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== Abstract =
Temperature-dependency of Ca?* Effect on the Electrical Activity of Rabbit SA Node

Won Kyung Ho*, Ki Whan Kim and Sang tk Hwang

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

There is evidence that the effect of extracellular Ca®* on heart rate is temperature-dependent: at 38°C
excess Ca®* induces positive chronotropic response, whereas at 30°C there is no significant chronotropic
effect of Ca?*. The cause of this temperature-dependency, however, remains still unclear. Therefore,
thi> stucy was under .aken to investigate the chronotropic effect of external Ca?* at different temper-
ature in the isolated rabbit atria and in the small strips of SA node cut perpendicularly to crista
terminalis.

In the isolated atria, the Ca®* effect was temperature-dependent: at 35°C excess Ca?* evoked positive
chronotropic response, while at 30°C there was no significant changes in sinus rate. On the contrary,
in the small SA strips external Ca?* induced negative chronotropic effect. At 35°C changes in Ca?*
concentration from 2 to 4, 6, and 10 mM decreased the sinus rate by 2.7+1.6%, 11.2+3.7% and 23.2
+8.1% respectively. Lowering the temperature to 30°C, the negative chronotropic effect of Ca?*
became greater.

With intracellular microelectrodes transmembrane potential was recorded in the small SA strips at
30°C, 35C and 38°C. As temperature increased from 30 to 38°C, sinus rate was accelerated by 13/
min/C, APDg,(action ptential duration from peak to 50% repolarization) decreased by 5 msec/°C, and
amplitude of action potential was slightly decreased.

With an increase in Ca?* concentrations from 0.5 to 6 mM, overshoot increased and MDP decreased.
These Ca?* effects on the overshoot and MDP of action potentials were not altered by temperature. But
the Ca®* effects on the rates of diastolic depolarizaiton, systolic depolarizaiton and repolarization were
modified by temperature.

Discrpancy of the chronotropic effects of Ca®* between isolated atria and small SA strips was
discussed.

Key Words: Rabbit SA node, Chronotropic effect, of Ca?*, Temperature-dependency, 50% action
potential duration (APDs,), Maximum diastolic depolarization (MDP) ‘
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A9 2714 £48& AAA e glof Ca?tel o
-2 Reuter (1967) 7} Purkinje fibero)] 4] Ca2*3 &
WA F Be A7 4ol A3l 442 85
3] $-=2)4 E34l 297 (plateau phase) & §
Aol Cart AF7E 2T A2 3o (Vassale,
1979) 54449 Aol FEEET79
overshoot& A A5l 3 847} CaztAF-qlo] &
#2icH(Noma et al. 1976), 23} ohiah, 42 A4
dlA AEY Ca?* FEF Folw TUAA F5A
9o o] ¢}7| BFE-7] (diastolic depolarization)$] <%
7} el et SolEds AgEaty
Ca?*o] pacemaker potential of| & o 5]} A2}
5] 9 o} (Kohthardt et al. 1976; Lu and Brook, 1969;
Seifen et al. 1964), 2] 2 Irisawa et al.(1982)-&
adrenalineo] 43545 Z7HA17]E EH7} Cat*dl
7o Tl 7]Q e+ A=A 23} (Noma et al.
1980) & F3tsle] Ca** ZHF{F~7} diastolic depolar-
izaitons] Aol FLF UL Boha FA9
o,

et A4 A55¢ AL pacemaker
potential] t 3} Ca** A {29 7] ol tslod & o}
2 =ake) of 2|7} gt (Brown et al. 1979; Brown et
al 1982), £ Ca** Fxk ALE4e] Aol of
SIAE Cat*o] Aubgaol ¥ G 74 WAY
(Toda and West, 1967; Toda, 1969), A" o=z
8% (Lenfant, 1972)= AGRARE g0l A,
Cat*o] AJ9HE ol QJ3e 2= 7 Al o] ofe HAbet
& AARI,

Op’t Hof et al. (1980)-2 Ca?* 2] chronotropic
effectr} chosi thebe ol AgAel weh 4
3251} basic cycle length7} ©8t7] w]j &S 97
agich, AL TPl A Catt s 3747}
NE4E waA S EAE Holit, 30To] sl
£ R $54E sell gohe Roleh, 274
of] 3led Mackaay et al.(1980)-& primary pace-
maker celle] $3]-E o] A7) & 27 Fol A3 7
A A s

(Mackaay et al. 1978; Bouman et al.

