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Prejunctional actions of K* channel blockers in rat vas deferens
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Abstract

In studies of isometric contractions in prostatic portions of rat vas deferens evoked by single pulse electrical stimulation, the
K* channel blockers 4-aminopyridine, tetracthylammonium and charybdotoxin, but not apamin, significantly reduced the
prejunctional inhibitory potency and the maximum inhibitory effect of the a,-adrenoceptor agonist xylazine. The protein kinase
C activator phorbol dibutyrate had similar effects to 4-aminopyridine against xylazine. However, 4-aminopyridine, tetraethyl-
ammonium, charybdotoxin and phorbol dibutyrate, but not apamin, significantly increased the magnitude of the isometric
contraction to a single stimulus. 4-Aminopyridine and phorbol dibutyrate significantly reduced, while tetracthylammonium did
not affect, isometric contractions to noradrenaline, and 4-aminopyridine failed to affect contractions to «,8-methylene-ATP, so
that the effects of these agents on the isometric contraction to a single stimulus were presumably by a prejunctional action. The
Ca’* entry facilitator Bay K 8644 (1,4-dihydro-2,6-dimethyl-5-nitro-4-[2-(trifluoromethyl)-phenyl]-3-pyridine carboxylic acid
methylester) increased stimulation-evoked contractions by a postjunctional action and reduced the inhibitory effects of xylazine.
When the isometric contraction following 4-aminopyridine was reduced by decreasing the stimulation voltage or by reducing the
Ca’* concentration from 2.5 to 0.9 mM, 4-aminopyridine significantly reduced the potency of xylazine. However, tetraethyl-
ammonium and Bay K 8644 failed to affect the inhibitory potency of xylazine in low Ca®*. It is concluded that the K* channel
blocker 4-aminopyridine reduces the prejunctional inhibitory potency of xylazine, and this action is independent of increased
neurotransmitter release. These results suggest that prejunctional «,-adrenoceptor-mediated inhibition in rat vas deferens
involves K* channels sensitive to block by 4-aminopyridine.
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1. Introduction term a,, ,p-adrenoceptor could be used to describe
these homologues.
The functional prejunctional a,-adrenoceptors in

rat vas deferens closely resemble the «,p-adrenoceptor

a,-Adrenoceptors mediate a number of physio-
logical functions including prejunctional control of

neurotransmission. a,-Adrenoceptors have been subdi-
vided into at least four subtypes, a,,-, a,5-, @5~ and
a,p-adrenoceptors, based on ligand binding and molec-
ular cloning studies (Bylund, 1992; Lorenz et al., 1990),
although the a,p-adrenoceptor of rat submandibular
gland may be a species homologue of the human a;,,-
adrenoceptor, reducing the number of genes coding for
a,-adrenoceptors to three (Lanier et al., 1991; Harri-
son et al., 1991; Smith and Docherty, 1992), so that the
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ligand binding site of rat submandibular gland (Con-
naughton and Docherty, 1990; Smith et al., 1992; Smith
and Docherty, 1992; see also Smith et al., 1995), and is
coupled to a G-protein which is sensitive to alkylation
by N-ethyl-maleimide (Browne et al., 1994), but insen-
sitive to pertussis toxin (Docherty, 1988). The signal
transduction steps involved in this inhibition have not
been fully elucidated. Recent evidence suggests that
opening of K* channels to hyperpolarise the nerve
ending may be the mechanism of action (Allgaier et al.,
1993).

