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XCITATORY EFFECT OF THE A2A ADENOSINE RECEPTOR AGONIST
GS-21680 ON SPONTANEOUS AND K�-EVOKED ACETYLCHOLINE

ELEASE AT THE MOUSE NEUROMUSCULAR JUNCTION
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aboratorio de Neurofisiología, Instituto de Investigaciones Médicas
lfredo Lanari, Universidad de Buenos Aires, CONICET, Combatien-

es de Malvinas 3150, 1427—Buenos Aires, Argentina

bstract—The mechanism of action of the A2A adenosine
eceptor agonist 2-p-(2-carboxyethyl) phenethylamino-5=-N-
thylcarboxamidoadenosine hydrochloride (CGS-21680) in
he facilitation of spontaneous (isotonic and hypertonic con-
ition) and K�-evoked acetylcholine (ACh) release was inves-

igated in the mouse diaphragm muscles. At isotonic condi-
ion, the CGS-21680-induced excitatory effect on miniature
nd-plate potential (MEPP) frequency was not modified in the
resence of CdCl2 and in a medium free of Ca2� (0Ca2�-
GTA), but it was abolished after buffering the rise of intra-
ellular Ca2� with 1,2-bis-(2-aminophenoxy)-ethane-N,N,N=,N=-
etraacetic acid tetra(acetoxy-methyl) (BAPTA-AM) and when
he Ca2�-ATPase inhibitor thapsigargin was used to deplete
ntracellular Ca2� stores. CGS-21680 did not have a direct
ffect on the Ca2�-independent neurotransmitter-releasing
achinery, since the modulatory effect on the hypertonic

esponse was also occluded by BAPTA-AM and thapsigargin.
GS-21680 facilitation on K�-evoked ACh release was not
ltered by the P/Q-type voltage-dependent calcium channel
VDCC) blocker �-Agatoxin IVA, but it was completely pre-
ented by both, the L-type VDCC blocker nitrendipine (which
s known to immobilize their gating charges), or thapsigargin,
uggesting that the effects of CGS-21680 on L-type VDCC
nd thapsigargin-sensitive internal stores are associated. We
ound that the VDCC pore blocker Cd2� (2 mM Ca2� or 0Ca2�-
GTA) failed to affect the CGS-21680 effect in high K�

hereas nitrendipine in 0Ca2�-EGTA�Cd2� occluded its ac-
ion. The blockade of Ca2� release from endoplasmic reticu-
um with ryanodine antagonized the facilitating effect of CGS-
1680 in control and high K� concentration. It is concluded
hat, at the mouse neuromuscular junction, activation of A2A

eceptors facilitates spontaneous and K�-evoked ACh re-
ease by an external Ca2�-independent mechanism but that
nvolves mobilization of Ca2� from internal stores: during
pontaneous ACh release stimulating directly the ryanodine-
ensitive stores and, at high K�, probably modulating the
-type VDCCs which may cause the opening of the ryanodine
eceptors that would be directly coupled to the channels. In

Corresponding author. Tel: �54-11-4514-8701 (Int 160); fax: �54-
1-4523-8947.
-mail address: idimneurofisio@gmail.com or adrianalosavio@gmail.
om (A. S. Losavio).
bbreviations: ACh, acetylcholine; BAPTA-AM, 1,2-bis-(2-aminophenoxy)-
thane-N,N,N=,N=-tetraacetic acid tetra(acetoxy-methyl); CGS-21680, 2-p-(2-
arboxyethyl)phenethylamino-5=-N-ethylcarboxamidoadenosine hydrochlo-
ide; CICR, Ca2�- induced Ca2� release; DHP, dihydropyridine; EGTA,
thylene glycol-bis(�-aminoethyl ether) N,N,N´,N´-tetraacetic acid; MEPP,
iniature end-plate potential; RyRs, ryanodyne receptors; SCH-58261,
-(2-furanyl)-7-(2-phenylethyl)-7H-pyrazolo[4,3-e][1,2,4]triazolo[1,5,-
a
]pyrimidin-5-amine; VDCC, voltage-dependent calcium channel;
ICaR, voltage-induced Ca2� release; �-Aga IVA, �-Agatoxin IVA.

306-4522/11 $ - see front matter © 2011 IBRO. Published by Elsevier Ltd. All right
oi:10.1016/j.neuroscience.2010.10.015

164
oth cases, Ca2� released from the endoplasmic reticulum
ould be capable of activating the exocytotic machinery,

hus producing facilitation of ACh release. © 2011 IBRO.
ublished by Elsevier Ltd. All rights reserved.

ey words: A2A adenosine receptor, CGS-21680, intracellular
a2� stores, Ca2� channels, ryanodine receptors, mouse
euromuscular junction.

ynaptic transmission is under the regulation of extracel-
ular purines, which through an interaction between their
wn receptors and the steps implicated in the process of
xocytosis modulate the neuronal activity. At motor nerve
erminals, ATP is co-released with the neurotransmitter
cetylcholine (ACh), and once in the synaptic space, it is
egraded to adenosine via the ectonucleotidase cascade
Ribeiro and Sebastião, 1987; Meriney and Grinnell, 1991;
edman and Silinsky, 1994). Thus, the amount of synaptic
denosine depends mainly on nerve stimulation frequency
Silinsky, 1975; Cunha and Sebastião, 1993), although the
ucleoside may also derive from activated muscles fibers
Smith, 1991). It has been shown that adenosine modu-
ates ACh release through presynaptic inhibitory A1 or
acilitatory A2A adenosine receptors, which seem to be
o-localized at motor nerve terminals (Correia-de-Sá et al.,
991; Cunha et al., 1996). Activation of one or another
eceptor depends on the frequency and pattern of stimu-
ation. So, whereas during low-frequency activity there is a
redominant inhibition of ACh secretion mediated by A1

eceptors, facilitation of neuromuscular transmission is
chieved during high-frequency long-lasting stimuli due to

2A receptor activation (Correia-de-Sá et al., 1996; Ol-
veira et al., 2004).

