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INTRODUCTION

Myoblast differentiation involves the fusion of cell membranes to form postmitotic
multinucleate myotubes and the concomitant elaboration of muscle specific proteins such as
creatine phosphokinase (Turner et al., 1974), acetylcholine receptor (Paterson & Prives,

1973), and contractile proteins (Devlin & Emerson, 1978). Myoblasts, cultured in vitro,
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proliferate, then synchronously fuse to form myotubes. The synchronous differentiation
of myoblasts in vitro seems to be due to the change of the extracellular environment.
However, no mechanism by which myoblasts commit in vive or in vitro has been known.

Kalderon & Gilula (1979) have proposed a model for myoblast fusion based on ultra-
structural analysis. They suggest that the cytoplasmic particle-depleted vesicles initiate the
generation of particle-depleted membrane domaines, both being essential components in the
fusion process. This model is quite similar to that of exocytosis of secretory vesicles in
other cells (Miller & Nelson, 1977; Lawson et al., 1977). In connection with this view,
exocytosis of secretory vesicles in various kinds of cells was shown to be affected by
neurotransmitter (Birge, 1970; Bower et al., 1974; Miller & Nelson, 1977; Dunlap &
Fischbach, 1978; Horn & McAffe, 1980).

In addition, there are some evidence that the differentiation of myoblast, as well as
myotube, is affected by innervation. Bonner (1978) found that chick myoblast populations
were changed by iz vivo manipulation of the nervous system and Filogamo et al (1978)
observed the contacts between myogenic cells of somites and primitive axons growing
from the neural tube as early as 35 hr of incubation in chick embryos. Although the
mechanism of interaction between neurons and myogenic cells has not been elucidated, these
evidence suggest that myoblast differentiation may be affected by neurotransmitter. Because
the protocol of cell culture eliminates neurons from cultured myoblasts, it may give some
insight into the nature of synchronous differentiation of myoblast iz vitro to study the
effect of neurotransmitter on cultured myoblasts.

The present investigation was undertaken to study the effect of dopamine and epinephrine
as neurotransmitter on myoblast differentiation in witro, and demonstrates that dopamine
and epinephrine inhibit myoblast fusion and this effect is not mediated by the increase
in intracellular cAMP pool.

MATERIALS AND METHODS

Cell Culture

Cultures were prepared by the method of O’Neill & Stockdale (1972) with minor
modifications. Pectoral muscle was dissected out from 12-day old chick embryos. After
removing connective tissues, the muscle was minced and incubated for 10 min at 37°C in
0.05% trypsin with gentle agitation. The supernatant was discarded and the tissue clumps
were rinsed with RPMI 1640 and reincubated for 10 min at 37°C in 0.1259% trypsin
with gentle agitation. The supernatant was centrifuged to collect cells. The cell pellet was
resuspended in complete medium (RPMI 1640 supplemented with 109 horse serum, 4%
chick embryo extract, and 19 antibiotics; designated 8104 medium) and filtered through
four layers of lens paper. The cell suspension was preplated on collagen-coated dishes for
10 min to remove fibroblasts. Cells were then plated at 2105 cells/35 mm plastic culture
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dish for chemical treatment or 2.4x10% cells/90 mm culture dish for cAMP assay. The
cells were grown for the first 24 hr in 8104 medium and the medium was changed at 24
hr and at 2-day interval thereafter to fresh medium (RPMI 1640 supplemented with 10%
horse serum, 2% chick embryo extract, and 19 antibiotics).

Dopamine, epinephrine, dibutyryl cyclic AMP (dbcAMP) and prostaglandin E, (PGE,)
were dissolved in PBS and used at a final concentration of 3x107°M, 3x107M, 1x107*
M, and 3x10°°M, respectively. Aspirin was dissolved in 50% ethanol in PBS and used
at a final concentration of 1x1073M. The chemicals were added at 34 hr after plating.
Measurement of Cell Fusion

Cell fusion was determined by direct microscopic examination of ethanol-fixed and Gie-
msa-stained cultures at a magnification of 400X, It was considered as fused cell only if
there was clear cytoplasmic continuity and at least three nuclei present in each myotube.
Randomly chosen 20 fields were counted for each culture.

Cyclic Adenosine 3’, 5’-Monaophosphate (cAMP) Assay

Dishes were washed twice with 0.85% NaCl. After the addition of 0.2 ml of 50 mM
sodium acetate buffer, ptl 5.2, preheated to 90°C, cells were rapidly scraped off with a
rubber policeman. The cell suspension was then incubated at 90°C water bath for 60 min
and subjected to vigorous vortexing for 2 min. After standing at 5°C for 30 min, samples
were stored at —70°C and assayed within 1 week.