The object of this study is to look at the influence of
K™* channel blockers and other prejunctional modula-
tors on «,-adrenoceptor-mediated inhibition using a
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convenient model system: the rat vas deferens isomet-
ric twitch response. The agents employed in this study
were: tetraethylammonium and 4-aminopyridine (non-
selective K* channel blockers), apamin (K 1 ;p blocker),
charybdotoxin (K¢, channel blocker) (see Castle et al.,
1989), phorbol dibutyrate (stimulates protein kinase C),
forskolin (stimulates adenylate cyclase), isobutylmeth-
ylxanthine (inhibits phosphodiesterase), Bay K 8644
(1,4-dihydro-2,6-dimethyl-5-nitro-4-[2-(trifluorometh-
yD)-phenyl]-3-pyridine carboxylic acid methylester)
(facilitates Ca** entry into smooth muscle via dihydro-
pyridine-sensitive channels; see Hyland et al., 1984).

2. Materials and methods

Male Wistar rats (200-300 g) were obtained from
Trinity College Dublin, and vas deferens was employed
as outlined below.

2.1. Rat vas deferens: electrically evoked contractions

Prostatic portions of rat vas deferens were placed
between platinum electrodes and attached to myo-
graph transducers under 1 g tension in organ baths at
37°C in Krebs-Henseleit solution of the following com-
position (mM): NaCl 119; NaHCO, 25; p-glucose 11.1;
KCl 4.7; CaCl, 2.5; KH,PO, 1.2; MgSO, 1.0; EDTA
0.03, ascorbic acid 0.28. In experiments carried out in
low Ca?*, Ca?* was reduced to 0.9 mM, replaced by
Mg?*. Tissues were stimulated every 5 min with a
single stimulus (0.5 ms pulses, 70 V supramaximal
voltage, or 10 V submaximal voltage) to produce iso-
metric contractions, and, once consistent control re-
sponses had been obtained in the presence of test
drugs or vehicle, a cumulative concentration-response
curve was obtained to the a,-adrenoceptor agonist
xylazine, administered in 0.5 log unit increments begin-
ning with 10 nM. In some experiments, control isomet-
ric responses were obtained to supramaximal stimula-
tion in normal Ca** before reducing stimulation volt-
age or Ca%* concentration.

2.2. Exposure to K channel blockers

In experiments examining the actions of K* channel
blockers and other agents, tissues were exposed to
4-aminopyridine, tetraethylammonium, charybdotoxin,
apamin, phorbol dibutyrate, forskolin, isobutylmethyl-
xanthine, Bay K 8644 or vehicle for 15 min before
beginning the addition of xylazine.

2.3. Rat wvas deferens: exogenous noradrenaline and
a, B-methylene-ATP

In investigations of effects of test antagonists on

contractions produced by exogenous noradrenaline, tis-
sues were pre-exposed to noradrenaline (10 M), and
following 60 min washout, for the last 15 min of which
the tissue was exposed to antagonist or vehicle, a single
noradrenaline concentration response-curve was ob-
tained per tissue.

In investigations of effects of 4-aminopyridine on
contractions produced by exogenous a,B-methylene-
ATP, following 60 min equilibration, for the last 15
min of which the tissue was exposed to 4-aminopyri-
dine or vehicle, tissues were exposed to a single con-
centration of a,B-methylene-ATP (10 wM). This pro-
tocol was employed to prevent desensitization.

2.4. Drugs

4-Aminopyridine (Sigma, Poole, UK); apamin (Re-
search Biochemicals International, USA); ATP (Sigma);
Bay K 8644 (1,4-dihydro-2,6-dimethyl-5-nitro-4-[2-(tri-
fluoromethyl)-phenyl]-3-pyridine carboxylic acid meth-
ylester: Research Biochemicals); charybdotoxin (Sig-
ma); isobutylmethylxanthine (IBMX: Sigma); forskolin
(Sigma); a,B-methylene-ATP (Sigma); noradrenaline
bitartrate (RBI); phorbol 12,13-dibutyrate (Sigma); te-
tracthylammonium (Sigma); xylazine hydrochloride
(gift: Bayer, Ireland).

Drugs were dissolved in distilled water, except for
phorbol dibutyrate and Bay K 8644 (100% ethanol),
and dilutions were made up in distilled water.

