





Table 1. The cell viability evaluated by trypan blue (TB)
exclusion test and Janus green B(JGB) stain

Stain Sample No. Viability(%)
B 165 54.1
JGB 150 49.7

in an hour in normal Tyrode soluton (Fig. 3a, 5a).
These cells contracted rhythmically in normal
Tyrode solution and could be arrested by adding
10”’M acetylcholine chloride (Ach) to the chamber.
This fact shows that these pacemaker cells are
nodal cells. These cells were observed under the
phase contrast inverted microscope to have a re-
latively smooth and shiny surface (Fig. 3a, 5a).
Also these celis had a pale cytoplasm and were
smaller in size compared with the myocytes (Fig. 2,
3, 4, 9).

Both the SA node and the AV node cells con-
tinued beating in normal Tyrode solution at room
temperature and the beat rate was increased
almost linearly with the rise of temperature (Fig. 1).
At 38°C, the beat rate of SA nodal cells was 229
per minute and that of AV nodal cells was 176 per
minute.

Single myocytes isolated from the left atrium and
the left ventricle showed rod-like appearances in
storage solution. Exchange of storage solution with
normal Tyrode solution showed no changes in mor-
phology of single atrial and single ventricular
myocytes (Fig. 5b). There were no differences in
size and shape between atrial and ventricular

300

27Ct

o SA NODAL CELL
AV NODAL CELL

240} «

BEAT/ MIN

25 27 30 32 34 36 38 40
TEMPERATURE (°C)

Fig. 1. Response of SA and AV node to the change of
temperature. The beat rate increased almost
linearly with the rise of temperature and that of
SA node was generally higher than that of AV
node by about 40 beat/min. At 38°C, SA node
cells beat at 229/min, AV node cells beat 179/
min.
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myocytes and they did not beat in normal Tyrode
solution. These myocytes were larger than nodal
cells in length and revealed distinct striations and
clear surfaces (Fig. 5b).

Morphometry of single cells: The isolated nod-
al cells were examined under phase contrast in-
verted microscope and measured their length (a)
and width (b). The average size of the SA nodal
cells was a=33.8+6.8 pm and b=25.0+4.8 4
m, whereas that of the AV nodal cells was a=32.8
+59 um, b=246+51 um. Between the SA
and AV nodal cells, there was no significant differ-
ence in their size by T-test (P<0.05). The length
(X) and width (Y) of myocytes were examined by
the same method. The average size of the left atrial
myocytes was X=132.0+£32.2 xm and Y=12.3
+3.8 um, whereas that of the left ventricular
myocytes was X=132.9+27.2 xm and Y=10.6
+3.4 pxm. There was no significant difference
among these myocytes (P<<0.05), however, signifi-
cant difference in size between nodal cells and
myocytes was recognized (Table 2).

Table 2. The size of isolated single cells from four por-
tions of the rabbit heart (Mean and S.D.)

Tissue  Sample No. Llength(xm)  Width( . m)
SA 45 338+ 6.8 250+4.8
AV 49 328+ 59 246451
LA 266 13204322 1234338
LV 500 132.9+27.2 106+3.4

AV, Atrioventricular node; LA, Left atrium
LV, Left ventricle; SA, Sinoatrial node

Cytochemistry of single cells: As a result of
McManus’ periodic acid Schiff reaction most of the
single cells possessed PAS-positive granules
throughout the cytoplasm and showed good pre-
servation of fibrillar structures (Fig. 2, 4, 6). With
the employment of Maliory's phosphotungstic acid
hematoxylin  stain, the atrial and ventricular
myocytes showed distinct cross striation and well
demarcated margin without haderent connective
tissue fibers (Fig. 7). The nodal cells had fibrillar
structures and did not show cross striations (Fig. 3
and 5).

DISCUSSION

Since the pioneering work done by Vahouny et
al. (1970) of isolating the cardiac cell from adult rat
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heart, the isolation procedure was improved to a
large extent, but most of their cells showed calcium
intolerance and also reports are rare for the pace-
making cardiac cells. Concerning the viability of
isolated cardiac cell, Vahouny et al. 1970) reported
40% viability with trypsin and collagenase mixture
in modified saline A solutions in rats. Rajs et al.
(1978) obtained 40-50% viable cells with collage-
nase in Ficoll medium in adult rats, whereas Glick
et al. (1974) showed 95% viability with collagenase
in Ficoll medium in rats. The higher viabilities
appeared in their reports are likely to be due to the
difference of medium and enzymes. They observed
in non- physiological solution and many of their
cells hypercontracted and rounded up and finally
disaggregated with the introduction of the normal
Tyrode solution (Berry et al. 1970; Bishop and
Drummond 1979).

