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Elucidation of the Mechanism of Ischemic Tolerance in the Immature Heart:
Role of the Katr Channel

Yasuhiro Katsube, Miharu Hgjikano, Miki Watanabe, Ei Ikegami,
Mitsuhiro Kamisago, Ryuji Fukazawa, and Shunichi Ogawa

Department of Pediatrics, Nippon Medical School, Tokyo, Japan

The immature heart has greater tolerance to hypoxia and ischemia than the mature heart. The ATP-sensitive K channel (Karp),
which may be activated under hypoxic or ischemic conditions, hyperpolarizes muscle cells, resulting in cardioprotective action.
This channel may play arolein the greater tolerance of the immature heart to hypoxia and/or ischemia. The purpose of this study
was to investigate developmental change in this channel using rat ventricular myocytes. Kare currents were recorded in newborn
and adult rat ventricular myocytes using the whole-cell voltage clamp technique. Pinacidil, a K are channel opener of cardiac (SUR2A/
Kir6.2) and vascular smooth muscle (SUR2B/Kir6.1), increased the outward currents in both newborn and adult myocytes. The
increased current was completely inhibited by glibenclamide. Kare current densitiesat 0 mV were 52 & 10 pA/pF in newborn and
18 + 6 pA/pF in adult myocytes (p < 0.05). NaCN, amitochondrial respiratory inhibitor, stimulated K are current by 93 + 11 pA/pF
in newborn and 70 = 11 pA/pF in adult myocytes. Further, diazoxide, a Kare opener in the pancreas (SURL/Kir6.2) and vascular
smooth muscle (SUR/Kir6.1), increased the Kare current by 43 = 7 pA/pF in newborn myocytes. However, the activation of Kare
current by diazoxide was not observed in adult myocytes. These data suggest that Kare current density in the newborn cardiomyocyte
is greater than in the adult, and the channel structure in the newborn may be different from that in the adult.
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Fig. 1 Effect of Karr channel opener, pinacidil, on action potential and K* current of rat ven-
tricular myocytes. After application of pinacidil (100xM), the action potential was dra-
matically shortened. The shortening of action potentials was initiated according to the
increase of glibenclamide-sensitive K* currents (Karr).

Neonate Adult
pA/pF 200~ pA/pF 200+
Pinacidil 1
150+ 150+
1004 / 1001
204 504 Pinacidil
Control A—Control
T T T T T o T T 1 T T T T T o T T 1
-13/9/{1’9.45/5 60 -40 -20 |0 20 40 60  -120=100-80-60 -40 -20 {0 20 40 60
-504 mV -50+ mV
-100- -100-
pA/pF 300~ NaCN pA/pF 300~
] ] NaCN
200 / 200
) 10 -/
Control Control
fa} o
_120=T00-80-60 -40 -20 |0 20 40 60 —12;'1.(%%)7—60 -40 -20 |0 20 40 60
~100- mv ~100- mv
—~200- -200-
Fig. 2 Developmental changes in Kare currents initiated by NaCN and pinacidil. Current traces A

evoked by voltage-clamp ramps between -120 and +60 mV are given in neonatal and
adult rat ventricular myocytes (A). Both pinacidil- and NaCN-induced currents are greater

in neonate than in adult myocytes (B).
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Fig. 3 Diazoxide increases Kare current in neonate myocytes, but not in adult myocytes. Superimposed current
traces evoked by ramp pulses in neonate and adult myocytes are shown. Diazoxide, an opener of pan-
creatic and vascular smooth muscle cell-type Kare channels, opened Kate channels in neonatal, but not
in adult rat ventricular myocytes. The time course of the effect of diazoxide on K* currents (at 0 mV) of
adult myocytes is shown in the right lower panel. Diazoxide did not activate the Kare current over 12

minutes.
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Fig. 4 Karr channel as a complex of SUR and Kir channel subunits. Kare channels
are hetero-octamers composed of an ATP-binding cassette, the sulfonylurea

receptor (SUR), and an inwardly rectifying K* channel (Kir) subunit.

Table 100 Subtypes of Kate channels and the effect of openers in various tissues

Type of cell Subtypes Diazoxide Pinacidil
Pancreatic g3 cell SUR1/Kir6.2 +++ -
Cardiomyocyte SUR2A/Kir6.2 - +++
Vascular smooth muscle cell SUR2B/Kir6.1 ++ +++
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