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[HE] BN NEREEFHF-l«HIF-1OX KR0S M/ FEERGRDERPEAREON
B CEPKOESHFER. vk RASGH TR EKZRTFEZ 30 min, ¥ H 180 min A7 LR Y IRI 51Y
A, 4 32 R Wistar K RIEFVIECFERE S BT AL IR 4.6k i FI4LE JPCOA . IPC fn PKC # i
P4 APC+1 4 ,IPC Ry#: Bk 1§ PKC MiFI R QB R FE W 5 me/ke)  F41 8 R. FHMIE 180 min FHEH L
B, W E HIF-1o, M40 X A48 1 (HO-1D A mRNA MIE B U R XA E MR ¥ &M E S 8§ 3(caspase-3)
BamRk DRBNEESARMNE-SAL-) AT HALYBEMPOIKF, &R SBFR4MHLE,IRIA
i Bl HIF-1a,HO-1 # mRNA 17 § X caspase-3 & H Rk 3 ] B 3 £ (HIF-1a mRNA:0.84910.032 It
0. 356+0. 022, HIF-1a % [ :0. 7621-0. 042 H; 0. 32440. 016,HO-1 mRNA : 0. 86240. 045 I 0. 33240. 012,
HO-1 EH:0. 79240. 044 I 0. 3354 0. 031, caspase-3 & £ : 0. 371+0. 015 H 0. 06140. 012, 3 P<<0.01),
I IL-8,MPO 8 ¥ # % (IL-8: (8124 26) ng/L H (72+13) ng/L,MPO:(78.7+2.9) kU/L K (13.3+
1.5) kU/L,# P<0.01), 5 IRI 4 i ¥, IPC 4 HIF-1¢,HO-1 # mRNA #7& B & 35 (HIF-1a mRNA,
1. 41240. 039, HIF-1a A : 1. 362% 0. 045, HO-1 mRNA : 1. 52310. 038, HO-1 ZHH : 1. 42010. 041) B &8 1§
%, caspase-3 & 1 335 (0. 1291-0. 019) B B R& & (3 P<<0.01), il IL-8((432+59) ng/LIF MPO XK ¥
((43.2+5.9) kU/L)BA B R (3 P<0.0D), IPCHIA£ KIS IRIALHABER. &i HIF-la LA
IRI A BEF PR, HIF-1a B R5 R KB PKC M5 #,PKC £ HIF-l« RENEBFEHPER.
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Protective effects of hypoxia-inducible factor-1a on myocardial ischemia/reperfusion injury in rat and the
role of protein kinase C in signal pathway NIU Tie-sheng * , QI Guo-zian, FU Peng, SUN Ying-zian.
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[Abstract] Objective To study the expression of hypoxia-inducible factor-la (HIF-1a) in a rat model
of myocardial ischemia/reperfusion injury (IRI) and the role of protein kinase C (PKC) in signal pathway.
Methods A rat model of myocardial IRI was reproduced by 30 minutes of left anterior descending coronary
artery (LCA) occlusion followed by 180 minutes of reperfusion. Thirty-two healthy male Wistar rats were
randomly divided into four groups. The first group was ischemic preconditioning (IPC) group; the second
group was simple IRI group; the third group was IPC plus PKC inhibitor group (IPC+I group); the fourth
group was the sham-operation group without ligation of LCA. Eight rats were used in each group. The heart
was harvested 180 minutes post-reperfusion, the mRNA and protein expression of HIF-la and
hemeoxygenase-1 (HO-1) were assessed. Meanwhile, the protein expression of caspase-3 was assayed.
Blood samples were obtained from heart to determine the levels of interleukin-8 (IL-8) and myeloperoxidase
(MPO). Results The mRNA and protein expression of HIF-1a and HO-1 increased significantly in the IRI
group compared with the sham-operation group, while the protein expression of caspase-3 increased
significantly in the IRI group (HIF-la mRNA; 0.8493:0.032 vs. 0.356+0.022, HIF-1a protein: 0.762+
0.042 vs. 0.32440.016, HO-1 mRNA; 0. 86240. 045 vs. 0.332140. 012, HO-1 protein: 0.792140. 044 vs.
0. 335+0. 031, caspase-3 protein; 0. 37140. 015 vs. 0.06110.012, respectively, all P<<0.01). The levels
of IL-8 and MPO increased significantly in the IRI group (IL-8: (812+26) ng/L vs. (72+13) ng/L, MPO.
(78.7£2.9) kU/L vs. (13.3+1.5) kU/L, both P<<0.01). The protein and mRNA expression of HIF-1a
and HO-1 increased significantly in the IPC group compared with IRI group (HIF-la mRNA: 1.412+0. 039,
HIF-1a protein; 1. 36240. 045, HO-1 mRNA; 1.5234-0. 038, HO-1 protein; 1.42010. 041, respectively),
meanwhile the protein expression of caspase-3 (0.129 £ 0.019) decreased significantly in the IPC group
(all P<0.01). The levels of IL-8 ((432+59) ng/L) and MPO ((43. 2+5. 9) kU/L) decreased significantly
in the IPC group compared with IRI group (both P<C0.01). All above parameters showed no significant
change between IPC+I group and IRI group. Conclusion HIF-1a plays a protective role in myocardial IRI,
PKC is an important signal pathway of HIF-1a gene expression in IRL.

