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Autoregulation of acetylcholine release from vagus
nerve terminals through activation ofmuscarinic
receptors in the dog trachea
Yushi Ito & Takeshi Yoshitomi

Department ofPharmacology, Faculty of Medicine, Kyushu University, Fukuoka 812, Japan

1 The effects of pirenzepine and gallamine on the membrane and contractile properties of smooth
muscle cells and on excitatory neuro-effector transmission in the dog trachea were investigated by
means of microelectrode, double sucrose gap and tension recording methods.
2 Pirenzepine (10-7 M) and gallamine (10-5 M) had no effect on the resting membrane potential or the
input resistance of the smooth muscle cells.
3 Pirenzepine (10-'1- 10-' M) and gallamine (10- M) enhanced the amplitude of twitch contractions
evoked by field stimulation in the combined presence of indomethacin (10-0M) and propranolol
(10-6M). At higher concentrations pirenzepine (10-8M) inhibited the twitch contractions in a dose-
dependent manner. Both pirenzepine and gallamine in doses over 10-' and 10-5M, respectively,
reduced muscle tone.
4 Pirenzepine (10-'° 10-' M) and gallamine (10-' M) enhanced the amplitude of excitatory junction
potentials (e.j.ps) evoked by field stimulation (single or repetitive stimulation). However, a high
concentration of pirenzepine (10-8 M) reduced the amplitude of ej.ps. In parallel with its action on

e.j.ps, pirenzepine (over 10-' M) reduced the response ofsmooth muscle cells to acetylcholine (ACh), in
a dose-dependent manner. Gallamine (5 x 10-s M) markedly enhanced the amplitude ofej.ps but also
reduced the response of muscle cells to ACh.
5 ACh (10-1o-10-9M) inhibited twitch contractions evoked by field stimulation, with a slight
increase of resting tension.
6 Gallamine enhanced the summation of e.j.ps during repetitive field stimulation at a high frequency
(20 Hz), but was without effect on the depression phenomena ofej.ps observed during double stimulus
experiments at different time intervals (5-60 s).
7 These results indicate that both pirenzepine and gallamine have dual actions on pre- and post-
junctional muscarinic receptors in dog tracheal tissue. At low concentrations both agents potentiate
excitatory neuro-effector transmission, presumably due to enhancement of release ofACh from vagal
nerve terminals through blockade ofa negative auto-regulatory process activated by endogenous ACh.
At higher concentrations, these agents inhibit the response of smooth muscle cells to ACh through
post-junctional muscarinic receptors and relaxation of the muscle tissue occurs.

Introduction

The existence ofinhibitory neuronal muscarinic recep-
tors has been demonstrated in central (Watson et al.,
1983; Raiteri et al., 1982; 1984) and peripheral adren-
ergic (Starke, 1977, Fuder et al., 1981; 1982) and
cholinergic nervous systems (Goyal & Rattan, 1978;
Dzieniszewski & Kilbinger, 1978; Gardier et al., 1978;
Gallagher et al., 1982).

In airway smooth muscle tissues, neuronal mus-
carinic receptors attenuate the effects ofparasympath-
etic nerve activity in the guinea-pig lung (Fryer &
Maclagan, 1984). In cats, stimulation of the vagus

nerves produces bradycardia and bronchoconstric-
tion, as measured from the resulting increase in lung
resistance and fall in dynamic lung compliance.
Gallamine, a neuromuscular blocking agent which is
also known to antagonize the negative inotropic and
chronotropic actions of muscarinic agonists in the
heart (Laity & Garg, 1962; Muscholl, 1980), poten-
tiated these vagally-mediated changes in lung resis-
tance and dynamic lung compliance. This occurred at
doses which block both cardiac muscarinic receptors
and neuromuscular transmission (Blaber et al., 1985).
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Furthermore, bronchoconstriction induced by
intravenously applied acetylcholine was not poten-
tiated by gallamine, thus indicating that post-synaptic
muscarinic receptors in the lung may not be involved
in the increase in muscle tone induced by gallamine
during nerve stimulation. (+)-Tubocurarine or sux-
amethonium, however, did not affect the response of
the lung or the heart to vagal stimulation (Blaber et al.,
1985).
The identification and classification of multiple

