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= Abstract =
Effects of the Changes in Ca-current and Intracellular Ca-concentration on

the Contraction and Action Potential Staircase

Choon Ok Park, In Suk So, Won Kyung Ho,* Yung E Earm* and Woo Gyeum Kim*

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

It well known that the magnitude of contraction and the shape of action potential depend upon the

stimulation frequency and the duration of resting period (positive and negative staircase). Although the

underlying mechanism of the staircase phenomenon is not fully understood, it has been suggested that

staircase could be related to the intracllular Ca?* concentration.

In order to elucidate the role of intracellular Ca?* on the contraction and action potential staircases,

we examined the effects of 1 mM 4-aminopyridine (4-AP), 0.5 uM verapamil, 1 uM ryanodine, or

reduction of extracellular Na concentration to 30% (substituted by equimolar Li*) in small atrial strips

of the rabbit (3 X 10 mm).

The results obitained were as follows;

1) When the stimulation frequency was increased from 0.1 Hz to 2 Hz, positive staircase of the

contraction and elevation of plateau level in action potential were found in control and the condtions

of Na reduction and treatments of 4-AP, verapamil and ryanodine.

2) When stimulation frequency returned to 0.1 Hz from 1 min rest just after 2 Hz stimulation for 1

min, the magnitudes of initial few contractions were larger than that of steady state contraction

(post-rest potentiation) except, ryanodine or Na-reduction groups.

3) Negative staircase of contraction was developed in control and 4-AP group at post-rest 0.1 Hz

stimulation and the plateau level of the action potential was decreased at the same time. But the

reduction of contraction or the plateau level was much smaller in 4-AP group and than in control.

From the above results it can be concluded that contraction and action potential staircase is

dependent upon transmembrane Ca?*-current and Ca?* release from the SR.

Key Words: Rabbit atrium, Staircase phenomenon, Sarcoplasmic reticulum, Na-Ca exchange
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(Blinks & Koch-Weser, 1961)
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Fig. 1. Typical action potential and contraction at 0.1
Hz stimulation. The action potential shows very
fast repolarization and a late low-level plateau
with slow terminal repolarization. The late low-
level plateau begins at the level of —30~ —40
mV.
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mV o A¥E AEFo] reAv Arle i
plateau 41712 ol 2 e} (Fig. 1), o1&l S4& o
£ AFA59 ¥ 3 (Tanaka et al, 1967; Hilge-
mann, 1986; Giles & lmaizumi, 1988) ¢} & x|
stk

0.1Hzoll X 2HzZ ASHI=E F74471H A&
e 420l AALE Foht T AAE 277}
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A), oldel 5t WEte AELFAIA 2
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3, FFASE AA9] 717k gobxich(Fig. 2B $iz
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Fig. 2. Effects of the stimulus frequency on the contrac-
tions and the action potentials. A) Contractions
were increased with increase of the frequency
from 0.1 Hz to 2 Hz (positive staircase) and
post-stimulatory potentiation was decayed dur-
ing 0.1 Hz stimulation after 1 min-rest (negative
stiarcase). B) Superimposed action potentials
(upper trace) and contractions (lower trace) at 0.
1 Hz (O) and 2 Hz (@). C) Postrest change in
action potentials and contractions. Late low-level
plateau shows negative staircase. (s.s: steady-
state 1: first post-rest stimulation).

& 277 ARz e o
550, olal 439 AT F4 F AS FARS
3ol Slated 713 wol dolike} (Fig. 24), 5
Aol A =2 ALI7)9] plateaus} 43147

2] AxLZ Yolx| & negative staircaseS B g0,

negative staircase%

538 F4 F A9 FHAGL 279 wE z}]
B3 HA 3ol tpA] AEZ = ginhr} A A2
He 242 39} (Fig. 2C ),

1. X3z el ZIt2t 4-AP

4-aminopyridine (4-AP)2 U3} 2|AF5 o

Asle 422 gz Yot (Giles & Imaizumi,
1988), A3by S FAFE BEAY ALIHA

o Hofste] whE AET F4ol Bojde}(Di
Francesco & Noble, 1985),

234 A2 E 1989—
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® 1mM 4-AP

L J
o
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Fig. 3. Superimposed records of action potential and
contraction at 0.1 Hz stimulation in nermal (QO)
and 1 mM 4-AP (@) Tyrode solutions. Early
rapid repolarization of the action potential was
slowed down, and the height of the plateau was
increased and the magnitude of contraction was

increased.

