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Abstract: The inward tail current after a short depolarizing pulse has been known as Na-Ca exchange current
activated by intracellular calcium which forms late plateau of the action potential in rabbit atrial myocytes. Chloride
conductance which is also dependent upon calcium concentration has been reported as a possible tail current in
many other excitable tssues. Thus, in order to investigate the exsitance of the calcium activated chloride current
and its contribution to tail current, whole cell voltage clamp measurement has been made in single atrial cells of
the rabbit. The current was recorded during repolarization following a brief 2 ms depolarizing pulse to +40 mV
from a holding potental of -70 mV.

When voltage-sensitive transient outward current was blocked by 2 mM 4-aminopyridine or replacement
potassium with cesium, the tail current were abolished by ryanodine(1 pM) or diltiazem(10 pM) and turned out to
be calcium dependent. The magnitudes of the tail currents were increased when intracellular chloride concentration
was increased to 131 mM from 21 mM. The current was decreased by extracellular sodium reduction when
intracellular chloride concentration was low(21 mM), but it was little affected by extracellular sodium reduction
when intracellual chloride concentration was high(131 mM). The current-voltage relationship of the difference
current before and after extracellular sodium reduction, shows an exponential voltage dependence with the largest
magnitude of the current occurring at negative potentials, with is similar to current-voltage relationship at negative
potentials, which is similar to current-voltage relationship of Na-Ca exchang current. The current was also
decreased by 10 pM niflumic acid and 1 mM bumetanide, which is well known anion channel blockers. The
reversal potentials shifted according to changes in chloride concentration. The current-voltage relationships of the
niflumic acid-sensitive currents in high and low concentration of chloride were well fitted to those predicted as
chloride current.

From the above results, it is concluded that calcium activated chloride component exists in the tail current with
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Na-Ca exchange current and it shows the reversal of tail current. Therefore it is thought that in the physiologic

condition it leads to rapid end of action potential which inhibits calcium influx and it contributes to maintain the

low intracellular calcium concentration with Na-Ca exchange mechanism.
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Fig 1. The inward tail current in single atrial cells of
the rabbit. The current was recorded during
repolarization to -70 mV following a brief 2
ms depolarizing pulse to +40 mV from a hold-
ing potential of -70 mV. A was recorded with
K-aspartate pipette solution in which chloride
concentration was 21 mM. B was recorded
with KCl pipette solution in which chloride
concentration was 131 mM. The extracelluar
chloride concentation was 147 mM in both A
& B.
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FFig 2. Tail currents recorded at various potentials.
The chloride concentration of the pipette
solution was 21 mM in A, and 131 mM in B.
K' was replaced with Cs' and TEA' in the pi-
pette solution to block voltage sensitive tran-
stent outward current. Tail current showed
larger magnitude in inward directon at more
hyperpolarized potentials nd then it reversed
at + 10 mV in both A and B.
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Fig 3. Effects of chloride channel blockers on tail cur-
rent. K-aspartate internal pipette solution was
used. The inward currents recorded at -70 mV
were decreased by 10 pM niflumic acid(A),
bumetanide(B). When the tail currents were re-
corded at +10 mV, outward tail currents were
inhibited by chloride channel blockers also.
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Fig 4. Effects of 10 pM diltiazem on the tail currents.
The Cs-aspartate pipette solution was used.
Both inward component recorded at -70 mV
(A) and outward component recorded at +30
mV(B) of the tail currents were inhibited by
the treatment of 10 pM dildazem. And both
currents were abolished by 10 mM EGTA and
1 pM ryanodine also.
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Fig. 5. Effect of extracellular sodium reduction on the

inward tail currents. Extracellular NaCl was
substituted with LiCl or NMG-Cl. The in-
ward current decreased when K-aspartate pi-
pette solution was used(in A). But the inward
current increased when KCI pipette solution
was used(in B).
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Fig 7. Current-voltage relationship of the Na-Ca ex-

change current. The difference currents
between before(A) and after(B) the reduction
of extracellular sodium concentration to 30%
were plotted against membrane potential(C).
The relationship showed exponential curve
and more steeper voltage dependence in more
hyperpolarized potentials. 4-Aminopyridine
was applicated to block voltage sensitive tran-
sient outward current.
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Fig. 6. Effect of the extracellular sodium reduction on

inward and outward component of the tail cur-
rents. When intracellular Cl was low(Cs-aspar-
tate pipette solution; 21 mM), inward current
was decreased(A) by extracellular sodium

reduction but increased(B) when intracellular
Cl was high(CsCl pipette solution; 131 mM).
The outward tail currents were increased re-

markably when intracellular Cl was high(D).