muscarinic receptors in central and peripheral nervous
systems has been the object of several investigations
using different procedures (for reviews see, Turbanti et
al., 1982; Caulfield & Straugham, 1983). Recently, it
was reported that pirenzepine, a 'nonclassical' mus-
carinic antagonist, discriminates between subtypes of
muscarinic receptor; that is, in both functional and
binding experiments, pirenzepine was found to have a
higher affinity for muscarinic receptors of certain
brain areas (see reviews by Hammer& Giachetti, 1982;
Birdsall & Hulme, 1983) and of sympathetic ganglia
(Brown et al., 1980) than for the muscarinic receptors
in the isolated ileum or heart (Brown et al., 1980;
Fuder et al., 1982; Barlow & Chan, 1982).
To investigate the properties of muscarinic recep-

tors located at the vagus nerve terminals in the airway,
we have studied the actions of gallamine and piren-
zepine on the pre- and post-junctional muscarinic
receptors in dog tracheal muscle tissues. We used these
muscarinic antagonists to characterize the muscarinic
receptor, since the data obtained are easier to interpret
than that when agonists are used (Hammer et al., 1980;
Kilbinger et al., 1984).

Methods

Adult mongrel dogs of either sex, weighing 10-15 kg
were anaesthetized with intravenous pentobarbitone
(10-30mgkg-'). Segments of the cervical trachea
were excised and a strip of transversely running
smooth muscle tissue was separated from the cartilage.
The mucosa and adventitial areolar tissues were
carefully removed. The tracheal smooth muscle was
cut in sections, 2.0-2.5mm wide and about 20mm
long for the double sucrose gap experiments or into
strips 15-20mm long, 1-2mm wide and 0.3-0.4mm
thick for microelectrode recording. These prepara-
tions were bathed in a modified Krebs solution of the
following ionic composition (mM): Na+ 137.4, K+ 5.9,
Mg2+ 1.2, Ca2 2.5, Cl- 134.0, H2PO4- 1.2,
HCO3- 15.5 and glucose 11.5. The solution was
aerated with 97% 02 and 3% CO2 and the pH was
adjusted to 7.3-7.4. For intracellular recording, a
conventional microelectrode filled with 3 M KCl was
inserted from the outer surface ofthe preparation. The
chamber in which the muscle preparation was moun-

ted had a volume of 2 ml, and was superfused at a rate
of 3 mlmin-' at a temperature of 35-36°C.
The double sucrose gap method was used to record

both the membrane potential and tension develop-
ment in the tissue. The chamber used has been
described in detail elsewhere (Ito & Tajima, 1981). To
produce neurogenic responses, field stimulation was
applied by a ring electrode placed in the centre pool of
the apparatus. Single and repetitive stimulation was
applied, with current pulse of 50-100 As in duration
and about 10-30 V in strength. Drugs were dissolved
in Krebs solution and applied to the tissue through the
central pool ofthe double sucrose gap apparatus using
a multi-way tap (dead-time approximately 30 s).
To measure the mechanical changes, the tissue was

mounted in a 1 ml organ bath through which the test
solution, at a temperature of 35'C, flowed contin-
uously. The preparation was placed vertically and the
ends were tied with silk thread. One end of the strip
was tied to a mechanotransducer (Nihon-Kohden
Ltd., RCA-5734) and the other end to a hook at the
bottom of the bath. The strips were set up with an
initial tension of 0.3 g and mechanical activity was
recorded with a pen recorder.
The following drugs were used: gallamine, acetyl-

choline hydrochloride, indomethacin (Sigma), piren-
zepine (Boehringer), propranolol hydrochloride (Nik-
ken Chemical), tetrodotoxin (Sankyo), and atropine
sulphate (Daiichi).

Results (amplitude of contractions or ej.ps) are
expressed as mean ± s.d. and were analyzed for
statistical significance by Student's t test.

