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Effect of Ca** on High K-induced Contracture of Isolated Frog
Yentricular Muscle

Youn Baik Choi and Ki Whan Kim

Department of Physiology, College of Medicine Seoul National University

The sufficient myoblasmic Cat** to react with the contractile proteins is necessary to
induce contraction of a cardiac muscle. These Ca** for the production of muscle contraction
are supplied from the three recognized Ca** sources; internal Ca** release via the sarcopl-
asmic reticulum(SR), Ca** influx through a gated Ca-channel in the membrane as a Isi,
and Cat*+ transport by the mechanism of Na/Ca exchange. However, it is still controversial
which Ca** sources act as a main contributor for myoplasmic Ca**, Therefore, this study
was undertaken in order to examine the Ca** sources for the contraction of frog ventricle,
There is evidence that the SR is sparse in frog ventricular fibers, and that T-tubules are
absent,.

Isolated ventricular strips of frog, Rana nigromaculata, were used in this experiment.
Isometric tension was recorded by force transducer, and membrane potentials of ventricular
muscles were measured through the intracellular glass microelectrodes, which were filled
with 3M KCl and had resistance of 30~50 MQ. All experiments were performed at room
temperature in a tris-buffered Ringer solution which was aerated with 1002% O,. Isotonic
high K, low Na solution was used to induce K-contracture. K-contracture appeared at the
concentration of 20 to 30mM-KCl and was potentiated in parallel with the increase in KCl
concentration. The contracture had two components; an initial rapid phasic and a subsequent
slow tonic contractile responses.

Membrane potentials measured at normal Ringer solution(2.5mM KCl) was —90 to —100
mV, and decreased linearly as the KCl concentration increased; —55mV at 20mM-KCl, —45
mV at 30 mM-KCl, —30mV at 50 mM-KCl, and —12mV at 100 mM-KCl, K-contracture was
evoked firstly at the membrane potential of —45mV,

The contracture was potentiated by the increase of bathing extracellular Ca*+*concentrat-
ion. However, in the absence of Cat** the contracture was almost not induced by 50 mM-KCl
solution.

Caffeine(20mM) in normal Ringer solution, which is known to release Ca** from SR
without substantial effects on the Ca** fluxes across the surface membrane, did not affect
membrane potential and also not initiate contracture, but the caffeine in 20 mM-KCl Ringer

solution produced a contracture.
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Above results suggest that the main Ca** source for the K-contracture of frog ventricle

is Ca** influx through the voltage-dependent Ca-cliannel, and that in the K-contracture at

the concentration of 100 mM-KCl, the mechanism of Na/Ca exchange also partly contr-

ibuts, in addition to the Ca** influx.
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AB4Fa Catte] HEsiebE A4 Sydney
Ringer(1883)¢] 7172 AlA& ol43t AgA o4
z959s. & §9%6) Catro] glom ARugol
HE Az oA Fage] Q4sr Aty
th, 2% g 4L Fikd Catto]l AR5 o
g dAd Fa3% 4F stn g&o] WA Sl

iAoz A2ty ArlH Fdo] £FIUYY
+%02 AYHE A £ 7% 442 (Excitation-
contraction coupling, EC-coupling; Sandow, 1965)
HANA HMxg Catte] A2 F AW Catts:
T ot Fler AXFod £33 27E 24
st T8 5 iRl Y5 T d8 A
AYA 247 g & FEFAGY Carr Al F24 A
Zye Eojzg Cat*g AW Ca**a 4 z(Sarcopla-
smic reticulum, SR .2 mitochondria)d] 4] 4~3e]]
Yag FubFy Catt g felAlE FEe] e A
7} (Winegrad and Shanes, 1962;
1963; Beeler and Reuter, 1970;
19723

Niedergerke,
1973;
Morad and

Vassort,
Bassingthwaite and Reuter,
Goldman, 1973).

