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P,-purinoceptor-mediated inhibition of noradrenaline release

in rat atria

'Tvar von Kiigelgen, Daniel Stoffel & Klaus Starke

Pharmakologisches Institut, Universitit Freiburg, Hermann-Herder-Strasse 5, D79104 Freiburg i. Br., Germany

1 We looked for P,-purinoceptors modulating noradrenaline release in rat heart atria. Segments of the
atria were preincubated with [’H]-noradrenaline and then superfused with medium containing desi-
pramine (1 puM) and yohimbine (1 pM) and stimulated electrically, by 30 pulses/l Hz unless stated
otherwise.

2 The adenosine A,-receptor agonist, NS-cyclopentyl-adenosine (CPA; ECs, 9.7nM) and the
nucleotides, ATP (ECs, 6.6uM) and adenosine-5-O-(3-thiotriphosphate) (ATPyS; ECs 4.8 um),
decreased the evoked overflow of tritium. The adenosine A,,-agonist, 2-p-(2-carbonylethyl)-
phenethylamino-5'-N-ethylcarboxamido-adenosine (CGS-21680; 0.03-0.3 pM) and the P,x-purinoceptor
agonist p,y-methylene-L-ATP (30 uM) caused no change.

3 The concentration-response curve of CPA was shifted to the right by the adenosine A,-receptor
antagonist, 8-cyclopentyl-1,3-dipropyl-xanthine (DPCPX; 3 nM; apparent pKp value 9.7) but hardly
affected by the P,-purinoceptor antagonist, cibacron blue 3GA (30 uMm). In contrast, the concentration-
response curves of ATP and ATPyS were shifted to the right by DPCPX (3 nM; apparent pKjp values 9.3
and 9.4, respectively) as well as by cibacron blue 3GA (30 uM; apparent pKp values 5.0 and 5.1,
respectively). Combined administration of DPCPX and cibacron blue 3GA caused a much greater shift
of the concentration-response curve of ATP than either antagonist alone. The concentration-response
curve of ATP was not changed by indomethacin, atropine or the 5'-nucleotidase blocker a,f-methylene-
ADP.

4 Cibacron blue 3GA (30 uM) increased the evoked overflow of tritium by about 70%. The increase
was smaller when the slices were stimulated by 9 pulses/100 Hz instead of 30 pulses/1 Hz.

5 The results indicate that the postganglionic sympathetic axons in rat atria possess P,-purinoceptors
in addition to the known adenosine A;-receptor. Both mediate inhibition of noradrenaline release. Some
adenine nucleotides such as ATP and ATPyS act at both receptors. The presynaptic P,-purinoceptor
seems to be activated by an endogenous ligand, presumably ATP, under the condition of these
experiments. This is the first evidence for presynaptic P,-purinoceptors at cardiac postganglionic
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sympathetic axons.
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Introduction

Among other locations, P,-purinoceptors occur presynap-
tically at terminal noradrenergic axons. Activation of
presynaptic P,-purinoceptors of various types has been
reported to increase the release of noradrenaline in rabbit ear
artery (Miyahara & Suzuki, 1987), guinea-pig ileum (Sper-
lagh & Vizi, 1991), and chick cultured sympathetic neurones
(Allgaier et al., 1994). In mouse and rat vas deferens, rat iris
and rat brain cortex, activation of presynaptic P,y-like
purinoceptors decreases the release of noradrenaline (von
Kiigelgen et al., 1989; 1993; 1994b,c; Fuder & Muth, 1993;
Kurz et al., 1993). Chick cultured sympathetic neurones pos-
sess release-inhibiting P,-purinoceptors, not classified further,
in addition to the release-enhancing receptors (Allgaier et al.,
1994). Some peripheral release-inhibiting P,-purinoceptors
seem to function as autoreceptors, i.e. to be activated by
endogenous ATP released as postganglionic sympathetic co-
transmitter of noradrenaline (Fujioka & Cheung, 1987;
Fuder & Muth, 1993; Kurz ez al., 1993; von Kiigelgen et al.,
1993; 1994a,b; Gongalves & Queiroz, 1994; Grimm et al.,
1994).

