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SRR iﬂﬁﬁuubﬂﬂﬁ%[ﬂlﬁlg Fin{5 At
Nrf2—ARE {5 518 B H) 22 Ml

o, EE A

(Lo RA BT WS ER QAR LR B 271600 5 2. W1 R & MERT b e E I
WA A, R B 271600 5 3. PEEM KFHMBEF WER, L7 M 110033)

THE . BH R340 5 KRG A 325t K Ros Ml dn - JE 72 514 B Nrf2—ARE 12 5@ %69 % 0. 7735 30
RAEEHE SD K ALY AR F R, Sebe B 2 RAT KRG R IDM, B 4 KRS Wb fo B i 4
BER ) AP KRG AT B A 5 min, 4 1w g/kg 97 BHAFF R BEEHIRIEN, BT K fobk b B
RN ENSE TG AR K KM 3 4L K RS AR LB AR VAR IR B 5 BOE A 3 20 KRS L dm i R oL,
#) A B 3B E & PCR (qQRT-PCR ) #= Western blot 2 4 3 40K & JLLLLR P Nif2, HO—1, NQO1,
SOD1 % GSTM2 kR A& & £k, R 5EBF KUK, b Bl izafst i KRG &AM K 08 Il iR

Fe AR ST AR G, 5 Hedn B E L PLEL, AT3R KRG AL LA K RS Lm IR T 45 S e AR St i AR ¥ e
& (P <0.05); 5BF Rarbis, sbb B 2054738 KRG A2 K RS L P Nif2, HO-1, NQO1,
SOD1 & GSTM2 3 B ek G AaxT X B EIK (P <0.05) ; Hikh FAIEMLE, 473 KRG AR K s L

ZH28 % Nrf2, HO—1. NQO1, SOD1 & GSTM2 A Ffe& GAast £k T34 F (P <0.05), it 43 KR
)& 40 32 T AR R B o T IR B A KRS U S0 @ AR A B am Il T, AU T Akl i i E Nirf2/ARE 42 5 i@ %
P4 3 5 11 AR 2 Bl R AL B 09 3K | At B 28 4 B B AR A

KRR . AP AR ; B S A S LB B IEMAS 3 Nif2—ARE 2 5185 ; KR

HRESES : R-332 SCHRARIRED ¢ A

Effect of Sufentanil postconditioning on Nrf2-ARE signaling
pathway during myocardial ischemia-reperfusion injury of rats

Chong Guo', Xiao Yue’, Da-lin Jia’
(1. Department of Cardiology, 2. Department of Endocrinology, Feicheng Mining Central Hospital,
Feicheng, Shandong 271600, China; 3. The Fourth Affiliated Hospital of China
Medical University, Shenyang, Liaoning 110033, China)

Abstract: Objective To investigate the effect of Sufentanil postconditioning on Nrf2-ARE signaling pathway
during myocardial ischemia-reperfusion injury of rats. Methods Thirty healthy male SD rats were randomly divided
into sham-operation group, ischemia-reperfusion group and Sufentanil postconditioning group. The rat models of
myocardial ischemia-reperfusion injury were prepared. In the Sufentanil postconditioning group, Sufentanil was
injected into femoral vein 5 min before reperfusion at a dose of 1 pg/kg, the rats in the sham operation group and the
ischemia-reperfusion group were injected with the same amount of normal saline. The myocardial infarct sizes and
pathologic changes in three groups were detected. The cardiomyocyte apoptosis in the three groups was detected.
The expressions of Nrf2, HO-1, NOOI, SODI and GSTM?2 genes and proteins were detected by qRT-PCR and

Wk B3 . 2017-08-19
[EIEVEH | B, E-mail : 2487774032@qq.com ; Tel ; 13953873565
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Western blot, respectively. Results Compared with the sham-operation group, the cell apoptotic indexes and the

myocardial infarct sizes in the ischemia-reperfusion group and the Sufentanil postconditioning group were increased

(P < 0.05). Compared with the ischemia-reperfusion group, the cell apoptotic index and the myocardial infarct size

in the Sufentanil postconditioning group were significantly decreased (P < 0.05). Compared with the sham-operation
group, the relative expression levels of Nrf2, HO-1, NOQO1, SODI1 and GSTM?2 genes and proteins in the ischemia-
reperfusion group and the Sufentanil postconditioning group were significantly decreased (P < 0.05). Compared
with the ischemia-reperfusion group, the relative expression levels of Nrf2, HO-1, NOOI, SODI and GSTM?2 genes

and proteins in the Sufentanil postconditioning group were increased, the differences were statistically significant

(P < 0.05). Conclusions Sufentanil postconditioning could effectively reduce the myocardial infarct size and cell

apoptosis in the rats with ischemia-reperfusion injury. The mechanism might be through the activation of Nrf2/ARE

signaling pathway to promote the expressions of the downstream phase II detoxification enzymes and antioxidant

enzymes, and thus effectively resist oxidative stress injury.

