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THE EFFECT OF DIGITALIS ON THE CARDIAC

PERIPHERAL NEURO-MUSCULAR COMPLEX.

I. Introductory and Historical.

The question of the action on the animal organism
of the principles found in the leaves and flowers of
.Digitalis purpurea has long been one of absorbing in-
terest. A glance at the long list of artieles deal-
.ing with researches on the subject will indicate to
some extent the deﬁail with which this question has
been considered. It may not seem obvious that there is
any necessity for investigating this subject agein.
However, as long as there ere detsils of the action
of the drug which are notlwell understood, such inves-
tigation is pertinent. It is with the view of miking
more clear the neature of some of the details that the
present paper is presented.

From & historical standpoint, digitalis is one of
the oldest known drugs in the pharmacopeia todasy. The
use 6f the drug dates back long before the middle of the

‘aighteenth century. It was used by the laity as a
household remedy sometime ¥efore its introduction into






therapeutics. In this connection it was employed
chiefly in the treatment of dropsy. The formal intro-
duction of digitalis into therapeutics may be consider-
ed to have occurred upon the publication of an article
in the year 1875 by W. Withering®®, an( English physi«
cian. This paper "An Account of the Properties of
Foxglove" was based on careful and accurate gbservations
upon the application of digitalis in the treatment of
disease. The chief action noticed in the use of the
drug clinicall& wves the slowing of the pulse. The advance:
of the knowledge of the drug was furthered the following

year by Schiemann.46

,» Whose observations were made chiefly
upon dogs and cats. This work in point ot time might be
considered as the initiation ot a new method as an &id in
the solution of the problems of digitalis action. Thé im-

‘ portant observation Schiemann made was that in cats and dogs
the pulse was sloved as in man. The first trial to determime
the influence ot digitalis on the frog occurred at the

last of the eighteenth century by an English author,

Johnson 26, published in-"Medical Eccays &nd Observations"
in 1795. Johnson did not, however, observe the effect upon
the heart. 1In 1799 john Ferr%arla, contributed to the
literature of digitalis making special reference to the

diuretic power of the drug. He also observed the slowing of

the pulse and considered that this effect was the primary






action rather than that on the kidney. His observations
were all from clinical cases. The knowledge of the subject
was extended at the beginning of the eighteenth century
successively by Beddoes® » Kinglake 29, and Mossman 41 .
Beddoes, 1801, came to_the conclusion that the strength

of the circulation was increased by a rise in blood pres-
sure. Kinglake, 1801, described the action of digitalis

as increasing the activity of the heart. The effect he
attributed to an increase in the contraction of the heart
both as regards the systole and diastole whereby even though
the pulse was slowed more blood was forced into the arteries
than under normal conditions. Mossman, 1812, ascribed the
entire effect to the slowing of the pulse and the effect on
the arteries. Up to the year 1839 the investigations had
besn with few exceptions, notably that of Schiemann, the
results of observations in the clinical experience of
practitioners. The first réally definite quantitative
investigation of the effect of digitalis on the circula-
-tion was made by Blake . » 1839, who by the aid of a haemo-
dynamomc ter was able to demonstrate a rise in blood pressurs
in dogs upon the injection of digitalis infusion. IHe
sugrested that the rise in blood pressure was at least

in part due to constriction of the capillaries. The

next work of note from an experimental standpoint was

that of Traube 50 » who first gave the theory of






vagus stimulation for the explanation of the most im-
portant clinical observation, the pulse slowing. He
came to this conclusion from the results of his experi-
ments on vagotomized dogs. He also observed the rise of
blood pressure during the slowing of the heart rate.
Briquet 7 , and Lenz 54 » both working during the
year 1853, confirmed the results which Traube had
reported. In 1861 Traube added to his former work
further experiments in confirmation of his theories.
He had previously noted that in large doses digitalis
paralyzed the vagus and that the heart thus released
from vagus control increased much beyond the previous
rate. He suggested that the action was to be explained
upon the basis that both the inhibitory and motor
nervous mecha&nism of the heart were first stimulated
then paralyzed.. Both effects he considered as being
manifested first cn the inhibitory méchanism fo6llowed
later by & similar action on the motor apparatus.

From the time of Traube until 1874 the investi-
- gation of the influence of digitelis was carried on
by a number of men, chief among them being Winogradoff54,

6 s Brunton 8 s Ackermann : s Boehm 6 ’ Gorzvzz,

Marme
and A. B. Meyer °8 ., A review of the literature of

this period was published by Gorz in 1873. In 1874
Schmiedeberg 43 nade extensive investigations into the
chemical nature of digitalis, paying particular attention

to the isolation of active principles and the determina-
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tion of their chemical and pharmacological character-
isties. Previous to the tiwe of this work investiga-
tions had been carried on with the infusion of the
legves of Digitalis purpurea. Homolle and Quevenne
hed, however, previously isolated'a non-crystallizing
substance from digitelis leaves. Also Nativelle had
obtained a crystalline produet. The work of Schmiede-
berg, which has become classic has conclusively shown
that the ordinary infusion of digitelis leaves or ex-
tracts of the seeds contains & number of substances
differing somewhat in their chemical and physical prop-
erties and also in their effects upon the asnimel organ-
iem. Schmiedeberg's important constituents are the.
following:

l. Digitonin, C31 Hsz 017 an amorphous substance
resembling Saponin.

2. Digitalin, (Cglig0s),, an amorphous glucoside,
insoluble in water.

3. Digitalein, Cop Hyg Ogp & erystalline gluccside
‘ eacily soluble in water.

4. Digitoxin, C21 H55 O7 a crystall;ne product
insoluble in water.
Each of these substances Schmiedeberg was able to
break into two or more resinous bodies, some of which
were pharmacologically active and some not. Further
wor¥ of Schmiedeberg was upon the classification of the
extracts of plants which by their pharmacological action

can be identified with the digitalis group.






In consideration of the experimental work which had
been done up to this time on the action of the various
substances which are considered as belonging to this
group Schmiedeberg reaches the conclusion that the
pharmacological action in each case is essentially
similar in nature though not always so in intensity.

In 1882 Schmiedeberg published an article in which
he reviewed the classification of the substanceé of the
digitalies group together with a rather extensive consid-
eration of the application of digitalis to the treat-
ment of disease.

From the time of Schmeideberg's papers till the be-
ginning of the present century the greater part of the
investigation upon the subject has been upon the various
members of the group with a view of determining whether
or not they conform in their effects with that of
digitalis. Near the end o this period there appeared
an article by Cushnylzrepresenting a long series of
mammaliam experiments investigating the exact nature
of the movement of the heart under the influence of
the digitalis substances.

In the last decade the literature on the subject
ot digitalis has heen extensive and varied. Cloettal1
extended the work of Schmiedeberg in regard to the
pure prineiples of digitalis. Different phases of the
subject of the action of digitalis on the circulatory






system have been taken up by various investigators.
Gottliedb and Magnusz,],'liaoz, have been concerned with
the bffects on the biood-vascular system. Kloptowakj??
1903, investigated the histological changes observable
in various tissues after digitalies poisoning. Etiennel?
and also Kochmann?% 1906, have considered the question
of the exact effect of the drug upon the vagus inhibi-
tory apparatus of the heart. Edmu.ndslio,lQO?, studied the
influence of digitalis upon the rate of the biood stream.
Digitalis poisoning, its cumulative sction and the ques-
tion of tolerance have been subjects of researches by
Ve Lhota?% 1911-1913.

The approach to the clinicel side of the question
of digitalis action has been made very inportant through

35
the careful observations and researches of Mackenzie |

on clinical cases, 191l.






