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i, 1. ! i linear. Frog's heart, suspension mothod, Upstroke = systole, A—Normal,
1—30 aore. after intravenous injection of min. viii of -5 per ecent. Apocynin in Ringer's
| I | {

solution. OC—After further injection of min, v of the same aolution,
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Fig. 2. % %#linear. Isolated rabbit’s hoart, perfused with Locke-Ringer eolution. A—Perfusion
with plain Locke-Ringor. PB—0Une minute after sabstitution of 1 : 15,000 Apocynin.
i —Ventricular beat ; 8 —Drop-record of coronary outflow ; e—Time in seconds.
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short time after the ventricle remains firmly contracted. Fig. 3 shows the
result of recording by the suspension method at various stages.
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Fig. 3. Heart of docercbrate frog. Buspension  method. Upstroke = systole. Min. wii
l: 5,000 Cynotoxin injected into dorsal lymph sac. A—Normal. B—3 minutes after
injection. C—*§ minutes after injection. D—10 minntes after injection. Time in seconds.

Tracings of isolated frogs’ hearts, perfused with Ringer’s solution
(through the sinus venosus), were also taken ; addition of ffynnll'n_;ciu caused the
development of a precisely similar series of phenomena, to those observed in
the pithed amphibian. To obtain a measure of the ventricular volume under
the influence of the drug, we used Locke’s modification of Williams’ appara-
tus*. This gives an accurate record of the output of the ventricle while the
heart perfuses itself. We found Dixon’s" frog-intestine volume-recorder
very useful with this apparatus. Cynotoxin or Apocynamarin in quite weak
concentration (1 in 500,000 to 1 in 200,000) produces an increased output, and
a very similar sequence of effects to those observed in pithed animals, con-
c¢luding with systolic arrest (Fig. 4). One variation should be mentioned ;
the initial decrease of volume frequently gives way to a secondary dilatation,
the tonus subsequently recovering, and then increasing till systolic arrest
becomes complete, This difference is doubtless due to the fact that, in the
perfusion apparatus, the pressure on the interior of the ventricle remains
constant, and may secondarily distend the ventricle in spite of its systolic
effort. Indeed, with a sufficiently high inflow pressure, a final quiescence in
a condition of distension, simulating true diastole, may be obtained. In
the pithed frog, on the other hand, the pressure falls with the failing output,
and nothing but the efforts of the auricle hinders the passage of the ventricle
into complete contraction.

In addition to this characteristic digitalis-like action on the frog's
heart Cynotoxin or Apocynamarin has a pronounced effect on the plain
muscular tissues of that animal. The action was examined on :(—

1. The plain muscle of the arteries ;
2.  The plain muscle of the stomach.,

* This apparatus was shown at a mesting of the physiological society, but a full deseription
has not yot been published. Through the kindness of Dr. Locke we have been able to use it in the

e l!JLElll"'fi‘ torm.
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For recording the former a fine cannula was inserted into the aorta,
and the vessels washed out with Ringer's solution. The sinus was laid open
freely. The frog was placed in a funnel and its vessels perfused with Ringer’s
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solution under constant pressure. The rate of outflow from the funnel was
recorded with a drop-counter or by collecting in a graduated eylinder. The
injection of Apocynamarin or Cynotoxin into the perfusion cannula caused a
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pronounced diminution of venous outflow. Fig. 5 shows the result of a
comparison between 1 mg. of Strophanthin (known to be a very active
specimen) and § mg. Cynotoxin. It will be seen that the Strophanthin caused

a very slicht slowing, while Cynotoxin diminished the venous ontflow by
about one-half. 1t is, therefore, a much more powerful vaso-constrictor
than Strophanthin. The dose given was, of course, large.

®

Fig. &, < & linoar. Perfusion of frog's blood-vezsels at prossure of 30 em. Rincer's solution
Drop record of outow, drops averaging 6 to 1 ce. At A—1 mg. Strophanthin injected into
perfusion cannula, B—§ mg. Cynotoxin,

The frog’s stomach showed a similar response. The technique employed
was that described by Dixon” when studying the innervation of this organ.
A frog’s stomach, carefully filled with Ringer’s solution, was connected with
a U tube and a slight positive pressure maintained. The other limb of the
U tube was connected to a Dixon volume-recorder. When 1 : 5,000
Apocynamarin was applied to the outside of the stomach the rhythmic
movements were replaced by a prolonged intense contraction (Fig. 6). It
should be noted that larger doses are required to induce good responses in
plain muscle than those which suffice to produce a pronounced effect on
cardiac muscle.