Keywords: Sufentanil; ischemic postconditioning; myocardial ischemia-reperfusion injury; Nrf2-ARE

signaling pathway; rat

UEAERe, L IUVREFE & 95 28 K ST 58 v A
T, HEZE ETHES, OO AR Y # 2
R PR D 0 WU . SRR A
HETE, B2 TImR, HIEERET,
TR S R P W] RS S ECO WU A PR REE L
TR UARZE ™, FFERMT Y, Bl fs b 3] s/
SR AHEEST, GO L, JMISERIA . EF2FR
JEAE g i BEHEIE BT Jr 2RI sh R, HAT B0 A B 1
L HA MRS 1 #miio, 20 i RE TR
e 25 o WEoERIIY, &7 25 RJE 5 Ab PR RE IS IRt
Foo WUk N AR, B ORI ER . (EHA
AR HIBLE R e R . ADFTEHR I ", S
SR JUSBH L PR A0 17 T B LAl . A% Sk P 1
E2 #HEHF 2 (nuclear factor erythroid 2-related factor
2, Nef2) A —RhE BRI 1, 5400 A R
YERIBE IR, S A RS L Y SR P 5,
HHr A ALY ) i gt (antioxidant response elements,
ARE ) Z5 618 Bk 4 E 25T AL N Nef2/ARE i
RIS S AT A A BB s A8 e 5 R B
O USRI FRETEA AR, RITET 25 e Jim Ak xR
HETEI Nef2-ARE {5 Sl A9 2 0, LAY AC LBk i
PR LTI AT 4 BERLRE TR

1 #MRETE

FERAFNIZE
EFRIENE HEE AR A BRITAEA A (it
721140712, #EHESCS « [F 2515 H20054172),2.3.5-
=R FE G AL Y A e (2,3,5—triphenylchloride tetrazole,
TTC) W4 H 3£ Sigma AR, TUNEL 20 J# T i

1.1

7 &5 [ 3 [# Roche 23 &), Trizol AL RNA i Bt 5
@A s RO BRA ], W sl &
1 PCR XA &M H H A TaKaRa A, Nif2, [fil4L
FE %A 1 (heme oxygenase 1, HO-1), [t %8 fbif 57
fiff 1 (quinone oxidoreductase 1, NQO1 ), A AL Yy
1kt 1 ( superoxide dismutase 1, SOD1 ), AWeH B -S-
R i w2 ( glutathione—S—transferase 2, GST .2 ) M
WNZ51 Yt B TAEY) TRA IRA RIS L,
Bt Nef2 Z2 e BEBTIAR I A 5E [ Abcam 2 5], HHi il
HO-1 Z o BB AR/ GST 2 B s BRI I A
[ Cell Signaling 23 &, NQO1 1 SOD1 £ 72 B ik
Y H 25 [E Santa Crutz 23 7], Notocord 2218 A4 B 5%
108 A AL IR LS FHABRAE, Shneslig A T
IR SR EBAARAT, SLHTOEE RS MR
I (qRT-PCR) {0 F 3EE ABL A H], BEKHITKRSE
15 1 5% [ Bio—Rad A7) .

1.2 A&

12,1 S¥shinfoyia 30 RARREIEM: SD K EUA F
MSLER s R [ ARIES - SCXK () 2010-0002],
4 ~ 5 Ay, 1R (250£20) g, AMMPOK. #E, 1A
FE TR o R BENLECF 205K KR A T
AR Bl T FET 25 R JE S5 A3, 2 10 H,
122 A#HKRRASMEh FEEZFRGRY AR
BRI 5% 1 LU 2 AR IS SR BRI, SRR 40 mg/ke,
W%, AN ERKES T2 . AN, Fraish ik e
&S, EHE Notocord Z3B A FRIC SRR HLE L o0
ROME, M sh S e e bR g AT A, AT AEYIIT
IFEASE, EEDYIFRAL, FHEATPIRGES, R
70 ~ 80 {K /min, %I 3 Limin, W 21%, H§shlik
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S, A 2 FFIFAE ST IR I B L i AR AR IR, Nrf2—-ARE 553 B (14521

