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IS THE CONTRACTILE RESPONSE
TO EXOGENOUS ACETYLCHOLINE
DUE TO A PRESYNAPTIC EFFECT?

C.Y. LEE & M.C. TSAI1
Pharmacological Institute, College of Medicine, National Taiwan University, Taipei, Taiwan, Formosa

I Whether the contractile response induced by exogenous acetylcholine (ACh) chiefly involved the
pre- or post-synaptic junctional site of the motor endplate was studied by using the cat gastrocnemius
nerve muscle preparation poisoned with P-bungarotoxin (f-BuTX), a toxin isolated from the venom of
Bungarus multicinctus which acts presynaptically.
2 After neuromuscular transmission was completely blocked by P-BuTX, the dose-response curve of
the contractile response induced by close intra-arterial injection of ACh, was compared with that of
the control. No appreciable difference was observed.
3 In contrast, the response to ACh was completely abolished when neuromuscular transmission was
blocked by a-bungarotoxin, a toxin isolated from the same venom which acts postsynaptically.
4 It is concluded that postjunctional site of the motor end-plate is chiefly involved in the contractile
response produced by exogenous ACh.

Introduction

Acetylcholine (ACh) has been considered as a
neuromuscular transmitter which is synthesized in and
released from the motor nerve terminal (for review, see
Hubbard, 1973). However, Riker and his colleagues
have claimed that intra-arterial ACh depolarizes the
motor nerve endings, the in vivo contractile response
of the innervated muscle to ACh being largely a result
of this action and concluded that the functional
integrity of the unmyelinated terminals is essential for
the action of ACh (Riker, 1966; Okamoto & Riker,
1969; Riker & Okamoto, 1969). Recently, Okamoto,
Longenecker, Riker & Song (1971) reported that the
contractile response to exogenous ACh was severely
impaired in the cat soleus and gastrocnemius muscles
poisoned with the venom of black widow spider
(Latrodectus mactans tredecimguttatus), which
selectively destroys motor nerve endings (Clark,
Mauro, Longenecker & Hurlbut, 1970; Okamoto et
al., 1971; Clark, Hurlbut & Mauro, 1972). As a result
of these observations, Okamoto et al. (1971)
concluded that the pre-junctional site of the motor
endplate was chiefly involved in the contractile
response produced by exogenous ACh.

a-Bungarotoxin (a-BuTX) and P-bungarotoxin (f-
BuTX) were isolated from the venom of Bungarus
multicinctus, the former producing neuromuscular
block of the antidepolarizing type by acting on the
postjunctional membrane of the motor endplate, and
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the latter acting exclusively on the presynaptic side of
the neuromuscular junction and producing a marked
reduction in ACh output from the rat diaphragm and
a blockade of neuromuscular transmission which was
not associated with any diminution of response to
ACh (Chang & Lee, 1963; Lee & Chang, 1966;
Chang, Chen & Lee, 1973).

Since both black widow spider venom (BWSV) and
P-BuTX were considered to block neuromuscular
transmission presynaptically, it was deemed to be of
interest to see whether fl-BuTX has the same effect as
BWSV on the contractile response to exogenous ACh
in the cat gastrocnemius nerve muscle preparation in
situ. In addition the effect of a-BuTX was compared
on the same preparation.

Methods

Purification ofbungarotoxins

a-Bungarotoxin and fi-BuTX were isolated from the
venom of Bungarus multicinctus by means of column
chromatography on CM-Sephadex C-50 using
ammonium acetate buffer gradient according to the
method of Lee, Chang, Kau & Luh (1972). The con-
centration of buffer ranged from 0.05 M, pH 5.0 to
1.0 M. pH 6.8. Fractions 2 and 5, which contained
a-BuTX and P-BuTX respectively, were re-
chromatographed on CM-cellulose with the same
buffer system.
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compounds into the ganglion and trunk might vary greatly from preparation to
preparation, the moving-fluid technique is clearly unsuitable for showing the
ganglionic actions of K+ or of similar 'non-specific' depolarizing agents.
On the other hand, the sequence of potential changes produced by carbachol

was quite unaffected by crushing the postganglionic nerve, showing that they arose
entirely from depolarization and after-hyperpolarization of the ganglion cells. This
anatomically-specific effect is also apparent from the fact that, unlike K+, carba-
chol produced a sustained reversal of the resting demarcation potential (Fig. 1).
Thus, the moving-fluid method gives a fairly reliable index of ganglionic potential
changes produced by carbachol. Although much less than the actual membrane
potential changes (because of shunting through the extracellular fluid), the measured
responses were very constant during each experiment, fluctuating by <10% for a
given concentration of carbachol provided that sufficient recovery time (45-60 min)
was allowed between successive applications.

