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i E:BH EAZIEDEEE LM postC) 478 PLbk do F 3 iE 4745 (MI/RD s L& 5 F 48 A HLb .
Fik  RE 42 R Mgk C57BL/6 A AR AL A B4 R F K28 MI/RI 40 MI/RI+M postC 41, # 5 MI/RI
DEERF A F M postC, 2,3,5-= Kk vgek ZAH (TTC) F &4 > F S MUz stk 47, Ca® Green5N %
KFEAELEMN DR AEACECMALRRREEARBERZERIL(MPTP W Fx, RAEHRIELTERSHER
A s F S PLALR P miR-9-5p A=k £ & & 90 (HSP90) AA mRNA K -F, Western blot i 3 # @l £
T AL P HSPIOAA ZFARALZEKAEMAEAR T PINKI E, 22 & 2B FaRKF. £2H4E
B oM R A E IR A A S A E miR-9-5p A2 HSPYOAA # 57 Z4E, &R  S5BF Rak%s,MI/RI
LS LR SL AR AR B 3 K, £ A 4t 3 & SL(P<0.05) 35 MI/RI 44, MI/RI+M postC 488 JLAE 5 4k
BREPIHER, ZF A LT FELP<0.05), 5HBFRALEKE MI/RI A6 T4 Ca®' KFRE5H&HP<
0.05);5 MI/RI A4, MI/RI+M postC 2885 T 20 Ca’ KPFZFHAKEL LK P (P<0.05), 5BF R4
FLE L MI/RI 4L £ 0 2 S ILAL 22 miR-9-5p RNA A8 4f & ik K -FF+ & (P<C0. 05) , HSP9OAA mRNA #= % & i 48
xR AR R T HBEAR(P<<0.05),PINK] A= E, 2 X & 28K RMTLARFHAZHP<0.05, 5 MI/RI 4
A ,MI/RI+M postC 21 A %8 JLL 2% miR-9-5p RNA 48 3t & ik K F B4k (P <C0. 05), HSP90OAA mRNA
Fo B G AR R A K FHHFH(P<C0.05),PINK] fo E, 2 2 & B8 O MR KA K FH I+ FH(P<0.05),
5 #3#2 miR-9-5p mimic 7= HSPY9OAA-MUT & fm i b4z , 2k 45 2 miR-9-5p mimic A= HSPIOAA-WT & 48 fie,
ARIEBHEEBRK, £2F AT FEL(P>0.05), &if M postC & miR-9-5p/HSPI0 % T 12t & 454k A
WL OB R U f B R AG ,
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Morphine postconditioning attenuates myocardial ischemia-reperfusion injury
by regulating mitophagy via miR-9-5p/HSP90 "
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Abstract:Objective To explore the molecular mechanism of morphine postconditioning (M postC) in
protecting myocardium against myocardial ischemia-reperfusion injury (MI/RI). Methods A total of 42 male
C57BL/6 mice were selected and randomly divided into control group,sham operation group, MI/RI group,
MI/RI+M postC group. MI/RI mouse model was established and M postC was administered. Myocardial in-
farction volume was detected by 2,3,5-triphenyltetrazolium chloride (TTC) staining. Ca®" Green-5N fluores-
cent probe was used to detect the opening of mitochondrial permeability transition pore (mPTP) from mouse
left ventricular myocardial tissue. The mRNA levels of miR-9-5p and heat stress protein 90 (HSP90) AA in
left ventricular myocardial tissue were detected by real-time fluorescent quantitative polymerase chain reac-
tion. Western blot test was used to detect the protein levels of HSPO9OAA ,PINKI1 and E, ubiquitin ligase in left ven-
tricular myocardial tissue. Bioinformatics analysis and dual luciferase reporter gene analysis were used to verify the se-