1L — 4 LB 4 & (PaCO,) 7F 35 ~ 45 mmHg, pH 7¢
735 ~ 745, IHEEIG, TZEMER 3 FIES 4 IS IR,
BB VA, KL RS, O e 53
TRERIG, B 6-0 Teiin g SN A IR Sl BT % ST
it VAT 30 min, AESLPIE, LIRS K
FEIT 30 min, WCIARAESETREIRBIIKEEFLAL LT Lo AP
ERME A, RO ARE, R ST BHfm
M 5 K EE R EANTT, O NMKE FREETE 4 h, IR
RO AN E R T, LR, O E R ST BT
R ARTFARA KT 6-0 A58 &L e TR SN
7 i [11 2 N S U1 N AN = S 2 7 J | REER e s
GIFAeAY NSRS N oA NEY Y L N e
FEETE T 5 min #2 1  g/kg AT 52 R DK E A BT 2F
KIE, ABRTAL AN IL-FFE T 2H 0 A S5 6 ) 2F PR
Ko 3 2H R EIA B A2 i JULBHe o B 3 0 A A 7Y
KHBIAET .

123 3AKAshuedmRen  3HRRT O
PG THETE 4 h i, AR 5 HRE, 28Ik
W 2% PSCERE 2 ml PREHES:, KO ERER, FF
2ot I BT WG T ) DGO IS ] AR R
JEEEZY 2 mm, BT TTC W, T 37°ChOGIHEERN &
15 min, BUBJGE, BERRERZE AW ( phosphate buffered
saline solution, PBS) # ¥%& 3 %, M 10% W iz [# &
60 min, FIZRGTHAM, Jeaah L B gl 4UR b 21,
AL IR . A Image J EUR 53 BT 44 %6
WIREZES Bl AT 20, NUBESE TR AR = (O JUREAE X THT
FL BRI XA x 100%.

124 3AXKCREAZREFES  JHRKRTL
WK FRHEVE 4 h iF, RRgdBEMLE 5 HURER, Ab3t)s,
A AR BUOARI D IEALZY, PR E 24 h, K.
B AR PR, HE Je@)5, Trofiss Ml
R O A U TR

125 3KFesimiesan 3 HRRTOI
VR FFHETE 4 h iNF, RRAHREALE 5 HOREL, Absbs, HL
F R BA O ZERIEE D ZHZY, $2 08 1.2.4 H % 5 ]
A MEFRAS, BB TUNEL 40 8 146 W52t 3 £ 50 B
PO e, TEfss T TS « BRI
VR, JRT AN A% b B B sk R EL
AT MBS . T &1 10 e,
THECUE T4 B %, P T-48 %L (apoptosis index, Al) =
PAT- 4N % / B ANHEEL x 100%.

1.2.6  qRT-PCR L ARMM 3 28 K K& MLLLLE W Nif2

HO-1, NQO1., SOD1 #= GSTM2 . B %5 3 HKH
T WU SR FRHETE 4 h i, RRgHREALEL 5 HORR, 4b
FUiG, WUASAIRRZAS D= OIS, BHES, A4l
Mo, FH Trizol A& RNA $2BGRAF] & XF & RNA g
ATERIBOTAG IR FE . PG Sfia R Gl i s i p i
%% cDNA, L) cDNA MR i#4T PCR. 5149751 I3
1, PCR W40 : 95°C 1 min, 92°C 30's, 60°C 30s,
75°C 30 s, LT 40 WG, BRI 3 AT
il 22 b O SR Nef2 . HO-1
NQO1, SOD1 Fl GSTM2 FE R AHX ek i it
127 34 KA SPLLL P N2, HO-1, NQO1,
SOD1 = GSTM2 & & %% 3H KR T ONIKE
FEVE 4 b, AREALER 5 HORRL, AbSE)S , B4k
RADEOMAS, PHES, AR, HE
A AR BUA S B R TR, R BCA R
o AR A I A 2. B 30w g MR, AT
PR AN — SRVIRTERGBERC I, H % 2 SR i 6L
CIENE L, 5% Wifg4- W33 P4 60 min, TBST PEAE 3
W, S —Pi it Nef2 Z 7Bk . il HO-1
Z PR, NQO1 Z ik, SOD1 £ s ik
F/INEL GSTM2 HLseBEHLAR (FRBELLAIR 1 ¢ 600,
1 :800, 1 : 1200, 1 : 1500F11 : 2000) MA,
4°CIH IR, TBST Yel 3 ¥k, A —Ht, 37°CHHIR
% F 120 min, TBST &M% 3 WK, A ECL K% R
20 min, 184, FJH Image J QAT 44 X6F 45717 ik
7000, R4 K ELC ILZH 2 N2, HO-1, NQOL,
SOD1 Hl GSTM2 £ XS ik i o

