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RBE B AR TR T IR B3 P fo F3E B KRS £EM  KER B FeRAL RS H o, ik 90 X SD AKX
RIATHR, B LA RAR T R e A 240 TR iT4L, B2 30 R, BFRAA5 8 FREARXRIA T AL LK
(5mL/d)iE S #F 7d A 52 TR AT 20 T VA T 464540 3T 20 mg/(kg-d)if 2 B 7d, ik FFLE 5, s 22015 IT3e4%
TR K R A PR R KBRS IR A BT 09 7 X 30 Il o 2 R4 AR, IR = K o B EMIARAT R AR
AR EMN R HATR G KT, R e BB EHE THAMTEARAN AT EET AFTHASES . EREEE MEIFLA
F -a(TNF-a). & @i /~% -13(IL-18) . & =& (MDA )  $L8: B 2B (LDH) K735 & TR F K4, B % T4 K R _E R 35 47
AT S e B E 20 (39 P<0.05); %o B 72 40 | T4/ T 20 K R G A% -10(1L-10) # A4k 2 ALFE(SOD) K- 1% T8 F K
28, BT HAR AL T K R IL-10.SOD K -F & F 4 fe B 220 (3 P<0.05). Z5i8: T+ ARA 7T FUAL 22 5T A 2 FA 55 0 WLk o B3 73
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ABSTRACT Objective: To study the effects of atorvastatin preconditioning on ventricular remodeling, inflammatory response and
oxidative stress in rats with myocardial ischemia-reperfusion injury. Methods: 90 SD rats were selected for study, they were randomly di-
vided into sham operation group, ischemia-reperfusion group and atorvastatin group, 30 in each group. The rats in the sham operation
group and the ischemia-reperfusion group were treated with normal saline (5 mL/d) continuous gavage for 7 days. Atorvastatin group was
given atorvastatin at 20 mg/ (kg-d) continuous gavage for 7 days. After the above intervention, the ischemia-reperfusion group and ator-
vastatin group established the myocardial ischemia-reperfusion injury model by blocking the left anterior descending branch of the coro-
nary artery. The indexes of ventricular remodeling, inflammatory response and oxidative stress in the three groups were compared. Re-
sults: The relative weight of left ventricle, relative weight of right ventricle, ventricular septal thickness, the levels of tumor necrosis fac-
tor-a (TNF-a) and interleukin-1@ (IL-1@3), malondialdehyde (MDA), lactate deoxidase (LDH) of rats in the ischemia-reperfusion group
and atorvastatin group were higher than those in the sham operation group, and all above indexes of rats in the atorvastatin group were
lower than the ischemia-reperfusion group (all P<0.05). The levels of interleukin-10(IL-10) and superoxide gasification enzyme (SOD) of
rats in the ischemia-reperfusion group and atorvastatin group were lower than those in the sham operation group, and the levels of IL-10,
SOD in the atorvastatin group were higher than the ischemia-reperfusion group (all P<<0.05). Conclusion: Atorvastatin preconditioning
can effectively prevent ventricular remodeling in rats with myocardial ischemia-reperfusion injury, and improve the inflammatory re-
sponse and oxidative stress in rats to a certain extent.
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WAL i AN 56 2= B , 1T SR A IR e ST SONE A -5 I U Ttk
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1.1 EeEh¥skiER 548

TEUL 90 L SD K B TSR , 4 FLBAAL A R FAR A
R ARETEA AT 4H, B 30 Ho RN 200~250 g,
(231124 10.37)g, B0 H Jb 5 4k Al 4R 5056 sh W H R A
FRA T, SH1-& HAES SCXK(57)2016-0011 5,
1.2 H|RFE
12,1 EERTHIFAAE  WERHT 7 d, RFARA S5 H00 PR
2 BT AR R K 5 mL/d B EANER, TR T 41T
PABHEAABTT A 20 mg/(kg-d)HEH L ZE4E 7 d.
1.2.2 S KBREIR Bk A RTBE SR O AL B I B IR
R DL CEE R BRI TIRRER, BUR A E 2 EFAR G b F
TRALERE AL 3~4 Bl A0V % 88 O, BTSRRIk 30 ok 22 i
KHALE R 0 SR X ZE T Dk L AS FLAL ], 30 min f5 R
Ji) 38 3 BY W 22 2% (4 )7 SCORIE I 73, &2 120 min. fRFAR