1mM 4-APE A4 yrode Slel A7tk Abe
oA 0.1Hz A=& FR& u, §E5AYE A4
Tyrode §-AojA] AW S 0.1Hz2H¢ 2HzZ
7RIS A3 279 wlE AEF7]7) =87
WA z7]of plateaur} A= n, 559 275
Z 715kl (Fig. 3). AFul=E 0.1Hzol|A] 2Hz
2 S7HIEE W gk ok '%M 8
2. (Fig. 4B), =}=5ro] 2Hz§. T ASEHE
otell & #FH 71 7be] v 7 % T Al“DP
(Fig. 4B), o] ol 43¢ A ZP %718k positive
staircase - & 4 Ao} HAEdoqut Fo}
Fo] Aol wte] peakd o] Fo HHol| ==Hgct

(Fig. 4A), 17 44170 & ©4] 0.1Hz9| =5
< & dl= %9 7}3}9} negative staircase} 1}E}
gedl, Aol AoEAE +52 A F
Aol FZellA 24 AP Aol B8], 4-AP
oAl o8] 5ol AAA AXFRoE 7AEYGG
(Fig. 4A), olmj 8] g2 1 7|7ke] A& F7

5} positive staircasenf| 2] & 3}o} ) A 5] = oFANS-
Bojch(Fig. 4D), olol +52] 27]9t 54 7|
28l F7hE 2 Lol g & 4 s,
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Fig. 4. Changes in the action potential and contraction
in 1 mM 4-AP Tyrode solution by the stimulus
frequency. A) Positive and negative staircases of
contracion. The stimulation protocol was same
as in fig 2A. B) Action potentials at 0.1 Hz (O)
and 2 Hz (@) stimulation. C) Action potentials
at 2 Hz stimulation before the steady-state. (a) is
the record just after the stimulation frequency
was changed from 0.1 Hz to 2 Hz and (b) is the
record just before the steady-state was obtained
at 2 Hz. D) Action potentials during contraction
negative staircase period. 1 is the first record at
1 Hz after 1 min rest and s.s is the record at the
steady-state.

2. Na S d@Ale| Za

NaCl g Al Fge] LiCLZ ofx|3le] Na* Fx7
g REAZSH BEAY F419) plateaurt E
ol Eo] ZFAYY ZI7ke] dEHH, +F9 27
7 = Z7behE E2e wgich(Fig 5), Lite Na
TE2E 79 Nat A5 Fasle AAe] 97 Wi
of Naztz7h 35 kel A|ub7] Askol s A
%3 gko] glo} Na-Ca i 3t7) "ol Lit o] Nat o
Al &b o+ glgol &8 A gled, o g
Na-Ca 5187|40] JAlslo] el S %
91t} (Mitchell et al, 1984; Earm et al, 1989),

AFUEE 2He2 2714 2el, FEAULGE whE

- e

o o Control
® 30% Na
mv
-50
L
50 mg

100 ms

Fig. 5. Effects of reducing extracellular sodium concen-
tration on the action potential and the contrac-
tion at 0.1 Hz stimulation. When external
sodium was reduced to 30% (@) the late-plateau
of the action potential was abolished, while the
magnitude of contraction was increased.

dA 3 gkt (Fig. 6B), 2Hzo A< 1+
Adsle g 59 27l A% F7HE B
positive staircase”} 1E}L}LE, A Ao o] B Fof
oA Zasle A S R (Fig. 6A), oW &
ASke] ASE 259 ZohA ()ur 229 7
Al (b) ol 4] &5 k7] 7ke] ghotA vt (Fig. 6C),
18208) 4 3 4] 0.1Hee) A2 FAE 4
=0} 7}3e} negative staircaser= }ER}Z|
(Fig. 6A) 2-529ke] 2= (.1Hzoll A9
e o] A} 2okt (Fig. 6D),

