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ON DIGITALIS. 17

by little to their normal state. In almost every case which
they experimented on, the history was exactly the same. In
these experiments we note a steady diminution of the respira-
tions, temperature, pulse, and intensity of cardiac beats, with
increase of the amount of urine, these effects reaching their
maximum in twenty-four to thirty-six hours, and then
gradually disappearing. The effects of digitalis upon other
mammals and man seem, ceeteris paribus, to correspond closely
to those on horses, except that in the latter, and in herbivora
generally, there is no vomiting,

Having given this description of its general action, I will
now consider its action on various organs more in detail.

On the Blood.—Magendie! states that decoction of digi-
talis, when mixed with blood, prevents its coagulation, and
Thackrah,® that it suspended coagulation, and the clot at
length resulting was black. Davy says that 3ss of extract
of digitalis in 3j. of water, added to 3ii. of blood as it flowed
from the arm, gave it the consistence of paste; after thirty-
six hours it appeared much the same; on the following day,
the lower part was more viscid, as if from subsidence of
fibrin—it was coagulated on dilution with water. Tt is im-
possible to draw any definite conclusion from these state-
ments, as to whether it has any specific action on the blood
or not, as the prevention or suspension of coagulation in the
first two cases may have been merely from dilution, and
the black colour of the clot may be due to the colouring
matter of the decoction. In the third case, the prevention of
coagulation seems due to the viscosity induced by mixing the
sticky extract with the blood, and as soon as this mechanical
effect was removed by dilution, the blood coagulated. Orfila®
found, that after poisoning dogs with watery extract of digi-

1 Quoted by Lancet, 1837.

? Orfila’s Toxicology by Waller, 1817, vol. ii. p. 231.
[ -



18 ON DIGITALIS.

talis, the blood was fluid in all the five cases in which he
mentions its condition, He concludes that ¢ alcoholic (re-
sinous) extract appears to act especially on the heart or
blood, since this fluid is constantly found coagulated immedi-
ately after death, whenever this extract has been applied to
the cellular tissue, or introduced into the stomach.” This
conclusion appears to be rather more general than facts, at
least those which he details, warrant, as in five cases he found
the blood coagulated in both ventricles only in one case, in
the right ventricle completely in one, and partially in another,
while it was fluid in the left ventricle in both these cases,
and in both ventricles in two others. In four cases in which
dogs were poisoned with digitaline, I found the blood coagu-
lated in the right ventricle, the other being empty in omne
cage, partly fluid and as if curdled in both ventricles in
another case, and quite fluid in two others.

‘What is wanted in this subject, however, is not so much
loose observations of this sort, but definite experiments on
the changes of the chemical relations of the blood in regard
to the interchange of gases, such as Bernard made in reference
to woorari, and Harley has lately been doing with several of
the organic alkaloids.

On the Circulation.—Before considering the effect of
digitalis on the circulation, it may be advisable to glance at
the cause of the pulse, and the arterial tension and the
modifications they undergo.! The pulse is the feeling of a
sudden rise experienced by the finger when it presses on an
artery, and is caused by the wall of the vessel, which had
lost its cylindrical form under the pressure, becoming tense
and bard each time that the arterial tension is raised by a
systole of the heart, and tending to regain its original form

! Marey, Physiologie Medicale de la Circulation de Sang.



ON DIGITALIS. 19

in which all the points in its wall offer an equal resistance
to the intense pressure of the blood within.

The arterial tension on which the pulse depends, is the force
expended by the heart, put in reserve by the aorta and large ar-
teries, and regulated by the elasticity of these vessels. If the
arterial system were empty, and the heart began to beat, the
blood which it sent into the arteries would remain there, very
little escaping by the capillaries,’ as the arteries would have no
tendency to contract and press it on between each systole. As
they became fuller, however, their elastic force or the arterial
tension would increase, sending more and more blood through
the capillaries, till the quantity escaping through between
each systole exactly equalled the amount driven in each time.
The arterial tension would then remain nearly fixed, or at
least steadily oscillating round one point, becoming somewhat
increased as each wave of blood was sent in from the heart,
(each wave being equal, not only to the blood escaping by
the capillaries during its continuance, but to that escaping
. during the interval, in addition; this additional amount of
blood distends the arteries, and increases their tension), and
becoming somewhat diminished as it escaped from the capil-
laries. The arterial tension may be altered in two ways:
(1.) If, while the cardiac pulsations remain the same (a) the
capillaries be somewhat dilated, the blood will escape more
. quickly, and the tension will be diminished. (b) If the
capillaries be contracted, less blood will escape, and the ter-
sion will be increased. :

