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ON THE BASIS OF CARDIAC AUTCNATICITY.

Historical Introducticn:

From the time of Harvey until the middle of the
nineteenth century practically nothing that was
| fundamental had been added to our knowledge of the
| physiology of the heart - a circumstance which is
the more remarkable considering the stimulus to
| investigation in this very field which the publica-
| tion of Harvey's immortal work (1) should have
‘ afforded. The mid-nineteenth century, however, saw
ithe commencement of investigations along several dis-
itinct lines, the results cf which were to lead to &
1greater advance in our knowledge of the heart in the
lsucoeeding sixty years than previous hundreds had
!witnessed. This new era, which we may take as
| having been initiated by the work of Remak, Stannius
|&ﬁd the brothers Weber, has continued teo the present
:day, and as it concerns aspects of cardiac physiology
with whieh it is the business of this paper to deal -
the gquestion of the causc of the heart beat and of
the cause of the effects produced by the extrinsic
regulatory nerves - a brief comsideration of the
historical aspects of these guestions may nct be amiss.
On the csuse of the heart's motion varicus theo-
ries have been propounded at different times, some of

which must appear as fantastic to the modern mind as

nodern/




modern theories will to the physioclogist of three
hundred years hence. Descartes (2), for instance,
applying as mechanistic a view as wasg possible in

his day was of the opinion that the beats of the
heart were due to a succession of explosions brought
about by the accumulation of steam inside the organ.
Sylvius (3), considering the matter more from a
chenmical point of view, concluded that the motions
were due to an effervescence arising from the inter-
mixture of alkaline blood with the acid chyle. Stahl
| (4), on the other hand, avoided the difficulties in-
|herent in both theories by attributing the cardiac
‘movements to a continuel sctivating and guiding
influence of the immortal soul! Haller (5), though
probably sufficiently vitalistic in outlcok to accept
such a view as the latter, held that the heart beat

was a direct result of stimulation of the inner sur-

face of the heart by the blood, and this view held

practically unchanged until the rise of two opposed

| sechools of thought in the late nineteenth century.

| The discovery by Remak (6) of that ganglion

in the sinus venosus which now bears his name, was
followed by Ludwig's (7) demonstration of a similar
collection of cells in the interauricular septum, and
by that of Bidder (8) who showed a double mass of
ganglion cells at the junetion of the auricles and
ventricle. These discoveries marked the birth of the

Neurogenic/




neurogenic theory of the heart beat, a theory which
seemed to find its greatest support and indeed its
final prcof in the classical experiment of

Stannius (9).

According to this theory in its eesrly form
Remak's ganglion sent rhythmic discharges into the
otherwise non-rhythmic muscle of the sinus venosus:
from here the impulse was conducted by presumably
nervous paths to the ganglion of Iudwig where it
suffered a delay before passing to the auricular
musculature on the one hand and the ganglion of
Bidder on the other, passing finally from the latter
ganglion to the ventricular musculature. The pro-
posed delay in the passage of the impulse from the
lower ganglia to the muscles subserved by these
assured the normal secuence of contraction in each
cyele. Suppression of Remak's ganglion caused
impulse initiation to be assumed by the less highly
automatic Iumdwig centre, while suppression of this
again led to Bidder's ganglion assuming this function

- an interpretation of Stannius's experiment which
was as striking as it appeared complete.

Experiments performed by Eckhard (10), and by
Foster and Dew Smith (11), who showed that the gan-
glion free ventricular apex would beat rhythmically
if stimulated by a constant current, and experiments

of Bowditch (12) and Merunowicz (13), who showed

that/
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that a similar result was obtained by subjecting the
apex to the constant stimulus afforded by the pres-
gure of some nutrient fluid, caused the upholders of
the motor ganglion point of view to withdraw the
conception of Remak's centre as exerting its effect

by a discontinuous or rhythmic action and substitute

| instead the view that it produced its rhythmic effect

by a continuous stimulating action.

The "neurogenists", though they were of course
aware that rhythmicity could be conferred by stimula-
ticen, made a fundamental error in failing to recog-
nise the importance or indeed the existence of

rhythmicity as an inherent function of cardiac muscle,

:and it is the merit of Engelmenn (14) and of Gaskell

(15), especially thelatter, to have built up a theory
of the heart beat which was in opposition to the
neurogenic view in that it considered the heart beat
to be the expressiocn of an inherent rhythmicity of
cardiac tissue rather than a rhythmicity superimposed
by a S imulus of Hervous origin.

Gaskell's work illustrates how valuable is the
broad outlook even for one concerned with what might
be considered as narrow and particular problems.

From the fact that most muscles may be made to
exhibit rhythmic contractions under certain conditions

he came to regard rhythmicity as & primitive character

of/



of such tissue showing that the more primitive forms

of muscle have this property in grester degree than

| have those forms wnich are more highly developed in

which, presumably, rapidity of contraction has been
gained at the expense of rhythmicity. Considering
the heart from a phylogenetic and ontogenetic stand-
point he was able to correlate the degree of modifi-
cation of the original cardiac tube with the rhyth-
mical power of the different parts of the heart,
showing that rhythmicity was greatest in those parts
where the original musculature had been least modi-
fied, that is to say in the sinus venosus, the
auriculo-ventricular junction and the conus arterio-
sus. He showed further that the conduction of the
impulse from the sinus to the ventricle did not take
place along nervous paths as had been supposed, but
that nevertheless conductivity like rhythmicity was
subserved in different degree by different parts of
the heart.

While it is not our purpose to enter into a
discussion of the controversy between the upholders
of the neurogenic and the myogenic theorieéﬁ a con-
ception arose from the wok of CGaskell and Engelmann
which in vpoint of fruitfulness must rank next to the
yogenic view itself - though this will be disputed
by/

I*A.full account will be found in the recent mono-

graph of Fredericg (16), and in the paper of
Haberlandt (17).



by some. This is the view that cardiac tissue is
possessed of five fundamental properties or functions
|- excitability, rhythmicity, conduetivity, contrac-
‘tility and tonus - and though Fngelmann's view that
these five attributes are distinet in "time and
space may not, as Lewis (18) observes, prove to be

true, nevertheless the most recent work on the physi-

ologyof the heart seems in respect at least of the

lthree main funetions - rhythmicity, conductivity and
rcontra.ctility - to have justified the hypothesis in
8 remarkable manner,

The simulus given to the study of the heart by
this work on the lower Vertebrates led to the morpho-
logical discoveries of Kent (19) and His (20), and

the later and equally remarkable discoveries of

Tawara, Keith and IFlack in the mammal.

i That the bundle of specislised tissue, connecting
ithe suricles with the ventricles, discovered by
Stanley Kent and by His, was intimately concerned in
the conduction of the cardiac impulse from auricles
to ventricles was scon proved (21-23). Following
this discovery came the demonstration by Tawara of a
collection of specisl tissue differing from ordinary
cardiac muscle lying near the base of the inter-

auricular septum and forming the commencement of the

auriculoventriculér bundle of Kent and His, and in

the/




| the same year Keith and Flack (25) discovered a

similar collection of tissue lying in the suleus
terminalis between the inferior and superior vensae
cavae and the right suricle. To these last two
t{issues were given the names auriculoventriculasr and
sinoguricular node respectively, and at the outset
the latter was regarded by its discoverers as a

rement of the sinus venosus and therefore probably

| of importance from a functional standpoint.

The announcement of these discoveries led a host
of investigators to attack the physiological problems
presented by these tissues. A complete account of
such work is to be found in the admirable review by
Eyster and leek (26) and we will content ourselves by
stating the general conclusion which may be drawn
from the investigations, which is that the normal
seat of impulse initiation in the mammalian heart is

the sinocauricular node: +that the impulse arising here

| spreads by way of the suricular musculature to the

auriculo-ventricular node where it suffers a delay
before passing finally by way of the bundle of His
to the ventricular musculature. Suppression of the
activity of the sinoauricular node leads to impulse
initiation being taken up by the less automatic
auriculoventricular node, while suppressicn of this
in turn causes some part of the "special system" in

the ventricles to act as centre for the production of
the/



the idioventricular rhythm.

This last work is of great interest for not only
has it brought the physiology of the mammalian heart
into line with that of the frog as regards impulse
initiation but it has given morphological support to
Engelmann's views on the discreteness c¢f the funda-
mental attributes of cardiac tissue in so far as it
has shown that not only rhythmicity but conductivity
g8lso is subserved, mainly at least, by distinect
tissues.

We may consider that of the three main funetions
of cardiac tissue the condition of our knowledge, as
a result of the work we have rapidly reviewed, was

more complete in respect of ccntractility and con-

| ductivity than as regards automaticity - as far at

. least as the nature of these functions was concerned.

The essentially physical nature of conductivity and
even of contractility led to views regarding the
nature of these phenomens which we need not discuss,
but which, because they were mechanistic were satis-
fying if only provisional. Although the environ-
mental conditions which determined cardiac automati-
city had been determined with some degree of accuracy
- thanks to the stimulus afforded by the work of
Ringer (%7) - and though the myogenic view was
génerally adopted, no real advancement as regards

insight to the causative factor of rhythmicity in
the/



the tissue itsell, its essentisl nature or basis,
had been obtained; and though there were theories
enough and to spare, it seemed that on a last analysis
rhythmicity was to be regarded, like irritability
itself, as a primitive attribute of living matter -
a truly vitelistic phenomenon, & mechanistic inter-
pretation of which was unthinkable!

While it is perhaps true philosophically

| speaking that we can never know the ultimate nature

of any process, to show that a rhysiological pheno-
menon hes a physical (or chemical) basis and to
determine what that bagis is, is to advance the
problem far indeed towards the goal of the general
physiclogist, even if it merely, as it usually does,
transfers the problem from being one of the mode of
action of one tissue on another tissue, to being a
problem of the mode of action of some chemical sub-
stance or some physical process on that tissue.

The rapid and indeed sensational advance of
endocrinology aml the consequent demonstration of the
comparatively simple chemical basis of some of the
most complicated of physiological processes led to
the evolution of a new viewpoint and a new technique
in physiological research - hormonic, indeed, in more
Senses than one. Investigations in this new field

by this new technique left practically no organ in
the/



the body untouched and so the heart, in common with
the other organs, came in for its due share of
attention.

Soon after the appearance of Loewi's work,
which will be reviewed in a later section of this
paper, articles appeared almost simultaneously from
three different laboratories describing experiments
which were interpreted as showing that the rhythmi-
city of cardiac tissue was due to the action on the
otherwise non-rhythmic myocardium of substances
vroduced by, or at least acting through, the special
(nodal) system of the heart.

Thus Demoor (%9), Professor of Physiology in the
University of Brussels, showed thatnon-rhythmic
portions of mammalian cardiac muscle covld be made
to beat rhythmically if bathed in Locke solution to
which had been added an extract of the sinocauricular
node, and he conecluded from this that the automatic
rhythmicity of the heart was dependent on the con-
tinmuous action on the myocardium of what he called
the "substances actives"”, pr%@?d by the sinoauricular
node, and, as demonstrsted later, found also in the
node of Tawara, bundle of His, and the Purkinje
tissue of the subendocardium.

Haberlandt (40), of Innsbriick, working indepen-

dently of Demoor and in ignorance of the latter's

work/
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| work, showed that the sinus venosus of the frog's

heart produced a substance - "Herzhormon" - which
would initiate rhythmic contractions in the long
perfused and quiescent frog ventricle, and to which
therefore the normal automaticity ofthe heart was
presumed to be due.

Finally, Zwaardemaker (41), of Utrecht, working
mainly with the eel's heart, came to the conclusion as
a result of experiments commenced as far back as 1916,
that the sutomaticity of cardiac tissue was due to
the presence in the heart of substances whiech he
called "Automatins" whih were produced in various
parts of the body by the action of the 2 rays of
potassium on an inactive precursor which he called
"sutomatinogen™. These automating were supposed to
be concentrated in the special system of the heart,
and to work, as it were, from this system as a base.

Thus was initiated what has now generally come
to be known as the work on the "heart hormones" - an
inaccurate though convenient term by which to desig-
nate the various substances described by the
different workers.

It is the purpose of this paper to review the
work of each of the three schools, to add the author's
own observations, to discuss the whole critically,
and, if possible, assess the value and significance

of this work,



THE SCHCOL OF DEMOCR.

The bagis of Demoor's work,

Though the fact that some parts of the heart
remgined longer in rhythmic activity after death
than others was known to Galen and to Haller, studies
on the relative automaticity of different ~egions of
the mammalian heart assumed a fresh significance
after the discovery of the "nodal system", and it is
on the basis of a generalisation which Demoor made
regarding the relation of rhythmicity to the nodal
system that his work rests.

Early studies on relative automaticity seemed
to indicate that the mammalian left suricle was
decidedly inferior to thR right in respect of this
spontaneoug activity. Frédericqg (142), for example,
showed that while functional separation of the right
auricle from the interauricular septum abolished the
effects of the right auricle on the rest of the heart,
which then took up & "nodal™ rhythm, separation of the
left auricle from the interauricular septum usuvally
resulted in quiescence of this chamber. Similar
results were obtained by Hering (143) and by Erlanger
and Blackmann (144). The latter workers in addition

to investigating the automaticity of different regions

of/
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of the heart by producing functicnal separation by
cutting, crushing or otherwise, employed strips of
muscle from different parts Suspended in a nutrient
medium. They found that while automaticity was
exhibited in high degree by strips from the right
guricle - and the more so the nearer were the parts
taken to the venae cavae - strips from the left
auricle, separated from the right auricle and from
the interauricular septum, rarely showed any rhythmic
activity. Langendorff (145), and lathieu (146) made
similar observations with like resultsf

In 1922 Demoor (148) published a paper confirming
and extending these findings. He showed that while
the isolated right auricle placed in oxygenated Locke
solution at & suitable temperature will beat rhythmi-
cally for several hours, the left auricle under
exactly similar experimental conditions behaves
differently, exhibiting an irritability which differ-
entiates it completely from the left auricle in situ
and from the isolated right auricle. The left
auricle under such conditions undergoes variations in
tone which are followed by a periocd of insensibility
to electrical stimuli, following which is a period
when it responds to faradisation by & tetanus, or
t0 single shocks or series of ShéFS‘by single

contractions/

*-.S
O€€, however, lMoorhouse (147).
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contractions or groups of camiractions which may

lead to fibrillation,which latter may only disappear

| long after cessation of the stimulus. At the end

of from half to cne hour's immersion during which it

remaing passive, groups of irregular unequal con-

| tractions may arise spontaneously but these never

become rhythmic, The left suricle as sbove is
insensitive to adrenaline andaehanges g% the Ca 107 .comenbotin e
/ e

Demoor (149) as a result of his experiments on
the left auricle concluded that the irregular aperio-
dic contractions arising in this tissue when it is
isolated from the heart are the expression of the
inherent automaticity of cardiac muscle, and that
rhythmicity was probably to be regarded as super-
imposed on this inherentactivity by some influence
exerted by the nodal system.

This view received confirmation from later work.
Porter (150), as far back as 1897, had shown that
ventricular strips would beat rhythmically if suitably %
irrigated. Tavusig and Meserve (151), and Demoor and
Rylant (152) showed that this was only so if the ven-
tricular strips contained subendocardial tissue. If
this latter was removed the strips behaved after the
manner of the left auricle. A similar observation

had already been mede by Ishara and Nomura (153),

Who showed that ventricular cells beat rhythmically

as/



as long as they were in connection with Purkinje cells
but ceased so to behave when separated from these.
Finally Deloyers (154) demonstrated thet if strips
of the right auricle were deprived of nodal tissue
they behaved in every way like the isolated left

: auricle.

This work, then, demonstrating as it did the
faet that in nocase where any cardisc tissue was
devoid of ,or had been experimentally deprived of
nodal tissue or of its comnection with some part of
the nodal system,did the spontaneous contractions
which ultimately arose in such tissues become rhyth-
| mie, gave support to Demcor's contenticn that the
irregular aperiodic activity of such preparations
| wag in fact the expression of the inherent automati-
city of cardiac muscle.

Further presumptive evidence in favour of this
view was afforded by its capability of providing an
explanation of lMunk's classical experiment. Munk
(185) showed that mechanical stimulation of the
internal face of the frog ventricle produced a simple
response when the stimulus was applied at +the anex
and a rhvthmic response when applied at the base.

At the apex of the ventricle is pure myocardial
tissue while at the base is part of the "special"
System; thus Demoor (156) interpreted Munk's
findings/



findings as bearing out his view that only where
myocardial tissue is found in conjunction with part
of the nodal system is the production of rhythmical

activity normally possible.

Discovery of the "active substances”.

In 1921 Demoor (157) found that alcoholic and
aqueous extracts of the wventricle, left auricle and
inferior part of the right auricle of the dog's heart
either did not influence or diminished the rhythm of
the isolated perfused rabbit heart, whereas a similar
extract of the nodal region of the right auricle in-
tensified the beat. Experiments (157) followed on
these extracts where instead of the isolated perfused
heart the irrigated right auricle of the rabbit was
used, and it was but a natursl step to determine the
action of this active substance on the left auricle
the behavioud of which he was at this time studying.

Thus it was found (159), that if to a bath of
Locke solution,oxygenated and at body temperature,

containing the isolated left auricle of a rabbit
exhibiting its typical arhythmic activity,is added
an extract of the sinus region of the heart the
auricle after a variable latent period commences to
beat rhythmically and behave in every way like the
isolated right auricle, the rhythm being maintained

With or without short intermissions until such time

ag
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as the substance -or substances responsible for it
disappear or are destroye@,'when the auricle immedi-
ately reverts to its prévious behaviour. This is
the fundamental expérimént of Demoor.

Further work showed that the "active substances"
existed elsewhere than in the region of the Keith
Flack node. Thus Demoor and Rylant (160) showed that
the isolated left suricle or strips of ventriecular
miscle devoid of subendocardium could be made to beat
rhythmically by means of an extract of the ventricular
subendocardium, the inference being that the active
substances responsible for this result were resident
In the terminal ramifications of the bundle of His -
in the Purkinje fibres. Mlle. Hoebaers (161) ob-
tained active extracts from the node of Tawara and
from the upper part of the auriculo-ventricular bundle.

It was found by Laubry, Walser and de Glaude (162)

| that extracts of the Keith Flack and of the Tawara

nodes produced similar effects on the isolated per-
fused heart of the rabbit, and this was interpreted

&S confirming the identity of the substances extracted
from these different sites. Demoor (164) quotes

Kemal, Djenadb and Mouchet (163) as having found the

"active substances" in the general bundle of His, but

this wonld appear to be an error. These authors
Simply showed thst an extract of the bundle of His
Produced & fall in arterial pressure on intravenous

injeetion to mammals.
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| FURTHER PROPERTIES CF THE'SUBSTANCES ACTIVES"

‘ While the main osrorerty of the active substances
‘derived from the sinoauricular and suriculoventricular
| nodes and from the Furkinje tissue of the subendocar-
‘dium, ig to confer rhythmicity on otherwise arhythmic
:portions of myocardium, the extracts have other pro-
iperties.

| It was observed early in this work that the

|

;extraets were only active in initiating rhythmie
asctivity in the left auricle preparaticn if they
were very fresh. The active substance seemed to be
very rapidly destroyed in dilute solution - within
several hours - but while such extraets failed to

produce rhythmic beating they permitted adrenaline

| $0 initiate such activity whereas normally the

isolated left auricle is insensitive to the action

of this sutacoid. The response to adrenaline after

|‘%ensitisation” of the auricle by means of an other-
:Wise inactive extract was usually very similar in

' nature to the normal response to an active extract,
but the rhythm was generally not maintained for so
long as with the nodal extract. The cessation of the

rhythmic activity induced by adrenaline.was as in the

| ¢ase of the activity induced by active extracts,

usually sudden, and a renewed activity could often

ibe elicited by a further addition of adrenaline.

f It/
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It was further shown by Demoor and Rylant (165),
(166), that if fresh extracts were heated to 60-63°

Centigrade for some minutes the power to initiate

. rhythmic contractions was lost, but the ability of

guch extracts to sensitise the left auricle to adrena-
line was only destroyed c¢n further heating to from

70 to 73° Centigrade. From this and from the pre-
ceding observations it was concluded that in the
extracts there were probably two substances of impor-
tance from the point of view of rhythmicity - hence
the change in nomenclature from "substance active"

to "substances actives™. The adrenaline sensitising
part of the extract, it should be noted, permits
changes in the Ca concentration of the irrigating
fluid to exert their normel effect on the left suricle
whereas otherwise the preparatioan is insensitive to
sueh changes.

The effects described above were obtained with

' aleoholic as well as agueous extracts of nodal tissue

though the latter always proved the more satisfactory.
Also, while heating to 60° destroyed the property of
the extract to produce rhythmic activity in the
isolated left auricle, heating to 50°C. was found by
Demoor to improve the normal action of the extract.
This was thought to be the result of the destruetion

of some inhibitor or toxic substance.

We/



We may summarise the results obtained by Demoor
‘and by Demoor and Rylant in their studies on the
;active substances extractable from the nodal tissue
of the hesrt by stating that these substances have
the following properties:- They have no zoological
specificity; are soluble in alcohol and water but not
iin ether; are rapidly destroyed in dilute agueous
isolution; are incompletely dialysable; they lose the
proverty of conferring rhythmicity on the isolated
|1eft guricle when heated to GOOC., and their proper%y
?of sensitising the left auricle to adrenaline and to

‘changes in the Ca concentration when heated to 70°¢C.
|

We must now consider the interpretaticns which

|Demoor places on his experiments, and to do so we
|

!eannot do better or be fairer than by quoting Demcor's

!own words from one of his latest publications (167).

iDemoor's_Ehggry of the heart beat.

From the early expetments it was deduced that
"le myocarde ne bat rhythmiguement que lorsqu'il est
morphologiquement associé au noeud de Keith, au noeud
\de Tawara, au faisceau de His ou aux éléments de
Purkinje du sous-endocarde, soit done & l'une ou
l'autre partie du systéme nodal", and that if cardiac

tissue
'1s deprived of or is devoid of such connection "une

!
cepacité réactionelle fondamentale y écldot, donnant

!lieu/
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lieu & des secousses apériodiques gui ne se trans-
forment jamais spontanément en travail rhythmé".

The left suricle was shown to be a tissue poor in or
devoid of nodal tissue and further experiments showed
that an extract of nodal tissue had the property

"de rhythmer, par mécanisme humoral, le travail
désordonné et apériodigue du myocarde de 1'oreillette
gauche".

Finally Demoor comes to the conclusion that:-
"de 1'ensemble de ces expériences il résulte que le
sinus entraine la modification du travail initial du
myocard;‘ par 1'intermédiare d'un agent actif, issu
de son intimité, transmis & l'ensemble des fibres
contractiles, et agissant humoralement sur ces
derniéres. Ces substances nodales sont nommées
"substances actives"..... dont la permanente inter-
vention et la réguliére distribution sont assurées
par le systeme nocdal".

The essential point in Demoor's theses and one
which he reitérates time and again in his publications,
is the essentially "humoral" action of the active
Substances. The high automaticity of the nodes and
the automaticity of the Purkinje fibres is due pre-

Sumably to their high content of active substances

in/

%
Ehat is to say the fundamental arhythmic activity
o Pure myocardial tissue.



in view of their function as producers or distributors
of these substances, and all other parts of the heart
are only rhythmic so long as and in so far as a supply

of active substances from the nodal tissues is acting

| on these other parts, the substances exerting their

action through humoral channels. The isolated left
auricle beats rhythmically when bathed with an extract
of the nodal tissue because then it is under the
influence of active substances as it is in the heart
in situ.

This then,in outline,is Demcor's theory of the
heart beat. Further discusgion of this most interes-
ting theme éand a consideration of further experiments
which have been interpreted as surporting it, will
be postponed until we have briefly reviewed the work
of Haberlandt and Zwaardemaker and stated the results

of our own few experiments.,

P e ———— e e e,
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THE SCHOOL OF HABERIANDT

THE "HERZBCORMCON" or "HCRMON DER HERZBEWEGUNG",

Fxperiments with "sinus RingerV?

Haberlandt;s demonstration (168) that Ringer's
golution in which the sinus venosus of a frog heart
| had been allowed to beat would produce a positive
chronotropic effect on a frog ventricle to whiech it
Wos applied, formed the starting point of his work
on the heart hormone.

In the performance of this experiment the
ventricle was separated from the rest of the frog's
| heart and suspended on a Straub cannula. The sinus
venosus was freed from blood and placed in about one
cubic centimetre of ringer fluid in the which it
wes permitted to beat. It was then found, that if
to the slowly beating ventricle is added part of the
"sinus-ringer" the rate of beat of the ventricle is
incrﬁased?:LﬁWhile the rate of heart usually reverts
to its normel value on replacement of the "sinus
ringer" by the normel fluid, Haberlandt fovnd that in
Some cases the chronotropic effect persists long after
the sinus ringer hes passed from the heart. Further,

1N meny cases the girus ringer procduces no effect on
the/
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the chronotropism bubt & prenouriced increase in the
force of the ventricular contractions (fig.4 ), and
finally, the positively inotrcpic. and chronotropic
effeets are- sometimes exhibited together (fig.s7).
Not only does "sinus ringer" affect the beating
ventricle but it also affects the long perfused and
quiescent ventricle, causing it to recocmmence heating,
On changing to normal perfusion fluid the rhythmic
activity usually ceases, but in some cases the effect

initisted by sinus ringer persists. In figure 6.

is shown a case where rhythmic beating was reinstituted

tasesduiescent ventricle on addition of sinus ringer.
In this case the effect had already been obtained
three times.

The effect of sinus ringer on the irregularly
beating ventricle - for example, on the ventricle
which is giving rise to groups of beats - may be to
reduce the interval between the groups, to increase
the number and force of the beats in a grouyp;-or, by
carrying the process still further, cause the irregu-
larities to disappear altogether, These effects,
like those previously described, may persist after
replacement of sinus ringer with the normal fluid.
Effects of sinus ringer on the irregularly beating
ventricle are shown in Pioses 7 b0 9 In the las?t
1t will pe noted that two extrasystoles are shown.

Haberlandt found that spontaneous extrasystoles often

O0ccurred/



occurred as a result of the action of sinmas ringer.

It ig stated that all the experiments were con
trolled (168)(177). In these just deseribed the
small changes in intracardiac pressure incidental to
the changing of the experimental solutions often
gave rise to changes in the beat, but these were of
short duretion and could be easily distinguished
from the specific effects of sinus ringer. The
sinus ringer effects had always a longer latent
period and lasted longer than did the effects due to
sueh mechanical causes. Cn some occasions the
pressure effects were completely lacking, while in
others again the effects were in the opposite sense
to those produced by the sinus-ringer. In all the
experiments sinus ringer and normal ringer were used
altepnately and while the normal ringer might, for
éxample, give rise to isolated beats in the guies-
cent ventricle the "pulse-initiating"” influence of
Sinus ringer was expressed in the production of a
8till greater number of contractions.