AT, AT UGS A RBRTEE & SR R 5E s
S SR RS YR ML RS o TR R L S
Ik Ao BT 0S8 A B Bl KO o SRR - PATF 5 FL
LRI RS K =, Bk il AL U B IR S E R, 4R
i ST B TR
1.2.3 HEEXIEERET (DO EHEAACR RN : TR
28 d FR, Ar A SE =2 KR, 43 B D IS AR IBUR 4 K 20 45
N = | N S o (R B ST INE= 0 E DI == T P B s NG
T 2 (] B S B I it o (2) RAE [K A6 U - A SRR IC A L 1
W, 8 3800 r/min B0 PE 12 min f5 2R FH BRI G 28 I Ik 32 228
K IFE B A PRAE K T -a( Tumor necrosis factor-oc, TNF-ar)
M 41 i A2 -1 (Interleukin-18,IL-18) . FA4H A 2 -10(Inter-
leukin-10,IL-10) , ELAASAE 5500 LI G006 W kAT , A 56t
MG A R AEYREA R A . (3)EALIMAR
FRATAGI < 0> 28 B AGHE FRAsril 56 B AR ERBE 60 LA
U LI, AR LU G R = 21 K RO LD A S A
AL I ( Superoxide dismutase, SOD ), ¥ % it 44 i ( Lactate deoxi-
dase, LDH) I % P — % (Malondialdehyde , MDA ) () ¥ i , LDH
VTR B i 2 MR o 2R A7 A6 1, SOD LA 385 MEE ey 4 A Tl v A 0
MDA WA AR L2 fvkasniml, AH GG G380 [ rE o d g
A TARRFFERT , EARBRAE 55 B AHAH IR S W A T
1.3 Giit=abhiE

SCHEIE R ] SPSS 22.0 #4431, THEBERIL (et )3
7, PRI FLBAAT t A5G, 240 8] tL AT F RS, THECTE R %
FoR, S 2 K, L P<0.05 iCAEE A G X,
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2.1 ZAXBAOEEWHEKIERXTLL

i PR AL PR TR R A SHX EE A=
AHX E A 2 I RR R R TR AR, HBTHE AT 4K R
PR 2 B AN BB f A 25 A K R o 2 U o R U T e I
W4 (¥ P<0.05), 0% 1,

® | ZAXBHOLESMHIEXIBIRKFIL (2t 5)

Table 1 Comparison of indexes related to ventricular remodeling in three groups of rats(xt s)

Relative weight of left Relative weight of right Ventricular septal thickness
Groups " ventricle( mg/g) ventricle( mg/g) (mm)
Sham operation group 30 1.24% 0.23 0.18+ 0.11 1.25% 0.35
Ischemia-reperfusion group 30 1.98+ 0.34% 0.40+ 0.214* 2.04+ 0.404*
Atorvastatin group 30 1.52+ 0.314%* 0.27+ 0.094%* 1.66+ 0.374%*
F - 6.077 8.305 11.052
P - 0.001 0.000 0.000

Notes: Compared with the sham operation group, “P<<0.05; Compared with the ischemia-reperfusion group, * P<<0.05.

2.2 ZARBRHKAERFKFXILE

BRILFHEELL  PTFE AT TR B TNF-o  IL-18 7K-F-2
s TR TFARLL, T IL-10 KR T FARLL(H P<0.05); FTHE
Het 7T 20 R B TNF- IL-18 7K B 4I Tl P HE TR 40, i
IL-10 7KV Tk L AR 2 (2 P<0.05), L3 2.

