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[(HWE] HBY FiTMLL R E G HE-1 (heme oxygenase-1, HO-1) HLA BN XS K BUIL 05 DU 2, Jidk ok
FH % BIEHIE I RO Bk R 1520 It 52 95 ( cardiopulmonary resuscitation, CPR) #8160 H M SD KR 43y 4 4H . B FARH
(EAMKCFE, AT CPR AR) (CPR 4 . Hemin 21 ( Ifil i Z 41, Hemin 30 mg/kg F CPR {iij 18 h % 2 h 2 K JE = 47) .
Hemin + ZnPP 41 (Il fHZE + $F)E AW, Hemin B3 [F]HT, ZnPP 5 mg/kg F CPR{if 17 h Al 1 h 2 WHEHES) . ARG
6.24 h 2 AU AE L AR AR o 6 KR, &2 IR AL AERT AR 2 8 R, Western blot SAG I 4540 LZHZR HO-1 EEF
AR5 4 A B A AR A BT A0 5 1l 7% URR LT [) 17 ( CK-MB) (LRI 208 (LDH) & 4 ; ELISA 50 KBTS TNF-o 1L-6
B B ST LB TR O A Ak, 85 OFEHRAE TG 6.24 h HO-1 & (KA /K 1 5, H Hemin 4 HO-1
KT CPR 4l F1Hemin + ZnPP 2 (P <0.05) . @K H4H # 5 6.24 h CK-MB 1 LDH 7% 43 =, H. Hemin 21 455§ 4
5 CK-MB F1 LDH &4 394E T CPR 21 #0 Hemin + ZnPP 41 (P <0.05) , @TNF-a 7K : CPR 41 .Hemin + ZnPP 41 & J5J5 6.
24 h ¥F+HE , Hemin (VA F 5 6 h F5, HAEFRT 2 41 (P <0.05) ;1L-6 7K 3F-: CPR 41 Hemin + ZnPP 41{X & 51 /5 24 h 7+
(P <0.05) ,Hemin 45 Jfa & WA S AR WFH 3 (P >0.05) . @5 RFARAE, &5 T304 I BLO WU Tl 45 44 5 495 B
1, {H Hemin 4.0 LR S5 H 52 2 M T CPR 4171 Hemin + ZoPP 21, 8518 HO-1 R K RO E 955 O UG , bt
REN ] BE R HAR AL Z—
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Heme oxygenase-1 protects rats against myocardial injury after resuscitation
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[ Abstract | Objective To determine the anti-inflammatory effects of heme oxygenase-1 ( HO-1) on
post-resuscitation myocardial injury in rats. Methods The rat model of cardiopulmonary resuscitation ( CPR)
were established by being asphyxiated for 9 min and resuscitated. A total of 60 male Sprague-Dawley rats,
weighing 330 - 380 g, were randomly divided into 4 groups, that is, sham-operation group ( placement of
related catheter without cardiopulmonary resuscitation) , CPR group, Hemin treatment group ( Hemin, 30 mg/kg,
given in 2 and 18 h before CPR infliction by intraperitoneal injection), and Hemin + zinc protoporphyrin IX
(ZnPP) treatment group (Hemin given as precious description. ZnPP, 5 mg/kg, given in 1 and 17 h before
CPR infliction by intraperitoneal injection). Resuscitated groups were observed in 6 h and 24 h after cardio-
pulmonary resuscitation (with 8 rats for each time point). Sham-operation group (n =12) were observed at the
same time points with 6 rats for each time point. HO-1 expression in cardiac tissue was detected by Western
blotting. Serum creatine kinase isoenzyme ( CK-MB) and lactate dehydrogenase (LDH) levels were detected by
automatic biochemistry analyzer. Serum concentrations of interleukin-6 (IL-6) and tumor necrosis factor-o
(TNF-o) were determined by enzyme-linked immunosorbent assay ( ELISA). Cardiac ultrastructure was
observed by transmission electron microscopy. Results The expression of HO-1 in resuscitated groups were

