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Abstract: Objective To study the mechanism of tanshinone Ila in improving acute myocardial infarction (AMI) in rats. Methods
SD rats were randomly divided into sham operation group, model group, tanshinone ITa (5 mL/kg) group, miR-376b-5p mimics +
tanshinone I1a group and miR-376b-5p inhibitor + tanshinone I1a group, with 10 rats in each group. Except sham operation group, AMI
models were established by ligating the anterior descending coronary artery in rats in other groups. After 12 weeks of drug intervention,
the expression of miR-376b-5p gene in myocardial tissue of rats was detected by qRT-PCR. HE and Masson staining were used to
observe the pathological changes and fibrosis degree of myocardial tissue. Levels of inflammatory factors in serum were detected by
ELISA. The expressions of collagen type I (Coll), collagen type III (Col3) and a-smooth muscle actin (a-SMA) in myocardial tissue
were detected by immunohistochemistry. Western blotting was used to detect transforming growth factor-f1 (TGF-B1)/Smad and Ras
homolog gene family member A (RhoA)/Rho-associated coiled-coil-containing protein kinase (ROCK) signal pathway related protein
expressions in myocardial tissue. Results Compared with sham operation group, the expression of miR-376b-5p in myocardial tissue
and levels of IL-1B, TNF-a, activities of creatine kinase isoenzyme (CK-MB) and lactate dehydrogenase (LDH) were significantly
increased (P < 0.05), myocardial cells were arranged irregularly, with large gaps, and obvious collagen fiber deposition could be seen;
The expressions of Coll, Col3, a-SMA, TGF-B1, phosphorylated Smad2/3 (p-Smad2/3), RhoA, ROCK1/2 and fibronectin (FN) in
myocardial tissues were significantly increased (P < 0.05), and Smad7 protein expression was significantly decreased (P < 0.05).
Compared with model group, tanshinone IIa group and miR-376b-5p inhibitor + tanshinone Ila group significantly improved the
cellular morphology and fibrosis degree of myocardial tissue, levels of IL-1f3, TNF-a and activities of CK-MB, LDH in serum were
significantly decreased (P < 0.05), Coll, Col3, a-SMA, TGF-B1, p-Smad2/3, RhoA, ROCK1/2 and FN protein expressions in
myocardial tissues were significantly decreased (P < 0.05), p-Smad7 protein expression was significantly increased (P < 0.05).
Conclusion Tanshinone IIa may protect the ventricular remodeling in AMI model rats by inhibiting the expression of miR-376b-5p
and the activation of TGF-f1/Smad and RhoA/ROCK signal pathways in myocardial tissue.
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SPF Zuift: SD KE 50 K, 8 JAE, s
220~240 g, MH g LR SR R T EA
Al, HRIEST SCXK (J7) 2020-0007. SD KT
P 52 Tt RS R S S B2 2 B B — B R = e ) S 56
Hts SPF i s i, #58 5 H, | 22~
25 C, MXHEBEE 60%~70%, HHEEHK. 31
I A 5 R R Sk PR A B B — Bt I R e =
FARPRZ ikl (bS5 BY YFY-2022-0008)
1.2 RS

FIBH s BEREAESNR (b5 H31022558) 1
H b B2 2 AR AR HRIASER 1o
(tumor necrosis factor-o, TNF-a) 17 & (#it5 HO52-
1-1). B4/ %-1p (interleukin-1B, IL-1p) il
i (b5 H002-1-1) BERNLER N [R] T (creatine
kinase-myocardial band, CK-MB)i& 57| & (#it5 H197-
1-1). FLIRMEES (lactate dehydrogenase, LDH) iR
A& (s A020-2-2) 300 B FE AR A
FRAH; SRbt I MREEHA (collagentypel, Coll)
ik ('S YT6135). Hdit o FIENINIEIER (a-
smooth muscle actin, a-SMA) Hif& (L5 YT5053).
Bt SMAD F K 7 2 (SMAD family member 2,
Smad2) Hifk (L5 YM3364). fubi Smad3 Hifhk (it
5 YT4334). RpriiR{t SMAD2 (phosphorylated
Smad2, p-Smad2) Pifk (#L5 YP0362). %t p-
Smad3 Btk (5 YP0585). fdi Smad7 itk (Hit
5 YN2330). %4l Rho HHICHREE M4 A8 1
(Rho-associated coiled-coil-containing protein kinase
1, ROCKD) Fifk (5 YT4162). fihii ROCK2 Fi
& (5 YT4163). i H (fibronectin, FN)
Pitk Giits YM3137). i KR -pl
(transforming growth factor-B1, TGF-B1) fufk (dit
5 OYT4632) . RPUFEIVEEE K XK BT A (Ras
homolog gene family member A, RhoA) $ifk (it
YT4077) Byt W BRJFEEE (collagen type 111,
Col3) Hifk (5 YM6374). BT -actin Hifk (it
Z YM3028) #JI4H ImmunoWay Biotechnology 2
"] s HRP Fric (1L 2E 5T 1gG ik (5 D110058).
HRP Fric i 2EHR 1gG Puik (JItS D110087).
HRP Frid IBES OF B & TAEM (S D111054). 4
Mi& A2 [ (bovine serum albumin, BSA, fit5
B600036). BCA & HllE wlif & (%5 C503021).

