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Protective Effects of Angiotensin Converting Enzyme Inhibitor, Captopril,
on Postischemic Myocardial Damage in Perfused Rat Hearts
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(Bg) SH £%E3T57 v 247 vy vEREE (ACE) EEH 7+ 7V v O m#k
BERC BT 5 OHHREDHRCOWTHER SD 5 » FOME 204 REMm, 304 FHHE#
W) HHOCTBH LK, 77V (Bug/ml ¥ 7-i% 80ug/ml) (ZFBIM 5 4 RTA SHE
WIS HEETHEL, BRI L, 277 ) ARBIETOOEE - ERECIIE
Grhznrlind, DEEL =AY - RBOAEK s\ TR MEFERFICET 50

BREELER LT,

FL®IC

R OB MITAREECHREL R, 55—E
RO MECHERYTS &, ABEEDOI L H
BMBELDZ EADHDH, TORMEFEREEOBFIC
% superoxide I I N HIEHEEFEK - free radical 4358
CBELTVBLEEXZORTVSY, HIOIEIC W T
REKOHEERCTHOA S EBIR M B FEE (PT
CR) ®EEHEEBIRE M (PTCA) & X b i EER
EENELDZLABRHCLHERIhTWE"?, &
B, BREECMELERLE L THEROCESERAIRT
WBT7 vIAT vy vEHEER (ACE) HEXTHD S
7L AV L, O L sulfhydryl (SH) £%F LT
Wb, kD, #7 7Y ik ACE EFRIC L
T “free radical scavenger” & U Tz EEREC.LO
BREDRYRETHUERLID VHRIL T B,

7 b 7V IV H R B TR D DB BE O [B1R S R EE
REEDFBHCHRELXR LI EDBEI L O2 DD

* RIIERKEEZBE—HBERE
19944 6 A20H 31+
19944E 9 A26E % #

B, DR LF —R#r b FDRFR TR
hTuwigy, £2°T, KRR TIMHBHZ 5 HOBEA
THEnEFERRFCRT 52 7 7Y L OLHRESD R
COWT, OEEER X OO = R ¥ — R OMED D
B LI,

MRBELVHE

{4 300g RijtE DHEM Sprague-Dawley 5 » b (n=
58) 2B OREEH L, RECHERERCHRD 31,
BEWW & LT 11mM glucose % 4 is Krebs-Henseleit
bicarbonate buffer (37°C) % 95%0,-5%CO, DEA#
ATEEIZ LTHW K, D% ik Cdiz Langendorff ¥
KTHERL, TORCHBRS X CELENDOA = 2
V—v g VEEfT L1, 105D Langendorff 51 & %
B0k, FBEE TAH) % 9ImmHg ©, KBRAL
ChhbBAKE (BAM) % 60mmHg C&FE L
working heart #:° ¥ #x 7=, 155 HOER (F M
B o, AWML E D BR\T global ischemia (fE
) ZfER LA, 20 MoEmo%, AR Y BV 60
mmHg CRTZ ¢ X > TCHERZIDET - (F
ER), »7 VAR ERCRERK YR 5 58 X
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Preischemia 0 5

Period of reperfusion (min)

* p<0.05 VS. Control

1 fmEBETEC T 5 pressure-rate product DEFEEE (5 — %1 mean+SE %#75x3)

@ : Control A : Cap. 8xg/ml

DAT TV NEEL (8 F/CiX80ug/mD) DYDY
Wz, BOEBERIDECETS S 7Y Ak E %l
WERBICR Lfc, ERERT, aortic pressure 3 L O
OB Y BAXEHH RJG-4124, MPU-0.5A & THEfE
FC#k L, peak aortic pressure ¥ L OO HE X b
pressure-rate product X7z, o, EREXMEINR
A=2—VIDFEHTAKESE LIz, Th D pressure-
rate product &ERE L OESEEFRMORESL Lic, B
BT, REM205r8%s & ORE A A N304 DR R T LM%
WHEERTAHL TRV 2 5 v S ThEBIERKEE