Results

Effects ofpirenzepine andgallamine on the electrical
membrane properties ofsmooth muscle cells in the dog
trachea

The resting membrane potential of tracheal cells was
- 60.0 ± 1.5 mV (n = 50). Pirenzepine and gallamine
each up to 10-0M had no effect on the resting
membrane potential (in 10- M pirenzepine;
- 58.6 ± 1.5 mV (n = 20) and in 10-5M gallamine;
- 59.0 ± 1.5 mV (n= 25)).
During application of pirenzepine (10- M) or

gallamine (10- M), there were no apparent changes in
the amplitude of the electrotonic potentials evoked by
the constant intensity of inward and outward current
pulses applied extracellularly using the microelectrode
method. Thus, the input membrane resistance or
membrane potential of the smooth muscle cells were
unaffected by pirenzepine (10- M) or gallamine
(10o- M).
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Figure 1 Effects of various concentrations of pirenzepine (10-l0-10-sM) and gallamine (10-7-10-5M) on resting
tension and twitch contractions evoked by field stimulation (10 stimuli at 20 Hz). Arrows indicate application and
removal of the agents. (a-c) Pirenzepine (10'0-10-8M); (a'-c') gallamine (107--105M).

Effects ofpirenzepine andgallamine on twitch
contractions evokedby nerve stimulation

To observe the effects of pirenzepine or gallamine on
twitch contractions evoked by cholinergic nerve fibres
in the dog tracheal tissue, field stimulation of short
duration (500 lss) was applied in the combined
presence of indomethacin (10-5M) and propranolol
(10-6M) (Inoue et al., 1984).

Figure 1 shows the effects of pirenzepine (10-10-
10-5 M) or gallamine (10-'-10-5 M) on the amplitude
of twitch contractions evoked by repetitive field
stimulation (10 stimuli at 20 Hz) applied every 5 min.
Pirenzepine (10-'° or 10-9 M) slightly increased resting
tone and enhanced the amplitude of twitch contrac-
tions to 1.14 ± 0.04 (n = 4) or to 1.28 ± 0.02 (n = 6)
times the control, respectively (the mean amplitude of
3 twitch contractions before application of agent was
taken as 1.0 and the effects of agents were observed
from the third twitch contraction after application of
either agent). At a concentration of 10-8M, piren-

zepine had dual actions on the twitch contraction
evoked by repetitive stimulations. The first twitch
contraction evoked after application of pirenzepine
was increased to 1.45 ± 0.07 times the control (n = 5)
and this was followed by a progressive decline (the
third twitch contraction; 0.09 ± 0.02 times the control;
n = 5). Furthermore, at concentrations over 10-8M
this agent reduced the resting tension with a reduction
in the amplitude of twitch contractions.

Gallamine similarly enhanced the amplitude of
twitch contractions, although higher doses (10-'-
10- M) than those of pirenzepine were required. This
increase in twitch contractions was dose-dependent
and the mean values were 1.17 ± 0.10 times the control
at 10-7M (n = 5), 1.33 ± 0.08 times at 10-6M (n = 7),
or 1.62 ± 0.04 times at 10-5M (n = 5). During
repetitive stimulation in the presence of gallamine
(10' or 10-6 M), the resting tone of the muscle tissue
slightly increased. At 10- M, this agent slightly
reduced the resting tension but there was no depres-
sant effect on the twitch contraction.

