REE7 v F—v2eBIFD K33

‘m &

v, F7%2 3 voLpiiEEcRiETaR 135

RFPET v F = 2D F 83 v,
K72 3 v oD BHEME T BT 3R

sy e

= &

* 2 OFHEARAEGHEARLHAL, F 7 & 3
Y, FAIVoOLIRCRT 2 EENSREZIERR
8 (pH=7.40) & IO 7> F—v A R &
(pH=7.00) TR\ THEHRF L. FE % X
i & % RG22 8122 L, A EMEE (Vmax),
ARFEAE N Fm), RKAEIFEEEE (maximal
dF/dt) woE#FEY D 100M 225 10*M T
D 7ERMBOBEE TR L. WEDE EFIRE
BIOT7 ¥ F—v AREBIE - TEREFEE OB
EIHENRRD LN, 7Y F— Y ATORHEMN
EERECHE L BETH . 7Y F—Y A
B THE 2 s OFIEE R P2 s v 5X1077
M, F7x3v 3xI0OMCHEHIhi. 7 F
— > ATOREY OBEHE I R+ o Sh
BH, TYF—vADWFHEDEETHSH I LAUR
P B

F L & (T

REHET ~ F— v 222 B OHIREEME Z 5
#HIzL, »7Fa—A7 3 VT HOLHEORIG
HEBADEREEEINTHBIM, 7Y F—v A
BESYa v 7BREBCHIT 2T I VEFERT
HEAETE, FTT7T Y F—vARMETHI LN
BELEZDLDRTHS, FRIY, F7x 3 VL
BEDY 3 v /BT, THOLDOEYIETHED
IR E L CER IR TW 5410, Ll

* AL BRI

B A5

b, K7 v F—v AREBO L L TOLH
URHEME v RIS S TE R A FRRE U 7o 1k e .
ZoC, Fa2oMEAEAEBEALAY, EW
REgE RE@HET ~ F— > ARBETORIEY DL
USLAR M v B3 B e FER R L7k,

1. 8 B 5 &

Far~Syv bR — L 30mg/kg DIEEA
BH5CREE, DY R L CEEALRGEARY
fER L 7. ERTEOHMIII W E THEL T
ETCWBEDTY, CZTREEDORITE EDS.
FHOFEAY 95%0:- 5 %C0: BE 7 A THfi
BB E Sh, TCIMfER S T 5 Krebs—
Henseleit # # 100m/ ® musle bath Fic R
EE L. O ommY Th ZhERMER X
OERMEY S VAY . — — L, WEE
&%\ CTOBEHIRITHIC X BAET 5 SR I
R (EMD B IO FERMRMG BRI, AR £
RERDO—R B dl/dt, dF/dt % B~ v L&
Wi 100mm/sec DEETEILE L. WHOH
DY RIE R DFRMENMEREZ 2 5 5 (Lmax)
TEZEL, ERAIZ—ERELL. RDITAT
RE DR A EMEE (dl/dt ©RAfE, maximal
velocity of shortening: Vmax), —4r7af4 &7
N R CORAFEEE S (maximal deve-
loped force: Fm), B IO KR W REHEE
(maximal dF/dt) 2w TR L. #HOH
LT D 4 BEc X Lz, a) IEHEIRAE(pH:7. 40)
CBIFDHFR2IVEE, b) 7Y F—>A(pH:7.00)
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CHEF B PR3 VEE o EFREC BT3P
SVEE d) TV F—vARBITB V75 3 VE,
THbB. FA3v, F723ViEnFhl0™M,
3x107"™, 107°M, 3x10~°M, 10—°M, 3x107°
M, 10™*M @ 7 B DEE T D\ L. £
EREIREIN:E 7 >~ F— o 21X Krebs-Henseleit ¥
T 95% 05— 5 2 COq BE 7 A % 3053 il ke AT
BRI, IN-HCI 2735 & & T pH:7.00
Wi h XS ER L. BN € FeE =
SEM THEHL, REOHIIFMLE L - KBE
X hiTe, p<0.05 HHETHENCERE LD L
HE L.

2. 2 B & R

R LA EILAGEA &R T ET 20528
HThs. BILHER XU cross—sectional area
BEAHECERCERYRDI L, FHIT.2 £
1.4mm, 1.23 = 0.27mm*ThH - 7c.

