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[ Abstract] Objective To explore the effect and mechanism of metformin on cardiac function after myocardial infarction ( MI).
Methods Twenty-eight healthy Sprague Dawley rats were randomly divided into 3 groups: sham group(n =8) ,MI + saline group( MI group,
n=10) and MI + metformin group ( MET group,n = 10). The MI model was established by ligating the left anterior descending coronary
artery. In the sham group, the left anterior descending coronary artery was not ligated. Metformin or the same amount of normal saline were
given at 200 mg/kg once a day for 4 weeks. Cardiac function was measured by echocardiography, heart rate variability was analyzed, and
myocardial tyrosine hydroxylase (TH) density was detected. The levels of serum inducible nitric oxide synthase (iNOS) were detected by
enzyme-linked immunosorbent assay,and the levels of myocardial superoxide dismutase(SOD) and malondialdehyde( MDA) were detected by
biochemical method. Results Compared with sham group,the left ventricular ejection fraction of rats in MI group decreased significantly , the
frequency domain indexes of heart rate variability ( low frequency power and low frequency/high frequency power ratio) increased
significantly, the density of TH increased significantly,the levels of serum iNOS and myocardial MDA increased significantly,and the level of
myocardial SOD decreased significantly (P <0. 05 ). Compared with MI group, the left ventricular ejection fraction,low frequency power and
low frequency/high frequency power ratio decreased, TH density decreased, serum iNOS and myocardial MDA levels decreased, and
myocardial SOD levels increased in MET group( P <0.05). Conclusion Metformin can effectively improve the cardiac function of chronic
MI rats,which may play a role by inhibiting the activity of sympathetic nervous system and reducing oxidative stress response.

[ Key words] Metformin; Myocardial infarction ; Sympathetic nervous system; Oxidative stress

HETH: BEFRHRE2E34 (81871486 ,81530011) ; [ % 5 5 W & 1K1 (2017 YFC1307802)
BIEEE . 44145, E-mail : lileiyu@ whu. edu. cn



- 266 - O Mk i 2022 4E 3 A58 43 H55 3 W Adv Cardiovasc Dis ,March 2022, Vol. 43 ,No. 3

U LA AL ( myocardial infarction, MI) J& A [E 41§ £
JERIETE SR A, 3 HH W R AW T . #6858
T, E S MT e 3T 50. 12710 7, Rk
43.51/10 J7, &k ML ZBET- 245k 17 N 58. 69/10 J7 , &+
H374.72/10 T3 0 MU KA T LA B R o 22 R
SRR R ZHE IR, RBCRM & RS B
W BEAEREY T SR AN R G0 M B
[ FEAE S IR | A I 223 BE 0 23 N MIT 50 UL
HA, IR O EEF IR A T RE

WU H ETIA T 2 BOBE PR IR T 24
W BR T YRR , ORI AT e e R A
PP, O EL e I i 3 Jk g s e o U
FEEE O PR A B R g R B,
BUIAAS B AR R AR TH 55 1A 25 B R K i
] e K I W] R IR B B e R T RE RS
SR, — HOBUICRS A5 AT o 97950 B 32 o3 MI
JE LIRS RE W AN B . P A DE R B TR R R X
JIORE M50 S BE 118 52 e S H RS AE AL
1 #HE5F=E
L1 EzshiEs

DR N R BE B 5250 sl W) oo fe 4k 28 HqdRR
JRAFEHETE Sprague Dawley KB (180 ~230 ¢) , 7 G 4F
SENRIFARPREE T IE NLPE R R 1A, 45 7 Fn ARl RI AR
Ko ASLE i A Bl ) fet AT 2o AR 44 28 LR A Bl ) S
Ffe i 0l 2 WAL TE
1.2 HYEBFIEMTRRE

