AN EEXBMNEE A199 A 13
The Seoul Journal of Medicine
Vol.19, No. 1, March, 1978

2, ®EbwE, B olRe] Ey /5T Suh A F
%

Effect of Caleium, Lanthanum and Manganese ions on the Slow Inward
Current and Contraction in the potassium depolarized rabbit papillary muscle
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AFo A FAFA ST FHe Qo FA=H Ao W, 27 F& 2R A4E 5 Ao g
(Fozzard and Gibbons, 1973; Trautwein, 1973 a, b; % 97+ 3} {Johnson and Lieberman, 1971).

Beeler and Reuter, 1977). ¢] 7} & stetigaF= of =T Alx oo Krs 55 43 (Pappano, 1970)
A 7tel w2+ ¥ 54 (kinetics) (Rougier et al., 1968), g gte —40~—45mVE AT T histaminel &

Al xoae] Cattyrxe] 3395 & A (Reuter, 1967), L St &4 %2 ZF74 A (Inui and Imamura, 1976; % »
7] 3 tetrodotoxine] gk F-ub-2-4 (Rougier et al., 19 7, 1978) 5 Ag R 428 FAAAFm 4 X
69) oz 5 EA e FEdd. FE5NEA Cat*3 = Wl 5ol wZ o158 Wi, A9 gdF o
F7F Nate] Az 2o ol E i 9% F4 u A Al Lattt, Mn**&(Reuter, 1973) 73 ¥ EA

+5 (Weidmann, 1955) el wistod sinbil A fels o 2 %9 sE 882 Cat'ol 4 shatul g
Na*g} Cate] RF stejdlm 53] Calte]l o & 3 A 548 e ¥atts e,
& AA e} (Reuter, 19737 Beeler and Reuter, 1977;
Mainwood and McGuigan, 1977). 4 52 9y

G FAF()E FE—FE Ao A3 A8
QUL e Catte Fdz FHS wol g (Bass HEN A%E AEtd $ul £7] 04 100% 0,2
ingthwaighte and Reuter, 1972; Langer, 1973). % HEE ol F Tris—HFE£N (% 1-A)el P32 $A4 Ao
i dojvt Cattol AL o7 o] F3lm o)EH A FA 1~2mg, Aeo] 4~Tmm9 HKFEZL T34

Cattol 9ldle] ML & Cat*A A2 Re] o BL Catt (isometric) & % ¥ %7 (Grass FT .03)¢] dA@=
E HdAA £% A7 F4& o4 A (Endo et % 247 Aol Eegd Aoz A%, a4

al., 1970; Ford and Podolsky, 1970; Coraboeuf, 1974). Bl Ao 147 shek wbx et et 28l Fo 35°C

et A Foll AF nYslE o] R2EY ofF By 2] HCOs 9% Tyrode&=(E 1-B)% 3% CO.-97%
A FAS dtog F3A A1 ATl A FH g 0.2 HY L o ¥ YL (&% 3mDel &A FH=+
oz 2h7] §A AR SUAFHAF, L) W& E 6~10ml/min2 30~40%7 FA sz Uy shalch
43 9 K'9 W) 84 w3 =4 (anomalous rectification, Car*A g &g 2imM K& Z ¢34 Tyrodedd (Na

) A 23 Ga0e AT 4FAF) & Aot 23mM 94 K 23mM2 W )l histamine 10uM< 7}
{Noble and Tsien, 1972; Noble, 1975; Beeler and 3z Calt¥=% 0.5 1.0, 2.0, 4.0mM £ o= wig
Reuter, 1977). AZE, Mot A Ze A& 2mM Ca'to] 284 27mM

o8} AL APAAEL THYG P Yol 28l =7 K*-Tyrode Soo] 10psM2 histamined A7}tz
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Table 1. Composition of Solutions for Perfusion
(mM/1.)