At mammalian neuromuscular junctions, it was found
hat activation of A1 adenosine receptors attenuated action
otential-evoked ACh secretion by a mechanism that de-
reases P/Q-type Ca2� currents (Hamilton and Smith,
991; Silinsky, 2004) and, in a previous report, we have
emonstrated that adenosine decreases spontaneous
eurotransmitter release by affecting the nitrendipine-sen-
itive component of miniature end-plate potential (MEPP)
requency (De Lorenzo et al., 2004). However, it was re-
ently found that a mechanism acting in a Ca2�-indepen-
ent step in the cascade of the exocitotic process appears
lso to be involved in the presynaptic inhibition induced by
denosine (Silinsky, 2005; Veggetti et al., 2008), raising to
he possibility that an action of the nucleoside on strategic
omponents of the secretory apparatus could modify the

ctivation of calcium channels.

s reserved.
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On the other hand, in rat motor nerve terminals, Cor-
eia-de-Sá et al. (2000) have found that activation of A2A

denosine receptors induced facilitation of evoked [3H]
Ch release by mobilizing Ca2� from internal stores
nd/or stimulating Ca2� influx via L-type and/or P-type
oltage-dependent calcium channels (VDCCs) depending
n the stimulation paradigm.

The aim of the present work was to identify the presyn-
ptic mechanisms underlying the facilitatory action of the
pecific A2A adenosine receptor agonist 2-p-(2-carboxyethyl)
henethylamino-5=-N-ethylcarboxamidoadenosine hydro-
hloride (CGS-21680), upon spontaneous and K�-evoked
Ch release. At mammalian neuromuscular junctions, it is
nown that tonic ACh secretion is related to Ca2� influx
hrough L-type and N-type VDCCs (Losavio and Muchnik,
997), whereas phasic neurotransmitter release involves
he P/Q-type VDCCs (Protti and Uchitel, 1993). In addition,
here are evidences that two distinct vesicle pools (Koenig
nd Ikeda, 1999) and different release machineries may
ontribute to evoked and spontaneous secretion (Deitcher
t al., 1998; Hua et al., 1998; see rev. Kidokoro, 2003).
hus, it is plausible that A2A receptors may modulate each

ype of secretion by independent pathways. Our results
eveal that CGS-21680 increases ACh secretion by an
xternal calcium-independent mechanism but that involves
a2� mobilization from endoplasmic stores via ryanodine

eceptors. Interestingly, the mechanisms by which these
ndoplasmic Ca2� channels are activated appear to be
ifferent for spontaneous and K�-evoked ACh release.

EXPERIMENTAL PROCEDURES

reparations and solutions

xperiments were carried out on phrenic nerve-diaphragm prep-
rations taken from adult CF1 mice (30–40 g) of either sex. All
nimal procedures were performed under protocols approved by
ational guidelines, which are in accordance with the National
nstitute of Health Guide for the Care and Use of Laboratory
nimals (NIH Publications No. 80-23) revised 1996. Mice were
nesthetized with sodium thiopental (Fada Pharma, Buenos Aires,
rgentina, 50 mg kg�1) i.p. and left hemidiaphragms were excised
nd transferred to a 5 ml chamber superfused (3 ml min�1) with
inger Krebs solution (mM: NaCl 135, KCl 5, CaCl2 2, MgCl2 1,
-glucose 11, HEPES 5, pH 7.3–7.4, bubbled with O2). In each
xperimental group, the muscles were allowed to equilibrate in the
espective solution for at least 20 min, except otherwise indicated
See Results). In some experiments, a saline solution containing
CaCl2, 2 mM MgCl2, and 1 mM ethylene glycol-bis(�-aminoethyl
ther) N,N,N´,N´-tetraacetic acid (EGTA) (0Ca2�-EGTA) was em-
loyed in order to eliminate the inward Ca2� gradient. When KCl
oncentration of the Ringer Krebs solution was raised to 15 mM,
n equal amount of NaCl was removed from the incubation me-
ium to maintain the isotonicity. In experiments performed in 15
M K�-0Ca2�-EGTA, 100 �M CdCl2 was added to prevent Ca2�

utflow from depolarized nerve terminals when electrochemical
a2� gradient is reversed. In other group of experiments, nerve

erminals were loaded with 1,2-bis-(2-aminophenoxy)-ethane-
,N,N=,N=-tetraacetic acid tetra(acetoxy-methyl) (BAPTA-AM) to
ecrease [Ca2�]i: preparations were immersed in a Ca2�-free
rebs solution containing BAPTA-AM (10 �M) for 2 h. After that,

he diaphragms were washed during a 40-min period with Ca2�-
ree Krebs solution and then recordings were performed. Hyper-

smotic media were freshly prepared by adding 100 mM sucrose f
o Krebs solutions and their osmolarity were checked with a Fiske
smometer before each experiment. When using nitrendipine,
xperiments were performed with extreme care to minimize ex-
osure of drug solutions to light. All recordings were carried out at
oom temperature (22–23 °C).

lectrophysiological recordings

EPPs were recorded at the end-plate region of the muscle fibers
sing borosilicate glass microelectrodes (WP Instruments) with a
esistance of 5–10 M� filled with 3 M KCl. Muscle fibers with a
esting membrane potential less negative than �60 mV or MEPPs
ith a rise time greater than 1 ms were rejected. Before studying

he time course of hyperosmotic response, 10 junctions were
ampled in the isotonic solution and their values averaged. In
ach synapse, MEPP frequency was recorded during 100 s. Then,

mmediately after the change to the hyperosmotic solution, syn-
pses were sampled repeatedly from the same small area of
iaphragm over brief intervals during 30 min. An effort was made
o keep the intervals between sampling as short as possible. In
his case, MEPP frequency was recorded during 10 s in each
ynapse. Tetrodotoxin 10-6 M was added to hypertonic solutions
o prevent the muscle from twitching violently, which otherwise
ccurred upon sudden exposure of preparations to hypertonic
olutions. Frequency/amplitude data were acquired through an
/D converter (Digidata 1322A) controlled by computer and then
nalyzed using pClamp-8.2 (Axon Instruments, USA). MEPP am-
litudes were normalized to a resting membrane potential of �75
V, using the formula Vc�[Vo�(–75)]/E, where Vc is the corrected
EPP amplitude, Vo is the observed MEPP amplitude, and E is

he resting membrane potential.

ata analysis

n all cases, data are reported as mean�SEM and n expresses
umber of animals (only left hemidiaphragm was used from each
ouse for a given experiment). Areas under the hypertonic curves
ere calculated using Prism (version 3.02). Statistical comparison
mong three or more groups were performed using one-way
nalysis of variance (ANOVA) followed by Tukey’s or Dunnett’s
ost test. Two group comparisons were performed using paired or
npaired Student’s t-test. Differences were considered to be sig-
ificant when P�0.05.