Sprague Dawley K EFH#L 7> i 3 4: i T R4
(n=8) MI + A= FIER /K ABFHZH (MI 41, n = 10) 1 MI +
THRUIAL L] (MET 44,0 =10) . MI 4151 MET 41
% FH 56 MR 3l ik 22 7 B S (left anterior descending
branch, LAD) 513 il 4 MI #5280, KRR FI2E 4%
T2 h, R T 3% I H 284 (50 mg/ke) I8 15 T3 560 R
P T TS0 &, U JE RN Sh Y IR L 25
T NLE A 70 1M 260 B 4 B, 5 5 T, 4T 10
£, i DI, T2AOH T4 2 mm 4 45 FLE 45 L
LAD, il # MIASERY 35 B Jis i 32 2 56 AT g s , 5 K
BRI B 2 0 I 44 RO P IR AL, DR I 1 2 05 T
BT AR AEFF M, LAD Ab 2 2 i AN 45 5L, HARBRAE
IR MI v, AR5 MET 4145 T — B WK 200 mg/
(kg-d) JVEE ARTF-RALF MI 4K 45 TG m AR
KHEE , T4 .,

1.3 BELOHEXRE

SR 228 ) 8 75 0 Sl SO0 R B AT 8 75 0 3 1B
KA, e AR A0 A5 26 2 5 13 B (LVEF) e % J
AR (LVES) e Z Wi A N A2 (LVESD ) Al

Ze B EP IR A NAZE (LVEDD) .
L4 OEBENEROCERERESH

MR BRI S 3 BREOIR S T e sk
RO HL B, I Lab Chart 8. 1 #4347 84 73
o 0TI E &4 0 A T (heart rate variability,
HRV) #ssids by, AR50 3 (LF) | 45 28 (HF) FIG
W/ ) FE A (LE/HF) |, g I8 BR A 422 53¢, LF (HF
B2 bR e IF R bR HEALBAAL (nu) om0 LF Szl
SEIEAP LTS, T HE S gl S8 Jph 2 BTG P . LE/
HF [zt { F 02 25009 FHRR 00
L5 MmiEFCARAK R

SR EEACHT , I BUIE 3 Bl bk i8R 3 ik i, 5
PR B AR Bk A AR B, I S 0 (3000 1/min,
10 min) J5H B3R T —80 CHRIRIRAE. AR 2
— 4 A & (inducible nitric oxide synthase,iNOS) [1]
TRERIER 9 WA F D0 7 12700 4 156 Y 43, AGr I 1L 7 iNOS 7K
oo SEERAS IS, T A O O LA, T R
TR R R, T - 80 CHRURIRAT
M4 N [ ( malondialdehyde , MDA ) FiI 48 % {47 157 1,
fiff ( superoxide dismutase, SOD) [y 4= 4k i8] & Ui B 43,
LIl MDA Fi1 SOD K-
1.6 EALRAKFERE

SR G, IAS O Z AR A A IX AR O LR
2, T 4% Z FE L] W T 24 h DL, SEBOK AN
AL S W AE D) o AT K 2R 2 AL T ( tyrosine
hydroxylase , TH ) S5 20 234k 2 G (L IF 4R R A, 4 )
Image Pro Plus 6.0 -] & 73 #fr , I & 33155 TH FH
P DI A1 5
1.7 SitEDH

K] GraphPad 9. 0 F {473 A A 4k 3852 50 K4 , 11
TR LAIE £ ARUE2E (o £ 5) 08, 0 T A T B
47 Kolmogorov-Smirnov %5 ( P > 0. 05 M AR A IE &5
Aii ) AW 2 15 IR AN TEZS 70 A1 5, SR TS R 5 2245
Prib 2 AR, P <0.05 Ih 22 A gt L.
2 H#R

WAL AR R TR ML 21 MET 20 535 38 1
112 HRR &8 1 W, BT AR M4 MET 4
ST 1.3.2 HRE,
2.1 —HXMEZNE MI KR IIEE

WER 1 AT, 5 FAR4IH e, MI 41 K ) LVEF
[(43.19£3.59)% vs (84.65 £3.12)% ,P <0.05 ]
LVFS[ (18.70 £2.02)% vs (48.32 +3.64)% ,P <
0.05 ] 2 F &K, LVEDD[ (0.83+0.09)cm vs (0.56 +
0.08)cm, P <0.05 ] Fi1 LVESD[ (0. 67 £0.08) cm vs
(0.29+0.04)cm,P <0.05] B, M5 MI ZHAH



OB E 2022 4E 3 A% 43 5 3 W Adv Cardiovasc Dis ,March 2022, Vol. 43 ,No. 3 - 267 -

., MET 2 Bl LVEF[ (59.22 £6.50) % vs (43.19 +
3.59)%,P <0.05] fl LVFS[(27.48 +3.95)% vs
(18.70 2. 02)% , P < 0. 05] & % 7} &%, LVEDD