b-

10-8 M

0.3 g

0.3 g

0.3 g
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Figure 2 Effects of pirenzepine and gallamine on the relative amplitude of twitch contractions evoked by field
stimulations. (a and c) Effects of pirenzepine (a; -0Io-I0-7M) and gallamine (c; l0-'-5 x I0- M) on the relative
amplitude of twitch contractions. The amplitude of twitch contractions evoked by 10 stimuli at 20 Hz in normal Krebs
solution was defined as a relative tension of 1.0. (0) Control; (-) various concentrations ofpirenzepine or gallamine (b
and d) Relationship between the number ofstimuli (5-30 at 20 Hz) and relative amplitude oftwitch contractions in the
presence or absence ofpirenzepine (b) and also gallamine (d). The amplitude oftwitch contraction evoked by 30 stimuli
at 20 Hz in normal Krebs solution was defined as a relative tension of 1.0. (0) Control; (0) pirenzepine IO101 M (b) or
gallamine 10-'6M; (I) gallamine 10-5M. n = 4-6.
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Figure 3 Effects ofvarious concentrations ofpirenzepine and gallamine on the amplitude ofej.ps evoked by single (a,
and b) or repetitive field stimulation (a2; 3 pulses at 20 Hz). The pulse duration was 50 s.

Figures 2a and c show dose-response relationships
for the effects of pirenzepine and gallamine on the
amplitude of twitch contractions evoked by 10 stimuli
at 20 Hz. The evaluation procedures were the same as
for Figure 1; i.e. the mean value of the third twitch
contraction after application of either agent was
measured. Figures 2b and d show the amplitude of the
twitch contractions and number of stimuli used to
evoke these (20 Hz) in the presence or absence of
pirenzepine (10-'M) and gallamine (106-10-5M),
respectively. The amplitude of twitch contraction
evoked by 30 pulses with 20 Hz was normalized as the
control. When the number of stimuli was increased,
the amplitudes of the contractions increased propor-
tionally. The relationship between twitch contraction
amplitude and number of stimuli was shifted to the
left.

Effects ofpirenzepine andgallamine on the amplitude
ofthe excitatoryjunction potential (ej.p.)

To assess the mechanisms involved in the potentiating
effects of pirenzepine or gallamine on twitch contrac-
tions, the effects of these agents on ej.ps were

examined by the double sucrose gap method in the
presence of indomethacin and propranolol (Inoue et
al., 1984; Walters et al., 1984).
As shown in Figure 3, field stimulation (50 ps

duration) was applied through electrodes placed in the
centre pool of the double sucrose gap apparatus and

an excitatory junction potential (ej.p.) was evoked.
Pirenzepine (10-9 M) slightly, but significantly
(P<0.01) enhanced ej.p. amplitude to 1.15 ± 0.07
times the control as measured 5 min after application
(n = 7). At higher concentrations pirenzepine (10 8 M)
inhibited the amplitude to 0.20 ± 0.05 times the con-

trol (n = 6). When repetitive stimuli at a high
frequency (3 stimuli at 20 Hz) were applied, potentia-
tion was evident at lower doses of pirenzepine (in
10'`0M, the amplitude was increased to 1.13 ± 0.10
times the control, n = 8), and at 10-0M, this agent
further increased the amplitude ofej.p. to 1.40 ± 0.18
the control value (n = 8). However, at 10- M, this
agent suppressed ej.p. amplitude to 0.42 ± 0.05 times
the control (n = 6). Gallamine (10-6 and 5 x 10-5 M),
progressively increased the amplitude of the ej.p.
evoked by a single stimulus to 1.10 ± 0.05 and
1.40 ± 0.12 times the control, respectively (n = 6-8).
Figure 4 summarizes the effects of pirenzepine and

gallamine on the relative amplitude of the ej.p., the
input membrane resistance and resting membrane
potential of the smooth muscle cells. Low concentra-
tion of pirenzepine (10-9M) enhanced and higher
concentrations (10- M) suppressed ej.p. amplitude
with no change in the input membrane resistance and
resting membrane potential of the smooth muscle
cells. Gallamine (10-5 M) significantly enhanced ej.p.
amplitude without changing membrane potential or
input membrane resistance (Figure 4b). These elec-
trical effects were accompanied by parallel changes in

Pirenzepine

Control lo-10 M

Gallamine

Control 10-6 M

b J-L



AUTOREGULATION OF ACh-RELEASE IN TRACHEA 641

a
Relative amplitude of e.j.p.

1.0'

0.5-

b
Relative Relative
value of Rin amplitude of e.j.p.

