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(HBFI534-10H 30 H & 4+)

1954 #£, Wroblewski' &1z & 0 & LB EE
LBLTIE GOT o F#NBEs hTlisk, MmiEEe
FOREGSHOHIEEE OBMICIERARE b
DL, BBHEECRIELED, B2
Wit REEL E g ML bt ZOREE
o, NEEROZHPIEELEECEDI-bOICT
AV HFL L SERIEDBKIGAMS 0, i ME
LDH 7 1 v 44 &, CPK 74 v 1 4 430 O 3H4E 1t
BEORHEEREET 260 LTECIEAs AT L
BIME L EEBRER & D AL B O (S B %
GOT, CPK, LDH, & LDH 74 v ¥ 4 2 O E %
BAL, OBICERNZLDH 74 v %4 4 1 43 A
W, bz ©— 2 1& L 2 18 OB S8 12 mono-
exponential T/ <, - di-exponential Th 22 & %
B, MRELHNTOBERER I B B LG, 5
DEREDS TR, AROEHETRLGH > OBEDRE
. BBOMEM, BLUEATOME, Btttk
BICHBRL TV A LARBL LMY, & OBELE L
hOBEREL OB LB O—IMEMET A L2
BELT, 55 bE2ROTERELEEEA(ERL, 7
DLERIEBEREBOBAEL BHE L /-,

®x B A E

7y b B PESY

250 ~ 300gr. DHEHES » + 100 VT Rona @ K&
IZ# L T Isoproterenol hydrochloride 10mg/kg.
BFAES L. 24 ¥efl ik, HORREMERIC L 2
provocation & Z L WEMCOEHA2ERI L . 05
v b ERIEEHET (Control), #IEIESL 3 ~ 6 B

(F3~6). 24 %M1 (F24). Provocation #% 3 ~ 12
B§M] (S3 ~ 12). 24 B8 (S24), 48 ~ 72 B[S (S48
~ 725, 192 ¥R (S192 ) & BEEICBIMBIES &,
HRBLUEED S OBBETLRBBE LT, iz
BREMERLCOBLHEEMM T L5 ~ 7 @2
UL LEEHORER, LASOBESE Lo LR L
LB E MO, b b EMBmEC =5
#L. L5 LDH, LDH 7 1 v %« LBLUCPK 28
EL. BBMmERERNC & ICBMRNL ;v 7
LOSBEMOLCIFEELYRTEAL, 8BS 1A
ELTHIEL.

LB 3 0 E

BRI RIS EIL 2 LB % 2 h 2 kK T 30
o pHT A BEFHK 4+ A v <, ERM
homogenize L. 4,000r.p.m. 30 4, 0°C e C#ak
ELREO LBV TE | ofnx, Wroblewski,
Radue™ o UV o gz & b LDH 2BIE L #- .
LDH 7 4 v %4 A0RIEHE 2 0, Wieme o
EHE o N S OB HhIc & 2 REIERELRBIEIC L b
T8~ 2229 CPK 1% 3 ofnE Oliver' o UV
BoEEICLOHIEL.

#E £
1) .05 LDH o 258
B 145 5 b OLEA LDH o B RIRIHER % R T .
feR 4 LDH GWIMEEH % 3 ~ 6 B & v,
provocation #% 192 85 T S3 ~ 126594 % . 12
W—EL@EERLE. S3~ 12 BT r—Bio
ERERL. provocation FIOREEI L EED

Studies on enzyme alterations of heart muscle following experimental myocardial
infarction. 1. Studies on enzyme alterations of heart muscle following myocardial
infarction of isoproterenol-injected rats with reference to LDH, CPK, and LDH-iso-
zymes. Kawasaki Suguru, Department of Internal Medicine (II), (Director: Prof. R.
Takeda), School of Medicine, Kanazawa University.
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Table 1. Method for Determining LDH in
Heart Muscle and Serum

Heart Muscle, about 0.5g

|

Homogenate
pH 7.4 Phosphate Buffer
X 30

i

4,000 r.p.m., 0C., 30 min.
Supernatant X100
(or Serum)
0.1 ml
+
3 ml
Reagent:
50 mM Phosphate Buffer pH 7.4,
0.6 mM Pyruvate, 0,18 mM NADH

1

366 my, 25TC.
4 E366/min. /ug. ml/3: Heart Muscle
4 E366/min. : Serum

Table 2. Method for Analysis of Lactate
Dehydrogenase Isozyme

Agar gel electrophoresis
1. Supporting medium :
agar (Special Agar Noble) 0.8¢g
Barbital Buffer (pH 8.4) 100ml
(5, 5-Diethylbarbituric Acid 8.5g/L,
IN-HCI 11.5ml/L)
2. Electrophoresis:

5.6mA/cm, (60mA, 100V) 60min. 10-147C.