1978) % Fatod sk ek,

Al A Aol A 9] primary pacemakers E-ul
744 9] cranial parto]] §l+= 4| £ (head fiber)of 4] 1}
ehh, A¥E5 S 30C 2 Y& caudal part(tail
fiber) 2 pacemaker”} ©]-%3}+& pacemaker shift &
4 £ T Jeh o]l pacemakerd] o] 52 A
29| Ca** 55§ 35S wolx JA=eng,
o] & Al Z ol 48] Cat*oll gt Hh3-itol ATH Y
i, 2 A3 F groupd] A ZE Ca¥* Fxeol BE
ghS FAtol #A 3 thE2 oAl =k, &, cranial
parte] A|EALE Cattiy% Z7}ol] 2]3) diastolic
depolarizaiton®] 4% 7} #elx= HIEE ¥gan
caudal parts] A|ZE Cat*e] 3%¢ A WA %
£t Aolr}, (functional inhomogeneity of SA
node), Mackaay et al.-2 o] F ALA & F3}3lo] &
Sol we} Cattol At WS FAel A2 DE A
2 pacemaker} shifts]o] 4] & %ol aje} Ca?t &3}
7t getActn AEAJ(G, 2 dHeBE LS
dshz ol A7 2714 S49 Hsbh Yol 9
of A EAWe olAE Carrel TAHE B
A7z, 2 Az U Carrol 3 JE Y
2 wkx] 9 £0 2 pacemaker shifir} dojtE A
2 4 e,

olol HAE CatEAel Lxol BE W B4
& 42 A9 EUAAY AL gl A B
o224, 2%o] ote} pacemakerr} shiftz]= 4r|=
Ca™ m3}e] Waisl, B4E 2HelHY Car* £3
o £x7}vlH & FFE vlmstel F43) 2z} 3

At
A4 3@ 2 o9

A% kg AT 2719 4B¢ ALARE 3
e, FEBE 2770z FE T AEAL B
g A7 A4S FE3d, 100% 0.2 L3}
X7} Tyrode £l (NaCl 158, KCl 4.0, CaCl, 2.0,
MgCl, 1.0, Glucose 5.5, Tris 10 mM, pH 7.4)0] &
2914712 $713 $AAAL et Awe) 448
AASL

Az Aol e AR Aol E A 53
474 390} gNEe s 4 23UES S o}
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Z Alule] auricled 77t 283479 kol A=
FA3ch 0% shg ALolA 38471 ¥ 100
ml §-3¢] o]FH o2 H F AYEIE &V 2,
=& 24719 & & 534 "#7] (Collins A)
ol ARl +E5FAE A2l 7] 5] (Devices)ol| 7|
E51P T FAl0) ratemeterE AA S £ AFT
£ 7153k

FHAAE AET A A4 AAF A
3 AN A3l crista terminalis®} right
atrial septum Ao]o] FHAA ¥-95 xE4]7] ¢
%, crista terminalisg @71 -41%9) v ) §-3-3
90e AARGE, F9AA ARe e
crista terminalisel] 4~#uldke 2 Aeti F 1~1.5
mm Zo] 3~5mm A HEHL FEE Her 3
A3 1X]7} o] 4 Aol A 3] 8A7] ¥ ub-EAbel
A+ 2e AL Toh 494712 S35

APLrE 8 Sml7tgo 2 AY §le &
2 5~10mlE & 5§ 2A3 AFAIH AY &
Yol & ojFu e &= Bt 1.5C/E 32 Fxel
A AP LAY 55 AAGFA FAT 5 UK.

Ay 55 W] A1F18-7] o] A X g thermistor2 2
=% #qlslod Yk X0l £0.1°TC o] A& ol
oA B SHoch

TUAE AU S 4Y L71HolA 30E0] A 3 &
A7l F, ol 1 po]sle]lx 3M KCIE A4 3o
30MO ol A== FEn|AATE AEW ARl S
A Ao SFAGE AXNFEIE AN A&
7] (Devices)ol] 7]&3}% ., rate meterE o]-%-3}o
E4E 715350

A AAE AHReld A Aol
F Soll F& LAE olA e A2 HFe®
SuAA A ALY A 2 =59 34 7
E3ty, A ¥ HAAL 24 me A2
0.2 2% wlofl& 22 AY-E7] HellA 33t

A gL 28 Ao 100% 0,2 347
Tyrode §-4& AL2-3131 e}, Cat* 5 =5 HEAZ 7
<+ & A adE 4 Ca**akg veAY 7
3ted A 05, 4, 6, 10mM Ca?to] £ Tyrode g o
2 akEqleh

Ca"','de

30°C
! 150
: 1 i /min
IR ANEE AR 100
! o
A A
cdfamm 6 mM 8 mM 10 mM

Fig. 1.

