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Effects of A;-adenosine receptor antagonists on purinergic
transmission in the guinea-pig vas deferens in vitro

'Todd A. Hardy & *'James A. Brock

"Prince of Wales Medical Research Institute, High Street, Randwick, NSW, 2031, Australia

1 Intracellularly recorded excitatory junction potentials (e.j.ps) were used to study the effects of
adenosine receptor antagonists on neurotransmitter release from postganglionic sympathetic nerve
terminals in the guinea-pig vas deferens in vitro.

2 The A, adenosine receptor antagonists, 8-phenyltheophylline (10 um) and 8-cyclopentyl-1,3-
dipropylxanthine (0.1 uM), increased the amplitude of e.j.ps evoked during trains of 20 stimuli at
1 Hz in the presence, but not in the absence, of the a,-adrenoceptor antagonist, yohimbine (1 uM) or
the non-selective az-adrenoceptor antagonist, phentolamine (1 uMm).

3 Adenosine (100 uM) reduced the amplitude of e.j.ps, both in the presence and in the absence of
phentolamine (1 uM). This inhibitory effect of adenosine is most likely caused by a reduction in
transmitter release as there was no detectable change in spontaneous e.j.p. amplitudes.

4 In the presence of phentolamine, application of the adenosine uptake inhibitor, S-(p-
nitrobenzyl)-6-thioinosine (0.1 um), had no effect on e.j.p. amplitudes.

5 The phosphodiesterase inhibitor, 3-isobutyl-1-methylxanthine (100 uMm), significantly increased
the amplitudes of all e.j.ps evoked during trains of 20 stimuli at 1 Hz, both in the presence and in
the absence of phentolamine (1 uMm).

6 These results suggest that endogenous adenosine modulates neurotransmitter release by an action
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at prejunctional A, adenosine receptors only when a,-adrenoceptors are blocked.
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Introduction

Adenosine is now widely viewed as a modulator of
neurotransmitter release at a number of central and peripheral
synapses (see Fredholm, 1995). At the sympathetic neuroef-
fector junction, exogenously applied adenosine has been
shown to inhibit electrically evoked [?’H]-noradrenaline release
in several preparations including guinea-pig vas deferens
(Hedqvist & Fredholm, 1976; Driessen et al., 1994). In
addition, in guinea-pig vas deferens, exogenously applied
adenosine or adenosine analogues have been demonstrated to
inhibit neurally evoked contraction and to reduce both the
overflow of endogenous adenosine 5’ triphosphate (ATP) and
the amplitude of intracellularly recorded excitatory junction
potentials (e.j.ps) evoked by electrical stimulation (Sneddon et
al., 1984; Kirkpatrick & Burnstock, 1992; Driessen et al.,
1994). These inhibitory effects of adenosine are prevented by
the A -adenosine receptor antagonist, 8-phenyltheophylline (8-
PT, Sneddon et al., 1984; Kirkpatrick & Burnstock, 1992) and
are believed to be mediated through a decrease in neuro-
transmitter release caused by activation of prejunctional A,
adenosine receptors.

It has been suggested that adenosine released from the
cytosol of cells or generated from the extracellular breakdown
of neurally released ATP may play an important role in the
regulation of neurotransmitter release from the nerve terminals
of many types of neurone (Fredholm, 1995). Although the
inhibitory effects of exogenously applied adenosine or
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adenosine analogues can be reversed by 8-PT in the guinea-
pig vas deferens, application of this agent alone has been
reported to have no effect on electrically evoked contractions
or e.j.ps in this tissue (Sneddon et al., 1984; Dalziel & Sneddon,
1988). Indeed, in a number of sympathetically innervated
tissues in which adenosine has been shown to inhibit
neurotransmitter release, application of A,-adenosine receptor
antagonists alone does not detectably modify neurotransmitter
release (e.g. mouse vas deferens, Blakeley et al., 1988; rat rail
artery, Gongalves & Queiroz, 1996; human atrial muscle,
Munch et al., 1996). These findings suggest that in these tissues
endogenous adenosine does not normally act prejunctionally
to inhibit neurotransmitter release at the sympathetic
neuroeffector junction.