Adenine nucleotides such as ATP exert P,-purinoceptor-
mediated effects on the heart; the force of contraction, for
example, is increased (for review see Ralevic & Burnstock,
1991). We have now looked for presynaptic P,-purinoceptors
at the sympathetic axons innervating rat atria. Adenine
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nucleosides (Wakade & Wakade, 1978; Khan & Malik, 1980;
Richardt et al., 1987) and nucleotides (Khan & Malik, 1980)
reduce the release of noradrenaline in the rat heart. The
nucleosides act through adenosine A,-receptors (Richardt et
al., 1987). The possibility of an involvement of P,
purinoceptors in the effect of adenine nucleotides (Khan &
Malik, 1980) was not (and at that time could not be)
examined. Some results have been published in abstract form
(Stoffel et al., 1994).

Methods

Male Wistar rats weighing 240—300 g (Savo, Kisslegg, Ger-
many) were killed by cervical dislocation and exsanguination.
The atria were cut into about 14 segments of 4—6 mg (from
two rats). Six atrial segments were preincubated at 37°C for
30 min in each of two vials containing 4 ml medium with
(-)-H]-noradrenaline (0.1 pM). The segments were then
washed three times with [’ H}-noradrenaline-free medium. One
segment was transferred to each of twelve superfusion
chambers where it was held by a polypropylene mesh
between platinum plate electrodes 4 mm apart. The tissue
was superfused with [*H]-noradrenaline-free medium for
144 min at 1 ml min~! and 37°C. A Stimulator I (Hugo Sachs
Elektronik, March-Hugstetten, Germany) operating in the
constant current mode was used for electrical field stimula-
tion. Five periods of stimulation were applied (rectangular
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pulses of 1 ms width and 60 mA current strength). The first,
delivered after 30 min of superfusion and consisting of 30
pulses/1 Hz, was not used for determination of tritium
overflow. The following stimulation periods (S,—S,;) began
after 66, 87, 108 and 129 min of superfusion and consisted of
30 pulses/l Hz unless stated otherwise. The collection of
successive 3-min superfusate samples began 6 min before S,.
After superfusion, each tissue segment was solubilized, and
tritium was measured in superfusate samples and solubilized
tissues by liquid scintillation counting.

The superfusion medium contained (mM): NaCl 118, KCl
4.8, CaCl, 2.5, MgSO, 1.2, NaHCO; 25, KH,PO, 0.9, glucose
11, ascorbic acid 0.3 and disodium EDTA 0.03. The medium
used for preincubation contained CaCl, 0.2 mM instead of
2.5mM (see Limberger er al., 1992). Media were saturated
with 5% CO, in O,. The pH was adjusted to 7.4 with NaOH
1 M. The superfusion but not the preincubation medium
contained in addition, desipramine (1 uM) and, in most
experiments, yohimbine (1 uM) in order to block uptake, and
presynaptic a,-adrenoceptors, respectively. Other drugs were
present either throughout superfusion, or from 6 min before
S, for the remainder of the experiment, or, at increasing
concentrations, from 6 min before to 15 min after the onset
of S,, S; and S,. The delay from addition of drug to medium
to arrival at tissue was about 60 s.

The outflow of tritium was expressed as fractional rate
(min~!) (Kurz et al., 1993). The electrically evoked overflow
was calculated as the difference ‘total overflow during the
9min after onset of stimulation’ minus ‘estimated basal
outflow’; the basal outflow was assumed to decline linearly
from the 3-min interval before, to the interval 9-12 min
after, onset of stimulation. The difference (total minus basal;
Bq) was expressed as a percentage of the tritium content (Bq)
of the tissue at the onset of stimulation. Effects of drugs that
were added after S, on basal tritium efflux were evaluated as
ratios of the fractional rate immediately before S,, S; and S,
and the fractional rate immediately before S, (b,/b,). Effects
of drugs that were added after S, on electrically evoked
overflow were evaluated as ratios of the overflow elicited by
S;, S; and S, and the overflow elicited by S; (S,/S)). S./S:
ratios obtained in individual experiments in which a test
compound A was added after S, were calculated as a percen-
tage of the respective mean ratio in the appropriate control
group (solvent instead of A). When the interaction of A,
added after S,, and a drug B, added throughout superfusion,
was studied, the ‘appropriate control’ was a group in which
B alone was used.