Temperature-dependent chronotropic effects of external Ca?* on spontaneously beating rabbit

atria. Upper trace, isometric tension; lower trace, sinus rate (beats/min) in each record.
At 35°C excess Ca®* evoked positive chronotropic response, whereas at 30°C there was no signi-

ficant changes in sinus rate.
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Fig. 3.

0.2 03 1 2 4 810 20
Calcium concentration{mM)

Dose-dependency of the positive chrono-
tropic effect of external Ca?* in isolated
rabbit atria (mean * S, E,) Abscissa, Ca®*
concentration in mM ; ordinate, relative
sinus rate ; the sinus rate at 0.3mM Ca®*
was 132 £ 10.4/min at 35°C (100%).
Each point represents the mean value,
and vertical bar S. E. of the mean,

4 8§ 4 37

1. Ca**o| Chronotropic effectd]] Ll 2 £ 9]
=14
1) SHENYe| P2 : 2% lojAsh Bo] 42 4%
oA 453 Atg45 FAlol 71584 Carty
=5 H3AA By}, 35CoH & Ca?t F=F o
2} Altg<7} F7}38}+= positive chronotropic effect
£ 23 23] X & 7 Ca?t FxolAe 4%
HE4E 03 mM Caol 48] 7 L8 HE4E 7]
Z(100%) 22 3ol A4y ulgz vehigle,
0.3mMz Y 1,2 4, 8mMZ Ca* Fx& &9
w2} vt 77 10, 19, 24, 38% ZFrbsigla o
o4} FEolA £ejof Zastalch,
ol q Ca**e &zte] 2o whi W3kE 17
93 49 LEF 0T Ho) ¥ A3 CatvsE,

<¥BC>

100msec
(g ]

ca™ 02mM

Effects of Ca®* on action potential and sinus rate in the small strip of SA node at 35°C. Upper
trace, action potentials ; lower trace, sinus rate in each record. When the concentration of ex-
ternal Ca?* was changed from 2mM to 6 or 0.2mM, sinus rate decreased at 6mM, but increased
at 0.2mM. At the same time changes in maximal diastolic potential (MDP) and overshoot were
remarkable ; increase in external Ca®** decreased MDP more prominently than increase of over-
shoot, wherease decrease in external Ca®* decreased overshoot more remarkably than increase

of MDP.
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Fig. 4. Effects of Ca** on action potential and sinus rate in the small strip of SA node at 30°C. Upper
trace, action potentials; lower trace, sinus rate in each reocrd. The effects of Ca* on sinus
rate and action potential at 30°C were similar to those at 35°C.
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Fig. 5. Negative chronotropic response of the small strips of SA node on variation of external Ca?* con-
centration. Sinus rates are represented relative to the rate at 2mM Ca?* (mean % S.D.).
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100,

/min

Caﬁ, 6mM

Fig. 6.

10 mM

Chronotropic effects of Ca®* in the whole SA node preparation at different temperatures.

Upper trace, extracellular recording (surface electrogram) ; lower trace, sinus rate (/min). Tem-
perature-dependency of Ca?* effects on sinus rate was similar to that observed in the isolated

atria.