In the previous studies investigating the effects of adenosine
receptor antagonists on guinea-pig vas deferens (Sneddon et
al., 1984; Dalziel & Sneddon, 1988), the action of released NA
at prejunctional a,-adrenoceptors was not blocked. However,
it has been reported that the inhibition of neurotransmitter
release produced by activating prejunctional a,-adrenoceptors
can occlude that produced by activating prejunctional A,
adenosine receptors (Limberger et al., 1988; Allgaier et al.,
1991; Bucher er al., 1992). Thus blockade of prejunctional os-
adrenoceptors may reveal a presynaptic inhibitory effect of
endogenous adenosine. In support of this suggestion, the A,
adenosine receptor selective antagonist, 8-cyclopentyl-1,3-
dipropylxanthine (DPCPX), increased the stimulated overflow
of [*H]-NA from rat vas deferens (Gongalves & Queiroz, 1993;
Kurz et al., 1993) and rat iris (Fuder et al., 1992) when
prejunctional a,-adrenoceptors were blocked.
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The aim of the present study was to examine the effects of
the A, adenosine receptor antagonists 8-PT and DPCPX on
the amplitude of e.j.ps evoked by field stimulation of the
guinea-pig vas deferens. In this tissue, intracellularly recorded
e.j.ps are believed to measure, impulse-by-impulse, the release
of the co-transmitter ATP (see Sneddon, 1992). In particular,
this study has compared the effects of these A, adenosine
receptor antagonists in the presence and in the absence of o-
adrenoceptor blockade.

Methods

Male guinea-pigs (200—-300 g) were killed by an overdose of
pentobarbitone sodium (100 mg kg, i.p.). Vasa deferentia
were removed and pinned to the Sylgard (Dow Corning
Corporation, Midland, MI, U.S.A.) coated base of a 1 ml
recording chamber. The tissue was superfused continuously at
3—5 ml min~"' with physiological saline of the following ionic
composition (mM): Na* 151, K* 4.7, Ca** 2, Mg>* 1.2, ClI~
144.5, H,PO,~ 1.3, HCO;~ 16.3 and glucose 9.8. The
physiological saline was gassed with a mixture of 95% O, and
5% CO, (to pH 7.4) and maintained at 35—-36°C. For some
experiments, the a,-adrenoceptor antagonist, yohimbine
(1 um), or the non selective o-adrenoceptor antagonist,
phentolamine (1 uM), was added to the physiological saline
in order to block a-adrenoceptor-mediated autoinhibition of
transmitter release. Postganglionic sympathetic nerve fibres
were excited by electrical stimulation through a pair of ring
electrodes positioned around the prostatic end of the vas
deferens.

Intracellular recording

Conventional glass micro-electrodes filled with 2 M KCl
(resistances 80—120 MQ) and connected to an Axoclamp
bridge amplifier (Axon Instruments, Inc., Foster City, CA,
U.S.A.) were used for intracellular recording of e.j.ps. In all
experiments investigating the effects of drugs, the stimulation
parameters (pulse width 0.5—1 ms, voltage 5—15V) were
adjusted under control conditions (i.e. with or without o-
adrenoceptor blockers) to evoke e.j.ps of approximately
10 mV amplitude at full facilitation in order to reduce the
effects of non-linear summation on e.j.p. amplitude. Once set,
the stimulus parameters were not changed for the duration of
the experiment. During impalements the tissues were
stimulated at 2 min intervals with trains of 20 pulses at
1 Hz. In the majority of experiments the effects of the drugs
were determined during a single impalement. In those
experiments in which we failed to maintain impalements for
the duration of the experiment, recordings from two or three
separate impalements before and during drug treatment were
analysed. In each tissue all recordings were made from a
similar location. Drugs were applied by their addition, at the
required concentration, to the superfusing solution and were
left in contact with the tissue for a period of 20 min or until
their effect on e.j.p. amplitude had stabilized. In the absence
of drugs (n=7 tissues), no change in the amplitudes of e.j.ps
evoked by trains of 20 stimuli at 1 Hz was detected during
recording periods of 30 min. For each impalement, the
resting membrane potential (r.m.p.) was determined upon
withdrawal of the microelectrode. Only impalements in which
the measured r.m.p was greater than —60 mV were used in
this study.

