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- THRADHEBUELTHY, BRECETNEE L OAEICH T 3RXBETOXE
ST B EHREETH 3. dinitrophenol # LU cyanide (3, BRMUEFEDEE S
Wt 3. LAL, E¥ Tyrode BRIV TEWEED B HEEFEH A oM L TR,
RcBREEHOEELBLS TS, BRIFHOEEH,ENT I &, HRBOMEBAE
FEF20mVBP L, R—XA—HEMDOREHI'RIRICLD. FHEMDILLEHY EE
FRPL, == a—FRETL, 2, tORGEHEIERTZ. 75 P —HIE
TLEICEKEXRTS. ChooFT ks ALTERE LT, ABAERICL>T Na*-K*
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MENC & 3R Ca?t BEDO LRI EELTVWRZ L, 37, #IAR ATP BEDFEL T
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Effects of 2,4-Dinitrophenol and Cyanide on the Electrical Activities
of the Cultured Chick Embryonic Heart Cells

Rui-Yao QU*, Junji TANAKA, Hiroko TOYOTA and
Moto MATSUMURA

The intracellular membrane potential of cultured ventricular cells from 12-to 14-
day-old chick embryos was measured. The cultured cells aggregated together to
form clusters of 50 to 300 um in diameter and continued spontaneous beating.
Moreover, they were free from autonomic innervation. On these grounds, the
cultured cells were proper materials for investigation of the nature of not only
electrical properties but also of the spontaneous activities of the heart muscle. When
the culture dish was perfused with a Tyrode solution containing 0.25 mM DNP or 2
mM NaCN, the rate of the spontaneous activities of most of the cells was accelerat-
ed, whereas that of a few cells which were beating at the original rate of as high as
200/min was decelerated. When the rate increased, the maximum diastolic potential
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The
recordings also showed slowing of the rising phase, decrease in overshoot and,

was elevated by around 20 mV and the pacemaker potential became steeper.
especially, shortening of the action potential. Detailed measurement of the action
potential duration indicated that these chemicals shortened the action potential
duration at the level of 20% repolarization (APD,,) more markedly than they did
that at the level of 90% repolarization(APDg,) . At a high concentration of NaCN,
repolarization was performed in an all-or-none manner. These changes in action
potential configuration resulted from inhibition of Na*-K* active transport. How-
ever, a rise in the cytosolic Ca** concentration during diastole can’t be excluded as
a cause of the action potential shortening. A fall in the intracellular ATP level
should be also considered.

We discuss the clinical significance of the increase in the activity rates and action
potential shortening, because these factors both prevent further damage of myocar-

dial cells and maintain circulation readjustment. (Accepted on September 28, 1995)
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RBFEEFNC L > CTHEFCHEIN, 20K
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2. RFHEOHRE Lo SINIHHRELT,
(1) Nat-K* &> 70OflfH & 2 ik d 55
B OZEAL, (2) HENCa*  BREO LA,
(3) WHEaN ATP S cAMP VLV DIET,
(4) pHDET, (5) Loz fhick->T=
WHNCH Z 54 4 v EBREDOZEL, 14> F v
IV OMWEDZL, Nat K OF#EEMNDE
L ERBTLIENTES.

Lo, REHERIZZ OBECEE, £/
FEREC L > LT LLE—DOERERT &
WXEE S vy, 72 & z21F, dinitrophenol (DNP)
RS E OIEBEE 2 5] LA LR 5 %2
DXL T, #Z)VOFEFR I L TIEEIC
ZOWEERY LZRCIHEIET 5 2 L e s
NTWwW3Bd, Fl, DNPBR/ V7 VYD
SYUVER %2 At U C BRI B I S I
BrEz 22 bEHINTHEY.

® Dinitrophenol

@ Cyanide

BF 1z Clusin®, Hasin & Barry® 13552 0 #5
MR EA 2 ERH s L &0, EER
Oz, BOBRSE, B LK OWA % FE#k
HELTWS., UL, EEEMOEHEP<—
A X — A BALDOEALIZ DT DTS 75§k 1372
V. BRI BWTIE, =7 MY RBRE DERE
BLEGHEZHAY, SrarRY 7B
LAy BER L 2 HE T 2 ARIEYWTH 5 DNP
B & UWceyanide (CN) 252 C, HEHB LV
NR—A A =N BAEHEMNDOTZ b —MHRE
DESHIEENC RIZTTHELWET L. RO
FHIIILERH CTh> THRMEH 2BV KL
TEY, R—AX—H T 2EAZHET %
ZEMTEBRZE, F12, 2~5BOHVED
ERHZES T2 D TEYDIBHHESL L TH
32k, K EE RO TREHEZFHO
DM 2 EREHZFNDL LB TE
32k, BEDFENDZEEZONS.
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HE D | BEE LR OBRKRIESNICI T 5 dinitrophenol & cyanide DEH 63

