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A FEW MOEE WORDS ON STROPHANTHUS. 

By George W. Balfour, M.D., LL.D. Ed. & St Andrews, F.R.C.P. Ed. 

"Fas est et ab hoste doceri." 

Mr President and Gentlemen,?I have to apologise for recur- 
ring to this subject so soon. I can only plead in justification the 
extreme importance of the matter, and the fact that the remarkable 
contrast that subsists between the action of strophanthus and that 
of digitalis has not, in my opinion, been sufficiently emphasized 
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upon former occasions. "We have been asked to place our faith in 
strophanthus on the strength of a series of cases in which the 

employment of that drug was followed by the disappearance of 
dropsy, and in which the pulse-tracings showed an apparent 
improvement in the pulse-rate and in the blood-pressure. But, 
Sir, the like has happened before without either strophanthus or 
digitalis; nay, it happens daily even now. The symptoms that 
arise from heart-failure may be relieved in many ways, and 

recovery from them is no certain indication of the therapeutic 
value of any drug which may perchance have been coincidently 
employed. 
The myocardium is a hollow muscle which by its expansion and 

contraction assists and directs the circulation of the blood; in this 
action it is aided by valves so placed that, when closed, the whole 
force of the muscle is expended in propelling the blood onwards. 
Failure of any of these valves permits the blood to flow backwards 
as well as forwards, and so places the myocardium at a mechanical 
disadvantage in regard to the discharge of its function. But the 
heart works so well within its power that even when such an acci- 
dent happens suddenly, there is not a falter in the action of the 

heart, nor any indication in the pulse-tracing of any interruption 
of the equability of the blood-pressure. This interference with the 
function of the myocardium ultimately leads to embarrassment 
of the circulation, but under favourable circumstances this does 
not happen for many a long day, so that even to old age such a 
valvular lesion may remain perfectly mute. 
But whenever from overwork, privation, or debilitating illness, 

the general metabolism is interfered with, the heart suffers; its 
function is impaired. Like every weak muscle, the enfeebled myo- 
cardium reacts to stimuli irritably and irregularly, and does its 
own peculiar work imperfectly. The ventricles contract less effec- 

tually, the arteries are not so well filled, the blood-pressure falls, 
and venous remora is established, with all the evils that accompany 
this condition; soakage of all the tissues, with serous accumula- 
tion (dropsy) in one or more of the cavities of the body. If we 

put such a patient to bed, the mere adoption of the recumbent 
posture at once lowers the pulse-rate by an average of 12 (6-16) 
beats per minute, and in weakly, ill-fed patients the reduction is 
sometimes greater. This lowering of the pulse-rate amounts 

cumulatively to an increase of rest to the heart of over two hours 
in the twenty-four, and we can readily understand that this rest, 
coupled with warmth and better feeding, is sufficient to give such 
a fillip to the general metabolism as enables the heart to recover 
its tone and to discharge its function more perfectly. The blood- 

pressure rises, the balance of the circulation as between arteries 
and veins is restored, dropsy disappears, and the patient is re- 

established in comparative health. 
The record of both the past and present history of medicine shows 
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that many, if not most, of our hospital patients require no other 
treatment, though recovery may be aided by the judicious use of 
purgatives, of diuretics, or of such drugs as either diminish the 
work of the heart or restore the tone of the myocardium. It is 

evident, however, that those drugs alone are of paramount value 
which increase the elasticity of the myocardium, and that this 
action can only be permanent when accompanied by a correspond- 
ing improvement in the general metabolism. Thus only can we 
arrest the organism in its downward career, and place it in such a 
state of metabolic equilibrium as will ensure the permanence of 
that improvement which is so often found temporarily to follow 
the employment of even imperfect and inefficient methods of treat- 
ment. 