A, Solutmn for preparation wnth 100/ 0, (22 ()]

NaCl 158
KCl 4.0
CaCl, 2.0
MgCl, 1.0
Tris 8.3
pH 7.30

B. Bicarbonate buffer solution with 972 0,+3%

CO. (35°C)
NaCl 149
KCl 4.0
CaCl, 2.0
MgCl, 1.0
pH 7.30~7.35

(titrate with NaHCOj;)

Mn*'% %% 30, 100, 300uME ZF71A7 o9 Lattt4
HEd A= 100% 0.2 HY & ol &2 & Tris— 4%
Tytode 8 ¢] 2mM Ca** 3 10M histamine& 7}3t
= Lat** =& 10, 30, 50, 100,M2 Z74AA 7 ¥
oA 42 Y9 WHEE(dT/d), TEAY
Vo (Hd 22F £E,(dV/d) max) ¥ 71534«
o BE FEelA 15~208 #AT *& 29 #E 2
Frode dux2E 3

szo =44 & WHs(Grass FT.039)% 71 5%
7] (Deviced Yol 97 7| Zsld =z dT/dte A A5 Tops
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Fig. 1. System for recording the transmembrane
potential and contraction with its first deri-

vatives in rabbit papillary muscle.
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Fig. 2. Effect of Ca** on Action Potential and Vamax
restored by 10¢M histamine in rabbit papill-
ary muscle partially depolarized by 27mM K*.
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Fig. 3. Effect of Ca** on tension and its dT/dt res-
tored by 10gM histamine in rabbit papillary
muscle partially depolarized by 27mM K*.
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Fig. 4. Effect on external Ca** on Tension and
Vmax restored by 10zM  histamine in rabbit
papillary muscle partially depolarized by
27mM  K*  (expressed as 9% of control
value and vertical bars indicate 4+S.E. of the
mean).
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Fig. 5. Effect of external Ca** on Amplitude and
Duration of Action Potential restored by
10¢M histamine in rabbit papillary muscle
partially depolarized by 27mM K* (vertical
bars indicate +S.E. of the mean).
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Fig. 6. Effect of La*** on Action Potential and Vimax
restored by 104M histamine in rabbit papil-
lary muscle partially depolarized by 27 mM
K+,
La**fe] 1t
2mMe] Cat¥o]l £o] 9l3= 27mM K* Tris-8+2 Tyrode
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Fig. 7. Effect of La*** on Tension and Vmax resto-
red by 10uM histamine in rabbit papillary
muscle partially depolarized by 27mM K+
{expressed as % of control value and vertical
bars indicate £S.E. of the mean).
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Fig. 8. Effcct of Mn*™ on Amplitude and Duration
of Action Potential restored by 10M hist-
amine in rabbit papillary muscle partially
depolarized by 27mM X* (vertical bars indi-
cate +S.E. of the mean).
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Fig. 9. Effect of Mn** on Action Potential and Vinax
restored by 10pM histamine in rabbit papill-
ary muscle partally depolarized by 27mM K*.
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Fig. 10. Eficct of Mn** on Tension and Vmac resto-
red by 10pM histamine in rabbit papillary
muscle partially depolarized by 27mM K*
(expressed as % of control value and vertical
bars indicate =S.E. of the mean).

AAE 76.343.8% 2 67.3-10.7%, 300pMoA 75.7
+3.0% 3 61.4+10.9%2 RF ZadHe ATE 2L
At 28 e REALY 27 2 A2E 29
Aoz qzTdA 2 75+1.3mV % 230113. 6msec
92 30sM Mnt"gAelA 660 7mV % 2404+12.5
msec, 100xMel 4] 64-t1.2mV ¥ 252412, 4msec, 300
pMel A 59, 72+0. SmV o 24748 5msecZ A 27 & =
2 e AR ATFE g+

v ‘;\mplitude
T~
70t \4_\
! ms
/T\\\‘ 250
55 {/ Durat.iol
5
200
Control 30 100 300
Mn, ud