quence interaction between miR-9-5p and HSP90AA. Results Compared with the sham-operation group,the per-
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centage of myocardial infarction volume in the MI/RI group was significantly increased (P<C0. 05). Compared
with MI/RI group,the percentage of myocardial infarction volume was significantly decreased in MI/RI+ M
postC group (P<C0. 05). Compared with sham group,the Ca®" level signal in mitochondrial buffer from left
ventricular myocardial tissue was significantly increased in the T group from MI/RI group (P <C0. 05). Com-
pared with MI/RI group,the signal of Ca’" level from MI/RI+M postC group decreased to the baseline level
(P<C0.05). Compared with the sham-operation group,the relative expression level of miR-9-5p RNA in left
ventricular myocardial tissue was increased (P<C0. 05) ,and the relative expression levels of HSP9OAA mRNA
and protein were decreased in the MI/RI group (P <C0. 05). The relative protein expression levels of PINK1
and E; ubiquitin ligase were increased (P <C0.05). Compared with the MI/RI group, the relative expression
level of miR-9-5p RNA in left ventricular myocardial tissue was decreased (P<Z0. 05) ,and the relative expres-
sion levels of HSP90 AA mRNA and protein were increased in the MI/RI+M postC group (P <C0. 05). The
relative protein expression levels of PINK1 and E; ubiquitin ligase were further increased (P <C0. 05). Com-
pared with cells co-transfected with miR-9-5p mimic and HSP9OAA-MUT, the intracellular luciferase activity
of cells co-transfected with miR-9-5p mimic and HSP90OAA-WT was decreased,and the difference was not sta-
tistically significant (P >>0.05). Conclusion M postC can alleviate myocardial I/R injury by promoting mito-

phagy through miR-9-5p/HSP90 axis.
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12 h/12 h 1 ot B/ 28 W5 06 20 0 A 1 G 4 22 9 i 1A
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(PINKD) £ 5 B b 1A (18 %5 . PA5-86941) \E, iZ R %
P £ v LR (585 PAS-13399) | H i B -3-5 iR
i B (GAPDH) B 58 [ $T K (52 5 . MA5-15738-
D680) ¥y [ Thermo Fisher 23] (EE) , MK
it 4 4 35 PR 370 & (5 5 E1910) 1 [ Promega
ANFEICERED, I BRI ATAY TR R BOA
FRA RIS AL, LS 50B A5 28 56 )t 3 AL by 35 [
Perkin-Elmer fi# . Synergy H1 %5 £ Ij e B #1 X
HNEE Agilent BioTek i,

1.3 Hik

1.3.1 #@#3 MI/RIVNRAEAR  MI/RI RN BRUIE
JEFE S 60 mg/kg 3G P B 22 A 1 AT AR L HUAD Fip 037
F 37 CEE MR L, SR /N B E & XN R
Jit VSR  OF B B b TN BRSO i R
S =W 18] M Al 7-0 22 2R 2 FL et AR 3h ik 22 iR S
RGO ERG ST Bedh i, 4540 30 min J5 A4 JF 45
LU EMEE (24 b, PRI S HOH
PN /N B 1 by o H BP0 o O A R /N BLOG
VAR L B A L IR WL I B 400 kU /kg I B R .
Hoaksr s+ 37 CHER AR L HEIN M. & H R
W% 24 h S AN BREEAT O P9 E RO BE TTC 4
. BT, 7E /N B IR 2l Ik 22 117 B SR 22 48
RS T 2540, A b 3R MI/RT 41, MI/RI+M
postC 4. 7/ fl 3 %2 MI/RI i 455 F R ot 72 op L iy I
SEFLER HEAT FEVE T W B 48 T e (1.5 pmol/L)
10 min, HAxb¥ X[ MI/RI 4.

1.3.2  TTC Y AR WUEEFEAAR R /N BRI I 2
4F 60 mg/kg N EL L6 2 A E A7 R ] 50 mL %
R 5 TR ek 2 MR R A T 0 R B . BBRO/IN B IR o7 BV
F—80 CYKFHH AL 15 min. LL 2 mm B 5 & &%
YL RER 20 REY) R B 22089 TTC 78 37 °C Xt
OWEYT F 3547 G 45, 30 min, 4595 AT WY AR 416
DX 8k oA AR dafe ot #4900 LA 20, 19 681Xk oA Bk ot 9 o0 L 20
21, REY KR AEH Image-Pro Plus #4735 4
DT 1 1 DX S A AN T AR O JUL A BE A AR
A=Y A A X A /A YR i
ZHIX100%,

1.3.3  IRAMEORL A 3 M e 3 L (mPTP) FF K F
RO 5 R O LA 20 20 b 1k 4 Bt 0] 6 48 BT 6 A2
OO LA BUrp i SOk PR, T S DU 2R ORL 1A 4T
mPTP B Ca® K i mPTP A FF K. A5
JEHE Sy A7 R B fin 2B R fk 2 1 Ca” " B £ 28k B
— B X A B E, OB AR AT T mP TP i b gk
B R H Y Ca® L TR AR Y Ca™ " E AR, 26
R RSME W Ca® IE A BRI R K. 0 LR KL
(1 mg/mL) 2P A 5 mmol/L 74 il BR #1714
KRIGIMAFNFEA 1 mol/L ) Ca®" Green-5N ¢