markedly increased in 6 and 24 h after resuscitation. The level of HO-1 was significantly higher in Hemin group
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than that in CPR group and Hemin + ZnPP group at the 2 time points after resuscitation (all P <0.05). Serum
levels of CPK-MB and LDH in resuscitated groups were markedly increased at 6 and 24 h after resuscitation.
The activity of CPK-MB and LDH in Hemin group were significantly lower than that in CPR group and Hemin +
ZnPP group (all P <0.05). The level of TNF-a were significantly increased in CPR group and Hemin + ZnPP
group at 6 and 24 h after resuscitation(all P <0.05) ; but that in Hemin group was increased only in 6 h after
resuscitation and lower than the former 2 groups(all P <0.05) , and then returned to baseline in 24 h after re-
suscitation( P <0.05). The level of I1L.-6 were significantly increased in CPR group and Hemin + ZnPP group
only in 24 h after resuscitation( P <0.05) , but that in Hemin group had no significant difference after resuscita-

tion( P <0.05). The cardiac tissue ultrastructure of rats in Hemin group was more intact than CPR group and

Hemin + ZnPP group. Conclusion
tation, probably through its anti-inflammatory effect.
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11217 % %8 & 1 ( heme oxygenase , HO) 2 Ifil 21 & /3
AR OCHERR i . HO A4 3 ) Lk, Horb HO-1
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HO-1 19335, L& 3R (hemin ) 2y HO-1 F¢ 515 54
AR, TR 4% B IR P ST i iF 92 v HO-1 552 G T
HO-1 73fi I LLZR 7 A 3 FhE ™4 HLL R\ — %k
AN Fe? " A HLAAL BUARAE FUAT- S 2 B
R AR AR T IR 52, HO-1 A g R R R
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Pt 72, Haw s R AFTE AR W, 5 02
REAN 4 B A T 226 T B I DL T e B0 AH O 190 DT g
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FEAUIAE e e 7O i A A R RS AR, R HO-1 5% i
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1 #R5ETE

1.1 ##

Bl HO-1 Z 5eBEHTUIK (Assay Designs A 1)) , i L)
FARIE R PR TgG (DU A AR ) TR A PR 7)), I 75 LR
Jii e (LDH) LR LR =) 17 ( CK-MB) 7% M I 1 ) & ( 1
ME R KALE ¥R 2 A R A A ), M iE b E 5 H F-o
(TNF-a) \ AU E-6 (IL-6) 57 & ( M3EAE Y TR A R
/AT, Hemin(#t5:510280) . ZnPP (#it5:282820) ( Sigma 7
Al EE)

1.2 B A KRS BRAT -0 B AR o ) &

60 H SPF 4% 12 ~ 15 JE etk SD kB (1A & 330 ~380 ¢)
H T 7R B 2= LI s i AR AL (1P FTIE 5 SCXK 2003-0002,
B WEIES 2008A020) , G 2 45 mg/kg fE I ST RREE R L,

14 SEE 2 OERE, 22K E 23 5 PE-50 R LM
BRI IA N F B K I S , 2840 S 80 K A e 0 3
AEENE, & THNKCE S AL L5 T 52 R i B R
o SEWFEW S U/ mL TR K@ R 228 5 8
KA (Windaq Acquisition System, 35 [# ) %82 35C B0 s 505 Ha
iAo SRS Z LR, (R AR IRAE (36.5 £0.5)°C, #F
S IO R 0 SRR 3 ) 5 BORHS  BHIE U
HERFE9 min, FEZY 5 min (.08 1E P 3k E <20 mm-
Hg) o =9 min J5 , {5 i il 2.0 i Bl &2 95 001 53 e B A7 AT
il B B0 i 52 95 4 I AR A3 Sy 200 /min (14 i A1 4 R
100 /min {14 [R] 25 HLAIE SR SR BE 100% ) , 4% He TR 12 2y 1 J6
HIEARAY 173, Rl EIRER 0. 04 mg/ke BRIKEES . A EIEIH
PRI E SRR % BV, P 3 Ik = 60 mmHg, If B4
F55 min DL ED HREARIE 3 min [ FOEFRANKE R B Ik
W, SRS B =G ER I S 52 050 5 L I 4 h i 3 7127
AR E BIEEOK RO BEERIE CPR 3% 93% .
1.3 Zmshdaa