[Key words] Ischemic preconditioning; Hypoxia-inducible factor-la; Myocardial infarction;
Myocardial ischemia/reperfusion injury; Protein kinase C
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AR FTE . BEXBINMHMATLAT A
HESHSRRURTLMHE. FAKEHERR
P EBEFRHAA . ZAEBFAENREE FER
A A B EAHEEX IRI fF RS AKEY, £F
e B E AR E F-le(HIF- )R E RS &
EREE N ME O RENEFE T, R B B
¥ &R %L . BT T A B A8k i T Ab 3B
(APC)T Ak &£ if HIF-1a #E X HEH T HAHEE
EANEFAREIRRERPEMM, BEEHK
BCPKORGCEABBZEREPHNHMNY
EFERETRAEES  WEFETRRABED,
BEERINEESHE  BREAREPHERS
544k R B PR, 5] B BB AE P T 40 e 4% o e 5%
REF HiGES#% FEMX HIF-1a X HAEWH
MA+HEE. BT, RPRPER PKC 0457
H B 3£ F 49 (chelerythrine) WL £ IPC 5 £l IRI
B HIF-1a B{E S % S/EM.

1 ¥E5h%

1.1 BN TRIzol B H 3 H GIBCO A, ¥
EFRiANMEWE B A& TaKaRa A8, A4 A F&-8
(IL-8) R 5% % 8% W% B 1 (ELISA) 37| & . HIF-1a B4
RENE G MO XEEH 1HO-DAK.X
LERTEREENEMRE AR 3(caspase-3) X fE
AR BRI RLYBERARE IGGUEPES
AP IRARAH, REALRERAEHRN
HLEAF R,

1.2 HYAARCN IR EEEY 12~14 F#,
R E 250~350 g ByMEHE Wistar K 32 B, E
ERK¥EHBRERERSI MR, HRXBRILMHEH
BFERESNBFARA.IRI 4.1PC 4.1PC i
PKC WHIAAJIPCHI 4D, B4 8 R, %My %k
B IRI A I7 K R 8.0 B, 45 3L REIR 3h Bk 22 B
RE X 30 min [EMFFLEH, , M 180 min, IPC A%
HLERPER 5 min FIRFAEE,RE 3K RER
IRI #8 ;IPC+1 4 B Ak 5 10 min # k¥ 5 PKC
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1.3 REBHRET®

1.3.1 HIF-1a,HO-1 # mRNA #ERE . R AN
- AW KR (RT-PCR), TRIzol ¥ # B &
RNA. F%5M3 6B+ (B 260 nm Fl 280 nm
b B R O6 BE A H DR W RNA 255 B H R R
BE10 min; & B A cDNA £ —20 CRF AHTRE
Bi 4 K B (PCR), HIF-1a.HO-1 B Bl B A
Bactin) i E. T3 WH EBETAYTRER
REABRAASMR, PCR I %4, 04 CHZH:
308394 'C 10,60 ‘C 1 min 68 C 1 min,30 X
PE3F ;68 CHEM 7 min,4 CHRE. RF H R KE
JBE BLAR 23 T A B PR 4R 43 W 3K 4 3o o Yk R AT IR B
4%, B HIF-1a,HO-1 ) mRNA 5 B-actin mRNA
B AH R & B R RIXE,

