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Cardioprotective Effect of Captopril on Myocardial Oxidative Damage

Yae Kyung Suh, M.D., Hwyong Hwa Chung, M.D., Myung-suk Kim, M.D.
Department of Pharmacology, Seoul National University, College of Medicine, Seoul, Korea

Background © Reactive oxygen free radicals have been implicated as an important factor in
the development of ischemia-reperfusion injury of heart. Captopril, a SH-containing angiotensin
converting enzyme(ACE) inhibitor has been reported to provide the protective effect in different
models of myocardial ischemia and reperfusion injury of animal hearts. It is postulated that
the myocardial protective effect may be related to a potential anti-free radical effect independent
of ACE inhibition. The present study was designed to elucidate the myocardial protective me-
chanism of Captopril by investigating the drug effect on the experimentally induced oxygen
free radical-mediated myocardial injury in isolated hearts of rats.

Methods . The heart isolated from rat was perfused retrogradly by Langendorff method. Myo-
cardial dysfunction was induced by oxygen free radicals generated by electrolysis of the perfusing
solution(Kreb-Henseleit) with 2mA direct current for 45 sec. The cardiac functions(left ventricu-
lar pressure, dP/dt, heart rate, coronary flow) and the ventricular content of a lipid peroxidation
product, malondialdehyde(MDA) were measured under presence or absence of Captopril and
the compairing drugs(enalaprilat, cysteine and dithiothreitol).

Results © Electrolysis of oxygen-saturated Krebs-Henseleit perfusing solution led to the produc-
tion of superoxide anion increasingly with intensity and duration of the applied electric current.
The hearts perfused with the electrolyzed solution demonstrated significant decrease in left
ventricular pressure, dp/dt, heart rate, coronary folw and increase in myocardial MDA content.
The depression of myocardial function as well as the increase of MDA content and oxygen
radical production were reversed by Captopril(0.75~2mM) dose-dependently. Enalaprilat, a
non-SH containing ACE inhibitor, however, showed no protective effect at all. Cysteine and
dithiothreitol, the SH-containing agents without ACE inhibitory action showed also protective
effects on the myocardial depression induced by electrolysis.

Conclusion : It is suggested that Captopril may exert protective effect on oxygen radical-media-
ted myocardial injury probably by its antioxidative and anti-free radical mechanism related
to SH-group.

KEY WORDS : Captopril + Cardioprotection * Oxygen free radical - Electrolysis.
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1. X2

AY FES A FEglo] A5 200g W22l Spra-
gue-DawleyZ] 8FE A28} t}. Captopril, enala-
prilates B8 Ajekol| A] A F oL cawlase, epine-
phrine HCI, superoxide dismutase(SOD), cysteine,
dithiothreitol(DTT)2  Sigma Chemical Co.(St.
Louis, MO, USA) #A|&& AM&-3%th. Dimethyl su-
foxide(DMSO)& Merck(Darmstadt, Germany) A
EFE e on Vg BE A 55 A%

AHgsh st

2. HEME o7 A AVIs &3

HFAAA & HA(100 LU S BEZFAISIIL 4558
% sodium pentobarbital(50 mg/kg, LP.)E n}F 3}
Ak JIFIZF7E 3&FE FAAZ A F
g At ARBHFZA A28 #FF Yo
2 =28E dedd Aud o A4S
st A4 Langendorff 7387 FA o A2
Aok BFAL 5% 0,+5% CO, 2 E3IAIZ
Krebs-Henseleit $+2=-8-9% (mM ; NaCl 118, NaHCOg
97.2, KCl 4.8, MgSO, + 7H,0 1.2, KH,PO, 1.0, CaCl
o 1.25, glucose 11.1, pH 7.4)& Alg3lgon, &
Fod 2 AFenE 37CE dAIA AR
#FY¢ 70mmHgE ALAF Ak S AL
2% 37 balloong FHAH AU F ¢4H
W8 7] (Statham, P23XL)o] 2% thg FH4lASt
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superoxide anion(03)-& SOD-2J#|4¢] epineph-
rined]| A adrenochrome® 9] AtgH9o g =3
3t} 2mle] Krebs-Henseleit 2942 A 7| &3]3k
T ZA] 1 892 100mM epinephrine 20pl$} SOD
(100U/mD 7} EAAAY e SUA 2 cuve-
weol] ¥ spectrophotometer(Hewlett Packard, 845
20)2 3+ 480nmoll A EREE 23 8o SOD-
o} A4 adrenochrome F%=& AAHst¥ ).

