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Effects of Bay K, cAMP and Isoprenaline on the Na-Ca Exchange
Current of Single Rabbit Atrial Cells

Won Kyung Ho and Yung E Earm

Department of Physiology, Seoul National Untversity College of Medicine

Ca movements during the late plateau phase in rabbit atrium implicate Na-Ca exchange. In single
atrial cells isolated from the rabbit the properties of the inward current of Na-Ca exchange were
investigated using the whole cell voltage clamp technique. The inward currents were 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 timecourse of the relaxation
showed two different phases: fast and slow phase.

3) The recovery of the inward current was tested by paired pulse of various interval. The peak
current recovered exponentialy with a time course similar to that of Ca current recovery.

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

5) The peak inward current was increased by long prepulse stimulation, Bay K, isoprenaline or
c-AMP.

6) The relaxation time constant of the inward current was prolonged by Bay K or c-AMP, and
shortened by isoprenaline.

From the above results, it could be concluded that increase of the calcium current potentiates and
prolongs intracellular calcium transients, while shortening of the timecourse by isoprenaline or short
interval stimulations might be due to the facilitation of Ca uptake by SR.

Key Words: Whole cell voltage clamp technique, Inward current of Na-Ca exchange, Ca transient,
SR, Ca uptake
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Jol 717] Aol Aol 24} o] ALo) controlg 7] 23}
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% -2 Nicolet 9024) ¢} =l 7] & 7| (Harvard oscillo-
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Fig. 1. A.Two examples of the inward current record-
ed at —70 mV after depolarizing the membrane
to +40 mV for 2 ms. Usually the inward current
relaxed smoothly like the upper trace, but in
some cases two or more component could be
seen like the lower trace. B. The timecourse of
the current relaxation was plotted on a semilog
secale. Different sinbols represent the results
obtained from different cases. Open triangle is
obtained from the upper trace in A and can be
fitted with a straight line. Filled square is from
the lower trace in A and shows a later slower-
component.
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£ 35 ol o}F el Zashe $he
e 4 lgled, T4y nal 4ol 2ok AL
of whe} sol7k Wokeh, Fig. 1A9] 98] H9oh 2
o] =R 77t A AL AL single
exponential 2 7}4.3}o] semilog plotol] 4] # 2] &4
o 2 Aoz ¥gch(Fig. 1B Alm), et of
el 7ok o] maAdEe] 275k & Afele
+ Aol Flo] TE= et (Fig. 1B 2L iz
= 3A4]).
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& olRe LAURE B deA gort 2 e
2o] oeh Aol7} B 2 AL ol BAA %
o}, mebdd AW Caol s 48 Arkn 47hs)
£ Na-Ca @714l 92 WA 7t AZ7Ael
oo ojgA Fope WAtE EozM, o WEH
F7HAZA Cas) 454 985 4AZ B 4IT
4 ¢ sk vobsk AF70A3} A 2 Ca
= zase BAE Yolun Hfch +40
mV, 2ms 7| 7k8] A5 pulsed o AL uHre F
74 pair2 o] 7wl pulseo] 23 Na-Ca w3t

58 A2 vlwsted 43714 (interval) o] 35
Fol mlAE dee Asusgts, o) AgeiE
paired pulse®] 7247 & u}i7) Ao vk= 4] 302 7}

HFe 30| 9 Azt toll
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Fig. 2. The recovery of the the inward current (A) and
Ca curren®. (B). A) Paired pulses of various inter-

vals (20, 40, 80, 120, 160, 200, 400, 80 ms) were
applied every 30 seconds and the inward cur-