0rl.5

.0 X

0J
RP
-50

-60 I i

-70 -

mV H
Control

0 0

E.5

I I

o-lo 10-9 l0-8
Pirenzepine (M)

1.51

1.0 1.0-

0.5 0.5-

0J

RP
-50]

-60] e f

-70]
mV . IS.

Control i-7 1 o-6
Gallamine (M)

Figure 4 Relationship between the concentration of pirenzepine (a) and gallamine (b) and the relative amplitude of
the ej.p. (0, 0), relative value of input membrane resistance (Rin) (-) and the resting membrane potential (RP) (U)
of the smooth muscle cells. The amplitude of the ej.p. evoked by single (0) or repetitive field stimulation in normal
Krebs solution (0; 3 pulses at 20 Hz), and the amplitude of the electrotonic potentials produced by square pulses in
normal Krebs solution was defined as 1.0. Each point is the mean value derived from 5-20 experiments; vertical bars
indicate 2 x s.d.

the twitch contraction evoked by field stimulation.

Effects ofpirenzepine andgallamine on the
acetylcholine (ACh) -induced contraction ofthe dog
trachea

To clarify the site of actions of pirenzepine or

gallamine on this tissue, we examined the effects of
both agents on the post-junctional response of the
smooth muscle cells to ACh. For this purpose, the
tension development induced by application of ACh
(10- M) was measured before and during application

of pirenzepine (I0-'0-l0-7M) or gallamine (10-6M-
10-5 M), together with the twitch contraction evoked
by field stimulation.
As shown in Figure 5, the amplitude of the ACh

(10'M)-induced contraction was larger than that of
the twitches evoked by 10 stimuli at 20Hz. Applica-
tion of gallamine (10-6M) increased the twitch con-

traction amplitude to 1.25 ± 0.12 times the control
(n = 5). However, amplitude of the ACh-induced
contractions were unaffected. Gallamine (5 x 10-5 M)
reduced ACh-induced contractions to 0.80 ± 0.10
times the control (n = 5 (Figure 5h)). Pirenzepine
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I
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Figure 5 Effects of gallamine (a) and pirenzepine (b-f) on the amplitude of twitch contractions evoked by field
stimulation (10 stimuli at 20 Hz) or by acetylcholine (ACh, 10-' M). (a) During repetitive field stimulation (10 stimuli at
20 Hz applied every 5 min), gallamine (10-6 M) was applied at the arrow. The amplitude of twitch contractions was
enhanced, but the amplitude of ACh-induced contractions was not affected. (b-f) Twitch and ACh-induced
contractions in normal Krebs solution (b) and in the presence of various concentrations of pirenzepine (10o0-I-0-' M)
(e-f). Horizontal bars indicate the application of ACh (10-7 M). (g and h) Effects of pirenzepine (10-I-10-' M) and
gallamine (10-6-5 x 10-5M) on the relative amplitude ofACh (10-' M)-induced contractions. The amplitude ofACh-
induced contractions in normal Krebs solution was defined as a relative amplitude of 1.0.

(10-"1l0-9M) enhanced the twitch contraction induced contractions (Figure 5g).
amplitude evoked, although at concentrations over These results show that both gallamine (up to
10 8M, the twitches were reduced (Figure 5b-f). 10-5 M) and pirenzepine (up to 10- M) inhibited ACh-
However, in concentrations over 10-0M, pirenzepine induced contraction yet simultaneously enhanced
had only a depressant action on amplitude ofthe ACh- ej.p. amplitude, indicating both pre- and postsynaptic
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Figure 6 Effects of various concentrations of acetyl-
choline (ACh) on the twitch contractions evoked by field
stimulation (20 Hz, 10 pulses at 5 min intervals). Applica-
tion and removal of ACh are indicated by arrows. (a)
10-'1M, (b) 5 x 10-'OM, (c) 1O-9M ACh.

actions of these agents.

