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Hydrogen peroxide augments the injury effect of iron
on the isolated rat heart and cardiomyocytes
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XU Wan-Hong', QIAN Zhong-Ming?, XIA Qiang'**
(' Department of Physiology , Zhejiang University School of Medicine , 310006
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Abstract: By using Langendorff perfused rat heart and enzymatically isolated cardiomyocytes, we investi-
gated the augmented injury effect of iron on the myocardium by hydrogen peroxide and the underlying mecha-
nisms. Cell-permeable iron (Fe-HQ) decreased the contractile amplitude, velocity and end-diastolic cell
length of the cardiomyocyte but increased the contents of lactate dehydrogenase (LDH) and creatine kinase
(CK) in the coronary effluent and the myocardial malondialdehyde (MDA ) while the left ventricular developed
pressure (LVDP), 1 dp/dty,,, heart rate and coronary flow showed biphasic alterations. Hydrogen peroxide
augmented the injury effect of iron accompanied by increases of coronary LDH, CK release and myocardial
MDA content and decreases of LVDP, + dp/dt,,,, and heart rate. Reduced glutathione could antagonize the
injury effect of iron and hydrogen peroxide on the myocardium while dimethyl sulfoxide had no injury effect on
the isolated heart. It is suggested that the functional injury of sulfhydryl group containing proteins may be in-
volved in the augmentation of myocardial injury due to the increase of intracellular iron by hydrogen peroxide,
but hydroxyl radicals may not.
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RN TLERHRBITER, EMUEHR
ERPHAEEERR, CEd#LAL-ERR NS
5B RANBERN HESAHE IR R
i, S7E0 LR 10 -5 % | I 68 \B-Hb 5 g 3R I A d
BB SRS T oG PREEERY,
WATRFEHRNERA, ABHPYRFAERE, OF
s, f ORI R, R T IR A B A R R R
A riKkE, RAMBEEERES HEEAS EKLE
0 46 1 s 056 FH UG T #E S BN, 8 AT L UL4E AR
EREAR, PTS & B LS IR BB B N B 2E o

—~MAH, HIEHAEBEGT, REEDER
0 B K TE L UL s AR D, TEK B B/ 0
FLAE N 8 0 EE AL R, TR ILek B T i,
R H A B, EREAM T sk
B, HURFEN T R&EBEOEZBRAEHY
Fe’*, it &5 M 1k Haber-Weiss JX W, =4 % A
B, xPCHUE A TR, SRR AR, &
Sk £ T LAANE O ULGR 0L B R AR, BB LB R
FEIE PR ST, {5 B Rk Ak Ak P ), Gl %41
i, EEMA AR O PR A B EM 1.8 pmol
$ME] 13 pmoll!, 700 MER BT R, E LR 8T
SEONBH, M Yirehus % 76§ 97 O UF 6kt 1 57 3
B, 75 MBI AEYR B B Hy0,, X AT LU it
L FUE Y 45 Th BB B4 3 48 /1 o LA 3E T AR {3t 4L 4R
ATP #1 CPK W94 B 561, B AT, % TR M H0,
XK O WL G5 PR A B M R B 1o RS EERF
FREB ISR F B &Y LTI B, LI
RSN REAR R FE HL0, X 8K 1.0 JILPE FR 60 B ) B 3
af B o

I #RFITTE

1.1 € haieBERES 5 i ¥ Sprague-Dawley K
R, AAEE &G, RERHOHE, BT 4CHEK
Bhutdmm, R EEHE EE T Langendodf #
Wi b, HATHERBER(ME 12 ml/min, 37C),
BWHILL95% 0, +5% CO, HUF, SBLAXSS & KRl
B 5 min, K E KRBES 0T (mmol/L) : 100 Na-
Cl, 10 KCl, 1.2 KH,PO,, 5.0 MgSO,, 20.0 %j%j 5,
10.0 MOPS (pH 7.4), BHU& 1 BKIFAEE 0.3 mg/ml
ML S KM 10 mn, REHLEIBRT . W
BEKIT, T8 0.1% BSAMEHEERBFBE 10
min. ZFAEH, Ca?* KIEH 1.25 mmol/L.