Fgo] ARE FAT AN AT FEES
5 cannulao] A3 Harvard infusion pumpZ
o] &3t} A7IEs 10RHEH A 74X o
¥tk AES GBS ACE JAAE captopril 0.
75~2uM, enalaprilat 2uM, SH-7] Z8EHZ cys-
teine 5uM, dithiothreitol(DTT) 5uM 128]3 A4
gld A AHEZZ superoxide dismutase(SOD) 20
U/ml, catalase 70U/ml, dimethylsulfoxide(DMSO)

10mMe] 3t

4. Malondialdehyde(MDA) &3

A AeEide] AstetA g At
AHEQl MDAE Ohkawa$2 9] Mg o g =439
o AdTE dojdlo] 718 AANL FAE
A5 9uf) £2F2] 1.15% KCl 8ol A tissue homo-
genizer(Brinkman, PTA 10)2 73R L 959t
ANgFAY 005mlE 0.8% thiobarbituric acid
(TBA) 0.75ml, 8.1% sodium dodecylsulfate 0.1ml,
20% acetic acid 0.75ml, ZF< 0.35mlol| 2 11 100T
FRAAM 1AHEST v ARG 2oz Yy
AT W Fael nbuanolg Yol TBA
¥H3-E 2§ n-butanol £2.2 o3 A7l & 1A} 532
nmoj| A spectrophotometer® &35 & 24319t}
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sis of variance §7| 71§ & AHR3IH ™ o 7]l A
Fog AolE Hole A & AztielA 95%
28 $#E3to A Tukey's muldple comparison of
ANOVA & AHg-3tg

o+ & o

1. M7|2slol olst AtA2C]Z gl oF ArstA

aleat

247t ¥31E Krebs-Henseleit #5-92] A7 &7
A= HEF AF A5 2 A7t v # 3l epi-
nephrinedil A adrenochrome® 29} AH3}E #9J3}
Al Z7 A1 Z k. o] 88 adrenochrome A4 71+
SOD(100U/ml)ol 2j3le] Aol Yoz ZHAET
2X] superoxide anion ¥H¥-& #1314t} (Fig. 1,
Table 1).

2mA DC, 4525 A7 28 4 3T A
71% 9 & W4+E(LVDP, +dp/d, HR, LVDPX
HR, CF)o] #FAIZL Ao wie} A3 A A3}
HAow olyst H7l% AHgte iizHdd AA
E4E2 SOD(20U/ml), catalase(70U/ml), DMSO
(10mM)ol o}&te] {2)3tA oA = Ah(Fig. 2, Ta-
ble 2).

e ASEde sty AHEE ST 4
Az 2 o] MDA % th ZF (2411 22 nmole/g) o]
H] 3l A 7] 83T (385+ 836 nmole/g) ol 4] 2F 1.54]
%o olgs MDA F7ie A itiegdd
AAEAE 9ste] A= AcH(Table 3).

2. Captopril ¥ enalaprilate] A28 & &1}

BFA] F71E 3 &3 715 st glojAl
captopril(0.75~2uM) & B E &3 W59 A&

n moles/ml
H
1

SOD-inhibitable adrenochirome formation

2 - T
=
2mA SmA 10mA
45sec 1min 2min

Fig. 1. Effect of electrolysis on SOD-inhibitable adreno-
chrome formation. Oxvgenated Krebs-Henseleit
perfusing solution was electrolyzed with direct
current at 37C. A 2ml aliquot of electrolvaed
perfusate was added to 20ml of 100mM epine-
phrine containing with or without 100U/ml
SOD. Absorbance was measured at 480nm with
UV-vis spectrophotometer. Mean® SEM of 6 ex-
periments.

dA3] A A ol Hrs B3I Ade
2} X3t captopril &-3ol] oJEHoIaL 0.75pM 9]
2FNNE Fo3 aHE UEUE B ofye} 2
pMoll M & Al 43 B3 53-8 Ve A oH(Fig.
3, 4).

