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ELECTROCARDIOGRAM OF LIMULUS.

duces no wavy oscillations and one may therefor(\ dismiss the
criticism on these grounds alone. The recent finding of
rhythmic oscillatory potential changes in the Limulus gang-
lion and in the motor nerve fibers connected with it when
these structures are wholly detached from the myocardium
establishes a crucial proof of the neurogenic origin of the
beat of the Limulus heart. These neurogenous oscillations
were first observed by Heinbecker(S), using the kathode-ray
oscillograph, and Rijlant(9) has obtained a continuous record
of these potential changes in the nerves and ganglion; he
finds that the oscillatory waves occur with each ganglionic

Fig.l Electrograms of the action currents. in the isolated nerve (upper line
N) and in the corresponding auterior muscle segments (lower line M) of the
Limulus heart. Records from two d 'Ardenne tubes, by Rijlant.

discharge of impulses and continue throughout the dis~harge
for about 1.2 seconds, although they may be shorter or longer,
depending upon temperature conditions. Rijlant's graphs
were obtained with d' Ardenne tubes and with high amplifica-
tion, using a balanced amplifier. His methods mark a dis-
tinct forward step in facilitating the easy continuous regis-
tration and measurement of minute action currents. During
the summer of 1931 at Woods Hole, Professor Rijlant gener-
ously extended to the author the opportunity to work jointly
with him, using this apparatus. It is a privilege to reproduce
in figure 1 one of the electrograms of the Limulus heart made
in the course of this work. ,
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the insulating carapace, and introducing them into the tissues
and body fluids, which are themselves excellent conductors
(3 per cent NaGI), in the midst of which the heart is located.
The electrodes are thus effectively short-circuited and only
the grossest potential changes can be recorded; by this pro-
cedure the arrangement defeats its own objective, for it irons
out all minor potential changes-a fact which doubtless

Fig. 2 String-galvanometer electrograms of the action eurrents taken from
the Limulus heart in situ. Electrodes introduced through openings in the cara-
pace. Four records illustrating difference3 due to adjustments of electrodes and
the poor results due to the short-circuiting of the electrodes. Time in one
tweuty:fifth and one-fifth seconds.

accounts for the failures of Dubuisson and other workers
mentioned above. One mayor may not obtain evidence of
an oscillatory variation in heart potentials in such a study,
depending upon the position of the electrodes. and adjustment
of the sensitivity of the string and the external resistance.
Figure 2 shows four examples of the variation in the type of
electrogram obtained by four different adjustments; there is
evidence of an oscillat~ry variation during cardiac syste-lec
in all except the first (a) in the series. The lowest electro-
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gram (d) of the series was made after removing the carapace
above the two anterior segments of the heart and placing a
cotton terminal of the anterior unpolarizable electrode di-
rectly on the heart muscle to which it became attached by
means of a blood clot. This arrangement accounts for the
monophasic character of the deflection recorded by the gal-
vanometer; the short circuit through fluid-impregnated tis-

Fig.3 Monophasic electrocardiograms: a) Obtained by insulating the ante-
rior segments in situ; b) from the excised heart at 20°C. and, c) when the
ganglion is cooled to 12°C., with the same set-up as in b. Time in upper
tracing at double rate one-fiftieth and one-tenth seconds; in the others, one
twenty-fifth and one-fifth seconds.

sues, however, was still a hindrance to obtaining a good elec-
trogram. In order to avoid this technical obstacle .the
suspensory ligaments to the two anterior segments were cut
and the muscle raised enough to introduce under these two
segments a thin flexible insulating sheet of mica, all other
conditions remaining constant. This procedure removed the
short circuit from the two segments in question with the
result seen in figure 3 (a). Here one sees a strong initial







Fig. 4 Monophasic electrocardiogram of the anterior segment. The top rec-
ord (a) shows the effect of mild faradic stimulation which caused mild-grade
inhibition and suppression of the irregular minor potential waves, thus empha-
sizing the regularity of the majo~ oscillations at the time of systole. The
second and third records (b, c) show intersystolic 'tone' waves. The lower
tracing (d) shows the minor oscillations and irregularity in a normal systole.
Time, one-fifth second and one one-hundredth second; time record removed from
the two middle records to save space.
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and has made an accurate quantitative study of the rate of
conduction in the ganglion along the nerves and of the delay
at the myoneural junction(9), although his extended report
is still to appear. Our own findings have shown that the seg-
ment which contracts first is the one immediately adjacent

Fig.5 Upper electrogram (a) shows sharp diphasic initial dellection; elec-
trodes on anterior and posterior segments. Middle record (b) from another heart
with a similar, slower, diphasic initial potential change; the lower (c), taken from
the same heart as (b), shows a complete reversal of the picture, due merely to
changing the position of the electrodes relative to the segment contracting first.
Time, one twenty-fifth second and one-fifth second.

to that point in the ganglion which acts as a pacemaker.
While usually this point is in the region of the fifth or sixth
segment, it may shift normally to other loci and may be ex-
perimentally determined by localized warming of any desired
part of the ganglion. Even so slight a shift as that due to
such warming will alter the sequence of -events in the differ-
ent segments and alter the form of the electrogram. The
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differences in the form of the records reproduced in the figure
already referred to will illustrate this point. A series of
these electrocardiograms is shown in figure 6 (a, b, c). The
lead-off electrodes were attached at the anterior and poste-
rior ends of the heart, respectively; a is the response when

Fig. 6 Three electrograms from the same heart; the entire heart included
between the leads placed at the anterior and posterior ends. III the upper (a)
record all segments are contracting. In the middle record (b) the two anterior
segments are quiet, due to a transverse clamp; in the lower record (c) the three
posterior segments are also clamped off and the beat of only the third and sixth
segments, inclusive, is recorded. Time as in previous figures.

all segments were contracting; b shows the effect of crushing
the heart transversely at the posterior end of the second seg-
ment, thus throwing the two anterior segments out of func-
tion. Tracing c shows the effect of a similar procedure which
eliminated the th~ee posterior segments. There could be no
more striking demonstration of the fact that the total form