[(0.65+0.08)cm vs (0.83 +0.09)cm, P <0.05]F0
LVESD[ (0.48 +0.08)cm vs (0.67 £0.08) cm, P <
0.05 | &b

R1 ZHEWARR MILAROEEEOHESHFME(x +5,n=6)

Lol LVEF/% LVFS/% LVEDD/cm LVESD/cm
BFARH 84.65+3.12 48.32 +3.64 0.56 +0.08 0.29 £0.04
MI 28 43.19+3.59°" 18.70 £2.02°" 0.83£0.09*" 0.67 +0.08""
MET 2 59.22 £6.5044 27.48 £3.9544 0.65 £0.0844 0.48 £0.0844

T IR G ETARAMEL, P <0.05; 4 FoR 5 M4, P <0.05,

2.2 ZHXARIT MI KR HRV B0

W2 WA, SR T AR i, MI 411 LE/HF
(0.33+£0.02 vs 0.02 £0.01,P <0.05) #1 LF[ (20.35 +
0.68)nu vs (1.65 £1.35)nu,P <0.05 | ¥R ETE,
HF[ (62.72 +1.83)nu vs (93.73 +£2.96)nu,P <0.05 ]
IR 5 ML Z1AHEL , MET 4 LF/HF(0.28 +0.01 vs
0.33£0.02,P <0.05) #1 LF[ (17.24 +1.98) nu vs
(20.35+0.68)nu, P =0.05] #F&A%, HF 7] I 5] T)#4
ARTGE =

F2 ZHNA MI KR HRV 00 (x 5,7 =6)

ol LF/nu HF/nu LF/HF
BFARH 1.65+1.35 93.73 +2.96 0.02 +0.01
MI 4] 20.35+0.68""  62.72+1.83"°  0.33£0.02""
MET 4 17.24 £1.984%  61.77 £7.43 0.28 £0.0144

T FORGETFARAHME, P <0.05; 44 F7R5 MI 4L, P <0.05,

2.3 ZHIXARXS MI K 5RO i 32 B AR 22 A RS20
JLPE T R, S AR T ARG, ME 2 72 == A A

AF e _ = T o R

BFEAM

R WL TH 2535 [ (11 244 £2 239) pm’/mm” vs
(537.7 £360.5) pm’/mm’ , P <0. 05 ] i E i, 5 MI
ZHAH G, MET 2 TH 253 (5 461 2 166) wm’/mm’ vs
(11 244 £2 239) pm’/mm* , P <0. 05 ] &% .
2.4 ZHEAXUARIT MI K BR O A S 4K B 38 YD 5 i

DL 3 nlA, SRFARLAH EL , MI 41 1M 7 iNOS 7K
[ (14.59 +2.56)U/mL vs (7.15 £0.82)U/mL,P <
0.05 ] FLCMIL MDA /K[ (16. 87 = 1.43) nmol/mgprot
vs (12.43 = 1. 83) nmol/mgprot, P <0. 05 | By & T} &,
LML SOD 7K (262.30 +7.39) U/mgprot vs (294,10 +
15.47) U/mgprot, P <0.05 | BH 5 F&A%; 5 MI AR [L,
MET 44 Ifi. 3 iNOS 7K ¥ [(9.26 £ 1. 14) U/mL vs
(14.59 £ 2.56) U/mL, P <0.05] Fl.L» )L MDA 7K
SE[(14.52 1. 13) nmol/mgprot vs (16. 87 +1.43)
nmol/mgprot, P < 0.05 | B g B& AL, .0 )l SOD K 3
[(283.60 +13.65) U/mgprot vs (262.30 +7.39) U/
mgprot, P <0.05 ] B . & o

B 15000

£ 10000
= AA
3 5000 He
=
H
0 1 1
/%»ﬁfé é\g& <§®
X A\
&

T FoRGRFARAMEL, P <0.05; Aazrm 5 M4, P <0.05,
B1 ZEXAx MI KO TH B350 (n =5)

®3  ZTHNARR MI KR0S RESE R (x £5,n=6)

Y8 iNOS/(U-mL™") MDA/ ( nmol - mgprot ') SOD/( U+ mgprot ")

RFARH  7.15£0.82 12.43 +1.83 204.10 +15.47
MI 25 14.59 £2.56 " 16.87 £1.43 " 262.30 £7.39 "
MET 4 9.26 +1.144* 14.52 +1. 1344 283.60 +13.654*

