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ABSTRACT Objective: To investigate the mechanism of microrna-21 (miR-21) in rat myocardial ischemia-reperfusion injury.
Methods: Fifty SPF Wistar rats were selected and randomly divided into 5 groups (n=10), including control group, model group, model +
negative control group, model + miR-21 group and model + miR-21 inhibitor group. The model was established by ligation of the left an-
terior descending coronary artery in rats. After the successful modeling, high-frequency color ultrasound for small animals was used to
examine the cardiac function indexes of rats in each group: cardiac ejection fraction (EF), left ventricular peak systolic pressure (LVSP),
left ventricular end diastolic pressure (LVEDP) and shortening fraction (FS). Myocardial infarction size and apoptosis rate of myocardial
cells were measured. The contents of tumor necrosis factor -o (TNF-a), interleukin-6 (IL-6) and interleukin-10 (IL-10) in myocardial tis-
sues were determined by enzyme-linked immunosorbent assay (ELISA). Reverse transcription polymerase chain reaction (RT-PCR) was
used to detect the expression level of miR-21 in myocardial tissue. The expression levels of apoptosis protein and TLR4/NF-«kB were de-
tected by western blot. Results: Myocardial infarction occurred in rats in the model group, indicating that the modeling was successful.
After modeling, the expression level of miR-21 in rat myocardial tissue decreased significantly, suggesting that miR-21 may protect my-
ocardial cells. After successful modeling, EF, LVSP and FS decreased, LVEDP increased, apoptosis rate of myocardial cells significantly
increased, TNF-a and IL-6 expression significantly increased, IL-10 significantly decreased, Bcl-2/Bax expression decreased, caspase-3
expression increased. The expression levels of TLR4 and NF-«kB protein phosphorylation increased in rat cardiomyocytes, while the
above indicators were improved in model + miR-21 group. Conclusion: Ischemia reperfusion injury of rat cardiomyocytes leads to de-
creased expression of miR-21, Overexpression of miR-21 can effectively inhibit the TLR4/NF-«kB signaling pathway, reduce the level of
myocardial apoptosis and the release of inflammatory factors, and thus play a protective role in myocardial cells.
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UTAESR , O ML AL UNTEE O O JIURE BE55 14 4 0 36 1 W7
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TRIT M ZSWNRTT REGEAYTRCR (ELC USRI B e 0PV 2
SO WU DI REZEEL , Fr 2 O L2 R P 1 i 2 800 L
AR S P L AT R R TR, BT SRR,
miRNA 760 U PR 0 h R R, S 5.0 0040
PR JR TS BRI AR W 55 o Zhao SFPFSE 278 miR-182 AJi@
TR U 0 0 4 A PR TR R B/ B JTL e ot P 12
43 . Ding ZUF5E 7R il MicroRNA-29a i i #) SIRTI
i SO O NLRP3 A5 014 8 1388 % L4 O JTL e o 708 1
itii. Wy RNA-21(miR-21) B g Hl 766045 O LA B AE 9 1)
Z ARSI (.00 0L 200 PR T g 22, A O JUUBH I P A 4 O
Prep R EVE RS, Xu SRS R B R R T IR YE miR-21
FEARMIE NG T WUBR I P B 47 , HVEZE AL T RE VD I
PTREAL R EAI] . Wang 55 ©1 AF5 1 75 M i o 410 o
TLR4/NF-kappaB {5 518 J i K B O U i PR v 405 . M2
Ei W 5 Pk A6 W A 485 1 microRNA-148a 38 i3 #1 il TXNIP F
TLR4/NF-kappaB/NLRP3 4 4t /M558 B el .00 Lt ot / 6
FEG9, BR25 A e AT 58 4 miR-206-3p/TLR4/NF-kappaB

S RO IR S A2 O LB L / PR AR R, 23
miR-21 F 5 B LA e e i, -3 3458 005 (P LR T 5
TLR4/NF-kappaB {5 5 il f A G . JE T b, AT HE TS miR-21
E R B JULAH L S5k 1l P78 403 40 v 2 7538 5 TLR4/NF-kappaB