II. The Effects of Digitalis'ﬁpon Various Tissues
and Systems of the Animal Orgenism
as Determined by Experiments.to
Date.

Locked at from the experimental standpoint-the
effects of digitalis can be considered &s being limit-
ed almost exclusively to the circulatory system. The
effecte in other regions are for the moséf?g;ignificant
by comparison and may be considered as in more or less
close relation with the effects on the circulatory
apparatus. However, mention of the effect of this drug
upon some of the other tissues may well be included here.

The continued administration of digitalis in man is
attended usuaslly by nausea and vomiting. This effect
according to Bastedoa‘ is to be ascribed to its effect
upon the vomiting center,.for it oceurs not only upon
administration by mouth but when the drug is given
hypodermically or by tne rectum. Upon the respiratory
- movements digitalis is usually observed to have no
effeet though after toxic doses in animels the respira-
tory movements are increased.

The early use of digitalis was confined chiefly to

the removal of accumulations of fluids from the body.






The question has long been in dispute whether this
effect is confined only to disease conditions or could
be produced in the normel animal. At present it is
considered that digitelis diuresis 1is produced on the
normal animal, although this as compared to the effects
produced in cases of dropsy are small. As to whether
the effect is one of specific kidhney action or is merely
secondary to the improvement in the circulation which
the administration brings about is still a matter of
questione. There is some discussion as to whether the
effect of digitalis on the kidney vessels is one of

37
constriction on dilstation.Marshall

L]

vand Gottlieb and
Magnusg? reported a constiicfion of the kidney under
the influence of digitalis. It has been conceived that
the production of diuresis depends wholly upon the in-
crease in the blsod flow through the kidney duepto the
increase in arterial tension. Jonescu and Loewi? work-
ing with Digalen and Strophanthin have found that in
cases where there is no rise in arterial pressure
diuresis occurs. They obtaihed in their experiments
with theee drugs a dilation of the kidhey. This they
coneidered to be due to direct action of these arugs
on the vessel walls since such dilatation occurred
when the nervous connection of the kidney was complete-
ly cut off. The question then remains open.

The most important effect manifestcd by digitalis

is that upon the circulatory system.
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In the frog digitalis produces in small doses
a slowing of the heart rafe with an increase both
toward systole and diastole. Finally the heart stops
in systole as first demonst;ated by Schmiedeberge.
Williamg? showed thet this incregsed excursion of the
heart resulted in a greater ousflow at each beat, and
that this produces an incresse in blood pressure has
been shown by the seme author using a system of rigid
tubes. In mammals in the laboratory dosage digitalis
usually produces a rather sudden fise in blood pressure
accompanied by slﬁwing of the pulse. This, accofding
to Cushnyl? is to be considered as the therapeutic
etete of th: action of the drug. The second stage he
designates as beginning with accelerastion in the ven-
tricle and is characterized by this and the periodic
.changes in the strength of contrsctions and irregular-
ity of rate. When the irregularity in the strength of
contraction becomes sufficiently marked the inefficien-
ey of the heart allows a fall in blood pressure. The
mammalian heart according to Meyer and Gottliebz?ﬂis
usually found at post-mortem in a state of diastole a
result which they ascribe to the inability of the heart
to maintain ite activity in the face of a feiling coro-
nary circulation a sufficient time for the drug to have

the marked systolie effect on the cardiae muscle.

=12~






The stages of digitalis action seen in experiments on
the mammalian circulation, Cushny interprets as depend=-
ent upon two factorse In the first stage the stimulat-
ing effect on the vagus center is most in evidence
though stimulation of the muscle is shown in the in-
crease of systolie contraction. The beginning of accel-
eration marks the beginning of the domination of the
stimulating effeet on the muscle. That the vaéus still
ﬁas an influence in determining the action of the heart
can be shown in the diastoliec relaxation produced by
its stimulation and by the diastolie pauses which occur
at this stege. It will be seen, however, that any and
all variations must be refefable to two factors which
control the normal condition of the cireculation, the
blood vessel& on the one hand controlling the size of
the bed through which the blood stream flows and the
heart on the other governing the amount of fluid intro-
duced into the vessel system and the.pressure under
_which it is int¥sduced. It ie upon these two factors
that digitalis of necessity acts in producing its ef- -
fects on the circulatory system.

Beyond the slowing of the pulse which vas first
noted by Withering and later by Schiemann, no other
action 6f digitelis on the circulatory system was ob-
served until Blake in 183§ reported a rise in arterial
tension upon the injection of an imfusion into the cir-

-
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culation. This observation was confirmed by Lenz

and Briquet and later in 1861 by Traube. Since that
time rise in blond pressure has been accepted as the
usual effect of digitalis. The problem before inves-
tigators has since been to determine the cause of this
rise in blood pressure, and assign to each factor its
role in the production of this phenomenon.

Blake sﬁggested that the rise in presrcure was at

least in part due to consfriction of the vassels.

This factor was overlooked by Lenz, Briquet and Traube,
but was later revived by Marme and supported by the work
of Bruntdn? Brunton and Meyefg, Ackermann, Brunton and
Tunnicliffe%o Gottlieb and Magnus, Marshall and others.
Although there has been considerable opposition

to this view by Schmiedeberg, Boehm, Gorz, Williams

and KoppeS? the mass of accumulatéd data shows that
at least in the laboratory dosage digitalis produces

for the most part constriction of the peripheral blood
vessels. Investipgations ss to the regions most affect-
ed in this stimulation have been carried out by Gottliebd
and Magnus using the plethysmographie method of record-
ing the changes in the various organs and regions.

They concluded thct in swall doses the result wacs a
general constriction but upon administraetion of large
d688s the preater power of contraction of the splanchnic

veseels may recult in a dilation ot the limbs to accommo-

skl






date the blood excluded from the splanchnic area. With
the question of the vasomotor effect of digitalis prac-
tically settled, the problem naturally arises as to
what pait of the vasomotor mechanism is responsible for
this change. Traube and Boehm . were the first to consid-
erjhis matter, Their first obscrvation vas that the
rise in pressure wacs eliminated by cutting the cord but
later Boehm observed that this was not true. He found
that there wes little variation to be noted upon section
or tne corde The work of most of the early investigﬁtors
as Ackermann, Marshall, Xobert, Gottlieb and Magnus
gupport this view. The weight of evidence seems to be
in favor of very little if any influence of the vasocon-
strietor center in producing the narrowihg of the arterial
bed.

The two other factors of the vasomotor complex
upon which digitalis may act in producing vasoconstric-
tion are the endings of the vasomotor nerees in the ves-
sel walls and the smooth mugcle which makes up the great-
er part of the wall. Just to what extent each of these
factors are affected, experimental work up to the pres-
ent time does not fully indicate. deerts%and Thomson4?
working on isolated organs were unable to demouctrate
& decrease in the outflow frow the vein when digitalis
was perfused. Kobert reasoned from the fact that the

‘ had degenerated
organs used were &ecomposing the nerve elements,and the






effect therefore was only upon the muscle. Donaldson
15 o
and Stevens . working on coldblooded animals reached the

probable conclusion that the effect of arteriole con-
striction was due to the influence on the muécular
walls. Bastedo stated that the peripheral effect can
be analyzed by the.use of apocodeine and ergotoxine
which paralyze the vasoconstrictor nerve endings. Vaso-

constriction is still obtained after the nervé endings
are paralyzed showing that the effect is at lesst in
part upon the muscle. He also says that since digitalis
produces vasoconstriction in the pulmonaty and coronary
arteries we may consider the effect purely on the muscle

gince vasomotor nervee to these structures have not been
domonstfated. It seems then definitely proven that the
point of greatest effect of dipitalis in producing vaso-
constrietion is arterial muscle. It may still be regard-
ed as an open question whether any of the effect can be
ascribed to ﬁhe endings of the vasomotor nerves.