3. Ca &2 #ciule| 53t

Zo] »@x|uw] 27| plateaur} AZF ot 2
o

B okt e 2 AL N X

i
ot §2
ox 32
E

ox

Ca 52 A=A EL ¥ Eo]H o2 Na-Caiidls
A% JA sl Aoz 4 9o} (Blaustein, 1977;
Coraboeuf et al, 1981), =3} Ca AFZ 51t e
24 AZH Ca-§edo] A2 Holrt A2 473
$ 28 Ca*& fajsled] 23 Cat g 470
o]% E|B 2 (Morad, 1973) ¢f7le] Ca-F9Jo &%
AZU Ca® Frle dold = Y& Heleh, £ 4
ol Al 0.5 uM verapamil2- A Tyrode-g-o§o]
071G 3 203 ol4 A1hA B S}gich, 0.1 Haol
AFUNE Y FEAYL Aoz AT &
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Fig. 6. Changes in the action potential and contraction
in low sodium (3093) solution by the stimulus
frequency. A) Contraction changes by the same
stimulus protocol as in 2A and 4A. When the
stimulus frequency was increased to 2 Hz, the
magnitude of the contraction was initially in-
creased, but gradually decreased. B) Action
potential change with increasing stimulation
frequency from 0.1 Hz to 2 Hz. C) Record (a) is
taken during positive staircase period and (b) is
the record during negative staircase period. D)
Action potentials during post-rest stimulation.
There was no remarkable changes from the first
action potential and the steady-state action
potential by the post-rest stimulation.

%9 27| = oFF m] o3l et (Fig. 7),
ASHlE & 2Hzi Z74A7]9 dA5le] Y=

BRG] T B3o] FolHRA £25 F51E
& 2 4 351ck (Fig, 84), 21z o] A4l
whet SEAG Fuol A plateaurt P4 ga

(Fig 8B), & o ATe] A%gol ahe} F3o
plateau} Eobx| & o4& 25ich (Fig. 88). ol
G £33 21k BA AN TTAY S
9] plateau A3} % Zo] AAYL B
it

70 FAFE 01 He AFol AL 439 73
o] u}-2 negative staircasez} VFEFVRA] 9EQkar,
EAqte]l 42 0.1 Hz ahababel o] Az th2o] of

3

+

«-nfﬂ-\‘i

DA1239 Al 2 3 1989—

Control
0.5 uM verapamit

o
50mg| _M

100 ms
Fig. 7. Effects of Ca-channel blocker on the action
potential and contraction at 0.1 Hz stimulation.
The plateau of the action potential was reduced
and the contraction was decreased by 0.5 uM
verapamil (@).

(a) (8)

100 ms

Fig. 8. action potential and contraction changes by the
stimulus frequency in 0.5 uM verapamil. A)
Action potentials and contractions at 0.1 Hz (Q)
and 2 Hz (@). Late phase of the action potential
was elevated, and the contraction was increased
at 2 Hz. B) Transient changes in action potential
and contraction at 2 Hz before the steady-state.
Late plateau phase of the action potential was
elevated and the contraction was increased. C)
When the late plateau phase of the action poten-
tial was elevated at 2 Hz, the contraction was
increased remarkably. D) Action potentials and
contractions in post-rest stimulation of 0.1 Hz.
There were no changes in action potential and
contraction by the first stimulus and steady-
state.
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Fig. 9. Effect of ryancdine on the action potential and
the contraction at 0.1 Hz stimulation. Records
before (O) and after (@) treatment of 1 uM
ryanodine were superimposed. The late plateau
phase of action potential was depressed and the
contraction was disappeared.

%o} (Fig. 8D),
4. 2R22(SR) 7152 o

AZ Ca ARugl 2A2EEZLEH Ca-wEF
A5t = EAQ! ryanodine (Chamberlain et al,
1984; Sukto & Kenyon, 1983) 1 yM-g- F 3 20%-0]
Aol Ak 3 2 AE WA, 0.1Hz A5
ol e AuzA Feleidd S5HY Tk
plateaur} @A 3] oty 45 24U, F,
ryanodineo) ¢]3sle] EF-A o} FHlY plateaud] o
Sol &A= Pl 4-Fo] 24 F Y (Fig. 9)
ASulsF 2HzE SR AE Wl FF0] A A
v ZAFe] Alds e Ft 2 27 234 S
atoich (Fig. 10A), olul o) &FHd ol A= whE A
E5o] =#Aw 2] plateaur} Yeht 2 7] 7to]
A 2}z 2715} positive staircased ¥ 9t} (Fig. 10

1E7Ee) 4 & 0.1Hz Aol = 57 9}e]
i S Fr|Ho R Eolgon] 45
HeEhA] gpsk (Fig. 100),

L &

E79] AZolA 0.1Hze =8l "}Fo] &5}
ANEF 7| 7E e A LT A7 o 28 AT A7)

%3t FE5 A5k Staircase & Aell of & Ca-A F

o
oft
|

3 A Z Ca?* B Wt o

-80 (A}

some| __ .

