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VAED FREME->TWBI &5 BH LY, B1HIc
BLWTEAIZ.  Isoproterenol EHIEHE VS
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BB L2 BMHEBEELE. 20k, K
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DERTHARKUEED S 0HET, MEDLE, @
BEUE, BLUORER I T OHRL, BEGS:
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X 1 E M ERDLEN LDH 0 REBHEHE & - b
NTH5. REWMLDH HELEOEBI LB LD
EHERT OO, HHFORFEHLLDH L v
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ChiT kLS LDH k%D Em % R L 48
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&R L7 ORE IR 4 BR%TT CIEEE T
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HHEOEBEERLLY, BE—FOETH- 1.

Studies on enzyme alterations of heart muscle following experimental myocardial
infarction.  1I. Studies on enzyme alterations of heart muscle following myocardial
infarction of coronary-ligated dogs with reference to LDH, CPK, and their isozmes.
Kawasaki Suguru, Department of Internal Medicine (II), (Director: Prof. R. Takeda),
School of Medicine, Kanazawa University.
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HEERLELDOTH S, BHEEO LDHL & 24 B[
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LEBTURHL, z0RRBBIE-ELLEIRERL
#o FEEESMo LDHL i3 24 BRI X D #RERL . 48 BR
DlgEmc b LERCROL (P <0.01), 2K
B, 144 BRI BB FRIcH L. Thicd LI
2E;08o LDH] R o Emic b v 144 &

ki EESIcLERCEDL (P <0.01). %%
Mo BT AL EECSWMEER L. —/ LDHS i
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WL LT OEEE A, - 1o, HFEH LDHS i
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Table 1. Method for Analysis of Creatine Phospho Kinase Isoenzyme

Agar gel electrophoresis
1. Supporting medium :
agar (Nakarai) 0.8¢g
Tris EDTA
(10.8g)  (0.925g)
2. Electrophoresis:

Borate Buffer (pH 8.4) 100ml
(5.5g/L)

3.5mA/cm, (35mA, 120-150V) 50min. 8-12°C.

Detection of enzyme activity
1. Reagent:

A: CrP 20mM, ADP 2mM, AMP 10mM, Glucose 20mM, NADP 0.8
mM, Mg acetate 30mM, HK 6001 U. in 1L Tris acetate buffer
(0.1M, pH 6.8) Stored at —20°C.

Add immediately before use:

G-6-PDH 30L U., NBT 60mg, PMS 5mg/100ml of A.

2. Incubation:
37°C., 60min.

Cont. : Control
1 : standard deviation

%

AE/min. o —infarcted part
v-.-marginal part 50+ - ,£
«---intact part . N
B A e (N I
f-o.
- 40
v QUSSR
0.02p -
Avoreviation
Cont.: Controt
{_ L . I : standard deviation
1 30, o —infarcted part
ye.-marginal part
= e--intact part
0.01- 10+
T I I I T
Cont. 24 48 72 144 s, Cont. 24 48 72 144hrs.

Fig. 1. Serial alterations of LDH in heart muscle
of coronary-ligated dogs.

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

in heart muscle of coronary-ligated dogs.
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absmin, 0.01) LTWie. &/ LBy Mt © LDHS 2 REL
CHUBED LRERT &0 OEB I 384 & RE
TREEHR 24580 5 U BHICELZEITEER LR
Ba S, LhL 72 %o gig i LDHS
3, M4EBMHBETEEER L LEEQCET (P <
0.01)%RL7%x. ZOLDH 74 v+4 41, VLoESE
extEs LCiEBT 572 (LDH 74 v ¥4 41, V
53E%) x (LDH #/EH:E) Bns LDH1, LDH5 # 4
FHORMERMEERD 2 &, K3 IcRT 0 EESR
O LDHS 0 ESRUBERL LEEZE L LR (P <
0.01) LTV 48 Eef1E, 72 BERSM%, 144 BRI T
(& LDH5 o fEsiEtkE s BZicin (P <0.01) L,
LDH5 (2 LDH] & @AM ETLER T 3 i3V A
LDHl o@D it X 2 5AREDORMIF O, 2% b

