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Evidence for two mechanisms of depolarization
associated with a;-adrenoceptor activation in the rat
anococcygeus muscle
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1 Membrane potential responses in the rat isolated anococcygeus to bath-applied noradrenaline and
field stimulation have been investigated by use of intracellular microelectrode and combined
extracellular electrical and mechanical (sucrose gap) recording techniques. Intracellular recordings
were made usually from tissues immobilized with hypertonic Krebs solution.

2 Bath-application of noradrenaline produced depolarizations which consisted of two components;
an initial ‘fast’ phase which peaked within 1-2s and which was followed by a ‘slow’ sustained
depolarization. Both components were concentration-dependent.

3 Noradrenaline could also evoke oscillations in membrane potential which, unlike the ‘fast’
component of depolarization, were prevented by conditioning hyperpolarization of the membrane and
‘were evoked by direct membrane depolarization with externally applied current pulses. Thus, the
oscillations are voltage-dependent phenomena.

4 Replacement of the external NaCl of the Krebs solution with an equimolar amount of Na
benzenesulphonate abolished the noradrenaline-evoked ‘fast’ depolarization while the ‘slow’ phase
was unaffected. This suggests that two mechanisms of depolarization are activated in this muscle by the
bath-application of noradrenaline. The adrenergic excitatory junction potential was also abolished in
Na benzenesulphonate.

5 Prazosin reduced both the ‘fast’ and ‘slow’ components of depolarization produced by noradren-
aline indicating their mediation by a,-adrenoceptors.

6 The membrane potential (— 29 mV) at the maximum amplitude of the ‘fast’ depolarization was
similar to the equilibrium potential (—27mV) for the depolarization evoked by ionophoretically
applied noradrenaline and which was obtained by extrapolation from the relationship between
amplitude of the ionophoretic response and membrane potential displacement in the partition
chamber. These results suggest that the ‘fast’ depolarization and the ionophoretic response are due to
an increased membrane conductance, possibly to chloride.

Introduction

The major postsynaptic electrical response to field
stimulation of the rat isolated anococcygeus muscle is
an excitatory junction potential (e.j.p.) which is
blocked by low concentrations of phentolamine and
prazosin (Creed et al., 1975; Byrne & Large, 1984) and
thus the e.j.p. is likely to be produced by the action of
noradrenaline on «,-adrenoceptors. The ionophoretic
application of noradrenaline onto the mouse and rat
anococcygeus produces a monophasic depolarization
and since the kinetics and pharmacology of this
depolarization and the e.j.p. were similar, it was

suggested that the noradrenaline ejected from the
ionophoretic microelectrode activated those receptors
which are stimulated by noradrenaline released from
intrinsic nerves (Large, 1982; Byrne & Large, 1984).
The ease with which the junctional a-adrenoceptors
could be activated by ionophoresis of noradrenaline
suggests that the anococcygeus muscle is a suitable
tissue for the study of excitatory junctional a,-adren-
oceptor-mediated mechanisms in smooth muscle.

It has also been demonstrated that in normal Krebs
solution the depolarization produced by the iono-

© The Macmillan Press Ltd 1985



712 N.G. BYRNE & W.A. LARGE

phoretic application of noradrenaline onto the rat
anococcygeus muscle is associated with a small con-
traction. When NaCl of the bathing solution was
replaced with Na benzenesulphonate the depolariza-
tion to ionophoretic noradrenaline was abolished but
contraction could still be observed (Large 1984). In
organ bath studies it was found that the equilibrium
contractile response to bath-applied noradrenaline

was unaffected by substitution of chloride with ben- .

zenesulphonate, although the time course of the
contraction was prolonged in low chloride solution. It
was concluded that noradrenaline can elicit contrac-
tion by two distinct mechanisms, one associated with
depolarization and another mechanism which is in-
dependent of a change in membrane potential.
However, in this latter study (Large, 1984) noradren-
aline was in contact with the tissue for 2—3 min in the
contraction studies whereas in the electro-
physiological experiments the ionophoretic pulse
width was rarely in excess of 200ms. We have
therefore investigated the membrane responses to
prolonged bath application of noradrenaline in tissues

that have been immobilized with hypertonic sucrose :

Krebs solution. The main finding is that noradrenaline
applied by bath application evoked a biphasic de-
polarization and the two components can be differen-
tiated in terms of kinetics and susceptibility to chloride
substitution. It is suggested that noradrenaline can
produce depolarization by two receptor-operated
mechanisms.

