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The Properties of Na-Ca Exchange Current in Single Atrial
Cells of The Rabbit

Wook Youm, M.D.", Won Kyung Ho, M.D™"., Kyung Phill Suh, M.D.**"

In single atrial cells isolated from the rabbit the properties of inward current of Na-Ca
exchange were investigated using the whole cell voltage clamp technique. The current was
recorded during repolarization following brief 2 ms depolarizing pulse to +40 mV from a
holding potential of —70 mV.

Followings are the results obtained:

1. When stimulated every 30 sec, the inward currents were activated and reached peak values
6-12 ms after the beginning of depolarizing pulse. The mean current amplitude was 342
pA/cell.

2. The current decayed spontaneously from the peak activation and the time course of the
relaxation showed two different phases fast and slow phase. The time constants were 10-18
ms and 60-140 ms, respectively.

3. The recovery of inward current was tested by paired pulse of various interval. The peak
current recovered exponentially with time constant of 140ms and 1 #M isoprenaline
accelerated the recovery process.

4. Relaxation time course was also affected by pulse interval and time constant of the fast
phase was reduced almost linearly according to the decrease of pulse interval between 30
sec and 1 sec.

5. The peak activation was increased in magnitude by long prepulse stimulation, 5 #M Bay K,
1 #M isoprenaline or internal and external application of c-AMP.

6. The relaxation time constant of the fast phase was prolonged by 5 uM Bay K or c-AMP,
and shortened by isoprenaline. However the time course of the slow relaxation phase was
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not so much changed.

From the above results, it could be concluded that increase of the calcium current by Bay K

or c-AMP results in the potentiation and prolongation of intracellular calcium transient, and

the facilitation of Ca uptake by SR might be a mechanism of shortening the time constant of

current relaxation by short interval stimulation or isoprenaline.
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Fig. 1. A typical record of Na-Ca exchange current. A) Upper trace shows
the voltage clamp pulse which is used in all the subsequent experi-
ments. From the holding potential of —70 mV, +40 mV of 2 ms
duration pulse was applied every 30 sec. Lower trace shows current
recording. During 2 ms depolarization, inward Na and Ca current
and transient outward current were activated but all of these were
off the scale. On returning to —70 mV, inward current of Na-Ca
exchange was activated. B) The same data was shown in different
scale and speed. The slowly relaxing component can be seen easily
while the early part of the relaxation are off the scale. Arrow
indicates the holding current level. C) The time course of current
relaxation was plotted on a semilog graph. Open circles were total
measured current and filled circles were differences between the
values of open circle and of extrapolated slow component. Time
constant of fast phase was 18 ms and that of slow phase was 94 ms.
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Fig. 2. Na-Ca exchange currents activated by paired
pulses of short interval. 5, 20, and 40 ms in-
terval paired pulses were applied during
steady state stimulation (30 sec interval) and
these records were superimposed. The cur-
rents after the second pulses did not show
further activation and followed the original
current trace as if there was no interruption.
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Fig. 3. The recovery of Na-Ca exchange current. A)

The left upper record is the control Na-Ca
exchange current obtained by steady state sti-
mulation (30 sec interval). Right upper and
lower records show the currents activated by
second pulses when paired pulse stimulation
were applied. 100, 200, 400, 800 ms indicates
the interval of paired pulse. The inward cur-
rent component increased according to the in-
crease of interval. B) The relation of the pair-
ed pulse interval to the peak inward current.
Abscissa: Paired pulse interval. Ordinate: Am-
plitudes of the peak current were represented
as percent fraction relative to that of steady
state current (30 sec interval). different sym-
bols represent different experiments. The line
was drawn by eye and shows an exponential
relation.
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Fig. 4. The effect of stimulation interval on the Na-

Ca exchange current. A} Na-Ca exchange cur-
rent during steady state stimulation (open cir-
cle, 30 sec interval) and 1 sec interval (open
square) were superimposed. The difference of
the time course of relaxation could be noticed.
B) The results in A were plotted in the same
method as shown in figure 1C. Time constant
of the fast component was shortened by a
short interval stimulation.
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Fig. 5. The effect of stimulation interval on the re-

laxation of Na-Ca exchange current. A)
1,5,10,30 sec indicate the stimulation interval.
The current relaxations became faster as the
stimulation intervals were shortened. B) The
relationship between the stimulation intervals
and time constants of fast component of cur-
rent relaxation. It shows nearly linear relation
between 1 to 30 sec.
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Fig. 6. DPotentiation of the Na-Ca exchange current
and action potential plateau by long prepulse.
Inset shows pulse protocol. A) Relative to the
control current without prepulse, the current
after the prepulse stimulation was relaxed fast-
er. The peak current was potentiated when
the prepulse duration was 200 ms long. B)

The effect of prepulse on the late plateau was

very similar to that on the Na-Ca exchange -

current shown in A.

3. Bay KoOf| 2|8 3t
Earm&®'¢] ﬂﬂkﬂl 2 skn Ca—A 79 AF~A}
A 9} Na-Ca A 52 &l Z—dotalaAl s zpo] S Hod
A1 E el 4 73151— Caoll 2|3 4| £ Ca
fFu s+ Cazkal A& 07 }_T\} 7;&

Al 2pgheh, 22 :1-#:1_%9] Ca A7

1ent7}

M 5 #M°l Bay K&

A e wE Ao 44
o)

T8 w2 Ei‘]’% A&t B9l 5 M Bay K
of &gt WEEA RS HuiA At F718EY A(mean:
120 %, n=3), p akoﬂ Ol2E AL 2. TmsAE 2ol

5 G ehn=3). 4% )
ZAshrh e R ),

Aol A B5 A Fab40] Az
23 7A8 AFAFE BellA plot

ahed

Bokeh o] A& rul A3 I ofF

Foldl FAHR whe 4 A4t FaH e
Bay Koll 213te] 6.8 msoll A 13 ms® L AL o
913ieh, 18 8o 4 Bay Kell |8 25a19) a3}
A
:- Control
"> 5uM BayK
200 pA
: 10 ms
B oA
500}
300}
200 + Control
* Bay K 5 yM
100
50}
%} “‘1‘
0 10 20 30 40 50 60 70 30w
Fig. 7. The effect of Bay K on the Na-Ca exchange

current. A) The superimposed current record-
ing before (control) and after application of 5
#M Bay K. B) The semilog plot of current
relaxation. Time constant was increased by
Bay K.

mv
5yM BayK
-50
c T o
-
50 ms
Fig. 8. The Effect of Bay K on the action potential. It

can be noticed that the late plateau is elevated
and prolonged by 5 «M Bay K.
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Fig. 9. Na-Ca exchange current and action potential
recording in the presence of 10 M c-AMP
in the pipett solution. A) Na-Ca exchange cur-
rent obtained just after the rupture of the
membrane(1l) and 7 min after (2). The current
increased along the time and became steady
after 7 min. Note the very large inward cur-
rent (560 pA). B) The late plateau level is
very higher (up to 0 mV) and the duration is
very longer, compaired to the normal action
potential in Fig. 8. The prominent plateau
was almost abolished by 1 #M ryanodine.
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Fig. 12.
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The effect of isoprenaline on the recovery of
Na-Ca exchange current. A) Control, B)
Comparing to the results of A, the recovery
of I-peak was accelerated by 1 M isopre-
naline. C) Filled square indicates the i isopre-
naline and the lower curve is the same as
that in Fig. 3B.
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