiovascular System as a WhqIe. 

(a) Methods. 

Bath dogs and cats were employed. In most of the experiments on 

dogs. the animaIs vere simply anaesthetized with pentobarbital sodium 

(40 mg./kg.) injected intravenously. In some experiments, the dogs vere 

previously morphinized by eubcutaneous injection vith 10 mg./kg. of morphine 

sulphate, 15 to 30 minutes prior to injection of pentobarbital -- a dose of 

20 mg./kg. of the anaesthetic sufficed in these cases. In several experiments, 

the animale vere also either vagotomized (the right and left vague nerves 

sectioned in the neck) or atropinized (1 to 2 mg./kg. atropine eulphate 

injected intravenouely), at the beginning of the experiment or during ite 

course, as indicated. In the experiments on cats, the animals were alvays 

first temporarily lightly etherized and then injected with pentobarbital 

sodium (20 to 30 mg./kg.) or the brain destroyed and the ether discontinued 

(spinal animals). 

Continuoue artificial respiration using a Starling pump vas employed 

throughout aIl experiments. AlI animaIs vere heparinized (1 mg./kg. heparin, 

injected intravenously), and blood pressure vas recorded directly from a 

cannula inserted into the right common carotld artery. using 5~ sodium citrate 

as the anticoagulant in the system. In order to record the electrocardiograms, 

3 No. 17 gauge 2 inch hypodermic needles vere fused to the lead vires and 

used as electrodes. Theae vere appropriately placed under the skin. Electro

cardiographic changes vere observed more or less continuously throughout all 

experiments using a Sanborn Visocardiette and electrocardiograms (Lead II) 

recorded at frequent intervals as indicated on the signal line of the 

kymographie tracings. Some sections of both the electrocardiograms and the 

blood pressure records are reproduced in the figures. The time intervals of 



the latter are marked in minutes throughout. 

For continuous infusions, a constant-rate infusion pump was attached 

to a cannula inserted into a femoral vein. In all experlments, the volume 

lnjected was l ml. per min., and the desired concentration of the agent made 

up in 0.9 percent saline solution. AlI injections of drugs were made 

directly into an exposed femoral vein in the dog experiments, while in the 

cat experiments a hypodermic needle W&S tied into the vein, and the injections 

washed in with l ml. of saline. 

In the studies concerning the influence of chlorpromazine on 

ventricular arrhythmias, chloroform was administered by appropriately 

lnsertlng a Woulff bottle into the artiflclal respiration circuit, and 

following a short period of administration, adrenaline injected, as previously 

described by Melville (1946). 

The following drugs were employed in these studies: Chlorpromazine 

hydrochloride (Largactil) in powder form;l Synthetic l-epinephrine bitartrate 

and synthetic I-norepinephrine bitartrate monohydrate;2 These agents are 

referred to as "adrenal ine n and "noradrena! ine ", respecti vely, throughout 

this investigation; Hydergin, a mixture of equal parts of dihydroergocristine, 

dihydroergokryptine and dihydrocornine. J Flnally, ephedrine sulphate, 

atropine sulphate. morphine sulphate and acetylcholine hydrobromide, were also 

used in different experiments. AlI solutions of drugs were freshIy made up 

as desired. Seventy (70) different experiments were performed in this series 

of studies. 

(b) Effects of chlorpromazine on blood pressure and associated electro
cardiographie changes in pentobarbitalized doge. 

Doses of chlorpromazine, ranglng from 0.001 to 10 mg./kg. were tested 

in severa! different experiments. Under these conditions, smaller doses of 

1 Kindly supplied by Poulenc, Ltd., Montreal. 
2 Kindly supplied by the Sterling Winthrop Research Institute, Rensselear, N.Y. 
J Through the courtesy of Sandoz, Ltd •• Montreal. 
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the drug, ranging from 0.001 to 0.5 mg./kg •• were without significant effects 

on blood pressure and electrocardiograms. Figure l shows typical examples of 

the responses observed when doses of l mg./kg. (A), 5 mg./kg. (B and BI) and 

10 mg./kg. (C) of chlorpromazine were injected at short intervals. Comparable 

responses were observed in severa! other experiments with such doses. As 18 

evident from the records, following injection (A) of l mg./kg., there is only 

an insignificant dip in blood pressure associated w1th a s11ght increase in 

heart rate and slight depression of the T waves (Nos. 2 and 3). There was 

no change in either P-R intervals or ~ complexes. Following injection (B) 

of 5 mg./kg., there is a transient depressor effect associated again with 

initial tachycardia but there is beginning T wave elevation (Nos. 4 and 5). 

Repetition of this injection (BI) induces again a similar depressor response 

associated however with slowing of the heart and continued T wave heightening 

with sorne prolongation of the S-T segments (Nos. 6, 7 and 8). Following 

injection (C) of 10 mg./kg., there is an intense and sustained fall in blood 

pressure, associated with marked initial slowing of the heart and T wave 

elevation (No. 9) followed later by T wave inversion (No. 10). The heart rate 

rapidly increased again, although the reversaI of the T wave persisted (No. Il). 

The lower section of the kymograph tracing, which was taken after an 

interval of 10 minutes, shows that the blood pressure was still below the 

control level but the normal appearance of the electrocardiogram was now 

restored (No. 12). At this time, injection of a large dose (0.5 mg.) of 

adrenaline (E) induces a good reversaI effect, associated with marked tacby

cardia, and heightening of both P and T waves (No. 13). Following injection 

of a large dose (0.5 mg.) of noredrenaline (N), there was a moderate rise in 

b100d pressure but again a marked associated tachycardia (No. 15). Later in 

the experiment. fo11owing injection of 5 mg./kg. of ephedrine (Eph.), there 

i9 on1y a brief blood pressure inversion but no significant change in the 
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Fig. 1 Dog, Male, 9. 0 lr..g. Pent obarb ital. 

Blood pressure and electrocardiograms (Lead 2) taken at 

Nos. l to 18. An interval of 10 minutes elapsed between 

the upper and lower recorde. At A, chlorpromazine (1 mg./kg.); 

at Band Bl , chlorpromazine (5 mg. /kg.) and at C, chlorpromazine 

(10 mg./kg.), were injected. At Et adrennline (0.5 mg.); at Nt 

noradrenaline (0.5 mg.), and ephedrine sulfate (Eph.)(S mg./lr~.), 

were injected.. 
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electrocardiograms. as shown at Nos. 16. 17 and 18. 

Figure 2 shows results of a similar experiment in which the animal 

was previously vagotomized. As can be seen. the depressor responses obtained 

throughout are rather similar to those shown in Figure l, that is in the non-

vagotomized animal. However. the associated electrocardiograms show that no 

signiflcant tachycardia now ensues following the lower doses of the drug. 

but there was still T wave elevation (Nos. 2 to 9). and following injection 

of a large dose (10 mg./kg.) of chlorpromazine (C). there is slowing of the 

heart with flattenlng and inversion of the T waves (Nos. 10. 11 and 12). as 

in the non-vagotomized animal. 

Figure J. which is a continuation of the above experiment. shows that 

after added atropinization, the depressor response to chlorpromazine is not 

affected (B, between Nos. 1 and 2). Moreover. following injection of 

hydergin (H). there vas a sustained rise in blood pressure. but again the 

depressor response to chlorpromazine (B. between Nos. 4 and 5) is still in 

evidence. lndeed. during this latter fall in blood pressure injection of 
to 

a.drenaline (A. between Nos. 6 and 7) le'.d/the pressor-depressor response shown. 

associated vith intense tachycardia. The record &lso shows that even with 

the combined "adrenergic blockade" induced by chlorpromazine and hydergin • 

the blood pressure response to noradrenaline (N) although greatly diminished 

ie not reversed. while that to adrenallne (A. towards end of record) Is 

completely inverted. Again. here the noradrenaline tachycardia Is more 

sustained than that produced by adrenaline. A test injection of a large 

dose (10 mg.) of acetylcholine (Ac) &lao shows no evldence of any "ganglionic 

action". but induces only a fall in blood pressure without significant change 

in heart rate (No. 11). 

lt is clear from the above experiments that in the pentobarbitalized 

doge ch1orpromazine in effective doses (exceeding 1 mg./kg.) induces a fal1 
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Fig. 2 Dogt Female t 13.5 kg. Pentobarbita:l. 

Vagua nervaB sect10ned in the neck ten (la) minutes 

ear11er. Dlood press-ure and associated e1ectrocard1o-

grams (Lead 2) taken at Nos. 1 to 12. A, ch1orpromazine 

(1 mg. l'kg. )t B nnd :B
1

, chlorpromazine, (5 mg • .fkg.) and 

Ct ch1orpromazine. (10 mg./~~.) were 1njected, respectively. 

21tJJ. 
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Fig. 3 Continuation of Fig. 2 after an interva1 of twent;y 

(20) minutes dur1ng wh1ch atro,ine sulfate (2 me./kg.) was 

injected. Blood: pressure and electrocardiograms (Lead 2) 

taken at Nos. 1 to 11. At each E, ch1orpromaz1ne (5 mg./kg.); 

at H, h;ydergin (2 mg./~~.); at each A, adrena1ine (0.5 mg.); 

at N, noradrena1ine (0.5 mg.). and at Ac., acet;y1choline 

hydrobrom1de (10 mg.), were 1njected. respeet1ve1y. 
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in blood pressure, which is not significantly affected by either vagoto~, 

e.tropinization or injection of hydergin. These depres80r responses are 

rather transitory, except with excessive doses, and are quantitatively 

repeatable. Lower doses of the drug, however, induce an i~ial tacbycardia 

which is abolished by previous vagotomy or atropinization. Hovever, with 

rapidly super-imposed injections or vith single large injections, there is a 

temporary significant sloving of the heart rate. It is also clear that 

folloving injection of these doses, there is a consistent alteration of the 

T vaves which are first elevated and later inverted (with large doses only). 

These T wave changes aIso oceur after atropinization or vagotomy. Finally, 

the experiments also confirm that injections of chlorpromazine induce a more 

or less prolonged "anti-adrenergic" action, leading to abolition of the 

pressor responses to both adrenaline and ephedrine, and characteristic inversion 

of the blood pressure responses to these agents. Hovever, the pressor response 

to noradrenaline, although lessened, is not inverted under these conditions. 

Both adrenaline and noradrenaline also induce sustained tachycardia folloving 

previous injections of chlorpromazine. 

(c) Effects of chlorpromazine when injected during continuous infusion 
of adrenaline or noradrenaline, or folloving previous injection of 
ephedrine. in pentobarbltalized dogs. 

In earlier experiments reported by Melville (1951), it vas shown that 

durlng continuous infusions of adrenaline and noradrenaline, blood pressure 

reversaI effects could be observed vith both agents, vhen superimposed 

injections of ergotamine or ergotoxine vere given. It vas suggested that 

pressor responses, such as are observed vith either adrenaline or noradrenaline 

after previous ergotoxine or ergotamine under certain experimental conditions, 

might be due mainly to the associated cardiac stimulation induced by the 

pressor amines. In viev of the results described in the previous section (b), 

It vas of Interest to investigate the effects of chlorpromazine, vhen injected 
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during sustained sympathomimetic action induced by adrenaline, noradrenaline 

or ephedrine. 

The upper record of Figure 4 shows results of an experiment in which 

doses of 5 mg./kg. (A) and 10 mg./kg. (B) of chlorpromazine were injected 

during a continuous adrenaline infusion, as shown by the arrow (ADR.). It 

is clear from the record that the pressor response to adrenaline is completely 

antagonized and the blood pressure remains at a low level as long as the 

infusion continues. The electrocardiograms (Nos. 2 to 8) also show that 

again the adrenaline tachycardia persists throughout the infusion. After 

the infusion is stopped, there is a prompt slowing of the heart (Nos. 9 and 10) 

assoclated vith a rise in blood pressure. Ten minutes later, as shown in the 

lower record, repetition of the adrenaline infuslon induces again a sustained 

depressor effect and concomitant tachycardia (Nos. 2 and J), as long as the 

infusion is maintained. 

When adrenaline was infused continuously, it was observed that good 

depressor responses could be obtained with much smaller doses of chloI'promazine 

than in the absence of adrenaline. Flgure 5 shows an example of one such 

experlment. Thus, It m~ be seen that during the adrenaline infusion, 

following injection (A) of a dose of 0.1 mg./kg. of chlorpromazine. thera is 

a definite transient depressor response with no significant change in the 

electrocardiogram (Nos. 2 and J). Following a dose of 5 mg./kg. (B), there 

ls a sustained fall in blood pressure. This contrasts strikingly with the 

effects observed in other experiments, vithout adrenaline infusion (Figures 

l, 2 and J). When the infusion is stopped, again the blood pressure promptly 

rises and the heart rate decreases. Thirty minutes later, as shown by the 

loyer records, the affects of the injection of both adrenaline (0) and 

ephedrlne (E) are reversed, while the response to noradrenaline (D) ls not. 

as in the previous experiment. 
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Fig. 4 Dog, Male, 8.7 kg. Pentobarbital. 

Blood pressure and electrocardiograms (Lead 2) taken at Nos. 

r ta 10 (upper record) and at Nos. l ta 5 (lower record). An 

lnterval of 10 minutes elapsed between the upper and the lower 

records. At A, chlorpromazine (5 mg./kg.) and at B, chlor

pramazine (10 mg./kg.), were injected. Duration of infusions 

of adrenaline (0.01 mg./kg./min.) shawn by the arrows, and 

marked (.âDR.). 
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ro. 

Pentobarbital. 

J3lood pressure and aas.ociated electroca.rdiograms (Lead 2), 

as numbered. Upper records. The eont1nuous infusion of 

21k 

adrenaline (0.1 mg./kg./m1n.) 1s shown by the arrow (ADR.). 

At At 0.1 mg./kg., and at B, 5.0 mg./ke., respective17, of 

chlorpromazine vere injected. Lover records. At C, 0.5 mg. 

of adrenaline; at Dt 0.5 mg. of noradrenaline, and at E, 

25 mg. of ephedrine, were 1njected. An 1nterval of ~h1rty 

minutes elapsed between the upper and lover records. 
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Figure 6 shows the effects observed in a somewhat similar experiment 

in Which again small and usually ineffective depressor doses of chlorpromazine 

were injected during adrenaline infusion. Thus, at A, following injection 

of 0.01 mg./kg. during the adrenaline infusion, there is a definite depreesor 

effect. Concomitantly, the heart rate Blso increased slightly (Nos. 2 and 3). 

It is also clear from the record that after injection of a dose of 1 mg./kg. (B) 

a marked and sustained adrenBline reversal occurs under these conditions. 

The electrocardiograms (Nos. 5 and 6) show that this is associated with further 

cardiac acceleration. It must be emphasized that similar doses of chlor-

promazine exert little or no effect on the blood pressure in the absence of 

adrenaline (Figures 1 and 2). 

It was also of some interest in these experiments to ascertain to what 

extent the vagal control of the heart was affected by such doses of 

chlorpromazine. As shown on the kymograph tracing (Figure 6) cutting the 

vague nerves (vagi eut) following these relatively small doses of chlorpromazine 

and during the adrenaline, produced a progresaive rise in blood pressure, 

but no further acceleration of the heart (Nos. 7 and 8). Furthermore, 

stopping the infusion now leads to a fall in blood pressure (unlike the rise 

uniformly observed in otherwise non-vagotomized animals), and later re1nfûs1on 

of the adrenaline produced the sustained rise in blood pressure shown with 

associated tachycardia (Nos. 11 and 12). It may Blso be seen that injections 

of larger doses (5 mg./kg.) of chlorpromazine at C, almost completely 

antagonized this pressor response. 