The electrophysiological signals were digitized (sampling
frequencies of 0.1-0.2 kHz) and stored using a Maclab

recording system (AD Instruments, Castle Hill, N.S.W.,
Australia) attached to a Macintosh computer. The amplitude
and time constant of decay of e.j.ps were determined using the
program Igor Pro (Wavemetrics, Lake Oswego, OR, U.S.A.).
Before analysis, e.j.ps evoked by three successive trains of
stimuli under control and test conditions were averaged. In
experiments where we failed to maintain the impalements
during the drug treatment, e.j.ps evoked by three successive
trains of stimuli in each cell in the presence and absence of the
drug were averaged and analysed. In these tissues the e.j.p.
amplitudes for the control cells and test cells were averaged
before statistical comparisons.

Statistics

Data are presented as mean + s.e.mean. Statistical comparisons
were made between the control and test e.j.p. amplitudes using
repeated measures analysis of variance and paired ¢-tests.
When multiple pairwise comparisons were made, the P value
was corrected using the Dunn-—Sidak procedure. The other
statistical tests used are indicated in the text. P values <0.05
were considered significant. In all cases the number n refers to
the number of tissues studied.

Drugs

Adenosine (Sigma Chemical Company, Castle Hill,
N.S.W., Australia), phentolamine mesylate (Regitine: Ciba,
Pendle Hill, N.S.W., Australia), yohimbine (Sigma), 8-
phenyltheophylline (8-PT, Sigma), 8-cyclopentyl-1,3-dipro-
pylxanthine (DPCPX, Sigma), S-(p-nitrobenzyl)-6-thioino-
sine (NBTI, Sigma) and 3-isobutyl-1-methylxanthine
(IBMX; RBI, Natick, MA, U.S.A.) were used. §-PT,
DPCPX, NBTI and IBMX were prepared as 10 mM stock
solutions in 80% v v~! methanol in water containing
0.2 M NaOH. All remaining drugs were prepared as stock
solutions in water.

Results
General observations

In «-adrenoceptor antagonist untreated vasa deferentia,
stimulation with a train of 20 pulses at 1 Hz produced
e.j.ps which facilitated in amplitude, reaching a plateau level
after about the eighth stimulus in the train (Figure la and
b). In tissues treated with the o,-adrenoceptor antagonist,
yohimbine (1 uM, Figure lc and d) or the non-selective o-
adrenoceptor antagonist, phentolamine (1 uM Figure le and
f) the period of facilitation was lengthened so that the
amplitude of e.j.ps continued to increase until about the
fifteenth stimulus in the train. Following adjustment of the
stimulation strength (see Methods), the mean e.j.p.
amplitude measured during the last 5 stimuli in the train
was 9.1+0.4 mV (n=27) in the o-adrenoceptor antagonist
untreated tissues, 11.6+0.5 (n=17) in yohimbine treated
tissues and 10.9+0.4 mV (n=38) in phentolamine treated
tissues.

Effects of 8-PT on e.j.p. amplitude

Figure 1 shows the effects of the adenosine antagonist, 8-PT
(10 um), on the amplitude of e.j.ps evoked during trains of 20
pulses at 1 Hz in the absence (Figure la and b) and in the
presence of yohimbine (1 um, Figure Ic and d) or
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Figure 1 Effects of 8-PT (10 uM) on the amplitude of e.j.ps recorded during trains of 20 pulses at 1 Hz in the absence (a and b) and
in the presence of (c and d) yohimbine (I um) or (e and f) phentolamine (1 uM). (a, ¢ and e) Traces recorded before and during
application of 8-PT in single impalements. (b, d and f) Graphs showing the mean effects of 8-PT on e.j.p. amplitude. In (b) n=06
tissues and in (d) and (f) n="7 tissues. *P<0.05, **P<0.01. The symbols in (b) also apply in (d and f).

phentolamine (1 uM, Figure le and f). In the absence of o-
adrenoceptor blockade (n=06), application of 8-PT had no
significant effect on the amplitude of e.j.ps evoked during the
trains of stimuli (Figure 1b). In contrast, when yohimbine
(n=7, Figure 1d) or phentolamine (n=7, Figure 1f) was
present, 8-PT significantly increased the amplitudes of all e.j.ps
evoked during the train of stimuli. In all sets of experiments,
application of 8-PT had no significant effect on the r.m.p. or
the e.j.p. time constant of decay (Table 1).

