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The temperature of the room in which the experiments were con-
duected was 67° to 70° . The ]'1'1:15_:: l'[]lfllu:l..{'Ll was, on all L"]L‘L':l:-’-ii,?!l!-j,
the H-HHL ﬂ::;i'rj."u'lh'u'rt.
Stimulation of the Ventriele—Minimal.
On stimulating the ventricle with a Hillg[i.! induetion shock of
minimal potency we find—

{]_J That between the commencement of the ventricular H}'HLJEE! up
to or nearly up to its maximum there is a refractory period (fig. 1,

Fia. 1.

Stimulation of Ventricle (minimal).
a and &, stimulation in different phases of refractory period.
e, stimulation after refractory period has passed, showing ditferent
forms of reduplication.

a and b) during which stimulation applied to the ventricle has no
effect whatever on that beat of the heart, or the one succeeding it, nor
18 the auricle in anywise affected.

(2.) That after the refractory period has elapsed stimulation
causes a redaplication of the beat (fig. 1, ¢).

(3.) The latency of this reduplicated beat becomes distinctly
gshorter as the 5'1.'5-'.1|31£~ passes mto the diastole. Thus SII}JIJIJSiTLF_"" the
value of a single cardiac systole to be 13, stimulation falling just at
the maximom of a beat.will eanse a reduplicated beat with a latency
of '33. When the stimulation occurs half way down the curve of
relaxation, the latency is '18 or ‘2, and when applied at the instant
before the abscisse wounld have been reached the latency is only *13.

b 2
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(4.) Where acceleration or reduplication occurs, the subsequent
diastolic pause is prolonged, so that the time occupied by the two
beats, the interval between them longer or shorter, and the subse-
quent pause, is nearly equal to the time which wonld be ocecupied by
two normal beats with their associated diastolic pauses (fig. 1, ¢).

(9.) The ventricular reduplication is often associated with a
reduplication of the anricular beat, but in no case has the latter its
commencement before the former. It is usunally, in fact, distinetly
later (fig. 2, a).

It is to be noted that, minimal stimulation applied to the ventricle
during its refractory period produces no effect on the auricle.

Fia. 2.

Stimulation of Ventricle (minimal). Tracing shows long pause after reduplication.
The two opening stimulations oceur after maximum of systole has passed.

Time-Writer, marking seconds. Applicable to all tracings in the paper, except those
in the Appendices.

We may divide each ventricular cycle into three parts, the first
reaching from the commencement of systole nearly up to its
maximum, the second from nearly the maximum of the systole to its
end, and the third embracing the whole diastolic period from the end
of one systole to the beginning of another (vide diagram A) except

Dingram A shows the division of the ventricular eycle into three parts.—
1. Refractory period. 2. Sensitive period. 8. Aeccelerative period.

when the stimulation falls immediately after the end of the refractory
period. In all these points our results agree with those already
obtained by Marey.*

Op. cital,, p. T2.
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A wvery considerable latency is to be observed in cases where
stimulation falls early in the systole. The latency, when this is the
position of the shock, is usually *5' or even more, and occasionally
where stimulation 18 coincident with the earliest possible attempt at
systole, nearly the whole beat may lapse before reduplication.

The latency is greatest when the stimulus is applied at the com-
mencement of the ventricular systole (with the exception of its very
beginning), and it gradually decreases towards the end of systole, at
which time 1t 1s at a minimum. During the diastole the latency
seems to remain constantly the same as at the end of systole. The
later in the phase of wventricular activity the reduplicated systole
commences the more perfect is it.

In all the points already mentioned our results agree with those of
Marey.

Stimulation of the ventricle falling before or at the maximum of
ventricular systole, i.e., during the refractory period of a minimal
stimnlation, frequently canses a reduoplication of the anrienlar systole
which holds the same relation to the induced ventricular beat that the
anricular contraction normally holds to the ventricular.

Fia. 3.

Stimulation of Ventricle (maximal).

«#, normal tracing ; b, effect of maximal stimulation. ‘In & inhibition is seen,
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Stimulation falling after the maximum of ventricular systole may
cause an induced auricular contraction, but this is nearly synchronous
with, or even subsequent to, the induced ventricular contraction
(fig. 4, a and b, and fig. 3, ¢).