In view of the possibility that the effects
obtained with sinus ringer were due to the non-speci-
fic products of the sinus muscle metabolism such as
¢érbonic or lactic acid, changes in hydrogen-ion
Concentration or of ion ratios, Haberlandt investi-
gated the effects of such substances and chenges on

the non-rhythmic ventricular apex and found that

&lt?ough the apex was capable of entering into rhythmic
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getivity in response to rhythmic electrieal stinula-
tion none of the substances or changes investigated
would in fact initiate such activity. In view then
of the "pulsauslosenden'", "pulsbeschleunigenden" and
"pulsverstérkenden" properties conferred on ringer
solution by the presence therein of a beating sinus,
and in view of the faect that the effects were pre-
sumably specific and nct due to the non-specific
metabolites produced by the activity of the muscle,
Heberlandt came to the conclusion that in the sinus
of the frog heart was produced a specific regulating
substance which riight be considered as a hormone, in
the narrower sense of that word: "dass der im Sinus
des Froschherzens entstehende Erregungsstoff von
spezifischer Art und demnach als Hormon im engeren
Sinne des Vortes zu betrachten ist....."

To this substance he gave the name "heart-hormone”
(Herzhormon) or "hormcne of the heart movement"
(Hormon der Herzbewegung).

Haberlandt stresses the fact that he has never
Suggested that normally the "Sinushormon™ acts on
the ventricle in any direct manner. The ventricle
is chosen as a test object simply because in the
ventricle the conditions are present which permit
the demonstration of the effects of the sinus hormone:
n the whole heart beatinge at the rhythm imposed on

it by the sinus it would be diffieult to superimpose
the/
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the hermone in sufficient quantity tc affect the beat.
In sddition tc¢ using the ventriele and ventri-
cular apex as a test object, Haberlandt in later
experiments employed strips from the sinus venosus
itself, subjecting such strips, two or three days
after their isclation, to the sction cf sinus ringer.
Twenty-two out of the thirty-five experiments gave

positive results. The whole heart isolated on a

straub cannulas two or three days before the experi-

| ment was also employed in some cases, and could be

made to beat rhythmically after subjection to the

action of sinus ringer.

Experiments with "basgis-ringer".

Haberlandt's (169)(170) next advance was to show

| that properties similar but less in degree tc thos

conferred on ringer by the beating sinus could be
conferred by the beating base of the frog ventricle,
The proverties of the "basis-ringer" being practically
identical with those of sinus-ringer need not further

be described.

Experiments with extracts.

Extracts of the =inus venosus and of the base
of the ventricle were now investigated (171).  The
tissue wag finely minced and extracted with absolute

aleohol for twenty-four hours or longer, similar

extractg/
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extracts of ventricular apices and of the gastroc-
nemii muscles being prepared as controls. The
liguid wes evaporated on a water bath and taken up

in ergotamine-ringer solution. Ergotamine-ringer
was used in these experiments in view of Witanowski's
demonstration that the Loewil accelersting substance
is present in,or at least is extractable frorm,the
non-nerve-stimolated heart. The experiments with
the alecoholic extracts of the sinus and the base of
the ventricle of the frog heart showed that in scme
cases such extracts had the "pulse-quickening,
-strengthening and -liberating'" actions previously
deseribed for sinus ringer, while the control extracts
of the ventricular apex and of the gastrocnemius
miscle had either no effect or had slight negative
inotropic end negative chronotropic effects, due
presumably to\eholine. As noted in the previous
cases slight effécts were often obtained due to
pressure differences incidental to the addition of the
extracts, but, as before, such effects were easily
distinguishable from the specific effects of the
"Herzhormon" . Such pressure eifects are shown in
figs. 20 , 2z and zz . In fig.10 the first change
is due to addition of normal ringer, the second to
8ddition of gastrocnemius extract. The next figure
Shows the effect of an extrsct of the ventricular

8Dex, while the last shows the effect of a sinus

extract .

Finelly, it should be noted, alcoholic sinus

extracts/



extracts produce automatic activity in the guiescent
ventricle.

The extracts, however, are not so satisfactory
in producing the specific effects of the Herzhormon
as is "sinus" or"ventricle-base" ringer - an obser-
vation which Demcor also made in connection with the
aetive substances - and while with sinmus-ringer posi-
tive specific effects were observad in two thirds of
the experiments, good effects were obtained with
extracts in less than 50% of the cases. Haberlandt
congidered that this result might be due to a slight
solubility of the hormone in absolute aleohol or to
its rapid destruction. In view of Demoor's demons-
tration that the active substances were rapidly
degtroyed in solution, Heberlandt (172) invegtigated
this point further and showed that extracticon with
absolute alcohol for as long as 25 days did not give
extracts which differed materially in their activity l

from those prepared within 24 hours.

Other properties of the Herzhormon.

In further experiments he showed that the Ierz-
hormon is not destroyed by heating to 100°C., that it
is insoluble in ether and only slightly soluble in
chloroform and is thus not lipoidal in nature (172).
It is dialysable. While it is adrenaline-like in
S0me respects it is neither adrenaline nor the

&ccelerator/



.accelerator substance of Loewi, since ergotamine does
not prevent its acticn. It differs from adrenaline
in being vasodilator (172), histamine-free extracts
still having this property (e.g.180). It is not
histamine. It is not destroyed by irradiation with
fluorescent or ultraviolet light bubt is inactivated
to some degree by X-rays (176). It is present in
small quantities in skeletal muscle (mammals)(184).
It is unfortunate that in hisg later exneriments
(178-183) Haberlandt should have made use of a com-
mercial preparation of his heart hormone, Not only
is this unsatisfactory in that its method of prepara-
tion is nowhere described but it has the additional
disadvantage of being made not from the frog but from

the mammalian hesrt!

The heart hormone in therapeutics.

Finally, in a long series of papers published in
various mediecal journals Haberlandt (185-193)(227,228)
has stressed the clinicsl significance of his work,
and the heart hormone preparation as prepared for him
is being used extensively on the continent as a thera-

Peutic agent in various disorders of the heart.

While it is not the purpose of this essay to
deal with such aspects of Haberlsndt's work it is
difficult to refrain from makineg comment thereon.

It will be sufficient, however, to point out that the

1
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introduction of such products into therapeutics is
not only premature but is utterly unjustifiable from
every point of view, and the time spent on invésti-
gating the clinical applicetions of the heart hormone
preparation would be much more profitably spent in
elucidating the numerous physiological problems
presented by this work on the chemical basis of
cardiac automaticity. Once these problems have bheen
golved it will be time enocugh to consider the appli-
cation of the new knowledge to the problems of cardise
pathology: but, most assuredly, not before. It is
indeed difficult to see how the cause of seientifie
medicine is to be advanced 1f physiclogists themselves
fail to be scientific, and the unjustifiable com-
mercislisation of the heart hormcne is thus the more
deplorable as having been instigated by Haberlandt

himself.

summary of Haberlandt's views.

As we have already seen, Haberlandt considered
88 8 result of his experiments with "simus-ringer"
that & specific substance was elaborated by the sinus
Venosus of the frog's heart which had the property
of inereasing the freguency and the force of con-
traction of the long perfused snd slowly beating
Ventricle, or of initiating rhythmic activity in the

Wiescent ventricle. This property was shown %o

exist/
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s solution in whieh the base of

exist also in Ringer
the frog ventricle had been allowed to beat for some
time. It was cconcluded from these experiments that
the sinus venosus, and to & lesser extent, the tissues
of the ventricular base elaborated a specific regula-
ting substance, which in virtue of its properties on
the isolated and particularly the quiescent ventricle,
mist be considered as a hormone in the narrow sense

of that word. To this substance the name Herzhcrmon
was given.

Experiments with extracts of the sinus venosus
and the base of the ventricle were found to have
properties similar but less in degree to those of
"sinus" and "basis"-ringer.

The heart hormone was shown tc be neither
adrenaline nor histamine.

Further experiments were performed with a com-
mercial preparation of the "heart hormone" made from
the mammalian heart. This preparation was employed
elinically.

Haberlandt sums up his views on the mode of
action of the Herzhormon and on its physiological
Significance by saying, in effect, that the sinus
Venosus is the pacemaker of the heart in virtue of
1ts high content of this substance - "dass jenes
Herzzentrur die Oberhand hat, in dem das Herzhcrmon
in ﬁberwiegender Menge bzw. griosserer Wirksamkeit
€ebildet wira",

The/
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The substance itself he considers to te in fact

that "inner stimulus™ the chemicel nature of which

was postulated long ago by Engelmann and the expression

of which is the automatic and rhythmic beating of the

heart.

Haberlandt's early work is fully described in a
monograph published by him in 1927 (177). A fuller
account of his views (with special reference to the
clinical applications of the "Herzhormon") is to be
found in a further monograph just published (229).

A short review will also be found in a recent paper
in "Endokrinologie™ (228).
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THE SCHCOL OF ZWAARDEMAKER,

Experiments on the substitution of potassium by
BRporiiie b S A

rodicorctive elements.

The observation which gave birth to the large
volume of work of the Dutch school was the demonstra-
‘ tion of Zwasrdemaker (194),in 1216, that the potassium

of Ringer's fluid could be replaced by an amount of
‘uranium or some other radioactive substance the radioc-
‘activity of which was exactly equivalent to that of

the potassium for which it was substituted. While

|non-radioactive elements would thus not serve to re-

‘establish the beat of an isolated heart brought to a
| standstill by perfusion with potassium-free ringer,
|such elements as rubidium, thorium, uranium or ionium
would so serve. Experiments on lamprey, eel, frog,
toad, tortoise and rabbit hearts all gave these
results (197,198).

It was shown further that nct only were salts
of radiocactive substances capable of replacing the
| potassium of Ringer's fluid but that the same effect
could be obtained by irradiation of the potassium-
| free perfused heart by means of radium, mesothorium,
or the cathode rays from a Lenard tube (195,196).
Figure 73 , which is from a paper by Zwaasrdemaker,

Shows this effect of radium irradiation on a heart

derfused/
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perfused. with potassium-free ringer. It will be seen
that an hour after commencement of the irradiation a
few rhythmic beats appeared, permanent rhythmic

sctivity being established half an hour later still,

The long latent period between the commencement
! of irradiation and the commencement of rhythmie

| beating is very striking and is characteristic of

| such experiments. Zweardemaker found for instance
that when a small glass ampoule containing 3.2 mgms.
of radium was placed practically against a potassium-
| free perfused heart the latent period was never less
than seven minutes, while at a distance of half a

centimetre it varied from half to one hour.

"AUTCMATINES",

This long latency suggested to Zwasrdemaker that
| the effect of the radiation on theheart was not,so to
speak, mechanical, but was produced through theinter-
mediary of some chemical mechanism - a supposition
made the more likely by reason of the fact that once
& heart had beenactivated by means of radium it would
haintain some sort of activity for from half to one
day after cessation of the "stimulus".

Following the suggestion of Benjamins, Zwaarde-
aker (199) adopted for this hypothetical substance
Produced in the heart by means of corpuscular radia-
tons the name "sutomatine T and concluded from the
fXperimental findings that the main function of X in

-?.he animal body is the production of this substance.
In/




e X6 P

~ Fig. 4. —

Eig. 14

SuHowsS REACTIVATION OF EEL HEART By
MEARNS OF AVTOMATINE LIQUID 0BTAINED
By (RRADIATION OF ANOTHER MEART Ay
PoLo M omh

Fig. 15,
REASTIVATION By AUTOMATINE.

Twio EEL HEARTS IN SAmE PERFUS(oN CyclE,
Lowet HEAAT IRRADIATED By RADIoM -
Uppti- HEART meT mRADI ATED BuT RELEIVES
AUTOMATINGE LIGQUID FROMM LOWGER HEART.

el cde PRy
From: 2waslDEmalER | Ak, . 'h::# =
TGLF, =il figs. ﬂ

e e T e

(To fase P- 36,)



In view of the faet that either o< or 2 Tradiastions

e effective in re-establishing the beat of a
wer

K-free perfused heart (200), but that < and g

irradiations when applied simultaneously in edqual
amount were -inefféctive (201), he further supposed
that there were two kinds of automatines, «-automatine
and fg-automatine (199), and that these weré antagonis-
tie (202). Since, however, the radioactivity of K
is expressed as /3 radiation it was supposed that the
automatine normally present in the animal body is the
Ve, variety (199).-

Conclusive evidence in favour of the view that
chemical substance was fomed as a result of irradia-
was furnished by further experiments of Zwaardemaker

and of Aarons (203). Two frog or eel hearts were

fitted up in exactly the same manner and perfused

with potassium-free ringer solution. One of the
hearts was set into activity by means of external
radiation by radium. It was found that if the fluid
which had traversed this heart during its irradiation
and for some tme after the establishment of rhythmic
B.c-tivity,ws,s transferred to the second heart that il'b
t00, after a short latent period of the order of

half an hour, would commence tco beat rhythmically like
the irradiasted heart, the which would not otherwise
happen. Fig.Z4 shows the record of such an experi-
ment on the eel's heart, which after having been
Quiescent for gixteen minutes as a result of perfusion

Mith & K-free fluid resumes its rhythmic behaviour a
Tew/
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few minutes after the addition of "automatin fluid"
from & K-free perfused but radium-irradiated heart.
This type of experiment we may consider the eguivalent
in some ways of Loewl's original experiment on
humoral transmissibllity of nervous effects, and the
next figure shows the counterpart of Ten Cate's
modification of Loewi's experiment! In this two eel
hearts are perfused in series. The first heart
(lower record) is irradiated and commences to beat in
about half anhour. The second is not irradiated
' but receives automatin which has presumably diffused
from the first heart intc the perfusing fluid. This
automatin, accumulating in the ncdal tissue of the
second heart ultimately reaches such a concentration
that it sets this heart too into rhythmic activity.
In all these experiments a small guantity - 30 to 40
cubic centimetrés - of fluid is used and this is per-
fused and re-perfused through the heart or hearts for
the whole course of the experiment.
5 Zwaardemaker's view, then, is that in the heart,
88 8 result of the normal radioactive properties of
it‘he potassium in the blood,a substance, automatine, is
\formed to which the normal automaticity of the heart
is due. Abhstraction of potassium leads to stoppage
of the heart because now no radiations can act on the

Nother substance present in the heart tissues and

Yansform this to automatin. Addition of a

radiogctive /




radioactive salt in the perfusing fluid in place of

potassium brings about revival of the beat because

now once more automatine is formed in virtue of this

radicactivity. External radiation by radium brines
about a similar result because this tco assures the

formation of sutomatine. Further, the enormous

quentity and intensity of the radicstions from radium
as compared with those from potassium lead to the

formation ¢f much greater quantities of sutomatine

in the heart then obtain normally, so that on cessa-

' tion of irradiation the heart may continue to best

!

! : . : : 3
| perfusing medium to a potassium free medium the heart

for a day whereas on simple transference from a normal

stops almcst at once. In other words, whereas under
Phyéiological conditions only sufficient automatine
18 present in the heart to serve its immediate needs,
under experimental conditions sufficient can be

| manufectured to last for a day or more.

AUTONAT INOGEN .

The mother substance on which the /3 rays of
potassium normally act to produce automatine Zwaarde-
meker called "gutomatinogen™ (203,204).

While heart tissue contains large quantities both
of automatin and autometinogen, it was found that these
Substances were present also in other parts of the

Pody.  They were found, for example,in skeletal muscle

and/
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REACTIVATION OF EEL HEART B3~ IRRADIATED
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and in blood (205,206). It stends to reason, of
course, that wherever automatinogen exists there

glso will be automatine. But it seems that the

redicectivity of potassium is so feeble that only a
small proporticn of available automatinogen is at a
given time in process of transformation to sutomatin.
In order to investigate the relative effects of
different aubtomatin and autbtomatinogen extracts

 Jwaardemaker and Zeehuisen (207) conducted experiments

of the following tylje: they made up in K-free ringer
isolution an extract of automatinogen from the skeletal
!muscles, say, of the frog. A porticn of this solution
‘W&S irradiated. Three<eel hearts were set up and

| perfused, one with normal ringer, another with potas-
isium-free ringer to which had been added the solution
of automatinogen, and the last with potassium-free
‘ringer to which had been added the irradiated auto-
Imatinogen or automatin. The rate of beat and the

I. duration in hours of the rhythm were taken to indicate
;the relative amounts of atomatin intervening in each
Caseés A record from an experiment somewhat similar
%0 those noted above is shownm on the opposite page.
‘Irradiated skeletal muscle extract was added to the
Dotassium-free ringer perfusing through an eel's heart.
iThiS particular heart beat far twenty hours, whereas
8nother and similar hesrt subjected to the action of

1 : : 4
the Hon-irradisted extract in which sutomatinogen

DPreponderateq



-preponderated, ceased to best after eisht hours.
Similar ex;:eriinents on the guinea-pig heart have bheen

performed by van Bldick (208).

Uther BI_‘E)BEI‘“’G ieg of automatin and automatinogen,

Westenbrink and Aarons have recently made
valueble contributions to this subject. Not only
have they investigated the chemical and physical
proverties of automatinogen and automatin, but they
have developed a method of extraction of automatinogen
which appears to give a féairly pure product and have,
 finally, developed a biological method for the assay

of automatine.

The automatinogen is extracted from muscle by
cold alcohol and dissolved in water. It is then
| adsorbed on kaolin from which it is eleuted by 96%
alechol, White crystale of a phosphatide are de-
posited, and the sutomatine whiell appears to be
adsorbed on the phosphatide is released by means of
radium irradiation. The gquantitative tegst is con-
ducted in the following manner. An eel's heart is

Perfused for ome hour with K-free ringer plus auto-

metin,  This is followed by perfusicn with K-free

ringer without automatin, bringing the heart to an
Inmediate standstill. The unit of subomatin is the
Smallest ¢uantity which, dissolved in 50 ces., of

el - ' _
|*-free ringer solution causes the heart to beat again

With/

!
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with e freguency of about twenty per minute, The
‘error in this test is of the order of 25 per cent.
Expressing the results in units per kilogram of
'tissue used, Westenbrink and Aarons find that the
sinosuricular node contsins 3000 units of automatin

whereas the general myocardium contains only 250 such

|
‘units.
i

| The chemical and Thysical properties of automa-
|tinogen and automatin may be briefly summarised.

| Automatinogen, according to Westenbrink and
I1§Lz':1.3:°«f,'»ns (202), is soluble in water and “‘n alcohol but
‘almost insoluble in ether. It is adsorbed by kaolin.
iI‘b is not dislysable. I is a phosphatide, or is
‘automatin combined with or adsorbed on a phosphatide.
| Automatin itself is soluble in water and ian

\not adsorbed by kaolin. It is dialysable. It is

gleohol but practically insoluble in ether. It is

\not destroyed by boiling with hydrochloric or anitrcus

iacid, but it is destroyed by hot sodium hydroxide.

‘It 1S precipitated from alcoholic solution by HeCl,,
‘and from agueous solution by phosphotungstic acid but
Inot by silver nitrate. Zwaardemaker (210) found that
‘automatin was produced by irradiation of vitamin B,
bub Westenbrink and Aarons show that it is not

Vitemin B itself. It is not histamine or adrenaline.

lwhile automatinogen disaprears from agueous solution
iny




| in about a day, automatin under similar conditions

ins active for from two 1o three days (211).
remal &

CONCIUSION .

Such then is a brief review of the main experi-
mental facts put forward by the Iutch school. The
interpretation put on these facts by Zweaardemaker is
simple, According to his view automatincgen and
automatin formed in different par.ts of the body are
carried in the blood to the nodal tissue of the heart
which has a special affinity for these suhbstances.
| Through the intermediation of the nodal tissue the

asutomatin, released by the radioactivity of the

potassium in the blood, exerts its effect in main-

taining the automaticity of the heart. Without

sutomgtin there is no automaticity.

Fully aware of the complexity of the subject of
' vhich he treats Zwaardemaker recognises automatin to
ibe of egual significance and importance with the ions
(end with the "sensibilisateurs" of the internal
environment. He recognises that sutomaticity is
lmainta‘med in virtue of a balsnce existing between
‘Phese different sets of factors and that disturbence
of this balance by alteration in the relative pro-
Portions of the constituents of one of the sets may

‘affect automaticity in as great a degree as will

abstraction of a whole set. The difficulty and
indeed/




A
"’"t. Y

indeed the undesirability of considering any one of
the sets of factors or its constituents to be of
prime importence is therefore stressecd and while it
is recognised that "sans automatines pas d'sutoma-
tisme" the view that automatin is of itself the
"inner stimulus" of the classical physiologists is

gbhorred (212).

01_:her bapers on this subject by Zwsardemaker are
listed in thebibliography (242-249). See also the
onogra-h of ven Eldiek (250).



PERSCONVAL OBSERVATIUNS.

Introduction: -

The observations here recorded sre concerned
entirely with the "active substances” of Demcor.
It was thought when contemplating research on the
"heart hormones" that Demoor's experiments were much
more satisfactory than those of IHaberlandt, and
though at the outset it did not appear that the con-
i clusions arrived at by Demoor were necessary corol-

laries of his experimental findings, the phenomens

described by the Brussels workers seemed of sufficient

interest to warrent re-examination and, if possible,
extension.

A visit was accordingly paid to the Institut
Solvay with the object of becoming acquainted with
the technique employed in this work on the active
:substances, and the experiments commenced in Brussels
| Were continued in the Fhysiclogical Iaboratory of the
University of Edinburgh.

Unfortunately, the mere repetition of Demoor's
ifundamental experiment has itself proved a time-
Consuming piece of work, and very little else has
‘been accomplished. The experiments reported here
thus répresent, as it were, but the beginnings of a

!I‘eseamh which it is hoped will be carried to a

| & . =
Uecessful issue in the course of a year or two.
' Suehy
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such e}Cpel'iméi;Ltfi as have been performed, however, are
not devoid of suggestiiveness and I have presumed to
permit some of these suggestions to lead to con-
clusions which may seem unjustifiable under the
circumstances. I quite realise, however, that any
conclusions which I have arrived at are little better
then provisional hypotheses which must stand or fall
on the results of experiments directed specifically

towards that end.

METHODS.

The apparatus.

The apparatus employed was until recently
similar to that used by the Brussels workers. A
glass beaker of 250 cubic centimetres capacity filled
with locke solution end maintained at constant
. temperature by immersion in a thermostat bath forms
| the receptacle for the isolated auricle.

A fairly violent stream of oxygen must be passed
through the solution.

The auricle is attached to a special type of
| lever, the design of which is apparent from the diagrem
iopposite. The J piece as used by Democor is nickel-
| Dlated with s silver hook soldered to its short end;
but I nave adopted one made from thick silver wire
| the terminal hook being formed by turning off one end
‘Of the wire in a lathe before forming the J. This
%Db”iates the use of solder altogether. One pmt of

the suricle is attached to the J piece hook, the other

L to/
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| t0 a silver clip attached by thread or wire to the
;lever. The J piece is iasulated from the rest of
the lever, and 1if wire instead of thread iz used for
gttaching the suricle clip to the lever, the J piece
| hook end this clip may be made to function as elec-
trodes. A terminal is provided on th J piece and
ion some other part of the lever for use in such experi-
!ments.

| The main disadvantage of the beaker arrangement
' as used by Demoor is that it is necessary to remove
:the auricle from the besker when it is desired to
!change the fluid. A vessel has accordingly been
introduced which obviates this difficulty and permits

of a complete change of the fluid in which the auricle

is immersed without interfering in any way with the

| record., The apraratus, as can be seen from the

diagram, is exactly similer in prineiple to the plain-

musele bath of Sharpey-Schefer, differing from this
only in its size and relative provorticns. The

capacity of the vessel is 250 ces.

| Solated suricle preparation: -

As a rule four isolated auricle preparaticns were
et up, either two left and two right, or three lefts
'3-116. one right. In any cese it is always advisable
Y0 have at least one right auricle -s & control. The

iawieles of young rabbits were generally used, and

Sueh for the obvious reason that in old and heavy
animalg/




animals the thiclkness of the auricles is so great
that simple immersicn in locke Tluid does nobt serve
to maintain them for long under ideal conditiocns, snd
perfusion of the auricular vessels which would thus
be necessary would involve a mneedlecs complicetion
in techniogue.

The animal is killed by a blow on the neck and
the heart quickly disgsected out and trénsferred to
werm locke solution. At first, and before one has

become experienced in this type of work, it is an

. advantage to ligature the superior and inferior venae

cavae before cutting out the heart, these vessels
being cut through on that side of the ligstures distal
to the heart. These ligatures serve the triple
purpose of preventing demage to the right auricle

when the heart is being cut from the animal, the

which is liable to occur at first, and of giving a
convenient means of holding the suriclés while these
are being separated from the ventricles, and,finally,
of permitting easy identification of the right and

left auricle after such separation has been e”fected

end after they have been separated from one another.

The heart having been placed in a dish of warm
locke, it ig supported in the horizontal position,
dorsal aspect upperwards, preferably under the surface
°f the 1iquid, by an assistant who holds the ventricle

Y¥ith the thumb and finger of one hand and the ligatures
aforesaidy



aforesaid with the other, exerting a slight ténsion
the while. A snip is mede in the hesrt st the
junetion of the auricles with the interauricular
geptum and the ventricles, and,the heart being slowly
revolved by the assistant,the scissors are run round
the auriculo-ventricular junceticn and along the bhase
of the interauricular septum, thus separating the

guricles completely from the rest of the heart. The

| aurieles are now geparated from one another and

preferably from the septum. That the irrigating
fluid may more completely reach all parts of the
surface of the auricle it is advisable 1o make a
couple of radial cuts in the auricle as in diagram.
Bach is now transferred to one of the levers, one part
of the cut edge of the auricle being attached to the

J piece hook, the opposite edge to the silver clip

and the whele ig lowered into the beaker until the

breparation ig submerged.

The recording of the experiments:-

Since a continuous record of the behavicur of
the left auricle is usually desired it is advisable
t0 meke use of a kymograph with a variable speed.
Host of ny experiments were recorded on Blix kymographs

Which give speeds varying from .0l mm. per second %o

.1-000 nr. per second. The record before addition of

L active substance extract can be made on & very

Slow rate of drum, say one revolution per two hours
the/
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| the speed being increased to say one revolution per
five to ten minutes, about the time when it is desired

to maeke the addition of the extract. The ease with

which an experiment can be recorded for long periods

and yet come within the compass of a few inches sguare

make up for the inconvenience of having to raise the

cylinder at the end c¢f each revolution.