100 ms

- 100 mg

Fig. 10.Changes in the action potential and contraction
by the stimulus frequency in 1 uM ryanodine. A)
Contraction change by the same stimulus proto-
col as in 2A, 4A and 6A. Contraction was
appeard in the 2 Hz stimulation. b) Transient
changes in action potential and contraction by
change of the stimulus frequiency from 0.1 Hz to
2 Hz. The plateau of action potential was in-
creased and the contraction was increased. C)
Action potentials and contractions in post-rest
stimulation. There was no change by the first
stimulus and steady state.

oA e o] AL wiE A RS2 dovle A
—o)zA ol Azhal o BAFA 0.1 Hao] Aol =
o AS7AA] 923 3] 55 o] (Giles &lmaizumi,
1988; Boyett, 1981 a,b in sheep Purkinje fiber)
a3t Felsh] MEos Ragich w3 val A
23 Aj7lE SEAL upstroke A2 0 2 2 E]
12~20 ms $-of] —30~—40 mVoi A plateaus 2.3}
£, o] 3ult7]9] plateaut= 30% Na reduction, 1
4M ryanodines] ZAolA AAPE o}, o
Nat FE 7 Atoll oEsta, AZoA sl
Ca?*of| 9 5le] AI3tE| & WA F<Ql Na-Ca wh
7| A (Noble, 1984; Hilgemann & Noble, 1987; Can-
nell et al, 1987)0]] 23} Ao g B 4 9},

423 254 B

1mM 4-APE Z918 ¢} (.1 Hzol| A 2HzZ =+
T ALY, A4 FEAGe BF
w2 2 HTo)] vpiair] 270 T plateaud B
oo $3e 2r1E Fohsteed ol Loy 9
FAF7E A3 HEE R kol A 5] A EFo

— 307 —



—di gl et sl #) [ A23H A 2 5 1989—

L2z 2 2 (Giles & Imaizumi, 1988; DiFrancesco &
Noble, 1985), Ca A F-o}2¢3 Ca o] F7}35t
2, £ Aol el NaCa n7|del HPAE
o] 7+43te] (Mullins, 1979) A XV Ca?t FE7} &
7t e Ao Bt

0.1 Hzoll 4] Na*t& Lito g o x5} Al Z¢] Nat
2 30%2 7HAA7 SHNAE Na-5ErAle) 2
ol 3 AEAe] ZolFo] NaCamshsl o] o
Ao g W3k Ho] 7F43lo] (Mechmann & Pott,
1986) F-EAqte] FulE plateaur} AAE 3 AL
U] Ca &57} Z7}3}4 =t} (Hilgemann, 1986), o}
S 29 275 2o b AL vale
1 uM ryanodineo]| 9]3}e] SR&] 7] 50| A5 o{3)
= Al ol A &= (Sukto & Kenyon, 1983) Ca -f-9] o]
93 AV Ca?t =% Z7} uto 2+ Na-Cai 37|
Ao WAL S FAHA7A 2 o] (Mech-
mann & Pott, 1986) Zul¥ plateaur} AAIHA O
2 2 4 9lth, 0.5 M verapamil 274+ Catf-
Qlo] o A= = 2 (Blaustein, 1977; Coraboeuf et al,
1981) EEAgto] A H o2 oA =] Balrt, o]
F ZANA F-3%0] YEA U= AL 0.1Hz A
Zoloja AL Ca* Wshzs FE-4+3 Aol
o 2o 77 @7l HEA Ao 2 Jeeh,

2. Positive staircase

Ao 2 E 7oA AF5HEE 0.1 Hzoll 4] 2
Hz2 Z71A1719 459 277t $4EE & 4 3
A,

SAPIAE AIUES ZAAAE o $ERY

Bokoll 7e] Wkt Gt RS whE T4
A4 AR AT 4-APY AL 2]
o] F-o 2 ¥t} (Giles & Imaizumi, 1988), 2HzZ
AFE ASed g wE 59 277 AR Fot
3}= positive staircase® H ol 4] -5 t7|7}o|
%059l (Wohlfart, 1979) 43| z7|7} A2
W Cartsed e,
oAb Sk Aol AbHol et 7 Sl o
she AEd Ca 557 AAE F7hHD2 9
M} 7128 e olol #HE Ca— i) ko)
A ZW Ca? Fxof 2&sle o 347 (Bassingth-
waghte, 1976)¢] Z7}o] o8 A 2.2 % 4 3k,