2.5. Statistics

Values are arithmetic means + S.E.M. Xylazine or
noradrenaline pD,, maximum inhibition, or maximum
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Fig. 1. Effects of vehicle, 4-aminopyridine (100 wM), charybdotoxin
(0.1 uM), tetraethylammonium (1 mM), apamin (0.1 xM), phorbol
dibutyrate (2 uM) and Bay K 8644 (10 uM) on the isometric
contraction produced by single pulse electrical stimulation in pro-
static portions of rat vas deferens. Responses in the presence of test
agent are expressed as a percentage of the response prior to test
agent (% of control). For convenience, all vehicle experiments are
combined (n = 37). Vertical bars represent S.E.M. from at least four
experiments.
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contraction in the presence of test agents were com-
pared with responses in the presence of vehicle using a
Student’s ¢-test for unpaired or paired data, where
appropriate, and by Analysis of Variance (ANOVAR).

3. Results

3.1. Prostatic portions of rat vas deferens: nerve-media-
ted responses

In prostatic portions, single pulse electrical stimula-
tion produced a contraction of 0.81 + 0.09 g (n =37),
consisting mainly of the first non-noradrenergic phase.
Vehicle administration had no significant effect on the
contractile response to a single stimulus (92.5 + 5.0%
of control, n =37) (Fig. 1). Pre-exposure to 4-amino-
pyridine (100 M), tetraecthylammonium (1 mM),
charybdotoxin (0.1 uM) or phorbol dibutyrate (2 uM)
significantly increased the electrically evoked isometric
contraction (Fig. 1). Apamin (0.1 uwM) produced no
significant effect, but forskolin and isobutylmethylxan-
thine abolished contractions to nerve stimulation and
were not examined further. The action to increase
stimulation-evoked contractions was prejunctional in
origin (see below). The Ca?* entry facilitator Bay K
8644 (10 uM) significantly increased the electrical
stimulation-evoked isometric contraction by a postjunc-

Table 1

Effects of the test agents on the potency and maximum effect of
xylazine at inhibiting isometric contraction to a single stimulus in
prostatic portions of rat vas deferens in normal or low Ca®*

Test agent Xylazine potency Xylazine maximum

(pD2, —logM) (% inhibition)

Normal Ca®*

Vehicle (n = 37) 7.34+0.06 922+ 2.0%
Apamin (n =4) 7.46+0.16 924+ 3.8
4-Aminopyridine (n=11) 6.96+0.11° 453+ 42°¢
4-Aminopyridine low V. (n=7) 6.72+0.08® 60.7+ 5.0°
Charybdotoxin (r = 6) 672+4020% 508+ 5.8°
Tetracthylammonium (n=9) (7.18+0.29) 31.7+11.3°
Phorbol dibutyrate (n = 5) 6.28+0.26 © 515+112°¢
Bay K 8644 (n=6) 6.09+0.18 € 7394+ 8.1°¢
Low Ca® ™

4-Aminopyridine (n = 15) 6.84 +0.06 © 884+ 2.6
Tetraethylammonium (n =13) 7.3240.12 91.1+ 2.6
Phorbol dibutyrate (n = 7) 6.83+0.122 87.8+ 4.1
Bay K 8644 (n =8) 7.21+0.14 808+ 53°

Values are xylazine pD, (—log ICsy) and maximum inhibition of
stimulation evoked contraction, mean + S.E.M., with n, the number
of experiments. Xylazine pD, values were not calculated when the
xylazine maximum inhibition was too small to allow meaningful
calculation. For tetracthylammonium in normal Ca®*, a pD, value is
presented for the five from nine experiments in which xylazine
produced an inhibition. 25¢ Denote responses significantly different
from effects of vehicle (Student’s t-test; * P < 0.05; ° P <0.01, °P <
0.001).