2 Zolol= AuE4olE AL Wt glolH (22
1) Mackaay et al. (1980)¢] ¥ 3.9} 7ro] Ca?t9]
positive chronotropic effect7} ¥& £z ofl4] £AH
% %+ dgeh

2) SwHY Weel A2 27 3, 4ol 49} o]
A A 2L AyelA SFAg} FAlo 2l
=5 71554, Catt FE=5 WsAgE el &
25 30T, 35C, 38ColA Z7 fAsglet, 4
2z Bl -3 Aol Ao HF whF4+= 35C
ol 4] 171421, 30°Col| 4] 83420, 38°Coll 4] 178418
o]z, Ca**5= wSlo) wpi WtE4o Wdhe 2
mM Ca?*ol| A o] vtg4-5 7|F o2 31398 W H]
a2 e,

ztztel e oA, Ca?*tigxol w& dbs4 W3}
£ 2§ 5ol wlaste] Jebliiel, 35Cel4] Ca?t
YT & 2mMeRE 4, 6, 10mME 28 aje} u
Eat 974+16%, 11.3+3.7%, 23.2+8.1% 4 7}
4&39 2 0.5 mME Y& A-$ 120+6.1% Z7135}
o, 0.5mMoj4] 10 mMA}e]ol4] Ca?*2 negative
chronotropic effect& & 9t}, o2&k A3+ 30Tl

A o8 AAA Ca?t 4, 6 mMoj| A 77} 6.5+3.6%,
97.4+8.2%¢] WFE4 7+A4E 0.5 mMo Al 18.8+
33%9) Z7+% Baich el BT E Cat* 4,
6, 10mMol| A 747 4.5+2.3%, 85+2.0%, 17.7%
o W54 BAE vel 2 W8k} 35CH Hh Bl g
sarstgct, A9 ARE Tt Eoll, TUAA
Ao 3l Ca?* 2] negative chronotropic effect:
2571 3445 A ebdE o F U

3) SYAME Fapie 2 AR A4l A
% Ca*Eskst S Aol Ale] CartEbel 3
o)7h B4 Aol ¥91d B4 o] ohdrtE
glslr] fsled, AA FHAAANA S8 AA 2
2 geprie] Ca** E3E WAs}, AZAEF
A3t 2 UEE 27 60149} ol 7153} 35C
9} 30°Coll A Ca** FEF ¥ & Az 2 W3} o
Ao A2 DelAsh B shaleh, 29 7
-A¥ 18 6ol A) 9} 7+-& =2L- isthmus 1~2 mmA
% Abulof| A] crista terminalisol] 428} 3k 0 & &a}A]
F27e 9 % 35CAA B Holk, F 274L
] & upper parti= 90/min®] 4% 2 lower part:=
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Fig. 7. Chronotropic response of SA node cut in two (A) or three (B) on increasing Ca®* concentrations
Recordings are surface electrogram and the numbers represent sinus rates (/min). In A the sinus
node was cut in two at above 2mm from the isthmus. Upper trace shows response of upper part
and lower trace shows response of lower part. In B the upper part of A was cut again in two per-

pendicularly to crista terminalis.
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Fig. 8. Effect of temperature on the action po-

tentials of SA node cell. Abscissa, bathing
temperatures ; ordinate, membrane po-
tential in mV (left) and action potential
duration in msec (right). APDsy re-
presents action potential duration from
the peak to 50% repolarization.
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Bpgich Catell &l 54 2748 39l upper
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Boll] MojZ 3 gt} 90/minz W5 e £7E
+2 A=} 2tzhe 84/min, 110/minZ. ¥}531Y
2, CaFEE 6mME $e)R W54 77} 63/
min, 90/min2. 20%7}% ZH43gich, o 3 o9
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2. SWHH HEMY 3 259 Yy

YRR A2 F5AYL F2 AT A4
ol 41 FHAIZAA 7]E3slgie). 35C AR
Tyrode &JollA] A3 ool A9 BFSFAE,
overshoot 23+6 mV, o] 274t (MDP) -67+
8mVglct, ©|F %2 primary pacemakero] 4] 2] 3t
(Lipsius et al. 1978) Bt} I & 7oz =3
A ZA A 7| Zo] A& b}, F5A 77k
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Fig.9. Effect of external Ca** on the action

potentials of SA node cell.
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L5 £50 HE WIS IololA BAom
oL 7333 a8l 8o ngr}, overshooty= 57}
o we} chi Ztrahe AE MG MDPE 7ht
3}ed Yamagishi et al.(1967) 9] ¥ 3119} t}4 9] 3}
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$3AY A=E
Fetgier,