rents were superimposed in upper trace to show
the recovery of the inward current activated by
second pulses as increasing the pulse interval. In
lower trace the inward currents activated by
second pulse were shown. Left lower inset shows
pulse protocol. B) The Ca current was activated
by depolarizing pulse to +10mV for 100 ms
from the holding potential of —40mV. The
currents obtained by paired pulse were super-
imposed.
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Fig. 3. The effect of stimulation interval on the relaxa-
tion of the inward current. A) 1, 5, 10, 20, 30 sec
indicated the stimulation interval. The current
relaxations become faster as the stimulation
intervals were shortened. B) Comparison of the
timecourses of the inward currents obtained at
10 sec and 1 sec interval in a semilogplot.
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Fig. 4. Potentiation of the inward current6 and action
potential plateau by long prepulse. Inset shows
pulse protocol. Relative to the control current
without prepulse, the current after the prepulse
stimulation was relaxed faster. The peak current
was potentiated when the prepulse duration was
200 ms long(B). The effect of prepulse on the late
plateau (A) was very similar to that on the
inward current shown in B.

4 98¢ tehdeh, Ash B 28 Aol 7]
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Fig. 5. The effect of Bay K on the inward current. The
superimposed current recordings before (filled
circle) and after the 1 ©M Bay K (open circle)
are shown in the right upper corner. Bay K
increased the inward current. The semilog plot of
current relaxation shows that timecourse was
prolonged by Bay K.
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Fig. 6. The effect of 1 mM dibutyril ¢-AMP on the
inward current. A) The current recordings were
superimposed before (control) and after 1 mM
dibutyril c-AMP. Cyclic AMP increased the
inward current. B) The timecourses of the cur-
rent relaxation were plotted in semilogscale.
Open simbols were total measured current,
which were fitted by two components: fast and
late slow. Filled were differences
between the values of open symbols and those of
extrapolated slow components and showed fast
components. The timecourse was prolonged by
c-AMP.
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Fig. 7. The effect of 1 M isoprenaline on the inward
current. The current recordings were super-
imposed before (filled circle) and after 1 uM
isoprenaline (open circle). The current relaxa-
tions are plotted with the same symbol and
showed faster relaxation by isoprenaline.
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AgolA 7hg AAA QA A X BAL FAAA F
% 1€ EGTA =7} dufalAle & 4 ¢i=qt 10
uMell A& 2Rl Wi 7o SAE AT £
4~ 9l o w2 A ZJ Caoverloads} B Hog v
R, 0.1mMojjA] Al F5Ae B4 A
(Earm et al, 1990) © 2 ¥.o} 40 uMol4] 0.1 mM<}
FEE F2 AR ol F= WA A o
271 Wdol wg kg Fdolls ¥ AolE Heolx
sk}, AAZE % (species) 3 2ol we ol
2 o] ryanodineol] 2|3} %3 82| AtoleljA] 2 7
£ 22 4 e Aoz A7, Guinea-pigol 4]
9] tail currenty= ryanodineo) 2]&] Ao] o gL ut
A e i A9 AATAAE A SR A
s} (Mitchell et al, 1987b), o] 2] AAlae)
73%- A2 Ca transients o] Fd] loiA mt
F 2A2Ee Jsol $AH o2 AL wEe
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2 A48 4 ek oldt HAHAA EY AT
& A JATH 2 4] FAG} Asn
2, =708 Auaold WEARY A7 Ahe 2
BagolAe Ca 2 W AF4Z AR Az Ca
Fxe] WaE BT ¥ 4 Y 2
7150l el#] Foll wet A7 Apo| b vepd
4 e Aoz Az}, 22y Giles & Shimoni
(1989) 8} Agol e e B/ AL A+
o= 7oty £ A At B2 AolE 2Y
£ ol AY £x(23C), F#AAHY(—-40mV)
59 270 WA HE Az A3t A1 F 3L
£ &70°] oM7) Moz AZ4s, =g 2%
o A3 A#F W3k AF7} ryanodines)) o3 o A
A ok AL £ A A} Ak ol oy
o}, $EAqke] FuE plateau 3 2 A]7]9] Ca &
% °| ryanodineo] 9] & A Hct+= F A (Hil-
gemann, 1986) ok W) ¢Fo} 28] Art AA
AZW Ca 5= Wstst BAYE Aol £A
Mol Qckn AzH k.

