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A Study on the Maximum Lengthening Velocity of the Cardiac Muscle

Kouichi TAMIYA, M.D.
The Heart Institute of Japan, (Director: Prof. Koshichiro HIROSAWA)
Tokyo Women’s Medical College

The characteristics of the lengthening velocity during isotonic relaxation of canine heart papillary muscle
were investigated. In the intact heart, the filling period follows the isovolumetric relaxation period, but in
formerly reported experiments on papillary muscle the isotonic lengthening preceded the isometric phase
during course of relaxation. In this report, however, the force on the papillary muscle is switched from total
load to preload at the instance the muscle reached the end-systolic fiber length in order to keep the isotonic bar
at the end-systolic position until the preset preload overcomes the contractile force of the papillary muscle. As
soon as the isometric relaxation accomplishes, the isotonic lengthening at the preset preload begins. Then, the
papillary muscle continues to lengthen until the muscle length reaches the initial length corresponding to
previously preset preload. Therefore, an isotonic relaxation process similar to that occurring in an intact heart
was obtained. The results of these experiments are: (1) Maximum lengthening velocity of the cardiac muscle
(—dL/dtyay) is linearly related to the extent of muscle shortening (AL). (2) —dL/dtm.x divided by AL is in-
dependent of preload, total load and contractility under conditions of constant temperature. (3) An increase in
the frequency of contraction results in only a slight increase in (—dL/dtmga,)/AL at 37°C. (4) In[(—dL/dt-
max)/AL] is linearly related to the reciprocal of absolute temperature over a range of 25.3-38°C under con-
ditions of constant preload and total load. Therefore, it is suggested that (—dL/dtm,y)/AL could be a useful

index of the lengthening characteristics of cardiac muscle.
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XD TREBRES Z R . C WX EBROHE)
D X BFERBRERTD, LECHH 5 AT BAL
WEE D ONE LB ClETE S 2 &,
OR, BREEE R SN FMECHETE S &)
Bz IhLohhkEVWERbRE. Ll
N, AEGEA X 2ERTIX, ARPERD
HEIL AL B ), FOEBEEHIRVWER
PRI 10 5 R D OFHEI®, ATOZE(LL
T WER IR BT A EMERE ORI &L
HTEpO. Lvaie Jewell and Wilkie®
AT IR RER L, AT & ISRk
Wk, HAEND BP0 AT R ALBEBE A 2
B2 EBAE TV, =0 ik % afterloaded con-
traction LIRA TS, FERSCICIR W TE, hAEEE
s\ C b EEEROIEND & LI AT & FLIAFHE
KB 2B ENTELERFEDOER, KLU
= OEBRIRI X 5 TR ALFEHEA & v
OO DER IR EE B B LHR X HE
BEW DN COFREBRRDESDTH A,
II. EBRFGE

1. EBEE (K1)

KREBROLDIMFRLCEBRBYN 1 RT. COEE
i, AEGCIBOKRE X0 EL B, kAR
AOMRAOPEEERTEL 2 A AREOT 7 F a=—X
(XK baz0.4dkgecm) L, ZToOMREE Sh v
RNV AT AEPBIBEY. 77 F 2=— 2YEBKH
TR B R o E RSSO B FIC B S h, HEiERR
DANBERCEF Uiz b v 2 2R3 5. ADBER,
preload L total load g3 % 2 DDOEZIEREINT
ERETT A = EANEIRECH b . reset-set flip-flop & X0

GURRENT AMPLIFIER

POSITION SENSOR

INITIAL LENGTH
ADJUSTING SCRE!

--MOVING CQJ
- STRAIN GAUGE , con

TENSION

TRANSDUCER -\,
PAPILLARY MUSCLE !

) | END SYSTOLIC FIBER
{ LENGTH ADJUSTING

DONOR'S ‘ i
ARTERY ‘ LENGT

STIMULATOR / !