1.3.2 HIF-1a,HO-1,caspase-3 B HE LW E:
FRABARAEGLE., ANRZMARRAER
Ji,Bradford M EBEHAEAKE. SREARS
At - HERRART R ERRA-REAR
B ¥R B3k (SDS-PAGE) T B RIEH ERER
HEBRBEE, ZRTHMA BB, MA—HA = 500
WR),4 CHB,ER T BRES A ZH (HIF-1a,
HO-1 351 : 1 000 # #, caspase-3 3y 1 ¢ 300 %
B, BERALERARYHFTRERD =%
MH MBI E M GAPDH) S R, 7 A sh i ik
BREAMN LSS R,

1.3.3 it IL-8 K gt E ALY 88 (MPO) K- H €
k&K B0 WL, B ELISA B & IL-8.MPO X ¥,
BESEEAN S U H BT,

1.4 ZEit2#¥J7E KA SPSS 10. 0 &4, it B %R
BB RESE )RR ARLBHSEERY
Z0H,P<0.05 HERBERITEE L,

2 & R

2.1 HIF-1a,HO-1 # mRNA £35(E L;E DD
AL IRI j5 &4 HIF-1a 1 HO-1 #§ mRNA F#AH#
BFERHAHBHM, H 1PC A% IR AM IPCHI A
HiNE B (Y P<<0.01);IRIAE IPCHI AR I
BERILLGHEB X3 P>0.05),

2.2 HIF-1a,HO-1,caspase-3 WEHFEE(FE 1;H
2) > IRI J5 £ 4 HIF-1a,HO-1 #Hl caspase-3 K
BEARSHBEEF AR B M, IPC 4 HIF-1q,
HO-1 W& B #3535 IRI 40 # 1PC+1 4 1% in 5 8
B ,caspase-3 BHFRAE IRIAFM IPCHI4H B
WA (B P<0.01);IRIASIPCHI4 A HEER
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21 £4AXK IRIELNHASR HIF-1a,HO-1 # mRNA f17 H #3% ,caspase-3 B R A X P IL-8.MPO K F B (zLs)

a3 % L0 HIF-1a L2 HO-1 W HIF-1a £ HO-1 £l caspase-3 i IL-8 1 MPO
.3 mRNA #3% mRNA #i5 EASE 30 :ASE 37 ‘RS (ng/L) (kU/L)
BFER4 8 0. 3561+0. 022 0.33240.012 0.32440. 016 0. 33540. 031 0.061+0.012 72413 13.3+1.5
IRI4 8 0. 849+0. 032* 0. 86240. 045* 0.76210. 042* 0.79210. 044 0.37140. 015* 812126* 78.7L£2.9
IPC 4 8 1.41240.039°®  1.52340.038%® 1.362+0.045% 1.42040.041®% 0.129-0.019* 432459 43.245. 9%
IPC+14 8 0.898+0.041* 0.812+0.052* 0.8211+0.049* 0.826+0.051* 0.365+0.031* 786143 71.243. 8>

¥ IRL: Sk /P M B4R 65, HIF-la: SR M FE S H F-1e, HO-1. M ¥ 84 B 1,caspase-3:. KA B M REEHEAREAMN 3,IL-8. A4R
S+ %-8,MPO. BT E Y8, IPC 4. BB BA, IPCHI A S m B H+BOARMCHFANL SBFRAKLE, P<0.01; 5
IRI 41l 3% ,PP<<0. 01; 55 TPC 4 Ho# ,°P<<0. 01

| i } 4

HIAT 2y KR
HIF-la
120 000

| 2 3 4

HO-1
37 000
200 B-actin caspase-a
1 19 000
00
HO-1 GAPDH
38 000

500

1BFARH, 2.8t/ BRERGA,
3.kl FIALERA 4. BRI BIAL -+ R WM C
M M4, HIF-1a. K% S H F-1¢,GAPDH,
SRR HERZR HO- 1. maXRAM 1,
caspase-3: RABMEREEKEART LM 3
B2 BEHREEGEERMEHAR
YLk L/ E MRS O NAR

M:Marker, 1. BFARH,2. e/ FMEHRGAH,3. 0 BLRL,
48R M BIALE + B B2 %MW C W H A4 ,p-actin;
B-MEIE A HIF-1lo: K% R HF-1a, HO- 1. MU R AR 1
M1 % -G e ST A 45 41 K B0 Lk ./ - M R A S