A. Control

B. 10 pM niflumic acid

C.
[CI']=21 mM pA
[CV)y=147 mM

o +40
70 -50 230 10 {+10 +30 mV

-40

Fig 8. Current-voltage relatonship of the niffumic acid
sensitive  current component recorded with 21

mM Cl in the pipette. The difference currents
between before(A) and after(B) the treatment of

niflumic acid were plotted against the membrane
potential. The relationship showed outward rectif-
icaion and the reversal potendal at -50 mV.

The dotted line is current-voltage reladonship of

the chloride current according to the constant
field equation.



A. Control B. 10 pM niflumic acid
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Fig 9. Current-voltage relationship of the niflumic
acid sensitive current component with 131
mM CI in the pipette. 4-Aminopyridine was
applicated The tail currents were decreased
by 10 pM niflumic acid(A and B). The cur-
rent-voltage relationship of the niflumic acid
sensitive current showed almost linear and
the reversal potential around 0 mV. Such a re-
lationsip is well fitted to the theoretically
predicted CI current.
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Fig 10. Effect of the extracellular chloride reduction
on the tail current. The inward tail currents
at -70 mV decreased with both KCI(A) and
k-aspartate(B,C,D) pipette solution. In A,
the tail current became smaller and slower.
In B, C, D, it was smaller and slower accord-
ing to extracelluar chloride concentration de-
crease.
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Fig 11. Effect of the ectracellular chloride reduction
on the voltage dependence of the tail current.
The currents were recorded before(A, @)
and after (B, Q) chloride reduction. Current-
voltage relationship shows that membrane
conductance was reduced in the whole vol-
tage range after chloride reduction(C). Cs-as-
partate pipette solution was used.
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Fuix)el] o] 2 AE ZolA} ol AIESY Cl ¥
5 7H4A) CF AFe sk Bo) s Al sl &
7t & Zolghe Al 9 Zlollrt. g 4
E9| Cl ZA&A9 AF-AGFAE Foted A
Tyrode § zZolMqe] AF-Ht 47} wlsnslo]
Hglr}(Fig 11). AE2| CI-& 30%% ZH4 AZFHE = 3
E Aghd 9lolA] HAES) ZAss AL W 5 ¢
c}(Fig 11B, 11C).

o] AgAT oA B} o] tail Hie= A
Ca”ol] 2]&Ho) 22 (Fig 4). oleidt A7t AEH Ca™
EE Hdtoll Q@3S F= 27 BAVE QS Ao A
75|} ool AlE2] Cl FE2] Hidlol] &) ojufdt
29lo] of3kg wbex] Bzl A|Ee] Ca™ Fikoll ol
g Hh= Ca™ AFE SAHFig 12). Ca™* At
£ FA%8HE -40 mVoll 4 120 ms2] X255 A58 &
Ao g o] 71Fsigct A4 Tyrode Fjz=71ollA
Ca™ A §= -30 mVelldie] g4kl +10 mVell4
2| oizhe Bleh AEe] Cl FEF 30% ZaARE ol
ol £ Ca* AFE -30 mVoil4] FA3E 5L +10 mVellA
A S Kol A} B4 wslA RS ¢ T A
ek T Ca¥* Aol Arie ZE At H oA 4

A.
‘ @ Control C.
MJ{\,W_W.: +200
?\// 40 20 0 +20 +40 mV
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i //
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> , \ /7
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Fig 12. Effect of the extracellular chloride reduction
on the calcium current. The calcium was
reduced in the whole voltage range(B) after
chloride reduction but there was no change
in the voltage dependence(QO in C).



43ho S (Fig 12C) AZ9) Cl 5 L&A =
AolA AES] Ca* S5} AL ol 44EY
o}. o] Ca¥ AFFHAoN o AT Co* FEZ7 4
g WA BN Bo] A 27 Ahez 45
AYE Agasict. 1 AT AES] O BEREA 55
SELMEY T