Fig. 4.

Stimulation of Ventricle (maximal).

Sometimes reduplication of the ventricular beat may occur without
reduplication of the ventricular (fig. 3, ¢).

These results may be possibly due, in part at least, to direct stimu-
lation of the auricle itself by the strong current used to stimulate
the ventricle.

Stimulation of the Awricle—Minimal.

When minimal stimuli are applied to the auricle, there is occa-
sionally a refractory period, extending from the beginning to the
maximum of auricular systole. When the stimulus is applied at the
maximum of auricular systole, or just after it, it sometimes produces
an omission, or, as we may term it, an apparent inhibition of the
next auricular and ventricular systoles (fig. 5,5). Stimulation falling
after this point and occasionally on it, will cause a reduplication of
auricular and ventricular contractions to occur which may have a
latency of as much as 125 seconds.

Fia. &.

Stimulation of Auricle (minimal).
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No secondary contraction can usually be produced in the ventricle
till an indoced auricular contraction has occurred; and as the
auricular latency is considerable, the ventricular lateney is also very
long. Thus, should the stimulus prodncing contraction fall at the
commencement of ventricular systole, the auricle may have a latency
of one second and the ventricle of 1'4 seconds.

The sensibility of the auricle to minimal stimulation may generally
be divided into three phases:—

1stly. Stimulation may fall at such a stage of auricular activity that
it does not canse an instantaneous response, but allows the auricle to
pass through its diastole before it causes redaplication.

2ndly. It falls at such a time that the auricle responds instan-
taneonsly.

Srdly. About or shortly after the period of aunricular maximum
stimulation may cause inhibition of the auricular and the ventricular
sequential beat.

Stimulation at any period during the diastole of the auricle until
the abscissa is reached, canses a reduplication., The latency of this
reduplicated beat is shorter the further the diastole is advanced., It
is followed by an induced ventricular beat in ordinary rhythm.

Stimulation during complete auricular diastole and before systole
commences canses a contraction with very short latency, succeeded by
an induced ventricular contraction. But it is to be noted that occa-
sionally stimulation at this period causes a normal auricular contrac-
tion with an appreciable latency, and followed by a ventricular
contraction.

Stimulation of the Auricle—Mazimal,

Maximal stimulation of the auricle almost always produces some
effect both on the ventricular and auricular beat: this effect is usnally
one of stimulation, but it may be of apparent inhibition.

F1a. 6.

Stimulation of Auricle (maximal).
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Maximal stimulation nsnally induces a ventricular beat whenever it
is applied (fig. 6, a), excepting when it falls just after the summit of
the anricular contraction.

Stimulation at this point may canse no auricular contraction, but
on the contrary may induce omission of the subsequent auricular
and ventricular beat (fig. 6, b 2).

When an auricular beat has been induced by stimulation, it is
followed in the ordinary way by a beat of the ventricle, excepting
when the stimulus is applied to the auricle just at the commencement
of the ventricular systole. In this case an auricular beat may be
induced, which instead of being followed by a corresponding ventri-
cular one, is followed, on the contrary, by an omission of the ventri-
cular beat (fig. 6, a 1).

At this point the latent period may be looked upon as indefinitely
lung, as stimulation lll‘t,H']!J,I:_.‘Uﬁ no contraction at all.

The more closely after this point stimulation is applied the longer is
the ventricular latency,

Stimulation of Venous Sinus— Minimal.

The venous sinus appears to be more sensitive to stimulation than
either auricle or ventricle, so that stimuli applied to it produce an
effect, although they are much slighter than the minimal stimuli of
either auricle or ventricle.

Stimulation of the venouns sinus by a minimal shock is usually
potent to produce some effect or other at every stage of ventricular

activity (fig. 7, b).

Fra. 7.

Stimulation of Venous Sinus (minimal). In neither & nor & is the closing shock
effective. .

Stimulation at the instant of commencement of ventricular svstole
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usually causes omission of the following sequential beat of both auricle
and ventricle.

This period may occasionally be slightly prolonged into systole.