.
-
-

The preparaticn of the extracts

Demoor used both agueous and alcoholic extracts

in his exneriments snd while for reascns which will

appear later aqueous extracts were used in most of
ny experiments alccholic extracts were also tried.
The aqueous extract is prepared as follows:

Sheep or other hearts are obtained frcem the abattoir

in as fresh a condition as vossible, preferably within

an hour or soc of the death of the animal, It may be

|
| noted here that most butchers in cutting the heart

| . 7
|out of an animal sever the greater part of the right

|&uricle, 80 that if it i8 desired to obtain an extract
(0f the sincaurieular node it is advisable to inform
E’Ehe "killer" that the hearts must be severed as high
luP a8 possible, prefersbly including part of the lungs.
'The Keith Flack node is visible as a light bend three
o four millimetres broad and 2 to 3 cms. in length

i

Tumning in the sulcus terminalis between the inferior

(214 superior venae cavae. It is easily dissected
out/




ez ]
(@]

out by means of a8 pair of scissors. The often large

smount of fat attached to the part thus dissected is

=t

removed as completely as possible, the tissue cut in-
to small pieces and placed in a mortar. If it is
| desired to obtain alszo the Tawars node this is visible
at the junction between auricles and ventricles just
above the middle cusp of the tricuspid valve. It is
| recognisable by its paleness and toughness as com-
| pared with the surrounding tissue, but is not as easy
to identify as is the sinocauricular neode nor c¢in i
be easily differentiated from the upper part of the
bundle of His. I have not used extracts of Tawara
node alone, but on occasion added the node to the
| sinoauricular extract. The tissue which, however,
' is most difficult to obtain satisfactorily butwhich
when obtained, gives probably the best results is
that of the ventricular subendocardium.

The tissue is obtained by a process of "peeling".
The difficulty here is to obtain the proper thickness
| of tissue. Taking the thinnest possible layer gives
merely the endocardial lining, while taking the tissue
t00 thickly eives ek an amont, of myocardial tissue
that the toxic effects of this latter may mask the
effects of the Purkinje material.

Practice alone seems of any avail here, though
88 8 general rule it may be said that a thickness of

%0ut one millimetre will be correct. The ventricle
being/



being laid cpen the connectionsof the valves are

cn
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gevered and an incision about one millimetre in denth
run round the base of the ventricle about % to 1 ecm.

| pelow its junction with the auricle. The lower border

of fine forceps and stripped down towards the apex

-

‘ of this incision is grasped piece by piece in a pair
|

of the ventricle until the whole ventricular surface
| has been bereft of a sheet of tissue approximately
one: millimetre thiek. Both ventricles are treated
similarly, the tissue is cut up into very small pieces
and transferred to a mortar. The subsequent technigue
is of course the same for both the XKeith Flack nodal
extract and the subendocardial extract.

While in the earlier experiments the tissues as

they were dissected wers transferred to a small

quantity of locke in a mortar, it was later found

that better results were obtained if they were placed

in a hypotoniec fluid - distilled water being used.

Further, the "pure" sand used at first in the pounding

of the tissue was replaced by hard glass with a

Striking improvement in the vesults. The tissues
|| then, cut into smail pieces and moistened with say
‘one or two ces, of distilled water are thoroughly
;‘ ground with broken hard glass. For any further

E&fidi‘bions of liquid loecke is employed, but since it

| %8mS that the more dilute the extract the more

i rapidly/ 4G
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rapidly is it destroyed, it is desirable to have as

‘ smell a volume of liguid as possible, The pounding

| having been continued for, say, twenty minutes to half
| an hour, the meterial is transferred to a wide-mouthed
!stoppered bottle, the mortar washed out into the
‘bottle with a small quantity of locke, and the whole
placed in a mechanical shaker for two hours. The
fluid is now centrifuged and the clear supernatant

liguid is the desired extract.

Extracts of tissues other than the heart which

|were employed in some of my experiments were prepared
in exectly the same way as and usually at the same
time as the hesrt extracts.

A few exveriments only were done with aleccholie
extracts,

Demoor's original method for the preparstion of
such extracts is as follows: The tissue is cut into
small pieces, moistened with acetone and well nounded
With pure infusorian earth. It is then shaken for
%4 hours with acetone, three successive acetone
extractions being made. The ypulp is dried and ex-
| tracted thrice with absolute alcchol. The alcoholic
extract ig evaporsted and the residue remaining after

Such evaporation is dissolved in & small guantity of

Uistilled water st the time of experiment. The pulp

Iemaining gftep decantation of the alcoholic extract
| g/ :
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may be dried and an agueous extract of this made to

| compare with the alecoholic extract.

In the later experiments Demoor, while following
:. out the same general plan of extraction, reduced the
times occupied by lhe wvariocus processes and obtained
more satisfactory result=. Thus the shaking with
acetone was reduced to three hours, the pulp remaining
| after centrifugation and decantaticn of the scetone

| being dried and subjected to two extractions with
absolute alcchol.

In my experiments this first method was employed
on one occasion and the later and shorter method on
others, Extracts were also made using 90% alcohol
and rectified spirits instead of the absolute alcohol.
Extraction of the pulp with ether after the acetone
exiraction and before the alcchol extracticn was
tried, as was ether extrmction of the dessicated
aleoholic extract, this latter with a view to further
purifying the final product. As has been indicated,
however, little was sctually done with alccholic
extracts due largely to the time which had perforce
%0 be svent in getting the agueous extracts to work,
and it ig entirely within the bounds of probability
that could the same time and trouble have been taken
Wth the alccholic ss was taken with the agueous
®Xiracts, the results obtained with the former would
Bave been other than reported below. Further work

Will decige this point.

],',._:;
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| RESULTS.

The behaviour of the isolated risht auriele:

That the isoclated right auricle suspended in

oxygenated locke solution at a temperature of frem

35 to 38° Cent igrade will beat regularly for many
hours, whereas the left auricle under exactly similar
conditions will not so behave is confirmed. I have
observed in my experiments with the right suricle that
there is usually & pronounced improvement in the
amplitude of the beats during the first thirty or
sixty minutes of immersion. In some cases the

meximum beat may be recorded as soon s 15 minutes

after immersion or it may only be attained at the

end of 2 hours. Thereafter the amplitude may be
‘maihtained for two or three hours or it may commence
!to diminish slowly almost as soon as it has attained
its maximim, In any case there is usually a diminu-
(tion in the extent of contraction towards the end of
_fiWTe hours (though the frequency of the rhythm may

ibe maintained) and though the beat may be ccnsiderably
|I'evive-d by the addition of fresh loecke to the bath
diminution quic}cly‘ sets in once more until the beat
‘becomes very feeble. T have observed such feeble
beats continuing rhythmically as long as thirty hours
after

the preparaticon was set up.

Fig,18 shows hourly records of a right auricle

| Dreparation/
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preparatihn which may be taken as an average case
though here the attaining of the maximum beat took
just less than two hours. It must not be supposed
that al)l preparations will behave with absolute
regularity - various types of disturbed rhythm are
met with, one of the mcst interesting being where
regular cyclic increase and diminuticn of amplitude-
and sometimes of rhythm-are met with, but it is not
the purvose of this paper to deal with these.
Addition of adrenaline to the bath containing
the right suricle gives immediately & pronounced
incresse in both freguency and amplitude of the con-
tractiO'ﬂs*, histamine having a somewhat similar effect

but in much larger doses.

| The behaviour of the isolated left auricle.

The ]:eft avricle behaves in a manner entirely
different #o that of the right. As we have seen,
Demoor deseribes it as undergoing changes of tomus

i i owed by a period of 7 50 oF minut
which are foll d b3 I 1 of 30, 50 70 tes

Quring which it remains entirely cuiescent, this

beriod being followed by one of many hours during
vhich the auriele gives rise at irregular intervals
to isolated emgtractions which never become rhythmic.

Thet this 1s so in many cases is indubitable, but it

Iis 10t the invarisble behaviour of such preparations.

In the first place the cnly "tomus change" which
I/
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T have noted is & fall in tone which follows the

initial immersicn of the preparation, This is often

irregular arhythmic contractlions.appear at cnce

without such a guiescent interval intervening.

Further, the frecuency of these "secousses" is very
variable - from one or two per hour to as many or

more per minute and, finally, such secousses may never
appear at all. Democr does nct mention such behaviour
a8 this last but I have found it freguently in the
course of some ninety experiments, and, what is of
some importance, such auricles which have remained
entirely quiescent for as long as four hours are Just
as readily activated by the active substance as are
the others. Fig.1g shows the record of a left

euricle which gave rise to contractions at irregular
intervels as occurred in approximetely half of my
éxperiments.,

While I have confirmed Demoor's observation that
adrensline by itself, while it has a pronounced action
on the right auricle, will not rhythmicise the left
8uricle, I have in several cases found that it in-
Creased the rate of appearance of the aperiodic con-
tractions when these are present. Further in view
Of the identification of the heert hormones with
Bistemine the action of this substance on the left

uricle was tried and it was found to be entirely



egssful exreriments with extracts:
Unsuce I

Attempts to obtain extiracts which would
rhythricise the left auricle, were at Tirst, despite
the help of FProfessor Demoor and Dr. Rylant, eatirely
unsuccessful. Unfortunate as this appeared at the
tipe it was nevertheless & happy circumstence since
the consecuent elimination of disturbing fectors which
culminated in the succecs of the experiments gave an
insight into the necessary conditions for the prepara-
tion of active substances which cculd not have been
obtained otherwise. On returning to Edinbursh
difficulties again cropped up which took some time to
overcome . While these difficulties will be referred
to later it seems proper perhans to refer to the
significance of them here.

Vhile no ¢ne outside of Demoor's own laboratory
has, so far -s I know, repested his exporiments,
except myself, many have sought to criticise them.
Leaving such critics aside it may be expected that
Sooner or later publications will appear giving re-
Sults of experiments which fail to confirm Demoor's
and it is thus perhaps unfortunate that Demoor's
Mblications should give the impression that his
SXperiments are easy to perform. My experience is
that they are not - unless certain very definite
®mditions are observed - and as a result of this

ox . )
Perience I am bound to say that negative results in

Suchy/
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auch experiments can be ol little significance. i
hope, however, to lay down conditions, the observation
of which should enable any experimentalist to repeat
with success the Tundamentel experiment of Demcor.
Thig, however, is a digression.

The early failures to obtain rhythmic beating
in the left auricle by the addition of an acgueous
extract of Keith Flack hode or of the Purkinje tissue
of the subendocardium permitted frecuent demonstrationg
of the adrenaline sensitising properties cf such
extracts, Thus whereas addition of adrenaline to the
bath previous to the additicn of the extract produced
im0 effect or a slight increase in the freguency of

appearance of the characteristic isolated contractions,

eddition subsequent to the addition of the extract

\determined the onset of rhythmic contractions which

continued for some time in a regular manner, or
‘suffered pericdie intermissions. After complete
oxidation of the adrenaline the rhythmic contractions
IGE&-‘Sed abruptly, the auricle thereafter resuming its
;tl)’"-_'ical behaviour. The action of adrensline is much
f0re prolonged when added to the left auricle sensi-
tised by extract than when a similar amount is added
to the right suricle.

This has been noted continually and is of

\int -
merest in view of Wiltshire's (2%6,266) recent

bservations/
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Fig. 20.
EEFECT oF EXCESS CALCium UPON THE
ISOLATED LEET AuorRICLE,

The auricle was Sei- op im Fhe lath a- 242. The Locke solutien
hed an Trcess of- Calcivm. The awriclt Showed aig lLnusval Fomes
Chawge on fmmtrsign in this solulion. Al 515 (beginming Of Secons
Linc) 4hccs of o~ enrract of- Ke(TH-FLACK node (Shesfy are addad , furihes
portfons beig added af- 52, 4ze SaBe  Bprec el addiies o
Lybracl- Tha Fone of 1 hearl- muscl€ (nci-€as , Rind ChnbFimved hy odese
wmbil aboul k' fo. It olrher words Fha owi-icle only Feacked " fo 175
<xcess Caleivm after rie adolition of rhe aplrachs, and fhert(ort
presormably becawse of Fhei- Gefian.

Frow an #perismest by Hu GTier



observations. It should also be noted that if too
large an amount of extract is added the suricle does
not respond at all to adrenaline, this presumably
being due to a toxic acticn exerted by some factor in
the extraet such as, for example, potassium.

Not only does this "sensitising" substence permit
the action of adrenaline but it also permits altera-
tions in the calecium content of the fluid to sffect
the auricle, whereas otherwise this ion has no effect,
Thig is shown in a striking manner in fig.20. (By
an error on the part of the "preparateur"” the locke
| solution used had twice the normal content of caleium).
It will be noted that the auricle on being placed in
this sclution suffered no untowsrd change in tone,
but as soon as the extract had been added the typieal
‘effect of excess calcium was exhibited. The fact
that the auricle under normal conditions when set un
|suffers s slight fall in tcne might be interpreted as
due to an excretion, as it were, of ecaleium, and since
the initistion of rhythmic beating by the agency of
the active substances is almost always immediately
freceded by a slight but abrupt and definite rise in
one, the initistion of this beating might at first
be thought due to the re-establishment of normal
Permeability to calcium which is apparently seriously
Baired in the isolated left auricle. The fact

hovever tngt this resumption of normal permeability
to/




| is due to the adrensline sensitising part

extract and not to the automaticity initiating

shows that the rhythmic beating is not due




FWE'" 61

SUCCESSFUL EXPERIMENTS WITH EXTRACTS.

CONFIRMATICN OF DEMCCR'S_FUNDAMENTAL EXERINENT.

The additicn to the bath coantaining the left
guricle of an active aqueous extract of the sim.)—
guricular node, or of the ventricular subendocerdium,
determines the onset after a varisble latent period,
of rhythmic activity which may continue for some
minutes though more usually for some hours. The
period intervening between the addition of the ex-
tract and the onset of activity varies from about
half a minute to a guarter of an hour, seven or eight
nimtes being about the average time. The onset of
the effect, like its cessation, is usuwally abrupt and
18 nearly always preceded by a sudden though small
rige in tone. In some cases a few arhythmic and
unequal contracticns may immediately precede the
rhythmic activity. The first few contractiocns may
be remarkably strong, the amplitude gradually becoming
constant, or, on the other hand, the first contractions
I8y be almost invisible, gradually inereasing to a
constant value, but in most cases the initial ampli-
Wle 13 not excessive and is maintained at a practically
tonstant level for the duration of the experiment.
Hually it must be observed that irregularities in
the rhythy often develop at the outset or after some

time ;
fe, these being presumably due to toxiec or depressant

Substance g,

L =
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'@5 in the extract. The appearance of ‘

rities can usually be correlated with the

oneible. However, it seems that if the toxic
nees are not present to too great an extent
e h@a&’t establishes an equilibrium, as it were, with
. bing factors in its environment, because
n after & period of irregular behaviour once

ts itself perfectly rhythmically and

stoppage after a short period of, in such

s isually irregular sctivity. A distinetion

¢ly toxic and those which are merely slightly
& :
e by the fact that after the cessation of the

y induced by the former rhythmic activity can

xtracts as they are at present prepared, in
SIEexperiments the addition of the extract to the
Peth containing the left suricle was made in stages.

|| . . =
(s if g first small dose did not produce an effect

| litﬁj;n 3&? five minutes, a further small guantity was
pideq,

it Tesults obtained by such a procedure were much
§ forey

L, and 80 on until rhythmic sctivity was obtained.

|
|
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LEFT AURICLE OF RAGRIT. —ACTignN OF “AcTive
SussTAancEs”

AuricLlE PLACED in BATH AT 1237, Mo ALTIVITY WHATEVER
EXHIBITED Oy PREPARATION LLTIL ;-3;1’.’ A EXTRACT QE THE
MENTRICULAR SuBEnDOCARDIUM BF THE SHEEP HEART navir§ SEEN
AndE D Iy s, Pagwav ity THE LATENT PERigd Ferw N
ADDITian 0F EXTEZACT Amp Cor m & NCE MEMT ai Rrty Tremaig achoaTy
13 HERE VERY SwoaAT. THE AQROWS AT THE t0wed E066 o THE
PrHeTo GIAFH INOICATE A INTERYAL OF ONE rauneTs, (Thay de nat
Spply be rha e 2 fln‘l)
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LEFT AvVRICLE OF RAGEIT: SAME Eapl. AS nﬁouif‘n-h}.

THIS FIGURE SHow S TuE BEAT AGTEQ DISAPIFARANCE o THE
IRAE GUL ARITIES ENIDERT IN THE UPREA FiGuARE | AN IMTEIWAL
afF aNd AND THQEY QUABRTFI Houlsd ELAM§FE RETLIEES Tue EMD of
THE ACLORN (M IFI§ 1L AMD THE CormaMENCOrTNT OF THIS AFcadD
TIMmE uTeMvaL IWieaTED By ATTOWIE = OME AINOTE:

Fdon an EwPERimENT By THT AuTaed,
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'_ particularly because of the manner in which

[ 1lustrate some of the poin’ss which we have

_ Pig.21. shows part of the record of a
éﬁﬂmﬁﬁsml experiment. The left auricle was placed
“ﬁ  the bath at 12.37. The kymograph speed was

[ich from .1 mm. per second to 1 mm. per second
At 2.32 - the suricle having been in the

_.,.:.:-?Qﬁ_e hour fifty-five minutes, and having

um of four sheep hearts was added to the bat
about three guarters of a minute there is a
: Jn‘aa,u but sharp increase in tone, and from what has

'%ﬂpﬁmance of an incomplete tetanus a regular

inic beat gradually arises attalnlng its maximum

““-“mme in sbout & minute. The beat is perfectly
B temlsn Pane o
‘ -;,‘-&1&?* from about 2.36 until about 2.39 when there

K .&--311.51117 inerease in amplitude. This disappears,

0 T o i e
\ By 2,44 the beat has become guite irregular.
Thig/

=

h.
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ALT ADDED AT 1Vt 120 and 1LLd
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-~ Fig.23.— *
LEET AuRicLE OF RABE)IT, Achion of Ackive Subslecs

ExFrach. MNoTE moneé or onNsSeT of Ry Thave BSTIVITY IN THIS cass,
Compare wirh [Fig A1, NoTE ALse THE LONGER LaTENT PERiad HERE,
ARRows INPICATE INTEAVAL oF Jaumures,

4
("]

— TACTIVE SussTAN er THE HEART =
,gl;i F
Ralit 13.
Lower.ib wia Meppeyn €
Lomwr,

ExT. 88, ali. Miein

Bewring 118 =35,

= Fig. 2k. —
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SAME AS ABOVvE — ComCLUSIEN oF EXPERIMENT:

- ol
NOTE SLODEN CFS5ATION orF RAUyTHAmIC ALTIVITS) ABOLT 35%.
THE PREPAR ATion THEM (RESuradd TAF Brhsviows? CHagACTERI STIC
OF THE (#ALATEO LEET AURICLE, - NOTE THE 150LATED COMTIZALTIANS

A e M ARMAE AT IRACQULAIT (NMTERVALS,

(T; Face pC&.) Frzow Am ExPE2imenT Ay Toir AuTHaR.



jour is continued, with a decrease in

the conditicn shown in the last line of

e actually continuing till 3.50 after which

rovement sets in. The second part of

which gives the record from 4.48 till 5.55
later phases of the recovery of amplitude

bsequent regular decrease towards the end

: riment. The experiment was actually

i‘ﬁﬁ 6.18, the suricle having been in the

five hours forty-one minutes and having

cle was set up at eleven thirty. At f
guantity of extract was added. Within
of this addition three contractions of

Jﬁvg@&urreﬁ, another three having been re-
Y
ously. At 12,14 further extract was

hout effect and at 12.22 a final addition of

‘mede. About 12.29 rhythmic activity wes

*rated in the previous figure. The latent peri?d

L the last addition of extract and the commences

Of the beat is, it should be noted, considerably
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LEET AURICEE OF RARBIT. “TOoXIC" ACTION gF NoDAL E¥TRRALT.
AN EXTRALT 0F KEITH-FLAGE MOOE ARDED TO THE BATH agouT 3:17].
AF

ER A VERY SHoRT LATENT Agried THE Auriced Commeancen To dAour,
THE BEAT swas IRACELLAT AMD LASTID FoR grusy THALE MIinuTES.

THEAGRCTEN ADTENALING

WAL ABJZD Th THE DaTe, Zor wWiTHou T £

T .

- Fra. 26. —

RIGHT AviiELE o= RAGRIT, ACTlon o ARRENOLINE.
ACRENMALINEG |

1PART 1IN | peope0 , WAS SudsTiTuisd FoR
THE oROMARY Low?® salubion ai- rhu Poini imdicated.
TIanE 1M OME PinuTE (NMTERwALS,

Ertom ExPERImENTE By THE AuTHof.




in the previous case - seven minutes in
sra,;__ge.:i_nst seventy-five seconds in the
activity introduced in this violent
ntinued in the manner shown in the second
» when as shown in the second part of
1e beats ceased abruptly. It will
;ﬁyricla;%ﬁanure@umeg:ite typical
rise ot irvegular intervals o un-
aich do not become rhythmic.

continued until the end of the

"

! \I L II?.i




LEFT AURICLE of RASS T,

RHYTHMIC ALTWITY INDUCED By AQuEous
EXTRACT OF 1<ETH- FLACK NOOSS AnnEid AT |1 resn.
MNoTE THE SLow RHNTHMN, . ARROWS W OICATE INTE R war
OF ONE MinuTE.

(T- fece @ “‘)

= T T 0'2 .
(FRor Am SxPERImEMT By THE AV
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FURTHER SUCCESSFUL EXPERIMENTS.

‘qﬁf'type of record which has not been re-
‘gﬁgmoor,'but which must be considered of some
ce, is reproduced in figure 27 and in figure 238.

hese shows the effect of adding an extract

At 12 noon an agueous extract of the Keith-

des of three sheep hearts was added. A minute

and gave several "secousses" before 1.36,
) time an agueous extract of six Keith-Flack
- added. Ten minutes later a few aperiodic

s heralded the appearance of rhythmic

was maintained until 3.30. In the
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— ACTIVE Sup. Fisd HEAN T —

: Lk i
W

— Fig. 28—

LEET AvRIicLE o= RadiiT,

ExTRACT OF KEITY-FLack moné AODED AT 1'36. AcTiviiy
Commencss 1'46.(Top line) . MoTE slowness op Tryinm —

Showa I r-'a:u'r PRRAT oF SECLOND LiME | sWHERE SPEFD oF DRvna
15 irCREASE O ToTimd3, BeTrem wimE sHows BEST AT l')s‘(f}-!ur’\
SawmG SPEED A5 i EasT PauT oE SEtema ;.-m.=)uu~£~ IT IS wEan
AND SarAEWHAT IRREGULAR | ADIEWALNE (3now A00ED (Cont

fin 1LoU®e00 ) rmaTC THE E~eRmmgus INERAEASE In AmPLTUDE ABD
FREQUENCY oF THE BEAT,

Frem am ExPERMENT By THE AvVined,
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.c$ion of the tracing taken on the same rate
as the first part of the second section shows
t of adding adrenaline to the auricle bath.
ntration of adrenaline in the locke solution
,000,000 and the enormous increase in amplitude
iency of the beats as compared with the
line is very obvious.

results as the two foregoing make it very

that the active substance is adrenaline.

ed left auricle with adrenaline. Either
ine added in such experiments is insuf-
,Mpggive-any effect at all, or when it does
 effect it is always to produce a very rapid
the durstion of “hieh varies in a rough way
amount added. Even allowing for the con-
2 glowing up of the oxidation of adrenaline

years to obtain when that substance acts in

r substance of Loewi - that its effeects

”§ﬁﬂﬁwertea for as long as an hour or an hour




— ACTINE SUBSTAMLSS

___Fj[g Jg‘—_

LERT AuRiclLf @gf RABRIT.

Fow deser priom see Fext — p s,

('T_O Fs\ct. [ﬂ G&_) r—‘:‘\‘,om AN EXCER A ENT I3\i! THE ALTHOR. ;
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resction of the left auricle.

_-“ﬁgg already been noted that a left auricle

respond to an extract either because the

ig inactive of because it has been added in
nt as to be toxie to the tissue. On three
however, a peculiar result has been obtained
at present there is no explanation so far as
; Part of one of these records is-reproduced{F@vv

féemas;set up at 12.33 and remained quiescent

ng by an almost equal interval of time. The
of the corresponding beats of each group is

- identical as can be seen, and the whole
ular activity was inhibited by a further

sxtract at 3.51, a single group following
» and a half after this addition. TE

le was refractory to further stimulation and

:i—' 4 __;L~;J£iﬂiiiliii



[Hnto poup lots,

experiment varied in their duration, and the post-

g;sm@’-ﬁﬂ&ctor? pericd was found to be rougly pro-
gﬁ&?ﬁi@nﬁl to the duration of the group.

B | vity when heated to 60 or 63° Centigrade, while the

Bubsta:ﬁce responsible for the sensitisation of the

?iéﬁ:feqﬁi‘iicjl-e to adrenaline was only destroyed on

flsies eating to 70 or 73° Centigrade. As both

| |Gieerdemeker and Haberlandt had shown that the sub-
| Stances described by them resisted heating to 100°
;‘iﬁ?ﬁlﬁ&:igradél,- Demoor reinvestigated this question in

1‘@513%’5 of the active substances and confirmed his

"_"'-.'-@ii'é%i':rhe next page will be found the records of

I8 of my experiments designed to test this point.

| I""h; aqueous extract of the ventricular subendocardial

Hssue of six sheep hearts was prepared and divided

Yeaperature

Two of these were maintained at room

another was heated to betwesn 50 and 630
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= ACTIVE SURATANCES

(irear s

— g 50—

LEFY AvaicLé. EEEEcT oF PonTisn of ExTRALT HEATED To 63°C.

Extnact anoego a7 330 —line Vi. No EFeeeT Ay 3°FL. AT F52 AORENALINE
AOOEN. AfeuT F'F] AuyTHMie ASTaTY COMMENSED, Tg aMAPLITUBE o8 Tud

MBaATs DiraiNiSHES RAPIDLY . ACTll‘lr\f CEaLED aT 4-:3‘ THE BEATS HAven§ Jeen Wy
LT A0 IREEGULAZ Flem 43 Uit THAT TiniE.

s= ACTIVE SUDSTA

-~ G 3[ —

EFEECT OF PoRTiom oFF EXTRACT HERTED To T37¢.

ExTACT aDoen AT 443f—2nd line 'y alang). No ErcgeT By 454, AT
WHien Timd ADREMALNE was Acoep (- B :

LEFT Avmicud,

1 e5imning of Uit (hm),‘rh-‘_s oo was
tithhoul™ affed”. Finay, ABou” SPm. an Unheatad pontion o THE ExTaRAcr
was AQoED.