A preliminary account of this work has been
published (Byrne & Large, 1985).

Methods

The isolated anococcygeus of the rat was set up either
for intracellular recording of membrane potential
(Large, 1982; 1984) or for extracellular electrical
recording by use of a single sucrose gap (Biilbring &
Tomita, 1969). In the intracellular studies, the muscle
was mounted either in a partition chamber (Abe &
Tomita, 1968) or in a bath that contained two Ag/
AgCl electrodes for field stimulation placed on either
side of the preparation. The baths (volume approx-
imately 0.5 ml) were perfused continuously at a rate of
1-3mimin~! with Krebs solution or hypertonic
Krebs solution containing sucrose (400 mM) which
immobilised the tissue. Membrane potentials were
recorded with intracellular microelectrodes filled with
K acetate (4M) and with resistances of 80—150 MQ.
During experiments in which current was applied to
the tissue by external plate electrodes the changes in
membrane potential were recorded within 1.0 mm of
the leading plate.

For extracellular recording of electrical activity,
thin strips (0.5—1.0 mm) of muscle were mounted in a

single sucrose gap similar to that described by Biilbr-
ing & Tomita (1969). Changes in membrane potential
were measured via an agar bridge across the sucrose
channel; tension was measured isometrically using a
Grass transducer (FTO3C).

The normal Krebs solution used throughout con-
tained (mM): NaCl 119, KCl 4.7, CaCl, 2.5, MgSO,
1.2, KH,PO, 1.2, NaHCO; 25 and glucose 11 and was
bubbled with 5% CO,-95% O,. Reduction in [Cl], was
by substitution of NaCl with an equimolar amount of
Na benzenesulphonate (purum, non recrystallised;
Fluka Chemicals). Noradrenaline and antagonists
were added by dissolving them in the Krebs solution
(isotonic or hypertonic) with which the tissue was
superfused. Ionophoretic applications were made by
means of micropipettes, similar to those used to record
membrane potential, filled with 0.5M noradrenaline
(Large, 1982; 1983). All experiments were carried out
at room temperature (20—24°C) to make the present
conditions comparable with those used in earlier
studies (Large, 1982; 1983; 1984). It has been shown
previously that the resting membrane potential is
unaltered by lowering the temperature from 34°C to
room temperature (cf. Creed et al., 1975; Large, 1984).
Moreover the depolarizing responses to noradrenaline
are qualitatively the same at the lower temperature
although the kinetics are slower (Large, 1982).

Some rats were pretreated with 6-hydroxydopamine
in order to remove the sympathetic innervation. The
dose regimen was: 2 x SO0mgkg™' i.p. on day I;
2 x 100 mg kg™ ' on day 4 and the animals were killed
on days 5 and 6. This schedule has been shown to
produce an effective sympathectomy in the rat (Gib-
son & Gillespie, 1973) and mouse (Gibson & Wed-
more, 1981). In the present study, sympathetic den-
ervation was confirmed by the absence of an adrener-
gically-mediated e.j.p. in response to field stimulation.

Drugs used were: noradrenaline bitartrate (Sigma);
prazosin hydrochloride (Pfizer) and 6-hydroxy-
dopamine hydrochloride (Sigma).

Results

Responses to exogenously applied noradrenaline in
normal and hypertonic Krebs solution

In normal Krebs solution, the application of
noradrenaline by bath perfusion (107-10"%m)
evoked a fast depolarization which peaked within
1-2s. This was accompanied invariably by a powerful
centraction which dislodged the microelectrode and
prevented continuous recording of the membrane
potential. In order to facilitate continuous recording
from single cells during repeated applications of
noradrenaline it was necessary to abolish the contrac-
tions without eliminating the electrical response to
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noradrenaline. Hypertonic Krebs solution containing
sucrose (300 mMm) has been used to immobilize other
smooth muscle preparations (Ohashi, 1970; Bolton,
1976). In the present study, all of the intracellular
recordings obtained to the bath-application of
noradrenaline were obtained in Krebs solution con-
taining sucrose (400 mMm).