F5o Bag Catv*FFUL AZW Carragzsl
Az Catte] Azxehg F3 4oz ddd 4 A
Ao %Y FF =l B AojAE Hoji gl
th, 2 Qupdor FAZdA Y AEW Catt
AFzne 2A1E(SR)EY o] & Helgde 2%
AL A2 Catrg o F83h}, FIFZ3 o
SR ¢} utgte] ujekgr ZgalAE 5o Po3t Catt
TFQo24 A9 Catto]l Wig F84 H3 Yt}
(Fleckenstein, 1977). AAZL& TA T3 FFHZ9

SRAAER THEY dde] Hef gle] CarrFaFd

& AZWYs BT F84 S gl Aol

MFel A4z A Sl SRo| W= A &
o 2 (Staley and Benson, 1968; Hillman, 1975) 4
Zol FUSE Cat'g F2 ATHE Bl HUAe
(Anderson et al.,, 1977; Kavaler, 1978). 74® 9
A4 ze Awrz 2ol EF2Ee] o wlefsiet(Hillm-

an, 1975), Cat*d) A E& 53 A2E 24467 9)
gt A2y K52 o)A whAlgh aAwez
Alxet Agekg W F A7) A (Niedergerke, 1956;
Kavaler, 1959; Morad and Orkand, 1971; Winegr-
ad, 1979), A £9 Na*t @ Ca**¥ 58 w3}
Na-Ca mgt71Ad] vl 93-S FAse g Sol
2.9l v} (Niedergerke, 1963; Chapman, 1974; Reuter,
1974; Chapman and Tunstall, 1980) 4] §3%d &
A8l CamFFd 2 A2 k= 259 F%
AFFE Sl =l Aojst god AdPuyel nel4
5 Xzte] wr}(Mullins, 1981).

X AFdMAE F5d T4 E CarFaest A=
837l $18le] SRukwo] o Wlokdt AT A4
<+ o]8dtd & FEH Kra ¥g x4 Natg
T3 544 tris-4%F Ringer §40 2 AF A5
(K-contracture)& FA7]m FA)d] AFud] FL
RlAAFeR HAgs #HIE JEIHA AEY
Cattz =l 319} caffeine o o8} W8-S a3iglel.

N

4 8 ¢ ¥

AP EE 2 7 Fe] (Rana temporaria, Rana nigro-
maculata) & AH&3tgich. AFee Ho 5+ sy
AR F AFSY AFE A2 A&t A4
(18°~20°C) 100% 0O.= =Zsse g ATeE
tris-2}% Ringer 4§ (NaCl 115.5, KCi 2.5, CaCl,
1.8, tris 10, glucose 5mM; pH 7.35)e] Eolgl:
Fal g7 el A Aukst A4de AALE we) 92
Azt A48 BAR 439 A4E s
A4 AS da sH5eh trabeculae 8 F3Pularg
wlel F7 (wet wt.) 2mg, Aol 5mmu &Y A4
AL uge] AAE S§2A ] ARG F
FAZE o] 4 FHT ALE FFIHEAA @A FHEA
et

ol HEstd EA7 A4TE A4 100%
0,2 313 tris-d45 #AAYo] SeldE €F 100
ml 8 423 47§47 (vertical chamber)d] &7 F
532379 4% B4 A9 w37 (Grass FT 03)el
AAA T 534 28 4 A EE Physiograph
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(Devices MX 6)& #3849t}

3047t 8547 A AF71(Grass S4)2 FHAT
g o ZFE=2 AFNE 0.2Hz8 AL slsid 4
59 AolE AR 5 Aol Y AAE
Aot A AAele ARG F 2 Adel4 4] 308
A HA5A 5 AFE A,

AE5E fEEsl A% 2%EY K-73549e
K100mM g% KO(K-free)ql ®AZHE A3 4o
K+¥=7} 20, 30, 50, 100mMeo] S| =35 3} 0] 4
5= 43E 9o $sld S KroknbF Nat &
F4ivh. caffeine & A3t & 7HF-2 ule] 2o} 5
TRt 22 fqFol Yol Yl FER E59
A-gskgd =}