PRE (9 0T 0 22 w3 [ 43 & 50 mmol/L BE Mk, 100
mmol/L E /L8 (KCD,10 mmol/L 4-3 4, KR ¥ Z,
fififR (HEPES) #il 5 mM (pH = 7.4) B g — & #
(KH,PO) . £ 25 CH I IEE. M5 &K, FE
5 min NIELZR 10 mol/L B Ca®" kb, 77 Per-
kin-Elmer LS 50B 3% Y6 i% 4% I, 43 S 7E Ex = 506
nm Al Em=532 nm & F I Ca®" Green-5N 786
BREF B 9 6AE L DL B b AR AR 28 i A B p Ca™ " 1Y
WRE KO- . BRI I S B B 2ok A Xt Ca® ' T
PRI A L SRS HE A Bh A, X 5 Ca® i N A
HhHE 2 8] S xR . LRI ) Ca” BIE R .
XA BB BN . mPTP 477, Ca® " $lBs ik . 48
ARG WA T Ca® WK FBESE (T 4105 5 1E) .
LRI GZ v A BT rf L Ca” K E S e
H Ca®" KV G v EA TR UE (C LR S ED .

1.3.4  SEEFHEOEE 5 R A WEE IV (RT-qPCR) i I
O LEH 2 miR-9-5p RNA F1 HSP9OAA mRNA A%}
TR RO EONHLIZEAREMA 1 mL
TRIzol 24 it W BIF IS 1 & 0o LA 2050 3%, (8 R 4121/ 40
JLE RNA $# B 7] £ 4 Bl 216 RNA, i ] cDNA
S —BE A BORR & R L SkA  cDNA, i il 2X SYBR
Green RT-qPCR i #| #f 7 RT-qPCR ¥ #4, RT-
qPCR %% 5 ¥ 5] #: miR-9-5p 1E [0 5] ¥ K 5'-
ACACTCCAGCTGGGACAAAGG-3', miR-9-5p
54k 5 -CTCAACTGGTGTCGTGGAGTC-3';
U6 IEmM 314K 5'-CTCGCTTCGGCAGCACA-3', U6
K58 A 5 -AACGCTTCACGAATTTGCGT-3';
HSP90AA IE [7 51 #) & 5'-GACTGCGCAGGCGTGCT-
CAC-3", HSP9OAA JZ In] 51 ¥ 24 5'-ACCAGCCCCGC-
CGCGGTTCC-3", GAPDH 1E [ 5| # & 5-GCGG-
TAGAGCGGCCGCCATGT -3', GAPDH J [ 5| #) H
5'-TCACCCGGAGGAGAAATCGG-3',

1.3.5 Western blot i %% & .0 WL 20 2L rh HSPYO,
PINK1 #l E, 1z Z WA X RIK K WAL= D
WLER 2o A & 2 R 6 ) ) RIPA SR W 72 TR
il s HA S0 . R TE BN PAGE I YR
HB% EN % PVDF B L. i 5% BB 93 4 %5 U 31 1A
PVDF [ 1 h, [a] B¢ F 3 m—$1 TAEW, 76 4 °C T 3L[H)
S E . A R ) R I b TR R IR N A
MR 1 h, (8 SR b5 OGP T B 0 500 i
T2, Puik TAEW (S B W F . HSP9o (% B ¥ 1 ¢
1 500) \PINKI(F B 1 ¢ 2 000) \E, 12 % % HE 1 (i B
FE1:2000) . GAPDHFBEE 1 : 2 000),

1.3.6 4Affissss  HEK 293T 40085 9% TAN B A
0% a4 1M i DMEM i 32y h, 8 F 37 “CHEE.
MBI FEAR 5% CO, AN E FE H LR 5% .
1.3.7 HEWELE¥0H  #if] TargetScan 7. 2 (ht-
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tps://www. targetscan. org/vert_72/) 73 #r miR-9-5p
5 HSP90AA 3" UTR BFEH HAE TR,

1.3.8 XWZOGERBFMAEFE A X R B
A5 3 PRG35 &5 (Cat. No. E1910, Promega) #E47
FP A EAE S AT . K 7 B B AR 23 BT 3K A5 1) B AR AL (W T)
g A (MUT) HSP90 3' UTR J¥ %1 43 5] 7 b 5] 3
KT R EAK pGL3 E I 5 miR-9-5p AU
A (miR-9-5p mimic) B X B 241 (miRNA NT) 3 4%
Y% HEK 293T 4. ¥ Y5 48 h AR HE 0 & vl
B 5, i i Synergy H1 22 3 HE B R A %] X 76 5 % it
(e PSR P o 1L 7o T