PERMANENT
MAGNET

77 >-~[SOTONIC BAR

WATER JACKET

DONOR'S VEIN TARGET 0F
POSITION SENSOR - R-S FLIP FLOP

B1 SEREE

SUM INVERTER

T2 ODMED 5 BD 1 DEFER, BETH. —H, v~
—v AT Ay, BEOT L3 = A8lo isotonic bar L
A¥go strain-gauge (G — N7 4 v B-FAE-25-12-TID)
bins bar DFEI O DDFDORI I I VAT =
—, JEEEMZERrSF (KAMMAN KD-2300 2S SPL)

@ target & L CHEX0. Imm 71 3 gk flip-flop
W RS 720 O BERES bbb,
transducer ¢> compliance (% 6x 10~ 7cm/dyne LI CH
%. %o isotonic bar LEHE 2 A AR EAI VA=V A
T AEOEEEY, ABEHER O b hih 37n
AFY v rEEE LT, BRESEThE, B Lo
T =D innn 7 F (dynes), o A5 & 0ES)
#f(Hz), vA—SR0ZEN S (cm) 7 b, EWER
M (@ =F/dz* - 2. 8 cRD1". ERIREL, 7
P F o m— 2RV A e 10g DRI LT B
i, hFh F=490dynes, {=29Hz, 5=0.082cm %

b, FHE S NI EHER180mg (mass) k3 BED
VAR— VAT ABDL BL EMNRTER.

X T ORBER RS LT B AH L EUOEF
MAREAEMCS 25 L ANELTW50T, #
BOLOMERR LR einnih, - OEBREBOEMF
TR BRS.

(1) WL AT & % OFHEE

HEIDIT B VT, SRR, UERIEEcE
775, CORMLLERO»T, BIRFOMENS
BEFOBKE cORIths. DRI >SWTD
FBIFEHHCA S . ORI EER OB 22T
HBE D XOMIE 0TS . DB D DMK OFTHI
I 0 OERIEETS . - ORI O preload i 8
5 H T, RHERIOHREY bIBERBL TR
(TR ¥ CHETS.

(2) HAHEHEAOHMBIMOATN &0 fMREE (K
2)

HEIL RIS Aff & H%”DJ@&’C AT % LB
ARG % B b i IR % 12 BE O afterloaded
contraction DEE% &b, [ERPICHHT, LHE
AEINC 707 RRCELERES Wi B ATE total load
2B preload DI 2 TRhERV. ZOEAMD Y]
h¥ax 1L isotonic bar A3 INEERIC, bar @ THih
7% stopper Z i35 X 51 end-systolic fiber length
adjusting screw % SHESLCIT5. = o#Eh ¢ fip-flop
BT 20T, JLEGABEL B3N8, BEZh
7c preload 2 F¥3>% % C isotonic bar {3 bar O TFF

strain-gauge
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FORCE

°”“RE{H__P

B2 SEBRBEO#EME
1— 2 3% R IHE
2 - 3 R UM IURE I
3— 4 34 R
4—1ERHEmBEHch 5.

@ stopper LR 7-F ¥l nB . LA TLE
ERERTECE R, AEGOREL T3
RIS A0 (5 REMEHE, B ClSaihig
1. ,

HBEG D Foet LT\~ B JJa% isotonic bar i 2 +D
T\ % preload LIF iisote Wit FER o preload
CXBMEIN LTS, = ORI X T isotonic bar
(% bar @ T @ stopper i B A5, flipflop 1%
isotonic bar A% bar M _EJj stopper AT 5 ClT
SR Lis\ 0T, AFEHC05Mi—E (Tiebb,
B i LR Lie preload) wffifzis. & preload
X BERIEMEL, BET sl % preload IHIG
Ta0HE (PR ECELTKRTT5 [FEIEM
FEER, WIBLD CIRTEEAD.

DR @ B U
50> stopper W LT Ik ¥ 5 X 5 1z initial length
adjusting screw ZIATS. = OWREETAEGS BR
HBE T D RN BRL, BO UDRELL
total load F CIZRWEIEFHET S5 (SERERFEE
B, AL TSR],

FDHF ORI A total load % LF 3% & FLIEGIE
WEBAET AN, COMABEHCL»ENEHO1 LD
BE S i total load iR 2 (SR HMIAER,
HELD CERRBED.

IERE i\ 7B &, isotonic bar {3 bar @ FHD
stopper L fEfh ¢ fip-flop MRS w 5. ThT—0
FHC e > CHBENC B & L0 TRABR LT
Th¥H ENTES.