Lic, TOLHY v IV REERT TREMBRE L, -

6 YRR TSR FH L, Zomtkr
BOSBEL AL EEY AV, BEREY TLHE
#& adenosine triphosphate (ATP), adenosine diphos-
phate (ADP), adenosine monophosphate ( AMP) ,
creatine phosphate (CrP) s X ¥ lactate S &% HIFE L
e IBIZ, THHDfEAS S total adenine nucleotide
(ATP+ ADP+AMP) ¥ X UF energy charge potential
({ATP+ADP/2} /{ATP+ADP+AMP})® %#EHE L
e, ThoDF/=R V¥ — Y VEB{LEYE LH=* v
¥ —RBOFHB Az, BRITNTRHELEER
ETxRL, ¥etaBiziz Student’s t-test Z ALV, p<
0.5%b>THEZDL L LT,

® 2

L OHBEECREFETHER

1) pressure-rate product I~ RZiFTRIE

pressure-rate product LB (7 + 7V LFEHRE)
HTIIXEMAT29.2+0.5%10°mmHg/min T3 - #= 2%, &

176 R B 2%

O : Cap. 80ug/ml, *p<0.05 VS control

mBABE S LR OB L L pressure-rate
product X 0 &7c o7, BEMIZ X b pressure-rate
product I 1 CRT X5 CHERACEE LN, BERK
30 DEES T2 4.0+2.6 X 10°mmHg/min & B M1FTD
XDV NETORIFREEE S, —F, 7+
VAEEFHDOBME]D pressure-rate product (% 8ug/
ml 5 TX 27.44+0. 4225 27.9140. 5X10°mmHg/
min ~, 80ug/ml B 5-F T1229.2+0.75528.7+0.9%
10°mmHg/min ~NEBFELRELERBDT, HhoThbD
EIRBRE L EXRDIEh -, —F, BRI X 5@
BRI WCRT IO CHBRCERTH T 7Y s
BrRELOERE (p<0.05) KRIFTHH, 8pg/ml ¥
O 80pg/ml DEFEWFI05H D pressure-rate product
2xhEh 18.2+3. 9x10°mmHg/min, 21. 0+4. 0x 10°
mmHg/min TH H, BMFATDOBDED65%, T3%IC ¥
TEELL, ¥, 7 F 7V A 8ug/ml B XU 80
pg/ml BEOWRMICI AR L EZRIZRD bhich -
1.

2) ERECRETHR

R COMME X EMFT 16. 8+£0. 5ml/min TH -
oAy, MBI 72 b R & X Oml/min &78 b,
HEREODE HHEMR304% T 7.0+1.0ml/min L&
MATDRI T EEE 1 (F2), —FH, »7+ TV
SR CTREARGREROTEME X, 8ug/ml 5T
16.4+0.54>% 18.1+0.6 m{/min ~, 80ug/ml ¥ E5H#HT
16.0£0.54:% 16.9+0.6 ml/min N & EATIEH B NE
B (BDBD p<0.02) mlLics, HEHEOMEIIN
BELEBREYRDIEh o1, RWT, 27+ FIAE
S5 B D R 154 TR D ST & D B8 % R PR EE & W
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Preischemia 0 5 10 15 20 25 30
Period of reperfusion (min)
* p<0.05 VS. Control
X2 BmEFERECKT S EREORERER (5 — 41X meant+SE #/R73)
@® . Control A : Cap. 8ug/ml (O : Cap. 80ug/mi, *p<0.05 VS control

(umol/g dry weight)
o =]
T T

Total adenine nucleotide
3
T

0

Ischemia Reperfusion

B3 mmal, Bk X OBnEFERRCRT 058K
Total adenine nucleotide (5 — %{% mean+SE %7R7)

[ : Control A : Cap. 8xg/ml : Cap. 80ug/ml

* p<0.05 VS control **p<0.02 VS control

HEE2DTELTHT PV ABEFHOLTHIIRH X
DEE (p<0.05) CBIFTH -, £ L CHERHH
DLW B 8pug/ml 8LV 80pg/ml #EFHTEhEhH
12.240.7ml/min, 11.8+0.7ml/min TH » Bl IO %K
DFEDETY, 69% LIFFABER F TEK L.

