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Present paper is attempted to introduce the phenomenon of “after contraction” in isolated cardiac
muscle.

Papillary muscles were removed from cat right ventricle and were used as a preparation. The-
muscle strip was placed in tissue bath which is kept in steady temperature of around 25°C and
was perfuced by Tyrode solution, saturated with 95% O, and 5% CO,.

Under the condition of high calcium (8.2—10.0mM/2), low sodium (72, 4—70. 0 mM/?) perfusion
with the administration of epinephrine (1—2 mg/l) into the tissue bath normally triggered muscle-
contraction was followed by oscillatory, repetitive contractions — after contraction. The phenomenon
of after contraction was augumented by decrease in tissue bath temperature and by increase in.
number of preceding beats and in driving rate.

Authors were able to maintain the phenomenon in prominent and steady state giving proper:
experimental contditions such as fixed bath temperature (ranged from 22°C to 27°C), suitable dri-
ving rate (20 per minute in average) and perfusion of high calcium, low sodium and 1—2 mg/l of
epinephrine. In some preparations, the strength of after contraction (second contraction) reached up-
to 80% of normally triggered contraction and five repetitive contractions were observed as largest.
number of after contractions.

Intracellular action potential measured in the muscle which was beating regulary showing steady
after contraction revealed no oscillating after potential in most parts of the muscle but in few cases.
oscillating changes of after potentials were detectable. In electrogram of the muscle preparation re-
corded by means of contact electrode prominent, oscillating after potentials were observable when
the recorder was set at highest sensitivity.

It still is not clear that whether after contraction is the phenomenon which corresponds to those
changes in action potential, oscillating after potential, of the muscle preparation. Possible mechanism
of the phenomenon of after contraction relating with after potential changes was proposed.

Detailed results obtained from further studies on after contraction and concrete discussion on the

phenomenon will be reported by authors.
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I8 WHEER & (After contraction, Repetitive contrac-
-“tion)ol 2t HFEELEEATN A H—HEk = EEH FE
e EES T ERTkE RIS FEBA Hik
o) FEEESlE Bl Zebe AIAA ol KEMHER
o) A BERETAAE doiviad @2 Fes
oz gtk 1943 4Fq] Bozler (1943a, 1943b)7t 4
EEEr AEY LS calcium F&ol W& (50%, isoto-
rnic CaCly) Ringer i 2 MRS o R #E
fro B EHEERS B, BRddes o U
o] Y RE Ex EPHEKGHESS ¢ BRkEA &
9k o} 1961 4 Reiter (1961)7F v}A FEKEE S FLEA
WA REREEBSS RSt “After Contraction”o] #
S fERSt g ek Rl o128 B PFE S
frEte BFEE RERERSA HT EHES Faes4
2w o] AL cardiac glycosides (Braveny, 1966;
"Kaufmann, 1963; Reiter, 1961), &S calcium ion
(Braveny, 1966; Katzung, 1964; Kaufmann, 1963; Reiter
"1961) = epinephrine (Reiter, 1965) %ol Rl &
4l 4 ola YepmiElkel SEES B 2 BREEEY
& T (Katzung, 1964; Kaufmann, 1963)¢l] {8t o] 3
%o H{hite Aoe deld greh ol A FAAY
REWHERRA HY BELS 5K 15°CdA &= 25°
C7x ¢ BERHENA SAzx =% o HEY BE
EE EHE = I EFERES fikstd 5g4
EFRERES ikste 4=l nragst 2ol ek
BHEEL nokoldl A B BHE LBILEGS 8
T DY REERERRANA  BRs REWGEELKE
BRI —EY #HEEY KEe #EAsaA R
e e FikshA g BEY REMmEISE B
B2 £ JdRn =Y Y BHETAA o) REWMER
S A B B 4 doded o] RE
HS ERstd £ R 2R Q2 HESS #HAS
At o} HESo| AL PEMLRE 8 A KK
MRRE 74 Fastax gch

E®AZE

BBz nodeldl FLIEHS #Hssleh Pento
barbital sodium & 30mg/kg # RREANZ HA, HEEA
71 BE 2kg ALY mofoldl MRS R ALWRE A
A4 A s DS & Witste B 95% 0. 5%