Fig. 11. Effect of La*** on Amplitude and Duration
of Action Potential restored by 10zM hist-
amine in rabbit papillary muscle partially
depolarized by 27mM Kt (vertical bars in-
dicate +S.E. of the mean).
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Fdg A E Natol FEUTAF, iN(Weidm-
ann, 1955)F el ¥R S 7] G E] YTl
Ae gl FAFY E45L pheled e ol &
ol ZeH(Rougier et al., 1968; New and Trautwein,
1972). o PP EFAT Aa A% AFedAA
2 ALE 4oz & A obF olaagl uy
It HAZTAAE g AE 2 25e)7] W T
cf29] FAA 9zt (Johnson and Lieberman,
1971). =§ AMxdf K* F2 & &84 2hAgre 3
A7l & ¥4 (Pappano, 1970)% S=bu] &4 5o w52
LA e Hdg Pe s Prslm gl oh(Schnei-
der and Sperelakis, 1974; Inui and Imamura, 1976).
% Adel 4 27mM K*-Tyrode S9& 44 nta gt
€ —40~—45mVE mAHGon o] HAgAEr F&
WEAF AL A #4382 c}(Reuter, 1973).
histamine® A £ 39 4D FAHoz Fese
d 2 7AL A gHFE 2W47 = (Inui and
Imamura, 1976; ¢ -3}, 1978) AL <44 c-AMP2 %
EF S A4 Catt AR 2Fagary
o F&o dayCa*t fe & A= Aoz oy
A 3 ch(Tsien, 1973; Katz and Repke, 1973; Fabiato
and Fabiato, 1975). ¥ A ] A& w3 &
ASZZ A BFAG 9 F&o) 38

histamine2. 2 388 HEH 9 $22 HAFas
g Cattypxol Sdd] oulshA Motz 1009 &
E st il LFAL 275 32.4mV w53}
Nernstof 97 35°Coll Al A A3 & 30.5mVa3}t A2l
] £ &hg o}

Ca'tol A4 Wegrladsiaes Ao 2eal
o & ATt AF HPet Fg AlAe vzs
#HTo] Fol Pt SN GAFE BT AYGY
U (plateau)} & o] F= AF2A A2y Cattyrel o
2 weA o Catte]l F7 o] AFE ol Fa (Reuter,
1967, 1973; Bassingthwaighte and Reuter, 1972; Tra-
utwein, 1973a) ol Eel o8 T8 F&o] s
u oje AE dtelH Cat*AF 24 Ee7k Catto] 4
2% Catv* A4 53] THIEFZRE THEEd &
SFE 24 99 Catt2 87 @ 2ol wh(Rich
and Langer, 1975; Fabiato and Fabiato, 1977). =2 2
#F FFo] el o
AR gL o

0 L= 1A
4E 59 -2

| J&’dﬂlﬂl —5-14319}4_(Langu. 1973;

Trautwein, 1973b; Weidmann, 1974; Reuter, 1974)
TEAE 2oy Catt AR 53 Aolo) oY QA
FEAA A BART 2 AFE FE Aws} 9l
% &} (Trautwein et al., 1975).

2 AYdA BFALY 27 R Vaaxrl CattyE
4 Aoz dadidz £4 =28 Frded o
= 25 Ca*"’ﬂ-‘?r-‘?l 77 dejd Astr Ad g 5
2AF = Car'e FEAYY A13e B2 A7
ol ZH A AR =7 ¥ = AEFE
ey K'Y AdzA (delayed rectification, i)
&7t2 A 715} (Noble and Tsien, 1972). ¢}
Catte] o4 714 & wtx @ =a 374 Pgoz
A%% 4 Qdleh Ardle £ FE Catte]l A
Wel glfez A Al gAFs A gy
of TARAAFA astd A7 A H4 Ko
hihardt et al., 1975)3} B2 AL A2 &
28 Ca**A {7 F7tte 2 Az Axdy Catt
FEF A o] Ae] A i E FAde A2 To] W
2] delydcls 74 (Isenberg, 1975; Bassingthwaighte
et al, 1976)°] Iz AA =& AZHg $8 Cavd
T4 a2z AL A AL old A4 = Mz K
W &4 ¥ 324 (inward-going anomalous rectification,
ix;) (Cleemann and Morad, 1975)& Z/A4A4 =&
o] &A1 st (Kass and Tsien, 1976)& # Holch, =z
Ak o Fael F2AL DA A o}y Ty
A Zch