The other important factor in varying the conditions

of the circulation is the heart. Fundamentally there
are two elements whi&ch must be considered in a discussion
of the effect of any drug on the cardiac mechanism, i.e.,
nerve and muscle. The former of these may be observed
from two viewpoints, (1) the nerve centers in the medulla
and (2) the nerve elements in the heart itself. The

first evidence of stimulation of the vagus center by






digitalis was given by Traube in 1851 who found that
the slowing was removed by cutting the vagus in the
neck.‘ His observation &lso included the fact of par=-
alysis of the vagus by large dbpses and escape of the
heart from this control and consequent marked increase

in rate. Traube's explanation for the phenocwenon of
increased blood pressure in connection with the slowing
of the pulse was that both the inhibitory and notor
mechanism of the heart was first stimulated and then
paralyzed and that the inhibitory factor was acted upon
first in each-case. After the work of Traube ‘he question
of thevstimulation of the inhibitory nerve center in thé
medulla was not seriously disputed. The cuestion was
raised by Meyer whether this stimulation of the inhibito-
ry center was not due to the increase in pressure which
digitalis produces.  This explanation has'not founcd fawor
and has been practically disproved by Kaufmann,, and
Cushny, who have found numbers of cases in which great
slowing occurred accompanied by very low blood pressure.
The idea of stimulation of the vagus center by the in-
crease of pressure has been recently revived by Kochmann
who eontends for & part.oif the stimulation &s a slight
stimulating effect upon the vagus due to pressure in
those cases in which suitable ddses produce a rise in
pressure. Along with the viéw of central action of the

digitalie eubstances ave heen attempts to determine

-1G-






whether the inhibitory mechanism in the heart plays
any part in the production of slowinge. There is still
considerable doubt about this phase of digitalis action.
Traube observed that the slowing of the heart was not en-
tirely removed by section of the vagi. He therefore
concludes that the intracardiaec inhibitory nerves are
stimulated, This observation has been confirmed by
others. Ackermann found that the slowing was ébmpletely
removed by atropine. The discussion has again risen upon
the statement of Etienne that the vagus endings of the
heart of the dog are not stimulated and that the slowing
which is produced by strong hypertoxic déses on the
vagotomized dog is not to be ascribed to the'effect on
the nerve endings but to the effect on the heart itself.
The commonly observed condition of increased rate in
the later stages of digitalis was explained by Traube as
excitation of the motor apparatus of the heart. Later
work by Ackermann showed that this acceleration could
not be produced by the paralysis of the vagus alone be-
cauge such acceleration dccurred even when the vagus had
been eliminated by atropin. There is no doubt, however,
th.t the vagus has lost control at this stage since it
shows no control of the heart upon electrical stimulation.
Various attempts have been made to explain this accelera-
tion on the basis of excitation of the accelerator mechan-

ism but experimental proof is not sufficient to support
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this view. Cushny from experiments on the non=gangliated
apex of the frog's heart which showed an increacsed ex-
citability in digitalis solution and also from the ten-
dency of digitalis fo remove the inhibitory standstill of
muscarin is inclined to the view that the important factor
of the acceleration of the heart in later stages is the
inereased irritability of the heart muscle. He stated
that the factors of inhibitory action and incréasing
muscular irritability are in action throughout all stages
of the effects of digitalis, but that in the first stage
the inhibitory effect is able to keep the other factor in
check, and that it is upon the paralysis of the vagus than
the muscle factor is made manifest in the alteration of
the rate of the heart.

The nature of the action of the digitalis nn the
heart muscle is not altogether clearly worked out, al-
though the details of the changes which occur in the
muscle have been carefully studied by Schmiedeberg. He
proposed the theory that the effect upon the heart muscle
was primarily one of an increase of elasticity. His
work was upon the heart of the frog and his conclusions
are based larrely upon his observation that the heart of
the frog which has come to systolie standetill by the
action of dipgitalis can be made to beat again if the
elasticity is overcome by mechanical distention of the

42
ventricle. Roy , working primarily on the question of
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the elasticity of the heart, came to the conclusion that
the effect due to digitalis varied with the strength of
the dose. He found that by the use of small doses, at
8 given pressure the extent to which the ventricle would
relax in diastole was increased while with larger dosage
the relaxation was much less complete and that a corres-
pondingly high degree of pressure was necessary for pro-
ducing distension. He concludes then that the elasticity
change of the muscle depends somewhat upon the dode or
the amount of the drug to which the muscle has been sub-
Jected. Cushny, working upon the memmalian heart, gives
extensive evidence of the mowements wnhich occur ia ine
neart muscle by the action of digitalis. The change
that occurs in the early stage of the cycle of the action
nf the drug is referable to the activity of the inhibitory
mechanism opposing the direct‘effect on the heart
muscle. The systolic contraction is always incresased,
the extent of diastolic relaxation may be increased, remain
unchanged or 5e diminished. During the second stage,
'the dominant factor is the increased irritability of the
heart muscle. This stage is marked by great irregular-
ity both in rate of contraction and extent of contraction.

This stage continues until the circulation becomes insuf-

fieteht. The rshher permanent character of the toxiec
effect of digitalis upon heart muscle when administered

in large doses has a suggested explanation in some






‘ 47
experiments by Schliomensum , regarding the combining

power of heart muscle  extracts with digitalis thereby
depriving it of its toxic properties. He found that
he could obtain such &n extract which mixed with digi-
toxin prevented the latter from readily causing systol-
iec standstill in the frog's heart. »KloptowskySQ has
desgribed the histological changes vhich gccur in various
organs in cases of digitalis poiSoning. In the heart
musolé he found parenchymatous and fatty degeneration
and in some case8 fragmentation of the fibers.

We see that in the study of a drug which possesses
such wide range of activity, the extent to which this
action may>be limited to any particular field is a diffi-
ault natter to determine. The effect of digitalis on
the nerve endings as‘opposed to that on the muscle it-
self in the peripheral neuromuscular complex of the

‘heart is still one of the open questions. It was with
a view of contributing to the knowledge of the relative
effect of digitalis on these two factors of the heart
i.e., the cardiac nerve endings and the muscle substance,

that the present experimental work was undertaken.






IIIl. Materiale and Methoas.

I. Animal Used.

For the investigation of this problem the turtle's
heart was chosen as research material. The specimens
were of the mud turtle variety, Emys blandingi, a spec-
ies common to the region extending from New York to

Wisconein.
2. Solutions and Drugs Used.

The eolution used for application in maintaining
a normal condition was 0.7% sodium chloride, which is
taken as able to keep the tissues of the turtle in a
condition fairly normal for a time sufficient for phar-
macological tests.

The digitalis preparation used was the Bigitalin
Pure, guaranteed by the Mallinckrodt Chemical Works.
This was the German water-soluble produet and contain-
ed the soluble active principles of the leaves of
Digitalis purpurea. The Digitalin and Digitoxin though
insalible when isolated in pure form are held in sus-
pension in a solution of this preparation by the pres-
ence of Digitonin which &s readily soluble in water.

A stock solution of 0.1% of this drug was made up in
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physiological saline and dilutions to the proper per
cent were made &8s desired. Fresh solutions were made
frequently to insure against deterioration of physio-
logical activity.