CO, M2 fEfnd Tyrode ol A ol & YIBH, HLE

oA BR 0.5~1mm, Zo] 5~8mm & FHEHE 5
B/l S SEMA S ERABEGETEEA

B|Eo 2 A3 T T MEA fE& 28R 28
9 lucite Fiol ElEstgdoen ke chorda tendinae
B FEBRIERRE FiEld transducer off EFESHY v}
B BENCE 95% 0,9 5% CO.= sl Tyrode
Ko = Eistd .o KEREE 23°Col4 27°C Y #
Bl A FERP —Es fFsld o BESLY ¥
BEEESE 19°C o4 40°C 9 @ERA Eorh 24t
A At

A EE A T Tyrode ¥ 9] KL, milli mols/liter
e}-&-ak 7ol NaCl; 118, KCl; 4,75, CaCly; 2,54, KH,
PO,; 1.19, MgSO,; 1.19, NaHCO;; 12,50, Dextrose;
10.0, |3 & calcium, {& sodium EFWH-S it &
Bl 4 NaCl, CaCl; B dextrose & %4 72.4, 8.2
2 85.85mM/l == 70, 10 ¥ 85.85mM/{ = u}F A
o],

BAKS HER2 Grass S-4 stimulator 2 3130
&928) IS 2~5 msec. 2 Fh1 WEE WENTH20%
BE o Binaa Aol gdrh Hlminse FRIEE
22 = Sanborn twin-viso recorder ¢} Sanborn differen-

tial transformer transducer 2, ol ZZMiGEER

o] & Grass polygraph ¢} Grass FT 10C force displace-

ment transducer 2 3}g th
WiEAe B bies akest MRl RBmER

75 calcium, i sodium {#Ef Foll 4| epinephrine
o ke RIEMmEG L B,
8.2 mM/ Catt, 72.4mM/! Nu* 7505 B35 10 5
s} 1.2mg/! epinephrine <& M fusig
BEEO] A WEY REKERE.

5 iR ¢ A5 Bk SRkt kiEE B
Rl A Egk RIS MR g ek

E5f g% Electrogram.
26°C, 1537 21 [@] FRRIRES.



—d &g eE]A c A 1E A 15 1967— 69

o} 0.2mm & H&—FHALERoR HE BEERS
2 electrogram -& §i3 recorder £ F#%, HEzskgl
t}.

qEaf ERELE, AEERAA LB g SR
o2 HEsh ko] 7853 Kavaler Sk (Kavaler, 1959
We e BEstn HRKEES £ pushpull
Fpko = J%E (Kavaler, 1959 1966), —ii3<l cathode
follower $} oscilloscope 8} BEEE FlIAshs e, ik
sk oh

B 5% R
s : ‘ BT TE REGEEES B 1.
B caleium, (SR sodium o2 WA A T o ’?f&@%ﬁf fm’M iﬁf@ 1505 mert
epinephrine & WEHMPFME —EIA FHid K
EERR.

5 mM/l Catre) MESHPRBIRINE RERHRED,
Ko) WAYE iR

) R Y SEE

o] #144 © Electrogram.
G epinephrine 1~1.5mg/l & hudk Hige 24
QA RELERSS & 5 dged EFHRC
SIES S U ol Sl Lol vt KBNS W
s =E EHY 2 1 ElE B RBREAET
slol A = el whel ARSI R LED. o] & gt

2 ﬁ%ﬁ;ﬁlﬁj iﬁ“&fﬁf’ﬁw T i R S ASE EAT e
B . Om. e a v A 2o P iz & ) LS

A exmertrinent ok B, g gy 0 REEE AReE BEY £ dsdth KD
WA — %S YeiE—3} Electrogram. REKGEES A #29 KiEe il Bd #% Bl

H£4E WEEHY RENGE REd BE.
8.2mM Ca+t, 72.4mM Nat B 15 434 epinephrine & FEpnglo] B4d KEKMESZ.
R R By ot — SRR 2 fij## * Electrogram.
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FIBE ) RIEWRES ] BE.
8.2mM/! Catt, 72.4mM/! Na*3l 2mg// epinephrine
B 20 5
S Y SRR
=l i & Electrogram.

AUeHES) MIEER Ll delvie Aelgl et Bifiel A
= RESIA EFEY el Bkl diel 29 WiE
o} PATES S eH (B 2 [ED.

EER Ak BEd4 BHET #EEHEE PEe
HERE A A ERES & calcium, {K sodium BEE —
“E8] Hedtm 1~1.5mg/l &) epinephrine 4B ¢ H—
A HEA RS W REEHETSS ZERBL 5T
F7F Qe el —ER RIEUEHRES BRIE
A ion =E TS FEBES BRI T & 2
o =58 3 BD.