1.2 A AL 4 B 4% 0 A ¢ 50 ~ 100 pl
400 LRV T BB T M A R, DN RE S, LA

B Krebs-Henseleit % ¥ (K-H % ) # 2 ml/min $$42 %
W, WL 95% O, + 5% CO, M, BEERFTF
32°C, HMAF RN 0.4 Hz, 58 BF 2 79 45 5 38 19
MR M, EFEMSOEN . BN RAR,
F MedEase Y0551 B &5+ 9 0L B4R 40 47 R G R 3 4
L 2 JUL 40 FHT A AT 408 O BEE L + AL/ dlt,,, A EF K 300 AL
G E,
1.3 %4 it Langendordf # i Ht Sprague-Daw-
ley KB, AA®EE &G, R#ERECHE, BT 4C
BE KHBYBREZNE; REREHEE BET
Langendorff Wi 3 & , LA B K-H W4T % #U4E R
W (76 mmHg), M B K-H W& 4 10 F (mmol/L):
118.0 NaCl, 4.7 KCl, 1.2 K;PO,, 1.2 MgS0,, 25.0
NaHCOs, 1.25 CaCl,, 10.0 #j%5%¥, pH 7.4, Ll 95%
0,+5% CO, 1A, HFHFMMMBE T 37C"),
1.4 &8 E 3 464 VI ELE, BAEHKEY
BB CHIEAZGE, RS E GBS
Mk, MKEANLKRBELZ CEFKRELRFT S
~10 mmHg, [FIETHEBAR O IR BB E T
kB4 BRI LRE, @ PcLab £ Y1{E
SR E A G0 RO E(ECC)MA Z gLk,
FHITHAZEGF K RKRE (LVEDP) . A BT WHE B K
(LVSP) /£ & & K (LVDP) .o 3 | +dp/dtyuyo
1.5 & BLARAS Ao B8 R 1 AL 35 47 4 54 & B
sicsd bk ', BatlEdikiREE, H2 a5
A AL ST A5 A7 3 R FUBR A 20 8§ (LDH ) 0 JIL R 38 B
(CK) 9 5% % B (3£ E Beckman /28], CX4 B), LR
HEREWTFLBRKRE, BT - 20CKMARE, #1
AR (MDA), W ERFEBLLEHAL I 1:10 Tris-
HCI v, RALSIEMBMAIK, UHAREH -
ZMENE MDA, EAFAZ MR R EER,
1.6 k%o AKANMEIELULMEYE, B
KA B RO

AV (XTHA): 18E 1S min J&, SKSE MM 30
min, A2 41 (Fe-HQ 4): € 15 min /5, F Fe-HQ (5
pmol/L) B #t 10 min, & A K-H B 20 min, A3 4
(H,0, B): #BE 25 min J5, F H,0,(50 pmol/L) ¥ it
10 min, # A K-H B ¥ M 10 min, A4 4 (Fe-HQ +
H,0, 44): #E 15 min J§, F Fe-HQ (5 pmol/L) ¥ #t
10 min, F f H,0,(50 pmol/L) B i 10 min, R /G H
K-H ¥ H# W 10 min, AS 4 (DMSO 4): #E 15 min
Ja, W Fe-HQ (5 pmol/L) ¥ ¥ 10 min, H A H,0,(50
pmol/L)5 DMSO (56 mmol/L) & F ¥ ¥ 10 min, R/5
A K-HEBM 10 min, A6 GEFRRAMHERA):
¥ 15 min J5, A Fe-HQ (5 pmol/L) B W 10 min,
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A Hy0,(50 pumol/L) 5 i JR Y 2 Bt H AK (1 mmol/L) &
FMM 10 min, AR5 A K-H BE R 10 min,