EERBCEITILF A Y, F7 X3 VD
Vmax, Fm, maximal dF/dt i< ZUE 37 Rk 1
CELDEEED, FAI VTR 3X10T™ 7o

L1I0M b, F 7 & 3 v TUI3X 100 26, £
NZhERFEOHREIEDLND. KRBT ~
F— v A B 5 E YD Vmax, Fm, maximal
dF/dt CRIETHHRIE2RRT IO, F3
VTR 10M 2B, F7 & 3 vTeik3x 100
bz hZhHBECHE L CREOELIRD L
ha.

H1EF-43 v Vmax & RIETHEEIESR
ET Y N =V ADOMRETHE LD THS.
IEEWRE T 10°°M-32%, 10°M-112%, 10~
M-160% & Zzh%h Vmax O 2D, 7
F—>A TIx100°M-22 %, 10°°M-97 %, 10~*
M-131%DIt#THS. T hORECTHEL T
37 F— v AWRETO Vmax OTTHEEER R
FEOBEICHE L TN WZ &b, K21k
F7%3vD Vmax & RIg3$8 R4 mkagc o
WTHhE LbDoThS. EFETIR10M-40%,
10°M-100%, 10*M-180%, 7 ¥ F—> ATit
10°M-27%, 107°M-80%, 10~*M-147% &, ¥
NOBECRNTE 7Y F—YATO Vmax D
TEREEDHE LD AP IWT LHRLTA.

%* 1. Effects of dopamine and dobutamine on Vmax, Fm and maximal

dF/dt at normal state (pH=7.40).

Vmax Fm maximal dF/dt
(ML/sec) (g/mm?) (g/mm?/sec)
contro] 1.36 = 0.07 4.32 = 0.28 12,85 &£ 1.02
dopamine
100" 1.39 = 0.20 4.41 £ 0.21 12.72 £ 0.74
3 x 100 1.50 + 0.72* 4.54 = 0.25 13.38 = 1.03*
10-°M 1.80 + 0.32* 5.18 + 0.23* 14.82 + 1.52*%
3 x 10°M 2.45 =+ 0.30% 6.48 =+ 0.41* 19.14 *+ 1.60*
10-°M 2.99 + 0,28" 7.56 =+ 0.45* 23.71 * 2.15*
3 x 107°M 3.22 + 0 31* 8.38 + 0.50* 25.94 + 3.01*
10~*M 3.54 + 0.37* 8.55 + 0.42* 28.40 + 2.62%
control 1.24 = 0.08 4,27 £ 0.23 12.13 = 0.85
dobutamine
10-"™M 1.27 = 0. 14 4,48 = 0.24 12.37 = 0.40
3 x 100" 1.44 = 0.13* 5.00 =+ 0.35* 14.31 = 1.17*
10-°M 1.74 = 0.15* 5.55 =+ 0.53* 16.98 + 1.82*
3 x 10°M 2.16 = 0.19* 6.41 + 0.67* 20.01 + 2.37*
10-°M 2.48 + 0.21* 6.94 =+ 0.53* 23.05 =+ 3.44%
3 x 10°M 2.98 + 0.23* 7.81 =+ 0.57* 26.08 + 4.21*
10-*M 3.47 = 0.18* 9.18 + 0.58* 29.35 + 3.89*
(mean = SEM)

* significantly different compared to control value.
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¥ 8. Effects of dopamine and dobutamine on Vmax, Fm and maximal

dF/dt at metabolic acidosis (pH=7.00).