T FEEE I (diaminobenzidine, DAB) iR & (Hit
5 C520017) ¥ E EgETAYTRE (B ik
WHERAT; ik miR-376b-5p [F11857% 2 8 1A
A A AR AR RS F 0 miR-376b-5p 14U
¥ (miR-376b-5p mimics: F: 5’-~GGGTGGATATTCC-
TTCTA-3>, R: 5-TTTGGCACTAGCACATT-3’).
miR-376b-5p |4 (miR-376b-5p inhibitor: 5-
AAACAUAGAAGGAAUAUCCACG-3") 1 bifgi
LR A F A e
1.3 {X&5

BH-2 % BHEE (HA Olympus AF]);
QuantStudio 6 Flex qRT-PCR 1 (ZE[E ABI A ] );
MultiskanGo 1510 ! 4= 3% Bt B #51X (32 [E Thermo 2
H] ); Power Pac 1645050 %Y 4 2 B[ 37 2H 1 .
TransBlotSD 1703940 7 if B HL yk % B0 R 4% .
Universal Hood-1T ZY%ER 54 (32 [E Bio-Rad A&
2 B
2.1 AMI KRRBIEN . THEMBY

SD KEUEMNMAFE 1 AE, BENL SBF AR
. R, FFSER T4 (5ml/kg) 41, miR-376b-
5p mimics + £+ 2 114 4151 miR-376b-5p inhibitor +
FHBE a4, &4 10 R SR KRR S0 kAT %
AR AMI K RS, (BT AR BR A S5 4L 4
HAB B EE A . AMI 0% AR I A,
FI S0 1a 4 ig FF200 1A BEERENESHRL 1 kA,
S 12 JH; miR-376b-5p mimics+FFS 1 1, ZH AN
miR-376b-5p inhibitor+FFZHi 1A 2075 A1 Se¥s K B
B Yt miR-376b-5p mimics # 1A F1 miR-376b-5p
inhibitor #AK, 1% BRIEETEM RSB, DA
PRAETARIR SR, GRS ig FHSEH 1A BRER AN
S, [EIRTEE iv 0.1 mL miR-376b-5p mimics #{ {455
miR-376b-5p inhibitor #fA&, 1 k/d, ZEZ: 12 U,
2.2 ELISA #:K R 057 A R FE B F 7K

AR, 1% Hou ZE0J7 AR5 H KR
8 ki, 4208 ELISA 7 & iR i
H1 TNF-o.. IL-1B 7K°F-AI LDH. CK-MB i /7.
23 KEUOIEALTRIBER T HENIZENE

SEHERBR,, FELHBENLIE I 5 HOK BRI 0=,
R 4%% KW EDE G 7 B M E AT, 4 um
VIR . BEJEHEME Shi 087704 0 WERE AR 53 )ik 47
HARZR-FL (HE) Yetif] Masson Jeft, T Bk
TS IFEHAR, VTS0 MEZH 245 HAR AL AN LA
FHAFESE .
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24 GEENRNOALEL Coll. Col3 1 a-SMA
EA=E 37

BRI R, s K46, %50 30 mol/L
HEMET IR NS 10min; V) & THIGERE
ZEPT, 95 CHNEY 10 min 5 EIRA D H 3%3L
UK E 30 min, 1% BSA W5 30 min, 23 BN
FaPt Coll FidAk (1 1 300). Hat Col3 Hik (1 :200)
3T 0-SMA Fidk (1 :200), 37 CHEE 1h; 2R
JE1E 37 C I HRP AR —HiEE 1 h, FIH
DAB il 2 s Bd M . U -5 AR 2 e e, i
FeEEBMEHTI, RA Image J 13.0 BN E
PO BRI (4D fH.
2.5 qRT-PCR #&MOANLELR miR-376b-5p FRik