Stimulation of the sinus at all other periods of ventricular activity
canses a reduplication of the systole. This induced ventricular systole
is preceded by an induced auricular systole, and therefore has the
prolonged latency before referred to.

Stimulation falling at the commencement of ventricular systole may
cause auricular reduplication with ventricular omission (fig. 7, a).

In consequence of the long latency, we find all ventricular curves
separated by a distinct interval from (their) reduplications.

Stomulation of Venous Swnus—Maximal.

The period during which stimulation causes ventricular omission is
well marked, and in some cases extends into the ventricular systole as
it advances towards its maximum, though the effect i1s never produced
at the maximum.

This omission of ventricular beat is most usually associated with a
reduplication of the auricular beat, the second auricnlar contraction
occurring within that ventricular systole at the commencement of
which the shock was communicated (fig. 8, b).

Fia. 8.

Stimulation of Venous Sinus (maximal). a, normal rhythm; & and e, stimulations
all effective.

Reduplication occurs in all phases except at the period when stimn-
lation canses omission. The latent }1&*1‘?1‘.:{] of this 1‘L‘l|111ﬂit‘.:ltit'ﬂ‘1 18
usually short, as in the case of a ventricle stimulated directly,
inasmuch as the induced auricular contraction does not precede the

e
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induced ventricolar, except when stimulation falls before the maximum
of ventricular systole, in which case there is usually a regular sequence
of auricular and ventricular contraction (fig. 8, ¢).

Us:,uu“y after the maximum of ventricular H_','HIrJJL: stimulation
eaunses a reduplicated beat with short lateucy, inside of which curve
falls that of the induced auricular contraction; however, genunine
gequential reduplication of auricle and ventricle with long latency
i8 not uncommon. Not unfrequently, after repeated stimulation of
the sinus, the heart assumes a new rhythm, which may be twice as
rapid as it was originally, and though omission of the alternate beat may
still be produced by stimulation at the time already indicated, the organ
returns again to its accelerated pace. In time, if stimulation be with-
held, the rhythm lupses again into the normal. The auricle shares in

. the ventricular excitement (fig. 9).

Fia. 9.

Rh:rthm which has been changed by repeated stimulation of S8inus returning to
normal.

Tueg Errecr oF CoLp ox THE Froc's Hearr.

In these experiments the animal was placed npon a wire gauze

'grating, and covered with a small bell-jar. Underneath the grating

and around the bell-jar was placed ice, so as to surround the frog,
which was kept in this position for an hour or longer., When its
movements had become slow and torpid it was killed, without loss of
blood, and placed on the cardiograph, already described, the tempe-
rature in the vicinity being kept low by means of blocks of ice placed
on the metal bars supporting the animal. The apparatns was
employed in the same manner as in our observations on the effect of
electrical stimuli on the normal heart, and the same order was observed
in recording the results.

Effects of Blectrical Stimulation of the Ventricle—Minimal Stimuli,

The contraction of the chilled frog's heart, as is well known, lasts

lfor longer time than in the ordinary condition. When minimal

stimuli are applied to the ventricle (fig. 10) it is found that there is
vdistinct refractory period, extending from the beginning of systole up
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to the last third of the sommit of the eurve in the accompanying
tracing, and persisting past the maximum of systole.

Fi1a. 10.

Stimulation of the Ventricle (minimal). Opening stimulation only effective.

It is, therefore, always longer than in the normal heart. After the
refractory period has passed, stimulation causes reduplication of the
ventricular beat. The later onin the diastole that the stimnlus falls
the shorter is the latency.

Ventricular Stimulation— Maximal.

Stimulation sometimes causes omission when applied at the very
commencement of systole. All stimulation thereafter applied causes
a reduplication of the ventricular systole, with a latency that becomes
shorter the later the stimulation is applied. If auricular reduplication
ocenrs it is always sequential to ventricular (fig. 11, @). Stimulation

Fra. 11.

b. |
Stimulation of the Ventricle (maximal}. ,
at the maximum of systole may cause a blending with the reduplicated

beat {“:iﬁsn.-]:,; rum:mhliug one I}]'{Jlunguﬂ Hj‘ﬂtﬂlﬂ (fig. 11, Ee‘)- The induced
beat is most perfect when stimnlation falls, just as the abscissa 1s
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dose of strychnia was then introduced into the dorsal lymph sac. As
soon as the effect of the drug upon the spinal cord was evidenced by
distinct spasm, the heart was rapidly exposed, placed on the car-
diograph, and stimulation applied. The same order will be observed
as 1n the description of the experiments on the normal heart.