Where relevant, the sigmoid-shaped function No. 25 of
Waud (1976) was fitted to averaged agonist concentration-
inhibition data. The function yielded the maximal inhibition
and the EC;s, (concentration that caused 50% of the maximal
inhibition). For concentration-inhibition data from experi-
ments carried out in the presence of the antagonists DPCPX
or cibacron blue 3GA, the maximal inhibition was fixed to
that obtained in the absence of antagonist (cf. Kurz et al.,
1993). pKs (— log Kg) values of DPCPX and cibacron blue
3GA were calculated from the increase in ECs, values. Since
only one antagonist concentration was used and a com-
petitive character of the antagonism was not verified, the
values are apparent pKy values (cf. von Kiigelgen et al.,
1994c).

Drugs used were: suramin hexasodium (Bayer, Wuppertal,
Germany), (—)-[ring-2,5,6-*H}-noradrenaline, specific activity
1.48-2.65 TBqmmol~' (Du Pont, Dreieich, Germany),
atropine sulphate (Merck, Darmstadt, Germany), 2-p-(2-
carbonylethyl)-phenethylamino-5'-N-ethylcarboxamido-adeno-
sine HCl (CGS-21680), Né-cyclopentyl-adenosine (CPA), 8-
cyclopentyl-1,3-dipropylxanthine (DPCPX), B,y-methylene-L-
adenosine-5'-triphosphate tetrasodium (B,y-methylene-L-ATP),
(=)-propranolol HCl (Research Biochemicals, Biotrend, Kéln,
Germany), yohimbine HCl (Roth, Karlsruhe, Germany),
adenosine-5’-O-(3-thiotriphosphate)  tetralithium (ATPyS),
ATP disodium, cibacron blue 3GA (C-9534 in Sigma

catalogue 1994; isomer of reactive blue 2 in which the sul-
phonic acid residue at the terminal benzene ring is in the
o-position; see footnote on p. 130 of von Kiigelgen et al.,
1994b), desipramine HCI, indomethacin, a,B-methylene-
adenosine-5’-diphosphate (a,8-methylene-ADP), tetrodotoxin
(Sigma, Deisenhofen, Germany). Solutions of drugs were
prepared with either distilled water, or (indomethacin) the
KH,PO,- and NaHCOs-containing stock solution of the
medium, or (CGS-21680, DPCPX) dimethyl sulphoxide (final
concentration about 0.1 mM), or (CPA) ethanol (final con-
centration about 1mM), or (tetrodotoxin) sodium acetate
buffer (0.1 M, pH 4.8). The solvents did not change basal
tritium efflux or the evoked overflow. Dimethyl sulphoxide
(0.1 mM) was added in all experiments throughout super-
fusion to make them directly comparable.

Means * s.e.mean are given throughout. Differences be-
tween means were tested for significance by the Mann-
Whitney test. P<0.05 or lower was taken as the criterion of
statistical significance. For multiple comparisons with the
same control, P levels were adjusted according to Bonferroni.
n is the number of tissue pieces.

Results

Stimulation by 30 pulses/l Hz markedly increased the
outflow of tritium from atrial segments preincubated
with [*H}-noradrenaline (Figure 1a). When the superfusion
medium contained yohimbine (1 uM) in addition to desi-
pramine (1 pM), as in the majority of experiments, the frac-
tional rate of efflux immediately before S, (b,) averaged
0.00161 £ 0.00003 min~', corresponding to 21.6% 0.6 Bq
min~!, and the overflow at S, (Table 1) 1.025 + 0.037% of
the tritium content of the tissue, corresponding to 150.7 * 8.4
Bq (n=132). Experimentally induced changes will be men-
tioned below.