5 TE R AR AT e R VE AL

1 pR 5 07

1.1 LIz

ABFFEERL 50 L SPF 4% Wistar KB, ) I 1 # B B K2
S S REFB[ SCXK (5)2021-0019 ], 47k 8-12 J& , MM
PR, 7R 220-280 g, F-3(256.8+ 9.2)g, IAFR &Mt IR RIRE N
(22 2)°C ot/ BJFIAH 12 h, SR FREH I, EWHIKH
IKFEAE CHGE R R A, FF RSO R RE MRS 7d,
ARSI TFUATT, KEREEE 12 h, ABFFEIRE T h E sh e 2
B MARBEAR B DL kR
1.2 s BR B

FEREBENLIT N 5 21 (n=10) , 7351 Jy it BR 21 ABERUZE A
+ PR X EZE AR + miR-21 ZH AR RS + miR-21 Ak 4eH . &
B U 10% 97K & A RRIE , B8 FFAR G 3R BT
S AR ST IAIL, AN 3 mL, S R TR
3/4 FHIEATHI T BT O B O E . A5 HLR U SRR 52,
CARTIDUE =S Nl = W RS Y| N5 A Rl = R E RN N S TR
ST BtRege kT i a3 i, 30 min J&, A B 20 76 Al P 2 285
FL, OB R OB L@ H ST B T R s T
. SR H Lip2000 5 B G Y22 2R Fo . miR-21 Fl miR-21
T TR, YA T 3 I B ARAT BR A E] L X BRI R RL
{GHAT DN R R AE A, NG FLZE T . AERLZ K SR
I BEFLZE AT RS A T AR AR + BT R e R 12 h
B IR B 2 B RV E R A X A, AR + miR-21 41 7E ARG

12 h # ki miR-21, B + miR-21 051 2 72 245500 12 h
kS miR-21 #4Y. EEAALTS 24 h TR A

1.3 MZZI5HR

13.1 DBEThBE  FEEMIARI) 24 h JFREER B, SR Visual
Sonics Vevo 2100 /N5l & FH i MR €6, 7 12 W (SR 2R BT
LoMES 5340 (BF) 200 2 IR 4B M i (LVSP) e FE &F K
AT (LVEDP) 45 %8 20 5 (FS) , LA e B4 45 28 K LAY O BiE
g,

132 DAAETRER O WD RE KR UK, FRR 45
LRSI K. ] 4 mL Y 4% SR (i Rt R
A BRA T M-I TS AT o JEGR i X Y% 15 €4, SR X R YL 5
o, SRIG K OIEVITT, FHVRKAE BRER K ik . VIBRZE AT 3
LR A ES I XCREE RS X, FRE IR X, R (U X 8L
F 1% GEMEEE (MTT, G AHEA DR R R H 37CIFE
20 min, FEAEIXIRA (6, AERESEIX A (60, 7 BSAEAE X IFFREE
WU FE TR/ (Yo ) =(FEFE X0 LR 8 / dgfe i X0 UL E )
x 100%, REMALUR , F 65 48U #5435 80 74T TUNEL
ete,( G REA IRHA BRAF]) , 385321 2 RIS R IR AT
1E -80°CykA K INORAE , I T IR S0 FLEM =T 5% .

133 @EUAT  BALONHL AT IS, B 3%
B AL S A W Zb B 10 min, PBS Wi 3 Yk, STk i I TUNEL
I & AU E4T TUNEL €5, TUNEL BHM: 40l s 4t 0,
DM JRT M) o 2 65 B0 o Inbia R Kt i, g It
TGN X T LA ISR . SR Annexin V-FITC/PI ji s
S0 B AT VAN 200 MR T AR e R B (R BB AR )
BHCA R A DU HATEAE . 2T S BR01% 40 0 [ Annexin
V()PI(-) 3 76 24 R AR TS 406, REIRZE 40 i [ Annexin V(-)
PI(+) ;4 E4 R A A A0 [ (Annexin V(+)PI(+) |; /5 F 4
FR A H P 4 [ (Annexin V(+)PI(-) ], AL rh T4l fdi0 7t
LRI IR A