2}=2) wlz 9} 420 ¥ 3} (positive staircase =)
negative staircase @A}) ob2] WAL F=is}lr) 93}
o] wte A¥HE (Woodworth, 1902, Rosin and Fa-
rah, 1955; Chapman and Niedergerke, 1970; Wohi-
fart, 1979; Boyett and Fedida, 1984)¢| 3 8 3 1,
BEAGHe] wstele] AAAAE R o2 2 7
Ae Fs nn shglou 2o weh 2 WA
A = Apo]7F B3k 8 B A& 4 U=
Fedida 5 (1987) & paired pulseE ojz] o} 714
2.2 Fv] Ca-H 79} slow tails} 5 FA]o] 7|
23 AdolA $3el 3123} slow taile} 3%}y
o] & % & ¥ slow tailo] A2 Ca tran-
sientd 2 dbd ¢S Wileh, ol ) Ca-A o
3 EF I 559 87T Aelrt Ylgle=
2 %9 2717} Ca-A 7] 7)ol ulzlste] AA
e AL obn] =3 AF A whE Ca-H {2
bl 45327 Hate] AFYAL ot 47
et S A B F5327]9 Wil A
< ut3]7] $is}ed Hilgemann(1986)-& 429 Ca
transient® 27ske] +2 Aol AZWZ o|F
Sh= Ca bsh, AIE sho 2o wia, 2 Holz 2
HEE AZu ARFE A 2 A% ge

747 ©] premature beatol] A= A 1Eo| u] 43}
(inactivation) 2 H-E] 3]H.0] o} 5l Ale]ol] glo] ]
S48 Cag S8 RYozA +30] T4d
oy, FAF 42 9] negative staircaser Ca vl & 8}o]
Frlgreh gob AT A Reke] Fhasted Adojrt
Az 4eseich, & AgolAE paired pulse
Fo} Wk o 3|53 (recovery) & BA3}
Eul, A5 AR 0% AngHe 9%
opagol A2 B2 Aoz vehgeh ot o] S3
o] 2 }E Z]Hel A3 o|FoRe] A5 7kA W
ol @2 e EY A2 FEE Fhcky A7d
o 2719 S48z dehts 4o vlad wel
355w Ca AR} DA BAE 7MY ol F
& 717 Tt AL A2 Ca 529 F7H5
AALAE 2ot Aoz ualth olol el e
A5e] md 242 ks AL Ca 59 A
47 27he 238 F4 %ol s A3=E Ao
2 veltct(Fig. 3), ol& 27 A2 4% 49
o] A & 4 gl #4132 7)3} (post-rest potentiation)
43 A A sk Aok webA 22 ALE =
WPUE 4Ee 248 A5 E s AR
A d 4 g ez A oeld 4E 2ol
sed 2 Aol e HRAFE mal 2ol YA}
A & delE g 302 A2 A5E Foi Ay
B T 308 el AU F A 2
Ao WFUFE 1S + Uemz ol AYE
Aol 24282 Ca A3%E depletiond] 7|4 & %
€ 4 F Ak HPAFol s wE= Ca
%& A4 Ca AFol 98l F-]=& Cafzt vl
dok el of e ALz ol 3E o
@ of, 249 Fol7t AL Ca A2 Aol
Z GEE AR EAY ol FA712E F9| Ca
o] Fo] = Aol % LAY 4 & ez Yol
£ ez 47gd,

Earm 5 (1990) o] A &0l 2.q] pulses) =Z7|9}
Wsby WA Foe) BAE vl Ca- R HE
AgBALRE 2 Aol & hehdch mheba L
Ca transient?] Z7]+& ]2 pulsed] §-415 Cazt
3 AHA WAE oo, $UHE Cad Ca §2)
£ RRANE JTBL She Aoz Az,
Cannell 5 (1987)-2 9] AJAZoA Ca-sensivive

