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Synaptosomal calcium uptake unaltered by adenosine and 2-chloroadenosine
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Purinergic compounds can decrease neural activity per-
ipherally and centrally [1-4]. The spontaneous firing rates
of cerebellar Purkinje neurons fall precipitously after
adenosine or its analogs are applied locally [5]. The ampli-
tude of hippocampal excitatory postsynaptic potential
(EPSP) responses is depressed by adenosine and its analogs
[5, 6]. The depression of EPSP amplitudes of pyramidal
neurons of the hippocampus is unaccompanied by changes
of resting membrane potential or resistance following per-
fusion with 5 uM adenosine, implying presynaptic effects,
but treatment with 10 uM adenosine produces a hyper-
polarization with a reduction of input resistance [6]. Hyper-
polarization without a change of resistance has been
reported for cerebral cortical neurons after iontophoresis
of adenosine 5'-monophosphate [7].

Neurotransmitter release is decreased by purinergic com-
pounds. Adenosine (0.01 mM) reduces the depolarization-
induced release of dopamine, acetylcholine and 5-hydroxy-
tryptamine from striatal slices [8]. Adenosine triphosphate
(0.1 to 0.5 mM) inhibits the release of acetylcholine, as
shown by decreased synaptic responses of sympathetic gan-
glion cells, but adenosine (0.4 to 0.75 mM) is without effect
on these responses [9]. Adenosine is suggested to reduce
neurotransmitter release by blockade of calcium channels
[2]. The suggestion of calcium involvement in the reduction
of transmitter release is based upon reports of adenosine-
induced inhibition of calcium uptake by synaptosomes
[10, 11]. To further evaluate this possibility of presynaptic
calcium mechanisms, we examined the effects of adenosine
and 2-chloroadenosine on fast- and slow-phase voltage-
dependent calcium entry into synaptosomes.

Materials and methods

Synaptosomes were isolated from the whole brain of
male Sprague-Dawley rats (200-300 g), similar to previous
description [12], and resuspended in incubation medium
(NaCl, 136 mM; KCl, 5 mM; CaCl,-2H,0, 1.2 mM; MgCl,,
1.3 mM; glucose, 10 mM; Tris base, 20 mM; pH adjusted
to 7.65 with 1 M maleic acid) to provide a protein con-
centration of approximately 1-2 mg/ml. After resuspen-
sion, 0.48-m! aliquots of the synaptosomal preparations
were pipetted into sample tubes and incubated for approxi-
mately 14 min in a Dubnoff shaker at 30° in the presence
or absence of adenosine or 2-chloroadenosine (Sigma
Chemical Co., St. Louis, MO). Adenosine or 2-chlo-
roadenosine was added in a 0.02 ml volume to make a final
incubation volume of 0.5ml. The final concentration of
adenosine was 0.01 mM and that of 2-chloroadenosine was
either 0.01 or 0.1 mM. Adenosine concentration in brain
ranges from approximately 0.002 to 0.015mM ([13]. For
control samples, 0.02 m! of incubation medium was added.
For time-response experiments, 0.5-ml aliquots of depo-
larizing or nondepolarizing solutions containing ¥Ca**
(3 uCi of ¥Ca¥*/umole of *Ca’*) were added for times
ranging from 1 to 15sec. The composition of the depo-
larizing solution was the same as the incubation medium
except that NaCl was isosmotically replaced by KCl to
provide a final KCl concentration of 65mM. The non-
depolarizing solution had the same composition as the
incubation medium except for the presence of 3 uCi of
#Ca?*/umole of *’Ca’". Depolarizing and nondepolarizing
solutions which were added to purine-exposed synap-
tosomes also contained the same purine concentration to
maintain the designated molar relationships. At the appro-
priate times (1, 3, 5 or 15 sec), uptake of *Ca’" was

terminated by the prompt addition of 5ml of ice-cold
ethylene glycol bis-(f-aminoethyl ether)-N,N’'-tetraacetic
acid (EGTA) “stopping solution” (NaCl, 136 mM; KCI,
5mM; MgCl,, 1.3mM; EGTA, 3 mM,; glucose, 10 mM;
Tris base, 20 mM; pH adjusted to 7.65 with 1 M maleic
acid). Each sample was immediately filtered through a
presoaked 25-mm Whatman GF-B filter using a Millipore
sampling manifold. Each filter was washed with two 3-
ml aliquots of ice-cold incubation medium, placed in a
scintillation vial containing 10 ml of Ready-Solv EP, and
counted in a Beckman LS-1800 liquid scintillation counter.
Experiments examining 1-, 3- and 5-sec uptake periods
were timed using a Franz electronic metronome. To cal-
culate the net uptake of “*Ca’" into synaptosomes, the
uptake in the absence of depolarization (5mM KCl) was
subtracted from the uptake in the presence of depo-
larization (65 mM KCi). This value will be referred to as
A, (potassium-induced change) and represents net KCl-
induced “*Ca’* uptake [14]. Each control and purine exper-
iment was performed using matched synaptosomal prep-
arations obtained from the same batch. Synaptosomal pro-
tein concentration was determined by the method of Oyama
and Eagle [15].