hemicals

-Agatoxin IVA (�-Aga IVA), cadmium chloride (CdCl2), CGS-
1680, EGTA, nitrendipine, thapsigargin, and tetrodotoxin were from
igma, St. Louis, MO, USA; BAPTA-AM was from Molecular Probes,
arlsbad, CA, USA, and ryanodine and SCH-58261 (2-(2-furanyl)-
-(2-phenylethyl)-7H-pyrazolo[4,3-e][1,2,4]triazolo[1,5,-c]pyrimidin-
-amine) were from Tocris Bioscience, Ellisville, MO, USA. All
ther reagents were of the highest purity available. CGS-21680
nd thapsigargin was made up as 1 mM stock solutions in di-
ethyl sulfoxide (DMSO). Nitrendipine was made up from a 10
M stock solution in DMSO that was kept protected from the light

o prevent photo-oxidation. Aqueous dilutions of these stock so-
utions were made daily, and appropriate solvent controls were
one.

RESULTS

acilitatory effect of CGS-21680 on spontaneous
Ch release

ig. 1 illustrates presynaptic effect of the specific A2A

eceptor agonist CGS-21680 on spontaneous ACh release

rom mice phrenic nerve-hemidiaphragm preparations.
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GS-21680 (5 nM: see dose–response curve at Fig. 1A,
C50 1.46 nM) increased MEPP frequency to 153.2�3.1%

n�5, P�0.001) of control values (Fig. 1C, D). In general,
here was a lag period between 40 and 50 min before
EPP frequency reached its plateau after bath application
f the A2A agonist, and the effect persisted for more than
0 min (Fig. 1B). As it is shown in Fig. 1D, the action of
GS-21680 did not occur when preparations were previ-
usly incubated with 50 nM SCH-58261, selective A2A

eceptor antagonist (SCH-58261 100.6�2.3% of control
alues, SCH-58261�CGS-21680 96.44�2.6%, n�4). We
id not find any detectable change in MEPP amplitude
Control 1.10�0.09 mV, CGS-21680 1.05�0.07 mV,
�3), indicating that the sensitivity of endplates toward
Ch remained unchanged. Thus, the facilitation of spon-

aneous ACh release induced by CGS-21680 was mainly
he result of presynaptic modulation on transmitter secre-
ion by activation of A2A receptors.

One of the possible mechanisms by which CGS-21680

ig. 1. Facilitatory effect of CGS-21680 upon spontaneous ACh rel
eceptor agonist CGS-21680 on MEPP frequency (s�1) as a function
�4; 0.5 nM: 0.9�0.01, n�4; 1 nM: 0.91�0.09, n�4; 1.5 nM: 1.19�0.0
0 nM: 1.40�0.15, n�4, *** P�0.001, ANOVA followed by Dunnett’s
n MEPP frequency. CGS-21680 (5 nM) was applied as indicated by th
uscles. (C) Representative MEPPs recorded from diaphragm muscle

Vm: �74.8 mV). Calibration: 2.5 mV, 2 s. (D) Summary bar graph sho
n�5) recorded after 45 min of incubation with the drug and its inhibit
mean�SEM) are expressed as percentage of control values (black b
an exert presynaptic facilitation on spontaneous secretion 0
ight be an enhancement of Ca2� influx through the
DCCs present at the presynaptic membrane of mamma-

ian neuromuscular junction (P/Q-type, L-type and N-
ype VDCC; Protti and Uchitel, 1993; Bowersox et al.,
995; Katz et al., 1997; Losavio and Muchnik, 1997).
herefore, we first investigated the effect of CGS-21680 in

he presence of 100 �M CdCl2, a universal VDCC blocker.
s shown in Fig. 2A, Cd2� reduced MEPP frequency to
0.6�3.5% of control values (P�0.01) but failed to prevent
he CGS-21680 facilitatory effect on spontaneous ACh
elease (125.7�12.7% of control values, Cd2� vs.
d2��CGS-21680 P�0.001, n�6). It has been reported

hat Cd2� itself can cause neurotransmitter release in ad-
ition to its blocking action, depending upon either concen-
ration or time of exposure (Nilson and Volle, 1976; Cooper
nd Manalis, 1984; Nishimura et al., 1984; Braga and
owan, 1994). So, we studied the effect of 100 �M Cd2�

n MEPP frequency during 75 min. We found that in the
resence of the blocker, MEPP frequency (Control

he mouse neuromuscular junction. (A) Effect of the A2A adenosine
centration. Each point represents mean�SEM (Control: 0.95�0.02,
nM: 1.34�0.04, n�4; 3 nM: 1.32�0.04, n�4; 5 nM: 1.49�0.06, n�4;

0: 1.46 nM). (B) Temporal course of the CGS-21680 facilitatory effect
mbols are mean�SEM values of MEPP frequency recorded from five
thed with control solution (Vm: �74.1 mV), and with 5 nM CGS-21680
presynaptic excitatory effect of 5 nM CGS-21680 on MEPP frequency

A2A adenosine receptor antagonist SCH-58261 (50 nM, n�4). Data
�0.001, ANOVA followed by Tukey’s test.
ease at t
of its con
4, n�3; 2
test; EC5

e bar. Sy
fibers ba
wing the
.93�0.05 s�1) varied from 0.52�0.03 s�1 after 5 min of
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xposure to 0.68�0.05 s�1 at about 75 min (n�3,
�0.05). When spontaneous release was recorded in so-

utions containing Cd2��CGS-21680, MEPP frequency
aised to 1.28�0.10 s�1 (n�4) at time 75 min; this value is
tatistically different from those observed with the blocker
lone at that time (Fig. 1, P�0.01). In Fig. 2A, fourth
olumn, it is shown MEPP frequency values that are
atching in time to data recorded in Cd2��CGS-21680

Cd2� vs. Cd2��CGS-21680 P�0.001). So, it is clear that
he facilitatory effect corresponds to the action of the A2A

gonist. Moreover, treating the muscles with the A2A ago-
ist after 20 min incubation in 0Ca2�-EGTA solution still
licited a comparable increase in MEPP frequency
0Ca2�-EGTA 27.6�1.5% of control values; 0Ca2�-
GTA�CGS-21680 44.7�2.3% of control values, P�
.001, n�5, Fig. 2A). Thus, Ca2� influx from extracellular
uid is not the major cause of CGS-21680-induced facili-
ation.