1.3.4 SCREFEAR  TUHS R IR IRSE N F -a(TNF-0) 140 IE
& -6 (IL-6) FIEZIMAZK -10 (TL-10) FEIHE A2 W TS
(ELISA )5 & GRUUS TR AE MR A FRA 7D U 3, e
B IH L TNF-o IL-6 F IL-10 (55,

135 RERES#HENXRE (RT-PCR) il ALAR
miR-21 JFRIZKE B O NHLBUFER AT T RIS 246,
Trizol {EHREUAZLE RNA, i sfial Rl & (it E Sl s
PR F] DX RNA B i AT 386 57 5l 2 LU 1l cDNA, 38 7% 53 I
N 25 A2 37°CT SO 15 min g 3964 SR R I SN 45 A 85 C TR IR
W 15s, i SYBR Prellix Ex TaqTM 2L} PCR 7] & (b 7 %
AT R A R i#E4T RT-PCR 5255, 7 95°C T 1% DNA
FA W 5 min ##47 PCR. LR 451495 C T I 105,60 C T L
N 30 s, FEMf 75°CF B 10 min, i J5 4EHF7E 4°C |, BILEAT 40
A MG . miR-21 1F 4] 5] ¥ :5-AGGCCCCTCTGAACCC-
TAAG-3',miR-21 [ [i] 5] ¥ :5-CCAGAGGCATACAGGGA-
CAAC-3', GAPDH IE [ 5| ¥ .5-CTGAACGGGAAGCT-
CACTGG-3',miR-21 % [] 8| ¥ : 5“-TCCGATGCCTGCTTCAC-
TAC-3', i 2** k411 mRNA &ik,

1.3.6 EA %KX Y ( Western Blot )4 il & 28 X R O ALA
T E A TLR4/NF-kB FRikKFE  BOLNHL, MAKELL
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M, H BCA HEARMEHE (HERPIAEY TEREARA
B E R AT o SRJ5 AR R B 10 2 11 B ks v, SR U kAT
B R IKORIEEAS BT EERE ] 5% ICRg 2R Whd A 2 he BEfEINA
—$1(Bcl-2 .Bax ,Caspase-3 ., TLR4 NF-xB #1 GAPDH Hi{f )1
4 CiI s LG , FBUR i AL YR (HRP)FRIC ) LI =451
S i ( IR R AR YRR RA R E 1 h, I AR
2 F R G(ECLW . 5 R PG AR B ARSI RS
L4 FiHFTHE

K] SPSS22.0 Geit i tiridt . T BORER IR bRl
Z(at s) TR K RIS 24 E BRI SR R 7 2550 #T, P<
0.05 JZERA G Lo

2 R

2.1 EHEKXBROEINBERER

A2 EF LVSP I FS 348 ¥ Ik F X} 441 ,LVEDP /5 F
X BREH , 22 F I Gi 2 5 L (P<0.05) #5580 + BAPEXS R 5
AL A O E L REF 4 (EF .LVSP LVEDP Fll FS) KA
15, 2255 LG22 2 X (P>0.05) ; #57 + miR-21 ¢H EF LVSP
H1FS ¥ 5 % 5 T A4 LVEDP L TREI4], ZRAEST
2% Y (P<0.05); f5i%1 + miR-21 #1441 EF LVSP 1 ES
fETFAER + miR-21 41, LVEDP & T8 + miR-21 4, 225
AHEI#E L (P<0.05), LiRREEH, EBNKY))E,EF,
LVSP f1 FS T4, LVEDP F&5, i miR-21 ELA7 M8 TAE
TEARIMER . W& 1,

® 1 SAXROBINEELR (L 5)

Table 1 Comparison of cardiac function of rats in each group(x s)