Cat o 3t o) kg B 7kA 7ol & Lattt
Mn**, Co**, 1‘*“(Reuter 1973) 92 7] 3E
Verapamil, D-600% (Fleckenstein, 1971)¢] 2]l ‘t]
A7 ok 2 &AL FHA v 23
e Aoz YAgd Lattr e B Fd4azA S5y
A e 449 whel 1LolAez Cat*el 0.99A5 ¥]
Sta "37'*“"-]'01]/‘1{- TE o] $FH2 M2 Sof
< BAA @2 AA FrA 4dez wEHZ
(Langer, 1976). & /“Hi el o] S 7} 500A7} 5=
Sobd & w3l 7] A % (basement coat)e] Roj:
g o] 3te] vt & Ca** A F9 % 9FF 9ol o (Nayler and
Seabra-Gomes, 1975). o] &dl A4 Lat**+& Cat*s} 45 @
#5o Cattg {247 & o]+ Latvte SatA A
L A3Y AT Aoz H48x 9o (Sanborn
and Langer, 1970). wteb4| Cat*e] sgutg g o
Tol Fadetn Geh(Weiss, 1974). ol A 44L&
A ARIANE FHEded F2 Cattol A8 Ao
vz B ESE Atz (Miledi, 1971), AZef A3z
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gl A RS 7Hs A F] & (Reuter, 1973; Kass and
Tsien, 1975) £ % vepll vl 2 27 & 77
o] £of u]dte] A wte] oz =} (Langer, 1976). &4
Y Aol AR F L& FE(10~100sM)9) Lat+ & Ca**
o 9 BEALY 27 % Vaud RFaAdz FF
T Fradzed ZFALS A4=E dF8gH old
AFAEL Lattte] 4§ CattA 7o AAaAEA A
¥ 4 go} FHEAGY sl FetAe AdE 4
Hol A gt ZARAAFY b3 AedoE
A alel s ALY CattyrEst @& 7o dejrt
i iAok 2EA A28 HEst Az i
7] B o] o] o] A Gedh. Lattte]l LhE &
AAe AA o]s)e] Mzt gke] 2 Aol o
Jge Fx a2 A2 AETAF, 7t AAE b
4] (Kass and Tsien, 1975)-& =¥ zedof g 3 7
23
94 Fe Catt oA A= ¢4H A Mot Latttst ¥
@ Aoz axE ebd o (Reuter, 1973). £
WA FE oAtz (Vitek and Trautwein, 1971;
Hogan and Spitzer, 1975; Kass and Tsien, 1975) =
g o] A= Mot 2A% 9 YVE AT
402 Zol st (Reuter, 1973) M E 4 Mntte]
27| o) B gt o = 23 4 of Frha ot (Delahayes,
1975).

2 AgolA Mo e FEAGY 27], Vs, 5%
& BaARer] FEALY At FL AFAAT
ol oe A% A=) (Hogan and Spitzer, 1975; De-
lahayes, 1975; Kass and Tsien, 19755 €5, 1977) %
Qe BEAGY Al Yol Edel welh
#EAGe] AdFrtE Auts & dTFAEL(Hogan
and Spitzer, 1975) Mn*'o] K* A %% 3ta A1 &
BE A7) W Eeolatn st wd A1l FebA