@

Ca” ARE BAMITIE AT A5 F ARTE
Al o vehbe =7 WEF A 5(tail current)s AE
W Ca* 5 F7lell o2 SAStE 3 AE2] Na' F5
ol 2JEAE Helx Na-Ca agprider Aztsx
o0 2GR e whell ofshd Aol o] gt
714-E Na* AHel Ca* SAE 23gozH AFsE
wrAsie, 4 Aelelld e F2 g Wike g ofFol
doi} MEW Ca” FEE A FA AFe ol T2
& Agg e Aog gEA U ajng A
El Ca” Fx F7holl ofsh A8 o] AFe] 4
(decayy= MIEWN Ca™ FE7}F A GHE FotewiA
Na-Ca 27149 #5571 $u2 gotes A
g wtddicka & 4 ot R o] ARE FA%
o2 MFEute wiEslE Ca9] S FHE + 3l
$ Aoz Az

a2 AW Ca* BE9 Z7H= Na-Ca 23714
b opzl AXEW Ca F7H] AdHoz dele
K B2, n]deH ool287’, Cl B2' 58 FAl
A3 5 Q. aug JES AT F 84%
5 tail AFoNE Na-Ca ZEAF o]olls AT
Ca™ofl oJ3f] EA3t=E o Aie] 3lE 7FsAe] &
o} AR Z AAke] obd ohE =3 HEellA ARF 2
Z Foll 7|F5E AF(tail current)= Caol] oj3f) &
A3Ele O Afee Bal deb?. o] Ao 7%
Aol dislele & delA AA gort F o A7
AFNAE 2 AL g olstE AMEFA
71 %2% sk YA FFANA KA 9 o)
ez AzkE s eb. aehd HEE Al FellA =
o] A/7} et A FolA gkl AF2A AR
F& ke 2oz Ba 5o

B Agolld AEFFN 7185 uil AFe HEF
45 277}t Frkshe WA RE2A vehgeud +10
mVellA] H5e] wgko] Ao} 1 o] ge] Aol
AL AgAFZA Vebtch(Fig 2). ¥ A9 27
A 8 Na-Ca 2871 -el 43 AJ+= 923t 7k

o] +130 mvel2 g outwardZ24 Jeh = AF-E il
A7) b2 Aol 23 Ho 2 H7bE|Qic}. ubHqhg:
-70 mVolla] 2ZAAAH WFHAFZA Jebd digt +30
mVollA 2]gAFEA vebd dl wil Afs= 25
Ca™ 2 oAl 10 uM diltiazem®} SR 24 #|Q) 1
EM ryanodine, AEW Ca™ F7+5 oAl 1%
EGTA(10 mM)ell &J3l| &A=Iich(Fig 4). o]2dt 2
Iz AR Jebd 7 e nil AFY AREE
AW Ca™ol] 93 S48sle Ak Ag RodF
t}. Ca™ol] 93l FA3}x]= CI AF7L tail ol el
sh=A] B7)91# tail currentel] i3t Cl T 3ol of
g siglch B A9 Axy G 5= 147
mMoller] A4 25 37CE FAAHS AT
HAIZY o] EEE UY) Cl F5EF 21 mME 3}
& die 70 mVellA Y Mgk F A7) H5gke
-1000114 -300 pA2] W 4ol AU} AEW Cl FEE
-131 mMEZ 33 ulle 70 mVallAe] WiEkdF 3
3Lgko] -400014 -600 pA 9ol UArk(Fig 1). o]
g AFEY Cl FEol wet AR 27|71 Xoli Kol
¥ AL AEW HAFH(intracellular perfusion
technique)S AA1s1ed 3 AFEW] CI =& AH F
7HIZE W] AFHsE S48l uil AF)9 F
71} Cl FEddoll o8 23 AU sl
th AES AT Fol| AT wil FRel AEA
Ca” Fxoll & CI Afrh £Aldchad AlEd
2l9] Cl F=Z Al we} gk o) A7)71 g A
olt}y. 2 g MEQ Cl =7 $&5F |
29 arle AFAACE Zld=c. 2 AFE C
Fleohs gagle]l MES] O ¥57t 4E45 1 2
A7t Ftasv AR5 = FcH(Fig 10). o<
A AhE4L A4 Tyrode ol o] A7z
AeflM B} AAH oz wrHTEs} ZFasidet. 7d
Astele el R AR kAR AR B
7} aEo] Ao AFY BA3 Helxle A
oz A7tElgleh(Fig 11). o] i AFEW Ca& 9E
H¢l AFo)|ng, AEY Ca¥* EXol g3 2+ o
sol] 2Jete] Juks wtowlel YAHeg Ca HFE
ZHsto] Bkt AEe C FE #H4A] FH5 Ca”
Ase Agel&4dle w3t glgley o =7 7
A2k (Fig 12). olAARe) Bug Bm AEe)
Cl 25 44717 98 CF il Agshe diXE
ol Ca™ 9} Al XL Ca FEE BEAH
T Aeka wof Qlrt o] ALE HlEH Cl FEF
HAAHE o) Ca AF7 A4 AL AlEe] Ca™
B 7ol 2% o2l Aog B 4 Qi) o] Ca