This important action is usually ascribed to all the members 
of the digitalis group; but though they all possess a certain 

similarity of action, they vary very much in activity, and they 
also vary considerably in regard to the structures upon which 

that activity is exerted, and these two factors have a most im- 

portant influence upon their usefulness. 
The action of Digitalis 'purpurea, from which the group derives 

its name, is in moderate doses to improve the elasticity of all 
muscular fibre, and as all the blood passes many times through the 
heart for once that it passes through any other muscle, the myocar- 
dium is powerfully affected, while the other muscles remain practi- 
cally uninfluenced. In like manner the muscles of the arterioles 
are also early and powerfully affected, though not to the same 
extent as the heart, as only the blood going to the district supplied 
by these vessels passes through them.1 The increased elasticity 
imparted to the myocardium by digitalis enables it to expand and 
to contract more perfectly, and as, owing to the increased elasticity 
of the muscles of the arterioles, the arteries empty themselves more 

slowly, the blood accumulates within them, the blood-pressure 
gradually rises, and in accordance with Marey's law2 the heart's 
action is slowed. No doubt this is partly due to the action of 
digitalis on the vagus nerve, but the action on the muscles is suffi- 
cient to account for all the phenomena observed, and it is with it 
we are chiefly concerned. The result of this rise in the blood- 

pressure is that the secretions are improved, and all the tissues of 
the body, amongst them the myocardium, are fed with richer blood 
at a higher pressure, so that metabolism is more perfect and every 
function more efficiently performed. As the blood accumulates 
within the arteries the veins are correspondingly emptied; the 
serous soakage of the tissues is reabsorbed, and the excess of water 

1 Stockman, New Official Remedies, p. 58. London, 1891. 
2 Physiologie M4dicale de la Circulation du Sang, p. 206. Par le Dr E. J. 

Marey. Paris, 1863, Le coeur bat d'autant plus frequemment qu'il eprouve 
moins de peine k se vider. 
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that thus gets into the blood is removed by the kidneys, so that for 
a time the urine is increased. 
The improved metabolism of the myocardium enables it to dis- 

charge its function more perfectly, and to resist successfully all 
those deteriorating influences to which a weak heart succumbs, any 
hindrance to the circulation is fully compensated, and despite the 
existence of a valvular lesion the individual may descend into the 
vale of years wholly unconscious of the possession of a heart. 

All the benefits we obtain from the use of digitalis are insepar- 
ably connected with its tonic action; they flow from the power 
that digitalis has of increasing muscular elasticity, and the im- 
proved metabolism of all the tissues, but specially of the 

myocardium, that follows this. Digitalis is no opium to the heart; 
it does not relieve by narcotising, but it soothes cardiac 

irritability by strengthening the cardiac muscle, and it assuages 
cardiac pain by improving cardiac metabolism, failure of which 
has been the cause of the pain. These benefits are readily 
obtained by very moderate doses of the drug, and though great 
benefit may at times be more rapidly attained by the judicious 
administration of larger doses, yet the long continuance of even 
small doses is often followed by the very best results; while the 
abuse of the drug, so frequently accompanied by distressing, if not 
alarming symptoms, proceeds upon an entire misconception of 
the true action of digitalis. 

There is only one other member of the digitalis group that has 
succeeded in obtaining special recognition from cardiac thera- 
peutists, and this is the Strophanthus Hispidus, but the action 
of this drug is so entirely different from that of digitalis that it is 
difficult to see how there can be any comparison between the two. 
In Africa, its native habitat, strophanthus is employed as an arrow 
poison, and the natives have so great a dread of it that when told 
that the seeds were employed as a medicine in this country, 
" 

they expressed the opinion that the English must be mad to 
employ so poisonous a substance for medicinal purposes."1 The 
action of strophanthus on the heart is twofold : in small doses 
it arrests the heart in diastole, and in large doses it arrests it in 

systole.2 The diastolic type of action seems to be that which 
alone is useful therapeutically; in it the diastole is prolonged and 
the contractile energy of the myocardium at the same time 
increased. The type is thus that of bradycardia, a slow-beating 
heart sending forward a large blood-wave with each contraction,? 
not a type of heart usually associated with much vigour of the 
circulation. This type of heart action is produced only by small 
doses; and the excessive energy of the drug, the many preparations 
of strophanthus in the market, of varying composition and 