Groups EF(%) LVSP(mmHg) LVEDP(mmHg) FS(%)
Control group 87.63% 4.02 132.06% 8.19 6.52+ 0.76 56.31+ 2.13
Model group 5391+ 3.10% 73.61+ 5.84* 13.20+ 2.45* 30.68+ 2.34*
Model + negative control group 52.08+ 3.24%* 75.09+ 5.39* 12.87+ 2.51* 31.06+ 2.28*
Model + miR-21 group 72.01% 3.67%@ 94.11% 6.52%%@ 8.76% 1.24%4@ 4744+ 2.51%%@
Model + miR-21 inhibitor group 63.55% 4.06%%@% 80.94% 6.07*%@% 10.331 1.42%&@% 37.95+ 2.06*%@”
F 160.407 140.287 24.088 237.817
P 0.001 0.001 0.001 0.001

Note: compared with the control group, *P<0.05; Compared with the model group, 4P<0.05; Compared with model + negative control group,

@ p<0.05; Compared with model + miR-21 group, “P<0.05.

22 FEKRBONBEEEREE

X RRZH R B IC O WAL ;. AR O AP T AR (B 3 T 5
S50 B X b 25 A S 2R L (P<0.05) ;5780 + B 14 % iR
2 SEOA O ASETR AR R BT, 257 RS2 EE L (P>
0.05) ; ## + miR-21 ZH.0 WAL I AL FAE I , 2 R A it
2285 Y (P<0.05) B0 + miR-21 H 354 4.0 JLAE 5E 1 A s T
PR+ miR-21 4, ZFAFH I FE L (P<0.05), RgERE
HH AR 2 A BRUHE B0 IURE BT, 48 7% A A 2 , 1 miR-21 HAT
FEA O WIFESE AR AVE R . W 2.
23 FEAAROINAERATHE

RERIZH O AR R T 0 2 s T X IR, 2 A i
S (P<<0.05); B2 7Y + BH X BE 20 S5 A7 40 LAl B R TR K
BARDT , 22 B TG T2 X (P>0.05) ;#5178 + miR-21 Z1.0 L4
MIPAT 2R B LTI, 22 FA S L (P<0.05) ; Al
+ miR-21 F I P20 LA AR T~ 3% 35 TR A + miR-21 41, 22
SAEGHERE X (P<0.05), FiRGERFW, R , o0l
YT R B E TR, T miR-21 B s A TR
ER. W33,/ 1.
2.4 FAKBOARKIEFRRKE

FERIZH TNF-o F1 IL-6 7K F-35 8 25 /5 1% B4, IL-10 /K-
RT3 HRAL, 22 73590 G T L (P<0.05) ;57 + BHPEXT Y
2H 5 A5 B 21 A5 0 LA 2R E 48 bR K (TNF-o IL-6 Al
IL-10) KT , 22 F G4 L (P>0.05) ; i # + miR-21

ZH TNF-o Al IL-6 KPR FAERIZH  IL-10 7K P TR A
EZRWE G L (P<0.05); A + miR-21 )% 94l
TNF-a Fil IL-6 /K-35 TR + miR-21 £, IL-10 K PAIK T4
A+ miR-21 4, 2RI G248 L (P<0.05), LikghRF%E
Y, B R 0 5 , TNF-a #1 IL-6 223557 825 7155, IL-10 /K F
B TR N D A ZURAETE AR F 35 /KCF- 3, 1 miR-21 2
AU D NS RIETEARIE- . W3 4,

*®2 SHAROCIUEFLER LR (xt 5)

Table 2 Comparison of myocardial infarction area in each group(x* s )

Groups Myocardial infarction area( % )
Control group 0
Model group 43.62+ 3.67*
Model + negative control group 44.01+ 3.52*

Model + miR-21 group 20.57+ 2.17*%@

Model + miR-21 inhibitor group 34.84% 3.19%4@%
F 424.736

p 0.001

Note: compared with the control group, *P<0.05; Compared with the model
group, ¥P<0.05; Compared with model + negative control group, “P<0.05;
Compared with model + miR-21 group, *P<0.05.
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Table 3 Comparison of cardiomyocyte apoptosis rate( x+ s )

Groups Cardiomyocyte apoptosis rate( % )
Control group 1.08+ 0.09
Model group 36.81+ 3.42%
Model + negative control group 37.01+ 3.39*

Model + miR-21 group 15.49% 2.28%%@

Model + miR-21 inhibitor group 24.17+ 2.36%&@%
F 340.506

P 0.001

Note: compared with the control group, *P<0.05; Compared with the model
group, “P<0.05; Compared with model + negative control group, “P<0.05;
Compared with model + miR-21 group, *P<0.05.