o) kol Qo) AFH Ca¥ 57 AeFS WA
7] 98l £7] Alge) 24 AWE Agsjo] AES
Cl ZtaA %9 HILE Bt 1 Ax AlEe] Cl
S 24 530 2717 el AEHE RS 2 4
ik aejog A¥e C Fx ARl vehs
WA Fo) 7h4E AT Ca® F%(Ca™ transient) 7
Zol] oJ&) A 72 A7}t AslE/|HEY e A
2giet.

Cl 3s2el we} il A2 2707} Mkl Auke
Het 5714 7FsA S Adse. s AlEW Cl
o] Na-Ca 23}7]™oel| Z2AAH modulator)Z4] Hoddt
HgAdelar, o2 shie il A7) AEo24 G A
7k EAY 7HsAdeld. B Aol HCO7E gl 2
ZellAe Cl FE¥37t HCO,-Cl 287135l o3
& vl AEW pHE HIAIZE 7HeA S wiAl=l 2l
t}. Cl FEH 3ol w2+ junction potential®] 3ol
o} 8} ofgke Algel|4] F =2 KCI agar bridgeE A}
4¢to 24 wjAE Yt AR 7L AEL] Na' 5
% 7+ 4 Na-Ca 237|749 driving forceE 744}
7% W) Ao zve) WAEUct. AES) Na'E Li
= N-methyl-D-glucamine 2 2 thx]A|# 30%2 7+
AAZE ® -70 mVell4] 71 5E]= il WEEHF 2
7= AER Cl FE27F 21 mMY s dAsHA 7
o AEY Cl F57} 131 mME & 27dAe
L3y FrlEgle, Eat o AARE =2 A =Y
t}(Fig 5). Tail 2|34 fFollA = AlZ2] Na' 7h4el] 9
3 il A 57 S7bsdedl AlEW Cl 3571 g o
R} AEU Cl7b 58 o o & 3718 Bck(Fig 6).
AIFEH CFF57} 2 2700014 23819 il A7) =
7|17} Z7bsbe= AL Na-Ca Z37])-6)| o8t driving
force7} 4% 2N oFE AR F7tEte] 4
o] v, Z718 BE-2 Na-Ca 25714 Al 2
3l F7he) A2yt HuiA] £3k Ca’oll o) g4I3t
5| Aos A7sIct

FulA 7Md-S AF3] A8 CL B2 AAAE A
H-8l9e}. Tail AH+= 1 mM bumetanide®} 10 pM
niflumic acidell 93l BEAH o2 oAxdch(Fig 3).
Cl B2 AAAel 2% rail A7 FLaze AlEH
Cl 57 21 mMe dhe SIFARE 7199 del 7
2837 WPAFE 7129 ol gAaasEcet o o
#sldet. ol tail AF2) Na-Ca Z3HF Aol F
MR FEA EANSHE AL 2 bk Tail A
EollA] niflumic acidol] &8 A= AHFel =724
A5-Aet F4E 8l1& #l, niflumic acidel] 2]30
A% AFE outward rectification S B ov, -4

e 50 mVickFig 8). o] HF-AHF FHL
constant field equatione]] 2jall Fslod A CI A 72 A
F-AdSA & dHsA. AEH C EF A
ko] Ol 59} v|$3 259 131 mME 598
uf 7153, tail HFollA 2] niflumic acidel] Sl 4
gk B0l AF-Ast AT A9 linear ¥ FAIE B
o, JHAYLE 0 mV ZHA Jebgel(Fig 9). o)
23 Al o)lEd oz Ayla 3L AEleLle
FERAAA FAEAR G AR AF-AH} F42
A AR oyt HAEL il AFoNH
niflumic acidel] &3] Ajgl A8 AF7 Cl AF
dS A Asl =3 Uk