The atropirme solution was one of atropime sulphate
in Ringer's solution,sodium chloride- .7%, potatsium
chdoride .03,0, calcium chloride .0265e The stock solu-
~tion was .01% in Ringer's and suitable dilutions were
made as used.

The apocodelime used was a solution of apocodeine
hydrochloride Merek in .7% saline, The stock solution

was 1% and dilutions were made_ therefrom.

3e Methods.

The method used vwas in principle the one deseribed

in Greene's Experimental Pharmacology, p. 66. It was

»
the heart strip method and consisted essentially in
suspending in a .7% saline a strip cut from the ventri-
cle of a turtle. One end of the strip was fixed and the
other attached to a lever of the first class by which

a record_bf ite contractions were obtained. 1In detail
the method was ag follows: The turtle's hearf was ex-
posed in the ordinary wmanner and the ventricle entirely
removed. The base of the ventricle was grasped with
curved forcepe and a curved cut made around the apex

from one angle of the bese to the opposite. In the

apex strip thus obtained two cuts were made parallel
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to the first. Thereby three strips were obtained; one
from the dorsal and one from the ventral surface of the
ventrisle, and a third from the spex. The cuts were
made so that the strips were as nearly alike as possible
in width and mass. Silk threads were then tied to the
ends of the strips by means of which they were attached,
one end to the L-shaped hooks of the ordinary Harvard
form of nuscle warm chamber support, the other to the
short arm of a light straw lever recorder. The three
levers of a set were srranged to record one above the
other on a smoked cylinder. Five-second intervals were
recorded on the eylinder by an electromegnét time marker.
A signel mar¥er was used to indicate the time of the
application of the drug. The heart strips were iumersed
in small vials conteining about 25 cec of .7 per cent NaCl.
The change from one solution to another was accomplished
by quickly removing one vial and substituting another
containing the desired drug. Wien the strips had attain-
ed a regular rhythm in physiological saline the drug

was applied in the manner.indicated. No particular uni-
formity was observed in the length of time of the appli-
cation of the drug. This was governed somewhat by the
effect wieh was manifested. It after the first appli-
cation a regular rate and amplitude was restored, a sec-
ond test was made an@& so on for consecutive trials as

regularipy in the atter period was wmaintainede.
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In obtaining apropinized strips, the heart was
exposed in the ususl manner. The right vagus nerve
was dissected out in the neck and tested by continuous
induction from an ordinary induction coil. A strength
of stimulation was used which would produce stopping
of the hesrt when applied for a few seconds. A quan-
tity of .01, atropine in Ringer's was injected into the
vein of the left side near its junction with the sinus.
After a few prelimihary trials it was found that 1 ce
of .01% atropine was sufficient to produce paralysis
of the vagus endings in the heart as indicated by the
failure to obtain stopping ot the heart by stimulation
of the vagus with strength of stimulus much greater
than was able to produce inhibition at first. The
strips were then cut and mounted as before described.

A similar procedure wes followed in the use of
apocodeine. Some of the experiments in which this drug
was émployed were conducted by injection of apocodeine
into the vein following the injection of atropine. 1In
other8 the apocodeine was applied to the unatropinized
or atropinized stripe in the ssme uanner es the saline

and digitalis solutionse.
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1V Hxperimnental Results.

This series of experiments was performed with the
idea of determining the pharmacological effects of digi-
talis upon the terminal cardiasc mechanism, particularly
the relative extent of this action upon, 1, the nervous,
and 2, the muscular elements in the ventricle.

The strongly developed inhibitory mechanism of the
turtle's heart and the probable absence of any accelera-
tor mechanism make it especially adaptable to experimen-
tation which involves & determination of the relative
influence of any pharmacological agent upon these two
factors. The remarkable control which the inhibitory
nervous apparatus exerts upon the heart is & matter of
common kﬁowledge. uil1st? reported an instance in
which the contractions of the heart of the terrapin were
held in check for more than four hours by continuous
stimulation of the right vagus nerve.

That the ventricle muscle of the turtle is directly
suppliéd with inhibitory nerve elements has been shown
by Gaakelllg. He describes a nerve, which he calls the
coronary nerve, connecting the sinus directly with the
ventricle in the turtle's heart. By severing all con-
nection between the sinus and the auricles, leaving only

his coronary nerve intact and allowing time for the dewye]-

opment of a spontaneous rhjthm in the auriculo-ventricular






portion, Gaskell was able to produce a cessétion of the
ventricular rhythm by stimulation of the right vagus in
the neck. Although these results were not always con-
stant they are very positive and are takep a8 sufficient
evidence of the presence in the tissue of the ventricle
of well developed nervous elements the stimulation of
which will produce & retardation of the ventricular
rhythm. Mills has reported evidence of a cardiac accel-
erator mechenism in this group of reptiles, work that has
lacked confirmation and is now discredited.

A discussion of influence of any agency in produc-
ing changes in automatically contracting tissue involves
the fundamental question of the causation of rhythm.

The more clearly the facts of the phenomenon of automatic
contractility are understood the easier will be the inter-
" pretetion of modifying conditions . Heart tissue is
automatic, that is, when placed under suitable conditions
it is able to initiate and maintain rhythmic contractions
for periods of time the durations of which depends upon
the surrounding environmenf. Whether this property of
automaticity and rhythmicity is due primarily to the
oyolic changes which ocour in the muscle alone, or is
brought sbout by definite nerve elements arraenged in a
definite manner is & question that has long been in dis-
pute. On purely theoretical grounds it is easily con-

ceivable that either one or the other or both of these
factors might be concerned in the initiation of contrac-

tions. Neither view can be said to have been conclusivly
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demonstrated . up to the present time, but the weight of
evidence is in favor of the theory that automstic con-
tractions of heart muscle occur independently of a defi—
nite nérvous mechanism.

Gaskell was the first to show that strips taken
from various parts of the heart of oo}d blooded animals
would contract under suitable conditions, & fact which
is-part of the evidence for the conception that definitly
arranged nerve elements are not necessary to the rhythm.
This evidence does not exclude the undeniable fact that
regulation of the activity of the heart as a whole is
maintained chiefly through its connections with the cen-
tral nervous system. Other influences shown by Greene>
and by Howell®® to be of eminent importance in meintain-
ing &nd controlling cardiac movements is the constitution
of the surrounding medium, especially the extent and

i nature of the inorganic ionic content.

1. The Pharmaqolog;cal Agtion of Digitalis Solutions

upon the Rate, Amplitude, and Tone of Strips from the
Ventricle of the Turtle. |

Strips of cardiac tissue, cut in the manner indicated
in the chapter on Methods, are physiological complexes
containing at least two elements upon which pharmacolog-
ical agents may &act in producing changes in condition- or

activity. These two factors are the muscle cells and

the terminal nerve elements. No definite nerve ganglia

have been demonstrated to exist in the ventricle, The
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nerve fibres can be left out of consideration hence the
only nerve elements which we need to consider are the
nerfe endings,- the inhibitory nerve terminations, and
the questionable acdelerator endings. The cardiac strips
“when immersed in physiological saline begin contracting
rhythmically - after a latent.period of variable length,
and if undisturbéd qontinue their rhythm for severeal
hours. This activity of ventricular tissue is essen-
tially physiological. Influences which modify the rate,
amplitude, and tone of such preparations may be taken as
capable of acting in & similar manner upon this part of
the cardiac complex under strictly normal conditions.

The terminal effects of digitalis observed in the exper-
iments presented, were determined from suohlstrips.

The results obtained were measured in terms of change in

rate, in amplitude of contractions, and in change of tone.