0005

Abbreviation T m;(‘fa"] fi ﬁyjf zi r; b & 75‘ E}q 6 jb) ‘:’ é h f: )
e 3) MM LDE & £ FIRLDH 74 7 4 & DR
* —infarcted part E}

v--~-marginal part

+---intact part

X4REEROMBELDH B LU LDH 74 v # 4
& 158, VSEOKENZEERT. [ LDH o
EBC AEBRER & 0 5 FRNESIC L 2 BENK
EWEBbNEM, LDH 74 v #4 4 1 4EII3ER
0BT ERLEVE, FE L LDH Xk it O
BREEZSNS. MELDHL REER%aE LR
L, 0 BEETREEEL L0, DBREESECROER
7L k. ol LDHL %08 LDH] 0 &RsHIZE1L
Xt UT#E S 5 &, 0 LDHI 25 & X BE o &)

0.001 [~

00005

Cont. 24 48 72 144015, ERTICT EL O 24 BB MR LDHl 0@ % i1 ¢
Fig. 3. Serial alterations of LDH, and LDH, fraction TiESEERL, Lf LDH] B REMERT 48
in heart muscle of coronary-ligated dogs. A% T2 M7 LDHI R @R H 72, Tl

at/min. 7

LIDH

0.05 -50

LDH total activity
~25
Cont. 3 6 12 24 48 72 144 hrs.

Fig. 4. Serial alterations of LDH and their isozyme fraction in heart
muscle and serum of coronary-ligated dogs.
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ZHOOEFAERT OO BIF—FE L fE%E 0L
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FESEER CPK 1375 v 2 BBH TAELWHEHET
WDERE %R L 48 BRRILI% b D L 48 B TRIE
BEM TV, A8 ERRIM T2 BRI, 144 B
BOMERCPK BBEH cHE LERCED (P <
0.01) LTWwiz. WEBMEMBOBRIILEREZEL
NSy EMAEC, TEETREERE O EDERIIC
Hh--HEEOEHTREL . ELEEHRCPK L0
MicbEEZRED oML - 12

5) L5 CPK 74 v %4 4 DEE

CPK 0BRMLBHAE s NTWBECPK 74 v #
4 & MB SE OFMMZEE A4 5L, K6 Rt L
EARTRETHEMB AE B EE—EOMAERL, &
BRATORERCHLEEEERE UL fo. HER
MB T it 24 BRIBE DY 5 v F 3K E WA, TEIHE IR
MDERERL, 351 B8 EHE%K T2RERERD
L, 8% TRERRcHLERORBD (P <
0.01) #RL%E. 20% 44 BEBICIIAELTY
3. - OMBAHEE4E LDH 74 v ¥4 ADEHE D5

Atbreviation
Cont.: Contro!
I: standard deviation
*—infarcted part
v---marginal part

abrmin *---intact part

0.06 .} "'"}\ {
b -
N -
N -
. -
—
0.04f
0.02)-
I T T T
Lont. 24 48 72 144 hrs.

Fig. 5. Serial alterations of CPK in heart muscle
of coronary-ligated dogs.

A& EREHE (CPK 74 v ¥4 4 MB&E%) x (CPK
WiEdEE) BN MBAEMIEHEICBREST 2L, @R

MB A HEM IS L OLEEIEH 2 b DD EHIERDES
LEWE, BIF—FEOMAERL. BEIIORERIZHL
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%, 144 BB TRIBCET 2ER%ERLLZ. 2048
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HEBOASIN A AT, UERBRT TR
9 @ LDH, CPK W h O BEZRERD & K& FERKIK
74w HEA LBIOE(ENA SN, T 5 LDH
74w ¥4 LT, LDHI o & LDH5 0 Lg#
Hoh, CPK 74 v #4 6TIRMBAEN 2 HE
L.

— LSRN S WEET I 24 B%OBEROR
b, TO T4y ¥4 48T HLDH, CPK #i
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Abbreviation
Cont.: Contral
1 : standard deviation
T s —infarcted part

v---marginal part
o--intact  part

Af/min.

0.002

0.001

T T T T T
Cont. 24 48 72 144hrs,

Fig. 6. Serial alterations of CPK-MB fraction in
heart muscle of coronary-ligated dogs.
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oLHEEORRNERLZEBEL 2. LT, SERIF
BicoWTEEBXMA 5.