1 Fraser on " Strophanthus Hispidus," Transactions of the Royal Society of 
Edinburgh, vol. xxxv., part 4, p. 974. 

2 Ibid., vol. xxxvi., part 2, p. 401. 
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strength, must introduce an element of uncertainly in its employ- 
ment that cannot be devoid of anxiety. Strophanthus acts three 
thousand times more powerfully on the heart than digitalis so 

that if some still dread digitalis as a dangerous cardiac poison, 
what must be their feelings towards strophanthus. And if it be 
difficult to select an appropriate dose of a drug of but moderate 
energy and only one action, how great must be the difficulty in 
the case of a drug of such excessive potency and possessing a 
twofold action on the heart. Indeed, whether we regard the un- 
certainty of its direction or its excessive energy as a poison, it 
seems difficult to formulate a more forcible indictment against any 
drug than that presented by a bare statement of the facts recorded 
against strophanthus by its most able investigator and most 

ardent advocate. 
But this is not all. Digitalis, as we have seen, acts equally upon 

all muscular fibre, and only more powerfully upon the heart and 
muscles of the arterioles because these organs receive from the 
blood within a given time a larger dose of the drug than the other 
muscles. The conditions as regards the circulation are perman- 
ently similar; and if strophanthus acted on all muscular fibre after 
the manner of digitalis, there would be a similar ratio between the 
action of the two drugs on the heart and on the arterioles, but this 
is not the case. Strophanthus acts three thousand times more 
powerfully on the heart than digitalis, but it acts one hundred 

times less powerfully than digitalis upon the muscles of the 

arterioles.2 There is thus no similarity whatever between the 

action of the two drugs. From the entire absence of any appreci- 
able action by strophanthus on the arterioles, the blood flows 

freely from the arteries into the veins, and any little rise of blood- 
pressure there may be is entirely due to the systole of the heart. 
The typical (therapeutically induced) strophanthus heart has a 
prolonged diastole, so that the arteries have a longer time than 
usual to empty themselves, and as the ventricle has been filling 
during this period, its systole sends an unusually large blood- 

wave into unusually empty arteries?precisely what happens in 
a case of bradycardia. The momentary rise of the blood-pressure 
passes rapidly with the blood-wave down the unfilled arteries; it 

does not, therefore, persist so long as the ventricular systole, 
and is consequently of shorter duration than even the third of 
a cardiac cycle. So evanescent a rise in blood-pressure can, 
however, have no appreciable effect either on general metabo- 

lism or upon that of the myocardium. Herein the action of 

strophanthus differs most essentially from that of digitalis; and 
from the absence of any improvement in the metabolism of the 

myocardium, the stimulating action of strophanthus must tend still 
further to exhaust it instead of strengthening it. 

1 
Fraser, op. cit., vol. xxxvi,, part 2, p. 403. 2 Ibid., pp. 438, 453. 

t 
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Remembering this, the remarkable twofold action of strophan- 
tus on the heart is easily understood. In large doses it exerts its 
own poisonous energy unchecked and forces the heart into fatal 

systole. In minimum lethal or so-called therapeutic doses strophan- 
tus exerts a less powerful stimulation on the myocardium, with a 

type of action in which slowing of the rate is produced by prolonga- 
tion of the diastole, and by occasional pauses in extreme diastole, 
both auricular and ventricular expansions and contractions being 
at the same time increased. 

This tendency to arrest in diastole is not due to any action on 
the cardio-inhibitory apparatus, because paralysis of the intra- 

cardiac terminations of the vagus by atropine does not prevent its 
occurrence. It cannot be due to the action of the drug on the 
myocardium, as that would imply that in small doses strophanthus 
is capable of exerting an action on muscle diametrically opposite 
to that which it undoubtedly exerts in large doses. Accordingly 
Eraser has suggested that this diastolic type of action is due to a 
weakening of the excito-motor (katabolic) nerve structures. But 
so far as I am aware there is no evidence extant to show that 

even section of the sympathetic, excito-motor, or katabolic nerve 
does slow the heart's action, or in any way promotes slowing of the 
heart or its arrest in diastole. Before accepting 