1.4 Siit2#uab¥ R A GraphPad Prism v8 4 i
TEAR L 5 G it . f5 6 IES 5 1 iyt ik %ok
DL x5 R, PRALIA EL 3R ST FEAS ¢« K36, 240
() Ll A5 >R FH B PR 28 07 22 43 A, 22 20 1) 1) 7 7 L AR H
LSD-t k5. THECTR LB B Ek i o R KR, AL E] E
BMRH KK, LI P<<0.05 NESRAZI¥E X,
2 & F

2.1 SAH/DARONFESERE S E SHFR
HHHE MI/RIA D HUEIEARE K. 2 5E
GiibE X (P <<0.05); 5 MI/RI 4 [ %, MI/RI+
M postC H.O AR FEAR TR T 43 LLIRAK , 2 R A Giit ¢
B X (P<0.05), WFEI1,

2.2 HA/NRLELELNHLE P LRE mPTP 1
O AL A X AL R F R 4. MI/RD 41 A
MI/RI+M postC 441 C 4 Ca’ K F15 5 1 #, £ 7%
WIS T2 L (P>0.05); 5F R4 &, MI/RI
YL T 41 Ca”" K155 T (P <<0. 05) ;5 MI/RI
2 %, MI/RI+M postC 41 T 4 Ca® " /K F15 5 F
R ZE LK F(P<<0.05), WL#E2,

2.3 HANRELZEOLNALH miR-9-5p, HSP9O
MRk AmE KT thi 5EFARAE,MI/RI 4
O ZEONHL miR-9-5p RNA i Xf %35 K VT &
(P<C0.05), HSP9OAA mRNA F1%E 17 Jfi #H % &3k 7K
I REAR (P <<0. 05) . PINK1 #l E, 12 % % # i & [

JoAH R 22 3k 7K S 24 T (P <<0. 05), 5 MI/RI 41 [t
B LMI/RI+ M postC 24 £ 0 ZF 0 UL 21 miR-9-5p
RNA HH%f 28 35 7K F- B AR (P <<0. 05) , HSP9OAA mR-
NA Fl 2 A X 2k KE B T8 (P <<0. 05),
PINK1 #l E, 1z % % H [ 8 11 BUAH X 35 K- F 3 75
(P<<0.05), W% 3,

2.4 WUERNGEMM A FEE T Y miR-
NA NT 5 HSP9OAA-WT 41 g N 2¢ % K i i 7 1
B.ESTGITFE X (P>0.05), £ miRNA
NT Al HSPOOAA-MUT 40 it N % >t & il 1% 1 e 4,
EREGIFE X (P>0.05), F3#Y miR-9-5p
mimic Fl HSPIOAA-MUT () 40 i L %% , 55 4 miR-
9-5p mimic Fl HSPIOAA-WT {40 g N 2% 5t 2 i 1%
PE RG22 55 L5228 X (P>>0.05)

£1 SHMNOIEEERLE (c+s)

4151 n O URESE AR AR E 43 HE (0
X HR 26 6 0.0040. 00
BFARH 6 0. 002=0. 00
MI/RI 41 6 39.67+2.98"
MI/RI+M postC 1 6 19.15+3.307

F 435. 200

P <20. 001

W SR PARM IR, P<0.05;5 MI/RI4L# . P<C0.05,

*®2 FEHNREOCEOCPARPEKE mPTP B9 FF 5

1ER L% (x £, Unit)

4 51 n C#4l Ca' KEES THC KFES

Xt BE 41 6 29.03+£2.04 41.6141. 86

BFARU 6 28.17+2. 16 40. 83+1. 66

MI/RI 41 6 29.42+2.66 57.7343.52"
MI/RI+M postC 41 6 32.24+1.92 40.8242.417
F 2.783 68.210

P 0.068 <<0. 001

W SERTARALE, P<<0.05;5 MI/RIAH H#H, " P<<0.05.