0 BRSSP ARAMIL, P <0.05;* w5 MLALM L, P <
0.05,
3 g
T HIXUIRIRYT 2 ROBE PR s 1 22 S 2, X0 I

EEA DRI VERT, T REARORE R 05 A0 R4 PR s S8 38 .0
AU o BAFIWFSE ™ R, Ak M B —
MUMCASA I/ 220 ML A B KA B ARG
LA PG (G FE T L0 ) 5808 U I FEABE 5. It
A, Z R OSUNIGE 3 012 2 — Wl 1R MR 175 b 8 1 DR e 1)
R A , At e L0 UL A B F5 5 450, 0011 800 308 18 1) O e
7 0 35 R A PR E A, R B B 5 R S0 A0 A
A L R B, RUDIGE o 2 O g
R A , VA SR 7 38, DA T 4 35 1 P s I O



- 268 -

OIS IR 2022 4F 3 4

43 B% 3 W Adv Cardiovasc Dis ,March 2022 ,Vol. 43 ,No. 3

2D EIE R AL DI RERR RS . —H AU | 2
a‘é%ﬁr‘%ﬁﬁ@%m\ﬂmﬂﬁﬂgﬁﬂ'%‘LH%%%J@W R
e e 0L T A 5 0 E 1 R R T RE R AR . AT
FEi I LAD 253U 5 MIBEAL, 25 3 — B OBUIRRE 14 T
T, & B0 FSUNICAT Bt M (O T RE

B =M RGO WE A AR R B R i
FARFEWREM. BB N, S8 B 21 i
JEBT A R I A ML G O ) T8 MU O R R
MTEEHLR . 2B BN BT A B, 40 o
AT 2T A A AW ] MI 5 B = O R R &
ARG LA . HRV F1LAS 8 B 0 2 0 G 0 45 2 )
Wi RS S AR . TH RS EIRE AR
TERR I DGR B, o3 A 76 B bR 2 RE bR 2 i e, O
BHE KT AT S e s Sk 2 i A RIS . ATk
I, = H IO RERFEAIG MI KB HRV A s il 52 Jgepf
SRS R LE/HF 388/ 7 M1 2 TH % 53
3R — R I A I M . A SC 8 A1
FOVR, HEAT 24 /N0 HLETE SRS AT HRV K75 31 5
HEANRRE A 1045

AL O T B0 LBk 5 O D) BE i — 2 Ak
A T DA, 3 M S A R S R SR IO B SR
I )7 RSB 2 I A b 3 =W Dt e '
AR T B0 WL . INOS 55 4804k 1 7K SF- 25 D) AH
& ,INOS FEHn S8 —E b 20T 7, — AL AR
R S B S SN A e A R R, AT 5 R Ry
Tz Ede, FEOCROIIEEAR 4 . I iINOS BEik
HaTnE PR MDA ZKSF-FHE A SOD AKSEREAR, $2 Rt
EALREEIRREE o I ELAE A S B 2 A%
1T FRIK INOS J5 , I A T i 4L A I K T S0 A S
2[RI SRR 2 5 GO FLSC 6 g 3 o A
AL\%%%,ﬁiﬂﬂlb\ﬂﬂﬁﬁﬁh%%%ﬁﬂ’ﬂﬁﬁg NI}
SEANKT B T8 Y RS B 2 B A4 Ak
I3 2 [R] R L St I e O L 3

AHIFFE s, — HOBUIR A 4 B 190 FT i 3 1o 3 76
AR5 PRI AIG INOS 23 /K - T & #5470 SR Ak i
WAER, IRk ML 5D AR RE. TR, #h 78— H XL
G 520 MI 35 0 LR B 3B 7 HR BT 14 8

& & 3 ik

(1] #s, maaas, x4, % O ELO AR A 2018 )AL [T ] . h A 1
Z4,2019,34(3) :209-220.

[2] Lymperopoulos A, Rengo G, Koch WJ. Adrenergic nervous system in heart
failure : pathophysiology and therapy[ J]. Circ Res,2013,113(6) :739-753.

[3] Han S, Kobayashi K, Joung B, et al. Electroanatomic remodeling of the left
stellate ganglion after myocardial infarction[ J]. J Am Coll Cardiol, 2012, 59

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(10) :954-961.