()

positive staircasez} <

30% Na-7bt $olojAE Ca-frdo] oA|5o]
A ZY Ca?t FE7} Tolxn & (Lee et al, 1980;
Marhan et al, 1980) &9 z7|7} A= Aoz
B elc} (Chapman, 1983), Al ZW Ca?* x5 ZF7}of
wa} Ca-f-9lo] 94 & oo = (Mitchell et al,
1933; Fabiato, 1985) positive staircased H.o|+x #
&, positive staircase7} A Z.8to 2 HE Ca-FY2
Z7tel Ss) ok Aol opim, AEHelA &
25 & Cat o] F7lofl 93] Aottt & 4+ ot
(Bers, 1985), Na-7}4 A]2] 4-%2] positive stair-
caset F4 3] Aol FH ol =g Fol 559
a7)7t A s AE £ 5 Aded, ol o
o] A 71 Foloe AR Hof o A
Z U Ca?*o] Z7}5l Aefoll 4] SRellA ¢ Fej7} o
A5 7] wjEo2 A7+-Ec)(Fabiato, 1985), .Na-7+
& Z7|A] positive staircasez} Ca--9) k2] F7}
9 o] (Hilgemann, 1986) dojit AL SRel| #|#
Eo] 9l Ca**o] wiE ol o3l FrEjA4
(release site) & ©]-% 5| o] (Bers, 1985; Wussling &
Szymanski, 1972) f2] 5] Ca?t oko| Holx]&= A
o7 4u¥ & ok,

Verapamil 27104 2 HzZ AFHl =5 F7HA 3
<+ W &5Agke] Fubg- plateaurt Hzz P4 =
w] Fuby- plateaud] F7kok A 459 2UE F
7l =d], Fubi el plateaur SR Ca--{-2]of
g Az Cat S5 245 WA 4 glom
2 (Hilgemann, 1986) Ca-f<) 3 Na-CaxnL$}7]| A o]
349 Aeol A SRS Ca-felol 93 AZY Ca
%% 7} Z7}3} (Hilgemann, 1986)-&, Na-7-4 w9}
o] SR A1 Cato] whg 3ol o) F217%
42 o]Fso] e Ca?*e o] wolzw A
oz Avd 4 gl '

1 M ryanodine 2| 3}e] SRo| Al Aol 4] 2
Hz2 ASHleE S7H43 & wie &5Aske =27
F-ol F7hgtel whet 5o vebgedl, o2
g A2y Ca®* F7H71l 58 & o 3o, ol
AZW Ca** 559 F7he Ca-ie] F7t24H
< Aoz A",

o] ALe] AlAlE-2.4-¥| positive staircase & A2 Ca
- A Ao E eh=d o]= SRe
frel Aol Cat*e] Frhsted Ca-frel7l BobAl7]
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Agol doube Ao ¥ 4 glowd, Ca-feol
AAsA e Aeel AL W AFolelg Catr
el 2% Hofsjeletn A4Hoh,

3 39 434

7z Age] nE Afoi] AFEIE Z714] posi-
tive staircase7} doiyto) 187 F4] Jof =0
23HE %4 Tyrode o415 4-APS| Z7olA
=k vebgked, Ca-$rglo] dAlglolgle Na-zhaA|
o} verapamil Z7ol A F4 ¥ 43¢ 277}
positive staircase7} VJER7| A Yo 27 9F gk
£, olE e AT ool FAHHIE SR f2l
A4e Cart ool ele) oz HEo} B L A
2432 4~ 9lch (Bers, 1985; Fabiato 1985), 13t}
w59 A3he o E AFA AEE FE 7
H Ca’*o] SR frejgdel FAFGL AW
of Fejse dojdn £ 4 Qi ol AAR
A|Z.9] Ca?t transient®] &7 7 3lol] o]5lo] wlE
A3 4)0) A4 Tyrode Gzt 4-APS] 270l 4 4]
29 Car*ol £ns9lm, F4 F ASrEAolE
AE2| Cato] 25k ¥ust & 2ydct
(Hilgemann, 1986)

Ryanodine &} 7J-¢-of| &= wtE& 2}5of &J3}e] po-
sitive staircase’} Eelytow] FA & 429 713}
7b glddedl, ol whE AT Alddle Caf4l9 F
Aol g AT Cartse b dolgtont
A2e) FA715t ZohE AT Cartol AL 3
28 #%3 2o g ¥t} (Hilgemann, 1986),

