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Effect of Na-Ca Exchange on the Action Potential and the Membrane
Current of Rabbit Atrial Cells

Won Kyung Ho, In Suk So* and Yung E Earm

Department of Physiology, College of Medicine, Seoul National University and *Inha University

The electrophysiological properties of the inward current contributing to the late plateau phase of the
action potential were investigated using the whole cell clamp technique and intracellular dialysis in
single atrial cells isolated from the rabbit heart.

The inward current was activated by various repolarizing pulses after a brief depolarizing pulse to
+40 mV for 2 ms and its time course was similar to that of the late plateau of the action potential. The
current was fully activated above the potential of —40 mV and abolished by intracellular EGTA.
Ryanodine of 1 #M also abolished the late plateau and the inward current. Reduced Na, to 30% and
20 mM Na, diminished the late plateau together with the inward current. Diltiazem blocked the
activation of the current and Ni in the concnentration of 40~200 uM decreased the development of
the late plateau and the inward current.

Fully activated current-voltage relation of the inward current showed exponential voltage depen-
dency which was steeper in more hyperplarizing range. The above findings suggest that the inward
current was activated by intracellular calcium and contribute the late plateau phase of the action
potenitial. It could be concluded that the inward current would be the inward component of Na-Ca
exchange.

Key Words: Atrial cell, Late plateau phase, Na-Ca exchange, Whole cell clamp, Inward current

4 B

AZZ A Lol A BFH ke plateau 7] 7hol] o7
A3 EFY oleAFI Belgol deA A
(DiFrancesco & Noble, 1985). Ao+ %A 99
*Qlstegtar o e 3 A2t

12 A& 19889 E Agrieta Yy ENATFL ol %
of A<

plateaut Ca-A ol a4 FR| == Ao oA
gkol o} (Beeler & Reuter, 1970), —rz|v} Z2lo b
YA AZAA 7|2 Ca-dFel S4L 2 A
o B3kt ool 7128 HEo] 20~ 100 msuhol
=@3le Aol ohiL 2~5msell YojupE whE
A 31E Ho|x v 343} K] A4 (inactivation time
constant) . 10~20mso}} £3}8}o] vi3 # o} (Isen-
berg & Klsckner, 1982; Lee & Tsien, 1982; Hume &
Giles, 1983; Mitchell et al, 1983; Matsuda & Noma,
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1984), 243} ol w|AI3}7} o] 9} Fho] wlp- whe
7} w)Foll F5A 3} plateau A 7] 7ko] Ca-H Fol 2|
3to] Yolrlrky ¥ 7)E o] 8t} (Noble, 1984). =&
o} plateau 7|7kl B}-2 AfF-Fo] Fofsfopat g
o}, 7H5AE AFAZA plateau 7] 7HE<t A%
3435t =, cadmiumol HA| 52 %= Ca-AF7t
2315 v} it} (Lee et al, 1984), Ca-AF o] ol
KARA, ol Sof U344 954 F (ansient
outward current, Mitchell et al, 19844a; Hilgemann,
1986; Clark et al, 1988), background inward rectifier
A& (Hume & Uehara, 1985), 2.2] 7 delayed recti-
fier A & (Kass & Wiegers, 1982; Mitchell et al,
1984c) G-o] T5A 4| platcaust 7| 75 W 3HA1 2
4 loh, = plateau 7| 7bg-<t vl #A3 =2 e
Na-#A & 2] window current%. plateau -F-z]of Zhod
g 7o 2 aelsm glvh(Atuwell et al, 1979), &3]
F AAZA LY E7] Alhol4l e Ca-Hfe &
At 27| R Rt Bodsle Aoz 4|
2 e, whAghe] vl wA FEFql W oA et
v late plateau 4 %ol 4] = Al Z ] Ca**ol] o] 3}e]
g4 ss e oh g F5Y A F7b Foddte] &
AA HYT N HEAF= AT AZH ARz
' Ca-RFo EH e A

