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Letter to the Editor

Particulate guanylyl cyclase and cholinergic control of cardiac
excitability is site specific
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We read with interest the recent study by Imai et al. [7] citability is controversial. Han et al. [3] first proposed that
who provide evidence that muscarinic inhibition of pre- stimulation of muscarinic receptors in sinoatrial node cells
stimulated L-type calcium current (I ) may involve an increases nitric oxide (NO) production via endothelial NOCaL

increase in cGMP levels via particulate guanylyl cyclase. synthase (eNOS). Stimulation of soluble guanylyl cyclase
This mechanism is apparent when cAMP has been raised was essential for cholinergic inhibition of L-type calcium
by inhibition of phosphodiesterase. The role of the cGMP current (I ) following adrenergic pre-stimulation, al-CaL

pathway in the cholinergic modulation of cardiac ex- though others fail to confirm this result (e.g. Refs. [2,8,9]).

Fig. 1. NO and natriuretic peptides facilitate vagal bradycardia and acetylcholine release. Brain derived (BNP) and C-type natriuretic peptide (CNP) like
3NO generated by neuronal nitric oxide synthase (nNOS) increase the release of H-acetylcholine to field stimulation (A) and the heart rate response to vagal

nerve stimulation (B). This is thought to be due to stimulation of the particulate guanylyl cyclase coupled natriuretic peptide receptor (pGC/NPR) and
soluble guanylyl cyclase respectively. Both increase cGMP which may inhibit phosphodiesterase 3 (PDE3) to increaase cAMP-protein kinase A (PKA)
dependent phosphorylation of N-type calcium channels (I ) (adapted from [6]).CaN
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[2] Godecke A, Heinicke T, Kamkin A et al. Inotropic response toThe paper by Imai et al. adds weight to a mounting body
beta-adrenergic receptor stimulation and anti-adrenergic effect ofof evidence that suggests I is differentially regulated byCaL ACh in endothelial NO synthase-deficient mouse hearts. J Physiol

complex multi-pathway signalling from the muscarinic 2001;532:195–204.
receptor and that no one pathway is obligatory for control [3] Han X, Shimoni Y, Giles WR. An obligatory role for nitric oxide in
of function. Imai et al. also find that in the presence of autonomic control of mammalian heart rate. J Physiol

1994;476:309–314.beta-adrenergic stimulation, inhibition of neither soluble
[4] Herring N, Golding S, Paterson DJ. Pre-synaptic NO–cGMPnor particulate guanylyl cyclase prevents muscarinic con-

pathway modulates vagal control of heart rate in isolated adulttrol of I implying that the functional significance of theCaL guinea pig atria. J Mol Cell Cardiol 2000;32:1795–1804.
cGMP pathway may not be as important as first proposed. [5] Herring N, Paterson DJ. Nitric oxide–cGMP pathway facilitates

However, recent work suggests that both particulate [6] acetylcholine release and bradycardia during vagal nerve stimulation
in the guinea-pig in vitro. J Physiol 2001;535:507–518.and soluble [5] guanylyl cyclase play a more significant

[6] Herring N, Zaman JA, Paterson DJ. Natriuretic peptides like NOrole in the cholinergic control of cardiac excitability via
facilitate cardiac vagal neurotransmission and bradycardia via athe pre-synaptic control of acetylcholine release. Although
cGMP pathway. Am J Physiol Heart Circ Physiol 2001;281:H2318–

natriuretic peptides and NO generated by neuronal NOS H2327.
[1,4] do not affect the bradycardia to bath-applied acetyl- [7] Imai Y, Jiang B, Pappano AJ. Mechanism for muscarinic inhibition

of I(Ca(L)) is determined by the path for elevating cyclic AMP incholine, both augment the heart rate response to direct
cardiac myocytes. Cardiovasc Res 2001;51:331–343.stimulation of the vagus nerve. This is due to an increase

[8] Vandecasteele G, Eschenhagen T, Scholz H et al. Muscarinic andin the release of acetylcholine itself subsequent to pre-
beta-adrenergic regulation of heart rate, force of contraction and

synaptic phosphorylation of N-type calcium channels (as calcium current is preserved in mice lacking endothelial nitric oxide
we illustrate in Fig. 1). The notion that soluble guanylyl synthase. Nature Med 1999;5:331–334.
cyclase has no role in the cholinergic modulation of [9] Wegener JW, Nawrath H, Wolfsgruber W et al. cGMP-dependent

protein kinase I mediates the negative inotropic effect of cGMP incardiac function and the finding that muscarinic receptor
the murine myocardium. Circ Res 2002;90:18–20.stimulation is also coupled to particulate guanylyl cyclase

activity [7] must, therefore, be viewed with caution. The
functional role of cGMP in the cholinergic control of
cardiac excitability is clearly site specific.
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