32 s rr
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dye& calcium transientd &4 3}e] wtziqtale]
AE £ A3ol4] Earm £-(1990) 9] 7 zlel §-213)
AF-AGBAE AAsn, Ca fei7t 4=
Caoll o) 5] 714 2ol A3 A stel 23
22 92 4ol ek Al dsisich, Fig 49 2
SHE prepulses] Zo)7}h 1 e Aol o8 2
7o 2700) 4B FE AL YehyEy) o £
Ca | #zgko]| Ca transiento] Z7}2 A 3G ulof
st ez AAE 4 Utk o] Isenberg &
(1987) o] prepulses] Zols} +%9] 27)she] BA
+ AYY AAsks A& A 5le] Fabiato(1985) 7}
simulation® 2 A A&} Ca-HFo 27)9) w2 Y2

[+

U AEE 24EE laddof 2 el £

AT

7} Ca transientZ- EL?-H 3 4 98
v) isoprenalineo| .2} s 3k 7
o} Aeh217k Z7kke RIS ¥ 4 3leh. Bay
Kol 419} 7ro] tl4=3| Ca transients}t Z71E o+
AAFHE A7 ATE e meAE AL R veht
+=d] Hodgkin %-(1987) ©] Salamander rod cellol] 4]
234 Caloadst m@A52) A7 7stste) B
5 o]¢t FAbatet, o] 9} vie| & isoprenaline 2 i 3F
A5 78] ARADE weA S9c(Fig. 7).
Isoprenalinee] o]2]3t &3l Fedida 5 (1987) 9]
guinea-pig A A Foll A & 71E3l9) 1., adrenalineo|
A Z U Cag el A 2] (sequestration) 5}of (Fabi-
ato and Fabiato, 1975) 439 45& w24 3o}t

X Ad" 27 5e] wich(Nathan, 1975), =v}
isoprenaline®] o}g}3t 2}-2L c-AMPE %3] &
2 2 & u} (SR membrane) ] phospholamban &

phosphorylation] 7 Yojutale}tz 7=z gl
o] (Hayes, 1986; Lindemann et al, 1983), % Al¥
ol A isoprenaline®] #3}¢l c-AMPS & 37} tf2
A vebge 999l Aoz obd FRsjolok ¢ 3
o] Bg& AlAHeeh

2 =

E7] Aub 3574 Y9 late plateaus Na-Ca 1
@7130] 93 Ca o] ol 23te} ol o)A E A2

244 A 2 & 1990—

2 AAgn ook B8 B AR AZelA
whole cell voltage clamp 3} ¢ 2 +40 mV, 2 ms2]
pulse® —70mVol| 4] A 3}lsl= Na-Ca n37|3
o o3 WIAFE 718stn 2 BT LA 8
c}e 3 7to A2 olg)

1) 30% 7tAo =2 7‘}16‘ w A F+ pulse 4]
4 F 6~12ms Fol A nghol g on], BF2
7| 342 pAgitt,

2) ZAngel o2 F WRATE A3 Be5e
o) 749 A7 whE
o2 w4 39l

3) o] 7}7 9] paired pulses- 302 7bAH o F
o APAF HEe BRIGS. HEAF A

=
_‘_3’,_

e
LY
ir
r
e
A
1o
A

A& AS3EA0] WelHol whel A4
3EER 2, 355HE A7 A= Ca AF7}
& A 5jek fARRE,

4 WA FF sk A2 A
oal 2 Gee Wered, A3 7
12 Afol 2 gobd4E 2 Ag47
2 Zasech

5) WA )AL= 200mse] 21 prepulsed
F A, Bay Ki} isoprenaline £of 3 c-AMP %o
ol &fste F7hsad e

6) Wakd 5o 749 K74 HE BayK, c-
AMPof| of3] =2z o] isoprenalineol] 2|3}o] wi
ehxih,

oAbl A¥ 732 HE BayK, c-AMP, iso-
prenalineo]] &J3} Ca-A & F7}v}, 7] prepulser &
A5 Ca A ekE F71A]# Ca transientd =
Al 3bw], isoprenaline® Z#A -89 Ca f2/9} Ca
F42 5o &A3le] Ca transient3- wlz A 3}

€ A2 AEAS 7 UAHh

B o
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