FE3 captoprild A 7|ES ] o3 AAZEZA ]
MDA & F7t: &9 EHoz ALy
(Table 3), Krebs-Henseleit 842 H7|&3]A] g

Table 1. Drug effects on SOD-inhibitable andrenochrome formation after electrolysis of perfusing solution!

SOD-inhibitable adrenochrome formation?

Drugs
n moles/ml

Control electrolysis 10mA 2min 6.71£0.1

+ Captopril 2uM 2.2+ 0.1%

+ Captopril 6uM 1.0+ 03"

+ Enalaprilat 2uM 5.010.2

+ Cysteine 5uM 3.4+ 04"

+DTT® 5uM 3.7+t 0.2%

!Methods of electrolysis and measurement of SOD-inhibitable adrenochrome formation are as same as in

Fig. 1. *Mean* SEM of 6 experiments

SDTT . Dithiothreitol

*p< 0.01 VS control electrolvsis
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2. Effect of oxvgen radical scavenger on myocardial
dysfunction induced by electrolyzed perfusate
in isolated heart of rat. Oxygenated Krebs-Hen-
seleit solution was electrolvzed with 2mA DC
for 45 sec. Each point represents Mean+ SEM
of 6 experiments.

C.F. . Coronary flow

H.R. ! Heart rate

LVDP . Left ventricular developed pressure
+DP/DTmax : Maximal rate of left ventricular
pressure development

A =]+ superoxide anion & A] captoprilel] 2]}
7+ 5 tH(Table 1).

A captoprilzt= @] 33724 SH-71E 7
)¢k ACE A A Q] enalaprilat(2uM) & #5794 9]
A7 &80 mE 471 At 2 MDA &3 5718
A2l AR 23G9 ch(Fig. 3, 4, Table 3).

3. Cysteine ¥ dithiothreitol2] AZ22 3 &1}

Aol Mg 22 A AZEL i captop-
rile} H3 a7 ACE A28 7= A glo] SH-
7o o3k i3t 283 o] A ARE
AEs DA stk B Aol Ae SH-ZE 3
o]H 4 ACE A A& o} cysteine¥} dithiothreitol
(DTT) o] 71l &3t st A&l n)
e S BF3AC. Fig 59149 Zol 72
5uM9] cysteine @ DTTE ZE 75 #HIEEe
A3tE dA3 AAAS ¥ ol MDAYZF
7H(Table 3) 2 SOD-2JA|A adrenochrome A4
(Table % @A3] Attt

ot

Kl

9ol BYYR ARl HE A2F
e Axevd 37 2 el

o At AAEZE ) kst FEE ot
Wxge] Ba S0, wke A Abhatd s
of o3 Atsld Al &40 QoA FEEY &

g AESY] gt e 994U Adaod dA
Z27& 49249z ol&3te Bert gk A8t
TS A4+ xanthine oxidase, glucose oxi-
dases H&4AY E=  Fett—EDTA—Hy0,,
NaOCls 718 3Ed5d ASE Hadigd
LYAVDE o) gsE Ho| thREoln e
ol3g A4 v 3FgEAS o] L3 AiFHUH
SAAE 2 BAS A 4R AR A
2 Asked Ao L WA & A B
Itk A6l JacksonFW e olzl@ ol glo]
o} e et e s SASERA A
AEEAE AR F U THOZ AZBFAY
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Table 2. Effect of electrolysis on mvocardial mechanical function

. CF HR LVDP +dp/dt .
Condition . . LVDPX HR?
ml/min/g beats/min mmHg mmHg/sec
Pre-electrolysis 12.1£0.5 2918+ 4.5 91.92+ 4.4 2946.7t 40.9 26769.0%1120.3
Post-electrolysis' 2.8+ 0.5% 170.8+ 31.8* 37.0 £3.8* 1120.7+118.4*  5965.0t 1063.2*

'Oxygenated Krebs-Henseleit solution was electrolyzed with 2mA DC for 45sec just before being perfused
through coronary circulation. Parameters were measured befored and at 20 min after electrolysis.
*Meant SEM of 6 experiments, *p<{0.01 vs Pre-electrolysis