THIf PReDUCED RnTrec ALTIVITSY wrpictd LaSTED AgguT Fasimw s,

Famced OE THE HEAGT ——

Y S e
LEET AvlticLe. SECECT 0F UNHEATED PoATion ol EXTRACT USED i

ABONE EXPTS,

EXTRACT ADOEN AT 2'52, ShenTiy AFTER 258 @uyTHMC AcTiuTYy
’

COMPMENLES ; AND CEDIES (N A CHMRACTERISTIC MANNER AT J"’zl AV

LASTED B minuTi3-

FRon ExPERIMmENTS By THE AuTHoR.
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ned at this temperature for tweaty minutes,

-;-si recofd-shOWS-(line VI) that the extract
0 was added to the suriele bath at 3.30.

ving appeared by 3.52 adrenaiineﬁwas

of the beats diminishing rapidly. From 4.7
ﬁn%ivityieeased the ﬁeaté?were very
'iifb@ingly irregular - a type of behaviour
in the activity induced by adrenaline.
%igufe_sﬁnws the effect of that part of
'fiﬁé&;fﬁ 73°.  The extract was added at
, no éffect having become apparent,

3 added. This too was without effect.

rmine whether or not the extract to
» other experiments was active. The
ned with the normal extract in the.
.ia comparable with that obtained in

The shortness of the response is

’




of the fact that Demoor had not performed
ith tissues other than from the heart,

1t desirable to investigate extracts of

adrenaline. With brain and liver
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: sesgarily due to a substance specific to the |
tissues. Further, the fact that such a sensi-

ing action could be produced by lipoid substances

w;ﬂ.e 1t likely that initiation of rhythmic activity

, nmﬁhe isolated left auricle could be brought about ‘

w% extract of at least one tissue of the body [

outeide the heart, viz. the suprarenal, because though'

adrenaline by itself would not produce such a result

@Lj}ige the auricle to the adrenaline of the medulls

v .

It was found that such indeed was the case, and that

Ilﬂdﬂ&ed 'By means of an aqueous extract of the whole

| surarenal.

The fact, noted earlier in this work, that the
action of adrenaline on a left auricle subjected to
the sensitising action of an otherwise inactive
|éxtract was more prolonged than the action of a
r‘"ﬁiﬁila.r dose of adrenaline on a right auricle, or as
'% shown later, that a dose applied to a right
| auricle Subjected to the action of an animal extract
Jm mﬁﬂl‘ﬁlanged than a similar dose applied to an
ﬁurie],e not so treated, taken together with the
lemonstration that this prolongation in aetivity is
tue 8ctually to the substance or substances responsiblle

for the Sensitisation of the isolated auricle and

that suhs-t-anees having this action exist in the
auﬁrgr._e'na._l/’-




act adrenaline combined in scme way with a
nee which prewented its rapid oxidetion, was
considered. Presumptive evidence against this
forded by those experiments which I have
d where the rhythm obtaining after addition
ve extract was exceedingly slow. It was
tho % that further evidence bearing on this point
|f¥ﬁﬁ1i’be obtained by ascertaining whether or not

ergotamine would affect the action of the active

substences.

Experiments were accordingly instituted

0. under the trade name of "Femergin'".
¢ phosphate (B.D.Z.) was also iried. To
i t'“‘f@; 50 2 mg, ergotamine tartrate per 250 ce.

“%Btion) abolished, or indeed had any appreciable
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E‘g“ﬁhe heart of the various decapod crustacea, where |
'Iﬂ was fmmd that the only effect of ergotamine was ai
general toxic one on the myocardium, it was hardly |
C&%}lﬁiﬁ%&_ﬁ; in the memmelian heart. Professor Gunn of |
Oxford, however, informed me +that he had obtained, in?

the isolated perfused mammalian heart, results exactljr

|gir to my own on the isolated auricle,and the

| proposed experiments on the effect of ergotamine on |
'_' %‘_’gﬁﬁg;a@:ﬁi’:an of the active substances were accordingly |
3 Mmd&neﬁ Evidenece, however, against the view that
:I;iﬁiﬂ"-:-:'éfééﬁiv.e substance is adrenaline is furnished by
experiments of Demoor and Rylant (235), They show
‘that the chronaxie of the left auricle,driven electri4
eally at a constant rate, is the same before sand afteml-
the addition of active substances. In other words,
the active substances have no effect onthe chronarie |
of the heart, whereas adrenaline increases the chronsxie
85 does the accelerator substance of Loewi.

If it can be shown of course that adrensline can
P | exist bound in some way with, say, lipoid substances,
) m‘kﬁ&t adrenaline so bound does not affect chronaxu'

l
as&oes the pure substance, the argument from these

“Xerinents of Demoor and Rylant falls to the ground.
4 eriticism might also be levelled at those |

fXperiment g of my own which are interpreted as |

WPOrting the view that the rhythmicising factor is

ne =S AN
ither ddrenaline nor the accelerator substance.

Ubtained/

l
There ig & Possibility that the slow rhythm Wh‘LGl’T.
|
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("vagus-substance") in the extracts. That

1likely, however, seems indicated by the very

It is difficult to see that acetylcholine
3in active for so long under the conditions
riment, although the fact that in one of
described the chronotropism actually

:ﬁiightiy'during the course of the experiment
;:%&iaﬁ as presumptive evidence that acetyl-

indeed present and was moreover being

stroyed, as one would expect, this circum
ing for the progressive increase in

__ﬁi’%he auricular beats.*

@ijﬁbﬁﬂthe substances extracted from the

heart by Drury and Szent-Gybrgyi (238)
tion to this work on’the active substances
be de‘bermihed.. Sﬂe,ﬁo:&u_ueq R91-
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DISCUSSION.

-

'5_%*e&re can be no doubt but that Demoor has written

Xes convineing reading. Nevertheless it does

nts and the absoluts specificity of the

m-‘ﬁﬂactiﬁes" - the conclusions arrived at by

1 agree that the isolated left auricle does not
.diﬁyihmic activity when isolated, whereas the
‘does: I agree that the arhythmic behaviour of
yii%ﬁm&y indeed be the expression of the funda-
; irritability of memmalian myocardial tissue -
Jni ht even go further and suggest that since

ntancous activity exhibited by any

Al tissue may not exhibit any spontaneous
bivity at a1,

I agree further that such arhythmic

°ly duiescent myocardial tissue may be made to




AR

[
|
!
[
|

|
%;ﬂ&h&‘b this action is humoral. But here Demoor and!

'$ company, for while he holds that the beat of

heert in situ depends on the continuous action

'bha'b this is at all necessary; that, indeed,

- I believe that the heart beat depends on the
imary motor activity of the nodes, that this primary
- (motor activity is exhibited in virtue of a chemical

'l-gi}a?éah@e or substances, loosely bound in some way

1 experiment is not of course known, it is
Irobable thet they act on some minimal quantity of
todel $iggue present in the preparation and by

| im'ﬂaﬁingthe concentration of active substances in

tha nodal tissue cause it to assume the physioclogical
|Propertieg,
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i

ﬁw&ﬁ;‘-’i&s of a node. In any case 1t appears that a
3 ghep automaticity than exists normally in a given
I‘ﬂagmgm; of myocardial tissue can be conferred on it
by ;ﬁaﬁaa_s_ing the concentration of active substances
contact with it. But in applying to the heart in
such considerations as arise from a study of
ated fragments methinks that the considerations
.%sé eltered to suit the altered conditions.

this is what Dsumoor has falled to do.

' Qr- ipart from his own experiments with the isolated

" A =
jm@mﬁue; subjected to the action of the active

|substances, Demoor adduces two oOther sets of experi-

lments in support of his view that the heart rhythm
t 3

[ |f$i%&-§eﬁtaihed in virtue of the constant sction on

' |ell the heart fibres of these active substances.

The first is a series of experiments by Deloyers

Deloyers showed that if a2 left auricle were i

ln & bath of locke in such a way that one

tould be subjected to the action of an experi-
| '%-:'--_"=.an'd the other meintained in the
@‘ inal environment, then thet part subjected to the

|%08len of the active substances behaved in avery way

[ gt auricle whereas the other, though driven
_' I the first Part which now functioned as an "artifi-

T : ,
18l node", maintained in respect of its reactions to

1 T S _
! Birlele.  Hence, according to Demoor, it was

| prove

§ | * to edrensline etc., the behaviour typical of the



TS

that the ectual presence of active substances

act with all parts of the myocsrdium was essen-

for the normal regular activity of the heart.
e of active substances to come into contact

‘any given part of the myocardium would cause

part to exhibit the abnormal reactivity to Ca

idrenaline characteristic of the left suricle,

| g mlé thus seriously embarrass cardiac sctivity.
;i,\'= ;,ﬁ&n@eit hes been shown, howevey by myself thet
tising factor in active substance extracts
.- ably quite distinct from the rhythmicising
and in sny case exists i1 skeletsl muscle
;&ﬁﬁ:in blood itself, the significaﬁce of Deloyer's
a4 :';i@x}mmmeat for Demoor's theory falls to the ground,
giﬁaﬂaﬁﬁ‘as the necesslity for considering the normal re-

- ﬁﬁﬁwﬁﬁ 0f the myocardium as being due to asctive

1 to the myocardial fibres disappears when it
n that the lipoids of the blood can perform
Mction. And there is no evidence to show that
of the 1lipoid constituents of the blood are
|Tormed in the nodel tissues.

Thile Deloyer's experiment thus offers no support
|t Demoor 1 contention, it msy be interpreted as
Ehing Some support to my own view that the active

| stences gct, under the experimental conditions

"eloyed by Demoor and mysell, by causing some part
o/

.
< = e




'U'M@ﬂﬁ@ﬁon had been established between the graft and

i%h& tissue to which it was applied. In further

| Hon of the graft, the coronary node then ecting as
| Pacemeker, ‘

Liers

80 |

|

; !*oi‘? the auricle to function as a "node". ‘
AN Oy e =5 |

|

Other experiments which Demoor considers as

- gupport to his view are the grafting exzperi-

ments by Rylant. Rylent (225) showed that if the

I feith-Flack node were excised from its normel site

|
|
end graﬁf’ted on some atypical auricular site, that it !

|:§§_ﬁ;:___’;]_. gtill act as pacemeker though nc anatomical

T?&_ag@fe;zimén"ta (226) he destroyed the Keith Flack node o:L‘i
ane enimal, and grafted the node from snother animal |
in thig site. The grafted node actéd as pacemaker |
fnd conferred on the hesrt which it now regulated z |i

rhythm almost identical to that which obtained in the |
heart which furnished the graft. These conditions |
Were demonstrable electrocardiographically 2~6 hours |

after the operation, and persisted until the degenera+

"hile these grafting experiments ere taken ss
EWinE presumptive evidence in support of the h‘umoral{
tieory of the heart beat, once more the evidence can |
oe interpreted otherwise. It is guite likely, for ‘
emme, thet the graft acts in a2 purely physical '
“er in driving the hesrt to which it is epplied.
PSEEOwETeR 16 1 a1 act by pourling out active

':a'u aa ]
bstances on to the other heart this does not meen
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2 ﬁ@wft being a damaged tlissue it is indeed possible
E that active substances would be trensferred from it
" |to the heert, but even so the action of these sub-

"'_r\,--"_'--_-z;'-e-.-g: would presumably be a lccal one: in any case

sueh an action would not serve to prove that normally
' |the netion of the asctive substences is humoral.  The
e _

Liﬁwh) moreover, that the electrocardiogram of the

experimental animal was similar to that of the donor

| |probably favours the view that the action of such

is purely physical. Experiments which I have

in view will probably settle this question.

Having abendoned thet part of Demoor's thesis
Whiich views the active substances as exerting their
Iéffé-ciﬁﬂ by mmmoral chennels, snd having thus taken
the main prop as it were from his the.ory, it is

| 5@'&333‘&’1?35 to offer an slternative interpretstion of

the experimentel find ings.

fmobion of nodsl primitive tissue; that nodal
;fﬂ?sua: is antomatic in virtue of the presence therein
- saie chemical substance or substances; that this
."é“h‘*’t‘&nc-e 1s probably but not necessarily formed by
Sh tissue; that thi s substance is probably not

L 8Ctual component of the tissue but something

BWting o
ting on it - gg Wwitness the fact that it can be

¥y own. view, in brief, is: thet sutomaticity is |

' th&g such must be considered a physiological mechanisn.
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oxtracted from one tissue and utilised by a similar
tissme deficient in respect of it -; that the higher |

oncentration of this substesnce in e glven mass

rt by the ordinsry conducting channels. In other

‘the heart beats becsuse of the high automatic

[lﬂzbﬁ&ty of the nodes the which depends on the high
 |local concentration of an "active substance". I do
B bhat che necrt bests in virtue of all its |
[Derts being bathed by substances poured out from the
|nodel system.

. One of the most striking experiments in favour

of the view that the ac tive substances exert ' their

.fiﬁ?fbﬁtﬁs locally and that the action of the nodes is
| 2one other than a "driving" action on the rest of the
%8S, 1s performed every time one separated the

(Mgt £rom the left auricle. If Demoor's view that

%8 setive substances act humorally on all parts of

‘Iﬂlﬂ heart were true, surely sufficient of these
fibstances would be present in the left auricle to
ﬁﬁnﬁéiﬁ'its_rhythm for a short time after its

Isolation 4 few seconds after the death of the animal.

Bt suen is not so. In separating the left auricle

o the Tight it is found that the two beat synchro- |
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gnehronously until the last bridge of tissue between |

mis severed. Immediately the severance is
Icumplbte the left auricle ceases to beat.

It might be thought that the results of tissme-
II |c;11hux*e experiments deal a serious blow to the view
tha't automaticity exists only in the tissues of the
"ﬂggal gystem and that the heart is thus simply "driven"
mkﬁy that part of the nodal system exhibiting sutomati=-
'i}ijy in highest degree. It must be remembered,however,
B i iies of the nodal system ave faiFly widely
distributed in the heart and that it is most likely
ﬁﬁ&t in exeecising some part of the heart for such an
sxperimente® nodal as well as myocardial tissue is

present, This being so the nodal tissue having been

| removed from the influence of more highly automatic

| centres will itself function as 2 node snd thus cause
6 uyocsrdial fragment to beat rhythmically ss if it
,f;@ﬁﬁﬁ'ﬁéﬁe'd this inherent power. ‘ Such considerations
.{ ||ﬂ‘3 iﬁé-'ﬂiﬁre: likely when one considers how often l.

Iﬁf fUents of tissue from the inner surface of the

| Yontricles are used in these experiments.

Ween, on the other hang, the tissues are obtalned

Tron the embryoniec heart while similar considerations

ight 8pply it would probably be more correct to |

Molt thet here indeed the rhythmic activity was
Hheregt in the myocardial tissue itself. But this

ia--_: s E o
WA not militate against the view that automaticity|
ls/
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3 'ma adult heart to which zlone the theory is meant

It can hardly be doubted that in the elementary

subserved in more or less equal degree by each

dual cell. Thus the physiological differenti-
| of labour seen in the vertebrate heart, where

different functions are subserved mainly by

|dstinct tissues,is a product of evolution. This
' [differentiation is expressed in greatest degree in

' thnmsmmalian heart, in which as has been shown, pure
|its main - or perhaps its only - function is contrac-

Ontogeny, however, 1s but a shortened recapitula-

tlon of phylogeny, and this must be true of the physio

“10313&1 a8 well as of the morphological. This being

Wtﬁ ,18 obvious that the embryonic heart cells in

i'ia_a,l- E_ﬁti*ibutes of cardiac tissme in some if not in
|8l degree,

Only as ontogeny proceeds will the

Al separation, as it were, of these functions

be Suificlently far advanced to permit of one

0"‘ o P =
! btaining cardiac cells which do not exhibit some
legree of spontaneous rhythmicity.

_(ﬁm{;; gll the fundamental attributes of cardiac tissue

|myocardial tissue is prectically devoid of automaticit

|
srved almost entirely by the nodal tissues in |

¥y
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GENERAL DISCUSSION.

jelsms of work on the heart hormones.

‘Though there are nc good a priori grounds for
etting aside the possibility that the automaticity
l;fhﬁ'ﬁa;_ajrt is due to the presence of some chemical
nce in the primitive or nodal tissues, there
a good deal of justification for some of the
ticisms which have been levelled mgainst the work

of those who have sought to show that this is so.

isms of Haberlandt's experiments.

By far the most of this criticism has been
directed against the work of Haberlandt. It is need-
less to go into these criticisms in detail. Suffice

NIt g0, say that numerous workers have shown thst various

B«@Qiaim to be considered a hormone- Among

,_ﬁﬁﬁéﬁhﬁ'haire come to this conclusion are Rigler(217)

HEler and Singer (213,214), Katz and Liebensohn (215)

filenko (218), Weichart (216), Winternitsz (219) and

"penhe tmer (220). Despite Hasberlandt's contention
that/

IS
ﬁeeﬂlao 7

ey Zuelzer (239) on the "heart hormone" of the
Ex;t_;géggggfgr%’ et &l. (237) on a "heart hormone "

Lfrom urine.
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(222) published in 1913.  Had Haberlandt at the

! -'i-i!qlaﬁil_ised the significance of this work of Clark

{m\ﬂiﬁﬁﬁésﬁiﬂal of his own experiments and to have thus

80 much that is valueless. On his own !
the

| .’ih@wing ‘he has worked largely withnhypodynamic* frog I

§ |art and yet has not even troubled to meke himself |

|

1 f&‘ﬂ(tuainted with ordinary reactions of this preparation‘-.
At the same time it must not be supposed thst
‘:5@@@%:12:&9_-. Heberlandt's experiments sre unsatisfactory

ﬁgﬁﬁh@epy-vrhich he bases on them is wrong. It may |

g‘* quite otherwise. If the work of Demoor 1s of any

8nce - and Demoor's experiments are infinitely
_ . ‘tory than Haberlandt'!'s - it is indeed
BHEL the basis of cardiac automsticlty is

.‘gﬁe”‘i@ﬂl and that therefore "active substances" sare

B8 found in the frog as well as in the meumelian
| Teart/

----&mi:;:Lf_af?itY which exists, in certain respects, be-

e lsolated left auricle of the memmel and the
¢ frog heart deserves further study and may
great interest and value. This should have
in & previous section.

e of
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|

but - and this is the mein point in this !

= a1l the evidence is against Haberlandt II

S obteined these substances. So many different i
I'.E;{%;ﬁg;_:;;’g- affect the hypodynamic heart - and indeed the {
|r:| A |g;;i'f§s;n_'§§_o_f differentiation of function in the frog i
i 'mt is so slight - that to demonstrate a substance |
'l lon which the automaticity of cardisc tissue depends i

jost impossible using the frog heart itself as a

A s
' l @b;]act Further, while we may consider the
. sa‘lﬂrnct ‘experiments as guite unconvinecing it might

. 1 T%gmmt that the sinus-ringer and basis-ringer

| r&’ﬁpel‘iments were more satisfactory. But here again

t&& possibility of unspecific factors diffusing from

|'thsae Et-j.'.s-s_tj'e.s and affecting the heart to which they |

f Jifﬁ:ﬁﬁ‘z applied is a factor which must be eliminated

| |before the experiments cen be considered convinecing.

It must not be imagined,of course,that such

ctive criticism is necessarily Justified. It |

ten ”MY be justified by experiment. . The crucial

: ne preparation as made for Haberlesndt
‘ I'lg.‘ytbmicise the isolsted mammalisn left auricle.
It it did not then the criticisms regarding the

. “1tract experiments would be justified. FExperiments

| % the effect of sinus-ringer on the memmalian left

“irele preparation would be rather difficult, but
| ‘woosing/
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Iéﬁ-@-@miﬂg that agueous concocticns of the sinus

I_.;‘;gg’j_"o;'zyﬁ_. of a number of frog hearts would rhythmicise
fhe 1solated left auricle then it might be considered
‘-',g;na___t_, indeed, the Herzhormon of Haberlandt did exist. I
‘.I:;ﬁmezﬁiments such as these indicated will be performed |
Iin the near future by myself.

U@tiﬁiams of Demoor's work.

§ Demoor's work has come in for but little criticism
I :ﬁi:f%@la,__ at least, that is based on experiment.

|(Heberlandt, peculierly enough, wes so rash as to state

I;’ﬂiﬁlffﬁ: Demoor's experiments were opposed by the work of |
! Ibderhalden and Gellhorn. These workers showed ( 53‘24)i
that mmerons substances and tissue extracts wou_ld.
affect the beat of the iwm lated frog and mammalian
lesrt, It i85 obvious, of course, that the experi-
(ments of Abderhalden and Gellhorn have infinitely

;mm significance for Haberlandt's own work than for

-l
§  Urs. Oppenheimer (220) has offered experimental
| Jﬁiﬁenea T0 support the view thet the action of the

\Bve substances is not specific and is due to hista-
otne,

There ere two fallacies in her work. In the
) 5, ’
irst place the method of extraction employed is such |

ot o active substsnces could be present in the
=§3ﬁrac_._'_a.s/

j.
Ll
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In the second place she investigates the |
fon of these extracts on the isolated perfused |
n heart! And somewhat similar experiments,

1 led to similar conclusions, have been performed !
_____ gler and Tiemann (221). It is obvious, however,i
ch experiments have no bearing whatever on the |
ena described by Demoor and myself and are thus

i
as evidence against us. ‘
[

eriticism. Clark (251), for example, showed
‘L uranium, while it will excite a heart arrested ‘
mmgm‘bassiwn lack, cannot be said to replace potas-
sim in the meaner in which rubidium will do so. It
I‘-ﬁhns.-*ap;sesamd that if K acts in virtue of its radio-
&eﬁ’igﬁty it must have some other effects also apart

this. gimilar resnlts were obtainsd by Peters
um in growth media. A further peaper of

dealt a still more serious blow to

r's contentions. He shows that the con-

to the K-free perfused heart are always abnormal in ‘
.;Fhﬂfﬂﬂﬂ'-heié; that the typical effects of excess X on

the 31'98‘3 heart snd other organs are not produced by

|
|
- Mloactive/ |

oA a}? 2



wve elements; and that the sffects of XK leck
e isolated rabbit suricle and upon the isolated

nd uterus of the rabbit, effects which are typicaﬁ
d imediately remedied by addition of X, have neithellr
set prevented nor their progress inhibited by |1
tion of radiosctive elements. I

‘.'_._- Tibbrecht,in a short series of papers (255-257), ‘
' that Zwasrdemeker's views are untenable, as do !
"'gss)_’f and Niederhoff (259) who repeated Zwmar-
2's experiments and obtained completely negative

tss Among others who failed to confirm Zwearde=

\ngker are Verzar (260), Hamburger (261), and Kewashima |

while he has been criticlsed on other grounds !
%%ahlich (263) , Viale (264), and Arboretus and |
lottermen (265) .

How far the veried criticisms of these different
B are justified remains to be seen. Purely

'@ results in attempts to repeat Zwaardemeker's
ﬂ&&ﬁ"’tal experiment probably mean as little as do

or Demoor's experiment. Be this as it may

1ts, there are still in my view grave diffimjltiesl

| n the ﬁm.’? of accepting his theory. Two only need r
| e wenttoneq.
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er's own making. Having shown that known
 substances would replace potassium, he

that csesium acted similarly (249). He inter-

int in Zwaardemaker's whole thesis is put

d difficulty is the fact that after

ssium which can only be very insignificantly
‘by even prolonged perfusiocn. (253). This
, it is difficult to see why the radistions
Potassium still present in the heart should
to maintain a beat if Zwaardemaker's view
In other words s 1t seems certain that
; é‘??_iéb't-a;aaium is exerted by the potassium

SUCd, nd not in virtue of the radiocactive

= A e J

nd ﬁh@! suggestion is made for what it is worth ~
Il-"l

i "rr:- *

_’Qf"the element. It is more than conceivable

: ﬁﬁé results obtained by Zwaardemaker may.-be partly
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}‘_ While each of the three leaders in this work

o
|| e

fﬂl’ﬁs heart hormones has in turn identified the sub-
([~

his aspect of the problem would repay experi-

1 investigation; for if it could be shown that
lﬁh’e ?ifi_z_hét’!;a_nces of Democor, Haberlandt and Zwaardemaker
‘Hf*fﬁfitiﬂﬁi- indeed identical then the value and significance

|of this work would be immeasuraebly increased.

The type of experiment which wonld establish
entity of the "Herzhormon" and the "substances
has already been indicated, and I would

that the "automatine" of Zwasrdemaker be

ted in the same way - that is to say on the
ated left auricle. There can by little doubt,
Eﬁmﬁka; that the isolated left suricle should be

04 in such experiments rather than the whole heart
Teparaty on s/

than of an experimental fact. It is apparent

rf,

-t



|
|
ons a8 used by Zwasrdemaker end Haberlandt - !
|
s could be drawn from experiments carried out |
other lines.

Ms‘mﬂing that Hsberlandt's "Herzhormon" did in
r mmicise the left auricle the interpretation
__Ihiahg;nigme'na observed in the tissue before and

jts subjection to the extract, and the applica-

hese considerations to the entire heart,

ﬁgff@gmple and straightforward. On the other

>

Zwaardemaker's "asutomatine" acted similarly
: ation of the behaviour of the left auricle
of Zwaardemaker's theory wonld require to be
if the theory itself were to remain tenable.
is, however, possible.

- Zwasrdemaker considers the stoppage of the heart

| potassium is, however, present. Why then

‘:@@._ 10t the left auricle bheat? The reascon is that

Wlonatinogen and sutomatin act in virtue of their
.T.éfiidﬁ in the nodal tissue, end there being

le nodal tissue in the isolated left suricle
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ntration at any point is insufficient for the|

ent of rhythmic activity. If sddition of
or of automatinogen were to determine the |
£ phythmic activity the interpretation of the |

is then simple:- the concentration of auto- |

gen of the muscle. This ls of especlal

similar results were obtained by me wlth such

h@éﬁwﬁc‘aé:as_sapeﬁim and lecithin complicates the

_l%?.@éifmon'e research.
In conecluding this brief review of certain
8 of the experimental work on the heart hormones

Well to point out just to what stage this work

l
l
|

R
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tance - a sufficiently clear idea of how things

é@ afforded by a consideration of the work of

or has never pretended that his experiments
He upholds - and upholds rightly,methinks,
of investigating the basis of sutomaticity |
of the isolated left auricle preparation, and
ns that it is superior in every way to the

0d smployed by Haberlandt snd Zwaardemaeker -
‘that it is, in fact, the only method by which the

@iﬂ&wthmicity can be investigated -; but he

ils & very unsatisfactory state of affairs,

Gertainly appears that any conclusions drawn '

Now, while I have confirmed Demoor's |

smﬁﬁi 8xperiment, and have moreover been unable |
& |
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bly accepted the work must be put on a

28, And this can only be done when the
ance or substances of Demoor has been
_?éwmuch purer state than hithertc and its
' properties determined by what will then

experiments. The significance of this




'&E’Eiﬁiﬁjﬁdy been pointed out regarding the reactions

1 kﬁfﬁhe hypodynamic heart ) Hormocardiol, however,

|&pesrs to have had but s short existence, and was

0", which again had all the properties of the
rione —~ "Es wirkt pulsausldsend, puls-

.’1“ .gend und pulsverstdrkend". The name of

is preperation wes later changed to "Lacarnol" and |

|

% &ch 45 on the market todayr l
E oy |

i this Subject see Fahrenkemp and Schneider (267).
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| 1,'-5153;@ "Tacarnol" will indeed revive a hypodynamic |
t 1g shown in fig.3% which is from one of my
,g:;gg ments. A heart was rendered completely hypo- |
mamic by prolonged perfusion. 1In this particular |

. ¢ase perfusion was continued from 4.20 p.m. until the

"iié‘hﬁﬁi&'ﬂcl_e_ment of the experiment at 2.30 on the follow- |

ing day. By this time the ventricle had ceased to

Ilﬁg_aﬁ entirely and the auricles were beating irregularly

he rate of about once per minute. A drop of
arnol’ (1/100) was added to the perfusion cannula ‘
point indicated. Almost izﬁmediaﬂiy the |
enlar contractions increased to 15 per minute. |
!he- mext part of the figure shows the beat at the endi
IO‘E 10 minutes; the rate is halved, having attained I
s ]lﬁﬁﬁiﬁ--\;alue 3 minutes after the application of lacarnolf-
-élﬁmﬁiine, 1/100,000, is now added and abolishes the |
?M‘ic When the heart recommences the rate is the

same as before and is maintained for a further seven

llminuteﬂ‘-s when histamine, 1/100’0003 is added. Gace

|%re the contractions cease, to be resumed a short

zhefere washing out the experimental solution.

