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Effects of Na-Ca Exchange Mechanism on the Action Potential and Membrane
Currents in the Single Cells of the Guinea-Pig and the Rabbit Heart

Jeong Hyun Kim, M.D,, Heon Kil Lim, M.D.
Bang Hun Lee, M.D., Chung Kyun Lee, M.D.
Department of Internal Medicine, Hanyang University Medical College

Yung E Earm, M.D.
Department of Physiology, Seoul National University Medical College

In single atrial and ventricular cells isolated from the guinea-pig and the rabbit heart, action poten-
tials and membrane currents were recorded by using the whole cell voltage clamp technique. In
rabbit atrial cells the repolarization showed two distinctive phases, referred as the early and late
phases(early and late plateau phase), but in guinea-pig atrial cells there was a maintained plateau
and less distinctive two phases of repolartization. Increasing intracellular sodium or reducing external
sodium by replacement with lithium suppressed the late phase of the action potential in rabbit
atrial cells'and shortened the plateau of action potential in rabbit ventricle and guinea-pig atrial

cells. Reducing external sodium decreased Ca-current and late inward current in voltage clamp.
Ouabain in the concentration of 10™°M shortened the duration of action potential and shifted the
holding current level to outward direction, decreased Ca-current and moved late inward current
to outward direction. Ryanodine 107°M which is known to be an inhibitor of Ca-release in the
intracellular store, suppressed the late phase of action potential in rabbit atrial cells and shortened
the plateau of action potential in rabbit ventricular cells. Ryanodine also decreased Ca-current and

shifted late inward current to outward direction.

It is concluded that an inward current activated by intracellular calcium contributes to the late



phase of the action potential in rabbit atrial cells and to the late plateau in rabbit ventricular cells
and in guinea-pig atrial cells. It may be carried by the Na-Ca exchange process and/or by calcium-
activated non-specific channels but preferably Na-Ca exchange mechanism.

KEY WORD : Cardiac myocytes * Na-Ca exchange * Sodium reduction * Quabain * Ryanodine * Ca-

currents.
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Fig. 1. Superimposed records of action potentials from ginea-pig atrial cells by first and second stimulation.
(1) indicates a first action potential and (2) indicates a second action potential after long rest (10').
The first action potential shows slow repolarization than the second action potential.
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Fig. 2. Superimposed records of action potentials from rabbit ventricular cells in 0, 10 and 20mM Na® of the
pipette. Increasing Na® concentration of the pipette shortened the plateau and the duration of action
potential in concentration-dependent manner.
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Fig. 3-B.C. Sodium reduction (2) decreased Ca-current,
shifted the holding current level to outward
direction and decreased the late inward cur-
rent(1 : normal).

(C) : IV relation of Ca-Current in normal(0-
0) and in 30% Na([J-+(J). (voltage pulse
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Fig. 4. Effect of sodium reduction on the action potential and membrane currents in rabbit atrial cells.
(A) : Effect of 30% Na (2) on the action potential. Normal action potential (1) shows late phase of
repolarization (late phase of plateau) but 30% Na suppressed the late phase. (B) : Membrane currents
superimposed in normal (1) and 30% Na (2) when the membrane potential was held at-40 mV and
depolarizing voltage clamp pulses of —10 mV (a) and +10 mV were applied.
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Fig. 5. Membrane currents activated by depolarizing voltage clamp pulses in Cs-loaded rabbit atrial cells.
(A) : Membrane currents in normal (a) and 30% Na(b) when the initial solution of the pipette was
replaced by Cs* instead of K™ (B) : Superimposed membrane current in normal (1) and 30% Na (2)
at-10 mV (a), +10mV (b) and +40 mV(c) respectively.
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Fig. 6-A. Action potentials and membrane currents by

ouabain 107°M in guinea-pig and rabbit atrial
cells.
(A) : Superimposed action potentials in nor-
mal(1) and ouabain-treated (2) condition.
Quabain reduced the duration and decreased
the plateau of action potential in guinea-pig
atrium.
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Fig. 6-B.C. Superimposed membrane currents in normal (1) and ouabain (2) at +40 mV. Quabain shifted the
holding current level to the outward direction and reduced Ca-current and the late inward current.
(HP: —40 mV).
(C) : Superimposed membrane currents in normal (1) and ouabain (2) at +5mV(a) and +35 mV(b).
QOuabain decreased Ca-current and the inward current.
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Fig. 7-A. Effects of 107°M ryanodine on the action potentials and membrane currents in rabbit atrial and ventricu-

lar cells.

(A) : Superimposed action potential records in normal (1) and ryanodine (2) containing Tyrode solution
in rabbit atrial cells. Ryanodine suppressed the late phase of repolarization.

AT Na-K HZ A A Al X Na* 5 =7} 57}t
T AEY Ca® =7 F7h8e 5o A,
o9& HAEL Na-Ca 87 A9 248 S A
Aol 7b5stt & Na-K HZ71 JAHE A XY
Na' ¥&7t &7k 2 2% Na-Z At W 3hste
Na‘*o] MEMO 2 0|53 Ca? o] AXUZ o]F
3= Na-Ca 87| Ho] #58ch 223 A 2 Ca?
vo] F7tele &l A $5FHo Ft
3k 71 - o] v 2 digitalis®] ZA a7y AR
AT, wekA ouabaind Na-Ca L &7 H-& Na*ol
Hoz a8 Cato] MEWR olFdte HE &
AEAF BFoz FFAUT JFWede NaCa
BN AE A4 G5AYY FHE plateaud U
Ao g WolAE Na-Ca 237 H9 Yega
L-’ﬁ AHA A FukE plateau’t A 2 A
Mo R dAH BAEAGE o|gEL 4o
A HiEHe 2498 U bk E A

A1 AEAHE B ouabaindl 93t LA F I}
ogugo g o] S HAT o2 e AFs BF
Aot ti3t a5 MR £ alt} a4 30%
Na9 7oA 9} vt 72 2 Na- A /= #AA 77
o £l ouabaino] 9% FFHY ] te] &% o
GAF M E BF Na-Cal @7 "o 93 Aoz
24e gls A 2o

30% Na°lY ouabain® 7 $-4} vF&7FA 2 ryano-
dine £ H ¢ A A5 A E7) A2 A 29
g5 AN e FHE plateaus A3 ZFAAA
T AR £ g ojFAAY, 1
E7 QA2 Bode 85 ALY plateaus 9
717ko] @A S DA o] 2L AFE ryano-
dineo] MEW AZLZ FH Ca*'o| fE=HE 7]
AL JAggE g Aol 7l58 A 24,
NI AZ1ne MELE 58 Ca-AFo 93t
regenerativedt Al Ca** ¥ =8 7 A 28558

— 73 -



8
(o]
mV [
20
1
—
2 [ S——
100 ms
C
1 2 1
0 ruecemd
2 2
pA
-400
1
—_—
50 ms

Fig. 7-B.C. (B) : Superimposed records of action potentials in normal (1) and ryanodine in rabbit ventricular
cells. Ryanodine decreased the plateau and duration of action potential.
(C)  Superimposed records of membrane currents in normal (1) and ryanodine (2). Ryanodine
reduced Ca-current and shifted the late current to the outward direction.
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