Results and discussion

The values of our measurements of calcium uptake for
the various times are shown in Table 1 and Fig. 1. The
synaptosomes in nondepolarizing solutions treated with
adenosine (0.01 mM) or 2-chloradenosine (0.01 or 0.1 mM)
showed no significant differences in calcium uptake from
the matched control values at each of the measured times
(Table 1). These results are consistent with the lack of
effect of adenosine or 2-chloroadenosine on norepine-
phrine release by PCI12 cells in the absence of depo-
larization with potassium [16]. Figure 1 shows no significant
differences between net values of calcium uptake by depo-
larized synaptosomes for control and purine-treated groups
at the various times, except for one comparison. Adenosine
(0.01 mM) appears to inhibit calcium uptake by depolarized
synaptosomes only at 5 sec of uptake. No significant effect
on calcium uptake was observed at 5 sec or any other uptake
time using 2-chloroadenosine, a more potent analog [3, 17]
than adenosine. The physiological significance of this one
adenosine inhibition becomes more suspect in considering
the failure of adenosine to inhibit calcium uptake at the
other measured times before or after 5 sec.

Fast-phase calcium uptake is known to occur within the
first 1-3 sec following depolarization [18, 19] and appears
to be related to initial calcium influx and phasic neuro-
transmitter release. A slow-phase calcium uptake process
follows at 5 sec or greater [18-20]. During the fast phase,
we saw no significant differences between net values of
depolarization-induced calcium uptake by control and
purine-exposed synaptosomes (see Fig. 1). Our longest
time of measurement was 15 sec which is well within the
interval of slow-phase processes for calcium uptake [18-20].
Measurement of the slow-phase processes of synaptosomal
calcium uptake in the presence or absence of purinergic
drugs is reported by other groups [10, 11] at uptake times
between 15 and 120 sec. At 30sec 0.1 mM adenosine con-
centration is reported to decrease calcium uptake [10]. At
a 20-sec measurement time. Wu er al. [11] reported an
inhibition of calcium uptake by depolarized synaptosomes
treated with adenosine or 2-chloroadenosine. These results
from 20- and 30-sec measurements conflict with our 15-sec
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Table 1. Effects of adenosine or 2-chloroadenosine treatment on non-
stimulated Ca’" uptake by whole brain synaptosomes™

Ca’" uptake (nmoles Ca’*/mg protein)

No Ado 2-Cl-Ado 2-Cl-Ado
Time drug (0.01 mM) (0.1 mM) (0.01 mM)
(sec) Nondepolarized uptake
1 0.89 = 0.24 0.66 = 0. 0.72 £0.29 0.86 = 0.37
3 1.22 2 0.17 1.25 0. 1.06 £ 0.31 1.38 = 0.49
5 1.65 +0.16 1.75 £ .35+ 1.64 = (.37 2,01 £0.50
15 2.64 £ 0.34 235204 249 £ 0.4R 263040

* Values are means = S.E.M. of four experiments each performed with
duplicate samples. Nondepolarized data represent “*Ca’" accumulation by
resting synaptosomes (5 mM KCl). Abbreviations: Ado. adenosine: and 2-

Cl-Ado, 2-chloroadenosine.

¥ Significant difference between the purine-altered and the control uptake
value as shown by Student’s paired t-test (two-tailed) at the 0.05 level.
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Fig. 1. Effects of adenosine and 2-chloroadenosine treat-
ment on net KCl-stimulated Ca*" uptake by whole brain
synaptosomes. Values are means + S.E.M. of four experi-
ments, each performed with duplicate samples. Net uptake
(A,) values were calculated as the difference between
appropriate KCl-depolarized and nondepolarized data and
represent the net synaptosomal Ca®* uptake in response to
depolarization. The asterisk refers to a significant dif-
ference between the purine-altered and control uptake
value as shown by Student’s paired t-test (two-tailed) at the
P < 0.05 level.

uptake results. The siow-phase process predominates in the
15- to 30-sec time intervals of all these measurements
of calcium uptake by depolarized synaptosomes [18-20].
Examination of the 15-sec measurement for 0.1 and 0.2 mM
adenosine data from Ribeiro er al. [10] shows no apparent
adenosine-induced decrease in calcium uptake by synap-
tosomes, in agreement with our results. At 1.0 or 2.0 mM
adenosine or at uptake measurement times greater than
15 sec, Ribeiro er al. show decreased calcium uptake. The
causes of the observed differences between our group and

* Address correspondence to: Edward Barr, Clayton
Foundation Biochemical Institute, University of Texas at
Austin, Austin, TX 78712.

Wu et al. [11] or Ribeiro et al. |10 are uncertain. Glial cells
are commonly present in the suspensions but glial cell
uptake of calcium in high potassium solutions is negligible
compared to that for depolarized synaptosomes [21]. Glal
cell contamination is. thercfore., not a source of the
reported differences of purinergic effects on calcium uptake
by depolarized synaptosomes. Procedural differences
between our measurements and those of previous reports
{10, 11] are small and do not explain the conflicting data.

To explain the purinergic inhibitory effects on electrical
activity or transmitter release. various mechanisms are
proposed (22]. These include reduction of depolarization-
induced calcium influx in presynaptic terminals [10, 11},
hyperpolarization of the presynaptic membrane, or inter-
ference with excitation—secretion coupling perhaps through
mechanisms involving cAMP [23]. The hyperpolarizations
and decrcased transmitter release may be related pheno-
mena. Changes in membrane potential are reported to
control transmitter release [24.25]. Our results suggest
that adenosine does not alter calcium uptake by isolated
depolarized nerve endings. This finding is important in
view of the commentary in a recent review that adenosine
neuromodulation in the central nervous system may be
linked with calcium entry blockade [5].
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