When solvent was administered after S, (6 min before S,),
the b,/b,, bs/b;, and b,/b, ratios were 0.97 £ 0.01, 0.97 £ 0.01
and 0.94 £ 0.02, and S,/S,, S;/S,, and S,/S, ratios 1.01 £ 0.01,
0.99 £ 0.01 and 0.98 + 0.01, respectively (n = 12; Figure 1la).
Average b,/b, ratios also were slightly below unity, and S,/S,
ratios close to unity, when the additional compounds listed in
Table 1 were present in the medium throughout superfusion
and solvent was added after S, (not shown).

Evoked tritium overflow: adenine nucleosides and
nucleotides

In an initial series of experiments, drugs were added after S,
and then kept at a constant concentration. Tetrodotoxin
(0.3 uM) abolished the evoked overflow of tritium (Figure
2a). The adenosine A,-receptor agonist CPA (0.3 uM; Wil-
liams et al., 1986) as well as the nucleotides ATP (30 and
300 um) and ATPyS (30 uM), a metabolically more stable
analogue (Welford et al., 1986), caused marked inhibition
which was approximately constant from S,, after 6 min of
exposure, to S,, after 48 min of exposure (Figure 2). No
change was observed with the adenosine A,-agonist, CGS-
21680 (0.03 and 0.3 pM; Jarvis et al., 1989; Figure 2a) and
the metabolically stable P.k-selective ATP analogue B,y-
methylene-L-ATP (30 uM; Hourani et al., 1986; Figure 2c).

When added after S, at increasing concentrations, CPA,
ATP and ATPyS reduced the evoked overflow of tritium in a
concentration-dependent manner (ATP in Figure 1b; concen-
tration-inhibition curves in Figures 3 to 5, open symbols).
The ECs, values (maximal inhibitions) were 9.7 nM (89%) for
CPA, 6.6 uM (95%) for ATP, and 4.8 uM (88%) for ATPyS.

Evoked tritium overflow: interactions

Drugs tested for their interaction with CPA, ATP and
ATPyS were added throughout superfusion (in addition to
desipramine and yohimbine). When thus applied, the
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adenosine A,-receptor antagonist, DPCPX (3 nM; Bruns et
al., 1987; Lohse et al., 1987) slightly increased the overflow
evoked by S, (Table 1). It shifted the concentration-inhibition
curves of CPA, ATP and ATPyS to the right by similar
degrees (Figure 3; solid symbols). The shifts correspond to
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Figure 1 Time course of tritium outflow from segments of rat atria
and effect of ATP. After preincubation with [*H]-noradrenaline,
tissue segments were superfused with medium containing desipramine
(1 uM) and yohimbine (1 pM). They were stimulated four times by 30
pulses/1 Hz (S,-S,). Solvent (a; n=12) or ATP (b; n=10) was
added as indicated.

Table 1 Electrically evoked tritium overflow (S,)

apparent pKjp values of DPCPX against CPA, ATP and
ATPyS of 9.7, 9.3 and 9.4, respectively.

The P,-purinoceptor antagonist, cibacron blue 3GA
(30 uM; Kerr & Krantis, 1979; Fuder & Muth, 1993; see
footnote in von Kiigelgen et al, 1994b) increased the
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Figure 2 Effects of purinoceptor agonists and tetrodotoxin on
electrically evoked overflow of tritium. After preincubation with
[*H}-noradrenaline, atrial segments were superfused with medium
containing desipramine (1 uM) and yohimbine (1 puM). They were
stimulated four times by 30 pulses/l Hz (S,-S,). 2-p-(2-Car-
bonyethyl)-phenethylamino-5'-N-ethylcarboxamido-adenosine (CGS-
21680; V 0.03 and V¥ 0.3 pM; a), N°-cyclopentyl-adenosine (CPA; B
0.3 pM; a), tetrodotoxin (X, 0.3 puM; a), ATP (O 30 and @ 300 pm;
b), B,y-methylene-L.-ATP (A 30uM; c) or adenosine-5-O-(3-
thiotriphosphate) (ATPyS; @ 30 uM; c) was added 6 min before S,
for the remainder of the experiment. Ordinates, evoked tritium
overflow: S,/S, ratios obtained in individual tissue segments were
calculated as percentage of the corresponding average control S,/S,
ratio. Means * s.eemean from 4-11 tissue segments. Significant
differences from correspoiiding control: **P <(.01.