Foretz M, Guigas B, Viollet B. Understanding the glucoregulatory mechanisms of
metformin in type 2 diabetes mellitus[ J]. Nat Rev Endocrinol,2019,15(10) :
569-589.

Foretz M, Guigas B, Bertrand L, et al. Metformin: from mechanisms of action to
therapies| J]. Cell Metab,2014,20(6) :953-966.

Peuler JD. Opposing adrenergic actions of intravenous metformin on arterial
pressure in female spontaneously hypertensive rats[ J]. Cardiovasc Res,1999,43
(1):237-247.

Dean A, Nilsen M, Loughlin L, et al. Metformin reverses development of
pulmonary hypertension via aromatase inhibition [ J]. Hypertension, 2016, 68
(2) :446-454.

Lu L, Ye S, Scalzo RL, et al. Metformin prevents ischaemic ventricular
fibrillation in metabolically normal pigs [ J ]. Diabetologia, 2017, 60 (8 ) :
1550-1558.

Oliveira PWC, de Sousa GJ, Birocale AM, et al. Chronic metformin reduces
systemic and local inflammatory proteins and improves hypertension-related
cardiac autonomic dysfunction[ J]. Nutr Metab Cardiovasc Dis,2020,30(2) :
274-281.

Wang Y, Jiang W, Chen H, et al. Sympathetic nervous system mediates cardiac
remodeling after myocardial infarction in a circadian disruption model[ J]. Front
Cardiovasc Med,2021,8.668387.

Kalyani RR. Glucose-lowering drugs to reduce cardiovascular risk in type 2
diabetes[ J]. N Engl ] Med,2021,384(13) :1248-1260.

Bromage DI, Godec TR, Pujades-Rodriguez M, et al. Metformin use and
cardiovascular outcomes after acute myocardial infarction in patients with type 2
diabetes:a cohort study[ J]. Cardiovasc Diabetol ,2019,18(1) ;168.

Li J,Minczuk K, Massey JC, et al. Metformin improves cardiac metabolism and
function,and prevents left ventricular hypertrophy in spontaneously hypertensive
rats[ J]. J Am Heart Assoc,2020,9(7) :e015154.

Bairey Merz CN, Elboudwarej O, Mehta P. The autonomic nervous system and
cardiovascular health and disease: a complex balancing act[ J]. JACC Heart
Fail ,2015,3(5) :383-385.

Kupper N, Denollet J, Widdershoven J, et al. Cardiovascular reactivity to mental
stress and mortality in patients with heart failure[ J]. JACC Heart Fail ,2015,3
(5):373-382.

Yu L,Zhou L, Cao G,et al. Optogenetic modulation of cardiac sympathetic nerve
activity to prevent ventricular arrhythmias [ J]. J Am Coll Cardiol, 2017, 70
(22) :2778-2790.

Scheer FAJL, Chellappa SL, Hu K, et al. Impact of mental stress, the circadian
system and their interaction on human cardiovascular function [ J ].
Psychoneuroendocrinology ,2019,103 :125-129.

Lehmann LH, Rostosky JS, Buss SJ, et al. Essential role of sympathetic
endothelin A receptors for adverse cardiac remodeling[ J ]. Proc Natl Acad Sci
U S A,2014,111(37) :13499-13504.

Bae J, Salamon RJ, Brandt EB, et al. Malonate promotes adult cardiomyocyte
proliferation and heart regeneration [ J ]. Circulation, 2021, 143 (20 ):
1973-1986.

Henderson BC, Tyagi N, Ovechkin A, et al. Oxidative remodeling in pressure
overload induced chronic heart failure [ J]. Eur J Heart Fail,2007,9 (5):
450-457.
Feng L, Yang X, Liang S, et al. Silica nanoparticles trigger the vascular
endothelial dysfunction and prethrombotic state via miR-451 directly regulating
the IL6R signaling pathway[ J]. Part Fibre Toxicol ,2019,16(1) :16.

Kimura Y, Hirooka Y, Sagara Y, et al. Overexpression of inducible nitric oxide
synthase in  rostral  ventrolateral medulla causes hypertension and
sympathoexcitation via an increase in oxidative stress[ J]. Circ Res, 2005, 96

(2) :252-260.
W A% B #7:2021-06-03