" ot al, 1984b; Schouten &

1ET . " .nann, 1986; Hilgemann &
Noble, 1986), s+5-49}e] late plateaus} W &4 F
X Alzyl Natg Lite 2 thx 3}, ryanodine
A4 T2 Az EGTAE FAlol& £45 3
o} (Mitchell et al, 1984; Mitchell et al, 1987)_ o] &
g Azt Fe WA FE AW Caltol o3}
A 3}5] 1 Natol] of3lod dojutbe Af2 A2st
A Hoieh, Caztof oslo] A 3ts & WakH {7}
Za) kot A4 caffeine A 2] 2 A LW A7l
A 228 (sarcoplasmic reticulum, o]} SRZ £4])
2 R Ca?t §8 5 4ol thiol #3AA =3l
ow o] WFs} Na-Ca mell 9% WPAFLE
4 51 ¢4 o} (Mechmann & Pott, 1986), 8]x
guinea-pig A1 AZA| Loj 4] patch clamp ¥ 2} A
Z 25 (internal dialysis)§ ©]-&3te] Na-Ca
AR T EAo] wHRA Hok(Kimura et al,
1987), zeivt WEAFo A G5 77

d

o AFE PAT At =
o A7 2ot ofw gl ek efsket. olel
ARe B79 wdAgZeA HikdFe TAE
golstn obg A4 AL V12T Az
Caz*of of3le] ZA 3t L welaat sigich, of
7 WabdFel 2hAgh &) &4, Naty Ca*oll &gt
W3} 221 Ca-B2 AutAle] HE LA star
skgiet.

o #4131 ¥, utef BA413} = dupatdt

E7] 2t Alul2 2 Kimura et al (1987)2] 23
o} vl whe AHEsled ElEgich Asl
el 3Ae kst o 2ok, tiE ol cath-
eter® o] Langendorff perfusiong &k AbefellA
collagenase (20 mg/50 ml, Sigma type )7} & # &
low Ca?*-Tyrode € (Ca®* ¥X%. ! 30~50 M)
2 10~15% BFAZ S ARHEL dlofiA
5072 HolA 1} ALEE low Ol high K
A 7-goel o] 4Col| A3,

Aggals) 24¢ 2 A4 Tyrode $o4&
(mM) ; NaCl, 140; KCl, 5.4; CaCl,, 1.8; MgCl,, 1;
NaHPO,,0.33; glucose, 5; HEPES, 5(pH &= NaOH
2 AAste] 742 22 oln Navg Fol & 4
ol NaCltRAl Fake) LiCle sistgiet, A
Y &AL (mM); K-aspartate, 110; Mg-ATP, 5;
di-Tris-creatine phosphate, 5; MgCl,, 1; KCl, 20;
HEPES, 5 (pHE= KOHEZ = A3lo] 74F 23
EGTA, 0.10]9ch, K-A5-2 Aekshe 502 4}
£35 Cst-f ML K-aspartate ] 4l 5 %2 Cs
-aspartate, KCl @Al TEA-Cl2 o]z 3lx pH+
CsOHZ 74% wo] 2bEglch AZH £
pCad 7.28 utEr] a4l 0.05mMe| Ca*&
Aeol dEsith AHTAZE 49L&
35~37CollA 1 ml/ming} =2 BF3HA] AF
sheleh.

tl Alul2 e patch clamp Z% 7] (List, EPC-7)
% # 4] Hamill et al (1981)] w}-& of&-3o =A
gy T HAFaAS sdm A2y AFHE

Soejima & Noma (1984) % Earm & Irisawa (1986)
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€ ¥ obAut Aete —65~—75mVe] HYE B

olx FFAgte 27w & 110mV 28 &FA
qke] 7)7ke 100~250 mse] W& B g, 0.025
Hze] B wle 2 759 o Jehte 54
Qe A E-Fo] A 5-7}A] phase FH-o] 5},
A% wzA| vehts AR ZAsh well Yehtel

Wod R g Bolold UEhtt lae
plateau phase2 £ 514 v}¥ o] 7o},

Fig. 12§59 2mse) g2 %3 pulse
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3 —t0mVeld 7|39 HATE ME FED

Fig. 1. The inward current and action
potential in atrial cells of the rabbit. In
A the activation of the inward current
(upper trace) by a clamp pulse from —
80 to +40 mV for 2 ms then to — 40
mV (inset) was superimposed with the
action potential (lower trace). Time
course of the inward current and the
development of the late plateau was
almost identical. In B the currents in
control (K inside, top trace) and in Cs
solution (middle trace) was activated by
a various repolarizing pulses (bottom
trace). Top and middle traces were
obtained in different cells. In C super-
imposed current records in control (O)
and in 4-aminopyridine (4-AP, @) at
various potentials (inset). It can be seen
that the transient outwad current in the
beginning of the inward current activa-
tion was abolished by Cs and 4-AP
which made only the inward current
component was left. Stimulation fre-
quency was 1/40 seconds.
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28 Aol (AT 0025Hz), FEHte
late plateau phase= ¥ & —30~ —40 mVol A 1}e}
e olef 7155 & SRl med % AR T
E ik (Fig. 1A), #5499 late plateau phase?]
Ao WA Tl peak weh ofzh XA vielstel,
oi2ir AT A AET wgoz
A4% A7 2707} pasgdn, 2w Q5