2. UBHIFLF—HKBCRETHR (X1, M3)

O ATP 48 (X1) BHBETREMC LD
ZHCETL, FERTOPEETAHODOLDOREIX

*1 gme], Elk X OBNEFERRCEST 5205688 A
TP, ADP, AMP, CrP ¥ X 0¥ lactate & (5 — %% meanzt
SE #mxR73)

control cap. 82 g/ml cap. 80 1 g/ml

( umol/g dry weight )

(n=7) (n=6) (n=7)
Preischemia(15min) ATP 22.3£0.8 2L.7£1.0 22.1%0.6
ADP 6.3+0.2 6.5£0.1 6.4%0.2
ANP 1.9£0.1 1.8+0.1 1.6£0.1
CrP 15.6+£0.9  16.0%0.9  15.9%+0.6
lactate 4.2%0.6 4.1+0.9 4.2+0.6
(n=6) (n=6) (n=6)
Ischemia (20min) ATP 2.7+0.3 3.5%0.4 4.4%0. 4%
ADP 3.2%0.1 3.5+0.2 3.7%0.3
AMP 10.0+0.1 9.5+0.3 8.8+0.5
CrP 3.4%0.1 4.3+0.3x  3.9%0.1x
lactate 31.0+1.3  39.5+3.2  31.9+2.1
(n=T) (n=6) (n=6)
Ischenia(20min)  ATP 8.2+0.6  12.6t1.4%x 12.7+0. T%x
+ ADP 3.1x0.2 3.4%0.1 3.5%0.1
Reperfusion(30min) AMP 2.2+0.1 1.9+0.3 1.2+0. 2%x
CrP 21.0+1.3  28.8%1.4%x 28.7%2. 2%x
lactate 6.2%1.0 7.5%1.2 6.3+0.3

* p<0.05 VS control #** p<0.02 VS control
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Preischemia Ischemia Reperfusion

X4 Bm, g s OEnEEERRCRT50HEK
Energy charge potential (¥ — %% mean+SE %/r7)

[J: Control A : Cap. 8pg/ml [Fi]: Cap. 80ug/ml
*p<0.05 VS control **p<0.02 VS control

BMBTOITHRICEEE T, —F, BT T IVNEREE
Tix 8pg/ml #EB IV 80ug/ml B EDWTHIZEW
THBMATEINBE L Z 2L, B0 8ug/ml
BEBRTOPOEEOEA Y, 80pg/ml B#ERTIIEE
(p<0.05) 7eEfEZXR LI, EHHEMRICIX 8ug/
ml 5 L0 80pg/ml FEDFTHIZE\ T EIMAT
D58%FTEIEL, TOBREIHBHCHENER (p<
0.05 ¥7212 p<0.02) TRIFTH-T,

LpEs%k ADP &8 (RD 3NBEHE, 27 7V E
SEOmBLLICERMC L VET, BERTIILED
THCETL, ChXAHEE TEYRILh T, —7,
DFHES AMP 48 (R D QABRTRELC X Y
mL, BERETIXETL, RIFBMATOLVALETRL
teo —H, 37TV FTINEEHED AMP 481X 8 ug/ml
B0 80ug/mi HENTHICEWTHRBEHECHLE
MAHERXEEEZE ALV, BIEOFZHIIPREMEY
AL, BERRICE 8pg/ml B 5 TEMEDER, 80
pg/ml BEFHTIIER (p<0.02) eEMELRLI,

OBE# CrP a8 (XD ZHBETREMCIHE
BCET L, BRI X BmEiEL ED V1% TH
BLi, —H, »7 7V BEFRTIZ8ug/ml IV
80ug/ml EDWFTHIZI T HEMET CrP {EHIZ R
xRV, BOEEDOFHIT 8ug/ml 3LV 80
wg/ml BEOMBHETWTHOINBRCHLLAR (06
D p<0.05) EEETH -7, IDHIC, BERKFCIZA
7+ 7Y A 8ug/ml 3 X V80 ug/ml B EBETIZTh
BMFTEL O v CRBECEEL, LrdHR
BCHLEE (B3DFD p<0.02, p<0.05) LEERXR

178 &k & *

L7,

O ERR lactate 8 (R BHBHETREMC LD
EZECHEMLIS, BERTETL, BEBMATO L~
NMZBE LT, —F, 27 7V ABEFED lactate 48
1%, 8ug/ml 5K X U80ug/ml FEEDVThiZB\WT
bEMAT, Blks LOHERNRCHBHELARELER
PRDIL ST,