Table 3. Effects of various agents on malondialdehyde content in isolated rat heart perfused with electrolyzed

solution
"Mandialdehvde
Treatment ’
n moles/g wet wt
Control 241% 22
Electrolvsis, 2mA DC. 45sec 3851t 36*
+ Catalase, 70U/ml 3151 19%*
+ Superoxide dismutase, 20U/ml 309+ 17**
+ Dimethvlsulfoxide, 10mM 387+ 31
+ Captopril, 2mM 294+ 10%**
+ Captopril, 0.75mM 343+ 30
+ Enalaprilat, 2mM 364+ 27
+ Cysteine, 5mM 341k 16%%*
+ Dithiothreitol, 5mM 336+ 22%%%

"Mvocardial MDA content was measured with thiobarbituric acid method. Mean® SEM of 6 experiments.
*p<0.01 vs Control, **p<(0.01 vs Electrolysis, ***p<(0.05 vs Electrolysis

2min 2sec

Fig. 3. Effect of captopril and enalaprilat on myocardial dvsfunction induced by electrolyzed perfusate in isolated
hearts of rats. Electrolysis(2mA, 45sec) was performed between arrows, and left ventricular pressure(LVP)
was measured as described in Method.

1. Electrolvsis(E) onlv 2. E+Captoril 0.75mM 3. E+Captoril 2mM 4. E+Enalaprilat 2mM
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Fig. 4. Effect of coptopril and enalaprilat on myocardial
dysfunction induced by electrolyzed perfusate
in isolated hearts of rat. Method of electrolysis
is as same as in Fig. 2 Each point represents
Mean+t SEM of 6 experiments.

AZIEUE 71 b Aok olgL 7IE HE
Aol #FAL 20mA DC, 2minZ A7] 234
Azttt 9§ st ASEdel g
B3 gk £ ATAe olE9 WHs ¥wd
3t A4 7} ¥3}E Krebs-Henseleit 5 A8 2
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o
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25
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20k A CYSTEIN 5uM
v DIT 5uM

%

-—-_ =
- x_\'!'\l- =

C.F.(ml/min/g)

H.R.(beats/min)

LVDPXHR. +DP/DTmax(mmHg) LVDP(mmHg)

! !

0 5 10 15 20min

postelectrolysis

Fig. 5. Effect of cysteine and dithiothreitol on myocar-
dial dysfunction induced by electrolyzed perfu-
sate in isloated hearts of rat. Method of electroly-
sis is as same as in Fig. 2 Each point represents
Meant SEM of 6 experisments.

DCZ 452% < A7|83] § 7% superoxide anion
Ad57re dEol 3 HEAR Ve 4F
ArEo] A3 Aetd ¥ ol sty =3
&4 A3ty AFA A AHASAHE, MDA
AR = 71 st e, o] 83t 4715 A3t € MDA
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F7he A% AaFUBAA EZE st
A H AT} ol Ade B dAyxdy A7
3ol % 7 HEAZY AT Atz A
Agtt)gol o3 aaAd AEES RdEAN A
AL A8t uie) A AF.

Angiotensin g & A JA A QI captoprilo] 3 8-
ABF AT &4 2 i 3 a4
&4l tatd 3 a#E Jehdda Bausgich
van Gilstg 92 317 9] 584 22444 capto-
prilo] A#AF FHHo| g WAFY oz
288 ¥ 49 norepinephrine F8] 7ok
FHo] dhar &) ol9 BE-of cvclooxygenase
oA ¢FE-¢] indomethacing 223 AR A E ca-
ptopril®] ¥ 5 2H-8-o] Eh}R] ghEthe Holl A ca-
ptopril2 prostaglandin &3] PGl 4432 F71A]
71224 =3 AT BHEzgg Jed Aoz
F43IHth 3 Pi & Chen'®e 837 2449
A71&df el st 715 Aslol Ao}A] caproprilo]
B34S UEPH S #adla o] F 2 prostacy-
din 44457}l 71218 Hlo]e] Y captoprile] SH-
71¢} A E st 7HE LT Aolgia 2
23E T B G A% captopril& Akl zio]
g S A&l dete] REaTE v
Witk 83 HE4AZA #FAe] 7R ol
©|gt LVDP, +dp/de, Autes 2 A4 BFF 5 2E
A7 HEFE9 Adlse} MDA A5 71E captop-
rilo] Atieit)d AAEHESR 5 =2 o
AR o =3 A7Es FF YA superoxide
anion AT GA] BFAEHO T JAF YT}
o]2 3t A2 captoprile] 98 A BE &0
otulx 3 Abaett]Zdzgo ¥ AY-S AlALEHE
ut2 o] Bagchi 5210 in viroo] 743 Abagir)d
dhA Ao A} captoprilo] superoxide anion @ hydro-
xyl radicalg ZFHoZ AATE Hig Eof
d= 7t d2 AT 28y ol €
Pi & Chen'®& Krebs-Henseleit €91 2] 10mA DC,
125G A7ES Z7A caproprile] 2 F & <]
AagrZ AAZEE el A o Bast
At ojepo] Folgt A oirim E A
Hjgle] 2o 7w A7|EHE ABEZ A A
gty Zo] caproprile] AAFHE 2AY Y2