(2.) The capillaries remaining the same, (a) if the beats of
the heart be reduced in number, less blood is sent in, and
the tension falls ; if they be increased, the tension rises.  (b) If

1 Wherever I use the word capillaries, I do so in a general sense, and
without entering into the question as to the difference between capillaries

properly so called, and small arteries, so that if contractile power be
denied to capillaries proper, the word may be read ‘‘ small arteries.”
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the wave of blood sent in at each pulsation be increased in
size, the tension rises; if it be reduced, it falls. The arterial
tension or force with which they tend to drive the blood
through the capillaries, is easily measured by the heemadyna-
mometer, and its amount expressed in inches of mercury. It
is obvious, then, that the arterial tension is the product of
two factors, viz.—1. The amount of blood pumped into the
arteries by the heart in a given time. 2. The amount of
blood escaping through the capillaries in the same time.
This was clearly enunciated by Blake,' and more fully worked
out by Marey. The first factor depends on the amount of
blood in each wave, multiplied by the number of waves in
the given time. The second, only on the size of the capil-
laries, and the rapidity of the flow of blood through them,
and this latter, again, depends on the arterial tension.
INFLUENCE OoF RESPIRATION ON ARTERIAL TENsIoN.—If
inspiration and expiration be made with difficulty, as, for
instance, by closing one nostril, and thus obstructing the
passage of air, the arterial tension rises with expiration, and
Jfalls with inspiration. But if respiration be freely performed
as with open mouth, the tension rises with ¢nspiration, and
falls with expiration. This difference is due to the pressure
upon the aorta and large vessels of thorax and abdomen.
The enlargement of the thoracic cavity during inspiration
causes a vacuum which is at once filled by the external air,
if there be no obstacle to its entrance, and thus no great
suction is exerted. If the air enter with difficulty, the en-
largement of the thoracic cavity by the respiratory muscles,
acting like the withdrawal of the piston of an exhausting
syringe, greatly lessens the internal pressure, and causes
much suction, the blood is drawn to the aorta and large
vessels of the thorax from the periphery, and the tension is
much diminished. During expiration, the contractility of

1 Edin, Med. Journ., 1839,
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mental states, and that to a considerable extent in a person
of nervous temperament. As to the secondary acceleration,
it is perfectly true that you often find, on looking over a
table of the pulse, a seeming acceleration of the pulse on the
second or third day after beginning to take digitalis, yet it
is to no great extent and not greater than we find in health,
Though the primitive acceleration be denied by almost all
authorities, few doubt that digitalis causes retardation of the
pulse either immediately or in the course of a few days. 1
have found that my pulse was sometimes quicker, sometimes
slower, while I took small doses of digitaline, but that under
larger doses there was marked lowering of the pulsations.
This lessening of the number of beats may have two causes
1st, It may be central, from the heart being primarily
affected by the drug, and contracting more slowly. 2nd, It
may be from contraction of the capillaries opposing a greater
resistance to the passage of blood, and by thus requiring
greater propulsive force, slowing the heart’s action according
to the physical law, that what is gained in power is lost in
speed. If the latter were the case, the blood flowing slowly
through the capillaries would cause the arteries to become
full and tense, the heart would be able only slowly to distend
their resisting parietes, and that only to a small extent ; so
that if we applied a sphygmograph to the artery, we should
find the line of ascent very oblique, the height of the curve
- small, and the line of descent also very oblique. But thisis
not the case, for if we examine the tracing taken on March 15,
we observe that while the pulse is slow and the duration of
each beat long, it presents the very opposite characters of those
we have mentioned, the line of ascent being sudden and abrupt,
the lever rising so rapidly that its wis viva carries it too far,
so that in its descent it makes a point; the height of the
curve is great, and the line of descent is sudden and dichrotic.
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We see that the pulse in Daniel G. presents the same
characters. From these facts T believe we cannot avoid the
conclusion that it exerts a slowing action directly on the heart.

In poisoning by digitalis the force of the pulse bears no
relation to that of the heart's impulse; for while the latter is
strong and hammering, the former is small, thready, and
nearly imperceptible. Marey! gives this law, ¢ The force of
the pulse is not in correspondence with the energy of the
ventricular contraction, but is regulated by the state of the
circulation in the ultimate ramifications of the wvascular
system.” The force of the pulse increasing with the arterial
tension and diminishing along with it, the weak pulse that
occurs in digitalis poisoning is due to the low tension; and
this, again, as we shall see hereafter, probably depends on
the relaxation of the capillary system, and the rapid transit
of blood through it.