% of control

xylazine concentration (log M)

Fig. 2. Inhibitory effects of the a,-adrenoceptor agonist xylazine
following pre-exposure to vehicle (0), 4-aminopyridine (100 M) (e),
tetracthylammonium (1 mM) (a), charybdotoxin (0.1 M) (m),
apamin (0.1 gM) (0), phorbol dibutyrate (2 uM) (a) and Bay K
8644 (X) on the isometric contraction produced by single pulse
electrical stimulation in prostatic portions of rat vas deferens. Re-
sponses in the presence of xylazine are expressed as a percentage of
the response in the absence of xylazine. Vertical bars represent
S.E.M. from at least four experiments.

tional action, as demonstrated by the spontaneous con-
tractions occurring in the presence of Bay K 8644.

Xylazine produced a concentration-dependent inhi-
bition of the stimulation-evoked contraction, with an
pD, (—log IC,,) of 7.34 + 0.06, and a maximum inhibi-
tion of 92.2 +2.0% (n = 37) (see Table 1 and Fig. 2).
4-Aminopyridine, charybdotoxin, tetracthylammonium,
phorbol dibutyrate and Bay K 8644, but not apamin,
significantly reduced the prejunctional inhibitory ef-
fects of the a,-adrenoceptor agonist xylazine, both in
terms of potency and maximum inhibitory response
(Table 1 and Fig. 2).

In further experiments, the contractile response to a
single stimulus was reduced by reducing the stimula-
tion voltage to 10 V, or by reducing the extracellular
Ca’* to 0.9 mM. When the stimulation voltage was
reduced to 10 V, the contractile response in the pres-
ence of 4-aminopyridine was reduced to that of vehicle
experiments at 70 V (106.7 + 14.2% of response at 70
V stimulation voltage in the absence of 4-aminopyri-
dine, n = 5; in absolute terms: 0.91 + 0.32 g). When the
Ca%* concentration was reduced to 0.9 mM, the re-
sponse to a single electrical stimulus was reduced to a
very small contraction or abolished (mean of 0.10 + 0.03
g, n = 18), making it difficult to examine the effects of
xylazine. However, 4-aminopyridine (100 wM), tetra-
ethylammonium (1 mM) or Bay K 8644 (10 uM) signifi-
cantly increased the stimulation-evoked contractions as
shown in absolute terms as g tension in Fig. 3 (per-
centage increases would be meaningless given the small
or absent contraction prior to these agents). Phorbol
dibutyrate produced variable effects on the isometric
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Fig. 3. Effects of vehicle, 4-aminopyridine (100 pM), tetraethyl-
ammonium (1 mM), phorbol dibutyrate (2 wM) and Bay K 8644 (10
uM) on the isometric contraction produced by single pulse electrical
stimulation in prostatic portions of rat vas deferens with low Ca®™.
Responses in the presence of test agent or vehicle are expressed as
absolute tension in g. For convenience, all vehicle experiments are
combined (n=25). Vertical bars represent S.E.M. from at least
seven experiments.

response to a single stimulus, sometimes failing to
increase the response (Fig. 3): effects of phorbol dibu-
tyrate on the response to xylazine are calculated from
those experiments where it increased the response to a
single stimulus (7 from 12 experiments). The response
to a single stimulus in low Ca?" in the presence of Bay
K 8644 was significantly greater than the response in
the presence of tetraethylammonium, which was signif-
icantly greater than in the presence of 4-aminopyridine
(Fig. 3).

4-Aminopyridine (100 wM) still significantly re-
duced the potency of xylazine when the magnitude of
the stimulation evoked contraction was reduced by