pulseE-

AT F 410)7] @ Toll AEZ 27)7} A= o)
YRR Hage 24T 4 8i9icH(Fig. 1B 42

). Prepulse 7|7-5-3ko] Na 459} A4 o3
#7F 243 Hglont 2 277} oj$ AN 23
oA E 715 w91 ol itr) whiol WAL wo|x)

2 gl

& 712334 39

e K-A79} @ 934 o3
o
o) 23] Cs* Gololl 4] B4 85
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o| 71%H€ ¢4 4 It} 1 mMe] 4-aminopyridine
(-ADICL U4 SAFE oI o A
5 7] o

ol-
?F
olft

4 1%“35}21“: AEol A=z A £ i +

AFe] 71255 (o),

~70mVoll4 715l WgARFE 248 »
prepulse A| 28] 5~10 msFol] 2| m3kol| T ubs}ln
U BA S A ASE 10~20ms2A] W& wheA o}
Ebstet, ol W Rt Al v Ca*toll ojated B4
=3, vl SRE HE el Ca-$2]& vlodsh 7 A o)}
o H gkl =k A7kl vl 84 3te) A]7bH
o7t A AATA LA A fura-25 o] g3} 23
g Ca-4]3.7]% (Cannell et al, 1987)¢] u]3lo af
F w2}, a2 guinea-pig AAZH S35
WA tailo] vehtE 1707 3 (Egan et al,
1986)2} o] W3k F-o) | glol] = 5bsli A)z173 5}
S dlasl 2 vl v)gelc,

cheol & prepulses] 7170l @ Waba el @
Q87 o9 Gebx ol Aiugkch Fig 24

B
gwﬁ

-40

-40

70 o

Fig. 2. Effects of the duration and level of the conditioning pulse on the activation of the inward current. When the
duration of pulse increased from 1 ms to 3 ms the activation and decay of the current could be clearly seen
(A). But from 5 ms it was hardly seen the activation of the current and the current decay was mixed with the
capacitive current. When a various duration of pulses of —40 mV were preceded the pulse to 40 mV for
2 ms, the current activation was maximum in 1 m duration of prepusle and deveased gradually with increasing

the duration of prepulse (B).
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Fig. 3. Comparison of the voltage
dependence of the inward current and
the calcium current. In A a step de-
polarizing pulses were applied for 2 ms
(inset) and the current activation were
shown. At —50mV there was no
inward curent but from —40 to 40
mV full magnitude of inward currents
were activatied. Above +40 mV the
inward current was diminished. In B
the activation of calcium current was
shown by a step depolarizing pulses

ol prepulse?] 7]7Hg 1~10ms ¥ ol A wishA] 5
<= W WA 7o FAEE 2ok 1~3mse) 7|7}
ol & W 771 712ke] Fobedoll whe} 24 7
S vxd vBAE A7 AFHE Ry

prepulse?] Zo] & AA I G4zt Fuge &
5 ¢x AR tailzAul 7557wl
capacitive current} 40| L.0]3}x] 9k} Fig.
2Bo]] W &FAF7} $-2 A ¢t (holding potential, HP)
of weh o YA Ge WEAE BATAT, —70
mVEZHE —40mV7x] 7|7ke] & t}E pulse
Foh& +40mV7EA] 2msEQt test pulsed 31
FAFE 7153 A gL V17 & Tmse
prepulses] W8k &7} & 71 &5o] glort 6msf>]]
A WEAE7] tail current2 A et 7] &5l 1]
msoll A& o}F 2he WA tailz A 7] £-5| 93\‘4. °|
4] A3He SR2. ¥519| Ca-frel 3o =l ol
9] &38H-& A AballE o} (Hilgemann & Noble, 1986)

to 450 mV from —40 mV (inset). The
current-voltage relationship for the
inward currents (O) and the calcium
currents (@) was illustrated in C (or-
dinate represents the normalized value
of current magnitude). The IV-curve of
calcium current shows typical Dbell-
shaped appearance with maximum
activation at + 10 mV, while that of the
inward current shows all-or-none type
activation pattern with peak activation
at +40 mV.