2. IEERIEHEFOIES

isotonic ‘bar % bar @ |

17

a. DA

MERR (16—20kg HhE) v i x—125
mg/kg (RECHIRMERL . KEREIIR X b Bifia 175 .
BLCHILA T T AR E 2 AT, FE4MEcEBRL,
OIEE B, TRERIR, KEIR, FREDIR, BEESIR-CEEETL
TROHL, B4 OBH LTI ERARK
FIC L0 TalB iy T oCtigivElk s, I
U A M VO A5HE ST A R B O T v 5 . D
HCEDNE Y BRAEBRRIEKPTLEIDZ ORI X5
WE LD, EREIRELEE L Bf, S ok
WICHEE L, AEREIIRICREIBE & i 2 5 L RTFRIRENR
B, FETERER O AT & EACOERRIC D TR
TAHARREE R LA TES. O FRKEN/A
PRVWISEEELLE N bR = v v~ Fo
A, BETS. ¥ igRESCHEEE T, AL
FBABEG 2 EOTR L 5 ER LB LALBELAREC
oT, ALERBBECYRYTTD5. Ry =51V

—7HBUTHAEEREKEERT S L, AEG
Eif L, ToFAAD Thebesius #iR2 HIIKAFEH LT

RBOHRRDC ENTES. HLEDHBEY TR
FELTOLEFRAZMSATELECELNT S XL, £
LHMEE, BOBERETS. DL CABAET AL
S IMELSNOBIRE T UERT S, M ETLERD
BEHIKITHD.

b, m¥EHEER

AR L TR WIHERRE, v ibAArex—n
25mg/ke (hEMIRPIEL 5AC CHREE L 1Bt SIS,
ATHBR TSR, BB $E L, K 3wond
MEIEBE ORISR, BIlR % 2 h Cho MEPICHAT
5.

MEHHER % Img/kg A D~-Y v T~y v 1L
U, MRy 72BET 5. fihBEiRcEA Lics)
=F Vv . — TR IRER T IUE, ARGIELR
CI¥E S ROEIRI CHER I h B .

c. IMKER (K3)

MFEERA K 3 T . KR e s 5
ARNT 4 VI =RV T, BSTHRE, ERENR—EEL
fkrfnb o X 5T 57D pneumatic resistor A §F
AL TN S AE L IO reservoir 25705, H
BEHEADEBEADOEE X, ABEHHNOMERFA L
WIS ER LRSS, HEFETOREOLAESY 2
A0SR LC7 2 VMRS EET 5. FLEEN O R
VIR RS (0.08mm EHRR) T, V- VAT AL
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PAPILLARY MUSCLE

 \ —% HEAT EXCHANGER

WATE :
MA PUMP
JCKET CUMATIC SiGl
. TOR

ey os™0a, o™

DONOR'S
« ARTERY

BLOOO

RESERVOIR
7l t .
5 DONOR'S

= Ve
1
WATER AT 38°C

3 mgEg%
AEGEAOERE, CRER O 22 o MK E K % xR
T, BEERRA~0 BIRERK © #E I BHk
BRI CoBAN, Thsoscis e water
jacket ~\i3, HEL LBEECBRKIEERT 5.

£1 EROLEOF A8
BIRE | FeRE
Hb (g/d0) 15.5 15.0
PH 7.458 7.520
Pcoz (mmHg) 25.2 20.0
Po: (mmHg) 209.9 76.5.
Hcos (mEq/¢) 17.6 16.7
~ Base Excess -4.1 ~-34
02 saturation (%) 9.5 | 956

EoEtcERT 5. FLBUHEARE, EE% water jacket
TEHLI TR, water jacket [TIERFEA S OEKIVE
BLTOH30T, BEL0%, BECOBECKHL
BT Ll s . EWEX120mmHg wiREL . FLER
BANKIT 5 MK &, FLELER L B OO v
VIADF AT ORFE 1wt

A % BT preload k- total load % \WA WA T

BEHE T, FRIEMBRR S 5 FLEG ORI
BEE (dL/dt max) &0 T EHE G0k,
proterenol, CaCl,, propranolol £ one-shot GBI Mi¥E
ek s 3, ABEHOPMOEL KR Lo s
ATRE TR . AFHORBMEEL, 60/min %
FeHE 1 1 45/min~180/min DRI 7o > THEIL I 7.
FMOBE L, BEL D bRI20ZA & eBHA M, -
N ADIEL Imsec ThH-o7-. EFITHO0Hz ¥ o B
o U CPHEGIRIBRE L R0t a AV, K
#260mm/sec DBEETHED>TH 0. LFHRED R
i, APPSR TS F o — PR OMEEEZ KSR
ERCRELT, ODHREL L. BEOEEE0.270/
min PIFIE S 2700 T, WIE S MEREEO D
BRI NBT 0L Bbh5.