Effects ofacetylcholine on twitch contractions evoked
by nerve stimulation

Pirenzepine (l0'--l0-9M) and gallamine (10-7M)
each increased ej.p. and twitch contraction amplitude

evoked by field stimulations. It was therefore of
interest to observe the effects of ACh on resting
tension and twitch contractions. At low concentra-
tions of ACh (10-0'M) amplitude of the twitch con-
tractions was slightly reduced whilst at higher concen-
trations (10-9 M) there was an accelerated reduction in
twitch contraction amplitude. ACh in concentrations
over 5 x 10- '°M, increased the resting tension (Figure
6).

Effects ofgallamine on the summation orfacilitation
process ofe.j.ps

Figure 7a shows the effects of gallamine (5 x 10-6 M)
on the relationship between the amplitude ofej.ps and
the number of pulses at a stimulus frequency of20 Hz.
The amplitude of ej.p. evoked by a single stimulation
was defined as a relative amplitude of 1.0. When
several stimuli were applied, a linear relationship was
observed between the number of stimuli and ej.p.
amplitude, with slopes of 1.8 ± 0.3 (± s.d., n = 5) and
2.2 ± 0.3 (± s.d., n = 4) in the control and gallamine-
treated muscle, respectively. Thus, gallamine enhan-
ced ej.p. amplitude during repetitive field stimulation.

In contrast ej.p. amplitude recorded by the double
stimulus experiments (5-60 s interval) showed some
depression phenomena, i.e. the amplitude of the
second ej.p was smaller than that of the first one, and
this depression lasted for more than 1 min (Ito &
Tajima, 1981). Gallamine (10-5M) had no effects on
this phenomenon (Figure 7b).
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{Control b
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Figure 7 (a) Effects of gallamine on the relationship between ej.p. amplitude and the number of stimuli at 20 Hz. (0)
Control; (0) gallamine (5 x 106 M). Each point is the mean value of several experiments, vertical bars indicate
2 x s.d. The straight line was fitted by the method of least squares. (b) Relative changes in the amplitude of the test
ej.p. (the second ej.p.) following recording ofthe conditioning ej.ps (the first ej.p.) measured at various time intervals
in the absence (0) or presence of gallamine 10-5 M (0).
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Discussion

Blaber et al. (1985) reported that pirenzepine and
gallamine, both 'nonclassical' muscarinic antagonists,
showed no direct action on cat airway smooth muscle
cells, yet exerted an indirect action through modula-
tion ofACh release from vagus nerve terminals. In the
present study, both pirenzepine and gallamine
increased twitch contraction and ej.p. amplitudes,
strongly suggesting that the ACh releasing mechanism
at the vagus nerve terminals is under the control of
endogenous ACh (an autoregulatory process). If this
enhancement of ej.p. amplitude is due to blockade of
a cholinergic autoregulatory process, then it can be
assumed that sufficient amounts of endogenous ACh
are present in the vicinity of presynaptic muscarinic
receptors. In the guinea-pig and bovine trachealis
muscle, the anticholinesterase, neostigmine and
physostigmine, produce spasm due to an enhancement
of the actions of endogenously released ACh and/or
with increase in ACh release from the nerve terminals
(Carlyle 1963; Kirkpatrick & Rooney, 1982).
Therefore in the dog trachealis muscle, it seems

probable that small amounts of ACh are spontan-
eously released during the resting state of the nerve,

and that this ACh inhibits the neuronal release ofACh
during resting and active states.
The generation of miniature ej.p. was observed in

the dog bronchiole on rare occasions (Inoue & Ito;
unpublished observations). On the assumption that
there is a basal release of ACh, one might expect a

degree of maintained depolarization which could be
reversed in the presence of higher concentrations of
pirenzepine and gallamine. However, neither drug had
any effect on membrane potential although they both
apparently caused some reduction in muscle tone. In
airway smooth muscle, however, membrane
depolarization is not always a key factor in the
initiation of contraction especially at low concentra-
tion of ACh (Ito & Itoh, 1984). Such concentrations
might increase tension through pharmaco-mechanical
coupling without a change in membrane potential
(Hashimoto et al., 1985).