Ak £ ¢ H% 49402 3ml L) $33
% 41§87 (horizontal chamber)E A}451¢ e},
6ml/min AE2 YARE FFAADA f2] nlAA
S 483l daleke] wWEtg s Fstgsh fel w
ARFe 3M KCl 2 MYz A Aske] 30~50 MO
1 ArkE Ze} Agslgicl. olddlE HAge S
A g4 5344 #d wsks(Collins A)z 4
EFF4E 71885
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Fig. 1. Force-frequency curve under steady-state
conditions at optimal length in frog vent-
ricular ‘muscles. The ventricular strips
were stimulated electrically with the
various frequencies of DC square pulses
at room temperature, and maximum
tension was produced at the frequency of
0.5 Hz.
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Fig. 2. Dependence of contracture on KCl concentration. Biphasic contracture, rapid initial phasic and
siow subsequent tonic contraction, was developed by the exposure of frog ventricle to high K
and low Na Ringer solution. As the extracellular K concentrations increase, the amplitudes of
contractures increase. The tonic component of K-contracture was more remarkably potentiated
at the concentration of K 100 mM. The ventricular strip was stimulated with 0.5Hz DC square

pulses, and wet weight was 1,7 mg.
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3. Dependence of membrane potentral on KCl concentration. Upper trace, membrane potential;
isometric tension. The membrane potentials measured by conventional glass

microelectrode technique at the concentrations of K 2.5, 20, 50, 100 mnM were —96, —56, —30,

and —14mV respectively.
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Fig. 4. Relations between KCl concentration and

isometric tension, and between KCl conce-
ntration and membrane potential. This di-
agram reveals that the threshold of K-
contracture is on the range of K 20 to 30
mM, and the membrane potentials
decrease linearly at the concentrations of
20 to 100mM-KCl.

Voo ge] AFed & [,2Hz 2 ASEld 2384
FEZAL delA Qb adA A5 dedle
AL 0.2~0.5Hz 2 233519},

K-Z 5% oAl 42517 95k K-aALHez

cd* concentration in K50(mM)

SN I

Isometric \ 8
. \ 1
tension k\f ‘:4 9
— - '\2
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Fig. 5. Dependence of K-contracture on extracell-
ular Catt concentrations. Contractures
with 50mM-KCl Ringer solutions, but
varying Ca** concentrations. As the Ca**
concentrations increase, the amplitudes of
K-contracture(both phasic and tonic com-
ponents). increase.

FotE AL, AT A2 vlast] figd 4%
8 @77 e 7 Sehop 54 (contractility)e]
& 2702 spksld 4¥E AYagdl

1) Hze| Ktsz2 K-Z%2| 37|

29 29 29 4ol AZY K5Eel =& 439
W3l 2gg debi g AAASE 2 1+F K 30
mM o] A4AZE 2E3A7d Ll AS5FAe] el
2 3021 50, 100mM 2 K+55E8 ol Ry
o] 444 (biphasic) A& 4ol vebdz = 29 2
8 sl=tel] ol A& FHAA ¥t F A Ktw
E7t S7beed wel K-A&L w23 34 Jelge
o] 2719 $J44 A -E(initial phasic component)}
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K50 C&* free Ringer K50, Cdt free Ringer K50
ha— + EGTA{0.2 mM) + EGTA {0.2mM } -

Isometric i

tension R & e
| W;N]R—T. f | W/N‘R’ T

St'm OFF ON OFF ON OFF

Fig. 6. The effect of Ca** concentration on the K-contracture. In the absence of Ca** in bathing media
(Ca**-free Ringer solution), contracture was not developed even at the 50mM-KCl solution.
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Fig. 7. Relation between membrane potential and isometric tension. Upper trace, membrane potential;
lower trace, isometric tension. The membrane potential was maintained steadily at-12mV

during the exposure to 100 mM-KCl solution, but the typical biphasic contracture was developed
even at the constant membrane potential.

( K30 + Caffeine, 20 mM) ( K30) ( K30 +Caffeine, 20 mM)

WINR / W/ Caffeine, 20 mM in NR

05g

Isometric
tension

10 min

Caffeine, 20 mM
in NR

Fig. 8. Effect of caffeine on K-contracture. Caffeine(20mM) in normal Ringer solution, which is known
to release Ca** from the sarcoplasmic reticulums, did not induce contracture in frog ventricular
strip. But caffeine in 30mM-KCI solution produced a large contracture.
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(Caffeine 20 mM in NR) (Caffeine 20 mM in Kg].)