PR G U BARECOL I LS RNA G
% cDNA, #17 qRT-PCR 7347 - 514751 : miR-376b-
5p B35 5°-GGGTGGATATTCCTTCTA-3’, R
5141 5°-TTTGGCACTAGCACATT-3’; GAPDH L}
514 5°-ACGGCAAGTTCAACGGCACAG-3’, Fiif
514 5>-GACGCCAGTAGACTCCACGACA-3’.
2.6 Western blotting U/ (\f[L2H42 TGF-B1/Smad
#1 RhoA/ROCK 55 BEBHEXERRIE

SR RROIZEEZE, AN RIPA ZLfREHEEL
HH, KA BCA &AM &N e & AWRE. &
AR T T e B R R AN - SR TN I IR e i FL UK,
§ PVDF i, IAN—#$1 4 CWEIKE, 8 9L,

FHEEIRE AR A A R

2.7 GEitESH

KH SPSS 22.0 #EATHHE AL AN G2 0
BB X £sFoR, RHBRETTZ5H (One-
way ANOVA) KT 2 4181 22 40 #
3 H#R

3.1 S . 106 AMI KE/ORZAZEF miR-
376b-5p ik
WE 1 AR, SERFPFRAIE, BAHKR O
0.6 15 4

N
(=}

)
W

IL-1B/(pg-mL™")
TNF-o/(pg-mL ")
CK-MB/(kU-L™)

A

2
Fig. 2 Effect of tanshinone ITa on levels of IL-1B, TNF-a and activities of CK-MB and LDH in serum of AMI rats (X £ s, n=38)

WIS miR-376b-5p mRNA RiLBFHTHE (P<
0.05); SHEAAEL, FHZ 1A 4HH miR-376b-5p
inhibitor + FF Z i 1la H0WHL S miR-376b-5p
mRNA ik /KT8 Z K (P<0.05), H miR-376b-
5p inhibitor+F} 2l 114 20 miR-376b-5p mRNA K1k
R FARLA, miR-376b-5p mimics+FF S 1A
“H miR-376b-5p mRNA FKiE/K-VILREE R, £
FFS Ua GEW 2 0] AMI K RO Z A miR-
376b-5p mRNA Fik.
3.2 P A 3 AMI KR ILES TNF-a. IL-
1p 7k FF1 CK-MB. LDH ;&%

wmiE 2 s, SEFRUANER, BEAHKR M
& TNF-o.. IL-1B 7K-F-A1 CK-MB. LDH &£ &
EFE (P<0.05); S LLE, FHSEE T 410
miR-376b-5p inhibitor + £+ Z: i 114 41 IfiliE ' TNF-a.\
IL-1B 7K°FAl CK-MB. LDH %) 5 K (P<

g
W

iy #
X
® 2.0
=y
=z -
<Z,: 1.54
M *
E 104 L
S
S
IS *
x
S T
C D E

ABTFARE BB CHZM 1x 41 D-miR-376b-5p mimics+
F}ZHi N, 40 E-miR-376b-5p inhibitor+ /7S [, 4 S5EFA
AL "P<0.05; HRUHALLE: "P<0.05, FEF

A-sham operation group B-model group C-tanshinone II5 group
D-miR-376b-5p mimics + tanshinone IIx group E-miR-376b-5p
inhibitor + tanshinone II5 group P < 0.05 vs sham operation group;

P <0.05 vs model group, same as below figures
El1 FAEHEE a3 AMIKROHLLER A+ miR-376b-5p FRik
%00 (X +£s,n=10)
Fig. 1 Effect of tanshinone IIa on miR-376b-5p expression
in myocardial tissue of AMI rats (X £ s, n =10)
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0.05), H. miR-376b-5p inhibitor+ /28 11 432230
BFARH, miR-376b-5p mimics+ £+ 11, 41 0L I
TR LR E Z .
3.3 FAEE . KE AMI KROAAERST