On the Heart.—Having seen that digitalis exerts a prim-
ary influence on the heart, the question now arises, What is
this action? And, fivst, as to its force. Does digitalis weaken
the muscular power of the heart? Does it increase it? or
does it do neither, but simply lessen the number of pulsations,
either by diminishing its irritability, and so rendering it
less sensitive to the stimulus of the blood, or by increasing
the power of the regulating part of the nervous system ?

Very different opinions have been held on these points by
different authors. Stannius? says, that after the injection of
a strong dose of digitalis, there is at once a surprising feeble-
ness of the cardiac pulsations, which soon changes into paraly-
sis of this organ, at first partial and then complete ; and this
he attributes to paralysis of its muscular contractility, rather
than to any affection of its nervous arrangements.

1 Marey, Physiol. Med. de la Circ. de Sang, p. 235.
* Stannius quoted by Homolle and Quevenne, p. 234.
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Kolliker,! Dybkowsky, and Pelikan hold a similar view.
On the other hand, many observers have been inclined, by
clinical observation and physiological experiment, to think
that digitalis acts rather by increasing the power of the
heart ; and that it causes death not so much by paralysis as
by spasmodic contraction. Among others who have held
this doctrine of stimulation may be mentioned Kinglake,
Briquet, Handfield Jones, Fuller, Winogradoff, and Traube.
This opinion has been founded on the observation that
digitalis strengthens the weak and dilated heart, and is
injurious in hypertrophy, on the increase of the arterial pres-
sure often observed after its injection into the veins, and on
the contracted state of the ventricles found after death con-
stantly in frogs, but only occasionally in the mammalia.
Mosman thinks that it acts by diminishing the muscular
irritability of the heart, and thus lessening the number of
pulsations without diminishing their force. Others believe
that the slowing of its action is produced through the ner-
vous system, and probably by an increased action of that
part of it which exercises a regulating influence.

The settlement of these questions is of extreme importance,
in reference to the medicinal administration of digitalis, in
cases of weak heart. In order to their solution, let us con-
sider what would be the effect of increasing the muscular

power of the heart. Supposing that the size of the capillaries
~ and the number and size of the waves of blood remained the
gsame, but the muscular power of the heart were increased,
how would the arterial tension be influenced ?

The power of the heart being greater in proportion to the
- resistance it has to overcome, it would act with greater
abruptness, and force the wave of blood more quickly into
the arterial system ; and as thus less blood would escape from

1 Carpenter’s Physiology, p. 229.
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the capillaries during the time of its systole, the arteries
would be more distended and the tension higher. This
greater amount of arterial tension, in its turn, would force
the blood more quickly through the capillaries at first, and
the tension would rapidly diminish ; but as the rapidity of
the flow of blood would proportionally decrease, the amount
passing through the capillaries in a given time would be
much the same, and the mean arterial tension much the
same, but the oscillation much greater. If now the capil-
laries be contracted, we will have the same phenomena with
a higher mean arterial tension, and if relaxed, a lower ten-
sion. We would also say, that when the capillaries are
contracted, less blood escaping by them during the systole,
there would be more surplus, and the height of the oscilla-
tion still farther increased ; but the reverse when the capil-
laries were relaxed. But what would be the effect of
increasing the size of the wave of blood, the muscular power
remaining the same? The increased quantity of blood would
take longer to be driven in, the oscillation would not be
abrupt, and, in fact, it would merely cause a higher mean
tension. The increase of the wave, along with the increase
of force, would cause a similar effect.

Intermittence or slowness of the pulse would cause greater
oscillation, the long interval allowing the escape of more
blood from the eapillaries; the tension would fall much.
From the length of the interval, the heart would have re-
ceived more blood than usual, and the succeeding wave would
be larger ; but there being more room for it in the arterial
system, it would not raise the maximum height of oscilla-
tion much, if at all, above the normal. If the force of
the heart were lessened, the opposite results would take
place, and the oscillations be less abrupt and of smaller am-
plitude.
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was employed by Winogradoff, and which registers at once
both the cardiac pulsations and the respirations, and com-
paring its indications with those which we have seen would
occur from increase or diminution of the heart's force, the
problem might be solved with mathematical accuracy, not
only for digitalis but for any other poison.

Though unable at present thus to afford complete proof of
the increase of force, there is another line of argument open,
—viz,, the effect of increase or diminution of the contractile
power of the heart upon its impulse. If the contractile
power be increased relatively to the resistance to be overcome,
or arterial tension, the contraction will be rapid, and the
heart’s impulse abrupt and strong. If the power be lessened,
the contraction will be slow, and the impulse consequently
weak.