Stimulation of the Ventricle—Minimal.

On applying a minimal stimulus to the strychnia heart (fig. 20)
we were struck, in the first instance, by the extreme length of the

Fig. 20.

Stimulation of Ventricle (submaximal).

refractory period. Stimulation has usually no effect, not only when
applied before the maximum of the systole as in the normal heart,
but also in the maximum, and often far into relaxation. After the
phase has passed the stage of reduplication ensues. Reduplication
1s very complete ; its Jatency becomes diminished as diastole advances.
The reduplicated ventricular beat is succeeded by an aunricular
pulsation. After the customary pause, the heart resumes its wonted
rhythm. It is rarely that stimulation falling at the commencement of
ventricular systole causes inhibition. If the aunricle is unstimulated
and its rhythm is unaltered, there is short latency for the ventricular
reduplication, If the auricle is stimulated and contracts before the
ventricle, there is long latency, but the latter is rarely seen when a
refractory phase is present.

Ventricular Stimulation—Maximal Stimuli.

In this case no refractory period exists. Am inhibitory period exists
occasionally but with this exception, all stimulation produces redupli-

Hiag. 21.

Stimulation of Ventricle (maximal).
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cation (fig. 21). Shonld stimulation fall at the commencement of
systole, the latency is long, nearly equal to the length of the beat;
and the reduplication is very complete.

Stimulation at the maximum of systole has a latency of about
two-fifths of a second, and thereafter during the subsidence of the
ventricle, the period of latency rapidly diminishes. The most perfect
beat of reduplication is produced by stimulation at the commencement
of systole, or after relaxation of the ventricle.

Stumulation of the Auricle—Minimal.

It is but rarely that we see a refractory period whilst applying
mi nimal stimuli to the auricle. Usnally, stimulation at all times
causes a reduplicated beat, the auricular reduplication preceding that

Fia. 22,

Stimulation of Auricle (minimal).

of the ventricle in the usual rhythm. On stimulation, an auricular
systole 18 produced, and not until this movement has reached the
usual point does the ventricle commence its systole (fig. 22).

Stimulation of the Auricle—Maximal.

There is no refractory period. Occasionally the stimulus falling at
the very commencement of the ventricular systole will cause inhibition
or coincidence of the following beat, or it may cause a reduplication
with a latency of about one second (fig. 23).

Fia. 23.

Stimulation of Auricle (maximal).

The latencies are invariably long when the auricle is so stimulated
that its induced beat is a normal one and precedes the induced ventri-
cular systole in its normal rhythm.
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Stimulation of the Venous Sinus—Minimal Stimuli,

With minimal stimulation of the venous sinus there is no refractory

period except occasionally for an instant at the maximum of auricular

systole. Reduplication occurs at all phases of the ventricular systole.
Length of latency depends npon whether the stimulation induces an
auricular contraction or not. If the auricular systole follows the
stimulus, then the ventricular latency must be long (fig, 24),

Fig. 2.

Stimulation of Venous Sinus (minimal),

It is longer if stimulation falls at the commencement of ventricular
systole, because at that phase, until the auricle has contracted, no
ventricular reduplication oceurs. Oeccasionally, though rarely, and
that after the maximum of ventricunlar contraction, auricular redupli-
cation follows, or is synchronous with the ventricular systole, and then
latency is invariably short. HRedunplication with prolonged latency,
probably from auricular reduplication, is well seen in the appended
tracing (fig. 25).

Stimulation of Venous Sinus (minimal).

The stimulation at the end of relaxation in one case causes redupli-
cation of auricle, coinciding with that of the ventricle.

The tracing illustrates the rule that when the sinus is stimulated
ro refractory period is observed as regards the ventricular redupli-
cation,

Venous Sinuws—Maximal Stemulation.