BIAH (XTHR4H): B2F 15 min /5, BKLEM M 40
min, B2 # (Fe-HQ 4): & 15 min f7, F Fe-HQ (5
pmol/L) ¥ Mt 10 min, # A K-H ¥ M ¥ 30 min, B3 &l
(H,0, ) : 85 25 min f5, A H,0,(50 pmol/L) ¥ It
10 min, A K-H % ¥ # 20 min, B4 4 (Fe-HQ +
H0, ) : #E 15 min &, F Fe-HQ (5 pmol/L) ¥ it
10 min, 5 H,0,(50 pmol/L) M 10 min, #RJ5
K-H B # 20 min, BS #1 (DMSO 41): 8 15 min
&, F Fe-HQ (5 pmol/L) M ¥ 10 min, A H,0,(50
pmol/L) 5 DMSO (56 mmol/L) & H-BH 10 min, R/
Al K-H M 20 min, B6 H GE R A B H AL 4L) .
F8E 15 min J5, A Fe-HQ (5 pmol/L) B # 10 min,
H H202(50 WDVL)EEJE’:@@%H%(IO mmol/L)
GHEWR 10 min, RE A K-HBHE R 20 min,

1.7 ## HEPE Sprague-Dawley K B (220 ~ 270 g)
M #TTL K FRFBRE BP0 R, FeCly-6H,0,
bE A T A =, 8-% B M B (8-hydroxyquino-

REES. SR EmEe.CUKRGERZRILE

line, 8-HQ), Sigma A ®l/=fh, A-H E T WM,
0% AR, TIEWEAT ] A=, —HFE
TE B (dimethylsulphoxide, DMSO) , VLI gtFR4b T 4
o MIRRAMHAK, EBR 4>, A,
# FeCly 6H,0 5 8- EMME 1.2 WHAIRE, B
IR BRI REEYE E A Y Fe-HQY!,

1.8 %6t 4t 3¥ # A BB LA mean £ SE F7R, KA
Student’ ¢ K 38 177 2 4 US55 ¥7

2 &R

2.1 Fe-HQ X1 EE#% 53 75 22 AL 40 Bl Fn 1 4 3 i o0 AR

BER

Fe-HQ 5.0 LA M EF Sk A K 45 4 . .0 WL 48
0 £ WA 45 0 B PR K L +dL/de, JB/N(P < 0.01) (B )
~4), Fe-HQ MM L E/S, LVEDP FARMH, L%,
APk & . LVDP, tdp/dt,, BB, Fim,
PG ZF e (B S ~ 8, % 1.2). "Bk H Bk
LDH.CK B3, L MDA B % (%% 3),
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Effects of Fe-HQ, hydrogen peroxide, DMSO and reduced glutathione on the diastolic length of isolated ventricular my-

ocytes. “*P <0.01, compared with control group; **P < 0.01, compared with Fe-HQ group; *"P < 0.01, compared with Fe-
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Effects of Fe-HQ, hydrogen peroxide, DMSO and reduced glutathione on the peak twitch amplitude in isolated ventricular

myocytes. "P <0.05, ""P <0.01, compared with control group; **P < 0.01, compared with Fe-HQ group; **P <0.01, com-

pared with Fe-HQ + H, O, group.
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A ——Control —0—H:0; B —sFe-HQ+HO; —i— Fo4H,0;+Glu
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Fig. 3. Effects of Fe-HQ, hydrogen peroxide, DMSO and reduced glutathione on the maximal velocity of shortening

( + dL/dt,,) in isolated ventricular myocytes. “P < 0.05, "*P < 0.01, compared with contral group; **P < 0.01, compared
with Fe-HQ group; *P <0.05, **P <0.01, compared with Fe-HQ + H,0, group.
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Effects of Fe-HQ, hydrogen peroxide, DMSO and reduced glutathione on the maximal velocities of relaxation (-dL/dt,,,)

30 35

of isolated ventricular myocytes. ""P < 0.01, compared with control group; **P < 0.01, compared with Fe-HQ group; **P <
0.01, compared with Fe-HQ + H,0, group.

