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Regulation of Ca?** Channels in Immature Cardiomyocytes and Developmental Changes

Yasuhiro Katsube

Department of Pediatrics, Musashikosugi Hospital, Nippon Medical School

Abstract

The electrophysiology of the heart changes dramatically during development. These

changes in electrical properties are caused by changes in the number (density) and types of ion

channels, with resultant changes in the magnitude and kinetic properties of the various types

of ionic currents. The alterations in the ion channels are resposible for the changes in the

resting potential and characteristics of the action potentials. In this review, we focused on the

developmental changes of the L-type Ca*" channel (especially its regulation via B-adrenoceptor,

and muscarinic acetylcholine agonsist, tyrosine kinase) and the T-type Ca?" channel. As

mentioned in this review, the immature heart differs from the adult heart in both size and

function. Therefore, we have to pay attention to the characteristics of the immature heart

when we treat neonates and children.

(HARBERR A MRS 2006; 2: 96-102)
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Fig. 1 Currents and channels involved in generating
the resting and action potentials. The time
course of a stylized action potential of atrial
and ventricular cells is shown. Above and
below are the various channels and pumps
that contribute to the currents underlying the
electrical events (Taken from Circulation
1991; 84: 1831 —1851).
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Fig. 2 Postnatal changes in the action potential configuration of the rat

ventricle from the first postnatal day to adulthood. Note that the
progressive shortening of the action potential is attributable to
abbreviation of the plateau (Taken from ref. 16).
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Fig. 4 Current/voltage relationships and representative current traces in neonatal and
adult rat ventricular myocytes. A: The L-type Ca?* current is already well
developed during the neonatal period (days 1—7; about 85% of the adult value).
B: Representative L-type Ca?" current traces of neonatal and adult rats are
shown. Note that the inactivation of the current is slower in neonatal myocytes
than in adult myocytes (Taken from ref. 5).
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Table 1 Cell capacitance, peak current, and current density of the L-type Ca%* current
in neonatal and adult rat atrial and ventricular cells

cell capacitance peak current current density
(pF) (pA) (pA/pF)

atrium 24+08 92+7 39+0.3
neonate

ventricle 27+1.3 200+13 76+04

atrium 46+ 3 300+ 35 64+0.6
adult

ventricle 155+10 1239+115 8106
Mean = SEM

(Taken from ref. 21)
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Fig. 5 The effects of carbachol on the isoproterenol-stimulated L-type Ca?* current in neonatal and

adult rat atrial and ventricular myocytes.

A: In atrial myocytes, carbachol inhibited the

isoproterenol-stimulated L-type Ca?* currents in neonatal and adult myocytes. B: In contrast, in

ventricular myocytes, carbachol inhibited the isoproterenol-stimulated L-type Ca?" current by
93% in neonatal cells but by only 25% in the adult cells (Modified from ref. 21).
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Fig. 6 The schematic model of the mechanisms of adrenergic and cholinergic regulation of L-type Ca2*
channels. Binding of an antagonist (isoproterenol) to a B-adrenoceptor activates a guanine
nucleotide binding protein (Gs protein). This protein stimulates adenylate cyclase (AC) and
increases the level of cyclic adenosine monophosphate (cAMP). This process is followed by the
phosphorylation of the L-type Ca2* channel via cAMP-dependent protein kinase (PK-A) , leading
to an increase in channel open probability, mean open time, and channel availability. According

to our experiments, in neonatal ventricular myocytes, Gs protein stimulated L-type Ca2*
channels directly. Muscarinic acetylcholine activation antagonizes the B-adrenergic stimulation
of the L-type Ca?* channel through inhibition of AC, which is mediated via the Gi protein.
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Fig. 7 The effects of the tyrosine kinase inhibitor genistein on single-channel
recordings of the L-type Ca?* channel. Genistein inhibited channel opening

(Taken from ref. 21).

Table 2 Summary of the effects of genistein on the properties of single Ca2* channels in

neonatal rat ventricular myocytes

Slope Conductance (pS) Po (%) mo (ms) me (ms)

Control 24+0.75 24+38 1023 52+0.71
Genistein 24+027 79+0.025* 13+0.44 59+0.32
Mean =S E.M.
Po: open probability; mo: mean open time; m¢: mean closed time
*: P < 0.05 compared with control
(Taken from ref. 24)
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