Detection of enzyme activity

1. Reagent:

A+ Tris-HCl Buffer (pH 7.4) 56ml],
(Tris 7.2g/L, IN-HCI 50ml/L)
KCN 5ml (KCN 0.4g in Tris-HCI
Buffer 100ml), 2M-Sodium Lactate 4ml
(Sodium Lactate 30ml in Water 70ml),
PMS 5ml
(PMS 20mg in Tris-HCl Buffer 100ml)
Stored at —~20C..
Add immediately before use:
NAD 40mg, NBT 30mg/70ml of A.

2. Incubation:
37°C., 60min.

R (P <0.01) 280k, hicx LEREELDY
F3 ~ 6L BERICHLETL, BEEEL
i OHEIZIEBEE S0, provocation % S24 8
ETRIEME D, S48~ T2 R,  S192 BTl
BiciET 2 ER%ERL. £ 83 ~ 12 KL b S48
~ TRV A E TRHBEREOMICEEOLT

(P <0.01) %28B»i-. o IR M LDH
HiRERERLEFROBEERL, S3~12KEME

Table 3. Method for Determining CPK in
Heart Muscle and Serum

Heart Muscle, about 0.5g

Homogenate
pH 7.4 Phosphate Buffer
X 30

l

4,000 r.p.m. 0C. 30min.
Supernatant X100
(or Serum)
0.1 ml
+
3ml
Reagent:
0.1 M Triethanolamine Buffer pH 7.0,
20 mM Glucose, 10 mM AMP, 0.6 mM NADP,
35 mM Creatine Phosphate,
HK-50 xg. G-6-PDH-25 ug,
9.0 mM Glutathione

l

366 mp, 25C.
4 E366/min. /ug. ml/3: Heart Muscle
4 E366/min.: Serum

ab/min.

Cont.:Control
.01} 1! standard deviation

e —infarcted part
v-.-marginal part
e--intact  part
f: hours after first  injection of isoproterenol
§ . hours alter second injection of isoproterenol

T T T T T T
Gont.  F3-6 F24  83-12 §: $48-79 §192ms
Fig. 1. Serial alterations of LDH in heart muscle
of isoproterenol-injected rats.
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B, BE—FELEERLL. S3~ 12BHTIR—
BEO LREA.

9) OEFLDH 74 v 44 L OEE

K25 » MOELDH 74 v 44 ADEML O E 5
s, 1478 (LDH 1) & V 43i& (LDH5) o BeRgHY
#HEERT . £ OBETO LDH 1 ORI TRBA
Las{bish - 1245, provocation %3 ~ 12 B A S

BEOR/DERL,. provocation Bij @ 8 I i b
L. S24BkRH, S48~ T2EffiTEBEICELL (P

0.01). SI1922 HBHETRBUIHET 2ERIERL
fo. ookt LSRR @ LDH 1 @ FIEES < i R
LEEDZEENZRL 253, provocation BOEDIZ
BEWCL~EDERTH D, S24BERE, S48 ~
T BT BERCELERORBD (P < 0.01)%ER
Ltk S192 BT EEITE AREIET 3 ER
ARU . - EBHENTo LDH 1 3 fEREH T
FU B CRERCHERLL0EFEML - HEE
TN -7/, ZOLDH | 0ZEFicxL, LDH5
R R, S, MR mERItic, LDH 1 & 16
BHRELERL. BEHROLDH S, LDH1 &F
BEF3 ~ 6 K],  FUEMITRIGAEEE & ¢,

provocation %ML 3 L%, provocation Rijd &
oL,  S24BRR. S48~ T2 BT HBEICHE
L (P < 0.01)S192 BRI TIBICIEL TW % . B
@ LDH 5 i3 LDH 1 & El#kic MIENES % 3B &R &
4 provocation 0L S3 ~ 12 B§fE,  S24 BRY,

