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Kawada, Toru, Toji Yamazaki, Tsuyoshi Akiyama, Ka-
zunori Uemura, Atsunori Kamiya, Toshiaki Shishido, Hidezo
Mori, and Masaru Sugimachi. Effects of Ca®” channel antago-
nists on nerve stimulation-induced and ischemia-induced myocar-
dial interstitial acetylcholine release in cats, Am J Physiol Heart
Cire Physiol 291: H2187-H2191, 2006. First published June 9,
2006; doi:10.1152/ajpheart.00175.2006.—Although an axoplasmic
Ca** increase is associated with an exocytotic acetylcholine (ACh)
release from the parasympathetic postganglionic nerve endings, the
role of voltage-dependent Ca®* channels in ACh release in the
mammalian cardiac parasympathetic nerve is not clearly under-
stood. Using a cardiac microdialysis technique, we examined the
effecis of Ca?* channel antagonists on vagal nerve stimulation-
and ischemia-induced myocardial interstitial ACh releases in anes-
thetized cats. The vagal stimulation-induced ACh release [22.4 nM
(SD 10.6), n = 7] was significantly attenuated by local adminis-
tration of an N-type Ca®* channel antagonist w-conoloxin GVIA
[11.7 nM (SD 5.8), n = 7, P = 0.0054], or a P/Q-type Ca**
channel antagonist w-conotoxin MVIIC [3.8 nM (SD 2.3), n = 6.

= 0.0002] but not by local administration of an L-type Ca®™
channel antagonist verapamil [23.5 nM (SD 6.0), n = 5, P =
0.758]. The ischemia-induced myocardial interstitial ACh release
[15.0 nM (SD 8.3), n = B] was not attenuated by local admims-
tration of the L-, N-, or P/Q-type Ca?* channel antagonists, by
inhibition of Na™/Ca®" exchange, or by blockade of inositol
1.4.5-trisphosphate [Ins(1,4.5)P3] receptor but was significantly
suppressed by local administration of gadolinium [2.8 nM (5D
2.6),n = 6, P = 0.0283]. In conclusion, stimulation-induced ACh
release from the cardiac postganglionic nerves depends on the N-
and P/Q-type Ca?" channels (with a dominance of P/Q-type) but
probably not on the L-type Ca®* channels in cats. In contrast,
ischemia-induced ACh release depends on nonselective cation
channels or cation-selective stretch activated channels but not on
L-, N-, or P/Q type Ca®" channels, Na“/Ca** exchange, or
Ins(1,4,5)P receptor-mediated pathway.

cardiac microdialysis: w-conotoxin GVIA; w-conotoxin MVIIC; KB-
R7943; verapamil; vagal stimulation

aLTHOUGH N-TypE Ca’* cHanners play a dominant role in
norepinephrine release from sympathetic nerve endings (8, 33,
34), the type(s) of Ca®™ channels controlling ACh release in
the mammalian parasympathetic system is not fully understood
and show diversity among reports. To name a few, in isolated
para.wmpalhetic submandibular ganglia from the rat, neuro-
transmission is mediated by Ca®* channels that are resistant to
the L-, N-, P/Q-, and R- type Ca*" channel antagonists (29).

Address for reprint requests and other correspondence: T. Kawada, Dept. of
Cardiovascular Dynamics, Advanced Medical Engineenng Center, National
Cardiovascular Center Research Institute, 5-7-1 Fujishiroda, Suita, Osaka
565-8565, lapan (e-mail. torukawa@res ncve go.jp)

hup:/iwww aypheart org

0363-6135/06 $8.00 Copynght & 2006 the Amencan Physiological Socety

When the negative inotropic response to field stimulation was
examined in the isolated guinea pig atria, Hong and Chang (8)
reported the importance of P/Q-type Ca®" channels, whereas
Serone et al. (28) reported the Imponancc of N-type Ca?*
channels. Because field stimulation in the isolated preparations
could induce responses different from those in the in vivo
conditions, we aimed to examine the effects of Ca** channel
antagonists on the vagal nerve stimulation-induced myocardial
interstitial ACh release in the in vivo feline heart.

Aside from the imporant role of the normal physiological
regulation of the heart, the vagal nerve can be a therapeutic target
for certain cardiovascular diseases (2, 3, 13, 22, 27). In previous
studies, we have shown that acute myocardial ischemia causes
myocardial interstitial ACh release in the ischemic region inde-
pendently of efferent vagal nerve activity (12, 14). The compar-
ison of the effects of Ca®* channel antagonists on the ACh
releases induced by vagal nerve stimulation and by acute myo-
cardial ischemia may deepen our understanding about the ische-
mia-induced myocardial interstitial ACh release.

A cardiac microdialysis technique offers detailed analyses of
in vivo myocardial interstitial ACh release (1, 15). Because the
local administration of pharmacological agents through a dial-
ysis probe can modulate ACh release without significantly
affecting systemic hemodynamics, a combination of cardiac
microdialysis with local pharmacological interventions is use-
ful for analyzing the mechanisms of ACh release in vivo. In the
present study, we examined the effects of Ca®* channel antag-
onists on nerve stimulation- and ischemia-induced ACh re-
leases in anesthetized cats. The results indicate that stimula-
tion-induced ACh release from the cardiac pa.rasympalhcuc
postganglionic nerves depends on the N- and PFQ -type Ca®*
channels but probably not on the L-type Ca®>* channels. In
contrast, ischemia-induced myocardial interstitial ACh release
is resistant to the inhibition of L-, N-, and P/Q-type Ca®*
channels, In addition, the ischemia-induced myocardial ACh
release is resistant to the inhibition of Na*/Ca®* exchanger
and the blockade of inositol 1,4,5-trisphosphate [Ins(1.4,5)Ps]
receptor but is suppressed by gadolinium, suggesting that
nonselective cation channels or cation-selective stretch-acti-
vated channels are involved.

MATERIALS AND METHODS
Common Preparation

Animal care was provided in accordance with the Guiding Princi-
ples for the Care and Use of Animals in the Field of Physiological
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