Post-carbachol hyperpolarization

Dose-response relationship

Both depolarization and after-hyperpolarization increased with increasing con-
centrations of added carbachol, though with some lack of proportionality at low
levels of depolarization (Fig. 3a). Both decreased in rather similar manner in the
presence of increasing concentrations of hexamethonium (Fig. 3b). Since the
amount of Na+ entering the neurones would increase as the depolarization in-
creased, this type of relationship would be expected if the hyperpolarization resulted
from the electrogenic extrusion of accumulated Na+.
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FIG. 3. Responses of two isolated rat ganglia (a) to increasing concentrations of carbachol
(0, 18 AMM; A, 55 liMM; , 180 pM; *, 550 AM) and (b) to a constant concentration of
carbachol (55 ,M) in the presence of increasing concentrations of hexamethonium (0, 0;
0, 2-5 MM; A, 8 AM; V, 25 AM; l, 80 AM; *, 250 Mm). Carbachol was added to the bath
fluid for 4 min (indicated in this and subsequent figures by the upper horizontal bar) and
then washed out with fresh Krebs solution. Ordinates: ganglionic potential shift measured
as in Figs. 1 & 2 (mV, ganglion depolarization -ve). Abscissae, time after adding carbachol
(min). (Note the different time scales in (a) and (b).)
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Figure 3 Effects of a-bungarotoxin (a-BuTX) on
contractions of the cat gastrocnemius muscle in situ.
Stimulation of the sciatic nerve (0.4 ms) once every
5 seconds. Electrical stimulation was interrupted
during close intra-arterial injection of acetylcholine
(ACh). At arrow, a-bungarotoxin was injected in-
travenously. At ACh, acetylcholine was injected intra-
arterially.

complete neuromuscular block took place gradually in
about 2 h (Figure 3).

Discussion

Although both BWSV and ,-BuTX had been shown
to block neuromuscular transmission presynaptically,
their effects on the contractile response to exogenous
ACh were quite different. According to Okamoto et
al. (1971), the contractile response of both the cat gas-
trocnemius and the soleus muscle produced by

exogenous ACh was severely impaired after complete
poisoning with BWSV. The dose-response curve to
intra-arterial ACh in the BWSV-treated cats was
flattened and shifted to the right as compared to that
of the control. As a result of these observations, they
concluded that the prejunctional site of the motor
endplate was chiefly involved in the contractile
response produced by exogenous ACh. However, in
the present experiments, the ACh dose-response curve
in the ,-BuTX-poisoned muscle was not appreciably
different from that of the control, whereas the
response to ACh was completely abolished by a-
BuTX. Our results are in good accordance with the
previous finding that P-BuTX does not affect the ACh
receptor of the post-synaptic membrane (Chang &
Lee, 1963; Lee & Chang, 1966; Chang et al., 1973).
Our results strongly indicate that the post-junctional
site of the motor endplate is chiefly involved in the
contractile response produced by exogenous ACh.

There are two possibilities for the discrepancy
between our results and those of Okamoto et al.
(1971): (1) BWSV might contain some component(s)
that could affect post-synaptic membrane excitability
to ACh, although Okamoto et al. (1971) claimed that
BWSV was a toxin selectively poisoning the motor
nerve ending. In this connection, Gruener (1973) has
reported that BWSV can produce marked loss of
excitability of the squid giant axon, whereas P-BuTX
has no such action. (2) The sensitivity of the gas-
trocnemius muscle to exogenous ACh might have
been reduced after repeated intra-arterial application
of ACh in the experiments of Okamoto et al. (1971).
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