Figure 7 shows the results of an identical experiment in which 

noradrenaline was infused instead of adrenaline. As cao be seen, under these 

conditions, no significant depressor responses were observed following 

superimposed injections of either 0.01 mg./kg. (A) or 1 mg./kg. (B) of chlor-

promazine. Subsequent cutting of the vagus nerves in the course of the 

infusion (vagi eut) led to no rise in blood pressure nor any significant 
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lige 6 Dog, lemale, 6.8 kg. Pentobarbital. 

Blood pressure and assoeiated eleetroeardiograms (Lead 2) 

taken at Nos. 1 to 17. Continuous infusions of adrenaline 

(0.01 mg./kg./mln.) are shown by the arrows (Ana). The 

Ta&uS nenes were eut towards the end of the first infusion, 

as marked (Vagi cut). At A, 0.01 mg./kg., at B, 1 mg./kg., 

and at each C, 5 mg./kg. of chlorpromazine. were inJeeted, 

respectively. 

30a. . 
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Fig. 7 Dog, Female, 5.? kg. Pentobarbltal. 

Blood pressure and assoeiated eleetnocardiograms (Lead 2) 

as numbered. Continuous lnfusio'ns of noradrenaline (0.01 

mg./kg./min.) are shown b7 the arrowS t (NOR). The vagus 

nerves vere eut towards the end of the first infusion as 

marked (Vagi eut). At A, 0.01 mg./kg., at B, 1 me./kg., 

and at eaeh C, 5 mg./'kg., respeetively, of chlorpromazine 

vere injected. 
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Change in heart rate. However, when the infusion was stopped, again the 

blood pressure fell rapidly, and an almost identical pressor response was 

observed following the reinfusion of the noradrenaline. As can be seen 

at 0, following injections of large doses (5 mg.jkg.) of chlorpromazine, 

there were only brief depressor responses observed. and no sustained 

noradrenaline antagonism demonstrated. 

In connection with the earlier observations, it was of interest to 

study the responses to chlorpromazine after previous injection of ephedrine 

in the pentobarbitalized doge Figure 8 shows an example of the results 

obtained in such an experiment. As can be seen, following the injection 

of 5 mg./kg. of ephedrine CE), there is a sustained rise in blood pressure 

and the usual vagal reflex slowing of the heart rate from 155 per min. in 

the control period to 80 per min. shortly after the injection. At this 

time a dose of 0.01 mg./kg. (0) of chlorpromazine induced little change in 

blood pressure or heart rate. An injection of l mg./kg. of chlorpromazine 

at Cl. however. produced now a marked and sustained depressor response 

associated with tachycardia (270 per min.). 

When the vagus nerves were now sectioned (vagi eut). as ean be seen 

there ia a rapid and intense pressor response with no significant change in 

heart rate, indicating that the chlorpromazine had not blocked reflex 

vagal control. Repetition of the chlorpromazine injection at Cl now induced 

again a somewhat similar depressor effect -- the heart rate being œaintained 

at a hlgh level. More will be sald of this type of response later. 

From the above observations. it appears that during infusion of 

adrenaline or following previoue injection of ephedrine, the pressor responees 

to these agents can be antagonized by much smaller doses of chlorpromazine 

than can be shawn to lead ta a depressor effect in the normal pentobarbitalized 

dog without adrenaline or ephedrine. On the other hand, no significant 
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Fig. 8 Dog, Male, 7.6 kg. Pentobarbit!I:l •. 

At E, 5 JDg./kg. of ephedrine; at Ct and at each 

Cl' 0.01 IDg./kg., and 1.0 mg./kg., re&pectively, 

of chlorpromazine were injeeted., The vague nerves 

were eut as sho~~ (Vagi eut). 

3/0.., . 
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difference in sensitivity to chlorpromazlne depressor response ls observed 

in similar experiments during infusions of noradrenaline. 

(d) Effects on morph1nized-pentobarbitalized doge. 

In view of the well-known central nervous system depressant action 

of chlorpromazine, and its alleged potentiating effect on various anaesthetics 

and analgesic drugs, it vas of interest to study the cardiovascular actions 

of the drug in the morphinized animal. Figure 9 shows reeults of an experiment 

of th!s type. As can be seen from the upper record, injection of a dose of 

0.5 mg./kg. of chlorpromazine (A) during the initial adrenaline infusion, 

leads to a more or lees complete antagonism of the pressor response to 

adrenaline but no significant change in heart rate. It i8 to be noted that 

the control heart rate in this experiment is quite low (65 per min.) due to 

the previous morphinization. When the adrenaline was discontinued, there 

vas a sligh~ transient fall in blood pressure associated with a marked 

tachycardia. This latter effect disppeared within 10 minutes, and the re

infusion of adrenaline nov induced little pressor response, although the 

heart sloved definitely from 96 per min. to 50 par min. -- three minutes 

after the infusion vas restarted. Repetition of the chlorpromazine at this 

time (A) produced only a slight further decline of the blood pressure but 

again some increase in heart rate. Cutting the vagua nerves nov elicited 

only a slight rise in blood pressure but a marked tachycardia. 

The lover record (Figure 9) shows in contrast the marked pressor 

responses observed folloving simllar short infusions of adrenal.ine, and the 

lessened antagonism of these pressor responses by similar doses of chlor

promazine (A) after the vagi vere eut. Moreover, as cau be seen from the 

records, when the adrenaline infusion is stopped, the blood pressure falls 

rapidly to a lov level. 

F~e 10 shows a somewhat similar experiment in which chlorpromazine 
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J'tg. 9 Dog, Fema1e, 8. 5 kg. Morphine and Pentobarbita1. 

B100d pressure and assoeiated heart rates per minute (H.R.). 

Continuous infusions of adrena1ine (0.01 mg./kg./min.) are 

shown by the arrovs (ADR). At each J4 0.5 mg./kg. of ch1or-

promazine vas inJected (At B, Vagi eut). An interva1 of ten 

(10) minutes e1apsed between the upper and the lover records. 
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was injected during noradrenaline infusions before and after vagotomy. 

!gain, it may be seen that during the first infusion of noradrenaline. 

injection of 0.01 mg./kg. of chlorpromazine (A), produced a slight transient 

dip in the blood pressure curve. Definite antagomism of the noradrenaline 

rise occurs following injection of 0.5 mg./kg •• as shown at B. When the 

noradrenaline infusion is stopped. there is a progressive acceleration of 

the heart (Nos. 7. 8 and 9) more or less similar to that shown in the 

adrenaline exper1ments (Figure 9). When the noradrenaline infusion was 

restarted. therewas a good vagal reflex slowing of the heart (No. 10) 

which was progressively blocked by injection (B) of 0.5 mg./kg. of chlor

promazine, and the heart rate now accelerated (No. Il). Following vagotomy 

the usual sustained tachycardia ensued. as shown at the end of the tracing.and 

reinfusion of noradrenaline produces a good pressor affect with associated 

tachycardia after previous vagotomy. 

It appears from the above experiments that the sensitivity to the 

adrenaline and noradrenaline reversaI is much greater in morphinized 

pentobarbitalized dogs than in non-morphinized pentobarbitalized animals. 

It is also evident that doses of chlorpromazine which antagonize the hyper

tensive actions of adrenaline and noradrenaline do not abolish the reflex 

vagal slowing of the heart under these conditions. Rowever. the continued 

presence of the adrenaline or noradrenaline in the circulation seems to be 

in some way or other involved. since when the infusions are stopped. the 

heart quickly accelerates without much change in the blood pressure. There 

is some possibility that the drug might increase the central vagal inhibition 

due to morphine. However. with higher doses, some peripheral Tagal block 

might occur, as indicated by the progressive tachycardia observed. 

(e) Effecte on spinal cats. 

In contrast to the more or less variable responses observed in the 
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Fig. 10 Dog, Male. ·11.4· kg. Morphine and Pentobarbital. 
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Blood pressure and sssociated electrocardiograms (Lead 2) es 

numbered. Oontinuou& infus:1ons of noradrenaline (0.01 mg./ke • ./min.) 

are shown by arrows (NOR). At A, 0.01 mg. /kg., and at each :B, 

0.5 mg./kg. of chlorpromazine were in je ete d, respectiva1y. The 

vagus nerves were eut towarde the end of the infusion of nor-

adrena1ine, as marked (Vagi eut). An interval of fifteen (15) 

minutes elapsed Qetween Nos. 12 and 13. 



above-described experiments, the responses to injections of chlorpromazine, 

during infusion of either adrenaline or noradrenaline, vere rather similar 

and uniform in the spinal cat. Figure 11 shows examples of these results. 

Thus, as shown comparatively in the upper and lower records, the effects of 

repeated injections of small doses (0.02 to 0.04 mg./kg.) of chlorpromazine 

injected during continuous infusions of adrenaline (upper record) and 

noradrenaline (lower record), vere essentially similar. Again, in Figure 12, 

are shown good reversal effects following injections of larger doses (1 mg./kg.) 

of chlorpromazine (A) during infusion of either adrenaline (Exp. 2) or 

noradrenaline (Exp. J) in spinal cats. There i8 little doubt from the aboya 

records that ln the spinal cat the hypertensive response to adrenaline and 

noradrenaline cao be definitely antagonized or inverted by chlorpromazine. 

The latter records also show that superimp08ed injections of both adrenaline 

(B) and noradrenaline (C) are rather similar when given following chlorpromazine 

and during eithertype of infusion. These results would suggest that 

chlorpromazine is not only a perlpheral ant i-adrenerglcagent but that i ts 

cardiovascular effects in the intact animal might be influenced by its 

central actions. 

(f) Effects of chlorpromazine on chloroform-adrenaline arrhythmlas 
and ventriçular fibrillation. 

It has previously been shown (Melville, 1948) that following intravenous 
periode 

injection of a dose of 0.02 mg./kg. of adrenaline during brie'(J to 5 minutes) 

of chloroform inhalation in pentobarbitalized artifiçially respired dogs, 

ventricular fibrillation invariably ensues. Figure 13 shows some examples 

of the results obtained in some experiments in which the effect of chlor-

promazine upon this response was tested. As cao be seen from the upper records, 

when the adrenaline injection (A) i8 preceded (C) by an injection of 0.5 mg./kg. 

of chlorpromazine, there ls a moderate pressor response associated vith marked 

tachycardia (Nos. 5a and 5b) but no evidence of ventricular extrasystoles or 



~1g. 11 ~lood pressure records. Exp. 1 Sp1nal cat, 

Male, 2.65 kg. The continuous infus10n of adrena11ne 

(0.01 mg./kg./m1n.) ie shown by the arrow (ADR). 

Exp. 2 Spinal cat, M$le, 2.25 kg. The continuous 

infus10n of noradrenaline (0.1 mg./kg • ./m1n.) 1s shown 

by the nrrow (NOR). In each experiment, at each A, 0.02 

mg./kg., and at each~, 0.04 mg./kg., respective1y, of 

ch1orpromazine waa, 1njected. 
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Fig. 12 Exp. 2 Blood pressure records. Spinal cat, Male, 

3.9 kg. Atropinized. The continuou& infusion of adrenaline 

(0.2 mg./kg./min.) la shown at the errow (ADR). 

Exp. 3 Spinal cat, Male, 3 kg. Atropinized. 

The continuous infusion of noradrenaline (0.2 rag./kg./min.) ia 

shown at the arrow (NOR). 

In each experiment, at the arrow marked A, 1 mg./kg. of chlo~ 

promazine, ~'ag injected; at eech arrow marked B, superimposed 

test injections of adrenaline (0.1 mg.), and at each C, super~ 

imposed test injections of noradrena11ne (0.1 rag.), were given, 

respec~1ve1y. 
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:Ii'1g. 13 Blood pressure and associated electrocardiograms (Lead 2), 

as numbered. In bath records, the duration of chloroform inhalation 

ls shown by the arrows. Pentobarbital anesthesie .• 

Upper record, Dog t Female, 11.1 kg. At A, 0.02 mg.jkg. of 

adrenaline was injected. At C, 0.5 mg./kg. of ch1orpromazine was 

injeeted. Lower record. Dog, Fema1e, 11.6 kg. At each C, 1 mg./ 

kg. of chlorprolllB.zine, and at At 0.4 mg.j'kg. of adrenaline, 

respect 1 vely, we re inj ect ed. Ce.rdiogram reco rds Nos. 7tv and 7 b 

are cont inuous. 



fibrillation. The lower record shows a similar type of result and as shown 

at C (between Nos. l and 2) an initial injection of a large dose (1 mg./kg.) 

of chlorpromazine induces little change in blood pressure or heart rate. 

and repetition of this injection during chloroform inhalation induces only 

a slight transient fell in blood pressure. At this point. a dose of 0.4 mg./kg. 

of adrenaline (A).that is twenty (20) times the usual fibrillating dose, 

was injected and as can be seen from the record therewas only a slight initial 

dip in the blood pressure folloved by a good rise. These changes vere also 

associated with an initial slowing of the heart (No. 7a) followed by marked 

and sustained tachycardia (Nos. 7b, 8 and 9). It is therefore clear that 

moderate doses of chlorpromazine (0.5 to 1.0 mg./kg.) can effectively prevent 

cardiac arrhythmlas and ventrlcular fibrillation under these conditions. 

More will be said about this later. 

(g) Summar,y. 

1. Chlorpromazine (1 to 10 mg./kg.) injected intravenously into pento

barbitalized dogs induces a fall in blood pressure which le not significantly 

affected by vagotomy, atropinization or injection of hydergln. This depressor 

response ls transitor.y except with excessive doses. 

2. Associated vith the depreseor reeponse. after emall doses. there ie an 

initial cardiac acceleration and slight depression of T wave, but no change 

in either P-R interval or ~ complexes. These effects are abolished by 

previous vagotomy or atropinization. 

J. Associated vith the depressor response, after large doses (10 mg./kg.), 

there is conversely slowlng of the heart rate, vith initial elevation of the 

T wave followed by inversion. These effects are not prevented by either 

atropinization or vagotomy. 

4. Following single injections of small doses of chlorpromazine (1 mg./kg.), 

the pressor responses to both adrenaline and ephedrlne are reversed, whlle 
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that to noradrenaline, though diminished, ls not inverted. The cardiac 

acceleration lnduced by adrenaline and noradrenaline le not prevented by 

chlorpromazine. 

5. During continuous infusion of adrenaline or following injection of 

ephedrine, small doses (0.01 to 0.5 mg./kg.) of chlorpromazine induce 

Immediate significant depressor responses in pentobarbitalized dogs. These 

responses appear to be potentiated by morphinizat1on, and are conversely 

lessened by vagotomy or atropinizat1on. 

6. During continuous infusion of noradrenal1ne, chlorpromazine (0.01 to 

5 mg./kg.) induces no significant sustained reversal effect, although the 

usual transient depressor responses of the drug are still demonstrated. 

In previous morphinized animaIs, ch1orpromazine (0.1 to 0.5 mg./kg.) produces 

sustained reversaIs of noradrenaline infusions. This effect ia lessened by 

vagotomy or atropinization. 

7. In the spinal cat, chlorpromazine (0.02 to 0.04 mg./kg.), when 

injected during continuous infusion of either adrenaline or noradrenaline, 

produces almost identical depressor responses. 