(a) The Pharmacological Effects of Digitalis upon

the Rate of Ventricular Strips.

In my series of experiments over 86 per cent of the
tdtal number showed an increase in rate under the influ-
ence of digitalis. The general‘average percentage in-
erease in rate of the entire group of thirty experiments
was 24.26 per cent. It will be noted by referring to
Tables I and II that inoludedi%his average are all those

results from strips which show no changes, and also those
which show an actual decrease in rate. The percentage

inorease in rate, considering only those Bhowing an in-






crease is of course much greater than the geheral average,
Tables I and II show the changes in rate occuring in indi-
vidual strips. The strengths of digitalis used were .01
and .05 per cent, respectively. In addition to the exper-
iments recorded in these tables, in a series of ten experi-
ments using .005 per cent digitalis but not reported in de-
tail, 9 out of 10 strips gave acceleration. It is evident
therefore that digitalis produces & marked acceleration of
the contraction rate of ventricular strips.

There are a number of exceptions to the general rule
as regards inerease in rates shown in Tables I and II.
Thése exceptions occur chiefly in those strips which show-
e@ by & condition of irregularity of rate before the appli-
cation of digitalis that they were in poor oopdition. Bx- .
periments Nos. 3, 7, and 11 are examples of this class.
Experiments 19, and 29 though they show & decrease in rate
during the application of digitalis are not actual excep-
tions to the rule since the typical digitalis effect did
not ocecur till later, as shown by the increase in rate in

the after period.

(b) The Zffect of Digitalis upon the Amplitude of

the Contractions.

Referencd to Table I and II, or to the Summary of
Results given in Table V, will indicate that the usual ef-
fest produced by the action of digitalis upon strips of
ventricular muscle is & reduction in the amplitude of the
sontractions. The average percentage of this reduction for

the entire series of experiments is 5.4 per cent.

There are two possible explanations for this de-
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crease in amplitude. Either there may be a'pr;mary
effect upon the factors which ere immediately coﬁbérned
in the determination of amplitude, or the change may be
secondary to the increased rate. Explanation on the
latter basis involves the "all or none" law of contrec-
tion and the.principle of compensatory pasuse which was
first formulated by Bowditech andnow universally recog-
niéed. He observed that the heart muscle responded to
electrical stimulation, if it responded at all, with e
meximal contraction. He also observed the relation of
the amplitude of contractions to the rapidity of contrac-
tions. He found as the rate was increased that the amp-
litude was correspondingly decreased. The principle
applied to the relation of rate and change in amplitude
was observed in tha fact described by Gaskell with regard
to the heart of the tortoise. He stated that upon stim-
ulation of the vagus nerve a decrease in rate is always
accompanied byla corresponding increase in amplitude, and
that during the after-acceleration, which he describes,
following vagus stimulation, the amplitude was decreased
- proportionately to the increase in the rate. In other
words, although the factors which control the rate and
amplitude are probably not identical, they are, at least,
closely correlated.

On the basis of the above principle, influences

which modify the rete of the heart, either'by accelera-

tion or depression, other conditions being equal, should
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be held responsible for & corresponding but inverse alter-
ation of amplitude. It is certain that digitalis sets
this law into-operation when it accelerates the heart rate.
The question is, then, to determine whether the extent of
this decrease in amplitude is commensurate with the accel-
eration in rate. If it is, then the amplitude change
may be considered wholly secondary.- Otherwise one may
look for direct effects of digitalis on the amplitude even
though masked by the operation of the physiological law.
The question is, is there a direct stimulating action of
digitalis on the amplitude.

An inspection of the results obtained with normal
ventricular strips under the influence of digitalis
brings to light certain conclusive facts against the
view that digitalis affects the amplitude secondarily
only. A'oomparison of the average percentage increase
in rate with the aversge percentsge decrease in amplitude
of the series of unatropinized strips in Teble VI shows
clearly that there is a striking quantitative difference
between the two figures. The averagé percentage of rate
increase is 24,26 per cent while the average percentage
of amplitude decrease is only 5.6 per cent. This strik-
ing lack of correspondence between these percentages
throughout the entire series points to & positive stim-
ulating effeét upon the factor of amplitude. - If we
consider the individual groups of experiments the seame

type of variation is observed. The lack of conformity






between these two factors of percentage increase in rate
and percentage decrease in amplitude cannot be explained
on the basis of Bowditch's law of maximal contractions.
In terms of that principle an increase in the rate pro-
duces a corresponding decrease in amplitude of contréo—
tion. Consequently, if this principle alone were oper-
ative in these experiments one ought to be able to check
it out in a comparison of rates and amplitudes in groups
of experiments of different strengths of drug. The
percentage increase in rate Table VI, Group 6, 25 per
cent, was greater than the percentage increase in rate of
Group 3, 18.9 per cent. There should be a corresponding-
) ly greater percentage decrease in amplitude in Group 6,
On the contrary, the percentage decrease in amplitude is
less in Group 6, 5.4 per cent, than that in Group 3, 6.4
per cent. The only interpretation, obviously, is that
there is & positive tendency for digitalis to produce an
increase in amplitude. This conclusion is strengthened
by the fect that a solution of .0l per cent digitalis was
used in Group 3, and .05 per sent in Group 6. The greater
concentration produced a smaller decrease in amplitude.
This is interpreted as a direct tendency toward an in-
crease of amplitude. In short, the compensating decrease
in amplitude is partially but not wholly overcome by a
direct stimulating action of digitelis on the amplitude.
This positive stimplating effect of digitalis upon

amplitude stands out clearly in a number of individual






experiments which have been noted previousiy. Experi-
ment 25, Table II, in the after period showed an accel-
eration of rate of over 30 per cent while.at the same
time an amblitude increase of 50 per cent was observed.
Experiment 19 is similar in all respects to Experiment 25,
showing in the after period an increase in rate of 4 per
cent and an increase of amplitude of more than 10 per cent.
In the light of these facts digitalis undoubtedly
has a stimulating'effect upon the contraction volume

factor in cardiac muscle, tending to produce an increase

in amplitude.

(c) The Effect of Digitalls on Cardiac Muscular

Tone.

The property of continuing in a more or less per-
manent condition of contraction is one which is possess-
ed by muscular tissue in general. This is howewver espec-
ially characteristic of the heart muscle, particularly
that from the venous end of the organ. It was first
noted by Greene that strips of the ventricle of the tur-
tle continually lost tone during an experiment. This
gradual fall in the base line was also observed in prac-
tically all of the experiments upon which this paper is
based. The tone of the heart muscle differs from that
of skeletal muscle tone in the fact that it 1is present
even after the connections with extrinsic nerves are
severed. It seems probable that this property is one

particularly belonging to cardiac muscle.
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Table V gives the percentage of'the total number of
experiments on unatropinized strips,whicﬁ show rise of
tone. This is 70 per cent of the totél'number. Table
VI shows by comparing the first three groups.of unatro-
pinized strips with the second three phat the greater
concentration of digitalis produces a correspondingly
greater effect upon the tone thus indicating & primary
and positive action.

The effect of the application of digitalis in pro-
ducing tone changes is not limited to the time during
which the drug is applied. In fact in the greater num-
ber of experiments the maximum rise in the base line,
the measure of the state of tone,did not occur during but
after the application of the drué. It is also noticeable
that the return to the normal state of relaxation is
very slow, a fact which illustrates the prolonged action
of digitalis. Digitalis then markedly increases the
general condition of contraction of ventricular strips as
expressed by tone.