3. M2 CiE 250 SYWHE STt
gt Ca**ax

27 3, 4l A% & 4 gKe] Cattg ol whE &
=Agte] WS A FzA AL overshootd}
MDP¢] wigtglet, ¥l 9ollA] o] AHAE Fst
9 &=t| overshooti= Ca?* 0.5 mMol| 4] 6 mM7l#] o
TESo) sl AL AAAH ez Frslest o
ojAe] FxolA & o ol F718kA] $¥%kx, MDP
+ Ca?* 6mM7tx] Ae AAdARo =z 7438 10
mMoj| A & B)§ Zhadhe A %S 2, ol
&} okAL S Noma et al.(1976) 2] ¥ 3.9} u]5=3 2 o]
U, A Lxof JliMEH G DA 3

pacemaker §}2] 27|, diastolic depolarization?]
4% threshold potential, | &&= 45 5o o]
A& Ca?*e] Aoof dafjAd FPH o2 434 X
Povt o2 Aol st EIF F= J el
£ 23 10 e}, & Al Z2oA 2155 2l
o], 38CelAlt Ca**g& 6mME Eqld ulg}
diastolic depolarization®} F< B4 Alo]9] o] 3
R7} sutsiRle g4 2EF9 S e
primary pacemakero] 4] ¥o] FE-Alal F415}
Al ¥d}gl e}, diastolic depolarization?] 4-% 7}
g2 & ggkeh, dbdel 30Co A& 6 mM Ca?*ell

B2,
£5 1T &7}l 13/min A& F

f i
i

effect on action potentials in the small SA strip at different tempera-

tures. At 30°C the change in the rate of diastolic depolarization was more remarkable.
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Fig. 11. Effect of external Ca®* on action po-

tential durations in the small SA strips
at different temperatures. APD;o re-
presents action potential duration from
the peak to 50% repolarization.

4} diastolic depolarization®] 457} & 23] 7145
2339 o YA % FARAAN =
Slo] A2el YEAE 2ol ARA WSshsich,

5AY ALT) B Carrsol e} s
FHL FAlol 2= Fa e A 2gh AL
S| A7k ol ti{ A1 E 2 APD,,APD5,APDy,
2w m3tAT}, 35°ColA] APD, e Ca?* 4 mMZ. 3}
9L o] 6+4msec 7}A45PI, 6mMolil 3+4
msec2. H4Zo] tha FH ool i Aol
7= Ak, whHol 30°C el A& Ca** 4, 6 mMoj|
A 247} 743 msec, 16+ 3 msec¥q A 3} 7+4 5 9o},
Car 55 Fobol ek ARTol WebaE A4S
30Co A= APDso7tR] AlS-E o), 35Co)A =
Aol we ZAASI1E Ha LIS Sod B
Holl& ¥ W3E Bolx ¥rh(zd 11), APD,,
ol AL 30 A% Cat* 4 mMAEA & Zh3hchol,
6 mMoj| A& 0~30msec Zo]H 1, 35ColA % o]
2} v|s=8ielrt 10mME 51992 = 40~75 msec?)
A% F7He 2ot o) de FHElq £ o Ca??
S} ol oo 2h590e W EAY H¥
29 Fu37t AR 2 olel AR B LEolA

o FEAHAA vehdE & 4 Aok

A
j—y Chal
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1. Ca?*Q| positive chronotropic effect

AZ Aol 4} Ro|+ Ca?*e| positive chronotro-
pic effecti= Ca?*¢] pacemaker potentialol] tj] g 2}-&-
o2 oldxlo] ¢ (Seifen et al. 1964) 3} H o 2
Noma et al.(1981)& EulAdA FE299 com-
puter modelo] 4] Ca?* A § & diastolic depolar-
ization®] A ¥ ol A 28-5h= A o2 31, Ca®r A
++7} diastolic depolarization?] 34k 1/3 (Brown et
al. 1982) =+ 1/2(Yanagihara and Irisawa, 1980)
oA e z&stzate AsE Bt} diastolic
depolarizationg o] & d] 3lo]A o] Ca*A R o
& F84 o, 2} Caol
depolarizatione]] o]®W A HeslE s} diastolic
depolarization®] ¥ 9el|A] Ca?* E29] activation
gate9} inactivation gate2] Q2 A = (d9}) o wa} v
B3A ARGy P4¢ o] (Noma et al. 1981),
A71H EA9 22 W3 =& ol Catt AR
Aol 2A JFE T + Yoz 258 £ gl
o2 ¥t 52 THAANA Mol Ca*tof| i g} b
2+ Aol E oldidle dos =28 £},
o A 29| Ca*t 5 =5 W34 7] 7 $-oll & Ca?*
A5l gt g o] 8lof] Ca?*o] chE o] A Fol
u] X Gl AT ol & Aojr},