There i8 no insensitive period as far as regards the ventricle. During
all phases of the systole stimulation causes a reduplication of the

—— =
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ventricular beat (fig. 26). Inhibition of the ventricular systole has
not been found in many of the hearts examined, thongh it oceasion-
ally occurs.

F15. 26.

Stimulation of Venous Sinus (maximal).

Shounld the exciting shock fall at such a time as to cause an
instantaneous auricular systole, we find this systole is nearly syn-
chronous with that of the ventricle, and that the latter has a short
latency, but should the shock fall so that the auricle responds by a
genunine contraction, the ventricular reduplication follows with a long
latency.

Inhibition of the ventricular with reduplication of the auricular
beat may result occasionally from stimulation of the venous sinus.

Appendiz A. CooLep HEART,

The construction of a simple piece of apparatus has enabled us to
obtain curves much more striking than those which appeared in the
foregoing paper, as they represent a far greater variation of tempe-
rature.

Instead of the guntta-percha support for the heart already described,
a hollow copper pan of similar shape was employed. It was provided
with influx and efflux tubes, and insulated below by a plate of ivory in
which ranalso the electrodes destined for the stimulation of the sinus.
This was connected with the usmal support passing over the body.
Upon minimal stimulation of the ventricle itself the snccession of
auricular and ventricular contraction is illustrated in the charts A 14
here inserted. It is seen that the action of cold modifies considerably
the relation between the ventricular contraction and the succeeding
auricular beat. In A, we find a reduplicated ventricular beat suc-
ceeded by a normal auricular contraction,

In A; cooled through about 2:5° C., the ventricle responds to the
same stimulation, and the wave does not pass npward to the auricle ;
and in A, in which the contraction and relaxation of the heart had
become very slow from a further reduction of 2°, we find the auricular
rhythm is regular in spite of ventricular reduplication. There is in
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A; and A, an indication of aortic expansion; it is to be noticed that
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Awricular Stimulation.

Many additional experiments upon cooled hearts have tended to
show that it is very rarely that stimulation of considerable strength
calls forth a ventricular hbeat, preceding or coexistent with the
auricular. Usually at all phases of stimulation which cause a re-
duplication of the auricular beat, the ventricular succeeds in normal
relationship (B 1 and 2). There is an exception to this, however,
which 18 frequently demonstrated; this is, that whilst the auricular
beat is reduplicated the ventricular is not, but is succeeded by a long
diastolic pause (B,), after which the auricle takes up its old rhythm.
Still more rarely stimulation just before commencement of ventricular
systole canses omission of both succeeding auricular and ventricular
beats (B,).

The latency of reduplication varies considerably in minimal stimn-
lation of the auricle, but this variation is not so much owing to loss
of time in the auricular as in the ventricular reduplication, Thus in
C, stimulation at the end of auricular relaxation, ventricular latency

O, to Cs. Levers asin A. Auricular Stimulation (minimal) of Cooled Heart.

is 12, in C, stimulation halfway to yentricular maximum latency
is 1”7, and in O, when stimulation is at ventricular maximum, the
latency is for the ventricle only 6.

On the other hand, more powerful stimulation of the anricle caunses
reduplications of the ventricle, which are at all times of equal or of
very slightly differing values. Thus in a heart much cooled (D 1
and 2) we have towards the commencement of ventricular systole and
towards the end of relaxation a latency for the induced ventricular
beat of 1'"-2,




D), to ;. Levers as in A,  Auricular Stimulation (maximal) of Cooled Heart.

Venous Sinus.

[n the heart which has been moderately or slightly cooled, 4—6°C.,
the occurrence of ventricular reduplication without a precedent
anricular reduplication 18 very rare, even when strong stimulation is
employed. The refractory period occasionally observed may disappear
after a few stimulations have been given, or it may persist. Further-

E, to E;. Levers as in A, but no auricular tracing given. Stimulation of Venous

sinus, K, before cooling ; E,, after cooling,
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G to Gy, gradual cooling of Heart.

Stimulation of Venous Sinus.

Levers ns in E,

more on cooling a heart which has at a certain temperature, E,, shown
a refractory period, we may find this converted into a period during
which stimulation canses an omission of the following beat, Hs.