In hypertonic Krebs solution, the resting membrane
potentials (Em) though stable were sightly de-
polarized; the mean value, Em= —48.3+ 0.8mV
(mean * s.e.mean, n = 61) compared with a mean
value of — 59.5 = 1.2mV recorded in normal isotonic
solution (Byrne & Large, 1984). Stable recordings of
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Em were usually possible after some 1.5 to 2h in the
presence of sucrose after which the electrical responses
to noradrenaline became consistent. Noradrenaline
(10~7-1075M) evoked depolarizations which consis-
ted of two components. The first, a ‘fast’ component
peaked within 1-2's and was similar to that recorded
in normal isotonic Krebs solution; the second slow
phase of depolarization was well maintained through-
out the period of perfusion with noradrenaline
(Figure 1a—d). The presence of two components, each
with different kinetics, was unexpected and suggested
that they represented the activation of two distinct
mechanisms (see later). Both components of de-
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Figure 1 Effects of bath-perfusion with noradrenaline (NA for the periods indicated by the bars): (a—d) shows the
concentration-dependence of the ‘fast’ and ‘slow’ phase of depolarization recorded from one cell (Em = — 48 mV). In
(e), recorded from another cell (Em = — 39 mV), the depolarization evoked by noradrenaline triggered off oscillations
in membrane potential. Each recording was obtained in Krebs solution made hypertonic with sucrose (400 mMm) to

immobilize the muscle.
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polarization were concentration-dependent and could
each attain an amplitude of some 30mV
(Figure 1a—d). The ‘fast’ and the ‘slow’ phase were not
abolished by pretreatment of the animals with 6-
hydroxydopamine and thus neither component was
due to the release of transmitter from adrenergic
nerves. Although in Figure 1 the ‘slow’ component
was smaller than the ‘fast’ over the whole concentra-
tion-range for noradrenaline this was not invariably
so. The ratio of the amplitudes of each component
varied and often the ‘slow’ phase was larger than the
‘fast’ (see Figure 6a). Thus the ‘slow’ component was
not due merely to a decline in the initial ‘fast’
depolarisation.

The ability to record the ‘fast’ component was,
unlike the ‘slow’ component, highly dependent on the
rate of bath perfusion. With low perfusion rates
(<1mlmin~!) and, thus slow equilibration of
noradrenaline, the ‘fast’ depolarization was often not
observed although the ‘slow’ phase was invariably
produced (Figure 2a). When the bath perfusion rate
was increased (up to 1.25mlmin~'; Figure 2b) and

NA 1.0 um

5mV

Figure 2 Effects of bath perfusion rate on the de-
polarization produced by noradrenaline. The flow rate of

the Krebs solution, which contained noradrenaline (NA) -

for the periods indicated by the bars was 1.0 mlmin~"' in
(@), 1.25mlmin~" in (b) and 1.5mImin~" in (c). These
records are all from one cell, Em = — 50mV.

noradrenaline re-applied the ‘fast’ phase of de-
polarization emerged causing the overall response to
become distinctly biphasic. The amplitude of the ‘fast’
depolarization was enhanced when the flow rate was
increased further (to 1.5mlmin~'; Figure2c). The
apparent absence of the ‘fast’ depolarization at low
perfusion rates is probably because of two effects
caused by slow drug equilibration; first, the asyn-
chronous activation of receptors, and secondly, desen-
sitization of the receptors mediating the fast de-
polarization. Densensitization to ionophoretically
applied noradrenaline readily occurs in the mouse
anococcygeus (Large, 1983).

Low concentrations (10~7 to 2x 10-'M) of
noradrenaline sometimes evoked a ‘slow’ depolariza-
tion without any obvious preceding ‘fast’ phase
though the latter did emerge when the concentration
of noradrenaline was increased. The threshold concen-
tration of noradrenaline required to evoke the ‘fast’
and ‘slow’ depolarizations in hypertonic Krebs solu-
tion was approximately ten times that required for
contraction in isotonic Krebs. Moreover, the sen-
sitivity to ionophoresed noradrenaline was also re-
duced in hypertonic Krebs solution (unpublished
data). These effects were unaccompanied by any
apparent change in the pharmacological characteris-
tics of the receptors as low concentrations of prazosin
(10~3m) reduced or abolished both components of the
depolarization to noradrenaline (see Figure 6a and b).
From Figure 6a and c the dose-ratio of noradrenaline
in the presence of 10~®M prazosin was about 5 and by
use of the Schild equation an estimate of the dissocia-
tion constant of prazosin can be obtained which was
approximately 2x 107°M and is similar to that
obtained for a;-adrenoceptors on the mouse anococ-
cygeus by use of mechanical recording techniques
(Gibson & Yu, 1983).