‘ I, ERagEER

2 WERIEH L ic 10 0PN O FHAME % 7R
9. Lmax 38 RBNHEHC B\  CRER P BKR
& 7o le Ry OFLEF AR OEE A0 LR &
REDER T TCORITHY, dJL BHoEERE
TH%. preload, total load \IH BEH; OS5 WHE
T normalize U7#fETCHERLTHA. EHEE
B, SRS Lmax T normalize U7zl TFH
RLTHS.

B 4 el fEsk o afterloaded contraction 7 J;
BREWFED G%, K4 0HEM it KER
ETH LR RGEoF AR T, SRR
CHEH OFRDEEN co R, Zo 4
BEANRIEERR <h Y, FRIDMUMEN 0F
RFEICRAD BECET S, 2 Shic@fc

iso-

]2 FERw R IEHRA

volume of average Ccross- maximum stress i
Muscle L max (mm) muscle (mm3) sectifnal area (mm?) (g/mm?2) maximum 4L/ Lmax
1 10.0 85.1 8.5 2.9 ' 0.11
2 16.0 136.7 8.5 2.6 0.19
3 13.0 53.9 4.1 4.9 0.19
4 13.0 137.8 10.6 1.5 0.13
5 12.5 75.6 6.0 3.4 0.14
6 12.0 78.3 6.5 2.8 0.12
7 12.0 90.5 2.5 1.7 0.17
8 15.0 105.7 7.0 1.7 0.08
9 12,0 53.9 4.5 3.1 0.13
10 14.5 79.9 5.5 1.5 0.1
mean £ SEM 13.0£1.75 89.74+29.42 6.87+1.99 2.61+1.07 0.14+0.04

L hax RERBRETRADRERNEBLLMERTS 2.
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mm
10

LENGTH J\l —/—L
—

115

40msec
g9

10

[

dL/dt ﬁvf\,,_( —J\—\f—
dF/dt ,/*\_\/_; —/‘\—u"‘—

B4 EBomG
EZX B % o afterloaded contraction pi& %,
ARRAEREC X 5 BB ARG T, dL/dt,
dF/dt 13, ThZEROHE, DHRNOREES T
5.

>
= T
o
3:4-0 ' muscle 6 .
> 'z
233-0 - 1 1
a1 s
&2 5
5520 o
zZ3 it
=k a2l
3310F %
3 ~3
<0 -
< A
=
0 005 01 015
EXTENT OF SHORTENING
AL/ Lmax

5 wAuwAi preload, total load = ki3 % B
UFiRby o BHiEE BAHR i) o FRM
BHEEOMMAEY AT, BERITC, EREHIIES
iRy,

19

mAMBEEE (DIT-dL/dt max L5E4) QRET
preload, total load, contractility 1) 5 @HE D
afterloaded contraction DPFHRBIEZINI-FA
ESEE X 0 /NS TefE% &2,

X 511 preload, total load % A\ A 2L
T eEoOEHEE (AL) % Lmax CRLiz
5 (Bs#D) & oBfD-dL/dt max % Lmax T
U7 GEERD L oBRE T r o LI DTH
%. AL r-dL/dt max (3 BHEEIMRTHS.

£ 3 IIAERTHGEILES O—EEE O ER
To-dL/dt max & AL OBERAYEBER TR
12bDTHD.

6 T % isoproterenol 0.2ug, CaCl, lpg,
propranolol 50pg AP IMKFICIE LT, DI
P 39T 4L % B{L 87 FEo-dL/dt
max DZELE RLThHS. 4L osgimc kgL
T-dL/dt max ML TCB. &D T Ehb,
DR fEE DALY [E#E-dL/dt max 7ML X235
DT, AL OB IC ko T-dL/dt max %
WINERTVHEELbRD.

B 7 IR & AL X2l B> ~-dL/dt max
% AL CRRUICEOEILERT. IHEEE OB
WML Ok * 2 s e5. > D preload,
toatal load 2SR DS, IHERE OB L
THEEO Hms BRohs. o HE o-dL/dt
max OIS AL CHBHIL TS, D% D ILHE
& OB b b-dL/dt max & AL oK E
PR AL IRINNE WS T ENFT Db

R3 FERERozL®»
Muscle Preload Total load Relation between -dL/dt . = (Y) and

(g/mm?) (g /mm?2) extent of shortening (X) .
1 0.09—-1.13 0.46—2.83 Y=10.05+19.23X r = 0.886 (163)
2 0.09—0.98 0.46—2.58 Y=072+21.95X r=0.908 (134)
3 0.24—2.03 0.32—-4.87 Y=-0.19+46.17X r=0.925 (169)