R (PBS) WTHRA I 2B EL, O
FEDHEH0.5X3mm OK XS CHIKT 2. 3)
DEOMF 2=Z/A7 7 A2 A, 2.2
% bV 7 >-PBS Nz C37°C 100 r.p.m.
TH50~60 I #I BT 5 . 4) 1IE OIS #
BDOAEED, Zn%®1,500r.p.m. TI0HEE
DOBEET 2. Wi EEERT, gL M
RBRW RIS 5. 5)1 X 10%@/dish 1243 L,
37°C 1T COy 4 »F a—2% (5% CO,—air)
WTI—14AETS. 5B, HERIII~4HT
CATHRER E L Tz

B OB OESLIC F Vs 7oV IR DREER 13 IR
DEBYTHE (mM).

Ca, Mg #& % 7z \» PBS : NaCl137, KCL
2.7, Na,HPO, 8.1, KH,PO, 1.5.

F1) 7y >-PBS : PBS+0.2% Trypsin.
MEN % : NaCl116,KCl 5.4, NaH,PO,
0.9, MgS0, 0.8, CaCl, 1.8, 10% NaHCO;
BEEEMz, pH=7.41cE, 7 Vva—2R5.5,
73, PUEWE. 10%4BIRmE (KHA
BIE) 2MZ 5.

EERIE B DECFI

BISZEEMSE (TMD, =aY) OB CRER
fizE (DM-MPIO, LBV 77 1) %28 &, %
D RicEEN B, REFAF SN Tyrode
WEEEENX V30 cm BWBIZBWTEIC
WL, BENNOBREITEI33CIC—E Ik
feiviz. REEOAMBIZERE 0.2~0.5 mm O
HEfE-> CEREMBEIZHETTBY, ZOEHAD
o 1 EOMBEACHNG - A EfR (BT
1310~50MQ) ZRIA L CHBEM 2 EH L7z, &
WA v A3 —7HEIEFERLTHREL 215
F—% 1 a—%— (RD-120T, TEAC) 1zt
L, B iiigaticEE L CEEskL:.
RBFEEHK & L i DNP (Sigma) 8L O
NaCN (WAKO) =HRwiz. Zns OREHE
K&t Tyrode I 21X D E5EM X Y 30 cm
EHicsE, ZHERICX > TIEEH Tyrode &
LYIVEZ T, BENNEERL 2. ERO®E
EEZ5—Tml/5Th 5 .

F 1-RBEERI OFEORET X, TEEIENEF

GO HTOEERELE L TUTo 7. &
BEMOSHETORGRRE 2R T o1, &K
VRIAEAI#100, A —/N\—Y 2 — FOBE 0 &
LTZDE%210FSL, TRETNLDOVRALIEB
B 2 WE L. 2 2T, 20, 30,
40, 508 L V0D L R~V BT 2 Bk %
APD,, s, APDy, & LTEHL 72,
5y = - P UB

REEEF OFEORE F, AHEHR &
BT & ERH O&H T paired ¢ MBI TRE 21T
v, p<0.06 A TREEEL L.
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1. ) XLELUR—AA—HEBRHICHT
3{EH

EIN2HO =7 b VIR X D B OE T
MIZEREHZVEL TS, < OMifasE
HOEEEE 1X100~160/53Th 553, [EUKEE
M H > T H Z OHENEE BHIMREIC L > T
WBAWEFHTEZ>TWwa . Liedio T, R
FHER O/F M X E—HIfEER I DWW THIES %
WBEND 5.

Figure 1% 0.25mM DNP % & % Tyrode
WERER L 72 & & OIEBNE % EFANC ek L
72:BTH% . Tyrode W CizEFHKMIEENB LD
BRI MHNX125/53Th 5 IR EWC A LT84/
FWCikoTWw5b., 22T, 0.25mM DNP 25
t» Tyrode W %2 TR T 2 & SHEIBLINEML ,
8 321213160/ 122E T % (Fig. 1B) . [F—iff
FEEEDR OHIIETIE DNP BEFRZ205MIBWTH
BBEWS 7 N —MHERTEEEMITED S5
% (Fig. 1C). 22T, IEH Tyrode I=HEFL
TDNP 2¥nks L, HEBII— @S5I
BNl 72% (Fig. 1D), ZIZdb L Db £ o
7.