It was impossible, because of impalement ins-
tability, to confirm the presence of a slow phase of
depolarization in response to noradrenaline in normal
isotonic Krebs solution by intracellular recording
techniques. Accordingly, the sucrose gap technique
was employed since this allows electrical recordings to
be made extracellularly from tissue bathed in isotonic
Krebs solution. The presence of both the ‘fast’ and
‘slow’ components of depolarization to noradrenaline
was confirmed by this technique which suggests that
biphasic response can also be recorded in isotonic
solution. Thus, we believe that qualitatively the res-
ponse recorded to noradrenaline in both hypertonic
and isotonic Krebs solution are the same.

Effects of membrane potential displacement on the
responses to noradrenaline

The similarity in time course between the initial ‘fast’
phase of depolarization induced by noradrenaline and
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the oscillations in membrane potential (e.g. Figure la
and e) suggested that the former response may be a
voltage-dependent phenomenon evoked as a result of
the ‘slow’ depolarization reaching a threshold poten-
tial. Accordingly, the effects of membrane potential
displacement on the responses to noradrenaline was
investigated. As Figure 3 shows, noradrenaline added
at the resting Em (— 49 mV; Figure 3a) evoked a ‘fast’
depolarization followed by large oscillations.
However, when reapplied during conditioning hyper-
polarization of the membrane to a steady value of
— 59 mV, noradrenaline evoked a ‘fast’ depolarization
but without oscillations (Figure 3b). On cessation of
the externally applied current, Em returned to
— 52 mV and the oscillations in response to noradren-
aline were restored (Figure 3c) indicating that the
tissue did not deteriorate during the application of
relatively small inward currents for prolonged periods.
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At aresting Em of — 51 mV (Figure 3d) noradrenaline
evoked a ‘fast’ depolarization followed by the ‘slow’
component, but, when reapplied during conditioning
depolarization of only some 2 mV (giving an Em value
of —49mV) oscillations were produced (Figure 3¢).
Clearly it is possible to distinguish between the ‘fast’
depolarization, which appears to be a direct receptor-
mediated event, and the oscillations which were
activated only when the membrane was sufficiently
depolarized by noradrenaline. In a few experiments in
which the partition chamber was used depolarizing
pulses applied in the absence of noradrenaline
produced oscillations in membrane potential. Since
these membrane responses had a threshold potential
between —40 and — 50mV and were recorded in
tissues taken from rats pretreated with 6-hydroxy-
dopamine we assume that these oscillations represent
an active membrane response.

5mV|1Vcm™
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Figure3 Effects of membrane potentfal (upper trace) displacement by outward and inward current (intensity V cm™;
lower trace) on the response to noradrenaline (NA 0.5 uM for the times indicated by bars). The broken lines represent in
(a) to (¢), —49mV; (d) to (¢), — S mV and (f), as indicated. These records are from one cell in hypertonic Krebs
solution.
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Interestingly, the slow phase of depolarization in
response to noradrenaline was poorly maintained
during large displacements of the membrane potential
from —48 to approximately —70mV by inward
current (Figure 3f). However, as this was often foll-
owed by a reduction in the slow depolarization at the
restored resting Em, the effect was not investigated
further.

Effects of reducing the extracellular CI~ on the de-
polarization produced by noradrenaline and field
stimulation