Fig. i < % linear. Volume-record of frog's stomach. Distension-prossura 18 em. of water
1]
|'|-.-[|'-Jic.- = contraction. At | 1 : 5,000 Apocynamarin in gnline solution il!'l'1"'ll to the

eXLoror,
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On skeletal muscle Apocynamarin or Cynotoxin has no effect in small
doses. A muscle-nerve preparation from a frog killed with Apocynamarin
will respond normally when stimulated through the nerve or directly.
Reflexes in the spinal frog are still obtainable for some time after the heart
is systolised. But, like other members of the digitalis series, Apocynamarin
presents a curare-like action if a muscle-nerve preparation is immersed
in a solution of the substance of sufficient concentration. A nerve-muscle
preparation was soaked for half an hour in physiological saline solution,
0:6 per cent., containing a little alcohol (1 ce. in 20 ec.), and sufficient Apocy-
namarin to give a concentration of 1 in 2,000. At the end of this time the
muscle would no longer respond to any stimulus applied to the nerve, but it
was almost normally responsive to direct stimuli. Control muscles, soaked
in physiological saline with the same proportion of alcohol only, responded
normally to both direct and indirect stimulation. The curve obtained by
direct stimulation of the poisoned muscle was slightly flatter than that given
by the control, and showed a trivial prolongation of the relaxation period.

NOTE ON THE ACTION ON THE TOAD'S HEART.

It has been known for many years that the heart of the toad is relatively
very resistent to the poison which the animal’s skin secretes (Vulpian®),
and which is present in a recognisable amount in its blood (Phisalix and
Bertrand®). In its action on other animals this toad poison, ** Bufotalin
(Faust®), resembles the members of the digitalis series, and it was observed
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Fig. 7. % & linear. Toad's heart (Locke-Williams apparatus; Dixon recorder). Perfusion
with o mixture of blood and Ringer's solution. The heart had already been perfused with
1: 22,000 Apocynamarin, and in 1 : 5,000 Strophanthin. A—After return to plain blood
Ringer. B—After 2 hours perfusion with 1: 50,000 Apocynamarin in blood—Ringer.
C—After 16 hours continuous perfusgion with 1: 50,000 Apocynamarin.

that the toad’s heart is aimilark}f resistant to other members of that series
(Vulpian®). It was not surprising, therefore, to find that the toad’s heart is
far less sensitive to Apocynamarin than is the frog’s heart. In one case
a toad’s ventricle continued beating for 18 hours in the Locke-Williams
apparatus, being perfused for the whole time with 1 : 50,000 Apocynamarin,
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destruction of the medullary centres, by section of the vagl, or by adminis-
tration of atropine. The fact that, in the early stages of the action of the
drug on the isolated heart, a very slight slowing }llf'-['-ﬂ.llll'!EH'Iif.':-“u the increase in
amplitude* suggests that there may be a slight action on the peripheral
inhibitory mechanism, as has been stated in the case of other members
of the digitalis series. This action, however, is of altogether subordinate
importance to the effect through the centre, and the efiect of cutting the
vagi is almost equivalent to giving atropine as regards the elimination of the
inhibitory effect. The quickening of the rhythm, accompanied by rise of
blood pressure, in the third stage is clearly due to escape from the inhibition.
We have found no evidence to support Wood's statement that actual
paralysis of the vagus mechanism occurs. Sokoloff* pointed out that with
Apocynum, as with Digitalis, a further injection in the stage of acceleration
causes a temporary renewal of the inhibition. We have ourselves observed
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Fig. 9. x § linear. Cat. 3,592 grm., other. 1 mg. Cynotoxin injected intravenously betweon
.*
A=)

that electrical stimulation of one vagus quite late in this third stage is still
capable of producing a distinet slowing of the beat accompanied by fall of
blood pressure. The explanation originally advanced by Cushny?®, and more
recently adopted by Lhotak von Lhota'®, for the escape from vagus inhibition
of hearts poisoned by other members of the digitalis series, may be applied
to this case also. The heart musele becomes so excitable that the impulses
which reach it through the vagus mechanism are no longer adequate to
produce an obvious retardation. They are not, however, without effect,
for we have convineed ourselves that the heart passes more rapidly into fatal
delirium when the vagi are cut, or when atropine has been injected, than when
the inhibitory mechanism is left intact.