8. F108l1y, chlorpromaz1ne (0.5 to l mg./kg.) effectively prevents 

ventricular extralystoles and fibrillation after adrena11ne (0.02 to 0.4 mg./kg.) 

during chloroform, but marked tachycardia still ensued.~ 

~ Part of the prece'ding results were presented at the ~search 
Psycho-Pharmacological Conference, Montreal, March 26, 1955. 



II. Studies on the Heart-Lung Preparation. 

(a) Methods. 

The dog heart-lung preparation, as described by Starling and 

Knovlton (1912), was used. The apparatus vas modified in order to permit 

continuous recording of the cardiac output. Two dogs were employed in 

37. 

each experiment. The firet and larger animal vas bled from a common carotid 

artery under lignt ether anaesthesia. The blood was defibrinated and 

strained through severa! layers of cheesecloth and kept at 38°0. until ready 

for use, that is for 1 to 2 hours generally. The second dog, weighing 8 to 

12 kllograms, vas anaesthetlzed elther vith chloralose (100 mg./kg.) or vith 

pentobarbital sodium (40 mg./kg.), injected intravenously. Folloving vhich 

a midline incision was made in the neck; the right and left common carotid 

arteries tied off; and the vagus nerve sectioned. The trachea vas cannulated 

and artificial respiration maintained with a Starling pump. The incision was 

then extended through the skin over the full length of the sternum, and any 

bleeding from the intercostals checked with haemostats. The thorax vas opened 

by sawing through the middle of the sternum, eare being taken to avoid injuring 

the lungs. The internal mammary arteries vere tied off and eut. The 

thoracic cavity was maintained opened, as widely as possible, b,y retracting 

the chest walls vith strong twine. The phrenie nerves were sectioned and 

the thymus gland tissue tied off and excised between ligatures. The azygos 

vein and the left subclavian artery (S.A.) were tied off. The superior vena 

cava and the innominate artery were freed of connective tissue and two loose 

ligatures placed around each, ln order to facilltate cannulatlon later. 

Loose ligatures were aIso placed around the infer10r vena cava and the 

descending aorta, to permit tying them off as quickly as possible, when necessary. 

The general arrangement of the apparatus as employed ie shown 

diagrammatically in Figure 14. The reservoir (A) is filled vith defibrinated 
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blood, and the venous cannula (B) completely filled vith blood. The venous 

cannula also con tains a thermometer passing through a rubber stopper, as 

shown.~. The blood reservoir (A) as weIl as the coils (L) conveying 

the blood from the heart back to the reservoir. are immersed in a large 

circulating water-bath, maintained thermostatically at 390 0. The distal 

ligature on the superior vena cava (S. V.O.) i8 first tied and a bull-dog 

clamp placed on the proximal side of the vein uear the atrium. The vein 

ls then cannulated between the ligature and the clamp. The distal ligature 

on the innominate arter.y (I.A.) is a1so tied off. and the artery cannulated (0). 

Fo1lowing insertion of the arterial cannula, the anima1's blood ie allowed to 

flow through the elde-arm (D), col1ected and defibrinated. Concurrently the 

venous inflov clamp is removed and the inferior vena cava and descending 

aorta tled off, as quick1y as possible. When the heart and lungs have been 

flushed out vith sufficient defibrinated blood, the side-arm (D) la closed. 

and the blood from the innominate arter,y now passes through the artificial 

"peripheral resistance" (1), thence by (J), either through the coil (L) and 

back to the reservoir, or through (N) to the Weese Stromuhr (p), and thence, 

through (M) and the coil (L) back to the reservoir. In all experiments, the 

volume of blood in the reservoir (A) was kept at a constant volume of 700 cc. 

The"peripheral reaistance" consisted of a 10 cm. 1ength of thin-walled 

rubber tubing (1), interposed between the inlet and outlet of a 1arger glass 

cylinder (F). The desired degree of pressure on the rubber tubing is obtained 

by increasing the a.ir pressure ln the glass cylinder wi th the aid of the air 

pump (X), and reading the pressure on a suitab1y attached mercury manometer. 

The "peripheral resistance" was a.d.justed to a pressure of 80 to 100 mm. of 

mercury in all experiments. The so-called "blood pressure" in the preparation 

is recorded by a Mercury manometer connected at E. 

The cardiac output was recorded by a signal magnet connected with 
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Zig. 14 Diagram of the Heart-Lung Apparatu8. 
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the stromuhr (p), a devise orlginally described by Weese (1932). The 

instrtUDent used was manufactured by Karl Heuwing, Munich, Germany. 

Figure 15 shows diagrammatically some details of the instrument. 

It consista essentially of a glass eylinder (A) vithin vhich is a closely-

fitting but freely movable plastic ball (B). The direction of flov through 

the outlet at G ie determined by the movement of the lever (1), Which cao 

be pulled back or forth by the electromagnets (K and H). These magnets 

are connected to a 10 volt battery. The cylinder and ite connections must 

be completely freed of air bubbles at the beginning of the experlment. 

As the blood enters througb C (folloving the arrow), it pushes the 

ball (B) towards D, the blood originally contained in the cylinder nov 

passes through the tube (E) and out at F. When the ball reaches the end 

of the cylinder (D), it closes an appropriately arranged electrical contact 

so that the electromagnet H is energized. This pulls on the lever (1) and 

reverses the direction of nov at the outlet (G). As a result, the blood 

entering at C nov passes through E and pushes the ball tovards J, the blood 

finally escaplng through F. When the baIl reaches J, electromagnet (K) is 

now energlzed, and the lever (1) pulled out so that the direction of flov 

through the outlet (G) le again reveraed. Thus, the ball moves back and 

forth continuously. The electromagnets are connected vith a signal magnet, 

which records on a kymograph at each change in direction of flov. From the 

record obtained the cardiac output can be calculated (see legend of Figure 16). 

Throughout all experiments, electrocardiograme (Laad II) vere takan 

at frequent intervals vith a Sanborn Visocardiette. All solutions of drugs 

for injections vere freshly made up in isotonie saline, and injected through 

the rubber tubing conneeting the reservoir and the venoua cannula, close to 

the insertion in the superior vena cava. Chlorpromazine, adrenaline, nor-

adrenaline, and acetylcholine, as previously referred to, vere used. 



lige 15 D1agram of the Weese Stromuhr. 



Lj.() • 

(b) Effects of chlorpromazine upon cardiac output and heart rate 
and its influence upon the responses to adrenaline. noradrenaline 
and a.cetylchollne. 

Since the effects of chlorpromazine upon the dog heart-lung 

preparation have not been previously investigated, so far as we are aware, 

in most of these experiments the responses to var.ying doses of the drug 

were first tested. Thirteen different experiments vere performed. Some 

typical exemples of the results obtained are presented in Figures 16, 17 and 18. 

These figures are t .aken from six differen t experiment s. They all show 

injections which were made at the beginning of each experiment. The upper 

record of Figure 16 shows examples of the effects observed fol10wing 

injections (C) of 5 and 10 mg. of chlorpromazine. There vas no change in 

eitber heart rate, blood pressure or cardiac output. There appears to be 

slight increase in the amplitude of the record, suggesting some dilatation 

of the heart. 

Slight depressant effects to cblorpromazine became apparent wben the 

dose vas increased to 20 mg. (Figure 16, lower record). This concentration 

usually produced a small increase in heart rate and also in cardiac output. 

The level of the blood pressure, however, remained about the same. 

With higher concentrations of chlorpromazine (40 mg.) (Figure 17). 

a more pronounced depression occrurred. On the average (J experiments) the 

heart rate decreased 12 percent. The maximum effect took place about 60 

seconds &fter the injection. The average cardiac output aIso was reduced 

approximately 44 percent, and this. too. occurred between 60 to 80 seconds 

following the injection. Ho vever, the blood pressure did not show any marked 

corresponding decrease. Recover.y of both rate and cardiac output was in 

evidence about 120 seconds after these injections. 

In this preparation, a single injection of 50 mg. of cblorpromazine 

(Figure 18) appeared to be toxie to the heart. In general. within 40 to 50 
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seconds, the rate vas depressed 20 percent (average of 3 experiments) and 

the cardiac output was greatly reduced. Alter 100 seconds, the latter was 

decreased by 77 percent; and fell almost to zero within an average of 125 

seconds. The blood pressure also was markedly and rapidly diminished. If 

no attempt W&s made to resuscitate the heart. it usually continued to beat 

in a depressed state for some time and then stopped. 

Chlorpromazlne could not inhibit the stimulating effects of 

adrenaline or noradrenaline on the heart rate. cardiac output or "blood 

pressure". whether the amines were given either immediately or as long as 

10 minutes after the drug. Figures 16 and 17 show injections of either 

adrenaline or noradrenaline (100 ~g.) alter chlorpromazine (5 to 40 mg.). 

It is evidënt from the records that the stimulating effects of the amines 

are still well marked. 

Adrenaline (100 ~g.) given after 50 mg. of chlorpromazine (Figure 

18. lower record) produced a slight stimulation of the heart rate. but did 

not increase the blood pressure. However. a tenfold increase (1 mg.) of 

adrenaline resulted in a prompt recovery of the heart; the rate returned 

to control values whereas the blood pressure and card1ac output exceeded 

control values. 

Low concentrations of chlorpromazine (10 and 20 mg.) had no effect 

on the acetylcholine response in this preparation. This can be sean in 

Figure 16. However. by comparlng the response to acetylcholine before and 

after chlorpromazine in Figure 17. it can be seen that the response to the 

former (40 mg.) though not abolished ls diminished. The decrease in the 

output ie about the same. but the depressant effect on the heart rate and 

blood pressure is less after chlorpromazine than before. This was seen 

cons1stently in all experiments when chlorpromazine was employed at a 

concentration of 40 mg. or more. 
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Fig, 16 Reart-Lung preparation, Recorde from tvo (2) experiment8. 

In thil, and all the succeeding figurel, the records are aIl arranged 

similarly from aboTe downwards. 

1. Figures at the top are the heart rate per minute counted 

from the electrocard1ogram (R.R.). 

2. ~lood pressure recording, 

J. Cardiac output (C •. O,) in crc./min. :mach mark corresponds to 

the passage of the baIl from one end of the Stromuhr to the 

other, and the interval represents a measured output of 55 c.c. 

ligures aboye this line are the calculated rates of the cârdiac 

output in c.c./min. 

4. Marker. 

5. Time intervals of 10 seconds, 

At A, Adrenaline (lOO ~g.) injection; at ACh, acetylcholine (250 ~g.) 

injection; at C, top record, chlorpromazine (5 and 10 mg.) injection; 

lover record, chlorpromazine (20 mg.) injection. 

In the lover record, the time betveen the two tracings 18 210 seconds. 

/.fla.. 1 



Fig. 17 Heart-Lung preparation. Records from two (2) experiments 

(see legend, Fig. 16). In the above records, the injections are as 

folloys: at J.4 adrenaline, 100 ~g., at ACH, acetylcholine, 500 ~g.t 

at Nt no radrenal i ne , 100 ~g., and at Ct chlorpromaz1ne, 40 mg. In 

the top record, the time between the two tracings le 600 seconds. 

In the lover record, the t1me between the tiret two tracings ia 100 

seconds, and betveen the second two tracings 300 seconde. 



F~g. 18 Heart-Lung preparation. Records from two (2) experiments 

(see 1egend, Fig. 16). In the above records, the injections are ae 

fol1ows: at C, chlorpromazine, 50 mg., and at ~ adrenaline, 100 ~g. 

and 1 mg., respectively. In the top record, the time between the 

first two tracings le 70 seconds and between the second two traclngs 

200 seconds. In the lower record, the time between the tracings ie 

230 seconde. 
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(c) Summau. 

1. Chlorpromazine in doses of 5 to 10 mg. exerts no effect on cardiac 

output and heart rate in the dog heart-lung preparation, under the conditions 

employed. In higher doses (20 to 40 mg.) the drug leads to progressive 

depress10n of both cardiac output and heart rate, but complete recovery ensues 

spontaneously. Following excessive doses (50 mg.) there is marked depression 

and ultimate complete cessation of cardiac activity. 

2. Chlorpromazine in doses ranging from 5 to 50 mg. does not prevent 

the stimulat1ng actions of adrenaline and noradrenaline (100 ~g.) in this 

preparation. Following excessive chlorpromazine (50 mg.) restoration of the 

circulation can often be attained by injection of large doses of adrenaline. 

3. Chlorpromazine in doses of 5 to 20 mg. doea not affect the cardiac 

responses to acetylcholine (250 ~g.). Higher doses (40 mg.) diminish or 

partially antagonize the response to acetylcholine (250 to 500 ~g.). It ls 

therefore clear that the dog heart-lung preparation is relatively resistant 

~o the effects of chlorpromazine (see lso1ated rabbit heart experiments) . 



III. Studies on Isolated Perfused Rabbit Rearts. 

(a) Methods. 

4). 

In aIl of these experiments the isolated rabbit's heart preparation 

(Langendorff method) vas used. The animal vas first injected intravenously 

vith heparin (1 mg./kg.), then killed by a sharp blov on the back of the 

neck region. As soon as possible the thorax vas opened and the excised 

heart placed in Locke's solution at room temperature. The extraneous 

tissues vere ~iCkly removed and the heart attached to the perfusion 

apparatus, previously suitably arranged. This whole procedure u~lly did 

not re~uire more than 2 to ) minutes. The glass cannula of the perfusing 

system vas inserted into the aorta close to the heart. The perfusion 

apparatus employed vas that described previously by Lu and Melville (1950). 

This is a modification of a "moving globule method" described by Steble (1932). 

The apparat us used permitted simultaneous and continuous reglstratlon of 

coronary inflov and of heart contractions on a moving kymographe 

The apparatus and its general method of operation. 

The actual apparatus used was sligbtly modified from that descrlbed 

by Lu and Melville. Figure 19 shows dlagrammatically Its essent1al features. 

Locke's solution ls put in the reservoir whicb ie placed 60 to 80 cm. above 

the heart, maintained at a temperature of )80 C., and oxygenated continuously. 

Tube A leads from thiB reBervoir and is attached to a three-way stopcock at B. 

This stopcock permlts, as necessary. connection of the reservoir either 

directly with the heart through tube C. or indirectly through tube D, via 

the channels shown by the arrovB, and which lead finally to the side arm 

attached to C. In both instances the perfusing fluid, after leaving tube C, 

passes through a condenser maintained at the temperature of the reBervoir, 

and thence to the sortie cannula and the heart, in the uaual manner of the 

Langendorff method. These latter attachments are not included in the diagram 
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in order to avold complicating lt unnecessarl1y. When a record of the 

coronary flow changes ls to be made, stopcock B is turned so as to conne ct 

tube A to tube D, whl1e the connectlon to tube C ls blocked. The perfusion 

fluid thus flows from the reservoir to tube D as shown in the diagram. 

From this point the perfusion fluid either passes through one system controlled 

by tubes E and G or another controlled by tubes F and H. These four tubes 

are lntercepted vith short segments of rubber tubing which are either opened 

or closed in pairs by two electromagnetic clamps l and Il. 

The perfusing fluid (following the arrows) then passes down through 

the horizontal tube Kt in which is placed an indicator, made of a short section 

of a blue-coloured glass plunger taken from a tnberculin syringe. This 

indicator was designed to fit snugly into K. so that it could be easily 

moved along this tube by the perfusing solution. The closeness of the 

fitting was checked so that no solution could pass over the sides. This 

was verified by injection of a solution of methylene blue into the fluid on 

one side of the indicator. and opening the outlet of the apparatus without 

havlng the heart attached. The methylene blue solution remained on the sarne 

side of the indlcator during its complete passage in one direction. Thls 

test was repeated in the other direction with s1mllar results. At M and MI 

on the diagram. that is at either end of the horizontal tube K, two photo

electr1c cells are 1nstalled. L and LI are the light sources of these cells. 