Membrane

potential

Isometric

tension
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Fig. 9. Effect of caffeine on membrane potential. Resting membrane potential and isometric tension were
not altered by the addition of caffeine(20 mM) to normal Ringer solution. But the caffeine-
contracture was induced by caffeine in 20mM-KCl solution. Upper trace, membrane potential;

lower trace, isometric tension.

K100

K100 + Caffeine, 20 mM

lsometric
tension

W/NR
¢

05¢g

Fig. 10. Caffeine-contracture after the spontaneous relaxation of the K-contracture in isolated frog
ventricular strip. The application of caffeine(20 mM) in K 100mM-KCl initiated a redevelo-
pment of tension, after the spontaneous relaxation of contracture evoked by K 100mM-KCl

solution.

e 71A4 4 -2 (subsquent tonic component) ZF
7t & F7bekzm vk, K 20mM 74" & K-7 S8 4do)
dolubxl ke (2 4), 30mMA =4 Jept
71 AFslgm K 100 mM o4 2| 23] E3tg el

2) M=z=2| Ktszo} airigto| #s}

29 33} 2Y 4ol AT Kt Ed af& A ZAE
9 =t wztera-s ¥geh. 2¥ 38 4ASFAE
29 A4 BANK, 2.5 mM)elq FAge —96mV
ol gletst K 20 mM £ 0 & ol whAlgle] S
ol = F3 z&dtest FdlEe A48 gtdsld A

Aol Esle e ~56 mV & vehiiglcl o
Al B4 BAYE oty AAE AL U
HAgte s Eolem gvh. K50mMol4 =halqehe-
—30mV, K100mMdl4 —14mVelE BoqFa gl
ot K100 mM g-f o) 4 wtAdatst 344 28 F49
A7 Ze]E Ed K100 HAYL= zopFzl
F gAY FEE A0 delvm = gek2(10
2R E) ol vYeldsl Asigich. #ralgte] i3
Aol et dAg & BT gont 544
AY-2 2 Aol o] 44 AFFAE 2 A4
Agq oz FolFdd HAghe A48 AELTHY 2
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A AEFAL oS wE 58 ojgdsgdcol(zy 3
a2y .

2% 4914 2d K20~100 mM Y 8ol 4 A Z 8] K+
FE} FAY Aoldl AL AAA RAFE Ro|m ¢
22 2 ol gl A A4 FAA RHel vtz &
+ ¥+ U+

3) K-Z&ot Mze| Catt

2% 58F 2% 64 K-73 %ol AL Catto] o]@A|
FEFE vAlE S JER e KS0mMEAg oz
K-72¢ doz 749 429 Cat* X355 2mM 4
A4, 8 16mME 74 A% A2 =5 F
AEGSAY 434 48) 25 FAskgd (2 5)
Alx2 Cattg 2% ¢ 7 &(Cat*-free Ringer+
EGTA, 0.2mM), K50 mM & =qte g2 47
W 7S A4 43 velged A A 54
Ae veldR ga gt (g 6).

4) K-74% 1} caffeine

AEY Cat*xl4m s 2Z2E(SR)2ie Catt
£+ el A7 3ol vz ¢ A caffeine st A
e AAE 29 8,9,1000 Vel e,

AAK, 2.5mM) HALYs 20mM caffeine o)
Z3A SHAAE A4 A £543E oA
2m geon(ad 8), old THAgE Wsalx Lokt

Na free Ringer

W/NR

|t 1]
] 0
Membrane mv
potential T ;
} —,00
N
| tri T
sometric . il
tension i ‘#] 0.259
i |

N

St'm OFF St'm ON

Fig. 11. Na-free contracture initiated by sodium-
depleted solution in isolated frog ventric-
ular strip. Resting membrane potential
was almost not changed by the exposure
of preparation to Na-free Ringer solution.
Upper trace, membrane potential; lower
trace, isometric tension. W/NR, washout
with normal Ringer.