Immediately prior to assay, the samples were thawed, and cellular debris was removed
by Eppendorf centrifugation at 5°C for 5 min. Before the centrifugation, an aliquot of
sample was taken to measure the DNA content. The supernatants were analyzed for cAMP
using Amersham’s cAMP assay kit. The assay procedure is based on the competition
between unlabelled cAMP and {(*H]-AMP for ¢cAMP-binding proteins.

DNA Estimation

The DNA content was estimated by the method of Rissane & Robins (1958) with minor
modifications. The samples were incubated at 60°C for 45 min with 0.1 ml of 40% (w/v)
3, 5-diaminobenzoic acid that had been decolorized with charcoal. The reaction was stopped
by the addition of 2 ml of 1 N HCl, and fluorescence was then measured (excitation
405 nm; emission 520 nm). Calf thymus DNA was used as a standard.

Affinity Chromatography on Lysine-agarose

Agarose (Sepharose 4B) was activated with cyanogen bromide (CNBr) by the method
of Cuatrecasas et al. (1968). One hundred ml of settled agarose was suspended in 100 ml
of distilled water. Two hundreds ml of 5% CNBr was added to the agarose suspension
and the pH was adjusted to and maintained at 11 by titration with 4 M NaOH. The
reaction was allowed to proceed at room temperature for 9 min and stopped by washing
with 1.9 1 of cold 0.1 M sodium carbonate buffer, pH 8.9 on a Biichner funnel. Fifty
ml of 409 (w/v) L-lysine monohydrochloride, pH 8.9 was then added at room temperature
to 150 ml suspension containing 100 ml of activated agarose. The slurry was gently stirred
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at 5°C for 24 hr.

Chromatography was performed according to Hatzfeld ez al (1982). Three hundreds ml
of horse serum was centrifuged at 19, 000x g for 20 min and loaded onto a lysine-agarose
column (20x 1.5 cm, flow rate of 20 ml/hr, 4°C) previously equilibriated with 0.1 M
phosphate buffer, pH 7.4. Embryo extract was chromatographed in the same way as
horse serum after incubation at 37°C for 1 hr with deoxyribonuclease (20 ug/ml),
ribonuclease (10 ug/ml), and hyaluronidase (5 ug/ml).

RESULTS

The Effect of Catecholamine on Myoblast Fusion

To observe the effect of catecholamine on myoblast fusion, 3 107°M dopamine or 3x
1075M epinephrine was added to the cultures at 34 and at 72 hr after plating.

Dopamine or epinephrine markedly inhibited myoblast fusion, and dopaminc was more
potent than epinephrine (Fig. 1). The myoblast in the control medium initiated fusion
at 48 hr and nearly completed at about 72 hr, whereas the myoblast added with dopamine
or epinephrine kept proliferating up to 72 hr and only after 72 hr they started fusing
(Fig. 3).

Cell proliferation was hardly affected by the treatment of catecholamine (data not
shown). Furthermore, the catecholamine-treated myoblast advanced fusion in spite of the
addition of catecholamine at 72 hr. These results indicate that the inhibitory effect of
catecholamine seems not due to toxic effects.

The Effect of dbcAMP or PGE, on Mpyoblast Fusion
Though cAMP seems to be involved in myoblast differentiation, many results are

contradictory one another. dbcAMP, when added at a concentration of 1x107*M,
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2

Fig. 3. Effect of catecholamine on myoblast dfferentiation. (A) control; (B) 3x107M dopamine;
(C) 3x1075M epinephrine.



78 Korean J. Zool. Vol. 27, No. 2

Fig. 4. Morphology of myoblasts cultured with control (A) and with depleted medium by passage
over lysine-Sepharose column (B).
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inhibited myoblast fusion. The inhibitory effect of dbcAMP was weaker than that of
catecholamine. On the other hand, PGE, (3x107°M) had no inhibitory effect but enhanced
myoblast fusion by about a few percent (Fig. 2).