B4 kel Egoginal =2 REERREREY 2L
& ST Ao 2[E WhE el A% BEL F e
RENES) B 13 @ MeiEthel & SagslA k= g
£ ¥ ohzh KM EEEHO 3EE HAE
L& B 4 olvh Y BESAEEel oS KR{EMRE
BHE s B5dlA 2 vl 2ok B 145R HE
#ob 27 @l A el 38 @A A Engel =l &
B BE E3EE 7R BRSS9 E £ ook
E#sr 2@ wmsl ek, 1450 4638 #EANAE
e EEERmA Ketel  EEMkEl 148 75l
2 s Rimgo s FHEso REME BHL BE
HA gect. BEHEE o BAR S A RENER
20 vhA] KTFE RS & 5 e

e BEE 24°ColM Sl et @ik £k
FAD B2 KEKFERE BEES BTE S Ho6E
A BE wlel ol B BES 24°CelA #iR1LA,
3°C~40°C 2 Ao Aol whel HRSY Wil &

Bl =& REKHRRY 8L

8.2 mM/! Catt, 72. 4 mM/! Na* @ 2mg/! epinephrine #ER 20 4.

SR 7S SHIE,

ol ghig ¢ Electrogram.
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sl ol AW A KEKERS ] B KTV
40°Col |28 A s REMMGEES i) #BEs+
BEE i) 2°C2 BTAAA =2t KEEKEHSS
Fikel sRER =la oh4] 22°C 2 EEZETE 5 o
% ®RE g

Hamol A S RT ubek o) ki A HES B
n 2 EES ET/F KEKEEHES BRAg e &

2 Kaufmann Z:(1963) =+ Katzung(1964) o} {kst 2%
£ uhel 2o AfES RECE A£Hgd @E 5
3T~ CAA = AEBAA L go] 40°ColA 74
REWFEREY B RER v oFF sk

REEAEBR ] BRI REA HES = A &
2 T ALY Blale]l o T A& MY R
MERREQIA F Bt 27 Bt R A SR
BMEMELE BES & BRe H7EY 249, 974%=

T8 RENWES MHBRANKREE
A: 1S SRUOE KB SR B REYNE
+ 2k
B: MMEAIEENE AR5,
200 msec. =o| 100mV.
BERRE « Catt; 1.8 mM/Z, Nat; 118 mM//,
1 mg/{ epinephrine Fifn.
BB 140 153, BE L 26°C
FARHY Aol & lmmpyste BA EEAS 3L
S| EIEY o & MRA HAEEY uﬁa KE
A 71717 AR RERFETLS] BES MA sk 2
o] BHEI AR FHEalx oz B HEdE &
Keol A ZEA R o HiRIAEAE{L] e Ml
o #Es Bl 529 dgffol Qelvie el hlEhe

calibration( L) : 3578

= Aolvh 74 & Fogle ubel o ﬁ”ﬁ"] 35 435)
Wil A = BET REURHASE & 4 dlos MR

IR A WK BELE & 4 U5
WETS whek o)W Pl 4 EBAR KB BEE
A5 ddoh ON AEEEEES = WL mH
WA e e EBEE %
WA RERS EEAA B A oHE 8 ED.

&t electrogram o} A &=
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CHE8HE REMHEBIS S electrogram o] BRI L.

AR : A5 SRR,

Rl h#g ¢ Electrogram.

o AR L R, B

8.2mM/! Catt, 72.4 mM/I Nat 9 2 mg/!

epinephrine .

AMefEe EEPRCGRE, 15 200 #HEs &

A S 7Y aBloE—ol BEMMY M
®e8 EHRRESGEREZRR RG] 3/
RENERE S old HHES = %3 HEME &

4 gl
£ S

DY REBMHERS-S 19614 Lk il ¥las
ol fiate] el AA sHgo FED REKWEE —
Y BER AL £ 9L fle sk