B Ay AREE Be] AEY Ca*oll sl &A%
¥ tail HFollE Na-Ca 283 F 9 Cl A77} B

& 4 Ut

BT 24 Foll SAB =] il A5} AZEY Ca™
& FAlol 33T AYe] AR B ul AFe A
214 Areoll4 AFEW Ca™ transientE 713 Al4rs)A|
28x g og A A8 Bagle}”. Tail A
Froll Bofsis Na-Ca 28H3 7 9 Ca™ &4 Cl AF
£ Z4e] AF-AYBAZ FE] FEF FollAE Na-
Ca 3hA ol o3k gk 2o] A 77l SAlsh, AR
=T ZoflA e Ca 9FEA Cl HFol Q)3 ogkaiRe
AF7E SAIEE & 4 Aot 18l B2 Na-Ca 23713
o ot WA Fv AIEW Cag AlEgto g uliEs)
£ 98E s Ca &4 e Fe 857 A
F& FAsH0] o oj4ke] Ca” {le Aoz

AF= AEW Ca* transientE ¥k s 4]0l A
W Ca™E @A fAlsh=d 7lofsh= AFE 2 5 9l

T
®

T HE

4 B

£719) el A AEoIA SHAME vhgrny
H](whole cell clamp method)g o] &8} +40 mV, 2
ms®] A5 Foll B4 == il AFE 7153k, o
A Fo AGeEE9} Clo] o] AFol n|Xe olgks
Ml 2Aslo] cheat e A3 gk

1. -70 mVellA 7155 WA F= AEY G 55
ofl whel vl Uebskl, AEW O SE7 52
5% WA FE 2717 27k AQARHE mhe
Al hebier.

2. A E.2] Na' ZHsol] 2]t Na-Ca 23FAF2] 4] &
= A XY C FEol Wit T 2A el AE



W Cl 57 g die Na-Ca 23H 77} 4=
o] HEHF2] vt Felsigled AEY C 5
27 %2 e AR F A0t dehdA g%k
}.

3. AR AT Foll gAY AFE G 52 o
AAQ) 10 pM diltazem?} A1 E S 715& oAl
8l 1 M ryanodinedl] ©slod o A= gl c}.

4. Lo]& LAl A A niflumic acid 10 pM 9 ]
mM bumetanideol] 2]ste] H {7} A5 ich AE
H Cl 5571 $& vle g o] F2 odAlsa,
AEY Cl FE7F 28 Wle WA RS g4 R
25 A= R

5. Niflumic acidoll &3] 4" HFE vigte g a7
AF-AdTdelA JAALG%E Clo FYPALY
3 dAstg e, XY Cl 571 271698
© Cl FYALge ol g o s JAFstgke] W
ket

ol 4ol Ay AnEzHE E7 AW Xl g
< AEF AT Foll A== A Foll= Na-Ca 23
AF ol2lollE AEW Ca FEF7}el s 435
€ Gl AF7E EAGE & 5 ek o] AF= AEW
Ca" transient& Hledaio] AEY Cl FE7} 3o Qe
A gejell A 2 AYAF o2 Fg3tel ¢
FAgY AEFE FA81] tlolde Ca” $Y& o
AFFo 2 Na-Ca ¥HEFe} 34 AEW Ca™g
Al fA e Aol fodslele} Azt

agAngEs

1. Bader CR, Bertrand D, Schlichter R. Calcium-ac-
tivated chloride current in cultured sensory and
parasympathetic quail neurons. ] Physiol 1987; 394:
125~148.

2. Barcenas-Ruiz L, Wier WG. Voltage-dependence of
[Ca®]i transients in guinea-pig ventricular myocytes.
Circ Res 1987; 61: 148~154.

3. Biclefeld DR, Hadley RW, Vassilev PM, et al. Mem-
brane electrical properties of vesicular Na-Ca ex-
change inhibitors in single atrial myocytes. Circ Res
1986; 59: 381~ 389.

4. Cannell MB, Berlin JR, Lederer W]. Effect of mem-
brane potential changes on the calcium transient in

single rat cardiac muschle cells. Science 1987; 238:

10.

11.

12.

13.

14.

15.

1¢€.

1419~1423.

. Chamberlain BK, Volpe P, Fleischer S. Calcium-in-

duced calcium release from purified cardiac sarco-
plasmic redculumn vesicles: general characteristics. |
Biol Chem 1984 259: 7540~ 7546.

. Chapman RA. Control of cardiac contractlity at the

cellular level. Am | Physiol 1983; 245: H353~552.

. Copquhoun D, Neher E, Reuter H, et al. Inward

current channels activated by intracellular Ca in cul-
tured cardiac cells. Nature 1981; 294: 752~754.