Abbrev:allon
Cont, :Control
. standard deviation
® —infarcted part
v-.-marginal part
e---intact part
[ : hours after first injection of isoproterenol
§: hours after second injection of isoproterenal

S~ N2HHTRVWFhLBES KL TEEOH
P <0.01)%/R"L, S192 BT 3 & ki
BET 2 ERERL B EmMERo LDH 5 9]
EFS#I2ESEHE/RE T, provocation HHML I
L, S2UBETRAEERTH, = OBiNLEEEL
BEFHTERELS, SINERETRIAET 2 HR%E
RLf-. Llbkofnd, Isoproterenol &S v kil
B OB T i3 LDH BiEEARD T 5 & dkic 7 4
v HF A4 L CIRERY LDH 1 ofbE LDHS5 0k
D Shich, RIRK, SLEENEEE T LDH &7F
WS 0 LML, --6DTHLDH 1| B
& LDH 5 LEMBRERMNES SN, COLDH 7
Av¥4 61, VHSEOLES LDHAFE®RBEO L H
KEBLTHVWTWALYD, ESEA#SHEL L TE
BT2CE2HNELT (LDH7A v ¥4 61, VA
%) x (LDH #7&#:fE), B1% LDH 1, LDH 5 8%
TEHECHBELERT S &, K3 R SRR
LDH 5 tax7EAd i @ ific e L T S3 ~ 12 B i,
S24 B5fH, S48~ T2EflicBLWTHBERLERLTSH
(P <0.01), 2o LDH 5 ®% 8t LDH 1 ofidic
L BEARLORMTOE(TRV I LSRE NI,
3) MELDHBLUMELDH 74 v # 4 4 14
HOEH

Abbreviation
Cont.:Control
I: standard deviation
e—infarcted part
v-.-marginal part
©---intact part
[ : hours after first injection of isoproterenot
s : hours after second injection of isoproterenol

AE/min,

0.006

0.004

0.002

I T T T T I
Gont f3-6  Fa4 §3-12  §24 §48~72 §192hes

T T T T T T L
Gont. f3-6  F24  §3-12 §24 §48-72 §1921hrs,

Fig.2. Serial alterations of LDH, and LDH;, fraction Fig. 3. Serial alterations of LDH, and LDH, fraction

in heart muscle of isoproterenol-injected rats.

in heart muscle of isoproterenol-injectecd rats.
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al/min.

LDH) ac tivity

%
LibH4

LDH total activitv

Q,

T 1 T T
Cont. F6 F12 F24

T
$12 §24

I |
S48 S96 S 192Hrs.

Fig. 4. Serial alterations of LDH and their isozyme fraction in heart muscle
and serum of isoproterenol-injected rats.

E4lds » HELDH B X 0MiELDH 7 4 v +
4L RBEORBNEHERLLLDOTH 5.
Isoproterenol iz £ HMEEOEWERTH 5710,
7 LDH th o O RS 3 —iBicd Exn & Bb
3, FUBETEASE S, LUERELOHERER
L7-. &7 Isoproterenol & WIS RBTTH»T
bREEREOEVEBEpAME LDH 1 3 EAE
B8 6 B o T T EFE/RL, FI28ET 10.6
%EBEAERL, LUSHKRL T S48 BHTRTTRE
s, MEEABICIBLUTLAREBEINED -
t-. C oM LDH 1 &.085 LDH | 0 &% KT 2
& HMERES O AT 0E LDH | @B ofia% Ry
otk EEBOIL, MELDH | R FWEL ERER
L. provocation i & b [f17% LDH 1 3J8A &£ H
Lol 08 LDH 1 @ FReibdT v
HEERLL.