AR gol B RFY F Yo X o)L
captopril2 Krebs-Henseleit§ ol H713F Qejg
A71%alE 44 3317) WEol captopril E ¥
AHzed 18e dela 20E s4E 3
t}.

SH-71& #4314 %+ ACE-9A| A enalapri-
late SH-718 Z3 & capoprild= 2 £
279 M71Es 3 715 € MDA A
BE7He A JAsHA Eatd ol Aoe
A A AP ATAF FZHW Aol
captoprilel] 9] 8}e] = HH2] 5]} enalaprilol} 9]3le] &
WA E 2] gethe B9 fAlsit) o] ghzto]
ACE A Alo|HME SH-7] &5 wa} AZH
s 2Hgo] Vel AY vehA gethe A& ACE
AR L= HlZ SH-7|9F #HF 7)Ao A
3 AIESY RiFge Fog Ag%s &
AYE AALShE vt o AZIth SHY7|1Z 8822
A ACE AZ8L& {1+ cysteine, dithiothreitolo]
A71Es ol o3 4715 Mg AT ¥ ohg
MDA A4 & superoxide anion A% A A&
283 F5E heAshe 2o AXY 89
glutathione, N-acetvlcysteine, N-2-mercaptopropionyl
glvcine?®) @ D-penicillamine?® % t}2 SH-7] &
BdE0] dtagitd A4S Z2u vk B
EX EF 0§ F2& AT e v 4A
Ak dwtxo 2 SH-7|&= A EdEn A B
S8t disulfide2 4t8tx 7] wjFo] Atizicizt
Aol F7tee ZH M captoprile] SH-7]7}
a4 9 ZhE 999 7153 SH-7] g4l Atshs
D2 AE7eEE BEE 7Aoo Atk Ondeti
)= SH-7] 8§ ACE JAAEL glutathiones]
SH-7]0l] $40]& donorZ ZH &332 Z A U4
glutathioneo] ZAYENE FAES Fotal 3t
$94Y glutathione2 A EolA H,0, 2 §717
A5 ES A ASI= WA glutathione peroxi-
dase/reductase 8H4+3} HBlo) 7] M o] B2 A SH-7]
7} ol & ol 71A e BAE fAGe dhHes
ad 24YS 7 o SH-7] &F captopril®
Aagud Frte] whE 22X AstA WA o
ate] g4tst = g4tah eiod A48 ek
F UL Aoz gAAG.
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Captopril® SH-7]E §#-8}& angiotensin g
A2(ACE) AJAAZ ¥ ZEoldel 3¥-
AHF ASER Het = B35 28 Ve ol
delA Aot Caproprile] 42H 3282 ACE o
Az THe Gaglo] datiaitd FLo ¥
ez Hugoy I 2AE 7112 B33 WA
AR ok B d7E SE-ARF AZ UM
g1kt 222 A Capoprild] AR E H 1
NAE TEE7] st AEH o daer]
gt fg 2shd A&l tig Capropril®)
A%E HESIGO

g o

g3 HEAHEE 95% 0,—5% COy EHAIZ
Krebs-Henseleit &2 ##F(Langendorffy)3s}
I, FFAe HUIEHEmA AF, 45F)d %
Aagnd BAHE ol &t A AFELS
Tt A7 ANEE FAAY € S
(dp/dy), At HFBRFZE FHsn, 48k
ASEY ARR AAIZAA AFRRs AHEQD
malondialdehyde(MDA) & =3 &g}

A 1}
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