—|ﬂ1
&

HEFd % Ca-A ol Ape|Hd-g 7] $i3e] 2
At ut A7 8455 vlarsled Bgket
Fig. 3AdlE A$05S 249, 2717 g, 3Bel
+ Ca-HFo 435 2, Ca AFY 72
—40 mVol|A] B pulsed- 7}l B —30mV
oA FAstE|o] +10mVelld Hfgg Held
(Fig. 3C2] @ ¥ 4]), A ge] of A EZF5 Ca
-AFE AR Aage, a2y WEHRFE 70
mVZRE 2msEqle] pulsed Fo] FAIF RHE=
H] 28 3A, Col| Ho]jZo](Fig. 3Ce] © ¥4]) Ca
Aok AEE ztelrh Yot AR —40
mV3-e EA8Eeu F A Hae o2 A
S o AESAAE HE FUhekA e 2x
e A +40mVel A vEbgtn 1 o] 4] AR
pulseo] 2]slA= AA3HA Hastgct HEAE
o Al e W F AFAY ATV
curve)- 2 Z Al Al Zol A fura-22 & A 3 C

rlru
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100 pA

+40
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5ms

Fig. 4. The effect of intracellular EGTA on the activation of the inward current and the action potential. In A the late
plateau of the action potential in 0.1 mM EGTA (0) decreased by the perfusion of 0.5 mM EGTA (@) (upper
trace) and the inward current was gradually diminished by 0.5 mM EGTA (@) from 0.1 mM EGTA (0). The
current was activated just after a brief pulse for 2 ms from —70 to +40 mV. The decrease of the inward
current by EGTA was well corresponded to abolition of the late plateau. In B two records from different cells
were illustrated when the currents were recorded just after the rupture of the membrane (O) and in the
steady-state (@) by a depolarizing pulse from —70 to +40 mV for 2 ms. On diffusion of EGTA the inward
current became smaller and its inactivation faster.

-transient?] I-V curve (Cannell et al, 1987)2} ufj-2
ok 1. MEZLH Ca* S50 o8

fAbekel o,
Ca-H 7o} WHakd {79 [-V curver} o]& A of& AT Ca?t 25 ulFo|FE AYL 1),
Az RE WEAR7l Ca-transientd wiodsls Ca® ¥E i+ A XU EGTA 558 Z714)7)A,

Aoz 47 4 e olel@ AHE CadF  ryanodined AZsAv HE ALY Cad F714
7} A2 Ca-AA59] SRERE Ca—H2]5 trige- A #H3AA, AZW EGTAS 0.1 mMz Hg
erd ul £2ke] Ca-ZF Aol 2H3) Ca—Sa 0.5 mMZ F7}1A %S o %5zt late plateau
AR & Y3, Ca—frefoll gt A€ 3 = phaser A9 £AHc}(Fig. 449 ] =27), =t

& FLE ADE G, FoUR Caol NaCam LA o] 15T HPUEE vel (Fig. 4B
#7149 WFAFAEE AT E A 9 ol 23) 0.1mM EGTA of A 3443k8 ol
(Noble, 1984; Hilgemann & Noble, 1986; Cannell et AR (0)7} 0.5mM EGTAZ ZH31] £415S
al, 1987) & A2 s}= Ao g B £ 9t} & 4 et ol A2 w3 Zi-rargl Hae 84
ol A late platean phase?] 243} A 2)gL o &

glgln Al ZW EGTAS 5mMz Z7h4|7]y W3
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Fig. 5. Effect of ryanodine on the
action potential and the inward cur-
rent. A illustrates the superimposed
action potential records before (0 ) and
after (®) treatment of 1 x M ryanod-
ine. Ryanodiine suppressed the activa-
tion of the late plateau. B shows that
ryanodine abolished most of the inward
current in various potentials (arrow
indicated the current activation in 1 g
M ryanodine and voltage protocols are
shown in inset). The duration of the
pulse to +40 mV from —70 mV was 2

ms.