Since it is well-known that the [Ca2�]i level in the nerve
erminal exerts a dominant effect on the rate of spontane-
us transmitter release (Augustine et al., 1987; Rahami-

ig. 2. Role of extracellular and intracellular calcium in the CGS-21
locker, Cd2� (100 �M, n�6) or the absence of extracellular Ca2� (0Ca
B) The intracellular Ca2� chelator BAPTA-AM (10 �M, n�5), the
Ca2�-EGTA (n�4) or in 2 mM Ca2� (n�4), and the blockade of
pontaneous ACh secretion. Data (mean�SEM) are expressed as p
ukey’s test.
off and Alnaes, 1973; Blaustein et al., 1978; Emptage et q
l., 2001), we examined whether a rise in intracellular
alcium is required for the excitatory effect of CGS-21680.
n Fig. 2B it is depicted that the facilitation induced by
GS-21680 was completely blocked by buffering the

Ca2�]i rise with the membrane-permeable Ca2� chelator
APTA-AM (10 �M) during 120 min (BAPTA-AM 25.5�
.4% of control values, BAPTA-AM�CGS-21680 26.9�
.7%, n�5), suggesting that the effect of CGS-21680 re-
uires an elevation of Ca2� concentration within motor
erve terminals. We next examined whether the Ca2�

eleased from intracellular stores is responsible for A2A

gonist-induced synaptic facilitation. To approach this
uestion, the Ca2�-ATPase inhibitor thapsigargin (2 �M)
as used to deplete intracellular Ca2� stores (Thastrup et
l., 1990). Experiments were first performed in 0Ca2�-
GTA Krebs solution to exclude the possibility of internal
a2� store depletion-induced Ca2� entry through store-
perated channels in the plasma membrane (Kanzaki et
l., 1999; Tempia et al., 2001). As it was observed by other
uthors (Chen and Grinnell, 1997; Liou et al., 2003), ap-
lication of thapsigargin elicited an increase in MEPP fre-

ed increase of spontaneous ACh release. (A) The universal VDCC
, n�5), did not prevent the effect of CGS-21680 on MEPP frequency.

n of intracellular Ca2� stores with thapsigargin (Thapsi, 2 �M) in
ith ryanodine (Rya, 10 �M, n�4) abolished CGS-21680 action on
e of control values (black bars). *** P�0.001, ANOVA followed by
680-induc
2�-EGTA
depletio
RyRs w
uency, which returned to control levels within 40–60 min.
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o, recordings were made after that period. Further expo-
ure of preparations to CGS-21680 in the presence of
hapsigargin no longer induced any changes in MEPP
requency (0Ca2�-EGTA�thapsigargin 35.7�4.9% of
ontrol values, 0Ca2�-EGTA�thapsigargin�CGS-21680
0.9�2.1%, n�4, Fig. 2B). The same behavior was ob-
erved when this kind of experiments was performed in
ontrol saline (2 mM CaCl2): thapsigargin 94.2�6.2% of
ontrol values, thapsigargin�CGS-21680 104.9�6.1%,
�4, Fig. 2B.

Calcium from internal stores can be released into the
ytosol by activation of specific Ca2� channels (ryanodine
eceptors, RyRs), a phenomenon antagonized by the al-
aloid ryanodine (10 �M, Meissner, 1986). We found that
pplication of ryanodine prevented the potentiating effect
f CGS-21680 on MEPP frequency (ryanodine 104.3�
.9% of control values, ryanodine�CGS-21680 110.3�
.1%, n�4, Figs. 2B and 7D). Similar results were ob-
erved when 10 �M dantrolene was used as a blocker of
yRs (data not shown). These findings suggest that Ca2�

eleased from intracellular stores through RyRs is respon-
ible for the spontaneous ACh release facilitation induced
y the activation of A2A adenosine receptors.

odulatory effect of CGS-21680 on hypertonic
esponse

n order to investigate whether the facilitatory action of
GS-21680 occurs concomitantly by stimulation of a step

elated to the neurotransmitter-releasing machinery down-
tream of Ca2� influx, we studied the effect of the A2A

gonist on hypertonicity-induced enhancement of MEPP
requency, a situation that was probed to be independent
f Ca2� (Furshpan, 1956; Hubbard et al., 1968; Rosen-
und and Stevens, 1996; Losavio and Muchnik, 1997;
ashani et al., 2001). When hypertonic solution was ap-
lied to diaphragm muscles, MEPP frequency increased
rom a frequency of 0.91�0.01 s�1 in isotonic condition to

peak of 9.25�1.56 s�1, and declined gradually during

ig. 3. Facilitatory effect of CGS-21680 upon hypertonic response. (A)
o isotonic and hypertonic condition. Open circles indicate mean va
onditions and closed circles represent the time course of hypertonic
uring 10 s from a single synapse). (B) Summary bar graph shows the
mean�SEM, n�4) are expressed as percentage of control values (b
ontinuous application of the hypertonic solution. The area u
nder the curve was 130.5�24.3 (n�4). After complete
ashout of the preparation with isotonic solution MEPP

requency returned to control values. The addition of CGS-
1680 to the preparations induced an enhancement of
EPP frequency in isotonic as well as in hypertonic con-
ition (see Fig. 3A, B). So, the peak of the hypertonic
esponse increased to 13.68�2.65 s�1 (147.9�14.3% of
he control responses, P�0.02) and the area under the
urve to 209.6�37.2 (160.1�8.1% of the control re-
ponses, P�0.002).

Afterward, we analyzed the role of extracellular and
ntracellular Ca2� in the CGS-21680-induced changes
pon hypertonic response. As expected, CGS-21680 con-
inued to increase the hypertonic response when prepara-
ions were bathed in extracellular solution lacking Ca2�

0Ca2�-EGTA) (Fig. 4A–C). That is, the A2A agonist sig-
ificantly enhanced the peak of the response (0Ca2�-
GTA 16.6�2.1% of the control response, n�4; 0Ca2�-
GTA�CGS-21680 42.4�6.2% of control values, n�4,
�0.001) and the area under the curve (0Ca2�-EGTA
1.8�3.2% of the control response; 0Ca2�-EGTA�CGS-
1680 36.9�3.9% of the control response, P�0.01). On

he other hand, CGS-21680 did not significantly increased
he hypertonic response when diaphragms were pre-
reated with the intracellular buffer BAPTA-AM (BAPTA-
M: peak 22.9�3.8% of control response, area 22.0�
.1% of control response, n�4; BAPTA-AM�CGS-21680:
eak 22.7�4.0%, area 25.8�2.3%, n�5; see Fig. 4D–F),
uggesting that the facilitatory effect of CGS-21680 on
ypertonic response involve an increase of intracellular
a2� availability. We next examined whether Ca2� re-

eased from intracellular stores was responsible for the
ncrease of the hypertonic response observed when the