4) .85 CPK 0 25 &)

®5iE5 v b OLHACPK ORBHESHE 4 12 b
oTH5. LDH EEMRERTEBR—EOBEEL
n, F3I~0EsILYb,. provocation # 192 Rl
= provocation FRIOBRELR I LEROEH L RE
- fo. Zhic st USRS CPK o @i RE R
HUFI~6HMEDETL, BRLcARE 2D
LDH & [El# provocation % 24 BRI TRAEME & 72 -
b, ZO% S48~ 7280, SI2BMETIHICET S
BEEZERL 2. FEEHCPK 3,  S3 ~ 12 B
5 S48 ~ T2 B Wi 2 E TIHBRERBCHLLARD
ETF (P <0.01) #5RL7. hEsoLE S E RN

Abbreviation
Cont. :Control
1. standard deviation
e —infarcted part
v..-marginal part
e---intact part

]f; hours after first injection of isoproterenol
S: hours after second injection of isoproterenol

1

s/ min.

0.02

0.01 =

T

T T T T T T
Gonl. 3 b fa4

§3 12 §24 §48 72 §1921n
Fig. 5. Serial alterations of CPK in heart muscle
of isoproterenol-injected rats.

CPK i1 83 ~ 12 BT —ltk ERERTLUAGR
—ELEEE- T

E 7%
1) 05 LDH 35 &£ ' CPK 0 & &)

Catecholamine 52 & H LERICHEEMNE D, ©
naHgSN I OTEELBUORRERT LN
Rona 52" kb #i&EshTWwb. Romadd
[soproterenol 5 & LEHEEORE &L OREK
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BRELREFESE D, R TEEE COHERE S A
3C&%ATWE, —F, Handforth &'%3EFmE
Zo#E{bicEB L,  Isoproterenol #5iic L hEL
(HEBEAEESRZ I LE2RD, ThENTFIcL
% hypoxia RUREIMCE - 3 0HBHOBERE D
BAKICLBLDTHBELTVWE. Raab'"® 5 4 [F
B, LR OEEGGEO hypoxia ICERYT 3 & & %3
»TW3. 5EEEL [soproterenol FHHc L 35 »
F ML O EER T, BIEMOEH N O BRAER D
THIEESLD, I OLHRNBEROERNHIER
PRFALICER BREEEL P EENRLEL
HELBLEENTWS LDHM, —F M LR B
LR BELBHTRVWE S 3 CPKM™ hitkic iz
EFLEEBERT I ESHEShIZE N,

Wenzel &'%12 Isoproterenol 100meg/kg. & &t ic
k35 v FEERLOOCE LDH 3, 4SBRRARTH
EEELZY 4BTIHICET 2 LOBEERL, OO
#% LDH 0B/ i3 lith~ D& TH 0, £ DFF# & L
TR LDHI o B HBEDONE T &, 84U
FEBOMPLDHI 3 EHET 3L WS XN BEE%
b TWVWAE. 5@ D ERT It Isoproterenol
10mg/kg, 2EEHTHY, Wenzel 5OEE L I
ETEE 25 provocation % 24 Bffl, #EIES &b
BEMTRELRLZRBICET 2EmERLL. &
t Wexler 5 @& 5 » + iz Isoproterenol
500mg/kg 2 TR L 24 B REOE A & %
FHVERERCGEIER L 7 CPK o BRMTL &0
B A, 2EAERF TR~ BETOd D
CPK BEEICET 2 & LTV 3 LEHEEIC L 3,08
BRoMAuEHOME 125 922 FE% 4~ 68
WMeE#RLASBID, I~ 2UBHTREHECET
LT RALDONKENDTHS. £/ HEBEERDBE
SHMEEROMBEREZD LRI 24 ~ 36 TSRS
ETS3LENTVLA BRL WS . Isoproterenol
EH S5 o bEMMOCE VT8 & Mgk LDH',
CPKY™ o B #at L 13 b 248, SEOERD
M R E MDD Ic B T 2 RS AEMNREL 3
LDH & CPK o LB RE B A RIE it E L B 1
Biiisbt oy, EZORED S B & 2B%
DR MR DE W LDH &, HhEilsk 0@ v
CPK b Bl < b . ehi B FE o8 & 1 B
BObDLHEESISE.