1'%

The lacarnol, then, served to re-establish the

Uity of this heart, which had been more or less

Wiiescent for some hours. The main interest of the I
fecorg, however, lies in the fact that neither adrena-i
|

IJM OF histamine served to improve the beat. Thess |

Sbstanceg/

I
|




n fayour of Haberlandt's view that his hormone is
Nhot in fact adrenaline or histamine.

| The guestion as to which of the presumably
| 18 compornients of lacarnol its action in re-
lestablishing activity in a hypodynamic heart might be
geemed one which might be diffieult of solution.
ible clue, however, was afforded by work along
B ttoront 1inos, and 1t 1s hoped that ss 8
1t the whole problem of the Haberlandt hormone

ney soon be solved.

In & paper published in 1929 Drury and Szent-

,-@

i

L"_ & 2 .

’lf?féi‘gyi (238) reported the isolation of a substance
fron extracts of heart muscle which had s marked
[@f&ct upon memmalian heart, producing a transient

ﬂrhfﬁhgrade heart block and pronounced coronary

f”m' and while it wzs obtained from sources other

Mﬁhﬂ heart the yield from this organ was the

Chr D=
ghost .

They showed further that adenosine, pre-

"red from yeast nucleic acid, had properties identi-
- |m‘ith those of adenylic acid.

R Despite the marked effect of this substance in

}Mﬂ“ﬁ?lg heart block in the mammali an heart it
seened/

dilatatian. The substance was identified as adenylic
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changed once more to normal. The figure (34)

oslte page shows such a result. In this

s During the perfusion with this solution
change noticeable is a very slight initial

100.

irable to investigate its relationship to
‘described by the different workers on the

one, especially as adenylic acid must be a

of practically every extract as used by

Up to the present some experiments

s that of a cerdiac stimulaant. 1In a
m of 1/250,000 it may (1) have no visible
cause a slight increase in the rate and/
or (3) - and this is the most usual
ave a depressant effect. In higher con-
s it is decidedly depressant, but the

on may be slightly accelerator and the

ffect appear after the perfusion fluid

s perfused for about one and a half

of the beat and the occurrence of an extra
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THE VENRTRUCLE onLy vwad Tt

e Fhe
Gem B O tnal b




101, |

L;ﬁ>ﬂ%& effect of adenosine on the long perfused |
'ﬂ;_ iis shown in fig.35. This heart had been

| d for 27 hours before the commencement of the
ent, and though still beating the beats were
rienlar and appearing in groups (line 1).

- words the heart was in thé same condition

ost of those on which Haberlandt worked.

i
pectively of perfusion with adenosine baae,i

This was perfused for slightly over ten

onp was increased and this behaviour continued
_gﬁrﬁusion with the normal fluid was resumed.
inute and a guarter thereafter the ventricle

ced to beat regularly (line 3), and about two

e sinus (1line 4 towards middle). The
1t parts of the heart ceased to function in

B'1everse order, the sinus stopping about 3.37 and

later the auricles also recommenced (beginning

“auricles sbout 3.40. The ventricle, however,was
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vﬁﬁg slowly when the preparation was left at

-eymgre experiments require to be made before
‘arrives for an interpretation of these result

empted, the fact that adenosine will revive

of a guiescent or almost quiescent and long
| heart is probably significant, especially

is remembered that this substance is & known
- of cardiec tissue. That adenosine, or a

formed from it, is the substance to which

's results are due, is made the more likely
that adenosine is kmown (268,2869) to be a
of those commercial preparations which

himself assures us have all the properties

3 E3
£ hormone.

bly to the dilator action of adenosine on
arteries that any therapeutic effect
nol may possess is due.
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ON THE MCODE OF ACTION OF THE

EXTRINSIC CARDIAC NERVES.

Part I. Critical Review.

_I_njr'oduct ory:

W¥hile the presence of nerves leading to the
hegrt -seems to have been known from early times -
galen (2) was certainly aware of their existence,
and satisfied himself by experiment that they were
1ot essential to the regular beating of the heart - |

| gnd although the functions of these nerves had by |
.-ih'e- later part of the nineteenth century been
fairly well worked out, thanks to the pioneer
observetions of Thomas Willis and Richard Lower
which paved the way for the work of the Webers

and the Cyons, and although the work on the
extrinsic cardiac nerves gave rise to a general
theory of excitation and inhibition, which saw the
former as an inerease in dissimilative metabolism
or Ratebolism, and the latter as an increase in

| 8s8imilative metebolism or anabolism, any view

| tacked by experimental evidence as to the actual

Bichenism by which such phenomena were brought
8bout, was non-existent.

In/
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In 1921, however, it was anncunced by Loewi,

! Profegsor of Physiology in the University of Graz,
thet the effects obtained on the frog heart by
gtimulation of the cardiac nerves were due to the
groduct_ion of specific chemical substances in the
heart by such stimulation and the subsequent action
“of these substances on the cardiac tissues. It is
with this fundamental observation and the others
which followed that the first part of the present

paper will deal.

Discovery of the Humoral Transmissibility of

the Effects of Cardiac Nerve Stimulation. Loewi's

fundamental discovery was made in the following

| mgmner:- A small quantity of Ringer's fluid was
permitted to irrigate the heart of a frog or toad
suspended on a Straub cannula, the heart having its
vego-sympathetic trunks attached. A sample of such
liquid taken after faradisation of the vagus and
transferred to a second heart fitted up in the same
muner as the first (or replaced in contact with |
| the Pirst heart after a preliminary wash with

|| fresh Ringer) caused this second heart to behave

8 though its vagus was being stimulated. A |
sample taken from the first heart during inactivity

% its nerves had on the other hand no effect on
the/

o —
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| f positive results in a given run of experiments

|18 often low, and while positive results are

=
o
t

rhy‘b}lm of another heart to which it was applied.

In view of the fact that the sympathetic

1| . ;
‘pibres to the heart are in close conjunction with

the vagus during most of its course Loewi obtained
on some occasions a sympathetic effeet on stimula-

tion of the nerve trunks of the first heart, and

| yhen such was the case transference of the fluid in

sontact with the heart to a second heart determined

“ the appearance in the second heart of the effects

. | ¢heracteristic of sympathetic stimulation. The

figures from Loewi's original paper with their
legends are reproduced on the opposite page.

| These results immediately suggested to Loewi
that the effects obtained by stimulation of the

ige nerves were due to the production of

| | chemieal substances by such stimulation and their

| sibsequent action on the tissues, and not as had

Bm..:p_'revioukly supposed to a direct action of the

merves (38)(42). As Loewi himself admits, the

| sxperiments are dirficult to perform; the percen‘sageé

i,
:,ﬁef:iil_iﬁb- they are not as a rule strikingly so.
' f One of the main difficulties of the experiment

1868 from the fact that it is not easy to dis- |

Sciate completely the two effects, but by using
| Meak/
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yeak stimuli Loewi wes able to obtain a predominant
vagal effect, and by using very strong stimuli s
j}&dﬁmiﬂanﬁ sympathetic effect (43). While a
glowing was sometimes obtained in the second heart
gs a result of vagal stimulation in the first -
Joewi shows such a result in his first paper - more
usuelly only a negative inotropic effect was observed.
This has been noted also by nearly all subsegquent
workers. Better results were obtained by Loewi
in those cases where he "paralysed the sympathetic
fibres" by means of ergotamine, thus allowing free
play of the vagi (44).

The announcement of these fsets and the
interesting interpretation put on them led many
investigators to attempt by like and by different

‘techniques to obtaein similar results. As far back
88 1913 Hemmeter (45), working on dogfishes with
crossed circulation had obtained negative results
in respect of heart rate and force in one animal on
Stimlating the vagi of the other, and many who
titempted to repeat Loewi's experiment obtained
Sinilar negative results.  Others, again, though
Oieining a percentage of positive results were |

| wsble for various reasons o accept Loewi's thesis, |

il while we can disregard entirely the purely

| ®&tlve Pindings of such workers as Bohnenkamp (46),

ilﬂher (47), Nakayams (48), Patrizi (49), Heymans

Ilmﬁem&ns (50), Hermenn and Malmejac (51), and
lournage
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afforded by the work of those of his crities who
were fortunate enough to perform more or less
positive experime nts.

Most of those who attempted to confirm ILoewi's
¢indings departed from his technigue, for the most
part with a view to obtaining a self-recording
gxperiment. Brinkman and ven Dam, for instance,
somected the hearts in situ of two frogs A and B
in such & manner that the liquid perfusing through
heart A passed immediately to heart B. They found
that effects on heart A produced by stimulation of

the nerves leading to that heart were reproduced aft::-f
‘a short latent pericd in heart B. There is, however);
a1 obvious criticism to the technigue employed here. |
Since the connection between the two hearts is con-
| timous & change in the rate and force of A might
determine & corresponding change not only in amount
of liguid passing to the second héart but what is
perhaps of greater importance might by changing the

| | 2te of incidence of the purely hydraulic stimuli

| sfforded by this conmecting column of ligquid produce

inge in the rate and force of heart B. That ;l
| ihe results obtained by Brinkman and van Dam were

| 106 necessarily due to such effects, however, was

| Y0 by Ten Cate (54), who obtained similar results

\"h & modified technique. He interposed between

| t‘g‘e- o hearts o small reservoir which served the
| doubleys -
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| ac ple purpose of breaking the continuity of the
il,@;ji_ﬁeetion between the two hearts, thus eliminating
_;I: the purely mechanical effecet exerted by one heart
3 on the other and at the same time permitting of the
maintenance of a constant head of pressure for the
| second heart.

Nemoto (55), while his experiments are not of
.{;.h'e' "gelf recording” variety, has recently obtained
good "vagus substance™ effects 1in experiments on

 foads. He cut the sympathetic two to three weeks

{lnid collected after such stimulation always pro-
:. ‘duced & negative inotropic and a slight but d.efinite |
fegative chronotropic effect when reintroduced to

the heart after this had been irrigated with fresh
finger, (Oliveira Frias (56) obtained chronotropic

effects in ten out of thirty-six experiments on the

ﬁ?ﬂ;'age for such an effect that scems to have been

I

|

|

R |
_'] wrtle (Clemmys sp.) heart, this being the highest ‘
|

|

reorded , |

Riceitelli and Vita (57) obtained vagal
' ‘hstances from the vagus stimulated hearts of
|§,'turteise:s and though they obtained chronotropie
ifects in some cases on transferehnce of the fluid

08 toad heart they showed that with tortoises as

| "k frogs and toads the inotropic effeet is more
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elicited.
Perhaps the most definite results of all,
, have been obtained by Kahn (58). Kahn

each with its double vagus supply intact. By
ing the nerve of one, the vagus or sympa-

_li&art after a brief latent period. The two
eould be used alternately to produce the

tic or sympathomimetic substances, and the
obtained were, of course, reversible. Two
's records are reproduced on the opposite

‘ d show the striking type of result obtained
ééhnique. Lambert, Hennequin and Merklen
#nd Asher and Scheinfinkel (60), have repeated
Léxmeriment, and while they have obtained

e positive results they are unable, for reasouns
will be stated later, to accept the viewsof

i and Kahn. Samojloff (61), on the other hand,
;ihgt the heart supplied by the vagus

"ﬂﬁﬂwﬁﬂ the electrocardiographic charac-

d -
|

- Ihe mode of action of atropine and

ﬂ B ergotamine.
| In 1924 Toewi and Navratil made a fundamental

“iribution to the subject. They showed that if

',gﬁ&ble—nosed cannula carrying two frog hearts

¢ effect, whichever predominated, showed in the |
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: I:jﬁﬁehezart whose vagus was to be stimulated was

5 gtropinised, though no vagal effect could now be
j.1,;.;;.;_3_;11-_ee'ﬁ. in this heart by stimulation of the vagus
_:\ierve_s, nevertheless, if the fluid bathing it

during such stimulation was transferred to a second
peart, it would procuce typical vagomimetic effects
in this. Similarly, it was shown by Navratil (63)
that if the first heart were ergotaminised, while
gympathetic stimulation would produce little or no
syn;pa,thetic effect on this heart, transference of

the fluid obtained during such stimulation would

produce sympathomimetic effects in a second heart.
Toewi and Navratil concluded from these results

| that atropine did not "block" the parasympathetic

| nerve endings, or ergotamine the sympathetiec

endings; that, in other words, atropine and _
ergotamine did not prevent the production of the '
vagomimetic or sympathomimetic substances of Loewi, |
‘tut that they exerted their effects by preventing
the substances produced by stimulation of the g'

erves from exerting their effects on the myocardium,

Extension of Loewi's findings to ‘

the mammalian heart.

4s was but natural, experiments were soon

sttempted with = view to ascertaining if what held |

| for the frog and toad held also for the memmal. |
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! iﬂhe earliest of such experiments are those of

- pugehl (64) and Duschl and VWindholtz (65). Using
| rats and sometimes cats and dogs, with crossed
 pirculation, they showed that excitation of the
eardiac vagus in one animal led to a slowing of the
heart in the second. It is manifest, however, that
yith such a technique the results obtained are open
to mumerous interpretations, though the later
femonstration of Duschl (66) that blood withdrawn
from the heart of one animal during vagus stimula-
| tion and injected into & second animal produced in
| such vagomimetic effects, might be considered more

| satisfactory. This last observation, made on cats
‘and rebbits, was confirmed later by Brinkmen (87)

| and by Brinkmen and van de Velde (68), who obtained
| vagel blood from the carotid artery instead of from
| the heart. Zunz and Ia Barre (69) obtained vagal
tluid from the isolated perfused heart of one

aninal and on injecting this into the ear vein of

| another animal with reduced circulation obtained a
sloving of the heart. These workers made the |

| fwther observation that the vagal fluid when mixed

, Wth blood rapidly loses its inhibitory qualities -
o observation also made by Plattner (70) in his

i transfusion experiments with dogs. Somewhat

Sinilar experiments, using isolated perfused heart

%88 source of the vagus substance, were performed
| by/
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F
v]‘l:fy _._jyg; (71) and Mochizuki (72). The latter,

in

| gddition to determining the effect of vagal fluid
on other intact animals, used a second isolated
'neﬁngeﬂ heart to which he applied the fluid ob-

) ;t-d'ﬁiﬁed.from thie first, thus eliminating most of the
| fallacies of the previous experiments. Riceitelli
and Vite (57), using a similar modified Loewi
technique, demonstrated the production of the vagal
sbstance in dogs, rabbits and cats, and, like Zunz
¥ @i Je Barre and Plattner, found that "vagal locke"
yas much more effective in producing the result than
yas "vagal blood".

The most striking results obtained with the

. menmalisn heart, however, appear to be those of

| qlent (73) (109). Not only did he show humoral

| trapsmission of the vagal and sympathetic effects

' \in the isolated perfused hesrts of cats and rabbits,

bt he also obtained with these animals similar

| effects to those described by Navratil for the frog
in respect of the action of atropine and ergotamine.
s while an atropinised rabbit heart would show

I lone of the effects characteristic of vagal stimula-

' tion when its vagi were in fact being stimulated, the II
| ?‘Jﬁiﬁﬁpassing from this to a second heart would never-

| iieless produce typical vagomimetic effects in this.

Il.ﬁimi.la.rly with ergotamine and sympathetic stimulation.
||ﬁﬂ311}}_' Rylant showed that if defibrinated blood be

|_
lmﬂ for the perfusion instead of Locke, while the

'i:“'“ effects may be obtained they are not exhibited
oy




\'_m guch a degree, indicating that the substances
resnonsible for the effects are destroyed more or

" less rapidly in contect with blood - a result which
has, a8 we have seen, been obtained by most other
workers.

Rylent's technique is of interest. The heart
of a cat or rabbit - preferably a rabbit - is
igolated with its vagus and sympathetic supply in-
taet and is attached to a glass cannuls about one
petre in length. A second heart is fitted up in
exactly the same way but without its nerve supply.
The two cannulae are placed in the same vertical

| line so that the fluid issuing from the heart whose
‘nerves are to be stimulated falls into a thistle
fumel at the open end of the cannula carrying the
other heart, so supplying this latter with fluid.

It is advisable to have as large a heart as possible

o ect as donor, otherwise it may be necessary to
lermit extra fluid to flow down the outside of the
upper cennula in order to keep the lower cannula
fll, The great simplieity of this whole arrange-
| et is made possible by the fact that the heating
: levices usually employed in heart perfusion work

| i disvensed with, the whole laboratory in which

e experiment is carried out being hested electri-

| %L1y to about 40 degrees Centigrade and maintained
at/
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R &
and duly agitated by means of fans.

Other properties of the neuromimetic

gubstances of Loewi.

The effect of the neuromimetic substances on

chrongxie.

Observations of great interest concerning the
getion of the Loewi substances on the chronaxie of
the heert were made by Henri Frédéricq. Having

| previcusly shown (74) in the dog, frog and tortoise, |
that stimulation of the vagus préduced ' a decrease

in the chronaxie of the heart while stimulation of
the sympathetic produced an increase in the chronaxie|
- observation confirmed by Mme. Iapicque and Mme. :
Teil (75) among others - Frédéricq demonstrated (76, |
17, 78) that such effects on chronaxie were humorally
transmissible to & second heart, and that such I
1 sifects were moreover obtained in this second heart ;
I- ¥hen the concentration of mimetic substances arriving

" I?ﬁh&ne-"ﬁa}s such that they produced no effect which

| WS visible. Two different techniques gave com-

|| Mrable results., In the first, two frogs were

| Branged in series, the perfusate from the heart of
:Ifme Passing directly to the second. Faradisation

iI of the vVagosympathetic trunk of the first heart
|. odueed /



;Q?jﬁﬁﬁcea a change in the chronsxie of the second in

,I:}:,g,_ direction depending on whether the parasympathetic

I I"iBIE ._._sympathetic effect predominated in the first

:f.‘-ligar’c- In the second method the perfusate from a

frog or tortoise heart in situ wes collected during

res‘[', and during stimulation of the nerve. Another

heart was immersed successively in such liquids and

itg chronaxie with respect to an extrasystole deter-

pined. It is found to be modified by the mimetic

'I substances as before, In these experiments, as in

A Rawi‘s, the vagal effect was the one usually ob-

| fained, the sympathetic appearing but seldom. It

i of interest to note that the chronsxie of the

heart is diminished not only by vagal stimulation
hut also by parasympathomimetic substances such a.s.

.~ choline, acetylcholine, arecoline, pilocarpine and

| egerine, while as with sympathetic stimulation it is

|| inoreased by sympathomimetic substances such as

| adrenaline and strophanthin (79). That the vagus |

| sbstance shortens the chronaxie of the frog heart

185 also been showvn by Iembrechts (111). |

Similer experiments of great beauty have lately i
| been performed on memmals by Rylant (235). Using |

ihole isolated perfused hearts as in his original
1 loewi experiments, or an irrigated auricle receiving |
Hietie substences from an isolated perfused heart,

% showed that the vagomimetic substance reduced the
thronaxie /s

=



;iﬁ.anaxie while the sympathomimstie substanc.e in-
Ioreased it, similar results being obtained with

i aeetylcholine and adrenaline. By using the

II ':"- irrigated right or left auricle and driving it

1 electrically at a constant rate he showed that the
ghanges in chromaxie on addition of the mimetic
mbstences still obtained though the substances
were now unable to affect the rate of beat of the
| | preparation. According to Rylant, then, with the
| normal chronaxie of the mammelian suricle at about
2 signe the substance resulting from sympathetic
I:_ﬁtimulation will raise this figure to 2.5 or more, |
|~;g&mli:ne producing the same effect; while the
|1agus substance will bring the chronaxie down to

alightly over 1 sigma, acetylcholine acting similarly.

Bifects of the cardioneuromimetic substance

on the stomach and intestine.

Using a technigue of similar principle to that
tmloyed in their original experiments, Brinkmen and |

(1 Dam (53) made the interesting observation that |

\Siomach of the second. If a sympathetic effect

I¥te obfained in the heart an inhibitor effect was
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‘pabbit, Ten Cate (82) on the intestine of the frog,
| Jendrassik (83) on the intestine of the rabbit, and
‘fiale (92) on the intestine of the guinea-pig.

| Jimally Grenit end von Bondsorff (84), using

gurarised rabbits under ether anaesthesia, showed
thet stimulation of the cardiac vagus gave rise to
motor effects in the denervated stomach of the same
animal - an effect which from the conditions of the
experiment must have been due to a humoral trans-

ference of the vagus substance from the heart,

The question of the specificity of the

Loewl substances.

That the vagus substance is not species

specific has been shown by several workers. P0pp'er
|8l Russo (85) showed that the vagus substance ob-

| fained from the rabbit's heart would, when made up

| | ina suiteble medium, affect the frog heart in a

| siniler manner, This was confirmed by Granit and

tifect on the second heart was prevented by atropine,]
| & somewhat similar experiments were performed by |
'\Bflga’sif’fmer. (87). Oliviera Frias (88) showed that

¥ of dog's blood obtained during vagal stimula-

| o proquced. & negative inmotropism and chrono-

Jﬁ'1'“:_13'11‘51111 in the turtle heart.

Chemicaly



Ghemical and physical properties of
IR e gt

the Loewi substance.

| Other properties of the vagus substance may be
priefly described. It was found by Loewi (89) to
pe destroyed by heat and by alkali and to be dialys-
" aple, Witenowski (90) and also Gondin (91) found
4t it was soluble in alcohol but precipitated by
ether; Atzler and Muller (93) that it was not

| | gbsorbed by colloids. Brinkman and van Dam (94)
| | found that it lowered the surface tension of blood
| gorum but Plattner -and Galehr (95) and Lambrechts

| (111) deny that this is so. As we have alresdy

geen it lowers the chronaxie of the heart (Frederieq,
|| lemoor and Rylant), and is rapidly destroyed in

I' contact with blood (Plattner, Riceitelli and Vita,

I;- Iz and Ia Barre, Rylant, Viale).

As regards the sympathetic substance less is

'. mowm, According to Gondin (91) it is soluble in
ether and aleohol (both substances are of course

| Weter soluble), raises the surface tension of blood

| serum (Brinkman and van Dam (94)) and raises the

| ‘hronaxie of the heart (Fredericq, Rylant).

| i%ording to Tanz (96) it has all the properties of
| drenaline ,

The/

__Tr=“=‘ﬂ
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The nature of the cardioneunromimetic

substances.

We must now examine the views which ha,ve'been
mt forward as to the nature of these substances.
ig long ego as 1905 Howell (97) and Duke (98)
showed that stimulation of the vagus in the per-
fused heart of the frog led to an increase in the
potassium content of the perfusate, and since the
'_a,;&bi'-on of potas=zium when present in excess in =
;;ggrfusing fluid is in fact vagomimetic (Botazzi,99)
it was suggested that the liberation of K in the
E i’iﬁgﬁ might be the mode of action of the wvagus
! _-.{I'-_I'eﬁj::ﬁ,‘]'_.l:,'a,z:t)(lOQ):IE A few years later it was shown
Bmﬁa.theti-c caused an inerease in the calcium con-

fent of the perfusate. Howell's results were

| Scheinfinkel (104), and Zondek'é by Buskuet (105).
Among/

* It may be observed in passing that Dixon (106) in
|_'-1- )y Brguing along lines suggested by the then

%0ens work on secretin suggested that the heart con-
: d6d 8 substance "pro-inhibitin", which on stimula-
on of the vagus wes transformed into "inhibitin",
i_.‘.hiﬁh on combining in some way with the cardiac

_H!lsc-l_e brought ebout slowing or stoppage of the heart,
e hypothesis does not appear to have been made the
ILoeig?t of experimental inquiry by Dixon, though

e work might be considered as upholding in
I degree his view.

by Zondek (101) that the faradisation of the cardisc |

confirmed by Bouckaert (102), Yasatake (103), and by
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Among the principal grounds for setting aside
the possibility that the vagus substance of Loewi
';g‘s_".- potassium is the fact that atropine does not
abolish the effects of potassium, whereas it does
prevent the action of the "Vagusstoff". The
".-_p:_a_w_er.ful aection of the vagus substance on the stomach
m intestine offers further presumptive evidence
II. against the potassium hypothesis. In point of
fa@{; nearly all the properties of the substance

I. Ii_:_'l_i;iﬁﬁ have been described point definitely to its

| organic nature.

The similarity between the effects of the

! '-"?ggfuss?coff- and of choline weré early recognised and
|Ioewi was able to show that the choline content of
\fhe heart was indeed inecreased as a result of vagal

| siilmlation (107). This increase, however, was not
sufficient to account for the effects obtained and

| $he very much greater vagomimetic effect of acetyl -
I-':ﬁélil?.e immediately sugeested that this derivative |
0 choline might be the vasus substsnce. The fact
et acetylation of the vagus substance did not
Ilﬁlf.iﬁi’e&a-‘aeé its mctivity (Plattner) was presumptive

\fTidence in favour of this view.

Ioewi soon demonstrated that the behaviour of

r-“ﬁtyl-_eholine and of the vagussubstance was prac-

Moally identical, ome of he most striking similari-

ilt.iaa. being the emse with which each of these
NWstances/



=t
0o
1
]

Il‘\'gﬁ;g;&a;nces was destroyed or its activity diminished,
.ftla.;g;onta.ct with the heart or with blood. The cause
of this rapid destruction of acetylcholine when in
contact with the heart - & phenomenon noted by

geveral workers including Clark (110) - Loewi showed
10 be due to the presence in the heart of an ex-
tracteble esterase (107). This esterase is des-

h froyed by heat, fluorescent and ultraviolet rays.
Piysostigmin, according to Loewi (112) inhibits the

| lactivity of the esterase and so a greater vagal

. effect can be obtained in a heart which has been

| freated with physostigmine than in one which has not.
| That the"sensitisation"of the vagus in the frog

heart by physostigmine is due to a failure of the
heart to destroy the vagus substence may, however, be
'-D'nly part of the truth, for Granberg (113) has shown
that physostigmine has an ergotamine-like aetion in
respect of sympathetic effects and thus it may be

| that physostigmine affects the vagal response in two |
\mys - firstly, by preventing dilution of the vagal |
| effect by sympathetic substance and secondly, by
Iféventing the destruction of the vagus substance.