= AdFAEL o HAE wEd L A A4
(Vitek and Trautwein, 1971) 7+ 2& K+ 5 (i
2o 0% ZFAARA ATz s @t
{Delahayes, 1975; Kass and Tsien, 1975). &} ©]
7 Auls A4 e Mntte FEd =E FhA BE
Ag o g dse Aol ¥ %veH(Kass and Tsien,
1975).

ol Atg] A}Ae] A 27mM K*—Tyrode £fo 2 A%
247 #FZL histaminee 2 Catt v FAHF 2 5
& EAAA B A} BFARA 27, Vet AL
g Catrymol AdAom ud stz Cattyrd 104
Watel FEALY 277 32.4mV W 5}3hel Nernst?

o2 A% Cattel FYA g 30.5mVs ¥R
Lat*, Motte] &dte] R 5 Zha - dA"E AL 2
Fol BHEALY 279 Vot Catigadir I
Ca**A = % (calcium conductance, gea)2l & HEZE
A& £ Uds A 2k

4 =

By $5Z& 27mM K*—Tyrode §%el 10xM4
histamine® A7}3le] FFHAG 2 FFE 715
ole] W@ Cat* ¥z d% @ Ca'tdAAd Latt,
Mntte] $EE HEAF T o FY FFE B ¥4
B gz Fe AEL A9k

1. 27mM K*—Tyrode €Holl A ¢4 FAGE —40
~—45mVE A 2T e 2455 en 10gM histamine
o dtd EFAG A FFe] HEHL

2. Cat*% s 27t vheb BFAYS 27 R Vs
(A 233F 45, (dV/dmax)E A4A o2 FoH
govt A Botach

3. Latt+& 10~100pM2 Fxe)As FF A 27|
£ g z& 7741, 0mV (g FHEEFE L3N A 4911, 0mV
2 AE2ARL Vi ¥ 28 E 21.943.1% 2 38.3
+92.49% % 77 FaAgen ZEAG AL 245
+18. 3msecol] 4 150414, TmsecE W& A Zich

4. Mntte ZEAQY 2715 7511 3mVel 4 59.7
+0.9mVE FAARe® Ve ¥ $59 #2se
61.4--10.9%9 75.743.0% 2 27 xAgled @
ERAqe 713 G d3A AL

5. o]l A4 Axtz Mol 2rmMK*te 2 AXEIS=El my
fEzald BEALY 27 F Vet Cattel 4%
ey gAFY 27 & Cat AR E(gea) & v =
Axzx & 5 Rk

—ABSTRACT—

Effect of Calcium, Lanthanum and Mang-

anese ions on the Slow Inward Current

and Contraction in the potassium depol-
arized rabbit papillary muscle
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(Directed by Professor Kee Yong Nam)

The effects of Ca**, La*** and Mn** on the eleg-
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trical and mechanical responses of papillary muscle
partially depolarized by 27 mM K* were studied in
rabbits.

1. When resting membrane potential of partially
depolarized papillary muscle was set at —40 to —45
mYV, there were no electrical and mechanical activities,
after 10sM histamine addition, however, they reap-
peared.

2. After addition of histamine, Ca** increased the
amplitude of action potential, Vmaz (maximum rate
of depolarization, (dV/dt)max) and magnitude of con-
traction, the duration of action potential, however,
was shortened.

3. La*™* in concentration of 10—100 xM decreased
the amplitude of action potential from control value
of 77+1.0 mV to 49+1.0 mV (Mean=45.E.), Vmax
and magnitude of contraction up to 21.943.1% and
38.312.4% of control respectively. The duration of
action potential was shortened from 245118.3 msec
of control to 150+14. 7msec.

4. Mn**(30—300s#M) decreased the amplitude of
action potential from 7541.3 mV to 59.7--0.9 my,
Vmex and magnitude of contraction up to 61.4+10.9
% and 75.743.0% of control, but lengthened the
duration slightly.

5. The above results suggest that the amplitude of
action potential and Vmax of partially depolarized
papillary muscle are a measure of calcium-dependent

slow inward current or calcium conductance, gca.
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