2 ) 0 LDH & & of LDHI & [# LDHI & 0 REF%

RO ME LDH1 © LEMSLE 2 5 O e &
Al tfom THIH, SEORBED S
Isoproterenc! F§t 5 » +EMLTIE, L8 LDH o

B LDHl o ER 26545, 20 FREL 39
B4 24 B¥fT & b . 085 LDH & Oz 85869 2
LABS S, £0BLDHL L84 b
(O LDHI i3, % LDH1 A RSl % 5~ Bl T ik fs
AERDET, MEFLDHIAHELL Tl LD TR
FEMTRIABELELTV LS WREEERLE. £
AEEFS » P LDH 74 v 4 2 %HE L 7o
M LDHI & P4 S EEL BV O TR
ot Bbh s, MERENL 2 LDHI .88
Rk BbOMNELLBEERILTVELEELZ LN
3. - TEIOVH T BERO&N & BRI OHNT
DREBIMI T BRLEL WO EMHES A LD LTS
nt.

3) LDH 74 v ¥4 A A EDOEH

DD 5> OBEROBIRAIEAZ ZHWTRVI L i
EMCGE LDH 7 1 v # 4 A 5E#&5 LDH 0o &b ic
> TRESCEMLTWLEENChESODLT
W3, 5y MO LDHI 08, SHEH T 20
LDH 0o#jfeL [F LB % #/RL, provocation %
B L 192 BB CIRET s @mAERL:. &
7= LDH5 i3 LDHI1 & 8@ » — 72w LR L,
provocation % 24 B A THA & 4 3 1LBIER L £,
T Ht U EFE R LDH 14 provocation 1% 24 B
M, 4A8~T2BMlicBVLWTIERHENICELE » T
VAR b DST, BETRSIMNEREELL,
—5 LDHS i3 ERMBBI - T & 3EH I E
4 5. Isoproteronol F&Hic & 3 ElMLLME, BB
Rona'?, Handforth'®, Raab'® & 0#i& 0 L8
D —BHED hypoxia it kW ERBI 2 b D & &
Aohdn, BESHRREZET 20408 L, WIRK,
HEVICIEETH B 08B L O+ ORI E Lk
BHEME 51 3 hypoxia W TEEE L S
O HEMMEEOEEr b kT ¥RV, BREOD
hypoxia T LI £ TE AL LDH & LDH
TAYHFEALSEOEBIIERICE T 505, LIS
W hypoxia Tid.0 8 LDH 3ARLETLDH 74 v + 4
LBOEDOADKEE EBbN . SEOKET LB
FIEMSD LDH 8 &L O LDH 7 4 v F 4 & 4[EH
hypoxia @ #EFGINFENIChd b S REE I L] 7- B Bk
ERLIZCE’, OSSO ERZMAEMNLE T,
SR IEERTOEOTHY, £1d 30 id
Braunwald’® @\ 3 4n< propranolol &Iz &
D EERSHDT 2T DS 2 Wh W 3 twilight
zone KEHTAMATHE bbb LAL V. L5
LDH5 08t LDHI & 85 RL - i £ H)
Tk <, LDH#MEHEMNBLLTVEICbhhD
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5 LDHS @Bs AR FHEAERL TWi . LEEME
ic LDHL o#bicfk-> 7 LDHS &M E I 2 2 &
it REHRH O BE KT 3. [soproterenol
EHHc k35 v FRILLO O LDH ATEME & O 8
LDH 7 4 v ¥4 & DEOEHZHE L /= Wenzel'
ORETIZ, FEH 24 Bk S 72 RO TRIES
{Eizg/bE o, LDH3, LDH4, B8 &L U LDHS i
Gk AR BRI TRAMERL 1%, B4 IIEL 10 8%
RIKET A MM ah T 3. —7F LDHL
LDH? iz /E5i 1% S TR OIFLVEDERT L 0
5. EEOFSHEREICS 30812, H I tetramer
WEBATWEHENT F O TCA cycle R# I
IS L THBIIABCEE T F oBICERT 2, £
MEBE T e F oo RSl . LDHI
OIIERBBEBICHES AT LEYL, ThMEMT
THIABMBMNEC 3FEEEL 3T, Bt o
BB L B AT OB HY 1 4 v oML
ADOHETIEHETLBE WIS, LDH 74 v ¥4 4
DESHEBITTAI itk , BT FuEROR
WETS bOLMEESN S, Zinkham®® 2[E—HE
B33 LDH 74 v ¥4 LEOBEHI> W T, BB
IRLEFT 14 LDHS it A TW 3 53 BL % &8 iz LDHI
BRI 52 E4RL, Dawson® & & @KL,
BB S LDH 74 v 4 2a0BEE2E D, BEH
B L TRIEWBEINEETE 50> T AW
FERERGTICEB T 3LDHL #2855 LDHS &
BRAOKEG, LHPFOMBIEETREAERS
kLS TABRRENY, coBBUEh OB
FORBMROTLPHERILLE D TRIEL, BO%R
Birk-THEINTLWE D LHEEL T 3318,
IhoDHRM 5T hid, Isoproterenolic k33
v bEMMCOEER O LDH o &4 & LDHI 0 & & o
i, LDHI o#&& LDHS 0Z# & Dffics Shik
BRI iz, LDH 74 v 4 A B0EEZET L
3 3 hypoxia Q& & LEHEBEREN O BME & &
EENL DEBEREISRTWAERTHD, 1
LDHI & LDH5 o b BlofMic L - THES 1
TVWAZELEREBLTWEEEDLNS.