_ _ Y= 0.05-+18.58 X * r=0.980 (33)

4 0.18-0.63 0.57-1.55 Y =—0.07-+H2.91 X** r=0.8%4 (35)
5 0.13—-1.34 0.71-3.72 Y=0.07+48.16 X r = 0.906 (180)

6 0.32—1.26 0.78—-2.76 Y=0.230+29.03X r=0.973 (99)

7 0.13—0.94 0.40—-1.72 Y=014+32.89X r=10.922 (88)

8 0.28—1.16 1.14-1.72 Y=1011+34.4X r=0.971 (38)

*R36°C, ** RICCOLBEROES, TRUAEITCTES.

MR OKFRBRERBAERT o
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20

-
'y 8.0
o
I
- muscle 3 e
%
o o
[3
4
=
é 6.0 b 2
-
]
S~
J
o .o
< . .
> I8 -
’: )
9 4.0¢4 n
9 R
w .
> Lo
(O] ¥ R
z T
b4
]
£ 20
g ' e e control
l:," =&t ¢ propranolol 50pg
b3 i ‘:Q  calcium dichioride 1ug
g S¥ o isoproterenol 0-2ug
< L
=
0 01 0.2

EXTENT OF SHORTENING AL/Lmax

6 R5eFEEED7Tm» bTHD, isoproterenol,
propanolol, CaCl, 5o R v R+, ERER
HEIERT.

5.
& DR TIESTCIC I\~ C LRSS & 45/min~
180/min_ iz 357:>C 2k K& 428, -dL/dt max
& AL DBR A otk

mm
1212

126
LENGTH
3

134

un
(=]
o

A
o muscle 9
AR
2
= L4 4
=~ 30 3«8 _ 3 ¢ * .
=
£
= 20} ]
o preload 0.49g/mm2
i} total load 2.27 g/mm?2
T 10t extent of
- shortening 0-09-013
x L N N PR
(w0} (20} (80) {60) (50} (45)
0 0-5 1.0

TIME INTERVAL BETWEEN CONTRACTIONS (sec)
(FREQUENCY OF CONTRACTIONS ~ min™' )

BI7 #mhcIUEEE, B REREEY
D FEEE © normalize Lk L oTh
5. BERITCTH 5.

2T OEBRER CILLHEER & OB R
35 & Bl hmn D] (Horce at lengthening) %%k
VEHELERDH T ENTEL. WHEL—ETR
B, DHiRME 750 (M8h ) %X &<
T5EE8 TR T X5 rc-dL/dt max (F7cb
LENGTH g0 TREHORAAE) A& /s
%, &R O SR IIEME O F R
(H8HWED L85, XbLRMET
BIEK ¥ LT W & EREMEER »+5
CHEATT 5 B FRDEMR 2T E 50T,
-dL/dt max ZRFCPHILTeh R LD B, LF
BAMET 5 S total load & &L \WFHIF 8 C

dudt o~ e~ e e

aFIdt N /-—/_Lj\v_/—

A

c D

8 preload, total load, contractility —% ¢4 HHEMBENc O rnbd D E K%
AL Twokln trace ZENDIFECEARTHS. BB ARKERED trace Th
Z. BROHrmBETsH (JE1) » preload & total load o 58, Cufh
BT 57 & total load AL B (% VA% o afterloaded contraction n#4),
DitfhlE¥ % i totalload X v REVWHAETHL. VEHRERIEERAEE S

B AR,
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80
muscle 8 .
. .
& ‘60
w [
.
P
< L]
= 40 . "
: oo,
o
~ .
-l
< 20 M preload 0-29 g/mm?
totatload 114 g/mm?2
o, e
0 05 1.0 1.5 20

FORCE AT LENGTHENING {g/mm?)

B9 MHEcLRIitaRocoBernd
T, e ZRBBHEEY EfET nor-
malize Licfi%x Lo EchHs., H*ix
afterloaded contraction DEFEETH 5.

>
=
Q@ 40 muscle 4
g e
>3
Oun3d}
Z—
<
g:J_:Ef 36°C
5 Z 20} ]
e
-4 2 £ 32'c
= E1o P &
22 PO N
=2 PRb
»x 0
< L "
=
0 0-05 01 015
EXTENT OF SHORTENING
AL / Lmax

B10 36°C (@) £32°C (A) kit 5 EBAzL
GEDIOEHRELBMELHE LY OR
KEBEECBBERT.

w3 = L L @BE @ afterloaded contraction & 7z
D, LEOSEIIEHEBEIERY (DR R
SE L Te k) 1B E %S, total load 1D
DR MBET 5 IrKEL{e>Th (KM8D),E
TESMARREAA ¥ AR IIGRER (ORRE
D) Ih BRI hliwoT, LEBETLH
L-dLjdt max 3 F7- HBITH X 5RS. O
Mo X535 wRT.