Howeyer, be this as it may, it is now generally

ftepted that the effects of vagal stimulation on
e heart are due to the peripheral release of

(s
!fa"’e*i&‘lcholine by such stimulation, and we will see
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*ha later section how work along other lines tends
(i

to show that this same mode of action is true also
for other parasympathetic nerves.,

As regards the nature of the sympathetic sub-

stance less is definitely known. While the great

ginilerity between the action of the sympathetic
imbst_ance and the action of adrenaline has been
gpparent to all who have obtained this effect, only
Ignz (96) has gone so far as to assert definitely

\that 1t is in fact adrenaline, Much further work

|'is needed before one would be justified, however, in
- accepting Leanz's ccnelusion, attractive as it is,
and at present the safest course is to say merely

| that the sympathetic substance has several properties|

lin commen with adrenaline: it is an adrenaline-like

| substance .
|

{

Criticisms of Toewi's views.

We have already noted that many workers on
sitempting to repeat Loewi's experiments obtained
| atively negative results and thus came to doubt

Iﬁﬁﬂﬁﬁij-a views. Others sgain, who repeated his

periments, obtained some positive results, but for

J8rlous reasons were unable to accept the conclusions

| dmong these latter are Lambert, Hennegquin and
He.rklen_/

' the phermacologist of Craz.



Jerklen (114). They first of all repested Loewi's
.!&-i'_gi’-’lal experiment with moderate success, ILater
:gﬁeyrr;epeated Kahn's experiment and were sucecessful
in d;e’.monétrating the humoral transmission of both
ivagal™ and "sympathetie" effects, i.e., of both
| negative and positive inotropic effects (59). In
the vagus experiments they never obtained an effect
': on the chronotropism, and their last paper (115)

| records a final attempt to obtain such, The attempt

failed, and they oppose Loewi mainly on account of ;
%heir consistent failure to obtein this effecet which, |
they hold, is the indication par excellence of vagal |
':-:s;e't-i'v'?it.y and hence of the presence of the proposed
Tagus substance. They hold that the different

| (opposite) effects on inotropism offen obtained by
[them - and which were sometimes in an opposite sense

| 10 that expected - are due to the different pharmaco-|
lYBa.mlc effects of different concentrations of a

1 ln-specific substance such as acetylcholine (siec)

lilerated by the stimulation. |

dntoine (116) mainly on the basis of this work

\thsions, He comiders that the variable results

thta ineq by many workers who have repeated Loewi's

\"ginal experiment are not due, as Chiba (117)
Sposed/



supposed, to differing amounts of the neuromimetic
‘gibstances in the perfusing fluid but are due to
‘mdifications in excitability and conduetivity of
the heart tissue under the conditions of the experi-

ment, and he concludes that any generalisation

ggarding the humoral transmission of nervous

|leffects is premature., :
dtzler and Miller (93) have put forward the view!
| i1 the hydrogen ion concentration of the perfusate

a8 & result of the nerve stimulation, increase of pH
giving & sympathomimetic effect, decrease a Vago- '

Bmetic effect. This view, however, lacks experi-

| mental support .
Adachi (118) thinks that the results obtained
i such experiments are due to the asccumilation of
lsctic and phosphoric acids and nct to a spegific

| @bsfence set free by stimulation of nerves. He
fﬁdﬁ that the perfusate from a quiescent heart or
om skeletal muscles will give effects similar to

;'Ii;i:gf_s.e; described by Loewi.

Finally, Asher and Scheinfinkel (119), while

“firming Kehn's results by Kahn's original method,

\f"‘mﬂ on "improving" the method that they obtained

Yetive results., They suggest that the apparently

"Bitive results obtained by Kahn's original method

86 to one op more of a number of factors such as
i
i‘achahie_al/



echanical influences, the formetion of non-specific
W aubstances due to disturbed metabolism of the heart,
ations in sensitivity of the test heart, or to

|gg::ea.ﬂ. of the stimulating current.

Conclusion.

While purely negative experiments in such work i
i

are of little value, it might appear at first sight
'&E&'B eriticisms of Loewi's viewpoint arising from

1 Jresent, however, this is hardly so. Not only will |
Ithasa workers require to produce much more con- '
'ma:}m date to support their negative attitude than |
ihey have hitherto succeeded in doing, but they will
Ih.&.?_& 0 disprove a large mass of the evidence

f doumlated on the other side. While, for example,

| it may be granted that the experiments on the frog
?'-B'ﬁal‘t are open to some fallacies due mainly to the

.: ﬂﬁ??@ anatomical relations of the vagus and sym- |
| lathetic nerves, how are the clear cut results ob- :
I’aeﬁwith the mammalisn heart to be explained a.way?é
| also are the effects on the chronaxie of the |
|81t a5 & result of the action of the "vagus" or

LW
Wipathetic™ fluids to be correlated with the

Moduetion of non-specific substances as a result of |

PEvet st imiletion, and how, finally, are the
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'. #ﬂhe explained? ° At present the "anti-Loewians"
I\mot answer such questions and it is difficult to
Bl see tint they will ever be able to do so.
We are thus justified in considering that the
s of Loewi and his school is proved: +that the
W ¢ nerves produce their effects not directly as
a‘ﬁgﬂb:een previously supposed, but by the liberation
ﬂi B’memical substances and the subsequent action of
on the heart; that the substancé produced on
| stimulation is almost certainly acetylcholine
le that liberated in response to activity of the
i ||§$mp'&:’£‘_heti.c has many properties in common with
;ﬁrﬁﬁa,line: that, further, atropine and ergotamine
.E'Q no% produce their effects by preventing the pro-

fwetion of these substences but by preventing their

e
| Sibsequent setion on the cardisc tissue’

e has recently (231) contested the view

Substance produced by vagal stimulation is
: «,’g 10line . See, however, the work of Lanczos

maa and of Engelhart (233) which appears to offer

'i'"'-h-er evidence that the substance in question is
| Méed acetylcholine.
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ON THE MODE OF ACTICN OF THE

EXTRINSIC_CARDIAC NERVES.

Bart 1I. Personal experiments.
e e -—

| Introductory:

A glance at the records reproduced on the

;;;ﬁr;eﬁpr-i‘-.ous pages - records which are the most striking
" 'this‘h have been published in support of this work on |

) ""'.'::_Immoral transmissibility of the effeets of

|| vervous stimulation - shows that though the effects ‘l
'wy definite enough they are almost all of an ino- \'
'meia nature: all workers are indeed agreed that ‘t
',":’_é}'mibﬁ'e.'br.opic effects are but rarely seen. Further |
I%f workers on this subject agree that it 1is difficuli{;
i;i’ﬂ obtain positive results at all, snd that long

Iil mng of negative experiments often crop up without

alparent cause. The numerous opponents of Loewi's

| ihesis point triumphantly to these facts as support- ‘
eir contentions, and it seemed desirable to ‘
‘a technique by means of which the humoral
88ibility of the effects of nervous stimula-
! 1d be more easily and more definitely demon-
Iﬁm—tﬁ'i. than hitherto, and, in particular, a tech- |
‘e which would permit of chronotropic effects
Blifesting themselves.

in investigation, the results of which are here
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peported, had this as its main aim. A subsidiary
object was the determinations of theconditions which
‘had to be satisfied to procure positive results in

the largest possible number of cases,

The srgument for the method.

‘Toewl considered that the first essential in
| | experiments t;.esigned. to demonstrate the humorsl
! transmission of nervous effects was the employment
|| of the smellest possible quantity of fluid in the
|'1:2¥£rwef-'stimula,te;d heart, his idea being that the

smeller the cuantity of fluid in contact with the

‘heart the more concentrated would be the resulting
Iij_le,u;i-_'.om._imetic fluid, esnd thus the more definite the

#ffects on the hesrt to which this was applied. |
| The experiments of some other workers, however, |

nﬁtahl;y Rylant, appeared to show that & concentration

|| 0f vagus substance sufficient to affect a second I

|
In any case, it appeared to the writer that in |

| leart is more easily obtained than Loewi supposed.

az':_‘ﬁfii:e:::sm-eﬁhigd adopted by Loewi a considerable amount
9 the vagus substance formed during stimulation

| st be destroyed by the mechanism known to exist

W the heart for, as it were, that purpose. From

1,'“.1]&_8'8 considerations it appeared possible that good
Tesultgy



recipient heart. Loewl, of course, in his
plments, collected fluid from a quiescent vagus-
“atad-heart and applied this to another heart,
tmtinuously from a quiescent donor directly to the
"hearta In Kahn's experiment too the
milated heart might stop entirely, but in
umstances the circnlating action of the
ing entirely stopped a transference of
@hhatance to the recipient heart has to rely

1y, 1f not entirely, on simple diffusiocn. In
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|
|

3 a complete cessation of the supply of fluid
ecipient hesart. In other words, vagal

of the donor heart has had to be avoided by
workers who have used self-recording experi-
‘and this has probsbly been a factor militating

thelr obtalning dramatic results.

donor heurt by means of a double cannula

. the fluid enters by one limb, irrigsates

of the second limb of the cannula =nd is
diately applied to a recipient heart. The

e relations of the vagus and sympathetic
3g, and in later experiments a more compli-

eparation wos employed.  This conslsted of
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‘;ﬁejﬂnlla and the heart. The nerves were not

" ared in this preparation as they were more easily
kept moist and less liable to damage by being left
I;p situ. The vagus was stimulated by shieldsd
\lslectrodes placed in the medulla.

' Phe main necessity in obtaining and fitting up
Ithe preparaticn is speed, as the nervous components
le@J;y goon lose their irritabllity. In my experi-
gﬁit is unusual to get a good response from

ation either of the medulla or of the vago-
“_-__‘_._:,__ﬂ;g;ti;xg-t-i-c trunks after thirty minutes have elapsed
| | from the commencement of the dissection. Whether

I"-ﬂ:h?i‘-é is due to an effect on the nerve trunks them-

Wipheral to these, has not bsen determined.

The venae cavae having been tied off, a metal

mila, such as is depicted in the diagram, is
'iﬂ rted into the sinus venosus and, if possible,

wed there. Otherwise it is carried into the

811 of this latter, the interauricular septum
,B‘“'ing been severed, the sino-auricnlsr valves
Wliterated, snd the vense csavae tied off as before.
The input tube of the cannula is attached to a

rfugion /




II wart and the perfusion pressure adjusted to such an

mam; that fluid fells at a regular rate from the
]

g

|

ut limb of the cannula, and, even when the heart

L
J

s completely stopped, continues to fall in amount

==
I_:t_*;_es-.t-:_.’:..a‘r:;13;r different from before.
u'|| A second heart - the reciplent hesrt - is attache

ltoa small nosed cannula inserted in the sinus venosus

Clark's solution is supplied to the donor|

|

b iie fluid issuing from the donor heart is led to the
|

iwcipient heert by means of fine drainage tubing, the |

|
:' e glass cannula.

h In order to make certain that hydrostatic effects

iid of which dips below the surface of the fluid in

lionot contribute towards the effects obtained, this
s

*%nd cannula is provided with sn overflow tube such
 ths

0% at about  cm.

Bach of the hearts is attached to a lever by

F-‘ns of a thread, |connection between thread and
ih"@t being effected by means of a small silver clip. |

'| When/
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opposite page 1s & record of the type of
obtained by this method. The top line shows
ractlions of the recipient heart, the next
.ﬁrﬁiithe: donor; +the third line is the signal,

that is the time marking in 10 second

" In carrying out an experiment the main precaution
h mist be taken is to ascertain that the donor
wpplies sufficient f£luid to cause = steady drip

overflow of the recipient-hesrt cannula, even
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K |
® precauntions being taken %to ensure that the

gsue receives & constant supply of fluid '
the experiment. '

In figelrd “is reproduced the record of such an
ment where the frog stomach was used as a test |
The top line shows the heart contractions,
the movements of the stomach, and the third
th lines the signal and time marking respec-
The stomach had given & contraction just at
ginning of the record. The contraction was
and typical of the previous behaviour of the
The heart vagus is now stimulated and the
almost immediately gives a contraction which
rge amplitude and which attains its meximum
The vagus stimmlation 1s discontinued
he relaxation of the stomach. About a minute
e relaxation is complete ~ and it will be noted
of the stomach is now maintained at a slightl
gvel than before = asnother spontaneons con-
n arises. This has en amplitude slightly
' than that shown 1n the first contraction, but
half that of the contraction which took
 the vagus substance was in contact with the
The rate of contraction and relaxation is
y much less than in the'vagus substance con-
. In the second pert of the tracing is a
. of the observastion about six minutes later
fiirat. Here again, both the rate and ampli-
he stomach contraction initiasted during vagus
on are much greater than in the normal. The|
milation was in this case continued after the
itraction had passed off, and during this time the

I the muscle tended to remain at a higher level
before.

The method having been shown to be satisfactory
Mperiments embodying the same principle were designed
ew to extending the observations to other

Bsfore considering these experiments, howeve

n factors, which are of importance if the maximum

?Of'positive results are desired, may be brieflyl
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.". In the first place the stimulated heart may not |

BlSaaibit a good vegus response. This happens most

gs should always

perfusing fluid with hydrochloric acid to a

: i value of ebout 6.5. This not only improves the
response considerably but increases also the
ivity of the recipient heart to the vagus
Pinally, to increase the sensitivity of

mﬁimant proper commences. 1t will then be in a

-h&a&‘an slight concentrations of the substance passing




I ON THE EXTENSION OF THE PRINCIPIES

ENUNCIATEPR BY LOEWI.

Introductor

The demonstration of the production or liberatim|

sffects previocusly attributed to a direct action of
he nerves, lmmediately led to invéstigations the aim |
of which was to determine whether or not this mode of |

|liotion of the cardizc nerves could be demonstrated for|

" ,fsﬁ@iﬁe'rves and thus be considered general.
It would appear that such studies would have been
' |
venced far beyond their present state had a publica=

\tlon of Demoor (120) in 1913 received the attention

Which it merited. Demoor showed that if a quantity

Tﬁfthe saliva resulting from stimulation of the chords

'mani in the dog were injected intravenously to the

Increase

deanimal it determined the onset of a pronounced ,

i the activity of the gland. If injected into

he!' enimal it csused 2 copious flow of saliva.

1";‘ Was the first demonstration of the humoral trans=

]I
li

i‘by of the effect of nervous activity and the |
Upificence of the observation wes recognised.

_-'ﬁ;"ﬁim reconnalssons & de véritables hormones les
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tés attribuées jusqu'a présent su systéme ner-

Jui-méme" sald Demoor. But the subject was not

|
|

Following on Loewi's experiments various investi~

[
' i
Wf Using two dogs end en ingenious crossed circula-
pitl: H
| technique, such that the output and inpnut of each

al was maintained constant, Zunz and Govaerts (1zﬁ
able to induce & fsll in the blcood pressure of
lon gnimal as the result of vagsl stimulstion of the

Hﬁsng'this fall being independent of the hesrt rate

:Wzﬁﬁiﬁﬁxml in which it was induced. Gautrelet(122)
15

o
Jgﬁﬁmﬁinusly obteined somewhat similasr results, but

fﬁ@@rt&bhnique much less refined than that of Zunz
I

q&ﬁ£QMerts. These latter workers had already in

wk@iﬁraxperiments (123) obtained a rise in blood

sure in the second animel a8 & result of stimula=-

;ﬁﬂme_eplanchnic nerves in the first, but the

in this case is complitated by the possibility
%ﬁ%ﬁ&aﬂﬁd sdrensline secretion in the first

consequent upon such stimulation.

" |
Hess and von Neergard (124) and Brinkmsn and ;
'flﬁﬁ;IQB) claim that faradisation of the motor

¥IVe of (kke) frog muscle irrigsted with ringer solution
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on the ringer excito-motor properties for the

pof the frog. Somewhat similsr experiments

(128) . They have shown that excitation of

pressure by stimmleting the vasomotor centre
e supresrenals. The interpretation of such
ents is, however, difficult, in view of the
_;mmmher of factors which mey be involved in

ing about the observed results.

lon in smooth muecle:

uﬁieman (1292) has recently demonstrated the
trensmissibility of sympathetic inhibition
intestine. Two pieces of put are suspended
ﬁ§£8t=chamber and ringer-locke fluild is permitted
';¢er the surface of the first plece of gut,
has its nerves intact, on to the second piece.
tion of the nerves supplying the upper portion
";_ testine cguses immediate inhibition of the

it similer effects but slightly less in degree

'ed in the lower portion of gut after a

|
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yer denervated, stimulstion of the sympathetic

n

|
‘to the smooth muscle of the tgil hairs causes
yassage into the blood of e substance which i
s a slipght but definite scceleration of the hearﬁ
mmétimes a slight increase in the blcocd pressure.
lconsider the substance & specific hormone, and,

¢e it is derived from structures under sympsthetic

Témunder conditions of sympathetic activity,

gest that it be called "sympathin". This

ng has recently appesred, which not only lends |
 support to the theory of nervous action !
ated by Loewi but which goes fer to prove -
indirect manner though it be - thet parasympa-
nerves in general exert their effects by

iting acetylcholine at their terminations. Thig
worlk hes developed in the following manner.
"EEEJVulpiaﬂj%hilippeaux (130) showed thst
n and degeneration of the hypoglosssal
“voluntary muscles of the tongue respond to
on in g merner different to the normal, =

e

How contrection of tonus wave following peripheral

&

3
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d chorda tympani. Heldenhain, (181) who
b'g&ted this phenomenon, considered 1t to be dne

way to the vasodilator fibres and showed that
1

e in 1894 by Sherrington (132). He showed

ing spinal root section, stimuletion of the
‘nerve caused an sbnormel slcw and weak con-
1 of the leg muscles. It wes presumed that
ect was due to antidromic stimuletion of
ibres.

¢ nerves responsible for the Sherrington

ut by vasodilator fibres as, indeed,
conclnded.

s shown by Frank, Nothmann and Hirsch-
"{155) that the Vulpiesn reaction in the

i tongue” could be brought about by the
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iwascular injection of acetylcholine. Dale (136)|
4 |

-ﬁready shown that escetylcholine had both a "muscar

sible for the effects produced by acetylchcline on

nerveted muscle.

~That the contracture rescticns of denervated
were due to the liberation of some substance
‘both vasodilator and contracture-producing
rties was first suggested by Bremer and Rylant

end later by Hinsey and Gasser (139). But

f these workers produced any evidence to indi-
the nature of the hypothstical substence.

| - '.;_l
lm;h%haﬂdemonstration by Dale and Dudley (140) that

i

lﬁ%ﬁ"%mline existe as a normel constituent of the |
nd is thus probably of physiological signifi-
led these workers to consider afresh the
_énﬁof denervated muscle with a view to ascer-
g whether or not the reactions when they occurreg
esult of nerve stimulation were not, in fact,

. the liberation of acetylcholine which was now

8atisfy the requirements of the hypothetical

of previous workers, being vasodilator undeﬁ
‘conditions and contracture-producing in the
ated muscle.



‘As a result of exhesustive resegsrches comparing
mormal reactions of denervated voluntary muscle

those indnuced by acetylcholine Desle and Gaddum

lsensory nerves stimulated antidromicelly, end the
m B

wontractures of denervated muscles accompanying these |
mﬂ !
\lietions, are due to the peripheral liberation of
|

| et 1choline
i

11

. PERSONAL EXPERIMENTS.

|| - ﬁre last work mentioned is of particular 1nterest.,

1
1

i

\whﬂe it mey be accepted as proving that vaso-
ia’qér nerves do indeed produce their effects in the |

[] I suggested, the proof is an indirect one. Bx=-

i;\;a;;ts. were therefore instituted with the object ofi

ﬁirmiz;ing whether or not it was possible to demon=-




(Tu foce p.“}_)

PERFUSON OF RABBIT'S £AR.

ToP LINE-RECOID gif MevEMENTS o
5aLATEN INTESTiM Ac 3TRIP.  Second line-
REcaRD 0 DRePS FRam GAR, 3nd, [ira —SiaNAL.
BaTrom LINE — TimE 1 Zsec. (nbervels.

THE PERIPAERAL EmO 0 THE LEAVICAL Sya PATHETIC WAS
STiraLbLATE D fark THE PER1eD (NOCATED By THE Sigvae: MoTé
THE DECREASE (N THE ~6. 0P 0DR0PS DoE To THE vASO-can3TRWCTIBMT,
O CES3ATION oF THE STIMULATION , MOTE THE GREATLY /MCREASED
FLow, FROM THE HEMAYIQUIR OF THE [MTESTING NG coviLusrans
Crdce BE DRAWN | Stve & THE ACTIVITY o= THi» T7S506 wAS Sa
DEPENDANT LPon THE Amount off FLuld REacninG 1. [N LATER
EAPTS. ON THE Dog's Tompul THIS DrEficunfy wWaAs OVER CoME, THE
FLovy THROUVGN THE TunGuf VESSELS BEING SucctCreEmMTLY GRERAT
To PERMUT gr THE TEST TIISUC BEWNG (PLACED W A SATH AMOVET
RECERE SLUVID IN SUrEICIENT AmoournT To PERMIT off THE
CoMeENTRAT/LIf OF NEUHOPMIMETC SUASTANCES /MR 1 ERFECTIVE

Brmudun i

From awn eyperimeni by Fbe Guthaor,




rate the humoral transmission of the effects of
etic stimulation of the blood vessels of the ;
g ear, a plece of the same animal's intestine
used as a test tissue. ‘
" A lerge rebbit was asnsesthetised with urethane
8. per kile. and a cannula inserted into the
auricular artery, another cannula heing placed
greet vein. The esar was perfused from a large
r of Dale's solution and the fluld issuing
venous cannula was permitted to run down the
of a specially designed glass tube on to an
drop recorder and thence to a piece of

ne suspended in a moist warm atmosphere. The
gympathetic of the same side had been isolate
When all ws=s in order this nerve was |
An immediate constriction of the blood

s of the ear ensued. As a consequence of this

‘of fluid through the ear was immediately

o fluid reached the intestine. Attempts were

bo increase the perfusion pressure during

d
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tinued.

g to the later experiments. In many cases

‘not in all stimulation of the cervical sym-

gic is followed by pronounced vasodilatation.

g illustrated in fig. 46 which also demonstrates
Itirely unsatisfactory nature of the experiment

é purpose for which it was intended. A des~-

on of the figure is given in the legend.

ts on the dog.

these experiments the dog's tongue was choseﬁ

. of considerable size,it has a parasympathetic

the blood vessels in the lingual nerve and |
|

tic supply in the vagosympathetic trunk, ‘

which can be readily isolsted for stimulation.

g&e the experiments consisted in perfusing

- ﬁf“the tongwe through the lingual artery by

a8 Dale-Schuster pump, the perfusate being

the lingusl veinm to a bath ih) e e

lﬁ.ﬁﬁort length of rabbit intestine as a test

'he general lay-out of the experiment, thoug
1@ﬁbed,:w111 be appreciasted from the

he opposite page.

ge dog 1s anaesthetised with chloralcse,

per kilo. A long skin incision ia the mid-
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gl line, reaching from 2 or 3 cms.umumgbehind
mphysis of the lower jaw to & or 6 cms. below
irynx, is made. The left common carotid is

sed for as great a distance as possible and
ligatures placed in position round this. A
ligeture is also placed, ready for securing,
the left external carotid. On the right side
agosympathetic trunk is cleared for a few

tres. All the branches of the external

~on the right side are now successively lden-
i end ligatured lcosely, iwo ligatures being
round the lingual artery. The lingual nerve
_@%@Gsad and cleared as much as possible.

the right lingusl vein is cleared and double

'ed, and .a ligature placed round the anasto-

wred, the srtery clipped distal te this and a

ched to the output tube of the Dale-
"%ﬁﬂp is inserted and secured by the second

The vein is now ligatured and a short
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sg cannula inserted. The pump being in action

g blood is soon washed from the tongue and a clear

mﬁmes at the intestlne bath. When the output from

h tongue 1s constant and the intestine is contrac-
I|

ﬁfigmegularly, the nerves may be ligatured and their
e

|
|
|
_gmeral ends prepared for stimulation. }

' It should be noted that the output tube of the
connected with a mercnry manometer as well as |
- lingual srtery. By this mesans the pressure |
d applied to the tongue vessels can be read
and can be recorded. Further, the rate of
p can be sltered by means of a resistance in
driving motor cirecuit, while the amount < fluld
vered by the pump can "be altered instantaneously
feans of an adjustment on the pump itself. Thus
p can be made to maintain an artificisl circu-
in the tongue which imitates, in respect of |
e, flow and frequency, the conditions which
nteined normally in the animal. Also, any
in the r331stance to the flow applied through

Bin: the callbre of the blood vessels, by changﬁs
by stimulation of nerves, or by mechanical
tion, will immedlately show in the perfusion
S8sure record, which thus affords a critericn of
 conditions obtalnlng as to the state of the blood
 at any given moment.

of the changes brought sbout by nerve

n it was arranged that the perfusate, as itF
. from the intestine bath, should operate a ’
der, so that the absolute changes in the :
ow through the tongue could be measured. |
gement 1s shown in the diagram. :
|
|

_‘@@-Df'the main difficulties of the experiment -f
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— Fig. 48. —
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NOTE IMCREASED TonE ETC.a) INTESTINE
ENSUIMG ACTER A SHORT LATEMT PER/ISD  FRam

'
ITimuLATION OF FEIPHERAL PART o Lingunt M.

15 ve-Jn
Dag, 0, 8hys

PERF, PAELS,

— Frg. 49. —

PERFuUSioN OF DOG'S TONGUE,

NOTE FALL 1M PERFuSIoN PRESSORE RESulLimng
Rdom $Tim. oiF PEQIOHERAL PAQT LINGUAL nERVE,
AETER IMITIAL FALL M TOME JIMTESTIN AL Tont
RISES.: THE LAFoRILATATION FPERSISTS AFTER
CESSATI®Ar o STimutATion, The inFereuplfion
i THE FPERFoSiony RATESSLTC REcoRD 13 Dulf TO

A CONVULEILE MavEMENT ac THE ANimMAL,

From ExT5. (3 THE AuTHoR,

e |
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’rom the difficulty of enmsuring that all the

eal arrangements will function smoothly - is
|
3ss perfusate. ‘

ted with the dog, and consists in obtaining a

om what has been said it is evident that the
is intended to bs alive during the course of
gperiment, and this was aimed at in order to
mine whether or not spontaneous changes in the
of the blood vessels, brought about by changes
vasomotor centre itself, would produce effects
the test tissue. When a bloodless perfusate

"be cbtained after carrying out the procedures
above, usually no spontaneons changes in

r tone exhiblted themselves. In one case,
which will be deseribed, such did appear.

ligatnring the whole common carotid on the

- 8till fails to prevent blood appesring in

isate, the right external carotid branches
e religatured. If this fails the only cure
11 the animal by bleeding. This we effect

g the common carotid, severing high up and

on of lingual nerve.