2A receptors are activated. As it is shown in Fig. 5A, B, 2
M thapsigargin alone did not modify the hypertonic curve

peak 95.6�4.9% of control response, area under the
urve 87.8�5.2%), but prevent the excitatory action of
GS-21680 (peak 93.0�2.9% of control responses, area

CGS-21680 on ACh release when a diaphragm muscle was exposed
10 synapses obtained after exposing the preparations to isotonic

(each point represents averaged value of MEPP frequency recorded
ry effect of CGS-21680 on the peak of the hypertonic response. Data
). * P�0.02, paired Student’s t-test.
Effect of
lues from
response
modulato
nder the curve 92.2�10.3%, n�4), indicating that thap-
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igargin-sensitive Ca2� stores within motor nerve endings
re also involved in the action of the A2A agonist in hyper-
onicity. Moreover, treatment of preparations with 10 �M
yanodine occluded the action of the A2A agonist (ryano-
ine: peak 119.7�16.3% of control response, area 133.2�
3.5% of control response; ryanodine�CGS-21680: peak
8.2�4.7%, area 99.7�19.6%, n�3; Fig. 5C, D).

ffect of CGS-21680 on K�-evoked ACh release

o explore the action of CGS-21680 on ACh release trig-
ered by depolarization, we studied its effect at high ex-
ernal K� concentration (15 mM). When preparations were
xpose to high K� solution, MEPP frequency increased to
91.9�74.8% of control values (n�3, P�0.001). After
ashout of muscles, the incubation with CGS-21680 in 15
M K� induced facilitation of asynchronous ACh secretion

o 947.7�62.3% of control values, a quantity significantly
igher than those recorded in 15 mM K� without the A2A

denosine receptor agonist (P�0.01, Fig. 6A, B). Then, in
rder to evaluate whether recruitment of Ca2� from inter-
al stores was also involved in the facilitatory action of
GS-21680 on K�-evoked ACh release, we studied the

ig. 4. Role of extracellular and intracellular calcium in the CGS-216
n ACh release when a diaphragm muscle was exposed to isotonic
iaphragm muscle was exposed to isotonic and hypertonic condition in
f the hypertonic response when preparations were incubated with 0C

ntracellular Ca2� chelator BAPTA-AM on ACh release when a diaph
GS-21680 on ACh release when a diaphragm muscle was loade

F) Summary bar graph shows the peak of the hypertonic response whe
1680 (n�5). In (A), (B), (D), and (E), open circles indicate mean v
onditions and closed circles represent the time course of hypertonic
uring 10 s from a single synapse). In (C) and (F), data (mean�SEM
NOVA followed by Tukey’s test.
ffect of the A2A agonist when muscles were bathed in r
hapsigargin. The results showed that thapsigargin did not
odify the increase in MEPP frequency induced by high
� concentration (K� 15 mM 626.7�60.9% of control
alues; K� 15 mM�thapsigargin 577.8�14.6%, n�4).
owever, the Ca2�-ATPase inhibitor was able to occlude

he effect of CGS-21680 in 5 mM K� (see Fig. 7D) as well
s in high K� concentration (K� 15 mM�thapsigargin�
GS-21680 523.2�13.5% of control values, Figs. 6C and
E). In this case, 10 �M ryanodine also prevented the
GS-21680-induced facilitation of MEPP frequency in high
� (K� 15 mM 860.8�79.9% of control values; K� 15
M�ryanodine 901.6�12.7%; K� 15 mM�ryanodine�
GS-21680 744.0�74.4%, n�4, Figs. 6D and 7E).

As at rat phrenic nerve-hemidiaphragm preparations,
orreia-de-Sá et al. (2000) found that A2A receptor activa-

ion triggered facilitation of evoked [3H]ACh release by
obilizing Ca2� from internal (thapsigargin-sensitive)

tores and/or by increasing Ca2� influx via L-type or P-
ype VDCC, depending on the stimulation paradigm, we
tudied the effect of CGS-21680 upon asynchronous neu-
otransmitter secretion in the presence of P/Q-type or L-
ype VDCC blockers. It is known that, at mammalian neu-

ted facilitation of the hypertonic response. (A) Effect of 0Ca2�-EGTA
ertonic condition. (B) Effect of CGS-21680 on ACh release when a
ree-solutions (0Ca2�-EGTA). (C) Summary bar graph depicts the peak
A(n�4) and with 0Ca2�-EGTA�CGS-21680 (n�4). (D) Effect of the
scle was exposed to isotonic and hypertonic condition. (E) Effect of
APTA-AM and then exposed to isotonic and hypertonic condition.
tions were incubated in BAPTA-AM (n�4) and in BAPTA-AM�CGS-

m 10 synapses obtained after exposing the preparations to isotonic
(each point represents averaged value of MEPP frequency recorded
pressed as percentage of control values (black bars), *** P�0.001,
80-media
and hyp

calcium f
a2�-EGT
ragm mu
d with B
n prepara
alues fro
response
omuscular junctions, the increase in MEPP frequency
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voked by K� depolarization depends on Ca2� influx
hrough P/Q-type VDCC, since �-Aga IVA (specific P/Q-
ype VDCC blocker) inhibits presynaptic Ca2� current and
Ch release (Protti and Uchitel, 1993; Losavio and Much-
ik, 1997). Thus, �-Aga IVA (100 nM) did not change
EPP frequency recorded in control solution, but signifi-

antly attenuated ACh release when preparations were
ncubated in high K� (K� 15 mM 850.2�80.8% of control
alues; K� 15 mM��-Aga IVA 368.0�42.7% of control
alues, n�4, P�0.001). In accordance with the experi-
ents performed with Cd2� or 0Ca2�-EGTA (see Fig. 2A),

urther incubation of preparations with CGS-21680 in the
resence of �-Aga IVA (5 mM K�) did not prevent the
nhancement of MEPP frequency (167.8�10.0% of con-