In the present study, 50% of viable cells were
obtained in normal Tyrode solution and this result
was quite comparable to that of Isenberg and
Klockner (1982). We could get sufficient amount of
isolated single cardiac cells (nodal cells and
myocytes) suitable for further studies on the mor-
phometry and cytochemistry.

In the shape of isolated myocytes (ventricular
and atrial cells) several researchers reported that
the cells were rod-shape in rats (Vahouny et al
1970; Glick et al. 1974; Rajs et al. 1978; Bishop
and Drummond 1979), in guinea pigs (Bustamante
et al. 1981; Bustamante et al. 1982), and in dogs
(Vahouny et al. 1978). In the present study,
myocytes of rabbit were also rod-shape and did
not change their shape even in the exchange stor-
age solution to normal Tyrode solution. No differ-
ence between interspecies was recognized.

James (1977) reported the nodal cells (SA and
AV) as having slender or elongated form in the
human heart and Taylor et al. (1978) reported that
they observed pleomorphic forms of isolated nodal
cells in rabbits. Taniguchi et al. (1981)’s descrip-
tion on the isolated nodal cells in rabbit were not
concurrent to our study. He reported that the nodal
cells were rod shape while we observed the cell as
oval shape. This may be due to the difference of
concentration of sodium bicarbonate. We used 6
mM of Sodium bicarbonate. In the present isolation
procedure, the nodal cells were rod-shape in cal-
cium-free solution in which the nodal cells were
not beating and they became oval in normal Tyrode
solution in which the cells beated regularly and
spontaneously. This supports that the shape of

nodal cells may change with the isolation medium.

All the myocytes beating in normal Tyrode solu-
tion were suggested to be dying cells and the beats
were described to be the phenomenon of calcium
paradox (lsenberg & Klockner 1982). In normal
Tyrode solution, the nodal cells kept contraction
rhythmically and intact myocytes did not beat. So
the pacemaker cells are the oval-shaped nodal
cells and this was supported by the changing pat-
tern of beat dependent on the temperature.

On the size of isolated single myocytes, Vahouny
et al. (19/70) reported that the length and width
were 50-100 xm and 10-50 xm respectively in
rats. Other investigators reported the similar size in
different animals (Glick et al. 1974; Vahouny et al.
1978; Bustamante et al. 1981). In our study, iso-
lated myocytes in rabbit were similar to in width,
but slightly larger than that of other animals in
length. Isolated nodal cells in our experiment were
also larger and were oval-form compared to round
form of other reports (Taniguchi et al. 1981;
Nakayama et al. 1984). Depending on our results
of cytochemical staining isolated cell showed well
preserved internal structure.

The isolation method have been established in
our laboratory and it could be implemented by
such as cardiac electrophysiology and to clinical
cardiology.
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5. Isolated single cardiac cell from AV node. findings

5b. Isolated single cardiac cell from left ventricle. Note
the phase contrast inverted microscope. X200.

6. Isolated single cardiac cell from left ventricle. Many
stain, X400.

7. Isolated single cardiac cell from left ventricle. Note
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2. Isolated single cardiac cell from SA node. Note the abundance of red PAS positive materials in the cytoplasm.

3. Isolated single cardiac cell from SA node. A small amount of blue fibrillar structure is seen. PTAH stain, X400.
3a. Isolated single cardiac cell from SA node (arrow). Note the smooth surface under the phase contrast inverted

4. |solated single cardiac cell from AV node. Findings are similar to SA node. PAS stain, X400.

are similar to SA node. PTAH stain, X400.

5a. Isolated single cardiac cell from AV node under the pahase contrast inverted microscope. X400.

the well preserved cross striations and cell margin under
granular PAS positive materials are well preserved. PAS

well preserved blue striation. PTAH stain, X400.
*The bar in the figures (2-7) indicates 15 ,m.
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