Drugs present throughout superfusion

DPCPX 3 nM

Cibacron blue 3GA 30 um

Cibacron blue 3GA 30 um*

DPCPX 3 nM + cibacron blue 3GA 30 um
a,B-Methylene-ADP 100 uM

Indomethacin 10 uM

Indomethacin 10 puM + cibacron blue 3GA 30 uMm
Atropine 1 um

Indomethacin 10 uM + atropine 1 uM + propranolol 1 uM + DPCPX 3 nM

Overflow evoked by S,

(% of tissue tritium) n
1.025 + 0.037 132
1.272 £ 0.046** 48
1.914 £ 0.057** 43
1.465* 0.151* 24
2.142 £ 0.135** 16
1.228 £ 0.125 11
1.263 + 0.082* 24
1.795 % 0.090** 24
1.631 £ 0.097** 20
1.359 £ 0.071** 12

After preincubation with [*H]-noradrenaline, atrial segments were superfused with medium containing the drugs indicated (in addition
to desipramine, 1 uM, and yohimbine, 1 puM, which were also present throughout superfusion). S, was applied after 66 min of
superfusion and consisted of 30 pulses/1 Hz. DPCPX, 8-cyclopentyl-1,3-dipropylxanthine. Means % s.e.mean from » tissue segments.

aCurrent strength 30 instead of 60 mA.

Significant differences from experiments, shown in first line, in which only desipramine and yohimbine were present: *P <0.05 and

**pP<0.01.
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overflow at S; by 87% (Table 1). It caused little if any
change in the concentration-response curve of CPA but
shifted the curves of ATP and ATPyS clearly to the right
(Figure 4; solid symbols). Apparent pKp values of cibacron
blue 3GA against ATP and ATPyS were 5.0 and 5.1, respec-
tively.

An increase in transmitter release may per se attenuates the
modulation of release through presynaptic receptors, irres-
pective of the cause of the increase (see p. 926 of Starke et
al., 1989). Therefore, in some experiments with cibacron blue
3GA (30 uM) the current strength was lowered from 60 to
30 mA in order to bring the reference overflow, at S, in the
presence of cibacron blue 3GA, closer to values obtained in
the absence of the antagonist (Table 1). Cibacron blue 3GA
30 pM shifted the concentration-inhibition curve of ATP to
the right despite the S, adjustment (compare Figure 4b and
4d), indicating that the shift was in fact due to blockade of
P,-purinoceptors rather than to the increase in transmitter
release per se (see von Kiigelgen et al., 1992). [We did not
determine a concentration-inhibition curve of ATP at 30 mA
in the absence of cibacron blue 3GA; from all that is known
on presynaptic receptors it would lie to the left of the curve
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Figure 3 Interaction of purinoceptor agonists with 8-cyclopentyl-
1,3-dipropylxanthine (DPCPX) or cibacron blue 3GA combined with
DPCPX. After preincubation with [*H]-noradrenaline, atrial
segments were superfused with medium containing desipramine
(1 pM) and yohimbine (1 pM). They were stimulated four times by 30
pulses/1 Hz (S,-S,). N°-cyclopentyl-adenosine (CPA, a), ATP (b) or
adenosine-5’-O-(3-thiotriphosphate) (ATPyS, c¢) was added at increas-
ing concentrations from 6 min before to 15 min after onset of S,, S;
and S,;. Open symbols, experiments in which CPA, ATP or ATPyS
was given alone; solid symbols, experiments in which medium con-
tained DPCPX (3 nM) throughout superfusion; (X) experiments in
which medium contained both DPCPX (3 nM) and cibacron blue
3GA (30 um) throughout superfusion (b). Ordinates, evoked tritium
overflow: S,/S, ratios obtained in individual tissue segments were
calculated as percentage of the corresponding average control S,/S,
ratio. Means * s.e.mean from 4-10 tissue segments. Significant
differences from experiments in which CPA, ATP or ATPyS was
given alone: *P<0.05 and **P<0.01.

determined at 60 mA (p. 102 of Starke, 1987), so the shift by
cibacron blue 3GA would be even more pronounced than
shown in Figure 4d.]