rol values, �-Aga IVA vs. �-Aga IVA�CGS-21680
�0.004; see also Fig. 7D). The same behavior was ob-
erved at high K� concentration (K� 15 mM��-Aga
VA�CGS-21680 555.6�52.2% of control values), a value
ignificantly higher (P�0.05) than that observed in K� 15
M��-Aga IVA without the A2A agonist (Figs. 6E and 7E).
hese results demonstrate that the A2A receptor-mediated

acilitatory effect is hardly dependent on Ca2� influx

ig. 5. The excitatory effect of CGS-21680 on hypertonic response d
nd thapsigargin�CGS-21680 on ACh release when a diaphragm mus
hows the lack of effect of CGS-21680 on the peak frequency when int
yanodine�CGS-21680 on ACh release when a diaphragm muscle wa
he lack of effect of CGS-21680 on the peak frequency when Ca2� rel
C), open circles indicate mean values from 10 synapses obtained afte
he time course of hypertonic response (each point represents averag
B) and (D), data (mean�SEM) are expressed as percentage of cont
hrough P/Q-type VDCC. We then studied the involvement a
f dihydropyridine (DHP)-sensitive L-type VDCC in the
acilitatory action of CGS-21680 on asynchronous ACh
elease. Fig. 6F shows that the specific L-type VDCC
locker nitrendipine (5 �M) reduced MEPP frequency in
ontrol Krebs solution to 58.3�2.7% of control values, but
id not interfere with the Ca2� entry associated with nerve

erminal depolarization (K� 15 mM 510.1�18.1% of con-
rol values; K� 15 mM�nitrendipine 522.8�39.4%, n�4).
fter washout, incubation of preparations with nitrendipine�
GS-21680 in control saline did not alter the excitatory
ffect of the A2A agonist (MEPP frequency 159.8�2.8% of
ontrol values, nitrendipine vs. nitrendipine�CGS-21680
�0.003; see also Fig. 7D), whereas that, at high K�

oncentration, the CGS-21680 action was abolished (K�

5 mM�nitrendipine�CGS-21680 483.6�37.0% of con-
rol values, see Fig. 7E). These data suggest that L-type
DCCs are involved in the A2A receptor-mediated facilita-

ory effect on K�-evoked ACh release.
As it can be observed in Figs. 6C, F and 7E, thapsi-

argin as well as nitrendipine completely prevented CGS-
1680 modulatory effect upon K�-evoked ACh release,
hich led us to conjecture that the actions of the A

n calcium mobilization from internal stores. (A) Effect of thapsigargin
exposed to isotonic and hypertonic condition. (B) Summary bar graph
es were depleted with thapsigargin (n�4). (C) Effect of ryanodine and
d to isotonic and hypertonic condition. (D) Summary bar graph shows

endoplasmic reticulum was blocked by ryanodine (n�3). In (A) and
g the preparations to isotonic conditions and closed circles represent
of MEPP frequency recorded during 10 s from a single synapse). In
(black bars).
epends o
cle was

ernal stor
s expose
ease from
r exposin
2A

gonist on thapsigargin-sensitive internal stores and L-
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ype VDCCs were associated. Moreover, similar experi-
ents performed with both, thapsigargin and nitrendipine,

n preparations depolarized by 15 mM K� did not reveal a
ummation of actions (data not shown). So, in order to
pproach this question, we investigated the possibility that,
t high K� concentration, stimulation of A2A receptors
ight increase Ca2� influx through L-type VDCC which
ould provide the trigger for Ca2� release from internal
tores via the mechanism Ca2�-induced Ca2� release
CICR), increasing the exocytosis of synaptic vesicles. To
valuate this hypothesis we studied the effect of CGS-
1680 upon K�-evoked ACh release in the presence of
dCl2 (100 �M). Fig. 7A shows that the universal VDCC
locker did not modify the modulatory effect of CGS-21680

n control saline (5 mM K�, see Fig. 7D) and in high K� (15
M K��Cd2� 149.6�10.9% of control values, 15 mM
��Cd2��CGS-21680 217.0�21.3%, n�4, P�0.001,
ee Fig. 7E). Furthermore, similar results were observed in
mM K� (Fig. 7D) and 15 mM K� when extracellular Ca2�

ig. 6. Facilitatory effect of CGS-21680 upon K�-evoked acetylcholine
ncubated in 15 mM K�, n�3, ** P�0.01, ANOVA followed by Tukey’s t
n 15 mM K� (Vm: �58.4 mV), and in 15 mM K��CGS-21680 (Vm: �5
y thapsigargin (Thapsi) prevented CGS-21680 action in 15 mM K
GS-21680 in high K�, n�4. (E) The P/Q-type VDCC blocker, �-Aga
id not modify the facilitatory effect of CGS-21680, n�4, * P�0.05, A
Nit, 5 �M) reduced spontaneous ACh secretion (5 mM K�) and occlud
re expressed as percentage of control values (black bars).
as eliminated from the incubation medium (0Ca2�- r
GTA�CdCl2, see methods): 15 mM K��0Ca2�-EGTA-
d2� 41.6�4.2% of control values, 15 mM K��0Ca2�-
GTA-Cd2��CGS-21680 67.9�9.1% of control values,
�4, P�0.05, Fig. 7B, E. These data suggest that the
ffect of the A2A agonist in high K� is not associated to
a2� influx triggering release from stores via CICR. On the
ontrary, when experiments were performed in the pres-
nce of nitrendipine but in the absence of extracellular
a2�, the facilitation induced by CGS-21680 in control
aline (5 mM K�) persisted (Fig. 7D) while in high K� the
ffect was abolished (15 mM K��nitrendipine�0Ca2�-
GTA-Cd2� 47.9�6.9% of control values, 15 mM K��
itrendipine�0Ca2�-EGTA-Cd2��CGS-21680 52.8�3.2%
f control values, n�4, Fig. 7C, E), indicating that the action
f nitrendipine cannot be a result of preventing Ca2� entry.

DISCUSSION

he present results demonstrate that, at the mouse neu-

. (A) CGS-21680 (CGS) increased ACh secretion when muscles were
epresentative MEPPs recorded from diaphragm muscle fibers bathed
Calibration: 1 mV, 40 ms. (C) Depletion of intracellular calcium stores

(D) Blockade of RyRs with ryanodine (Rya) occluded the effect of
ga, 100 nM), decreased asynchronous ACh secretion in high K�, but
llowed by Tukey’s test. (F) The L-type VDCC antagonist, nitrendipine
S-21680-mediated facilitation in 15 mM K�, n�4. Data (mean�SEM)
release
est. (B) R
7.7 mV).

