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Adenosine-A, receptors are not coupled to Ca’>* uptake in rat brain
synaptosomes

(Received 20 April 1988; accepted 20 September 1988)

Adenosine (ADO) and analogues inhibit the release of
neurotransmitters in the central nervous system and depress
neuronal activity in a number of experimental models [1-4].
Adenosine exerts its effects via membrane bound receptors,
which are generally divided into two subtypes, that are
coupled to adenylate cyclase in an inhibitory (A, receptor)
or a stimulatory (A, receptor) way. The relationship, how-
ever, between A, or A, adenosine receptor mediated modu-
lation of adenylate cyclase and these calcium sensitive
processes, is not clear. It has been proposed that the inhi-
bition of presynaptic inward calcium currents is involved
[3,4].

From the structure activity relationships for the neuro-
depressing effects of ADO analogues, it can be deduced
that an A,-receptor-like subtype is involved [1]. As reports
on this subject are not very consistent, the existence of a
third receptor subtype was proposed, which is coupled to
a calcium channel [5].

Ca®* uptake by synaptosomes can be measured for the
investigation of calcium dependent effects of ADO. Wu et
al. [6] and Ribeiro et al. [7] reported, that “*Ca’* uptake
by synaptosomes is inhibited by ADO and analogues. Barr
et al. [8], in contrast, were unable to demonstrate any
influence of ADO on **Ca’* uptake. However, it was not
confirmed, whether the ADO analogues that were tested,
actually bound to synaptosomes under the experimental
conditions. In neither study the presence of endogenous
ADO was taken into account. As synaptosomes are meta-
bolically active [9], the ATP content of these preparations is
high. Williams et al. [10] demonstrated that ATP interferes

with binding of A, receptor ligands, due to metabolic
breakdown of ATP to ADO. Consequently, endogenous
ADO and ATP may compete with the effects of externally
added ADO or analogues. Moreover, the incubation media
contain ions, like Mg?*, Ca?*, Na* and K*, that may
interfere with ADO receptor binding [11, 12]. The avail-
ability of the tritiated, highly Aj-selective antagonist
[FHIDPCPX (1,3-dipropyl-8-cyclopentyl-xanthine) [13]
enabled us to compare the effects of ADO analogues on
“Ca’* uptake with their binding to the A -receptor, repre-
sented by displacement of [PH]DPCPX binding. When vir-
tually identical preparations are used for both tests,
differences in tissue penetration can be avoided and effects
on ¥Ca®* uptake and radioligand binding can be directly
compared.

Methods

All solutions were made in distilled water and buffered
with 10mM Hepes, adjusted to pH 7.4 at the required
temperature with Tris. The incubation medium contained
(in mM) NaCl 140, KCl1 5, MgCl, 1.2, Na,HPO, 1.2, CaCl,
0.1 or 1.0 and glucose 10. The wash buffer contained (in
mM) NaCl 140 and KCl 5, the stop buffer NaCl 140, KCI
5 and EGTA 5. “Ca®* uptake solutions had the same
composition as the incubation medium, but contained ca.
10° cpm “Ca®* (NEN, F.R.G.). For basal uptake the final
KCIl concentration was 5 mM, for KCl-stimulated uptake
30 mM.

Synaptosomes were prepared by a combination of dif-
ferential and density gradient centrifugation [14]. Rat
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(Wistar, CPB, Zeist, The Netherlands) brain was homo-
genized in icecold 0.3 M sucrose. The homogenate was
centrifuged for 10 min at 1000 g. The P, fraction, obtained
by centrifugation of the supernatant for 20 min at 5000 g,
was resuspended in 0.3 M sucrose. This suspension was
used as the top layer of a discontinuous sucrose gradient
(1.2 (3ml), 0.8 (5 ml) and 0.3 M (5 mi)). The gradient was
spun for 30 min at 9000 g, the synaptosomes were harvested
from the 0.8 M layer and the 0.8/1.2M interface, and
were slowly (in 30 min) diluted with a 10-fold volume of
incubation medium. The synaptosomes were pelleted by
centrifugation for 15 min at 9000 g, and kept on ice until
use. Essentially the same results were obtained at the
beginning and the end of an experiment.

For #*Ca’* uptake measurements, synaptosomes were
resuspended in incubation medium and preincubated at 37°
with or without the test agents in a total volume of 250 ul,
to allow for the association of the ligands with the receptor.
After 30 min, an equal volume of uptake solution was
added. After incubation for a defined time (usually 5 sec)
#Ca?* uptake was stopped by addition of 5ml icecold
stop buffer and rapid vacuum filtration over prewashed
Whatman GF/C filters. The incubation time was measured
using a metronome. Filters were washed twice with 5ml
icecold wash buffer, dried and dissolved in 3.5 ml Optiphase
MP (LKB, U.K.). The amount of **Ca’* retained on the
filters was determined by Liquid Scintillation Counting.
Measurements were made in triplicate. When appropriate,
significance of differences was tested with the r-test.

The binding assay for [PH]JDPCPX as described by Bruns
et al. [13] was modified for use in synaptosomes at 37°. Prior
to use the synaptosomes were, unless otherwise indicated,
incubated for 30min with 0.5IU/ml ADO deaminase
(Boehringer, F.R.G.). The binding reaction was initiated
by addition of 100l preincubated synaptosomal sus-

nsion to 300 gl incubation medium, containing ca. 0.1 nM
PH]DPCPX (Amersham, UK., sp. act. 95 Ci/mmol) and
other test agents. After incubation for 45 min at 37° the
reaction was stopped by addition of 1 ml icecold wash buffer
and rapid vacuum filtration over Whatman GF/C filters.
Filters were washed twice with 3 ml icecold wash buffer.
Specific binding was calculated by subtraction of nonspecific
binding, measured in the presence of 10~5M R-phenyl-
isopropyladenosine (R-PIA, Boehringer, F.R.G.) from
total binding.