Just here, we may make an additional point'as regar@s
the influence of digitalis on the amplitude of the con-
tractions of heart strips. The ususl measure of the
amplitude does not indicate the total state or condition
of contraction. One must add to this measure the amount
of tonic contrastion as usually indicated. Measured by

the sum of the change in amplitude &nd the change in the

tone, the effect of digitalis now become® sherply and

unquestionably stimulative. The sum of the two factors
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gives an idea of the effect of digitalis on the state of
.contraotion. Take for instance Experiment 13, Table II.
The amplitude of contraction before the application of
digitalis was 26 mm. During the use of the drug it was
decreased to 24 mm, However, considering the fact that
at the same time the tone rise was 6 mm., the sfrip was
ectually in a state of contraction greater than before
the drug.

Still another factor which should be included in
any full determination of the total state of contraction
is the fact that if left alone the strip would show a
gradual and continual loss of tone. Thus, an expres-
sion of the total state of contraction must include &
consideration of the proportionate rate of loss of tone

taking place before the rise of tone occured.

2 The Pharmscological Action of Digitalis upon

Strips of the Ventricle of the Turtle cut after the

tested Elimination of the Inhibitory Control of the Vagus

by Atropin.

The purpose\of this group of experiments was to
determine the effect of digitalis upon strips cut from
the ventricle Bf the turtle after the elimination of.the-
inhibitory control of the vagus by atropine. In the
atropiniZed strips, . we were presumably dealing with only

one kind of tissue, i.e., cardiac muscle. By making &

comparison of the effects of digitslis upon muscle alone

with its effects upon & preparation inecluding both muscle
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and inhibitory nerve endings, it was hoped té determine
the influence exerted upon each separate factor.

In subjecting ventricular strips to the influence
of atropine in order to paralyze the vagus inhibitory
endings, the question arose as to whether the muscular
tissue was not also affected by atropine. Fortunately
the influence of atropine on strips of the turtles ven-
tricle has been inﬁestigated by Stowers?8, While the
greater number of his experiments have shown that in the
concentrations used, no effeect was produced upon either
the rate or the amplitude of heart strips during the
application of atropine; the number of variations was
about equally divided, showing rather great extremes.

The concentration which Stowers used in determining these
facts was double that used in my experiments to paralyze
the vagus endings.

Additional evidence that atropine did not in my
experiments produce any very obvious alteration in the
condition of the muscle is in the fact that the average
initial rates of the unatropinized and the atropinized
gtrips are in such close correspondence. Table V1 shows
the average rate before the first application of the drug
for the entire series of unatropinized muscles as 11.8
per minute. The corresponding aversge for the atropin-
ized strips is 11.1 per minute. This comparison &nd the
facts Stowers brought out justify the conclusion that
whatever the effect atropine may have, it was in the

. present percentages confined chiefly to peralyzing the






inhibitory nerve endings. The condition of the muscle
after poisoning the inhibitory nerve endings with atropine

compares favorably with the normal.

(a) The Influence of Digitalis on the Rate of

Atropinized Heart Strips.

The effect of digitalis upon the atropinized strips
was the same in nature as that produced upon the unatropin-
ized strips. As has been stated, the average rates before
the application of digitalis in both series were nearly
identicel. Digitalis produced acceleration in 77.7 per
cenf of the total number of experiments of the atropine
series. The percentage increase for the entire series
shown in 'Teble VI was 17.1 per cent. The average per-
centage increase in rate for the different groups was quite
variable, For instance Group 3a gave an average inerease
invrate of 7.1 per cent. The average percentage increase
in rate for Group 5a& waes 35.5 per ocent. These variations
become of relatively little significance when we consider
the wide difference which Stowers found in the rate of strips
under the influence of atropine. As regards the influence
of digitalis on rate, it is seen that although the average
for all the strips atropinized is somewhat less than that
of the ones unatropinized nevertheless the effects which
digitalis exerts upon cardiac muscle strips is neérly as

great when the inhibitory nerve endings have been para-

lyzed by atropine a&s when the endings are present.

The effect to be expected in the series of unatro-
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pinized strips, if digitalis stimulated exclusively the
inhibitory nerve endings in the muscle, is & primary
slowing with strong concentrations or even & slowing
with weaker concentrations. If the assumption is made
that digitalis stimulates these nerves even in part,
with the nerve endings eliminated by atropine, the expect-
ed result is a faster average rate. This was not found
to be true. The average incresse in rate in the series
of unatropinized strips was in fact higher than in the
series of atropinized strips. It might be argued that
the hypothetical stimulating effect of digitalis on the
inhibitory nerve endings may possibly have been masked
by stimulation of the muscle to greater excitability.

If such were the case the strips which have the inhibi-
tory fector eliminated should show & greater percéntage
increase in rate. No such increase in rate was observed
in the atroPinized'strips. In fact, the average per-
centage increase in rate for the ehtire series was less
than that of the unatropinized group. We are led to
the conclusion, theréfore, that as far as the fastor of
rhythmicity is concerned the merked acceleration of

rate which digitalis produces is due to its influence

upon the muscle, and that the inhibitory nerve endings

are not acted upon by this drug.

(b) The Influence of Digitelis on the ‘fmplitude of

Atropinized Heart Strips.
In considering the effect of digitalis upon the ampl-
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itude of atropinized strips we meet, as in the case of rate,
with the fact of wide variations in the individual resufis;
The percentage of the total number showing a decrease in am-
plitude was 55, indicating the general tendency of the influ-
ence of digitalis. The percentage decrease in amplitude for
the entire series, shown in Table VI was 1.8 per cent. The
variations shown by groups of experiments on strips cut from
different regions of the ventricle are considerable. Group
3a, Table VI shows a decrease in the amplitude of 6 per cent,
while Group 6a has a positive increase of 6.1 per cent.
These rather extreme individual variations are probably due
to some action of atropine on the heart muscle, since no
other new variant had been introduced.

We are here, as in the series of unatropinized'strips,
confronted with the fact that the influence of digitalis
upon contractility as judged by the effect upon the ampli-
tudé is confusing, i.e. masked. There is the same lack
of percentage correspondence between the increase in rate
and the decrease in amplitude. The differences are even
more marked in some groups of this series than in the
unatropinized groups. Group 5a, Table VI shows a rate
increase of 35.5 per cent while the amplitude is decreased
only 3.6 per cent. Group 6a of the same series, shows a
rate increase of 11 per cent, while, contrary to the general
rule there is an actual increase in the amplitude to 6.1
per cent. These marked differences on atropinized strips

give further confirmation of the conclusions reached in the

=40~






studies of strips from normal hearts. If still more
convineing evidence is needed it is furnished by Group
6a in which the stimulation of the amplitude factor
more than compensates for the normal reduction due to
the accompanying increase in rate.

Another fact giving évidence in suppdft of the
argument that digitalis is stimudative to the contrac-
tion fastor in the heart strip is seen in Table V.

With the concentration of .01 per cent solution of digi-
talis twelve out of eighteen experiments showed a de-
crease in rate, while .05 per cent solution of digitalis
produced a decrease in only eight out of eighteen exper-
iments. Although this result is not of very great
statistical importance it illustrates that the tendency
toward an increase in amplitude is greater with the
greater concentrations of the solution.

The positive tendency toward increase in amplitude
shown in the above atropinized preparations, and the fact
thet this tendency is greater with the stronger solutions
of digitalis leads to the conclusion that digitalis
stimulates the rate factor in the heart by direct mus-

cular action.

(c) The Effect of Digitalis upon the Tone of

Atropinized Ventricular Strips.