�, n�4.
IVA (�-A
NOVA fo
omuscular junction, the activation of A2A adenosine re-
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eptors by its specific agonist CGS-21680 facilitates spon-
aneous ACh secretion as result of an increase in cytosolic
erve terminal Ca2� concentration due to release of this

on from thapsigargin-sensitive internal stores. Conversely,
everal lines of evidence indicate that recruitment of cal-
ium from external pool does not contribute to the excita-
ory effect of CGS-21680 on MEPP frequency. So, CGS-
1680-induced rise in MEPP frequency remained unaf-
ected by the blockade of presynaptic VDCC with Cd2� or
n the absence of extracellular Ca2� (0Ca2�-EGTA). Ad-
itionally, at Figs. 6E, F and 7D, it is also observed that
-Aga IVA and nitrendipine (specific P/Q-type and L-type
DCC blockers, respectively) did not affect the facilitatory
ction of CGS-21680 in physiological saline. These find-

ngs suggest that the A2A agonist facilitates the secretory
rocess at a step downstream from Ca2� influx. Similar
xternal calcium-independent mechanisms of presynaptic
acilitation have been observed in the globus pallidus
Shindou et al., 2002). On the other hand, buffering the

ig. 7. CGS-21680-mediated modulation on asynchronous ACh secr
ffect of CGS-21680 (CGS) upon K�-evoked acetylcholine release wa
espectively. (C) Nitrendipine (Nit) in the absence of extracellular calciu
D) and (E) Summary bar graph showing the effect of CGS-21680
espectively, when preparations were incubated in control saline (n�
itrendipine (Nit, n�4), �-Aga IVA (�-Aga, n�4), Cd2� (n�4), 0C
mean�SEM) are expressed as percentage of control values (black b
ach column (mean�SEM) depicts the effect of CGS-21680 on MEP
ollowed by Dunnett’s test).
nternal Ca2� concentration with the membrane-perme- t
ble Ca2� chelator BAPTA-AM effectively prevents the
GS-21680-induced MEPP frequency facilitation, sug-
esting that the effect of the A2A agonist on spontaneous
Ch release requires an increase in Ca2� concentration
ithin presynaptic neurons. In order to find out what the
ource of this Ca2� was, we depleted the intracellular
a2� stores by incubating the muscles with the Ca2�-
TPase inhibitor thapsigargin. In this condition, CGS-
1680 (in 0Ca2�-EGTA or 2 mM Ca2� solution) failed to
licit presynaptic facilitation of spontaneous secretion.
oreover, we found that the blockade of RyRs with ryan-
dine also occlude the action of the A2A agonist. Taken
ogether, these results suggest that at resting conditions,
he activation of A2A receptors with CGS-21680 stimulates
irectly the thapsigargin/ryanodine-sensitive Ca2� stores

eading to an intracellular Ca2� rise that in turn increases
pontaneous ACh release.

Independently of the effect induced by CGS-21680 on
nternal Ca2� stores and taking into account that this ac-

ot associated to Ca2� influx through L-type VDCC. (A) and (B) The
red in solutions containing Cd2� (n�4) or 0Ca2�-EGTA-Cd2� (n�4),
-EGTA�Cd2�) prevented the action of CGS-21680 in high K� (n�4).
taneous (5 mM K�) and asynchronous ACh release (15 mM K�)

utions containing thapsigargin (Thapsi, n�4), ryanodine (Rya, n�4),
A-Cd2�(n�4), and Nit�0Ca2�-EGTA-Cd2� (n�4). In (A–C), data
0.05, *** P�0.001, ANOVA followed by Tukey’s test. In (D) and (E),

ncy, expressed as the percentage of change, *** P�0.001 (ANOVA
etion is n
s not alte
m (0Ca2�

on spon
5), or sol
a2�-EGT

ars). * P�
ion is not related to external calcium, the possibility that
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he A2A agonist might additionally exert a direct modulation
f the release machinery could not be rule out. Transmitter
elease can be induced by raising the tonicity of a super-
using solution (Fatt and Katz, 1952; Hubbard et al., 1968),
situation known to be independent of [Ca2�]o (Furshpan,
956; Hubbard et al., 1968; Rosenmund and Stevens,
996; Losavio and Muchnik, 1997; Mochida et al., 1998;
ashani et al., 2001) but that seems to share the major
lements of the basic Ca2� triggered vesicle fusion (e.g.
he soluble N-ethylmaleimide-sensitive factor attachment
eceptor [SNARE] proteins, Dreyer et al., 1987; Gansel et
l., 1987; Aravamudan et al., 1999). Thus, hypertonicity is
useful tool for analyzing release mechanisms between

he Ca2�-triggering step and vesicle fusion (Grinnell et al.,
003). Our results demonstrated that CGS-21680 en-
anced the peak and the area under the curve of the
ypertonic response, even when the responses were stud-

ed in a calcium free-solution (0Ca2�-EGTA). On the con-
rary, the action of CGS-21680 in hypertonicity was not
bserved when [Ca2�]i was decreased by loading nerve
erminals with BAPTA-AM, suggesting that an increase of
he intracellular Ca2� availability rather than a direct action
n the release machinery is involved in the action of the

2A agonist. We found that depletion of Ca2� stores with
hapsigargin or the blockade of RyRs with ryanodine, did
ot modify the hypertonic response per se, but precluded

he action of CGS-21680 in hypertonicity. These results
ndicate that, as it was observed by other authors (Rosen-

und and Stevens, 1996), hypertonicity-induced increase
n MEPP frequency does not depend on Ca2� release from
ntracellular stores and that the A2A receptor-mediated
acilitatory effect depends on calcium mobilization from
hapsigargin/ryanodine-sensitive endoplasmic stores.