When the solution ls comlng in through tube D and down through E. the indicator 

ls moved to one end and it caste a shadow on the photoelectric cell MI in 

thls case. This sets up a current which through a relay energizes the 

electromagnetic Clamp l to close tubes G and E and simultaneously the 

electromagnetic clamp Il is de-energlzed to open tubes, F and H. The 

perfusion fluid now flows from D through F and out R to the heart. 
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During this time G and E remain closed and as soon as the indicator 

reaches in front of the photoelectric cell M, as shawn in the diagram, the 

processes are reversed. ThUG the shadow of the indicator now activates 

photocell M to set up a current which energizes electromagnetic clamp Il, 

thus closlng tubes F and H and at the same moment opening Gand E. Again 

the perfusion fluid comes down D througb E. It ls thus possible to have a 

continuous inflow of the perfusing fluld into the coronary vessels durlng 

this back and forth movement of the indlcator in tube K. 

Other information concerning the apparatus. 

The photocells M and MI, their light sources, L and LI with thelr 

control housing (not shown in diagram) are two standard Photoswitch control 

units No. 20 DJI made by Photoswitch Inc., Cambridge, Mass. Each light 

source is placed at a distance of approximately 40 cm. from each celle 

In order that the moving indicator May eut off the light beam 

completely the face of the photoelectric cell is shielded except for a slit 

of about 15 mm. x 5 mm. Supports on the shield hold tube K in position. 

The whole apparatus le made in glass except for the rubber tubing under the 

electromagnetic clamps, and the two small lengths of rubber tubing at either 

end of K. These facilitated filling of the apparatus and were closed off 

during the experiment. 

Kymographie registration of corOnary flow. 

B.y connecting the photoelectrlc celle to a signal magnet, the coronary 

flow can be reglstered on a kymographe The heart contractions are recorded. 

pari paeau from the left ventricle. The coronar,y flow rate is calculated 

from the known volume of fluid displaced by each passage of the indicator 

from one photoelectric cell to the other the rate of movement of the drum 

belng known. The heart rate during the same period of time is calculated by 

countlng the number of beats on the tracing. Full details of the arrangements 
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J'ig • . 19 Diagram of the apparat us emp10yed for the 

perfusion of the iao1~ted rabbit heart. 



of the records in the various figures are given in the legend of Figure 20. 

The original apparatus of Lu and Melville (1950) differed from the 

one described above in that two thin rubber membranes were inserted at J and 

Jt in such a manner that the flu1d in tube K is separated from th~ fluid 

perfusing the heart. The operation of the apparatus is essentinlly the same 

as that seen in Figure 1~. The movement of the fluid in tube K being through 

the compression of the rubber membranes. This separation of the fluids is 

necessary when defibrimated blood is be1ng used as the perfusion solution. 

Also the ind1cator employed by these workers was a globule of toluene dark-

coloured w1th iodine (2% solution). The globule was injected by means of a 

small hypodermic needle. 

Other details of experimental procedure. 

The perfusion pressure employed was 60 cm. H20 and the temperature 370 0. 

maintained by a thermostat. Both perfusion pressure and temperature vere kept 

constant throughout the experiment. 

The perfusion solution was normal Locke solution and contained: 

NaCI 
KCl 
CaC12 
NaH003 
Glucose 

O.92~ 
O.042fo 
O.O~~ 
0.015~ 
0.1% 

NaCI, KCl and CaC12 solutions were diluted from a stock solution. Stock 

solutions of KCI and NaCI contained 0.84 percent of KCl and 18.4 percent of 

NaCl. CaC12 stock solution was 4.8 percent. NaHCO) and glucose solutions 

were made freshly every d~. 

In all experiments the heart was perfused with Locke solution for 15 

minutes beiora corumencing the recording. At first the coronary flow was very 

rapid, and if at the end of this 15 minute period the flow had not decreased 

definitely, and established at a constant rate, the heart was discarded. 

AlI drugs used were made up freshly in aqueous solutions each d~. 



These were aIl diluted vith Locke solution prior to injection. In order 

to prevent precipitation of chlorpromazine in Locke solution. it vas 

necessary to add 1 drop of dilute Hel per 100 c.c. Locke. 

The dose of aD'3' drug to be injected vas always made up in a final 

volume of 1 c.c. The drugs used in the following experiments are the same 

as previously described (methods. l and II). 

(b) Effects of chlorpromazine on coronary !low and heart contractions 
ln the lsolated perfused rabbitls heart. 

The affects of injections of chlorpromazlne vere studied with doses 

ranging from 0.1 p,g. to 1 mg. As stated above (Methods). it was necess&ry 

to lower somewhat the pH of the Lockels solution in order to render the 

chlorpromazine soluble. This decreased pH of Lockels solution could be 

àhswn to cause brief depression of the heart. and slight increase ln the 

coron&ry inflow ev en in the absence of the drug. Indeed. vhen low doses 

(0.1 I-1g.to 1 I-1g.) of chlorpromazine were employed, the actions observed were 

so slight that it vas difficult to determine whether the effects were due to 

the chlorpromazlne or to the decreased pH. The lowest clear1y effective dose 

of the drug in this preparation was of the order of 10 I-1g •• and there is 

little doubt that with this and higher doses the effects observed were due 

to chlorpromazlne and not to any change in pH. It is evident also that with 

increasing doses of chlorpromazina increasing effects on coronar,y flow and 

heart contractions were observed (Table 1). 

In Table l, an analysis of the changes observed in coronary inflow 

and amplitude and rate of heart contractions, as recorded in eleven (11) 

different experiments ls presented. This table shows average values obtained 

when three different dose levels of chlorpromazine were studied. Some 

examples of the records obtained in such experiments are also shown in Figure 20. 

As can be seen from these data, chlorpromazine causes a marked increase 

in coronary inflow. Following injection of 10 IJ-g •• within the initial 10 
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seconds there vas an average increase of 107 percent over the control. 

The coronary inflov then decreased progressively vith time, and tvo (2) 

minutes after the injection, had almost completely vorn off. With a 

higher dose (100 ~.). the maximum average increase observed vas 248 percent 

over the control values and this occurred 20 seconds after the injections. 

This intense increase in coronary inflow declined relatively slovly and had 

almost completely worn off five (5) minutes folloving the injection. With 

500 ~g. of chlorpromazine, the coronary inflow increased over the controls 

an average of 463 percent vithin the first 20 seconds. Even after 5 minutes 

the increased inflov was still maintained as high as 225 percent above the 

controls. Indeed, after 15 minutes, a detectable increase (21 percent) vas 

still apparent. Figure 20 shows some typical examples of these effects, as 

produced by doses of 10, 100 and 500 ~g. of chlorpromazine (upper, middle and 

lover records, respectively) and needs no detailed comment. 

Chlorpromazine could also be shown to exert invariably a depressant 

effect on the amplitude of contraction. Following 10 ~g., this depressant 
a decrease of 

action was rather slight (Figure 20, upper record) and averaged only/8 percent 

of the controls in 4 experiments. Moreover, the amplitude returned to normal 

vithin 2 minutes after the injection. With a higher dose (100 ~g.) the 

depreseion vas more intense and in 4 experiments the amplitude of contraction 

showed a maximum average decrease of 28 percent (Table 1). It is apparent 

that the degree of the depressant response was not directly proportional to 

the concentration of drug used. After 5 minutes, the effect had diminished, 

but the initial amplitude of contraction was not restored. With 500 ~g. of 

chlorpromazine the maximum average decrease in amplitude was 54 percent within 

10 seconds, and again even after 15 minutes folloving the injection, the 

contractions vere still quite markedly depressed (Figure 20, lower record). 
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Since in the perfused rabbit's heart preparation, there is usually 

a slowly progressive decrease of amplitude vith time, it is difficult to 

know whether or not the cont1nued depressant effect observed with these 

high concentrations of chlorpromazine is due entirely to the action of the 

drug. However, the normal decrease in amplitude after 15 or 20 minutes 

was never as great as that seen in these experiments. Therefore, it seems 

reasonable to assume that high concentrations of chlorpromazine have a long-

lasting depressant effect on the amplitude of contraction. 

In regard to the heart rate changes, Table l and Figure 20 demonstrate 

that chlorpromazine (10 ~g.) causes an initial slight decrease in heart rate. 

This ie followed, however, by a slight increase which reaches its maximum 

50 seconds after the injection. At the end of 2 minutes, the rate is but 

sligntly above the control values. Essentially comparable results were 

noted when the dose was increased to 100 ~g. and aven to 500 ~g. -- recovery 

vas slightly more delayed vith the increasing dose, and the average increased 

rate vas only sligntly greater than that observed with the smaller dose. 

A fev experiments vere aIso performed in which doses of 1 mg. and 

2.5 mg. respectively of chlorpromazine vere injected. In one experiment, the 

increas8 in coronary flov exceeded 600 percent above the control value. 

Ordinarily, there vas also an assoc1ated increas8 i~ heart rate, but the 

amplitude vas invariably very greatly depressed. 

In al1 experiments ev en vith the highest doses used, the he art 

alVafS remained regular; no auricular or ventricular arrhythmias vere ever 

seen in the isolated rabbit heart vith chlorpromazine alone. 

(c) Influence of chlorpromazine upon the responses to adrenaline and 
noradrenaline. 

The objective of theae experiments was to determine vhether or not 

chlorpromazine could inhibit the effects of adrenaline and noradrenaline in 

the isolated perfused rabbit's heart. The actions of these latter drugs on 



Time after 
injection 
in seconds 

10 

20 

JO 

40 

50 

60 

120 (2 min.) 

180 (J min.) 

240 (4 min.) 

300 (5 min.) 

480 (8 min.) 

900 (15 min.) 

Table I. 

Effects of injections of increasing doses of chlorpromazine upon coronary inflow 
and heart contractions (amplitude and rate) in isolated perfused hearts of rabbits. 

~ Increase (+) fo Increa,s8 ' (+) ~ Increase 
or or or 

io Decraase (-) % Decrease (-) '1> Decrease (-) 
in coronary inflow per min. in amplitude of contractions in heart rate per min. 

Dose Dose Dose Dose Dose 
. injected injected injected injected injected 

10 I-Lg. 100 I-Lg. 500 I-Lg. 10 I-Lg. 100 I-Lg. 

+107 +220 +J65 -8 -15 

+106 +248 +46J 0 -21 

+ 79 +2JO +418 -1 -20 

+ 61 +199 +J91 -J -10 

+48 +172 +367 -2 -22 

+ 17 +130 +J11 -J -14 

+ 2 + 62 +225 0 -27 

+ 42 +lJ6 -28 

+ 22 + 89 -24 

+ 8 + 72 -12 

+ 20 

+21 
-- - - -

(1) (2) (J) 

(1) and (2) Average figures for 4 experiments each. 
(J) Average figures for J experiments. 

-
Dose Dose Dose Dose 

injected injected injected injected 
500 I-Lg. 10 I-Lg. 100 I-Lg. 500 I-Lg. 

-54 -4 -1 -4 

-51 0 0 +2 

-46 +3 +7 +10 

"'32 +5 +12 +lJ 

-J6 +8 +13 +14 

-J6 +8 +13 +14 

-J8 +1 +6 +14 

-47 +4 +10 

-44 +J ' +8 

-44 0 +8 

-46 0 

-46 0 

~ 
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Fig. 20 Isolated rabblt heart perfusion. Records from three () 

experiments. In th!a, and aIl the succeeding figures. the records 

are aIl arranged aimilarly from above downwards aB followa: 

1. Time lntervals of 10 seconds • . 

2. Coronary 1nflow (C.F.) in c.c./min. Each mark corresponds to 

the passage of the indicator in front of each photoelectric 

cell alternately, and each interval represents an inflow of 

).7 c.e. The figures above th1s line are calculated rates 

of coronary inflow (c.c./min~). The figures belov thi. line 

are the calculated heart rates per minute (H.R.). 

). Heart contractions vith systole (above) and diastole (below) 

as recorded from a lever attached to the apex of the left 

ventricle. 

In the above records at Ct inJections of chlorpromazine a8 follows: 

upper record. 10 ~g.t middle record, 100 ~g., and the lover record. 

500 ~g. 
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this preparation have been studied extensively by Melville and Lu (1950) 

and Lu and Melville (1951), and need no repetition here. The general 

procedure employed was to give an initial injection of a certain dose of 

adrenaline or noradrenaline, allow the response to wear off, and then 

administer chlorpromazine. The adrenaline. or noradrenaline injections vere 

repeated at various interva1s of Ume following the chlorpromazine. In 

these experiments, doses of one (1) microgram of adrenaline or of noradrenaline 

were used throughout. 

It must be stated at the outset that a1though the qualitative 

responses to a given dose of adrenaline or noradrenaline are genera11y 

similar the effects of these drugs on the iso1ated rabblt heart preparation 

are not quantitatively repeatable from one preparation to the other and even 

fron one time to the next in the seme preparation. Therefore minor 

differences in the responses to adrenaline or noradrenaline before and after 

chlorpromazine are of no significance. 

Eight (8) different experiments vere performed in which chlorpromazine 

vas employed in dosages of 100 and 250 ~g., and vith both of these dosages 

the results obtained were similar. Table II gives an analysis of the data 

found with the higher dose (250 ~g.). 

In a general way the percentage increase in heart rate after the 

adrenaline vas slight1y greater f0110wlng ch1orpromazine than during the 

control perlod, in five experiments,and s11ghtly less in the other three. 

With regards to the amplitude of contraction the percentage increase alter 

the adrenaline vas greater following chlorpromazine, in four exper1ments, 
was less. 

but in the other fou~.None of the above mentioned d1fferences in the 

adrenaline responses appeared significant. Some typical examples of the 

responses to adrenaline before and after chlorpromazlne (100 and 250 ~g.) 

can be seen in Figure 21 (upper and middle records). 



Expt 
no. 

1 

2 

3 

4 

5 

Table II 

The effect of adrenaline on contraction (rate and amplitude) and coronary 
inflow in the isolated rabbit heart before and after chlorpromazine (250 ~g.) 

Adrenaline (1 ~g.) before chlorpromazine Adrenaline (1 ~g.) after chlorpromazine (250 ~g.) 

Time after %Increase(+) % Increase(+) . % Increase(+ Time of 
adrenaline %Decrease(-) '" Decrease(-) '/0 Decrease(- adrenaline 
injection in heart rate in amplitude in coronary injection 

sec. per minute of contract ion inflo.., after previous 
in cms. c.c. per min. chlorpromazine 

20 +72 +62 +36 20 sec. 
60 +11 +1 +27 

20 +42 +103 +29 30 sec. 
60 +10 +12 0 

20 +40 +97 - 40 sec. 
60 +10 +8 -
20 +45 +97 +14 2 min. 
60 +13 +13 +5 

20 +69 +73 +10 5 min. 
60 +19 +7 +2 

Time after i> Increase(+) 
adrenaline % Decrease(-) 
injection in heart rate 

sec. per minute 

20 +73 
60 +33 

20 +42 
60 +10 

20 +32 
60 +26 

20 +52 
60 +3.3 

20 +84 
60 +57 

~ Increase (+) 
% Decrease (-) 
in amplitude 
of contraction 

in cms. 

+110 
+47 

+53 
-7 

+246 
+17 

+110 
+40 

+120 
+33 

10 lncrease(+) 
<j, Decrease(-) 
in coronary 

inflow 
c.c. par min. 