Total adenine nucleotide (B 3) & %fF& T & M &
30.1+1.1umol/g dry weight 2»SEMIC X » 15.5+
0.4 umol/g dry weight ~:{ETFT L, BEWH T
13.9+0. 5umol/g dry weight NEIBHKETF LI, —
F, A7+ F VU 8ug/ml XU 80ug/ml BEBFHDL
NXBMATEIX, DD 30.0+0.9, 30.0+0.5¢mol/g
dry weight & BH &L 22RO A, BRI IEIEH
8ug/ml BX U 80ug/ml EFHETEDED 17.0£0. 4,
17.6+0.4 umol/g dry weight & WTFh HBECHLE
B (B3DFD p<0.05) CHRMBETH -7, T, BER
D total adenine nucleotide {Z# 7'+ 7"V /v 8ug/ml
BLO 80ug/ml HEFHETRDED16.9+0.6% fi
17.41+0.9 umol/g dry weight & ABE TV Fh R RE
CHLAR (808D p<0.02) CEETH -7,

Energy charge potential (] 4) X% BEE T I 5ij
0.85+0.012HEEMIZ X ©0.32+0.01~ & ZBHIZET
L, FENIC X 00.70+0.02~ & R MATED82% D L~
NETEELK, —F, 7P 7V 8ug/ml B
80ug/ml H5FED energy charge potential (X M AT
D¥FD0.83+0.01, 0.84£0.00& B LEXZ DIt
Moich, BRI 80 ug/ml H 58 T0.37+0.01&
HBHCHENTRRPRMETH >, I OCHERRF TR
8ug/ml BXO 80pg/ml #EHTEDED0.78+0.03
FLUV0.81£0. 01 WThINBHCHLERE (DB
@ p<0.05 p<0.02) KEMBETH b, BOIOHEMATE
DIBHI LVl E TRIFE LI, sk, 277U
Bug/ml 85, 80ug/ml B 5EHBCIBAELEZIRZDH
nizh o,

Z =

ACE FAEFRIB N ENBHETHHT7 v o+ T
vy v 1 OEAMEIC X 2HATER, OHBRFED
WA, £ L TEmEEDOEEN LM & - 7o mfTEIRR
DIER%EN L CEMOHOREDRERETHLEELD
RT3, —%, Gist 5IHEHS » + LD
Langendorff BEREERMND, » 7 F AV AREME LIV
FERRCOBEGI DD 7Y vORAKYEHBEERIC X
DRPERDZLHHELT LB, AFEROMHH S »
FOBERER TS, A7 7Y AMIXEIMATO pressur-
e-rate product REREIZIZ L A EFEL RIFITIC,



BEREROOBREOREYARECHEI R, TLTZ
DBz ATP, CrP, total adenine nucleotide 3 X O
energy charge potential &\ o /xR L F B EWDOME
BREDHREAES CERPELLIhi, ChbORR
X, AT FIANRT voF Ty v I OEAMEIIC X
5 MmiTER~NDOHR L IFICEEN L OHREFRLE
THZELERSTRLTW S,

—#iz SH X% FT5EAZ, Bl X OCHERRIC
superoxide %X U & T HBEHEKD radical DHE%
FFTBIEIhRL TV I LBALRATWBY, 5 FHE
Iz SHEXFHTH» 7+ 7Y rid s hbEBAHECR
o TEBEBE - free radical BB RIG L,
disulfide IwZ{L L* ", free radical scavenger & L CT{EH
THEEXLNRBY, Thbb, Z D free radical
scavenger {fEfAX A 7'+ 7V VO BEEMILOBHRED R
REOBFC—HBEELTWAdDLHEEIhS, &
£, Graeff 5121 REHAWILERT, 27 F 7Y A
SH X% £ 37gu it ACE FAERICHENEMES L OH
ERFREOREFAVARCH - LEBELLY, T,
Kramer 5135 » + DO 30T 5 BERRED free
radical ZEA-BhfB% spin trap R FHVWTREL, ﬁﬁiﬁ
#% 3 5 ORI free radical EAENRKE e D, 104 F T
BIFRIECE L ERXTW 5", X512, Bagehi ik
RIS » P OBOERT, » 7+ 7Y ANEER
B DIEMERK - free radical I X 5HE O BBRILK I %
MELOHHREERERTEXBELAC LTV B,
Tisbb, ThOEROBBEEERTH L, KRR TR
ShicEm, FERRIOPUACESE LA T Y
DEENKSOHREDROBFCAHF O free radical
scavenger {ERO—HRBIE L TS TREM DA { RR
s,