LI E Isoproterenol A4tic &k 335 o b BB O Ly
BLDH 2D 74 #4144, MELDHEZD 74 v

FAARODHCPK E 2D 74y 44 5D EEBHE

B o, Wb 5 EBEERE LDH, CPK 0 @hEiz Bk
OB o DO AT, COBLERICET 3
BN BEEEHOBRBICL 2 BMA 5 5 T MR
aEhfc. FRIOEBIEMORERE, AKERL
ENEHICBFEL, & 518 OEED genes O XE

& 2 RMELMET B LEL LN,

i i

Isoproterenol FE&HC &£ 3 5 » b EMLOD OERREE
REBERST L, ROEELB-.

1) LEHABRORIBENE(LTIR, BER. ey
M. B e &, LEN LDH, CPK 131313 Efik
EEHL, BROEEICL 3 RROBMMER AN
nish -1z,

2) [ LDH o ZRHZLi3, BEEE & v
FIEMMBTIHRE—FEL T30, ENfcr
provocation #% 24 BRI TREMBARL, LIKBKE
TAERERLE.

3) LHLDH 74 v ¥4 L53EB TR, LDHE
TEHEEOER L Db - - BERS & CHREHEDETI:
BT b provocation % 24 B, 48~ T2 BT Ik
LDH1 o #/>& LDHS @ FEMED 51, BTl
EEA %l & LT EBE7 LDH] o # /b & LDH5 o
EEBED SO,

4) M# LDH] 0 ZHHNEE T3, #EEH% 12
BTRE LD, provocation % 48 BT xR
AL EnEh -1z,

5) (B CPK 0 IFIZE(LT I, BRI S £ O
FIEMMERE—ELEERLZO L, B
T3 provocation #% 24 B TRIEME AR L . LIKIH
WiET A ERERL. LEb s, LEBED ELE
D [Pl LB 2 T3 LR T O R B
REHESC boTH B LR,

Wi RAERDIICHAEBEL 2 S MRMEAE
DD ELBMTHRESREBICEE L 2 RELELET. &
hEBEOWEHEHHREB DO £ L oH RS ELs
AHEELRLES. AREBAT IV L /pRumE
T, BOAEEL, REGER LS & CFREEEE RS
Wil Ed.
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Abstract

To elucidate the release mechanism of enzymes from the heart muscle in myocardial
infarction enzyme activities in the heart muscle were measured in three portions :
1) 1schemlc portlon 2) relative ischemic portion 3) intact portion, in myocardial

'mfarctlon of a rat which was produced by intracutaneous injection of 10 mg/kg
1soproterenol HCl.

The results were as follows :
1) LDH and CPK activities in the intact and the relative ischemic portions maintain an
almost constant level.
2) In 24 hours after provocation, the diminution of LDH and CPK activities in the
ischemic portion was remarkable compared with that in the others. After this, they
gradually increased approximately to their original level.
3) In 24 to 48-72 hours after provocation, the alteration of LDH-1 isozyme fraction of
the ischemic portion was remarkably decreased.
On the other hand, LDH-5 isozyme fraction revealed an abnormal elevation.
4) The level of LDH-1 isozyme fraction in serum was at its highest point 12 hours after
the first injection. :
From these data it is possible to conclude that, instead of a passive mechanism, the

mechanism of enzyme release from the ischemic heart muscle is an active enzyme
release mechanism.