* An actual count made on the record L‘n*-[n'nqhh’:e!ll in FJ',L;:. 17, shows 53 beats betore, 51 Hh-.HI'I]_T
after the beminning of the drug’s action 1n r1|llml time intervals,
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Nature of the effects on the circulatory system.

In analysing the rise of blood pressure during the later stages of the
action, two factors have to be taken into account—increased peripheral
resistance due to vaso-constriction, and increased output of the ventricles.

Action on plain muscle.

The occurrence of very pronounced vaso-constriction can be detected
without graphic appliances ; mere inspection of the exposed intestines, which
become extremely pale during the rise of pressure following injection, 1s
sufficient to show that vaso-constriction not nnl"-,‘ occurs, but is so intense that
it must play a large part in the production of the rise of pressure. Plethys-
mographic records indicate the same. Fig 10 shows such a record from

B o T R e R R T R I e F e e e SR R R O O SRR | W VR R R PR AT B PR PR R et e

Fig. 10. % % linear. Cat. Ether. ([a) Carotid blood pressure. (&) Intestinal plethysmograph.

o ' e y b
(c)] Timemseconds, Hetween | ) -6 me. Cynotoxin injected intravenously.

a loop of intestine. We have found nothing to support Sokoloff’s statement
that the action is produced by stimulation of the medullary vaso-motor
centre, or of the spinal cord. Destruction of the whole brain and spinal cord
did not, in our experiments, diminish the vaso-constrictor action. On the
contrary, by reducing the arterial tone and blood pressure to a low initial
level, this procedure made the effect of Apocynamarin or Cynotoxin more
HlT‘i]{in;j, the lnt'l’l]ml]m'wl vaso-constriction which it [:1‘[;|Iuc'f'c]_ together with
the alteration in the heart-beat, causing a sudden rush of the blood pressure
from its low level to the maximum, as soon as the drug was i!lji‘f'll*l! (Fig. 11).
Nor is the action on any nervous structure between the spinal cord and the
arterial musculature, since, after doses of ergotoxine sufficient to abolish the
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vaso-constrictor effect of adrenaline, which now produced only a fall of
blood pressure, the vaso-constrictor effect of Apocynamarin was unimpaired
as could be seen from the rise of blood pressure and the pallor of the intestines
which it still produced. Measurement of the rate of outflow from the
coronary vessels of hearts perfused by Langendorfi’'s method show that
marked constriction of these vessels also is produced by Apocynamarin and
Cynotoxin. Since there is no clear evidence of the possession of a vaso-
constrictor nerve supply by these vessels this fact points again to the action
of the principle being on the actual plain muscle of the arteries. In this
respect our conclusions are in agreement with those of Wood®, and differ

# & linear. Cat. Cervical cord cut and brain destroyed. Artificial reapiration. Carotid

Fig. 11.
2-0 mg. Apocynamarin in.jm'lc*v;l intravenously,

hlood pressure.  Timoe in 10 sec..

from these of Sokoloff*. Other organs containing plain muscle are similarly
affected, contraction of the muscular walls of the stomach intestine, urinary

bladder, spleen, and uterus being produced. Fig. 12 shows the effect of

adding 1 mg. of Apocynamarin to 250 ce. of warm oxygenated Ringer’s

solution in which a short length of rabbit’s jejunum was suspended so as to
Fig. 13 shows the effect of the same dose on the

pull on a recording lever.
In both cases it is

isolated horn of a cat’s uterus under identical conditions.
seen that the tonus is increased to such an extent as practically to obliterate
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the spontaneous rhythm. Contraction of the spleen was shown in plethys-
mographic records, and in one case wide, rhythmic variations of volume
ap}wm'{\{l, quite i:‘lrh-p{rnfipm. of the blood pressure. Intense toniec con-
traction of the li]"iﬂ:l-t‘j_.' bladder is caused h}' intravenous iﬂj{-(:i-h_n‘:m and, after

Fig. 12. 3 k linear. Isolated loop of rabbit's jejunum. Downstroke of lever = contraction.
:"ﬂ-r 1 mg. Apocynamarin added to the 250 ce. of warm oxygenated Ringer's solution in

which the loop was suspended. At | change to pure Ringer.

i [A ii"” JI'
o A e
I |' i

I.. L & A 3 "y . - & . i
Fig. 13. X 4 lincar. Isolated horn of cat's uterus (non-pregnant). Conditions as in Fig. 12.
At I sdded 1 mg. Apoeynamarin ; at _I change to pure Ringer.

a large intravenous injection, the lumen was practically obliterated. The
effect on the peripheral arteries is, therefore, merely one instance of the
general stimulation of plain muscle fibres,
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Action on the heart.