Agol ¢ BFole EA—

2zl K20elvh K30mM 7 A geq] 20
Yo gdoz BuF T wE 4
EE2 7 &S] Jelitel, el o2y 8ol caffe-
ineol WF FHLY ABFHE Glmstd ¥R
caffeine ¢ 2 A8 A7, vg] K3omM=Z A
AR sk LS LA At wE £52
okl Egstglel. K100mM & o] 44 K-3 &< o
27 A7lel oA caffeine 20mM & F g A3
H5e A A Fa e dejvta Q= (Y 10).

BALq 4 Narg gtAls] Qo : tris 2 o} 24
A AEd FEE 2& g (Na-free Ringer)o] =3
A7l etAlere WEe 42 god A48 A5$
o] dojvtz gleb(Na-free contracture) (=¥ 11).

(=9 9.

mM caffeine ¢

! &

AR T F5 AAE RE ZEF3 A9
Zo]l Zg(sarcoplasm) o] Cat*5Eol ¢zt 2 A
sHevh o] Catt e AXW ARz, =Aictel ¢dle
#l$-5] & Ca**§=2(Ca-channel) ¥ Axutg& Est
Na-Ca w5l sl FFActn ¢ geb(Mul-
lins, 1981).

AEN Cat*AFz2rt Z242E(SR)o] AY 34
gt 28 nEEEE el oA E Cattaldme o
L e dos A gk, o)) e ATy
Ca**alagtaql SR o WA =5 T8 =t ely

ik ATeld AgL ulwsld AT AGe %
el wldted WAl el okalm, =& AT Al A
S Al ¥ 429 ubde] i 9 W) oks}ri(Sta-
ley and Benson, 1968; Hillman, 1975), SR ¢ w-=
A=zt v G Aol & Cavr T F YU ATty
Ca**Z2% 53 A5} Na/Ca mahel] 93 HHo] 4
HAdoz o Fayel AAH MITY CartyEy,
Natszwsle wle} glztelAl +3a715 2934
(Fabiato and Fabiato, 1979).

Lo Catt, & M X9 Catto]l AT4+3d| Yast

€ Aol Sydney Ringer(1883)«ll sl =t
olell olell w13t W& Aol golA At AZTFEF
Alell Ca**f4l(Ca** influx)e] F7tsl & At4e] oy
2= 4] (Winegrad and Shanes, 1962; Niedergerke,
1963), ME9] Ca*to] AT Ca**% 5 ojwd 7R
22 ARFoRd %9 Z27EF Yty F 40
WA F(slow inward ‘current, Isi)ql Ca**= %7}
FE 529 3o AATEL dA B e
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55 84 H9+

oleldt 5L A nAY L o] 8 & 434
A Ardale] a1 =5 ¢ }(Feeler and Reuter,/ 1970;
Vassort, 1973; New and Trautwein, 1972; Gibbo-
ns and Fozzard, 1975),

A8 279} FAGA e} FAE 24 gATA
ool 4 30 mV abg &85 Azl o) FHe| F7h8}k)
Adsted FET FES} AYSS SA4eE FH3
F7t8t7l Alatsted 0mV A E 4 2 ze] EFde
AL2 Bot 435 59 AgEEe Cattfgio] &
433 A% 4L 24T 4 Yoh(Beeler and
Reuter, 1970). Ca**a1 %9l #8318 PAES 2o &
59 z3sle Cat*ARst Fokdel wel AAA, Cart
Ao Ao o 23¢ A FA Lol G A U
e}tk (Vassort, 1973).

AZgSole F2x193) (contractile proteins)9)
#A3 3o} Cat*o] 28310 (Ebashi and Endo,
1968), FEAge g Holzk Cat*A{A A 47
T4 "Aslel Fq sk gt st A d874A
A4z ol wxgm, ofe Cat*alF2A AT
W2 Eejt Cat* AW Cat*alga(SR F¢&
mitochondria)ell A & Y5 okulZd] " Ca*rtg
Fel A7 & 2] v A 2 (Bassingthwaite and
Reuter, 1972; Morad and Goldman, 1973).