WK 3 fizn, HE Geton] AR F AR KON

HATEAIER, OUANMEHEZIN . 55, 4l

Bei/ih AR ALK SR O WL 2L LN B HE S 25 6L,
O LA AEWTEL . AR AIBER s PFS I Ta 20 UL ZR
e B 2R 2 1 IR 3500 s miR-376b-5p+ 1%
M TIa ZHLCoJULZE 2R 9 BE AR 508 B 2 35 B Y
A2 A; miR-376b-5p il + P2 1 20 VIR
PR SR B BT AR, HEMSE Ua A
LR ALE, RUIPFSER A GEBHIH] AMI KR O
WL 2R 1495 IEE&}Z

Masson Ze i 0] UL, fRFARLA K RO NIH LR I
JE IR A4t %2 BIRYZH K RO LA 230 B 2 1R e D
LRYEG A L PR PSR 11 21 L\EIL?E,,\HX}E/M HH

HE | ‘ N

Masson

B, BoR B FFSE Ta 6 AMI K BRI
1%?)‘“ YEH » miR-376b-5p mimics + 7l 11 41001

LR i A Y AR B AU 2H o BH 2. 28 4 ; miR-376b-
Sp G+ FFSWE Ua 40 UUH R R £ 4R 1
RFARM, HESTSE Ua A SEESRE R, £

HIFF S 1A BERE30H] AMI K RO LA 231 S5 £ 4
DRI R

3.4 FSE LR AMI KR OALLEZ Coll. Col3
M a-SMA EARIE

WK 4 Fion, SEFEARALE, BREHKERO
WIHZH Coll. Col3 Fl a-SMA & [ £k 8 & T+
& (P<0.05); SR E, FFZHH s 4181 miR-
376b-5p inhibitor+ P+ 11a 2H0ILZHZH Coll
Col3 1 0-SMA & [ ik ) B2 14K (P<<0.05), H.
miR-376b-5p inhibitor+ FFZ i 1a HEZIERFARAH,
miR-376b-5p mimics+ 72 114 241 LA F & HFRIA T
BEER,

3 IS a3 AMI KB OBAA R RIS T A HE N ZERFZIE (X 400)
Fig. 3 Effect of tanshinone Il on pathological changes and degree of fibrosis in myocardial tissue of AMI rats (x 400)

Coll _

Col3 .

a-SMA S Gk

B4 FFSE a3 AMI KRGO
Fig. 4 Effect of tanshinone I1a on Coll, Col3 and a-SMA protein expressions in myocardial tissue of AMI rats (x 400; X ts,
n=20)
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2058 Coll, Col3 F a-SMA EHFRIAAEMN (X400; X+ts,n=6)
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3.5 A2 104 8E AMI XRORELH TGF-
B1/SMAD #1 RhoA/ROCK {5 SBEHAXAERRIA
W s i, SEFERALLE, BAH KR O
WA ZH TGF-pl. p-Smad2/3. RhoA. ROCKI.
ROCK2 H1 FN & H & IA 7K1 53 T (P<<0.05),
Smad7 H HEIEKFEEFEC (P<0.05); HEA

TGF-B1 e Sl - a— o 4.4 10

L IR

p-Smad2 4.8X10*

Smad? WS G S G
p-Smad3 S - B e

Smad R G S . 5010

Smad7 e . s WD 46X 10°
Fractin Q. G D -
A B C D E

RROA St S — 20 10"
ROCK ! (AR | 55 < 10°
. B _F I urm

n S D P e s <0

Pactin D G GEE G _— ) (¢

A B c D E

4 Tig

AMI & — )™ 5 ()b AR B KO R, BFAFAETS
NEZ) 5 ARRFET AN 1/3; O EEMZ AMI
FEAGREISAR, SRR O 4, T
ONEIhRERRG, & FEURFILTI200, GF KK,
PSR 1A GE8% AT BRI T, 88 AMI L
JULAH A5 15121220 AT R I, FHS a RE8E 0505
AMI AR ROONASUREE LS, RO
PR FEFE R AE . O T A gEb 2 O EE
P —Fh BB L, RIAFESE 1A 7T PASE
OV HEAL AL WG G T A O = A . SR,
L [E) AT AMI A7 K B miR-376b-5p #ilFi,
AMI BRSO LS miR-376b-5p Fik i3 %
%, O WIANMIE TR 4R I B olese, R IAFH
Z 1a 5 miR-376b-5p il 7k B 7 % B i
B3 AMI AR K SRCo LA 200 B B AR