Comparison between the facilitatory effect of 8-PT on the
mean amplitude of the last 5 e.j.ps evoked during the trains of
stimuli in yohimbine (increased by 22 +8%) and phentolamine
(increased by 36+9%) treated tissues reveal no significant
difference (unpaired z-test, P=0.19).

Effects of DPCPX on e.j.p. amplitude

Like 8-PT, the selective A,-receptor antagonist, DPCPX
(0.1 uMm), had no significant effect upon e.j.p. amplitude in the
absence of a-adrenoceptor blockade (n=06, Figure 2a). In the
presence of yohimbine (1 uM, n=10, Figure 2b) or phentola-
mine (1 uM, n=9, Figure 2c), DPCPX did not significantly
change the amplitudes of e.j.ps evoked early in the train of
stimuli, but those evoked during the second half of the train of
stimuli were significantly increased in amplitude. DPCPX had
no significant effect on the r.m.p. or the e.j.p. time constant of
decay (Table 1).

The facilitatory effect of DPCPX on the mean amplitude of
the last 5 e.j.ps evoked during the trains of stimuli in
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Table 1 The effects of various drugs on r.m.p. and the e.j.p. time constant of decay (ze.j.p.) in the absence and presence

of yohimbine (1 uM) or phentolamine (1 um)

r.am.p. (mV) te.j.p. (ms)

Treatment o-antagonist Control Test Control Test

10 um 8-PT (n=06) - —67+1 —68+1 418427 386+21
10 um 8-PT (n=17) + yohimbine —69+1 —70+1 285430 270429
10 um 8-PT (n=17) + phentolamine —70+2 —68+2 362+44 305+65
0.1 um DPCPX (n=06) - —65+1 —65+1 416150 349449
0.1 um DPCPX (n=10) + yohimbine —68+1 —70+1 317426 305+24
0.1 um DPCPX (n=9) + phentolamine —69+1 —68+1 419+41 402+40
100 uM adenosine (n=06) - —66+1 —66+1 398+ 84 426+ 21
100 um adenosine (n=6) + phentolamine —68+1 —67+3 374422 392+37
0.1 um NBTI (n=7) + phentolamine —69+1 —6842 317+24 289+31
100 um IBMX (n=9) — —68+1 —69+1 405+ 19 287 4 24%*
100 um IBMX (n=17) + phentolamine —68+1 —68+1 399+32 270+ 21%**

The letter n refers to the number of tissues. Statistical comparisons were made with paired #-tests. **P <0.01.

yohimbine treated tissues (increased by 13+2%) was
significantly less (unpaired t-test, P <0.05) than that observed
in phentolamine treated tissues (increased by 25+ 5%).

Effects of adenosine on e.j.p. amplitude

To determine whether the inhibitory effects on e.j.p.
amplitude of activating A;-adenosine receptors (see
Sneddon et al., 1984) were modified by blockade of «-
adrenoceptors, the effects of adenosine were studied in the
absence (n=6) and in the presence (n=06) of phentolamine.
Under both conditions, adenosine (100 uM) reduced the
amplitude of all ej.ps evoked during the trains of 20
stimuli at 1 Hz (Figure 3a and b). The reduction in
amplitude for the last five e.j.ps evoked during the train of
stimuli was 40+ 16% in the absence of phentolamine and
44+6% in the presence of phentolamine. Statistical
comparison revealed no significant difference between these
inhibitory effects (unpaired t-test, P=0.52). Adenosine had
no significant effect upon r.m.p. or e.j.p. time constant of
decay (Table 1). 8-PT (10 um) partially reversed the
inhibitory effects of adenosine on e.j.p. amplitude in the
absence (n=6) and in the presence (n=6) of phentolamine
(results not shown).

As previously reported (Sneddon et al., 1984) the inhibitory
effect of adenosine on e.j.p. amplitude was most likely due to a
reduction in neurotransmitter release as adenosine had no
effect (chi-squared test) on the amplitude frequency distribu-
tion of spontaneous e.j.ps (Figure 3c and d). These events are
believed to monitor the sensitivity of the postjunctional
membrane to spontaneously released quanta of ATP (Brock
& Cunnane, 1993).