I3 4 H AR T ARHUE AN EE , 22 sl Ik A7 5 5h
Jok 22 3008 K A4S, NP5 CPR AR, 23R J5 6 h 1 24 h 2 A
I, B A 6 U = AR R B CPR 41 Hemin 201 Hemin
+ZnPP 41, BRI E G 6.24 h 2 AU s, AR A AT 8 ]
F,, H:H Hemin 20 Hemin 30 mg/kg F CPR Hij 18 h J2 2 h 2 X
MG EE 5T, Hemin + ZnPP 4 Hemin ;R A, ZnPP 5 mg/kg T
CPR 17 h A1 1 h 2 WIEIETESR . AFFEH CPR 2 Hemin 24
F1 Hemin + ZnPP 21 JF 4 ¥ e 2= A 3£ 18 20K & B 18] 43 51
(2.15£0.37) .(2.21 £0.43) (2.50 £ 0. 41 ) min,3 41 Fi 5 4
i) 25 R G # R L (F=1.68,P=0.21),
1.4 FRABGRI &

RFARLE B S IR H A0 TAR G BE 955 6.24 h AbFEZ)
Yro BRI L% 45 mg/keg I IF i 5 PR IR B, T TR ik
IR, 2.0 J5 A %€ 3% - 80 CUKFEIRAE. FMLC L, BUH 40 42
O UL 1 mm® /NH T I R R T AL R SR O L
st . HAR O BRI A, AR IR 5 - 80 C UKAS
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1RAE, T Western blot 525
1.5 Western blot #-m] & JL2a 2% HO-1 & & K -F

B W ZUE T M, BCA L 3 k%, A R pE i 2
[F]—We B 4T B B MR M-SR T M Bt i ( SDS-PAGE) BE I,
ERE SR OB O REZE vl 20 LIRS, 286 S min (2R
51,5 000 v/min B0 1 min BCETE, T4 1 FLIN15 wLAR5>F
MES IR, HARFLEINRE 15 L B EARES S K. 7B e
FEH TR PVDF I8, 5% 0 BAR Uk &0, Ve fS , 5 —
LA HO-1 ZrgREdiiA, 1:1 000)4 CHEFF LK, P
Ja A ALY BEAR IC BT 1gG (121 .000) 37 CF /M
1 h,ECL &5t 5%, ¥ X 2 iR i Bio-Rad 2000 %! ¥%E i k14
RGAE L T A5 , ) Tmage-Pro Plus 6.0 Ll K87 Hrék
PESAT LR AT, IR 3 K,
1.6 LDH.CK-MB &M 2

BB T AR K& LA E 5 6.24 h IV AR A,
- 80 C{#7%, i1 HITACHI 7600-010 4= H 34 b 43 A — L4
W, BAEES R w1,
1.7 SR EEM T

BURFARAAR)E 6 h,CPR 4] Hemin 4] Hemin + ZnPP £
KEE G 6 h 20 Z WO HUE IR T mm’ K/ ,4 °C 3% VK%
TEEIEE , PR DU S AR B B RS T K , SRR bR B,
AR, HVEIERE SO nm A4 U) R ISR Bl R B R B 2% (5378 S v
BEL gL U A 2R Ak .
1.8 TNF-o IL-6 & m| &

BB T AR H K& L R I8 5 6,24 h IfLiE bR A,
-80 C{RAF, ELISA LI K FUME TNF-oo IL-6 Ve B, ELAR 4
VES BN & v I k1T
1.9 it ot

K SPSS 16.0 Geit /. iHEFRIRR N & +5, 24 HE
AR SRS B) B LR B TR 3R J5 22 30T , 22 A REAS S 800 T 74 L
#5% FH SNK %5 (Students-Newman-Keuls ) g 4655

2 HR

2.1 Ry HO-1 &G £k K69 sk
SRTFARE, S E ML TG 6.24 h HO-1 Kk %
& (P <0.01) . H Hemin £H &0 AH 5 HO-1 ZKF- 2y T CPR

ZH 1 Hemin + ZnPP 44 (P <0.05) ,J5 2 d 2 [a] b 2 % 53T
RSN, WAL,

HO-1—
(32x10%)

s
O TARA
ElHemin #H

GAAPDH—
(36x10°) N

COCPR 4
M Hemin+ZnPP £H

o 16
® 14f

HO-1 X5

G 6
1:BF KBRS 6 h;2:CPR ALK 6 h;
3:HeminZA K J& 6 h;4:Hemin + ZnPP 21 KJ5 6 h;5 .8 F KA K5
24 h;6:CPR 21 K5 24 h;7 :Hemin 28 £ /5 24 h;8 . Hemin + ZnPP 21
KJE24 h;B: ¥ 2B 54 a: P<0.05,%5 B & & Hemin 223k
#;bh: P<0.01,5 Fo i 485 K4 bk
1 Western blot &l & 4 A RO ALE LR & HO-1 EH Rk