Similarly, the release of noradrenaline, when
measured as inhibitory postsynaptic potentials in the
submucous plexus ofthe guinea-pig, is probably under
the control of endogenous ACh, since pirenzepine
increased the amplitude of i.p.s.ps (North et al., 1985).
There is also evidence that small amounts ofACh are
spontaneously released in the form of miniature
excitatory postsynaptic potentials in the bull-frog
sympathetic ganglia (Tokimasa, 1985).

In the myenteric plexus-longitudinal muscle
preparation of the guinea-pig ileum, ACh release is
also regulated by inhibitory muscarinic receptors on

pre-synaptic nerve terminals, since oxotremorine
reduces [3H]-ACh outflow evoked by nerve stimula-

tion, in a concentration-dependent manner, and mus-
carinic antagonists produced parallel shifts of the
concentration-response curves of the pre-junctional
effects of oxotremorine. However, Kilbinger et al.
(1984) reported that the absolute amounts of ACh
outflow in the presence ofmuscarinic antagonists were
not significantly different from the control values.
Therefore, they concluded that autoregulation ofACh
release was not of functional importance in the guinea-
pig ileum.

Recently, it was demonstrated that muscarinic M,-
and M2-receptors in the guinea-pig enteric nervous
system mediate the depolarization of postsynaptic
membranes and presynaptic inhibition of transmitter
release, respectively (North et al., 1985). Furthermore,
in certain neurones of the rat nucleus parabrachialis,
muscarine produced a membrane hyperpolarization,
mediated by M2-receptors (Egan & North, 1986). In
contrast, in rat and rabbit hearts there were no
differences between the pre- and post-junctional pA2
values for any of the antagonists tested including
pirenzepine (Fuder et al., 1981; 1982). Similarly, in the
guinea-pig ileum, it was concluded that although
pirenzepine was 30-100 times more potent at M,-
than at M2-receptors (Hammer et al., 1980; Raiteri et
al., 1982; 1984), this agent apparently did not distin-
guish between pre-junctional neuronal and post-junc-
tional muscular muscarinic receptors, i.e. both types of
receptor had the same low affinity for pirenzepine.

In the present experiments, low concentrations of
pirenzepine (10- M) significantly enhanced the
amplitude of twitch contractions and ej.ps recorded
from trachealis muscle cells. At higher concentrations
(over 10.8M) both these responses were depressed,
presumably by suppressing the sensitivity of the
muscle membrane to ACh. Gallamine (5 x 1O-5M)
also suppressed the sensitivity of the smooth muscle
cell to ACh, even though it enhanced the ej.p.
amplitude, thereby indicating that the pre-junctional
actions of gallamine may be underestimated on
account of its post-junctional effects. Similarly, the
pre-junctional effects of pirenzepine (10-10-10-9 M)
may also be an underestimate. However, it was
difficult in the present experiments to distinguish
clearly the receptor subtypes in the pre- and post-
junctional membranes.

During repetitive field stimulation, ej.ps showed a
depression phenomenon, which could be classified
into two components (Ito & Tajima, 1981). The
present experiments showed that gallamine enhanced
e.j.p. summation, but did not affect the time course of
the depression phenomenon (Figures 7a and b),
thereby indicating that the depression was not the
result ofthe auto-regulation ofACh release. Presuma-
bly, other substances may contribute to this depres-
sion.

In dog trachea or bronchioles, endogenous pros-
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taglandins also regulate the release ofACh, both in the
active and resting states ofthe nerve terminal (Inoue&
Ito, 1984; 1985; Walters et al., 1984). It is also known
that low concentrations of endogenous or exogenous
catecholamine activate pre- and post-junctional P-
adrenoceptors and induce potent bronchodilator
effects (Ito & Tajima, 1982). However, in the bron-
chiolar tissue, histamine acts on pre-junctional termin-

als of the vagus nerve to enhance the release of ACh
through activation of neuronal Hi-receptors (Inoue &
Ito, 1986). Thus, neural and humoural factors includ-
ing ACh itself influence the extent of release ofACh at
the airway neuro-effector junction with a resultant
decrease or enhancement of cholinergic neurotrans-
mission.
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