For studying changes in the output of the heart some form of cardiometer
would appear to be the ideal instrument. Some of the defects of Roy and
Adami’s instrument have been indicated by Cushny?, who pointed out that
a decrease in ventricular volume may be masked by simultaneous engorge-
ment of the auricle. This objection would be overcome by using an instru-
ment which enclosed the ventricle only. Such can be made, and has been
used by several observers, by covering the end of a thistle-funnel with thin
rubber, burning a central hole, and pushing the annular rubber diaphragm
thus formed over the ventrieles, so that its edge grips the auriculo-ventricular
ring. We failed to adjust this instrument so as to exclude, at the same time,
leakage and hampering of the heart’s action. In several cases, when the
instrument seemed successfully adjusted, injection of Apocynamarin produced
a surprisingly small effect both on the cardiometer record and the blood
pressure. In such cases withdrawal of the instrument was succeeded
immediately by the rise of blood pressure characteristic of the action of the
drug. We were more successful with a simple thistle-funnel slipped inside
the opened pericardium, which was tied securely round the rim. The record
shown in Fig. 14 was thus obtained, a small Brodie's bellows being the

Fig. 14. x % linear. Cat. Cardiometer-rocord of ventricular volume. A—Normal. B—After
injection of (-6 mg. Apocynamarin.

recording instrument. Though we were able thus to demonstrate directly the
increase of output, the cardiometer, in our hands, proved less suitable for
following the effect of the drug on the heart through its various stages, for
a very small difference in the adjustment is sufficient to vitiate the record
u-uﬂﬂﬁ;*tvlg_.r. For this purpose we found methods which recorded the muscular
contraction of the heart wall much more suitable.

The course of events is so clearly similar to that described for other
members of the digitalis series that we contented ourselves with recording
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contractions of the ventricles, since there is little room for doubt that
Cushny’s’ analysis of the effect of various members of the series on different
chambers of the heart will apply to this case also. We recorded the con-
tractions of the dog’s left ventricle, in situ by means of Cushny’s modification
of the Roy-Adami myocardiograph, and of the left ventricle in isolated per-
fused hearts of cats and rabbits by the ordinary method of suspending
from the aorta, and connecting the lever to a hook in the tip of the left
ventricle. In the experiments on dogs, which were anmsthetised with
morphia and paraldehyde, a little chloroform being added during the
operative preparation, the blood pressure was also recorded from the carotid
artery. Fig. 15 shows samples of a continuous myocardiographic record, the

.Jll.-l-'-q .'.lh'l!l..l l'.lull‘ "IF"J'JII'HWI

J'.l" Ik
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Fig. 15. % §linear. Dog (5} kilos.). Morphia and paraldehyde. Chloroform. Myocardiographic
record. Injection of 2 mg. of Apocynamarin intravenously. Time = 2 sec.. A—Beforo

and just after injection. B—30 sac. later than end of A, C—96 sac. later than end of B.

changes in blood pressure being indicated by the figures placed above the
tracing. In this instance the preliminary slowing is almost absent though
the vagi were intact. Probably the cardio-inhibitory centre was greatly
depressed by the anssthetic. The apparent periodic il‘[‘{.‘g__',’lilla'l.'['ilil_':-l-IHl the
ventricular tracing before the injection of Apocynamarin were due to the
artificial respiration. It will be seen that the injection of Apocynamarin
caused, from the first, increase both of diastolic relaxation and of systolic
contraction. As the systole continues to gain in vigour the respiratory
undulations become less marked. Section (B) of the tracing shows the period
of maximum cardiac efficiency under the action of Apocynamarin, systole
and diastole being both increased, and the rhythm accelerated, but as yet
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perfectly regular. It will be seen that during this period the blood pressure
rose from the original 110 to 184 mm. Period (C)shows a later stage where
the contractions have become irregular and weak, diastole and systole being
both imperfect. Fig. 16 from a similar experiment shows the stage of un-