-18 
-25 

0 
-41 

--
+23 
+23 

+54 
+35 

~ o 
~ 
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Fig. gl Isolated rabbit heart perfusion. Records from three 

(3) experiments (see legend, Fig. 20). In the above records, 

at A, adrenaline (lq l.g.) injection, and at C, injection of chlor

promazine as fol l ows: upper record, 100 ~g., middle record, 250 ~g., 

lower record, 500 ~g. In the lower record, the second injection 

of adranaline was given 70 seconds after C, and the third injection 

vas given 340 seconds after C. 



As can be seen from the data contained in Table IIi and from 

Figure 21 (lover record), the responses (amplitude and rate of contractions) 

to adrenaline vhen given immediately after a high dose (500 ~g.) of chlor

promazine were consistently diminished to approximately 50percent of the 

responses observed to the control injection of adrenaline. However, this 

chlorpromazine depressant effect apparently did not persist and a second 

injection of adrenaline (5 minutes alter the first) produced relatlvely normal 

stimulating responses. With higher doses (1.5 mg. and 2 mg.) of chlorpromazine 

in other experiments similar results vere obtained. The responses to 

adrenaline (1 microgram) after the drug were greatly diminished, but still 

demonstrable. In two other experiments, when ahigher dose of adrenaline 

(100 ~g.) was used following these high doses of chlorpromazine, ventricular 

fibrillation ensued. This is rather curious, since as a1ready pointed out, 

chlorpromazine can be shown to exert anti-fibrillatory action with the heart 

in situ. 

Identical results with those described above were obtained when the 

responses to noradrenaline (1 ~g.) were tested before and after injections 

of chlorpromazine. Figure 22 shows some typical exemples of results obtained 

in three (3) different experiments in which doses of 100 ~g. (upper record), 

250 ~g. (middle record) and 500 ~g. (lower record) of chlorpromazlne were 

employed. It 1s evident again that doses of 100 ~g. and 250 ~g. of the drug 

do not significantly influence the responsesto noradrenaline (upper and 

middle records). Finally, as can be seen from the lower record, following 

500 ~g., the responses to noradrenaline although diminished are still 

demonstrable. 

In respect to the changes in coronary !low, Figures21 and 22 (upper 

and middle records) show clear1y that during the stimulation of the heart 



Expt. 
no. 

.. 
l 

2 

3 

4 

Table III 

The effect of adrenaline on contraction (rate and amplitude) and coronar,y 
inflow in the isolated rabbit heart before and after chlorpromazine (500 ~g.) 

Adrenaline (1 ~g.) before chlorpromazine Adrenaline (1 ~g.) after chlorpromazine (500 ~g.) 

'fime after ~Increase(+) ~ Increaee(+) 10 Increase(+) Time of Time after ~ Increese(+) 10 Increase(+) fo Increase(+) 
adrenaline %Decrease(-) 10 Decrease(-) % Decrease(-) adrenaline adrenaline ." Decrease(-) % Decrease(-) fo Decrease(-) 
injection in heart rate in ampl i tude in coronary injection injection in heart rate in amplitude in coronary 

8ec. per minute of contraction inflow lafter previous sec. per minute of contraction inflow 
in cms • c.c. per min. Ichlorpromazine in cms. c.c. per min, 

20 +52 +171 +23 20 sec. 20 +35 +73 +12 
60 +33 + 40 +23 60 +20 +33 ... 24 

3 min. 20 +45 +109 +30 
60 +30 +30 +25 

20 +55 +104 +10 40 sec. 20 +31 +40 -29 
60 +25 + 8 +10 60 +15 +33 -29 

4 min. 20 +52 +104 .. 16 
60 +45 +33 ... 5 

20 +61 +62 + 7 1 min. 20 +30 +38 ... 20 
60 +22 + 4 +77 60 +15 +19 -25 

5 min. 20 +62 +103 +13 
60 +26 +44 ... 2 

20 +40 +76 +23 1 min. 20 + 4 +76 _ 4 

60 +22 +24 +73 60 + 4 +60 -13 

8 min. 20 +61 +127 +37 
60 +52 + 72 + 5 

~----

<.J. -p . 
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Fig. 22 Isolated rabbit heart perfusion. Records from three 

(3) experiments (see legend. Fig. 20). In the above records. at 

N. noradrenaline (1 ~g.) injection. and at C. injection of chlo~ 

promazine as follows: upper record. 100 ~g •• middle record. 250 

~g •• lower record, 500 ~g. In the lower rlèord, the interval of 

time between the first and second tracing ia 15 minutes, and the 

third injection of noradrenaline was given 550 seconds after C. 



contractions induced by adrenaline or noradrenaline, after previous 

chlorpromazine there is no significant inhibition of the coronar,y flow. 

Indeed in aIl instances it is still well maintained. In view of the 

intense coronary dilatation produced by the chlorpromazine, exact inter-

pretation of these changes ln coronary flov ls rather difficult. It ls 

evident hovever that chlorpromazine changes signlficantly the effects of 

adrenaline and noradrenaline on the coronary circulation under these conditions. 

(d) Influence of chlorpromazine upon the responsea to acetylchollne. 

The influence of chlorpromazine upon the responsiveness of the isolated 

heart to acetylchollne has not been previously Btudied, so far as we are aware. 

Courvoisier (195J) haB reported an atroplne-like action with large doses of 

chlorpromazine in anaesthetized animals, and Huidobro (1954) states that the 

drug can inhibit the muscarinic action of acetylcholine. It vas therefore 

of interest to investigate whether chlorpromazine could prevent the inhibitory 

effects of acetylcholine on the isolated perfused rabbit's heart. 

Ten (la) experiments were performed employing doses of chlorpromazine 

ranging from 50 to 500 IJ.g. AcetylCholine was UBed in doses of 10 and )0 IJ.g. 

A test dose of acetylcholine was first injected, and after the response had 

worn off chlorpromazine was given. The sarne dose of acetylcholine vas then 

repeated at varylng intervals following the chlorpromazine. The results 

obtained vere rather variable. 

In several different experiments, it was observed that folloving 

injectlon of a dose (50 IJ.g.) of chlorpromazine. the usual cardlae depressant 

and coronary dilatory action of acetylcholine (10 ~.) were unaffected. When 

a dose of 100 IJ.g. of chlorpromazine vas tested. in on1y one of four experiments 

performed was there any evidence of 'anti .. acetylcho1ine action -- doses of 

both 10 and JO IJ.g. of acetylcholine vere used. When the dose of chlorpromazine 
f 

was further increased to 250 IJ.g •• there was d~nite evldence of an anti-



cholinergie action vhen a 10 ~g. dose of acetylcholine vas injected. In 

one out of three experiments no response at all to acetylcholine took place; 

in the other tvo. the response vas diminished but still in evidence. 

Figure 23 shows an example of one of these experiments. The progressive 

diminishing response to acetylcholine can be clearly seen. 

This uanti-cholinergie action" of chlorpromazine vas not seen 

immediate1y after the drug was injected but only developed within 3 to 5 

minutes. Sinee it is vell known that the responses to acetyleholine are 

quantitatively repeatable. this delayed acetylcholine-blocking action of the 

drug cannot be attributed to a:r.y "tachyphylaxis ll to repeated acetylcholine 

injections. This has been confirmed in two control experiments in ~ich 

aeetyleholine was injected at five minute intervals during a 60 minute period -

the responses to acetylcholine vere almost identical. 

It is evident that even in high doses (250 ~g.) chlorpromazine 1s not 

a potent anti-cholinergie drug. Indeed. in a similar experiment to that 

shown if Figure 23. the eardio-inhibitory responses to repeated aeetylcholine 

(30 ~g.) vere still quite definite. Apparently therefore this blocking action 

ean be overcome by larger amounts of acetylcholine. It is not clear vhether 

or not thls is a true "anti-cholinergie aetion lJ • since chlorpromazine itself 

in large doses induces intense depression of the heart contractions. thus 

precluding any evaluation of the subsequent responses to acetylcholine. 

( e) Summary . 

1. Follow1ng injection of chlorpromazine (in doses exceeding 10 ~g.) 

produces a marked 1ncrease in the rate of coronary inflow in the isolated 

perfused rabbit heart. This effect is associated vith some increase in rate 

and some deerease in the amplitude of contractions. 

2. Chlorpromazine in doses of 100 to 250 ~g •• injected into the perfused 

isolated rabbit heart could not be shown to alter in any way the responses 



Fig. 23 Iso1ated rabb1t heart perfusion. Record from 

one (1) experiment. At ACH. acety1cho1ine (10 ~g.) injection, 

and at C. ch1orpromazine (250 ~g.) in~ection. The third. 

fourth. and fifth injection of ace~lcholine vas given 100, 

200 and )40 seconds after Ct reapectively. 



~. 

to adrenaline or noradrena1ine (1 ~. doses). With higher doses of ch1or

promazine the responses to adrenaline and noradrenaline are unlformly 

diminished but never completely abolished. 

J. Chlorpromazine appeare to have a slight "anti-acetylchollne" 1ike 

action, but even with the high doses tested thls action is not very potent. 



IV. Studies on the Isolated Perfused Frog Heart. 

It is evident from the preceding investigations that chlorpromazine 

produces a direct depressant effect on the myocardium. With the hope of 

elucidatlng this action further a considerable number of different types of 

pharmacological experiments vere performed using the isolated pertused frog 

heart. With this preparation problems concerned vith the effects of the drug 

on the coronar,y circulation could be el iminated , and the simplicity of the 

method facilitated a wider variety of pharmacological studiee to be accomplished. 

Thus, in addition to studylng the effects of chlorpromazine and ite influence 

on the responses to adrenaline and noradrenaline (as in the previously described 

experiments) the actions of the drug were compared with those induced by a 

number of other tj~es of myocardial depressants. Since the antagonism betveen 

chlorpromazine and ouabain had not previously been investigatad in this 

preparation,it vas also of interest to study this problem. It was hoped that 

as a result of these studies it might be possible to establish more clearly 

the basic mechanism of action of the drag on the myocardium. 

(a) Methode. 

In this series of experiments, isolated frog hearts of the Rana pipiens 

vere used. The heart was perfused in situ througb the vena cava in the usual 

manner. The frog was firet pithed (brain and spinal cord destroyed) and 

faetened back downward on a board. The heart was exposed and a small hook 

with a silk thread attached was fixed into the ventricular apex. 

Figure 24 shows diagrammatically the apparatus used. The tlp (A) of 

the perfusing cannula was tied in the vena cava and the aortae were eut. The 

cannula was provlded with a stand pipe (B) which served as a manometer for the 

perfusion pressure. The arma (C and D) of the cannula were connected vith 

Mariotte bottles containing the perfusion solutions. These also provided for 

the aeration of the solution. By means of a two-way stopcock at (E), the 



perfusing solution could be changed without interrupting the record. The 

~~riotte bottles vere arranged to give a pressure of 6 cms. of water. After 

this pressure was obtained, the stand pipe at (B) vas closed off vith plasticine 

and kept closed during the experiment. 

For the perfusion, Clark's solution at room temperature was used. The 

solution had the following composition: 

NaOl 0.70% 
KCl 0.014% 
CaC12 0.024% 
NaHCO) 0.020% 

pH 7.5 - 7.7 

During the experiment, the exterior surface of the heart vas constantly 

irrigated vith Clark'e solution dropping from a Mariotte bottle at the rate of 

8 to 10 drops per minute. The thread from the hook in the ventricular apex 

vas attached to an isotonie lever, the tip of which recorded on a slow moving 

kymograph -- systole above, diastole belov. 

AlI drugs to be administered were freshly dissolved in Clarkls solution. 

In the case of chlorpromazine, a drop of dilute HCl vas added to ever,y 100 ml. 

of Clark's solution. This lowered the pH slightly (7.2 to 7.4) and prevented 

precipitation of the drug in the perfusing solution. This decrease in pH did 

not in any way affect the actions of the heart. At the beginning of each 

experiment, the heart vas always perfused for 15 minutes vith Olarkls before 

the introduction of any drug solution. 

Ohlorpromazine, adrenaline and noradrenaline, as previously described 

Ia),were employed. In addition, for reasons already stated, Promethazine 

(Phenergan) powder (Poulenc), pro caine , co caine and nupercaine ~drochlorides 

(Merck), Pontocaine hydfochloride (Winthrop Chemical Co.) and ouabain (S.B. 

Penick and Company) vere used. 
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J'1g. 24 Apparatus far the perfusion of the 1101ated 

frog heart in situ. 



(b) Effects of chlorpromazine upon the frog heart contractions and its 
influence upon the responses to adrenaline and noradrenaline. 

In these experiments the hearte were perfused with concentrations of 

chlorpromazine, ranging from l ~g./ml. to 100 ~g./ml •• and in order to 88sess 

the influence of the drug upon the responses to the amines or vice versa. a 

similar series of perfusions were carried out with either adrenaline (10 ~g./ml.) 

or noradrenaline (10 ~g./ml.) freshly added to the perfusing fluide 

In Table IV. a analys1e of results obtained with a low concentration of 

chlorpromazine (2 ~g./ml.) is presented. As can be seen, during perfusion 

with ~ropromazine alone. there was a slow progressive depression in both the 

heart rate and the amplitude of contractions. Thus, alter 28 minutes of 

perfusion the average heart rate had decreased 36.2 percent and the average 

recorded height of the amplitude of contractions decreased 82.8 percent (3 

exper1ments). During perfusions with similar concentrations of chlorpromazine 

vith added adrenaline, there vas a definite initial stimulation of the heart 

(both rate and amplitude) for the firet 5 minutes of perfusion, but depression 

subsequently ensued and again, after 28 minutes of perfusion, there was an 

average decrease in heart rate of 23.6 percent (3 experiments).and an average 

decreaee in amplitude of 55.1 percent (3 experiments). Similar resulte were 

observedwhen instead of adrenaline,noradrenaline was added to the perfusion 

fluide These can be readily seen from the table. Moreover. after the 

perfusion fluids were changed to normal Clark's solution, in aIl three types 

of experiments, there was a slow progressive recovery, characterised in general 

by early improvement in the heart rate and only later by restoration of the 

amplitude of contractions. Thus, in all thre~ types of experiments, as can 

also be seen from the table, after 50 minutes of Clark's solution, the average 

heart rate had recovered te almost normal. wh1le the average size of the 

amplitude of contractions had recovered to only approximately half the normal. 



Time after start 
of perfusion 
in mins. 

2 
5 

15 
25 

2 
25 .. JO 
40 .. 50 
80 - 90 

Table IV 

The ef'ects of chlorpromazine (2 ~g./m1.) on the isolated frog heart (rate 
and amplitude) and its influence on the adrenaline and noradrenaline responee. 

Changes in auricular rate Changes in ventricular contraction 
~ Increau (+) ~ Increase (+) 
~ Decreaee (-) 10 DecreaBe (-) 

Chlorpromazine Chlorpr.(~g./ml.) Chlorpr.(~g./ml.) Chlo rpromazine Ch1orpr.(~./ml.) 
( 2~g./ml.) + . + (~g./ml.) + 

Adrenaline(lO~./ml.) Noradr.(lO~g./m1.) Mr. (1~g./rnl.) 

