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In addition to the intact heart, several
non-innervated preparations have been used
to ascertain direct effects of acetylcholine on
myocardial tissue. These include isolated
whole hearts (1-8), cardiac fragments (6, 8),
trypsin-dissociated cellular clusters (9-11),
and single cells (12). Studies of isolated
whole hearts (2, 5-8) and ventricular frag-
ments (6, 8) demonstrate the negative
chronotropic effect of acetylcholine which has
also been established for the innervated in-
tact heart (13). Harary and Farley (12)
found a negative chronotropic action on cul-
tured neonatal rat heart cells, while other
studies utilizing cultured chick heart cells
showed either no effect (10) or a small, incon-
sistent effect (9, 11) of acetylcholine on the
beating rate of ventricular cells. This discrep-
ancy in results provided an opportunity to
apply a new, non-invasive monitoring tech-
nique developed by us (15) for studying car-
diac pharmacology. We considered that it was
important to establish whether or not cul-
tured ventricular cells were indeed insensitive
to acetylcholine, while ventricular fragments
from embryos of the same age are sensitive,
because of the implications such a discrepan-
cy would have on the use of the single cul-
tured heart cell model for studying cardioac-
tive agents. Such an alteration in respon-
siveness would imply significant changes in
receptor-membrane interaction induced by
the trypsin dissociation or the culturing
methods.

Methods. The cultures were prepared by
de Haan’s method with minor modifications
(14). The ventricles of 8 to 9 day chick
embryos were removed, cut into pieces of 0.5
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mm? and washed in calcium-magnesium free
Hank’s balanced salt solution. The tissue
pieces from 5-6 ventricles were presoaked in
a Cat-Mgt free Hank’s solution containing
0.5% trypsin for 10 min without stirring at
37°. The supernatant trypsin solution was
discarded. The pieces were then incubated
with 3.3 ml of 0.05% trypsin solution for 8
min with stirring at 37°. The supernatant
suspension was then placed in 20 ml of cold
trypsin inhibitor medium composed of 20%
M199 nutrient medium, 109% heat-inactivated
fetal calf serum, 1% antibiotic solution (10,
000 units/ml penicillin and 10,000 pg strep-
tomycin/ml), and 699% K-free balanced salt
solution. This trypsinizing procedure was re-
peated twice more, putting the supernatant
suspension into the cold trypsin inhibitor
medium each time. After the final dissocia-
tion cycle, the cell-containing solution was
centrifuged at 1000 rpm for 10 min. The lig-
uid was discarded and the cells were resus-
pended in a final maintenance medium con-
sisting of 6% heat-inactivated fetal calf
serum, 209% M199 nutrient medium, 1% peni-
cillin—streptomycin antibiotic solution, and
739% K-free balanced salt solution. This con-
tained 147 meq/liter sodium and 1.8 meq/1it-
er potassium. It maintained a pH of 7.3 in a
5% carbon dioxide atmosphere. The suspen-
sion of cells was diluted with maintenance
medium to give a final concentration of about
2 X 10° cells/ml and placed in plastic tis-
sue culture dishes. The cultures were kept for
1-2 days in a humidified 5% carbon dioxide,
95% air atmosphere at 37°. At 1 and 2 days
single, spontaneously beating cells were ob-
served.

Experimental observation on the heart cells
were made with an electro-optical system
described previously (15). Briefly, the tissue
culture dish containing the cells was placed
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on the stage of an enclosed, inverted stage
phase contrast microscope in a humidified,
5% carbon dioxide, 37° atmosphere. The
image of a single cell was viewed from a side
arm adapter of the microscope by a TV
camera and monitor. A photocell was posi-
tioned on the face of the monitor in such a
way that the moving cell wall of the beating
heart cell traversed the photocell aperture.
The photocell was one arm of a Wheatstone
resistor bridge in circuit with a power source.
The change in voltage across the bridge was
recorded by a multichannel oscillographic
pen recorder and this primary signal is
differentiated to be recorded on a second
channel. A cardiotachometer with beat-by-
beat response receives input from the am-
plifier of the primary channel and a beat rate
is displayed on a third channel. Using this
system rate of beating, cell wall movement
amplitude and cell wall velocity can be ob-
tained.

In this study one cell per culture dish was
monitored. After recording a two-minute con-
trol period, the medium in the dish was with-
drawn and replaced with fresh, warm mainte-

nance medium containing the desired dose of

acetylcholine or no drug at all for control
experiments. Measurements were then made
for 2 min intervals at 1%, 5, 9, and 13 min
after drug administration. Doses of 1079,
10~7, 10~ ¢ and 10—° g/ml of acetylcholine
as acetylcholine chloride were used. At least
five cells were monitored at each dose and
five cells with medium containing no ace-
tylcholine. Another series of studies was per-
formed in which drug-containing medium was
introduced as above and then washed out
with fresh medium at 10 min after drug addi-
tion. These cells were monitored immediately
prior to drug administration, 5 min after
acetylcholine was given and 5 min after
washing with fresh medium. Five cells using
no drug and 10—% g/ml acetylcholine were
studied.

Results. Acetylcholine produced a decrease
in the rate of beating of single, cultured
ventricular cells (Fig. 1). By unpaired test the
108 g/ml dose of acetylcholine gave no sig-
nificant difference from the control rates, but
the 10-7 g/ml dose showed a significant
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Fic. 1. Effect of acetylcholine on beating rate of
single cultured chick embryo heart cells. The circles
indicate the means, and brackets the S.E.M. Beating
rates were determined 5 to 7 min after drug
administration.