Effects of NBTI on e.j.p. amplitude

The adenosine uptake inhibitor, NBTI (0.1 uM), in tissues
treated with phentolamine (z=7) had no effect on e;j.p.
amplitudes evoked during trains of 20 stimuli at 1 Hz. In
the absence and presence of NBTI the mean amplitude of
the e.j.ps evoked by first stimulus in the train was
1.0+0.1 mV and 1.44+0.3 mV (paired t-test, P=0.24)
respectively and by the last five stimuli was 12.2 mV and
12.4+1.0 mV respectively (paired t-test, P=0.5). NBTI also
had no effect on r.m.p. or the e.j.p. time constant of decay
(Table 1).
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Figure 2 Graphs showing the effects of DPCPX (0.1 um) on the
mean amplitude of e.j.ps recorded during trains of 20 pulses at 1 Hz
in the absence (a) and in the presence of (b) yohimbine (1 um) and (c)
phentolamine (1 pum). In (a) n=06 tissues, (b) n=10 tissues and (c)
n=09 tissues. *P<0.05, **P<0.01. The symbols in (a) also apply in
(b) and (c).
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Figure 3 Effects of adenosine (100 um) on the amplitudes of electrically evoked e.j.ps and spontaneous e.j.ps. (a and b) Graphs
showing the effects of adenosine (100 um) on the amplitude of e.j.ps recorded during trains of 20 stimuli at 1 Hz in the absence (a)
and in the presence (b) of phentolamine (1 um). In (a) and (b) n=6 tissues. (¢ and d) Amplitude frequency distributions for
spontaneous e.j.ps recorded in phentolamine treated tissues before (c) and during application of 100 um adenosine (d). Each
distribution contains the amplitude of 35 sequentially recorded spontaneous e.j.ps from each of five tissues (175 in total) under each
condition. The hatched area represents the detection level (1 mV) used to collect the spontaneous e.j.ps. ¥*P<0.05, **P<0.01. The

symbols in (a) also apply in (b).
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Figure 4 Graphs showing the effects of IBMX (100 um) on the
amplitude of e.j.ps recorded during trains of 20 stimuli at 1 Hz in the
absence (a) and in the presence (b) of phentolamine (1 um). In (a)
n=09 tissues and (b) n=>5 tissues. *P<0.05, ¥**P<0.01. The symbols
in (a) also apply in (b).

Effects of IBMX on e.j.p. amplitude

The effects of phosphodiesterase inhibitor, IBMX (100 uMm),
were investigated to assess the possibility that 8-PT may, in
part, be acting through an inhibition of phosphodiesterase
(Nicholson & Wilke, 1989). Both in the absence (Figure 4a,
n=29) and presence (Figure 4b, n="7) of phentolamine, IBMX
significantly increased the amplitudes of all e.j.ps evoked
during the train of stimuli. IBMX had no significant effect
upon r.m.p., but significantly reduced the e.j.p. time constant
of decay (Table 1).

Discussion

The main finding of this study is that the A, adenosine receptor
antagonists, 8-PT and DPCPX, increased the amplitude of
e.j.ps only when a-adrenoceptors were blocked. In the absence
of a-adrenoceptor blockade, these agents had no detectable
effect on e.j.p.. amplitude. The latter finding is in agreement
with previous reports that 8-PT, without prior blockade of a-
adrenoceptors, had no detectable effect on neurally evoked
contraction or e.j.p. amplitude in guinea-pig vas deferens
(Sneddon et al., 1984; Dalziel & Sneddon, 1988). In this tissue,
e.j.ps are believed to provide a measure of ATP released from
the postganglionic sympathetic nerve terminals (see Sneddon,
1992). Previous studies have shown that exogenously applied
adenosine or adenosine receptor agonists act at prejunctional
A adenosine receptors to reduce both the neural release of NA
and ATP (Kirkpatrick & Burnstock, 1992; Driessen et al.,
1994) and the amplitude of e.j.ps (Sneddon et al., 1984; Dalziel
& Sneddon, 1988). Therefore the findings of the present study
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suggest a role for endogenous adenosine in modulating
neurotransmitter release in the guinea-pig vas deferens.