NaCN i3 1.0~2.0 mM DEEICBNTZDIE
Ak {BEsh, 0.12mM ORE TIxZ OE
iR asnzhrolz. B 212HMW» 5B
B2 OMFEE DV CHIE L 7RO 5 fl %
Figure 2 12773, 0.25mM DNP ¥ 35 &
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Fig. 1. Continuous recordings of action potentials during and after perfusion
through a culture dish with 0.25mM DNP. A :in standard Tyrode
solution. B :8min after the start of DNP perfusion. C : Recording
from another cell in the same aggregate as in A and B, obtained 20 min
after the start of DNP perfusion. D : 3 min after washout of DNP with
the standard Tyrode solution. 12-day-old cell, cultured for 4 days. 36
C.

200 |

100

Rate of activity, min™

-6 0 10 20

Time after perfusion, min

Fig. 2. Time courses of changes in the rate of electrical activities. At the
time of 0, the culture dish was perfused with 0.25 mM DNP (broken
lines) or 2mM NaCN (continuous lines). Each record was obtained
from the cells of different 12-day-old embryos. 35—36°C.
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old cell, cultured for 8 days. 36°C.

A==

Fig. 4. Continuous recordings of the action potentials during

0.5 mM DNP perfusion to show a fall and disappearance
A :in the standard Tyrode solution, B :
6min, C:8min after the start of perfusion of DNP.
D :5min after washout of DNP with the standard
12-day-old cell, cultured for 4 days.

of a plateau.

Tyrode solution.
37°C.

EBOSHE IR 1 980 SEINLED
Z DIRFEIZ203 A EFRefe 9% . 2mM NaCN %
ERTZ &Y, [HFEOHEE XML T8 ~10
STHRRIZE D DRI T 5. [EH Tyrode
WICB W TRWIEEIEE 277 Tl LT,
NaCN X% DIEERE 2 » 2 o TR S ¥z,

U T
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The shape and the rate of the action potentials preceding the stop of spontaneous
activities im 0.25 mM DNP. Arrows indicate the abortive action potentials.

12-day-

DNP ¥ Q¥ Iz, HEEE
F—HE¥mL 7-icEiE LT L &
S M EED B - /2. Figure 3 1%
0.25 mM DNP % &t Tyrode ¥
R L 1108 BB e
IE9 2 EATOEEEMERT . &
FDORFN BT 2 DDOIEENEAL
DOFEREIZX0. 378 TH D 160/53 DA
Bl 5. EETEALOMR IR
BERL TEECESD, Z0
BEIZBWT, BROERIZE D
o THVRIABALIZZ S ICADE
fricies. E<R3 L, R—AX
— A BALREBAICEY T abor-
tive Kb o> T2 DD S
% (Fig. 3 1HD). &8, EILOE
BICIRIIBM S FRE T3 2 ki
Birolz.

2. FEEMOZBINT 3/ER

TEETEAL DB 3 5 EH
ERIDFE R T/ D I:DITIFE—
DOt & IEBIEA & 105 HL Lk
L TSR T 2 2 EBLETH
3. TR L: Figurel, A &
Bt xi®3 5 &, 0.26mM
DNP iz & o CIEEIEM ORI S 115
DOBWRENTWS . ZOEBEMNOENEE 1213
75+ — D13 Figure 4 OELEFIC L D BAEC
~END . REEER% &L Tyrode ¥ % TR
T5E&, RASMV AV ERL, [EHE
LD L LSV HLERRICE Y, 2 OHRIEHNE
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Fig. 5. Continuous recordings of the action potentials during 2mM NaCN
perfusion. A : At the time indicated by the white arrow, the standard
Tyrode solution was exchanged for NaCN solution. B : 1min after and
C : 1.5 min after the start of NaCN perfusion. 12-day-old cell, cultured

for 10 days. 36°C.