% of control
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Fig. 4. Inhibitory effects of the a,-adrenoceptor agonist xylazine
following pre-exposure to vehicle (0), 4-aminopyridine (100 uM) (e),
4-aminopyridine (100 pM), low voltage (®) and 4-aminopyridine
(100 wM), low Ca®* (O), on the isometric contraction produced by
single pulse electrical stimulation in prostatic portions of rat vas
deferens. Responses in the presence of xylazine are expressed as a
percentage of the response in the absence of xylazine. Vertical bars
represent S.E.M. from at least seven experiments.
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Fig. 5. Effects of vehicle (O), 4-aminopyridine (100 M) (@), tetra-
ethylammonium (1 mM) (O) and phorbol dibutyrate (2 uM) (&) on
isometric contractions produced by noradrenaline in prostatic por-
tions of rat vas deferens. Responses in the presence of test agent or
vehicle are expressed as the absolute tension in g. Vertical bars
represent S.E.M. from at least four experiments.

reducing stimulation voltage or by reducing the extra-
cellular Ca®* (Fig. 4 and Table 1). In low Ca?*, phor-
bol dibutyrate still significantly reduced the inhibitory
potency of xylazine. When the extracellular Ca?* was
reduced, tetracthylammonium (1 mM) or Bay K 8644
(10 uM) did not significantly affect the potency of
xylazine as compared to vehicle experiments in normal
Ca’* (Table 1). Bay K 8644 did significantly reduce the
maximum inhibitory response to xylazine, presumably
by a postjunctional action as spontaneous contractions
occurred in the presence of Bay K 8644 even in low
Ca’™ (Table 1).

3.2. Rat vas deferens: responses to exogenous noradrena-
line and o,B-methylene-ATP

In vehicle experiments, noradrenaline produced
contractions consisting of intermittent spikes superim-
posed on a tonic contraction with a pD, of 5.91 + 0.10
and a maximum contraction (measured as the maxi-
mum height of intermittent spikes) of 1.20 +0.10 g
(mean + S.EM., n =10). 4-Aminopyridine (100 pM)
or phorbol dibutyrate (2 M) significantly reduced the
maximum contraction to noradrenaline (P < 0.05) (Fig.
5). Phorbol dibutyrate significantly reduced the po-
tency of noradrenaline (pD, of 472+ 0.42, n=4, P<
0.01), but 4-aminopyridine failed to affect the potency
of noradrenaline (5.76 +0.16). In tissues pretreated
with tetraethylammonium (1 mM), there was no signifi-
cant change in noradrenaline potency or maximum
response (Fig. 5). In tissues treated with Bay K 8644
(10 wM), spontaneous contractions in the absence of
noradrenaline were similar to contractions in the pres-
ence of noradrenaline (Bay K 8644 alone: 2.00 + 0.56
g, n=06).
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ATP (up to 300 uM) produced very small contrac-
tions which were not affected by 4-aminopyridine, so
that a,B-methylene-ATF was chosen as the agonist to
test the effects of 4-aminopyridine on purinergic re-
sponses. «,B-Methylene-ATP (10 pM) produced a
transient contraction of 0.57 + 0.05 g (n = 5) following
vehicle, and a contraction of 0.73 + 0.15 g (n = 5) fol-
lowing 4-aminopyridine (100 M) (no significant differ-
ence).

4. Discussion

We have investigated the effects of K* channel
blockers on the prejunctional inhibitory potency of
xylazine in rat vas deferens. Before discussing the main
findings of this study, it is necessary to discuss the
preparation employed: the rat vas deferens isometric
contraction.

4.1. Electrical stimulation-evoked isometric contractions
in rat vas deferens

In rat whole vas deferens, the electrical stimulation-
evoked contraction to a single stimulus consists of a
biphasic response, the first phase of which is non-
adrenoceptor-mediated (probably ATP) and predomi-
nates in prostatic portions, and the second phase of
which is «,-adrenoceptor mediated, and predominates
in the epididymal portion (see Brown et al., 1983;
Aboud et al., 1993). In prostatic portions, the twitch
response to a single stimulus is mainly non-
noradrenergic, and can be inhibited by «,-adrenocep-
tor agonists by a prejunctional action, whereas «;-
adrenoceptor agonists produce direct contractions and
increase nerve stimulation-evoked contractions by a
postjunctional action (sez Brown et al., 1983).