In a previous study, Large (1984) showed that the
depolarization evoked by the ionophoretic application
of noradrenaline was abolished by the replacement of
the external NaCl with an equivalent amount
(119 mM) of Na benzenesulphonate. Thus, the effects
of this substitution on the response to the bath
application of noradrenaline (10-~10~°M) and the
adrenergically mediated e.j.p. were investigated. Since
e.j.ps were abolished in hypertonic Krebs solution, the
effects of Na benzenesulphonate on them was inves-
tigated in isotonic Krebs. In normal Krebs solution,
e.j.ps of up to 30 mV were evoked in response to field
stimulation at 10Hz (2 pulses; Figureda). These
responses were similar to those described previously
by Creed et al. (1975) and Byrne & Large (1984), and in
the mouse anococcygeus by Large (1982). Re-
placement of NaCl with Na benzenesulphonate aboli-
shed the e.j.ps after some 20 min (Figure 4b) although
upon visual observation, reduced contractile respon-
ses to field stimulation were seen. In some cells, a small
hyperpolarization accompanied the contraction
evoked by field stimulation (Figure 4b). The e.j.ps did
not recover when the number of pulses applied was
increased (up to 5 at 10 Hz). Abolition of the e.j.p. was
not prevented by an increased concentration (5 mM) of
Ca®* in the modified Krebs solution and was not
therefore due to Ca*-chelation by benzenesulphon-
ate. Readmission of normal Krebs solution (119 mMm)
NacCl) restored the e.j.ps to control values.

When the NaCl of the bathing solution was replaced
with Na benzenesulphonate the initial ‘fast’ de-
polarization produced by bath-applied noradrenaline
was abolished while the ‘slow’ response was unaffected
(Figure 5a and c). The effect on the ‘fast’ depolariza-
tion is more apparent when the responses are observed
at a fast time-base (Figure 5b and d). Abolition of the
‘fast’ but not the ‘slow’ depolarizaton by sodium
benzenesulphonate was confirmed in isotonic low C1~
solution by using the sucrose gap method and thus
appeared to be unconnected with the use of hypertonic
Krebs solution to immobilize the tissue. The ‘fast’
depolarization was not restored in the presence of
sodium benzenesulphonate by increasing the concen-
tration of noradrenaline applied (up to 5 x 10~M).

500 ms

Figure 4 The effect of chloride replacement by benzene-
sulphonate on the e.j.p.: (a) control; (b) low chloride. The
vertical calibration is 4 mV for (a) and 2mV for (b). In (a)
the tissue was field stimulated with 2 pulses (at 10 Hz) in
normal Krebs (note the active response triggered by the
upward stroke of the ej.p.). In (b) the tissue was
stimulated (2 pulses at 10 Hz) after benzenesulphonate
substitution and in this solution CaCl, concentration was
increased to 5.0mM to overcome the calcium chelating
action of benzenesulphonate. Note the small nerve-
evoked hyperpolarization in (b), illustrating that trans-
mitter was released.

The effects of sodium benzenesulphonate on the fast
depolarization were reversed when NaCl was readmit-
ted (Figure Se and f).

Effects of prazosin on the depolarization evoked by
noradrenaline

The selective a,-adrenoceptor antagonist prazosin
(1073-10""M) reduced or abolished both phases of
depolarization in response to noradrenaline
(1077-10"°M; Figure 6a and 6b) indicating their
mediation via a,-adrenoceptors. However, although
the blocking effect of prazosin on the slow depolariza-
tion was overcome completely by increasing the
concentration of noradrenaline there was no accom-
panying recovery of the ‘fast’ phase (compare Figure
6a and c). Following the removal of prazosin, the
‘slow’ depolarization recovered more quickly than the
‘fast’ phase (Figure 6d). These data suggest that both
components of depolarization to bath-applied
noradrenaline are mediated by «,-adrenoceptors.
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Comparison of the limiting potential for the ‘fast
depolarization to bath applied noradrenaline with the
equilibrium potential of the ionophoretic response

The rapid time course of the ‘fast’ noradrenaline-
induced depolarization suggests that this response is
due to an increase in membrane conductance. If this is
so then the amplitude of the noradrenaline-induced
response (A V) will be governed by the equation
(Ginsborg, 1973):

Gy
AV =
G+ G,

where E and G, are the membrane potential and non-
junctional conductance respectively and Gr is the
noradrenaline-induced conductance increase and e is
the equilibrium potential for the response. If G>-

(e—-E) (M

[Cilo
128.7 mm

[Cllo
9.7 mM

[Cl],
128.7 mm

NA 2.0 pMm

> Gy, this equation predicts that the amplitude of the
noradrenaline-induced depolarization will be related
linearly to the driving force (e — E) and moreover the
membrane potential in the presence of noradrenaline
will be close to the equilibrium potential. This condi-
tion of G+>> G, is likely to be met when maximal
concentrations of noradrenaline are used and in the
present experiments we have calculated the most
depolarized value of the membrane potential
produced during the ‘fast’ response to noradrenaline
(concentrations of 5 x 107°M and above were max-
imal and records where active responses were triggered
were not used). The value of the limiting potential was
—292+12mV (mean*s.emean of 11 ex-
periments). Further evidence that noradrenaline in-
creases membrane conductance was obtained in ex-
periments where the influence of the membrane poten-
tial on the ionophoretically-induced depolarizations