TEJAERSHT, TL-1B F TNF-or 25 4 1 41 ffa K]

HELE, FFSHER T 4181 miR-376b-5p inhibitor+
S T H O WL TGE-B1. p-Smad2/3. RhoA.
ROCK1. ROCK2 il FN # H#&ik/KP3) 5 2 K
(P<<0.05), Smad7 HHXEKFREE (P<
0.05), miR-376b-5p mimics + '+ 2 115 4104 E 5 A
RIETLREES

# EZE TGF-B1/B-actin
E= |, Smad2/Smad2
B3 p-Smad3/Smad3
M Smad7/B-actin

B AR Rk

# ez RhoA/B-actin
ez ROCK 1/B-actin

1.0 E=3 ROCK?2/B-actin

# mm EN/B-actin

0.57

B AN A R

0 -

A B C D E

B 5 FASE At AMI AROA4ELRF TGF-B1/Smad 71 RhoA/ROCK HHAEHRIXMIFM (X£s,n=6)
Fig.5 Effect of tanshinone I on expressions of TGF-f1/Smad and RhoA/ROCK related proteins in myocardial tissue of AMI
rats (X +s,n=20)

T2 3 BN DI S . ) B R 3% o 4 R T8 IL-1B8
A TNF-o G815 K CNVAHME 71 R FEAIE T, I
JIVEH 23 53 R e i B (R Co LA 4k, 453405 00 UL
Ihfe, %K CK-MB 1 LDH fJid#ik, CK-MB #l
LDH A& CoL45 157 i B AR 84, dE T I Bl O = F A
2602325], fffF 9 £ W], miRNA 250 F EMRAER
Rt . ARSI C 2 K miR-376b-5p £
B A B R M v LR KBRS R R R T B AR
o AR AEBL, FFSEH 1, eSS AMI K
RO LHZR miR-376b-5p FRIE, FFRE SO
YH LRGBS, HH] AMI R K BRI o IL-1B
TNF-a 7K°F &% CK-MB. LDH &/, /G lLIZHZ]
Col. Col3 Fl o-SMA #E[F5Rik. A1, M[FER 4T
AMI #5781 K 5 miR-376b-5p FHIFE, AMI #57LK
B R IE T LAERAREY . IRIEEA -
SMA H FRIEFI K, RESIZSE s 5 miR-
376b-5p il EA AR
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e = B AR S AR S fE b, TGF-
B1/Smad 15 = 8 B # & 446 B 244 HI20. TGF-B1 fg
Rt AR deqh, A LB . BFRUER M,
Smad7 & TGF-B1/SMAD 15 5 i i [ 4 i 15 2K
. TGF-B1 HIBERR AL AEHS L1t Smad2/3 TR AL,
At SMAD7 5.0 = EWRTE, [EFE,
RhoA/ROCK 155 i@ Bt 2 R N8l 8 B 42 24
B, WAGH. SRR OCERR . BEALREE, O
L4514 5 RhoA & F1RE /1 A4 ROS 1748, i
ML ILAH M 07 B IR, HFRe8 75 S A% A
T-xB (nuclear factor-«xB, NF-«xB) W&, #H—3
Wod TGF-Bl. IL-6 S5 SRR F 1020k, X O] ik
TGF-B1/Smad 15 5 @B I35k, IEBEIEE, S
UK B RAE 7 HERA 30, AR IR, FHZSEE La
REfE T AMI KROWLZZIH TGF-B1/Smad Al
RhoA/ROCK 2 %15 5 il A R E ks 24 [H]
25 F AMI BEAL K R miR-376b-5p FM I, AMI
BER K RO WL 2R TGF-B1/SMAD 15 5 38 i A1l
RhoA/ROCK & Tl AHKE HRIE GG T2
M 1A SR — 3. XRPFSIE 1L 2055 AMI 7] g
STV miR-376b-5p (MR, B RIEIERT .

g5 b, AW A FHZ R 1A A1 miR-376b-5p 1)
FIFNEIT KRB, PSR T A1 miR-376b-5p 1575 H
FHRPARE, BEGLHIH] miR-376b-5p FKIA. LoULAH
M AT 4k, FERES [ HOHIHLAAR 28 0E . TGF-
B1/Smad F! RhoA/ROCK & TG, #EiMkE
OEEN . PHZEE Ua °] REIEL T miR-376b-5p,
TR O = EAS R R E R

RBAR FAVEH ARG EFE TR
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