The effect which digitalis has upon the tone of
atropinized ventricular strips is the same in character

&s that upon this factor in strips under normel condi-
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tions. A4s in the unatropinized strips the usual re-
sult is a well marked rise.in the tone. The percen-
tage of the entire number of experiments on affopinized
strips which show increase in tone was 72 per cent.

The average rise in tone for this series was .58 cm.
Although this is somewhat less than the average rise in
tone of the unatropinized group as a whole, the results
in Group la,vfable VI, which is an exception to the

- rule accounts for the greater part of this difference.
With this single exception the rise in tone in the atro-
pinized strips is practically &s great as in those
unatropinized.

As to the fasctor upon which digitalis acts in
producing this rise in tone, it is essily seen that the
effect is not modified to ény extent by the elimination
of the inhibitory nerve endings. Stimulation of the
vagus in the intact turtle produces marked relasxation
of the ventricle. Assuming that stimulation of the
vagus nerve endings produces a similar effect in the
unatropinized strip, we would expect & more marked ten-
dency toward relaxation in the unatropinized than in the
atropinized strips. On the same grounds, .05 per cent.
digitalis ought to produce either an equal or a less
marked rise in tone than the weaker concentration,.Ol

per cent. The facts are that unatropinized strips

actually show a greater tone ¢hange than atropinized,

end. from & similar cause, the effect shown by .05 per
cent on the atropinized strips is greater than that
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shown by .01 per cent digitalis in the same series.
This clearly indicates that digitalis acts only upon
the muscle in producing tone changes in the ventricular
sfrips.

| It is evident that these ekpériments support the
view that digitalis in its peripheral action influences
the heart by a direct muscular change in both rhythmi-
city and contractility to the exclusion therefore of

the terminal inhibitory nerve endings.

3 The Pharmacological Effect of Digitalis Solu-

tions upon Strips of the Ventricle of the Turtle affer

being Subjected to Apocodeine.

As the purpose of this investigation was to de-
termine if possible theveffect of digitalis on all the
factors in the peripheral neuro-muscular complex &
consideration of‘possible effects which might be due
to the presence of accelerator nerve elements in the
cardiac tissue was necessary.

| This part of the question was approached on some;
what hypothetioél grounds. | The presence of a def}nite
accelerator mechanism in the turtle's heart has hnot
been demonstrated or at least not confirmed. Mills 40
has given in detail the innervation of the slider
terrapin in”wb4ch he describes a very definite path for
cardiac accelerator fibers. However, his results have

not been generally accepted. Besides his investigation

was eonfined to one particular species of terrapin.

-4 Z-






An a:oelérator mechanism certainly has not been demon-
strated for the particular species of turtle used in
the present work.

| But considering the possibility that accelerator
nerves might be present in this species it was thought
advisable to attempt to eliminate any such factor and
determine the subsequent influence of digitelis.
Aooordingly'a drug was selected which has been shown to
paralyze the accelerator endings in the mammalian heart.
The drug used was the alkaloid apocodeine. This sub-
stance has been the subject of investigation by‘Dixon14.
He has shown that apocodeine when injected into the
circulation of the cat in sufficiently large quantities
will produce paralysis of the intre-cardiac ganglia
first, then the vagal nerve endings, and finally the
accelerator nerves. About twice the amount is required
to produce paralysis of the accelerator ehdings as of
the vagus.

A few'preliminary perfusion experiments upon the
isolated heart of the turtle demonstrated that a pro-
longed perfusion with .04 per cent apocodeine was re-
quired to produce any parelysis of the vagus. Even
then the inhibitory control was only partially elimin-
ated.r Merked reduction in the rate and amplitude of
contraction iﬁdicated also a toxic effect upon the

muscle. Accordingly some experiments were tried in

which the strips were cut after slowly injecting 2 dc.
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of 1 per éent apooodeine'into the veins, following it
by an injection of a sufficient amount of atropine'to
paralyze the vagus. Other experiments were performed
in which the strips cut from the atropinized ventricle
were subjected to & solution of .05 per cent apocodeine.
The number of experiments of this series is not large.
The direct depression of the rhythm and contractility
of the muscle produced by apocodeine greatly interfered
with the definiteness of the proposed tests.

The results obtained from application of digitalis
to strips so treated are given in Table VII. The 1lim-
ited number of experiments and the uncertainty of the
muscular influence of apocodein itself, which has not
been investigated in this relation, do not justify very
definite statements. The experiments &t hand indicate
that the influence of digitalis after apocodeine and
atropine are not far different from the average obtained
upon strips that were tested after treatment with atro-
pine alone.

In a word, previous treatment of turtle hearts
with apocodeine to elimineste any hypdthetioal cardiac
accelerator nervous mechanism has only added another to
the list of negativé attempts to prove the presence of
this apparatus. However; the experiments give the
gsupport of negative evidence to the conclusion that the
peripheral influence of digitalis is all on the cardiac

muscle.,






V Summary.

1. The primary local influence of digitalis on
the ventricle is to accelerate the rate, stimulate the

amplitude and increase the tone.

2. The action of digitalis is directly stimula-

tive to cardiac muscle.

S. There is no evidence of a stimulating action
of digitalis on inhibitory nerve endings, as tested by
its action on atropinized and unatropinized ventricular

muscle.

4. There is no evidence of stimulation of any
hypothetical accelerator nerve endings, as shown by

the tests of the influence of digitalis after apocodéine.

5. The stimulating effect of digitalis on ampli-
tude of contraction is more or less masked by the com-

pensatory correlation between rhythm and amplitude.






TABLE I.

Tabulated Results of Experiments Showing the Effect of .01
per cent. Digitalis in physiological saline upon the Rate,

Amplitude, and Tone of Strips from the Ventricle of the Turtle.

Rate per Minute Amplitude in mm. |Tone change
in mm.

Exp.| Drug, |[Before| During |After| Before |During |After|During |After
No«| Sec.

1 35 5.9 8 8 48 4.7 44  +l +6
2 60 16 16 15 . 24 23 23 0 -2
8» 120 2.5 12 12 24.5 24 23.5 +#0.5 +1
4 120 10 11 10 34 32 31.5 +2 +3.5
5 120 14 16.5 16.5 20 18 19 #1 +1
6 85 14 17 12 27 25 28 -2 -3
7% 75 16 16 16 9 9 8 _ _
8 120 5.5 7 7 30 29 29.5 $0.5 #0.5
9 120 12.5 18.5 14 8 7 8 +1 +1
10 170 13.5 15 ' 16 21 20 21 0 0
11# 120 11 11 11 16.5 16.2 16 #0.5 #0.5
12 120 10 11.7 11 24. 23 24 -1

# Strips in Bxperiments No's. 3, 7, and 11 were irregular

in rate before the application of the drug.
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TABLE II.
Tabulated Results of Experiments Showing the Effect of .05
per cent. Digitalis in physiblogical saline upon the Rate, Ampli-

tude, and Tone of Strips from the Ventricle of the Turtls.

Rate per Minute Amplitude in mm. Tone change
“in mm.