A:Western blot #: i)

2.2 &#1F )5 AR E48 CK-MB LDH #) rbiz

CPR 41 .Hemin 41 . Hemin + ZnPP 21 % #)5 6 .24 h CK-MB.
LDH {H¥ & FIF AR (P <0.05), HE 1 TWERIRE 6.
24 h,Hemin 2 CK-MB.LDH {8 #{ik T* CPR 4 & Hemin + ZnPP
ZH(P <0.05,P <0.01),CPR 41 &% Hemin + ZnPP #8577 /5 6.
24 h,CK-MB.LDH {H2: 53 G0 E (P >0.05) .
2.3 BRF FJ)E6 h SILABMEM G T

TR TF ARG WUV ZF 2 HEB 2 55, WILZZ 185 07 , 2R R 25 4
T, I HES 255 CPR 4 & 95 5 6 h Lok i b Ak kb 25 1k,
TR SRR SN 52 4 IR RIS o LAY 25 A A, O UL
JECR PRV #% s Hemin 4152555 6 h AU SRR R SHOK
Uk, b A IR 43 25 40 S8 1, U T T, UL 22445 3 b, JUL
JEL5E 4 s Hemin + ZnPP 2415 935 6 h GokifR )1z ik , L2
VA U R AR — . WK 2,

*1 BHAKXREH/F CK-MB LDH TNF-o IL-6 /K ERILLE (x =5)

) CK-MB(U/L) LDH(U/L) TNF-o(pg/mlL) 11.6( pg/mL.)
) " premm—— HIE 24 b S5 6 h HHE 24 b GHE6h  HAE24h  HHR6h  HAR24h
fEFAAl 6 299.80238.98 286.92 +30.70 345.20 £36. 18 314 £52.06 13.40£1.77  14.782.57 26442534  24.1727.57
CPR 41 8 23414.0024591.733b 7191401527335 3890.00£972. 15b  2459.20£427.203b 110,42 £45.78% 52.12£23.614b 51.28£32.17  56.88 % 15,314
Hemin 41 8§ 14952.00=1850.100  2766.87+637.218  2694.40£510.312  1090.88+177. 142  63.79 34,180 24.85%15.32 47.37£25.05  33.5747.97
Hemin + ZoPP 41 8 26 556.80£3 858.074¢  5925.80 £ 1960. 685 4 13860 +1034.725¢ 1970.20 £427.583b 99,96 +40.264b 44.70 £21.614b 61.99£30.51  68.80 27, 194
F 2.3 6.49 21.90 9.51 9.82 6.59 2.105 10.00
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 >0.05 <0.01

a: P<0.05, 58 F R4akik; b:P<0.05, c: P<0.01,5 Hemin 28 }t45
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A:fF K48;B:CPR 41 ;C:Hemin 41 ;D Hemin + ZnPP 20
B2 BAAREHEG6hhOIBHMEMHTL

2.4 AAKRdiE TNF-o IL-6 KF T 40

SRFARLA L%, CPR 4] .Hemin + ZnPP 4 E 715 6.24 h
TNF-o 7K -2 F45 , Hemin 21X E J5 5 6 h FHE& (P <0.05) , &
G 24 h 5IRFARAC TL #4225 (P >0.05), H Hemin
HE I G 6.24 h TNF-a 7KF-3 i Z KT CPR 41 & Hemin + Zn-
PP 4 (P<0.05,P<0.01),J5 2 4l ik, R TR (P >
0.05), &1,

SEFARALE, CPR 4. Hemin 2H & Hemin + ZnPP 2H %5
a6 h IL-6 /KT B¥ A EER, HERTRFMEP >
0.05), 75 24 h Hemin 41 1L-6 7K F-T5HA 454k, {0 CPR 4
J% Hemin + ZnPP 21 1L-6 /K-8 2 F+ i , 3 T FAR 4 M Hemin
ZH(P<0.01), CPR 41K Hemin + ZnPP 418 ¥ J5 45 B AH 45 1L-6
K2R TG XL (P>0.05), W1,