Though this necessarily follows from physical laws, some
might yet be inclined to urge as an objection—* But you
find this strong and abrupt impulse in nervous palpitations
and weakly persons, and is it to be supposed that the power
of the heart is increased in these? But in these cases,
though the power of the heart be not absolutely increased, it
is relatively to the resistance, for the arterial tension in these
cases is low. After the administration of digitalis, we find
not only that the impulse is abrupt and strong, showing in-
creased power relative to the tension, but that the tension
itself is increased (Exp. V. 3. 25" 50”), and the absolute in-
crease of contractile power is completely proved.

From the nature of the impulse generally remaining much
the same till the last, or nearly so, the power of the heart
appears to be relatively increased all along; but as the ar-
terial tension, though it may be increased at first, greatly
diminishes afterwards, the absolute force of the heart may
be, and probably is, very greatly diminished before death.
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From his observations on the effect of small doses, such
as slow the heart's action, Winogradoff found that no change
was produced ; and as I found (Exp. X. 12, 35" 20”) that not
only was there no change in the mean pressure, but none in
the oscillation, and the breathing quiet, though the pulse had
fallen from 140 to 78, though not certain, I am strongly in-
clined to believe that the force of the heart is meither in-
creased nor decreased. Later on, and after a farther dose, as
at 1.20°, T am inclined to think that it may be feebler, though
possibly it is only because the pulsations are more frequent.

The observation of Stannius, that after a strong dose of
digitalis a surprising weakness of the cardiac pulsations be-
coming finally;complete paralysis is observed, may be true in
regard to overwhelmingly large doses; and in the sheep,
which I killed by 2 grains, the condition of the heart was not
noted, but in general the impulse is increased, so generally
in faet, that often I have not noted it, looking on it as to be
always expected.

(2) On the Heart's Rhythm,—Dybkowsky and Pelikan!
found in frogs which were poisoned by digitaline (or other
cardiac poisons, producing an identical effect), the rhythm
of the heart was at first unchanged, but soon after three,
five, or ten minutes (according to the poison), irregularity
was noticeable. This was of two kinds—(1.) The ventricular
contractions became peristaltic, so that after the contraction
of the auricles, the ventricle did not contract as a whole,
but first its upper third, whence the contractions gradually
passed down to the apex; but before this had contracted,
the upper third was again dilated. Two or three minutes
before complete paralysis, the contractions became still more
irregular, so that the upper or right half was dilated, while the
lower or left half was contracted, and sometimes the auricles

1 Mem. de la Soc. de Biologie, t. 3, ser. 3, p. 97.
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did not contract simultaneously. Finally, when the ventricle
completely stopped, one or more palpitating points could still
be observed in it.

(2.) The second form, which was especiallyynotable in
poisoning by digitaline and green hellebore, consisted in a
notable diminution of the number of beats, the heart con-
tracting regularly, but very slowly, just as under galvaniza-
tion of the vagi. Thissometimes happened before peristaltic
movements occurred, or even after their appearance. Fagge
and Stevenson! found that the beats are not necessarily
diminished, and sometimes the ventricle contracted only
once for two pulsations of the auricles, and often one part,
generally the apex, continued white, and contracted while
the rest dilated regularly. They also observed palpitating
points, such as Dybkowsky and Pelikan had described, and
liken them to little erimson pouches on the white contracted
ventricle. All these observers found that the ventricle
stopped always in a state of firm contraction.

(3) Impulse.—~The cardiac impulse seems almost invari-
ably to beincreased hoth in the lower animals and man, and
becomes abrupt and hammering.

(4) Sounds.—When digitalis is given in poisonous doses,
after the pulse becomes intermittent, a change is noticed in
the cardiac sounds, there being first a vibratory thrill, and
then a blowing murmur with the first sound. The first I
have not observed ; but Dr Gamgee felt it in a dog on which
I was experimenting. The blowing murmur with the first
sound I have noticed several times. It occurs in horses,
dogs, and the human subject, and probably in all mammalia.
It is probably due to mitral or tricuspid regurgitation from -
irregular contraction of the musculi papillares. I noticed it
in one dog after section of the vagi and before digitaline was

1 Proceed. Roy. Soc., vol. xiv., 270.
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observers, if any, have noted a higher rise of the arterial
pressure than 81 inches, which was the maximum of oscilla-
tion in this case, when they injected preparations of digitalis
into the veins, so that they passed through the heart first be-
fore getting into the systemic circulation ; but on one oceasion
in which Mr Blake injected infusion of digitalis into the
carotid, pushing it with some force, so that it entered into
the systemic circulation, and had thus an opportunity of act-
ing on the capillaries before reaching the heart, the pres-
sure rose to 12 or 14 inches. From all these facts, I think,
we must conclude that it really possesses the power of con-
tracting the capillaries which Mr Blake assigned to it.