Exp.|Drug, |Before |During [After |Before |During [After| During |After
No. Sec. )

13 50 8.9 16 17 26 24 31 46 +2
14 65 9.5 13 12 30 27 20 +3 0
15% 60 9 11 7 25 26 28 41 +1
16 60 10 12 11 45.5 42.5 47 +3 +0.4
17 65 14 18 15 63.5 61 66 +2.5 =1
18 55 11 12 10 53 51 51 £3.5 +2
19%% 45 23 22 24 29 29 32 +3 -1
20 70 12.5 14.5 22 21 19 18 +2 +1
21 40 11 18 18 37 35 38 -5 -1
22 65 10.5 12 11.5 16 15 15.5 O +2
23 60 13.5 20  18.5 49 43 46 +5 +2
24 55 8 12 10 47.5 41 38 +7 0
o6#w# 55 17 16 22 10 11 15 - +l 0
26 80 12 16 23 30 27 20 +3 +2
27 45 11.4 18 13 12 10 13 0 2
28 80 9.5 12 10.5 20.5 20.5 22 +0.5 +1
29 85 16 18 17 24 22.5 24 +2 -0.5
30 55 12 11 11.5 13.5 15 19 0 -0 .5

# Strip in Exp, 15, amplitude gradually increasing before

the application of the drug. ] .
#% Strips in Exp's. 19 and 25 show unusually rapid initial

rate.
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TABLE III.
Tabulated Results of Experiments Showing the Effect of
»O1 per cent. Digitalis in physiological saline upon the Rate,
Amplitude, and Tone of Strips cut from the Ventricle of the
Turtle after elimination of the inhibitory control of the

Vagus by Apropine.

Rate per Minute Amplitude in mm. Tone change
: in mm.

Exp.|Drug, |Before|During|After |[Before|During |After |During| After
No.| Sec.

Bl

la 70 10 13 11.5 38 37 38 0 +1 .

2a 100 11.5 14  14.5 28 27 28 2.5 -1
32 50.  12.56 16 17 38 36 33 -1 0
4a 80 8 8.9 9 36 36 37 S
5a 120 10 12 9 30 28.9 30 $0.2  +0.6
6a 120 4.5 6 6 55.5 53 55 #2.5 0
7a 100 21.5 22  21.5 8 8 8 0 0
8a 135 16. 19 17.5 26 22 18 #1 -1
9a 140 5.9 7.9 10 28. o8 28 -2 -4

10a 120 16 15.6 16 16 15  14.5 #0.1 0O

lla 120 10 10.5 9 13 13.5 13 $0.5 0

122 120 7.5 9.5 _ 24 23  24.5 +4 0

128 75 17 16 17 25 o3 22 #2 1

14a 55 15 16 14.5 17 15 14 53 5

15a 90 5 6 7 29 28 30 0 0

16a 210 11 11.9 12.5 37 34 34 +3 +3

17a 120 14 15 15 8.5 8.5 9 0.5 0

18a 120 12 17 11 12.2  11.5 12.5 40.3 0.7
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TABLE IV.

Tabulated Results of Experiments Showing the Effect of

«05 per cent. Digitalis in physiological saline upon the Rate,

Amplitude, and Tone of Strips cut from the Ventricle of the

Turtle after elimination of the inhibitory control of the

Vagus by Atropine.

Rate per Minute

Amplitude in mm.

Tone change

Exp, |Drug, During |After During (Af'ter Duriggm?%ter
No.| Sec.

19a 140 9 7.9 31 33 +2 +5
20a 90 10 27 32 34 +5 +2
2la 55 13 14 48 48 +2 +1
22a 60 12 12 40 38 +1.5 +1.5
23%a 60 14 15 32.5 35 +1.5 +0.5
24a 65 9.5 8 44 .5 46 +2 +1
25a 480 8.5 8 | 35 | 20 +1 +2
26a 90 9 12.5 13 13 15 -1 -2
27a 70 8 7 24.5 26 +1 -1
28a 55 7.5 10 23.9 22.5 0 +0.5
29a 55 16 14 29 32 +7.5 ¢4
30a 55 11 14 21 21.5 +2 +1.5
3la 170 9 7 28 30 2 +4
32a 105 16 23 26 26 +1 +1
35a 55 18 16 9 10 ~0.5 =0.5
34a 60 10 11.2 20 18.5 +2 +1,8
55a 75 18 20 18.5 22.5 -5 -5.5
36a 60 16 15 12.5 13 #1.5 O
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TABLE V.

Classifying Experiments with .0l per cent. and .05 per cent.

Digitalis on Unatropinized and Atropinized Strips from the

Ventricle of the Turtle to indicate the Percentage of Experiments

showing No Change,

Increase, or Decrease,- in Rate, Amplitudse,

and Tone.
Number showing
No Change Increase Decrease
Per cent. No, of
of Drug | Exp'mts [Rate |[Ampl.|Tone [Rate |Ampl. {Tone |Rate |Ampl. Tone
Unatropinized Strips
01 12 2 2 4 9 o 7 1 10 1
.08 18 0 2 3 17 3 14 1 13 1
Total 30 2 4 7 26 3 21 2 . 23 2.
Average per
cent, of fotal 6.6 13.3 23.3 86 .6 10 70 6.6 76 .6 6.6
A&tropinized Strips
.01 18 ¢ 4 2 16 2 11 2 12 5
.06 18 3 2 0 12 - 8 15 3 8 3
Total 36- 3 6 2 28 10 26 5 20 8
Average per
cent. of total 777 277 72.2| 13.9 55.2 22.2

8.3 16.6 5.1
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TABLE VI.
Showing Per Cent. of Change produced by Digitalis in Rate,
Amplitude, and Tone of Unatropinized and Atropinized Strips
classified according to the Region of the Ventricle from which

the Strips were obtained.

Unatropinized Strips
Average| Average |[Average|Av. Tone
Noe. of |% of [Initial|% Rate |% Ampl.| Change
Group| Region [Exp'mts Drugi Rate Increase |Change in mm.
1 Apex 4 01 10.9 16.3 -3.4  +0.87
2 Dors. 4 .01 12.3 22.1 -5.9 -0.1
3 Vent . 4 .01 11.7 18.9 -6 «4 +0.18
4 Apex 6 056 10 .4 30 .7 -4.,7 +3
5] vDors. 6 .05 13 32.6 =7 .8 +2
6 Vent. 6 05 12.9 25 -5.4 +1.06
General average 11.8 24 .26 -5.6 +1.16
Atropinized Strips
Average | Average Average'Av. Tone
No. of |% of |[Initial |% Rate % Ampl. Change
Grcup|Region [Exp'mts |Drug Rate |Increase |Change in mm.
la  Apex 6 .01 9.4 24 -3.2 B3
2a Dors.« 6 01 12.8 14.2 -1.5 +0 .6
2a Vent. 6 .01 12.3 7.1 -6 +#1.3
4a Apex 6 .05 10.3 11,1 -3 +2.3
5a Dors . 6 .05 8.5 35.5 =346 +2.5
6a Vent. 6 .05 14 4 ] +6.1 +0.1
General average 11.1 17.1 » -1.8 +0 .58
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TABLE VII.

Tabulated Results of Experiments Showing the Effect of
.05 per cent, Digitalis in physiological saline upon the Rate,
Amplitude, and Tone of Strips of the Ventricle of the Turtle
cut after elimination of the inhibitory control of the Vagus

by Atropine and treatment with Apocodeine.

Rate per Minute Amplitude in mm. Tone change
in mm.
Exp. |Drug ’
No. (Sec. |Before |During |After |Before [During [After|During |After
laa 230 5.5 5.9 6.5 9 9.5 12.5 =0.2 -0 .5
2aa 540 11 10 4.5 47 .5 40 23 +0 .5 +5
3a8 120 5.5 7.5 75 24 21.8 24 +3 +3
4aa 65 7 8 10.5 40 38 37 +1.5 +1.5
Average rate at the beginning of experiments 7.7 per
mine.
Average per cent of increase of Rate 12.2 per
cent.
Average per cent of decrease of Amplitude 4,2 per
cent.
Average inerease of Tone in mm. 1.2 mm.
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