DI R al 3/ 1B =Y R g i) S WA kg R VA
AL XIS E LML, -dL/dt max i3 4L XK
FIBARIC B Y , & DAL (sec™) OHfL%

21

100 ¢ T
E muscle 10

. s ¥e3.03x10" 737X
Tu .30} r=0993 (n220)

o

)

~ 3t

1

3 10 ] E
< [ i 3
= sf .
x 4
3 t .
_f 3 preload 0-33g/mm?

E 2} total load 0-73g/mm2

a -

_Ic &L /Lmax 0-015-011
L 2

0-0032 0.0033
ABSOLUTE TEMPERATURE™( K™

il 7rv=vR«Tmrytb,

BrEnc R E o M E, $he O H o &R

[ R B % 454 & T normalize L 7o fE o B AR K

fExrmy b LichoThHsb. WMEOEMLITIS

0~25.3CocH 5.

Fo. L LLHEREXZE(EE5 NIRRT
X3 rB U 4L wwx U T-dL/dt max 3R 7so7:
% &%, 11T preload, total load 23—%g D
BEOWHNREEOYH L (-dL/dt max)/4L DH
RAFE L OBFRE R LI D THAE. 2O =
v FE7 v=92 .« ey t LIRTHh, ThiE
Beics w5z &z, (dLjdt max)/4L it
THRECEEY, (LEERNE—ARRIGOSEE
LRUTHB EEF®RTS.

Iv. £ i

DEAO MBFEIHCE U T OO0 O T2
DDA v FER LD IERCBEETHSL &
ELZ bR TWBEIhb LT, LDEOIERD
BVLLHOMBEEN Fo X 5 ezt
WHENNE BT S SRR EA TR, 2D
BRI, EEOHBILTORRICHT S preload,
total load DFREDORIEHK X LLERBOWTER
BEORTo I EedbtELLRSD.

ATFFE R B AR & e B OB ©
% % preload, total load o [EREAFRES, D
£, OIFBEENEDOILM S 2ENL >0, £
ERoEh D ORI & BRI IEERIIO TR S
FARERMIE L, oD preload It kid
HESR MR S MBI CREA L D
ThB.

AW O IciEELS, ~dL/dt max 2% 4L i
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22

BITB LW BETHBHR, IO ORER
B3 aREe, OFEEE L) oXesn
bbT, DHCEEDHETHEZ LR THOL
Ezbhb,

WD OLFOEREIFEOTFEN D, BT 2 =1

T 3 VAP ~28°CDRET, DFOMRE LT
¥ AR Y, BHOBPRLHEMIEL 2 &
BEBR TS, Ll 2 OMEEEEET 2408
1235°CLL OB IR EHAL, EOENIIER
DR ELEBY . Z O, O OEIL Cat 23
sarcoplasmic reticulum HEDIAE N B - LI X
DOTCEE S EEZ BN TW5H, 3BCL Lo
R TIL sarcoplasmic reticulum 23 Ca* #Hy D
RATEEIIT CRERKCELTEIY, AFa—
AT I VvORERYELTY Cat ORI ALBE
Brn B TR LWL TEA L. A
ERITCE IRV RE T DT, &
Fa—A7 3 VL IED BEHER Rk FEL,
~dL/dt max & AL oBAf& B2k otc &
Bbh3. CaCl, 5 LEHBALCE I T2 — v
T3 VAL D release B T EREBNT
WBRP, LEioB i c-dL/dt max k 4L OFAGR
b SRin ol b #F 2 Hhh . propranolol
EELISBEIRARTH O, iR, RERC
Tk contractility % 28k & & fo i O ABAEHE
B L) oBbrxHY, rhic RAgofc-dL/dt
max D LN bS5, 2 FH 4L L-dL/dt max
OO GIER (-dL/dt max)/AL 12k L g
. WEEBRERELT AL 3k S8 B

(~dL/dt max)/dL DOBIbiL7chDTz.

O ORE &\ 5 B & X 5 T LR
G IO THIER SR TH MBS TR
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