W7 7Y NDOEENTOHREFEBOMOBEF L L
TRUTOLOREF LTS, [ lHFERRFDO
noradrenaline ;BFEHBNHEIEA®, ¥ X O prostacyclin
DEBIREER® Ie & TH D, FHEDOBMENH XA
TPV ADLHREYRICE D S catecholamine R°
prostaglandin OBENZOWTERTHZ ELIXTE W
B, SRIDERLLORAVBDELELZ OIS,

#® &

ACE [AZETHIH 7+ 7V VIB O FEFRKREO L
DHREDHRYETHZ L, TLTXOBRFC ACE BHE
iz kB mTERR~DIEAIC X, radical scavenger & L
TOBEENEANBEE LTV A TEERINRE I i,
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Protective Effects of Angiotensin Converting
Enzyme Inhibitor, Captopril, on Postischemic
Myocardial Damage in Perfused Rat Hearts

Takeda, H., Haneda, T., Okamoto, K., Fukuzawa, J., Miyata, S., Osaki, J., Onodera, S. and Kikuchi, K.

First Internal Medicine, Asahikawa Medical College, Asahikawa, Japan

Key Words : Captopril, Reperfusion injury, Free radical

Angiotensin converting enzyme (ACE) inhibitors are
considered to be effective for the treatments of
hyperension and heart failure in clinical therapy. Re-
cently, sulfhydryl-containing ACE inhibitor, captopril is
thought to have cardioprotective effects on the
postischemic reperfusion as a free radical scavenger
since this sulfhydryl may have the ability to scavenge
cytotoxic oxygen-derived free radicals. So we exam-
ined both cardiac functions and metabolism to see
whether captopril has cardioprotective effects against
reperfusion injuries in perfused rat heart. Hearts were
perfused by working heart technique for 15 min.
Ischemia was induced for 20 min by lowering the
afterload pressure. After ischemia, hearts were
reperfused for 30 min by raising afterload pressure
again. Captopril 8ug/ml or 80xg/ml was added 5min
before ischemia, and the treatment was continued
until the first 10min period of reperfusion. At the end
of each experiment, the hearts were frozen with
freezing clamps. They were used to determine the
tissue levels of ATP, ADP, AMP, CrP and lactate by
the emzymatic method, and total adenine nucleotide
and energy charge potential were calculated. Both
captopril 8ug/ml and 80ug/ml did not change the

180 | ® %

pressure-rate product, the coronary flow and the
tissue levels of ATP, total adenine nucleotide, energy
charge potential and CrP before ischemia. By global
ischemia, coronary flow immediately fell down to 0ml
/min and it resulted in cardiac arrest within 5min and
lead to the pressure-rate product to O0mmHg/min.
Both the pressure-rate product and the coronary flow
were insufficiently recovered by reperfusion following
20 min ischemia. However, both captopril 8 #g/ml and
80 wxg/ml significantly improved the degree of it's
recovery compared with control. The tissue levels of
ATP, total adenine nucleotide, energy charge poten-
tial and CrP during reperfusion were significantly
higher in both captopril 8ug/ml and 80ug/ml treated
hearts than in the control hearts. There was no
difference in the level of lactate between the control
hearts and captopril-treated hearts before ischemia,
during ischemia and during reperfusion. These results
suggest that sulfhydryl-containing ACE inhibitor,
captopril has a cardioprotective effect, at least in
part, as a free radical scavenger against reperfusion
injury and it's mechanism can be independent of the
hemodynamic action.



	cover
	2011年05月02日11時35分31秒
	2011年05月02日11時43分24秒
	2011年05月02日14時02分44秒
	2011年05月02日14時10分45秒
	2011年05月02日14時15分31秒
	2011年05月02日14時21分27秒