Combined administration of cibacron blue 3GA (30 uM)
and DPCPX (3 nM) enhanced the overflow evoked by S, by
109% (Table 1) and shifted the concentration-response curve
of ATP beyond the shifts caused by DPCPX alone (Figure
3b) and cibacron blue 3GA alone (Figure 4b). The shift
beyond that produced by DPCPX alone (Figure 3b) corres-
ponds to an apparent pKp of cibacron blue 3GA against
ATP of 4.7, close to the 5.0 obtained in the absence of
DPCPX (Figure 4b).

Further interaction experiments were carried out in search
for possible mediators of the inhibitory effect of ATP. a,p-
Methylene-ADP (100 uM) was used to block 5’-nucleotidase
(Fredholm et al., 1982; Fleetwood & Gordon, 1987; Borst &
Schrader, 1991), the enzyme that catalyses the dephos-
phorylation of AMP to adenosine. a,8-Methylene-ADP did
not change S, (Table 1) and did not affect the concentration-
response curve of ATP (Figure 5a). Indomethacin (10 pM)
and atropine (1 uM) were used at concentrations known to
block the synthesis of prostaglandins in the heart (Starke et
al., 1977; Khan & Malik, 1980) and presynaptic muscarinic
receptors (Fozard & Muscholl, 1972), respectively. Both in-
creased the overflow at S, (Table 1), possibly by removing a
presynaptic inhibition by prostaglandins and acetylcholine
(see Fuder & Muscholl, 1995). Neither indomethacin (Figure
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Figure 4 Interaction of purinoceptor agonists with cibacron blue
3GA or 8-cyclopentyl-1,3-dipropylxanthine (DPCPX) combined with
cibacron blue 3GA. Open symbols, experiments in which N¢-
cyclopentyl-adenosine (CPA, a), ATP (b and d) or adenosine-5-O-
(3-thiotriphosphate) (ATPyS, c) was given alone (identical with
Figure 3); solid symbols, experiments in which medium contained
cibacron blue 3GA (30 uM) throughout superfusion; ( X ) experiments
in which medium contained both cibacron blue 3GA (30 um) and
DPCPX (3 nM) throughout superfusion (b; identical with (X) in
Figure 3b). In some experiments in which cibacron blue 3GA was
tested against ATP the current strength for electrical stimulation was
reduced from 60 to 30 mA (solid symbols in d). Means % s.e.mean
from 4-11 tissue segments. Other details as in Figure 3.
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5b) nor atropine (Figure 5c) changed the concentration-
response curve of ATP. Cibacron blue 3GA (30 uM) shifted
the concentration-response curve of ATP to the right also in
the presence of indomethacin (10 uM; Figure 5b). The com-
bination of indomethacin and cibacron blue 3GA increased
the overflow of tritium at S, as did each compound alone
(Table 1).

Evoked tritium overflow: purinoceptor antagonists

Effects of purinoceptor antagonists on the evoked overflow
of tritium were already observed when they were present
throughout superfusion (S,; Table 1). However, drug effects
are better assessed in this kind of experiment when the drugs
are given after S, so that S, is the reference for each tissue
segment (von Kiigelgen et al., 1994b). Cibacron blue 3GA
30 uM, when thus administered in desipramine- and yohim-
bine-containing medium, increased the overflow of tritium
evoked by 30 pulses/1 Hz by 67% (Table 2), similar to the
87% increase of S, when cibacron blue 3GA was applied
throughout superfusion (Table 1). The P,-purinoceptor
antagonist, suramin (300 uM; Dunn & Blakeley, 1988) in-
creased the evoked overflow by 9% only (Table 2). DPCPX
(3 nM) caused no change (Table 2), and this questions the
relevance of the slight increases in S; observed when DPCPX
was present throughout superfusion.