Protein concentrations were determined by the method
of Peterson [15].

Results and discussion

Equilibrium [PHJDPCPX binding in the presence of
ADO deaminase was reached within 10 min. Treatment
with ADO deaminase increased specific PH]DPCPX bind-
ing 3—4-fold (Fig. 1), whereas nonspecific binding and filter
binding were not affected. In the presence of ADO deami-
nase, R-PIA inhibited ["H]DPCPX binding with an 1Cs, of
7nM (Fig. 2). The displacement curve was shallow, in
agreement with the concept of multiple binding states for
agonists to the A, receptor [13].

From the data from Fig. 1 it can be argued that in the
absence of adenosine deaminase a major part of the specific
[PH]DPCPX binding is displaced by endogenous ADO. It
is difficult to relate this effect of endogenous ADO to a
certain concentration as the affinity of ADO for the A,
receptor is not known. As evident from Fig. 2, however,
this concentration is equipotent with ca. 70nM R-PIA.
Considering the fact that 20nM R-PIA is sufficient to
depress calcium currents in slices [4], we initially con-
templated that endogenous adenosine might exert tonic
inhibitory effects on *Ca** uptake. In analogy to other
cases, this effect might be blocked by including ADO
deaminase or ADO antagonists in the incubation medium
[4,16,17}.

In the medium, containing 1.0 mM CaCl,, ¥Ca®* uptake,
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Fig. 1. The effect of ADO deaminase on specific

[PHIDPCPX binding (O) and Ca’-uptake (@) by

synaptosomes. 100% corresponds to 4.3+ 0.3 nmol/mg

protein/5 sec KCl-stimulated Ca**-uptake. [PH]DPCPX]

was 0.11nM. Represented are means + SE from 3-4
experiments.

stimulated by 30 mM KCl was 4.3 + 0.3 nmol/mg protein/
5sec (N = 8). “Ca** uptake could be stimulated by ver-
atridine (10 uM), as well, which comprised about 40% of
KCl-stimulated uptake.

In preliminary ex?en'ments, ADO deaminase (2 IU/ml)
seemed to inhibit ¥Ca’* uptake to a great extent. This,
however, was due to the presence of (NH,),SO, in the
initially used product. When another commercially avail-
able ADO-deaminase preparation, dissolved in 50% glyc-
erol, was used, up to 2IU/ml ADO deaminase did not
influence *Ca?* uptake (Fig. 1). Moreover, the ADO
antagonists 8-phenyltheophylline (107°, 107°M) and CGS
15943 (1073 M) [18] and the ADO uptake inhibitors dipy-
ridamole and nitrobenzylthiocinosine (10~° M) were without
effect on *Ca?* uptake.

Subsequently, the ADO agonist R-PIA was tested. From
Fig. 2 it was concluded, that 1077 M R-PIA occupies most
A, receptors. Under standard conditions (30 min pre-
incubation with drug, 5sec incubation with “Ca’*) this
concentration R-PIA did not have any effect on basal or
KCl-stimulated “Ca** uptake. Higher concentrations R-
PIA (1078, 1073 M) lacked also effect, as did 10> M 5'-N-
ethyl-carboxamide-adenosine (NECA). It should be real-
ized that A, mediated effects are unlikely to occur, as the
A, receptor is present only in the striatum [19], where it
comprises ca. 50% of the ADO receptor population. From
the relative paucity of striatal tissue it can be estimated that
only 3% of the ADO receptors in brain tissue are of the
A, subtype.
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Fig. 2. Displacement of "H|DPCPX binding by R-PIA.
Data are from a representative experiment.
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Surmising that the preincubation or incubation con-
ditions might not be optimal, we tried to evoke an effect
by R-PIA under several experimental conditions.

(1) At a lower (0.1 mM) Ca?* concentration: it is known
that effects of ADO and other modulators of presynaptic
release on neuronal activity can be antagonized by high
calcium concentrations [20, 21].

(2) Different preincubation times (0, 1, 15 min).

(3) Different incubation times (1 sec up to 10 min). As
reported by Nachshen [22] two phases of calcium entry can
be distinguished: the fast phase, which is voltage depen-
dent, lasts about 1 sec and is followed by a slow phase, in
which calcium exchange mechanisms play an important
role.

(4) In the absence of ADO deaminase and using a crude
synaptosomal (P,) fraction, as done by Wu et al. [6]. In this
preparation dipyridamole and 8-phenyltheophylline lacked
effect as well.

(5) With veratridine (1075 M) as stimulator instead of
KCl, to evoke depolarization by Na*-influx.

(6) In the presence of GTP (107* M), in case activation
of a G-protein would be essential.

Under all of these circumstances R-PIA lacked effect on
basal or stimulated “Ca’* uptake.

A relatively simple explanation for the lack of effect
could be that ADO receptors controlling Ca?* uptake are
present only in a subset of the synaptosomes. This,
however, does not explain the discrepancies between the
results of Barr et al. [8] or our group vs Wu et al. [6]
and Ribeiro et al. [7]. The question remains, whether the
receptor—effector coupling is impaired in synaptosomes or
whether ADO and “Ca’* uptake in nerve endings are not
related at all. Our results may support Silinsky’s [23] point
of view, that in the neuronal cell, ADO analogues influence
the sensitivity for caicium rather than the calcium
concentration.

Summarizing, we state that although adenosine A, recep-
tors are present in synaptosomes, it is unlikely that they
are linked to functionally intact voltage sensitive calcium
channels.
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