Since myoblast fusion was enhanced by PGE,, aspirin, an inhibitor of PG synthetase,
was used to test if PGE, indeed involved in myoblast differentiation. When aspirin was
added to the cultures at a concentration of 1x1073M, myoblast fusion was markedly
inhibited. However, aspirin did not seem to prevent the cell alignment which normally

preceded myoblast fusion. This result suggests that PGE, is intimately related to myoblast
fusion.

cAMP Assay

To ascertain the inhibitory effect of catecholamine that is mediated by an increase in
intracellular ¢cAMP, it was examined whether dopamine or epincphrine induce cAMP
accumulation. Both dopamine and cpinephrine had no effect on intracellular cAMP level
(Fig. 5). The basal levels of cAMP were 30 pmole cAMP/mg DNA. It fell in the
range of 10~200 pmole cAMP/mg DNA, which is the result of Reporter (1972) obtained
from differentiating rat myoblasts.

The Effect of the Depleted-medium

It was reported that passage of chick embryo extract on lysine-Sepharose columns largely
reduced its ability to promote myoblast fusion (Hatzfeld ez al., 1982). Since the active
group of lysine-Sepharose was primary amino group, it was speculated that the primary
amino group of catecholamine might be responsible for the inhibition of myoblast fusion.
To test this possibility the myoblast was cultured in this depleted-medium and the inhibi-
tory process in the depleted-medium was compared with that in the culture added by

catecholamine.

During the first 60 hr, the myobast in the depleted-medium normally proceeded proliferation
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and cell alignment. After 60 hr, however, a large portion of them did not fuse, and
then degenerated (Fig. 6). Although some of them fused, they failed to form normal
myotube. Instead of elongated myotubes, abnormal multinucleated cells similar to the
myosacs described by Bischoff & Holtzer (1968) were formed (Fig. 4).

DISCUSSION

Catecholamine produces inhibitory or stimulatory effect on exocytosis of secretory vesicles
in various kinds of cells (Birge, 1970; Bower et al., 1974; Miller & Nelson, 1977; Dunlap
& Fischbach, 1978; Horn & McAffe, 1980), and myoblast membrane fusion is hypothesized
to occur by the mechanism similar to that of exocytosis of secretory vesicles (Kalderon &
Gilula, 1979). Furthermore, it has been proposed that neuron has some effect on the
differentiation of myoblast (Bonner, 1978; Filogamo et al., 1978). These observations
suggest that the differentiation of myoblast may be affected by catecholamine,

The present experiments showed that dopamine and epinephrine had inhibitory effect
on myoblast fusion. Since our finding shows that catecholamine had no effect on cell
proliferation and the catecholamine-treated myoblast advanced fusion in spite of the addi-
tion of catecholamine at 72 hr, the inhibitory effect on myoblast fusion by catecholamine
is unlikely to be due to toxic effects. Thus, it is likely that neuron and myoblast have
some interrelationship in the process of myoblast fusion.

Zalin (1973) reported that exogeneous cAMP delayed the onset of myoblast fusion. This
was confirmed in the present culture condition. However, dopamine and epinephrine were
shown to have no effect on the intracellular cAMP level in cultured myoblast. Thus, the
inhibitory effect by dopamine or epinephrine was not due to the intracellular cAMP
accumulation. Bower et al. (1974) reported that dopamine (107°M) and epinephrine (10~5M)
inhibited melanophore stimulating hormone (MSH) release, and proposed that the D-2
receptor was involved in the action of dopamine and epinephrine (Munemura et al., 1980).
Dopamine receptors can be divided into two general categories (designated D-1 and D-2)
on the basis of biochemical and pharmacological criteria (Kebabian & Calne, 1979). The
D-1 receptor in various tissues regulates a specific dopamine-sensitive adenylate cyclase,
and therefore to increase the level of cAMP (Brown et al., 1977), whereas the D-2
receptor neither enhances adenylate cyclase activity nor increases the level of cAMP.
Thus, it is possible that the interaction of dopamine or epinephrine with the D-2 receptor
which may exist in myoblast results in the inhibition of myoblast fusion. In addition, it
is also possible that the a-adrenoreceptor may be involved in this inhibitory effect, but it
remains to be elucidated.

Curtis & Zalin (1981) reported that epinephrine (107°M) and isoproterenol (1075M)
maximally stimulated cell fusion with concomitant increase in the intracellular cAMP level

in cultured myoblasts. However, in our studies epinephrine added at the same concentra-
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tion stimulated slightly the cell fusion, but showed rather an inhibitory effect on the
fusion at the later stage of the culture (data not shown). Furthermore, at higher concen-
tration of epinephrine (e.g., at 3xX107°M), this neurotransmitter consistently inhibited
the fusion process of myoblast.