2.5 FBHEKR miR-21 FEO AR PERIEKF
A ZH SRS + BN B4 miR-21 kK g (Tt

MH, ZRWASIT#E L (P<0.05); FA + miR-21 2
miR-21 F3RK 5 35 3 TR AT + BAMEXT BRe, 225
WA Gt L (P<0.05) ;87 + miR-21 i #4] miR-21 3
PACEIE TR + miR-21 4, 2 A G245 X (P<0.05), |
IR L ARG, R ED WIS miR-21 Bk K
BETRE. WS,
2.6 RAKBRONALFRATELRIEKE

S0 IR L BT B + BAPEXT IR BB + miR-21
ZHFIAE + miR-21 #7920 Bel-2/Bax # R[4, Ti Caspase-3
Fim, ZRA ST X (P<0.05); SHRIA FIFE + B¢
X HEH e, A + miR-21 2H Bel-2/Bax J} 75 , Caspase-3 [
%, 22 R A i35 L (P<0.05); 518 + miR-21 21 145,
R+ miR-21 | 4] Bel-2/Bax [k, Caspase-3 F1i5, Z5
WHSHEE X (P<005), FiRZERFEm, @Eg)s,
Bel-2/Bax ik T, Caspase-3 Rk F-& , $m U A IH T2
P16, 1 miR-21 HA AL NSV AT E A%
RBITE. W 6 F 1,

x4 SEAROIMBRRAEIEIRAT(xE 5)

Table 4 Levels of inflammatory indexes in myocardial tissue of rats in each group(x* s )

Groups TNF-a( nmol/L) IL-6(pg/mL) IL-10(pg/mL)

Control group 0.37+ 0.05 172.58+ 12.49 94.57+ 6.28

Model group 2.94+ 0.31%* 312.07+ 21.48* 47.12+ 4.20*
Model + negative control group 3.01+ 0.33* 310.28+ 22.17* 46.38% 4.15%

Model + miR-21 group 1.75+ 0.20*@

Model + miR-21 inhibitor group 234+ (.25%&@%
F 189.721
P 0.001

224,63+ 18.79%@ 71.08% 5.94%%@

271.08+ 21.35%&a% 55.06+ 4.37%*&a%
92.802 160.597

0.001 0.001

Note: compared with the control group, *P<0.05; Compared with the model group, &P<0.05; Compared with model + negative control group, @P<0.05;

Compared with model + miR-21 group,%P<0.05.

* 5 SHEAR miR-21 ZEOANBRFRIRIEKFE(xt 5)

Table 5 Expression level of miR-21 in myocardial tissue of rats in each

group(xt s)
Groups miR-21
Control group 2.79% 0.66
Model group 1.15+ 0.24*
Model + negative control group 1.14+ 0.25%
Model + miR-21 group 226+ 0.71*%4@

Model + miR-21 inhibitor group 1.43+ 0.44x&a%
F 21.702

P 0.001

Note: compared with the control group, *P<0.05; Compared with the
model group, ¥P<0.05; Compared with model + negative control group,
@p<0.05; Compared with model + miR-21 group, *P<0.05.

2.7 HAKXKR O TLR4/NF-kB FRikk P

555 HR2H P AR 2H B + BRI X R ZH A + miR-21
ZH RIS + miR-21 #1440 p-TLR4/TLR4 FI p-NF-«kB/NF-kB

YT S, ERA G2 X (P<0.05); SR AR + B
S RELH L AR + miR-21 2H p-TLR4/TLR4 Fil p-NF-kB/NF-«B
WA, 22 598 G it 2 XL (P<<0.05); 585/ + miR-21 4 It
A, A + miR-21 WPHI44H p-TLR4/TLR4 1 p-NF-«kB/NF-«xB
Tt B RE G X (P<0.05), FiRg5FEN], @
Ui, KRELGHIAHM TLR4 F1 NF-«B 25 U BE R fk 3% 3% K F- 7t
/I miR-21 BA 1] TLR4/NF-xB 2 (54T EA . )
#=7.H 2,
3 3HE