=1 EEBEFES

FEH izl

EMBI4: 5'-TGCTTTATAGCGTGCAAACCTCGC-3'
e KB : 5'-ATCCATGTCCCTTGACAGCACAGA-3'

Ef5149: 5-ACGCGTTGTAATTAAGCCTCGCAC-3'
ol B4 5'-TTCCGCTGGTCATTAAGGCTGAGT-3!

EMTY: 5'-AAGGATGGAAGAAACGCCTGGAGA=3'
oot K514 5'-GGCCCACAGAAAGGCCAAATTTCT-3'

EMBI#: 5'-GCAGGGCATCATCAATTTCGAGCA-3'
ont RIG514: 5'-TGCAGGCCTTCAGTCAGTCCTTTA-3'

- 514 5'-~ACTAAAGCCAGCCTGACCTTCCTT-3'

eeme 514 5'-AATGCTGCTCCTTCATGCAACACG=3'

EM5148: 5'-TCGACAGTCAGCCGCATCTTCTTT-3'
GAPDH

RIEBI4: 5-ACCAAATCCGTTGACTCCGACCTT-3"

- 13 -



R BREE 2 Ak

o 28 %

1.3 FitEHAE

iR SPSS 21.0 ettt HHEBTRER
PR+ BRI (x2s) R, ZIESTEGE, YORAT
BIESIMG, T 2255, PIZLIAHEBCR T ¢ Ko, 2400
FEECR R 05 26700, AL LR LSD—t
K, TR (%) Fon, HWECRHT xR,
P <0.05 A G EE L.

2 #R

21 BHXROAEHELREFLE
GPEA DU AZE R R, ITFARA R B0 40
HEFNELSE . R 5 G5 i P08 7 20 R O UL S B
M. WL, PR AT NI 5 AF LT
A, FP2F KSR A A K RO LA HES By, R
SEAN LD, UL 1,
2.2 3 AKXROHFETZERFCANMAMET b
SBFARL g, S FE A MmE S Ke R
ARFRLE K RO LA M P T4 BB PE T A g i, 5
Sl PR L A, BF SR IS A A R RO LA i
AT Fe BRI A AL, ZRWAE S FE L

BFAL

*2 3HEKRBOIEFRERFLOMMABAT LR
(H =5 5 % , ; +s )

BFRH 9.1£2.0 1.6£0.6
TN E2H 493 +6.4" 63.4+59"
TSR JE S5 AbFR 2 24.6+5.1" 27.6+4.7"
F1E 37.182 291.799
PiA 0.000 0.000

H: 1) 5EFRUALE, P<0.05; 2) S P i,
P <0.05

Bl FHE A
B1 3EXROHBARRERELSR

(P<0.05), W32 K 2,
2.3 SHKXBMAALRSF Nrf2, HO-1, NQO1,
SOD1 #1 GSTM2 £ E Rk b i

SBFARAE, Sl FEE g mEs 2y ke 5 b
PR B L LU Nef2 . HO-1, NQO1, SOD1 Al
GSTM2 mRNA X RA L, ZRWARIT¥E
X (P <0.05); Sl iETa b, &8 KeEat
FRAH K BRO L LI N2, HO-1, NQO1., SOD1 Al
GSTM2 mRNA M RIB TR, ZRIAGITHFE XL
(P<0.05), W3,
24 3AKRROCAALRF N2, HO-1, NQO1,
SOD1 #1 GSTM2 EH RIALLE

SRFARALE:, Sl FETAME 7 KJE 5 b
FRAH A RO LI 2L Nef2 . HO-1, NQO1. SODI1 Al
GSTM2 i FIAE X Rk R, ZRARIT¥E
X (P <0.05); Sl T4 i, &FoF RefE ik
FRAH KRR LA 2L Nef2 . HO-1, NQO1. SODI1 Al
GSTM2 & H AN RA T E, ZERYASIHE X
(P<0.05), W3 4 K 3,

S5 R I JE AL B

( x400)

EFAL

73 (RERE a i

(A2 NV ISLE]

2 BAXROAEEER
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FRofr, G5 ¢ EPIFRJE ST AP R RO WUl AR TS5 I Nef2- ARE {5 538 B 52 0