8. 43 1is the record of an experiment in which
nerve was stimmlated. It can be seen
éﬁ&seﬁonds after stimulation commenced the

intestine rose, and though this fell again
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Disind BTION (0 APAPLITOUDE OF INTEST AL M OVEMENTS
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TEST TISSUE? Cp. Fha retord of Sqmpalhehc SFim of-
FabbiFs ear-vessels, [Fig.46.

= i —_— -
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FRom ExPTS. By THE AvTHOR,
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¥ the amplitude of the contractions was greateé
| before. In this case the animal was killed Just
the commencement of the experiment.
(Fi4-49) :

PPhe next figure,shows the record of & similar |
iment on the living animal, where the effect

g delayed and was preceded by a fall in tone
intestine. Towards the end Sf the period of
lation the animal gave a convulsive movement.
fusion pressure rose momentarily, the intes-
1§Qﬁe fell, rose again, then rapidly returned to
The fall in perfusion pressure due to the
tation brought about by stimulation is well

here, and amounts to 16 mm. Hg.

lation of vagosympethetic.

- the experiment of which fig.$0 is a record,
on of the peripheral end of the vagosympa-
"*%?nnk caused an irregular rise of perfusion

e the meximum extent of which was 15 mm. Hg.

conds after the commencement of stimulation
plitude of the intestinal contractions was much
and the tone fell slightly. On cessation of]
ion the movements increased in amplitude to
r than normal and then reverted once more to

w0l heiéht. Though the perfusion pressurne

@8 no clear indication of the state of
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—Fig.82.—

PERFUSION OF THE ToNGUE — SPornTAN—
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in the blood vessels, and though unfortunately

low recorder was out of order on this occasion,
‘possible that here we have a case of "rebound"
‘to that observed in the rabbit's ear after

etic stimalstion, the effects of this having

|
| transmitted humorally from the tongue to the !
i
e next figure (fig. %) is a record of a similag

ent where, however, there is a complete absence

cessation of the stimulation and this continu-
; sympathetic activity is shown in the behaviour
| 'iﬁtEStine. The amplitude of the intestinal
-;gns at the beginning of the record averages
This 1ls rednecsed by sympathetic stimulation of
ue vessels to a minimum of 19 mm., the tone of
ine falling by 3 mm. at the same time.

ation of stimulation the emplitude averages

. The rise of perfusion pressure in this case

gllyJin fig.52,1s shown a record of spontane-
ges in vasomotor tone which are accompanied
thmic changes in the behaviour of the intestine.
. was alive with left common carotid tied

ht internal carotid patent as usual.
.fﬁﬁ the latent period due to transmission of
om the tongie and its attaining an effective
ion/

.l'
R—
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;ration in the Intestine bath, the record shows

et perfect agreement between calibre of vessels,

|
between the activity of the vasomotor nerves, |

he behaviour of the intestine.

ions:
ile experiments along the line of those des-
sbove are being continued, the results so far

yafforded some direct evidence in favour of the

ific chemical substances. Further, the fact

ciable amount have definitely positive results

t inaﬂ,_tends to support the view that the

d by the blood.
. And indeed this is what one would expect. It
e that the substances are not even passed out of

issues into the bhlood st all under normal cir-

Qﬁda This is unfortunate because it has
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‘the which under physiological conditions there
good evidence whatever. It is true that the
ts of nervous stimulation are transmissible
1ly under the conditions of experiments ex-
1y designed with that end in view, but it is
mely doubtful if any effects transmitted humorally
«ﬁhysiological conditions are, or could be, of

gignificance. The main point gbout the work of

. 1s not that the effects of nervous excitation

- endings. That the effects are humorally
lgsible is the manner - 1ndeéd the only manner -
gtrating that the nerves do act thus, and the
fficulty of such experiments is surely one of
- arguments against such transmissibility being
-;-1f any, physioclogical significance when

' with the effects produced by the substances
#site of productioen. Moreover a mechanism

8 Which expressly tends to prevent such trans-
iion -~ the rapld destruction of the neuromimetic
nices by the blood. As far as I can see, then,
itances produced by the activity of nerves

r effects locally at the site of production
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1y humoral transmission of these substances is

incidental and unimportant.




SUMMARY .

historical résume of work and views on the
gtomaticity of the heart is given.

por's work on the active substances of the heart
reviewed.

,g@rdemaker's work on automatine is summarised.

hesrt are described.

ve in the manner described by Demoor.

yidence is offered in support of the view theat

rhythmicising factor in active substance ex=
. 1s not adrenaline or the accelerator sub-~
- of Loewi.

 %shown that extracts of skeletal muscle have
ction similar to the "sensitising" action of
- substance extracts.

gerum end defibrinated blood have an action
ar to skeletal muscle extracts.

in, saponin, and serum albumen sensitise the

}fbérlandt‘s work on the heurt hormone 1s reviewed.

'ﬁanal experiments on the active substances of ‘
s shown that the isolated right and left auricl

moor's fundamental experiment is confirmed. |
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|

ork on the heart hormones ls discussed generally
lines for future investigation indicated.

an appendix to the foregoing sections some evi-
ce 1s brought forward which shows that adeno-

, or a related compouné, may be the substance
ponsible for the effects described by Haber-

he work of L.ecewl and his school is reviewed.

technique by means of which the humoral trans-
sion of the vagns substance may be demonstrated
. & much more dramatic way than hitherto is

- described.

ther experiments are described which demonstrat
etly, for the first time, that vasomotor nervels
oduce - their effects by the peripheral liberation
specific chemical substances.

@

is shown that stimulstion of the vasodilator

es of the perfused tongue in the dog leads to
beration of a substance which can be trans-

d humorally to an isolated piece of intestine

nd produce augmentation of the tone and/or con-
tions of this last.

is shown similarly that stimulation of the
ympathetic supply to the blood vessels of the

) liberates a substance which diminishes

ne and/or contractions of an isolated plece
I intestine.

e substances exert their effects locally, and
any humoral transmission to other sites is
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THE ACTION OF ADRENALINE AND OF CERTAIN DRUGS
UPON THE ISOLATED CRUSTACEAN HEART." By W. A.
Bain. From the Marine Biological Laboratory, Plymouth, and
the Department of Physiology, University of Edinburgh. (With
eleven figures in the text.)

( Received for publication 15th January 1929.)

INTRODUCTION.

Tue following experiments, which include a study of the action of
certain drugs and autacoids upon the hearts of crabs, were undertaken
as a preliminary to a reinvestigation of the nervous supply to the
crustacean heart and its relationship to the heart-beat. The results
obtained are of interest in view of the paucity of our knowledge regarding
the effects of such substances on the heart of invertebrates.

Since the investigation of the action of adrenaline and ergotoxine
formed the starting-point of the present study, the literature relating
to this subject will first be dealt with, other work being noted and
references given as the occasion arises.

It would seem that CARLsON (1) was the first to record a positive
action of adrenaline on the heart of an invertebrate, observing an
excitatory effect on both the cardiac ganglion and myocardium of
Limulus, but giving no graphic record of his experiments. Ewvvior (2)
obtained negative results in a single experiment on the crayfish
(* Astacus), in which he dropped adrenaline on to the surface of the
exposed heart without effect. He does, however, state that ‘““move-
ments of the animal followed as the drug was carried round in the
circulation and irritated the nervous ganglia,” this being observed also
by BriickE and SATAKE (3) in an experiment on Homarus, a rise in
blood-pressure and increased heart-rate (following an initial fall in
blood-pressure after an injection of adrenaline) coinciding with the
commencement of these movements. More recently HoeBEN and
Hozsox (4) have studied the action of adrenaline on a wide selection
of invertebrate preparations, the Crustacea being represented by the
dgc&pod Maia squinado. In the isolated heart of this animal, perfused
with artificial sea-water of suitable reaction, these authors recorded an
increase in tone of the heart-muscle accompanied by acceleration of the
beat in response to adrenaline in a concentration of 1 in 40,000 parts

of the perfusing fluid. They state that the latent period between the
* VOL. XIX., NO. 3.—1929. 20
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addition of the autacoid and the onset of the characteristic response
was usually somewhat protracted, a minute at least intervening in most
experiments, and they consider this evidence that the heart-muscle
absorbs the autacoid slowly. Epinine was found by these workers to
produce an effect similar to that obtained with adrenaline, but was
effective in much greater dilution.

The effect of ergotoxine on the response to adrenaline does not seem
to have been investigated hitherto in an invertebrate.

MATERIAL AND METHODS.

The heart has been studied in three genera of the decapod Crustacea—
Maia squinado, Cancer pagurus, and Carcinus manas. The technique
of perfusion was the same in all cases. With Carcinus considerably
greater care has to be taken in obtaining the preparation than is neces-
sary in the larger genera, but the additional trouble is worth taking,
the Carcinus heart being the most satisfactory of the preparations
investigated.

The method of dissection ultimately adopted was as follows:—1
The limbs having been removed, an opening is made on the dorsal
aspect of the cephalo-thorax and a large circular portion above the
cardiac region excised with the aid of bone forceps, care being taken
to separate the chitinous covering from the subjacent pigmented dermis.
The latter is then dissected off, the roof of the pericardium removed,
and the pericardial cavity flushed out with the perfusing fluid. A glass
cannula is inserted in the bulbus arterice dorsalis through an ineision in
the mid-line at a level between the median posterior and the posterior
ale of the heart, and is tied in position by a ligature round the extreme
posterior part of the heart. This ligature should include the posterior
heart-tendons. The heart is immediately flushed out with perfusing
fluid and a second ligature, for attachment of the heart to the recording
lever, is applied. This includes the dorsal antero-lateral ale, but passes
under the cephalic artery, which is cut close to the heart before the
ligature is secured. It will be seen that with this technique the cephalic
and hepatic arteries, and often the sternal and lateral arteries as well,
are left patent, and thus efficient perfusion is assured. The remaining
attachments of the heart are now severed and the preparation con-
nected with the perfusion apparatus. This is on the same principle
as that adopted by HoeBEN (6) in his later work, but was modified
to permit the perfusion pressure being adjusted to any desired level—
a useful modification where preparations of such differing sizes are
employed. Rapid changes could be made from one solution to another
with a minimum of mechanical disturbance.

! The description applies particularly to Cancer. An account of the anatomy
of the heart in this genus is available in the monograph of PEArson (5).

e — L
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Various artificial media suitable for the perfusion of the isolated
heart in different species of crustacea have been proposed, but after
submitting several of these to trial it was found that the most satis-
factory medium was sea-water reduced to a suitable pH, and that the
hearts of all three genera would beat for many hours in it without either
the rhythm or the amplitude undergoing any marked change. Sea-
water, the pH of which had been reduced to about 7-5 by the addition
of hydrochloric acid, was accordingly used in all the experiments.
Several litres of sea-water were prepared for each experiment, the
experimental solutions being made up in the same medium in every
case and the pH of these further adjusted if necessary. The pH values
were determined colorimetrically.

The adrenaline employed was that of Parke, Davis & Co., and was
similar in its effect to the synthetic adrenaline chloride of British
Drug Houses, which was also tried. The other drugs—ephedrine hydro-
chloride, pilocarpine hydrochloride, atropine sulphate, and ergotoxine
phosphate—were supplied by the latter firm. A 1 per cent. solution of
ergotoxine phosphate in distilled water was made up every few days
and measured quantities of this solution added to a known volume of
the perfusing fluid to give the desired concentration.

EXPERIMENTAL DATA,

The Action of Adrenaline.—The response of the Maia heart to
adrenaline is shown in fig. 1, which is from a typical experiment. Per-
fused with sea-water at pH 7-5 and temperature 21° C., this particular
heart beat in a regular manner with a frequency of seventeen per minute.
The fall of the signal indicates the commencement of the change over
from sea-water alone to sea-water plus adrenaline at a similar tempera-
ture and pH, the concentration of the autacoid being 1 to 40,000 of the
perfusing fluid. The rise of the signal indicates the return to pure
sea-water, the adrenaline solution having been perfused in this case for
about twenty seconds. It will be seen that four or five seconds after
the admission of adrenaline there is a marked acceleration of the heart-
rate, the frequency of the rhythm increasing from seventeen to seventy-
four per minute, this being accompanied by a progressive increase in
the tone of the muscle.

The increase in tone is greatly exaggerated when the autacoid is in
higher concentration, the heart generally going into a state of strong
tonic contraction (fig. 2), from which it gradually recovers as the excess
of the drug is washed out, the beat then becoming regular but showing
& pronounced increase in frequency and tone over the normal.

The heart of Carcinus responds to adrenaline in a manner similar to
that just described for Maia, although the increase in tone is usually
less well marked, Fig. 3 is the record of a typical experiment.




Fra. 1.—Heart of Maia: action of adrenaline.
Adrenaline (1/40,000) at signal. Effect appears
in 4 seconds. Normal rate 17 per minute.
After adrenaline, 74 per minute. pH 7-5.
Temp. 21° C. Time in minutes (the same

in all except where otherwise stated).

Fra. 2.—Heart of Maia : action of adrenaline.
Adrenaline (1 c.c. of 1/1000) added to perfusion apparatus at signal. pH 7-6. Temp.
18° C.

Frg. 3.—Heart of Carcinus: action of adrenaline.

Adrenaline (1/50,000) added at signal and perfused for about
half a minute. Normal rate 32 per minute. After
adrenaline, 100 per minute. pH 7:6. Temp. 19° C.
Time in half minutes.

PR ——
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Adrenaline (1 in 50,000) was perfused for thirty seconds. In less than
four seconds the characteristic acceleration commenced, the rate per
minute increasing from thirty-two to over a hundred.

An attempt was made in this genus to determine whether or not
adrenaline has a chalonic action when perfused in great dilution. It
was found that when it gives
any effect at all, that effect is
always excitatory. In a dilution
of 1 in 100 millions this excit-
ation was just perceptible, while
with 1 in 10 millions the effect
was sufficiently obvious. This
is shown in fig. 4, where the
heart-rate was increased from
thirty-six to forty-eight per
minute, and the average ampli-

Fic. 4.—Heart of Carcinus : action of

tude of the beats increased. adrenaline,
In Cancer the effect of adren- Adreina-line (UIO,OGO,OgCP at 3?%&113
- 1 i
aline on the frequency of johe beat pgi‘,ﬁi’giﬁ‘“;‘;‘f“f% {«zﬁp 19°C.
is similar to that described for Time in half minutes.

Maia and Carcinus. A charac-

teristic difference, however, is the effect on the amplitude of the beat.
In neither Maia nor Carcinus is much increase often observed, but in
Cancer a marked improvement in the extent of the contractions is
always present (fig. 5). Another difference worth noting is, that while
adrenaline usually abolishes any irregularities in the heart rhythm of
Maia and Carcinus, this is not often seen in Cancer.

Ephedrine hydrochloride, perfused in a concentration of 1 in 50,000,
has no effect whatever on the heart-beat in any of the three genera
examined.

Effect of Ergotowine on the Response to Adrenaline.—Ergotoxine
phosphate (1 in 10,000) causes diastolic stoppage in all three genera.
Considerable variation exists, however, among individual hearts in
their response to similar concentrations of the drug. While in some the
stoppage occurred without a preliminary slowing, in others it was
preceded by progressive decrease in frequency. In most cases both the
rhythm and amplitude of the slowed beat were irregular, and often two
or more successive beats fused into a short “tetanus.” With ergotoxine
in smaller concentration (1 in 20,000 to 1 in 40,000) the decrease in
frequency of the beat is usually the most marked effect, although the
irregularities noted above are seldom entirely absent.

An attempt has been made to determine whether ergotoxine, when
perfused in such a dilution that none of the above effects is visible on
the record, would nevertheless influence the action of adrenaline. The
record of such an experiment is given in fig. 6. In this heart perfusion
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with ergotoxine, 1 in 40,000, produced marked slowing The con-
centration of the drug was accordingly reduced to 1 in 80,000, and
this was perfused for two minutes. At the end of this period
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Fia. 5.—Heart of Cancer: action of adrenaline.

Adrenaline (1/50,000) at signal. Marked increase in
amplitude and frequency. pH 7-5. Temp. 18:5° C.

(towards which the record commences) the fluid was changed to
one containing, in addition to ergotoxine (1 in 80,000), adrenaline
(1 in 50,000); this was perfused for one minute. Thereafter a return

Fig. 6.—Heart of Maia : effect of ergotoxine on action of adrenaline.

Ergotoxine phosphate (1/80,000) perfused for two minutes. Rise of signal—com-
mencement of perfusion with equal volumes of adrenaline (1/25,000) and ergotoxine
(1/40,000). Fall of signal—return to ergotoxine without adrenaline. Rate before
adrenaline, 13 per minute. Rate after adrenaline, 74 per minute. I.e. ergotoxine has no
effect on adrenaline response. pH 7+5. Temp. 21° C.

was made to the ergotoxine for half a minute before the original
sea-water was finally substituted. It will be seen that neither the
previous perfusion with ergotoxine nor the presence of ergotoxine during
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the adrenaline perfusion prevents the appearance of the characteristic
adrenaline effect. A similar result was obtained when ergotoxine was
used in concentrations which produced great slowing of the heart.
Even when complete stoppage had been brought about by perfusion of
the drug in still higher concentration, the beat was immediately revived
by adrenaline. Fig. 7 is the record of a case in which the heart had been
quiescent for four minutes after two minutes’ perfusion with ergotoxine
(1in 10,000). Nosign of recovery was visible after four minutes’ perfusion
with sea-water. Adrenaline (1in 40,000) was now perfused, and the beat

Jd IJ Jgﬁ.“l

Fia, 7.—Heart of Maia : effect of ergotoxine on action of adrenaline.

Heart brought to complete standstill for four minutes after two minutes’
perfusion with ergotoxine (1/10,000). Adrenaline (1/40,000) added
at signal. Recovery of beat. pH 7-5. Temp. 21° C.

recommenced at once. A similar result is shown in figs. 8 and 9 from an
experiment on Maia. The heart had been brought to a standstill by
ergotoxine (1 in 50,000). After three and a half minutes adrenaline
was perfused for sixty seconds, followed by ergotoxine in concentration
one and a half times greater than that which had previously produced
complete stoppage. This solution was perfused for ninety seconds. It
produced a slight slowing, which was immediately counteracted by
further perfusion of adrenaline. These experiments show that the action
of ergotoxine upon the crab heart does not furnish a true physiological
antagonism to adrenaline, the action of which is neither abolished nor
reversed by ergotoxine.

The Action of Pilocarpine.—While there is nothing in Crustacea
which corresponds morphologically with the sympathetic nervous
system of Vertebrata, accelerator and inhibitor nerves are known to
supply the heart. JoLyET and VIALLANES (7) first described augmentor
and inhibitor centres for the heart of Carcinus. They state that these

. ok e
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Fig. 8.—Heart of Maia : effect of ergotoxine on action of adrenaline.

Heart brought to standstill by two and a half minutes’ perfusion
with ergotoxine (1/50,000). After three and a half minutes’
stoppage adrenaline (1/50,000) added (arrow). Recovery of
beat. After one minute perfusion with adrenaline, ergotoxine
(1/20,000) added and perfused for one and a half minutes.

.IH\ |
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Fig. 9.—Same heart three minutes later.

i Shows slowing produced by the ergotoxine. At rise of signal
adrenaline added. This immediately counteracts the
effect of the ergotoxine. pH 7-7. Temp. 19° C. Time
in half minutes in both tracings.
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lie in the anterior portion of the thoracic ganglion. Shortly afterwards
ConaxNT and CLARKE (8) succeeded, in Calinectes, in tracing the nerves
from these centres to the heart itself. The results of these workers
were confirmed by Borrazzr (9) (Maia squinado), and by CarLson (10)
(Cancer, Palinurus).

In view of the above facts and of the definite results obtained with
such a typical sympatho-mimetic substance as adrenaline, it was
thought of interest to investigate the effects of a typical para-sympatho-
mimetic drug; for this purpose pilocarpine was chosen.

Several observers, using methods other than that of perfusion, have
recorded a depressant action of muscarin on the hearts of certain
invertebrates; this seems to have been the only para-sympatho-mimetic
drug investigated in invertebrate material. Such experiments on
Crustacea seem, however, to be scarce. PrckeriNg (11), who immersed
whole Daphniz in a saturated solution of muscarin, found it to have no
action on the heart of this genus; but Nukapa (12) obtained inhibition of
the Limulus heart with muscarin, the action being antagonised by
atropine. With atropine sulphate (-03 per cent.) PICKERING obtained
an increase in the frequency of the beats in Daphnia, while PLameaU (13)
got pronounced slowing of the Homarus heart in response to strong
doses of atropine.

Pilocarpine hydrochloride, in a concentration of 1 in 10,000, produces
an effect which is very similar, both qualitatively and quantitatively, to
that obtained with adrenaline in concentration 1 in 50,000. As with
adrenaline, a second dose of the pilocarpine, given after the effect of
the first has passed off, reproduces the original effect; similarly with
subsequent doses. In Cancer the marked increase in amplitude of the
beat which is observed to occur with adrenaline is present also during
perfusion with pilocarpine. In fact, the action of the two substances is
so alike in every respect that further description is unnecessary.

The Effect of Atropine on the Response to Pilocarpine.—Perfusion with
atropine sulphate (1 in 250,000) has no visible effect on the heart-beat,
but almost immediately abolishes the pilocarpine effect when this is
present, and prevents its reappearance in response to a second dose for
some minutes after the change back to sea-water. This is shown in
fig. 10, which is from an experiment on Cancer. Pilocarpine (1 in
10,000) was perfused for slightly over a minute, followed immediately
by atropine (1 in 250,000) for slightly less than that time. The pilo-
carpine effect was abolished in twenty seconds. A return to sea-water
was made for one and a quarter minutes, after which pilocarpine was
again perfused—this time without effect. It was noted that although
atropine when perfused in such low concentration does not produce a
slowing of the heart, the heart-rate after the abolition of the pilocarpine
efiect by atropine is often slower than normal. This is illustrated in
fig. 11. The heart-rate in this case was twenty-nine per minute at the
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beginning of the experiment. This was increased to over a hundred
by 1 in 10,000 pilocarpine, the effect coming on some four seconds after
the first addition of the drug. Atropine (1 in 250,000) reduced the rate
to twenty-six in less than half a minute. Perfusion with pilocarpine
for twice as long as before brought the rate to thirty-three, and five and
a half minutes after the return to sea-water the rate was still thirty-three.

‘" U( i !\\'
i '¢;' %l\?i\\‘&\\lw\\\‘*

{11

Fic. 10.—Heart of Cancer: action of pilocarpine and of atropine.

Pilocarpine (1/10,000) added at first signal and perfused for one minute. Atropine
(1/250,000) abolishes effect in less than half a minute. One minute and a half after

cessation of atropine-perfusion addition of pilocarpine had no effect on the heart. pH
7-4. Temp. 20° C.
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Fie. 11.—Heart of Carcinus : action of pilocarpine and of atropine.

Pilocarpine (1/10,000) added at first signal. At second signal atropine (1/250,000)
added. The atropine abolishes the pilocarpine effect. pH 7+5. Temp. 20° C.

. It is of interest to note, in view of the hormonic action of pilocarpine
In these cases (and the belief that such drugs and their antagonists act
directly on the cell-substance and not on any hypothetical “receptive
substance” produced by the agency of nerves), that MATHEWS (14), and
later SoLLMANN (15), obtained an increased rate of development of the
fertilised eggs of the echinoderms Asterias and Arbacia with this drug,
and showed that the action was antagonised by atropine.
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Effect of Atropine on the Response to Adrenaline.—The close similarity
between the adrenaline and pilocarpine effects and the ease with which
the latter is antagonised by atropine, suggested that the former too might
be abolished by the same means. But experiments made to test this
have yielded negative results. Even with the concentration of atropine
as high as 1 in 40,000, no effect on the response to adrenaline could be
obtained. When adrenaline and pilocarpine were given simultaneously,
a greater effect was obtained than when each was perfused separately
at the same concentration as in the mixture. On addition of atropine
only part of the effect was abolished, the heart continuing to beat at a
greater rate than normal and in an increased condition of tone, but less
than that obtaining before the addition of atropine.

The very close similarity of response obtained with adrenaline and
pilocarpine respectively immediately suggests a similar mechanism
responsible for each. The failure of atropine, however, to antagonise
the effect of adrenaline, shows that this can hardly be so; further, the
similar failure of ergotoxine demonstrates that the conditions are not
strictly comparable with those obtaining in Vertebrata.

SUMMARY.

1. The action of adrenaline, ephedrine, ergotoxine, pilocarpine, and
atropine has been studied on the heart of the crabs Maia squinado,
Cancer pagurus, and Carcinus meenas.

2. A method for the perfusion of the isolated heart in these genera
is described.

3. Adrenaline produces a marked acceleration of the rhythm and an
increase in tone of the heart-muscle in all cases.

4. In Cancer, in addition to the above effects, there is a pronounced
increase in the amplitude of the beats.

5. The action of adrenaline is not reversible. In the lowest dilution
in which it gives any effect, that effect is excitatory.

6. Ephedrine has no action on the crab heart.

7. Ergotoxine has a depressant action, but does not antagonise or
reverse the action of adrenaline.

8. Pilocarpine produces an effect similar to that obtained with
adrenaline.

9. Atropine has by itself no action on the heart in the dilutions
employed, but antagonises the effect of pilocarpine.

10. Atropine has no effect on the response to adrenaline,

The author’s acknowledgments are due to Dr E. J. ALLEN and Mr
C. F. A. PanmiN for placing the facilities of the Marine Biological
Laboratory at his disposal, and to Miss B. B. Smita for assistance
in conducting the experiments.
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II.—The Employment of Intracardiac Injection of Adrenaline in
Asphyxia. By Sir E. Sharpey-Schafer, F.R.S., President, R.S.E.,
and William A. Bain, B.Se. (From the Department of Physiology,
University of Edinburgh.) (With Six Plates.)

(MS. received November 26, 1931. Read January 11, 1932.)

AspayxiA FROM OccLUSION OF THE TRACHEA.

THE efficacy of intracardiac injection of adrenaline to assist recovery
from asphyxia having been recently disputed,* we have instituted a
number of experiments with the object of determining what effect, if
any, is produced by such injection in asphyxiated animals in which the
respirations and/or the heart had entirely stopped, and the blood-pressure
had become reduced almost or quite to zero.

Since the differences in the mode of causation of asphyxia might
influence the result, it seemed desirable to investigate the effect of
intracardiac injection in asphyxia produced under different conditions.
In the present paper we deal with its effect in asphyxia produced by
ocelusion of the trachea; in future communications we shall deal with
its effect in asphyxia produced by drowning, by electrocution, and by
inhalation of various gases and vapours. Lastly, we propose to consider
its application to asphyxia neonatorum, which is not amenable to ordinary
methods of promoting artificial respiration.