2.3 ZHAR AW HHEXIERRAKTEXTE

B PR A . BTFEAAh T T4 K LA MDA \LDH #)55F
R FARHL, SOD L FRFAR L (34 P<0.05), A BTHEAMIT
ZH K FL A MDA LDH A% T ik 1t P59 1 20, SOD 5 T e 1l P-4
W4 (¥ P<0.05), 3% 3,
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Table 2 Comparison of inflammatory factor levels in three groups of rats( xt )
Groups n TNF-o( ng/mL) IL-18(ng/mL) IL-10(pg/mL)
Sham operation group 30 5.72+ 1.44 1.35+ 0.12 55.29+ 5.28
Ischemia-reperfusion group 30 52.30+ 8.01% 13.05+ 1.34* 21.05%¢ 6.92*
Atorvastatin group 30 26.75% 4.22%* 6.28+ 0.84"* 40.78+ 6.11%*
F - 24.020 18.934 20.495
P - 0.001 0.000 0.000
Notes: Compared with the sham operation group, “P<<0.05; Compared with the ischemia-reperfusion group, * P<<0.05.
*® 3 ZEAREN A KIS TERI L (2t 5)
Table 3 Comparison of indexes related to oxidative stress in three groups of rats(xt s)
Groups n MDA (U/mL) SOD(U/mL) LDH(w/L)
Sham operation group 30 2.01+ 0.24 78.22+ 10.20 184.28+ 25.96
Ischemia-reperfusion group 30 5.01% 0.53* 53.28% 9.25% 307.22+ 51.83*
Atorvastatin group 30 3.44+ 0.25™ 68.30+ 9.57"* 255.97+ 37.85™
F - 21.305 17.394 26.926
P - 0.000 0.000 0.000

Notes: Compared with the sham operation group, “P<<0.05; Compared with the ischemia-reperfusion group, * P<<0.05.
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AN B A7 AN L B AR S TR TR AL, BB
AT 20 R BRUAY A2 ZEAH N B o A 2 AR B o S [ PR R Y
R F e I P A X R IR ZE S N A FE 45 A AH W) 52, B
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factor 2, Nrf2 ) () 3R35 , #F— L HESR.O UG R B RV RE DT , A\
TR L T, D8 P T AT , SR 2R B M O E HA Y
H e, geah, sl P 2 BTG AR T 41 K B TNF-or
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MBTT2H K B TNF-o IL-18 7KP- I8 T i 7598 141, IL-10
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Ak B 5 R LAY MDA LDH % T i 1fiL-FF# 34, SOD 5 T ik
TR, VBT BTG Al 7T 004k BT S 2 2 o JU LR 16 P
TE A3 R B A S A R, v S S IR AT REAE T TR AR
BT ATAT A it i S A UG . — SRS B AP AL B 13
P, b2 IR B AR S A NN R H AR, SR, AN ST A
WFFEIS AT BR , I ARMFTE 73BT A 5] 3 JBE B BT 6 Al 7708 B
JULR At PR A0 A3 B, 4 R R AN [ BT E A 7706
LR I PP 45 K BV FHAICR 2552, USSR IBCHE A
AT AR

25 BRI BTHE A A 7T AL 3R A RGE O LR il PR
5K B B F A, AT REAE FIAILAR 55 1855 98 E LA S AR A B
FWA Ko

£ % 3L #k(References)

[1] Jiang T, You H, You D, et al. A miR-1275 mimic protects myocardio-

cyte apoptosis by regulating the Wnt/NF-kB pathway in a rat model

of myocardial ischemia-reperfusion-induced myocar dial injury [J].