The duration of the diastolic pause is markedly influenced by tem-
perature, whereas it appears to be but slightly affected by variation
in the instant of stimulation by which it is produced.
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In G; water of melted ice had passed throngh the support for
two minutes.

(G, water had passed &',
Gy £ 2 1{,
G, e 5 207,

G, Duration of contraction 1”4 ., Length of panse from
stimmlation ,. 42
G, P 5 Salleg 3 5 96
“-; 11 33 " e 2”'2 “a 1 H 60
{.}.I. 1 13 L EIL'L L 11 13 62

(G; was obtained from a heart cooled for a considerable time, and
shows a remarkable prolongation of the systole and diastolic panse.
G; Doration of current 4”4 ., Length of pause from
stimulation,, 10"
It will be seen in all these cases that there is a certain relation-
ship between the length of the contraction and of the panse.

[, to I3, Leversasin A. Stimulation of Venous Sinus (maximal),
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Levers as in A. Stimulation of Venous Sinus (minimal).

HI to }.If.

The reduplication of the ventricular beat varies in regard to the
time of stimulation nnder minimal stimulation. Thus in H when
stimulation falls near the commencement of systole, auricular redupli-
cation ocenrs in 1”8 and ventricular reduplication in 32, But in

the same heart a stimulation during a period of relaxation yielded an







484 Drs. T, L. Brunton and T. Cash,

Stimulation of Ventricle (maximal stimulation).

K,. Heart at room temperature, frog long kept in cold room.

K,. Temperature raised 2° C.

E;. Taken 10 later than K, during which time temperature was raised 1° C.
K. Temperature raised again 1° C.

K;. Temperature raised 1° C., making about 5° C. altogether above K.

Drum of more rapid rotation used in tracings given in Appendix B.

The electroa-

magnet marks seconds.

give its systole in due place, whilst the ventricular contractions are
still occurring. Not only is this indifference to ventricular action
observed on the part of the aaricle, but the counterpart may be oceca-
sionally seen in the ventricle, failing to follow the normal systole of
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the auricle L. This is in part due to the fact that the auricle has
only shared imperfectly in the heating.

L.

Stimulation of Ventricle (maximal), Heart heated about 7* C, Time as in K,

There is thus a disturbance of both muscle-wave and mnervous
impulse produced by the heating to which the auricles and ventricle
have been exposed. This failure on the part of the ventricle occurs
only after there has been a reduplication of its beat, and does not
often occur, so far as we have seen, when stimulation, applied
to the auricle itself (M), originates a systole there, for then the

M.

Stimulation of Auricle (maximal), Heart heated about 6° C.

wentricle follows in due course; we should therefore regard the
texhaustion of the ventricle after its unusnal activity as the cause of
iits quiescence after the normal anricular beat. Should stimulation be
spplied to the auricle during ventricular diastole, a reduplicated
smuricular beat succeeded by a ventricular at once oceurs. In all
jphases this natural sequence is maintained, though sometimes at the
tend of its systole the anricular reduplication may be *5". Whilst
'13_|ung pause follows this reduplication, it is very rarely that a
sstimulation of the auricle produces omission of the succeeding
mnricular and ventricular rednplication.

In ?;tirnul;ltin.r_; the venonssinus, however, omission of the following
fventricular beat is frequently produced when the shock falls at the
reommencement of ventricular systole (N,), but we may find that there
I8 an 1mpulse propagated to the auricle, for this may reduplicate
dwhilst the ventricle remains quiescent (N,).

1: A little later, and up to the maximum of systole, the auricular
i 2

S
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Stimulation of Venous Sinus (maximal).

reduplication is succeeded by a ventricular (N,), and after the
maximum, and during the diastole of the ventricle, the induced
auricular beat may occur synchronounsly with the wentrienmlar, or it
may precede it in regular course.

Both of the charts N; and N, are taken from a heart warmed
throngh about 5° C., and Ny gives a tracing of the same, in which
stimulation does not occur.

In the stronger tendency to canse omission of a ventricular beat,
as well as in the frequent occurrence of an auricular contraction
coincident with or succeeding the ventricular, when stimulation fails
after ventricular maximum or in diastole, we see a marked contrast
in the reaction of the venous sinus and the aunricle to stimulation.