EEEL 25°C WTHRe] HBHERE A 1~1, Smg/l8]
epinephrine & #HHNE & calcuim, {§ sodium %o 2 #
WS ERSIA S A RERGEHSS HES BEAA —
Fi BEZ #5404 + dgor H1EY g ¥
fEste £ 5E7t= 8] REKMS BRI g2k
e WkEE st e A RIS 0% BE A o) & 5
A& wskeh olel g REMHEESE RAF7A we
DG E Sl ket A=A g Biad og
o WA E £BY Fo vk A KEKERSS
EE EEFIER HES = ElfEe il L o
olvi Zlol= ShiEHIl A & WiES MAIE7RR Wi
o] W& v KREMKMHS dolutet sl = Hifg=

o5 Bl Bl % 4 oA 2o #eFse
o EEMAECE 8 REWG BE =< nﬂfﬁ‘&%x} %

e Hole] KRERANA REWHEHES: BES 5+ o
el mEAE 148 50elgn £y 25°CRE T
A BEREY 15H 20@R5d . A2 RENKE
HWHL & calcium, {&€ sodium BIZ =% FEES epi-
nephrine %2} BT A 2ol b Bfol= AF5 FT
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RELY HREEANA FTAAE el ohd Zolvh
AA BBV (Braveny, 1966; Katzung, 1964; Kaufm-
ann, 1963; Reiter, 1961) mokol¢) .LAflA & 9
r o] REKHEESS15C (Katzung, 1964)~25°C i
% Gl A 2 ol Aelw 38°CHiEks] £
Q) EEHE AL EES A ofg - Aoleh WAl H
FREGETA AL BT okt 2ol %2 KiEEst =
Yiimel 80%IRES 74l o) +5 QA Az RE
Yis) ENBMIREE BY Aol A THEEY RE
7t g e BRI o8 E Aelh

RENdEBRe Hims ERIIEL HiEs e Ad
7 me BRAMA BED o) Folxle BHELAE 4
Al BEHA S 47 grh. Reiter & (1961, 1965) ¥ Ka-
tzung(1964)-& RIEMEE LRl 2R BES & REMS
#ikgle] delte Aolztm #MiEstgi o= Kaufmann
2(1963)-& MREFSIEEIEMIEN A Rl A=l
= EENRSE 7 (oscillatory after potentia) & £ 4 9l
Qe FEHT Aok BEEY BRBEAAE KE
Mgl HESHE BEAEMS 8L 2= BB R
FEHA gkot ol fFlel A FEAEY REHIRS
HERI BHEAAE S BRI 2N A ARG
BB #bikel asl B3t guch
EEEHERH 2 &S electrogram ol A FER
A IREIRS HEMNE BEY 4+ d9on olad elec
trogram o] 41 &} EEIMBEME QxR 7] Bozler(1943a)
o Hested BEEE dol gk, REMERSel BEHAHAU
#iboll HES = AR e Bufhe deve #H
HAAA L AEHA AT HHAN o6 ¥ Aol electro-
gram ol 48] BB RENA EBIRARMEZAA R
BHEBTEEE] ofld HEHRBEA AL ATHRTA
3 Aol ohI FEEMLl BRI ffd Aol
2 REHE A —EggiEel SRESEEE N (Innes,
1965) = o mditael KEkdEel REMHERRS 22
A HE AL ABT 4 dvk. o REMIHEHER
TlEEs fiE 9 &% ion =X B4R (FRZC BT
o FliE Bt BE TS ket BER Aok

] E

sokol o] Lol A A, BT AEHE AR A
ESAA EYHES) calcium ion BEE 8, 2~10mM/I
2 ¥ol: sodium MBS 70~72.4mM/l 2 {ETFAIZ
o o Mg sk 1~1.5me/l 2] epinephrine &
23 REKGRSS dogon bid 2o Wi
R T A BE HEHEES BEstz2A Efine
2 —Ed RENFRSS #HET £ ddt

HE-e WsEgel FISURES B R AR R

BETE RELERSE Ao HEEd BER
oA 32 k) Aot RIS 81 CEYOEES 80%
7A a7a RivkiEd EECt B% 5E7A o5
2 5o,

B REMERAE —EsA ki wE
% MMREBEMA A K5 Rkl HIEY B
Bl Tt BEE BEAA 2o " il 4
b R SEE RS 9T XERBTES
R electrogram o A AN BHESI & ALz
wolt HEME ¥ 4 Atk

Tl WET RAKHRSE 79 Basgs
o olo] B v % JUAHIY Wi HWHED Foleh

Chrgge] e BES Bhe oA gedl New York,
Downstate Medical School®] ZEgE o] %4 a9} £ Kavaler
zaFA KH=A
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