L ULA L HIF-1e M1 HO-1 # mRNA &3k

EGH# B X (3 P>0.05),
2.3 Il IL-8.MPO K ¥ (& 1):IRI S &4 1L
IL-8,MPO XK ¥ EBFRAUBAR/ G P
0.01);IPC 4 1fi IL-8.MPO K ¥ B E KT IRI ARl
IPCH+I1 41 (3§ P<0.01); 7 IRI 415 IPCH1 41 |
BERLTGHFE LY P>0.05),
3 #
OMIRINH+HER B REEESEAR
HEBR.E H HE (OFR) KB ™4 | 5 i 4 4 45
MEARKERS%. BRoks K LBy OB IRT K5
R ECE R, T SR i T A R W A B e 0 A0 L
IRI &, HIF-1a .0 080)E — R4 FR
B R s B F 22—, AT AE RO WL S o ik il W AR
Y. BEWHREEY HIF-1a 257 IPC lOULED
fER™ B IPC fE R B AR R EERPHLE, P
RIAAZARURPEANS S  AEBHEXR
HYRESHAHEE., ETFoMA HIF-1a 23R
EF LR NIBE B R 5 R BT, 2 R i 5E L
PR N RO, AR ARERFHLE®
W EFMEEER, B e LA IPC 7 g &H5E

HIF-1a,HO-1 # caspase-3 I E A £k

i HIF-la A RHEHTHEXEBHEZME
Bk RIEGRTBNLN . .

KB EBR,IPC 4 HIF-1a ) mRNA R EH
FREMBFEARMIRI 4. IPC+1 4B B3 im,
#H HO-1 ¥ mRNA REARL WA BE M, 9
HIF-1a .0 0L IRT B4 RFER, H TR AR
BipHLH B s EF LI R A ST AR E >
4 HIF-1a 5#E 2 H 8t M & K 5t (HRE) K HIF-1a
ZERGAR MEKEF, AR HIF-1 THXE
% FH AR, I HO-1. B4 40 i 4 iR % (EPO) . il
HHELEKEF(VEGE) BB EEA-1. %4
BHEEE-3",HO-1 £ HIF-1« WIBEHE, EH#
M F Ef—EALB (COY IR B, RB7ES A .48
B RAE R K T % B AR T R S 4 R AL,
B HAN IRI B EHFFERS,

MM TR RO IRT RBEHLH S EER
¥ Z—U, Fliss i Gattinger'® )5 FI AL A 35t 1 2 45
O P BE W o JKe B 3K UE 3B, Bk L A IRT K RO LA
$ 7 6 R ToTE A F AR A DNA B8R v 3k B 25, BP
fk i A1 IRT 7] 300 LAE R M 1=, @ IRT &) 2
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TR 6.0 UL AT TS . caspase-3 L By
HABARRAT-RENRE, AHRBER,IPC T
caspase-3F KA BREMK, RUKRARABA
1M,
BARERANEEBHERIERNGRE, TRE
ARSI R B ER SR . SO UL LS /e A B
]t B 40 B 3 BEL 2 8 4) 6 40 I 60 UL A R
MANE. #ASRI X B 40RO S BRI A
BHMEBENBTSaEHaE MZEABTFMEME
4 55 B9 A A OURT 15 BB P B 0 L Bk B, B R
e, 0 Lt AT I B, R E B
o E, S B SR B 0 X% R E R
85 4050, b or 40 B R RS 8 5E A R B B0 L4
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B Ca’ ¥R BESE I, ¥ T _ 38 0 B P Bz 40 O P 3 40 B
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HRAEABEFZHNEERASRIFEFETHERETH
BLI—Fh 2T R A 8F R P HR 40 B 2R 40
HEERARFSEBRENEAR, SEMAMEE,
ARZOABRNFEEARERS . AHRBR, FEE
180 min /§,IPC 41 MPO KB BF AR AW BB
S, HARBREELD,RBZ IPC FEEERGH
B E 4Bk 48 2, T X 5 IPC J§ HIF-1a
FAW B BAIX, IL-8 BBIAT B R B R E
M EEMEIR, RO IRIWEERERNF,IL-8
MAKFS5.00 IRI BIERXD, *HALERBR,
IPC 41 IL-8 /K8 & F IRI 4, 3% ¥ IPC 7] L
BH & Wi IL-8 YK F, X0 0L IRT B A R EH.
X ] 885 HIF-1« 8 & A HO-1 #7™ 4 CO & %,
CO B LBRIFIHEOMEMAPK) S EEA
LI IL-8., B8 35 5E B F-a (TNF-o) % {2 & 5E A
F I LB R E R F A RS, HEAENH AT 5
W, AHE—-LHA.
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