When studying the effect of A2A receptor activation
pon ACh release induced by K� depolarization, our re-
ults demonstrated that CGS-21680 increased neurotrans-
itter secretion by 	63% with respect to the ACh released

n high K� without the A2A agonist (see Fig. 7E). At rat
hrenic nerve-diaphragm preparations, Correia-de-Sá et
l. (2000) found that, with brief stimulation pulses (5 Hz,
.04 ms), both thapsigargin and nifedipine attenuated the
GS-21680 facilitatory effect on [3H]ACh release, whereas
ith long stimulation pulses (5 Hz, 1 ms), the modulatory
ction of the A2A agonist was reduced by pretreatment with
he P-type and L-type VDCC blockers. Our results showed
hat depletion of intracellular Ca2� stores with thapsigargin
ompletely abolished the CGS-21680-induced modulation
n high K� concentration. Furthermore, the same result
as observed when Ca2� release from endoplasmic retic-
lum through RyRs was blocked by ryanodine. On the
ther hand, the blockade of presynaptic P/Q-type VDCCs
ith �-Aga IVA significantly reduced ACh release induced
y K� depolarization, but did not affect the facilitatory
ction of CGS-21680 on this type of secretion, producing
n increase in MEPP frequency of about 55% (Fig. 7E).

L-type VDCCs seem to be located away from the ac-
ive zones (Tsien et al., 1988; Robitaille et al., 1990) and
ave been shown to be involved in spontaneous ACh

elease from mammalian motor nerve terminals in the c
resence of physiological concentration of extracellular
Cl (Losavio and Muchnik, 1997). Although L-type VDCCs
o not primarily participate in the ACh secretion induced by
lectrical or K� depolarization, they appear to be recruited
hen nerve terminals have been treated chronically with

mmunoglobulin from patients with Lambert–Eaton syn-
rome (Flink and Atchison, 2002) or amyotrophic lateral
clerosis (Frantantoni et al., 2000), at reinnervating motor
nd-plates (Katz et al., 1996) or during functional recovery

rom neuromuscular paralysis produced by botulinum toxin
ype A intoxication (Santafé et al., 2000). Our findings
ndicated that nitrendipine did not affect ACh release in-
uced by K�, but prevented completely the facilitatory
ction of CGS-21680 on this type of secretion. This sug-
ests that DHP-sensitive L-type VDCCs are involved in the
echanism action of the A2A agonist upon nerve terminals
epolarized by high K�. The results obtained with thapsi-
argin and nitrendipine in the K� experiments resemble

hose found by Correia-de-Sá et al. (2000) when they
valuated [3H]ACh release with brief stimulation pulses.
owever, in our case, both thapsigargin and nitrendipine
ompletely, and not partially as those authors described,
ccluded the CGS-21680 modulatory effect on K� evoked
elease, which supports the idea that the effects of the A2A

gonist on thapsigargin-sensitive internal stores and L-
ype VDCC are associated and that they are not individual
argets. This discrepancy could be due mainly to differ-
nces in the experimental protocols (ACh release evoked
y electrical stimulation vs. induced by high K�) or it may
e due to differences between species.

The mechanisms for mobilizing Ca2� from internal
tores are not known in all types of synapses, and it is
ften assumed that activation of CICR may occur in re-
ponse to Ca2� influx through VDCC. Interestingly, our
ata evidenced that the facilitatory effect of CGS-21680 in
igh K� remained unaffected when preparation were incu-
ated with CdCl2 in presence or absence of extracellular
a2� (0Ca2�-EGTA), suggesting that a mechanism re-

ated to CICR was not involved in the modulatory action of
GS-21680 on ACh release induced by K�. In contrast,
hen activation of A2A receptors was studied in the pres-
nce of nitrendipine in a 0Ca2�-EGTA-Cd2� solution the
xcitatory effect was not evident (Fig. 7E). How to explain
hat nitrendipine abolished the effect of CGS-21680 in high
� while Cd2�/0Ca2�-EGTA failed to do that? The main
ifference is that nitrendipine, as DHP, acts on L-type
DCCs by immobilizing the gating charges movements

Schneider and Chandler, 1973; Chameau et al., 1995),
hereas Cd2� blocks the ionic pore without affecting the
ating mechanism (Nachshen, 1984; Lansman et al.,
986). In hypothalamic magnocellular neurons, De
rescenzo et al. (2006) found that depolarization of nerve

erminals in the absence of extracellular Ca2� elicited
a2� release from intraterminal stores via a process they
esigned as voltage-induced Ca2� release (VICaR), which
as blocked by nifedipine but not by Cd2�. Calcium re-

eased from endoplasmic reticulum by this mechanism is
alled syntilla and it occurs through type 1 ryanodine re-

eptors (De Crescenzo et al., 2006; see rev. Collin et al.,
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005; Berridge, 2006). Co-immunoprecipitation studies
ould support the idea of a direct physical interaction
etween type 1 ryanodine receptors and DHP receptors
Anderson, 1998; Mouton et al., 2001; Ouardouz et al.,
003; De Crescenzo et al., 2006), similar to that found in
keletal muscle (Coronado et al., 2004). At neuromuscular

unction a mechanism related to VICaR was not yet de-
cribed; however, it is possible that this system may be
nvolved in the facilitatory action of the A2A agonist on ACh
elease induced by K�: CGS-21680 may increase L-type
DCC activation, not in its role as channel to allow Ca2�

ntry and trigger release from internal stores via CICR,
nstead by increasing their gating charge movements and
roviding the mechanical displacement to interact with the
yRs of the endoplasmic reticulum resulting in the opening
f these receptors and Ca2� release to the cytosol. The

ncrement of Ca2� concentration within the nerve terminal
ould be sensed by the release machinery, thus producing
n increase of ACh secretion.

CONCLUSION

aken collectively, all the data obtained in this paper, we
an conclude that, at the mouse neuromuscular junction,
he activation of A2A adenosine receptors facilitates spon-
aneous and asynchronous ACh secretion as result of an
ncrease in cytosolic nerve terminal Ca2� concentration
ue to release of this ion from thapsigargin/ryanodine-
ensitive internal stores. According to our experiments,
a2� coming from endoplasmic reticulum does not con-

ribute for triggering ACh secretion at basal conditions,
uring the hypertonic response and when nerve terminal
re depolarized by high K�, suggesting that silent systems
ay become evident under the modulation exerted by the
ctivation of A2A receptors. On the other hand, the mech-
nism by which this internal Ca2� source is activated is
ifferent depending on the type of secretion. Thus, during
pontaneous ACh release, activation of the A2A receptors
eems to stimulate directly the thapsigargin-sensitive
a2� stores acting on ryanodine receptors. The same
ystem would be used by the A2A agonist to modulate
ypertonic response. Conversely, upon K� depolarization,
ctivation of A2A receptors might increase conformational
hanges in L-type VDCCs that would generate intramem-
rane charge movements which could cause the opening
f RyRs (type 1?), allowing Ca2� release to the cytosol and
xocytosis facilitation.
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