2. S¥AY HHM HQl Ca?*2) negative

chronotropic effect

diastolic

Mackaay et al.(1980) & Ca?* & 3}9] 25 o]
H3HE, 250 w2 pacemaker shift9} Ca?*ol ti
3t 547 4 9] functional inhomogeneityz}= = u}
T2 Soasie, ol2M Lxol e CarE3te
i Axt AH 7 Aol Hgle, o] F7
A B4E doslE TE el sl ok of
£l A, 98 0744 BSA o Cart
E3}e) B 4L o, 2wl <ol 47 A7)
4 E49 Wb} Ca* Eol A4 w]H L ool
A A w2 22 dest 9o,
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2 AYoME TYAAS AL Fho g qtEo
Cat*ol T E3hoh A2 ShEA EhtbE $o
G H, AEUe dlaed 94T 498 A
homogenous group 0 2. 7} A 5}3. o 710 o3k Ca?t
AAE 250 ule} A3t 24, pacemaker shift
2 Qe A7) E Ca* Bohe] b e Wi} L5t
Cat* E3jo] o4& AAH GHE L s,
et e AMo 2 WhE ol 7 A H el Cart
E3jel AolE BAT 4 g B opfeh 35C
o] Ao A% Ca?*L negative chronotropic effectZ-
e g o, A7 deid Cartol
chronotropic effectel] 33 xj4l .2 &= o5 A= 35}
7] & Aol

35°C o] Aol 4] Ca?*o| negative chronotropic effect
5 B e A2A, Ao Aol o3
7 =& basic cycle lengthel] 2|3} 22 S22 9
298 EAol o3 FokA] bsAE AR 4+ A
., aehv B AldA] 35Co|4¢] basic cycle
lengthy= 300 msec~ 600 msec& 4 Op’t Hof et al.
(1980)o] Ca** E3}7h 44D 4 Q& o2 A4
g Ao} A2 & gholgdm, 35C oA negative
chronotropic effect z}4]7} cycle length dependency
292 el wskohe BolA ¥ o 2 b4
o) 5%shet.

A 7heAe Ade] AR AHo) FaFA
%X 2.5 Bouman et al.(1978) 2] two fiber modelol] 4]
9] tail fibergl& 7 -F-oleh, 2 Aol = =274
H A" F o e He A FE AR 2
A e A FUAA T AR, =
g FAAE 2] sl Catel 535 B A
g (2d 7oA F 27e = #3E o upper part
o] a4+ positive chronotropic effectS, lower

ol &

parto]] th 3} A} = negative chronotropic effectd 1.o]
4] Mackaay et al.(1980) o] =3} 723} 722 Hojy
ES el o), Azrtoz A& Fol R0
4] negative chronotropic effectS 2l AHAl-& Zuf
A4e AL AHoL PE Fol CatEtol| h
Holwd EAo] ¢glojz]|w 5 negative chronotropic
et 29 4+ 9E FH5AS HVAD,

A 2A THAAY e Aol o] Cat?
2] negative chronotropic effecto]] gt = A3} A=

+ 22 += o, cycle lengthe] o gko]1} e
£ % 2 o1&} pacemaker shifto] o 3ko] o] 7.5 Ca?t
9] chronotropic effectz} GAE 4 Qo= AL
Ca?*3} pacemaker activity2}e] ZA ol o &l = 7}x]
o] 5% s &b A, Ca*) pacemaker
potentialel] wjgt of3ke] FulAA9 primary
pacemakerol| ] 2} Zko] 23] o 2 vhhy) S84
ol dAH A7H 54l eH et Aol
Mackaay et al.(1980)-2 head fiber$} tail fiberoj) 4]
Mol Ca?te]l od3ke] zlo]7} diastolic depolariza-
tiong o] F+ F 5 current7} A & t}2 7] wfF-0)] o}
7k &34, ol & AT 4+ Y LR B
2 MDP9] x}o] (Lipsius et al. 1978) 2} K* 5 &
£ o Yehde 5457t A= 2] (Lu et al
1970)% &%k, Ca** AFeo 437} —60mV
~ —=50mV o]XelR¥ ddojtg AAYE o
{Coraboeuf, 1980) pacemaker potentialol tf) 3} Ca?*
8 71 =E AR st dojA MDPY| zbo] & of
+ FaslElety A7}, a2y FYAA S Fe
AYo® vt AA el A ofudt A7|H EAJo W
57} AA 2 doliti=A]e] o B o] AFutoz
o 4 gdiet,