5mV[
10s 1s
b
d

NA 2.0 uM

Figure 5 Effects of replacing NaCl with Na benzenesulphonate ([Cl], = 9.7 mM) on the ‘fast’ and ‘slow’ phases of
depolarization produced by noradrenaline (NA 2 x 10~ M for the periods indicated by bars). (a), (c) and (¢) show both
phases of depolarization recorded at slow time base (calibration 105s). In (b), (d) and (f), the initial phase of each
response in (a), (c) and (e) are shown at a faster time base (calibration 1s) to show the abolition of the fast
depolarization in sodium benzenesulphonate (for 34 min). Recordings were made in hypertonic solution: (a—d) are
from one cell, Em = — 55mV; (e—f) from another cell, Em = — 52mV after 30 min wash.
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NA 1.0 um : NA 1.0 pm

:
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Figure 6 Effects of prazosin on the ‘fast’ and ‘slow’ phases of depolarization produced by noradrenaline (NA for
periods indicated by bars). (a) Control; prazosin (10 nM) was present for 10 min in (b) and 25 min in (c). In (d) the
response obtained after 60 min wash is shown. These recordings are all from one cell, Em = — 49 mV, in-hypertonic
Krebs solution.

Depolarization (mV)

0 =20 —40 =60 =80 =100
Membrane potential (mV)
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Figure 7 Effect of membrane potential displacement on the depolarization produced by ionophoretically-applied
noradrenaline. The resting membrane potential was — 60 mV (a) and the same charge (0.5 nC) of noradrenaline was
ionophoresed after the membrane potential was displaced to —74mV and — 87mV in (b) and (c) respectively. (d)
Relationship between membrane potential and amplitude of the depolarization for the cell shown in (a—c) (@) and in
another cell where the resting membrane potential was —42mV (O).
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were examined. In these studies the membrane poten-
tial was displaced by use of a partition chamber and
noradrenaline was applied by ionophoresis within
100 um of the recording electrode which was itself
placed within 100 um of the leading plate which was
used to change the membrane potential. One ex-
periment is illustrated in Figure 7 and it can be seen
that hyperpolarization increases the amplitude of the
noradrenaline-induced depolarization. The resting
membrane potential is —60mV in Figure 7a and is
displaced to —74mV in b and — 87 mV in c. A fuller
analysis of the relationship between the amplitude of
the depolarization and the membrane between the
amplitude of the depolarization and the membrane
potential is shown in Figure 7d (@). There appears to
be a linear relationship between the membrane poten-
tial (albeit in a rather narrow range) and the amplitude
of the depolarization and the straight line extrapolates
to a value of about —25mV. However, the extent of
the extrapolation is rather large but in another cell
where the resting membrane potential was somewhat
lower (— 42 mV) the extrapolated equilibrium poten-
tial was —27mV (O in Figure7d). In nine ex-
periments the extrapolated equilibrium potential for
the ionophoretically-induced depolarization was
—27.1 £ 1.6 mV (mean * s.e.mean) which is in good
agreement with the value of — 29 mV for the limiting
potential of the ‘fast’ depolarization produced by
bath-applied noradrenaline. It was not possible to
observe how the noradrenaline-induced responses
varied with depolarization of the membrane because
sometimes passive depolarization caused contraction
and invariably depolarization plus noradrenaline
evoked contraction and loss of impalement. However,
because of the extent of the extrapolation there are
obvious uncertainties concerning the true value of the
equilibrium potential of the depolarization produced
by the ionophoretic application of noradrenaline.

Discussion

The results of these experiments provide evidence that
two mechanisms of depolarization, which differ in
kinetics, are activated by the interaction between
noradrenaline and the adrenoceptor in the rat isolated
anococcygeus muscle. The most striking evidence for
this proposition is that replacement of the external
NaCl with Na benzenesulphonate abolishes the ‘fast’
component of depolarization while the ‘slow’ response
is unaffected.