(p<.05) slowing compared to controls. The
10~% and 10~5 g/ml doses showed highly sig-
nificant (p<C.01) slowing. At the highest dose,
1053 g/ml, 2 of 7 cells stopped beating
immediately after the acetylcholine was in-
troduced. Washing out acetylcholine with
fresh medium caused an increase in beat rate
to a level near the rate measured before
adding the drug (Fig. 2). The time course of
drug action indicated that most of the rate
decrement had occurred before the 124 — 314
min interval (Fig. 3). There were no signifi-
cant differences in pre-drug beating rates be-
tween any of the dose groups and the control
group.

The amplitude of wall motion and the cell
wall velocity were measured prior to drug
addition and 5 min after addition for all the
control and 10—% g/ml acetylcholine cells
(Table I). No significant change in either of
these variables was seen with administration
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Fi1c. 2. Effect of 10® g/ml acetylcholine on
beating rate of single cultured embryo heart cells,
followed by removal of acetylcholine (open circles)
compared to effects on rate of changing medium
without addition of acetylcholine (closed circles).
The circles indicate the means, the brackets the
SEM.

of acetylcholine.

Discussion. These data clearly show a ne-
gative chronotropic effect of acetylcholine on
cultured, single, ventricular cells. Moreover,
the effect is long-lasting and reversible. These
facts imply that cultured embryonic ventri-
cular cells, as well as embryonic ventricle
fragments, are directly affected by ace-
tylcholine. These findings contrast with those
of Sperelakis and Kehmkuhl (10) and Nak-
anishi and Takeda (11) who found insensi-
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Fic. 3. Time course of negative chronologic effect
of 10" g/ml acetylcholine on eating rate of cultured
embryonic heart cells (open circles). The time course
of the beating rate of an equal group of cells in
which the medium was changed but no acetylcho-
line was added is indicated by closed circles. The
circles indicate the means, the brackets the S.E.M.

tivity to acetylcholine in cultured chick em-
bryonic ventricle cells at doses above those
used in the present study. There are several
differences between these studies and the
present one which may account for the
discrepancy. First, the previous investigations
were done using penetrating microelectrodes
to obtain electrophysiological data, as well
as to monitor rate of beating. This interven-
tion may have altered the responsiveness of
the cultured cell membrane to acetylcholine.
Another possible factor is that these investi-
gators worked with large clusters of cells,
while in this study the effect of acetylcholine
on single isolated beating cells was deter-
mined. The mechanics of excitation and im-

TABLE I. Inotropie Effects of Acetylecholine on Cultured Heart Cells.

5-7 min. after 10~" gm

Cell Wall Motion Amplitude (u + SEM)
Cell Wall Motion Velocity (u 2= SEM)

Pre-drug control acetylcholine
3.7+ 15 3.7+15
52 413 51 + 11
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pulse generation in clusters of cultured
myocardial cells are not well understood, but
pacemaker activity by one or several cells in
a cluster seems to take place (16). These
pacemakers may have different sensitivities
to acetylcholine than do single, spontaneously
beating cells. A final possible factor is the
culturing technique. Higher concentrations of
trypsin, with longer incubation periods, diff-
erent media, etc., may damage or destroy
receptors for neurotransmitter substance
which are on cell surfaces. These previous
studies used different culturing techniques
from those described in the present study.

The data on the amplitude of cell wall
motion and cell wall velocity do not suggest a
major inotropic effect of acetylcholine on
those cells. In studies on myocardial mechan-
ics the maximum velocity extrapolation and
the position of the force—velocity curve have
been proposed as indicators in the inotropic
state of the muscle (17). On the single cell
level, a change in contraction velocity would
be expected to produce a change in cell wall
velocity. The force against which the cell is
contracting or afterload will not change as
long as the cell maintains the same attach-
ments and configuration, and therefore an
increase in contractile force should be indi-
cated by an increase in amplitude of contrac-
tion. No change in any of these variables was
observed in the experimental cells, thus no
change in the inotropic state with ace-
tylcholine was demonstrated.

Questions concerning atrial cell sensitivity
compared with ventricular sensitivity and
the changes in sensitivity to acetylcholine
with increasing embryonic age and develop-
ment are not well defined (18), but since age
variation and atrial cells were not studied in
this experiment, we cannot comment on
these questions at the present time. It would
appear, however, that with the present study
there is good evidence that both cultured and
non-cultured post-innervation age chick em-
bryo ventricle cells are sensitive to acetyl-
choline. This system may be of further use
in pharmacologic studies involving non-
innervated ventricular cells.

EFFECT OF ACETYLCHOLINE ON HEART CELLS

Summary. The effect of acetylcholine on
the beating rate of single chick embryo heart
cells cultured from 8 to 10 day ventricles was
determined using a new television monitor
optical system. Acetylcholine had a clear neg-
ative chronotropic effect on these cells, with
a threshold at 10—8-10—7 g/ml. The slowing
in beating rate after the addition of acetyl-
choline was reversible, and was not associ-
ated with any detectable change in the ino-
tropic state of the cells. These findings are
consistent with the effect of acetylcholine on
non-cultural chick embryo ventricular tissue
of the same age.
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