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.4 FEB.2021

- 617 -

Mol Cell Biochem, 2020, 466(1): 129-137

[2] Alencar AKN. Antioxidant Effects of Euterpe Oleracea Mart.(Acai) on
Myocardial Ischemia-Reperfusion Injury in Rats: Would it Represent
a Good Way To Follow[J]. Arq Bras Cardiol, 2020, 114(1): 87-89

[3] LiJ, Zhou W, Chen W, et al. Mechanism of the hypoxia inducible fac-
tor 1/hypoxic response element pathway in rat myocardial ischemi-
a/diazoxide post conditioning [J]. Mol Med Rep, 2020, 21 (3):
1527-1536

[4] Amini N, Sarkaki A, Dianat M, et al. Protective effects of naringin and
trimetazidine on remote effect of acute renal injury on oxidative stress
and myocardial injury through Nrf-2 regulation [J]. Pharmacol Rep,
2019, 71(6): 1059-1066

[5] Xing X, Guo S, Zhang G, et al. miR-26a-5p protects against myocar-
dial ischemia/reperfusion injuryby regulating the PTEN/PI3K/AKT
signaling pathway[J]. Braz J Med Biol Res, 2020, 53(2): 9106-9108

[6] Yang M, Mao G, Ouyang L, et al. Crocetin alleviates myocardial is-
chemia/reperfusion injury by regulating inflammation and the unfolded
protein response[J]. Mol Med Rep, 2020, 21(2): 641-648

(7] FR3r, A+, B AR 2 45 1 B BRI 30 ARAMLIT 2 2 12000 ) 238
EBEHECETHRCHR/G I A [J]. 7 B EF, 2018, 4021):
2548-2551

[8] kM. REFZFTHRAMIT S CIARR EH S EEHFodh
DARE AR [T]. T B B B 25, 2018, 25(14): 1824-1828

[9] Cui ZH, Zhang XJ, Shang HQ, et al. Glutamine protects myocardial is-
chemia-reperfusion injury in rats through the PI3K/Akt signaling
pathway[J]. Eur Rev Med Pharmacol Sci, 2020, 24(1): 444-451

[10] Abudunaibi M, Mulati A, Aisikaer S, et al. Myocardial protective ef-
fects of Munziq in myocardial ischemia-reperfusion injury rats with
abnormal savda syndrome[J]. Genet Mol Res, 2015, 14(2): 3426-3435

[11] Wu H, Tang Q, Yang J, et al. Atorvastatin ameliorates myocardial is-
chemia/reperfusion injurythrough attenuation of endoplasmic reticu-
lum stress-induced apoptosis [J]. Int J Clin Exp Med, 2014, 7(12):
4915-4923

[12] Liang J,Yin K,Cao X, et al. Attenuation of Low Ambient Tempera-
ture-Induced MyocardialHypertrophy by Atorvastatin via Promoting
Bcl-2 Expression[J]. Cell Physiol Biochem, 2017, 41(1): 286-295

[13] Chen L, Cai P, Cheng Z, et al. Pharmacological postconditioning with
atorvastatin calcium attenuates myocardial ischemia/reperfusion in-
jury in diabetic rats by phosphorylating GSK3@8 [J]. Exp Ther Med,
2017, 14(1): 25-34

[14] Pei WN, Hu HJ, Liu F, et al. C-reactive protein aggravates myocar-
dial ischemia/reperfusion injurythrough activation of extracellu-
lar-signal-regulated kinase 1/2 [J]. J Geriatr Cardiol, 2018, 15(7):
492-503

[15] Cao B, Bi G, Wang Y, et al. Pharmacology of atorvastatin on myocar-
dial ischemia-reperfusion in rats and drug effect analysis [J]. Pak J
Pharm Sci, 2019, 32(5): 2443-2447

[16] Garcia-Méndez RC, Almeida-Gutierrez E, Serrano-Cuevas L, et al.
Reduction of No Reflow with a Loading Dose of Atorvastatin before