The interpretation of the data depends strongly on
whether the noradrenaline responses are affected by
the hypertonic solution used in the present ex-
periments. The cells were slightly depolarized in
hypertonic solution (by about 10 mV) compared with
the value in normal Krebs but the mean value

(—48mV) is only slightly outside the range (— 51 to
— 75mV) reported by Creed et al. (1975) in normal
Krebs solution. Slightly higher concentrations of
noradrenaline were necessary to evoke depolarization
in hypertonic solution as was found in the rabbit
carotid artery by Mekata & Niu (1972) but these
authors demonstrated that the qualitative nature of
the noradrenaline-evoked depolarization was not
altered in hypertonic sucrose solution. Also in the
present experiments the equilibrium dissociation con-
stant of prazosin was about 2 x 10~°M which is in the
range of published data. Thus we feel that in hyper-
tonic solution the qualitative characteristics of the a;-
adrenoceptor in the rat anococcygeus are not altered
importantly and conclude that noradrenaline can
activate two membrane conductance mechanisms in
this tissue. In this respect the ‘fast’ phase produced by
bath application is similar to the depolarization
produced by ionophoresis of noradrenaline and since
the e.j.p. also is completely eliminated in the presence
of benzenesulphonate, one explanation is that the
‘fast’ and ionophoretically-induced depolarization re-
present the activation of the junctional adrenoceptor
and the ‘slow’ mechanism represents stimulation of
extra-junctional receptors. However in normal Krebs
solution, depolarizations to noradrenaline can be
recorded readily when brief ionophoretic pulses are
applied at any point on the surface of the anococ-
cygeus muscle (Large, 1982) which suggests that these
receptors are distributed homogeneously over the
muscle surface. It might have been expected that as in
guinea-pig submucous arterioles (Hirst & Neild, 1981)
there would be many more occasions when the
ionophoretic application would not depolarize the
muscle because the electrode was placed at an extra-
junctional site. Although not reported previously, field
stimulation of the anococcygeus at room temperature
sometimes produces a slow depolarization (Bolton &
Large, 1985), in addition to the e.j.p., which may
represent activation of the ‘slow’ mechanism observed
in the present study. In the rat tail artery, field
stimulation evokes an e.j.p. followed by a slow
depolarization (Cheung, 1982) although in the rat tail
the e.j.p. (but not the slow response) is resistant to a-
adrenoceptor antagonists and therefore differs from
the anococcygeus in which the e.j.p. is blocked by
phentolamine. However, it is possible that in the
anococcygeus muscle that both ‘fast’ and ‘slow’ adren-
oceptor mechanisms may be activated by neurally
released noradrenaline.

Both phases of depolarization produced by bath-
application of noradrenaline were abolished or mark-
edly reduced by 10~®M prazosin which suggests that
the receptor(s) mediating both components of de-
polarization are a,-adrenoceptors. However, prazosin
did seem to be more potent against the ‘fast’ response.
Previously it was suggested (Large, 1983) that there
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may be sub-types of the a;-adrenoceptor in the mouse
anococcygeus as ionophoresis of naphazoline (a drug
related to imidazoline) sometimes depolarized the
mouse anococcygeus but on many occasions contrac-
tion but not depolarization (unlike noradrenaline) was
produced. The depolarization produced by
naphazoline (and noradrenaline) and the contraction
were antagonized by low concentrations of prazosin.
From pharmacological studies it has been suggested
that there are two sub-types of a,-adrenoceptor in the
mouse and rat anococcygeus (McGrath, 1982; Coates
et al., 1982; Gibson & Yu, 1983; Coates & Weetman,
1984). The present data provide further support for
the existence of two sub-types of a,-adrenoceptor
although further experiments with selective agonists
and antagonists are required to substantiate this point.

There was good agreement between the most de-
polarized value of the membrane potential reached by
the ‘fast’ phase to bath applied noradrenaline (mean
value of —29mV) and the extrapolated equilibrium
potential (— 27 mV) of the ionophoretically-induced
depolarization. This is evidence that the two responses
represent the activation of the same mechanism. The
experiments in which the influence of membrane
potential on the depolarization to ionophoretically-
applied noradrenaline was studied suggest strongly
that the response is due to an increase in membrane
conductance with an equilibrium potential between
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