Fig. 16 # 4 linpar. From an oxperiment similar to that of Fig. 15, to illustrate the stage of
undulatory blood pressure.

dulatory blood pressure, the undulations corresponding to rhythmic varia-
tions in the amplitude of the ventricular contractions. The condition, which
has been the subject of elaborate analysis by Cushny®?, and has been
produced by him by other means of excitation as well as by digitalis poisoning,
is preliminary to the stage of delirious irregularity. The undulations of blood
pressure, which are usually very regular when they first appear, may dis-
appear for a time, the heart-beat becoming temporarily uniform, and may then
reappear with a different rhythm. They are well seen in cardiometric as well
as in myocardiographic records. These rhythmic variations have been
shown by Cushny to be due to the acquisition by the excessively excited
ventricle of a rhythm of its own, independent of that of the auricle. In his
earlier paper he regarded the variations as being due to the interference
in each chamber of the two rhythms, that initiated in the chamber itself and
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yielded results not immediately accordant with the clinical observation.
Bradford and Phillips', and Gottlieb and Magnus" found that the kidney
vessels did not escape the general vaso-constrictor effect of this drug, and
Brunton and Power®, Pfaff’’, and Marshall”, all found that diuresis was
decreased by the large doses which they administered. 1t has recently been
pointed out by Jonescu and Loewi" that therapeutic doses of these drugs
produce but the slightest, if any, rise of the normal blood pressure, but that
they, nevertheless, produce, especially in rabbits, a greatly increased diuresis,
accompanied by increased kidney volume.

Our experience with Apocynamarin has been, on the whole, of a similar
nature. In the cat and dog large doses (1 mg. or more) intravenously cause
a primary diminution of the flow of urine, which usually, however, gives way
to acceleration. The kidney volume diminishes during the initial retardation
of the urine flow, to increase again beyond the original as the secondary
acceleration occurs. If the drug is very slowly absorbed after subcutaneous
injection it is possible to observe a considerable increase in the flow of urine,
even though cardiac inhibition prevents the rise of the blood pressure beyond
the initial level. Fig. 18 illustrates such a condition in an experiment on a cat.

£ B

Fig. 18. x 2 linear. Cat. Chloroform and ether. {a) Drop record of urinary secretion (bladder
cannula) ; (6) Carotid blood pressure: (¢) Time in 10 sec. A—Normal. B—0 minutes
)

40 seec. after hypodermie injection of 2 me. Apocynamarin,
We found, also, in accordance with the statements of Pfaff and of Jonescu
and Loewi, concerning the digitalis drugs, that the rabbit is far more sen-
sitive to the diuretic effect of small doses o] _"I|.[ara-.-lu'n;_tr|]u!'i1: than the dog or
cat. Fig. 19 shows the effect of intravenous injection of 0-5 mg. of Apocyna-
marin on the flow of urine and kidney volume in this animal. One other
point deserves mention. It has been mentioned by Pfaff, and by Jonescu and
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Lmﬂn._'i, that, after an injection of Digitalis, even when this of itself produced
no dlllll't":ﬁi.'i, as 1s frequently the case in the dog, a subsequent injection of
Caffeine, which of itself has also unusually little effect in the dog, produces
a protuse diuresis. In the case of Apocynamarin the converse seems also to
be true. In a rabbit, after an injection of Caffeine which was in itself but
feebly diuretic, an injection of Apocynamarin produced a diuresis far more

L1 4 118 1ed e i 19
2 a4 3 3 2

Firp 19, ¥ % linear, Rabbit. Urethane. (a) Kidney volume; (b) Carotid blood pressure ;
(e} Drop record of urine flow, and zero of blood pressure ; (d) Time in 10 sec..
1 ] '
Between | — L (5 mg. Apocynamarin injected intravenonsly,

profuse than could be accounted for by the addition of the effects which
the two drugs would separately produce. This appears to be one of the
rare instances where polypharmacy has an experimental, though not, as yet,
a completely rational basis, and deserves further investigation.

Exeretion,

Attempts were made to detect by physiological tests the presence of
Apocynamarin in the urine from the cat which received two doses of 2 mg.
per diem by the mouth for eight days. Three separate samples of urine were
used, but all gave negative results. The question as to whether it is excreted
as such, or destroyed in the body, must, therefore, remain open, though
the negative evidence is, on the whole, in favour of the latter.