3 itig

AFFERHZEE 9 min KR L 5 min LBk 1E
il %0 B R A5 il 42 S AR TR 238 I I R R RRUR 95 5 IR
WL WL A 2= 48 Ax CK-MB K LDH 2785 & 7t &, HL
O JULA BB fole s ¥ 10 B o A B ik 2 Ak, LT 4544
RO A5 400 $ O BRI 45 00 &2 5 J O LR A 482403
SRR A BT . ARBFIE S R ROl A 5 A
S L P Y 4540 T 5 S0 UL HO-1 (363K, HO-1 f5 57
PEE SR 5 E P — 215 S HO-1 %3k, Hemin &
JiJ 6.24 oot LB 3 g2 F5 b CK-MB K& LDH #1I%
T CPR 4, H 0 AU T 4548 58 B 5 CPR 4147, 1
HO-1 {341 5] ZnPP X5 Hemin [a] B .00 fili &2 55 K
SR, K B 5 D LI 8 32 43, i 98 3R 52 HO-1 36

KATA OB IR O IR . Yet 251 % B0
1K HO-1 AL B, 7 i AR 3 Bk L2 60 min
FETE 24 h 5, O LA AE AR B /N T 5 A TR L, kit
DO LA A 4 32 1 B 2 i , A S A0 iz, =2
FIAWITEAE R . LA, HO-1 TE e RO AR O EAT 15 37
[RURERTES G R

ESENCEINEYRI kLTINS RS P T E W 3
ABLHI R LT I EEAE BT B L I BEA 42 DI I 5 4
Bl P VE A 03175 T S S N B L 22 Fh S AE I 1
R HREA ORI , He 3R 73 S E P 7 2 TNF-o (TL-18
1L-6 Z&7] B EMEIIE R AL LTI EE™ . Niemann 25
FE 7 min 2 BV 0 BER (5000 Il 52 3 A A v e B,
M3 TNF-o 75 H FAFFMKE S5 15 min NE B BT,
BT B 5 52 750 Jm 70 28 W 4 D e 1 A Bk 5
AW AIRNIESE R R 935 O U405 09 [T I TNF-
o JL-6 KTt , 5 LR A R —E RAEN T T
HJE TNF-o i 3 2 FOL B 40700 L. AR 26 o TNE-
oo PSR JTLEAR M 2 TR 40 i TR B 251 338, P
TE SO T O JTLA 0 AR A 40 L 8 R, 3 e 4 i
REHCA 1 S S AR G50 L . TNF-o 5.0
AR R TNFRL 455, 920 20 16 P4 405 55 5, 52 i) 2%
AW A I A, 400 Co WL A SR 5 s fie O LA i
S R SER, B0 LA, TR L
TNF-cu i AT 458 3 o L A5 P9 B 200 ., - 1 0 el ik
SKAZ AT, IR WL AL, B350 L TR o i
SR IR VRS JAE SN, BETCARAE A 1%L LB 0 1, ]
RE= R I8 E DI REA A R A AL 22—

BT KB K5 T HO-1 @ 3k, nl ] A
RO T A2 IR SR I3 O LA A, B3 LR i
SEt5E R, Al HO-1 w32 3K 9 2 &2 950 5 K B ML T
TNF-a\IL-6 7K-F-, 275 HO-1 HAHUR MO, AT e K
B T A2 5 A I 4 B G S N £ ik o L RITBIE 52 Ik
S, HO-1 B BT 9 800 i o He 10 10 58 i), o
se—A IR (CO) HA IR R AIHTAAE T #E. Otterbein
A R Bt ek HO-1 PR A B W 0 M, i 22 4
Wos A TNF-a 30, HRAEW ¥R B THYS
P38MAPK {55 4% G 3d 0GBy w7 G SMEMESR T
—E [ CO n] = AR AL, $2 7 CO I HO-1
T RARH IR BN . Sarady %1 BFF KB CO ATiE L
AU 0 5 S B -k B 4 BT AL A A, 0 ) NF-B
(TG, T 8 AR 22 A ) i U I A 4R v TR T
(granulocyte-macrophage colony-stimulatiug factor, GM-
CSF) i1k, M GM-CSF R ) fie 48 P9 - 4n TNF-
o JIL-1 IFN-y FIZAEST FANAT SR R ELH = M55 1)
RS 5 RAER . PRtk , HO-1 5@ it HAR ™4 €O,
M ZFPRAS, A i S 5 R R AU
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