4.2. Effects of test agents on stimulation-evoked contrac-
tions

In this study, 4-aminopyridine, tetracthylammonium
and charybdotoxin significantly increased the nerve
stimulation-evoked contraction, which, at least in the
case of tetraethylammonium and 4-aminopyridine, was
not due to a postjunctional action, since contractions to
exogenous noradrenaline were either unaffected or
reduced by tetraethylammonium and 4-aminopyridine,
respectively. Contractions to exogenous a«,B-methyl-
ene-ATP were also unaffected by 4-aminopyridine,
confirming that purinergic responses are not selectively
increased by this agent. It is well known that K*
channel blockers such as 4-aminopyridine, tetraethyl-
ammonium and charybdotoxin potentiate the stimula-
tion-evoked release of neurotransmitters such as nor-
adrenaline (Johns et al., 1976; Allgaier et al., 1993),

acetylcholine (Molgo et al., 1977) and nitric oxide (De
Man et al., 1993). This action may be by prolongation
of the action potential duration by block of K* chan-
nels, delaying repolarisation, increasing the availability
of Ca?*. Phorbol dibutyrate also increased stimulation-
evoked contractions by a prejunctional action, presum-
ably due to stimulation of protein kinase C (see Mus-
grave and Majewski, 1989; Bucher et al., 1991). By
comparison, Bay K 8644 increased stimulation-evoked
contractions by a postjunctional action, as demon-
strated by its action to produce spontaneous contrac-
tions and by its reported lack of prejunctional actions
(Hyland et al., 1984). Hence, the actions of Bay K 8644
can be used to determine the influence of an increased
postjunctional contraction on the observed prejunc-
tional effects of xylazine.

4.3. Effects of test agents against the inhibitory actions of
xylazine

4-Aminopyridine, tetraethylammonium, charybdo-
toxin and phorbol dibutyrate reduced the potency of
xylazine by a factor of 3-5 in prostatic portions of rat
vas deferens, and reduced the maximum inhibition.
However, Bay K 8644, acting postjunctionally to in-
crease stimulation-evoked contractions, also signifi-
cantly reduced the potency and maximum inhibition by
xylazine. Admittedly, in the presence of Bay K 8644,
the response to a single stimulus following xylazine (0.1
uM and above) tended towards a slow contraction
rather than the rapid contraction found in the absence
of xylazine. Hence, even though responses in the pres-
ence of Bay K 8644 and subsequent xylazine clearly
differed from other responses, it was still important to
rule out an influence of the magnitude of the isometric
contraction on the effects of xylazine in the case of
4-aminopyridine and tetracthylammonium. This was
done in two ways, reduction of stimulation voltage and
reduction of Ca®* concentration.

4.4. Experiments in low Ca’*

Interpretation of results is complicated by the fact
that all K* channel blockers except apamin signifi-
cantly increased the stimulation-evoked contraction and
reduced the inhibitory actions of xylazine. Hence, the
actions of 4-aminopyridine, tetracthylammonium and
charybdotoxin in reducing the inhibitory effects of xyla-
zine may also have been indirectly by prolonging the
action potential duration to allow greater Ca’* entry,
making it more difficult to produce inhibition. In an
attempt to rule out an influence of the increased
magnitude of the isometric contraction, further experi-
ments were carried out, in which the response to a
single stimulus following 4-aminopyridine was reduced
to a level found in vehicle experiments by reducing the
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stimulus voltage or by reducing the extracellular Ca®*
to 0.9 mM. Reducing the stimulus voltage may simply
reduce the number of nerve terminals depolarised and
demonstrate whether the magnitude of the postjunc-
tional contraction influence the response to xylazine.
Reducing the extracellular Ca®* is likely to mean that
Ca’* availability in the presence of K+ channel block-
ers is reduced towards that in vehicle experiments in
normal Ca?*. Under circumstances of reduced stimulus
voltage or low Ca®*, 4-aminopyridine still significantly
reduced the potency of xylazine but had little effect on
the maximum inhibition. In contrast, even though the
response to a single stimulus in low Ca?* was signifi-
cantly greater in the presence of tetraethylammonium
or Bay K 8644 than in the presence of 4-aminopyridine,
neither tetraethylammonium nor Bay K 8644 signifi-
cantly altered the potency of xylazine in low Ca?*
although Bay K 8644 did slightly but significantly re-
duce the maximum inhibition, presumably by a
postjunctional action since spontaneous activity oc-
curred in the presence of Bay K 8644 even in low Ca?™,

