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We compared the effects of adenosine and cholinergic agonist carbachol on spontaneous
secretion during local application of K*, ionomycin, and sucrose increasing Ca>* concentration
in the nerve terminal. Adenosine and carbachol had no effect on Ca** entry, but modulated

later stages of exocytosis.

Key Words: adenosine; carbachol; spontaneous secretion; local application; secretagogues

Among physiologically active substances capable of
modulating quantum secretion of neurotransmitters in
the neuromuscular synapse, acetylcholine (ACh) and
adenosine (Ade) are of particular interest. They are re-
leased from the motor nerve terminal and perform
autoregulation of the neurosecretory apparatus [2,5,6].
However, molecular mechanisms of the inhibitory ef-
fect of these neurotransmitters remain unclear. Ca®*
ions play a key role in quantum secretion of the neuro-
transmitter from nerve endings.

Here we evaluated whether the inhibitory effect of
ACh and Ade on spontaneous quantum secretion of
the neurotransmitter is associated with blockade of
presynaptic Ca** channels or these substances mo-
dulate neurotransmitter secretion after Ca** entry into
the nerve terminal. To determine the mechanism of
action of Ade and nonhydrolyzable ACh analogue car-
bachol (CCh), we studied the effect of these substan-
ces on stimulation of quantum secretion of the neuro-
transmitter induced by local application of KClI, iono-
mycin, and sucrose. These compounds increase Ca**
concentration in nerve endings to a different extent
and, therefore, activate various components of the se-
cretory apparatus.
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MATERIALS AND METHODS

Experiments were performed on the preparation of
frog sartorius muscle (Rana ridibunda). Miniature
endplate potentials (MEP) were recorded using glass
microelectrodes filled with 2.5 mM KCI (resistance
2-7 MQ). Cold-blooded vertebrate Ringer’s solution
containing 113.0 mmol/liter NaCl, 2.5 mmol/liter KCI,
1.8 mmol/liter CaCl,, and 2.5 mmol/liter NaHCO,
was continuously perfused through a bath with the
preparation (pH was maintained at 7.2-7.4).

Chemical secretagogues were rapidly and locally
applied to the synaptic area. Solutions with increasing
concentration of KCl, ionomycin, or sucrose were ap-
plied using a glass micropipette with tip diameter of
50-80 p. Application was performed within 1-2 min
after attaining constant MEP under control conditions
and during treatment with CCh and Ade.

RESULTS

The frequency of MEP under control conditions was
1.65+0.08 sec—! (n=37). Perfusion of the muscle with
Ade (100 uM) and CCh (5 pM) decreased MEP fre-
quency by 62.5+1.5 (n=30, p<0.05) and 35.1+£3.1%
(n=18, p<0.05), respectively.

Local application of KCI (20 mM), ionomycin (5-
15 uM), and sucrose (100 mM) sharply increased MEP
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frequency, which rapidly reached a constant level. The
studied parameters of secretion returned to normal 10-
20 min after application. The increase in MEP fre-
quency produced by reapplication of secretagogues
(Test 2) was similar to that observed during the 1st
application (Test 1, Fig. 1), which allowed comparison
of the increase in MEP frequency under control con-
ditions and after application of Ade and CCh on the
same synapse.

The effect of Ade and CCh on stimulation of spon-
taneous secretion produced by application of 20 mM
KCI was studied in series I. K* activated the same
stages of secretion and action potential. K* caused
depolarization in nerve ending, which activated poten-
tial-dependent Ca** channels, increased Ca** entry, and
initiated the intracellular secretory cascade. KCI less
significantly stimulated quantum secretion in the pre-
sence of Ade (by 67.0+£3.2, n=7, p<0.05) and CCh (by
28.3+3.7, n=6, p<0.05; Fig. 2, a). Our results indicate
that both substances modulate KCl-induced stage of
secretion.

Ionomycin causes rapid Ca’* entry into the ter-
minal without depolarization and activation of Ca*
channels [4]. Ade inhibited the secretory response to
ionomycin by 37.9+7.0% (n=4, p<0.05). The increase
in MEP frequency after application of ionomycin in
the presence of CCh was lower by 23.5+5.2% (n=3,
p<0.05; Fig. 2, b). Therefore, Ade and CCh had no
effect on presynaptic Ca** channels in frog neuromus-
cular synapse. These substances modulate the stage
that follows Ca’* entry into the terminal.

Sucrose causes Ca’* mobilization from intracellu-
lar stores and, therefore, stimulates quantum secretion.
Sucrose has no effect on membrane permeability for
Ca?. Ade and CCh inhibited the response to rapid
local application of sucrose by 66.5+£3.4 (n=5) and
38.5+6.8% (n=4, p<0.05), respectively (Fig. 2, ¢).
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Fig. 1. Frequency of miniature endplate potentials (MEP) after local
application of secretagogues.

ACh is released from nerve ending. Ade is formed
during hydrolysis of ATP [10]. These substances act
as autoinhibitors of neurotransmitter secretion from
nerve endings. The mechanism of their effects is poor-
ly understood. The influence of Ade and CCh on Ca**
currents in nerve ending remains unclear [3,7,8,11,12].
Our results indicate that activation of Ade and ACh
receptors suppresses quantum secretion of the neuro-
transmitter, which does not depend on activity of Ca*
channels in frog nerve terminal. Ade and CCh inhibit
quantum secretion, but do not modulate Ca** entry into
nerve terminals. They alleviate the effect of intracellu-
lar Ca?* mobilized in response to depolarization of the
nerve ending. The effect of these neurotransmitters
develops at the stages of exocytosis that follow Ca?*
entry into the terminal [1]. It cannot be excluded that
Ade and CCh affect Ca**-sequestering systems in the
nerve ending. Our previous experiments showed non-
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Fig. 2. Increase in MEP frequency after reapplication (Test 2, T2) of 20 mM KCI (a), ionomycin (b), and sucrose (c) in the presence of
adenosine (1) and carbachol (2). Mean frequency of MEP after the first application of secretagogues (Test 1, T1) is taken as 100%.
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additive inhibitory effects of Ade and CCh on spon-
taneous secretion in neuromuscular synapse of frogs
[9]. These data suggest that they modulate the same
stage of exocytosis.
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