Cibacron blue 3GA 30puM increased the overflow of
tritium evoked by 30 pulses/1 Hz to a similar extent, namely
by 72.6 £ 7.4%, when the medium contained indomethacin
(10 uM), atropine (1 uM), propranolol (1 uM) and DPCPX
(3 nM) in addition to desipramine and yohimbine throughout
superfusion (n = 6; protocol of Table 2; S, in Table 1).

Cibacron blue 3GA also increased the tritium overflow
evoked by 30 pulses/1 Hz, and DPCPX also failed to cause a
significant change, when yohimbine was omitted from the
medium (Table 2). In these experiments the overflow at S,
was 0.316 £0.019% of the tritium content of the tissue
(n=24), about one third of that observed in presence of
desipramine and yohimbine (Table 1). Accordingly, yohim-
bine (1 uM) increased the overflow evoked by 30 pulses/1 Hz
about threefold when added after S, to previously
yohimbine-free medium (Table 2).

Finally, trains consisting of 9 pulses/100 Hz were used for
stimulation (Table 2). The overflow of tritium elicited by S,
was 0.217 £0.014% of tissue tritium (n =24). DPCPX and
yohimbine did not affect the evoked overflow. Cibacron blue
3GA caused an increase by 38%, significantly (P <<0.01) less
than in slices stimulated by trains of 30 pulses/1 Hz (Table
2).

Basal tritium efflux

None of the drugs, whether present throughout superfusion
(in addition to desipramine) or added after S;, changed

significantly the basal efflux of tritium, with two exceptions:
ATP (100 pM) caused a slight increase (see Figure 1b), and
DPCPX (3nM), when present throughout superfusion,
caused a small decrease (not shown).

Discussion

The electrically evoked overflow of tritium in experiments of
this kind reflects action potential-induced, neural release of
[’H]-noradrenaline (cf. for rat heart Fuder et al., 1982). The
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Figure 5 Interaction of ATP with a,B-methylene-ADP, indo-
methacin or indomethacin combined with cibacron blue 3GA, and
atropine. Open symbols, experiments in which ATP was given alone
(identical with Figure 3); solid symbols, experiments in which
medium contained a,f-methylene-ADP (100 puM; a), indomethacin
(10puM; b) or atropine (1uM; c) throughout superfusion; (X)
experiments in which medium contained both indomethacin (10 pm)
and cibacron blue 3GA (30um) throughout superfusion (b).
Means * s.e.mean from 4-11 tissue segments. Other details as in
Figure 3.

Table 2 Effects of purinoceptor antagonists and yohimbine on electrically evoked tritium overflow

Drugs added 6 min 30 p/1 Hz

before S, Yohimbine (1 uM) present
- 100.0 £ 0.9 (6)
DPCPX 3 nM 1039+ 3.8 (5)

Cibacron blue 3GA 30 uMm
Suramin 300 um
Yohimbine 1pum -

166.9 £ 5.1 (5)*

108.6 £ 1.7 (6)**

Evoked tritium overflow
(S, to S4/S;; % of control)
30 p/1 Hz
No yohimbine

9 p/100 Hz
No yohimbine

100.0+2.9 (6)
1078 £3.9 (6)
1912 £ 11.5 (6)**

100.0 £ 5.0 (6)
108.5 £ 6.0 (6)
1380+ 9.5 (6)*

326.1 £ 23.1 (6)** 110.7 £ 4.5 (5)

After preincubation with [*H]-noradrenaline, atrial segments were superfused with medium containing desipramine (1 pM) and, where
indicated in heading, yohimbine (1 uM). They were stimulated electrically four times (S,-S,) at pulse numbers and frequencies
indicated. 8-Cyclopentyl-1,3-dipropylxanthine (DPCPX), cibacron blue 3GA, suramin or yohimbine was added 6 min before S, for the
remainder of the experiment. Ratios ‘average overflow at S, to S, over overflow at S;’ obtained in individual tissue segments were
calculated as a percentage of the corresponding average control ratio. Means * s.e.mean from (n) tissue segments.