From the charts 0,, O,, O; we see that the latency of the auricnlar
beat varies. Thus stimulation occurring just at the end of anricular
relaxation (0,) causes an instantaneous reduplication, whilst during
diastole proper it has a reduplication with a latency of ‘2", In the
former case auricular induced systole precedes the ventricular, in the
latter they occur at the same moment (0, Oy).

Contrast this result with the stimulation of the aunricle itself in
which |'i_~:]11p]i(}utit}11 occurs at once on stimulation, and ventrienlar
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), . s,

stimulation of Venons Sinus [1!t1|?¢i|1|z|.]]l,

reduplication succeeds or ocenrs occasionally (stimulation at the end
of auricular relaxation) in *5", followed by ventricle.

Appendiz C. StRYCHNIA oN Frog’s Hearr.

In order to test the correctness of the conclusion that strychnia
1['I1glhﬂ'[15 'H'"_’. ]"_’i‘l':il:_"l ﬂ[‘:r' }jf"l'iﬁ]‘l]? we rl.lu'l[':l".[]. 'F]'”IL:'H. :i[] \\'l]i'l'_.’l]_ f_.hi_’. TTIE"{II.IJ,.I.IEL
and cord only existed on the cardiograph. The effects of stimulation
were then observed, and subsequently a small dose of strychnia was
injected into the dorsal lymph sac ; as soon as the resulting spasm was
well developed, stimulation was again applied, the strength of stimu-
lation and the position of the electrodes remaining constant.

Thus, in fig. Py, a frog's heart, in which active circulation was
present, showed a refractory period through about one-half of the

=timulation of Ventricle,

1. Before injection of strychnia, 2. After injection of strychnia.
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(maximal),

Je

e

1, 2, 3, varying times of stimulation.

R.

naximal).

Btimulation of Ventri
(1

o

stimulation of Auricle

=

1 = — " g u s . " "
Thus the induced auricular contraction in this instance, instead of
| passing a motor 1'::1111115:.v downwards to the \'t'tltl'i{':v, appears not
1 only to check the reduplication, but greatly to' prolong the
! diastole.
|

It 18 easily recognised from the auricular tracing that the induced
contraction is one of the unfilled cavities (fig. S), but though little
or no blood passes into the ventricle, a positive effect npon the latter

' 18 still produced.
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Stimulation of Auricle (maximal), Levers as in fig. Q.

Venouws Stnus,

As regards the relationship of the auricular reduplication to the
time of stimulation, we find the latency of the auricle occasionally
varying in length, but nsually it has very nearly equal values, except
when the shock, falling during ventricular relaxation, calls forth a
simultaneous auricular and ventricular contraction, and in this casc
latency is reduced. It is to be noted that this induced auricular
contraction does not cause another induced ventricular systole: its
further effects seem to be lost or dissipated.

At two points in Chart T, ventricular systole being advanced half-
way and 6 of the way to its maximum, the auricular latency is equal,
and when at the end of ventricular relaxation the auricle contracts at
the same time as the ventricle, the latency is still abount the same.
The time lost, therefore, in this case is in ventricular reduplication :
either the impulse from the auricle is transmitted at different speeds
at different times, or it meets at different times with variation in the
excitability of the ventricle. The later in the systole the stimulation
falls the less is the resistance to the transmission of the impulse or
the greater the excitability of the ventricle.

The whole subject of the rhythmical contraction of the frog's heart
and its stimulation and inhibition is a very complex and difficult one.
The points npon which our present research seems to us to throw
some light are the nature and mode of transmission of the stimuli
which one cavity transmits to another in the ordinary process of
rhythmical contraction. Marey's researches have shown that in the
ventricle itself there is a time when stimalation applied to it has no
apparent action ; this time is, however, in many cases of very short
duration and limited to the commencement of ventricular systole.
At the commencement of ventricular systole stimulation without
provoking contraction, causes often a positive effect, namely, a greatly
prolonged diastolic pause, which we have been inclined to regard as
due to omission of a ventricular contraction.




‘hn Electrical Stimulation of the F rog’s Heart,

stimulation of Venous Siuus (maximal}.
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