% 1. Fe-HQ.H,0,.DMSO Fu 3£ JE & & Bt H Bk *t B 44 % 3% 8 i LVEDP(mmHg) & ¥ W
Table 1. Effects of Fe-HQ), hydrogen peroxide, DMSO and reduced glutathione on left ventricular end-dias-
tolic pressure (LVEDP) (mmHg) of isolated perfused rat hearts
0 min 1 min 5 min 10 min 15 min 20 min 30 min 40 min
Control 8.71+ 8.54 + 8.58 + 8.47x 8.42+ 8.341 8.37x 8.34+
0.41 0.39 0.38 0.36 0.40 0.39 0.41 0.42
Fe-HQ (5.0 pmol/L) 8.47+ 9.4+ 12.81 ¢ 16.04 £ 16.07 £ 1434+ 13.95+ 14.20 +
0.50 0.73 0.70*" 1.50"* 1.62** 1.45*" 1.30*" 1.22
H,0, (50 pmol/L) 8.03« 8.42+ 8.05+ 8.05+ 13.57 £ 1248+ 8.18+ 8.53+
0.23 0.32 0.50 0.50 0.40°" 0.67"" 0.42 0.39
Fe-HQ + H,0, 7.97+ 10.40 + 13.68x 15.13x  17.7% 19.21+  18.48+  17.83%
0.45 1.91 0.95 0.88 2.47 1.45 1.06* 1.21°
Fe-HQ + H,0, + DMSO 7.89+ 8.50+ 12.02+ 14.31 ¢ 19.01 £ 18.78 + 18.06 + 18.14 +
0.43 0.75 2.05 1.92 0.97 2.38 2.90 2.83
Fe-HQ + H,0; + Glu 8.52+ 10.06 = 11.71 = 13.16 + 19.00 £ 19.21+ 19.08 + 18.21 £
0.16 1.15 0.69 0.4 0.79 0.65 0.86 1.27

T

“*P <0.01, compared with control group; *P <0.05, compared with Fe-HQ group.
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2.2 H,O, X358 5 18 L 22 AL 41 B 0 78 42 St O AR RO
£H
H, O, {8 K5 A 5 B A9 Lo UL 40 HiS W 48 o 1 I 6K
tdl/de,,, B /N (B 1 ~ 4), H,0, ¥ % .0 W&,
LVEDP .LVDP HR x LVDP. +dp/dt,., 7 Bk it & 3¢ &
(K 5~8, & 1.2), HO, xt.0 % 5 Bkt 11 W
LDH.CK R & MDA X B R (% 3),
2.3 H,0, 8K i B E AR
MBS, Hy0, + Fe-HQ # 584l Fe-
HQ HMtL, CULAMAT RIAK EEE . UMM
OGRS R . +dL/de /D (B 1 ~4), Fe-HQ ¥
W 10 min S5, FF HO0, W0, 584 Fe-HQ #H

FHtk, AT LVEDP IR ¥R (X 1), Mk R &,
LVDP, HR x LVDP. +dp/dt,., .0 %8 BEM (P <
0.01) (F5-~8, %&2), WM EHP LDH, CK B
BME (P <0.01), LUK MDA #in (P <0.01)
(%3)
2.4 DMSO %t H,0, mMI$kA9.0 A 344 45 A 10
DMSO 4155 Fe-HQ + H,0, A # L, L4
SFRMEKERmM, CUARMEBIRE. tdl/dy,,
WMe(E 1 ~4), FEREMEMCH, Fe-HQ (5 mmol/
L)# 10 min f5, F A H,0,(50 mmol/L) #1 DMSO [7]
B 0 E, 5 Fe-HQ + H,O0, HAHHL B, BO A
MDA RE{E4MN (& 3), BRI EHBER,

Fe-HQ. H,0,. DMSO #0 3F Jf & 4 bt + Bk x4 3 48 3G BE 72 Ak . & (ml/min) 8 % "
Effects of Fe-HQ, hydrogen peroxide, DMSO and reduced glutathione on coronary flow (ml/min) of iso-

% 2.
Table 2.
lated perfused rat hearts

0 min | min S min

Control 9.6+ 9.0+ 8.81+
0.15 0.33 0.23

Fe-HQ (5.0 pmol/L) 9.06 + 11.05+ 7.86+
0.39 0.54"" 0.25"°

H,0,(50 pmol/L) 8.49 + 8. 12+ 8.40
0.45 0.88 0.32

Fe-HQ + H,0, 9.10 10.20 + 5.05+
0.37 0.52 0.48

Fe-HQ + H,0, + DMSO 8.90t 9.50 595+
0.39 0.42 0.34

Fe-HQ + Hy0p + Glu 8.60 + 10.18 + 6.40
0.69 0.65 0.47

10 min 15 min 20 min 30 min 40 min
8.83+ 8.45+ 7.9+ 7.95+ 7.68 +
0.25 0.23 0.30 0.48 0.35