PEz . O T b—L~VUHETL (Fig. 4B),
FIT i3k T 3 (Fig. 4C) . BEBEMOZELIZAAR
Tl 2mM CN- &% Tyrode ¥ TR
T2LEY, FOEED S HEHELORHRHE
L 7 ORE XA T 5. CN- 2#RT 5
L, HELVARUVBLERELTWL ., BE5L, ©
RAEMm D AgClicBb > T AgCN 2 X 25315
FENEBEINDTOTHSS. Lichos THR
HEMPHEEM ORI EREICKD 5 Z L i
T&%» o7z, Figure 513 2mM NaCN i £
BIEEBEM ORSRE OERE, REOWY, 7
b ERYEEOBRIBEDOSNE . ZOFITI,
BELRHNEE DHE WA L R— A X —H EBALD
HAEPMFRICES>TBY, TR rhbOT,
TEENEAL ORI OEHE S LTV 5 DOV
KTh5.
WHEMOE S 21055, BOBODOLR
V2 BT %R 2 HE U, ISEEARR
RIDEHE % EBICEB LU 7. Figure 6 130.25
mM DNP 5 X 82 mM NaCN #ERIZ & 5158)
BRI ANDEERR LTS 77 TH 5.
DNP iz Figure 1, NaCN i Figure 5 T 5
N7EskE D BOBODOKE TS AT OitHlz

Tol-iERThHs. DNP L NaCN Offiff & b
REFRBEIAH: APDyoso IWERIWCEMEL 2. LL
DNP Tid APDg, 2 3B ERIEHE XA 5 Ngh
27z,

2mM NaCN 212 10450l BT 2 L &,
RIESRD T2 L &bz, HBEEMLOBE (B1
M) 77— G228 LHEE L FEED
BAENE LTS R—AX—HBMEIEMLR
V. HEEEHAOBM L 77 b — L ORI ERBEIT 5
X 5 B, Wb all or none repolar-
ization #/~3 (Fig. 7).
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=9 MY IR X D B LEBMEO B
EEEMBEHEH B THHRCL - T
ZDEWITRE S THWBY, Lizst->T, REkE
EX OIEEELC T 2 A IXE—HIC DWW
THE>NT-. #OFE, DNP ® NaCN 3%
< OO BLAIEEOHEE RIEML, B
PrnliERIR3 2L, BIXUEHREEEM
D77+ —HOFGERMEZEHEI TS 2L 2H
Sz Uiz, —fic, WEESEEOMINT 5 & &
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Fig. 6. Changes in action poten-
. | tial duration during and
(&) 50 after perfusion with 0.25
o 0.1 mM DNP (A) and with 2
<~ 40 mM NaCN (B). Action
4 potential durations were
: 30 measured at the levels of
N 20, 30, 40, 50 and 90% of
20 the action potential ampli-
0.04 T T Y T tude. The mean+SD is
CONTROL 8 min 20 min  Wash out shown by different marks
5 min with two short horizontal
bars.
B , ' [#: APD-90, < : APD-50,
[J: APD-40, A : APD-30,
O : APD-20.
0.12- Marks * indicate p<{0.01
’ * and ¥ indicate p<0.05
!\i\i between two points. No
4 mark has been inserted in
8 0.1 90 the case of p<<0.001. n=5
n = in both A and B.
) 50
a 40
< 0.06 20
i 20
0.02

CONTROL 1 min 1.5 min

O.1s

Fig. 7. Continuous recordings of the action potentials during 2mM NaCN
perfusion to show an all-or-none repolarization. A in the standard
Tyrode solution, B : 10 min, C: 11 min and D : 14 min after the start
of perfusion of NaCN. 12-day-old cell, cultured for 8 days. 36°C.
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X, =2 A= —BAPMEINDD. KEER
BWTIE, BERLHHCE W T DNP
NaCN i & > CESHIEB OEE T £ —
AR =7 BALO A RIRIT 7 2 Z E BBIER S
iz, 2ok, RAEMD /P T5. B
SR ER—ARA—HBMORABEE DFERFE L
TiX, %—ic, Na*-K* gEgx oflif s s
ZEeEz 3. Haas® ix Nat-K+ gt ol
FORRMIEAN K+ gL s 3 2 LoD
FRTHZ EMPFAL TG, _—RA X —HEAf
B KY OB SER, Ik ORI > TR SN
22, fFIN K+ 038EI Iy O 2IEET 55
Bl L R—AX—2BM2IET 2 L%
Zohb. Bz, Ca* geEmX ok sns
eI B 2 2HIAA [Cart] O FRET B ED
EEBINBLRETHAS. $TIZ, NaCN 234
faN [Ca?*] O EREZH 7263 L IZEBICEE
BHX T30, Hagiwara 50 1%, SO~
— A X —HBMOHBETIE, Ik DFETZT
T % Ca** B, Lar, OWEIHMD S Z & 2B

SMIZLTW5 . MlEA [Ca**] ® LR Ca?t
WX BEEHEETL [ca 2D L TR—A X —
HBMEET AFERE T EIEnS. R
BFRHEHFNC & > T Nat-K* REB S HE X h
MR & IRE ORI B 20, Ca?* ik
HIHE E NALUSH I TEER OB R 5 TH
%5 . Figure2 Z/m3ns L9512, NaCN iz &
DB OB T A MBESTEET L L, £
Figure 3 IZ7R & 12 X 312 DNP i X - Chis>
A B S 2 THEROBA 2w UERCE
5Di%, Na*-K* GBI OMIH L b Ca** #E
Bt OMHI DB Ic RN B ThH 2 L HEHl S
na.