" 

weakening of 
the excito-motor nerve structures" as explanatory of this peculiar 
type of action, it must therefore first be shown that this " weak- 

ening 
" 
does occur, and, second, that it is capable of acting as Fraser 

has suggested. There is, however, another explanation of this 
diastolic type of action which is in complete accordance with the 
facts, though it is not an explanation that can be regarded as very 
comforting to those who regard strophanthus as an important 
therapeutic agent. Strophanthus undoubtedly exercises a powerful 
stimulating action on the myocardium, an action which is three 
thousand times more powerful than that of digitalis, which forces the 
heart into energetic movements of expansion and contraction, but 
which is not associated with any important rise of blood-pressure, 
and is unaccompanied by any improvement in the metabolism of the 
myocardium. A large dose of the drug speedily forces the heart 
into fatal systole, but a minimum lethal or so-called therapeutic 
dose causes a slow action of the heart with prolongation of the 
diastole. During this prolonged diastole two or three auricular 
contractions overdistend the ventricle, which then empties itself 
with all the force it can still command. The contractility of the 
heart is not destroyed, but it is exhausted, and requires a more 
than usually powerful stimulant to rouse it to action. Rhythmic 
contractions occur spontaneously at long intervals under the 
influence of overdistention, even during prolonged standstill in 
diastole the ventricle can still be made to contract perfectly by 
mechanical irritation, and contractility only finally disappears 
when, after a long period of suspended action, the overdistended 
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ventricle slowly and finally empties itself, shrinking to normal or 
smaller than normal dimensions.1 Such a heart affords a typical 
example of a heart dying from exhaustion, the cause of which is not 
far to seek. Forced into increased energy in its movements, without 

any corresponding improvement in its metabolism, the heart has 
been compelled to draw upon its reserve, and when this fails death 
from exhaustion speedily follows. When death occurs in fatal 

systole after the administration of strophanthus, the cardiac muscle 
is found to be acid and to be so profoundly modified that it passes 
at once into a state indistinguishable from that of rigor mortis,? 
it is fatally poisoned. On the other hand, when a minimum 
lethal dose is administered the contractility of the heart is not 

abolished, and the myocardium still remains neutral or alkaline to 
the last.2 

It has been claimed that strophanthus is not cumulative. As we 
have just seen, it may be injurious or even fatal without warning, 
and from this point of view there may be worse things than the 
warning we get of approaching saturation from those symptoms 
we are accustomed to ascribe to accumulation. 

It has also been claimed that the absence of any action on the 

arterioles is to be reckoned to the advantage of strophanthus in 
those numerous cases in which vascular stimulants require to be 
conjoined with digitalis to prevent any untoward rise of blood- 
pressure. But apart from those evils already referred to, which 
are caused by this absence of action on the arterioles, we know 
that though improvement in the cardiac metabolism is the one 

thing needful in all cases of heart-failure, it is of paramount 
importance in the class of cases just alluded to, because in them 
the heart-failure is due to the inability of the heart to cope un- 
aided with the obstacles opposed to the exercise of its function. 
The employment in such a case of a drug like strophanthus, whose 
action is to stimulate and exhaust the reserve energy of the heart, 
must tend still further to enfeeble that organ, and persistence in 
its use must be most damaging to the integrity of the organism. 
On the other hand, the judicious combination of vascular stimu- 
lants with so powerful a cardiac stimulant as digitalis enables us 
so to regulate the blood-pressure as to keep it equable and 
efficient throughout the whole cardiac cycle, to the manifest 

advantage of the cardiac metabolism, and this, too, without 

any risk of the blood-pressure ever becoming so high as to be 
injurious. 
The action of strophanthus is thus, like that of all its congeners 

of the Apocynacese, that of a cardiac poison, and not a cardiac 
tonic. In large doses?though from the energy of the drug such 
doses may be really small?it forces the heart into a fatal systole. 
In smaller doses it stimulates the heart to increased action, and 

1 
Fraser, op. cit., vol. xxxvi., part 2, p. 419. 

2 Ibid. 
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by calling on its reserve of energy without improving its metabolism 
it causes death in diastole from exhaustion, and the more feeble 
the heart is the greater the risk attending this peculiar action. 
Strophanthus may occasionally be of use in cases of ruptured 
compensation, but any assistance which it gives is at the expense 
of the cardiac reserve, and the patient is only saved from serious 
disaster by the benefit he has derived from rest, warmth, and 
nutritious food,?that is, by the improvement in his environment 
generally. 