The facilitatory effect of the DPCPX was significantly
greater in tissues treated with non-selective a-adrenoceptor
antagonist, phentolamine, than in those treated with selective
a,-adrenoceptor antagonist, yohimbine. While not significant,
the mean facilitatory effect of 8-PT in phentolamine treated
tissues was also greater than in yohimbine treated tissues.
These findings can probably be explained by the observation
that phentolamine has a significantly greater facilitatory effect
on ej.p. amplitude than yohimbine (Hardy & Brock,
unpublished observations). It is unlikely that the effects of
phentolamine on e.j.p. amplitude can be explained, in part, by
blockade of pre- or postjunctional o;-adrenoceptors, as the
potent o;-adrenoceptor antagonist, prazosin, at concentrations
up to 0.1 uM has been reported to be without effect on e.j.p.
amplitude in guinea-pig vas deferens (Blakeley er al., 1981).
Perhaps the best explanation for our finding is that, as
reported for sympathetic nerve terminals in guinea-pig ileum
and heart (Funk et al., 1995; Trendelenberg et al., 1995), the
prejunctional a,-adrenoceptors in guinea-pig vas deferens are
of the o,p-subtype. This receptor subtype has been reported to
have a higher affinity for phentolamine than for yohimbine
(Lanier et al., 1991).

There have been a number of reports that activation of
presynaptic a,-adrenoceptors can reduce the inhibitory effects
on neurotransmitter release of activating presynaptic A,
adenosine receptors (e.g. Limberger e al., 1988; Allgaier et
al., 1991; Bucher et al., 1992). To explain this finding it has
been postulated that both receptors use the same second
messenger pathway to inhibit neurotransmitter release or,
alternatively, use different intracellular pathways which
control transmitter release at a common site (e.g. N-type Ca>*
channels). Thus one possible explanation for why o-
adrenoceptor blockade is needed to demonstrate the facil-
itatory effects of the adenosine receptor antagonists, is that
activation of presynaptic a,-adrenoceptors by released NA
occludes the effects of activating adenosine receptors. In
support of this suggestion, Driessen et al. (1994) demonstrated
in guinea-pig vas deferens that exogenous adenosine had a
more pronounced inhibitory effect on NA and ATP release
when the «-adrenoceptors were blocked. However, in the
present study, application of adenosine (100 uM) had a similar
inhibitory effect on e.j.p. amplitude in the presence and in the
absence of phentolamine. The latter finding using bath applied
adenosine, which presumably can access all the adenosine
receptors in the tissue, does not exclude the possibility that
endogenous NA may act at a,-adrenoceptors located close to
its site of release and thereby occlude the effects of locally
released/generated adenosine.

Another possible explanation for why «-adrenoceptor
blockade is required to demonstrate the effects of the
adenosine receptor antagonists is that normally both pre-
synaptic o-adrenoceptors and adenosine receptors contribute
functionally to the control of transmitter release. In this case,
the increase in neurotransmitter release produced by adenosine
receptor antagonists may be counteracted by an increase in the
level of o-adrenoceptor-mediated autoinhibition leading to
only a small (i.e. undetectable) change in neurotransmitter
release (Fredholm, 1995).

Although 8-PT and DPCPX both increased e.j.p. ampli-
tude, the two agents were not identical in their effects. 8-PT
increased the amplitude of all e.j.ps evoked during the trains of
20 stimuli at 1 Hz, whereas the facilitatory effect of DPCPX
was not observed until after the ninth stimulus in the train. The
effect of DPCPX on e.j.p. amplitude is reminiscent of that

produced by a,-adrenoceptor antagonists (Blakeley et al.,
1984; Brock et al., 1990), although the facilitatory effect of
these latter agents appeared earlier in the train of stimuli. This
stimulus dependent effect of a,-adrenoceptor antagonists has
given strong support for the idea that released NA acts at
presynaptic a,-adrenoceptors to inhibit subsequent release (a-
adrenoceptor mediated autoinhibition; see Brock, 1995). The
findings with DPCPX also suggest that adenosine generated
from released ATP acts presynaptically to inhibit transmitter
release. The delayed onset of the facilitatory action of DPCPX
on e.j.p. amplitude presumably reflects, at least in part, the
time required to generate an effective concentration of
adenosine at the receptors.