-18.8 +57.8 +62.5 -17.6 +16.8 
-45.4 +49.1 +31.8 -31.7 + 8.3 
ela.o +11.1 ... 4.7 -64.4 -33.1 
-36.2 -23.6 -33.7 ... 82.8 "55.1 

Perfusion fluid changed to normal Clark'e 

-38.3 -26.7 ...40.1 ... 90.0 ... 57.3 
... 16.0 - 9.2 ... 11.4 -68.7 ..47.0 
- 8.6 + 5.8 .. -53.1 ..46.2 

- - +16.1 .. ... 
Average J exp~ Average 3 expt s. Average 3 expts. 

----- --------

Chlorpr.(~g./m1.: 
+ 

Noradr. (1~g./m1.: 

+20.7 
+15.4 
... 4.5 
-41.8 

.. 50.0 

.. 61.0 -

.. 52.3 

~ 
~ 
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J'ig. 25 Isolated perfused frog heart. Record of three (J) 

experiments. In this, and in all the succeeding figures, the 

records are all arranged limilarly from above downwards as 

follows: 

1. The auricular rate (A.B.) par minute, ae counted. 

2. Ventricular contractions vith systole (above) and 

diastole (below) aa recorded from a lever attached to 

the apex of the ventricle. 

J. DuratiOIl\ of perfusion;. in minutes, shown belov. 

611#. '-

Upper record, A to CL, chlorpromazine (2 ~g./ml.) perfusion aB 

shown by the broken line. CL to the end perfusion vith normal 

Clark'. solution. Middle record, ! to CL, perfusion vith chlor

promazine (2 ~g./ml.) together vith adrenallne (10 ~g./ml.)aB 

shown by the broken line, CL to the end perfusion with normal 

Clark's solution. Lover record, C to CL, perfusion vith chlo~ 

promazine (2 ~g./ml.) together with noradrenaline (10 ~g./ml.) 

as shown by broken line. CL to the end perfusion vith normal 

Clark's solution. 



It ls therefore clear that when either adrenaline or noradrenaline vas 

contained in the perfusion fluide, the recovery of heart action was not 

significantly enhanced. 

Figure 25 shows some typical examples of the comparative effects of 

perfusions of the frog heart with a low concentratlon(2~ml.) of chlorpromnzine 

alone (upper record), the same with added adrenaline (middle record) and the 

saroe vith added noradrenaline (lover record). These results demonstrate clearly 

the changes described aboya and need no further comment. 

In contrast to the above flndings, some examples of the results obtained 

in control experiments are shown in Figure 26. As cao be seen (upper record) 

during as long as )00 minutes of continuous perfusion with Clark's solution 

alone there is no significant change in either heart rate or· heart contractions. 

The figure also shows the sustained stimulation of the heart induced by either 

30 minutes of adrenal1ne (10 'tJ.g./ml.) perfusion (Middle record). or 60 minutes 

of noradrenaline (10 ~g./ml.) perfusion (lower record). It is clear therefore 

that the progressive cardiac depression induced by low concentrations of 

chlorpromazine cannot be antagonized by either adrenaline or noradrenaline, 

in otherwise effective cardio-stimulating concentrations. 

When higher concentrations of chlorpromazine were studied. the 

depressant effects on the heart developed somewhat more rapdily. Figures 27 

and 28 show typical exemples of repetitions of the above-described experiments 

when concentrations of 10 ~g./ml. and 100 ~g./ml. respectively of chlorpromazine 

vere employed. 

Similar results to those shown in Figure 27 were obtained in 6 different 

experiments of this type, and it le clear that with moderate concentrations 

of chlorpromazine (10 ~g./ml.) definite depression of the amplitude of the 

ventricular contractions oeeurs within 5 to 6 minutes; auriculo-ventricular 

dissociation follows within 8 to 10 minutes; and usually there is complete 
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Isolated perfused frog hoart. Records from three (J) 

Sia. 

experiments (see legend, Fig. 25). Upper record, control experiment 

heart perfused with normal Clark's solution for 300 minutes. . 

Middle record, B to Clark's, adrenaline (10 ~g./ml.) perfusion ae 

shown by the brokén line. Clarkls to the end perfusion wlth normal 

Clark's. Lover record, C to Clark's, noradrenaline (10 ~g./ml.) 

perfusion as shown by the broken line. Clark's to the end 

perfusion with normal Clark's solution. 
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ventricular arrest witbin 12 minutes but the auricles continued to beat 

longer. In 4 out of 6 experiments pertormed, there was complete heart arrest 

after 15 minutes of perfusion vbereupon the perfusion solution vas changed 

back to Clark's, and although the cardiac arrast persisted for an additional 

20 to JO minutes, subsequent recovery of the heart ensued. This was 

characterized firet by auricùlar and then by ventricular recovery vith A-V 

dissociation occurring before complete restoration. Alter 80 to 100 minutes 

of ClarK's solution, the auricular rate had recovered almost completely (on 

the average to 88 percent of the normal) and the amplitude similarly to 

approximately 76 percent of the normal. Completely normal rhythmicity of the 

heart 8.1so. occurred. 

When chlorpromazine was perfused along with adrenaline (Figure 27, 

middle record), except for a brie! initial stimulation, the response to 

chlorpromazine vas not altered and again depression ensued vithin J to 5 

minutes, followed by A-V dissociation, ventricular arrest with the auricles 

.te.èblT beating and finally complete cardiac stoppage. Despite the fact 

that this arrest lasted for 20 to JO minutes after the perfusion fluid was 

changed to Clark's, progressive recovery ultimately ensued. 

When noradrenaline vas added to the chlorpromazine (lower record, Figure 

27), again there i8 an initial transitory increase in heart rate but gradua! 

depression of the amplitude of the heart contractions occurred followed by 

complete arrest within 12 minutes. As in the other experiments, changing 

the perfusing fluid to normal Clark led to the nsnal slow recovery of the heart. 

Finally, when a concentration of 100 ~g./ml. of chlorpromazine was 

employed (Figure 28), arrest of the heart occurred vithin 4 to 6 minutes, and 

in 80me experiments A-V dissociation could be detected. However, even with 

this high concentration of the drug, when the perfusing fluid was changed to 

normal Clark's solution, progressive recovery ensued and aiter 150 to 180 minutes 
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Fig. 27 Isolated perfused frog heart. Records from three (3) 

experiments (see legend, Fig. 25). Upper record, A to CL, ehlor

promazine (10 ~g./ml.) perfusion as shown by €he broken l1ne. CL 

to the end perfusion with normal Clark's. Middle record, B to CL, 

chlorpromaz1ne (10 ~g./ml.) and adrenaline (10 ~g./ml.) perfused 

together as shown by the broken l1ne. CL to the end perfusion with 

normal Clark's. Lower record, C to CL. chlorpromazine (10 ~g./ml.) 

and noradrenaline (10 ~g./ml.) perfused together as shown by the 

broken l1ne. CL to the end perfusion with normal Clark's solution. 
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Iso1ated perfused frog heart. Records from three (3) 

experiments. (see 1egend, Fig. 25). Upper record, A to CL, ch1or

promazine (100 ~g./m1.) perfusion as shown by the broken 1ine. CL 

to the end perfusion with normal Clark's. Middle record, B to CL, 

chlorpromazine (100 ~./ml.) and adrenaline (10 ~g./ml.) perfused 

together as shown by the broken line. OL to the end perfusion with 

normal Olark's. At arrow. adrenaline (10 ~g.) injection. Lower 

record, 0 to OL, chlorpromazine (100 ~g./ml.) and noradrenaline 

(10 ~g./m1.) perfused together as shown by the broken line. OL to 

the end perfusion with normal Clark's solution. 



ot continued perfusion complete or almost complete restitution of heart 

actlvity occurred (upper record). When either adrenaline (middle record) 

or noradrenaline (lover record) was added to this high concentration of 

chlorpromazine, in both instances the ventricular contractions stopped, 

within. 2 minutea, but the auricular rate vas accelerated for some time and 

the auricle continued beating for 6 to 7 minutes. !gain, following complete 

arrest of the heart in both instances, progressive recovery folloved vith 

prolonged perfusion vith normal Clark'& solution. It is rather altounding 

that, although the heart has been completely arrested for as long as 50 to 

60 minutes during the perfusio~ with normal Clark'. solution, the ~ricular 

and then the ventrlcular contractions vere restarted. Thil occurred vith 

varying degrees ot ~V dissociation, before a coordinated heart beat 

developed. 

In conclusion, therefore, chlorpromazine (~/ml) producea slow 

progressive depression of the isolated trog heart H both rate and amplitude. 

With higher concentrations (10 ~gjml to 100 ~ml), these effects develop 

60. 

more quickly and are more marked. The ventricle appears to be mout sensitive 

to the drug, and invariably stops beiore the suricles -varylng degr.es of 

heart-b10ck a1so oceur. This deprelsion ia comp1etely reversible although 

recovery of the heart i8 rather slow - in some experimenta, normal contractions 

vere only restored after 2 to ) houri of perfusion. Durlng slmultaneoUB 

perfusion of the heart vith chlorpromazlne and elther adrena1ine or no~ 

adrenaline, the rI is an initial cardiac stimulation, but again, progressive 

depression ensues. The recover,y vas not affected by the pravioue perfusion 

vith the aminea. These agents. therefore, do not protect the heart again8t 

the deleterloU8 effects of chlorproma!ine. 



(c) Oomparative ettect. of promethazine (Phenergan) and its influence 
upon the responses to adrenaline and noradrenaline. 

In view ot their cl08e chemical similarity, it vas ot intereet to 

compare the etfecta of promethazine vith those of chlorpromazine on the 

isolated trog heart. Tv.lve (12) different experiments were performed ~ 

wlth~l promethazine (10 IJ.g/rrü) alone or vith added adrenaline (10 !lg/ml) or 

noradrenaline (10 !lg/ml). Some exemples ot the reluits obtained in these 

experiments are shown in ligure 29. 

In a general vay, al cao be .een from the record, thi. concentration 

.. ôt promethazine induee. a rapid depression ot the heart vith complete arreet 

of the ventrlcle with1n 4 minutes, and 1n some experiments, complete cardiac 

arrest atter 6 minutes. When the perfusion fluid vas changed to normal 

Olark·. solution, complete recover,y ensued such more promptly in thele exper-

iments than ln .imllar chlorpromazine experimenta. ThuB, within 8 to 10 

minutes &tter promethazine (upper record), there vas good recovery while lt 

required 80 to 100 minutes (10 timel al long) for recover.y ot the heart alter 

a aim1lar concentration ot chlorpromazlne. ~V dissociation was rarely 8een 

durlng promethazine action or during the subsequent recover.y periode 

When adrenallne or noradrenaline (10 ~g/ml) was mixed vith phenergan 

61. 

(10 ~g/ml) and perfuBed, the response wal Bomewhat similar to that · .een with 

chlorpromazine. !hu8, there was at first stimulation ot the rate and amplitude 

which lasted tor 2 to J minutes folloved by & gradual deprelsion. Bowever, 

the presence ot these amines Beemed to del~ the o~Bet of cardiac arrest, and 

the perfu8ion could now be maintained tor 11 to 12 minutes and 80metimea even 

longer beiore cardiac arrest occurred. When the perfuaing solution was changed 

to Clark'., an increase in the auricular rate over the control value was 

cU8toœar,y and the amplitude ulually returned to near control values in 10 to 12 

minutes. 
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Fig. 29 Isolated perfused frog heart. Records from three () 

experiments (see legend. Fig. 25). Upper record, A to C4promethazine 

(10 ~g./ml.) perfusion as shown by the broken line. CL to the end 

perfusion vith normal Clark's. Middle record, B to CL, promethazine 

(10 ~g./ml.) and a4~enaline (10 ~g./ml.) perfused together as shown 

by the broken line. CL to the end perfusion vith normal Clark's. 

Lower record, C to CL, promethazine (10 ~g./ml.) and noradrenaline 

(10 ~g./ml.) perfused together as shown by the broken line. CL to 

the end perfusion with normal Clark's solution. 
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It i. therefore apparent that althougn promethazine app.ars to be a 

more potent myocardial depressant, its eftects are not as long lasting a. 
those ot chlorpromazine. It is alao apparent that adrenaline and noradrenaline 

are more potent antagonists to the depressant action of promethazine tban to 

that ot chlorpromazine. The relults obtalned indicate that the myocardial 

depressant effect of chlorpromazine i8 not a specific action of this phenOM 

thiazine derivative. 

(d) Comparative effects of some local anesthetics on the iaolated iro' 
heart and their influence upon the re.ponees of adrenaline and no~ 
adrenaline. 

Since it has been demonstrated that chlorpromazine has a strong 

local anesthetic action, It was thought worthwhile to compare Its effects vith 

tho!e produced by some well-known local aneethetics under similar conditions 

to thoBe descrlbed above. Four local anesthetic agents; namely, cocaine. 

procaine, pontocaine and nupercaine vere Btudied. The latter three drugs all 

showed qualitatively similar etfects. Therefore, the results from the procaine 

experiments only will be shown here a8 representative of these three local 

anesthetics. Average figures trom twelve (12) experimentB vith procaine cao 

be seen in TableV. ~nd typical recordings in Figure JO. 

In lov concentrations (procaine, 200 and 300 ~./ml.; pontocaine, 

20 and JO ~g./ml.; nupercaine, 2 and 3 ~g./ml.), these agents caused a depre8sion 

of both the rate and amplitude of contraction. In addition, ~V dissociations 

vere alv&ys seen. When the perfusion tluid was changed to Clark's. there 

vas prompt reeovery vith proca1ne and pontocaine, but lesB BO vith nuperca1ne. 

Vith the latter, recovery vas more prolonged. When higher doses vere UBed 

(procaine. 400 ~g./ml.)(pontocaine, 40 ~g./ml.) (nupercaine, 4 ~g./ml.). there 

vas a rapid depress10n and complete ventrieular arrest ensued v1th1n 2 to 3 

minutes. Howevar, the aurieles kept beating at a slover rate than normal 

througnout the ent1re durat10n of perfusion. opon returning to Clarkts, 



Tlme after start 
of perfusion ln 

mlns. 

1 
5 

20 
30 
40 

2 
5 
8 

T~b1e V 

The effect of proeaine hydrochloride on the iso1ated perfused frog heart (roate 
and amplitude) and i ta influence on the adrenaline and noradrenaline response. 

Changea ln aurlcular rate Changea ln amplitude of contraction 
~ Increase (~~ ~ Increase (+) 

Decrease (- S Decrease (-) 

~rocalne(40Opg./ml.) Procaine Procaine (40~g./ml.) Procalne(400~g./m1.) Procalne 
(400 ~g./ml.) + + (400IJog. /ml. ) + 

Adrenallne(lO\J.g./ml.) .0radr.(10~g./ml.) Adrena1ine(1O\J.g./ml.) 

... 52.:3' .. - -49.3 .. 
-33.3 +14.4 +6.5 aurlc1e ou1y +34.2 .. 
-38.9 +11.4 +6.5 auric1e only +32.4 • 
... 35.7 +11.3 +5.5 auricle ooly +33.3 .. 
.. 38.9 ... 1.9 +2.6 auric1e only +22.7 ... 

Perfuslon f1uid changed to normal C1ark's 

-33.3 +23.8 +21.6 .. 53.3 +22.8 
-19.0 +20.2 +14.3 normal +15.2 
+ 9. +23.1 +11.5 +8.0 + 7.3 

3 expts. 3 expts. 3 expts. 3 expts. 3 expts. 
-~ -- ---- -

.. Auriculo-Ventricular dissociations. 

Pro caine 
(!I{)O\J.g. / ml. ) 

... 
Noradrenali ne 
(l~./ml. ) 

-+45.9 ... 
+34.5 • 
+33.3 ... 
+16.2 ... 