. DiFrancesco D, Noble D. A model of cardiac electni-

cal activity in corporating ionic pumps and concen-
tration changes. Philosophical Trans Royal Soc 1985;
B307: 353~398.

. Earm YE, Ho WK, SO IS. An inward current ac-

tivated during late low-level plateau phase of the ac-
tion potential in rabbit atrial cells. ] Physiol 1989;
410: 49P.

Earm YE, Ho WK, So IS. Inward current generated
by Na-Ca exchange during the action potential in
single atrial cells of the rabbit. Proc Soc Lond 1990,
B240: 61~81.

Gerstheimer FP, Muhleisen M, Nehring D, et al. A
chloridepbicarbonate exchanging anion carrier in
vascular smooth muscle of the rabbit. Pflugers Arch
1987, 409: 60~ 66.

Giles W, Shimoni Y. Slow inward tail current in rab-
bit cardiac cells. ] Physiol 1989; 417: 447 ~463.
Hamill OP, Marty A, Neher E, et al. Improved
patch-clamp techniques for high-resolution current
recording from cells and cell-free membrane
patches. Pfluger Archiv 1981; 395: 6~18.
Hilgemann DW. Extracellular calcium transients
and action potential configuration changes related
to post-stimulatory potentiation in rabbit atrium. |
Gen Physiol 1986; 87: 675~706.

Hilgemann DW, Noble D. Excitation-contraction
coupling and extracellular calcium transient in rab-
bit atrium; reconstruction of basic cellular mecham-
isms. Proc R Soc Long 1987; B230: 163~205.

Hille B. lonic channels of excitable membranes. 1984;
230~237. Sinauer, Sunderland.

. Inoue I. Voltage dependent chloride conductance

of the squid axon membrane and its blockade by

some disulfonic stilbene derivatives. | Gen Physiol



18.

19

20.

21.

22.

23.

24.

1985; 85: 519~537.

Kenyon JL, Gibbons WR, Influence of chloride, po-
tassium, and tetracthylammonium on the early out-
ward current of sheep cardiac Purkinje fibers. ] Gen
Physiol 1979; 73: 117~138.

Kimura J, Miyamae S, Noma A. Identification of so-
dium-calcium exchange current in single ventricular
cells of guinea-pig. | Physiol 1987; 384: 199~222.
Lipp P, Pott L. Transient inward current in guinea-
pig atrial myocytes reflects a change of sodium ex-
change current. | Physiol 1988a; 397: 601 ~630.
Lipp P, Pott L. Voltage dependence of sodium-calci-
um exchange current in guinea-pig atrial myocytes
determined by means of an inhibitor. ] Physiol
1988b; 403: 355~ 366.

Mechmann S, Pott L. Identification of Na-Ca ex-
change current in single cardiac myocytes. Nature
1986; 319: 597 ~599.

Mitchell MR, Powell T, Terrar DA, et al. The ef-
fects of ryanodine, EGTA and low-sodium on ac-
tion potendals in rat and guinea-pig ventricular
myocytes; evidence for two inward currents during
the plateau. British | Pharmacol 1984; 81: 543~
550.

Mullins LJ. Ion Transport in Heart. 1981; New York:

Raven Press.

25.

26.

27.

28.

29.

30.

Noble D. Sodium-calcium exchange and its role in
generating electric current. In Cardiac Muscle: The
Regulation of Excitation and Contraction, cd.
Nathanm RD. 1986; 171~198. New York: A-
cademic Press.

Owen DG, Segal M, Barker JI.. A Ca”-dependent
Cl conductance in cultured mouse spinal neurones.
Nature. 1984; 311: 567~570.

Pacaud P, Loirand G, Lavie JL, et al. Calcium-ac-
tivated chloride current in rat vascular smooth mus-
cle cells in short-term primary culture. Pflugers
Arch 1989; 413: 629~636.

Park CO, So IS, Ho WK, et al. Effect of the
changes in Ca-current and intracellular Ca-concen-
tration on the contraction and acton potential stair-
case. Korean ] Physiol 1989; 23(2): 301 ~312.
Reuter H. The dependence of slow inward current
in Purkinje fibres on the extracellular calcium con-
centration. ] Physiol 1967; 192: 479~492.
Vaughan-Jones RD. Regulation of chloride in quies-
cent sheep-heart purkinje fibres studied using intra-
cellular chloride and pH-sensitive micro-electrodes.
] Physiol 1979; 295: 111~137.