1) L85 LDH & & ¢ CPK 0 &)

A A0 B T 0 LDH & & O 05 CPK 13 &%
% AR BRI CRIEME AR L LB PIBICET 2 Hm%
AL, DEREBIEICAE S OB O MR B 2
B|EEFS Y, IR 4~ (BRITERD LR
B, 9~ U RETESECET 2 b 0MEB L
LENTVLE. 4 XOEELT LDH 0D, fich~ o
Bl A B8 U /- Ruegsegger &"0RERIc L hit, &
Bk & AHBIRMOBREER, HE L~ 5SHREBL
DELN BT RIERSIEL, 0BEsE 0 &
#4B&0 S, #7 Redetzki &', (175 & SEELR
2T @ LDH o Z &= 85t L. 8080 LDH &
DIRFEIREIC I LDH 0 FREMES T E 2L T W
3. & 5z Blumenthal'" i3, BEIRER TR LBH S
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incubate UL 7z#B&c# 5N 3,08 CPK o /b i3
BELBHPTHED LI CPK 033 %ict 10T &5
BBL ., OB OBEFRIEMIC & 0 b icid 2 & Bk
iz dehaturation 28 3 EHEL TV 5. (F LDH,
CPK MHEZEIc X b, ML, 20O
LDHI ORDMBI AL REFOED L LT AT
50, SEO0RBoWL, LHEEERDDICE TS
EREHHERE MR 3 LDH & CPK # BB i LR E
Bhe L THELELKERAS 000, 40, TE
DB, B & 2BEROEN ML R
\WLDH & H#nd< ke 3 CPK b 13 iFERE i
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Mz boTIRIEL, LMY O OBRKE ., BEL,
F o iR (O BELIMAC, B0 BB BES
{&® denaturation o & 2 FEEOLRIERBL T W
BhOLETEND.

2 ) .5 LDH 8 X v LDHI & [f17 LDH! & 0%
EHEOBETI, TERERR 28R, 4T
GREEEC L, S0 LDH, LDHI o Fb 28
Bohdi, TCRETHY, 8B ER
LTLw3. ZhicxLM#ELDH] R 24 BT HES T
Hb, ThUBIEDERL, 08 LDH & o i iR
X LB 5. Bifo Redetzki &%, HEEL
™ LDH #3804 2 B, Fksic 0¥ LDH 0 LH 45
CHRILEFHLTVAY, HEOHSELTL F
BioMEdT L BEITVERRTE Y, SEIO KK
E—ET 3. TOREROFELEET 2L, ME
LDHI @ ¢ ~T A& &l L /2 LDHL @3k T3
e LT, M LDHI AEMAERL TV 3L
% LDHI ER{EEICEL TV EVWARR S ED 5 45 b
THE L LRIBOERTH 00 B EEH

ATV 5. Sobel 5F, L% 8 37°C & BHRE L THROEBNCEENEC 30TIREN

24 hrs.

pog |area ofinfarction , |LDH LDH isozyme CPK isozyme

No.| heart weight  “lotal [ T 0T3[4 ] 5 total | mm |ms

1 38 % 15.044.2(39.6/9.0 | 3.5 3.4 22.0 1000 o

? 14 % 26.5]47.3]46.0/ 5.5 (0.3 ] 0.6 63.5|957] 4.3
72 hrs.

3 29 % 11.0 [39.3(36.0[14.6| 5.1 | 5.1 22.0(97.7| 2.3

4 16 % 15.0 {41.7/41.1/10.4{4.0 | 2.8 '32.0{97.5| 2.5

Fig. 7. Influencing Infarct Size Following Experimental Coronary Artery

Occlusion.
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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
portions :

measured in three
1) infarcted portion 2) marginal portion 3) intact portion, in myocardial
infarction of a dog which was produced by ligation of the anterior desending coronary
artery.

The results were as follows :

1) LDH and CPK activities in the intact and marginal portions maintained an almost
constant level during 24-144 hours after ligation.

2) Forty-eight hours after ligation, LDH and CPK activities in the infarcted portion
were diminished, but no significant change in the CPK-MB isozyme fraction was
demonstrated.

3) In 48 hours after ligation and ever after that, the amount of LDH in the infarcted
portion was constantly decreased.

In analyzing the LDH isozyme pattern, LDH-5 isozyme fraction was increased, while
LDH-1 isozyme fraction was decreasd. In the intact and marginal portions no changes in
the isozyme were found.

4) The LDH level in serum increased dramatically after ligation. Serum LDH-1 isozyme
fraction increased in 24 hours after ligation, while the change of serum LDH-5 isozyme
fraction was the mirror image of serum LDH-1 isozyme fraction.

5) In 24 hours after ligation, the above enzyme alterations including decrease in the
amounts of LDH and CPK and increase in LDH-5 isozyme fraction associated with
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decrease in MB isozyme fraction were mﬁch more pronounced in the heart with
extensive damage, but they were less pronounced in the heart with smaller damage.
From these results it was suggested that alterations in the heart muscle following
myocardial infarction could not be simply attributed to the release from muscle cells
into extracellular space.
Some compensatory mechanism to restore the enzyme release might develop in the,
damaged muscle.