As the poisonous action of digitalis becomes more fully
developed, the capillaries become dilated (and probably para-
lyzed), the arterial tension falls, and, there being less re-
sistance, the heart's action becomes pari passu (Bouley and
Reynal) more violent, while the arterial pulse becomes more
weak and small, and often seems rather a kind of indistinct
wavering, than decided strokes. The objection may be raised
that this is due to the rapidity of the pulse, and the small
size of the waves of blood ; but we find that the heart is act-
ing powerfully, and if the capillaries were either of the same
size or contracted, the impulse being brisk, the waves of blood,
however small, would each give a distinct stroke to the finger,
as is shown by Marey.? Owing to this dilatation of the
capillaries, and the easy transit of blood through them, we
find that almost immediately after death the arterial system
is empty, and the venous full and turgid. ~From the patency
of the capillaries less of the force of the heart will be ex-
pended in foreing the blood through them, and we would
expect to find a higher pressure in the veins, at least, if the
heart be not much weakened. This I have not yet been able

1 Marey, op. cit. p. 243.
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boldly declares that ¢ there is no proof that digitalis pos-
sesses diuretic properties, the reputation conferred upon it to
this effect by Withering having been accepted without dis-
cussion ; and that the diuresis, which often follows when an
amelioration of the condition of the circulation has been pro-
duced by it in organic disease of the heart, is only a mediate
effect resulting from the return of the circulation to its nor-
mal condition.” The observations on its diuretic effect, espe-
cially in anasarca, and to a less degree in effusion into serous
cavities, are so numerous that we can hardly doubt its ex-
istence. Among others who have remarked it, may be men-
tioned Christison, Andral and Lemaitre, and Hervieux. Seve-
ral, who admit its diuretic action in disease, entirely deny its
possessing this power in health,—as, for instance, Krahmer,
Kluyskens, Vassal, and Shohl. Othersagain, as Pereira, say
that it sometimes acts as a diuretic even in health. Joerg,l
who experimented on several healthy persons, men, women,
and children, found the urine increased, with only one excep-
tion. Hutchinson, in experimenting on himself, found it in-
creased in three experiments. Hammond, from a three days’
observation, says that the amount in health was 1474 cub.
cent., and, after taking 60 drops daily of the American tine-
ture, found it was 1822. The amount of water in the ingesta
was not determined. Bouley and Reynal, and Dupuy and
Delafond noted the diuretic action in health markedly on
horses. In my own case, I found that, with small doses, the
urine varied just as my pulse had done, being generally
increased to a slight extent while I took the digitaline,
but sometimes not, while, with large doses, the diuretic
effect was marked, as will appear from the following
table :—
! Joerg, Archives de Medicine, prem. ser. t. xxvi, p. 107 (H. & Q.)
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the regulating system only. This theory was very generally
adopted for some time, but Winogradoff, finding from experi-
ments with the heemadynamometer, that when the instrument
was inserted into an artery, and the vagi stimulated so as to
cause slowness of the pulsations, the arterial tension im-
mediately fell; while, when the slowing was produced by the
injection of digitalis, there was neither increase nor diminu-
tion of the tension, concluded that Traube's view was
erroneous, and totally denied that the slowing of the pulse,
produced by digitalis, was through stimulation of the vagi or
medulla oblongata. Traube being thus induced to re-consider
his theory, made some experiments by injecting a weak
solution of woorari into the veins of a dog, and keeping up
artificial respiration to obviate the disturbing influence which
the rise in tension consequent on division of the vagi would
have caused, and then injecting infusion of digitalis, he found
that the tension rose in one instance from 159 to 260
millimetres, attaining its maximum in two or three minutes,
and then gradually declining.

Traube was thus led to re-mould his theory, and to say
that at first there was stimulation of the musculo-motory as
well as the regulatory system, that the arterial tension was
the product of these two factors, and that digitalis finally
paralyzed both ; and here the theory at present stands (as far
as I can find out).

When we look at Traube's first experiments, they certainly
seem perfectly conclusively to prove that digitalis acts through
the wvagus, and this I certainly believe to be the case.
Winogradoft’s denial of this is based on fallacious reasoning,
assuming as he does that because irritation of the vagi does
not possess the same action as injection of digitalis, therefore
injection of digitalis does not produce the same effect as
irritation of the vagi; whereas the action is the same so far
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