Strophanthus is thus at all times an uncertain and dangerous 
drug to employ, and one entirely unworthy of being called a 

remedy. 
It is quite otherwise with digitalis. This drug does not act by 

calling on the reserve of cardiac energy; but by improving the 
metabolism of the organism generally, and especially of the myo- 
cardium, it adds to this reserve, and aids any improvement in the 
environment, not only to tide over a temporary disability, but 
also to restore the myocardium to such a condition of comparative 
health as will enable it to withstand all the deteriorating influences 
to which it may be exposed. 

It is difficult to conceive a greater contrast than that which 
subsists between the action of these two drugs, and the more 

carefully the actions of both are considered, the more markedly 
these differences will be found to be accentuated. 

The President said he would be glad to hear any remarks from 
Members present on this most important communication on the 
action of digitalis and strophanthus on the heart. 
Dr Graham Brown said he rose simply to say he was quite sure 

the Society wished to thank Dr George Balfour for the very able 
and excellently clear statements that had been made. He was 

quite sure they would recommend themselves to all who had 

attempted clinically to make use of the drug. 
Dr James Ritchie said he rose to thank Dr Balfour for having 

formulated the reasons for digitalis being so very much more 
useful than strophanthus. He would have liked at the same time 
had Dr Balfour given his experience of strophanthus, because it 
would have been satisfactory to have heard a little more about 
the cases in which that drug had been used with benefit. He 
had often remarked to Dr Balfour that in cases in which he 
wished to obtain a rapid action he could get it by strophanthus 
much more readily than by digitalis. He found, however, that 
in continuing with strophanthus he did not get beyond a certain 
point of improvement, whereas by long-continued use of digitalis 
he got a very marked continuous benefit, so that after months 
the heart was left in an improved condition. The patient was 
benefited only for the time being by strophanthus. In one class 
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of cases he had not found digitalis of use, even a very distinct 

disadvantage, because of its action on the bloodvessels, viz., 
those accompanied by angina, and in those cases he had found 

strophanthus beneficial; but then one had to acknowledge that 
it was necessary to go on continuously with the drug. There 
were certain cases, however, in which they had to go on using 
digitalis continuously. He should like to have Dr Balfour's 

opinion of the relative merits of the drugs in aortic incompet- 
ence. From what Dr Balfour had stated to-night he felt 

encouraged to go on using digitalis. 
Dr Leith said he thought the Society should not allow this dis- 

cussion to languish. He hardly cared himself to speak except 
to express the hope that some other Members would do so. He 
did not hear the beginning of Dr Balfour's statement, having been 
unfortunately kept by a case as to which he had great doubt 
whether he should give strophanthus or digitalis. He gave 
strophanthus?he hoped he was not wrong. From what he had 
heard he did not think Dr Balfour had proved his contention 
at all. That he had proved some of it they might allow. 

Probably digitalis was the better drug of the two, but that it was 
always superior to strophanthus he thought might be doubted. 

They all listened to Dr Balfour's opinions with pleasure and respect, 
but even from him they could not accept statements, however well 
expressed, as convincing unless supported by sufficient proofs, and 
this he thought Dr Balfour had failed to give. There were many 
points touched upon by Dr Balfour to which he would like to draw 
attention, but he would content himself by referring to his state- 
ment that single doses of strophanthus did not stimulate the heart 
to contraction, but that the result of many continued doses was a 

single huge contraction, which left the heart exhausted. Could 
that possibly be true ? His own experience, gained at the bedside 
and in the post-mortem room, supported another and more benefi- 
cial action. He had seen cases in which the heart was found post- 
mortem to be in a marked state of fibroid or fatty degeneration, 
which during life answered admirably to every dose of strophan- 
thus. He could particularly recall one case which was enormously 
benefited by it. The patient had a very weak heart, and was 
frequently threatened with complete cardiac failure. He improved 
greatly under strophanthus, as shown alike by his subjective 
sensations, the pulse tracings, and the physical examination of his 
heart. It enabled him to tide over difficulty after difficulty, and 
apparently kept him alive much longer than had been hoped. On 
his ultimately succumbing, it was found at the post-mortem that 
the cardiac muscle showed a high degree of fibroid degeneration. 
Could Dr Balfour's contention be right in the light of even one 
such case as this ? If the administration of strophanthus had 
merely enabled the heart to contract at intervals once more power- 
fully than usual, and then left it exhausted, would it not have 
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injured instead of greatly assisting liim ? Could he have gone on 
for six weeks or two months taking a cardiac poison when his heart 
was, unaided, unable to do its proper work ? He feared he must 