... 6.6 
+ 1.9 
-15.0 

:3 expts. 

~ 

.;>...: 

~ . 
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Fig. 30 Isolated perfused frog heart. Records trom three (J) 

experiments (see legend, Fig. 25). upper record, A to CL. pœocaine 

hydrochloride (400 ~g./ml.) perfusion as shown by the broken liner 

CL to the end perfusion with normal Clark's. Middle record, B to CL, 

procaine hydrochloride (400 ~g./ml.) and adrenaline (10 IJ.g./ml.) 

perfused together as shown by the broken liner CL to the end 

perfusion with normal Clarkls. Lover record, C to CL, procaine 

hydrochloride (400 ~g./ml.) and noradrenaline (10 IJ.g./ml.) perfused 

together as &.hown by the broken liner CL to the end perfusion vith 

normal Clark1 s solution. 



there was again prompt recovery except as noted earlier with nupercaine. An 

example of these results can be seen in Yig. 30 (upper record) and average 

figures are shown in Table y. 

When adrenaline or noradrenaline vas added to the local aneBthetic, 

the resu1ts obtained vere rather limilar. In general, for the entire period 

of perfusion, a stimulation of auricular rate occurred (middle or lover record, 

lig. 30 " also Table V). In a few experimente, there vas a aligbt decreace 

in rate but thi. vas never al marked as vith the local anesthetic alone. 

Whereas the latter produced complete ventr1cular arrest in 2 to 3 minutes, 

vith adrenaline and noradrenaline, the ventricle continued to beat during the 

entire period of perfusion. Hovever, ~V dissociation was alvays still seen, 

and in the majority of experiments, was of the order of 2:1. This stimulation 

usually peraisted for some time after the perfusing fluid was changed back to 

Clark's. The amplitude of contraction vas always weIl maintained above the 

control value vhen adrenaline or noradrenaline vas added to the perfusion fluide 

The stimulation uaually lasted some minutes after the return to Clark', 

before a control etate vas resumed, and in some cases, a slight depression 

.folloved later. 

In regard to cacaine. a fairly large number of experiments (30) vere 

performed vith either cocaine &lone or in comblnation with adrenaline and nor

adrenaline. The concentrations of cocaine used ranged from 50 to 400 ~g./ml. 

The only observed difference betveen the effects of cocaine and those of 

procaine, as previously described, vere 1) the ventricular arr.st vas not 

maintained during the entire period of perfusion, and lrregular ventrlcular 

beats vere seen altefnating vith periods of complete arrest, and 2) in aIl 

instances, there vas mark difference in response vhen cocaine was pertused 

together with either adrenaline or noradrenaline. This can be seen in Table 

V~d Y1g. 31 B,C. It i8 apparent that adrenaline and noradrenaline cannot 



Table VI 

The effect of cocaine hydrochloride on the iso1ated perfused frog heart 
(rate and amplitude) and its influence on the adrenaline and noradrenaline response. 

---

Time after start Ohanges in auricular rate Changes in amplitude of ventricular contraction 
~ Increase (+) of perfusion ln <j, Increase (+) 

mins. '" Decrease (-) 

Cocaine Cocaine(400~~./ml.) Cocaine(400~g./ml.) Cocaine 
(400lJ,g./ml. ) + + (4o~g./m1.) 

Adrenaline(l~g./ml.) Noradr.(10~g./m1.) 

1 --31.5 +42.8 +42.7 -81.6 
5 ... 35.2 +30.4 +45.5 -20 .. 28.2 +29.2 +49.8 ..82.4 • 
JO -19.8 +28.5 +49.0 A 

40 -27.1 +27.5 +49.0 -76.19 • 

Perfusion fluid changed to normal Clark'. 

l ... 19.5 +J3.3 +49.8 -76.19 
5 .. 5.0 +49.4 +60.0 .... 76.6 
8 +11.9 +44.1 +5J.42 +4.9 

4 exptA. 4 expts. 4 expts. 4 expts. 
---

• A uriculo-Ventrlcular dissociation 

10 Decrease (-) 

Cocain.(40~g./ml.) 
+ 

Adrenaline(1~g./m1.) 

+6.6 
.. 20.J • 
.. 26.1 • 
.. 36.8 • 
.. 41.1 • 

.w.25.1 
+17.3 
+25.9 

4 expts. 

Cacaine 
(400~g. /ml. 

+ 
IOradr. 

(l~g./ml. : 

+4.2 
... 25.1 • 
-46.1 • 
-50.0 • 
-55.3 • 

-14.5 
+21.8 
.. 9.9 

4 expts. 

..... 
U 
~ 



Fig. 31 Isolated perfused frog heart. Records from three (3) 

experiments (see legend, Fig. 25). Upper record, A to CL,cocaine 

hydrochloride (400 ~g./ml.) perfusion aB shown by the broken line. 

CL to the end perfusion with normal Clark's. Middle record, Boto CL. 

cocaine hydrochloride (400 ~g./ml.) and adrenaline (10· ~g./m1.) 

perfused together as shown by the broken line. CL to the end 

perfusion wlth normal Clark~8. Lower record, C to CL, cocaine 

hydrochloride (400 ~g./mt.) and noradrenaline (10 ~g./ml.) perfused 

together as shown by the broken l1ne. CL to the end perfusion with 

normal Clark's solution. 



eompletely overcome the depression of co caine on the amplitude. An increase 

in the amplitude vas usually seen for the first fev minutes of perfusion. 

\,/"'0'. 

!his vas folloved by progressive depression. As with the other 3 local ane .. 

thetics, adrenaline and noradrenaline could overcome the depressant effect of 

cocaine on the auricular rate. The latter vas maintained above normal for the 

duration of the perfusion. In all other respects, cocaine did not materially 

differ from procaine or pontocaine. 

Thua, in summary, the results obtained in this seriee of experiment. 

render it unlikely that chlorpromazine exerts an effect on the heart vhich is 

comparable to the effects of the local aneethetics. This deduction is warranted 

for the following reasons: 

Flrstlz, the mode of depression il different. In general, high 

concentratioDS of chlorpromazlne produce ventricular arrest 

followed by auricular arrest whereas vith verT high concentrations 

of the local anesthetics aurlcular arrest vas never seen. 

Secondll" the depressioD by the local aneethetics iB readily 

reversible with Clark's lolution (2 to 5 minutes) whereas vith 

chlorpromazine reverial only oceurs after a very prolonged period 

of time (100 to 180 minutes). BYen: vith the most potent an.8thetic, 

nupercaine, the recovery period ie still considerably shorter 

than that obtained vith chlorpromazine. 

And finally, whereas adrenaline or noradrenaline can afford 

a considerable degree of protection agaiDst the depres8ant 

effecta of the local ane8thetics, th!s is not 80 in the cas. 

of chlorpromazine. 



(e) Effec·t of ouabain upon_~p~. response t~ _<l.ll~olJtroma;1ne. 

Sinee. as previously shown. chlorprooazine can prevent ventricular 

fibrillation following adre~line during chloroform infusion (lb) as stated 

by Melville (1954) but the drug could not prevent the ventricular 1rreg'lllar

lties produced by ouabain in the anesthet1zed animal. it WB of intereet to 

investigate the affects of ouabain upon the responses to chlorproma~ine in 

thls preparation. Fig. 32 shows typical examples of the results obtalned. 

Ouabain, at a concentrat ion of 5 IJog. /ml., vas: llsed throughout these 

,xperiments. This concentration stopped the heart uniformly between 18 to 

20 minutes of perfusion. Vhen the heart was previously depressed vith 

chlorpromarlne( 10 IJ.g./ml.), as shown by the upper record (A-13). cha.nging 

the perfusing fluid to ouaba,in improves, the amplitude of the heart contraction 

much more ~lic!~y thnn when C1ark's solution was used aa shown in Fig. 27 

(upper record). However, cardiac irregularities and A-~ dissociation occurred. 

Indeed, vith the continued perfusion of ouabain for 15 minutes, the amplitude 

of contraction decreased and in MOSt exper1mcnts, the hearts stopped between 

18 to 20 minutes. Under these conditions, recover,y does not occur when the 

heart is subsequently exposed. to Clark' a solut ion. 

When chlorpromazine and ouabain were perfused together (lower record, 

Fig. 32), the depressant effect of the chlorproma~ine on the amplitude was 

uaually overcome for the initial 15 minutes, but the heart rate waB irregular, 

and A-V dissociations were again seen. At the end of about 20 minutes, all 

heart &ctivity ceased and could not be restored by perfusing vith normal 

Clark' s solut 10n. Similar results to those described above vere observed in 

3 other s1milar experimenta. It ~ be concluded, therefore, that the 

depTessant effect of chlorpromazine on the ~ocardlum can be temporarily 

antagon.ized by ouabain. 



,S-a. . 

Fig. 32 Iso1ated perfused frog heart. Records from two (2) 

experiments (see 1egend, Fig. 25). Upper record, A to B, ch1o~ 

promazine (10 ~g./m1.) perfusion; B to the end, ouabain (5~g./m1.) 

as shown by the continued broken 1ine. Lover record, C to the end. 

ch1orpromazine (10 ~g./m1.) perfused together vith ouabain (5 ~g./ml.) 

as shown by the broken line. 
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(~) Summary. 

1) Chlorpromazlne ln concentrations ranging from 1 to 100 ~g./ml. 

produces progees81ve depresslon of both ventricular and auricular contractions, 

associated vith auriculo-ventricular dissociation, 1n the perfused frog 

heart. This depresslon 1s sloV17 reverslble. Simultaneous continued 

perfusion vith either adrenaline or noradrenal1ne cannot prevent the 

development of these depressant .effects. 

Z) Promethazine. a more potent anU-histamine, ln'.":concentrations of 

10 ~g./ml., produees a relat1ve17 intense depress10n, but customari17, a 

more rap1d reCOV8rT of the heart. Slmultaneous perfusion vith either 

adrenallne or noradrenaline &gain did not prevent theae depressant effects. 

J) The local anesthetics - procaine, cocaine. pontocaine and 

nupercaine - &ll induee a prompt and intense depression vhich cao be 

partial17 antagoniEed b7 simultaneous adrenaline or noradrenaline 

administrations and the recover7 trom these agents 1s alao rapide 

4) The depressant effect ot chlorpromazine on the frog heart ie only 

temporari17 antagonized b7 ouabain. On the other band, chlorpromazine cannot 

prevent the ult1mate toxicity of ouabain on this preparation. 

5) In comparing the aboya tindlngs. it can be stated: a) that the 

observed depressant actions of chlorpromazine appear to be rather similar 

to those shown by the phenothiazlne derivative. phenergan, except that this 

action of the former is much more prolonged; b) that a1though chlorpromazine 

ls a potent local anesthetic. its mTocardial depressant action appeara to be 

rather different trom that observed vith the different local anesthetics 

etudied. Even vith excessive concentrations of the local anesthetics, complete 

cardiac arrest vas not seen, and recovery occurred ver,y rap1d1y; c) that 

chlorpromazine doee not appear to 'exert any specifie anti-sdrenergic action 

in the isolated frog heart since a similar antagonism to these amines vas 



a180 obeerved vith phenergan and d) the temporary antagoniem of the 

depreesant effect of chlorpromazine b~ ouabain might auggest that the 
~ 

effect of the former ia directl~ on the ~ocardium. 

~ A part of the prece~1ng results vere presented at the 
Eighteenth Annual Meeting of the Canadian Phys1010gical Soc1et1, 
Toronto, October 22, 1954. 
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DISCUSSION 

The data presented above show clearly that chlorpromazine cao 

exert strtking and important pharmacologieal actions upon the circulatory 

system. In view of the multiplieity of physiologieal functions which bave 

been demonstrated (see Historieal Review) to be affected by the drug, the 

question naturally arises, tO~·iWhat extent the abov~d.eser1bed cardiovascular 

changes are ~rimary,' that is to s~, direct effects of the drug upon the 

heart or blood vessels, or "seeondary." that is to say, indirect effects, 

resulting from actions upon the central or autonomie nervous systems, or 

through reflex mechanisms. In addition, with the increasing widespread us~e 

of chlorpromazine as a therapeutic agent, the question alao arises, to 

what extent these experimentally-obeerved cardiovascular changes might be 

of signif1canee in the clinical uaefulneas of the drug? 

In regard to the first of these questions, the initial observation8 

reported above concerning the effects of chlorpromazine on the blood pressure 

and the eleetrocardiograms. show elearly that ln small and moderate d08el 

(1 to 5 mg./kg.), chlorpromazine leads to a tranaient reversible hypotension. 

This effect is not prevented by vagotomy, previoue atropinization or following 

adrenergic blockade induced by ~dergin~. It le. however. aesoclated with 

an initial elevatlon of T wave and tachycardia, both of which are abollshed 

by vagotomy or atropinization. and therefore, appear to be "reflex vagal" 

effects. It le evident from these fingings that this transient depressor 

action of chlorpromazine is probably a non.autonomlc effect, and might be due 

to either a diminished cardiac output or to some peripheral vasodilator action 

of the drug. 

When a single large dose of chlorpromazine (10 mg./kg.) i8 injected, 

the intense depressor response observed is, on the contrary. associated with 

transient eardiac s10wlng and marked T wave changes (both depresslon and 



elevation). These effects are not prevented by vagotomy or previous 

atropinization, and leave little doubt that high 40ses of chlorpromazine cao 

induce transient impairment of cardiac function. These findlngs would rather 

favour the view that the slight depre8Bor effects as observed vith small doses 

of the drug might be due to some cardiac deprelsion vhich oecurs vlthout any 

elggificant change in the electrocardiogram. It i8 &lso noteworthy that on 

repeated injections of chlorpromazine, even vith high doses of the drug, no 

evidence of any cumul~tlve toxie action vas ever observed. Ulually in luch 

experiment!, the blood pressure remained at a low level (20 to 40 mm. Hg.) 

while the heart action returned to relative normal, that 18, there vas soma 

inerease in heart rate, but the form of the electrocardiogram remained 

essentially normal. It may be concluded, therefore, that chlorpromazine is 

not a:;highly toxie agent to the heart under these conditions, and that the 

fatal terminatlon in Buch experiments resulted apparently from the suatained 

lov bIàod pressure level leadlng to a shock-like etate. It 18 not too clear 

vhether or not repeated injections of chlorpromazine in anesthetized doge 

lead to some tolerance or tachyphylaxis in the heart, as curiously enough, 

vith repeated and prolonged administration of the drug, there lB a progressive 

incre&sed heart rate aS90ciated vith the Bustained depressor response. Thil 

cardiac action mi~t be due to some type of vagal blocking effect associated 

vith prolonged administrations of the drug. More w111 be said about this later. 

There i, little doubt. however. that vith repeated injections of large doses 

of the drug, peripheral vasodilatation rather than cardiac depresslon i8 the 

important factor in maintalning the hypotension. 

In regard to the results obtained on the dog heart-lung preparation, 

again, it is evident that relativ.ly high concentrations of chlorpromazine 

(20 to 40 mg. ln 700 to 800 c.e. of blood) are required to lead to any 

decreale in the card1ae output, and with such concentrations,spontaneous and 
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complete recovery of the heart always oceurs. lndeed, e~en when higber doses 

of chlorpromazine (50 mg.) are employed in such experimente, the intense 

depress10n of the heart which ensues althougb not apontaneously reversible, 

can be antagonlzed by injections of large doses of adrenaline. In the 

heart-lung experiments. the heart rate was in general not too markedly re~JCed, 

and it would appear therefore that the dlminished cardiac output is due 

mainly to the diminished cOntractile force of the muscle, that h, 8 . reduction 

in the stroke volume of the heart. It is ev1dent also that th1s cardiac 

depression ia not an irreversible process. The heart-lung experiments showed 

also that chlorpromaz1ne can exert sorne slowly-develo~ing ant1-acetylcholine 

action in the dog heart, and this migbt be responsible for the progressive 

cardiac acceleration seen with repeated injections of large doses of the drug, 

as stated earlier. 