These results suggest that, independent of increas-
ing stimulation-evoked contractions, 4-aminopyridine
modulates «a,-adrenoceptor function, suggesting that
a,-adrenoceptor-mediated inhibition involves opening
of K* channels sensitive to 4-aminopyridine.

In the present study, phorbol dibutyrate reduced the
prejunctional inhibitory actions of xylazine even when
the Ca®™ levels were reduced, suggesting that phorbol
dibutyrate interferes with a,-adrenoceptor-mediated
inhibition even when the effect on transmitter release
is taken into account. Admittedly, stimulation-evoked
contractions in low Ca?* remained small after addition
of phorbol dibutyrate, presumably due to postjunc-
tional inhibitory actions of phorbol dibutyrate. These
results contrast with previous reports that stimulation
of protein kinase C does not affect a,-adrenoceptor-
mediated inhibition in rat tail artery (Bucher et al.,
1991).

4.5. Comparison with other studies

In previous studies of rat vas deferens investigating
G-proteins involved in prejunctional «,-adrenoceptor
function, N-ethyl-maleimide reduced the potency of
xylazine by a factor of 3-5, presumably by inactivation
of G-proteins involved in prejunctional a,-adrenocep-
tor function (Browne et al., 1994), but pertussis toxin
failed to modulate a,-adrenoceptor function (Docherty,
1988; see also Weber, 1989; Murphy et al., 1992).
Hence, these responses can be described as N-ethyl-
maleimide-sensitive, pertussis toxin-insensitive, and this
may reflect the sensitivity of a G-protein involved (in
contrast, note that prejunctional «,-adrenoceptor-
mediated responses in rabbit hippocampus are N-
ethyl-maleimide-sensitive and pertussis toxin-sensitive:

Allgaier et al., 1985,1986). However, assuming that
N-ethyl-maleimide acts at a G-protein, the fact that
N-ethyl-maleimide shifted the potency of xylazine with-
out reducing the maximum inhibition might suggest
that there is spare G-protein capacity allowing xylazine
to produce a maximum effect even though a proportion
of the G-proteins has been inactivated. These findings
may be relevant to the present investigation of the
involvement of K* channels in that they demonstrate
that there is spare capacity in the a,-adrenoceptor
system beyond the receptor level: hence, 4-aminopyri-
dine shifted potency but not maximum response to
xyazine in low Ca’*. Previous studies have suggested
species differences in the susceptibility of prejunctional
a,-adrenoceptor-mediated inhibition to K* channel
blockers: interaction in rat but not rabbit hippocampus
(Allgaier et al., 1993). tetraecthylammonium has also
been reported not to affect the prejunctional inhibitory
actions of histamine in low Ca?' (Schlicker et al.,
1994).

In conclusion, certain K* channel blockers in-
creased neurotransmitter release and decreased pre-
junctional «,-adrenoceptor-mediated inhibition. When
the influence of increased neurotransmitter release
was eliminated by lowering the Ca?* concentration,
4-aminopyridine and phorbol dibutyrate but not tetra-
cthylammonium decreased the prejunctional a,-
adrenoceptor-mediated inhibition. This may suggest
that «,-adrenoceptor mediated inhibition in rat vas
deferens involves opening of K* channels sensitive to
4-aminopyridine.
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