object pretty strongly to this part at auy rate of Dr Balfour's 
dictum. 
Br Lockhart Gillespie said he did not want to enter into the tilt 

against strophanthus, but would like to ask one question. He 
did not think Dr Balfour mentioned, or only shortly, the diuretic 
action of strophanthus. He thought Prof. Fraser had shown 
that it had a strong diuretic action. The fact that it did not 
raise arterial pressure, while, on the contrary, the diuretic action 
of digitalis was largely due to increased pressure in the blood- 
vessels of the kidneys, might be of great use in treating many 
cases. He would ask Dr Balfour if he had found many cases 
which could not tolerate very small doses of strophanthus, and 
yet could tolerate digitalis, and this apart from the action of these 
drugs on the heart. He had lately seen a case of weak heart with 
a practitioner in town. They gave small doses of strophanthus. 
After receiving two doses the patient became very sick. He 

changed it to the tincture of digitalis, which was tolerated. One 

got good out of strophanthus by beginning with it and carrying 
on with digitalis afterwards. He did not think Dr Balfour 

mentioned the cumulative action of digitalis. What was a small 

dose for one patient was not small for another; and if they were 
not careful with digitalis, untoward symptoms in aortic incom- 
petence or other heart disease might occur. 
Br Balfour, in reply, said that he looked upon strophanthus as 

so dangerous a poison that he was not disposed to recommend its 
use under any circumstances. In regard to its supposed diuretic 
action, he begged to remind the Fellows of the Society that in 
heart affections diuresis occurred, under favourable circumstances, 
without the administration of any drug whatever. In the course 
of a few months he hoped to bring before them a whole series of 

cases in which no drug whatever had been administered beyond a 
free supply of potash water. Yet in them the pulse-tracings 
would be found to show a gradual rise of blood-pressure, while 
copious diuresis would be found to accompany the general 
improvement of the condition. It was a mistake to suppose that 
because a certain drug had been given, all the benefits that followed 
were due to it alone. Strophanthus did not improve the cardiac 
metabolism, and acted only by calling on the cardiac reserve. It 
was therefore always a dangerous drug, and ought, he thought, to 
be expunged from the Pharmacopoeia. In regard to Dr Ritchie's 
notion that digitalis was not always useful in angina, angina was 
only a symptom, and arose from such various causes that digitalis 
could not be expected to be useful in all. When, however, it 
arose from cardiac debility no drug was so useful as digitalis. It 
was facile princeps. Of course, when angina occurred with a feeble 
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myocardium and a high blood-pressure, digitalis had to be con- 

joined with a vascular stimulant; if this were not done harm 

instead of good would result. With this adjunct the metabolism 
of the heart was improved, the debility of the myocardium 
remedied, and the angina cured, as he had seen in scores of cases. 

As for the cumulative action of digitalis, every drug was cumula- 
tive. Even Epsom salts might be administered in cumulative doses 
till they brought on diarrhoea. Digitalis was also cumulative, and 
its symptoms varied with the dose. One old friend of his, an old 
gentleman over 70, had a difficulty in going up even a short stair 
from a slightly dilated heart. This patient took a single grain of 

digitalis every night for over two years. At the end of that time 

the only sign of accumulation that appeared was a bigeminal 
pulse, and this peculiar symptom rarely troubled him except after 
food, and chiefly after breakfast. The digitalis was stopped, but 
it had done its work; and the old gentleman could now run up 
three or four pairs of stairs without the slightest difficulty. He 

recommended all those who had any leanings towards strophanthus 
to study Fraser's papers in the Transactions of the Eoyal Society 
of Edinburgh, and he thought if they did so their ideas in regard 
to strophanthus would undergo considerable modification, and 

digitalis, which had been gradually winning its way to the front 

during the last 150 years, and was only now beginning to be 
recognised as facile princeps of all cardiac tonics, would have 
some chance of having its actions more carefully studied. It was 

doubtful if there was another drug in the Pharmacopoeia which 
was so useful. Certainly within its own range there was none more 
so, nor any whose action could be more easily regulated and con- 
trolled. 