137

10-4M

Vmax Fm maximal dF/dt
(ML/sec) (g/mm?) (g/mm?/sec)
control 1.12 = 0.06 3.74 + 0.33 10.46 = 1.02
dopamine :
10-"™™M 1.14 = 0.08 3.78 £ 0.31 10.56 £ 0.97
3 x 100™ 1.16 = 0.09 3.85 = 0.41 10.67 = 1.41
10-M 1.37 + 0.12% 4.11 + 0.43% 11.19 + 1.35*
3 x 10°°M 1.88 + 0.15*% 5.05 + 0.62% 13.60 + 1.27*
10-°M 2.21 = 0.17* 5.61 = 0.57* 17.47 £+ 1.72%
3 x 10°°M 2.42 *+ 0.21* 6.62 + 0.56* 20.08 =+ 1.80%*
10~*M 2.59 =+ 0.19* 6.92 + 0.60% 21.55 + 1.92*
control 1.01 £+ 0.05 3.55 = 0.21 9.89 = 1.05
dobutamine
100" 1.02 = 0.07 3.62 = 0.19 9.99 = 1.12
3 x 1™ 1.09 + 0.08* 3.80 £ 0.21% 10.53 £ 1.30%
10-M 1.27 + 0.12% 4.08 =+ 0.43* 12.36 = 2.07*
3 x 107°M 1.52 + 0.13* 4.62 =+ 0.33* 14.04 + 2.15*
10-°M 1.82 + 0.17* 5.15 = 0.46* 16.81 =+ 2.42%
3 x 107°M 2.12 = 0.18* 5.93 + 0.52% 19.78 + 0.98*
10~*M 2.47 + 0.21% 6.75 + 0.61* 21.76 £ 1.72%
(mean = SEM)
# significantiizdiiﬂ;rent compared to control value.
[2)
1??) | Dobutamine
Vmax
% .no.rma_l
16(0) | Dopalnjne 160 o acidosis
Vmax
e normal
o acidosis
140 140
120} 120
100 100
80 80
60} 60
401 40
20 20
0 T T T T T T 0 T T T
10"M 10-°M 105M 10-4M 10"M 10-6M 10-5M
B 1. Percentage changes in Vmax by various X 2. Percentage changes in Vmax by various

concentrations of dopamine at normal state and
metabolic acidosis.

Vertical bars indicate = SEM.
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Dopamine
Fm | ormal
a acidosis

L Ll T 1

Maximal dF/dt
= normal

o acidosis

[=]

1
10-M

T 1
10-"M 10°M  10—*M

E 3.

50

50

Dobutamine
Fm

Ly T U 1

Maximal dF/dt

T T 1
10-"M 10-¢M 10-5M 10~*M

Percentage changes in Fm and maximal dF/dt at various concentrations

of dopamine (left panel) and dobutamine (right panel) at normal state and

metabolic acidosis.

Fm, maximal dF/dt &x3% F3 v, F7x
IVORMBREFRE 7> F—v ARETHEK
L&k d, Vmax X425 ERAEOHEANE
~LTWwA (® 3).

3. £

LEIORFEILF Y, F7x 3 vRERIREE
DHRIELTT v F—v ARBTB T HBEEFE
DEHENIEEEBELTNBHZ EERLTND
EFEREC ST 22 Rl s Ll & —3
LTCWAD, AKPF2eCik muscle bath T
H* #5392 & CpH%E7.00c LTk b, PCO; i
—EG7.2 £ 2.0kFEIRTB0T, K@k
Ty F—vALEZTBW. RE@HET7T Y F—=v R
E RN TUROHIEES T S hbd & 3hTw 2
1~9 SERMEIE GEME) oW TOmEIXR W
7y, SRS GEJD wBL Cike r OEE
© Fm 21%, maximal dF/dt 19% D% 72
TWw32, SEOKETIE Vmax 18%, Fm15%,
maximal dF/dt17% OMELBEEI L T W 3

=

(FE1, 28R). 7Y F—r Aki3 5 IEEENH
L TRMLT LB RO—EE R, ©
H" @ X 5080 ATP Z#fEE, @ Catt &L
WINMEE A & © FHEEROMHE, & Mgk K*
DO, ENELLRD. 7Y F—v ARBIT
B Oy A i D (KT 23 M B P9 oD e 2 P v i 2
CHELTWBZ &%, vy FOOMMEREH
TeRRC X W BHABRER LT IR T 5D,
i X 5 L LN~ D HCO-D B &), i
2 HY offifast s bEA~NOBAT, 11Ees
ThHY, TOBEBER 21.2mM/L i, =D
5 BbD68% IXMiaNHRTHD L L TWwB. HY
% CO: i Ll a4 iE Lie < wWo e,
REET >~ F—v ABF S L0 &ERET7 > F
— Y ATOLHIGEEOE T RECE T, BE
PREVWEELBRTWS., Lalianb, HY
& HE 24 R R A v R A ol U Gl R P e 28 b &
RIELY, EETH > THREMETH > T pH
DZE X b FIRRE O O X S s &
THRE L HDHD.