*®3 SHXROAALRT Nrf2, HO-1, NQO1, SOD1 #1 GSTM2 EERIELLER

(n=5, x+s)

BFRH 1.95+0.18 237+0.13
TN E2H 0.83 £0.12" 0.91+0.11"
[z N Ep s EE 1.43+£0.16"" 1.68 £0.15"%
F1H 28.717 38.249
PiA 0.000 0.000

2.19+0.21 2.07+0.25 1.85+0.16

0.62 £0.15" 0.74 £ 0.09" 0.53 £0.10"

1.52+0.18"% 139+021"" 1.28 £0.14"%
24.173 33.291 19.832
0.000 0.000 0.000

e 1) SFRALILEE, P<0.05; 2) SHull R E4l s, P<0.05

F4 SIHEXROIAL G Nrf2, HO-1, NQO1, SOD1 #1 GSTM2 EARIELLER

(n=5, xxs)

BFARL 0.84 +0.09 0.92+0.10
TN P 2 0.39+0.06" 0.46 +0.08"
FHeAS NEY YL () 0.63+0.08"" 0.70 £0.11">
F 8 39.829 32.192
P 0.000 0.000

0.87 + 0.08 0.85+0.11 0.79 £0.12
0.33+0.07" 0.41 £0.09" 0.28 £0.06'"
0.58 +0.09'*’ 0.61£0.12"" 0.57 £0.10""
51.482 28.173 45384
0.000 0.000 0.000

H: 1) SHFARALE, P<0.05; 2) S FE R4, P<0.05

R FALL

BRINFREEAL #F5R)E b
Nrf2

GSTM2

GAPDH

3 3AXRROCAMALF Nrf2, HO-1, NQO1,
SOD1 #1 GSTM2 EHRiX

3 itig

o WLBH P08 2 450 40 1 S o JLRE A2 22 Y B
JER, HRDBOR Bz 2R EL, PRk Y, K
24 ) Rk HR AT 3 1o 3 AL A PR DR o
A7 S B Ry ST S AN WY R 3o A (B F 1
EPAR BRI Y, HA R AERECr, BHxi
MRS 1A ME N, SiYSsRRI ™, 725 R e n]
A BB WL PR S A 40 R R LA . AR

FEE T R EC WUk I FRE A, 45 IR R,
EHRFARA S, el P 20 K B C LA A 2
M. B, R R RAELN AR, DA TS
BOMAIAE AR 1, s o U it P A A
BHISI . AR SHA SR ", T WU
5 min % 1w g/kg BRI EAFFEF ST RIC LIBFIKITEA, 45
WK, AT En AT, & FRIE R B R
SOOI HES b, RAEAMMEIED, O LA PE T
FERCFEESE IR RRAIG , UEBET 25 KR S Ab 3 AT A AL
PRAP R BC WU, Bl a0 1l PV R 5

Nrf2 {E R — Pl SEAHSC R, 7E40 A Fe i
RAEEEMVER, USRI N Hh R 4
P BT RIE Y ANAEASZ AN AN ORI,
AN Nef2 ATE6RS 2 A%, 5 ARE JE K Nrf2/ARE 38 %
ME 8 T iF—RANE R, AHE AR AR
LRk, HO-1, NQO1 I GSTM2 2% Nrf2/ARE
R E ) AR, 2 E N NEEITA
feppfse ™, SOD1 A Ry E 2 BT A ALEE , eI R0 R
PERRE ALY F E 2 | BTV IS N Hh R #E OC SE
ER™, AR, SHFARAE, BT
HAEF ISR F AR K B ILZH S Nef2 . HO-1
NQO1, SOD1 FIl GSTM2 3 [K il 8 140 it 2 ik fit 44 [
ik, VAW Nef2/ARE {55l 5%, SECL MU



rp E B R 2R AR o508 %

7 TS 5 PR 3 K S T BB A RN PR AR A 7
HEEH . AR, SENAEEA LR, &%
KI5 b B A B0 L 2L rh Nef2 . HO-1, NQOLI .
SOD1 Fl GSTM2 FEPH AR AR b w5 i, Bl
EFIS A SR Ab B AT JR e Nef2 DK H T i TR e e i A
ULk, DI &35 IR BT AL R E

ZE LR, G55 KR Je A B AT AT R e
FER R RO U SEE A S A g =, ML nT g
TS Nef2/ARE {5538 A2 £ 0T Ui 11 A fife 24 il %
PrE LB ZRIR , DA RO BT AR 47
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