In the isolated perfueed rabbit heart, the most striking action of 

chlorpromazine ie its intense coronary dilator effect. This was already 

meationed by Courvoisier e~ al.(1953), but these authore found that doses of 

chlorpromazine ot the order of 0.5 to 1 mg. increase the coronary flow 60 to 

100 percent. These authors used a Condon drop recorder and observe~ only the 

coronary outtlow. In our experimenta, however, with slmilar doses, 1ncr~~es 

in the coronary inflow of the order of 400 to 600 percent vere recorded. 

The coronary dilator action of the drug 1s associated with a Iligb.tl~· increased 

heart rate and a decrease in the amplitude of contraction. It might be 

argued that this decrease in amplitude could be responsible for the increased 

coronary flow observed. However, vith lov dosee (10 ~g.) of the drug, the 

decrease in ~plitude 1e slight and could hardly account for the intense 

observed increas. in coronary tlow (100 percent). With higher doses (500 ~g.), 

the associated intense depresslon of the amplitude, of couree, bj decreaeing 

the extravascula.r compression on the coronary vessels, might be partly ., 

responsible for the increased coronary inflow. In conclusion, the potent 
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eoronary dilator action of the drug would suggest that it might be worthwhile 

to investigate more tho~oughly lts clinical usefulness in the prevention of 

attacks of angina pectoris. No systematlc study on this question bas yet been 

undertaken, so far as va are aware. 

From the experimente on the isolated frog heart, 1t 18 apparent that 

chlorpromazine exerts a progiese1ve and prolonged depression of the heart 

contractions and the heart rate. Even vith the higheat concentrations of the 

drug studied, and with which there vas complete cessation of al1 visible or 

mechanical heart action, this depression of the heart could be reversed by 

continued and prolonged perfusion of the preparation vith normal Clark!. 

solution, and invariably, complete restoration of normal heart action achieved. 

Indeed, in some of these experiments, heart action vas only restored after 

2 to 3 ~ours of perfusion with normal Clarkls solution. These findings àonfirm 

the observations reported above and leave little doubt that the depreBsant 

effects of chlorpromazlne upon the frog heart is one whlch i8 only very slowly 

reversible. In the case of the 180lated trog heart, the weakened and depres8ed 

contractions can be promptly overcome by the positive inotropic action of 

ouabaln. However, thls effect ls only transltory. In contrast, the cardiae 

depression induced by the drug in this preparation i8 not aignificantly altered 

by either adrenaline or noradrenaline, as will be 8hown latar. Why this 18 sa 

le not clear. It 18 evldent, however, that chlorpromazine produces a 

progressive, reverBlble type of non-specifie myocardlal deprelslon~ whlch 

requires further investigation. 

Anti-adrenergic action. 

a) On the blood pressure. 

Our experimente on the blood pressure confirm in general the 

original obsergations of Courvoi81er et al. (1953) that chlorpromazlne can 
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antagonize the pressor actions of both adrenaline and noradrenaline. and that 

the reeponse to adrenaline ia also inverted. It le apparent. howeTer, that 

this antagonism to the amines la variable depending upon the experlmental 

conditions employed. Thus, it has been shown that during continuou8 infu.ion 

of either adrenaline or noradrenaline in the previouely morphinized-pento

barbltalized dog, injections of 8mall doses of chlorpromazine can produce a 

depressor effect in both cases. Moreover, under thes. conditions, the antagonism 

to adrenallne or noradrenallne iB qulte prolonged. as indicated by the lack 

of pressor responses to repeated infusions of the amines. However, fo11owing 

either atropinlzation or vagoto~, this increased sensitization to the 

vasomotor reversal effect ia abolished. These latter observations would rather 

Buggest that the vagus control of the circulation might be involved in lome 

~ or other in this vasomotor antagonisme Sinee chlorpromazlne le a central 

nervous system depressant, the pOBslbility arises that th!e vague action might 

be a central one. In some experiments on the pithed or spinal cat, it has been 

observed that during continuou8 perfusion of either Adrenaline or noradrenaline, 

the depres80r responses to superimposed test injections of ehlorpromazine are 

rather eimilar. These find1ngs would aleo suggest that the Adrenaline or 

noradrena1ine blood pressure antagonism induced by the drug might conceivably 

be modified by its centr~l nervous system actions. It was a180 noted in our 

experiments that the preslor rasponses to large doses of ephedrlne were 

consistently antagonized and even reversed by the previoue injection of chlo~ 

promazine. In th!s respect, the anti-adrenergic action of the drug appears to 

~e 80mewhat different from that of the ergot atkaloids, which a8 la well-known, 

seldom lead to a reversal of ephedr1n. effect (Salter, 1952). Whether or not 

th1s affect iB related to the fact that ephedrine in large dosee i8 also a 

central nervous system stimulant. cannat be etated. ln view of the multiple 

factors wh1ch have been shown to influence tho vasomotor reversaI phenomena. 
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further experimental studJ oi this problem is necessary before any definite 

conclusion can be drawn. 

b) On the heart. 

In connection with the blood pressure experiments, it was shovn 

that the cardiac stimulating actions oi adrenaline or noradrenaline vere not 

antagonized b7 doses oi chlorpromazine which induced good adrenaline or nor

adrenaline vasomotor reversaI eifects. It ls evident, therefore, that under 

these conditions, there was no evidence of any anti-edrenergic action in the 

heart. 

In the heart-1ung preparation also, no anti-adrenergic action 

could be ascribed to chlorpromazine. Even when ver,y high concentrations vere 

used, subse~ent injections oi adrenaline or noradrenaline a1w~s produced 

marked tachycardia associated with increased cardiac output. Simi1arl7. in 

the isolated rabbit heart. no deiinite anti-adrenergic action vas demonstrated 

vith chlorpromazine. In iact. following doses oi 250 ~g., the responses to 

l ~g. of adrenaline or aoradrenaline remained unchanged. Fo110ving doses oi 

500 ~. or more, the responses to adrenaline or noradrenaline although 

d1minished vere still apparent, and it would appear that thie latter effect 

might be due only to the non-speciiic myocardial depressant eifect of the 

drug evident with high doses or concentrations. Several publications in the 

literature. as reviewad by Nickerson (1949), show that other known adrenergic 

blocking agente also do not antagonize the effects of the sympathomimetic 

amines in the mammalian heart. However. Nickerson (loc. cit.) a180 reported 

that in the isolated amphibian heart, dibenamlne and other anti-adrenergtc 

agents can antagonize the slimulating action of adrenaline. w.nen ehlor

promazine was studied on ~e isolated frog heart. a8 already indicated, it 

was difficult to arrive et a definite &newer to this question. This was so 

because neither anti-adrenaline nor anti-noradrenaline action could be 

observed vith concentrations 



ot chlorpromazine which in taemselves did not lead to depression ot heart 

contractions. However, the tact that. ev en with the highe.t doses ot chlor

promazine employed. there was a1ways an initial stimulation ot the heart by 

the amines, that il, prior to the on.e~ of the depreesion, would rather indicate 

that the drug also exerts no specifie anti-adrenergic action in this preparation. 

Apti-tibrillatorl action of chlorpromazin~. 

As previously stated, chlorpromazine has been shown to antagonize the 

cardiac arrhythmias induced by Adrenaline, aconitine and adenosine phosphoric 

acid (Oourvo1eier et al. (195:3». Melville (1954) has aIso reported that the 

drug prevants chloroform-adrenaline ventricular fibrillation. but not the 

ventricular fibrillation induced by ouabain or posterior pituitary extracte 

in dogs under pentobarbital &nesthesla. Jrom the data presented. it is clear 

that in the aDesthetized dog, Bmall doses ot the drug (1 mg./kg.) can anta~oniz. 

the cardiac lethal etfects of considerable doses of adren~line (0.4 mg./kg.) 

administered during chloroform inhalation. Ouriously enough, effective anti

fibrille.tory doses of the drug do not lead to any dgnificant cha,ngE: ln form 

of the electrocardiogram, end following the injec~lon . of adrenal1ne, marked 

cardiac stimulation and some increase in the blood pressure levei still occurred. 

The question arises whether or not some central action of the drug might not 

have aga1n been involved. Hovever, from the above deseribed observations on 

the heart-Iung preparation, the isolated rabbit heart and the isolated frog 

heart, it would rather appear that the anti~fibrillator,y actton of the drag 

le not due to any specifie ~~t1-adrenergic action. This conclusion ia, however. 

in disagreement with that of Dilalme and Oatenocci (1955). These authors 

uslng the aneethetized cat Blso observed that eh1orpromazine could protect the 

heart 3.gainst petroleum ether-adrenaline ventricular fibrillation, but, sinee 

the drug did not raise the threshold to e1eetrica1 atrial fib~llation, &s was 

obeerved vith both quinidine and procainamide, it was eoncluded that 'chlo~ 

promazine exerts its protective action by virtue of an antl-epinephrine effect 



rather than a direct muscle action." This conclusion appears to us to be 

unwarranted since. in aIl the isolated experimental heart preparations tested, 

the Ben~itivity of the ventricle to the depressant action of ehlorpromazine 

was inv9xiably ~reater than W&B that of the auricles. Indeed, in both the 

isolated rabbit and iaolated frog heart preparati6na. ventrlcular contractions 

were depressed and often arrested. while theaurieles were still beating weIl. 

Moreover, no specifie antagon1sm to adrenaline or noradrenaline could be noted 

in these preparations. It iB §U3geBted, therefore, that the antl-!1brillatory 

action of ehlorpromazine ie aB80ciated with the direct myocardial depressant 

action of the drag as referred to above rather than vith its anti-adrenergie 

action. The basic meehani .. of this myocardlal depressant action of ehlo~ 

promazine warrants further investigation • 

...... ~- ... --~ .......... 
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ŒmNERAL SUMMARY 

1. !he obJect ot th!. research waa to studT the pharmacological 

eftecta ot chlorpromazine on the cardiovascular system. Jour (4) different 

preparations vere used. namely. the animal as a whole. the heart-lung 

preparation of the dog. and the iso1ated perfused heartB of both the rabbit 

and the frog. Vith this diversified approach, we hoped to achieve a greater 

understanding of the comp1ex cardiovascular actions of this 4rug. 

~. In the intact animal, chlorpromazine in sma11 doses (1 to 10 

mg./kg.) induees a transitor.y fall in blood pressure aBsociated vith an 

initial cardiac acceleratioD. a slight depression of T vave. but no change 

in either P-R interval or ~ complexe Thia hypotension ia not significantly 

affected by vagotomy. atropinization or the injection of hydergin. Hovever. 

the cardiao acceleration and T vave changes on the electrocardiogram are 

aboliahed by vagotomy or atropinizatton. With large doses (10 mg./kg.), in 

addition to the fall in blood pressure. there is sloving of the heart rate 

with elevation and then inversion of the T wave. Theae latter changes, 

howeTer. are not prevented by either vagotomy or atropinisation. 

1. The pressor responses to both adrenaline and ephedrlne are 

reversed with single injections of doses of éhlorpromazine (1 mg./kg.). while 

the pressor responae to noradrenaline. though diminished. is not in?erted. 

Chlorpromazine does not preTent the cardiac acceleration induced by either 

adrenaline or noradrenaline. 

~. During the continuous infusion of adrenaline or folloving the 

injection of ephedrine. lov doses of chlorpromazine (0.01 to 0.5 mg./kg.) 

induee a prompt. marked and sustained depreasor response. This hypotension 

appears to be potentiated by morphine and diminished by vagotomy or atropin

ization. 
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5,. On the other hand, during the continuons infusion of noradrenaline, 

injections of chlorpromazine (0.01 to 0.5 mg./kg.) produce a transient rather 

than a sustained depressor response. In the morphinized animal, the same 

procedure nov produces a 8ustained rather than a transient depresBor effect. 

!his hypotension is diminished b7 vagotomy or atropinization. 

2. In the pithed or spinal cat, injections of chlorpromazine 

(0.02 to 0.04 mg./kg.) during the continuous infusion of either adrenaline or 

noradrenaline produce identical depres.or responses. 

l. Prior injections of chlorpromazine (0.5 to l mg./kg.) effective17 

prevent the ventricular extras7stoles and fibrillations induced qy the 

administration of adrenaline during chloroform inhalation although a JD8.rked 

tachycardia still OCCurl. 

~. In the heart-lung preparation, high doses of chlorpromazine 

(20 to 40 mg.) produce a progressive depression of the cardiac rate and the 

output. This effect vas reversible vith such doses. ~ce.sive doses (50 mg.) 

produce a ver,y marked depression vhich ultimate17 led to the complete cessation l 

of cardiac activity if no attempt vas made to reverse the effect. 

~. In the heart-lung preparation, chlorpromazine (20 to 40 mg.) could 

not prevent the tachyeardia and increased cardiae output produced bT injections 

of adrena1ine or noradrena1ine (100 ~g.). EYen vith toxie doses of the 

drug (50 mg.). as s ta ted above, the: 4i:rt:Jec tiGll of adrenaline 0 r no radrenal1ne 

(1 mg.) eould reverse the depression. 

~. In the heart-lung preparation, injections of chlorpromaz1ne 

(40 mg.) diminish, but do not abolish, the depressant effects of acetylcholine 

(250 to 500 ~g.). 

11. In the 1s01ated perfused rabbit heart, chlorpromazine (10 ~g. to -
2.5 mg.) produces a marked increase in coronary inflow, an increase in the 

heart rate, and a decrease in the amplitude of contraction. Low doses of 
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the drug (250 ~g.) did not in an7 w87 alter the response to adrenaline or 

noradrenaline. However, in high doses (500 ~g. to 2.5 mg.), the response 

to these amines va. diminishsd. but not abolished. Chlorpromazine appeared 

to possess some slight "anti-scet7lcholinel action in this preparation. 

~. In the isolated frog heart. chlorpromazine (10 to 500 ~g./ml.) 

produces a progressive depression of both the auricular and ventricular 

contractions associated with aurlculo-ventricular dissociation. ~is 

effect ls slow17 reversible. Simultaneous continued perfusion with adrenaline 

or noradrenaline cannot prevent the developmant of these depressant effects. 

However, thls ac ti6n,bf the drug can be overcolle b7 the 81mul taneous perfusion 

vi th ouabain. 

11. The depressant effect of chlorpromazine resembles somewhat that 

of the structurall7 similar analogue, promethazine. However, recover7 of 

the frog heart from the effects of the latter drug oceurs much more rapidl7 

than is the case with chlorpromazine. Agaln. the depressant aètlon of 

promethazlne cannot be antagonized b7 the slmultaneous perfusion with 

adrenaline or noradrenaline. 

!!. The depressant effects of chlorpromazineiin the isolated frog 

heart differ from those of the four (4) local anesthetics studied -

procaine, cocaine. pon\ocaine and nupercaine - in the following respecte: 

a) the local anesthetics, even in Jllgh" concentrations, never produceà 

complete cardiac arrest; b) recovery fro~ these agents occurred ver.y rapidly. 

and c) their depressant effects can be partial17 antagonlzed b7 the 

slmultaneous perfusion with adrenaline or noradrenaline. 
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