Primary Angioplasty in Patients with Acute ST Myocardial Infarction

[7]. Arch Med Res, 2018, 49(8): 620-629

[17] 30, F4h, R4, . R F M T T EAITIRAF 3] T4 57 R
KV RSBk B R AR AL B s RAT R [T]. AR AW E S,
2018, 18(4): 681-684

[18] Reichert K, Pereira do Carmo HR, Galluce Torina A, et al. Correction:
Atorvastatin Improves Ventricular Remodeling after Myocardial In-
farction by Interfering with Collagen Metabolism[J]. PLoS One, 2017,
12(2): 172453-172455

[19] LuJ, Hao J, Du H, et al. Amlodipine and Atorvastatin Improved Hy-
pertensive Cardiac Remodeling?through Regulation of MMPs/TIMPs
in SHR Rats[J]. Cell Physiol Biochem, 2016, 39(1): 47-60

[20] Lu J, Liu F, Liu D, et al. Amlodipine and atorvastatin improved hy-
pertensive cardiac hypertrophy through regulation of receptor activa-
tor of nuclear factor kappa B ligand/receptor activator of nuclear fac-
tor kappa B/osteoprotegerin system in spontaneous hypertension rats
[J]. Exp Biol Med (Maywood), 2016, 241(11): 1237-1249

[21] Chen Y, Chang Y, Zhang N, et al. Atorvastatin Attenuates Myocar-
dial Hypertrophy in Spontaneously Hypertensive Rats via the
C/EBPB/PGC-1a/UCP3 Pathway [J]. Cell Physiol Biochem,2018, 46
(3): 1009-1018

[22] Wang YY, Cheng XD, Jiang H, et al. Effect of atorvastatin on pul-

monary arterial hypertension in rats through PI3K/AKT signaling

pathway[J]. Eur Rev Med Pharmacol Sci, 2019, 23(23): 10549-10556

) Ik ZE, X T AR T AR M T A ROR s WLk o - U AR A 1R A

R[] R E S 2 &, 2018, 27(1): 22-25

AR, X Bk, 4P, L TR T 4 o SR B AR

SHEBEECEEIMBRFILT REIHEG | FARLE

E A B9 KAl b B EZH, 2019, 14(4): 489-492

FARAL, XU F A, AR, F . R T S A o B AR B RS

F &% FEFMA CHIBLL foe MMP-9 /K -F 89 %oa[J]. 7 B 1215

APy 5 4241, 2017, 25(12): 930-933

[26] Yu B, Liu D, Zhang H, et al. Anti-hypertrophy effect of atorvastatin

—
N
(98]

—

[24

=

[25

[t}

on myocardium depends on AMPK activation-induced miR-143-3p
suppression via Foxol [J]. Biomed Pharmacother, 2018, 11 (106):
1390-1395

[27

—

AnL, An S, Jia Z, et al. Atorvastatin improves left ventricular remod-

eling and cardiac function in rats with congestive heart failure by in-

hibiting RhoA/Rho kinase-mediated endothelial nitric oxide synthase

[7]. Exp Ther Med, 2019, 17(1): 960-966

(28] swed, Mok, EHM, F. AALRTET A RS THRAMIT T
PR R A T30 UK E BB A B T [J]. % 25, 2016, 38(1):
170-172

[29] XuJY, Qian HY, Huang PS, et al. Transplantation efficacy of autolo-
gous bone marrow mesenchymal stem cells combined with atorvas-
tatin for acute myocardial infarction (TEAM-AMI): rationale and de-
sign of a randomized, double-blind, placebo-controlled, multi-center,
Phase Il TEAM-AMI trial[J]. Regen Med, 2019, 14(12): 1077-1087

[30] 28R, &L, TKIE, . FTALMRALIT B — RALB AR ST 3 B A

¥ 5 ik # A ALAL B 451 5 S B AL KR K B RA B AR AT 0

[7]. % B 25 5, 2019, 30(3): 338-343