A} xuk-& %38 Na-Ca 23 (Na/Ca exchange)o =
Lot Catte] T T AFE o) 43 49, =
Ringer o4} Na**g gl $e] =249 U4
A BSgAo] 4o} (Na-free contracture) R 0
24 Ao 2 o] A4 EAE FIsx Yt A
£3] Nat*gx9 zt4rt A E22g 53 Catte] Fo
vl A e 432 dH8e d A fheb(Daly and Clark,
1921). &8 AA22e AT Frix Wger 4
3 A et(Langer, 1982). 2% s+ A Xt 2™ &
&g @ Na*, Catzgislolde 4zgAelx
(Lattgau and Niedergerke, 1958; Chapman and
Tunstall, 1969; Horackova and Vassort, 1979). ©
& e XY carrier & $3 Na/Ca mgo] o}
(Reuter and Seitz, 1968; Glitsch et al., 1970;
Bers and Ellis, 1982). o]8ig} 71A 5S¢ F3ld A%
9] Nato] Woixa HETERY Jo]e& 4 FFTHY
of &+ Cat*e] ofo] ghotx] AXWzg ol Fe] F7t
sla Na-Ca 3l71 A1 & 53t Catt X9 #2294
3t Aq oz A XEJ Cattel Frlsla FHe] 7t
gk, AEYY 3E Natyx a o TFHezl: 4

E Nate] zt&siy ofo] dtet M X9 Ca**$90)
FolEe] FY L J2ANE HEo} &z 449,
AAZ 54 FHEE Cat*F AujakFol, ol 7
2 B3 S48 E b dsd e olAR Eo)
gt

APAH LR F5¢ FYHL Ca™*e 422 whal &
U o 3 2ol 93¢ vl Aguige] A
s olof gkl obF] L o5& Ao Yk, F3) Relk
Poss TH2ERYH Catrg A5 & 33HE
5% A (Endo, 1977), M ES KEES ¥
o|AY A YA Jad A HEAAR
A (Niedergerke, 1956; Kavaler, 1959; Morad and
Orkand, 1971; Winegrad, 1979) =& AlZ3 Na*,
Ca-s52& WA A Na-Cam@ol v Jg& 2
A3t byl (Niedergerke, 1963; Chapman, 1974;
Reuter, 1974; Chapman and Tunstall, 1980) %] e},

2 484 52 FEY K5} & 59 Natg
TR 4o R ML o R ASL 89
el Ao Ao TP F AAs) bl o)4H4
(biphasic)7 &) Qich. A T8 AL o] 48 Cha-
pman 3} Tunstall(1981)9] ZE74 % AHANHE o] 4+
4 A5 oS FHOW o] L K-F 39 444
FEe xS Kiel o3 dbiFo] MEW Az
2488 Catts felAsla =3 Ca™* B2 E E8 Al
Feye #4945 CattFo 98 Aoz, AAA
F¥-& Na-Ca 3glo] 935l veldelm sk, A4
2 AL A4A FEe] FHaA oo (Niederge-
rke, 1956; Goto et al., 1971) o] & 7] 44 Lo]
AgE 2} ZF2EY Wde] sty HEY A
o] e},

+ A oA ASF H44Y XELS K20mM
dAAE AY dehdA ga o o] 4aiAnl f2HY=
vH(2d 2,3,4), K A% 937} 20~30mM o] el
A (Niedergerke, 1956; Morad and Orkand, 1971;
Chapman and Tunstall, 1981)5 & A8 =}aiqt
A2 ALY —96mV, K20mM —56mV,
oA K30mMel4 —45mV & zpabd of, AxE=te
g5 Q3 Catt 529 ksl A E8k Natzhd
2 A2EFY AFYsld Catto] wo] Agstew 4
A" Aoz H4A}, KI00mMoj4] 144 4ol
A8 AAEe RAe(2d 2) A2y Natg s} 30
mM oj 4l w & oo} FAH Catts] HE9 F3o)
23 30 mMol sl 4 & Catte] 42 E Aot
+ Y3 (Langer et al.,, 1976; Wendt and Langer,
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1977) 2 wj o] A Z4t Na*e] ztde) 835 Catt 2
8 oAAd =g A2 A