In addition, it was reported that epinephrine interacted with the B-adrenoreceptor at
lower concentration (107%-10"7M), whereas at higher concentration epinephrine interacted
with the a-adrenoreceptor or the D-2 receptor in the intermediate lobe of the rat pituitary
gland (Bower et al., 1972; Munemura et al., 1980). The conflicting results of epinephrine
effects on myoblast fusion, therefore, can be due to the presence of both the D-2 receptor
(or the a~adrenoreceptor) and the p-adrenoreceptor.

How does dopamine or epinephrine inhibit myoblast fusion is uncertain. There are,
however, some evidence that catecholamine affects Ca?*~influx. Horn & McAffe (1980)
proposed that activation of an a-adrenoreceptor inhibits a voltage-sensitive Ca** conduc-
tance, thereby reducing the inward Ca?* current. Douglas & Taraskevich (1978)
reported that dopamine decreased the frequency of spontaneous action potentials. Calcium
normally enters a cell through a relatively specific calcium channel that is independent of
membrane potential, or through a potential-dependent calcium channel (Rasmussen &
Goodman, 1977). Both channels may be activated by hormonal interaction with the
plasma membrane. The fusion of myoblast is also known to be dependent on Ca2*
(Bischoff, 1978; Ha et al., 1979). Little is known about the molecular action of
Ca?* until now, but David et al. (1981) have recently observed that a measureable
increase in net calcium influx occurred just prior to fusion. This finding indicates that
Ca?* may play a role in myoblast differentiation. On the basis of all these observations,
it can be speculated that dopamine or epinephrine interacts with their receptor, and their
interaction blocks Ca?* influx, which is responsible for either (or both) the myoblast
differentiation and/or the membrane fusion of myoblast.

Zalin (1977, 1979) has reported that PGE, is an effective promoter of precocious
fusion in cultured myoblast. This was confirmed in the present culture condition. Addition
of PGE, enhanced myoblast fusion, whereas aspirin, an inhibitor of PG synthetase,
inhibited. This result suggests that PGE, has a normal role in the fusion process,
perhaps as the synchronizing agent. It was proposed that the effect of PGE, was mediated
by an increase in the intracellular cAMP level (Zalin & Leaver, 1975). However, how
exogeneous dbcAMP delays myoblast fusion remains to be elucidated.

In depleted medium, abnormal multinucleated cells that are similar to the myosacs
described by Bersten et al. (1983), who observed that lysosomotropic amines prevented
elongation of myotubes, were formed. Bersten et al. (1983) proposed that transglutaminase,
an intracellular enzyme, was responsible for the formation of myotube, but the present
result indicates that some components of embryo extract are also involved in the formation

of myotube. The multinucleated cells were not observed in the culture added with catech-
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olamine. Thus, it is unlikely that catecholamine inhibites myoblast fusion by the same
way as the depleted medium.

There are some debates about the control of fusion process in wvitro. One hypothesis is
that cells in culture deplete a substance that stimulates cell proliferation and inhibits
fusion (Konigsberg, 1982). This model assumes that there exists (a) differentiation-
inhibiting factor(s) in embryo extract and this is generally believed to be a protein
(Evinger-Hoges et al., 1982).

In the present experiment, catecholamine was shown to inhibit myoblast fusion and
therefore it is also possible that neuron has some inhibitory effect on myoblast differentia-
tion iz vive. If so, it can explain the nature of the synchronous differentiation of myoblast

in wvitro.
ABSTRACT

In order to investigate the effect of neurotransmitter on myoblast differentiation iz vitro,
the effects of dopamine and epinephrine on myoblast fusion and on the intracellular cAMP
level in cultured myoblasts were examined.

Dopamine (3x107M) and epinephrine (3x107°M), when added at 34 hr after cell
plating, markedly inhibited myoblast fusion, and dopamine was more potent than epineph-
rine. Both dopamine and epinephrine had no effect on intracellular cAMP level.

At the same time, exogeneous dbcAMP, PGE,, and aspirin were used to examine
whether ¢cAMP is involved in myoblast differentiation. dbcAMP (1x107*M) inhibited
myoblast fusion, whereas PGE, (3x10"°M) had no inhibitory effect, rather enhancing
myoblast fusion. Aspirin, an inhibitor of PG synthetase, was shown to inhibit myoblast
fusion.

Possible mechanism by which dopamine or epinephrine at a specific concentration used

inhibits myoblast fusion is discussed.
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