4. Negative staircase

4%29] negative staircasetr 733 Alo] g A
AF Tyrode Slo] 49} 4-APS| Z7olAla} 11Ehd
t}, A Tyrode &oBe] ZANA 4Z2] negative
staircase+= % ¢} ZdlH-plateau ] negative
staircase®} 7Zro] ‘}E}yt=d], o]+ negative stair-
case ko] HEAY FuHEY plateauc] Bol s
Na-Ca 387119 257 Bado] 9122 At
(Hilgemann, 1986),

A A} Tyrode-g-olo]| 4] 42 9] negative staircaset=
AP FEA Lol AL FANY 2504 o2
#9) +29) 2hat ook, T4 F Rt A5

o ste] Bojuhs 229 =77 Abg 23, 2
we) SEAGAAE WE &3 Hareh 42T
o) vebgtsl, The W 4Fel A E 2717} At
I FEA el Al o] Fubf-platcaus ztobgi T, 4
29 2717} AZH Carr e g W deha ¥ o,
AulA) 254 AZ Catt EEZAF AR AN
2ol o8l $453E NaCamarlholels W
Qo] 2A Zohehe] BEAY TR ApTol
PAElm ALYz Ca-wjdz FZ3lod (Hil-
gemann, 1986; Hilgemann & Noble, 1987) 4] Z 1
AL H4L 4 Y kol BLEA DR
A7l weby ke Aol SR o] 9
AL Ca* 529 Z717h ] Aol Ak
ZolA A 459 277} 748k, Na-Camdtr| A
o HPAEE Zrasted EFHshel Fabr-pla-
teaus. Sopr|AlE = A o2 Bl o]uw] Na-Caxl
gAY FFAEE Az HARALE 45 &
Catofol] F3FE oA B Aol % $5 2
7)o 338 u|x] =2 negative staircaser} el
A He Aoz AR, AAZ AL Cat FE
2 299 AYARE vl F4 5 0 2ol
A Al Zejol A e Ca?t FE F7h7} /b3 e =}
So] A= v} H A2 3H4 831 v (Hilgemann,
1986; Hilgemann & Noble, 1987),

Z A} Tyrode £ Wo]| A= negative staircase’} &
o} & AU 454 L2 3|
27} Qo e, 4-APS] 2ANNE S2e] 7
S AU F3ol AH vlmA mEA ek
o, ol Uk ATl o whE AHEFo]
A 5 o] (Giles & Imaizumi, 1988) F-FAgte] T
AgLAAA 2 g ALl AHoE
Na-Caal 37| o Wfsk4do] 7h4sle] A 5ol
Ca?* 9] Wl &o] ¥l »2]A o]Fof 7] Wjfo s
A 745 o} (Mullins, 1979; Hilgemann, 1986),

Z negative staircaset SRoj|A4] 2] 5 & Ca?t
Soll els) B43e L Na-Ca w8711 v 34
of Sa AT Carrh AZoz f2slol o
W 4ol 7lolshe Catt BEA astel ol

oz ¥ 4 gk

Peooy ok

oL

i oo e oy
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2 A7 A ngst £39 2717
ol Erjel A%EE olgated A

23 Ca?t§9 %2, Na-Cam 3}
of &3 Ca* wjE F-ol 4F& v 4-AP,
verapamil, ryanodineg 4 7}5tA v Al 29 Na*g
30% (Lig. oix]) 7447l 270A AElxed] w
2 53 F5AY4Y staircase A4 vl AT
o2 st 2 AR AT

1) 2= ¥l5 = 0.1 Hzol| A 2HzE Z7}A1 75
Bl 429] positive staircase+ & Aol =
4-AP, verapamil, ryanodine, Na-7}4 9] =&
of doixtor], FAlo &FHte plateaur}
A5,

2) A A Tyrode % 4-AP A 2]FolA] & 2 Hzol[ 4]
1% A3 1% FAD S8 01 He2 5ol
o} 27|35 dAAe e F5u ';57P‘3}2i‘4(-§-
Al%. ”‘7L§}) 221} verapamil, ryanodine %
Na-7rae| Zfolt 5723 o]l vepd=] o
ket

3) 0.1 Hz2 = %o}gtow] HAn) 4-AP e|F

ol A negative staircase 7} 1 E}t o w] & A gt
plateaus] 7ta7} FrbElgieh, 2o 4-APY 77
a2 Az} Fadel vl st AsA sk

olgbs] Az iE 4% U SEAL staircase
d4e AZHE $U CaAF ¥ 2H2LAA
Car frzlol wheh AL P& A2 AEAL 4
At

Jo wd £

=
7
=7

-
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