7 & Ca?*o] Alubgof J g n|A]&d) glof
A o] A Froll tijt A gkolofo] VMo 2g3 4
3l 754l olt}, DeHaan(1982)-2 A}E%-2- 71A
embryonic heart cell5-o] A Z gap junction2 o] F
u] synchronization =& 34 o) o ol (DeHaan
et al. 1972) 8 &3}, pacemaker activityz} 7} 2} w2
cello] Tk cellg-g FE3}e] o] Folx| & AHolegt
Mo 2 HE celli}5 79 &3
synchronized rate® A3 7l A2 Bolok
o} FAF )}, o] pacemaker mechanismg- ¢} 3)
o) glold mahtel a9 Smo2 melslol
& Aolut, 2 AAIG 71 AR 2o JE F 4 3
£ 8450 AL WA vhh Aonz Car
o] olell JFE F 4 ' 7HsAdl el o}

BIY 47 glek,

interaction-g-

3. Ca** 5 ofol o|X= 22| FE

2ol A B wleh ol S BHoA ol

+ Ca?*9] negative chronotropic effect= &% & 1}
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Foll "t 0% AR olv 2 Tl
pacemaker shifte] A2 AT 5 YA} &
a3} Carre] E3jol A4 JFE F 4 Y7
A AE 4 gk, 2® A 2EF HFl
wo} G5k MDP7} 741 E W8} ol3l b
AL Sy g}, =3 250l gt FFA el A
& Ca?* o] A7t M2 o2 A vebd 7 (2" 10)
2 A7 w, 35Co|4{9 negative chronotropic
effecto} 30CoAlA ] AL gHoz o7t ¢ ¢
ohiet Care] 28714 Aol Hol7t A 75
Ax o & Aelr,

E<| 1=

Ca?to] Fuld Aol A7|A Aol v]x& L9
5o b2 WEE Ev AW Y FYEE A
Holq BAsNe] T+ 2 AAE At

1) 35°C, A&AlulelA Ca?t Fx & 0.3 mMoj A
31,2 4, 8mMz2 226 whe} HE4E 2710,
19, 24, 38% Z7}3}9ith, 30Col| A+ Ca?* g =3}
o whe wE4el Wbt A ekt wsket.

2) 35C, 9AA AHolA Ca**FEE 2mMo]
A% 4 6, 10mME H9E o HELE 77
2.7+1.6%, 11.2+3.7%, 23.2+8.1% 74391,
0.5mMZ. &S o 120+6.1% F71sig et
30°C, 38Tl A= W shopy-& 35°Celsh FAIS S,
Waleke e L5 v gl

3) 3w Aol A /5 AX FEAHYL
35C A4 Tyrode f-A o)) 4] Overshoot 23+6 mV,
MDP —67+8mVx #FH AA-AAFH 10
%, 50%, 90%+S 72 Al Al ZH(APD,g,APDy,,
APD,,) & 727} 27+4 msec, 68+ 11 msec, 94410
msec{th, 30°Cell4 38CAtolof| A 2= Frlol wt
2 EAqle] ¥3}E ¥, overshoot?} MDP= t}
& ZHade A% P APDy2 1C Sl 5
msec FxE9 Z4E Hehlde, AL dEE
I'C Z7bol wheh 13/min A% Zrbsaint,

4) 35:Col A} Ca?* 5.2 050]4 10mM Afo]o]
A WARE o, Cat¥E Zrbol weh MDPE
A4 744519 1., overshooti Ca?* 6 mM7Iz] & &
Aottt o ol 49 FEolAE o o4 FAHIA o

gkeh, o]2] 3k 73R 30T, 38CAME =}3slA R
t}, 22} Ca?* %5 7} diastolic depolarizations} =j|
23l 5|4 E GFE Lo ook tha sl Hol B
et

o) A3HE Sl ks TUAA B
SAsgtel Hg Ca?t Ao 271 G2 vlAE
AE & 4 A, A4S FUAA A AL
oA Cat* E3}e] discrepancyst 333915k,
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