-
—
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Rtk 7 o~ F— v RBF B Foe

o

7y F—=v 2% (pH=7.00) @K F % F ¢
v, ¥F7 23 vOBEKENHIGERRE (pH=
7.40) OBECHBELCBETHS (K1, 2
3, 2R). Zhii=vx740V, /J1r=¥EXx
T4V, AVTRTUV ) = ARDOWTHIBIT
WHEHE, BFa—AT I VOLGERTER
JEMENT ¥ F = ATIXIRET SN5b LT 5R#E &
_.ﬁﬁ—éw).

Rt 7 v F—~ A% Vmax O ETIC
WHLT M1, 20EKFHEIDRDDE, F
23y 5x100™, F7 % 3v 3x100M 2"Eh
FhEFRCrER L, EFREOXBECEES
L Enbhh. FELHER?D 2 b IICEE
AErOEEe FOBKCH TUID B Z L CITRTE
EhHBHH, DTENDLEIETHE, FRIv %H
pg/L, ¥7x3v10lpg/L Lish, SREHE
50kg, fEEEMEE A4l £T5& F-8 v 7.6pg/
kg, F7 %3 v 8 lpg/kg & Rt E LicHao
EECHY TS, REHET Y F—> AR X208
IEEOMEIC BT 2 R 5B EY CERN
Wz ExFERLTWS.

HEECoORBMETY F—Y ATIXF 72 I VI
HLTrR:s vopREdbhnwt+rRE1H5
W, FRIVOETS a-fEH &P ViIRLD
BN sHEEAT 2 -1 7 3 v O a-fFHC X
D, FAMAEEITLHEINGT 3 DT LN DR AT
A L, DIHENEADTEEHAL TN 5.
Ty F—vARIOVAB®ST 2 —1T 3 VO
XA T B & T, PR3 VvoRENEFER
WML CTRE L AAEEL D 5D, WThice
Y, oK BTAETY F=YATDOFARIV
F 7z s voZEEREHOHEARZ BT
E LRI 5. SEIORE T, pH 2 7.00
BEORHMET Y F—Y A T1E, Fo3iv, F7
&3 VORTHGBHENS R TLHIfFTES L
Wz B, LaLadb, pH 2 7.40D%5 00
RIEHIEENDT, 7Y F—Y ADFHELEET
H5.

&

B

F3y, F723VEEERERSIOT7YF
— v AR BT, BEREEOEHEISRE
T, TP =y REBT B EIIEEOHE &

1V, P72 3 volmiiEEcZIiETaE 139

DLBRETHSD. 7T F—vRAEBK XS0
FEEDIE TN LT, WEDL bRAEEORT
HAWClERTS. 7Yy F—v2%fksy 50 2
BETOERAIAEENEELONADY, 7 F—
YADMIESEETHL LATEING.
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Comparative effects of dopamine and dobutamine on

contractile state of myocardium in metabolic acidosis

Osamu Kemmotsu

Ryo Tanaka

Department of Anesthesiology, Kitasato University School

of Medicine, Sagamihara, Kanagawa 228

Key words: dopamine, dobutamine, contractile state,

myocardium, metabolic acidosis

Metabolic acidosis decreases contractile per-
formance of myocardium and responsiveness
of heart to catecholamines. This may play
an important role in treating patients in shock
with metabolic acidosis. This study was
designed to compare the effects of dopamine
and dobutamine on the contractile state of
isolated cat papillary muscles in normal state
(pH=7.40) with those in experimentally pro-
duced metabolic acidosis (pH=7.00). Four
equal group of muscles were studied (total 28
muscles) : a) dopamine, b) dobutamine in
normal state, c¢) dopamine, d) dobutamine
in metabolic acidosis. Dopamine or dobuta-
mine was added into bathing solution in 7
different molar concentrations: 107™M, 3x10
—M, 10-°M, 3x10—°M, 10—°M, 3x107°M and

10—*M. Dose-dependent positive inotropic re-
sponses were assessed both in normal and
metabolic acidosis. The per cent increses in
Vmax at 107°*M were 32 in normal state and
22 in metabolic acidosis. At 10~°M dobuta-
mine, these values were 40 and 27, respecti-
vely. Changes in Fm and maximal dF/dt were
similar to those observed with Vmax. In the
acidotic state, both dopamine and dobutami-
ne produced less positive inotropism. How-
ever, these increases of contractile proper-
ties obtained at pH 7.00 were significant.

Qur data may imply that both dopamine and
dobutamine can be used effectively in patients
with metabolic acidosis and that correction
of pH is vitally important in order to obtaine

the maximal efficacy in those patients.
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