Significant differences from corresponding control (first line): *P <0.05 and **P <<0.01.
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medium contained desipramine (1 uM) and in most experi-
ments yohimbine (1puM), thus ensuring that changes in
evoked tritium overflow caused by purinoceptor ligands were
not due to an interference with uptake, or a,-adrenoceptors.

Presynaptic adenosine A -receptors

Our experiments confirm the operation of release-inhibiting
P,-purinoceptors of the A,-subtype at the sympathetic ter-
minal axons in rat heart (see Introduction). In accord with
this assumption, only the A,-receptor agonist, CPA, but not
the A,.-receptor agonist, CGS-21680 affected the release of
noradrenaline. Moreover, the adenosine A,-receptor anta-
gonist, DPCPX shifted the concentration-response curve of
CPA to the right with an apparent pKp value (9.7) close to
values found at presynaptic A,-receptors in other rat tissues
(9.3-9.8; Sebastido et al., 1990; Fuder er al., 1992; Kurz et
al., 1993; von Kiigelgen et al., 1994c). The release-inhibiting
P,-purinoceptors at the sympathetic axons of guinea-pig
papillary muscles also belong to the A,-subtype (Schiitz et
al., 1991).

The presynaptic A,-receptors also mediated part of the
inhibition caused by adenine nucleotides. DPCPX shifted the
concentration-response curves of ATP and ATPyS to the
right with apparent pKj values (9.3 and 9.4) similar to the
pKg against CPA (9.7). Blockade of S'-nucleotidase by a,B-
methylene-ADP did not change the inhibition produced by
ATP, indicating that breakdown to adenosine was not neces-
sary for the effect. The result supports previous conclusions
that some adenine nucleotides activate adenosine (A))-
receptors directly (noradrenergic axons: von Kiigelgen et al.,
1992; 1994b,c; Fuder & Muth, 1993; Kurz et al., 1993,
non-noradrenergic axons: Moody et al., 1984; Wiklund et al.,
1985; Rubino et al., 1992; non-neural cells: Collis & Pet-
tinger, 1982; Bailey er al., 1992). The common presynaptic
receptor for adenine nucleosides and nucleotides at the sym-
pathetic fibres of rat tail artery and rabbit vas deferens has
been proposed to be a new ‘hybrid’ P;-purinoceptor
(Shinozuka et al., 1988; Todorov et al., 1994). In rat atria,
the identical pKy values of DPCPX against CPA, ATP and
ATPyS (9.3-9.7; see above) indicate that the presynaptic
receptor is the classical adenosine A,-receptor (compare von
Kiigelgen er al., 1992; 1994c; Kurz et al., 1993).

Presynaptic P,-purinoceptors

Presynaptic A,-receptors were not the only site of inhibition
by ATP and ATPyS: there was an additional, P,-
purinoceptor, site. The P, antagonist, cibacron blue 3GA,
hardly changed the effect of CPA, but clearly shifted the
concentration-inhibition curves of ATP and ATPyS to the
right, with apparent pKy values (5.0 and 5.1) close to those
found at the presynaptic P,-purinoceptors in rat iris (4.7;
Fuder & Muth, 1993) and brain cortex (5.0; von Kiigelgen et
al., 1994c). Cibacron blue 3GA produced a similar shift
(apparent pKp 4.7) when tested in combination with DPCPX
(beyond the shift caused by DPCPX alone), as predicted
from theory when there are two different receptors for an
agonist. Atropine failed to change the effect of ATP, thus
excluding a cholinergic link. Indomethacin also did not alter
the effect of ATP (confirming Khan & Malik, 1980), and
cibacron blue 3GA shifted the concentration-inhibition curve
of ATP even in the presence of indomethacin, although the
shift was somewhat reduced; at least the major part of the
inhibition by ATP, therefore, was independent of cyclo-
oxygenase products. In all likelihood, the P,-purinoceptors
are located at the sympathetic terminal axons themselves.
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