593+ 6.69 6.44 6.54¢ 6.50 +
0.18""° 0.21"" 0.19%" 0.24"° 0.25"
8.45+ 9.48 ¢ 9.18+ 7.74+ 7.28+
0.41 0.52° 0.56" 0.29 0.35

2.60+ 355+ 33+ 3.00+ 295+
0.29 0.27 0.27" 0.20*" 0.18**
3.85+ 3.30x 2.88+ 2.73¢ 2.63¢
0.53 0.42 0.16 0.37 0.31

405+ 6.39+ 6.61 + 6.71x 6.14
0.33 0.46*4 0.40"* 0.27** 0.23%

*P<0.05, ""P <0.01, compared with control group; 'P <0.05, **P <0.01, compared with Fe-HQ group; **P <

0.01, compared with Fe-HQ + H,0; group.

& 3. Fe-HQ.H,0,.DMSO #vif JR & 4 Bt + AR T % 4 % J 0 B LDH fv CK B % & IA &6 AL
MDA # ¥
Table 3. Effects of Fe-HQ, hydrogen peroxide, DMSO and reduced glutathione on LDH, CK release
and MDA content of isolated perfused hearts
LDH (IU/L) CK (IU/L) MDA (nmol/g protein)
 Control 21.13£0.67 14.13£0.72 1.06+0.04
Fe-HQ (5.0 pmol/L) 26.63+0.80"" 33.00+1.28"" 1.53+0.05""
H,0; (50 pmol/L) 22.75+0.49 15.3+0.56 1.17£0.02
Fe-HQ + H 0, 45.38+ 1.54*" 115.50+ 6.08** 3.01+£0.08*"
Fe-HQ + Hy0, + DMSO 42.88+2.36 103.88 £3.76 1.89+0.03**
Fe-HQ + H;0; + Clu 30.3+1.00%* 59.50 + 3.46*%* 1.92+0.13%*

The LDH and CK were measured in coronary effluent after the hearts were perfused with Fe-HQ) for 10 min and then with hydro-
gen peroxide for 10 min. The lipid peroxide products were measured after the hears were perfused with Fe-HQ for 10 min fol-
lowed by a 10-min perfusion with hydrogen peroxide and then a 20-min perfusion with KH solution. "*P <0.01, compared with
control group; *'P < 0.0!, compared with Fe-HQ group; **P < 0.01, compared with Fe-HQ + H,0, group.
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—o— Control —=— Fe-HQ+H,0,
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Fig. 5. [Effects of Fe-HQ, hydrogen peroxide, DMSO and re-

duced glutathione on the left ventricular developed pressure

(LVDP). "*P <0.01 w5 control group; **P < 0.0l us Fe-HQ

group; **P <0.01 uvs Fe-HQ + H; 0, group.
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Changes in heart rate (%)
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i U S 4 B

Fig. 6. Effects of Fe-HQ, hydrogen peroxide, DMSO and re-

duced glutathione on the heart rate. " P < 0.01 wu control

group; *P <0.05 us Fe-HQ + H,0, group.
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Fig. 7. Effects of Fe-HQ, hydrogen peroxide, DMSO and re-

duced glutathione on LVDP x HR in isolated perfused mat hearts.

""P < 0.0l vs control group; **P <0.01 us Fe-HQ group; **P
<0.01 vs Fe-HQ + H,0, group.
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Fig. 8. Effects of Fe-HQ, hydrogen peroxide, DMSO and re-
duced glutathione on the maximal rate of rise/fall of ventricular
pressure ( +dp/dt,,,) in isolated perfused rat hearts. **P <
0.01, compared with control group; *P < 0.05, **P < 0.01,
compared with Fe-HQ group; **P < 0.01, compared with Fe-HQ
+ H,0, group.
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