3 FHMRAEOGEDIAL D miR-9-5p/HSPIO F Lk bk B K F L& (2 £ 5)

) miR-9-5p RNA HSP9OAA mRNA HSPIOAA % 11 PINK1 7K 15 E, iZ R &

AR B K AN FIE KT AT B K HEXF K EHEbT o ESLy <
Xf HAAL 6 1.00=0. 06 1..00+0. 09 1.00+0. 12 1.00+0. 08 1.00=0. 10
BFARA 6 1.05+0. 07 0.94+0.13 1. 0540. 06 1.1140.07 0.9570. 05
MI/RI 21 6 2.2140.14" 0.3540. 03" 0.414+0.02" 1.57+0.12" 1.70+0.12"
MI/RI+M postC 4l 6 1.5740.117 0.8040.067 0.7540.047 2.3340.137 3.5240,237
F 189. 900 70. 260 102. 800 205. 800 434. 200
P <0. 001 <20. 001 <£0.001 <20. 001 <20.001

HSEFARAE, P<0.05;5 MI/RI4L b4, 7 P<<0.05,
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PO 20 A7 5 Y WS, R BT B ST 2 T
A5 T N AT R AR 0 WL AN R G T 805 1 BE
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I 235 | JE K R AR AN T 36 e 2441 405, 5 B0 LA
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W0 BETF AR S A B Rt 2 80T 2
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38 2 FAh B B S AL B T . N R AT O B R R T/
PKA 3 #% 1 i [ SOD F1 GSH-Px /K, &k M1/
RI K BCs UAE 6 f4 PR R[] ), e ik EL A5 00 U
FEIWRE . 7E MI/RT KEUOC UG #2425 d 45T
MEYE YT AEFE 5 55 7 KA & B, O LA 23 R 4 R
B EG-2 15 P LT 2 A0 % % R RC UL A O T AR
JE B &A% T MI/RT BRI 41 nd ik 38 B 3 i b
Toll BEZAK 4/4% % 5 T «B(NF-«B) il % [ A% M1/
RI K BCs WUAE 6 (A B A0 4 FHE ) AR BF 9 0L 28 1), g
M J Ak 3 B 45 A5 A% B X MI/RT /s BLC WL AT BE 14 A1,
RS MI/RI BRI AL A, i MESR Y7 RE 45 4T 5040 il
mPTP IF. T 4220 %0 WL 28Uk U8 26 ok 14 2%
MR Ca®t KPR S, ST R4 L MI/RI 4l
Ca® K FEEFE: 5 MI/RI 41 H %, MI/RI+ M
postC 41 Ca’" 7K V{5 5 FEAR & LK, R A
MI/RI 41/ B0 WL 20k V5 19 R MR 7 45 7 Ca® ' ik
e KA T mPTP [ IT i, ek ik Ca®' AR 258 1 [
K. SRS EPBIR Gtk & Ak i1 .

VB Ay BT 28 32 A 5 sh 30 o 390 MO 2 75 - L e R
IR R 10 ) 2 P Wl e R 45 B S LR R A L e
W BA AR R 51 K0 WL e A py BRI . R, %
AT gl G Are.c LA £ FH AL L F & DA R o 38 B
R A A 4 e ME 2R R 25 9 o g A4 MIT/RT G LAY 25
WIFF B IFRE B0 A AL SR . A HE 2R B, g E RE
% % HSP90/ZE M BLHE B 7K - 40 b 1A 5l 43
5a/NF-«B (552 54 %8 MI/RL OGS . 754
5T L & B MEE 3 E o HSP9O 7K -4 0 WLAR
PG

HSPI0 J&—Fh 4> TR, SN £ ik 1001

EABRAHEAER I 22 5 & A 0 & f40 0N &
IR R PR R IR L e ARG 526 f HSPYo &
B HSPOOAAT 4t ., HSP9O #% & i i #% 1k 4k K
- B 22 24516 AL G MR IR BT F o .G 3R R I
ZRMEE S %, 2S5 0 R R W
S Ak ny HSPIO i ik 5 0% 5t 5 1l il B i 38 AH H.AE
I R Ak B A BB A 3B 1 KT T LG ILAE
KUY RS HAL B HSPYO i if TGF-B/(E 514 %
F 3 A SO ML AR SR AR S B
HSPYO /N3 1410 i 370 20 B A 0 B g 462 . A B
LRI HE | HSP9O J5 #E— 42 ¥ T ki ik [
W IS A R TR Y s A RS . X UL HSPYO
AR ] 6 LA A 3 VR Ry 4k AR 3 T A 6 R Y 4 T
PG TR AT Loh Uk B g R ThBEDY . X — S5 R —
AN T AR T R A R AL A 2 A SRR DL Bk
HSP90 7K1 - 8 i 0 e 25 P i 4 38

T5c 30 AR 5 AT TR 56 R A 4 b Tl i HSP9O 43
0 i 8 0 O SRR S PR R T HSPOO Rk i 25 4 HF
KRG, A A W E B2 AT R B, miR-9-5p
J& HSP90 By i 45 44, 1k J5 b 3 fig 71 6 .0 L 41 21
miR-9-5p MK, BEAEC T miR-9-5p MW 5T 4l i&
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