At present we cannot explain the differences between the
effects of 8-PT and DPCPX on e.j.p. amplitude. Unlike
DPCPX which is a relatively selective A; adenosine receptor
antagonist, 8-PT also antagonizes A, adenosine receptors (see
Fredholm et al., 1994). However, only increases in transmitter
release from postganglionic sympathetic nerves have been
reported following activation of presynaptic A, adenosine
receptors, whereas their blockade reduced transmitter release
(e.g. Fuder et al., 1992; Gongalves & Queiroz, 1996).

A problem often associated with adenosine antagonists is
their ability to inhibit phosphodiesterase. It is normally
assumed that 8-PT has little or no inhibitory action on
phosphodiesterase activity in nerve terminals, although it has
been reported to inhibit selectively the high affinity form of
phosphodiesterase in some tissues (Nicholson & Wilke, 1989).
For this reason we investigated the effects of the potent
phosphodiesterase inhibitor, IBMX. Like 8-PT, IBMX
increased the amplitude of all e.j.ps evoked during the train
of stimuli. However, unlike 8-PT, this effect of IBMX was
observed both in the presence and in the absence of
phentolamine. As oy-adrenoceptor mediated inhibition of
transmitter release from postganglionic sympathetic nerves is
unlikely to involve regulation of cyclic AMP levels (Majewski
& Barrington, 1995), disruption of a,-adrenoceptor mediated
autoinhibition of transmitter release cannot explain the
facilitatory action of IBMX in the absence of phentolamine.
In addition to increasing e.j.p. amplitude, IBMX produced a
significant decrease in the e.j.p. time constant of decay, which
indicates that this agent acted postjunctionally to reduce the
membrane time constant (see Cassell ez al., 1988). This effect
on e.j.p. time course was not observed with 8-PT. These
findings indicate that phosphodiesterase inhibition is unlikely
to account for the facilitatory action of 8-PT. A potential
problem which complicates this conclusion is that IBMX is
itself a weak A;-adenosine receptor antagonist (Kenakin &
Beek, 1987). However, its actions on e.j.p. amplitude are
different from those of the selective A;-adenosine receptor
antagonist, DPCPX, which has no known inhibitory action on
phosphodiesterase.

The stimulus dependent effect of DPCPX suggests that the
main source of extracellular adenosine acting at presynaptic
A,-adenosine receptors is the breakdown of neurally released
ATP by ectonucleotidases. Adenosine is also released under
basal conditions from most cell types through bi-directional
membrane transporters (see Fredholm, 1995), its concentra-
tion in the extracellular space being in equilibrium with that in
the cytosol of the surrounding cells. This leakage cannot be the
main source of adenosine activating the presynaptic A,
adenosine receptors in the present study, as its effect at these
receptors should be stimulus independent. Another potential
stimulus-dependent source of adenosine is the smooth muscle,
which releases ATP when contracted by neurotransmitters
(von Kugelgen & Starke, 1991; Vizi et al., 1992). This ATP
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would also be broken down to adenosine by ectonucleotidases.
However, this source of adenosine is unlikely to be important
in the present study, as the stimulation parameters used did not
cause a detectable contraction of the vas deferens.

Application of the adenosine uptake inhibitor, NBTI, which
acts at the same bi-directional adenosine transporter as
dipyramidole (see Thorn & Jarvis, 1996), had no significant
effects on e.j.p. amplitude in the presence of phentolamine.
This finding is in agreement with Sneddon et al. (1984) who
reported that dipyramidole had no significant effect on e.j.p.
amplitudes in guinea-pig vas deferens. In contrast, Kirkpatrick
& Burnstock (1992) reported that the electrically evoked
overflow of ATP from the guinea-pig vas deferens was
inhibited by dipyramidole, a finding consistent with an
increased presynaptic inhibitory action of extracellular
adenosine. This difference can be explained if blockade of
adenosine uptake has a more pronounced effect during the
long trains of relatively high frequency stimuli (8 Hz for 1 min)
used in the study of Kirkpatrick & Burnstock (1992).

In conclusion, this study has examined the effects of
adenosine antagonists on neurotransmitter release from
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