Methods.—In the present experiments we have used cats exclusively.
The animals have been ansthetised with urethane, administered hypo-
dermically in a dose of 1'5 grm. per kilogram. When completely anas-
thetised the animal is placed on a warm table, a Y-shaped trachea tube
inserted, and the blood-pressure and respirations recorded on a smoked
surface driven at a moderate rate. The blood-pressure is recorded by
a mercury manometer connected with the femoral artery; the respirations
by a double tambour applied to the lower part of the chest and con-
nected with a recording tambour. Asphyxia has been produced by
closing the trachea tube, which was so arranged that at any given
moment artificial respiration by intermittent admission of compressed
air could be commenced. Or, alternatively, artificial respiration by

% Jowrn. Amer. Med. Assoc., Jan. 11, 1930. See also Yandell Henderson, Brit. Med.
Journ., Oct. 17, 1931.
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intermittent manual compression of the thorax could be substituted. In
the cat such manual compression also involves intermittent compression
of the heart, and produces a pumping action which mechanically promotes
an artificial circulation and even, if the condition of asphyxia is not too
advanced, provokes cardiac contractions which may be efficient enough
to cause the blood to pass from the venous to the arterial system.

RESULTS.

The result of causing complete asphyxia by tracheal occlusion without
any attempt at resuscitation by artificial respiration and without adminis-
tration of adrenaline may first be described (see fig. 1).

The immediate effect upon the respirations of closing the trachea
(in this instance it was closed shortly after the beginning of an ex-
piration) is to slow them. The extent of each respiration is at first
diminished, but as asphyxia becomes more pronounced the move-
ments of respiration become gradually more extensive and ultimately
exhibit well-marked inspiratory spasms. After a little more than two
minutes the respirations suddenly and completely stop; the arrest occur-
ring in the expiratory phase. Although the respiratory movements cease,
the tracing does not show a horizontal line, for after about a quarter
of a minute an inspiratory tone slowly develops, persists for a few
seconds, and then gradually subsides. About a minute after the cessa-
tion of respiration the so-called “agony respirations” begin. They are
from three to ten in number, and succeed one another at intervals of 15
to 30 seconds. If the heart has stopped before they begin they are
usually ineffective in restoring the circulation and in reviving the animal.
But if the heart is still beating and the trachea is no longer occluded,
they may admit enough air for spontaneous recovery to occur (see p. 144
and fig. 6). Sometimes the respirations become much deeper as asphyxia
proceeds, and before it is complete assume a convulsive character; but
in the tracing shown they are at no time excessive.

The immediate effect on the arterial pressure of closing the trachea
is to cause a slight fall. The respiratory waves are accentuated upon
the tracing and are of course at first slower than before. After a short
time the pressure begins to rise; the rise is gradual, and in the case
illustrated, not marked. The heart-beats are slowed, and therefore the
pulse-waves are accentuated. Shortly before the respirations cease, the
heart-beats again become fast; the blood-pressure becomes more rapidly
depressed on stoppage of the respiratory movements and gradually
descends to zero, & position attained about two minutes after the
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cessation of the respiratory movements, by which time the heart-beats
are no longer visible on the tracing.

If the occlusion of the trachea is now removed, it is still possible to
revive the animal by intermittent manual pressure on the thorax, for, as
already explained, this action not only renews air in the lungs, but also
pumps blood through the heart and into the arteries, and starts an
artificial circulation. The blood driven through the heart by this pump-
ing action is oxygenated in the lungs, the air of which is being renewed
by the artificial respiration, and passing to the respiratory centre, which
had become paralysed from want of oxygen, restores its activity : always
provided the cessation of respiration and circulation has not been too
prolonged.

It is not easy to estimate the time which may elapse if such recovery is
to be possible, for it appears to vary in different individuals and under different
circumstances. Instances from the human subject have been cited in which
recovery has been obtained by artificial respiration even half an hour after
natural respiration has ceased ; but this is exceptional. Ten minutes is prob-
ably the limit under ordinary circumstances.

The combination of artificial respiration with heart massage may
succeed when the former alone is inadequate. In the human subject heart
magsage is difficult; it involves the insertion of the fingers through an
ineision in the epigastrium and compression of the heart through the
diaphragm. In performing such massage the heart is liable to be bruised
by the pressure of the fingers. In the smaller animals, such as the cat
and rabbit, and in young dogs, the thorax is sufficiently yielding for it
to be possible to compress the heart through the chest wall. Mere re-
newal of the air in the lungs is not effectual by itself. This is illustrated
in fig. 2, which shows the result of an experiment on resuscitation of a
cat from asphyxia, in which respiration is practised not by manual
pressure on the thorax but by driving air intermittently into the lungs
through the trachea tube. The procedure was started four minutes after
natural respirations had ceased, and after the blood-pressure had descended
to zero, with disappearence of any sign of heart-beats, the animal being
to all intents and purposes dead.

The respiration curve shows nine “agony respirations,” which began
one minute after cessation of the ordinary respirations, and occurred during
the next two minutes, but were ineffectual for recovery. One minute
later, i.e. four minutes after cessation of the ordinary respirations, the
trachea was connected with the artificial respiration apparatus usually
employed in laboratories, and for rather more than one minute air was
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pumped intermittently into the lungs. This produced no sign of recovery
either of natural respiration or of the heart or of blood-pressure. A dose
of adrenaline (0'5 c.c. of a 1/10,000 solution of adrenaline chloride) was
then injected into the myocardium. The heart immediately resumed its
activity. The blood-pressure rapidly rose from zero to 180 mm. Hg,
and continued at a level not much below this; and then gradually fell to
the level it occupied before asphyxia commenced. Following the rise of
blood-pressure, natural respirations were resumed. They were at first slow
and shallow, but gradually became faster and deeper, so that in two or
three minutes they had acquired their normal character. There can be no
doubt that the recovery was due to the action of adrenaline upon the
arrested heart, which was thereby caused to resume its activity, so that
blood was pumped through the now aerated lungs, and the asphyxiated
centres in the bulb were restored to their normal condition.

Although in such a case as this the commencement of recovery is actually
due to the action of adrenaline in stimulating the heart to increased con-
traction, there would be no permanent recovery unless the pressure in the
arteries were not only raised, but maintained at a sufficient level. This
could only be brought about by contraction of the arterioles, owing to
the action of the adrenaline upon them. It is their contraction that has
caused the great rise in blood-pressure observed in the tracing, and which
is maintaining the arterial pressure at a high level. In this way a steady
flow of blood is kept up in the bulb; its centres (vasomoter, respiratory,
etc.) resume their lost activities, and the carotid sinus reflexes, which*had
disappeared, reappear.

If the heart is still beating, although the respirations may have com-
pletely ceased and the blood-pressure may have fallen almost to zero, the
administration of adrenaline is obviously more likely to be effective than
if there is no circulation at all. In the experiment illustrated by fig. 3,
0'5 cc. of 1/5000 adrenaline chloride was injected into the heart. The
effect on the heart itself was not immediate: from this we infer that the
injection was not into the muscular substance—in which case it would not
fail to produce an immediate effect—but into one of the heart cavities,
probably the left ventricle. About a quarter of a minute elapsed before
the rise in blood-pressure began. This rise is caused both by increased
force and frequency of the heart and by contraction of the systemic
arterioles. The adrenaline-containing blood has passed out of the ventricle,
and is now reaching the capillaries of the coronary and aortic systems.
Simultaneously with the rise of blood-pressure and resumption of the
circulation through the bulb, natural respirations are resumed. They at
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first show apnceic intervals; but after certain fluctuations of blood-pressure
and heart-rate, due probably to carotid sinus reflexes, both eirculation
and respirations settle down into normal conditions.

Fig. 4 illustrates the advantage of artificial respiration together with
heart massage (by chest compression) in facilitating the passage into the
blood-vessels of adrenaline which has been injected into one of the cavities
of the heart. In spite of the injection of 0:55 c.c. of 1/1000 adrenaline
chloride into the beating heart, the latter showed no increase in rate or force ;
indeed its beats were diminished. Presumably the injection was into one
of the cavities, probably into the right ventricle. Half a minute after the
injection, the chest was compressed intermittently so as to permit artificial
respiration, and at the same time to massage the heart. This had no
immediate effect on the blood-pressure. The tracing of the compression
is interspersed with a few deep respirations at intervals of about fifteen
seconds: they are probably “agony respirations.” Half a minute later
the blood-pressure suddenly rose, the heart-beats hecoming stronger, and
the arterioles contracting. The massage was then stopped, natural respira-
tory movements being resumed. The rise in blood-pressure was very sharp,
and rapidly attained the very considerable height of 184 mwm. Hg. The
natural respiratory movements, at first very deep and marked by apnceic
intervals, became in a minute or two regular and of normal character.
The blood-pressure continued very high for some minutes, and showed
strongly marked irregularities. These were probably the effect of the
large dose of adrenaline, the solution employed being ten times as strong
as those used in most of our experiments.

An adrenaline effect may be obtained in cases of recovery without the
artificial administration of adrenaline. Such a case is illustrated in fig. 5.
Asphyxia was, as before, induced by ocelusion of the trachea tube. Two
minutes after closure the natural respirations, which were at first slow but
later more rapid and convulsive, stopped. One minute later the “agony
respirations.” five in number, began, and succeeded one another at intervals
of about twenty seconds, showing, as is usual, a well-marked “staircase.”
Two minutes after stoppage of the natural respirations the trachea tube
was reopened, and half a minute later the chest was intermittently com-
pressed at a rapid rate in order to promote artificial circulation by heart
massage. No adrenaline was administered. The blood-pressure had fallen
to zero, and showed no heart-beats: it seemed as if there were no chance
of effecting recovery. But three minutes after the respirations had ceased
and after the heart massage had been practised for half a minute, the
heart-beats were again visible. The blood-pressure began to rise, at
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first gradually and then very rapidly, and soon attained a height of
160 mm. Hg. The effect was exactly like that seen when a dose of adrena-
line is administered by intravascular injection (¢f. figs. 2, 3,4). The pressure
soon fell somewhat, and gradually settled down to its normal level. Natural
respirations were resumed, being at first slow and deep, then showing
marked alternations in depth and extent, but gradually becoming more
regular. Four and a half minutes after cessation of the massage and
commencement of recovery, a dose of 05 c.c. of 1/10,000 adrenaline chloride
was injected into the heart. The effect of this was gradually to produce a
steady and maintained rise of blood-pressure, accompanied by a resumption
of regularity of respirations, followed by complete recovery.

The explanation we offer of the result of this experiment is as
follows: During asphyxia the centre for secretion of adrenaline—along
with the other centres in the bulb—is stimulated, and an unusual amount
of adrenaline passes into the suprarenal vein. With the failure of the
circulation which ultimately results from the asphyxia, the blood of the
suprarenal vein does not pass into the inferior vena cava and through the
heart; the secreted adrenaline accumulates in the vein. But the inter-
mittent pressure on chest and abdomen has in this case caused it to pass
into the inferior vena cava and right auricle, and through the pulmonary
circulation into the left side of the heart and aorta, producing as it reached
the coronary and systemie arterioles the rapid and great rise of pressure
characteristic of intravascular administration of adrenaline. In thisinstance
the respirations were slow in attaining regularity, although there was
no question that the animal had recovered from asphyxia. It was to
ascertain whether the recovery would bhe accelerated by intracardiac
administration of adrenaline that we subsequently injected the 05 c.c. of
a 1/10,000 solution into the myocardium. This had the effect of steadying
both respiration and blood-pressure, and evidently proved helpful towards
complete recovery.

In fig. 6 we give an illustration of spontaneous recovery without the
assistance of massage of the heart, or artificial respiration, or adrenaline.
Natural respirations ceased about two and a half minutes after occlusion
of the trachea. The cessation was followed by the usual gradual fall of
blood-pressure almost to zero, the heart-beats being, however, just visible
on the tracing. The trachea tube was opened about half a minute after
respirations had stopped. Less than a minute later the “agony respira-
tions” began. In this case thev were effective not only in drawing
air into the lungs, but apparently also in causing the adrenaline-containing
blood of the suprarenal vein to pass towards the heart, thus promoting
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its passage through the pulmonary circulation into the coronary and
systemic vessels. In consequence the blood-pressure rose significantly
(from zero to 50 mm. Hg), although not in so striking a manner as in
the last experiment. Simultaneously natural respirations were resumed.
At first slow and deep, and somewhat irregular, they soon became regu-
lar and normal in extent. Although an adrenaline effect is less obvious
in this case than in the experiment illustrated in fig. 5, the difference
is probably due to the fact that the passage of the adrenaline-containing
blood through the heart must have been less rapid than when the cir-
culation was promoted by heart massage. Unfortunately the arterial
cannula was partly obstructed by a clot, which prevented the heart-beats
from showing themselves on the rising blood-pressure curve.

LITERATURE.

The literature of intracardiac administration of adrenaline has of late
years become extensive. It relates mainly to the recovery of a heart
which has been arrested, whether as the result of shock, or from the
administration of anwmsthetics, or from indeterminate causes. The effect
in simple asphyxia does not seem to have been previously investigated,
although it has been employed as an auxiliary method in cases of
failure of heart and respiration such as occurs in electrocution and drown-
ing. Other drugs (camphor, ether, strophanthine, strychnine) have also
been recommended for intracardiac injection, but none approach adrenaline
in effectiveness and rapidity of action. It is, moreover, the physiological
stimulant of the heart, as well as of the whole vaseular system.

Most of the published papers on the subject merely relate one or two
cases; but some aunthors have taken the opportunity to colleet all the
known clinical evidence up to the date of their article, and thus furnish a use-
ful bibliography. The latest writer, Hyman (3), eollected 250 cases of intra-
cardiae injection, with 25 per cent. successes. This proportion of successes
is the more remarkable when we consider that an intracardiac injection
is usually administered when the patient is moribund: sometimes when
he is to all intents and purposes dead, and could not otherwise recover.
Hyman rightly recommends that the injections should be made into the
substance of the myocardium* and not into the cavities, nor into the
pericardium. The last is no:more effective than a hypodermic injection.
Even intravenous injection is not to be recommended, heing both difficult
and uncertain. Hyman’s own cases are nine in number. In one—a man

# By injecting into the substance of the heart, the drng at once gets to every part through
the extensive lymphatic system which pervades the myocardium.
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. of thirty-six—there was complete cardiac arrest on the operating table,
and all the usual remedies had been ineffectually essayed. Adrenaline
was injected intracardially eleven minutes after the heart had stopped;
it produced complete recovery. Another case of a child injected fourteen
minutes after heart stoppage gave a similar result. He cites another
case in which the heart had completely stopped for thirty minutes;
another of twenty minutes’ arrest; and others of twelve and ten minutes.

Hyman comes to the curious conclusion that it is the mechanical prick of
the hypodermic needle which is effective, and recommends a succession of
pricks of the right auricle (the primum movens). But in view of the un-
questionable benefit of adrenaline both on cardiac activity and in promoting
contraction of the systemic arterioles, as well as its beneficial effect on the
respiratory system—effects which are clearly demonstrated in the tracings
given in this paper—Hyman’s conclusion is unacceptable.

Frenzel (2) mentions a case of heart arrest under anmsthesia, treated
successfully by intracardiac injection of 1 c.c. of 1/1000 adrenaline solu-
tion. He also cites a number of other cases in which heart massage
had been tried unsuccessfully, but in which adrenaline produced rapid
recovery. He expressly states that in the event of recovery there are
no after-consequences, and recommends that adrenaline should always be
kept ready for injection at an operation.

Vogt (4) also strongly recommends intracardiac administration in
cases of heart failure. He describes it as the simplest and best method,
far more effective than heart massage; which is, moreover, liable to
bruise the heart.

In an interesting paper in the Lamncet of 1923, Bodon (1) describes
the case of a man, aged fifty-six, with syphilitic disease of pulmonary
arteries, who became moribund and completely unconscious. The respira-
tions and heart stopped, the corneal reflexes disappeared, the eyes became
glazed, the pupils widely dilated, the face cyanosed. Urine and faces
were passed involuntarily. The patient was to all intents and purposes
dead. A few seconds after 1 c.c. of 1/1000 adrenaline solution had been
injected into the heart, its action recommenced, the radial pulse could be
felt, and respirations were resumed. About two hours later the man
recovered consciousness; he remembered nothing about his collapse. Half
an hour later he could walk across the room with assistance; he eventu-
ally recovered completely. Bodon gives results in 90 cases which he
had collected. Of these, 24 were permanently successful. He recommends
the employment of the method in all cases of heart failure, whether
from surgical shock, anmsthesia, electrocution, obstetrical heemorrhage and
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shock, acute diseases of the circulatory system, effect of drugs; in ana-
phylaxis, and in asphyxia neonatorum. He is insistent that the injection
should be made with as little delay as possible. All authorities are
agreed that no deleterious after-effects are to be anticipated.

The method recommended hy Vogt and Bodon for man is to make the
puncture with a fine hypodermic needle, 8 c¢m. (about 3 inches) long, in the
fourth left intercostal space, just above the fifth rib and about a finger-
hreadth from the edge of the sternum. This avoids the internal mammary
artery, and pierces the heart where it is close to the chest wall. The needle
can be felt to penetrate the myocardium, and if the heart is still acting, it
will be moved to and fro.

SuMMARY AND CONCLUSIONS.

1. The effect of intracardiac injection of adrenaline in assisting recovery
from asphyxia produced by occlusion of the trachea has been investigated
in cats anmsthetised with urethane,

2. It is shown that such injection has a striking effect in promoting
recovery of the circulation. KEven if the heart has ceased to beat, it may
start contracting rapidly and strongly as the result of such injection,
the blood-pressure being rapidly raised. The rise is due not only to the
action of adrenaline on the heart, but also to its causing contraction of
the systemic arteries.

3. The effect in promoting restoration of respiration is no less striking.
Breathing recommences at the same time that the circulation is restored,
and although at first slow and deep, the respiratory movements gradually
resume their normal character and rate.

4. If the injection is into one of the heart-cavities instead of into the
myocardium the effect is slower in manifesting itself, because the adrenaline
has in the case of injection into the left ventricle to pass into the capil-
laries of the aortic and coronary systems, and in the case of injection into
the right ventricle, also to traverse the capillaries of the pulmonary system.
The passage is assisted by heart massage and artificial respiration such as
can be produced in animals by intermittent pressure on the abdomen and
lower part of the thorax.

5. Rarely an adrenaline effect is obtained with heart massage and
artificial respiration without an actnal injection of adrenaline. This
appears to be due to the passage towards the heart of adrenaline-containing
blood which has stagnated in the suprarenal veins, in consequence of the
failure of the circulation, and, as a result of the intermittent pressure
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applied to the thorax and abdomen, becomes driven towards and through
the heart and pulmonary circulation, and thus eventually into the aortic
and coronary capillaries.

6. Still more rarely spontaneous recovery may oceur, without either
heart-massage or artificial respiration or adrenaline administration. In
such a case the passage of the adrenaline-containing blood of the suprarenal
veins towards the heart seems to be facilitated by the “ agony respirations,”
which begin, in all cases of asphyxia, about a minute after the natural
respirations have ceased. If the occlusion of the trachea has been released,
these respirations introduce air into the lungs, and at the same time
draw and press the adrenaline-containing blood of the suprarenal veins
towards the heart, and thus facilitate its passage into the circulation.

PAPERS REFERRED TO.

(1) Booox, C., Lancet, 1923 (1), p. 586. (This paper gives the literature between
1905 and 1921.) ;

(2) Frexzer, H., Miinch. med. Wochenschr., 1921, Ixviii, p. 730.

(3) Hysax, A. S., dreh. Int. Med., 1930, xlvi, p. 553. (This paper has references
to the literature between 1921 and 1930.)

(4) Voer, E., Miinch. med. Wochenschr., 1921, Ixviii, p. 732.

DESCRIPTION OF FIGURES.

Fig. 1. Effect of oceluding the trachea without any attempt at resuscitation.

Cat, 4. 3200 grms.*

The trachea was occluded at the beginning of expiration : the occlusion lasts
for rather more than three minutes. Respirations cease in a little more than two
minutes. The “agony respirations” begin about one and a half minutes after
cessation of the ordinary respirations, but are ineffectual in promoting recovery.
After cessation of respirations the blood-pressure gradually falls to zero, and the
heart-beats, which are at first increased as the asphyxial condition develops, become
gradually less obvious, until they are no longer visible on the tracing.

* In this and every other case the anmsthetic employed was 15 grms. of urethane
per kg., given subcutaneously.

In all the tracings the uppermost line shows the respirations as recorded by a tambour
connected with a pneumograph attached to the thorax-abdomen, the upstroke being
inspiratory ; the second line shows in millimetres of Hg the blood-pressure in the femoral
artery ; the third line, the period of occlusion of the trachea and any other recorded events ;
and the lowest line the time in minutes,
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Fig. 2. Effect of intracardiac administration of adrenaline in promoting the
recovery of heart, blood-pressure, and respirations after complete cessation of heart
and respirations had occurred several minutes previously; artificial respiration
by intermittent inflation having failed to effect any recovery.

Cat, & 2650 grms.

The trachea is occluded at the end of an expiration: the occlusion lasts for five
minutes. The respirations stop after two minutes after having been much increased
in extent, although slower in rate. Blood-pressure, which had slowly risen, falls,
at first more abruptly, afterwards gradually, and is at zero four minutes after
respirations had ceased. (This record is interrupted by the formation of a clot
in the cannula, which was removed.) The heart-beats become gradually weaker,
and at last can mno longer be detected. The ‘“agony respirations” (nine in
number) begin one minute after the natural respirations have ceased and continue
for two minutes. They exhibit a well-marked ‘“staircase,” but have no influence
in promoting recovery; nor could this be expected, since the trachea is still
occluded. The animal is to all intents and purposes dead. The trachea having
been released, an injection of 0°5 c.c. of 1/10,000 adrenaline chloride was then
given, but produced no effect; probably it did not enter the heart. Artificial
respiration was now started by a pump, the strokes of which are recorded on the
respiration curve, This had no result. Five minutes after the natural respirations
had ceased, 0°5 c.e. of 1/10,000 adrenaline chloride solution was injected into the
heart, and artificial respiration was stopped. Recovery of the heart and blood-pressure
rapidly followed ; the effect was magical. The blood-pressure rose to 180 mm. Hg,
was maintained for a short time at a high level, and gradually fell o nermal. In
less than a minute natural respirations were resumed. At first slow and shallow,
they gradually increased in rate and regularity. Complete recovery of respirations
and blood-pressure was soon obtained, but is not shown in the part of the tracing
reproduced.

Fig. 3. Rapid recovery of respiration and blood-pressure as the result of an early
intracardiae injection of adrenaline, without the assistance of artificial respiration
or heart massage.

Cat, . 3200 grms,

In this animal the trachea was occluded for rather more than three minutes.
Cessation of respiration is seen to occur in about two minutes. The blood-pressure,
after rising somewhat towards the end of asphyxia, gradually falls almost to zero,
but heart-heats are continned strongly. One and a half minutes after cessation of
respiration 05 c.c. of 1/5000 adrenaline chloride solution is injected into the heart.
No effect is observed for about a quarter of a minute; there is then seen a rapid
rise of blood-pressure and increase in force of the heart’s action, with the vagal
effects characteristic of adrenaline. The increase in the heart’s action combined
with arterial constriction has produced a supernormal blood-pressure; but, after
some fluctuations, this gradually subsides to the normal pre-asphyxial level,
Accompanying the rise in blood-pressure, the respirations recommence: they are
at first deep and slow and irregular, with apnewic intervals, but soon become regnlar
and of normal rate and depth.
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Fig. 4. This is another illustration from the same animal of the effect of
injecting adrenaline intracardially in promoting recovery from asphyxia.

One and a half minutes after occlusion of the trachea the respirations, after
becoming greatly exaggerated, stop abruptly. The injection of adrenaline, which
in this case was 0'5 c.c. of 1/1000, was administered about three-quarters of a
minute after the respirations had stopped. Blood-pressure had fallen considerably,
but the heart was still beating strongly, although slowly. The adrenaline at first
produced no effect, having probably not been injected into the substance of the
myocardium, but into the right ventricle. Since after half a minute more no
recovery was apparent, massage of the heart by compression of the thorax was
practised. At the end of another half minute or so an adrenaline effect on the
heart and blood-vessels shows itself by the production of an enormous rise of blood-
pressure accompanied by resumption of natural respirations; these are at first
slow, deep, and irregular, but soon become regular. The dose of adrenaline was
considerably larger—ten times as large—as in most of the other experiments.
Apparently in consequence of this there is produced not only a very great
excitatory effect on the heart and arteries, but considerable irregularities both of
respiration and blood-pressure. These are no doubt due to the intense action
of the large dose of adrenaline upon the bulbar centres, which would be affected
both directly and reflexly (through the carotid sinus).

Fig. 5. Recovery from asphyxia produced by manual massage of the thorax,
showing an adrenaline effect without artificial administration of the autacoid.

Cat, 4. 3350 grms.

In this experiment the trachea was occluded for four minutes. The respira-
tions, at first slow, gradually increase in amplitude and in rate and cease abruptly
in two minutes. One minute afterwards five ‘“agony respirations” begin, and
succeed one another at intervals of about twenty seconds. Although the last two
occur after the trachea is opened, they fail to effect recovery. Blood-pressure is
at zero, and no heart-beats are visible (but there is some evidence of the presence
of a clot in the arterial cannula). Manual massage of the thorax, and through
this of the heart, is then practised. This soon has the effect of causing the heart
to resume beating, and in about three-quarters of a minute the blood-pressure
rapidly rises to 150 mm. llg, exactly as if adrenaline had been injected into the
vessels, although none has been administered. After falling again somewhat, an
average pressure of about 130 mm. Hg is assumed. With the rise of blood-
pressure the respirations recommence: at first they are infrequent and deep,
soon to be alternated by shallower movements ; but eventually they become more
regular, although for a time irregular and exaggerated. A dose of 0'5 c.c. of
adrenaline chloride 1/10,000 is now injected into the heart: this rapidly steadies
both the blood-pressure and the respirations, and rapidly leads to complete recovery,

Fig. 6. Asphyxia from closure of trachea. Spontaneous recovery without
either artificial respiration or adrenaline injection.

Cat, 4. 3200 grms.

In this case rvespiration stops two and a half minutes after ocelusion. The
trachea is then released, and the animal left undisturbed. The blood-pressure
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falls gradually almost to zero; perhaps owing to a partial clot in the arterial
cannula, the heart-beats are only shown indistincetly upon the tracing. The “agony
respirations ” begin about a minute after the natural respirations have ceased :
the trachea being now open, they prove effective in causing recovery; ordinary
respirations are quickly resumed, at first deep and somewhat irregular, but soon
becoming normal. Resumption of respiration is accompanied by recovery of blood-
pressure ; but the recovery is less abrupt and the rise less marked than in the
experiment illustrated in fig. 5, where the circnlation was assisted by manual
massage of the thorax,

The spontaneous recovery in this case was probably brought about by the
mechanical effect of the “agony respirations” in forwarding towards the heart
adrenaline which had stagnated in the suprarenal veins. Further, since the trachea
tube had been opened, the ““agony respirations ” would introduce air into the lungs
and re-oxygenate the blood in the pulmonary capillaries: this, being forwarded to
the systemic circulation, would revive the heart and blood-vessels as well as the
reflex centres of the bulb.

(Issued separately February , 1932.)
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