Alzy Catty € ©3H0,2,4,8, 16 mM)AZ & =
K-A&(K 50mM)& (29 56) Cat*5=37)
of gk K449 9144 3 244 430 25 354
g 21} Cafree 4ol A& A9 el Aol
Bep K50mM & qlat K-AFole AlZytoztee
Cat*fdlo] 714 8% Car*FFU o2 Ak,

caffeine & &7 oA o &(twitch)s} 7} 3(contr-
acture)g- A7 £o] o] AL o] dEo] SR
Cattfel & 4ozl 7193 Aoz A4z g
(Weber & Herz, 1968).

caffeine &} oj2jsk SR} Wa H§e A¥Ho2
HEZoh AZAE o} SRY wgA s A
T3 B2 Aolst o] ol E QL3 Aol YAY ¢
ek, & A4 Bl caffeine 20 mMuto 2 ub
AgHe wiHE gn(ag 9) FFPAel YJkx &
$SAR(2Y 8,9), KASH R s SBT3
Aejell A caffeine o] EAja}d Wr=i] A&adate] Q
ot ALE Hol(1y §,9,10) KAZgow =t
ol BT Catt o] deju AEY Cat*Aa
27F E319 Aol 4 Caffeine o] 2Hg3le] A 3e]
ol Aoz A48+

=] =

TS FU8 £ CattZ FYU(Catt sources) I
A2 ditd e 284 F7, 4FEE S =} 2
ol7b om APl welAE =ddo] mob. AR
2L AEZW 4 Cattxlga TAIE(SR)Y wg
o] ¥4 23 HBIZY FAAXolxn, AT THE
o Aol vstd WA o wrFse] glo] AT 9 Catt
o] T8 FFHMoR daA ok, 53 AT AL
< A2 SRo] o Wekak Aol HFol},

2 A4 e £54 99 Catr3HYd A=
€ 37 §iste SRl = wlofsk ATE A4
T ANE o] 8 & FEY KdALYem =
e FEFAA 257 % (K-contracture)-g §-u4)
71, FAld felndAdTes waete s Eaiw4
AxY Car*3LE WA 2 caffeined] wjdt Wg
FAE BT g b AsE Qg

1) ZERF5L KI0mM A 264 velya Kt s
E7tel Bzt ASuALxE) 2551 Sobag .

2) Ak 4l A FA dAY(K, 2,5 mM)e] 4

AR AR A2 ZEASA AT TFo) & El—

—90~—100mV o] gl 2, K20mM &) —55mV, K
30mM el —45mV, K50mMol4 —-30mV, K
100mM o4 —12mV A E2A utzlgte] —45mV 2
Aol A A Fa o] velts] Aabsig et

3) FEASIAL 7 3oz TAsd Y9
F Agdl T8 Jdehde 944 $F4L(initial
phasic component)s} A &5l 43 FPe] x5
+ A4A4 +34 % (subsequent tonic component)e
2 vE 7 g4

4) AEAFTAY T ALL A% Catty2(2,4,
8,16 mM)E F4Fd Z5F o RsEgen] Catt-
free @AY WlAe AE3 4L olF ek A4 4
£e ol glglont A9 ebtA ghgreh

5) caffeine 20mMato 2 AEg4do] Uojutx
ke, K20mM =z wAlgte &858y AFe
goj A & vlel] caffeine 20 mM & S 8w T3
2 AEP o] doytel. el caffeine £ shel 4

A4 BALYo R AR ALTAY AL A3
AL T3 Akl

oleisl 4dAFAEL AT {42 AS FLEA
544 F8 Cat*FFUL A XYY Ca**F2E B
Cat*fo) Ad #0832 KtFE7} 100mMel 7 &
ol Na-Ca Y AL 7)d] o] 3% Bdst A
2.2 s,
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