7.2

‘S

Fig. 6. Effect of intraccllular Ca (pCa=7.2) on the action potential and the inward current. When the internal solution
of the pipette was changed from Ca-free (O) to pCa=7.2 (@), the late plateau of the action potential was
abolished and initial repolarization was slowed down (A). In B the effect of pCa 7.2 on the inward current is
shown. The magnitude of the inward carren in pCa 7.2 was almost similar to that in Ca-free but incativation
was facilitated in pCa 7.2 and the current level was shifted to the outward direction earlier than control.
Voltage pulses for the activation of the inward current were shown in inset.
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o Contro! _50
s 30%Na )

+40

A7F A £AE ) (datars T AR 9EgHL) .
Z 0.1mM EGTA o= Al21} 5}d 2% (o)} A
Zhol A ¥ (@)l HEAFS =277 dabxo
(Fig. 4B), A& 7|59 Af+ v ZA3) =24
Ao k& o 4 U,

Ryanodine2- SRZ ¥-8 Ca-4#2]5 ul3)si=
Az g glon F AT LA =8 WA
F tails 74 A7 &o] B 7= ok (Mitchell et al
1987), Fig. 50l 1 yM¢] ryanodineo] EEAQH(A)
% WEAFB)ol w1 AE EHE BASg,
ryanodine-2- 857 4+¢] late plateau 4 ¥-& ##] 3}
A Ao ol Aol ekt Wk
F2 79 9438 JAnsct A AR RGAF
sb SREME $sle Catol ofalod B4 HEch
£ F42 t% suyselZc Na-Ca m873

AFA o] AW Ca?ol] 9J3te] FAst
Aol A B A2 Ca** FEF 9
o (pCa=7.2)¢] A H-5F ZHZ3lod Bgkrl, Fig 6A
= AEW A Cat* Fx9 73-9-29F pCa=7.29] 7
+9 EA%E FHAA Jebdet, pCat 72

&lm{u

30% Na
)

(AL

s Control

Fig. 7. Effects of extracellular sodium
ion concentration on the action poten-
tial and the inward current. In low
sodium solution (@) the late plateau of
the action potential (A) was abolished
and the inward currents (B) was dimini-
shed in various membrane potentials
(open circles indicates control and filled
circles are low sodium). 30% Na was
sme replaccd by equimolar lithium and
voltage pulses are shown in inset of
lower left corner.

2 HIA7Y BEA late plateau phaser} &
AsA 7z, BEAc tAGngAEA 1
W pCa=7.204 WEAF 27l & Wsle
behbA) ghokeh(Fig. 6B), iy} pCa=7.26114]
o W] 2439 AZHATE Carfrees] 73S0l ] 3}o]
ob Wakeh, of AnE BEAGS YT vz A
dal A ek olebx REAL A1 BE
o) AT E £ Wsebr] Heje Carrol
o #43}5+ background HF wiEel Aoz
AtgE

[+

0 rlo

o]
-

Sk dAle| 23t

ME8r Nat 55 447171 98] NaClf Al
LiClE o] A& oA FAH 9 late plateaus}
ZolTn FEAYe F7ke] BEHE BHE ¥
o} (Fig. 7A). B4 AA ol 4 HFAFE Nav
7o S5}el BASA 91 ch(Fig. TB), Na* 7t
48571 FFA4 late plateauld Fo| WA
FE B2A7)E B AT Navs) AL}
Aoz et WEY 4 Y 2 Cal
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Fig. 8. Effect of increasing intracellular soldium ion concen
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tration on the action potential and the inward current.

Increasing internal sodium to 20 mM from 0 mM, the late plateau phase of action potential was abolished and
the rapid repolarization was a little slowed down (A). In B the effect of 20 mM Na on the inward current
activation was shown. 20 mM Na decreased the inward curent in whole potential ranges. Voltage protocols are
shown in the inset of lower-left corner. Arrow indicates the currents in 20 mM Na.
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Fig. 9. Inhibition of the development of the inward
current by diltiazem. 1 ¢ M diltiazem reduced
the activation of the current and 10 ¢M aboli-
shed the inward current completely. Voltage
pulses for the current activation was shown in
the bottom trace.

Aefoll A& 218
91t} (Gadsby et al,
1985), wiela] % zl qto] late plateaur} 7}A4 35l
W45 Wb Aol Skl HEE A4S o @
Ao e AAE 44T 4o 9] W 2ol
Na-gH=z o a72 ¥ ofefg A 2o,