SR URESE SR PR H LAY O LA , A AR AR
IT A PR TR IR W ATEYT T8, HEA —E)7rak |
AR ] B S U R I BUS 1, 0 LA Bl
TR S I EO RS . DIRE A G i 3
FECR A AR AR, AT S BOR S IR GO R
LB, PR TR / D P S 0 A X AR AT o JUL At
T B RROIIRE GE RE TS B EE R

miRNA 5418k & H5HE ok 8T RZBEEY =T N
B, BARSM . REEAR SRS . miR-21 &
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Table 6 Expression level of apoptotic protein in myocardial tissue of rats in each group(xt s)

Groups Bcl-2/Bax Caspase-3

Control group 1.00+ 0.01 1.00% 0.01

Model group 0.57+ 0.14* 3.29+ 0.47*

Model + negative control group 0.56+ 0.15* 3.30% 0.47*
Model + miR-21 group 0.85% 0.20*@ 236+ 0.32%4@

Model + miR-21 inhibitor group

F 16.125

P 0.001

0.69+ 0.17*&@*

2.78+ 0.26%*4@*
73.572

0.001

Note: compared with the control group, *P<0.05; Compared with the model group, #P<0.05; Compared with model + negative control group, “P<0.05;

Compared with model + miR-21 group, *P<0.05.

A B C D E
e
Sl AW
Bcl-2/Bax - ﬁ - oo
Caspase-3 ‘ g “
T oW sy
GAPDH

l§l 1 %ﬂj(fﬁ'uﬁﬂ.éﬂ /‘J%]'I‘ZEEQEJ‘?E*—TF

Fig.l Expression level of apoptotic protein in myocardial tissue of rats in

each group
Note: A: Control group, B: Model group, C: Model + negative control
group, D: Model + miR-21 group, E: Model + miR-21 inhibitor group.

miRNA FJG I E A 2 — , BA B TAER, JUHAE O IR
AU BTIR T VR L B3 FE SR A O WU FE (O LB i P
HEAE 220 1 A v R AR B AR A, o LR i P v T
5 O LA LA 1=, 1O AL R T 2O LR I P T B A L
il A TEZEIA, [RIRO LA T 22 /0 R e O LB L
PV A0 7 AR R 1 EE AR A DR A A o 4 B T
B2 LR P VAR A 1) EE B R AR, Bel-2/Bax HUE T RS
L LA 23 % A PR T2, Caspase-3 0o JULAH i 08 T2 AR 1) &=
FPATER2, AR DR S KB T BEFE AR R,
AR BT ARG IS, O LAR AR YE T 3R B 3 T 5, Bel-2/Bax ik
FR#, Caspase-3 FihTHy, s LS A RO UL B 7 7~ B
B, 33 3R5k miR-21 J5 O UIREFR AR THe O WU ETRE N, O

® 7 SAKXR O TLR4/NF-«B FRikKF(xt 5)
Table 7 TLR4 / NF-kB of rat cardiomyocytes in each group expression level(xt s)

Groups p-TLR4/TLR4 p-NF-kB/NF-kB

Control group 1.00+ 0.01 1.00% 0.01

Model group 1.97+ 0.34* 3.14% 0.62*

Model + negative control group 1.98+ 0.34* 3.13% 0.62*
Model + miR-21 group 1.45+ 0.28*@ 220+ 0.45%%@

Model + miR-21 inhibitor group

F 21.400

P 0.001

1.76+ 0.30*¢@*

2.68+ 0.5]*4@*
32.458

0.001

Note: compared with the control group, *P<0.05; Compared with the model group, “P<0.05; Compared with model + negative control group, “P<0.05;

Compared with model + miR-21 group, *P<0.05.
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Fig.2 TLR4 / NF-kB protein expression level of rat cardiomyocytes in each

B 2 FHKR AL TLR4/NF-«B EHRIX

group
Note: A: Control group, B: Model group, C: Model + negative control
group, D: Model + miR-21 group, E: Model + miR-21 inhibitor group.
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