AR [Ca®t] o EHIcHkT 5 Ca®t iz &k 3
EEHDETIX, £EEBEMOTT N —%2HE
W2 FERTYDH L. FNF it icERE
Ca** AT 2 & SEEBMOEHET 5 2 &b
MERINTED?, 75— oHAmIcE L KT
F v 2 VOBIOM Ca2t 12k > TREI B 20
LBHHINTWS . 20K F v 2 ViGN
ATP BEBEZMELH D, ATP BEOK T

E

= B (BB21% %25 1995)

o THEEEENE. LzaioT, b LAREIE
FHN & o THIFEAN ATP IBESED T 2725
12, Kt F % 3 VOBI A L CHEAEMEE
ENDTH S . EEELOFRHGRH DRI
B5.9 2 ERx, Nat-K+* geghis oshin
27T, MW [Ca*] o LH & [ATP] o@s
ETHEEREMTES.

WA Na*® 0FR L Nat v 2VOR O & H
IRENEAIORE (55 1 #H) & & ¥, all-or-none
repolarization 22 5 T3 . {EEIEMDILH
0 FEOSEIR T R B & SO b ¥ 7B
T35 L0, MOHEBICOVWTHIRENTVS
EZATHDY.

DNP % NaCN OiEEHE LG F B OfE#E
X B ER A TH D, IEH Tyrode %
PEBLTCINS ORBEZER 2R WRT & &
BRI H LOREBIZL Y5, UL, EX
Tyrode ¥ %2 #ER LIEO - ERICB W T —8EMH:
WCHRE DR EIGEENEAL OMEME I, & 5 IZ{EE
ENTT N —DHEKRCELEENDH S (Fig. 1) .
ZHIFEIC Nat-K* fEdiae= Ca®t REEzX,
Na*-K* Z2#usgik O #li > & ORI T TIEER
TSR, BHRA A BBOHRET OB L
AN 5%,

AREEHEREMZ 2 £ &, BRMEOEEEE
HMEhL, Hiﬂéﬂﬂaitid)ﬁﬁﬁfé:ﬁﬁibaéﬁLF¥¥5ﬁ?
R DEEHE & DR STz, RBIBEERI DL
ERNCBO TR L >TEB 2 51&@
FRRMICHYE T 5 . EBRNC LRI 2 2 7
& EIE, BILBAOWY, HEEAM OFFRFHE
DFME, A —N—Y2—bDOHEKTEZ EHH
KHESN TR EZATHEY. ZDLIRE
SHNEF ORT INGEE ORI R b 1265 TH
25 . HP I THEBELHC B RS2 A
ffL7z& %, Fura-2 AM 23ERE L LTHAIEL
7z Ca* ~transient 2304535 Z &, ZDEHEIX
FIBHEE NSO E SWRICHEETHL Z L2
L7, LEORBEEESRZ % & &%, EH
BALHEHE L Z 12 & b 7> T Ca**-transient
bEME SN TIGENBET S 1, 1 EHEEh &
ZIANK—HERBYERL LT, b
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iz OEEL OB a3 Z ks . il
¥, DEIHEEOEBBIC > TRIZ2THSD
fEREE LR OEINC L > TRIEZ NS 2
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B OB E EEEMOEM L IZ I 6D
BB O#ER: L DA OGE L 2 E OB
BERALrEZONS. UL, OFEIEMNT
32 kix, FHICX > T Ca* -transient % 5G#E
LIEH 2 ET S8, s hBiesms ¢
LREREBHL LV BEERE DT THS .

B otz REHERNC X o TIUE 23855 &
h, ERFICHEEHRERP T LICE->T, =
INVF—HELENTE2EELDHLEEZS. L
FRRBIMICBE U CUNME I35 3 % & &, (LA
2L CREBREZHERT 20, LIEERD L
T E2HRET 20ORECEL T, KR
ERIEBNER 2 REHT2bDOTHL LEX
5.
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