3. Ca-8& Xhxiof 22}

DiltiazemS-9] Ca-%2 kA5 Caol 93]
$UIE F2E AUH0R oAsE £3E 7

239 A 25 1989—

3 Ut} (Lee & Tsien, 1982), ol 4] 2 gkl A Z W
Caol o)) B4HE FPAFE CaAFE AR
3 AlZ W Ca?t Fx o Frlrl A FeEzn o
Az AW Catvol ah olnke AFEH W
B5 oA Hoz d4hd, zeiv CamFs
A Z Ca?tol o]3le] FA3ts = NIAFE AR
%_V*ﬂﬂ*— ol zto] 7}k Q17| wFoll Ca- AF-F
QE AdA st 5 A FW Ca?t F-2lo] 223 CaF
4 dod &+ 7] Wi HFAFE o= H=
ol 9l 4 glrh(Egan et al, 1986), o]=]3 7}#
+ Fig. 904 AAEA, Ca- %—i A A A 7} EA)
3x] ¢t Aldol] A 3E W 3kA &= diltiazem 1
pMell 2j5le] 2k 3] “11]5]74 @, 2% 1pM
9| diltiazem& 7] o] Ca-AFE AT 4 U+ o]
t}, Diltiazemg #¢] 10 ,uMi Z7A1 714 W akA
Fe A a45 e ojule ofvlx AlEY SR
2R 9 Ca-frEl = A JAA Aoz Azx

ZZ4& o]l&o® Ca-B2F A5 Niztel &
5 B3kt Ca-F2E dAFE vl mM F=
9] Nizto] ¥ g 3t} Fig. 10Ac] M o]R%o] 40 Me]
Niz+&. =7 %}.4 late plateau ¥-3-g 7&5‘.*]2,{9_
o] WA & =& ZAA A, £33 W FE F
ol =Ehsle ]7P°l aA A#= 9ot (Fig. IOB)~
Ni?* 525 200 M2 F7HAIZE o WEEdRE
A AAE Tz Hao] =g AtE =
ol &2 Niz*& Na-Ca w37|AHE oA (Ki-
mura et al, 1987) A3} Ca-AFZ oA o] &4
A 9]t} (Hagiwara et al, 1988),

olglg Az AR AL Cattoll 23
24545] 7 diliazemol] 93] Ca-E-27} 35kslo] =
A FEU A A9 SREEEH Ca—F2]5 A]7]ed &
83 4k Ca-fut Fobgleodd A Ca**
o] 2)5lo] of Catrol ojsf fFAF A THE
Gt lAE Bg SuARET o Azt dold
159 Fig. 3A9] Ashshs & AR B,

4. WEHFo MF-HMY2H (I-V curve)

AZW Catrol olstel BATSE WPAF 1
V BAE W) At olel TAelA A
29 271 ZAskokt Geh, 2efuh SHastel A
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Fig. 11. Fully activated current-voltage relationship of
the inward current. the difference currents
between before and after the treatment of
ryanodine, diltiazem, 20 mM Na; and 30% Na,
were plotted against the membrane potential.
The magnitude of the difference current was
normalized and expressed as a fraction of the
difference current magnitude at holding poten-
tial (usually —70 mV). The relationship turned
out to be an exponential curve and showed
steeper voltage dependence in more hyperpolar-
ized potentials.
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Fig. 10. Effects of nickel ion on the
action potential and the inward cur-
rent. In A Ni decreased the late plateau
phase of the action potential (open
circle indicates action potential in con-
trol and filled circle indicates that in Ni
1o 0 the concentration of 40 yM). In B
PA nickel reduced the current and retarded

time to peak activation in a dose depen-

dent manner (40 and 200 zM). Voltage

pulses were shown in inset of lower left
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e &2 24300,
H NFAF£ Ca-F 2

Nit+ol] jsho] 3453},

oA A ¢l diltiazem 3}
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AR ol2d E4e E7 AuUTAZe
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(Hilgemann, 1986; Higemann & Noble, 1987)
AATA 2 E WEAF7} 7] &80 Na-Ca a1
7" o g Azbsta 9 oh (Mitchell et al, 1984b;
Schouten & Ter Keurs, 1985; Mitchell et al, 1987;
Hilgemann & Noble, 1987).

Hl =35}

L ujsiEFel AlZt 2t
WEAFE 10ms o|o] Hxo] £xeln a7
2 B4 gasiEd FH AAZAZNA 72
fura-2¢] ¢} g Ca?*-A] & (Berlin et al, 1981; Can-
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nell et al, 1987)v} ¥7] AJulollA] tetramethyl
murexide 2 ZA3 AL Ca*-AFo 3FE
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A Foll ot Ao ohx 5 713
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o gl ojupr] WEel Na-Ca sakz|ztel o
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atrial myoballd)] patch-clampE- d}e] o] #] 3t 7}54]
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